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The National Institute of Genetics (NIG) is located in the city of Mishima, near Fuji-Hakone
National Park. It was established in 1949 as the central institute for studies on the various aspects
of genetics. The NIG was reorganized in 1984 as an inter-university research institute to pro-
mote collaborative studies. The NIG is also serving as a stock center for various genetic resour-
ces and the DNA Data Bank of Japan, as well as providing excellent research environment for
inter-university collaborations. In 1988, the Graduate University for Advanced Studies was
founded and NIG is now undertaking the responsibility for graduate education as the Depart-
ment of Genetics.

During this period, the field of genetics experienced a revolution, and it has now become
the basis of all fields in life science. Molecular techniques now allow us not only to decipher
entire genome sequences of organisms including humans, but also to understand details of higher
biological phenomena, such as biological evolution, cell differentiation, morphogenesis and brain
function. The NIG has been exploiting the evolving nature of genetics to extend the frontiers
of life science. We wish to continue to make innovations to maintain and expand our scien-
tific activities. To do this, we welcome your critical comments and suggestions about our cur-

rent research activities and future plans.

Director-General Yoshiki Hotta

HOTTA, Yoshiki

Research Field: Molecular and developmental neurobiology

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

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

Memberships: Genetics Society of Japan; Molecular Biology Society of Japan; Jap-
anese Society of Developmental Biologists, Biophysics Society of Japan; Genetics
Society of America
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Building area
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IRANEE
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Pk ]
Library
fiff 95 52 iR Ak
Laboratory building
&
Lecture hall
MR ES S
Radiation laboratory
it W Rt > 5 —
Structural Biology Center
RI 5 4k
Radioisotope laboratory
PRI S S R A
Internal radiation laboratory
W20 7 8 &
Bird hatchery
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Main machine room
M T F Bt AR
Computer building
N & =
Silkkworm room
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Mouse breeding building |
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Guest house
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Research Center
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Center for Genetic

Resource Information
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Microbial research building

U & X Himi

Mouse breeding building II
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Administration building for
experimental farm
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Center for Information Biology and
DNA data bank of Japan
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1949 June 1

Aug. 10

1953 Jan. 1

Aug. |

1954 July

1955 Sept. 15
Oct. 15

1960 Apr. 30

1962 Apr.

1964 Apr.

1969 Apr.

1974 Apr.

1975 Mar. 1
Oct.

1976 Oct.

1983 Oct.

2

1984 Apr.

1985 Apr. |

1987 Jan. 12

1988 Apr. 8

Oct. 1

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

Prof. Kan Oguma was elected the Ist Director.

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

Department of Applied Genetics was added.

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

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

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

Plant Genetic Stock Laboratory was established.

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

Microbial Section was added in the Genetic Stock
Center.

Dr. Ei Matsunaga was clected the 5th Director.

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

The DNA Synthesis and DNA Data Analysis
Laboratories were added in the DNA Research
Center.

The DNA Data Bank of Japan began 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,

1989 Oct. |

1993 Apr. 1

1994 June 24

1995 Apr. 1

1996 May 11

1997 Apr. 1

Oct. |

1998 Apr. 9

2001 Apr. 1

2002 Apr. 1

School of Life Science of the University began ac-

cepting students.

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

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

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

The Center for Information Biology was estab-
lished.

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

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

Dr. Yoshiki Hotta was elected the 7th Director.

The Division of Early Embryogenesis was added
in the Department of Developmental Genetics.
The Division of Brain Function was added in the

Department of Integrated Genetics.

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

Two laboratories, Mouse Genomics Resource La-
boratory and Model Fish Genomics Resource
Labaratory, were added to the Genetic Strains Re-
search Center.
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This institute carries out comprehensive genetic research to
advance the knowledge of basic and applied genetics as one of
the inter-university institutes.

() RESEARCH COLLABORATIONS

This institute offers collaborative research opportunities to
researchers throughout Japan.

() EDUCATION FOR GRADUATE STUDENTS

This institute enrolls graduate students as the Department of
Genetics, School of Life Sciences, Graduate University for Ad-
vanced Studies, and also participates in the education of students
from other universities.

() INTERNATIONAL COLLABORATION

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

() MANAGEMENT

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

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

ISHII, Shiro
Member, Council for Science and Technology Policy, Cabinet Office

IWATSUKI, Kunio

Professor, University of the Air

OSAKI, Hitoshi

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

Adviser, Biohistory Research Hall
OTSUKA, Eiko

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

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

Director-General, National Institute for Basic Biology
KYOGOKU, Yoshimasa

Director-General, Biological Information Rescarch Center, National Institute of Advanced Industrial Science and Technology
KURODA, Reiko

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

President, The Graduate University for Advanced Studies
SHINJI, Isoya

President, Tokyo University of Agriculture
SUGIMURA, Takashi

President Emeritus, National Cancer Center
TSUNEWAKI, Koichiro

President, Fukui Prefectural University
TOYOSHIMA, Kumao

Director, Sumitomo Hospital
HIROBE, Masaaki

President, University of Shizuoka
MATSUO, Minoru

President, Nagoya University
MATSUBARA, Ken-ichi

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

Professor, Emeritus, Natiomal Institute of Genetics
MOHRI, Hideo

President, Okazaki National Research Institutes

YAMANOUCHI, Kazuya

Senior Scientific Staff, Nippon Institute for Biological Science
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() Advisory Committee

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

ISONO, Katsumi

Professor, Faculty of Science, Kobe University
ITO, Koreaki

Professor, Institute for Virus Research, Kyoto University
OGAWA, Tomoko

Vice-Director, Iwate College of Nursing
GO, Michiko

Professor, Graduate School of Science, Nagoya University
SASAZUKI, Takehiko

Director-General, International Medical Center of Japan Research Institute
SHINOZAKI, Kazuo

