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The National Institute of Genetics (NIG) is located in the city of Mishima near
Fuji-Hakone National Park. It was established in 1949 as the central institute for
studies in the various branches of genetics. During this period, genetics experi-
enced a revolution to become the basis for every branch of life sciences. NIG was,
therefore, reorganized in 1984 as an inter-university research institute to promote
collaborative studies among scientists of various fields. NIG is serving as a stock
center for various genetic resources and DNA Data Bank of Japan, as well as to
provide excellent research activities for inter-university studies. In 1988, Graduate
University for Advanced Studies was founded and NIG is now undertaking the re-
sponsibility for graduate education as the Department of Genetics.

Molecular techniques now allow us not only to decipher entire genome sequen-
ces of organisms including human, but also to understand details of higher biological
phenomena, such as biological evolution, cell differentiation, morphogenesis and
brain function. NIG has been exploiting the evolving nature of genetics to extend the
frontiers of life science. We wish to make the continuous innovation to maintain and
expand our scientific activities. To do this, we would like to welcome your critical

comments and suggestions about our current research activities and future plan.

Director-General Yoshiki Hotta

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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+ bR EAE 105,312m
Institute Facilities and Grounds

T Z A B bt 96,069m
A ER | Institute area
Details | 5 & # i 9,243m
Residential area
VeI (RmEE) 13,142m
Building area
(JEETE) 28,971m
(Total floor space)

(ERNFE6 B 1 A1)

A HZRA AR
Main building

B X#&E
Library

C HIREEAE
Laboratory building
Din =
Lecture hall
F LS 5 2 Bk =
Radiation laboratory
G W& EPEmRtE Yy —
Structural Biology Center

H RI%ER%

Radioisotope laboratory

J PR R A SR BR A

Internal radiation laboratory
K SO0 &

Bird hatchery

L Ao =
Main machine room

M BT 5t SR
Computer building
N & 2=
Silkworm room
P XX=MB&
Mouse breeding building 1
Q 98 818 E e A
Guest house
R RiEMRRtE V5 —

Genetic Strains

Research Center
AW REEE Y5 —
Center for Genetic

Resource Information

S HA MR
Attached silkworm building

T A W) B SR A

Microbial research building
U & X = M

Mouse breeding building Il
VS I (] 45 R AR

Administration building for
experimental farm

W AEentsiRirzet > 5 —
Center for Information Biology



Organizational Changes
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The National Institute of Genetics (NIG) was iRl w iR oo e .- X MG ETRE
founded on June 1, 1949 under the jurisdiction ik {7?954 6 24 1995.4. 15 TETY L
of the Ministry of Education, Science, Sports e = f
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search to advance the knowledge of basic and —
applied genetics. The institute was established ’
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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.
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1997 Apr. 1

Oct. 1

1998 Apr. 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.




ORGANIZATION
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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, University of the Air

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 Emeritus, National Cancer Center

TSUNEWAKI, Koichiro
President, Fukui Prefectural University

TOYOSHIMA, Kumao
Director, Sumitomo Hospital

HIROTA, Eiji
President, The Graduate University for Advanced Studies

HIROBE, Masaaki
President, University of Shizuoka

MATSUO, Minoru
President, Nagoya University

MATSUBARA, Ken-ichi

Vice-Director, International Institute for Advanced Studies

MIURA, Kin-ichiro
Professor, Faculty of 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, Michiko
Professor, Graduate School of Science, Nagoya University

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

SHINOZAKI, Kazuo
Chief Scientist, RIKEN Tsukuba Institute

SEKIGUCHI, Mutsuo
Professor, Fukuoka Dental College

TAJIMA, Fumio
Professor, Graduate School of Science, The University of Tokyo

HANAOKA, Fumio
Professor, Institute of Molecular and Cellular Biology, Osaka University

MATSUURA, Etsuko
Professor, Faculty of Science, Ochanomizu University

ISHIHAMA, Akira
Professor, NIG

OGAWA, Tomoko
Professor, NIG

ARAKI, Hiroyuki
Professor, NIG

HIROMI, Yasushi
Professor, NIG

HIROSE, Susumu
Professor, NIG

IKEMURA, Toshimichi
Professor, NIG

SASAKI, Hiroyuki
Professor, NIG

SHIROISHI. Toshihiko
Professor, NIG

KOHARA, Yuji
Professor, NIG

KATSURA, Isao
Professor, NIG

GOJOBORI, Takashi
Professor, NIG
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r Ok # B Bl A& Director-General  HOTTA, Yoshiki
PEREERGD @R N )] B A Vice-Director OGAWA, Tomoko
P FEEGCHER Department of Molecular Genetics
BFFE 5 (FF) o 1 Head ISHIHAMA, Akira

S FEGARZEERPY Division of Molecular Genetics
B, ok H Prof. ISHIHAMA, Akira

B F e OH F 2 Assis. Prof. FUJITA, Nobuyuki

B F e & Assis. Prof. MITSUZAWA, Hiroshi
B P NS Fi7 Assis. Prof. KIMURA, Makoto

Z BB Division of Mutagenesis

By # 4% B X M Assoc. Prof. YAMAO, Fumiaki

Bh T == 5 Assis. Prof. KISHI, Tsutomu

B F N R | Assis. Prof. SEINO, Hiroaki

KB b B ZRERPY Division of Nucleic Acid Chemistry
% BB A% K OAK H A Adj. Prof. MIZUMOTO, Kiyohisa
(b HLK S SRAE i A7) (Prof., Kitasato University)

B # 20 o - Assoc. Prof. TANAKA, Kan
CRRUR 53 1 MR A W W 28 P Bh 2% (University of Tokyo)

R CHZE R Department of Cell Genetics
TF7E A () W OK Bh 2 Head ARAKI, Hiroyuki

HR R AR 2R B0 P Division of Cytogenetics

Ho® INOJI B F Prof. OGAWA, Tomoko

B # 2 A T N Assoc. Prof. IMAI, Hirotami

B F moh e 4 Assis. Prof. TANAKA, Shigeo

B F K 7 Assis. Prof. OHTA, Tsutomu
MY E(RZEERRY Division of Microbial Genetics
. TRk BL 2 Prof. ARAKI, Hiroyuki

B 12 7 Mok — Assoc. Prof. YASUDA, Seiichi

W T A B Assis. Prof.  KAMIMURA, Yoichiro
S S {EE SRR Division of Cytoplasmic Genetics
% B E 2 M — Adj. Prof. TOMIZAWA, Jun-ichi
(ISR AT 28 i 40 3 %) (Prof. Emer., National Institute of Genetics)
% B - K & M Adj. Prof. NIKI, Hiroaki

(BT TR AR S OF7E & > 2 —WFJE 3 321 T) (Laboratory Head BSI, RIKEN)
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Department of Developmental Genetics
Head HIROSE, Susumu

Division of Developmental Genetics
Prof. HIROMI, Yasushi

Assoc. Prof. FUJISAWA, Toshitaka
Assis. Prof. SHIMIZU, Hiroshi
Assis. Prof. HATTA, Masayuki
Assis. Prof. OKABE, Masataka
Assis. Prof. HOSOYA, Toshihiko

Division of Gene Expression
Prof. HIROSE, Susumu

Assis. Prof. MINATO, Kiyoshi
Assis. Prof. YAMADA, Masa-aki
Assis. Prof. UEDA. Hitoshi

Division of Early Embryogenesis
Prof. TAKEDA, Hiroyuki
Assis. Prof. KAWAKAMI, Atsushi
Division of Physiological Genetics
Adj. Prof. KIYAMA, Ryoichi

(Senior Researcher, National Institute of Bioscience and Human-Technology)

SHIRAKAWA, Masahiro

(Nara Institute of Science Technology)

Assoc. Prof.

Department of Population Genetics
Head IKEMURA, Toshimichi

Division of Population Genetics
Assis. Prof. TAKANO, Toshiyuki
Division of Evolutionary Genetics
Prof. IKEMURA, Toshimichi

Assoc. Prof. SAITO, Naruya
Assis. Prof. TENZEN, Toyoaki
Assis. Prof. FUKAGAWA, Tatsuo

Division of Theoretical Genetics
Prof. KONDO, Shigeru
(University of Tokushima)

Adj. Prof. KITANO, Hiroaki

(Senior Researcher, Sony Computer Science Laboratory Inc.)

Department of Integrated Genetics
Head SASAKI, Hiroyuki

Division of Human Genetics
Prof. SASAKI, Hiroyuki
FUJIYAMA, Asao
SADO, Takashi

Assoc. Prof.
Assis. Prof.
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Division of Agricultural Genetics
Assoc. Prof. KAKUTANI, Tetsuji

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

Division of Applied Genetics

Prof. TAKAGI, Nobuo
(Hokkaido University)
Prof. NAGATO, Yasuo

(University of Tokyo)

Genetic Strains Research Center
Head SHIROISHI, Toshihiko

Mammalian Genetics Laboratory
Prof. SHIROISHI, Toshihiko
Assis. Prof. KOIDE, Tsuyoshi

Plant Genetics Laboratory
Assoc. Prof. KURATA, Nori
Assis. Prof. ITO, Yukihiro
Microbial Genetics Laboratory
Assoc. Prof. NISHIMURA, Akiko
Invertebrate Genetics Laboratory
Prof. HAYASHI, Shigeo
Assis. Prof. GOTO, Satoshi

Center for Genetic Resource Information

Head KOHARA, Yuiji
Genetic Informatics Laboratory
YAMAZAKI. Yukiko
FUJITA, Masaya

Assoc. Prof.
Assis. Prof.

Genome Biology Laboratory
Prof. KOHARA, Yuiji
Assis. Prof. ANDACHI, Yoshiki

Structural Biology Center
Head KATSURA, Isao

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

Molecular Biomechanism Laboratory
Prof. SHIMAMOTO, Nobuo
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Assis. Prof.

