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We are now celebrating the 50th anniversary of the National Institute of Genetics (NIG). NIG was established in
the year 1949 in the city of Mishima situated at the base of Mt. Fuji. Our 50-year history has overlapped with the
revolutionary advancement of genetics. Molecular techniques now allow us to decipher entire human genome se-
guences, and also to understand details of higher and complex biological phenomena, such as evolution, cell differ-
entiation and even brain function. NIG has been exploiting the basic and universal nature of genetics to extend the
frontiers of life sciences. We wish to the continue with these innovations to maintain and expand our scientific ac-

tivities.
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HOTTA, Yoshiki

Research Field: Molecular and developmental neurobiology
Career: Professor of Biophysics, Graduate School of Science, Uni-
versity of Tokyo (1972-1997); Director, Molecular Genetics Research
Laboratory, University of Tokyo (1989-1997); Adjunct Professor of
Cell Biology, National Institute for Basic Biology (1990-1995); Director-
General, National Institute of Genetics (1997- )

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

Memberships: Genetics Society of Japan; Molecular Biology Society
of Japan; Japanese Society of Developmental Biologists, Biophysics
Society of Japan; Genetics Society of America
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Gene Functions to Cell Differentiation

Toward the establishment of an institute for comprehensive basic genetics
Managemet of the Institute from 1989 to 1997

Between 1989 and 1997, when | was the director-general, the institute underwent a modernization program.

This was accomplished by recruiting promising young staff from different backgrounds and by creating and reor

ganizing the existing research centers. Fortunately, these changes were successful and have resulted in the devel

opment of an active research institute. Furthermore, the service for the collection and distribution of the DNA data

and genetic stocks was expanded. In addition, education of students of the Graduate University for Advanced
Studies was started. Thus this decade can be characterized by a time of great change. The results of the changes

on the activities of our institute should be expected in the next decade and beyond.

(Jun-ichi Tomizawa, Former Director-General)
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Fifteen Years after Reorganization of the National Institute of Genetics
into an Inter-University Institution
—Reviews of the First and Second Plans—

In 1984, NIG was reorganized from an independent national institute into an inter-university research institute, so
as to meet the demand to promote collaborative studies in genetics and to set up the DNA Data Bank of Japan
(DDBJ). This remodeling program was included in the first 10 year plan, covering from 1985 to 1994. The major
change in this period was the establishment of the DNA Research Center, where the DDBJ was initiated and main-
tained. In the last year of the first 10 year plan period, a new 5 year plan was initiated so as to facilitate the readjust-
ment of the NIG remodeling plan to rapid changes in modern life science. This 5 year plan covering from 1994 to
1998, included the reorganization of the DNA Research Center into two independent research centers, the Center
for Information Biology and the Structural Biology Center. The former was established in 1995 and DDBJ was
transferred to it. The Structural Biology Center was founded one year later (1996), so as to create a new research
area of structural biology-oriented genetics. In parallel, the Genetic Stock Research Center was remodeled as the
Genetic Strains Research Center within the second plan period, so as to strengthen basic research in this center.
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Toward the 21st century:
The third future plan of our Institute

During the past ten years, our Institute has accomplished modemization mainly through reorganization and es-
tablishment of new research centers. To further extend our success, we have formulated a five-year plan for our
Institute to be initiated in April 1999. The principle of the plan resides in a balanced development of research
divisions and centers. In this plan, we will propose new research divisions for post-transcriptional regulation, cell
structure, intracellular traffic, signal transduction, and population ecology. Together with the recently established
divisions of early embryogenesis and brain function, these new research groups will significantly contribute to fur-
ther activation of our Institute. It is also important to evaluate the pre-existing research activities and judge wheth-
er they deserve further support or not.
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Established under the jurisdiction of the Ministry of
Education, Science, Sports and Culture. Started
with an administrative department and three re-
search departments.

Prof. Kan Oguma was elected the 1st Director.

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

Department of Biochemical Genetics was added.

Department of Applied Genetics was added.

Department of Induced Mutation was added.
Prof. Hitoshi Kihara was elected the 2nd 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 es-
tablished.

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 Invertebrate Laboratories.

The DNA Synthesis and DNA Data Analysis Lab-
oratories were added in the DNA Research Cen-
ter.

The DNA Data Bank of Japan began operations.

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

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



FpkoeH10A 1 R
VRS54 A 1R
PRk 6 46 H24H
SERRT4E4 H 1 H

PRk 8 £ 5 H11H

ERk94E4 A 1 H

10H 1 H

k1044 H 9 H

B 56 AT REMT
BIBERAEMRAEIE £ & —ITF
A TR R S & R B
BB ML & —
WF7E =8 A R (i

e Te

A RIZE ¥ — R
CRRENTR - 57580 2 5%
SR, BT - T
O 2 AR

s s e e v ¥ — 3R (s
THHEF7E & o 7 — D til)

(K IR E s ek, o 11
e Al - A - s T
] 0> 4 BF7E = JRAR)

T 2
WA R A
(= 7 A RMHFIE 5 BF

vH—E (BsE
A — DY)
Ty 5L 1 47y it

fahffgeas « F4 T4 Es, 4 2%
HEWFZE 2 B Wi siFge =, K
HSRAFZE 2 B R AE s b 9t

5, MEFFHEBNY) SRAAEIE 0 B AR
HETh ) M IF 28 98 0D B BF2E S R

AW BARGE PR AR & v 2 — R
(Gt F2 B = W RAFIF T 2 o 2 — D
kL)

CRAGNE WA I8 SR IRER, A Wilts &

TR 2 =8 )
U SRS B T

ﬂ‘ ’] {4\ Jﬂ {L\ l]}]‘
uxllq‘. r\.{,\ ﬁ]ﬁ{L\{IJ jt—(\

G 1 A sk i

AT R LA

B SR A BFZE B
WM HE T

1989 Oct.

1993 Apr.

1994 June 24

1995 Apr.

1996 May 11

1997 Apr.

Oct.

1998 Apr.

1

1

1

1

1

9

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.

The DNA Research Center was reorganized as
the Structural Biology Center consisting of 5
laboratories (Biological Macromolecules, Molecular
Biomechanism, 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, Micro-
bial Genetics and Invertebrate Genetics), and as
the Center for Genetic Resource Information con-
sisting of 2 laboratories (Genetic Informatics and
Genetic Resources).

Dr. Yoshiki Hotta was elected the 7th Director.

The Division of Early Embryogenesis was added in
the Department of Developmental Genetics. The
Division of Brain Function was added in the De-
partment of Integrated Genetics.
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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 De-
partment of Genetics, School of Life Science, Graduate
University 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
Director-General about principles and policies. There is
also an Advisory Committee that provides information
and advice on research and administrative affairs to the
Director-General.
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[Council]

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

ISHII, Shiro
Professor, The International Research Center for Japanese Studies

ITO, Mitsuo
President, Okazaki National Research Institutes

IWATSUKI, Kunio
Professor, College of Science Rikkyo University

OSAKI, Hitoshi
Director-General, Center for National University Finance

OSAWA, Shozo

Adviser, Biohistory Research Hall

OTSUKA, Eiko
Professor, Emeritus, Hokkaido University

OKADA, Masukichi
Professor, Emeritus, University of Tsukuba

KYOGOKU, Yoshimasa
Professor, Fukui University of Technology

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

SUGIMURA, Takashi
President, Toho University

TANAKA, Ryuso
President, Hiroshima City University

TSUNEWAKI, Koichiro
President, Fukui Prefectural University

TOYOSHIMA, Kumao
Director, Sumitomo Hospital

HIROTA, Eizi
President, The Graduate University for Advanced Studies

MATSUO, Minoru

President, Nagoya University

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

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

GO, Mitiko
Professor, Graduate School of Science, Nagoya University

SASAZUKI, Takehiko
Professor, Medical Institute of Bioregulation, Kyushu 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.

MATSUURA, Etsuko
Professor, Faculty of Science, Ochanomizu University

ISHIHAMA, Akira
Professor, NIG

OGAWA, Tomoko
Professor, NIG

ARAKI, Hiroyuki
Professor, NIG

HIROMI, Yasushi
Professor, NIG

HIROSE, Susumu
Professor, NIG

IKEMURA, Toshimichi
Professor, NIG

SASAKI, HiroyukKi
Professor, NIG

SHIROISHI. Toshihiko
Professor, NIG

KOHARA, Yuji
Professor, NIG

KATSURA, Isao
Professor, NIG

GOJOBORI, Takashi
Professor, NIG
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Director-General HOTTA, Yoshiki, D. Med.
{i TR R o = i

(RIFT &)
Vice-Director OGAWA, Tomoko, D. Pha.
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| OB % g | BEE OB F R ki iR | &
: Associate | Research Administra- piied
Director Professors Profeseors. | Associstes Subtotal Yior Staffs Technicians Total

1 25(5) 21(5) 35 | 80(10) 22 18 120(10)

) () NO¥uTEAMEMMOKER M) <Tbo
() Adjunct members

¥ BUDGET

k1A g () BFERN

I ‘ N 871,163

\ Personnel expenses

Y 4 2,265,392

Equipments and materials

& | 3,136,555
Total

! (AL © FH)
' (X 1,000yen)

TRHYO T (Z8H)
P. Xyedoensis Matsum. cv. Mishimazakura
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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: Studies on regulatory mechanisms of the gene transcription
in bacteria, yeast and virus systems, focusing on the control of promoter selectivity of the RNA
polymerases.
2. Division of Mutagenesis. Studies on molecular mechanisms of the cell cycle control in cul-
tured animal cells and yeast, focusing on the involvement of selective protein degradation by
ubiquitine systems.
3. Division of Nucleic Acid Chemistry. i) Molecular mechanisms of mRNA capping; ii) transcrip-
tion and replication of viral RNA genomes; and i) identification of stationary phase-specific
E. coli proteins by the RFHR method of two-dimensional gel electrophoresis.
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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 «2pp’ is interconvertible among vari-
ous holoenzyme forms by binding one of seven molec-
ular species of the o subunit. Detailed mapping of the
contact sites between the core enzyme subunits and
between the core subunits and each o subunit is being
carried out. The promoter selectivity of each holoen-
zyme is analyzed using an in vitro promoter-mixed tran-
scription system. The holoenzyme is further special-
ized into multiple transcription apparatus through inter-
action with various transcription factors. Mapping of the
transcription factor contact sites on the RNA poly-
merase subunits is a part of the international collabora-
tive research.

