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The National Institute of Genetics (NIG) is located in the city of Mishima near Fuji-Hakone
National Park. It was established in 1949 as the central institute for studies on the various aspects
of genetics. During this period, the field of genetics experienced a revolution, to and it has
now become the basis of all fields in life science. NIG was therefore, reorganized in 1984
as an inter-university research institute to promote collaborative studies. NIG is serving as a
stock center for various genetic resources and DNA Data Bank of Japan, as well as to pro-
vide excellent research activities for inter-university collaborations. In 1988, Graduate Uni-
versity for Advanced Studies was founded and NIG is now undertaking the responsibility for
graduate education as the Department of Genetics.

Molecular techniques now allow us not only to decipher entire genome sequences of or-
ganisms including human, but also to understand details of higher biological phenomena, such
as biological evolution, cell differentiation, morphogenesis and brain function. NIG has been
exploiting the evolving nature of genetics to extend the frontiers of life science. We wish to
continue to make innovations to maintain and expand our scientific activities. To do this, we
would like to welcome your critical comments and suggestions about our current research ac-

tivities and future plans.

Director-General 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- )

Awards: Matsunaga Award (1977); Inoue Prize for Science (1985); Kihara Award of
Genetics Society of Japan (1995); The Takeda Prize for Medical Science (1998)
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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B X#&fE
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D i %
Lecture hall
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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. |
1964 Apr. 1

1969 Apr. |

1974 Apr. |

1975 Mar. 1
Oct. 1

1976 Oct.

1983 Oct. 1

1984 Apr. 12

1985 Apr. 1

1987 Jan. 12

1988 Apr. 8

Oct. 1

Established under 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 Ist Director.

Three research departments were reorganized as
the Departments of Morphological Genetics,
Cytological Genetics and Physiological Genetics.
Departments of Biochemical Genetics was added.

Departments of Genetics was added.

Departments of Induced Mutation was added.
Prof. Hitoshi Kihara was elected the 2nd Direc-
tor.

Departments of Human Genetics was added.
Departments of Microbial Genetics was added.
Departments of Population Genetics was added.

Prof. Daigoro Moriwaki was elected the 3rd Di-
rector. Departments of Molecular Biology was
added.

Plant Section of the Genetic Stock Center was es-
tablished.

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

Microbial Section in the Genetic Stock Center was
added.

Dr. Ei Matsunaga was elected the Sth 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 operations.
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. |

1998 Apr. 9

2001 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 of Research and De-
velopment of Biological Databases in the new cen-
ter. The Laboratory of Gene-Expression Analy-
sis was added in the new center.
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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
Member, Council for Science and Technology Policy, Cabinet Office

IWATSUKI, Kunio

Professor, University of the Air

OSAKI, Hitoshi

Director-General, Center for National University Finance
OSAWA, Shozo
Adviser, Biohistory Research Hall

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

KYOGOKU, Yoshimasa

Director-General, Biological Information Research Center, National Institute of Advanced Industrial Science and Technology

KURODA, Reiko

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

KODAIRA, Keiichi

President, The Graduate University for Advanced Studies
SHINIJI, Isoya
President, Tokyo University of Agriculture

SUGIMURA, Takashi

President Emeritus, National Cancer Center
TSUNEWAKI, Koichiro

President, Fukui Prefectural University

TOYOSHIMA, Kumao

Director, Sumitomo Hospital

HIROBE, Masaaki

President, University of Shizuoka
MATSUO, Minoru

President, Nagoya University
MATSUBARA, Ken-ichi

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

Professor, Emeritus, Natiomal Institute of Genetics
MOHRI, Hideo

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
Professor, Faculty of Science, Kobe University
ITO, Koreaki
Director-General, Institute for Virus Research, Kyoto University
OGAWA, Tomoko
Professor, Iwate College of Nursing
GO, Michiko
Professor, Graduate School of Science, Nagoya University
SASAZUKI, Takehiko
Professor, Medical Institute of Bioregulation, Kyushu University
SHINOZAKI, Kazuo
Chief Scientist, RIKEN Tsukuba Institute
SEKIGUCHI, Mutsuo
Professor, Fukuoka Dental College
TAJIMA, Fumio
Professor, Graduate School of Science, The University of Tokyo
HANAOKA, Fumio
Professor, Institute of Molecular and Cellular Biology, Osaka University
MATSUURA, Etsuko
Professor, Faculty of Science, Ochanomizu University
ISHIHAMA, Akira
Professor, NIG
ARAKI, Hiroyuki
Professor, NIG
HIROMI, Yasushi
Professor, NIG
HIROSE, Susumu
Professor, N1G
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
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R I OB # Director-General  HOTTA, Yoshiki

fEREEER ) @R A i Hf Vice-Director ISHIHAMA, Akira

PFBGHER Department of Molecular Genetics

WFZE L (PF) A i C| Head ISHIHAMA, Akira

S FECEHZEERFY Division of Molecular Genetics

B A HH Prof. ISHIHAMA, Akira

i £ W H E Z Assis. Prof. FUJITA, Nobuyuki

B F St e Assis. Prof. MITSUZAWA, Hiroshi

1)} F X K 7 Assis. Prof. KIMURA, Makoto

Z REGHZRERPT Division of Mutagenesis

Bh # 2 HH Assoc. Prof. YAMAO, Fumiaki

1)) =S == % Assis. Prof. KISHI, Tsutomu

g T WO o W Assis. Prof. SEINO, Hiroaki

M {LF & B MIREP Division of Nucleic Acid Chemistry

- 9=F C." KoOA WA Adj. Prof. MIZUMOTO, Kiyohisa

(b B R 3EERBU%) (Prof., Kitasato University)

B # = 06 o i Assoc. Prof. TANAKA, Kan
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Department of Cell Genetics

Head

ARAKI, Hiroyuki

Division of Cytogenetics

Assoc. Prof.

IMAI, Hirotami

Division of Microbial Genetics

Prof.
Assoc. Prof.

Assis. Prof.

ARAKI, Hiroyuki
YASUDA, Seiichi

KAMIMURA, Yoichiro

Division of Cytoplasmic Genetics

Adj. Prof.

YOSHIKAWA, Takeo

(Laboratory Head BSI, RIKEN)

Prof.

YANAGIDA, Mitsuhiro

(University of Kyoto)
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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

Division of Gene Expression

Prof. HIROSE, Susumu
UEDA, Hitoshi
MINATO, Kiyoshi
YAMADA, Masa-aki

Assoc. Prof.
Assis. Prof.

Assis. Prof.

Division of Early Embryogenesis

Prof. TAKEDA, Hiroyuki
(University of Tokyo)
Assis. Prof.

KAWAKAMI, Atsushi
(University of Tokyo)

Division of Physiological Genetics
Prof. KOSEKI, Haruhiko
(Chiba University)

Adj. Prof. KIYAMA, Ryoichi

(Senior Scientific Staff, National Institute of Advanced Industrial Science and Technology)

Department of Population Genetics
Head IKEMURA, Toshimichi
Division of Population Genetics

Assis. Prof. TAKANO, Toshiyuki

Division of Evolutionary Genetics

Prof. IKEMURA, Toshimichi
SAITO, Naruya
TENZEN, Toyoaki
FUKAGAWA, Tatsuo

Assoc. Prof.
Assis. Prof.

Assis. Prof.

Division of Theoretical Genetics

Prof. KONDO, Shigeru
(University of Tokushima)

TAKAGI, Toshihisa

Prof.

(University of Tokyo)

Department of Integrated Genetics
Head SASAKI, Hiroyuki

Division of Human Genetics
Prof. SASAKI, Hiroyuki
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Assoc. Prof.

FUJIYAMA, Asao
Assis. Prof. SADO, Takashi
Division of Agricultural Genetics
KAKUTANI, Tetsuji
KINOSHITA, Tetsu

Assoc. Prof.

Assis. Prof.

Division of Brain Function
HIRATA, Tatsumi
KAWASAKI, Takahiko

Assoc. Prof.

Assis. Prof.

Division of Applied Genetics

Prof. TAKAGI, Nobuo
(Hokkaido University)
Adj. Prof. HIROCHIKA, Hirohiko

(Laboratory Head, National Institute of Agrobiological Sciences)

Genetic Strains Research Center
Head SHIROISHI, Toshihiko
Mammalian Genetics Laboratory

Prof. SHIROISHI, Toshihiko
Assis. Prof. KOIDE, Tsuyoshi
Mammalian Genetics Laboratory
Prof. SAGA, Yumiko
Assis. Prof. KOKUBO, Hiroki
Plant Genetics Laboratory
KURATA, Nori
ITO, Yukihiro

Assoc. Prof,

Assis. Prof.

Microbial Genetics Laboratory
Assoc. Prof. NISHIMURA, Akiko
Invertebrate Genetics Laboratory

Prof. HAYASHI, Shigeo
GOTO, Satoshi

Assis. Prof.

Center for Genetic Resource Information
Head KOHARA, Yuji
Genetic Informatics Laboratory
YAMAZAKI, Yukiko
FUJITA, Masaya

Assoc. Prof.

Assis. Prof.

Genome Biology Laboratory
Prof. KOHARA, Yuji
ANDACHI, Yoshiki

Assis. Prof.



WEECEMmEEY I — Structural Biology Center

2y —E W) FE U Head KATSURA, Isao
EFEERFRERE Biological Macromolecules Laboratory

#o wm Xk HEF Prof. TOKUNAGA, Makio
1) T He 4 W oz Assis. Prof. SHIINA, Nobuyuki
B4 FHEEIR= Molecular Biomechanism Laboratory

#Ho s A A Prof. SHIMAMOTO, Nobuo
moF Bl AET Assis. Prof. SOGAWA, Kumiko

B F AR KUK Assis. Prof. NAGALI, Hiroki

S S IR = Multicellular Organization Laboratory
Hoo FE i Prof. KATSURA, Isao
T 5 E n Assis, Prof. ISHIHARA, Takeshi
B9 FH &M= Biomolecular Structure Laboratory

oy ¥ FIAR e i Assoc. Prof. SHIRAKIHARA, Yasuo
B F CIRNECIN Assis. Prof. MAENAKA, Katsumi
WG F O] B A IR = Gene Network laboratory

By ¥ % S K M T Assoc. Prof. IMAMOTO, Naoko

i) I AN Assis. Prof. KOSE, Singo

4 eniEIR - DDBJMIRtZ Y 5 — Center for Information Biology and DNA Bank of Japan
> & — e () Fu v i ¥ Head GOJOBORI, Takashi
GRS AR IR Laboratory for DNA Data Analysis
LR T A il ¥ Prof. GOJOBORI, Takashi

i) E e -l Assis. Prof. IKEO, Kazuho

KA AR R IR = Laboratory for Gene-Product Informatics
¥ % P it Prof. NISHIKAWA, Ken

11| I: K W x M Assis. Prof. OTA, Motonori
WnFH R 2R Laboratory for Gene Function

# A T Prof. TATENO, Yoshio

o F ESUACINVE VI Assis. Prof. FUKAMI-KOBAYASHI, Kaoru
F—HN—EAMFETEE Laboratory for Research and Development of Biological Databases
# 2 woOR & W Prof. SUGAWARA, Hideaki
i) £ gy & Assis. Prof. MIYAZAKI, Satoru
G F FIR AT IR = Laboratory for Gene-Expression Analysis

WEHR - P4V N—=Tt>5— Radioisotope Center
oy —F @) = K % Head NIKI, Hironori
B # 2 = K 7= Assoc. Prof. NIKI, Hironori
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Experimental Farm
Head KURATA, Nori
Assis. Prof. NONOMURA, Ken-ichi

Department of Administration
Head UEZUMI, Kiyotaka

General Affairs Section

Chief TOMIYAMA, Yukio
NEGI, Takayuki

General Affairs Unit  AKIYAMA, Keigo
SHIRAYANAGI, Takashi
Research Cooperation Unit - NITTA, Kiyotaka
Collaborative Research Unit  SHIBAMOTO, Fumiaki
Information Resources Unit  AKAGAWA, Tetsuro

Assistant Chief

Personnel Unit

Financial Affairs Section

Chief TAKAHASHI, Shouji
SATO, Takaji
Administration Unit  HIKICHI, Mitsuo
ANDOU, Matami

Assistant Chief

Accounting Unit

Supplies Unit SAKAMOTO, Kazuhiro
Property Unit UMEZAWA, Saburo
Facilities Unit MAEDA, Yoshihiro

Technical Section

Chief ISHII, Yuriko
Animal Unit
Unit leader SAKAI, Masako

Technical Group-I leader

Technical Group-II leader

Plant-Mizrobial Unit

Unit leader HARA, Tomio
Technical Group-I leader  EIGUCHI, Mitsugu
Technical Group-1I leader

Mechanical Unit

Unit leader YATA, Katsunori
Technical Group-I leader  ASHIKAWA, Yuuki

Technical Group-I1 leader
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Outline of DepartmentIfigsEidiReditidiEznd Experimen

() 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, ete. , 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 arca 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-
: s 13T
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.