Chief Scientist, RIKEN Tsukuba Institute
SEKIGUCHI, Mutsuo

Director, Biomolecular Engineering Research Institute
TAJIMA, Fumio

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

Professor, Institute of Molecular and Cellular Biology, Osaka University
MATSUURA, Etsuko

Professor, Faculty of Science, Ochanomizu University
ARAKI, Hiroyuki

Professor, NIG
HIROMI, Yasushi

Professor, NIG
HIROSE, Susumu

Professor, NIG
IKEMURA, Toshimichi

Professor, NIG
SASAKI, Hiroyuki

Professor, NIG
SHIROISHI, Toshihiko

Professor, NIG
KOHARA, Yuji

Professor, NIG
SHIMAMOTO, Nobuo

Professor, NIG
KATSURA, Isao

Professor, NIG
GOJOBORI, Takashi

Professor, NIG

NISHIKAWA, Ken

Professor, NIG
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1 26(5) 24 (5) 34 85(10) 22 I 124(10)
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() Adjunct members

mOE ® M 8 &t Director-General HOTTA, Yoshiki

SEBEEROD @R N RO R Vice-Director KOHARA, Yuji

HDFECHER Department of Molecular Genetics

WFSE 8 (D) WA i M Head SHIMAMOTO, Nobuo

D FBTEFZEEP Division of Molecular Genetics

B £ wm H E 2 Assis. Prof. FUJITA, Nobuyuki

i == 6 s Assis. Prof. MITSUZAWA, Hiroshi

B = KX K % Assis. Prof. KIMURA, Makoto

75 BB ZE R Y Division of Mutagenesis

B # 5% T 1H Assoc. Prof. YAMAO, Fumiaki

B F =3 B Assis. Prof. KISHI, Tsutomu

i) = WO o W Assis. Prof. SEINO, Hiroaki

BB {LF B BMITE Division of Nucleic Acid Chemistry

B mUp WA = B Prof. AIMOTO, Saburo

(KBRS T2 A < LRI I #083%) (University of Osaka)

By # = 0 ool fil) Assoc. Prof. KATAYAMA, Tsutomu

UMK R B ST e ) %) (University of Kyushu)

MR ECHER Department of Cell Genetics

WFgE i (DF) 7w K Bh Z Head ARAKI, Hiroyuki

HHRRE A ZE A0 Division of Cytogenetics

#woo® oA Zs Prof. YOSHIMORI, Tamotsu

B ¥ 2 4 H o8 R Assoc. Prof. IMAI, Hirotami

WA RIS AR Division of Microbial Genetics

% & b NI 4 Prof. ARAKI, Hiroyuki

By # o 7% WM ok — Assoc. Prof. YASUDA, Seiichi

B T oK R Assis. Prof. KAMIMURA, Yoichiro

R SR B 2R R Division of Cytoplasmic Genetics

® B #E = o) R B Adj. Prof. YOSHIKAWA, Takeo

(L2 TR R B > 7 —F — L) — 5 —)
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(Laboratory Head, BSI, RIKEN)
Prof. YANAGIDA, Mitsuhiro
(University of Kyoto)
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Department of Developmental Genetics
Head HIROSE, Susumu

Division of Developmental Genetics
Prof. HIROMI, Yasushi

Assoc. Prof. FUJISAWA, Toshitaka
Assis. Prof. SHIMIZU, Hiroshi
Assis. Prof. OKABE, Masataka

Division of Gene Expression

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

Assoc. Prof.
Assis. Prof.

Assis. Prof.

Division of Molecular and Developmental Biology
Assoc. Prof. KAWAKAMI, Koichi
Division of Physiological Genetics

Prof. KOSEKI, Haruhiko
(Chiba University)
Adj. Prof. KIYAMA, Ryoiti

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

Department of Population Genetics
Head IKEMURA, Toshimichi

Division of Population Genetics
Prof, SAITO, Naruya
Assoc. Prof. TAKANO, Toshiyuki
Division of Evolutionary Genetics

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

TENZEN, Toyoaki

Assoc. Prof.

Assis. Prof.

Division of Theoretical Genetics

Prof. KONDO, Shigeru
(Laboratory Head, CDB, RIKEN)
Prof. TAKAGI, Toshihisa

(University of Tokyo)

Department of Integrated Genetics
Head SASAKI, Hiroyuki

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

Assis. Prof.



BHiE B nrrZEEm Division of Agricultural Genetics

By B M Assoc. Prof. KAKUTANI, Tetsuji
moF A F # Assis. Prof. KINOSHITA, Tetsu

i R Division of Brain Function

Bh B S Wl =DM Assoc. Prof. HIRATA, Tatsumi

) F N e = Assis. Prof. KAWASAKI, Takahiko
G E B E Division of Applied Genetics

woooBeh e NI S Prof. TAKAGI, Nobuo

I K 27 K 27 e M ER B BT R E WF TR B0%) (Hokkaido University)

E4=E ) Wor TEOE Adj. Prof. HIROCHIKA, Hirohiko

T FFBE N AT ) TR ) — TG AR F — A %) (Laboratory Head, National Institute of Agrobiological Sciences)

RIFEMREEY F—

Genetic Strains Research Center

5 —E ) LA SR - Head SHIROISHI, Toshihiko
Y ARKHE D BHAEBMEGHRE Mammalian Genetics Laboratory

B = WA ' E Prof. SHIROISHI, Toshihiko
1)) T N ]| Assis. Prof. KOIDE, Tsuyoshi

I ARBIAED B FRAE THMEE Mammalian Developmental Laboratory
# 5% H B/ HmET Prof. SAGA, Yumiko