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 12 polypeptides. In order to
identify the role(s) of each putative subunit in transcrip-
tion, several lines of research are being carried out, in-
cluding analysis of transcription regulation of each sub-
unit gene, mapping of the protein-protein contact net-
work among subunits and between subunits and tran-
scription factors, and isolation and analysis of tempera-
ture-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. Influenza
virus RNA polymerase is composed of three viral pro-
teins, and catalyzes multiple reactions including cleav-
age of host cell capped RNA, capped RNA-primed tran-
scription 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 rep-
lication. Mapping of various catalytic sites and subunit-
subunit contact sites on each subunit is being carried
out. In parallel, the search for a host factor(s) involved
in the interconversion between transcriptase and repli-
case is in progress.
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Division of Mutagenesis

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

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

Selective Protein Degradation Controls Cellular Func-
tions

Selective protein degradation in eukaryotic cells is
mainly carried out bythe ubiquitin system. Ubiquitin (Ub)
is highly conserved and distributed throughout all
eukaryotic cells, and post-translationaly linked to a vast
rangeof proteins. The ubiquitin-tagged proteins are
mainly targeted for proteolysis by proteasome. The
selectivity of the protein destruction is ensured by the
substrate specificity in the ubiquitination steps com-
posed of a series of enzymatic reactions. Ultimately
causing the destruction of various regulatory proteins,
the ubiquitin system plays important roles in many cel-
lular functions, including cell-cycle control, signal trans-
duction, transcriptional regulation, the nuclear transport
process, receptor control by endocytosis, the process-
ing of antigens in the immune system, and so on (see
Figure).

Protein phosphorylation by CDKs and its regulation
by CDK inhibitors, CKls, have been a “Central Dogma”
of cell cycle control for the past decades. Protein deg-
radation, however, plays no less important roles in cell
cycle control than the protein phosphorylation. Our fo-
cus of research is the identification of ubiquitin path-
ways specific for degradation of key proteins for cell
cycle control. To understand the dynamic regulation of
this post-translational modification system, together with
that of recently found ubiquitin-like modifiers, in net-
work of cell cycle control is the final goal of our re-
search.

@D O

& k% X WS DNARRZE AR
mE e

wn ki3]

Ubl

O A \ D /A i)
4E3 E2 ate E1 ‘@’ €] AP €2 >
°Ub

S
T

ol MK MR ONASI 1V ABE K 2

Q

o7 g

s o~ DF @

AEFF U EAEFF UBRELE SO RIGHEME CRIREBMES Z L, DCHEEE
(By courteasy of H. Yokosawa)

il LT < OffifaRe ZRE L T 3,

25



L& 2R ERPY Division of Nucleic Acid Chemistry

zEHE B # Kk K F A
LB RPRPEHIR

zamxR B 1§ M H A
RERERK P IEEIBIR

1) EEAYOMRNADS KNGF v v 7 Tk O B R
F OmMRNAX v » 7 A5 s 1 B R TR 1#%H
%, FITin vitro SR Z2 AW TIF L TWEd (5.
KA) .

2) <A FABRNAY A VAL ) AOEEE L RO\
izh, VA VARNARY 27 —EB8HELTWET,
A NAY ) AOEE « HROSTHIEL, ZhbHDilE
BRICB ST 28 ER T OBEOMIT 2 {T>TnET (1
W kA,

3) KBHEEFIICRET L2 FRETLHHT,
RFHR Wt ERIKEEA KL, 2EAELZ 2L T
WET, HEBEBEOHKEZ TRV TEHE2DEECX
RFHREZFIFTS &, MR EAE bR T £,
EHYERNEAE O TER Y ORI 72 B
THOT, MEOEFH, FRAER B OZRKATE
ALY, BOOHFE LIHL LR > TWD Z LAVR
wEET (BY - Fif).

il

TE B KBS B B 43 D RFHRE = R T HE Sk B

MIZUMOTO, Kiyoshi, D. Pha., Adjunct Professor
(Professor, Kitasato University)

WADA, Akira, D. Sci., Adjunct Associate Professor
(Associate Professor, Osaka Medical School)

1. Molecular mechanisms of gene expression of the
DNA and RNA genomes are being studied, mainly
using in vitro reaction systems. At present, the re-
search is focused on the following two subjects (by K.
Mizumoto).

(1) The enzyme mechanism of the 5'-terminal cap-

ping of eukaryotic mRNAs, and the role of the cap

structure in gene expression.

(2) The mechanisms of transcription and replication

of negative-strand RNA virus genomes, especially

the roles of host factors involved in these processes.
2. The RFHR method of two-dimensional gel electro-
phoresis is being used for identification of the stationa-
ry phase-specific proteins in Escherichia coli. Some
proteins including RMF (ribosome modulation factor)
exist throughout the stationary phase, while many
others can be detected only at specific stages. Since
the appearance and disappearance of the stationary-
phase proteins appear to follow a domino falling cas-
cade, a hypothesis is proposed that the bacterial sta-
tionary phase is composed of multiple subphases, each
characterized by the expression of a specific set of
genes (by A. Wada).

Vaccinia virus Human S. cerevisiae
N
TPase GTase o
\C subunit
GTase

RNA 5'-triphosphatase (TPase)
pppN —» ppN— + Pi

mRNA guanylyltransferase (GTase)
E + pppG —p E-HG + PPi
ppN—+ E-pG —» GjppN—+ E
MRNAF v v 7 > JEER DS
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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
replication and cell cycle. We are studying these phenomena both in living cells and in cell-free
systems, since our aim is to explain phenomena ()bserr'vod 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. In the division of microbial genetics, the molecular mechanism and regulation of chromosomal
DNA replication in prokaryotic and eukaryotic cells, and the molecular mechanism of cell cycle
checkpoint in the S phase are being studied by using genetical and biochemical methods.

3. In the adjunct division on cytoplasmic genetics, the following research is being carried out.
1) Molecular mechanism of genetic recombination is being studied. 2) Brain mechanism in
volved in emotion is being studied by examining the b(rl]:lvmml phenotypes of knockout mice
and their neurochemical and neurophysiological correlates.

The Helical Nucleoprotein Filaments formed by Recombination Proteins.
The Bacterial RecA protein (the left) and Yeast Rad51 protein (the right).
Within the filaments,double-stand DNA (red) is extended and untwisted.
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Colocalization of Mre11 with Rad50s or Xrs on meiotic nucleoids (

Division of Cytogenetics

OGAWA, Tomoko,
IMAI, Hirotami T., D. Sc., Associate Professor
TANAKA, Shigeo, D. Med.
OHTA, Tsutomu, D. Med.

D. Pha., Professor

Genetic recombination is common in all living cells.
Most recombination begins by forming double-strand
breaks (DSBs) in the DNA. Then, one of the strands at
the break site is recessed, producing a tail of single
stranded extension. The tail is used to search for the
complementary seguence in an intact partner and to
promote pairing with it. This outline of the basic mech
anisms of homologous recombination is conserved in
prokaryotes and in eukaryotes.

Meiotic recombination of Saccharomyces cerevisiae
initiates two temporally coupled processes; formation
and processing of DSBs. Mrel1 is required in both pro
cesses. Mrell forms a complex with Rad50 and Xrs2,
acting as the binding core and participates in DSB pro
cessing. Although these proteins are also involved in
DSB formation, Mrel1 is not necessarily holding them.
The C-terminal region that is specifically required for
DSB formation binds to meiotic proteins. The N-termi
nal region specifies three Mn-dependent nucleases

which are collectively required for DSB processing.

Mrell has two sites to bind to DNA, the central site
for DSB processing and the C-terminal site for DSB for
mation. It has two regions to bind to RadSO These
functional dualities would permit binding to ) DNA
molecules simultaneously and to the same DNA seg
ment differently for different functions.

In mitotic cells, Mrel1 participates in repair of DSBs
by reactions that require the nuclease activities and
those do not. They may correspond to homologous
recombination and non-homologous end-joining.

Thus, recombination of S. cerevisiae is character
ized by remarkable multifunctional properties of Mrell
that are expressed alone and in collaboration with dif
ferent proteins.

5 hrs) of rad50S. Green foci represent Mrel1,

red foci represent Rad50 (upper) or Xrs2 foci (below) and yellow fou reveal that each protein colocalizes on the
chromosomes. Blue regions show the same region by DAPI staining.
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DNA replication and S-phase checkpoint. If DNA replication is
blocked, the Dpb11 protein senses it and transmits a signal to
arrest the cell cycle.
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Division of Microbial Genetics

ARAKI, Hiroyuki, D. Sc., Professor
YASUDA, Seiichi, D. Sc., Associate Professor
KAMIMURA, Yoichiro, D. Med.

Chromosomal DNA is replicated accurately in ac-
cordance with cell division and segregated to daughter
cells. This process ensures cells to transmit accurate
genomic information to their progeny in cell division.
The major subject of research in this division is the
regulation of DNA replication and the mechanism cou-
pling DNA replication with cell division.

1) Replication of E. coli chromosome starts at a specif

ic site (oriC), where the DnaA initiator protein specifi
cally binds to initiate series of events that leads to DNA
replication. To understand the control mechanism of
replication, we are studying protein factors, including
molecular chaperones such as DnaK, that interact with
the DnaA protein.
2) Eukaryotic chromosome is replicated exactly once in
the S-phase of the cell cycle. If DNA replication is
blocked or DNA is damaged by aberrant replication, a
checkpoint system arrests the cell cycle. Components
of the replication machinery have been suggested to
act as a sensor in a checkpoint. We have also revealed
that the Dpb11 protein of budding yeast is required for
DNA replication and a cell cycle checkpoint. To under-
stand the function of Dpb11 in DNA replication and a
checkpoint, we have been studying Dpbl1l and other
related proteins genetically and biochemically. It will re-
veal the relationship between DNA replication machin-
ery and a checkpoint.

DNAE R (E R O HEFBE R OO, BFAERMR (1,2) (&,
KEFEH LRTMEOFRONAET D, FxyvIRAD b
DORWIEMETIE, HEHBLEZY (3) MhTWd (4,5)

Nuclear morphology of budding yeast. Wild type cells (right
panel) show one nucleus located between mother and daugh
ter cells. Cells defective in a checkpoint (left panel) show two
nuclei or broken nucleus.
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Division of Cytoplasmic Genetics

TOMIZAWA, Jun-ichi,
(Professor Emeritus, National Institute of Genetics)
NIKI, Hiroaki, D. Med. Sci., Ph.D. Adjunct Professor

(Laboratory Head BSI, RIKEN)

D. Pha., Adjunct Professor

1) Studies on genetic recombination. Recombination
starts by recognition of homology by two DNA mole-
cules, following by breakage of DNA and by searching
of the complementary region by the single-strand tail at
the molecular end. Our knowledge has advanced sig-
nificantly from genetic research using yeast. Although
recombination is known to be regulated at various
stages of the reaction, the mechanisms have not been
well understood. We will study them by combined use
of genetic and biochemical methods (by J. Tomizawa).
2) Brain mechanism involved in emotion is one of the
important topics of brain research. In order to under-
stand this mechanism we must employ a combination
of variety of methods, such as molecular biological,
neurophysiological, biochemical and behavioral techni-
ques. The aims of our research are to investigate the
behavioral phenotypes of knockout mice and their neu-
rochemical and neurophysiological correlates. In a se-
ries of experiments we found that our Fyn-deficient
mice showed increased fearfulness in a variety of tests
for fear response and enhanced seizure susceptibility
induced by intense sound and convulsive drugs. Re-
cently, our Fyn-deficient mice were found to be hyper-
sensitive to the hypnotic effect of ethanol (by H. Niki).
3) Effort is also being made for setting up the condi-
tions for efficient publication of research activities from
this country. Along this line, an international journal,
“Genes to Cells,” is being edited (by J. Tomizawa).
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1. In the Division of Developmental Genetics, we study molecular mechanisms of mor
phogenesis, 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 mckg’;roun(is of developmental processes
are being investigated using the fly, Drosophila melanogaster, and the silk moth, Bombyx mori.