A Drosophila embryo stained with a neuron-specific antidody.
Photograph provided by Quing-Xin LIU.
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Functional modulation of RNA polymerase

Ishihama Group

Global Regulation
of Gene Transcription:
Functional Modulation

of RNA Polymerase

HiE AN
BF EiE BF BiE
FUJITA, Nobuyuki MITSUZAWA, Hiroshi  KIMURA, Makoto
D. Sc, Assistant Professor D. Sc., Assistant Professor D. Sc., Assistant Professor

In both prokaryotes and eukaryotes, the number of RNA
polymerase molecule, the basic machinery of transcription,
is not more than the total number of genes on the genome.
Thus the promoter selectivity control of RNA polymerase is
crucial for determination of the global pattern of gene ex-
pression.

1) Transcription regulation in prokaryote: The RNA
polymerase core enzyme of Escherichia coli is specialized
into multiple transcription apparatus in two steps through
molecular interactions with sigma subunits and transcrip-
tion factors. Current research focuses on the mechanisms
underlying the functional modulation of the RNA
polymerase.

2) Transcription regulation in eukaryote: RNA polymerase
II of the fission yeast Schizosaccharomyces pombe is com-
posed of 12 different subunits. Systematic studies are in
progress to reveal the protein-protein contact network be-
tween RNA polymerase subunits and transcription factors.

3) Specificity control of viral RNA polymerase: Transcrip-
tion and replication of the viral RNA genome is catalyzed
by a single species of RNA polymerase. Research is
focused on the molecular interconversion of influenza vir-
us RNA polymerase between transcriptase and replicase.

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.

Maeda, H., Fujita, N., and Ishihama, A. (2000) Sigma competition:
Comparison of binding affinity to the core RNA polymerase among
seven E. coli sigma subunits. Nucleic Acids Res. 28, 3497-3503.

Ishihama, A. (2000) Functional modulation of Escherichia coli RNA
polymerase. Annu. Rev. Microbiol. 54, 499-518.

Kimura, M., Sakurai, H., and Ishihama, A. (2001) Intracellular con-
tents and assembly states of all twelve subunits of the RNA polymerase
I1 in the fission yeast Schizosaccharomyces pombe. Eur. J. Biochem.
268, 612-619.

Mitsuzawa, H., Seino, H., Yamao, F., and Ishihama, A. (2001) Two
WD repeat-containing TAFs in fission yeast that suppress defects in
the anaphase-promoting complex. J. Biol. Chem. 276, 17117-17124.

Honda, A., Endo, A., Mizumoto, K., and Ishihama, A. (2001) Differ-
ential roles of VRNA and ¢cRNA in functional modulation of the in-
fluenza virus RNA polymerase. J. Biol. Chem. 276,
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Fission yeast cells arrested at metaphase due to disfunction of
ubquitin-conjugating enzyme, Ubc11 (UbcP4).

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 proteasomes. This ultimate-
ly causes the destruction of various regulatory proteins. The
ubiquitin 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 in the degradation of sig-
nals.

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 the ubiquitin system in the re-
pair of damaged DNA, especially in repair by traslesion syn-
thesis. To understand the dynamic regulation of this
post-translational modification system, together with that of
recently found ubiquitin-like modifiers, in network of bas-
ic cellular functions is the final goal of our research.

Mitsuzawa, H., Seino, H., Yamao, F. and Ishihama A. (2001). Two WD
repeat-containing TAFs in fission yeast that suppress cell cycle arrest
at mitosis. J. Biol. Chem. 276, 17117-17124.

Yamao, F. (1999). JB 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 CIn2 is to act as a binding core that links CIn2 to Skp]1.
J. Cell Sci. /11, 3655-3661.

Kishi, T., Seno, T

quitin pathway in Sacchromyces cerevisiae through association with
Skpl. Mol. Gen. Genet. 257, 143-148.

", and Yamao, F. (1998). Grrl functions in the ubi-

Osaka, F., Seino, H., Seno, T., and Yamao, F. (1997). A ubiquitin-con-

jugating enzyme in fission yeast, that is essential for the onset of

anaphase in mitosis. Mol. Cell. Biol. /7, 3388-3397.
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Transcrition apparatus is associated with all negativestrand
RNA viruses. The molecular architecture and reaction mech-
anism are being analyzed for the RNA polymerases associ-
ated with Sendai virus (SeV) and influenza virus. The research
of SeV RNA polymerase is focussed on the roles of the host
factors which we identified as the essential components for
viral mMRNA synthesis. The analysis of structure-function re-
lationship of influenza virus RNA polymerase is being car-
ried out in collaboration with Division of Molecular Genet-
ics.
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Sendai virus nucleocapsid containing a single strand (-) RNA
genome
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The switching of transcrption pattern in Escherichia coli
is mediated by replacement of the sigma subunit of RNA
polymerase. The growth-related genes are transcribed by
RNA polymerase containing sigma-70 while the stationary
phase genes are by sigma-38 RNA polymerase. Molecular ba-
sis of the promoter recognition difference between sigma-70
and sigma-38 is being analyzed. In parallel, transcription
regulaton by sigma replacement is studied with photosynthetic
cyanobacteria and plant chloroplasts.
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BERELEDOHERICEL TS,

Austrarian ant Myrmecia. The chromosomal number of Myrmecia
varies widely within its group (2n=2~84), and is suitable for study-
ing chromosome evolution.

The number of chromosomes that each species has varies
tremendously, from the minimum of 1 pair to more than 600
pairs. The mechanism by which the chromosome number
changes during evolution is poorly understood. In 1986 we
proposed a new theory on chromosome evolution, called the
“Minimum-interaction theory” (Imai ez al., 1986). This the-
ory can describe chromosome evolution stochastically based
on the interaction of chromosomes at the pachytene stage of
meiosis. We have recently succeeded in performing com-
puter simulation of this process and presenting the data quan-
titatively using the karyograph method. Currently we are
comparing the results of theoretical calculations with the
karyotypes of vertebrates and ants to verify the minimam-in-
teraction theory.

Imai, H.T., Maruyama, T., Gojobori, T., Inoue, Y. and Crozier, R.H.
(1986). Theoretical basis for karyotype evolution. I. The minimal-in-
teraction hypothesis. Am. Nat. /28, 900-920.

Wada, M.Y. and H.T. Imai (1995) Theoretical analyses of chiasmata
using a novel chiasma graph method applied to Chinese hamsters, nice
and dog. Jpn J. Genet. 70, 233-265.

Hirai, H., M.T. Yamamoto, R.W. Taylor, and H.T. Imai (1996)
Genomic dispersion of 28s rDNA during karyotypic evolution in the
ant genus Myrmecia (Formicidae). Chromosoma /05, 190-196.
Imai, H.T., M.Y. Wada, H. Hirai, Y. Matsuda, and K. Tsuchiya (1999)
Cytological, genetic and evolutionary functions of chiasmata based in
chiasma graph analysis. J. theor. Biol. /98, 239-257.

Imai, H.T., Y. Satta and N. Takahata (2001). Integrative study on chro-

mosome evolution of mammals, ants and wasps based on the minimum
interaction theory. J. theor. Biol. 2/0 (in press).

Ant database: http://133.39.12.33/default.html
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Wild-type (1, 2) and checkpoint defective cells (3, 4, 5). The de-
fective cells show abnormal morphology of nuclei.
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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 cukaryotic 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.

® [ 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.

Araki, H., Leem, S.H., Phongdara, A., and Sugino, A. (1995). Dpbl1,
which interacts with DNA polymerase Il (¢) in Saccharomyces
cerevisiae, has a dual role in S-phase progression and at a cell cycle

checkpoint. Proc. Natl. Acad. Sci. USA. 92, 11791-11795.

Kamimura, Y., Masumoto, H., Sugino, A. and Araki, H. (1998). SId2,
which interacts with Dpbl1 in Saccharomyces cerevisiae, is required
for chromosomal DNA replication. Mol. Cell. Biol. /8, 6102- 6109.
Masumoto, H., Sugino, A.,

association between DNA polymerase « and ¢,

and Araki, H. (2000). Dpbl1 controls the
and the ARS region
of budding yeast. Mol. Cell. Biol. 20, 2809-2817.

Kamimura, Y., Tak, Y-S., Sugino, A., and Araki, H. (2001). SId3,
which interacts with Cdc45 (Sld4), functions for chromosomal DNA
replication in Saccharomyces cerevisiae. EMBO J. 20, 2097-2107.



Ve

LHWFZER

~ Division of Misrelsikl @ensiios |

Yasuda Group

Regulation
KIGEFEARDE RS of chromosome replication
in Escherichia coli
ZH R —
BBU% B

YASUDA, Seiichi

D. Sc., Associate Professor

KIGHEOREAKROERNL, K146477 HiHa DBRIR DY tafk
D=7 — I OEEBA S (oriC) M S EE > TR AW
WA, D ORISR D SOHIIT 22 > THERS
LFET. FaROEROBEIL oriC THEEN MDD 550
ESMMThHno TWET, ERPHLE MO DNA I3 E /PG
EZOMMEIESHEH (Dnald) WHEAL, THUTE -T2 A8
DNAMHZL, & 51— RBAE Z > THA AR D
MWIREVET, LML MR —mEFEZSLS TS
TWAEROFAG N E D LD TR = > TS onid
BN TIEHd D FH A, ZOMEE TIFEREE DnaAlz
HHLT, ERBAEEDNA NS E, ZOEHOR
Offi 4 DSHES, T ORI E R 52 HMhoEH EOM
HAEM 72 EZ2PFRTHB0, s E-OBEOMREIC &
DEDITHNTNEDONZEHSNILIzNWEZZTWET,

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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Identification of mouse chromosomal loci which control sensitivities
to forced swimming test (FST) and tail suspension test (TST), by
QTL (quantitative trait loci) analysis: toward identification of
depression-related genes
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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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Ectopic eye formed on antenna by misexpression of the eyeless
gene.
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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 the
central and peripheral nervous system of Drosophila that al-
lows identification of single cell types, while enjoying the
wealth of resources of its genome, and the use of modern and
classical genetics. We are studying the nature of the posi-
tional information that determines the identity of the senso-
ry organs and the roles of extracellular signals which con-
trols 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.

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, 253-263.

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.

