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The National Institute of Genetics is located on the
outskirts of the city of Mishima near the Fuji-Hakone-
lzu National Park. It was established in 1949, primarily
as the central institute for studies in the various bran-
ches of genetics in Japan. In the 48 years since its es-
tablishment, the Institute has made many significant con-
tributions to the progress of genetics and has become
widely known throughout the international scientific
community. During this period, genetics has played an
increasingly important role in the development of mod-
ern life science. Accordingly it became necessary to
promote collaborative studies among scientists of differ-
ent disciplines from various institutions. Therefore, in
April 1984 the Institute was reorganized into an inter-
university research institute. Upon establishment of the
Graduate University for Advanced Studies in April 1988,
the Institute together with other national research in-
stitutes shares the research and educational activities
of the university, operating as its Department of Genet-
ics. In addition to a modern research department, the
Institute has facilities for unique genetic stocks, struc-
tural biology and a DNA data bank. Through these ac-
tivities the Institute will continue to contribute to the de-
velopment of genetics and related sciences not only in
Japan but throughout the world.

Director-General

J’ j.mtgﬂu)&/

TOMIZAWA, Jun-ichi

Research field: Molecular biology

Career: Head, Dept. of Chemistry, National Institute of
Health, Japan (1961-1968); Professor of Biology, Faculty of
Science, Osaka University (1966-1971); Chief, Section on Mo-
lecular Genetics, Laboratory of Molecular Biology, NIDDK,
National Institutes of Health, U.S.A. (1971-1989); Director-
General, National Institute of Genetics (1989- ); Editor-in-
Chief, Genes to Cells (1995- )

Awards: Genetics Society of Japan Award (1962); Mat-
sunaga Award (1970); Asahi Press Award (1986)
Membership: The Japan Academy (1990)

Honorary membership: The American Society of Biolog-
ical Chemists (1970); The American Academy of Arts and
Sciences (1971); The National Academy of Sciences of the
U.S.A. (1995)
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Radiation laboratory
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Structural Biology Center
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Radioisotope laboratory
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Internal radiation laboratory
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Center for Genetic Resource Information
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Microbial research building
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Mouse breeding building 1I

Administration building for
experimental farm
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1949 June 1

Aug. 10

1953 Jan. 1

Aug. 1
1954 July 1

1955 Sept. 15
Oct. 1

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

1969 Apr. 1

1974 Apr. 1

1975 Mar. 1
Oct. 1

1976 Oct. 1

1983 Oct. 1

1984 Apr. 12

1985 Apr. 1

1987 Jan. 12

1988 Apr. 8

Oct. 1

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

Prof. Kan Oguma was elected the 1st Director.

Three research departments were reorganized as
the Departments of Morphological Genetics, Cyto-
logical Genetics and Physiological Genetics.

Department of Biochemical Genetics was added.

Department of Applied Genetics was added.

Department of Induced Mutation was added.
Prof. Hitoshi Kihara was elected the 2nd Director.

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

Prof. Daigoro Moriwaki was elected the 3rd Direc-
tor. Department of Molecular Biology was added.

Plant Section of the Genetic Stock Center was
established.

Dr. Yataro Tazima was elected 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 5th Director.

Reorganized as an inter-university research insti-
tute for joint use by universities. The DNA Re-
search Center (DNA Structure and Recombinant
DNA Laboratories) and the Experimental Farm were
established. The Genetic Stock Research Center
was expanded into five laboratories: the Genetic
Resources Laboratory was added and the Animal
Section was divided into the Mammalian and Inver-
tebrate Laboratories.

The DNA Synthesis and DNA Data Analysis Labo-
ratories 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 Re-
search Center.

The Graduate University for Advanced Studies was
established. The Genetics Program, School of Life
Science of the University started.
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1989 Oct. 1

1993 Apr. 1

1994 June 24

1995 Apr. 1

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. Gene-Product Informatics and Molecular
Classification Laboratories were added and DNA
Data Analysis and Gene Function Laboratories
were transferred from the DNA Research Center.

1996 May 11 The DNA Research Center was reorganized as the

1997 Apr. 1

Structural Biology Center consisting of 5 laborato-
ries (Biological Macromolecules, Molecular Bio-
mechanism, Multicellular Organization, Biomo-
lecular Structure and Gene Network).

The Genetic Stock Research Center was reor-
ganized as the Genetic Strains Research Center
consisting of 5 laboratories (Mammalian Genetics,
Mammalian Development, Plant Genetics, Microbial
Genetics and Invertebrate Genetics), and as the
Center for Genetic Resource Information consist-
ing of 2 laboratories (Genetic Informatics and Ge-

netic Resources).
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This institute carries out comprehensive genetic re-
search to advance the knowledge of basic and applied
genetics as one of the inter-university institutes.

RESEARCH COLLABORATIONS

This institute offers researchers throughout Japan
opportunities for collaborative research.

EDUCATION FOR GRADUATE STUDENTS

This institute admits graduate students for the Ge-
netics Program, School of Life Science, Graduate Uni-
versity for Advanced Studies, and also participates in the
education of the students from other universities.

INTERNATIONAL COLLABORATION

This institute strives to promote international scien- .
tific exchanges by sponsoring international symposia and
through the exchange of researchers.

MANAGEMENT

To manage this institute as an inter-university re-
search center, there is a council that advises the Direc-
tor-General about principles and policies. There is also
an Advisory Committee that provides information and ad-
vice on research and administrative affairs to the Direc-
tor-General.



ORGANIZATION

Mammalian Genetics
Mammalian Development

Plant Genetics

Microbial Genetics

Invertebrate Genetics
Genetic Informatics
Genetic Resources
Biological Macromolecules
Molecular Biomechanism
Multicellular Organization
Biomolecular Structure
Gene Network

DNA Data Analysis
Gene-Product Informatics
Gene Function

Molecular Classification

- B ¥ i General Affairs Section
Admlnlstratlon = &t 2 Finance Section
S EREHRD R — D FEEHEEFY  Molecular Genetics
—  Molecular ——ZEBEAZREFY  Mutagenesis
Genetics LSRR ERPS  Nucleic Acid Chemistry™
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R E R G EP  Cytoplasmic Genetics™
B 5 M 15 B 28 — I WIZRERFY  Developmental Genetics
— Developmental —— . EMEMZREPY  Gene Expression
Genetics AR TZRERPY  Physiological Genetics™
& [ M 5 2R R — MG HZREPY  Population Genetics
%é%%c? —  Population — AL A ZRERPY  Evolutionary Genetics
Genetics IR EZRERPY  Theoretical Genetics™
SREHE R — AKEEEAZEERPY Human Genetics
A B — Integrated —— BIEMEHZREPY  Agricultural Genetics
Director- Genetics . ) .
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£33 ity i#  Technical Section
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[Council]

There is a Council which gives advice to the Direc-
tor-General regarding the principles and policies of the
Institute.

IWATSUKI, Kunio
Professor, Rikkyo University

OSAKI, Hitoshi
Director, Japan Society for the Promotion of Science

OSAWA, Shozo
Adviser, Biohistory Research Hall

KATOH, Nobuo
President, Nagoya University

KYOGOKU, Yoshimasa
Professor, Institute for Protein Research, Osaka University

SUGANO, Haruo

Director Emeritus, Cancer Institute

SUGIMURA, Takashi
President, Toho University

TAKANAMI, Mitsuru
Director, Kazusa DNA Research Institute

TANAKA, Ryuso
President, Hiroshima City University

TOYOSHIMA, Kumao
President, The Center for Adult Diseases, Osaka

NOJIMA, Shoshichi
Professor Emeritus, The University of Tokyo

HAMA, Kiyoshi
President, Okazaki National Research Institutes

HARA, Hiroko
Professor, Institute for Gender Studies, Ochanomizu University

HIRASA, Takao
President, Osaka Prefectural University

HIROTA, Eiji
President, The Graduate University for Advanced Studies

MATSUBARA, Ken-ichi
Vice-Director, International Institute for Advanced Studies

MIURA, Kin-ichiro
Director, Institute for Biomolecular Science, Gakushuin University

MIYAMOTO, Misako

President, Nihon Women's University

MOHRI, Hideo

Director-General, National Institute for Basic Biology

YAMANOUCHI, Kazuya
Senior Scientific Staff, Nippon Institute for Biological Science
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[Advisory Committee]

There is an Advisory Committee which gives advice
to the Director-General on administrative affairs includ-
ing joint research programs.

ISONO, Katsumi
Professor, Faculty of Science, Kobe University

ITO, Koreaki

Professor, Institute for Virus Research, Kyoto University

OKADA, Masukichi
Professor Emeritus, University of Tsukuba

KATSUKI, Motoya
Professor, The Institute of Medical Science, The University of Tokyo

GO, Michiko

Professor, Graduate School of Science, Nagoya University

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

HINATA, Kokichi
Representative Managing Director, Research Institute of Seed Production Co., Ltd.

HOTTA, Yoshiki
Professor, Graduate School of Science, The University of Tokyo

ISHIHAMA, Akira
Professor, NIG

OGAWA, Tomoko
Professor, NIG

HIROSE, Susumu
Professor, NIG

IKEMURA, Toshimichi
Professor, NIG

IMAMURA, Takashi
Professor, NIG

OKINO-MORISHIMA, Hiroko
Professor, NIG

NAKATSUJI, Norio
Professor, NIG

SHIMAMOTO, Nobuo

Professor, NIG

KATSURA, Isao
Professor, NIG

GOJOBORI, Takashi
Professor, NIG

TATENO, Yoshio
Professor, NIG
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Vice-Director OKINO-MORISHIMA, Hiroko, D. Ag.
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Director Professors Brcfasaors | Besoriaiss Subtotal tion Siafte Technicians Total

1 23(5) 20(5) 33 77(10)

oo

18 117 (10)

) () NO¥IIE B ORER M) THD
() Adjunct members

BUDGET
YRR 9 SRR ) (SH) BFYERh

A B 871,992
Personnel expenses

Y 4 W 2,246,514
Equipments and materials

& it 3,118,506
Total
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Department of Molecular Genetics
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This department consists of three divisions. The following research is being carried out in
each division.
1. Division of Molecular Genetics: Regulatory mechanisms of gene transcription in bacteria,
yeast and virus systems focusing on the control of formation and promoter selectivity of RNA
polymerase.
2. Division of Mutagenesis: Molecular mechanisms of cell cycle control in cultured animal cells
and yeast focusing on the involvement of selective protein degradation by ubiquitine systems.
3. Division of Nucleic Acid Chemistry: Structure and function of the molecular machineries in-
volved in replication, transcription and translation.
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ISHIHAMA, Akira, D. Sc., Professor
FUJITA, Nobuyuki, D. Sc.
MITSUZAWA, Hiroshi, D. Sc.
KIMURA, Makoto, D. Sc.

Gene expression is controlled in most cases at the
step of transcription. Research in this division is focused
on the molecular mechanisms and regulations of gene
transcription in prokaryotes, eukaryotes and viruses.
1. Transcription regulation in prokaryotes: The RNA
polymerase core enzyme of Escherichia coli with the
subunit structure «2Bp’ is interconvertible among var-
ious holoenzyme forms by binding one of the multiple
molecular species of the o subunit. The promoter selec-
tivity of each holoenzyme is being analyzed using an in
vitro promoter-mixed transcription system. The holoen-
zyme is further specialized into a multiple transcription
apparatus through interaction with various transcription
factors. Mapping of the transcription factor contact
sites on RNA polymerase subunits is being carried out
as part of an international collaborative network. Alter-
ation of the promoter recognition properties after inter-
action with transcription factors is also examined in
Vitro.