3. In the Division of Early Embryogenesis, the molecular mechanisms of vertebrate axis specifi
cation and organogenesis are being investigated using zebrafish as a model oraganism.

4. In the Division of Physiological Genetics, the molecular mechanisms of recognition of macro
molecules are being studied through NMR analyses.

eyless BIEFDFHIRIZ & > THB ISR S = HEAR
(ANLE®R). BIEF (/)‘”NIH’J R LY, BERE

DNA®D @& kAl 253 588 5 AR F (&, HEERR ‘Vl EEROBBRERMNDENTED
LK ETEREFMEOBWNVTIZRET S Compound eye formed on the antenna, due to an
DNA supercoiling facotr localizes puffs on polytene ectopic expression of the eyless gene (artificially

colored). The relationship between organ identity
and positional information can be studied by altering
gene expression patterns

chromosomes in Drosophila melanogaster
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Expression of the gene encoding a neurotransmit {wa®2RE (KFH) (HEHE205R)
ter, Hym-176 on Hydra The secondary axis with anterior head structures

(arrowhead) induced by the transplanted shield
(fish organizer) in a 20-hour host embryo. Scalebar
100 um.
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In the Drosophila eye imaginal disc, the edl gene (blue) is ex
pressed in a subset of neurons (green), and regulates neuronal
inducing ability.
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HIROMI, Yasushi, D. Sc., Professor
FUJISAWA, Toshitaka, Ph. D., Associate Professor

SHIMIZU, Hiroshi, D. Eng.
HATTA, Masayuki, D. Sc.
OKABE, Masataka, M. D., Ph. D.

HOSOYA, Toshihiko, 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
govern pattern formation and morphogenesis of the
fresh water hydra.

1.-During neuronal development, a large diversity of
cell types is generated in a highly stereotyped spatial
and temporal pattern. Genes and genetic hierarchies
controlling the individual fates of diverse patterns of
neurons are largely unknown. The Drosophila group
uses Drosophiila embryonic central and pheripheral
nervous system, as well as the adult compound eye as
model systems and study how genes control identities
of individual neuronal and glial types, neuronal circuit
formation, and organ identity.

2. In order to systematically isolate peptide signal
molecules involved in regulating developmental proces
ses in hydra, we have embarked on a novel screening
project (PNAS 94, 1241-1246, 1997). Up to now, we
have isolated over 500 peptides, sequenced 320 of
them and synthesized 40. Biological assays using these
synthetic peptides have revealed many signaling pep
tides derived from epithelial cells as well as neurons.
They include morphogentic peptides involved in foot
formation, feedback signals in neuron differentiation,
and so forth. We plan to identify all the peptides pres
ent in hydra, which are estimated to be several
hundreds.

(= 7?41?*’“}“:%21& HE T B HERTF K, Hym-3556%2 01— F
FTE5MREFOE RSHEIPIZH T D FH|/NNE2—2

Expression pattern of a gene encoding a neuropeptide, Hym-355
which positively regulates neuron differentiation in Hydra (head
region is shown).
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HIROSE, Susumu,
MURAKAMI, Akio, D. Ag., D. Sc., Associate Professor
MINATO, Kiyoshi, M. Sc.

YAMADA, Masa-aki, D. Ag.

UEDA, Hitoshi, D. Ag.

D. Sc, Professor

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

1. To elucidate the mechanisms of regulation of gene
expression during differentiation and development, roles
of the chromatin structure and nuclear hormone re-
ceptors are being investigated. These studies revealed
the importance of GAGA-factor mediated chromatin
remodeling on transcriptional activation of the Dro-
sophila fushi tarazu gene. We have also shown that
transactivation by a nuclear hormone receptor FTZ-F1
requires two coactivators MBF1 and MBF2. MBF1 se-
qguence is conserved across species from yeast to hu-
man.

2. Growth and senility events are complexe charac-
teristics under the control of a number of genetic fac-
tors. Recent studies on the lepidopteran insect, Bom-
byx mori (L.) revealed several major genes underlying
the genetic characteristics. Some types of life history
characteristics, yearly generation times and larval ec-
dysis times, are modulated by certain environmental
variables through the neuro-endocrinological system.
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Zebrafish wild-type adult male (A), 2-day-old wild-type (B) and no
tail mutant (C) embryo. no tail mutation causes defects in
notochord and posterior trunk development.

34

Division of Early Embryogenesis

TAKEDA, Hiroyuki, D. Sc., Professor

In our laboratory, we have been analyzing the mech-
anisms underlying axis specification and organogenesis
in the early development of zebrafish (Danio rerio). By
combining the techniques of experimental embryology
and molecular genetics, two fields of research which
can be easily applied to the study of zebrafish, we are
attempting to further understand the conserved molec-
ular mechanisms of early vertebrate development. Our
current interest is as follows.

1. Mesoderm induction and its dorsoventral specifica-
tion: We recently found evidence that the yolk cell,
which is located under the blastoderm, is responsible
for induction and dorsoventral patterning of the meso-
derm in zebrafish embryos. We are isolating genes
which are specifically expressed in the yolk cell to clar-
ify our understanding of the mechanisms involved in
mesoderm induction.

2. Neural induction and its anteroposterior specification:
Early in development, the vertebrate central nervous
system is induced in the dorsal ectoderm and regional-
ized along the anteroposterior axis into forebrain, mid-
brain, hindbrain and spinal cord. We are investigating
the nature of endogenous factors involved in this pro-
cess, with a special emphasis on FGF, TGF-g and Wnt
families.

3. Somitogenesis: The somites are the first segmented
structures to form during vertebrate embryogenesis.
By analyzing the function of the genes expressed in
the somites and zebrafish mutants showing segmenta-
tion defects, we are attempting to elucidate the molec-
ular mechanisms of vertebrate segmentation.

B: myop l: mesp-b

KpEprh ERET D myoD (JR) &mesp-b () OFB/N2—2 (A)
xRN (B), bHLIHREERERFEI— K3 5 h b DMis
Fl&, FEIRZRMICOBPICRERE LET. BERIEWEALA L

(A) Localization of myoD (red) and mesp-b (blue) transcripts in
zebrafish paraxial mesoderm. Anterior to the top. The two genes
encoding bHLH transcription factors are segmentally expressed
in the paraxial mesoderm during segmentation. (B) Simplified
diagrams illustrating expression patterns of myo-D and mesp-b.
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SHIRAKAWA, Masahiro,
(Nara Institute of Science and Technology)
KANAYA, Shigehiko,

(Yamagata University)

D. Sci., Adjunct Associate Proffessor

D. Ind., Adjunct Associate Professor

1. For understanding of physiologically active states of a
protein, the knowledge of its three-dimensional (3D)
structure is indispensable. Our laboratory is equipped
to determine the three-dimensional structure of pro-
teins and protein-DNA complexes by nuclear magnetic
resonance (NMR) spectroscopy in solution, and to in-
vestigate correlations between molecular structure and
function. In particular, the focus of our study is on
structure determination of protein factors involved gene
expression, DNA repair and intracellular signal trans-
duction. We are also interested in development of tech-
niques for structure determinations, and protein dy-
namics in solution.

2. To clarify constraint of codon usage in genes of uni-
cellular and multicellular species, species-specific codon
usage is analyzed on the basis of multivariate analysis.
The heterogeneity of codon usage obtained by princi-
pal component analysis is explained by the cellular
levels of individual tRNAs. Codons preferred in highly
expressed genes were related to the codons optimal
for the translation process, which were predicted by
the composition of isoaccepting tRNA genes. Individual
tRNA levels of unicellular species were found to be
proportional to the copy number of the respective
tRNA genes. The generality of this finding is studied for
multicellular species. Genes with specific codon usage
are also examined in connection with their evolutionary
origins and functions.
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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 evolu
tion 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, development of methods
for such analyses, and the molecular mechanisms of chromosomal evolution. For example, we
have characterized band boundaries of human chromosomes at the molecular level focusing
on transition of DNA replication timing during S phase and Mb-level segmental GC% distribution
(see the figure below).

3. In the Division of Theoretical Genetics, we are conducting theoretical studies such as analy
ses of population genetic models and statistical analyses of experimental data. We focus on the
examination of various theoretical models through comparison of nucleotide sequences. Using
a vast amount of biological data, we are aiming at development of new paradigm in biology

named “Systems Biology".
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Correlation between replication timing (a) and GC% distribution (b) in human MHC classes 1
and IlI. The concordant transition zone for the replication timing and GC% level is thought to
be a chromosome band boundary at a high resolution level. The replication timing changed
precisely in the boundary region, supporting the prediction that this region may be a chromo
some band boundary. The boundary region contains a polypurine/polypyrimidine tract of 210
bp with triplex-forming potential, which has the possibility to arrest replication fork movement.
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Recombination frequencies in the telomere region of the X chro-
mosome. Estimates (horizontal bars), their 95% confidence inter-
vals (boxes), and 99% intervals (vertical bars) are shown.

Division of Population Genetics

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 it also reveals the complication of
genetic network. To deepen our understanding of evo-
lutionary dynamics, we study the developmental anom-
aly in interspecific hybrids, which is caused by epistatic
interaction between genomes from different species.
The eight species of the D. melanogaster species sub-
group have the exactly same bristle pattern in the notum;
most interspecific hybrids between D. melanogaster
and D. simulans show great deficiencies of macro-
chaetae on the notum. Use of cell type markers sug-
gests that the defect does not lie in cell fate decisions
during bristle development, but in the maintenance of
neural fate and/or differentiation of the descendants of
sensory mother cells. These results indicate that the
genetic architecture of bristle formation can change in
local populations in the absence of any obvious pheno-
typic alternation.

We also study the interspecific genetic variation in
the recombination rate and its effects on molecular
evolution. Because deleterious mutations clearly arise
at much higher rates than advantageous and compen-
satory mutations do, efficacy of natural selection may
be crucial for the survival of populations. Recombina-
tion rates affect effective population sizes of local
regions of chromosome by linkage to selective loci, the
so-called Hill-Robertson effect, and thus affect accumu-
lation rates of deleterious and advantageous mutations.
We found the very biased synonymous substitution pat-
tern of the genes in the X-chromosome telomere
regions in two Drosophila lineages, higher codon-bias in
D. yakuba and lower bias in D. melanogaster; we also
showed that about a 14-fold difference in recombination
rates between the two species. The results suggest
that recombination rates shape molecular evolution in
some cases such as the synonymous substitution in
Drosophila.
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Py n,_ Failure of the CUT expression in interspecific hybrid pupae of 15 hour APF. A normal

. staining pattern of DCs (A

) and SCs (B) macrochaetae in D. melanogaster. (C) shows
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Division of Evolutionary Genetics

IKEMURA, Toshimichi,
SAITOU, Naruya, Ph. D., Associate Professor
TENZEN, Toyoaki, D. Ag.