SOGAWA, Kumiko
Assis. Prof. NAGAI, Hiroki
Multicellular Organization Laboratory
Prof. KATSURA, Isao

Assis. Prof. ISHIHARA, Takeshi

Biomolecular Structure Laboratory
SHIRAKIHARA, Yasuo
MAENAKA, Katsumi

Assoc. Prof.
Assis. Prof.

Gene Network laboratory
Assoc. Prof. IMAMOTO, Naoko
Center for Information Biology

Head GOJOBORI, Takashi

Laboratory for DNA Data Analysis

Prof. GOJOBORI, Takashi
Assis. Prof. IKEO, Kazuho
Assis. Prof. IMANISHI, Tadashi

Laboratory for Gene-Product Informatics
Prof. NISHIKAWA, Ken

Assis. Prof. OTA, Motonori

Laboratory for Gene Function

Prof. TATENO, Yoshio

Assis. Prof. FUKAMI-KOBAYASHI, Kaoru

Laboratory for Molecular Classification
Prof. SUGAWARA, Hideaki
Assis. Prof. MIYAZAKI, Satoru

Radioisotope Center
Head ISHIHAMA, Akira

Experimental Farm
Head KURATA, Nori
Assis. Prof. NONOMURA, Ken-ichi

Department of Administration
Head UEZUMI, Kiyotaka

General Affairs Section

Chief KOBAYASHI, Akira
Assistant Chief  YAMADA, Katsuhisa
General Affairs Unit -~ AKIYAMA, Keigo
Personnel Unit ~ SATO, Tadahiro
Research Cooperation Unt -~ NITTA, Kiyotaka
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L[RRFZE 15 -2 NS Collaborative Research Unit -~ SHIBAMOTO, Fumiaki

A EHRE | | Information Resources Ut~ AKAGAWA, Tetsuro
= 5t & Financial Affairs Section

R = I 2 A — Chief TAKAHASHI, Shouji
WM e % M W Assistant Chief  SATO, Takaiji
RHRE I S Administration Unit  HIKICHI, Mitsuo
PR E % O X B Accounting Unit - ANDOU, Matami
AR oA Fn i Supplies Unit ~ SAKAMOTO, Kazuhiro
R i = BB Property Unit UMEZAWA, Saburo
e iR e I = I E /N Facilities Unit MAEDA, Yoshihiro
¥ i &R Technical Section

Wk A OH OEET Chief ISHII, Yuriko

Yt Animal Unit

B R 5% o Unit leader SAKAI, Masako
R R Technical Group- leader

Bk tR R Technical Group- leader

HEY) - AL Plant-Mizrobial Unit

o E Jii B Mk Unit leader HARA, Tomio

W —Hh R R A = Technical Group-1 keader ~ EIGUCHI, Mitsugu
R R R . Technical Group-1l leader

BEER UL Mechanical Unit

R ~ WM OB O Unit leader YATA, Katsunori
5l R R ot Technical Group-I leader ~ ASHIKAWA, Yuuki
R R Technical Group- leader
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Equipments and materials
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Department of Molecular Genetics

MRERMW) A & A
Head ISHIHAMA, Akira

1. - FEEIEEM CiE, REEAEY, BEY, UA NV ACET 5EEHRO THRE & Z O]
O, 259 FOKETHZE L TWES, K, BEE ;“M RNAKRY % 53—V HEE 47 %8G
A IR UM DA A, E e F oIk /JJ“{I\ R R RN TRENAT S /Y N [ arey
EOfRBHC, W) k*?ﬁ\"’bﬂ’(b‘?ﬁ’(l}
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3. EALsErgEimr ik, R - iRE - B L ORBBIG O K ’I\WH“ [ e RS R E E
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(., 74 AmRNAGKAES & 27 7 A RO FIEBERE O ML 2 B 5 U 72098 2374 J/f L CWETS

This department consists of three divisions. The following research is being carried out in
each division.
1. Division of Molecular Genetics: Regulatory mechanisms of gene transcription in bacteria,
yeast and virus systems, focusing on the modulation of RNA polymerase specificity through in
teraction with transcription factors.
2. Division of Mutagenesis: Molecular mechanisms of cell cycle control in cultured animal cells
and yeast, focusing on the involvement of selective protein degradation by ubiquitine systems.
3. Division of Nucleic Acid Chemistry: Structure and function of the molecular machineries in
volved in replication, transcription and translation.
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Division of Molecular Genetics
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Assembly of the Fission Yeast RNA Polymerase I

(ooa)

Rpb11

Rpb3-Apb11

“Assembly cores”
Apb2-Rpb3-Apb11
RpbS m Rpb1-Rpbs
TS ’
Rpb2 "

Rpb7
bly Inter iate”
Rpb11 Rpb1 ) Apb1-Rpb2-Rpb3-Apbs-Rpb7-Rpb8-Apb11

© RpbY
g © APDA = gt
' ORpbE S ppbi2

Rpb2 A Polymerase Il
“Core Enzyme"
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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 regulatory mechanisms of gene transcription in
prokaryotes, eukaryotes and viruses.

1) Global regulation of transcription in prokaryotes: The
RNA polymerase core enzyme of Escherichia coli with
the subunit structure o2Bp’ is interconvertible among
various holoenzyme forms by binding one of seven
species of the o subunit. Functional differentiation of
the core enzyme is analyzed by measuring the concen-
tration and the core enzyme-binding affinity of each o
subunit. The holoenzyme is further specialized into
multiple transcription apparatus through interaction with
various transcription factors. Systematic efforts are
focused on mapping of the transcription factor contact
sites on the RNA polymerase and measurement of the
transcription factor levels.

2) Transcription apparatus in eukaryotes: RNA poly-
merase Il of the fission yeast Schizosaccharomyces
pombe is composed of different subunits. To under-
stand the specificity control of RNA polymerase I, ef-
forts are being focused to reveal the regulation of syn-
thesis of individual subunits, the assembly mechanism
of 12 subunits, and the molecular interaction network
of each subunit with transcription factors.

3) Interconversion of viral RNA polymerase between
transcriptase and replicase: Transcription and replica-
tion of the viral RNA genome is catalyzed by a single
species of RNA polymerase. Influenza virus RNA poly-
merase is composed of three viral proteins, and cataly-
zes multiple reactions including cleavage of host cell
capped RNA, capped RNA-primed transcription initia-
tion, RNA chain elongation and poly(A) addition for tran-
scription, and de novo initiation of VRNA- and cRNA-
dependent RNA synthesis for replication. In parallel with
the molecular anatomy of RNA polymerase, the search
for a host factor(s) involved in the interconversion be-
tween transcriptase and replicase is in progress.

Classification of Escherichia coll Transcription Factors

,
[ 0229@ _ o clasen
‘oOo(iC factors
Class-| (
vt Glasell
3 |
.. ® =l . 0
e°® . 0®o
® 00 <o @ e
CLaY Y { *"e
e g "V~ , %
°q ¥
\
oo ,.. Class-tV
......0 factors J




| 2 Rk GHZREP i

By B o | B X BH
B F (I BF £
B OF () B B & B

R A 1 M5 & e R o

HIRLPN O EER O Br LG & L THRDA A— U T 2
LA H T - I E [ E R, ﬁffi@ TR R 7
FIOMERE I RS & L CHEFHMi SN D ICE->TWD, #
ZTHIL R B A > TN DD iiL%?/ﬂki%
WIRIVE A DR ChH D, 20X F U v AT AP
7R EERIER & LTI S NS DI T OB B L 5
Iz, 2EXTF URKRIIHED TERICDIET D0 2T
— RV AT & U THEMBLGD SRR L R SIS L
THIHIER & 3y hT— 7 2R LTS Z L, H
i, ZOfRELTEXF Ol 4 MR,

AN R, WA, R, o ovsiE, TR R
—V R, ABMUVRIGE, RERELEZRICHIED, A
Fa =D HDEPHICKATEXIETHDL,

EXF o OBMBILELERBRIELEOEMTH Y, Rl il
a2 X F oARE A2, BECIESH H O g
TR E e Y ET ETIEB 2B VWARLTWS (XB

MWBIFZE T VAR VR R o 2 i e S YDl 460 D 18 A
BEFGE DTS, YA 2 ) 2 L Cde2MPF (M)
(e [Kl--) 2R3 5 &9 JEIIE o K 27~ Oz LA
%, CDK (%A1 27 ) ARFEMENXH—1) OZERMEOFHN,
CDKInhibitor & L TOCKIDIE WL A6 UEFVE Y il
12 XD HIEAS K & 2B A LA, FORBAIETIE, =
B X F AT X D BRGNS 3 Y b DUkt
DA E AT SR A A D SEARPO R & L TGRS
HIVD, FAUIER A M oOMRYE, daEE, AS ATk
LN W EASIEF 72 - T i 0D [ 31 BE O 161 4801 ko T
BT HLDIENLTHS

BT W Mg T AL
MR (- M wE  RB SE
ELLC R

EENm €

i MK

MBI ONAGIK I/ VAR KE

Division of Mutagenesis

YAMAOQO, Fumiaki,
KISHI, Tsutomu,
SEINO, Hiroaki,

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

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 ubiqguitin-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.