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

Okabe, M., Imai, T., Kurusu, M., Hiromi, Y. and Okano, H. (2001).
Translational repression determines a neuronal potential in Drosophila
asymmetric cell division. Nature 4//, 94-98.
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Expression pattern of the gene that encodes the neuropeptide
Hym-355 (FPQSFLPRGamide) in the Hydra head.
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Cellular and molecular analysis
of developmental mechanisms
in Hydra
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Hydra is a coelenterate that occupies a basal position on
the phylogenetic tree from which all the higher metazoans
diversified. Because of its simple body plan, strong regen-
erative capacity and evolutionary position, Hydra is one of
the best model animals to study development and neuronal
function. During the past several years, our efforts have been
focused on the systematic identification of peptide signaling
molecules that are involved in development and neuronal
function in Hydra. The efforts have revealed several impor-
tant 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 from neuropeptides. Many of the epitheliopeptides that
have alreadly been identified are involved in patterning
processes. This finding agrees with our previous results that
epithelial cells primarily regulate patterning. Some of the
neuropeptides are involved in cell differentiation as well as
in neurotransmission. Recently, we have initiated a project
to systematically identify the receptors that utilize peptides
as ligands. In addition to the peptide work, we are also study-
ing germ cell differentiation and sex determination, as well
as Hydra behaviour.

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., U.S.A. 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 /27, 997-1005.

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

Bosch, T.C.G. and Fujisawa, T. (2001) Polyps, peptides and pattern-
ing. Bioessays 23, 420-470.
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Transcriptional activiation of the fushi tarazu gene requires chromatin
remodeling in its promoter region.
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Transcriptional activiation of the fushi tarazu gene requires chromatin
remodeling in its promoter region.
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In multicellular organisms, a single fertilized egg divides
into multiple cells that give rise to tissues and organs. We
are studying gene expression during embryonic and pos-
tembryonic development of Drosophila.

Our current research projects are as follows:

® Mechanism of GAGA factor-dependent chromatin remodel-
ing

® Role of supercoiling factor in the formation of active
chromatin

® Functional analysis on transcriptional coactivator MBF 1

® 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. /8, 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.

Takemaru, K., Harashima, S., Ueda, H. and Hirose, S. (1998). Yeast
coactivator MBF1 mediates GCN4-dependent transcriptional activation.
Mol. Cell. Biol. /8, 4971-4976.

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.
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Zebrafish somite-stage embryo (14 hours after fertilization). Dor-
sal view with anterior to the top
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KAWAKAMI, Atsushi
D. Sc., Assistant Professor

In our laboratory, we have been analyzing the mechanisms
underlying axis specification and organogenesis in the ear-
ly development of zebrafish (Danio rerio) and medaka
(Oryzias latipes). By combining the techniques of experi-
mental embryology and molecular genetics, we are attempt-
ing to further the understanding of the conserved molecular
mechanisms of early vertebrate development.

1. Mesoderm induction and its dorsoventral specification: The
yolk cell, is responsible for induction and dorsoventral pat-
terning of the mesoderm in zebrafish embryos. We are
isolating genes which are specifically expressed in the yolk
cell.

o

. Neural induction and its anteroposterior specification: Ear-
ly in development, the vertebrate central nervous system
is induced and regionalized along the anteroposterior axis.
We are investigating the nature of endogenous factors in-
volved in this process.

3. Somitogenesis: By analyzing the function of the genes ex-
pressed in the somites and zebrafish segmentation mutants,
we are attempting to elucidate the molecular mechanisms of
vertebrate segmentation.

4. Molecular mechanisms of midline signals: Sonic hedgehog

derived from the notochord and floor plate has crucial roles

in patterning the neural tube and somite. The mechanisms
underlying this process are being examined by use of
zebrafish midline mutants such as cameleon and you.

Mizuno, T., Yamaha, E., Wakahara, M., Kuroiwa, A. Takeda, H. (1996).
Mesoderm induction in zebrafish. Nature 383, 131-132.

Koshida, S., Shinya, M., Mizuno, T., Kuroiwa, A. Takeda, H. (1998).
Initial anteroposterior pattern of zebrafish central nervous system is de-
termined by differential competence of the epiblast. Development /25,
1957-1966.

Mizuno, T., Yamaha, E., Kuroiwa, A. Takeda, H. (1999). Removal of
vegetal yolk causes dorsal deficiencies and impairs dorsal inducing abil-
ity of the yolk cell in zebrafish. Mechanisms of Development &/,
51-63.

Sawada, A., Fritz, A., Jiang, Y.-J., Yamamoto, A., Yamasu, K., Kuroiwa,
A., Saga, Y. and Takeda, H. (2000). Zebrafish Mesp family genes,
mesp-a and mesp-b are segmentally expressed in the presomitic
mesoderm, and Mesp-b confers the anterior identity to the developing
somites. Development /28, 1691-1702.
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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 HoxB8
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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Genome analysis
using DNA microarrays
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In the recent post-genome project era, techniques using
DNA chips (or microarrays) will play a major role in apply-
ing genome information. We are developing custom microar-
rays for mutation detection, or genotyping, in diagnosis and

therapeutics of cancers and also for expression profiling for
detecting and assessing endocrine disruptors. In the course

of such studies, we have already found new cancer-related
genes, and endocrine disruptor-responsive genes, which gave
clues as to tumorigenesis or endocrine disruptor-pathways.

/

0o 12 72 4
6 24

Response
Time (hr)

HARLRAVOT LA EANERERLEVIEE IO T 7
1)
Profiling endocrine disruptor response with custom microarrays.

Mell8#&E& 4 /8% T % SAP155 (Spliceosome-associated protein 155)
& Mell8 RIE~Y D R DB THER S - BImWMEEERIE, SAP155 M
RYI—LBEO—FHELTHELTWSZLETRLTLS,

Genetic interaction between mutation in SAP155 (Spliceosome-associated
protein 155) and Mel18 loci induced the hometic transformations in the
axial skeleton suggesting the involvement of SAP155 protein in the mam-
malian PcG comlex.
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Studies of genetic
and molecular basis
for within- and between-species
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Failure of the CUT expression in D. melanogaster-simulans hybrid
(C). A normal staining pattern is in (A) and (B).

Central issue in most morphological and developmental
variations and evolutionary changes is not an all-or-none is-
sue in gene expression, but the issue is of a quantitative na-
ture. Within and between species variations in quantitative
characters such as bristle numbers and formation patterns in
Drosophila are being investigated with the aim of understand-
ing their genetic and molecular basis and with the aim of a
quantitative assessment of the various forces of evolution in
shaping patterns of genetic diversity. Identifying genetic fac-
tors responsible for the bristle-loss phenotype in interspecific
hybrids of Drosophila is an intensive focus of our current re-
search, and we find that the genetic architecture of bristle for-
mation can change in local populations in the absence of any
obvious phenotypic alternation.

We are also studying between-region variability and
between-species fluctuations of mutation pressures and cross-
over frequencies. Indeed, we have found their remarkable
lineage-specific local changes in Drosophila genomes, sug-
gesting the presence of region-dependent regulation
mechanisms of mutation and recombination. Furthermore,
we are interested in developing genome-wide approaches for
a better understanding of genetic interaction.

Takano, T.S. (1998). Rate variation of DNA sequence evolution in the
Drosophila lincages. 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 /49, 1435-1450.

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

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. Mol. Biol.
Evol. /8, 606-619.
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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.
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The structure, function,
and evolution of chromosomes
in vertebrate cells.
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D. Sc., Assistant Professor

Various aspects of evolution tend to be studied separate-
ly. Our objective is to synthesize those various aspects un-
der an integrated view. We are conducting experimental and
theoretical studies on the genetic mechanisms of organismal
evolution. We are focusing on researches concerning the
mechanisms of evolution of chromosome and genome. For
example, we have characterized band boundaries of human
chromosomes at molecular level focusing on transition of
DNA replication timing during S phase and Mb-sized seg-
mental GC% distribution. We are also studying the mech-
anism of a functional centromere formation using chromo-
some-engineering techniques. Following lists are current
projects in our group.

® Construction of high-resolution map of DNA replication
timing in human chromosome 11 and 21.

® Functional analyses of centromere in vertebrate cells.

® Analysis of DNA replication timing of centromeric region
in a human artificial chromosome.

® Prediction of DNA replication origin by a bioinformatic
approach.

® Studies on codon usage and tRNA genes of various or-
ganisms.

Kanaya, S., Yamada, Y., Kudo, Y. and Ikemura, T. Studies of codon

usage and tRNA genes of 18 unicellular organisms and quantification

of Bacillus subtilis tRNAs: gene expression level and species-specific

diversity of codon usage based on multivariate analysis. Gene 238,

143-155 (1999) & http://www. kazusa.or.jp/codon/.

Shiina, H., (1999). Molecular dynamics of MHC
genes is unraveled by sequence analysis of the 1,796,938-bp HLA class
I region. Proc. Natl. Acad. Sci. USA 96,13282-13287.

Ikemura, T. et al.,

Morris, J., and Brown, W. (1999) CENP-(
is necessary but not sufficient to induce formation of a functional
centromere. EMBO J. /8, 4196-4209.

Fukagawa, T., Pendon, C.,

Stewart, A.F., and Brown, W. (1999). The chicken HPRT
gene: a counter selectable marker for the DT40 cell line. Nucl. Acids
Res. 27, 1966-1969.

Fukagawa, T.,

Tenzen, T., Yamagata, T., Fukagawa, T., Sugaya, K. Ando, A., Inoko,

. (1997).
Precise switching of DNA replication timing in the GC content tran-

H., Gojobori, T., Fujiyama, A., Okumuara, K., and Tkemura, T

sition area in the human major histocompatibility complex. Mol. Cell.
Biol. /7, 4043-4050.
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Evolution of organisms
at genetic/genomic level
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Silver Project: Ape Genome Sequencing
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Gorilla
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Main body of Silver Project database
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Web Home Page of Ape Genome Project Silver

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 in-
clude:

(1) Search for genetic changes responsible for human uni-
queness (Ape Genome Project Silver)-It is necessary to
compare closely related species as well as the species in
question to determine species-specific genetic changes. We
are determining genomic sequences of apes such as chim-
panzee and gorilla that are phylogenetically close to
humans.

(2) Evolution of blood group genes-Blood group antigens are
on cell surfaces, and have a higher chance of being effected
by bacteria or virus. Therefore, their genes may have un-
dergone positive selection compared to typical genes that
are under neutral evolution. We are studying genes for
ABO and Rh blood groups.

Other themes are the inference of tissue/organ evolution
through gene tree analyses, analysis of evolution of closely
related populations using gene genealogy approach, devel-
opment of new methods for the study of gene evolution, and
the development of new database for evolutionary studies.

Kitano T. and Saitou N. (2000) Evolutionary history of the Rh blood
group-related genes in vertebrates. Immunogenetics 5/, 856-862.

Sumiyama K., Kitano T., Noda R., Ueda S., Ferrell R., and Saitou N.
(2000) Sequence variation in the ABO blood group gene exon 7 of
chimpanzee and bonobo. Gene 259, 75-79.

Oota S. and Saitou N. (1999) Phylogenetic relationship of muscle tis-
sues deduced from superimposition of gene trees. Molecular Biolo-
gy and Evolution /6, 856-867.