FUKAGAWA, Tatsuo, D. Sc.

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
organismal function level. The integrated understanding
of organismal evolution is possible only through these
interrelated studies. Our main study objectives are as
follows.

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 mosaic
domains in the human MHC (HLA) region, Im
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.
The mosaic G+C content boundary was found to be
clearly related with the timing of DNA replication (see
the figure in p.36).

2. To clarify molecular mechanisms to determine the
ordered arrangement of chromosomal DNA in the
higher vertebrate nucleus, centromeres, telomeres and
chromosomal band boundaries in which DNA replica
tion timing switches, are studied by chromosome engi
neering. Non-B DNA structures including triplex have
been focused on (see the figure below).

3. Phylogenetic trees of genes are basic descriptors
of evolution because they show the history of self
replication 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.
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page 36, there is a 210-bp polypurine

polypyrimidine tract that has the potential to form triple helix (triplex) in vitro. Using anti-triplex antibody staining (green) and non-denatured
FISH with the DNA probe with triplex-forming potential (red), we have investigated functions and subnuclear localization of triplexes in
the human interphase nucleus. Counter-stain DAPI color (blue) is omitted in the right-side picture.
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Division of Theoretical Genetics
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HARADA-OHTA, Tomoko, Ph. D. D. Sc., Adjunct Professor
(Professor Emeritus, National Institute of Genetics)

KITANO, Hiroaki, D. Eng., Adjunct Professor
(Sony Computer Science Labratory Inc.)

In conjunction with the theoretical formulation of
various problems arising in connection with molecular
biology, extensive analyses are performed on DNA se-
quence data. By incorporating knowledge of gene
structure and organization, various models of gene
evolution are being studied. Based on the results, sev-
eral predictions 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 prediction was shown to hold for
mammalian genes.

Recent progress in instrumentation technologies
enable us to quickly collect vast amount of biological
data, such as DNA sequence, expression patterns of
large numbers of genes using DNA chips. Neverthe-
less, a methodology to utilize such data for understand-
ing of systems property of biological systems has not
been explored. The goal of the research is to establish
a methodology to understand property of biological sys-
tem, so that prediction of unknown genes and their in-
teractions, dynamical property can be made possible.
Essentially, we are aiming at developmental of new par-
adigm in biology named “Systems Biology”.

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
40212
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Department of Integrated Genetics
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Head SASAKI, Hiroyuki

1. NEBEIFEMM T, b hOBEHREHONCT DD, &/ MEMNICEES < BisT-%
B & 2 DR O, BLXOe N7 MG L 7 ) ALV DORIE TR v b T — 7 fRfT
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2. BROEGFZEEME X, BRI 2 &S ORI A A R 2t g & LT
S>TEEL

3. NMKEEERFZEEE CLX, B OTEIRCIEE & vy o oM HE O JEA T H 2 i [alg I pk s & o X
5 RBETICE > THIFISHTWDOPIZE L TWET
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DA FEER OIS BT S 12 DWW T ORFZE 3T TV E T

1. In the Division of Human Genetics, we are conducting studies on the control of gene expres-
sion by genome modification and on the human diseases caused by its abnormalities. We also
study the structure of the human genome and its functional gene networks at the whole
genome level.

2. In the Division of Aglicultural Genetics, the evolutional genetics of rice has been studied.

3. In the Division of Brain Function, we are conducting studies on the genetic control of neuron
network formation, which is the basis of brain function such as behavior and thinking.

4. In the Division of Applied Genetics, two research projects are being carried out: one on the
evolution of human mitochondrial DNA and the other on the genetic control of rice life cycle.

GENOMIC IMPRINTING

FERTILIZATION @ Fertilized egg

EMBRYOGENESIS

Sperm

i @ Oocyte
GAMETOGENESIS \

Primordial aerm cell
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Somatic cells

40




ABRIGHIRERFT {ﬁ

BB E B ELXK 8B Z
BhgoE E O Bk L RUEX
B F OB O (£ B Iyt

b b OB, FERERYIT b EERERYIT b AR 6D T ZEE M
O SN TWET, ZOZEMIL, b &2EE
B XA NI F— OBEE#R, M L
B IR 2 2T THRE I NTHERTE LD TT.

i AE T B B D3R &5 TR

BREIC BTN E L TREZS

13 7 ) BT

Ji, & hOFEKOFITIE,
\“,! ll » ):) ;1,’||1J ll\\'/”

D) '(, j,/( /‘/

b D DIED, 20
CHY ET
DT, b b OAEYIIR 2 BGF DS BB
B 2O LTWETDE, EL<ICDNARYZ n<F
v DERRIC S &3 < FEBFEBM IR LTHFZEL T
9., ZOX 9 RRBRESEZ T LR E LTS/ A
R0 SAZS X Yt (A RTEMEAL D Y, Thbide Mo
KORAICEETT, £
5L, HERMBFERLBAZVDERITZI L1 -T
- DEMTIE, 2 S OBGBAERE NPT,

Pl LT LL, fERL

~ DX O 7o RN BE 3 A

<7 A % )L O i 7)>

HHFE 2D TV E
-J7, & hoORBEIHEREMHE LIS EWVOSE R - S
) AT a7 b, R THETR T, 2O

Y ZD7v Yy MCEBMIZ2ML, B MU R
DY ) IEERRNTOBE R Yy hT-

WE$

-7 DOWFSE 22 1

N
.
~

» Division of Human Genetics

SASAKI, Hiroyuki,
FUJIYAMA, Asao,
SADO, Takashi,

D. Med., Professor
D. Sc., Associate Professor
D. 8c.

The general research objective of this division is to
understand the biology of the human beings from the
viewpoint of genetics. We are especially interested to
know the mechanisms that control gene expression
because morphclogical and functional specification of
human body parts is controlled by gene expression and
because a number of human diseases are caused by
disturbed regulation of (a) genes.

The following specific research projects are ongo-
ing in our division. (1) The role of genome modification
in genomic imprinting and X chromosome inactivation
is being studied using some model systems. Genome
modifications such as cytosine methylation and histone
acetylation are crucial for these physiological phenome-
na. The biochemical basis of specific modification of
target genes is also being characterized. This kind of
gene regulation is important for normal mammalian de-
velopment, and their dysfunction causes congenital
anomalies and cancers. (2) As a part of the Human
Genome Project, structural and functional analysis of
specific regions of the human and mouse genomes are
being carried out. We are also investigating the gene
regulation networks of various signal transduction path-
ways in model organisms such as yeast.
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Division of Agricultural Genetics

Dr. Keiko Okino-Morishima, who has been studying
the evolutionary genetics of rice, retired in March 1998.
We are now searching new faculty who will initiate new
field of study in the Division of Agricultural Genetics.
Here, we will describe the past researches conducted
in this division.

1. Analysis of quantitative trait loci (QTL): Characters
responsible for evolutionary change are mostly quanti-
tative 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
have been maping QTL responsible for differentiation
and adaptation 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 inter-
and intra-specific differentiation have been 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)
conservation, in situ (in original habitat) conservation is
urgently needed. Through field observation and moni-
toring of genetic variation of wild rice populations in
Thailand, we have investigated their life history, popula-
tion dynamics, and extinction processes which are es-
sential when considering conservation strategies.
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Flowers of outbreeding wild (left) and inbreeding

cultivated (right) rice




 Division of Brain Function
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BEE S(E) Y B tOH HIRATA, Tatsumi, D.Med., Associate Professor
M TN K 7 B DRI 3D < B IR 6 TE TV E The functions of the brain, underlying our complex
4., = O[E|FEOECKR D FERE S 23, y|r1y1’tg~m@1z R E L behavior and mental activity, depend on the precise

T NS BE DR L R s TNE Z LTS ETL B interconnections between an enormous number of
neurons. It is evident that genes determine the initial

0 A, R A I I RERA A5 & ORI & 55 A , _
steps of neuronal connections and outline the neuronal
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, “_t‘:}}:i " ’/ ) \., ,/:'// “h /“_ . ‘f J]Hj " wij J : wiring patterns during development. The neuronal con
o ‘ ) ' nections undergo various modifications even in adult
BRLPICIE>TETNET RIe—HTE b7 hood by environmental influences such as experience.
REEIRE S, B4 7R AR O BIRNC K o TIEIE S 40 5 BRI B) These processes also involve gene expressions.
BETFLH Y EA The Division of Brain Function, using the central ol
ARECFS TiE, MPRRRIEIZRDS ED X 9 eBfafIc k- factory projection as a model, aims to identify the
I XN TWB DL EMITATDIC, <™ ANLER genes controlling the formation of neuronal connec
KIMARRE RIS &\ D EF LR 2l > THIZE LTV E tions. This projection, connecting the olfactory bulb to
MELER & 138\ O % 2 1 IR B OIS T8, =20 the targets within the telencephalon, can be reproduced
I AR L Id 4 i O T DT B % in org v;m()t\/;)u: culture of the mouse embryonic brain.
) Ay : ) : Using the culture system, we found that a specific sub
RERIAIE & > 7 AfEGZ2ED, WK EZ K L 9

’ ‘ , ‘ set ()Y early-generated neurons function as the guide
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post for olfactory bulb projection fibers.

i DRI & 7 LT,
DI DZERR IR % 1 A K9 2 Wk e M

PO TETWET

FELERy, MEKOMEMEOEER (&) (&, EMIMUICHFET 28502 (R @ lotiil)
ICIRYBEENRD L SICLTHA FeshTHEL, BWRER—KINHRERIEERRT 5.

Efferent fibers of the olfactory bulb (green) grow on the scaffold of a specific subset of
neurons (red: lot cells) during development.
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Division of Applied Genetics
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Phylogenetic tree show-
ing the 139 mtDNA lin-
eages from five ethnic
groups and ancient Jap-
anese bones of three
different ages, based on
the sequence data from
190 bp in the D-loop re-
gion. Distances (D) are
expressed by the num-
ber of nucleotide sub-
stitutions per site per lin-

HORA, Satoshi, D. Med., Adjunct Professor
(Graduate University for Advanced Studies)

NAGATO, Yasuo,
(University of Tokyo)

D. Ag., Adjunct Professor

1. Studies being conducted on the origin and evolution
of Homo sapiens are using sequence determination of
mitochondrial DNA fragments. A cumulative phyloge-
netic tree is being constructed from genetic distances
among mitochondrial DNA types of various geographic
origins, indicating that at least two distinct clusters ex-
ist in the Japanese population, and that the ancestral
human population was already polymorphic in the
mitochondrial genome before divergence of the major
human groups.