B F INAAE R Assis. Prof. KOKUBO, Hiroki

BEFUEREEHKMEDET Y ARFKMIEE Mouse Genomics Resource Laboratory

EIGFNE RIS BB ESERAFEAFZEE  Model Fish Genomics Resource Laboratory

A X ZIRRZE S B AE Y S LIS = Plant Genetics Laboratory

B # % ﬁ’E? H @ D Assoc. Prof. KURATA., Nori

B F g il Assis. Prof. ITO, Yukihiro
KIBE R D B R E Y EGHZRE Microbial Genetics Laboratory

B # % [T S I Assoc. Prof. NISHIMURA, Akiko

MEM B YRR D FREHEYBRGIFERE  Invertebrate Genetics Laboratory

B oW HE Prof. UEDA, Ryu

i) T %k I Assis. Prof. GOTO, Satoshi
EYBRECERERBEEEY Y — Center for Genetic Resource Information
vy —E @k N HE TR Head KOHARA, Yuji

RIRERAAEE Genetic Informatics Laboratory

Wy A $ skl Assoc. Prof. YAMAZAKI, Yukiko

1 F wom B Uk Assis. Prof. FUJITA, Masaya

B ERIERAITE Genome Biology Laboratory

oo NI R Prof. KOHARA., Yuji

=

i) T e R K Assis. Prof. ANDACHI, Yoshiki
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Structural Biology Center
Head KATSURA, Isao

Biological Macromolecules Laboratory
Prof. TOKUNAGA, Makio
Assis. Prof. SHIINA, Nobuyuki
Molecular Biomechanism Laboratory
Prof. SHIMAMOTO, Nobuo
SOGAWA, Kumiko
NAGAI, Hiroki

Assis. Prof.

Assis. Prof.

Multicellular Organization Laboratory
Prof. KATSURA, Isao
Assis. Prof. ISHIHARA, Takeshi
Biomolecular Structure Laboratory
SHIRAKIHARA, Yasuo
MAENAKA, Katsumi

Assoc. Prof.

Assis. Prof.

Gene Network laboratory
KOSE, Singo

Assis. Prof.

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

Laboratory for DNA Data Analysis
Prof. GOJOBORI, Takashi
IKEO, Kazuho
SUZUKI, Yoshiyuki

Assis. Prof.

Assis, Prof.

Laboratory for Gene-Product Informatics
Prof. NISHIKAWA, Ken

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

Laboratory for Research and Development of Biological Databases
Prof. SUGAWARA, Hideaki
Assis. Prof. MIYAZAKI, Satoru

Laboratory for Gene-Expression Analysis

Radioisotope Center

Head NIKI, Hironori
NIKI, Hironori
OGATA, Yasuyuki

Assoc. Prof.
Assis. Prof.

Experimental Farm

Head KURATA, Nori
Assis. Prof. NONOMURA, Ken-ichi
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Department of Administration

Head

ISHIKAWA, Kenji

General Affairs Section

Chief

Assistant Chief
General Affairs Unit
Personnel Unit
Research Cooperation Unit
Collaborative Rescarch Unit

Information Resources Unit

TOMIYAMA, Yukio
NEGI, Takayuki

NITTA, Kiyotaka
SHIRAYANAGI, Takashi
UMEZAWA., Saburo
SHIBAMOTO, Fumiaki
ARAI, Setsuko

Financial Affairs Section

Chief

Assistant Chief
Administration Unit
Accounting Unit
Supplies Unit
Property Unit

Facilities Unit

Technical Section

Chief

Animal Unit

Unit leader

Technical Group-I leader

Technical Group-I1 leader

TAKAHASHI, Shouji
SATO, Takaji
HIKICHI, Mitsuo
TSURUTA, Yasuaki
SAKAMOTO, Kazuhiro
AKAGAWA, Tetsuro
HASHIMOTO, Takeshi

ISHII, Yuriko

SAKAI, Masako

Plant-Mizrobial Unit

Unit leader
Technical Group-I leader
Technical Group-I1 leader
Mechanical Unit
Unit leader
Technical Group-I leader

Technical Group-11 leader

HARA, Tomio
EIGUCHI, Mitsugu

YATA, Katsunori
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Outling of Department IS HGRGIIEER nd Exparimental Farm

() Department of Molecular Genetics

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

() Department of Cell Genetics

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

() Department of Developmental Genetics

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

() Department of Population Genetics

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

() Department of Integrated Genetics

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

() Genetic Strains Research Center

Genetic strains with unique characteristics are essential for research of Genetics that is now the basis of all fields of biology. This
Center consists of five laboratories working on Mammalian Genetics, Mammalian Development, Invertebrate Genetics, Plant Genet-
ics and Microbial Genetics.  The center develops valuable genetic strains of mice, Drosophila, rice, Escherichia coli, etc. , and sup-
plies them to researchers in and outside Japan. Each laboratory explores gene function in organisms using these strains.

() Structural Biology Center

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

() Center for Information Biology and DNA Data Bank of Japan

The Center for Information Biology was established in April 1995, as a center of information biology in Japan, and reorganized
as the Center for Information Biology and DNA Data Bank of Japan in April 2001. The center consists of five laboratories where
researchers study genetic information by an extensive use of computers. The DNA Data Bank of Japan (DDBJ) is also housed in
the center. In collaboration with EBI-Bank and GenBank, DDBJ plays worldwide an important role in the collection, annotation, man-
agement, publication and distribution of DNA sequence data.

() Center for Genetic Resource Information

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

() Radioisotope Center

The Radioisotope Center has facilities for biochemical experiments using radioactive tracer with **P, "C, or °H and is equipped
with different kinds of radiation sources needed for the studies of radiation genetics. A currently available, commonly used radia-
tion source is *'Cs.