Saitou N. and Yamamoto F. (1997) Evolution of primate ABO blood
group genes and their homologous genes. Molecular Biology and Evo-
lution /4, 399-411.
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In each developmental phenomenon, a lot of genes are
involved and interact one another. The whole system is
sometimes too complex to be understood by the brain of hu-
man. To overcome such difficulty, mathematical theories and
computer simulation may help. We are temporally studying
the relationship between the gene activity and the complex
skin pattern of fish using a mathematical theory, “reac-
tion-diffusion model”. Our final aim is to establish a gen-
eral method to understand the complex phenomena that the

classic genetics can not deal.
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The fish stripes as a visible Turing wave
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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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Xist RNA

RNA FISH

Chromosome Painting
Xist BERI & ¥RAE S B &, ARMETIHIAREMEL Xist AFBF L, R
WX REEORTEREAES 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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SADO, Takashi

D. Sc., Assistant Professor

Embryonic development requires the genetic programs
written in the genome to be expressed in correct tissues with
correct timing. Once a cell linecage has been established, its
genetic status is maintained so that the cells do not transform
into other cell types. Epigenetic mechanisms, such as DNA
methylation and heterochromatin formation, stabilize the ge-
netic activity of the cell lineage without changing DNA se-
quences. Mammals have unique phenomena, such as genomic
imprinting and X-chromosome inactivation, which are also
based on these epigenetic mechanisms. Abnormalities of the
mechanisms are responsible for a number of human disor-
ders. The following research activities are ongoing in our
laboratory:

® Regulation of genomic imprinting in mammalian devel-
opment

® Establishment of imprinting in the germ-line

® 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 methyltrans-
ferases

® Human disorders associated with abnormalities in DNA
methylation or imprinting

[shihara, K., Hatano, N., Furuumi, H. ez a/. (2000). Comparative
genomic sequencing identifies novel tissue-specific enhancers and se-
quence elements for methylation-sensitive factors implicated in /g/2

H19 imprinting. Genome Research /0, 664-671.

Ueda, T., Abe, K., Miura, A. ef al. (2000). The paternal methylation
imprint of the mouse /19 locus is acquired in the gonocyte stage dur-
ing fetal testis development. Genes to Cells 5, 649-659.

Mizuno, S., Chijiwa, T., Okamura, T. et al. (2001). Expression of DNA
methyltransferases DNMT'1, 34 and 3B in normal hematopoiesis and

in acute and chronic myelogenouse leukemia. Blood 97, 1172-1179.

Ohno, M., Aoki, N., and Sasaki, H. (2001). Allele-specific detection
of nascent transcripts by fluorescence in situ hybridization reveals tem-
poral and culture-induced changes in /gf2 imprinting during
pre-implantation mouse development. Genes to Cells 6, 249-259.

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

Genomic and proteomic studies
of human and human-related
genomes

Bh¥s B

FUJIYAMA, Asao
D. Sc., Associate Professor

el ) AR EE U T, b b EMERREETEVWDOR
5ENBY ) A EOREIEREHSMNIT S EEE—HIR
R 2{ToTWET, 20D, AWK TIEE T/ A
RS ARMTRTZE 238 U CHENE L2tk o KIER S - 51 7
SRR, N ZI—Tw hAZ ) —Z 2 T8k, K
SR RN, ~ 2707 LA, LR BB &
o)A — 2% RFILET, BEOHET — I Fid
DEHBVTY,

o LIRS LT, FoN Y—, dUT, FFT2T—
5 L EDERMES ) ADNA T4 7 5 Y OREEE - f ik,
oL ik, 213%, 209, 193, 189, 4%, 113
2%, X, YOSTSY—Hh—Ic&k?, b hEEERY /

INOYA
® 51 A 7 fiElic 3 H U 7= % B R R EL OWHE

th- 7/

REFORMEERLT

Hamny ) LFEONEE LTI ERE, PRIE, X
b S LRITRRENER L=/ T Ly b,
Primates being used for genomic studies. Middle is a sacred draw-
ing appeared in the brochure of Japanese Human Genome Pro-
gram.

'l

#BE

Our studies are focused on defining genomic characteris-
tics of the human genome through comparison with those of
other primates using technologies for large scale chromosome
purification, high-throughput genome analysis, and
micro-arrays in addition to bioinformatics and various
genomic resources. Current targets are:

® Construction and distribution of genomic libraries of pri-
mates

® STS oriented comparative analysis of human chromosomes
22, 21,20, 19, 18, 14, 11, 2, X, and Y

® Evolutional studies of primate chromosomes through the
analysis of telomeric regions

Thomas Briis, Gabor Gyapay, Jean-Louis Petit, Francois Artiguenave,
Virginie Vico, Shizen Qin, Aye Mon Tin-Wollam, Corinne Da Silva,
Delphine Muselet, Delphine Mavel, Eric Pelletier, Michael Levy, Asao
Fujiyama, Fumihiko Matsuda, Rick Wilson, Lee Rowen, Lee Hood, Jean
Weissenbach, William Saurin, Roland Heilig. (2001). A clone map of
human chromosome 14. Nature 409, 947-948

The International Human Genome Consortium including A. Fujiyama
and 55 authors. (2001). A Physical map of the human genome. Na-
ture 409, 934-941

The International Human Genome Consortium including A. Fujiyama
and 72 authors from international sequencing centers. (2001). The Hu-
man Genome: Initial Sequencing and Analysis. Nature 409, 860-921

http://www.nature.com for supplemental information
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KAKUTANI, Tetsuiji
D. Sc., Associate Professor

HEIEE A LA DT T An T R B WA I 7> 88 B UL
R EICRFF S NS BIGN, BEREDY S LR 5 T i iy (2 18
WINET., Iz (PoxT4 7R HEEESIERD
TED T4 v 7S EMEONE T, B HER O S
WT, TEZ T4 v Vs PRSI & DNA A5
AL E OB UIE U IEES SN E T, YEE T, M
WCBIATED 2 RT 4w VIR ORE 2/ TWET,

2 OA XF A FO ddm1 2R, AEES O DNA A
FIACKE 2 RV, ZOisE i 2 bk L Ed. DDMI
EFEMIZOF 2 UETY VKT SWI2/SNF2 &5
PlofGE 2R b £, £z, ddml 22828 53O s 1%
Bl HZ LIk, fixOREREEZFELET (L
k1, 2, 3), IN50ZbD—>, BATERHIRIE, 7K
AF Ry 7 2 FWA D, AR A FIBIZRE TP
THZENRRTEIODET k2, 4). I —DDFHE
WS clam VL, WNTE T > AR > OIS LR K T
L7z HR5)e DNAAFIULDHES TES 22T 4wV
IR, IEW R FREARGET S LB, T A
Wt o Eibic b EEEEZ SNE T,

o 04 X+ XS D CACTAITRFDrfE 1= & B IEMERRI L £ D
Biw (BEXME L Y)

Arabidopsis plants with (right) and without (left) reversion sector
of dwarf phenotype induced by transposition of CACTAT element
(from ref. 5).

Kakutani Group

Epigenetic controls
of plant development
and genome structure

AT B
BhF ()

KINOSHITA, Tetsu
D. Sc., Assistant Professor

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 SW12/
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 ddm1-induced abnormalities,
late flowering trait, was caused by ectopic expression of a
homeobox gene, FIWA. Another abnormality was caused by
transpositional activation of a novel endogenous transposon
CACI. Thus DDM]I gene is necessary for both epigeneti-
cally ensuring proper gene expression and stabilizing the
genome structure.

Kakutani, T, J.A. Jeddeloh, S. Flowers, K. Munakata, and E.J. Richards
(1996) Developmental abnormalities and epimutations associated with
DNA hypomethylation mutants. PNAS 93, 12406-12411.

Kakutani, T. (1997) Genetic characterization of late-flowering traits in-
duced by DNA hypomethylation mutation in Arabidopsis thaliana. Plant
Journal /2, 1447-1451.

Kakutani, T., Munakata K., Richards E.J., and Hirochika H. (1999)
Meiotically and mitotically stable inheritance of DNA hypomethyla-
tion induced by ddm1 mutation of Arabidopsis thaliana. Genetics /5/,
831-838.

Soppe, W., Jacobsen S.E., Alonso-Blanco C., Jackson J., Kakutani T.,
Koornneef M. and Peeters 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 Arabidopsis. Nature 47/, 212-214.
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HIRATA, Tatsumi
D. Med., Associate Professor
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HHDET,

ALY, MREIRIZRN ED LS RERTFIZE > T
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TM éuofmiT MRLER & 13 W O 2 52 T D ik

VEATTA, T ORI EVIIRAZMIIL T, &
J®P* MO 3 B PRI & o T RS G EED £,
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S e RIS B 5 2 ENTEET O T, HHITER
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OEhFE (K) &, BHmEMRESEY MR (B) &
&f? LTHET S, £LAER—RAHOER, EMIXRKE
K9,

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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Hirata Group

Vertebrate neural network
formation
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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.

Hirata, T., Y., and Rao, Y. (2001). Short-range
guidance of olfactory bulb axons is independent of repulsive factor slit.
J. Neurosci. 2/, 2373-2379.

Fujisawa, H., Wu, J.

Tomioka, N., Osumi, N., Sato, Y., Nakamura, S.,
., and Hirata, T. (2000). Neocortical origin and tangential migration

Inoue, T., Fujisawa,

of guidepost neurons in the lateral olfactory tract. J. Neurosci. 20,
5802-5812.

Hirata, T.,

eral branching and target invasion of mitral cell axons during devel-

and Fujisawa, H. (1999). Environmental control of collat-

opment. J. Neurobiol. 38, 93-104.

Sato, Y., Hirata, T.,

for early-generated neurons recognized by monoclonal antibody lotl

Ogawa, M., and Fujisawa, H. (1998). Requirement

in the formation of lateral olfactory tract. J. Neurosci. /8, 7800-7810.

Hirata, T.,
membrane-bound factors that promote neurite outgrowth of mitral cells
32, 415-425.

and Fujisawa, H. (1997). Cortex-specific distribution of

in culture. J. Neurobiol.
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TAKAGI, Nobuo
Professor
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AHAA v FENHL, IEREEE TEHONEH Ll £,
=Bl ZOBROEFKE, ROARE WD HEEROIEMEIR
BN DK D ICHEIZIHE S N A A U T &
D TNWET,

One of two X chromosomes in each cell of female mam-
mals is inactivated along its entire length early in
embryogenesis as a compensation mechanism of X-linked
gene dosage difference between males and females. The in-
activated X chromosome is reactivated during oogenesis. The
X chromosome is ummm at the molecular level consisting
of about 1.6 x 10" base pairs of DNA and containing sev-
eral thousands genes.

The activity state of this chromosome is controlled by a
built-in switch reversibly altering the chromatin state in cis.
We are trying to understand the significance and mechanism
of this fascinating gene regulation at the chromosome lev-

el.

FISHEIZ & o THEH L 7= 168BHI XX < 7 XSS
% Xist BicFDFRE

Because of genomic imprinting, stable mRNA is transcribed from
both alleles of the switch gene Xist in every cell of the XX
androgenetic embryo at the 16-cell stage.

Colocalization of Xist transcripts (red signals) with the X
chromosomes (green signals) is evident. In spite of biallelic expres-
sion of Xist, random X-inactivation is found in most cells after im-
plantation.
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Regulatory mechanisms of plant
retrotransposons and their utilization
for functional genomics

¥ 2
BHEHIR
Hirochika, Hirohiko
Adjunct Professor

of rice

{ I ETIIAEMD—DE L TH J LRENTDHESD 5417
WET, SHOKRERM|EELT, ‘% SRR EHEE SN Z
BT OBREMIHNR SN THWET, FRLEA1 RITHNEY
HlLhaha AR &AL U/ ) I EDOETOiA
{7 Ml e U 7o i s 1 I R A O .I‘/‘vl Hu R SN N - |
EF u)‘r&nL EHH I T 'wJ Wroe e L TWET, Eiz,
LhabZ > AR 3y ) LDE '}"Mm RERTH
0, 7 LD T D TR IR O fig i 73 B
P S o T ET, Fxldin! /.lllmll FIXDNA AF
IMEIZEBE L THEMIL Fa k2 2 AR 2 u).lll TEFE A D figt
2T -> TWET,

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
We also

study the regulatory mechanism of activation of retro-

method for systematic functional analysis of genes.

transposons by focusing on transcriptional regulation and
DNA methylation.