% @M@ @2

=3 | BB T Z B DNARRE W8
e R

ﬂ*:,-:’ 9 " e 3’ %

AEFF U EAEFF UHEAK SO RIGHEM TIREEMES C L, SR OREERE

fifi i C T % < OMIBRMAEE I L TV S,

(By courteasy of H. Yokosawa)



%ER{LF & B IRERPT

ERHE B B K K B X
LB KPP HIR

EEMEE B & H & )
RRAFF D 4 YRR

1) =4 F ZEHRNAY A )V 2 O GHER O 5y 1B FAK &
T DRSS ORI 2 B8 LIcif e 247> T4,
YHEATANA (SeV) PDmRNAGHK LS F v v v 7D
BRI OWTIE, KLY A 20T X B in vitrolis 55 %
WT, fEERFREOEM & Z 5 O 2 fiftr LT
WEY, ki, SRR &LFT, 7T
VWA NVARNAR Y A F—BHE LMY + v 7RNA
Z K ST YW D R R MERE &, MLl 2 BV TR
LTWET ($5Y - kA),

2) MED T v T— 5 — W I I R D R D EHD
VI RFBREELTWETE, 20X 5 RREROE
TN E LT, KRB R s 7 7 v & — 4 — & 8l
T5V <708, EFMBETOETECHEET 5/~
38DKF M DIENN D 531 FoM, TEMETH T I oV TR
HrafEdTnEd. £, HARME-CHYHERA T,
VT RFRIC X DEBERERICONTH O TIH~T
WET (5 - @),

i st P a2 f
¢ Bt ) i . :
\ 25 pis:
= J P T
3 f iy
) d "

LI ¥ ~
EUHATAINADTERMEE (—) RNAY / LESORKA N
Ha7
Sendai virus nucleocapsid containing a single strand (=) RNA
genome

26

L Division of Nucleic Acid Chemistry

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

TANAKA, Kan,
(Associate Professor, University of Tokyo)

D. Sc., Adjunct Associate Professor

1) Transcrition apparatus is associated with all negative-
strand RNA viruses. The molecular architecture and
reaction mechanism are being analyzed for the RNA
polymerases associated with Sendai virus (SeV) and in-
fluenza virus. The research of SeV RNA polymerase is
focussed on the roles of the host factors which we
identified as the essential components for viral mMRNA
synthesis. The analysis of structure-function relation-
ship of influenza virus RNA polymerase is being carried
out in collaboration with Division of Molecular Genetics
(by K. Mizumoto).

2) The switching of transcrption pattern in Escherichia
coli is mediated by replacement of the sigma subunit
of RNA polymerase. The growth-related genes are
transcribed by RNA polymerase containing sigma-70
while the stationary phase genes are by sigma-38 RNA
polymerase. Molecular basis of the promoter recogni-
tion difference between sigma-70 and sigma-38 is be-
ing analyzed. In parallel, transcription regulaton by sig-
ma replacement is studied with photosynthetic cyano-
bacteria and plant chloroplasts (by K. Tanaka).
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Department of Cell Genetics

MEEBRW) T KA 8L K
Head ARAKI, Hiroyuki

MBI ZE R T, M TSN BB E D LV THATLZ L2 HEEL TR
D, MEHAYR 2 W TEFZE D AT L TiTh TV E S

BT D X 9 TR E 3 T T,
1. AIRREEOFEERM Tk, £ OFEOLRAF & EmOMERHC D 2 sE 4/, WsE, b
AR, AR e TR A B L AT LTV E T, A, WL sk S B R o 43 B iz BY
D2 MG AL 2 Kk &, DNAGEDOEEBEE, *Fh t‘)‘/a,’(llllmllw}'/) o B HE & e fa iR 2 &
AT L, AR CTEEREE TR TER I OBRFNEZH O LIS ELTWET
2. WEYBRIIEE T, K & R A VW, <"; ) rdilJNx\fB"'\W 7 1B & = O
TR e i 1 R 2 ,’ Tk & AL FIE 2 BRE LT L T g4, X 5z, B4
) D Yt ARDN AR AS B4 12 7 o T BB < —;ﬂmml.'.ltw)s1U1r vy 7 RA LV FOBFLARLT
DOIRMT 24TV, MR & et ADNARRI O LWL O e LE 9 & LTWES
3. MR M % B T, MR 2 OB A AR5 2 b b RFEhREEL & T S O M4
WA B =R DRI HNCT B IDBETRESY 2 (FynF v v ) UELBRRE~ Y ) Off
BrZ4T > TV ET

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 observed at the cellular level in molecular
terms.

1. In the division of cytogenetics, the genetic recombination, repair of damaged DNA and their
regulation are being studied through analysis of the function of relevant gene products and of
the structure of chromosomes.

2. In the division of microbial genetics, the molecular mechanism and regulation of chromosomal
DNA replication in [)mk'ary()li(‘ 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 (:ytu;)l;lsrm(: 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 behavioral 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 unwound.
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BB OE B ) B'E F
BHE B2 & S H 5 B
B F E ® B P & &
B F ®(E) KX H A

AR PR 2 VA e Sl IS T | FhE D
WMLz 1x, DNAO _HEUIMchbEn &4, #1L T, #
O X A7z R BEHD N AGEIE 23 & 4, iii»fl?i'll)N:\//\
FRAER 72 B HE O 2 5 - TeDNAS - 2 842 L b, f
a2 BOSH MG S E T,
RE D Pl E o AN AR % D 2 FEH UMW & F O A i
DO—FF DDA T, MrellZ EHE IXRad50 & Xrs2%4 H1/E
bR Tl E £, Mrellld#hE O oo 2 %%
FE &G LTl E £33, 1 OO
) £4 A, Mrell OC-E Ul iX I Wric L3 T, Ik
B RN RO EAE LA L ES i, N 4".‘:‘,‘.
EDNAS O FIHOMACIZEE 54 AMn" Mk fFO X 7 L
PIEMEIC LT, Mrelllt FFODN Ak A3

lRih, I Im”'l”}‘ & D E A f\w L i, C-A M
ERALIC & D A A ERALIT UIMNC L BT, $£ 72, Mrellid
Rad50 & </>:{:[,',,\;;|3(u,'. 2> TWET ~ DL H
OGO AL OFLEA B & MLIci <, FhEh o
BROF R AEREICLTWD L& 2 r,),u 1 l

Mrellid, #7z, DNAOEEOERICME £+, —0
e, MrellidRad50E Xrs2 "fk{f.‘M MED 2L s
C, BERIEX 7 L7 —BIERGFEOKIE FHFEMEMR L) &,

HH

Ly dl7]/3|1||\ RSP

JEEAF OB GEFARIRLR 2 3 ARbeis & BOR)  TTrdh
+

DX 9T, FM AL, Mrellasfili4c O I & O A
fEFNC & » THEAHT LR EIE TITbh 5 2 L 2sbhs

DNE LTz, MrelllZE 727 v 2 7R OMERHZ & 3T
fic, 7 ) ORI E T 8 AT Ol &

¥ 7 AT L, Bt Ll o #5034 ©

Colocalization of Mre11 with Rad50s or Xrs on meiotic nucleoids (

. Rad50 .
. LECEL .

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 sequence 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, Mrell 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.

Mre11 has two sites to bind to DNA, the central site
for DSB processing and the C-terminal site for DSB for
These
functional dualities would permit binding to two DNA

mation. It has two regions to bind to Rad50
molecules simultaneously and to the same DNA sef
ment differently for different functions.

5, Mrel11 participates in repair of DSBs
activities and

In mitotic cells
by reactions that require the nuclease
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 Mrel1
that are expressed alone and in collaboration with dif

ferent proteins.

7.5 hrs) of radb0S. Green foci represent Mrel1,

red foci represent Rad50 (upper) or Xrs2 foci (below) and yellow foci reveal that each protein colocalizes on the

chromosomes. Blue regions show the

same region by DAPI staining
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¥ B B @ T K Bh 2 ARAKI, Hiroyuki, D. Sc., Professor
Bh#ee B O %2 B OB — YASUDA, Seiichi, D. Sc., Associate Professor
B F W(E £ N B—EBB KAMIMURA, Yoichiro, D. Med.
YettAADNALY, #fE2ZICHRHE L TIEfEIcEie <, Chromosomal DNA is replicated accurately in ac-
AR R SR TWE F4, Z O LY, B cordance with cell division and segregated to daughter

ST D P EREICE D > TV £, ABFE Y cells. This process ensures cells to transmit accurate
Clt. KM & SRR % 7 N RS A ) b TR A 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-

DEFNFHE LT, RaEDNAGROHE & NDNAW Y
LS o 3 A SR S D BRI DWW THFZE AR LTV E
Y y/| LAFD X9 /;‘(I” "/",’/)&i“{f]"[' QR

1) KBl Oge il “oriC” LI SRl L ic site (oriC), where the DnaA initiator protein specifi-

DOREITE O & Pl S E |'rW1|'iﬂ “{IDnaA &\ 9 K cally binds to initiate series of events that leads to DNA

ML BETT 0, ZOEEAEOTEMICIIDnaK7ze KD replication. To understand the control mechanism of

y_u EAEAMEboTWET, TUHEBAEICED replication, we are studying protein factors, including

DnaA%E FVE OFEVE DB & defa kDD 2 5 = L K| molecular chaperones such as DnakK, that interact with
TR T the DnaA protein.

2) Eukaryotic chromosome is replicated exactly once in
the S-phase of the cell cycle. If DNA replication is

2) KA O aRE, M E o S 1 EEE 1

WanFz7, &k, DNABKICR /["""/}Ill L% &l 6] blocked or DNA is damaged by aberrant replication, a
F oo 2 A 2 b ASHIRRE I 2 1k, DNABIR & i 2 checkpoint system arrests the cell cycle. Components
R RSHETVET, TOF =y 7 RA b THRE of the replication machinery have been suggested to
%D DA, DNAMKO KN 285 L TWDHZ L2378 act as a sensor in a checkpoint. We have also revealed
e XL TVET, Fo4 23l L 72 HH3ER%EREODDPb11 %, DNA that the Dpb11 protein of budding yeast is required for
B b F = v 2 BA v MzBboTWET, #Z G, Dpbll DNA replication and a cell cycle checkpoint. To under

BDNAKM & F = 2B AV MZIBWT ED L 5 72 E stand the function of Dpb11 in DNA replication and a
i TN DA, BHE A T8 b AL T 1 % checkpoint, we have been studying Dpbl11l and other

related proteins genetically and biochemically. It will re
veal the relationship between DNA replication machin
ery and a checkpoint.