2. Transcription apparatus in eukaryotes: RNA poly-
merase Il of the fission yeast Schizosaccharomyces
pombe responsible for transcription of protein-coding
genes is composed of more than 10 polypeptides. In
order to identify the role(s) of each putative subunit in
transcription, several lines of research are being car-
ried out, including the establishment of an in vitro
reconstitution system of RNA polymerase Il from iso-
lated individual subunits, the mapping of the protein-
protein contact network among subunits and between
subunits and transcription factors, and the isolation of
temperature-sensitive mutations in each subunit gene
and their suppressors.

3. Molecular anatomy of viral RNA polymerase: Tran-
scription and replication of the RNA genome is cata-
lyzed by a single species of RNA polymerase. Influen-
za virus RNA polymerase is composed of three viral
proteins, and catalyzes multiple reactions including
cleavage of host cell capped RNA, capped RNA-primed
transcription initiation, RNA chain elongation and poly
(A) addition for transcription, and de novo initiation of
RNA synthesis using viral RNA and complementary
RNA templates and synthesis of template-sized RNA for
replication. Mapping of various catalytic sites and sub-
unit-subunit contact sites on each subunit is being car-
ried out. In parallel, the search for a host factor(s) in-
volved in the interconversion between transcriptase
and replicase is in progress.
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Division of Mutagenesis

YAMAO, Fumiaki,
KISHI, Tsutomu,
SEINO, Hiroaki,

D. Sc., Associate Professor
D. Eng.
D. Sc.

The ubiquitin system takes part in biological regula-
tion by provoking a selective degradation of key proteins
for various cellular processes including cell cycle con-
trol, DNA repair, stress response and transcriptional
control. Ubiquitin, activated by the ubiguitin-activating
enzyme (E1), is transferred to the ubiguitin-conjugating
enzyme (E2), and then in some cases to ubiguitin ligase
(E3). Both E2 and E3 are known to exist as large families.
An E2, alone or often along with its partner E3, recog-
nizes specific or preferred substrates and catalyzes con
jugation of ubiquitin to them. The ubiquitinated
proteins are led to rapid degradation by proteasome.
Current understanding of the variety of E2 and E3 en-
zymes and their genes, and their functional differenti-
ation is limited. We focus our research on the identifi
cation of ubiquitin pathways specific for degradation of
key proteins for cell cycle regulation. For this purpose
we make genetic use of yeast to isolate mutants of E2
and E3 genes which are involved in cell cycle control.
We also use cultured mammalian cells to clarify the bi
ological functions of the components of the ubiquitin
system in higher eukaryotic cells. To understand the
dynamic regulation of the protein degradation pathways
in the network of cell cycle control is the final goal of
our research.
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Crystal structure of replication-terminator protein (Tus)
complexed with DNA

MIZUMOTO, Kiyohisa, D. Sc., Adjunct Professor
(Kitasato University)

MORIKAWA, Kousuke, D. Pharm., Adjunct Professor
(Biomolecular Engineering Research Institute)

1. Molecular mechanisms of transcription and trans
lation of the DNA and RNA genomes are being stud
ied mainly using in vitro reaction systems. At present,
the research is focused on the following two subjects:
(i) the enzyme mechanism of the 5’-terminal capping
of eukaryotic mRNA, and the role of mMRNA capping in
gene expression; and (i) transcription and replication
mechanisms of negative-strand RNA viruses and the
roles of host factors involved in these processes.

2. Replication, transcription and repair of DNA are cen
tral subjects in biology. These reactions are carried out
by complicated molecular machineries generally com
posed of proteins and nucleic acids. Three-dimensional
structures of some important proteins and DNA-protein
complexes in these machineries are being analyzed by
X-ray crystallography.
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In this department, we investigate fundamental genetic phenomena that are required for the
conservation of species and maintenance of life, such as genetic recombination, genome replica-
tion and cell division. We are studying these phenomena both in living cells and in cell-free sys-
tems, since our aim is to explain phenomena observed at the cellular level in molecular terms.
1. In the division of cytogenetics, the genetic recombination, repair of damaged DNA and their
regulation are being studied through analysis of the function of relevant gene products and of
the structure of chromosomes.

2. The maijor subject in the division of microbial genetics is the regulatory mechanisms of DNA
replication and cell division of Escherichia coli. Special emphasis is being given to the involve-
ment of molecular chaperones and stress responses in the regulation of cell proliferation.
3. In the adjunct division on cytoplasmic genetics, we are trying to isolate new genes involved
in murine development using a newly developed gene trap method. In another adjunct division,
organization and dynamics of chromosomes and nuclear structurs are being studied using a
computer-controlled fluorescence microscope system.
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Nucleoprotein filament formed by RecA protein of
Esherichia coli
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~ Division of Cytogenetics
OGAWA, Tomoko, D. Pha., Professor

IMAIl, Hirotami T., D. Sc., Associate Professor
TANAKA, Shigeo, D. Med.

OHTA, Tsutomu, D. Med.

In meiosis, haploid gametes are produced from dip-
loid parent cells. In most organisms, this reductional seg-
regation of chromosomes accompanies genetic recom-
bination between homologous chromosomes. The re-
combination that occurs in meiotic prophase 1 provides
for proper distribution of chromosomes in daughter cells
and for generation of genomic diversity.

In homologous recombination, recombination prote-
ins interact with various cellular components. By using
mouse and lily chromosomes in meiosis, we showed
the presence of relationships between morphological
changes of chromosomes and the localization of the
recombination proteins on the chromosomes. For
example, the Radb1 and Lim15 proteins localize at a
stage-specific manner on the chromosomes. Functions
of a protein are probably modulated by formation of
protein complexes. Knowing a stage-specific formation
of protein complexes, we isolated protein complexes
containing Radb51 protein from cells at various stages of
meiosis, and analyzed the functions and protein com
ponents in the complexes. Because, a protein complex
that contains Rad51 has been known to be involved in
the repair of damaged DNA and the spontaneous re
combination in mitosis, comparisons of the activities
and components of the complexes obtained from mitotic
cells with those obtained from meiotic cells provide an
insight on the modulation of a protein activity by forma
tion of complexes.

Localization of recombination proteins, Rad51 and Lim15, on the
cores of mouse chromosomes. Chromosomes at the diplotene
stage were treated with DNase Il to eliminate chromatin loops
Then the localization of the Rad51 protein (left) or that of the Lim15
protein (right) was examined by immuno staining to green. The

cores were also stained with DAPI to red. The regions stained

with both produced a yellow color.
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YASUDA, Seiichi,
HARA, Hiroshi,

D. Sc., Associate Professor
D. Sc.

The major subject of research in this division is the
molecuar mechanism of DNA replication and cell divi-
sion in Eschierichia coli.

1) Initiation of E. coli chromosome replication. Replica-
tion of E. coli chromosome starts at a specific site (oriC),
where the DnaA initiator protein specifically binds to in-
itiate a series of events that leads to DNA replication.
To understand the control mechanism of replication, we
are studying protein factors, including molecular chap-
erones such as DnaK, that interact with this key pro-
tein.

2) Penicillin-binding protein 3. The target of the lethal
action of penicillin on E. coli is a membrane protein
called penicillin-binding protein 3 (PBP-3). The protein
functions in the formation of septum of peptidoglycan
sacculus and hence is essential for cell division. We
are investigating the structure-function relationship in
PBP-3, especially in respect of its interaction with oth-
er proteins involved in cell division, to elucidate the
mechanism regulating septum formation.
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The mra cluster in the min 2 region of the E. coli chromosome consists of genes involved in
cell division and cell envelope synthesis including the ftsl gene that codes for PBP3. A strain in
which the ftsl gene was separated and placed under the control of the lac promoter was con-
structed. Removal of a lac inducer IPTG from the culture medium caused blockage of cell di-

vision and loss of viability.
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YAMAMURA, Ken-ichi,
(Kumamoto University)
HIRAOKA, Yasushi,

(Communications Research Laboratory)

D. Med., Adjunct Professor

D. Sc., Adjunct Associate Professor

1. To search for genes involved in murine development,
we use the gene trap method. For this purpose we made
a new trap vector containing the loxP sequence to re-
move extra copies of vectors after integration. ES cells
were electroporated by a gene trap vector containing
the promoter-less lacZ gene. ES cells were cultured in
suspension to induce the formation of the embryoid body
structure. Those ES cells expressing lacZ gene in the
embryoid body were selected and used for chimeric
mouse production. Chimeric mice were mated to ob-
tain F1 mice and F1 mice were mated to produce
knock-out mice. ES cells were also used for isolation
of mouse endogenous genes.

2. We have been studying the spatial organization and
dynamics of chromosomes and nuclear structures
using a computer-controlled fluorescence microscope
system. Cellular events are accomplished by the coor-
dinated interactions of molecular components within the
three-dimensional context of a cell.

Simultaneous observation of multiple components
in three dimensions is essential for understanding such
interactions. Toward this end, we have developed a
computerized fluorescence microscope workstation
for three-dimensional imaging of multiple cellular com-
ponents in living cells. Using these techniques with fis-
sion yeast and mammalian cells, we are studying the dy-
namics of chromosomes and nuclear structures during
mitosis and meiosis.
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1. In the Division of Developmental Genetics, we study molecular mechanisms of morphogenesis,
cell fate determination, cell cycle and differentiation control, using the fruit fly Drosophila and
the fresh water hydra as model organisms.

2. In the Division of Gene Expression, the genetic backgrounds of developmental processes
are being investigated using the fly, Drosophila melanogaster, and the silk moth, Bombyx mori.
3. In the Division of Physiological Genetics, the molecular mechanisms of human gene expres
sion are being analyzed in collaboration with the members of the Division of Gene Expression.
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The peripheral nervous system of the
Drosophila embryo. The membrane of all

neurons is stained brown, and the neuronal
v ! nuclei of the external sensory organs are
372 a7 /NIDNAM St AL stained purple

B F (=303 D PR T &t & h 7=
2 0D 4%

Salivary gland nuclei of Drosophila
stained with anti DNA supercoil
ing factor antibody

IKEIZAHE L, ASE/FODAERETF
2 E kRS (Hydra magnipapillata)
A mature and young polyp of Hy
dra magnipapillata anchored to an
aquatic plant.
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HIROMI, Yasushi, D. Sc., Professor

FUJISAWA, Toshitaka, Ph. D., Associate Professor
SHIMIZU, Hiroshi, D. Eng.

HATTA, Masayuki, D. Sc.

The Division of Developmental Genetics consists of
two research groups. The Drosophila group uses the
fruit fly Drosophila melanogaster to investigate the mo-
lecular mechanisms of nervous system development.
The Hydra group aims at identifying molecules that gov-
ern pattern formation and morphogenesis of the fresh
water hydra.