() Experimental Farm

The farm is responsible for plant management, distribution and related studies to support research and service in the NIG.
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Ectopic eye differentiation in wing and leg imaginal discs of Drosophila, caused
by the misexpression of the eyeless gene. Photograph courtesy of Nao NIWA
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Global Regulation
of Gene Transcription:
Functional Modulation

of RNA Polymerase
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FUJITA, Nobuyuki  MITSUZAWA, Hiroshi  KIMURA, Makoto
D. Sc., Assistant Professor D. Sc., Assistant Professor D. Sc., Assistant Professor
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Functional modulation of RNA polymerase

In both prokaryotes and eukaryotes, the number of RNA
polymerase molecule, the basic machinery of transcription,
is not more than the total number of genes on the genome.
We have been concerned with the gene selectivity control of
the RNA polymerase.

1) Transcription regulation in prokaryote: The RNA
polymerase core enzyme of Escherichia coli is specialized
into multiple transcription apparatus in two steps through
interactions with 7 sigma subunits and more than 100 tran-
scription factors. Current research includes: (i) measure-
ment of sigma subunit and transcription factor levels; (ii)
mapping of transcription factor contact sites on RNA
polymerase; and (iii) analysis of functional modulation of
the RNA polymerase.

2) Transcription regulation in eukaryote: RNA polymerase
11 of the fission yeast Schizosaccharomyces pombe is com-
posed of 12 different subunits. To understand the
specificity control of RNA polymerase II, efforts are be-
ing focused to reveal (i) the regulation of subunit synthe-
sis and assembly, and (ii) the molecular interaction net-
work of each subunit with transcription factors.

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

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

Kimura, M., Suzuki, H, and Ishihama, A. (2002). Formation of a
carboxy-terminal domain phosphatase (Fep1)/TFIIF/RNA polymerase
11 (Pol I1) complex in Schizosaccharomyces pombe involves direct in-
teraction between Fepl and the Rpb4 subunit of Pol I1. Mol. Cell. Biol.
22, 1577-1588.
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FISSlon yeast cells arrested at metaphase due to disfunction of
ubquitin-conjugating enzyme, Ubc11 (UbcP4).
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KISHI, Tsutomu

Division of Muteeenesis I

Yamao Group

Selective Protein
Degradation Controls
Cellular Functions

i B RA

B ()
SEINO, Hiroaki
D. Sc., Associate Professor D. Eng., Assistant Professor D. Sc,, Assistant Professor

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

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

lular functions is the final goal of our research.

Yamao, F. and Ishihama A. (2001). Two WD

repeat-containing TATA-binding protein-associated factors in fission

Mitsuzawa, H., Seino, H.,

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

Yamao, F. (1999). IB Review: Ubiquitin System-Selectivity and Tim

ing of Protein Destruction. J. Biochemistry /25, 223-229.

Kishi, T., and Yamao, F. (1998). An essential function of Grrl for the
degradation of CIn2 is to act as a binding core that links CIn2 to Skpl.
J. Cell Sci. /11, 3655-3661.

Kishi, T., Seno, T
quitin pathway in Sacchromyces cerevisiae through association with
7, 143-148.

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

Skpl. Mole. gen. Genet. 25

Osaka, F., Seino, H., Seno, T, F. (1997). A ubiquitin-
conjugating enzyme in fission yeast, that is essential for the onset of
anaphase in mitosis. Mole. Cell. Biol. /7, 3388-3397.

and Yamao,
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Ligation Chemistry of Protein

EHOT 2 BEA % & DE A 2{L2E 0 & S W EY
RN L 2R TF REGR IOy 72 ELTHWTER
TEDNHEEMFE TN ZEDTVWET, ZNETIC
BRFE L7z HikaHWT, 1) R L% R AR B  & -
i 7 (RSO, N 0D 5 1 TV B SR 7 R F BT 0D
BRICIRD A TWET, F, ZOLHBERIERD, &
HE D7 2/ K EEA 2 8 AT % & EALSEIT S5
ThO, MNLNTOEAEOHER O 2 HiE LT, &
F732 481 1 7C OO 3R V8T OO S A 5 O DR 56 22 H 2% L 7= W
HHITHOTWET,

Methods for protein synthesis are under development in
which expressed peptide segments as well as chemically
prepared ones are used as building blocks. The developed
methods can afford to condense peptide segments at any giv-
en sites by using peptide thioesters as building blocks. Using
the developed methods, phosphorylated or/and isotope-labeled
proteins are being prepared for their structura I and function-
al studies. A highly specific chemical modification meth-
od is also under development for the preparation of intelli-
gent proteins so as to elucidate protein behaviors in cells.

KEERATFE  we  amEER
Boc-1- T Bji s Fie
05«8“”"“““—%0* —
RAEAK 73/ ARREESR

HIHERE OA R & EME R E O HH R
Strategies for de novo synthesis and chemical modification of
proteins
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Molecular Regulation for
Chromosomal Replication Cycle
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KATAYAMA, Tsutomu
Associate Professor (Adjunct)

I BRI FE T, WK DNA 2B E ORI S & 4,
IR 2 56T 5. T ORI S 2 DI, #8202 iy
SHDDTFAA v FRHIZHIE SN TSNS THD,
Bx ik, KIBE T3, HRAEMAESE2EAE (DnaA) 25,
DN A 18 BUF 3 O W B AL 2 1R U Ty TR BEREN
flEnz &Lz, MlEb i, 2 OB
L, RIE O 27 )L RGN B (b E 5 &
Bbohsd, Rald. ok Rk 21 v F o
PR 2 o FlESER, B R, Mk AEsE Y o —
FEEH LU TRIET 5,

In cell cycle progression, chromosomal DNA is replicated
only once at specific timing by careful controlling of molec-
ular switch for replicational initiation. We revealed that a
protein (DnaA) initiating £. coli chromosomal replication is
inactivated by timely and direct interaction with the
chromosomal replicase, in a manner dependent on its con-
formational change concomitant with nucleotide-polymerizing
activity. In cell cycle, the initiation protein is most likely
inactivated by this way after initiation, then reactivated be-
fore the next round of replication cycle. We investigate mo-
lecular mechanisms in this DnaA-activity cycle.