WTl~, BRER . F =y 7K MO 25

DNA replication

/
Ore  Cdc6 e
{ o (o]
JMcm
\\
Dpbll Dpb 117

S-phase checkpoint

Cell cycle arrest
DNAHMIM & SIIF = v O RA > b, BBICR¥EAECSH &, Dpbll
[FENEZRH L THREAMESEILEED
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

DNAME SRS IERF O H R OZOMME, BAERME (1,2) (&,
KEGIFEH L&(L’T‘[HW"W‘I’I[\I (i d 5, FxyvoRA 2}

ORWEMETIE, HEHBLEY (3) BhTWND (4,5)

Nuclear morphology of tnuirm g 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, D. Pha., Adjunct Professor
(Professor Emeritus, National Institute of Genetics)
NIKI, Hiroaki, D. Med. Sci., Ph.D. Adjunct Professor

(Laboratory Head BSI, RIKEN)

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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Department of Developmental Genetics

MEEXHRWB) FE O i
Head HIROSE, Susumu

1. ;LﬂluﬁJM»LAIN YauvaunzkOt K7 &M, BiiAIcsiT 2R - M
Fe iy R A AR L - R OISR RS L B L, AR A T o TV E T

2. WY n;wl|'ov;;i|;1”1'c»'- L, Yavvavunm, hAakEERHWT, HEOFRE - REERIC
BOWTWANWSOBBIEE B2 ED L 5 2 il TRBLT 200, RS - el - Ml - fEE
LV THFE 2 ED TWE T,

3. PIRAEMIEEMTIE, B7T7 740 v a b 2 X H RO THEREEM ORI 350 2 (Rl
R3S L ORI R OB 12 DWW TRFZE 2 T > TWET

L. AL A BRI T, EEREKIEEEE NMR) 12k b, Z U3 2|, B2 6 08
BAR DSBS 2 R E U, AN TO 51 REak i 2 iF 78 L Ty g

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 backgrounds 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 and medaka 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.

evless MG F D HRIMIZ £ > T (=R & - HMAR
(ALMB), RIEFORFOFKBIZEY, WERE

| DNAD M % 2T B St AACE T (&, R SRR OMIREM NS C ENTES
LBk FTIRESEMOBLN AT IZBET B Compound eye formed on the antenna, due to an

ectopic expression of the eyless gene (artificially
colored). The relationship between organ identity
and positional information can be studied by altering
gene expression patterns.

DNA supercoiling facotr localizes puffs on polytene
chromosomes in Drosophila melanogaster

E K S O EY BHYmM-176 (APFIFPGPKVamide)

DRI FHRB/NE— F—HFTAF—OBHlIcE>THEMENE=E TS
Expression of the gene encoding a neurotransmit 4w ad 2RI (KEH) (SHREHE2085M)).
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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. Division of Developmental Genetics

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/pheripheral nerv
ous system and as the adult compound eye as model
systems and study how genes control identities of indi
vidual neuronal and glial types, neuronal circuit forma
tion, 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 800 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.

E R hEEs Hl EIEICHEY L ESTF K,
T LMMEFOE RSTEIBIZH T LH|/AN 22—
Expression pattern of a gene encoding a neuropeptide, Hym-355
which positively regulates neuron differentiation in Hydra (head
region is shown).

Hym-3556% 2 — K



Division of Gene Expression
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NRETY,

33

HIROSE, Susumu, D. Sc. Professor
UEDA, Hitoshi, D. Ag.

YAMADA, Masa-aki, D. Ag.
MINATO, Kiyoshi, M. Sc.

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. Roles of the chromatin structure in the regulation of
gene expression during differentiation and development
are being investigated. These studies revealed the im-
portance of GAGA-factor mediated chromatin remodel-
ing on transcriptional activation of the Drosophila fushi
tarazu gene. We have also found that DNA supercoil-
ing factor localizes puffs on polytene chromosomes.
2. Drosophila nuclear receptor FTZ-F1 and its silkworm
counterpart BmFTZ-F1 are induced by an ecdysone
pulse and play an important role in ecdysis and meta-
morphosis.

3. Using an in vitro transcription system, we have
hown that transactivation by FTZ-F1 requires a coac-
tivator MBF1. MBF1 sequence is conserved across
species from yeast to human. Yeast MBF1 mediates
GCN4-dependent transcriptional activation by bridging
between GCN4 and TBP.

ATGACTCTT

Transcription

A7 0 FR—42—MBFIFIEE EFGCN4 & TBPOD ) &
&L TEEEFEMEIELET.



Division of Early Embryogenesis

o B B K BH ¥ = TAKEDA, Hiroyuki, D. Sc., Professor
B F B & JIl £ E & KAWAKAMI, Atsushi, D. Sc.
WP T, N Y 75 7 4 v v o (Danio rerio) In our laboratory, we have been analyzing the mech-

Ze TR HEB ) 01 0 78 AR R 1 35 1 2 ARl iz e ds O anisms underlying axis specification and organogenesis
BE R ORKRE A TFZE LW ET. Ko - oEBRZ oK In the early development of zebrafish (Danio rerio). By
G 3 B REMERA (RS~ 2 a A v P e s o combining the techniques of experimental embryology
DN L BETEREIRE) LT (R R and molecular genetics, two fields of research which

. B i - can be easily applied to the study of zebrafish, we are
vl A ==t 1T T, Mt M )
il &f‘:) A DELRRET>T, FEBNOUE attempting to further understand the conserved molec-
)70 5 AERERE OfF A 2 B L TV g,

ular mechanisms of early vertebrate development. Our
1. PIERETE L £ OWREMOIK © RO % DI cyrrent interest is as follows.

THIIRYE & & O M - 7o R RAE O EIX, I® 1. Mesoderm induction and its dorsoventral specifica-
2 TR 5 W O REA AR\ F71E 3 2 PP B A oD i 1 tion: We recently found evidence that the yolk cell,
ICEoTEZI > TWAZ ENHHLE Lz, Z O which is located under the blastoderm, is responsible
WA VRS 1= 301z, DR mie Co% R0 %84 % itz 7o for induction and dorsoventral patterning of the meso-
B AT > TV, derm in zebrafish embryos. We are isolating genes
0. RN L OIS TR WO : BB O yvhich are specificglly expressed in the' yolk F:ell to clar-
PIRIEDR LS, AN ARD s 1 OO ndersanding of the mechanioms invoved i

i ;

—HFA Y -G 5 OWEFEHR I L > TRAEBD 5 Neyral induction and its anteroposterior specification:
EEADIEICE-THED, KV THIEREICH >TH  Early in development, the vertebrate central nervous

Al R, wPM, 20, i) Ak LEd, BIfE, system is induced in the dorsal ectoderm and regional-
I G OFEERICE T AFGF, TGF-8, Wnt7 7 3 V) ized along the anteroposterior axis into forebrain, mid-
—REDOV TN FOREIZHRTWET, brain, hindbrain and spinal cord. We are investigating

3. KO © A AR O C ) B B the nature of endogenous factors involved in this pro-
SRS T, R4 I TR 2 G TR cess, with a special emphasis on FGF, TGF-p and Wnt

RISOBAT &L, WHTROMMER->ToET, e | .
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.
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e e
1 cm &
B 2
0.5 mm
C
W myop Ml mesp-b
¢ HRERERTOMYD () Emespb (W) ODRBSE—> (A)
s EEOMARK (B), bHLHREIRERERFA2 21— K9 5 T h b 0Mix
FX, EETER ISR LES, BERIFIEAIA L,
CTIST740 v aBEROMEH (A), BEROSME 2 BOK (A) Localization of myoD (red) and mesp-b (blue) transcripts in
(B), BFRLEREEXRAT Hno talRRERED 2 BIE (C). zebrafish paraxial mesoderm. Anterior to the top. The two genes
Zebrafish wild-type adult male (A), 2-day-old wild-type (B) and no encoding bHLH transcription factors are segmentally expressed
tail mutant (C) embryo. no tail mutation causes defects in in the paraxial mesoderm during segmentation. (B) Simplified
notochord and posterior trunk development. diagrams illustrating expression patterns of myo-D and mesp-b.
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| Division of Physiological Genetics

KIYAMA Ryoiti.

(Principal Investigator, National Institute of Bioscience and Hu

D. Sci., Adjunct Professor

man-Technology, MITI)
SHIRAKAWA, Masahiro, D. Sci., Adjunct Associate Proffessor
(Nara Institute of Science and Technology)

1. Nucleosomes, a basic structure in eukaryotic chro-
matin, show a compact structure during chromosome
formation. We investigated the mechanism of nucleo-
some alignment and found that a type of bent DNA
acted as a signal for the alighment and appeared ap-
proximately once every four nucleosomes in the geno-
mic DNA (Model 2 in the figure), instead of appearing in
every nucleosome (Model 1) or appearing randomly
(Model 3). Nucleosome formation begins at these loca-
tions and the positions between them are filled in sub-
sequently. This model explains the strict localization of
the nucleosomes in a gene (shown in red) or at a
transcription-factor binding site (shown as a circle on
the left). We are currently examining the model by in-
vestigating enhancer function.

2. 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.

Nucleosome
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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 slll(iws; 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 lnl(im 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

O,

on transition of DNA replication timing during S phase and Mb-level segmental GC% distribution
We are also studying the mechanism of a functional centromere formation using chromosome
engineering techniques (see the figure below)

3. In the Division of Theoretical Genetics, we are studying the relationship between the gene
activity and the complex skin pattern of fish using mathematical theories and computer simula
tion. Using a vast amount of biological data, we also are aiming at development of new para

digm in biology named “Systems Biology”

7 kUDTAOMKE DM RE. (A) HBPIMORMAE, DNAIXZDAPI () T, o b0 AT7TH 2y
VDHETHHCENP-CIIMTHRABLTILND, FRIEX, RBEIETEMRLEE PONRRGBKEFISHETHIEH
LTWS, (B) B OXMEK, DNAIZHE, CENP-CIE#, bt FRAKIIKRTRLTLNE

I'he picture of chromosomes in metaphase (A) and anaphase (B) during mitosis of chicken DT40 cell
DNA was stained by DAPI (blue) and centromere protein CENP-C was stained by anti-CENP-C antibody
(green). Human mini chromosome created by chromosome engineering was detected by FISH (red
using human DNA as a probe

ne
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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.