1. Genes and genetic hierarchies controlling the individ-
ual fates of diverse patterns of neurons are largely un-
known. In the Drosophila group, we are interested in
the molecular mechanisms that control neuronal cell fate
determination and differentiation. We use two model sys-
tems in Drosophila, the adult compound eye and the em-
bryonic ventral nerve cord, which are among the simplest
systems of the sensory and the central nervous systems
respectively in terms of their neuronal diversity, and al-
low us to study development of single identified cells.
Through screens for genes that are specifically ex-
pressed in small subsets of neurons, we have identified
the seven-up gene, which we have shown to control
identity of specific photoreceptor neurons. The seven-
up gene encodes a evolutionarily conserved member
of the nuclear recepter family. Currently we are analyz-
ing the mechanism by which seven-up controls the iden-
tity and differentiation of specific neuronal subtypes.
2. In order to isolate peptide signal molecules involved
in regulating developmental processes in hydra, we, in
the hydra group, have embarked on a novel screening
project (PNAS 94, 1241-1246, 1997). Up to now, we
have isolated 338 peptides, sequenced 220 of them and
synthesized 30. Biological assays using these synthet-
ic peptides have revealed 2 morphogentic peptides in-
volved in foot formation, 1 neuropeptide which enhan-
ces neuron differentiation, 1 family consisting of 4 struc-
turally related peptides which inhibit neuron differenti-
ation, 1 neuropeptide family with 7 members (see fig-
ure for localization) which enhance metamorphosis of
planula larvae to polyps in Hydractinia and bud detach-
ment from parental polyp in hydra, and so forth. We ex-
pect to identify more peptides with interesting and im-
portant functions.

(%) E RSH@ERTF K (LWamide peptides) (=9 % Fiihiiises (B, MEry bO—orREBShTWD, (B) FEREO VD
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BEFEHRBT S, seven-UpZERFAMTIFZCDAMO = 12— VA OHBONXRE = 1 — 0O (SEHEWRT 5,

(left) A subset of neurons in the head region of hydra visualized with indirect immunofluorescence using anti-GLWamide antibodies.
(right) Expression of the seven-up gene in the developing Drosophila compound eye. Of the eight photoreceptor neurons within each om-
matidium, only four (labeled 1, 3, 4, 6) express the seven-up gene. In seven-up mutants, these four neurons are transformed towards an-

other photoreceptor neuronal type.
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HIROSE, Susumu, D. Sc, Professor

MURAKAMI, Akio, D. Ag., D. Sc., Associate Professor
MINATO, Kiyoshi, M. Sc.

YAMADA, Masa-aki, D. Ag.

UEDA, Hitoshi, D. Ag.

FTZ-F1 was first identified as a transcriptional ac-
tivator of the fushi tarazu (ftz) gene in Drosophila. Two
isoforms, early and late FTZ-F1, are transcribed from the
same gene. Early FTZ-F1 is expressed in blastoderm
embryos concomitant with the ftz gene expression. Late
FTZ-F1 is only expressed slightly before each ecdysis
and pupation, and has been implicated in the regulation
of genes associated with ecdysis and metamorphosis.
FTZ-F1 activated transcription of the ftz gene in vitro,
by binding to the FTZ-F1 site in the upstream of the gene.
Transactivation by FTZ-F1 requires two co-activators
termed MBF1 and MBF2. They form a bridge between
FTZ-F1 and general transcription factors, and mediate
transactivation. MBF| sequence is conserved across spe-
cies from yeast to human.

Growth and senility events are complex inheritance
characteristics under the control of a number of genet-
ic factors. Recent studies on the lepidopteran insect,
Bombyx mori (L.), revealed that several major genes
underlying the genetic characteristics have been de-
tected and their functions have been characterized in
detail. In addition, the phenotypic expression of genet-
ic factors is affected by certain neuro-endocrinological
regulations. Also, some types of life history characteris-
tics, yearly generation times and larval ecdysis times, are
modulated by certain environmental variables through
the neuro-endocrinological system.
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HANDA, Hiroshi, D. Med., Adjunct Professor
(Tokyo Institute of Technology)

KANAYA, Shigehiko, D. Ind., Adjunct Associate Professor
(Yamagata University)

Transcriptional regulation of eukaryotic protein-cod-
ing genes requires trans-acting factors which bind to
specific sequences on DNA, in addition to RNA poly-
merase Il and general transcription factors. Recently,
evidence has accumulated which shows transcription-
al activation by many sequence-specific regulators that
is mediated through transcription factors termed medi-
ators or coactivators which do not directly bind to DNA.
To elucidate the molecular mechanism of transcription-
al regulation, we have focused on human transcription
factors E4TF1, ATF and their coactivators, and ana
lyzed their functional activation, factor-DNA and factor-
factor interactions.

In addition, we have also studied the relationship of
codon usage with gene expression level and replication
timing.
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Department of Population Genetics
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1. In the Division of Population Genetics, we are searching the rules governing the genetic
structures of natural populations. We are conducting studies to understand genetic variation
within species and evolutionary mechanisms as stochastic processes. In particular, gene evo-
lution as observed as interspecific anomaly in Drosophila is under intense study.

2. In the Division of Evolutionary Genetics, we are conducting experimental and theoretical
studies on the genetic mechanisms of organismal evolution. We are especially focusing on
researches concerning molecular evolutionary analyses of nucleotide sequence data, develop-
ment of methods for such analyses, and the molecular mechanisms of chromosomal evolu-
tion (see the figure below).

3. In the Division of Theoretical Genetics, we are conducting theoretical studies such as anal
yses of population genetic models and statistical analyses of experimental data. We focus on
the examination of various theoretical models through comparison of nucleotide sequences.
Gene evolution in relation to endosymbiosis is also studied.
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BEBY DY ) LEMKRT HCGCER (GH+HC%) ODEXEYA VMEDOH, & 0EXKME LR
AR/ Rl S BIRT DAY, /N R OEERAEE A A 5 B ClRIRFHITEIT o =MHC (HLA)
fRIOCGCERYHETH Y, PABLIZEDBIF AR UM L 7=XY pseudoautosomal bound
aryBkfie 3 &R~ Y,

An example of the large-scale mosaic structure of G+C content (G+C%) that constitutes
higher animal genomes. This large-scale structure is related to chromosomal band patterns.
This figure shows the distribution of G+C content in the MHC (HLA) region where we con
ducted the gene walking to elucidate the structure of boundaries of chromosomal bands.
PABL is an XY pseudoautosomal boundary like sequence found near the band boundary.
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TAKANO, Toshiyuki, D. Sc.

The mechanisms responsible for the maintenance of
genetic variability and for genetic changes in natural
populations are being investigated in this division. The
recent advance of molecular biology has been ac-
cumulating diverse biological information such as high-
order structure of proteins and gene interaction at very
high rate, and also reveals the complication of genet-
ic network. To deepen our understanding of evolution-
ary dynamics, we study the developmental anomaly in
interspecific hybrids, which is caused by epistatic inter-
action between genomes from different species. Loss
of macrochaetes of the notum is one of the anomalies
seen in interspecific hybrids between D. melanogaster
and its closely related species. Indeed, interspecific
hybrids between a line of D. melanogaster and D.
simulans iso-female lines exhibited a wide range in the
number of missing bristles on the thorax. On the con
trary, D. mauritiana and D. sechellia lines showed al-
most no reduction in bristle number in hybrids with D.
melanogaster. This suggests that at least one of muta-
tions occurred recently along the D. simulans lineage.
It is now clear from the studies using the molecular
markers that the defect does not lie in the cell fate
decisions during the development of bristles, but in the
maintenance of neural fate and/or differentiation of the
descendants of sensory mother cells. In attempts to iso
late genes responsible for the bristle anomaly, deficien-
cy screening and QTL mapping based on the within-
species variation of D. simulans identified three candi
date regions.

QTL Mapping
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210-bp polypurine/polypyrimidine

IKEMURA, Toshimichi,
SAITOU, Naruya, Ph. D., Associate Professor
MATSUMOTO, Ken-ichi, D. Ae.

TENZEN, Toyoaki, D. Ag.

D. Sc., Professor

Temporal change of genes (DNA) is fundamental
for organismal evolution. So far various aspects of evo-
lution tend to be studied separately. Our objective is to
synthesize those various aspects under an integrated
view. We conduct both experimental and theoretical
studies, and are relating the evolution at the nucleotide
sequence level, at the chromosome level, and at the or-
ganismal function level. The integrated understanding of
organismal evolution is possible only through these in-
terrelated studies. Our main study objectives are as fol-
lows.

1. We have discovered that the chromosomal band pat-
terns observed in higher animal genomes are related
with the large-scale mosaic structure of G+C content.
We are currently analyzing boundaries of G+C mosa-
ic domains in the human MHC (HLA) region, that is con-
sidered to be a boundary of chromosomal bands, so as
to elucidate the functional meaning of chromosomal band
and the evolutionary mechanisms to create them (see
the figure in p.25). The mosaic G+C content bound-
ary was found to be clearly related with the timing of
DNA replication (see the figure below).

2. We found genes for a tenasin-like extra-cellular ma-
trix protein and a Notch like protein within the human
MHC classlll region, and for a GABA-B receptor in
class I region. We are conducting functional analyses
of those proteins.

3. Phylogenetic trees of genes are basic descriptors of
evolution because they show the history of self replica-
tion of nucleotide sequences. We are developing new
methods for reconstructing phylogenetic trees of genes
as well as applying those for data analyses.

4. Most of the genes have been under neutral evo-
lution. However, there must be genes that are under
some kind of natural selection. Genes for blood group
antigens are such candidates, and we are studying the
evolutionary change of those genes.

E rMHCO#H A2 A =27 (a) (FGCER (b) DEBRIZENT, K&EL
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TLVE Lz,

Correlation between replication timing (a) and GC% distribution (b) in human
MHC classes Il and I (refer to the figure in p.25). The replication timing
changed precisely in the boundary region, supporting the prediction that this
region may be a chromosome band boundary. The boundary region con-
tains a polypurine/polypyrimidine tract of 210 bp, which has the possibili-
ty to arrest replication fork movement.
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HARADA-OHTA, Tomoko, Ph. D.D. Sc., Adjunct Professor
(Professor Emeritus, National Institute of Genetics)
ISHIKAWA, Hajime, D. Sc., Adjunct Professor
(The University of Tokyo)

In conjunction with the theoretical formulation of var-
ious problems arising in connection with molecular bi-
ology, extensive analyses are performed on DNA se-
quence data. By incorporating knowledge of gene struc-
ture and organization, various models of gene evolution
are being studied. Based on the results, several predic-
tions can be made. For example, under the nearly-neutral
theory, evolutionary rate is negatively correlated with the
species population size for those genes whose function
has been fixed for a long time, whereas the correlation
disappears when the function is modified. This predic-
tion was shown to hold for mammalian genes. Gene evo-
lution in relation to endosymbiosis is also investigated.

Star phylogenies of 49 genes

Synonymous substitution

0.137 0.184 0.355

Primates Artiodactyla Rodentia

No. of sites

compared 16747

Nonsynonymous substitution

0.037 0.047 0.062

Primates Artiodactyla Rodentia
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Department of Integrated Genetics
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1. Division of Human Genetics. This division is.involved in research projects that use molec
ular, cellular, organismal and population genetic approaches, aiming at understanding the biol
ogy of human beings. Studies are concerned with the molecular basis of various metabolic ab-
normalities, the control mechanisms of growth and differentiation of blood-forming cells and on
cogenesis.

Molecular evolutionary study is used to characterize genetic aspects of the Japanese pop
ulation at the DNA level.
2. Division of Agricultural Genetics. This division is concerned with theoretical and experimen
tal studies on the genetics and breeding of economic plants. Mechanisms of the evolution and
adaptation of rice species under a variety of ecological environments are the main focus of
research.
3. Division of Applied Genetics. This division is concerned with application of genetic studies
to medical research fields as well as to agricultural studies through mutual interactions and col
laborations.