2. Anothr field of study is the genetic program driving
the life cycle of rice. For plant development, shoot api-
cal meristem, positioned at the apex of the plant body,
is of great importance since it determines the funda-
mental body plan.

Shoot apical meristem is initiated during embryo-
genesis. One of our subjects is to unravel the genic
cascade leading to the establishment of shoot apical
meristem. In the vegetative phase after germination,
leaves and branches are produced in a regular fashion.
Our another subject is to elucidate how the production
of the leaf primordia is regulated spatially and temporal-
ly. The onset of the reproductive phase is represented
by the conversion of vegetative shoot meristem into in-
florescence meristem, which is later transformed into
floral meristem. The floral meristem produces two re-
productive organs, stamens and pistil. We are also
studying the regulatory mechanisms involved in the
complicated processes functioning in the reproductive
phase.
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Morphology of the rice
panicle: wilde type and
heterochronic mutants
of pla 1-1 and pla 1-2.
| (refer to the Plant Cell
plai-1 10:1511-1521)

HED pla1-2
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Genetic Strains Research Center
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The Genetic Strains Research Center was 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 func
tion in organisms 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
Japan.
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Mammalian Genetics Laboratory
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SHIROISHI, Toshihiko, D. Sc., Professor
KOIDE, Tsuyoshi, D. Med.

Recent advances in mouse genome analysis have
facilitated the molecular dissection of complicated bio-
logical functions and morphogenetic process in devel-
oping embryos. In Mammalian Genetics Laboratory, we
are studying genetic control of pattern formation in
mouse development, focusing on anteroposterior axis
formation in limb buds and central axis formation based
on several mouse mutants. We undertake fine linkage
analysis and physical mapping of the mutations toward
positional cloning of the causative genes. We are also
studying the mechanism of meiotic recombination, par-
ticularly the molecular basis of homologous recombina-
tion at the hotspots in the MHC. We have started a ge-
netic study of mouse behavior based on the unique-
ness of wild-derived inbred strains that were estab-
lished in this laboratory.

In addition to above research activity, more than 100
strains of laboratory mouse strains have been main-
tained since the establishment of this laboratory in
1974. Inbred strains established in this laboratory from
wild mice were recently added to this mouse stock.
Furthermore, new experimental mouse strains, such
as congenic and consomic strains that harbor wild
mice-derived chromosomes on the genetic background
of the standard inbred strains, are being developed
here. All mouse strains are supplied to researchers in
this country and abroad on request.

Supressi
of Shh
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Signal for
induction of
Shh
(FGF-8 ?7) Expression
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Mouse embryonic testis (left) and ovary (right). Whole mount in
situ hybridization of a testis specific gene.
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Entry into meiosis of the cultured mouse fetal germ cells. Red
strands indicate immunostaining of the synaptonemal complex
proteins.

| Mammalian Development Laboratory |

NAKATSUJI, Norio,
(Kyoto University)
SAITO, Tetsuichiro, D. Sc.

TADA, Takashi, D. Sc.

D. Sc., Professor

This laboratory analyzes molecular and cellular as-
pects of morphogenesis and cell differentiation during
the postimplantation period of normal and mutant strain
mice. Particular attention is paid to the development of
germ cells and central nervous system. We are using
an in vitro culture system to analyze differentiation of
male and female fetal germ cells, and studying function
of important genes in sex differentiation of gonads. We
are also studying cell differentiation and migration dur-
ing brain development.
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Transverse section of the spinal cord of a mouse embryo.
Brown and blue colors indicate expression of MASH1 and
PHD1 genes respectively.
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Neuronal differentiation from P19 teratocarcinoma stem cells.
Cell aggregates express MASH1 (red) and neurons express
N-CAM (yellow).
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HOS24/0SH1 gene expression in the 4 day regenerating callus
(a) and in the 4 DAP embryo (b).
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Plant Genetics Laboratory

KURATA, Nori,
ITO, Yukihiro,

D. Ag., Associate Professor
D. Ag.

The plant genetics laboratory aims to advance two
main researches using rice plant, a most promissive
model plant in monocotyledon.

One subject what we want to clarify is a hierarchy
of gene expression in the process of early develop-
ment of embryo from a single zygote after pollination.
We have already cloned several early development-re-
lated homeodomain protein genes and are analysing
their characteristics. Rice is easy to proliferate by cell
culture and to germinate from the cultured cell clumps
to grow up to adult plants. We are also planning to ana-
lyse whether there are differences or not in the
specificity of gene expression between normal embryo
development and somatic embryogenesis.

Another subject is elucidating the mechanisms
which are worked in the nucleus for arranging and
moving chromosomes at various developmental and
cell cycle stages and are acheived with their own
structure and function. We have started isolation and
structural analysis of rice cntromere seguences aiming
for construction of rice artificial chrmosomes (RAC)
and for generation of transgenic rice plants carrying
RACs as one of the tool for resolving the above
problems.

From the standpoint of presavation of rice genetic
resources, we are propagating, reserving, and distribut
ing all about 6,000 wild and cultivated rice lines collect-
ed in many countries in the world. In addition, we start
to develop new genetic resources, of enhancer trap
lines in which genes are marked with reporter trans
genes, as future genetic materials in rice.

A4 %t b0 x7DNA, RCE 1, OFEMKE~DAME DT

A AT REEKE B RCE1DEY bQATADNA T
AA4E—2ay (EREDODTTFIL)

Visualization of rice centromere DNA, RCE 1, on the chromo
somes

A; Prometaphase Chromosomes B; Hybridization of RCE 1
with centromere regions of rice chromosomes (indicated by
green signals)
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Phase-fluorescence micrographs of DAPI-stained
E. Coli
a: cell division mutant (fts) cells, b: wild type cells
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Microbial Genetics Laboratory

NISHIMURA, Akiko, D. Ag., Associate Professor

1. Many processes of cell growth are coupled with cell
division: Cell division in E. coli takes place through
strictly periodic processes. As the results, two identical
daughter cells are produced under the various growth
conditions. We are proposing that cell must have mech-
anisms coordinating the timing of each event through
cell division (Fig. 1). For example we have found that
the master operon of the flagellar regulon is controlled
by the regulatory mechanism of cell division. Recently,
we have proved that Ap4A is the molecular factor
coordinating between DNA replication and cell division
in normally growing cells, by analyzing novel mutants
cfe, in which cell division occurs earlier in the cell
cycle (Fig. 2). Another finding is that the synthesis of
lipopolysaccharide, which is the main compornent of
the outer membrane, is coupled with transcription of
ftsZ which is essential for cell division. We also found a
novel multicopy suppressor gene which uncouple be-
tween cell division and cell growth.
2. Systematic analysis of unknown genes of E. coli:
The entire nucleotide sequence of E. coli was ana-
lyzed, and 4311 ORFs have been demonstrated, but the
functions of more than half of these ORFs are still un-
known. It is considered that the greater part of these
ORFs are involved in coordinating cell proliferation. To
analyze the hierarchy and network responses in ex-
pression of these predicted genes, we are isolating
mutants of each ORF.
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.
Fig. 1

“Network in a cell”

DNA synthesis Cell growth

%:wm. fisE

Cell division

cfed, cfeB(Ap4A)

/

Jis, rpokF’ kdsA, ftsZ

F: Flagellar regulon Membrane synthesis

Fig. 2 “Cell cycle of cfe mutants and their parent strain”
Normal(cfe*) cfe mutant
@{u division g
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Initiation of @,@\J
(@D DNA

Nucleoid replication

division



RERBURRHELE BEEBUECHRE

EUET €0 I A N % 4%
B F OE(EB) % Bk B

B OEIE 18 OEREIN > B K¢ E DO FEHE % FF - 7ol
Bk L, K (/){\/uxw A (& ‘iih7,>_& THEME7R A
O bIvET, ZOWBE—FHAE BV T AR5 X
TR FRE MO al a=r—ya UREE
PR RE R R U, W ISl s Tk
EEMfECEDF A nay a2, REK
BWTHER RN T2 bS5 BB+ Lo = %
e L TVWET., BERERREEFIA L7IE 'fg wW‘L%
BEMRAT & B5 08 DAY 2 12525k L T2 028 A B3 5 Fik
DB2ARDFEL IR > TWVWET,

EpFgEiE E LT T on b £7
1. BRAE2EMOT 5L IS AE I E ORI % /-
EHLENTEET, il e D e A s el
XAHFEICI DB, MEEEDIK L5 AR
JEHETE R A ATV & f wU" CHEEREE 26 2
L (REREIK OV 7 IBEYE) O % 24658
LTWET.
e ﬂlfﬁWJ“'JL TR U T 23 R 12 OO flE 1 & 4G L T
RESTIGFTICEBIL, FFEDNN— M F—L#EHELET
TDAN=A LT REHONRIHZRTHL[EREET N
WCLTHgEL TV ET

WFZEIEREN & WAT LT a vy a o /N ERRAH OIS
B X OUEE & WFZERSBE ~DficA 21T > TWET

Bt e ek ':f g :
/3'7/3")/\IPIII Abnéﬁiﬁfﬁg
CHBAYERDA (weg, h) E ) 12785,

. Invertebrate Genetics Laboratory |

HAYASHI, Shigeo, D. Sci, Associate Professor
GOTO, Satoshi, D. Sc.

We use fruitfly Drosophila as a model system to in-
vestigate molecular mechanisms of pattern formation,
in particular those involved in cell diversification and cell
to cell communication. Our approach is to combine
techniques of molecular genetics with detailed his-
tological analyses. One of our current project is to un-
derstand genetic basis of specification, growth and pat-
tern formation of adult limbs such as the wing and the
leg. We demonstrated that cell to cell signaling by the
TGFp related molecule Decapentaplegic and Drosophila
EGF receptor play cruicial roles in early specification of
the wing primordium and two distinct cell types that
constitute proximal and distal part of the leg. We also
found that zinc finger transcription factor Escargot is
expressed in response to those sighals and is essential
for wing cell fate determination. Escargot is also ex
pressed in the proximal part of the leg primordium and
plays a cruicial role in intercellular communication be
tween proximal and distal leg cells. Another line of pro-
ject is cellular mechanisms 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. Escargot plays an es
sential role in this process by regulating cell motility and
adhesion. Transcriptional and cell signaling mecha-
nisms that control the specific branching pattern are
being investigated.
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Center for Genetic Resource Information

tyvy—RMBH) I R O A
Head KOHARA, Yuji
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A huge number of useful genetic strains of various experimental organisms has been col
lected and created in the long history of biology and in the recent explosive progress of biolo-
gy. An effective system for the maintenance and distribution of such genetic strains and their
up-to-date information are not only essential to biological sciences but also very useful to med-
ical and agricultural sciences. The Center for Genetic Resource Information was established in
1997 to coordinate many projects of genetic strain repository carried out at universities and re-
search institutes in Japan and to construct the central database for genetic resource informa-
tion. Currently, the center consists of two laboratories, the genetic informatics laboratory and
the genome biology laboratory, which are carrying out the studies on functional genomics,
comparative genomics and bioinformatics.
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Genetic Informatics Laboratory

YAMAZAKI, Yukiko, D. Sc., Associate Professor
FUJITA, Masaya, D. Eng.