&LTWLB (C)
TOCUTOHRBRER LTS,

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
a normal staining of pDC macrochaete, but no stain at aSC position in D. melanogaster-
D. simulans hybrid. The arrowhead refers to the possible position of aSC.

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.

|dentifying genetic factors responsible for morphologi-
cal anomalies in interspecific hybrids of Drosophila is an in-
tensive focus of our current research. Environmental
stresses (phenocopy) and mutant backgrounds often un-
cover a surprising amount of hidden variation. While we
are deepening our understanding of interactions and ge-
netic networks, the mechanisms underlying observable
and hidden variation in populations and their roles in adap-
tive evolution and in morphological evolution are old issues
that are still poorly understood. Interspecific-hybrid analysis
is another tool to reveal cryptic between-species differen-
ces among closely related species. One example is a bris-
tle loss phenotype in the Drosophila melanogaster-D.
simulans hybrids, though both the pure species have ex-
actly the same pattern of bristle formation on the notum.
Use of cell type markers suggests 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. Our results indi-
cate that the genetic architecture of bristle formation can
change in local populations in the absence of any obvious
phenotypic alternation.

We are also studying between-region variability and
between-species fluctuations of mutation pressures and
recombination rates. Eukaryotic chromosomes are or-
ganized into discrete high-order domains of several differ-
ent levels and categories such as nucleosomes, transcrip-
tion units, and replication units. On a larger scale, chromo-
somes of warm-blooded vertebrates, particularly those of
humans, are divided into GC-rich and GC-poor segments
of sizes varying from 200 kb to more than 1 Mb (isochore
structure). By contrast, Drosophila genomes have been
considered to be much more homogeneous with respect
to G+C content along chromosomes. We, however, find
remarkable lineage-specific local changes in mutation pres-
sures and recombination rates in Drosophila genomes. Our
findings might suggest the presence of mutation units and
recombination units along the Drosophila chromosomes,
which, in turn, lead to evolutionary-rate units.
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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 are relating the evolution at the nucleotide se
quence and chromosome levels and at the organismal
function level. The integrated understanding of organis
mal evolution is possible only through these interrelated
studies. Our main study objectives are as follows.

1. We have discovered that chromosomal band patterns
of higher animal genomes are related with large-scale
mosaic structures of G+C content. We are analyzing
boundaries of G+C mosaic domains in the human MHC
region, that is considered to be a boundary of chromo
somal bands, so as to elucidate the functional meaning
of chromosomal band and evolutionary mechanisms to
create them. The G+C content boundary was found to
be clearly related with of DNA-replication timing.

2. To clarify molecular mechanisms to determine the
ordered arrangement of chromosomal DNA in the higher
vertebrate nucleus, centromeres, telomeres and chromo
somal band boundaries are studied by chromosome en
gineering. Non-B DNA structures including triplex have
been focused on (see the figure below). The centromere
is an essential chromosomal region required for the
faithful segregation of chromosomes during mitosis and
meiosis. The centromere is a DNA-protein complex com
prising several proteins and repeated DNA. It remains un
clear what structural features of chromosome specify
higher vertebrate centromere function. We are study
ing the mechanism of a functional centromere forma
tion using chromosome engineering techniques (see
the figure in p. 36).

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.

VEHINEFEELTVWEYT, =
E I

U=,

TH=ZEMHOKNERE & T OMEEEMT L TLWET, £ FOMRROFH/EMPZ OB T A, HEITIE, DNAREBD 1= 8H DDAPIO W %

BRONTWEYS

In the concordant transition zone for the replication timing and GC% level found in the MHC region, 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 (red), we have investigated functions and subnuclear localization of triplexes in the human interphase nucle
us. Counter-stain DAPI color (blue) is omitted in the right-side picture.
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Division of Theoretical Genetics

KONDO, Shigeru, D. Med., Adjunct Professor
(University of Tokushima)

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 Ll

Nonsynonymous substitution

0.037 0.047 0.062
Primates Artiodactyla Rodentia
40212

39



S S B fme 0D S

Department of Integrated Genetics

WmRERM) EXK B =
Head SASAKI, Hiroyuki

1. ABBEFEESMA T, & hOBEBHBEZHLNTT LD, 7 ADNAXR Y u~vF L DE
il 33 < BB HBURET & £ O RE OFZE, Bk b7 AEERAT & ALV O s
ry NI — 7T 24T > TWET,

2. BREBRMEHESM T, v aAf X+ LA REMEHT, DNA X F AL R R O RS2t
S, bTURRY L ERYR G T ORBEM AT L TWET,

3. NHHSRERRZEHRM T, B OITENICIEE & o T IBEHE O JL AR T 2 ke[ Ik 2 & @ X
I IR FIC L > THIT S TW D ODRFZE L TWET,

4. ISHBEPZEE T, XY aEAREMEL O & B 2 B2 D 0F9E & A F O ETEB O =1
Hl S - DWW T ORFZER T 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, We study epigenetic modification of genetic informa
tion of plant genes and transposons.

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
mechanisms of X chromosome inactivation and the other on the genetic control of rice life cy
cle.

GENOMIC IMPRINTING

FERTILIZATION @ Fertilized egg

EMBRYOGENESIS
. Oocyte

GAMETOGENESIS \

Primordial aerm cell
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Somatic cells
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Division of Human Genetics

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

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

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 morphological 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 genbme 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

KAKUTANI, Tetsuji,

D. Sc., Associate Professor

Plant genome contains substantial amount (more
than 80% in maize) of repetitive sequences including
transposons. The region rich in the repetitive sequen-
ces tend to have condensed chromatin, and be inactive
in transcription and recombination. In addition, DNA in
such region is highly methylated. Function of most of
the repetitive sequences are unknown, and can be
regarded as “selfish DNA” within the genome, although
some of them are believed to be important for func-
tions of centromere or telomere.

We are using mutants of Arabidopsis thaliana, to ex
plore control and function of DNA methylation and re
petitive sequences. ddm1 mutation of A. thaliana in
duces hypomethylation and transcriptional reactivation
of repetitive sequences and transposons. The DDMI
gene encodes for a protein similar to the chromatin re
modeling factor SWI2/SNF2. In addition, ddm1 mutation
induces a variety of developmental abnormalities by
causing heritable changes in other loci. The “heritable
changes” include both mutation and epigenetic change
(heritable change in gene expression pattern without
change in nucleotide sequence). Our aim is to under
stand the plant genome through interactions between
repetitive sequences and plant genes associated with
change in chromatin structure and DNA methylation.
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Division of Brain Function

HIRATA, Tatsumi, D. Med., Associate Professor
KAWASAKI, Takahiko, D. Sc.

The functions of the brain, underlying our complex
behavior and mental activity, depend on the precise
interconnections between an enormous number of
neurons. It is evident that genes determine the initial
steps of neuronal connections and outline the neuronal
wiring patterns during development. The neuronal con
nections undergo various modifications even in adult
hood by environmental influences such as experience.
These processes also involve gene expressions.

The Division of Brain Function, using the central ol-
factory projection as a model, aims to identify the
genes controlling the formation of neuronal connec-
tions. This projection, connecting the olfactory bulb to
the targets within the telencephalon, can be reproduced
in organotypic culture of the mouse embryonic brain.
Using the culture system, we found that a specific sub-
set of early-generated neurons function as the guide-
post for olfactory bulb projection fibers.
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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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Because of genomic imprinting, stable mRNA is transcribed from both al
leles of the switch gene Xist in every cell of the XX androgenetic embryo

at the 16-cell stage.

Colocalization of Xist transcripts (red signals) with the X chromosomes
(green signals) is evident. In spite of biallelic expression of Xist,

X-inactivation is found in most cells after implantation.
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Division of Applied Genetics

TAKAGI, Nobuo,
(Hokkaido University)

NAGATO, Yasuo,
(University of Tokyo)

D. Sc., Adjunct Professor

D. Ag.. Adjunct Professor

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

The activity state of this chromosome is controlled
by a built-in switch reversibly altering the chromatin
state in cis. We are trying to understand the signifi
cance and mechanism of this fascinating gene regula
tion at the chromosome level.

2. Anothr field of study is the genetic
the life cycle of rice. For plant development, ¢
cal meristem, positioned at the apex of the plant body,

> program driving
shoot api

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
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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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(A) Morphological anomalies of Ts/4+ embryos

Nural tube defect (Excence pary) Asymmetrical transfor mation
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Appearances of Ts shorttail phenotype
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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 develop-
ing embryos. In particular, positional cloning and candi-
date approach has made it possible to clone unknown
genes that control higher-order functions at whole body
level. In Mammalian Genetics Laboratory, we are study-
ing genetic control of pattern formation in mouse de-
velopment, focusing on anteroposterior axis formation
in limb buds and central axis formation based on sever-
al mouse mutants. We undertake fine linkage analysis
and physical mapping of the mutations to clone the
causative genes. In addition, we have started a genetic
study of mouse behavior based on the uniqueness of
wild-derived inbred strains that were established 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
1975. 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.

(B) Gene and physical mapping of Ts mutation
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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 sequences 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.

A3t b8 A7DNA, RCE 1, OFMBEKE~DHLIE DT
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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

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

ofeA, c]:mAM /rN,utN, Sisk

Cell division

V ‘&ﬂ:z

Flagellar regulon Membrane synthesis

Fig. 2 “Cell cycle of cfe mutants and their parent strain”
Normal(efct) cfc mutant
COD Cell division
(@ EZD
Initation of ©©®
Nucleoid replication
division
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| Invertebrate Genetics Laboratory |

¥ & B M % & HAYASHI, Shigeo, D. Sc, Professor
B OF OMOE) #® B GOTO, Satoshi, D. Sc.