BPrteir v AR SR T
e na

10059, 9repeee TENMBINITY

ot e .
. . L AR LT Y "
’ ' LLEE 21 T -" .

CRRW T wagun TN W0 g
FTRP R

rnn"'“ﬂ”' jou 0 enpeide

shedi Wit
in situ hybridizationi&I= & Y, $H18FHRAEEmIZ< v T .
ENF=DNAMT &, @WHERARY & LTRBMENI S
Representative example of cosmid subregional map 7 AN YA LB kRHE.
ping by fluorescence in situ hybridization. Human BEA TOEMOERIMERAND
R-banded metaphase spreads were hybridized with FED—2D
labeled DNA of a cosmid SCPO103A isolated in this la Electrophoretic pattern of isoen
boratory. zymes on a starch gel. Differ

ence in migration shows the ge
netic polymophism in a wild rice
population.

29



ARG

¥ B E B S5 KN =
s B Ot Bk Il REX
g E O B K i

ZOEMTIE, b FOIEFEROWICREFEICHRDS
LS, BET L ReEOBEOL i, 7 - M
M - R - EROKLAANLT 7 —F LT, £4L6
AT 52 L 2D I LTWET,

T, BROH 2, E LIS AN o 7
CEFH, L LT, MEORH - HMEOREEIRE 26
N JEEAL D R RN 2V T O 53 F- 5 2EAF 58 At 60 T
¥+, Ei2, DFHEOBEBERICONT, ~EZ LY,
B/ & 02 80 B ORERE L BERE7S H NG RR DA 5
ZDNAMIER A O _Fs HRFFE L TWET

Eho hay RY 7ICiE, $916,5008 x5 H k5
BUIRDNADS S 4, ZIUIfBRiEaE LEd. ZODNA
VIEAG R FE AR D TV 2 LD, B b T RIS
PEEAREAER RSN ET, HRAPTONAENAH NEE
Mzt s Ax D3 k2 K'Y TDNAOKILE 4 B iE
L, F45ORMEIRAEED e B A A ORI
LW EToTWET, £, BIBHEICiRD D ERA M
FLTWET,

X5iz, S HOVREDIEN Y —p2ifitfil & U TR
< e x HARIIK SRR AIEHA, AARANOBURISERETRF
ok oIt s ETFRINDL D, Lo R
DONWTHEREMZTWET,

090000000
3% oo,

o,
Q
»O

—

0007e0v00-0v02 0220,
Op

Japanese

]|

Asian
American

00
o
080004000004 a0404 406004°

Europesn
Alrican
Jomon
Alnu

—.»»0000000000000€ 0000
—
)
»>-ep>0O0
©005000804 4000000 58260

O_’T‘:

o

20 15 10 5
( D x1000)

o 5 10 25

Genetic distance

Phylogenetic tree showing the 139 mtDNA lineages
from five ethnic groups and ancient Japanese bones
of three different ages, based on the sequence data
from 190 b.p. in the major non-coding region. Distan-
ces (D) are expressed by the number of nucleotide
substitutions per site per lineage.
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IMAMURA, Takashi, D. Med., Professor
FUJIYAMA, Asao, D. Sc., Associate Professor
HORAI, Satoshi, D. Med., Associate Professor

This division is involved in a variety of research
projects focusing on the molecular, cellular and organis-
mal biology of human beings.

Hemoglobin genes which cause the thalassemia
syndrome are being characterized to understand how
genetic change affects protein synthesis. Mutations oc-
curring in the maternally imprinted gene that causes the
Prader-Willi syndrome are being sought by sequencing
mRNA-cDNA clones mapped on the PWS region of chro-
mosome 15. Mutations in the hypothalamic receptor
genes are being investigated in order to define the ge-
netic factors for obesity, hyperlipidemia, glucose intol-
erance and hyperinsulinemia which causes non-insulin
dependent diabetes mellitus. Cosmid DNA probe libraries
are being constructed to locate DNA markers on the
human chromosome map through non-radioactive flu-
orescence in situ hybridization analysis of genetic dis-
orders at the DNA level.

The protooncogene encoding a ras protein with an
altered structure was discovered to possess transform-
ing capacity of NIH 3T3 cells in a lung cancer cell line.
The ras oncogene has a structural and functional
homologue in yeast Saccharomyces cerevisiae, and
methods for yeast genetics were applied to analyze the
role of covalent modifications of the ras protein impli-
cated in a variety of human neoplasias. An adjunct pro-
ject now under way is designed to analyze the cellu-
lar signal transduction pathway of cytokines such as in-
terleukin-4 and -13, in relation to regulation of tumor cell
growth as well as to those of lymphoid cells involved
in the immune process.

Studies being conducted on the origin and evo-
lution of Homo sapiens are using sequence determina-
tion of mitochondrial DNA fragments. A cumulative
phylogenetic tree is being constructed from genetic dis-
tances among mitochondrial DNA types of various sour-
ces, indicating that at least two distinct clones exist in
the Japanese population, and that the ancestral human
population was already polymorphic in the mitochondrial
genome before divergence of the three major races.
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OKINO-MORISHIMA, Hiroko, D. Ag., Professor
CAl, Hong-Wei, D. Ag.

The evolutionary genetics of rice has been the cen-
tral subject in our division in recent years. Genetic im-
provement of economic organisms is in other words
microevolution under man's control. In this context, evo-
lutionary study is a science not only for tracing the past
but also for predicting the fate of organisms which man
is manipulating.

The main subjects undertaken by the present staff
are.

1. Analysis of quantitative trait loci (QTL): Characters re-
sponsible for evolutionary change are mostly quantita-
tive traits and their genetic basis has been hardly ana-
lyzed so far. Establishment of a fine linkage map of rice,
however, enabled us to identify some QTL. We are try-
ing to map QTL responsible for differentiation and ad-
aptation and elucidate their network on the rice genome.
2. Genetic diversity of wild rice species: A number of
natural populations of wild rice are being investigated
at various levels ranging from phenotypic characters
to molecular markers. The genetic mechanisms of in-
ter-and intra-specific differentiation is the target of this
study.

3. Towards conservation biology: We have been fur-
nished with a world famous collection of wild rice (ge-
nus Oryza). To complement ex situ (in gene bank) con-
servation, in situ (in original habitat) conservation is ur-
gently needed. We are continuing field observation and
monitoring of genetic variation of wild rice populations
in Thailand, we are investigating their life history, pop-
ulation dynamics, and extinction processes which are
essential when considering conservation strategies.

BItER OB A = (&£, fhiatE) E#iE( r~ (fH,
B5H)
Flowers of outbreeding wild (left) and inbreeding
cultivated (right) rice
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Natural populations of wild rice are threatened by en-
vironmental development——Mekong delta
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SHIMAMOTO, Yoshiya,
(Hokkaido University)

SASAKI, Hiroyuki,
(Kyushu University)

D. Ag., Adjunct Professor

D. Med., Adjunct Associate Professor

1. This division is involved in studies aimiing at under-
standing the molecular mechanisms that leave a gene
with an imprint from the mother or father. Mammals in-
herit two complete sets of chromosomes from their
parents and thus two copies of every autosomal gene.
Normally both copies are expressed, but, in a minority
of cases, a mechanism known as genomic imprinting
causes the expression of a gene to vary according
to its maternal or paternal origin. Of particular interest
is the fact that genomic imprinting is implicated in an
increasing number of diseases, not all of them rare or
exotic. Examples range from uniparental disomy in
Prader-Willi syndrome to preferential allele loss in reces-
sive Wilms' tumours, and to preferential transmission
of paternal or maternal predisposing alleles in diabetes
and asthma. Reciprocal chromosome translocations in
haematological malignancies have been added to this
list as a major category.

Analyses of endogenous imprinted genes isolated in

the last 5 years support previous links between imprint-
ing and DNA methylation. The strongest links have been
demonstrated using transgenic mice. Genetic analyses
in mice predict that only a small number of genes are
imprinted. Although these genes likely act during em-
bryonic development, the cellular transcription machin-
ery must be able to discriminate between the maternal
and paternal gene copy. An increasing effort is being
put into understanding the molecular mechanism of rec-
ognition of a sequence element, known as an imprint-
ing box, at the gene locus, and modification of this se-
qguence by imprinting factors.
2. Another subject under study in this division is a bas-
ic research on plant genetic resources. The geograph-
ical distribution and population structure of genetic var-
jation involved in natural populations are important sub-
jects not only for population genetics and evolutionary
genetics but also for field collection and management
of genetic resources. The study-target of the present
staff is wild soybean. The above problems are being
investigated on three levels, i. e. phenotypic charac-
ters, isozymes and mitochondrial DNA. Further, coop-
erative work on ecological genetics of wild rice with the
staff of Agricultural Genetics Division is continuing.
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The Genetic Strains Research Center is established in 1997 as a research center reor-
ganized from the Genetic Stock Research Center established in 1974. It consists of five
laboratories. Its activities include development and characterization of a variety of genetic strains
of animals, plants and microorganisms and research on various aspects of gene function in or-
ganisms utilyzing these strains. It maintains large collections of valuable strains of mouse,
Drosophila, rice, Escherichia coli, etc., and supplies them to researchers in and outside Ja-
pan.
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Mammalian Genetics Laboratory

SHIROISHI, Toshihiko, D. Sc., Associate Professor
KOIDE, Tsuyoshi, D. Med.

Recent advances in mouse genetics have facilitated
the molecular analysis of complicated biological functions
and morphogenesis in developing embryos. In Mam-
malian Genetics Laboratory, we are studying genetic
control of pattern formation in mouse development,
focusing on the formation of the anteroposterior axis in
limb buds and central axis formation based on sever-
al mouse mutants. We have started fine linkage analy-
sis and physical mapping of the mutant genes toward
positional cloning. In addition, we are investigating the
molecular mechanism of meiotic recombination. The
molecular basis of recombination at the hotspots where
meiotic recombinations are clustered are being exten-
sively studied.

In this laboratory, more than 100 strains of labora-
tory mouse have been maintained since the establish-
ment of this laboratory in 1975. Inbred strains established
in this laboratory from wild mice were recently added
to this mouse stock. These mouse strains are supplied
to researchers in this country and abroad on request.

D
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Expression of int-3 in the mouse embryo
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NAKATSUJI, Norio, D. Sc., Professor
SHIRAYOSHI, Yasuaki, D. Sc.

This laboratory analyzes molecular and cellular as-
pects of morphogenesis and cell differentiation during
the postimplantation period of normal and mutant strain
mice by using various experimental approaches. Partic-
ular attention is paid to the development of germ cells
and central nervous system (CNS). We are currently
using an in vitro culture system of mouse fetal germ cells
to analyze control mechanisms of cell proliferation,
growth arrest and differentiation into male and female
germ cells. We are establishing neuronal stem cell lines
for analysis of cell lineages and differentiation in mouse
CNS development, and also studying migration patterns
of neuroblasts during brain histogenesis. In addition, we
are searching and studying important genes in sex dif-
ferentiation of gonads and the determination and differ-
entiation of the CNS and the blood vascular system.

FEE R CHATE U 7= AR A Tl A A
Primordial germ cells after proliferation in culture
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KURATA, Nori, D. Ag., Associate Professor
ITO, Yukinhiro, D. Ae.

The plant genetics laboratory research focuses on
two main areas of interest using rice plants, a most
promissive model plant among monocotyledons.