MAPK i FDIIEIC L HERE (B),
Example of gene disruption: Abnormal morphology induced by dis-
ruption of MAPK gene (right).
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D. Sc., Professor

T A GRS DRI R DO BAR T LR & T
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TWET., WABYEEHERETIE, ZohEZHNWTY
™7 Z DS il O R R B 9 A FE AR AR & U ATT
Ny — > OBEHHEIEICOWTIHFE 2D THWET, X
51, BIRT-ZARMEIIL 728 U WEBRH < 7 A RO
BAFE EMEFF AR 2T TWET,
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(A) Phenotype of Tail short (7s/+) embryo

Rural tube defect (Excencepary] Asymmetricol

Tes+ 0125 franstormatio
SRl ) vmoan:“ " Mmm ‘h-’;:w: i
wartebea
and stemumn

{B) BAC contig around the critical region
of Ts—causative gene

onr) "7 ORf osrs
chett | g (i '
(== e —— e Tk
! ' '
1 [
0

WREZERRREEFORS Y aFLsao—=27, (A TsiED
FRIE, (B) TsEIzTFILEE DY

Positional cloning of a morphological mutant Tail short (Ts). (A),
phenotype of Ts/+; (B), Physical map around Ts gene

Shiroishi Group

Mouse forward genetics
on pattern formation in early
embryogenetsis and behavior

BF EfE

KOIDE, Tsuyoshi
D. Med., Assistant Professor

Recent advances in mouse forward genetics have
facilitated the molecular dissection of morphogenetic process
in developing embryos and complicated biological functions.
In The Mammalian Genetics Laboratory, we are studying ge-
netic control of pattern formation in mouse development,
focusing on pattern formation in limb development and cen-
tral axis formation based on several mouse mutants. We are
also conducting the genetic study of mouse behavior based
on the uniqueness of wild-derived inbred strains that were
established in this laboratory. Furthermore, new experimen-
tal mouse strains, such as consomic strains, are being
developed here. All mouse strains are supplied on request
to researchers in this country and abroad.

Currently, we are undertaking the following studies:

® The role of Shh signaling in pattern formation of develop-
ing limbs

® Genetic regulation of central axis formation

® Genetic regulation of epithelial cell growth

® Behavioral genetics based on genetic diversity among
wild-derived mouse strains

® Genetic study of taste preference in wild-derived mouse
strains

® Construction of mouse consomic strains

® Genome analysis based on genetic diversity among mouse
strains

[shijima, J., Yasui, H., Morishima, M. and Shiroishi, T. (1998). Dom-
inant lethality of the mouse skeletal mutation Tail-short (Ts) is deter-
mined by the Ts allele from mating partner Genomics 49, 341-350.

Katoh-Fukui, Y., Tsuchiya, R., Shiroishi, T. Hashimoto, N., Noguchi,
K. and Higashinakagawa, T. (1998). Male sex-reversal in M33 mutant
mice. Nature 393, 688-692.

Sato, H., Koide, T., Sagai, T., Ishiguro, S.I., Tamai, M., Saito, N.,
Shiroishi, T. (1999). The Genomic organization of type I keratin genes
in mice. Genomics 56:, 303-309.

Koide, T., Moriwaki, K., Tkeda, K., Niki, H., Shiroishi, T. (2000).
Multi-pheaotype behavioral characterization of inbred strains derived
from wild stocks of Mus musculus. Mammal. Genome //, 664-670.

Sacki, N., Kuwahara, Y., Sasaki, H., Shiroishi, T. (2000). Gasdermin (Gs)
localizing to mouse chromosome 11 is predominantly expressed in up-
per gastrointestinal tract but significantly suppressed in human gastric can-
cer cells. Mammal. Genome //, 718-724.
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©® (R YL SR (Mesp2) O 5 B il B A
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FEOAHALIZREE T 255 RFMesp2D / v I 77 hX Y
A () OBEER, LIFHER

Comparison of skeletal morphologies of a wild-type (left) and the
Mesp2-knockout mouse (right). Mesp2 playsan important role on
the formation of metameric structure.

L M imalianiGeneticSREaboratony, I

Saga Group

Molecular mechanism
of mouse embryogenesis
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KOKUBO, Hironori
D. Sc., Assistant Professor

During mouse development, mesodermal cells generated
via gastrulation play important roles in the morphogenesis
of several tissues and organs. We focus on two types of
mesodermal cells: one is cardiac precursor cells specified by
expression of a transcription factor 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 “knock-out” and “knock-in" mice
to understand the molecular mechanism of early heart spec-
ification and somite segmentation. In addition, we are in-
terested in the mechanism for the 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 being investigated. All experiments are conducted using
several gene-engineering technologies. Therefore, we are in-
terested in the development and application of several new
methods to improve the quality of the analyses.

Saga, Y. Hata, N., Kobayashi, S., Magnuson, T., Seldin, M. and Taketo,
M. (1996). MesP1: A novel basic helix-loop-helix protein expressed
in nascent mesoderm cells during mouse gastrulation. Development /22,
2769-2778.

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. //, 1827-1839, 1997

Saga, Y. Hata, N., Kobayashi, Saga, Y., Miyagawa-Tomita, S., Takagi,
A., Kitajima, S., Miyazaki, Ji., Inoue, T. (1999) MesP1 is expressed
in the heart precursor cells and required for the formation of a single
heart tube. Development /26, 3437-3447.

Kitajima, S., Takagi, A., Inoue, T., Saga, Y. (2000). MesP1 and MesP2
are essential for the development of cardiac mesoderm. Development
127, 3215-3226.

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

Functional Genomics for rice
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KUTARA, Nori

ITO, Yukihiro

NONOMURA, Ken-ichi

D. Ag. Associate Professor D. Ag, Assistant Professor D. Ag., Assistant Professor
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Expression of KNOX family homeobox genes and effects of over-
expression of them.

The rice KNOX type homeobox gene expresses in the proposed
stems of shoot organization both in the early embryo (a) and the
regenerating callus (b). Constitutive expression of the genes caused
Inhibition of shoot regeneration (c) or abnormal leaf phenotypes (d-f)
after regeneration.

We aim to unravel genetic programs underlying the
processes from gametogenesis to early embryogenesis in rice.
We have approached this by we applying several different
strategies as shown below. We are also responsible for the
research and management of rice genetic resources of wild
rice species collection.

(1) Genetic dissection of embryogenesis, regeneration and
gametogenesis of rice (Oryza sativa) by mutant and stage
specific gene analysis.

(2) Positional cloning of a heterochronic gene, Plal, regulat-
ing the plastochron and the duration of the vegetative phase
in rice.

(3) Rice centromere characterization and isolation followed
by the construction and introduction of rice artificial
chromosomes.

(4) Large scale isolation and characterization of rice nucle-
ar protein genes for analyzing nuclear architecture.

(5) Genome-wide analysis of reproductive barriers in the
intra-specific rice hybrids and positional cloning of the bar-
riers.

(6) Generation of enhancer trap lines and utilization of
trap-genes as cell markers in rice

Nonomura, K-I. and Kurata, N. (2001) The centromere composition
of multiple repetitive sequences on rice chromosome 5. Chromosoma,

in press

Ito, Y., Eiguchi, M. and Kurata, N. (2000). Somatic and germinal trans-
position of a maize transposable element Ds in rice. Rice Genet.
Newslet. /7, 110-111.

Sentoku, N., Sato, Y., Kurata, N. Ito, Y., Kitano, H. and Matsuoka,
M. (1999) Regional expression of the rice KN/-type homeobox gene
family during embryo, shoot and flower development. The Plant Cell
11, 1651-1664

Nonomura, K-I and Kurata, N. (1999). Organization of 1. 9-kb repeat
unit RCE1 in the centromeric region of rice chromosomes. Mol. Gen.
Genet. 26/, 1-10

Ito, Y., Eiguchi, M. and Kurata, N. (1999). Expression of novel
homeobox genes in early embryogenesis in rice. Biochim. Biophys.
Acta /444, 445-450
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Nishimura Group

Regulatory mechanism of cell
division in Escherichia col:
Timing of cell division

NISHIMURA, Akiko
D. Ag., Associate Professor
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DNA synthesis

3l

T ORESHETEL, MENEERISE MRARO
HE#MNZLYEEFALTLS,

B AL, (1)DNAES & BHAME B L OREFT DRI ApdA
N TFILELTHOTLD, QMESEOTDIADBIELNK
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[CXfEEE L, FOREEASHNEE S NIETENMEILET
%, BIERER D DHIB0%E B ) REEDE RN KRE
T5E. MBPARBEENEESNDHENEILET S,

1) During the cell cycle of E. coli, several fundamental events
takes place through strictly periodic processes, and two iden-
tical daughter cells are produced under the various growth
conditions. We are proposing that cells must have
mechanisms coordinating the timing of each event through

“ cell division (Fig.). For example, we have proved that Ap4A

is the signal coordinating between DNA replication and cell
division in normally growing cells, by analyzing novel
mutants, ¢fc, in which cell division occurs earlier in the cell
cycle. We are now analyzing novel Ap4A binding protein,
AbpA. Other examples, are that decreases in lipopolysac-
charide synthesis affects FtsZ-ring formation resulting in ab-
errant cell division, and that a novel multicopy suppressor
gene uncouples between cell division and cell growth.

2) Although FtsZ, a homologue of eucaryotic tubulin, is found
scattered throughout the cytoplasm, it assembles in cytokinetic
rings at the early stages of septation. The molecular mech-
anism governing this accumulation has been elusive, no fac-
tors involved in the dynamics of FtsZ-ring formation have
previously been discovered. We demonstrated that HscA is
involved in FtsZ-ring formation, interacting with FtsZ.

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

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 membrane

Escherichia coli. J. Bacteriol. /80, 3663-3670.

Nishimura A., Moriya S., Ukai H., Nagai K., Wachi M., and Yamada
Y. (1997). Diadenosine 5°, 5°”-P1, P4-tetraphosphate (Ap4A) controls
the timing of cell division in Escherichia coli. Genes to Cells 2,
401-413.

Nishimura A.: (1989). A new gene controlling the frequency of cell
division per round of DNA replication in Escherichia coli. Mol. Gen.
Genet. 2/5, 286-293.

Nishimura A., Hirota Y. (1989). A cell division regulatory mechanism
controls the flagellar reguon in Escherichia coli. Mol. Gen. Genet. 216,
340-346.
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Tracheal cells in a living Drosophila embryo. Numerous filopodia
are visualized by GFP-labeled actin cytoskeleton.
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Developmental Genetics
of Pattern formation
In Drosophila
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GOTO, Satoshi

D. Sc., Assistant Professor

Assessment of the full ability of single cells in mor-
phogenesis is far from complete. Cells isolated in culture dis-
play remarkable abilities to respond to extracellular signals
by changing shape, motility and cell fate in a variety of man-
ners. Individual cells in an organism, on the other hand, sup-
press most of those autonomous abilities and obey decisions
made as a group. This suggests that cells in tissue have an
ability to orchestrate their decisions to execute particular cell
fate and cell behavior. We are interested in cellular and mo-
lecular mechanisms of tissue morphogenesis. We employ
powerful genetics and elegant histological methodologies on
the fruit fly Drosophila to address problems on two differ-
ent levels of complexity. Epithelial tissues form their shape
by extensive cell movement, followed by cell rearrangement.
Dynamics of cell motility is studied in the trachea, a respir-
atory organ that delivers air through finely branched epithelial
tubules. The second problem is the specification of struc-
tural novelty in development and evolution, which is often
accompanied with a new axis along which the tissue pattern
is organized. We address this issue by studying the devel-
opment of thoracic appendages, the wing and leg. Those
studies will be supplemented with molecular analyses of sig-
naling cascades.

Hayashi, S. (1996) A Cdc2 dependent checkpoint maintains diploidy
in Drosophila. Development /22, 1051-1058.