The Genetic Resources Databank Project formally
started at the National Institute of Genetics in April
1998. The purpose of the project is to ensure the
maintenance and distribution of genetic resources and
their information for many species. This laboratory will
be responsible for the construction and online distribu-
tion of an Integrated Database, which contains a variety
of gene pools including wild species, breeding lines,
transgenic and knockout organisms, cells and DNA
clones.

During the trial phase of the Genetic Resources
Databank Project, this laboratory has constructed the
genetic resources databases of different organisms
such as mouse, drosophila, wheat, rice and cloning
vector and implemented these databases available on
the internet at http://www.shigen.nig.ac.jp with the col-
laboration of researchers. Not only achieving the com-
pleteness of individual database but also full cross-
referencing to the relevant databases will be included
in the next practical plan. Expanding the individual
database to whole organisms will make cross-organism
searching possible that may accelerate the biodiversity
study.
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Genome Biology Laboratory

KOHARA, Yuji, D. Sc., Professor
ANDACHI, Yoshiki, D. Sc

The nematode C. elegans is a good model system
for analyzing gene expression and function at the level
of single cell since its entire cell lineage from fertilized
egg to adult worm has been described. Towards un-
derstanding of the network of gene expression in de-
velopment, we are constructing an expression/function
map of the 100Mb genome through systematic charac-
terization of cDNA species, whose number is estimated
to be around 19,000. So far, EST analysis of some
65,000 random cDNA clones has provided about 10,000
unique cDNA species (genes). BLASTX search showed
that 44% of the cDNA groups had significantly similar
genes in other organisms. Alignments of the cDNAs
along with the genomic sequences determined by the
consortium of the Sanger Centre and Washington Uni-
versity have identified gene structures and many ex-
amples of alternative splicing. We are analyzing the ex-
pression pattern of individual cDNA species during de-
velopment, using a multi-well version of in situ hybridi-
zation on whole mount specimen. New technologies
such as RNAI (RNA mediated interference) and cDNA
microarrays are also applied to the expression and
function analysis of the cDNA species. The results
obtained by these analyses are archived in NEXTDB
(Nematode Expression Pattern Database) which can be
accessed over the internet. Furthermore, we are con-
structing computer graphics of embryogenesis aiming
at the computer simulation of development.
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Structural Biology Center

tyy—R(B) L)
Head KATSURA, Isao

At —id, BGEICHEEEYFNTEE2BAT D0, T84S AICIH « U WAFJE
o — UL L TR SNV E LTS,

Ku v x—Tix, EEREDT, By G, B e, B TEg, S o 5 pFgeE 2
HVET, TNOEDOHEETIESFLADLEHMIEL L ET, BEY & MiEAEY T OBRH
B CHRAEIROIIZE 21T 9 & L bic, FENOE 2 BEE - T S22 Fiiefsg L, By
ICHEALTWET, Eiz, LFEIFZECHE S 2L T, FTNIAORFTEE 28 L WRFFEESHIN &
BATHZLICHLEBRLTVWET,

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 biol-
ogy to genetic research.

The Center consists of five laboratories, named Biological Macromolecules, Biomolecular
Structure, Molecular Biomechanism, Gene Network, and Multicellular Organization. They per-
form 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
structures. They also help other laboratories to acquire such methods and techniques through
collaborations and courses.

LE

information
13
structure

RS TFRAE BT MR MR BB
Biological Macromolecules Lab. Biomolecular Structure Lab.  Gene Network Lab.

HBSY T ABERR % 83 05 O 0
Molecular Biomechanism Lab. Multicellular Organization Lab.

Structural Biology Center
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| EEED FHEE : | Biological Macromolecules Laboratory

B B O @ Kk AEE TOKUNAGA, Makio, D. Sc., Associate Professor

DA A=) 2T —~I, £EEDTF Visualization of functions of biological macromole-
BT - HAEL - BRI A 00 | kA > THF cules is the major subject of this laboratory. We have
& 4 developed new technigues of single molecule imaging,
MW T ~UL L7 ATP manipulation and measurement.

1) Single molecule imaging of enzymatic reactions. Indi
vidual ATP turnovers were visualized using a new fluo-
rescent ATP analogue. This technique provides a uni
versal tool for single-molecular investigations on many
P THEE ABRIEL &7, XOWPETOLEZIED, L kinds of biomolecular functions.

(1)1 D FRERBISDA A —D v 7
B, BRRG1DTFETRIELE Lz, Mk DT
MEERD 1 3FA A=Y v ZICBATEET

()51 ) BEMEE, 9 1 f 2806 Tl Ze 8 6, 7n

J

f-TH) 77 AR AE 0D 100435 0 6 S HE A7 B 22 A7V 3 9 2) Intermolecular force microscopy. Single molecules
1 FHRACE VBN ERENATES, LWL were visualized using fluorescence and trapped onto

MR 72 AR EAEH OFEF L3 D 2 147> TWET probes. Subpiconewton intermolecular forces were re
1 53 F- A« HROE « BRI LT IZ L B A5 F solved at controlled gaps in the nanometer range.

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

Our pioneering work using these novel technigues
should reveal new features of interactions between bi

[HIFHAAE I OF9E 2208 L, A0 73 -FH8RE DR FN DY &

HEMTWA KX AAME LTVWES
ological macromolecules such as proteins and DNA.
HDEHA

EazZa—br2

i 5 F
HEEROD
@ (ArA—CyJ

Ryt 1 93F14 $ 2%
WY (Cy3) SNILLEATPIZ&Y, BREEE 1 5FHE] WHT NI LIEREDF 1 9F & WY T GH 5 N
tibahd (EE : MRECED, BRSPS HRHEATPE L Jn—TJxuEZX, 1 DFICWMLOFMEEERZ
FoTWLWHDOTHNM (FR) 25X 5M, RELTL Eaza—bosBMERYAA=L00T R
WV E DIEBrownEBh D & (= B A LN, [l < D FBHATP Using single molecule imaging technique, a single bio
| FTHD, /N—I(E5um logical macromolecule is trapped onto the tip of a probe
Individual ATP turnovers are visualized using fluores Interactions between single molecules are imaged by
cence emitted from single Cy3-ATP molecules (upper). measuring forces at subpiconewton resolution

Fluorescent spots are the images of single Cy3-ATP
molecules during ATP hydrolysis on an enzyme (lower).
Free Cy3-ATP undergoing rapid Brownian motion is not
seen as a discrete spot. Bar, Sum.
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protein footprinting of 670
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Molecular Biomechanism Laboratory

D. Sc., Professor

SHIMAMOTO, Nobuo,
NAGAI, Hiroki, D. Sc.

Our research interest is centered around nanobiol-
ogy, in which biological phenomena are understood as
shapes and movements of molecules. We currently
work on transcriptional regulation in E. coli by applying
new techniques such as single-molecule dynamics,
transcription on immobilizing DNA template, and protein
footprinting as well as conventional methods used in
molecular biology and genetics. Projects are in pro-
gress on (1) physiological role of sliding movement of
proteins along DNA, (2) general regulatory mechanism
of transcription initiation, and (3) contribution of physical
properties of sigma-70 to cell physiology.

We recently found that some DNA binding proteins
have higher affinities for their specific sites if the sites
are harbored on longer DNA. This antenna effect is
caused by sliding and makes two otherwise independ
ent binding events correlated, proposing a new way of
cross-talk of two biological reactions.

Initiation of transcription has been conventionally
supposed to be a sequence of steps, but we found
that a fraction of RNA polymerase is irreversibly ar
rested at the APr promoter. The reaction pathway
branches at the stage of polymerase-promoter binary
complex before RNA synthesis. The GreA and B intro-
duce reversibility among binary complex and prevents
the promoter arrest at high concentrations of initiating
nucleotide. Such a prevention of promoter arrest could
be a general feature of transcription activation.

We have substituted for sigma-70 factor with its
mutants or major sigma's of other bacteria. The sub-
stitued strains can grow within more limited environ-
ment, and physical properties of new sigma seem to
be directly reflected on some physiology, suggesting
that sigma-70 is a sensor of environment by itsself.

A. Antenna effect and new mechanisms of cross-talk through
two neighboring binding events, DNA cut, and DNA bending. The
proteins exert antenna effect can slide upon association to their
specific sites but cannot slide upon dissociation.

B. Productive and promoter-arrested pathways in transcription
initiation of Apr promoter. The arrested pathway contains mori
bund complexes (pink) anddead-end inactivated complex (pur
ple). Moribund complexes produce only abortive transcripts and
convert into inactivated complexes.

C. Examples of newly invented or improved techniques.




BIEHIHMRE p Multicellular Organization Laboratory

¥ o OB 8 # KATSURA, Isao, D. Sc., Professor
B F @ A R {2 ISHIHARA, Takeshi, D. Sc.

RUFZEZR T, MEHE LTI C. elegans vy, fhf% We are studying the genetic control of behavior in
(A A 2 B8 L ooMHBESAM A i X 0, 178 L the nematode C. elegans, referring to the neural cir-
(EFOBRERE L TV ET cuitry.

WA LR T % O CEPRO BB AR L & v, 4 Using the nervous system, animals perceive en-

vironments, process the information, and perform their
behavior. 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

R LT, RIS Ul fTihA2 & 0 4, %< DOfT7H/S
P — ANEENDEDOEREIZEK S LD TH Y, MEFIC
LoTRIESND EEZONET, C elegansiIitipiz

il i A £~ T '."r' A%, 2mmD TS, M0 HAT

WS4 — 2 DU M 2 98T 2 o b o g 7o kL & genes control behavior. Genetic methods have been

0 %3 ii'ifx;"j'f/wf‘h,? H120F T <, 3021 kR Am A developed for the animal, and its neural circuitry, which

MO N o T BB T _RTHBE I TWAS DS T consists of 302 neurons, has been elucidated com
R4 ix, C. elegans DFTRY SN SR A 3l L, # Ot pletely.

CRHEEE A IRAE LTV T, £7-, BT 7 a—=1 27z We are isolating behavioral mutants of C. elegans

F UL AN B S T O A B Az L TuE 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 jellyfish green fluorescent pro
R L, Tzl THl% OM{R O FEBLIHLC 2 SA tein (GFP), various worm strains in which a specific set

B, 777k 2 (GFP) BT %%

ST, BEE ORI A3 H6 2 Bk & 7o dipk 4

(A D wihik Bl O FZ B S B A S Tk of neurons emit fluorescence. We use them also for
C. elegans @ X 5 \ZHifli 7 €5 )V 40 C R E % e | i the structural analysis of the neurons and neural cir

B35 = &3 N AR HHEE A M /b L #E 2, cuity of the mutants.