One subject that we want to clarify is the hierarchy
of gene expression during early development of the
embryo from a single zygote after pollination. We have
already cloned several early development-related
homeodomain protein genes and are analysing their
characteristics. Rice is easy to proliferate by cell culture
and to germinate from the cultured cell clumps and grow
to adult plants. We are also planning to analyse wheth-
er there are differences or not in the specificity of
gene expression between normal embryo development
and somatic embryogenesis.

Another area is the elucidation of mechanisms
operating in the nucleus for arranging and moving
chromosomes at various stages and the structure
and function of the chromosomes. Though chromo-
some organization in the nucleus involves complicat-
ed factors, we plan to analyze genetic factors and
variations which affect the organization by using
mutant rice plants and artificial rice chromosomes.

From the standpoint of preservation of rice genet-
ic resources, we are propagating, reserving, and dis-
tributing about 7,000 wild rice lines collected in tropical
countries. In addition, we have started to develop new
genetic materials which are tagged with foreign DNA
fragments on many sites of chromosomes for use in
determing the functional characteristics of many genes.

A PG 58 A

a Xkl BIE

b Z#k 3 HIE

c XMk 4—5HIE

Early embryogenesis in rice

a; embryo 1 day after pollination

b; embryo 3 days after pollination
¢; embryo 4~5 days after pollination
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NISHIMURA, Akiko, D. Ag., Associate Professor
KANAMARU, Kengo, D. Ag.

1. Cell division in E. coli takes place through strictly pe-
riodic processes under various growth speed conditions,
although the synthetic patterns of DNA, cytoplasm, and
the membrane in a cell cycle are completely different
from each other. We are proposing that the cell must
have mechanisms coordinating the timing of each event.
For example we have found that the master operon of
the flagellar regulon is controlled by the regulatory mech-
anism of cell division (Nishimura and Hirota, Mol. Gen.
Genet. 1989). Recently we have identified molecular fac-
tors involved in the coordination between DNA replica-
tion and cell division in normally growing cells, by analyz-
ing novel mutants cfcA and cfcB, in which cell division
occurs earlier in the cell cycle. Another finding was that
the synthesis of lipopolysaccharide, which is the main
component of the outer membrane, is coupled with cell
division. That is, a mutations in the kdsA gene causes
a defect in transcription of the ftsZ gene.

2. E. coli is expected to have more than 150 cell divi-
sion genes. We are mapping a whole set of cell division
genes in E. coli using three different types of E. coli cul-
ture banks stocked in this laboratory, and have started
analyzing them systematically through collaborations with
several groups.

3. This laboratory is also pursuing the following project:
About 15,000 mutant strains of bacteria useful in genet-
ic analysis are preserved and are provided on request.
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HAYASHI, Shigeo, D. Sci, Associate Professor

GOTO, Satoshi, D. Sc.

Cell diversification and cell to cell communication are
the two major driving force of animal development. We
are using the fruitfly Drosophila as a model system to
investigate the molecular mechanism of development.
Our approach is to combine techniques of molecular
genetics with observations of cell behavior. Our current
interest is focused on genes involved in the formation
of adult limbs such as the wing and the leg. We dem
onstrated the role of the secreted signaling molecule
Decapentaplegic in inducing the wing primordium. Cell
fate of the wing was shown to be mainteined by the
transcription factors Escargot and Snail. Another line of
interest is the mechanism involved in the formation of
a complex organ. Our model system is the trachea; a
network of tubular epithelium that serves as the respir-
atory organ of insect. Its formation involves patterned
branching of an epithelial precursor, cell migration and
specific adhesion to target sites. Esg plays an essen-
tial role in this process by regulating cell motility and ad-
hesion. The cell-cell adhesion molecule DE-Cadherin
was identified as the major target of Esg in the tracheal
system.
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Center for Genetic Resource Information
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The Center for Genetic Resource Information is established in 1997 to play a leading role
in constructing a coordinated system for maintenance and usage of genetic strains of various
organisms in Japan. It is also expected to set up the central data base containing up-to-date
information about strains of various experimental organisms that are stored in universities and
research institutes in Japan.
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YAMAZAKI, Yukiko, D. Sc., Associate Professor
FUJITA, Masaya, D. Eng.

1. The trial phase of the Genetic Resources Databank
Project has been initiated in this laboratory. The goal
of this project is the collection, design, construction,
and online distribution of an Integrated Database, which
contains genetic resources information and the relevant
objects of different organisms, under a single logical
data model. We have implemented prototype databases
available via the World Wide Web (WWW).

2. The Web server carries information about mouse-,
drosophila-, rice-, wheat-stocks maintained by several
laboratories in Japan. The development of a data man-
agement system by which each researcher can con-
stantly update their data by connecting to the remote
computer running the databases is also an ongoing pro-
ject.
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Head NAKATSUJI, Norio

In the genetic and life science research involving
animals, plants and microbes, various mutant strains
that have accumulated over many years in laboratory
specimens remain important. In addition, recently it has
become possible to create new strains with experimen-
tally altered genes. Also the systematic introduction of
mutations to create mutant strains is increasing along
with the accumulation of corresponding data being
made available for retrieval. There are a vast number
of studies involving the creation of mutant strains and
investigation of genetic function around the world. For
not only basic research in the life sciences, but also that
in medical science and agricultural sciences, the main-
tenance and distribution of genetic strains and their
information is of great importance.

In the present situtation, it is necessary to have a
center that can coordinate and manage a nation-wide
system of maintenance and develop a database of bi-
ological genetic resources to be used by increasing
numbers of researchers.

This laboratory will play a major role in the manage-
ment and coordination of a system to maintain and dis-
tribute genetic resources throughout Japan. In the
near future a committee for biological genetic resour-
ces will be created and it will be managed by the cen-
ter. This committee will play an important role in the
development and coordination of a nation-wide system
for strain maintenance and database construction for
many species.
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The Structural Biology Center was established in May 1996 through a reorganization of the
former DNA Research Center in order to introduce methods and techniques in structural bi-
ology to genetic research.

The Center consists of five laboratories, named Biological Macromolecules, Biomolecular
Structure, Molecular Biomechnism, Gene Network, and Multicellular Organization. They perform
pioneering research in the new area between genetics and structural biology at molecular to
multicellular levels, and develop methods and techniques for investigating various biological struc-
tures. They also help other laboratories to acquire such methods and techniques through col-
laborations and courses.

LE DNA—RNA—protein

information l]

o)

structure ERENT ‘ﬂum 7

blolaglasl i N s
macromolecules organelles tissues, oranisms
EREDFREE B TFIME A% W FE AR
Biological Macromolecules Lab. Biomolecular Structure Lab.  Gene Network Lab.
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Molecular Biomechanism Lab. Multicellular Organization Lab.

Structural Biology Center
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Using single molecule imaging technigue, a single bio
logical macromolecule is trapped onto the tip of a probe.
Interactions between single molecules are imaged by
measuring forces at subpiconewton resolution.
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Biological Macromolecules Laboratory

TOKUNAGA, Makio,

D. Sc., Associate Professor

Visualization of functions of biological macro-
molecules is the major subject of this laboratory.
We have developed new techniques of single molecule
imaging, manipulation and measurement.
1) Intermolecular force microscopy. Single molecules
were visualized using fluorescence and trapped onto
probes. Subpiconewton intermolecular forces were re-
solved at controlled gaps in the nanometer range.
2) Single molecule imaging of enzymatic reactions. In-
dividual ATP turnovers were visualized using a new flu-
orescent ATP analogue. This technique provides a uni-
versal tool for single-molecular investigations on many
kinds of biomolecular functions.

A theoretical model has been developed which ex-
plains the findings of single molecular investigations.

Our pioneering work using these novel techniques
should reveal new features of interactions between bi-
ological macromolecules such as proteins and DNA.

NH2

ATP

B (Cy3) SRILLEATP (EE) 2k Y,
SFMNAIRIEEN D, BESCPIEEAELATPIFILEE > T

[ZE S

WbOTHXE (FTR) 25254, RISLTWLWARWLE
D (EBrownEB D 12 R Z 720N, fE &2 D RAENATP 1 5
FTHD, /N—IL5um,

Individual ATP turnovers are visualized using fluores-
cence emitted from single Cy3-ATP molecules (upper).
Fluorescent spots are the images of single Cy3-ATP
molecules during ATP hydrolysis on an enzyme (low
er). Free Cy3-ATP undergoing rapid Brownian motion
is not seen as a discrete spot. Bar, Sum.



B FHEETRE Molecular Biomechanism Laboratory

¥ o OE B OIE K O SHIMAMOTO, Nobuo, D. Sc., Professor
B OF B @ Xx H B & NAGAI, Hiroki, D. Sc.
WaTITE, EYORFHBEILPNLTHNET L, Z0O Dynamic and temporal analysis is essential but un-

L A A L AR, ST Th HDNA &g 4 developed in the study of the molecular mechanisms of
VTG L DEAR T, S A IR L BT gene regulation. We have been focusing in regulation of
BICIE, —OBAKOME %, FTOREBHEXFH L LT transcription initiation in E. coli, and applying nanobiologi-
AR LA AU A D R A, MRS I, AT D% cal te'chniques toggther with conventional methods
S YL B & U CEAR S 7, DNARY v/ used in molecular biology. The new methods we have

o i TR AT e developed include single-molecule dynamics, and im-
VD1 OB ABRE LY, ARV T L0 mobilizing template techniques. We are going to intro-

WERBREZWT, BIELTHET. ZOXIBEZT, duce atomic force and near-field microscopes, laser
BAEDO DT EMFERBIIcbDOTHY, ZOF LWL tweezers, and surface plasmon resonance for clarifying
RoEYH%y, "F ) L FuP—; EMAHLT, TO%¥ the mechanism of transcription.

MEMSLL XD LB LTWET,
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DNA(invisible)
o
O o ———— — s
O%pmg
an RNA e /
olymeraseé  idain

P }/ | Sliding

moiecuie 0O

drifting with

bulk flow %

e ——

1 Q;&E;ji i X':"té)(tfﬁRgAm 1) A E;ﬁlﬁg By direct visualization of single molecules of E. coli
DEER (% Z DA . RUAS—BHFIE )
FABEL = kU FEME C B CE D kS LThHY E RNA polymerase and P. putida CamR repressor, we
¥, Efﬁﬂg%%ri, %g;% %g{&&ﬁtmfemn (EE;fEEU) have proved the presence of sliding motion of the DNA
LEBICBBMLTUVWET, [l D5 F &, SEATICHTA S i ; .
N -DNAD & 2 SEih T, DNAV)?‘;’W(:;“%*:‘CL‘K?I'” - binding proteins along DNA, and shown that inducer
IR SA T4 w7 E#HTT, DNADHT (&, k(< breaks only the specific complexes of the repressor.
EEINEDNAOLEER> TS LTVWET, COK T fical s larified th | | f slidi
5= LT, DNAKEA S /82 HODNALD RS A 74 > eoretical analysis clarifie e general role of sliding
7‘@@175\*5&9)13*? Lf=, in enhancing the specificity of a DNA binding protein.
Traces of two E. coli RNA polymerase molecules . : . . e
fluorescently labeled (Left panel) and their schematic We carried out kinetic analy5|s of initiation and ear-
explanation (Right panel). The left-hand side molecule ly elongation in transcription by using a template DNA
was drifting with bulk flow (the open arrow). Brownian . hilized ¢ {aatic beads, TH ted
motion was superimposed. The right-hand side mole Immobilized onto plastic beaads. us we separate
cule was sliding along DNA, when it encountered a open complexes from excess RNA polymerase, or
DNA molecule, which had been fixed and extended in t iot tained by t | f | d
parallel. At the end of DNA it jumped vertically, suggest ranscripts retained by ternary complexes from release
ing a sliding movement along a DNA molecule vertical transcripts, that is, abortive transcripts. We found a
ly fixed. The existence of sliding motion of DNA bind t ik | d rid |
ing proteins has been thus proved. (Kabata et al. Sci- new transcription compliex named moribund compiex,
ence 262, 1561-1563, 1993) that produces only abortive transcripts. A kinetic study

using the immobilized template packed in a minute col-
umn proved the early presence of moribund complexes.
These results suggest a model for the regulatory mech-
anism of transcription initiation much simpler than the
conventional complex sequential model.
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B L=TDC. elegansDshR (£ =0.3mm)
A larva of C. elegans just after hatching (0.3mm in
length).