-~ /aTPa
ATPbinding

|
ATPINZK 5 %

ADP-DnaA  Atphydrolysis
(iE MR
Inactive)

DnaA JE MR 1 2 )L DE T IV
Model for the regulatory cycle of DnaA activity
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ATy hTTawD ! Membrane traffic: intracellular
LY 27 LA DR & transport network essential
it 15 A48 S HHRR AR to formation and maintenance
xRy bT—D of the multi-cellular system
el R
g &
YOSHIMORI, Tamotsu
D. Med., Professor
BRI GRS DI (FILH % T) DE <, Y Most of membrane-bound organelles in eukaryotic cells

{F 3y 7 TIOREICHIE S NI OB =~ - 8-
RE - A%~ 20 Tk &> THEZRD G0,
@iy R — 2 EBRLTWET., ZOXD Wi
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WRT Y B h—3 250, fHx ORI AR
W E VT T <, MlasE MﬂZ’\’D%l e T A e & o
7= SN A AR D RESEE « HEFF TR D Bk % 7 BEREZ - T
WET, BGEL, AT hI T4 v OB EEK
Bz BIE L, BELFOMEEIT> TWET,

o T RY—ATIE, filasnsE0AENZSTINEZ
MRS NDD, PMROBTHDY) VY —LITEDS
NDIDPE X, 7 ORI O R FEHI S (1%L >
TWET, ZOLIRLTY R —AIIBIT 5] el [TBES
O THRE A S M LED ELTVET,

® it C oM E AT+ T D MfUVV%AV
BOOELEMHT AV ATLATHEZA— T 72 —D
AR ENZDNWTIEH LD J‘f)\f)fhitf/u’fbtn
FSETA— k7 7 O—IcBb 2 PEE RV E R 2 L,

ZNoOHIHDDDH D T,
Plasma membrane
i Secretory.
veslc!e Recycl
\' / s B
s Eaviy endosome \
>
TGN ol
/it )
endosome BO8(
Golgl v 4 Lysosome
EpCAELS Autopfmpost{na -,
8 T~ o= )*
Endoplasmic \!
reticulum Autolysosome

MmpERA YTy RTTAVY
Intracellular membrane traffic

Merged

-
.

10 um
R R US2 R O Autophagosome [ (=5 &9 % LC3 & 58

WETDREDH (= FEET B AP ERE L= & T, MWHTERKL
BEMETA— 77 O—DBITES LI ITG o1,

We can now trace autophagy in fluorescent microscopy by using
GFP derivative-tagged LC3 and Apg5, which are associated with
pre- and mature autophagosome membrane or only the
pre-autophagosome, respectively.

are linked each other by dynamic and regulated membrane
trafficking. By performing secretion, endocytosis, etc., mem-
brane traffic is involved not only in survival of each cell but
also in various functions including formation of cell polar-
ity and intercellular communication, which are essential for
the multi-cellular system. We aim to understand mechanisms
and roles of membrane traffic. Our current research projects
are as follows:

® Endocytosed cargo first reaches the endosome and is then
cither recycled back to outside or sorted to the lysosome
for degradation. This endosomal sorting plays an impor-
tant role in regulation of cell growth. Our present effort
focuses on understanding of molecular machinery under-
lying sorting and transport in the endosome.

@ Mechanisms and roles of autophagy, a process delivering
part of the cytosol and organelles into the lysosome for
degradation and reuse, have remained hidden for many
years. Through analyses of several mammalian proteins
involved in autophagy which we identified, we are uncover-
ing the secrets of autophagy.

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

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

Kabeya Y, Mizushima N, Ueno T, Yamamoto A, Kirisako T, Noda T,
Kominami E, Ohsumi Y, Yoshimori T. (2000). LC3, a mammalian
homolog of yeast Apg8p, is localized in autophagosome membranes
after processing. EMBO J. /9, 5720-5728.

Mizushima N, Yamamoto A, Hatano M, Kobayashi Y, Kabeya Y,
Tokuhisa T, Ohsumi Y, Yoshimori T. (2001)
autophagosome formation using Apg5-deficient mouse embryonic stem
cells. J. Cell Biol. /52, 657-667.

. Dissection of

Kihara A, Kabeya Y, Ohsumi Y, and Yoshimori T. (2001).
Beclin-phosphatidylinositol 3-kinase complex functions at the rrans-Golgi
network. EMBO Reports 2, 330-335.
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HE R [ DB DO RaR A 5 TWET, Z0OK
VR /ND 1R S e K600R LA & TE T2 TY . Jetafk
O, EALOWRTEDX D RFMIZH DINWTET S
OMFFELED> T ER A, Wz BIdREEELD
WieEoh T MERG (Imai ef al, 1986) Zf23 L & L7z,
S /N FH vt OV B 0 AR SRS PN D e (e (AR LA R L
DN THABRIEAL 2 R GRIN e LT, falia > Ea—
Yy Ial—a  ICKDHEMRBBICRIIL, EREKT
57 % ANWTERMICEBRTEDL LS IR DE L, BIE,
PR OSSR A, WALEB IO VEHOBR &L T,
e/ IME B ORGIE 217> TWET,

A=A NS TREDF/INT ) (Myrmecia), ZD7T ') [FH—
RIZEEH 5T, REARBOSIRHTER (2n=2-84) T,
BEREE DR ICE L TS,

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

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

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

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

Hirai, H., M.T. Yamamoto, R.W. Taylor, and H.T. Imai (1996).
Genomic dispersion of 28s rDNA during karyotypic evolution in the
ant genus Myrmecia (Formicidae). Chromosoma /05, 190-196.