B OARGE 18 O SZHEIN D> & K5 18 DI & F5 - T i We use fruitfly Drosophila as a model system to in-
B L, HEONMEICEE S ND = & CTHEMEZe RS2 vestigate molecular mechanisms of pattern formation,
S bNET, ZOBEB—RE—ICBWTIEMEE B X in particular those involved in cell diversification and cell
- s 4t}|,l| & ]/.J| HDaIa=h—3 3 L NEE to cell communication. Our approach is to combine
P B A BT Lk, MRS I S R R S T 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

PEMECELHX A vrayyay ’\:M/L‘ AT, WA
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e LT, BERARIGRIE AR LSS OB eg. We demonstrated that cell to cell signaling by the
REMRAT & 4% 1E O 2 Bk U T % D2l 28855 5 T 1k TGFp related molecule Decapentaplegic and Drosophila
B2ARDOFEELER>TWET EGF receptor play cruicial roles in early specification of

E2R e & LT F D280 £ the wing primordium and two distinct cell types that
L. FLoh 2450 1 2 50 2 MR 36 A 01 1o # DR I A 1 constitute proximal and distal part of the leg. We also
VAR TE ET, W MRS S 7 L T found that zinc finger transcription factor Escargot is

expressed in response to those signals and is essential

LAOWMICE DB L, B0 Lo 6 BRI : ST :
for wing cell fate determination. Escargot is also ex-

IR R EATV & - O TRB AR REN E WS 5l pressed in the proximal part of the leg primordium and
fif (RS WMEIKF0 7 T IAREY ) O & %2 plays a cruicial role in intercellular communication be-
LTWET tween proximal and distal leg cells. Another line of pro-
2. AELAR ORI U I Mi A23 485 8 O il M A HE45 L T ject is cellular mechanisms involved in the formation of
g ST BanicBi L, BEDNN— K — LN LET a complex organ. Our model system is the trachea; a
" DA D =R LHEROFERBATHIHZERAYET N network of tubular epithelium that serves as the respir
W LTHFZEL TV ET atory organ of insect. Its formation involves patterned

PR L W LT a ™ a v S 28R i 0 B %6 branching of an epithelial precursor, cell migration and
15 QU 1 B M ~ A %45 - TV - 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 Genetlc Resource Informatlon
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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 leve
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). 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 RNAIi (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
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The Structural Biology Center was established in May 1996 through a reorganization of the
former DNA Research Center in order to introduce methods and techniques in structural 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.
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Biological Macromolecules Lab. Biomolecular Structure Lab.  Gene Network Lab.
B TREERRRE W AR 70
Molecular Biomechanism Lab. Multicellular Organization Lab.

Structural Biology Center
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Using single molecule imaging technique, a single biological
macromolecule is trapped onto the tip of a probe. Interac-
tions between single molecules are imaged by measuring
forces at subpiconewton resolution.
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Biological Macromolecules Laboratory

TOKUNAGA, Makio, D. Sc., Professor
SHIINA, Nobuyuki, D. Sc.

Visualization of functions of biological macromolecules

is the major subject of this laboratory. We have developed
new techniques of single molecule imaging, manipula-
tion and measurement.
1) Quantitative molecular imaging in vivo. We are develop-
ing new microscopy to achieve quantitative imaging of
molecular distributions and their changes in vivo, and
also trying to visualize interacting molecules and ac-
tivated molecules in vivo. 2) Single molecule imaging in
cultured cells. One of our plans is real-time visualization
of molecules associated with centrosome-microtubule
organization. We are also planning to identify and char-
acterize novel cellular organelles and systems that uti-
lize the organization as tracks, and to visualize them in
living cells. 3) Intermolecular force microscopy. Single
molecules are visualized using fluorescence and trapped
onto probes. Subpiconewton intermolecular forces are
resolved at controlled gaps in the nanometer range.

Our pioneering work using these novel techniques
should reveal new features of functions of biological
macromolecules.

% ‘ﬁ &
‘ (o ot
" -
oA
KL
- 3 .
I,‘ -
§ v %

o

T 7)Y A A TILAGKIRE O Rt A A O B SR AR, K
SRR I U= HUNE > TERROKF8 (KRE & KR TR
LE=2ENRZ TWD) NRiMK () ICHEMT 5, &
ROKFIEPCMATURIZ &L U SHFTHE S TS, /N—IL
200nm,

In Xenopus A6 cells, electron dense (arrowhead) and elec-
tron lucent (arrow) granules are gathered around a
centrosome (asterisk) using microtubules as tracks. The
dense granules are decorated with PCM-1 antibody and 10
nm gold. Bar, 200 nm.
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A Antenna effect due to sliding and new mechanisms of

Molecular Biomechanism Laboratory

SHIMAMOTO, Nobuo, D. Sc., Professor
TOGAWA, Kumiko, ph. D.,
NAGAI, Hiroki, D. Sc.

Transcriptional regulation is a kind of switches, and
the switches work at the assembly step of transcrip
tional apparatus and also after it. We have found three
new switching mechanisms. First, two bacterial repres
sors enhance their affinities for their specific sites by
sliding along longer DNA and the effect of DNA length
was named antenna effect. This may lead to a finding
of a new set of general mechanisms of gene regulation
(1). Secondly we found that two different conforma-

C. Transcription switch
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intrinsic affinity - 5 =
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A. Antenna effect and new mechanisms of cross talk through
two neighboring binding events, DNA cut, and DNA bending.
The proteins exerting antenna effect slide upon association to
their specific sites but cannot slide upon dissociation.

B. Productive and promoter-arrested pathway s in transcrip-
tion initiation of ApR promoter. The arrested pathway contains
moribund complexes (pink) and dead-end inactivated complex
(purple). Moribund complexes produce only abortive transcripts
and convert into inactivated complexes.

C. An AFM image of multimers of a mutant sigma-70 and
changes in conformation upon multimer formation.

inactivated complexes

bb

tions are formed by binding of homogeneous E. coli
RNA polymerase to its promoter, one is producing the
full-length transcript and the other remains at the pro-
moter making a dead-end reaction pathway in vitro (2).
Several cis and trans factors induce a conversion be-
tween them. For a class of promoters, GreA and GreB
are such factors and their disruption affected to the
levels of mMRNA of 300 genes of E. coli.

As a pre-recruitment regulation, we found that the
initiation factor sigma-70 multimerizes in vivo and in
vitro and the multimer is inactive. This switch is de-
pendent on physiological temperature and environment.
Its biological significance has to be determined.

Relevant publications: 1. Shimamoto, J. Biol. Chem.
274, 15293-15296 (1999). Kabata et al., Science 262,
1561-1563 (1993). 2. Sen et al. J. Biol. Chem. 275,
10899-10904 (2000) Kubori & Shimamoto J. Mol. Biol.
256, 449-457 (1996).
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Multicellular Organization Laboratory

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

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

Using the nervous system, animals perceive 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
genes control behavior. Genetic methods have been
developed for the animal, and its neural circuitry, which
consists of 302 neurons, has been elucidated com-
pletely.

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

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

A larva of C. elegans just after hatching (0.3mm in
length).

GFPR=F & © DC. eleganstk, W EMHSENR (EL: VUL r, HLE:GABA, EF: VL2Vl HF: 7+t

FLaly) OFOE—2—EAVTGFPERBR I TS, ETFORIL,

—EDOMEEROEABRTROTH D,

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

stained with a red fluorescent dye.
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Crystals of C-terminus fragment of PhoB protein.
Crystals diffract to 2.0A resolution. Bar 0.5mm.
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Biomolecular Structure Laboratory

SHIRAKIHARA, Yasuo,
MAENAKA, Katsumi,

D. Sc., Associate Prolessor

D. Eng

We are working on protein structure determination
using X-ray diffraction technigues. Proteins under cur
rent investigation are: the asps 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 azps 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 aszps sub-assembly, and ospsy
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 (c2pp’).

F1-ATPase aspsfEEEO=RciiE, pH7a1=v b
F#Mm, o Ty MEIFRTRY, BEIEHEm A,
3 (@) @ fxset FRdh LR O & D,

A schematic representation of the three-dimensional
structure of the azps 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

IMAMOTO, Naoko,

Ph. D., Associate Professor

In eukaryotic cells, DNA is sequestered in the nu-
cleus by a double membrane called nuclear envelope.
The nuclear envelope separates central genetic pro-
cess of DNA replication and RNA synthesis from the
cytoplasm, where the genetic message is translated
into the protein. A continuous exchange of molecules
occurs through the nuclear pore complex (NPC), which
is present in the nuclear envelope, in order to co-or-
dinate cytoplamic and nuclear events. This exchange
of molecules is important, in order for cells to maintain
their homeostasis, and adapt to their extracellular envi-
ronment.

Nucleocytoplasmic exchange is a very dynamic ac-
tivity, in which vast number of molecules enter and exit
the nucleus in a rapid, accurate, and often regulated
manner. Numerous molecules which enter and exit the
nucleus contain specific amino acids sequences, which
are referred to as nuclear localization signal (NLS), or
nuclear export signal (NES). Since the identification of
the first transport factor, which is referred to as impor-
tin o and B, and which mediates nuclear import of clas
sical basic NLS-containing substrates, significant pro-
gress has been achieved toward our understanding of
the mechanism of nucleocytoplasmic transport, as well
as the diversity of nucleocytoplasmic transport path
ways. Our present effort focuses on the regulation of
nucleocytoplasmic transport, traffic control of transport
at NPC, and identification of transport pathways that
mediate nucleocytoplasmic transport of factors involved
in the gene expression network of a multicellular or
ganism.
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Center for Information Biology
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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.
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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 using computers. We are also
conducting experimental researches concerning the
evolution of genes and organisms. The currently ongo-
ing research projects are as follows.