Multicellular Organization Laboratory

KATSURA, Isao, D. Sc., Professor
ISHIHARA, Takeshi, D. Sc.

We are studying the genetic control of behavior in
the nematode C. elegans, referring to the neural cir-
cuitry.

Using the nervous system, animals perceive environ-
ments, process the information, and perform their be-
havior. The basic patterns of behavior are innate in-
stincts of animals and determined by their genes. C.
elegans is a worm of 1.2mm in length, living in soil, eat-
ing bacteria. It is suited as a material for studying how
genes control behavior. Genetic methods have been
developed for the animal, and its neural circuitry, which
consists of 302 neurons, has been elucidated complete-
ly.

We are isolating behavioral mutants of C. elegans
and investigating their neural functions. We are also
analyzing the structure and expression of the relevant
genes. To help the analyses, we have made, by intro-
ducing the cDNA of the green fluorescent protein of a
jellyfish, various worm strains in which a specific set of
neurons emit fluorescence. We use them also for the
structural analysis of the neurons and neural circuity of
the mutants.

We hope to elucidate the material basis of behavior
so precisely that the results can be used to understand
the behavior of other animal species including humans.

-

GFP#{zF% © 2C. eleganstk. MR EYMHEREEK (EL: Uy, HE:GABA, EF: L2V B 7
ttFLOVY) OTAE—F2—EHBVTCGFPERBR ST TS, EFORIE, —HOMBEROVENXBETEDTHS,

C. elegans strains carrying GFP cDNA. The promoters of neurotransmitter receptors (top-left: glycine, top-right: GABA,
bottom-left: glutamate, bottom-right: acetylcholine) are used to express GFP. Some neurons in the bottom-left worm

are stained with a red fluorescent dye.



B FEEmRE Biomolecular Structure Laboratory
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Crystals of C-terminus fragment of PhoB protein.
Crystals diffract to 2.0A resolution. Bar 0.5mm.
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SHIRAKIHARA, Yasuo, D. Sc., Associate Professor
AKIBA, Toshihiko, D. SC.

We are working on protein structure determination
using X-ray diffraction techniques. Currently three pro-
teins are being investigated: the «3p 3 sub-complex of
F1-ATPase, belonging to the “supramolecules”, PhoB
and CamR, transcription regulators.

F1-ATPase is a catalytic sector of the membrance
bound ATP synthase which plays a central role in en-
ergy conversion. We have finished refining the struc-
ture of the nucleotide-free form of « 3B 3 sub-assembly
(molecular mass 320k Da) from Bacillus PS3 F1 at 3.2
A resolution.

PhoB protein is a transcriptional activator for the
genes in the phosphate regulon of E. coli. We have
started structure analysis of the C terminal domain of
PhoB, using diffraction data to 2.0A resolution. We
are also making crystals of the intact form of the PhoB
protein.

CamR protein is a repressor that regulates tran-
scription of the cytochrome P-450cam hydroxylase
operon of Pseudomonas putida. We have got a new
crystal form grown from phosphate solution, which is
distinct from the previous irreproducible crystal form.

F1-ATPase asps#AED=RtHE. pHYTa1=v b

[, oY Ty MIFRTHRY, BEEEE A,
3 (@) ot R (X PO A D

A schematic representation of the three-dimensional
structure of the «sps complex of F1 from Bacillus
PS3. The B -subunits are shown in yellow and the
o -subunits in red. Viewed towards the membrane.
The 3-fold axis points towards the viewer.
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KOHARA, Yuji, D. Sc., Professor
ANDACHI, Yoshiki, D. Sc.

Aiming to understand ultimately the network of gene
expression in development of the nematode C. elegans,
we are trying to construct an expression map of the
100Mb genome through identifying and characterizing
all of its cDNA species, whose number is estimated to
be around 15,000. So far, about 30,000 random cDNA
clones have been tag-sequenced from both 5" and 3’
(poly-A) ends. The 3'-tag sequences were compared
each other using the FASTA program and the cDNA
clones were classified into about 7,000 unique groups
(genes). BLASTX search showed that 44% of the cDNA
groups gave significant similarities (blastx score>>100).
Most of the groups have been mapped on the genome.
Currently we are systematically analyzing the cDNA
groups with respect to their patterns of expression dur-
ing embryogenesis, using a multi-well version of in situ
hybridization on whole mount embryos. The results of
about 500 cDNA groups revealed that about 1/4 of the
groups showed specific patterns of mRNA distribution
temporally or spatially.
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Center for Information Biology

tyy—R(H) AERE =
Head GOJOBORI, Takashi

DNAIGBEHEOAETH Y, EROFKESL DIbOTRTOHRBEIN TV SHHFHKT
+. T OB A MRET DD T4 MENFEE, OREICE Y, DNAKKESF — 4 1328
CHMLOSHTOET. e, BETOMEOMNL, TOBEOMAICE, 2A——av
=4 BRI LTS BEREI 7 i 2 IS 5 2 E BT,

DX 5k TAEMGEREY ObBRENCT AR L LT, EmEEWpE Y v 7 — 03k
T4 BICHREIE LT, SOE Yy, 32 Ly X DRERRT OB (75 4
SOREE GRENESIIES, BETHIETESE, RGNS, 2758
B o S g

Ec, M@ ¥ —it, AADNAF 4,307 (DDBJ) #ig&@ESh &, DDBJ
i, BN L OSKEOT — 2 N7 L OEHEO L LT, BIEERONE, F—8_—21l, B,
el L OBRERRE LRI LTVET,

DNA is the genetic material that makes up the body plans or genomes of living organisms.
The structures of these genomes are continually being discovered through 'genome projects’,
so that the amount of DNA sequence data is increasing rapidly. In order to analyze these data
and elucidate the structure and functions of genes, we need to apply informatics methods that
make use of supercomputers.

The Center for Information Biology was established in April 1995, as the center of 'bioin-
formatics’ in Japan. This center consists of four laboratories, where researchers study genet-
ic information using computers.

The DNA Data Bank of Japan (DDBJ) is also located in the Center for Information Biolo-
gy. In collaboration with European and American data banks, DDBJ plays an important role in
the collection, compilation, management, publication, and distribution of genetic information.
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GOJOBORI, Takashi,
IKEO, Kazuho, D. Sc.
IMANISHI, Tadashi, D. Sc.

D. Sc., Professor

We are investigating the information from nucleotide
sequences of genes and amino acid sequences of
proteins using computers. We are also conducting ex-
perimental researches concerning the evolution of genes
and organisms. In particular, we are currently investigat-
ing the following subjects:

1. Estimation of ancestral gene sets at the time of the
“Origin of life" through analysis of a large amount of
DNA sequences.

2. Molecular evolution of pathogenic viruses including
HIV and HCV.

3. Analysis of genome structures of microbes on the
basis of homologous relationships between genes.

4. Evolution of serine proteases and their inhibitors by
duplication of functional domains.

5. Molecular evolution of homeobox genes that regulate
morphogenesis.

6. Human evolution based on polymorphisms in MHC
genes.

7. Search for extensive chromosomal regions dupli-
cated within the human genome.

8. Search for genes on which positive natural selection
is operating.

9. Theoretical studies concerning methods of con-
structing phylogenetic trees of genes and populations.
10. Molecular phylogenetics of fish species based on
mitochondrial DNA sequences.
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Laboratory for Gene-Product Informatics

NISHIKAWA, Ken, D. Sc., Professor
OTA, Motonori, D. Sc.

Proteins are functional molecules that maintain and
manage life. Their functions emerge at their folding
state and their unique structures in this state are de-
termined only from their sequences. The interconnec-
tion of DNA sequence-protein-fold-function-life forms, is
often represented by an aspect of life that consists of
one-dimensional sequences (protein sequences and
DNA), but we have not yet elucidated the whole mech-
anism of the transformation from sequence to life. One
step in elucidating the mechanism is the prediction of
protein structures from amino-acid sequences. Recent-
ly, an effective method (structure (3D)-sequence (1D)
compatibility evaluation) was developed using the data-
base of protein structures and sequences. A number
of successful predictions show the validity of this meth-
od.

Subjects investigated in our laboratory are as fol-
lows:

« Structure prediction of structure-unknown prote-
ins using the 3D-1D compatibility evaluation (for-
ward-folding search)

» Development of methodology of the 3D-1D compat-
ibility evaluation.

» Search of sequences compatible with probe
structure against the sequence database (inverse
-folding search)

« Structure stability analysis of mutant proteins
using a 3D-profile

» Secondary structure prediction based on the
3D-1D compatibility evaluation

« Development of novel methods to predict protein
structures from sequences

* Analyses of genomes

« Development of a protein mutant database (PMD)
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TATENO, Yoshio,
FUKAMI-KOBAYASHI, Kaoru,

Ph, D., D. Sc., Professor

Ph. D.

We developed a method for multiple alighment of
protein sequences. We applied this method to the data
of the international DNA sequence databases, which
are the most comprehensive and updated DNA data-
bases in the world, in order to extract the “evolution-
ary motif” from them. We then estimated the lengths
of the motifs as shown in the figure. The red area cor-
responds to the sizes of the protein domain, yellow area
to the sizes of the exons, and blue area to the sizes of
such functional units as homeo, POU, and bZIP do
mains. We think that the DNA counterparts of evolution-
ary motifs are vestiges of the primordial genes in ear-
ly phase of the organismic evolution, or the genes them-
selves. Namely, the present genes have been evolved
by using the counterparts as building blocks. This work
has been carried out in collaboration with the DNA Re
search Laboratory.

Frequencies of Motif Length
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DFDEMRE Laboratory for Molecular Classification

B I B E R F B SUGAWARA, Hideaki, D. Eng., Professor
B F OEE =T I = MIYAZAKI, Satoru, D. Sc.
FLENT, $Rx e ESR%E2, PO X5 L THMIC A large amount of data on biological macro-mole-

HHTEXDHOTL L 9D, FAESMANCIA LTW DI cules including DNA have been accumulated since late

H9®meE, 2T, S, fsshcngd, gz 80s. Itis time for us to elucidate the relationships
W TE R WO SERENST EFIUE, T b I among the molecules and phenotypic characteristics.