Imai, H.T., M.Y. Wada, H. Hirai, Y. Matsuda, and K. Tsuchiya (1999).
Cytological, genetic and evolutionary functions of chiasmata based in
chiasma graph analysis. J. theor. Biol. /98, 239-257.

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

mosome evolution of mammals, ants and wasps based on the minimal
interaction theory. J. theor. Biol. 270, 475-497.

Ant database: http://133.39.12.33/default.html
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FrysMAy MAES (1, 2) RUERE (3, 4, 5) &
%Wuiﬁﬁmfm&ﬁﬁﬁbﬁuﬁﬂfué
Wild-type (1, 2) and checkpoint defective cells (3, 4, 5). The de-
fective cells show abnormal morphology of nuclei.
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Molecular mechanism
of eukaryotic DNA replication
in the cell cycle
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KAMIMURA, Yoichiro
D. Med., Assistant Professor

Chromosomal DNA is replicated accurately in accordance
with cell division and segregated to daughter cells. This pro-
cess ensures that cells transmit accurate genomic information
to their progeny during cell division. The major subject of
research in this laboratory is the regulation of DNA replica-
tion and the mechanism coupling DNA replication with cell

division in eukaryotic cells.

® Each cukaryotic chromosome is replicated exactly once in
the S-phase of the cell cycle. Although this is regulated

in the initiation step of DNA replication, the mechanism

of initiation has not been well elucidated. Using strong
yeast genetics and biochemistry, we have studied the mech-
anism of the initiation of DNA replication and its regu-
lation by the cell cycle engines.

® [f DNA replication is blocked or DNA is damaged by ab-
errant replication, the checkpoint system arrests the cell cy-
cle. Components of the replication machinery have been
suggested to act as a sensor at the checkpoint. Therefore,

we have studied the relationship between the replication

proteins that we isolated and the checkpoint.

Araki, H., Phongdara, A.,

which interacts with DNA polymerase 11(¢) in Saccharomyces cerevisiae,

Leem, S.H., and Sugino, A. (1995). Dpbl1,
has a dual role in S-phase progression and at a cell cycle checkpoint

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

Kamimura, Y., Masumoto, H., A. and Araki, H. (1998). SId2,

which interacts with Dpbl1 in Saccharomyces cerevisiae,

Sugino,
is required
for chromosomal DNA replication. Mol. Cell. Biol. /8, 6102-6109.

Masumoto, H., Sugino, A.,
association between DNA polymerase v and &,
budding yeast. Mol. Cell. Biol.

and Araki, H. (2000). Dpb11 controls the
and the ARS region of
20, 2809-2817.

Kamimura, Y., Tak, Y-S., Sugino, A., and Araki, H. (2001). Sld3,
which interacts with Cdc45 (Sld4), functions for chromosomal DNA
EMBO J. 20, 2097-2107.

replication in Saccharomyces cerevisiae.

Masumoto, H., Muramatsu, S., and Araki, H.
S-Cdk-dependent phosphorylation of SId2 essential for chromosomal

DNA replication in budding yeast. Nature 4/5, 651-655.

Kamimura Y., (2002)
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KIBHEORAARDBERIL, #9464 157 HiH OBRR O Y ik
7272 — DT OB RBAEA (oriC) MBIRE > TR
WA, D OB AR AR O SO T 2 - THEES
LET, RAKOBEROBEILoriC THEEAMED 5N 50
ESMMIMIo TWET, ERPALA SO DNA I3 8RB LG
ZOMMET EBHHEE (DnaA) MG L, FHUTL > T 2 A8
DNADHZL, X510 ISEA & - TRk i
MREVET., LHL—HRIC—EZTRIS LT
TWHEBIOMETN ED XD IR TR Z > T onid
HEMNTIRB O EH A, ZOWFEE TIIEMER DnaA o
HEHLT, ERBAESRDNA AOREARE, ZOEMAOR
Offix DBHES, T OKREICHKEZE X HMMOEH & DOH
HAEMREZMRTHBO, s NEMOMBOWMESC &
DEINHNTNZDONEH SN LIENEEZEZTNET,

Replication of Escherichia coli chromosome starts at a
unique site called oriC in its 4.64 million base pair circular
DNA, and proceeds bidirectionally to its terminus. The in-
itiator protein DnaA binds to the oriC DNA and triggers a
series of reactions that lead to the initiation of replication.
The initiation is strictly regulated and occurs only once in
one division cycle of E. coli, but its mechanism is not known.
Since DnaA is the only known protein that is specifically in-
volved in the first step of initiation, we are focusing on DnaA
and are studying its various functions. We are also study-
ing other proteins that interact with DnaA and that may reg-
ulate it.
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Genetic Dissection
of neuropsychiatric diseases
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S 7N 5 O R O 8 s 7[Rl e &= HIE L T
W5,

The etiologies of mental illnesses, such as schizophrenia
and mood disorders are not known, although it is assumed
that multiple genes, environmental factors and their interac-
tions may underlie the causes. In these complex diseases, it
is a formidable task to narrow down the susceptible
chromosomal loci. Our current efforts focus on strategies
which aim to find susceptibility genes for psychiatric disor-
ders by combining linkage and linkage disequilibrium map-
ping, and by incorporating the isolation of susceptibility genes
from animal models.
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& 665 5 65 5656666 &6 565865858586
QTLfRMrI= & 5, B&EIAKKT A kb (FST) BLUVRBET R b
(TST) RSMAEZET D7V GBI FEORTE—D DMk

HEEFOREEZBKELT

Identification of mouse chromosomal loci which control sensitivities
to forced swimming test (FST) and tail suspension test (TST), by
QTL (quantitative trait loci) analysis: toward identification of
depression-related genes
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YANAGIDA, Mitsuhiro
Professor (Adjunct)
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Research topics in this laboratory are cell cycle control,
maintenance of chromosomes through checkpoint control and
molecular mechanisms of chromosome condensation and seg-
regation in the M phase of cell cycle. These are essential
aspects of cell regulation common for eukaryotic cells. We
are particularly interested in molecular functions of some
supramolecular complexes required for cell cycle progression
and the high fidelity of chromosome transmission.