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

2. Comparative study of gene expression profiles in
multicellular organisms

3. Molecular evolution of the homeobox gene family

4. Detecting duplicated chromosomal regions within
eukaryotic genomes

5. Molecular evolution of organization of the whole hu
man genome

6. Evolution of genomic structures of microbes

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

8. Measuring the intensity of purifying selection on
genes

9. Molecular evolution of neurotransmitter receptor
genes

10. Evolution of sex chromosomes in teleosts

11. Evolutionary dynamics of chloroplast genomes

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

13. Evolution of pathogenic viruses such as AIDS, influ
enza and hepatitis viruses

14. Phylogeny of fish species based on mitochondrial
DNA sequences

HLAZ 5 Z 1 S F O IR, A FTRGREMEGIOME%E, BIXIEDOH
RADSMBNT NS YA b (FREfR) LADBERBAIBHNTLNS YA
k (%) &5R9 (Suzuki & Gojobori 1999 & Y i ds)

. A B :
Orthologous Gene Pairs between ‘( Lt
M. genitalium and M. pneumoniae \ :
oY ~
M. genitalium (+) O
A\ Y )
Y \\ \
~
™ .
r
M. pneumoniae
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%
M. genitalium (-) g / T
o
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CbiK

from Salmonella typhimurium

Laboratory for Gene-Product Informatics

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

Proteins are functional molecules that maintaimn
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 sequences (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

19984E 12 H 247 t= 2 /X E DI E T AEDO R ESR (CASP3) THiM & L7=CbiK
2D\ T, F~&ldferrochelatasebk DHEE & 5 & FRI L1, ERIETH OMHEEEELL TW
f=. % : ChiKD#xs, 15 : ferrochelatase D, MIEd Do~ vV XEHKRE, BA TV

RIZEBETRLTWLS,
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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
and function of genomes and proteins in view of mo-
lecular evolution, structural biology and information biol-
ogy. As part of our research activity, we analyzed a
region of human genome including part of the MHC
class I gene complex to clarify the evolution of genome
structure of the regions. As a result, we could show
how and when this region was formed providing an
evolutionary picture of MHC class [ genes in the re-
gion.

We also analyzed evolutionary changes in three-di-
mensional structure of periplasmic binding protein (PBP)
superfamily in collaboration with the Laboratory for
Gene-Product Informatics. PBPs function as receptors
for various water-soluble ligands in ATP-binding cas-
sette (ABC) transport systems in prokaryotes. We first
inferred the common ancestral protein of all PBPs, and
then traced the evolutionary passes down to the pres-
ent ones both by phylogenetic and structural-biological
analyses, as shown in the figure. It is noted that the
major structural change occurred only once in struc-
tural evolution of the PBP superfamily.
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P FREREE | Laboratory for Molecular Classification

Ho® T H B R F B SUGAWARA, Hideaki, D. Eng., Professor
B OF O = IF &= MIYAZAKI, Satoru, D. Sc.
FLEEIX, #RAcREESCESRE, FOL O L THMIC A large amount of data on biological macro-mole-

HHETEXBEDOTL X 9D, FAEDENIC I 1’; LTWBHE cules including DNA have been accumulated since late
@’\"‘»2&. , 2T, HEEh, fisshTuhET, filx 80's. It is time for us to elucidate the relationships
L TE b S SEERES ST LT, TE b IS among the molecules and phenotypic characteristics.
ST D T L HE LRTRETL 5. R Clasgification is one o{f the most important intellectual
ML 4 LR C i % T A HIBUBATE b L C LA ] activities of hgmgn beings and is one of the best tools
2 LaTEEF. & % 7k s & for sugh eIucudanon.‘ A o
b ENTEET. ABEERD, SMEMREMIRL This laboratory aims at first classifying DNA based
W) % B AR O BT S FIRE MR T L 2 & on a polyphasic approach in order to clarify the phy-

ik -T, EEHE (Biodiversity) OAREICIEA S & logeny of genes. In addition, it develops an information
LTWET, ZMARFEEE, FlE, 2 FEEERIC base which organizes a variety of molecular and pheno-
SNSRI AT T D, RIS ISV T Bl typic data in order to help researchers squeeze biolog-
WCdh 0, Yeluryre ln {HJI]I"ﬁ“i LS ST Y, ical information and knowledge from the raw data. At
§ o, T ATHAE SaTSA¥—Lay) FHET 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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HADNAF—4%/\> %2 (DDBJ) DNA Data Bank of Japan (DDBJ)

F-INVIER B B F B

HADNAT—#/,3v 7 (BHDDB]) Ti, XTo
HEMBIROIME L 72 5K RIRE®RE, a2 v a—4
o THEHE L TWET, DDBJODNATF —# _— 2 %
BINCHATDZ L2k ->T, DFEDFRZIILD LT
DIEIRIE BT, BRME P EAHSHTWETS,
HADNAT —# /30 70, 19844F IS AMFFE AT PIC iR ST &
AU, 19864FE 0 H A 721G h 2 A L E Lz, £ LT,
1987 HIE, VU —RELENS T TOT — & EiAh % hfisd
¥ L7z, DDBJIZ, EKINOEBI/EMBLIS L OCK[EONCBI
/GenBank & #:[F LT, [EEDNAT — & ~N— 2 Z {4 L
TWE4, DDBJ, EMBL, GenBank®[WTixfgH 75—
2 uRHLTEY, DDBICEST — % 246k 425 &
DDBJ2> & [EBRANC 4 — S T Gk 75 DR T2 %1 B
i

[ s Netscape: DNA Dats Bank of Japan Wi Title Page S P B
-

113

MY S [Wip 773w adb) nig a0 _jp /Weloome-e htmi
T &t Bww Baven Bros-x Barrvey Brorsr

DDBJ s
e

DNA Data Bank of Japan

RRAAY  h-b e LERS L) 0w evaury

] @ warar

Centr [0
Home Page tn Japanese 1s hore

W Welcome v DDBJ

W wHAT 8 NEW

¥ tubmiasion of Muckotds Sequence Dat
¥ Danbase Searshos vad Dot Analyaes

¥ Links 10 Oter Dybases

SAKURA FASTAIBLAST WAIS-SF Jclustal w
Data Submission Homology Search Keyword Soareh Soarch| i
DDBJ sdopts the frame function on database senrches and dats analyses pages Plonse wie WUV browsers that aan deal with frames, swek

a5 Nothenps 2.0 or e s TE (latrnet Explor) 3.0 o blar
Last Uplstad: Mar, 10, 2000

vvv-ﬁmnodﬂb] nig.ac jp

(=T

64

Head TATENO, Yoshio

DDBJ began DNA data bank activities in 1986 with
the endorsement of the Ministry of Education, Science,
Sport and Culture. From the beginning, DDBJ was de-
signed to operate as one of the International DNA
Databases, including EBI (European Bioinformatics In-
stitute; responsible for the EMBL database) in Europe
and NCBI (National Center for Biotechnology Informa-
tion; responsible for GenBank database) in the USA as
the two other members. Consequently, we have been
collaborating with the two data banks through exchang-
ing data and information on the Internet and by holding
two meetings, the International DNA Data Banks Advi-
sory Meeting and the International DNA Data Banks
Collaborative Meeting.

DDBUJ is the sole DNA data bank in Japan, which is
officially certified to collect DNA sequences from
researchers and to issue the internationally recognized
accession number to data submitters. We collect data
mainly from Japanese researchers, but of course ac-
cept data and issue the accession numbers to resear-
chers in any other countries. Since we exchange the
collected data with EMBL/EBI and GenBank/NCBI on a
daily basis, the three data banks share virtually the
same data at any given time.

We also provide worldwide many retrieval tools
developed at DDBJ and others.

[ﬁ_—' Netacae 00D Data Y ——— i
e ——
" ARAUA Be W -

i 1 T T A —— ] @9
Bor  Bwn Bwen  Bonx  Bmn o .
DDE) DNA Data Submission System
SAKURA

Lawt wpdomd Mar 3 2000 [Veunion ¥ 57)

i of dew
B8, ok ot i 0 wtor Boames b 14, (200 have o
TOPTI Plaees ® lnps, £ve he i on e
it Pioiss Soniet o o1 AANAMAY) At 42,13, Vhen
R0, phease state HHTS or “ORE" wn the page for

16708 60ve wmat of Gom, 700 Wil 401 0tver Iasonge, W04 W ot Be oo
- yon

--- voe w1 servenig betuse

ety TRl |

20 0 pages 0 10040w v $hw warh e o b gl o1 .

o i o 0 o Mowernr BOYEY ey n Waghn il e ey o e v

.yt

§s
§§‘s
if
i

Tatey with sered dow >

1 y0u Ve cheek veevs conmmknton, pease sk ey © we
Dbl‘l-llmlill

SAKDRA PABTABLAST WM.
Dsta Bubmassion Homekogy Semch Keyword sowrn| - g

Pioase svid yous commmes o BALURA &

AALDANMAN. A8

Cimdin

|7 S —

i mﬂIE




Radioisotope Center

tvs—RMB) A & A
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- NI (membrane)
phorelay transfers sporulation signal to the regulator A
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.

ik (chromosome)

e

ﬂ“lﬁ. (mother cell)
(spore cell)

A L O B 2 AR
(Sporulation of Bacillus subtilis)
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Experimental Farm

RBREBEWG) B H O D Head KURATA, Nori
B F @R B 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 1,600m" 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 (2.6mx=4.5m) 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 chrommosome 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.