DL 5 R AT o TUVET 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.

M L=TDC elegans DshHR (&£ &0, 3mm)
A larva of C. elegans just after hatching (0.3mm in
length)

GFP:RI{EF % £ DC. eleganstk., MR YU 2HE (L *] )ov, BHE:GABA, EF: L2l BT
Fially) OT0E—2—EHAVWTCGFPER LTINS, ETORE, —HOMBERVENXARTRDTH D

C. elegans strains carrying GFP cDNA. The mnmnlu.‘ of H(,1n’olr:msmilt(rr 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.
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& LTOF1-ATPase, KBHRNARY 27—+,
R G OMEHEK T PhoB % > /37, iSO -f-CamR #
VXY DM 24T > TWE T, F1-ATPaselt % 1-Hk3877
DDA FTIOMEDY T o=y "5, MR
T ARG TIoKTA A DY ATPIC AW L E T,
RNAR Y A 7 — VI35 2 B 9 72 Fhk38 7 DE.K
S5F T4, PhoBEHIL, o) UEEASKZICHHL
DT, B ORRF DI G 215 L £9. CamR
H N Tx, RFEIRE L TRINAfE S & XL BER YA
FREORRG 2 R L £,

PhoBZE H C K i D&, 2.0ADERESZ 5.
R 47— )L0. 5mm,

Crystals of C-terminus fragment of PhoB protein.
Crystals diffract to 2.0A resolution. Bar 0.5mm.
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- Biomolecular Structure Laboratory

SHIRAKIHARA, Yasuo,

D. Sc., Associate Professor

We are working on protein structure determination
using X-ray diffraction techniques. Proteins under cur-
rent investigation are: the aszps sub-complex of F1-
ATPase, belonging to the “supramolecules”, PhoB and
CamR, transcription regulators, and E. coli RNA poly-
merase.

F1-ATPase is a catalytic sector of the membrane
bound ATP synthase which plays a central role in ener-
gy conversion. We have solved the structure of the
nucleotide-free form of asps sub-assembly (molecular
mass 320k Da) from Bacillus PS3 F1 at 3.2A resolu-
tion. We are extending the structural study to the nucle-
otide-bound form of asps sub-assembly, and asay
sub-assembly of F1.

PhoB protein is a transcriptional activator for the
genes in the phosphate regulon of E. coli. We are do-
ing 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 pro-
tein.

CamR protein is a repressor that regulates tran-
scription of the cytochrome P-450cam hydroxylase
operon of Pseudomonas putida. We are currently
analyzing two crystal forms of the protein.

We have started a crystallization experiment on E.
coli RNA polymerase after establishing an over-ex-
pression system for the core enzyme (a2pp').

F1-ATPase acapstl&HRD =T, p7a1=v b

[F#ME, o T2y MMEKRTRY ., BEEHE A,
3 [ [&] iz sot FRih (A & S

A schematic representation of the three-dimensional
structure of the aspa complex of F1 from Bacillus PS3.
The p-subunits are shown in yellow and the o-sub-
units in red. Viewed towards the membrane. The
3-fold axis points towards the viewer.
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Gene Network Laboratory was made for compre-
hensive studies on the gene expression network of a
multicellular organism. Using a simple model organism,
the laboratory is expected to record developmental
processes including the time and place of many gene
expressions, to discover regulatory networks by study-
ing causal relationships between the functions of many
genes, and to elucidate how the structure of the organ-
ism is made from genetic information. Since the former
professor of this laboratory moved to the Center for
Genetic Resource Information on March 1, 1998, we
are now looking for a person to take up the position.
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Center for Information Biology

tyy—RMW) AEE %
Head GOJOBORI, Takashi

DNAZEEWEDORETH Y, LMD E2 S DT DTXTOERBELNLTWDEREHX T
T, OB EMGT D20 TH ) AENTEE, OREIC XY, I)NAJ,,,ULPH'MJT— e AP ¥SSLS
I L >3 TnEd, £, #is 1’-0>f’3*ﬁi".';-</)ffjffllH L FOMEEOIHICIE, A—/—a

4 E R LTS RE 22 52 IS T 5 2 L 3BT,

ZD X7 TEMGEHET OLBEICE @Hl}i' el & LT, ML v ¥ — 03K

THEABIHESILEINE LTz, 2OV Z—i, 3L a—FICL 5 8GRI OFTE 21T 9 4
SOfFIEE GRS ITIITEE, Mis FHEEN7ESE, KM WrE=, 212 EseE)

MO SV ET,

F77, AR v 2 —icit, BADNAF—#,3 27 (DDB]) AiEShTWwWET, DDBJ

RIS L OCKEDF —Z R 7 L OO LT, BBERONE, 7—%X—21k, &,
fefitle LoBEBELREI 2RI LTWET,

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 'bioinfor-
matics’ in Japan. This center consists of four laboratories, where researchers study genetic in
formation using computers.

The DNA Data Bank of Japan (DDBJ) is also located in the Center for Information Biology.
In collaboration with European and American data banks, DDBJ plays an important role in the
collection, compilation, management, publication, and distribution of genetic information.

HZADNAT — /N> 7(DDBJ)

GenBank (K[E) J EMBLT-2717° 7Y~
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Laboratory for DNA Data Analysis

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 in
vestigating 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 regu
late morphogenesis.

6. Human evolution based on polymorphisms in MHC
genes.

/. 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.

(S TR NN | Ko kY

E k4 FHRAk () L 5W/REMLK () DHERELRIEFDSH
., EHOBEFEERHY, FOOMHITEED/NY FloHd L
TWSZ Ebhd, ChiE FEEOBERMAEBLEFEET DS
EHEBMLCTRMLTLD
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from Salmonella typhimurium

19984E 128 If b= 2 N B OIEEEFEDOEESR (CASP3) THiE S 117=CbiK
122U T, B4 lLferrochelataseff D% & 5 & FI L 1=, SRR O & (FELL L TW
1=, 7 : ChiKD#iE, £ : ferrochelatase Dy, MIKT Do) v o X (FHKE, BRA NIV
FIZEBETRLTWLWD,

"“:‘ 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 upon folding
and their unique structures can only be determined
from their sequences. The interconnection of DNA
sequence-protein-fold-function-life forms, is often rep-
resented by an aspect of life that consists of one-di-
mensional seqguences (protein sequences and DNA),
but we have not yet elucidated the whole mechanism
of transformation from sequence to life. One step in
elucidating the mechanism is the prediction of protein
structures from amino-acid sequences. Recently, an
effective method (structure (3D)-sequence (1D) com-
patibility evaluation) was developed using the database
of protein structures and sequences. A number of suc-
cessful predictions show the validity of this method.
We have developed original methods for 3D-1D com-
patibility evaluation and applied them to various area for
protein structural analysis. Also we investigate new
structure prediction methods, analyze genome and
constract a protein mutant database (PMD).

ferrochelatase
from Bacillus subtilis
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. Laboratory for Gene Function

TATENO, Yoshio, Ph, D., D. Sc., Professor
FUKAMI-KOBAYASHI, Kaoru, Ph. D.

We are conducting research in elucidating evolution
of genomes and proteins, particularly in view of molec-
ular evolution and structural biology. As part of our re-
search activity, we analyzed two regions of human
genome encoding HLA class | genes to clarify the evo-
lution of genome structure of the regions. As a resullt,
we found at least five novel genes which are expected
to be responsible for HLA class 1 associated or other
diseases. We also analyzed evolutionary change in
three-dimensional structure in periplasmic binding pro-
tein (PBP) superfamily in collaboration with the Labora-
tory for Gene-Product Informatics. PBPs serve as recep-
tors for various water-soluble ligands in ATP-binding
cassette (ABC) transport systems. They form one of
the largest protein families in eubacterial and archae-
bacterial genomes, and have two types of topological
arrangement of the central-sheets in their core struc-
tures. Both by phylogenetic and structural-biologica
analyses, we obtained a reasonable genealogical chart
of structural change in the PBP superfamily as shown
in the figure below.
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SUGAWARA, Hideaki,

D. Eng., Professor

MIYAZAKI, Satoru, D. Sc.

A large amount of data on biological macro-mole-
cules including DNA have been accumulated since late
80’s. It is time for us to elucidate the relationships
among the molecules and phenotypic characteristics.
Classification is one of the most important intellectual
activities of human beings and is one of the best tools
for such elucidation.

This laboratory aims at first classifying DNA based
on a polyphasic approach in order to clarify the phy-
logeny of genes. In addition, it develops an information
base which organizes a variety of molecular and pheno
typic data in order to help researchers squeeze biolog
ical information and knowledge from the raw data. At
the same time, it maintains and improves the sequence
database that is the core of the activities of DDBJ (DNA
Data Bank of Japan), and WDCM (WFCC-MIRCEN World
Data Centre for Microorganisms).
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DNA Data Bank of Japan
(DDBJ)

/ \ Center Tfor Information Biology
National Institute of Genetics

i \qu nnmmﬂ Shizuoka 411, JAPAN

| 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 international
DNA database. DDBJ, EMBL, and GenBank exchange
all new data daily with one another. Therefore, if you
submit DNA sequences to DDBJ, DDBJ will provide
you with unique accession numbers approved by the
international DNA database.
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Radioisotope Center
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Head [ISHIHAMA, Akira
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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 radi-
ation 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
experiments 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 phos- HRARN (membrane)
phorelay transfers sporulation signal to the regulator *
protein of transcription, which induces the expres-
sion 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.

We are also involved in the project of the func-
tional analysis of the Bacillus subtilis genome, whose
whole sequence has been determined by an interna-
tional consortium including our laboratory.

etk (chromosome)

R F KA

Qﬂ“ﬁ. (mother cell)
(spore cell)

L O T R
(Sporulation of Bacillus subtilis)
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Experimental Farm

EREHE®G) B H O D Head KURATA, Nori, D. Ag.
B F R B4 B — NONOMURA, Ken-ichi, D. Ag.
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The experimental farm mainly supports research works of plant genetics in the institute.
The area covered by the experimental fields is 3ha, including a paddy field of 10a. Seven green
houses of a total of 1,600nt are used for various genetic studies mainly with rice (Fig. 1). In the
greenhouse, rice plants are grown through the year for generation advancement and for isolat
ing cultivation of newly introduced plants. There are 7 paddy plots (2.6mx4.5m) for automatic
short-day treatment which are usea for reproducing rice seeds collected from tropical regions
(Fig. 2). The facility is equipped also 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 cultivated
and wild rice species (Fig. 3).