Moreover our interest extends to the functions of
kinetochore microtubules and centromere chromatin.

DNAFUB & et 53 6 & WO ML
WRES 0T OWME Replication &
Kinetochore established St O TN & W S AT R
specific cohesion Condensation P10 M ERBERR
chromatin & spindle Proteolysis-
formation induced
(] ¢ anaphase
Misé,
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B Importin a

fRrREHE & 1 D R EEBIE

Chromosome dynamics in the cell cycle
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Nuclear receptor Seven-up is expressed in a subset of neuronal
precursors in the Drosophila embryonic central nervous system, and
contributes to the generation of neuronal diversity.
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Drosophila nervous system
development
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OKABE, Masataka
M. D, Ph. D, Assistant Professor

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

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

Hacohen, N., Kramer, S., Sutherland, D., Hiromi, Y. and Krasnow, M.A.
(1998). sprouty encodes a novel antagonist of FGF signaling that pat-
terns apical branching of the Drosophila airways. Cell 92, 253-263.

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

Hiramoto, M., Hiromi, Y., Giniger, E. and Hotta, Y. (2000). A

Drosophila Netrin receptor, Frazzled, guides axons by controlling the
distribution of Netrin. Nature 406, 886-889.

Okabe, M., Imai, T., Kurusu, M., Hiromi, Y. and Okano, H. (2001).
Translational repression determines a neuronal potential in Drosophila
asymmetric cell division. Nature 4//, 94-98.

Umesono, Y., Hiromi, Y., and Hotta, Y. (2002). Context-dependent uti-
lization of Notch activity in Drosophila glial determination. Develop-
ment /29, 2391-2399.
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Expression pattern of the gene that encodes the neuropeptide
Hym-355 (FPQSFLPRGamide) in the Hydra head.
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Hydra is a coelenterate that occupies a basal position on
the phylogenetic tree from which all the higher metazoans
diversified. Because of its simple body plan, strong regen-
erative capacity and evolutionary position, Hydra is one of
the best model animals to study development and neuronal
function. During the past several years, our efforts have been
focused on the systematic identification of peptide signaling
molecules that are involved in development and neuronal
function in Hydra. The efforts have revealed several impor-
tant features: Hydra appears to contain several hundreds of
peptide signaling molecules and a half of them are derived
from epithelial cells (thus, called epitheliopeptides) and the
rest from neurons (neuropeptides). Many of the epitheliopep-
tides that have alreadly been identified are involved in pat-
terning processes. This finding agrees with our previous
results that epithelial cells primarily regulate patterning. Some
of the neuropeptides are involved in cell differentiation as
well as in neurotransmission. Recently, we have initiated a
project to systematically identify the receptors that utilize pep-
tides as ligands. In addition to the peptide work, we are also
studying germ cell differentiation and sex determination, as
well as behaviours of Hydra.

Takahashi, T., Muneoka, Y., Lohmann, J., Lopez de Haro, Solleder,
G., Bosch, T.C.G., David, C.N., Bode, H.R., Koizumi, O., Shimizu, H.,
Hatta, M., Fujisawa, T. and Sugiyama, T. (1997). Systematic isolation
of peptide signal molecules regulating development in Hydra: 1.
LWamide and PW families. Proc. Natl. Acad. Sci., U.S.A. 94,
1241-1246.

Grens, A., Shimizu, H., Hoffmeister, S., Bode, H.R., and Fujisawa, T.
(1999). Pedibin/Hym-346 lowers positional value thereby enhancing
foot formation in hydra. Development /26, 517-524.

Takahashi, T., Koizumi, O., Ariura, Y., Romanovitch, A., Bosch, T.C.G.,
Kobayakawa, Y., Mohri, S. Bode, H., Yum, S., Hatta, M., and Fujisawa,
T. (2000). A novel neuropeptide, Hym-355, positively regulates neuron
differentiation in Hydra. Development /27, 997-1005.

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

Bosch, T.C.G. and Fujisawa, T. (2001). Polyps, peptides and pattern-
ing. Bioessays 23, 420-470.
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Supercoiling factor localizes on puffs of polytene chromosomes (red
signals)

fushi tarazu &+ 7 0 E€—4% —5ElE

v GAGARF
JETYITRAF

() — Co— (-
fushi tarazu;BAF DIREFMEAEICE T OE—2 —fREOX &
LAY —LBENMEIEEND CEARETT
Transcriptional activiation of the fushi tarazu gene requires chromatin
remodeling in its promoter region.
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D. Ag, Associate Professor D. Ag, Assistant Professor M. Sc.,, Assistant Professor

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

Our current research projects are as follows:

® Mechanism of GAGA factor-dependent chromatin remodel-
ing

® Role of supercoiling factor in the formation of active
chromatin

® [unctional analysis on transcriptional coactivator MBF1

® Mechanism of transcriptional regulation of FTZ-F1

® Role of FTZ-F1 during development

Okada, M. and Hirose, S. (1998). Chromatin remodeling mediated by
Drosophila GAGA factor and ISWI activates fushi tarazu gene tran-
scription in vitro. Mol. Cell. Biol. /8, 2455-2461.