1) ZRpRaE RALER % M L 7= A
1 A 70 RIS T A TS (R e,
2) BEAOIEN, 3) B4
{ +O®HEFIL 2 i

4 ) A A0 Wh AR g ( h(l
35 YK LECHIRCE1D AL
in situ/N4 7)) &A1 |
v (M RCE1D L Iv)
1) Hastening of generation of
mutant rice plants during win
ter in a glass house with pad
dy fields, 2) Short-day equip
ments for rice studies, 3) Pre
servation of wild species of
rice in a glass house, 4) Fluo
rescent jn situ hybridization
for rice chromosomes probed
with the centromeric repeat
RCE1 (yellow spots: RCE1
signals)
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GRANT-IN-AID FOR SCIENTIFIC RESEARCH

(SER125E ] 2000

i [ i ]
K E R (A) X1,000yen
Grant-in-Aid for Scientific 22 169,000
Research on Priority Areas (A)
5 E GH BKBF9E (B)
Grant-in-Aid for Scientific 6 126,700
Research on Priority Areas (B)
W E S REZE (C)
Grant-in-Aid for Scientific % 1,369,100
Research on Priority Areas (C)
% M| OB % (A)
Grant-in-Aid for Scientific 6 37,900
Research (A)
& M OBF % (B)
Grant-in-Aid for Scientific 11 47,600
Research (B)
x M o % (C)
Grant-in-Aid for Scientific ) 4,100
Research (C)
oo oM %
Grant-in-Aid for Exploratory 2 1,200
Research
#/oEh B % (A)
Grant-in-Aid for Encouragement 9 10,000
of Young Scientists
M5 BF g EL R b ¥
Grant-in-Aid for JSPS Fellows b Lk
L1
Total il 1,776,800
(511 B8
(As of May. 1)
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INTERNATIONAL EXCHANGE

(HBEAHFEEDZ(FAN] Admission of foreign scientist

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

i ol R B O R B = ZAHE oM
Name Affiliation ' Subject title Host advisor Period
TR T NRTNAT NI KN | A DSOSIEIC 57 5 s N E T 199,61
! BRAARIFSE T DIEBLHIFERERE B % BIF gt e
Andrei . : . OGAWA, §
Y e St. Petersburg Nuclear Expression and Regulation of genes in- Tomoko |’00. 5 .31
Physics Institute | voled in SOS responce in Eukaryotes
" TS o i A A
it 1k oo pk th |’00.4 .1
& (G T . Study on molecular phylogeny and | SAITO, S
Eygngppok National morphological evolution of carabid Naruya |’'01. 3 .31
niversity
ground beetles
2. BFREMMRAERICLDIZITAN
Admission of foreign scientists (supported by JSPS)
E & i & woo®x B OM BAKE | WM
Name Affiliation Subject title Host advisor Period
v AT
ALEXEEV, By MRTFNRT NI | BEAEY OSOSIE UK Oty |/ Il & F('97.6. 1
Andrei PRAERIFSE AT Mechanisms of SOS Response in | OGAWA, §
Alexeevich St. Petersburg Nuclear Eukaryte Tomoko |'99. 5 .30
Physics Institute
AR B D R A O R B
7= AU DA A #198.1.7
&E;I&igvéi%m = =4 9 REE On Creating/Developing the next | GOJOBORI, §
Murdoch University Generation of Computational Tools Takashi |’99. 7 . 6
for Molecular Biology
Silvana ’ The University of :{_Nes - Possible Relationships between Evo- | GOJOBORI, §
i lution of Pathologenic Virus and Takashi |'99.10. 1
ern Australia
MHC
1 ~ 7 AR AERERIIE O RS R 3E, Bz
g i 5 A T e TN L BRSO | W 0 B 2 797,12, 1
HUANG, Bei'\in A rij ultural In Vitro Culture and Gene Transfec- | SHIROISHI, §
Zhenyong Unive sif tion of Mouse Fetal Germ Cells and Toshihiko |'99.11.30
et Reconstruction of Animal Offspring
F—2Z FTYT KIGERNARY 27— Lor 7 A1
HWANG, AR i ﬁiﬁaﬁjﬁﬁ&l%fﬁ,ﬁfbv st ' i By |1'98.1.16
B Shisri The Uiiearsite. of. el Mapping of the Class-I Transcrip- | ISHIHAMA, : §
- tion Factor Contact Sites on Es- Akira |'00. 1 .15
cherichia-coli RNA Polymerase
[ t N Z OnpfegRE R Bl 5~ 7 F
i ¥ Fi ST R 431 DA MO i #(98.9.1
YUM, Surl K%un Kwan Uni- Analysis of peptide signal molecular | FUJISAWA, §
Seungshic R involved in neuronal activity in hy- Toshitaka |[’00. 8 .31

versity

dra
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75

ligd S Pt = m B B & SAHE MO
Name Affiliation Subject title Host advisor Period
AN 0 A A HRG 2 FHONREATS G e i PR a0
LIU, ol *A L e L | HIROSE, S
Qing-Xin S angdong gricultura Transcriptional coactivator MBF2 of Susumu |°00. 9 .30
University Drosophila i
T AV hARE : _ SR o2 ok
oil 3 s SAITOU, S
Yun-Xin . ¥ Coalescent theory for the study of i
University of Texas at : . . Naruya | '99. 8 .31
H human diversity and evolution
ouston
F—z RS YT HAEFHT P a—FIL L 59F LR
i wms | YV TOHERMRK ORI i fie b #('99.4.1
?}I:I DRE\gS’.el i—u t7\ 1};;1 %\ITt[f)rAli{\g " Paleobiochemistry and the Detection | GOJOBORI, §
i Lol s.:a - A1 of Natural Selection at the Molecu- Takashi |’01. 3 .31
b lar Level
3. EIDRGERTRANE AR REIECKDZEFAN
Admission of foreign scientists for NIG
E & P R m R B =& RAME i
Name Affiliation Subject title Host advisor Period
g ( = PN fl P b 2 o ~ ,
b | E MR & BT 5 2 E X F SRIEO | b o e |og 10, 1
PARK kﬂ&(mf#’ SRS Fify fig v YAMAO g
Shee H ) Daesang Coporation R&D | Identification of ubiquitin pathway FL;miaki '99. 9 .30
Y center specific to cell cycle control ' jEati bty
W A RS S fpla-1DR Y L a3
@ W E @ﬁf’r%&t&iﬁ TP a—m N £ H © b |'9.5.1
AHN, N tional C bty Positional cloning of the PLA1 gene | KURATA, §
Byoung-Ohg mii 1:)2:1' " Tops TXPerl® | that disrupts conversion from vege- Nori ['00. 3 .31
i i tative to reproductive phase in rice
GEAEMAER) (TaEmE) 1999
Be Sl F TRl m W ror e (e w
i | o Europe Asia Oceania | Africa Total
country | America | America
14 Al
T 53 0 35 16 3 0 107
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ACTIVITIES FOR THE PROMOTION OF RESEARCH

[(AERZREIF—] [Institute Seminars)
eI 31T DRl 2 % Litin T 52 T, B Seminars are held in which the staffs of the Insti
H O 2 b5 X 58 S BB E T, tute discuss the progress of their research. These are

held every Friday, except during mid-summer.

[Biological Symposia) [Biological Symposia]
S DOWFIE 24T > T 5 3K B P OSEAFZEE & 721k Special symposia and seminars are held through
H AR ANWFZEE W28 I8 &, R 21TV E 4 out the year by foreign and Japanese scientists.

Biological Symposia

GRADUATE EDUCATION ACTIVITIES

[E N RS ZE ATV, BRI B3 5 A FE o iz NIG continues to play an important role as the cen
L U CHE[RF) ik 1 5Ll lhiz, MMKEDKFEHE ter for various genetic researches and as an inter
WL, FEOHEIREEIT, BRSOERE N G4  University site.

EOE « 2 « BT KD EERLSA: % 1 F ATV E T, Since 1984, NIG has been training graduate stu
dents from public and private universities all over Ja
pan.
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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.

¥ 3 . . #7 - ‘1
{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.

A RIS ARG I



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

(B ®]

RAMIIERFBERFE, KRR & 055 70
hoTFIC, EOBNIEHELZEH LT, MED,
IO BRI b BN I KRB O BEMTE 21TV, B L
W BRE TS L L biC, EhEROEMSEIC
BWTEAHHFFEDOHT L IEAUC S HAT XS T & DR IR
WBLEF AR, AlEME e KT o 2 L2 H
BELET.

BRI, B2 I & D EMB RO &
HEZB L TRFOEHO—HmEH S b OTY,

(BEHREOBE]

WS, MBS AR R L OO b &I iRl
DEEMTE, ZOERIE, €K OEYFEO BRI L
CELT, BN . Y B - R ORRE I L b
WL Y 2 o TEE LIS, IBEODF LBt
DMEFEOHEE LWRBICHE->T, 48 TIHAL< M
BlEEomig s U CHEERERIZMS X olIckh £ L,

A, FHA L 722 D E S E A E T Tl Hi T
WD oy - Ml - B - SERI ORISR L0
e A b T DG BFIE Y B IV T, IR O RS
R IR D L b, B ThHOMANED b S RFFERE
HIZoWT, ¥E L OEREMRSK L, L <Eshi
DNATF —# _— ZW N IR - 7 A Y b — 7Rl 5 4
HIGH L THEHEMIEEZT>TVWET,

(BEHEDORE]

TR MAN - JEHEY T EREE DD IR S T,

Witadh D 5 KB AR L TWET, E£7, &AM
(VAT A, RRRAD 7R S2il A (2 - & & b ICHFZEER
DFF#tE LTWET,

S HIT, BHA L 72 % BN TEFTIC 3 THM <
N D WFERER) (N AS it 2 ) —, Biological Symposia
%) OBNEFRFESTLE L LI, REEYEE 2
—, Y EERITEE G o2 —, s a7
VA=, ORI 2 —, B TA Y h—T
T — R OVEBRBS 03 R OMRE, Mk - RS A5
IERTEL L5 ICRoTVWET,
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[Aims]

The Graduate University for Advanced Studies was
established for creative researchers who possess the
vision to find answers to fundamental problems in 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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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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