Matakatsu, H.. Tadokoro, R., Gamo, S. and Hayashi, S. (1999) Repres-
sion of the wing vein development in Drosophila by the nuclear ma-

trix protein Plexus. Development /26, 5207-5216.

Goto, S. and Hayashi, S. (1999) Proximal to distal cell signaling in the
Drosophila leg provides a basis for an intercalary mechanism of limb
patterning. Development /26, 3407-3413.

Kubota, K., Goto, S., Eto, K. and Hayashi, S. (2000) EGF receptor at-
tenuates Dpp signaling and helps to distinguish the wing and leg cell
fates in Drosophila. Development /27, 3769-3776.

Chihara, T. and Hayashi, S. (2000) Control of tracheal tubulogenesis
by Wingless signaling. Development /27, 4433-4442.

http://www.nig.ac.jp/labs/InvGen/home-j.html
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SHared Information of GENetic résources

BEERERT -2y b
SHIGEN (SHared Information of GENetic resources) project

D. Sc., Associate Professor

Genetic Resources
Databank 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.
achieving the completeness of individual database but also

Not only

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., (1998) KOMUGI
Database-Wheat Genetic Resources Database. Genes Genet. Syst. 73,
75-77

Tsujimoto T. and Kawahara T.

Yamazaki Y. (1998) Wheat Genetic Resource Database in Japan. 9th

International Wheat Genetics Symposium Proceeding. 2, 375-376

Yamazaki Y., Yoshimura A., Nagato Y. and Kurata N. (2000)
Oryzabase-Integrated map and mutant database-. Plant & Animal
Genome VIII Abstract 54p
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The expression pattern of the maternal gene, pos-1, in very ear-
ly embryo's. Upper: POS-1 protein (red), nulcei (blue), Lower: pos-1
mRNA(black).
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Genome biology
of C. elegans development
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ANDACHI, Yoshiki
D. Sc., Assistant Professor

We are performing a systematic analysis of expression
and function of the genome of the nematode, C. elegans, with
the aims to understand the genetic program for development,
and ultimately we aim to reconstruct its development using
the computer. We have already identified 10,000 genes
through an EST project, and have analyzed the expression
pattern of 8,000 genes by using whole mount in situ hybrid-
ization. The genes showing interesting expression patterns
are subjected to further functional analysis using experiments
with RNAi and antibodies.
tegrated into our database named NEXTDB. Based on the

All the information has been in-

information, we are conducting the following studies on:

1) The mechanisms of translational control of maternally sup-
plied mRNAs
2) The gene cascade in very early embryogenesis.

3) Clustering analysis of gene expression patterns and exper-
imental analysis of their regulation in embryogenesis
4) Identification of regulatory elements of nerve cell specif-

ic genes.
5) Computer modeling and simulation of early embryogenesis.
6) Molecular anatomy and function of germ-line P-granules.

Tabara, H., Hill, R.J., Mello, C., Priess, J. and Kohara, Y. (1999). Pos-1
encodes a cytoplasmic zinc-finger protein essential for germline spec-
ification in C. elegans. Development /26, 1-11.

Cassata, C., Kagoshima, H., Andachi, Y., Kohara, Y., Durenberger, M.B.,
Hall, D.H., and Burglin, T.R. (2000). The Lim Homeobox Gene ceh-14
Confers Thermosensory Function to the AFD Neurons in Caenorhabditis
elegans. Neuron 25, 587-597.

Maeda, 1., Kohara, Y., Yamamoto, M., and Sugimoto, A. (2001).
Large-scale analysis of gene function in Caenorhabditis elegans by
high-throughput RNAi. Current Biology, // No. 3, 171-176.

Reboul, J., Vaglio, P., Tzellas, N., Thierry-Mieg, N., Moore, T., Jack-
son, C., Shin-I,T., Kohara, Y., Thierry-Mieg, D.,
H., Hitti, J., Doucette-Stamm, L, Hartley, J., Temple, G., Brasch, M

Lamesch, Pl., Hill, D. & Vidal, M. (2001).
Open-reading-frame sequence tags (OSTs) support the existence of at

Thierry-Mieg, J., Lee,
Vandenhaute, J.,

least 17,300 genes in C. elegans. Nature Genetics, 27, 332-336.

NEXTDB: http://helix.genes.nig.ac.jp/db/



| arsvas
ek WEZES

1 BFA A=
SHRIIC K 2 £ FHRE
fi#BA

mKAEF
Hin g

TOKUNAGA, Makio
D. Sc., Professor

AR FHREDIRIN 2 57— <12, ERn T L%, BT
BEL - GRS 2Bl 2 v, AR EETER - e A
W & D T E T,

(1)in vivo TO 1 73 P A A—2 > 7 L ik, i
WNT 1 THNA A= T TEDMBE L < BI%
L, 7 FEhiEE o T EAE R 2 EESE U Ed . ek
RDDHZEMTERN S ZMIANTOMEZ, ERIIZ
RO D BN/ D E L,

(2 EBR DY A F 2T A, WMUNERT 7 F 2 HifE
=)L ELTHBENCHHL TWS, HillolEs X
OB S AT I 2 72 e« febr U, BRI B0
BAA=T T ETVET,

(3 I BEMEEC L 2 1 Fatille 20 12 BREHT
FABMEL 9. JEORSIE TEREHLE 2= 5/ il L
YT a— b OERKRET, 2 FRHEEHSS T
PR 2 PR L E
Lo FH N 2t - 7= A= e & R A4 2 -

Wl e ST, ARED TRERED R M DL 2 /i & H

THZEZKRERHMWELTNHWET,

g e o3

1 DFRIAA—DUTKRICED, HMlRE—KETHEXS O
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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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Single molecule imaging
and measurements of biological
molecule functions
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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 subject 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 kinetics of molecular interactions in cells.

2) Dynamic behavior of cytoskeletons and membranes. We
are trying to identify and characterize novel membrane-as-
sociated structures and cellular systems, which utilize cytos-
keletons as tracks for their dynamic movements. Imag-
ing of the movement in vivo is also in progress.

3) Manipulation and measurements of single molecules.
Combination of single molecule nano-manipulation and in-
termolecular force microscopy, which we have developed,
enables us to directly measure single-molecule forces of
intermolecular and intra-molecular interactions.

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

Kubo, A., Sasaki, H., Yuba-Kubo, A., Tsukita, S. and Shiina, N. (1999).
Centriolar satellites: molecular characterization, ATP-dependent move-
ment toward centrioles and possible involvement in ciliogenesis. J. Cell
Biol., /47, 969-80.

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.

Ishijima A., Kojima H., Funatsu T., Tokunaga M., Higuchi H., Tanaka
H., & Yanagida T. (1998). Simultaneous Observation of Individual AT-
Pase and Mechanical Events by a Single Myosin Molecule during In-
teraction with Actin. Cell, 92, 161-171.

Tokunaga M., Kitamura K., Saito K., Iwane A.H. & 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.
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A. Antenna effect caused by sliding and new regulatory mechanisms.

intrinsic affinity enhanced affinity - reduced affinity

sliding

T % —p . P> siding  a» —»
"—\ —_— -
other proteins

B. Branched pathways in initiation.

£> productive .
_ complex productive pathway
binury \ i h—-— promoter-arrested
complexes o2 - . pathway
| moribund inactivated
complexes complexes

C. Transcription switch by multimer formation of the major o factor.

: ' More protected (red) and
exposed (blue) regions
upon multimer formation
illustrated onthe partial
crystal model

(Malhotra et al ., 1996).

AFM imades of o70 (right) and

del245 (left). (bar=300 nm)

A, RSATAUTIZEBDT7UTTHR,

B. XBEOD U L -5 R,

C. "EREDT7 04 ROAFMBEEHRT Y FTY U b
£HaVTA—A—vavEl, KBEOSFRESH?

A. Antenna effect caused by sliding.

B. The branched mechanism of transcription initiation.

C. An AFM image of multimers of a mutant ¢”° and conformation
change detected by protein footprinting.

Shimamoto Group

Nanobiology of gene
expression: mechanism
by molecular motions
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D. Sc., Assistant Professor

As one of the members who first proposed “nanobiology™
in 1993, as a group we are interested in finding and analyz-
ing phenomena where the microscopic movements of one or
two molecules are directly connected to macroscopic
regulatory mechanisms of gene expression. By using a com-
bination of single-molecule dynamics, micro-manipulation,
biochemistry and genetics, we have proved the existence of
sliding of proteins along DNA, and found the first example
of a regulatory mechanism by sliding movement (1, 2). We
also found a branched pathway mechanism of transcription
initiation: a fraction of £. coli RNA polymerase is inactivated
at a promoter (3). This mechanism enables a new way of
post-recruitment regulation by changing the active fraction
of the enzyme. We are going to prove the mechanism in vivo
through the action of GreA and GreB, which are chaperons
enabling the conversion between active and inactive enzyme
(4). Recently we found that the major initiation factor sig-
ma-70 forms an inactive multimer in vivo and in vitro. This
may work as a regulatory switch responding to temperature
and other environmental factors.

Shimamoto, N. (1999). One dimensional diffusion of proteins along
DNA: its biological and chemical significance revealed by
single-molecule measurements. J. Biol. Chem. 274, 15293-6.

Kabata, H. et al. (1993) Visualization of single molecules of RNA
polymerase sliding along DNA. Science 262, 1561-3.

Sen, R et al. (2001). Conformational switching of Escherichia coli RNA
polymerase-promoter binary complex is facilitated by elongation fac-
tors GreA and GreB. Gene. Cells 6, in press.

Kubori, T. and Shimamoto, N. (1996) A branched pathway in the ear-
ly stage of transcription by Escherichia coli RNA polymerase. J. Mol.
Biol. 256, 449-57.
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A cilium-defective mutant (che-2) restores normal sensory cilia (right,
dye-filling assay) only in the neurons that express the introduced

wild type cDNA (left).
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Katsura Group

Molecular Biology of the
Behavior and Neural Functions
of the Nematode C. elegans
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D. Sc., Assistant Professor

Animals sense their environment using their nervous sys-
Many
stereotyped-behaviors must be formed during evolution, and

tem, and subsequently conduct appropriate behavior.
hence must be controlled by genes. We are studying how
genes control such behaviors using C. elegans, a free-living
soil nematode, which is a good organism 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 circuits and behavior.

Our present projects are: (1) control of defecation behav-
ior, growth, sensory signals, etc. by fIr genes, which prob-
ably act in the intestine; (2) genetic analysis of the neural cir-
cuit of the sensory organ amphid; (3) analysis of genes for
higher-order neural functions such as selection between two
behaviors and various kinds of learning; (4) effect of food
and starvation on olfactory adaptation, nociception, etc.
By solving the genetic control of behavior precisely at a mo-
lecular and cellular level using a simple model-organism, we
hope to establish a firm material basis for understanding hu-

man behavior.

Katsura, 1., Kondo, K., Amano, T., Ishihara, T., and Kawakami, M.
(1994) Isolation, characterization, and epistasis of fluoride-resistant

mutants of Caenorhabditis elegans. Genetics /36, 145-154.

T., Kondo, K., and Katsura, 1. (1996) hch-1, a
gene required for normal hatching and normal migration of a neuroblast

Hishida, R., Ishihara,

in C. elegans, encodes a protein related to TOLLOID and BMP-1.
EMBO J. /5, 4111-4122.

Take-uchi, M., Kawakami, M., Ishihara, T., Amano, T., Kondo, K., and
Katsura, 1. (1998) An ion channel of the degenerin/epithelial sodium
channel superfamily controls the defecation rhythm in C. elegans. Proc.

Natl. Acad. Sci. USA 95, 11775-11780.

Fujiwara, M., Ishihara, T. and. Katsura, I. (1999) A novel WD40 pro-
tein, CHE-2, acts cell-autonomously in the formation of C. elegans sen-

sory cilia. Development /26, 4839-4848.