In addition to the above business, we investigate the structure of the centromeric region of
rice chromosomes collaborating with plant genetics lab. The centromere functions to make
chromosomes divide equally in the cell division of eukaryotes. Whereas the structure of
centromeric regions is already known to be made of repetitive elements in several organisms,
those DNA sequences are quite diffrent among organisms. However, little is known about plant
centromeres. Recently, we isolated several repetitive elements locating at the rice centromeric
region, and analyzed DNA clones including those elements (Fig. 4). In future, we would like to
construct rice artificial chromosome and provide it for genetic analyses of the regulation of
chromosomal behavior in various stages of cell cycle, practical use in plant breeding and so on
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GRANT-IN-AID FOR SCIENTIFIC RESEARCH

[(SERTEERE] 1999

[ Rl O mE## | BRAFEER
~ Classification | Number of Grants | Amount
B E BT (A) X1.00074n
Grant-in-Aid for Scientific 20 164,900

Research on Priority Areas

* B OB % (A)
Grant-in-Aid for Scientific 1 62,800
Research (A)

#» B W % (B)
Grant-in-Aid for Scientific 12 38,100
Research (B)

% & B % (C)
Grant-in-Aid for Scientific 9 11,400
Research (C)

[ I S 5 R S+
Grant-in-Aid for Exploratory % 2,600
Research

9" B %8 (A)
Grant-in-Aid for Encouragement 9 10,200
of Young Scientists

K B HIF 78 B 5 ) 2
,900
Grant-in-Aid for JSPS Fellows 15 16,90
B 7 306,900
Total

(4 260 BAE)
(As of Apr. 26)
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INTERNATIONAL EXCHANGE

(HEAFHEEDZIFAN] Admission of foreign scientist

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

E #& it B wo® B & ZAHE M A
Name Affiliation Subject title Host advisor Period
FzapBE7hTI—RBR | BERFFTZFIORT I FX—F— % W 197,16
JINDRA SERFSE T MBF 1z ¥ % i 4 il
. : g . . HIROSE, §
Marek Czech Academy of Sciences | Studies on transcriptional coactivator Susumu |99, 6 .30
Institute of Entomology MBF1 o i
RNARY # F—+1 LlrE R+ HAEH
DASGUPTA | 1% R EZA B ARG | B O B B3 5 W5 VSRR | g |’98.11. 9
Dipak INDIA Saha Institute of | Studies on Molecular Mechanisms | ISHIFITAMA, §
1pa Nuclear Physics of RNA Polymerase-Transcription Akira |’99.10.30
Factor Interactions
2. BERZMMRERICKLDZIFAN
Admission of foreign scientists (supported by JSPS)
E & Afr & m ® B M SAHE oM
Name Affiliation Subject title Host advisor Period
" T
ALEXEEV, T N RT VAT )TN | BN DSOS IS I B o it NI B F1'97.6.1
Andrei BRI FT Mechanisms of SOS Response in | OGAWA, §
Alexeevich St. Petersburg Nuclear Eukaryte Tomoko |’99. 5 .30
Physics Institute
Gy B B AR O BB B
A=A b Ui DA AR #1'98.1.7
Il\gAiIt‘tI}‘l(e}vi‘II{g&in =& w7 KEE On Creating/Developing the next | GOJOBORI, §
Murdoch University Generation of Computational Tools Takashi ['99.7 .6
for Molecular Biology
— %;i; i;—.};7k»« ggﬁ'?m»z DALz AMHCD i i i
Silvana ’ The University of ?Nesp Possible Relationships between Evo- | GOJOBORI, §
e lution of Pathologenic Virus and Takashi | '99.10. 1
ern Australia
MHC
i [E] ~ 7 ANRAFAERRIG O A4 g, s
g 5 JE R M3 TN & B O TS T EOMTE | SR A B = |'97.12. 1
HUANG, B i'\in A rijul ki In Vitro Culture and Gene Transfec- | SHIROISHI, §
Zhenyong el & tion of Mouse Fetal Germ Cells and Toshihiko |'99.11.30
University ¥ | :
Reconstruction of Animal Offspring
Fe2 ST KBBWRNAR Y A5 —€ ED7 721
Jung-Shan The University of Mel- awnt R L R Y MA, ; '
bourne tion Factor Contact Sites on KEs- Akira | '00. 1 .15
cherichia-coli RNA Polymerase
e b KT OmREHEESIgIC b 5 X7 F
Jife ¥ fE A e R 9F O iRt Mo o #'98.9.1
YUM, S ;1 K%n Kwan Uni- Analysis of peptide signal molecular | FUJISAWA, §
Seungshic i a involved in neuronal activity in hy- Toshitaka |'00. 8 .31

versity

dra
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Frass i B B xR B =& SAHE B OE
Name Affiliation Subject title Host advisor Period
TR I R HBU Y 8 UARDRBRTZT6 S e 7 - iR
LIU LR B K2 — ZMBF2 HIROSE ¢
Sy Shangdong Agricultural | Transcriptional coactivator MBF2 of ’ :
Qing-Xin . ; : Susumu | '00. 9 .30
University Drosophila
T AU hERE bkt ] 7 7
F a4 RABE 22 hy | AAOSRELGILICHTIBETR | 5 5 w|99.3.1
FU, [34] L i
; % SAITOU, §
Yun-Xin . : Coalescent theory for the study of 3
University of Texas at . i . Naruya | '99. 8 .31
| Bouston human diversity and evolution
FeZ RS YT HEBENT e —FiL Xk 50F 1~
ANDREWS F—2 b7V TEN K VT D B IRIIR O A #1'99.4.1
Thomas Dan,iel Fidtkteaktin thio;ﬁél Uni- Paleobiochemistry and the Detection | GOJOBORI, S
i ° 1 of Natural Selection at the Molecu- Takashi |[’01. 3 .31
- lar Level
3. EIBEREHEFNEARRRHEEICKDZITAN
Admission of foreign scientists for NIG
E # Fr & o ® B M ZARE W\
Name Affiliation Subject title Host advisor Period
ik [ T YA i) 34 161 SR 2 ,
L T i~ i D EMATERERTEREC w B 9 |'e8.10.1
PARK, Daes ; aRL g B | YAMAO, §
Daesang Coporation R&D | Identification of ubiquitin pathway L e ;
Joon Hyun il i Fumiaki | '99. 9 .30
center specific to cell cycle control
i ] A R AR SRR Fpla-1DKR Y ¥ =
bz B | I a—=y &£ B o v |['9.5.1
AFHN, ’\{'.”‘%m%i% . | Positional cloning of the PLAI gene | KURATA, §
National Crops Experi- 3 . | L,
Byoung-Ohg . that disrupts conversion from vege- Nori | 00, 3 .31
ment Station
tative to reproductive phase in rice
(M EM %) (Fm104EmE) 1998
oot ol Tl gl A 0 TETE D gl 0 TR G R
i F ool ST ol Europe Asia Oceania | Africa Total
#Numbel:ﬁ 38 3 41 21 o 0 108



ACTIVITIES FOR THE PROMOTION OF RESEARCH
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[Biological Symposia)
FURDORFTE 21T > TV DK B OSEAWFFEH £ 721
HAANBIZES 2 RN &, wmaHm 21,

[(BFEEFER=ZERER]

BRIERT R O = B AR O 22 BT S 4L, TR &
LCA 1 EIREES HIC X 5 B RRR & i 2 (7 &
T,

[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 and Japanese scientists.

[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 presented and discussed by
participants once a month as a rule.

Biological Symposia

GRADUATE EDUCATION ACTIVITIES

E = ETFIE AT, MRS 2R AP Pk
& UTHFERIAICHS D L L biT, hRFEORERHE
WAL, A OMIERRE ATV, BRSO EE A & 1 42
EDE - A « NLKFOKFEREEZZ T AN TWET,
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NIG continues to play an important role as the cen-
ter for various genetic researches and as an inter-
university site.

Since 1984, NIG has been training graduate stu-
dents from public and private universities all over Ja-
pan.
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[Visitor's Day]

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

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

[ 7\ BE St t5e O |
(HEERE]

1 [E, FK, B TABFEREE 2L LT, —MiK

Z Xt RATRAR T P2 2 P L TV

[Public Lecture]

Once a year, in autumn, NIG sponsors a special lec
ture in Tokyo for the public, presented by the resear
chers of this institute.

1
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DEPARTMENT OF GENETICS, SCHOOL OF LIFE SCIENCE, THE GRADUATE UNIVERSITY FOR ADVANGED STUDIES

(B )

BAWFIER BB, KRFPLFEF MR & O8R5
WADTIC, ZOENTHIEHEEZTEH LT, @ED,
DO EBREC b BT KEFEBEDBE M 21TV, # L
WEER S B 2 BRTE T 5 & L bic, ZERER OSBRI
BWTEEHHFZE DT LW AU S AT 3 T & DR IA
VR A0, ARSI e E 2T S 2 L A H
mELET.

HHEFELE, Bn s L 5 A SRR &
HEZE L TREOIFHO—Hi A 5 b DT,

(BEHROBE]

BRI, EMBES ARG L OMEO L LIS
LEMTY . ZOFRNE, 16k HAYF DRI L
CELT, HY - JY - BY - KPFEOMEST L LI
WEb D b o TEE L, ITEORFLNVTEIT
ZBEFEOERE LWEBRICHE-T, 48 TIRIEL £
BEEoRiEE L TEEREEIZH Y XoIchkh ELL,

AEIL, RHE L 72 5 E SR FIFZERT T Hih T
W55« M - fEE - SBEAORFE I L D
7 HoME &9 D IG HBIREZE S BRI RV T, RS DS S i
BEEEIED L BT, BETHOMANWED B 2 HFJE
BizoWT, BEL OEREYFRMEE, LEHsNT
DNAT —# _X—ZWONTHIBR « 74 Y b — 73855 %
HIEH L THEEMNELT>TWET,

[(HBEMEDRE]

SR VAN - JEMsE @ BE DDA IR T,

Btd D5 KA RE L TWET, £k, SKilkE
VS 23R T, RMRAY 7R Sl e & & b ICHFZERR i
DOfFEtE LTWET,

S BT, FHE L 72 2 ENLB R FEFTNIC B W\ T NE X
D HZERE) (NEASHi 2 2 - —, Biological Symposia
B) OBMEHRBOTL L L LI, RMEMRHEE S Z
—, EWREEFEEREE T ¥ —, Ml st
VE—, ERIERGEE L E—, B TA Y h—F
o H— R OERE, SRR, HEEk - RIS A0
WKIEHATEDL RO TVET,

78

[Aims)

The Graduate University for Advanced Studies was
established for creative researchers who possess the
vision to find answers to fundamental problems in vari-
ous 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 bio-
logical sciences, agriculture, medicine, and pharmacol-
ogy. Recent remarkable developments in genetic re-
search 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
offers practical experience and encourage students to
carry out their own research. Students are asked to at-
tend periodic scientific activities such as seminars and
symposia sponsored by NIG. They can use facilities of
the Genetic Strains Research Center, Center for Ge-
netic Resource Informatics, Structural Biology Center,
Center for Information Biology, Radioisotope Center
and Experimental Farm.
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DEPARTMENT OF ADMINISTRATION - TECHNICAL SECTION
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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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NATIONAL INSTITUTE OF GENETICS
50th Anniversary
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