ST E L IEEE EARTETL L 5. R, Cla§§lfloat|on is one of the mo§t important intellectual
activities of human beings and is one of the best tools

SR L4 LT?)J&DT&)%S%%&%%DB’\JM}% L Lf%ﬁ‘f for sinch elucidation,
DT EBTEXET, ARED, SWEHLEMHR This laboratory aims at first classifying DNA based
W e BRI BLR D DT D FEEMERET S22 L on a polyphasic approach in order to clarify the phy-
ICkoT, AWZEHktE (Biodiversity) OAHIZIEA S & logeny of genes. In addition, it is develops an informa-
LTWES, ZHRTFEEEE, #1202 BRI tion base which organizes a variety of molecular and
HEOWTHELRH T TH Y, HEFICE ST HE phenotypic data in order to help researchers squeeze
G 1), Selsa /I I S\ S TH Y, biological information and knowledge from the raw
7 BRI (EYaT7I4P—1ay) FET data. At the same time, it maintains and improves the
2 T - sequence database that is the core of the activities of
:4;5 jnboj SIOMECRELATIC e =aRh= e ke = L DDBJ (DNA Data Bank of Japan), and WDCM (WFCC
F 1z, AWF7E=IE A AROK IR T — 4% 237 DDBJ &
gAYy ot — 42+ 2 —WDCM (WFCC World
Data Center for Micro-organisms) D324 22 L,
* v hU—2 (INTERNET) 125 L7 g4 34
TDHVAT LY, HENRHEA V4 —7 2 — XD

B b D TWET,

World Data Centre for Microorganisms).

(01 002 (03 Cp4a COS Co8 CO7 Co8 Co8 Ci0 Ci1 €12
+ 4

+ + + + “
+ [V ‘
+ + + ) +

DFNLRBUE TERBENROHHE - REERET 5 W
T—RAR—ZADETILE

ACTGTGAACTCCGANCGGCTCATTAAATCA
GTGAAACTGCGARCGLCTCATT
GTCAAACTGCGAACGGCTCATT

ACTCCGAATGGCTCATT,

CATGCA A
AAAGATTARGCCATGCATGTCTAAGTATAAGCA

TR, AHEPMME, BRIGEDBHG T — 2 AARICHE
EF2H2LI2&>T, WMOT, EYEREOBREEERT D &
MTED,

ZARI A D D EFEEDOH

i HWRAENMESALEZIDAHEOEN, AL HEEFEN
F—RIZEDIVSAZ—5H, BT DNAEHT—ZIZ&k D
1b R #feks D HEE
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HZ&DNA>—%/\> 2 (DDBJ)

FTINVIR E H HE B

HADNAT—# /37 (BFDDBJ) T, §+XToO
BB O L 72 5 WK BREERE, a2 a—4
o TEE L TWET, DDBJODNAT — 4 X— X %
BINCFHATDZ Lk >T, DFEDFERZIILD LT
DUEIETE BT, SRBEEBEAHENTOET,
HADNAT —# /8 7%, 19844E 1 ARFFE TP iR ST &
AU, 198640 L AR 2 IEBI 2B L E Lz, 2L T,
187D BIX, V) —REWVWIETOT —FEfiziheD
% L7, DDBJIE, EMOEBI/EMBLIES L UCKEDONCBI/
GenBank & #:[F] LT, EFSDNATF —# _— 2 244 LT
W4, DDBJ, EMBL, GenBank®[]TidfgH 7 —#
ZAH L TR Y, DDBICEST— 4 &%+ 5 &, DDBJ
D 6 [EFEAICHE — S AT B R ORITEZ T bhvE T,

0 Netscape DNA Data Bank of JAPAN WWW Title Pﬂ: 0
Locotion: 4y /7w oty .o Ip/weloome-3 W ]

DNA Data Bank of Japan
" DDBJ
F T ( )

Center for Information Biology
National Institute of Genetics

P11 Yato, Hishimo, Shizuoka 41 1, JAPAN
FAX

DNA Data Bank of Japan (DDBJ)

Head TATENO, Yoshio

The DNA Data Bank of Japan (DDBJ) manages a
huge amount of DNA sequence data using computers.
By effectively using the DNA database in DDBJ, much
successful research is conducted in molecular biology
and many related research areas. DDBJ was estab-
lished in this institute in 1984, started its real activity in
1986, and began distributing DNA sequence data in 1987.
DDBJ collaborates with EBI/EMBL in Europe and
NCBI/GenBank in USA in constructing the internation-
al DNA database. DDBJ, EMBL, and GenBank ex-
change all new data daily with one another. Therefore,
if you submit DNA sequences to DDBJ, DDBJ will pro-
vide you with unique accession numbers approved by
the international DNA database.

5] Nelscope: DDBJ Homology Search system [E]
Home Page in Jepanese 15 here Location: [ty 77w o) g 2e g /-l maewatogy ot

Last updoted Jan 30, 1997
From DDBJ:

® The Jopan Escherichia coli genome project | IBLEAS] wu .
of 12 1 and compiled the whole ge ATA V30 AT Weae

DD BJ Homology Search System

97/01/23), that 1s represented in
® Lotest

on nters
£ (Japanese Page Only

e only) ® PROGRAM [ blostn (DNA Guery vs DNA 0B)

® DATABASE

[gﬁys,run (effoctive only when "DDBJ perfodical release” selected)
all

® QUERY SEQUENCE NAME : [probe
® QUERY SEQUENCE
File Upload Brovse

thon of DOBJ/EMBL

or
COPY & PASTE

www-admingdab) nig.ec p
EZ I=H

DDBJOWWWD 7k —Li~_— (URL: http: //www. ddbj. nig. ac. jp)

DDBJD 7 — 4 N—ABHAMG T —T L= a 7L
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Radioisotope Center

tyI—RMHH B R B A
R = o1

Head SADAIE, Yoshito

D. Sc., Associate professor

Wt o A — RS T VAT A Y b —7 (BUR AL
TH) F, s T OMGE &S OMRICRIAT ST ol
FFRI MR T, Yt o % — O TR O
HGEE ICHED D 00 7cb b, MR &2 A CRARF O8]
&Ml DWW TIFE 21T > TWET,

R B T IR O 2 -GS RS R ISR 2 FF 08I (S L 9B Y) »elied L,
HHIZH TR LET, 7272 —RORESZIC X > T—2OMBaO I K= > DMl &21E Y ,
K E VKIS S Wi 2 387 LTl TR~ L X, w2 deft (BWORE) ik LTAES
HEOET, BETFERINUEZDBOHETT. REROMEIX Y 7 RE L TSpoOA LI
BN EHAD) VEMbASIEXE - LET. 20V UMl SR B s OB AR & Mk 4
JHOF LW ERIEE FREOFES KA 2 UES, B L < HBL L2 G HIEIR-F 1, #F
HIRE & R T 387 2 T ORBAHIE L, —o0MBOMELMEIEET, 22 TiEb
o & HL AR M S BIE S hvE T, MRFZE S TIIAMR AL & o 7 R OBIGR, ERE N
G R ORESL, RESROHIE T & OMFEEIT-> TWET, MEES2S 7 A OHIERLSI2 A
RROEFVEE CTHHEDOE E TICHMFESNET D, YRR L ZO’E v Yz 7 MBI L
F Lir, FICT R TCTORMBEFOBRERZ 7Y =7 BB E->TERY, BFEREfLE L
1o Z DEY ORI RE D 2B THRH SN DS TL LD,

The Radioisotope Center has facilities for biochemical experiments using radio-active tracers
and is equipped with different kinds of radiation sources needed for the studies of radiation
genetics. A currently available, commonly used radiation source is *Cs with maximal dose rate
of 30KR/h. The Center has recently expanded to accommodate the large increase in experi-
ments using radioisotopes.

Molecular biology of Bacillus subtilis sporulation

Sporulation of many gram-positive bacilli repre-
sents one of the simplest system of differentiation.
The process starts with formation of an asymmetric
forespore septum, and is followed by differential gene
expression on the chromosomes separated into the
two compartments. Multi-component phosphorelay
transfers sporulation signal to the regulator protein of
transcription, which induces the expression of the
genes of RNA polymerases specific to sporulation.
We study RNA polymerases and various promoters
of growing cells or sporulating cells to elucidate the
molecular mechanism of promoter selection during
growth and differentiation.

pfaik (chromosome)

mm" (mother cell) RaFHRR
(spore cell)

AEELEE O o 2 AR
(Sporulation of Bacillus subtilis)
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Experimental Farm

ERESZEMH) B B © D
Head KURATA, Nori, D. Ag.
By F (R BN B —
NONOMURA, Ken-ichi, D. Ag.

35%5‘?[@ Sk, FEICHYIBICROMIIEIC IV H AL 5 BN 2 R E LTl Y, Magk & LC/KH,
, IREREL }éﬁﬁﬁ% EHA AR L TWET, EBERE» SRESR A F DX S

$@ﬁ@®%#f VEHEE LIS < WRHE A H Al S 5 e D OFRBER S, B85 7EARY & 522 sk
B2 S Bl U TR T 572 D N TRAGE L & O S D0 0 3. LR CIERHA
Wwrge o 4 — - REWIRHERR TR S LT, SRS X 0 IR S 40726, 0005/ 38 K A R PR
1720 OFE-T O BAFHCHR AT 72 & D#ts, BHEHA{T-o- TV E T,

REW I A AR 6 R D X 9 Ao SR HARFUC B BAFHET D L VOB E L > TV ET
(I Eam T 2 ) o HBRIC H AR T OMRE D oMb U Tc B O YR i3 S L b oo (3
HEBE) THOIHEMEEALTE., FUMRTICHEET 2ICbbbT, 26 0BG
EE LI E WAL DO ARG F O AT L A EITTWER A, 2 THIERS, ML T
WD MR b S ZERAS AR & O A 38 U T AR O BURRTE O RERREHE 2 BRSSP R L
TWEZWEEZTWET,

The experimental farm mainly supports the research work in plant genetics of the institute.
The area covered by the experimental fields is 3ha, including a paddy field of 10a. Seven green-
houses of a total of 1,600m are used for various genetic studies mainly with rice. In the green-
house, rice plants are grown through out the year for generation advancement and for isolat-
ing cultivation of newly introduced plants. There are 7 paddy plots (2.6mXx4.5m) for automat-
ic short-day treatment which are used for reproducing rice seeds collected from tropical
regions. The facility is also equipped with a phytotron of two rooms for experiments using trans-
genic plants. We are collaborating with the Plant Genetics Laboratory, Genetic Strains Re-
search Center, in preserving, cultivating and distributing about 6,000 collected lines of cultivat-
ed and wild rice species.

Many plants have undergone evolution involving polyploidization, but not most animals. We
are interested in allopolyploidy which involved several different genomes in a single nucleus.
Recognition of genetic differences between homologous pairs of chromosomes is an es-
sential process in the evolution of polyploidization. To understand the genetic mechanisms of
recognition, we now plan to produce and select rice mutants of interspecific / intergenomic
hybrids or alien addition lines produced from the collected lines.