Okuda, T.,
[. (2000) Identification and characterization of the high-affinity choline
120-125.

Haga, T., Kanai, Y., Endou, H., Ishihara, T., and Katsura,

transporter. Nature Neurosci. 3,
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D. Sc., Associate Professor
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® ['1-ATPase

® i H DOEHE R - PhoB % > /N7
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oLty —i

® 1 A ik VA ATPase
OD-FI ST #T—1

o7 NI FA3IF—F

F1-ATPase a3p3#AKD=RTHiE, gt 71y bEEE,
a7y MERTERY,

A schematic representation of the structure of a3B3 complex of
F1-ATPase. B-subunits are shown in yellow and a-subunits in red.

Blomeleeuler Strueture Leboreion I
Shirakihara Group

Mechanism-oriented
protein structure determination
by X-ray diffraction

BF &(T)

MAENAKA, Katsumi
D. Eng., Assistant Professor

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 each have a unique and interesting ac-
tion mechanism. The proteins under current investigation are:
the sub-complexes of F1-ATPase, PhoB and CamR (bacte-
rial transcription regulators), E. coli nucleoid proteins,
Drosophila GAGA factor, immunoglobulin (Ig)-like recep-
tors in immune system, Na'-translocating ATPase,
D-aminoacylase from Alcaligenes, arginine deiminase from
Mycoplasma argini.

To understand the unique rotational catalysis mechanism
of F1-ATPase, we are extending the structural study to
the a3B3y¢ sub-assembly, from the @33 sub-assembly of
which structure we have previously solved. PhoB protein,
a transcriptional activator, and CamR protein, a repressor, are
now under investigation using the MAD approach. The struc-
ture of the C-terminal domain of PhoB has been solved re-
cently. Also, crystal analysis is in progress for arginine
deiminase and Na'-translocating ATPase. We have included
structural and functional studies of the immunoglobulin
(Ig)-like receptors this year. E. coli nucleoid proteins,
Drosophila GAGA factor and D-aminoacylase have been ex-
amined for crystals.

Shirakihara, Y., Leslie, A.G.W., Abrahams, J.P., Walker, J.E., Ueda,
T., Sekimoto,Y., Kambara, M.K., Saika, Kagawa, Y. and Yoshida M.
(1997). The crystal structure of the nucleated free @33 sub-complex
of F1-ATPase from the thermophilic Bacillus PS3 is a symmetric trimer.
Structure 5, 825-836.

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

Maenaka, K., Maenaka, T., Tomiyama, H., Takiguchi, M., Stuart, D.1.,
and. Yvonne Jones. E. (2000) Nonstandard peptide binding revealed
by crystal structures of HLA-B*5101 complexed with HIV im-
munodominant epitopes. J. Immunol. /65, 3260-3267.
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Images of nuclear import factor importin 8 and nuclear export fac-
tor CAS at nuclear pore complexes. Collaboration with Dr. Makio
TOKUNAGA (Biological Macromolecules Laboratory).

GenelNetworksEaboratony, l
Imamoto Group

Mechanism and regulat
of nucleocytoplasmic transport
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KOSE, Shingo
D. Med., Assistant Professor

Nucleocytoplasmic exchange is a very dynamic activity,
in which vast number of molecules enter and exit the nucle
us in a rapid, accurate, and often regulated manner. This ex-
change of molecules is important in order for cells to main-
tain their homeostasis, and adapt to their extracellular envi-
ronment.

Since the identification of the first transport factor, sig-
nificant progress has been achieved toward our understand-
ing of the mechanism of nucleocytoplasmic transport, as well
as the diversity of nucleocytoplasmic transport pathways. The
presence of so many transport pathways obliges us to raise
a naive but fundamental question: What is the benefit of
having such a complexity of nuclear transport pathways lead-
ing to regulatory changes of gene expression in vivo? In or-
der to understand the basic mechanisms of transport and bi-
ological significance of diversity of transport pathways, our
present effort focuses on the understanding of the function
of the nuclear pore complex, and the identification of trans-
port pathways and factors that function under different cel-
lular conditions and in different tissues in multicellular or-
ganisms.

Imamoto, N., Shimamoto, T., Takao, T., Tachibana, T., Kose, S., Mat-
subae, M., Sekimoto, T, and Yoneda, Y. (1995) In vivo

evidence for involvement of a 58kDa component of nuclear

Shimonishi Y.,

pore-targeting complex in nuclear protein import. EMBO J. /4,
3617-3626.

Kose, S., and Yoneda, Y.
(1997) Ran-unassisted nuclear migration of a 97-kD component of nu-
139, 841-849.

Imamoto, N., Tachibana, T., Shimamoto T.

clear pore-targeting complex. J. Cell Biol.,

Sekimoto, T., and Yoneda, Y.

(1997) Extracellular signal-dependent nuclear import of Statl is mediated

Imamoto, N., Nakajima, K., Hirano T.,
by nuclear pore-targeting complex formation with NPI-1, but not Rchl.
EMBO J., 16, 7067-7077.

N., Tachibana, T., Y. (1999)
B-Catenin can be transported into the nucleus in a Ran-unassisted man-
ner. Mol. Biol. Cell, /0, 1119-1131.

Yokoya, F., Imamoto, and Yoneda,

Lee, S.J., Imamoto, N., Sakai, H.,
Yamamoto, M., Kumasaka, T., Yoneda, Y. and Tsukihara, T.

Nakagawa, A., Kose, S., Koike, M.,
(2000)
The adoption of a twisted structure of importin-f is essential for the
protein-protein interaction required for nuclear transport. J. Mol. Biol.
302, 251-264
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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.

Laboraitony fior BNA Dete Anelysts |

Gojobori Group

Study for molecular evolution
and information biology
using genome sequence

and gene expression profile

thE—#8
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IKEO, Kazuho
D. Sc., Assistant Professor

We are investigating the information from nucleotide se-
quences of genes using computers. We are also conducting
experimental researches concerning the evolution of genes and
organisms. The currently ongoing research projects are as
follows.

1. Gene expression profiling of planarian brains based on EST

sequencing and DNA chip technology

. Comparative study of gene expression profiles in multi-

cellular organisms

3. Molecular evolution of the homeobox gene family

4. Detecting duplicated chromosomal regions within
eukaryotic genomes

5. Molecular evolution of organization of the whole human
genome

6. Evolution of genomic structures of microbes

7. Development of a method for detecting horizontal gene
transfer between microbial genomes

8. Measuring the intensity of purifying selection on genes

9. Molecular evolution of neurotransmitter receptor genes

10. Evolution of sex chromosomes in teleosts

11. Methods for estimating the number of synonymous and
nonsynonymous substitutions

12. Evolution of pathogenic viruses such as AIDS, influen-
za and hepatitis viruses

[S]

13. Molecular evolution of eye structure using gene expres-
sion profile.

RIKEN Genome Exploration Research Group Phase Il Team and FAN-
TOM Consortium (Okazaki, Y., Gojobori, T., et al.), General organ-
izer: Y. Hayashizaki (2001) Functional anotation of a full-length mouse
¢DNA collection. Nature 409(6821): 685-690.

Gaudieri, S., Dawkins, R.L., Habara, K., Kulski, J.K., and Gojobori,
T. (2000) SNP profile within the human major histocompatibility com-
plex reveals an extreme and interrupted level of nucleotide diversity.
Genome Research. /0, 1579-1586

Yamaguchi-Kabata, Y. and Gojobori, T. (2000) Reevaluation of am-
ino acid variability of the human immunodeficiency virus type 1 gp120
envelope glycoprotein and prediction of new discontinuous epitopes.
J. Virology 74, 4335-4350

Suzuki, Y. and Gojobori, T. (1999) A method for detecting positive
selection at single amino acid sites. Mol. Bol. Evol. /6, 1315-1328.

Gehring W1, Tkeo K.
eye evolution. Trends Genet /5, 371-7

(1999) Pax 6: mastering eye morphogenesis and
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Structure of T4 phage lysozyme (left). Structural model of vs. 1
from T4 phage detected as a new member of lysozymes (right).

Nishikawa Group

Bioinformatics based

4 on the protein structure
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OTA, Motonori
D. Sc., Assistant Professor

Proteins are molecules whose functions are essential for
maintenance and control of all forms of activities in living
organisms. They function only after folding into particular
structures. DNA sequences determine amino acid sequen-
ces, which uniquely define three-dimensional structures. Here-
in lies the secret of encoding life forms in one-dimensional
genetic information. However, the problem of predicting the
structures of proteins from the amino acid sequences had been
difficult to crack and has long been considered as the “holy
grail”. Recently an effective method using databases of pro-
tein structures and sequences, the threading, was developed.
We have developed a number of original threaders and ap-
plied them to various areas of protein structural analysis. In
addition, we are investigating new structure prediction
methods, analyzing genomes, and constructing the Protein
Mutant Database (PMD). Lately, we are spending much en-
ergy on structural genomics, that is the approach to inves-
tigate protein structure in terms of genomes. More than 40
completely sequenced genomes have been computationally
analyzed in terms of protein structures and functions and the
results have been made publicly available (GTOP).

Ota, M, Kawabata, T., Kinjo, A.R. and Nishikawa, K. (1999) Coop-
erative approach for the protein fold recognition, Proteins suppl. 3,
126-132

Nagano, N., Ota, M. and Nishikawa, K. (1999) Strong hydrophobic na-
ture of cysteine residues in proteins, FEBS Lett. 45, 69-71

Kawabata, T and Nishikawa, K. (2000) Protein tertiary structure com-
parison using the Markov transition model of evolution, Proteins, 4/,
108-122

GTOP (http://spock.genes.nig.ac.jp/ genome/ gtop.html)
PMD (http://pmd.ddbj.nig.ac.jp/)
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Genealogical chart of three-dimensional structure in the PBP fam-
ily, depicting the evolution of the topological variations from a sym-
metrical ancestor.

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 the view of molecular
evolution, structural biology and information biology. As part
of our research activity, we analyzed a region of human
genome including part of the MHC class I gene complex to
clarify the evolution of genome structure of the regions. As
a result, we could show how and when this region was
formed providing an evolutionary picture of MHC class |
genes in the region. We also analyzed evolutionary chan-
ges in the three-dimensional structure of periplasmic bind-
ing protein (PBP) superfamily in collaboration with the La-
boratory for Gene-Product Informatics. PBPs function as
receptors for various water-soluble ligands in ATP-binding
cassette (ABC) transport systems in prokaryotes. We first
inferred the common ancestral protein of all PBPs, and then
traced the evolutionary passes down to the present ones both
by phylogenetic and structural-biological analyses, as shown
in the figure. It is noted that the major structural change oc-
curred only once in structural evolution of the PBP super-
family.

Tateno, Y., Miyazaki, S., Ota, M., Sugawara, H. and Gojobori, T
(2000) DNA Data Bank of Japan in collaboration with mass sequenc-
ing teams. Nucleic Acids Res 28: 24-26

Fukami-Kobayashi, K., Tateno, Y. and Nishikawa, K. (1999) Domain
dislocation: a change of core structure in periplasmic binding proteins
in their evolutionary history. J Mol Biol 286: 279-290

Yamazaki, M., Tateno, Y. and Inoko, H. (1999) Genomic organization
around the centromeric end of the HLA class I region: Large-scale se-
quence analysis. J Mol Evol 48: 317-327

Watanabe, M., Sumida, N., Murakami, S., Anzai, H., Thompson, CJ.,
Tateno, Y. and Murakami, T. (1999) A phosphate-induced gene which
promotes Penicillium mediated bioconversion of cis-propenylphosphonic
acid to Fosfomycin. Applied and Environmental Microbiology 65:
1036-1044

Okayama, T., Tamura, T., Gojobori, T., Tateno, Y., Ikeo, K., Miyazaki,
S., Fukami-Kobayashi, K., and Sugawara, H. (1998) Formal design and
implementation of improved DDBJ DNA database with a new schema
and object oriented library. Bioinformatics /4: 472-478
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Integration of Distributed System

I)B

! l \MLfle
- XML __
file

XML: eXtensible Markup Language

@ @ :CORBA(Common Object Request Broker Architecture)

CORBA & XML % 7& M L =2 #ifi & & X 7 L O
Utilization of CORBA and XML to integrate multiple databases, tools
and files

Sugawara Group

Research and developmaent
" of biological databases
) for the new age
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MIYAZAKI, Satoru
D. Sc., Assistant Professor

We have developed information systems for the capture,
accumulation, evaluation and analysis of biological data
aiming at squeezing information and knowledge from fac-
tual data.