=] E&&-Eﬁﬁ

FAEA O, REOREA XOE (X, BEAFUETTRFNMET I2HEE LD
DT, BXROBRFEHTIEERE LAV, BRABEE B EE BB ICHE
LCHEBIEYORIEERET 2-ODEBTH > T, BEA F &AL BIERER
OBEEROBEGFOLHICEETH D,

Short-day equipments for rice studies. Opening and closing of each dark cham-
ber are automatically controlled. Most wild rice strains are strongly photosen-
sitive. To let them flower in Japan, we need to grow them in such equipment.

b5
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3 fERSEREI ISR 5 HEM &R E IR T2 THETE — RIS i A2 20 9.11.5~9.11.6
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58



JEHEH S N8 2 5

J3SHAMH

JOINT RESEARCH WITH THE PRIVATE SECTOR

(RN 8 SFBE] 1996

- AUGH e MR EE REESTET T
KEDNAT — ¥ 05 FHE(LAOMENT & s THARSEIRR | O mprE s ¥ — SN
e D% sl Tgm @@ % | BLEAARE
COMMISSIONED RESEARCH
(R S EE] 1996

B OR B & T = B & 2 K ®W
A AL 7 B 2 Sl & L2 TR | AR TRV F— - paLar A
HAR R BB N B | ROMRBEEERE ’
WO 35 < M S BUREHIE O | 5 TRETER T N rl
e B %6 BB G B 0 | e BT :
DNASUERISNC LS 2 o0 HOMIET | & amiEt s 2 — | Brxi¥— . EEi e
0D 7= ¥ DIR By 7 1 DIFIE B S T % | BOMREEEEE ’
RN i o MRS e w2 — | PR R B 2 [
R I AR OB RT3 7 v 7T A WO o B M | mEE 17,789
ORI 6 511 S % BRI OO I | S R R L s 4 — e
g o 18 i g g | ECEHETEER 5,518
eI 14 RGEERERI 5 — g
TN B 3B — R prinemi | AR 24,602

SN A TIE e e

BRI 351 5 A ) B O IR D PR gﬁgh‘m@”jﬁ@&m B A R 12,372
T e e ot BARETIER R - A —
I kT R Y TR O E TR o g oy . 900
W) AABRETOREE 5% —REM | 5 TRETER B R B o Bt
HE ORI R RN W | R ’
A KD I F L ROEDTHEBIETAD | 4 o e Sl Ay
BISEIC 50 5 17 A /1 2 DR THEF L 57— ;ﬁg*@ﬁfm” " Eﬁgﬁ;@fﬁgﬁﬁ 5,000
B R 2 OIS B 2 % s ;
ENU, Chlorambucil-mutagenesisiZ X5 | wu,- TN S FE A bl
95 A BB e 2 FoboBR & | (O RERREIESS 2| LRI B 7,000
AR T O Wi, [RIE OB Bt i

I e

59




Fth S5 28 A 8 e 3

GRANT-IN-AID FOR SCIENTIFIC RESEARCH

(R O SERE] 1997

Total

M xR & B A E B B g 4 % & &R
Classification Number of Grants Amount
HOH O W fF ge xl.OOOyﬁ1
Grant-in-Aid for Scientific 18 187,300
Research on Priority Areas
H* 8 OB % (A)
Grant-in-Aid for Scientific 6 31,400
Research (A)
% B W % (B)
Grant-in-Aid for Scientific 8 33,600
Research (B)
* | M % (C)
Grant-in-Aid for Scientific 6 9,500
Research (C)
[ S £ B |
Grant-in-Aid for Exploratory 3 4,900
Research
"y fF %8 (A)
Grant-in-Aid for Encouragement 2 2,300
of Young Scientists
T~ S S T S
Grant-in-Aid for International 4 20,200
Scientific Research
K BE g8 AR Jah 2 ;
Grant-in-Aid for JSPS Fellows o 12,300
¥ 58 301,500
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INTERNATIONAL EXCHANGE

(HEAHREREDOZIFAN] Admission of foreign scientist

1. XEHEANEAAEEFEICKLDIZITFAN
Admission of foreign scientists (supported by Ministry of Education, Science, Sports and Culture)

el Fiv B Mt ® B & SZABE MM
Name Affiliation Subject title Host advisor Period
ALEXEEV | EX TR | MEATIMER A ST A RARS | w7 06,590
} PREERIFSE T HE D fig b
Andrei . ) ) . OGAWA, §
. St. Petersburg Nuclear Analysis of protein functions in- 5
Alexeevich ) : ; Vs v Tomoko |'97. 5 .29
Physics Institute volved in meiotic recombination
SR 5
7= aRFTITI-RE | g mIFTZ.FlIcBT 555 W oW i |97.1.6
JINDRA “ERFSE Pl : A il
2 Coactivator of transcription factor | HIROSE, S
Marek Czech Academy of Sciences 4
S FTZ-F1 Susumu |’97.12.29
Institute of Entomology
Eie Tiflse s s = e - ) 3
g 2 : i i =9,
OZOLINE i smpEemsy | BORBODTHROMT | ER g
b . Molecular dynamics in transcription | ISHIHAMA, S
Olga N. Russian Academy of Sciences Pl FI Akira |98, 2 .15
Institute of Cell Biophysics PP Tl
3 S — e = 0 o > Ja ey 113 < - —
AL g B i i viaot it ool - il R
Wiatschesslaw A AT ISHIHAMA, S
Russian Academy of Sciences In- | Molecular communications in tran- ; )
A. A : X Akira |'98.9 .2
stitute of Cytology and Genetics | scription apparatus
2. BFRZMRRERCKLDIZITAN
Admission of foreign scientists (supported by JSPS)
K .2 Fft J& m xR B =B SAHBE oM
Name Affiliation Subject title Host advisor Period
== K ) 2 : » 7 g
PP - Universiss ot Westz;n Possible Relationships betwen Evo- | GOJOUBORI, S
= ALy i lution of Pathogenic Virsus and Takashi | '99. 8 .31
Australia
MHC
|- &7
ALEXEEV Ty hRFNVAT NS TURE AN DSOS BB o i Ay Ao &, F797.6. 1
Andrei FZ BRI 7E iy Mechanisms of SOS Response in | OGAWA, §
Alexeevich St. Petersburg Nuclear Eukaryote Tomoko |’99. 5 .30
Physics Institute
DNAF— & _— Z & W2 IED H 8Kk
A AT xT)V KM < BBF DR A #1'97.6.18
GRAUR Dan | 7/ 7 E 7K Search for genes on which positive | GOJOUBORI, !
Tel Aviv University selection operates by use of the DNA Takashi | '97. 8 .14
database
(/B R E®] (Eme4ER) 199
oK K| CREK | g | rur | kmm |7oun | #
Name of North Latin Europe Asia Oceania | Africa Total
country America | America P
4 ¥
NGmiber 34 4 25 20 1 0 84
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ACTIVITIES FOR THE PROMOTION OF RESEARCH

(REZRtE ]
BIEFTIC 1 BTG & Rk LT 52T, i
ORI % B B G0 DL E T,

[Biological Symposia]
SEOTIZEE B8R OB BB U, i % 7
WET,

(BFBLCFEE=EMRER]

AT R O = B R AR O 2 BCHLE S, R &
LTH 1 ERERRIC k5 HERRTRR L MR 1T %
T,

\
AR MtE =+ —

[Institute Seminars]

Seminars are held in which the staffs of the Insti-
tute discuss the progress of their research. These are
held every Friday, except during mid-summer.

[Biological Symposia)

Special symposia and seminars are held through-
out the year by foreign researchers visiting this insti-
tute.

[The Genetics Society of Japan
Mishima Meeting]

This meeting is for the Genetics Society members
of this Institute and for those who live around Mishima.
Results of research are announced and discussed by
participants once a month as a rule.

Institute Seminars

GRADUATE EDUCATION ACTIVITIES

ES7 AR ERZE AN, B EEIC BT 2 AP O Pi
EUTHERIICHA 2 & &b, KO KFBREEE
WL, SEAEOWRIREAZ{TV, BFSOF N 61T 4
EDME - A« FANLKFOKRFBEFA 22T AN TWET,
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NIG continues to play an important role as the cen-
ter for various genetic research and as an inter-uni-
versity site. In the area of training researchers, NIG can
guide students in their research in cooperation with the
students’ home universities.

NIG has trained graduate students from public and
private universities all over Japan, since 1984.




1T | EVENT

= (AR SRR D —Ai& 23 ) [Visitor’s Day]
Bl il B 217 o —B & LT, S As one of the events of Science and Technology
(/)J}r,l\-);( ORI 21TV, SR 2 Fme U, BF92T Week, the National Institute of Genetics (NIG) opens its
DO—I AN LT H2Icft L TnES, grounds and facilities to the public.

Exhibits, special lectures and scientific movies are
‘ presented as part of Visitor's Day.

EN:E § ) [Public Lecture]
fE 1 [a], X, '4"!}1 CAMFIEFTECE 2 ilbli & LT, — Once a year, in autumn, NIG sponsors a special lec

A X U M4

ATl A PR LT ture in Tokyo for the public, presented by the resear
chers of this institute.

’l
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AR FEBERFE, KPR IR & OB /s
HhOTIC, ZTOENHEKELZEHLT, ®ED,
O EBRIIC b BT KB OBEBIE LTV, # L
WS B ERBRRT D & & biZ, ERENOEMHEFIC
BV TEHRFFEDOHT LA SEE TS T & D iR IA
WHRLEF 2R, AlEMEE A RIIEE 2K A Z L& H
BELET.

WAGEERE, BB E IR L D AMREON% &

CHE R L CREOERO— A S b OTT,

(HEMER O E]

BRI, AMBRRA MR T & OO b LI
LMY, T OFRNE, WEknSGEYEO—REITL
CEGF, HiYE . JEYE - R - ARG ORI & L TR
WD Y b - TEE LR, ITEODTFL-IUCBIT
HWEFOBERE LWRBRICHE - T, 48 TIHA< £
BgEode LTEERFEFIZES XowrvELE,

AREIL, FHE L e D E SRR EFE T T H T
WBAYT - MR - fEE - SEROBFES BB IO I
B AR L 5 SRR ZE S B IC BV T, MRS O RO
BEEBEEDH L LB, @WETHOMANED B DI
HicoWT, ¥ oEREYRK L, LEHishk
DNAF—# _—ZW TR - T A ¥ b — 74l 5% %
HIEH L THBEMEEIT>TWET,

(HEHRORE]

TG SE AR ANNY - JeHiaY T EE A DRI R T,

Bithdh % 5 KEBEZRE L TWET, E7, & KlE
VR 23R, RISz A T & & b IS HFSEER
OfEFE LTVWET,

Ebiz, RHA L7 2 ENLBEAHFIERTIC 88V T H M S
N AW (NEAsHEtE 2 F—, Biological Symposia
%) OBMERBESTD L LT, REEMEL Y
—, EYEEERIERRA T o2 —, SR EEE
VA —, EMERIE A —, B TA Y b—T
v — R OVEBRIE S 2SR OBERE, Mk - RS A o)
WKERTED X OICRoTVET,
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[Aims)

The Graduate University for Advanced Studies was
established for creative researchers who possess the
vision to find answers to fundamental problems in var-
jous areas of research. This institute aims also to pro-
vide an education that is both of high caliber and inter-
national. The Department of Genetics will carry out ac-
tivities 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 phenomena and is related to the fields of biological
sciences, agriculture, medicine, and pharmacology. Re-
cent remarkable developments in genetic research at
molecular levels have made genetics as the core of the
life sciences.

Students learn the newest developments and tech-
niques in genetic research and can conduct research
with originality. They have access to the well-organized
DNA Database and facilities of Radioisotope Center.

[Characteristics of Research
and Education)

There are five specialized departments offering stu-
dents optional new, original and high level research and
educational opportunities. Each department’s course of-
fers practical experience and encourage students to car-
ry out their own research. Students are asked to attend
periodic scientific activities such as seminars and sym-
posia sponsored by NIG. They can use facilities of the
Genetic Strains Research Center, Center for Genetic Re-
source Informatics, Structural Biology Center, Center for
Information Biology, Radioisotope Center and Experi-
mental Farm.
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(KM 19, 1946) £RLTWB,

Symbol mark of the Institute, which de-
signs the metaphase plate of the first mei
otic 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 in
scribed in the chromosomes.”
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