By utilizing the accomplishment of the research and de-
velopment, the laboratory also carries-out important interna-
tional tasks such as DNA Data Bank of Japan (DDBJ) and
WFCC-MIRCEN World Data Center for Microorganisms
(WDCM). We carefully design modular systems which will
be flexible, scalable and effective in daily use.

We introduced the World Wide Web (WWW) as one of
the first ten WWW servers in Japan. We also developed a
simultaneous search system of distributed system named
Agent for Hunting Microbial Information in Internet
(AHMII). We have now developed the digital workbench
named InforBIO. In InforBIO, users are able to integrate
databases and analytical tools that are distributed via the In-
ternet including their own resources. We are aiming for an
open system by using JAVA, XML, and tools of CORBA and
a related database management system in the public domain.
We will distribute the prototype of InforBIO in CD-ROM
form this year.

Goto, K., Miyazaki, S. and Sugawara, H. (2001) Genome Information
Broker for Data Retrieval and Comparative Analysis of Microbial
Genomes Journal of Information and Knowledge /0, p4-pl3

Miyazaki, S and Sugawara, H (2000) Development of DDBJ-XML and
Its Application to a Database of cDNA. Genome Informatics 2000,
Universal Academy Press, Inc (Tokyo), 380-381

Sugawara, H. (2000) Roles and Value of Public Databases in the time
of Genomics and its Industrialization. Proceedings of BIO JAPAN
2000. 83-86

http://wdem.nig.ac.jp/
http://www.ddbj.nig.ac.jp/
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Molecular Mechanisms
of Cell division
and Chromosome Segregation
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NIKI, Hironori
D. Med., Associate Professor
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A model of bacterial chromosome structure in vivo (left), fluores-
cent microscopy of chromosome-stained cells (right).

Mechanisms regulating the partitioning of the prokaryotic
genome.

We are studying the proteins and the DNA sites respon-
sible for the regulation of prokaryotic DNA segregation using
a combination of genetic, molecular, biochemical,
cell-biological, and genomic approaches in Escherichia coli.
Prokaryotes are not known to have a eukaryotic-like mitotic
apparatus, and little is known about the mechanisms 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 the
replication origin and terminus on the chromosome during
active partitioning of daughter chromosomes. In addition,
the E. coli chromosome is organized in a compacted ring
structure with the functional domains that participate in the
cell cycle-dependent localization of the chromosome. Cur-
rent work focuses on identifying the chromosomal segments
involved in positioning and migration of the chromosomal
domains. Furthermore, we are investigating the segregation
of plasmid with the ParABC partitioning system. We hope
elucidating the mechanism of position recognition by the Par
proteins will provide key insights into how to determine the
middle site in bacterial cells.

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
origin and terminus in Escherichia coli nucleoids during chromosome
partitioning. 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 . coli. Cell 90,
951-957.
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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,
DDBJ 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.

DDBJ 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.

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.F.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 in collaboration with mass sequenc-
ing teams. Nucleic Acids Res 28, 24-26

Sugawara, H., Miyazaki, S., Gojobori, T. and Tateno,Y. (1999) DNA
Data Bank of Japan dealing with large-scale data submission. Nucleic
Acids Res 27. 25-28

Okayama, T., Tamura, T., Gojobori, T., Tateno, Y., Ikeo, K., Miyazaki,
S., Fukami-Kobayashi, K., and Sugawara, H. (1998) Formal design and
implementation of improved DDBJ DNA database with a new schema
and object oriented library. Bioinformatics /4, 472-478
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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 require 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 the society with genetical research
and its achievements”. To this end, the Institute has held a
community lecture series on genetics, invited high school and
college students to conduct research on genetics at the Insti-
tute, and has encouraged its faculty to actively participate in
teaching at local K-12 schools. In particular, the Institute
at it’s 50th an-

Taking advantage of the sophisticated in-

launched “The Internet Museum of Genetics™
niversary in 1999.
formation technology at the Institute, this museum uses anima-
tions and charming characters to describe fundamental con-
cepts in classical/molecular genetics and its achievements.
The museum has been visited over 50,000 times over the past

2 years.
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1. XHREEANEARREHFHEICKDZITAN
Supported by Ministry of Education, Culture, Sports, Science and Technology

K £ Ffr B Bt A B 7 ZAHE o
Name Affiliation Subject title Host advisor Period
O3 7RSET T 2 —Milase - | 8985 ) L OGS, BERED Hhik gt &
SALINA, ARSI ZDOFIH g B o ©|’00. 7.15
Elena Russian Academy of Science, | Comparative analysis of cereal | KURATA, §
Artemovna | Institute of Cytology and Ge- | genome structures and functions Nori | '00.10. 14
netics and its appllcatlon
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M : : o il e
HAYWARD, LN ok VARELBRER VT S?{II\ZZM%T(/? e Z &
Richard Scott | The University of Edinburgh | Structure and function of E. coil sig- A
Nobuo | 00. 9. 30
ma factors
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w2 i i 72 11 OD 531 g ok B {°00. 9.9
KOLPS?;I&HIK(;/\I/, Russian Academy of Science, | Molecular anatomy of RNA poly- | ISHIHAMA, §
ok Institute of Bioorganic Chem- | merase Akira | '01. 3.3
istry
[EIE3 V2T T 2 —H ! I Lk ‘
TR TS TN s o s 6w W oL1.4
OZOLINE, BRI . : . .
. .. Functional modulation of transcrip- | ISHIHAMA, S
Olga N. | Russian Academy of Science, Hioh ADDArAras Akira | 01. 3. 31
Institute of Cell Biophysics appararus e
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> 7. i i T Dk L i 4.
2 B {5 | Postdoctoral Fellowship for B TDF O _ o (!Pfl‘ ) ) 0.4.1
; ; . The role of transcription factor TDF | HIROSE, §
LIU, Qing-Xin | Foreign Researchers, Japan | . , . ¥
. i in development of Drosophila mela- Susumu | 01. 9.30
Society for the Promotion of
. nogaster
Science
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KIM, Kyungpook National Univer- Afdicaia nf S vairings SAITO, §
Choong-Gon | sity ¥ Pe genomes Naruya | '02. 3. 31
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Supported by JSPS
K # Fr & fift A S | ZAHE oM
Name Affiliation Subject title Host advisor Period
BETFRY RT—=2ICBITHIEDHR
AKASHI 7 AU ERE WK DI GO & 7 O AW 36 | T et #1°00.10. 1
H;roshi Tl AR D GOJOBORI, §
University of Kansas Detecting Darwinian protein in gene Takashi | '00.12. 31
network
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HhE 2 avPauNIOEEIT T4 . 2l 04
BB (3| sk A% — MBF2 o gl
LIU, Qing-Xin | Shangdong Agricultural Uni- | Transcriptional coactivator MBEF2 of 7 .
. . Susumu | 00. 9.30
versity Drosophila
B WAl E;;ggﬁmﬁﬁw:ﬁbé’d? WO OB % ['98.9.1
T, A Analysis of peptide signal molecular PUNBAWA, ;
Seungshic | Sung Kyun Kwan University Sied T i il ke e et Toshitaka | '00. 8. 30
A2 k51T EAELENT TO—-FIZL 20T LA
ANDREWS, | #—2 k5 1) 7R k% sl il oA
Thomas Daniel | Australian National Universi- sleouiochamistry and the detection | GOJOBORI,
of natural selection at the molecular Takashi | '01. 3.31
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ACTIVITI
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O ASEREIF— () Institute Seminars

WFZERTNIC BT DI ZERR i 2 F & L itin ™ 2 2T, ME Seminars are held at the Institute to enable researchers to dis-
DIRFI 22 Bk & 8 0 S B E 9 cuss their research projects. Their are held every Friday, except
during mid-summer.

() Biological Symposia () Biological Symposia
Sl DRFZE 217> TV SR H P OSE AL HE £ /213 H Special symposia and seminars are held throughout the year
RN H 2T E, a2 T W E T, by foreign and Japanese scientists.

Biological Symposia

/
oW TE EDUCATION ACHMANNESS

ENL B AR E R AT, BAREICB T SR a0 & NIG continues to play an important role as the center for var-
U CTHRIFIICHT 2 & & HIT, MR O KT FEEH I ious genetic researches and a site for inter-university collabora-
731 L, %i@fb‘f'ﬁ*ﬁﬁ%ﬁ“ WEFID9AF FE N & 13 A2 O[] - tion. NIG also trains graduate students from public and private

2N RNERZBEDO RS AEZZ T AN THWET, universities from all over Japan.



il

IR D —A% 236
Bl B 2780 —8E LT, 7
JEIR R OV 22 17\, Sl il 22 Bk L, WSS
AN LT ORI L TWET,

;
Fiff D

=i
<

L1

SR O

h
1]

I
15T
i

=
=
=1
73
L

Open House

As one of the events of the Science and Technology Week,
the National Institute of Genetics (NIG) opens its grounds and
facilities to the public. Visitors affend exhibits, special lectures

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

institute campus.

NG Ee
1A, Bk, WRCTAHFERT#CE 2 & LT, — k%
o U ARSI 2 2 DA L T W E T,

Public Lecture

Once a year, in autumn, NIG sponsors a public lecture in

Tokyo, presented by the researchers of this institute.
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O Aims

The Graduate University for Advanced Studies was established
for creative researchers who possess visions of finding answers
to fundamental problems in various areas of research. This in-
stitute also aims to provide a high caliber and international ed-
ucation. The Department of Genetics will carry out activities to
further research and education in the field of genetics.

() Outline of Research and Education

Research in the field of genetics sheds light on many life phe-
nomena and is related to the fields of biological sciences, agri-
culture, medicine, and pharmacology. Recent remarkable develop-
ments in genetic research at the molecular level have put genet-
ics at the core of life sciences.

Students learn the latest developments and techniques in ge-
netic research and can conduct research with originality. Students
have access to a well-organized DNA Database and the facilities
at the Radioisotope Center.

() Characteristics of Research and Education

The National Institute of Genetics is comprised of five spe-
cialized departments that offer students new, original and high lev-
el research and educational opportunities. Each department of-
fers a course that involves practical experience, and students are
encouraged to carry out their own research projects. Students are
asked to attend periodic scientific activities such as seminars and
symposia sponsored by NIG. Students have access to the follow-
ing facilities of the Genetic Strains Research Center, Center for
Genetic Resource Informatics, Structural Biology Center, Center
for Information Biology, Radioisotope Center and Experimental
Farm.
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SHIZUOKA MISHIMA
NATIONAL INSTITUTE OF GENETICS
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(KM 19, 1946) ERLT WS,

Symbol mark of the Institute, which designs the 4
metaphase plate of the first melotic division and
symbolizes the remark by Dr. Hitoshi Kihara
(1946): “The history of the earth is recorded in

the layers of its crust; the history of all organisms

is inscribed in the chromosomes.”
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NATIONAL INSTITUTE OF GENETICS
http://www.nig.ac.jp/
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