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

Takemaru, K., Harashima, S., Ueda, H. and Hirose, S. (1998). Yeast
coactivator MBF 1 mediates GCN4-dependent transcriptional activation.
Mol. Cell. Biol. /8, 4971-4976.

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

Drosophila melanogaster. Development /27, 5083-5092.

Suzuki, T., Kawasaki, H., Yu, R.T., Ueda, H. and Umesono, K. (2001).
Segmentation gene product FUSHI TARAZU is an LXXLL
motif-dependent coactivator for orphan receptor FTZ-F1. Proc. Natl.
Acad. Sci. USA 98, 12403-12408.
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The genetic basis of
development and simple
behaviors in zebrafish
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WBE TS T4y aE0EENRGE (L) LdkB (F).

A gene specifically expressed in the zebrafish embryonic heart was
trapped by a Tol2 gene trap vector with the GFP gene.

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

Our aim is to develop insertional mutagenesis methods
in zebrafish using the 7o/2 transposable element. 7o/ is a
transposon isolated from the genome of the medaka fish and
is similar to the Ac¢ element of maize. We have showed that
Tol2 is an autonomous element, which encodes a function-
al transposase, and is capable of transposition in the zebrafish
germ lineage. Recently, we have successfully achieved high-
ly efficient germ line transmission using the 70/2 vector, and
we are now focusing on developing gene trap strategies using
this transposon system.

We are also working on the functional analysis of the
zebrafish hagoromo gene, which regulates stripe pattern for-
mation on the skin and whose ortholog, the mouse Dac-
tvlaplasia gene, regulates digit formation in mouse limbs, and
development of transposon technologies in mouse.

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

Allende, M., Amsterdam, A., Becker, T., Kawakami, K., Gaiano, N.,
and Hopkins, N. (1996). Insertional mutagenesis in zebrafish identifies
two novel genes, pescadillo and dead eye, essential for embryonic de-
velopment. Genes & Development /0, 3141-3155.

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

Kawakami , K., Amsterdam, A., Shimoda, N., Becker, T., Mugg, I,
Shima, A., and Hopkins, N. (2000). Proviral insertions in the zebrafish
hagoromo gene, encoding an F-box/WD40-repeat protein, cause stripe

pattern anomalies. Current Biology /0, 463-466.

Kawakami, K., Shima, A., and Kawakami, N. (2000). Identification of
a functional transposase of the 70/2 element, an Ac-like element from
the Japanese medaka fish, and its transposition in the zebrafish germ
lincage. Proc. Natl. Acad. Sci. USA 97, 11403-11408.
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of organ development in mice
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(1) Genetic and molecular dissection of multimeric protein
complex consisted of mammalian Polycomb-group (PcG)
gene products. This project involves identification and
functional characterization of putative PcG proteins and
identification of binding sites for PcG complex in HoxB8
locus.

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

(3) Molecular mechanisms involved in the development of
gut-associated lymphoid system. This project aims to iden-
tify and characterize molecules involved in mesenchyme-
haematopietic cell interaction.
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Genome analysis
using DNA microarrays

KIYAMA, Ryoiti
D. Sci., Adjunct Professor
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In the recent post-genome project era, techniques using
DNA chips (or microarrays) will play a major role in apply-
ing genome information. We are developing custom microar-
rays for mutation detection, or genotyping, in diagnosis and
therapeutics of cancers and also for expression profiling for
detecting and assessing endocrine disruptors. In the course
of such studies, we have already found new cancer-related
genes, and endocrine disruptor-responsive genes, which gave
clues as to tumorigenesis or endocrine disruptor-pathways.

Response /
Time (hr) i

HABLIAI AT LA EZAVERERLEVRETIAD 7
14
Profiling endocrine disruptor response with custom microarrays.

Mell8#E& 4 > /X4 T 5 SAP155 (Spliceosome-associated protein 155)
& Mell8 RIE~ 7 A DR TEHER S W= BiRMEEAFAE, SAP1S5 A
A I—LBO—EELTHELTWSZ LERLTLS,

. Genetic interaction between mutation in SAP155 (Spliceosome-associated
g protein 155) and Mel18 loci induced the hometic transformations in the
axial skeleton suggesting the involvement of SAP155 protein in the mam-
malian PcG comlex.
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Evolution of organisms
at genetic/genomic level

v A B8
4% Ph.D. (1)

SAITOU, Naruya
Ph. D., Professor
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Silver Project: Ape Gename Sequencing
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We study the evolution of organisms at the genetic and
genomic levels through wet experiments and computer anal-
yses. We are particularly interested in primate and mam-
malian evolution toward human. Themes of our study in-

clude:

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

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

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

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

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

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

Saitou N. and Yamamoto F. (1997). Evolution of primate ABO blood
group genes and their homologous genes. Molecular Biology and Evo-
lution /4, 399-411.
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TAKANO, Toshiyuki
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Failure of the CUT expression in D. melanogaster-simulans hybrid
(C). A normal staining pattern is in (A) and (B).

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

We are currently doing the following studies:

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

® Detection and analysis of evolutionary changes in the genes
involved in Drosophila bristle formation

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

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

Takano, T.S. (1998). Loss of notum macrochaetae as an inter-specific
hybrid anomaly between Drosophila melanogaster and D. simulans. Ge-
netics /49, 1435-1450.

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

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

Takano-Shimizu, T. (2000). Genetic screens for factors involved in the
notum bristle loss of interspecific hybrids between Drosophila
melanogaster and D. simulans. Genetics /56, 269-282.

Takano-Shimizu, T. (2001). Local Changes in GC/AT Substitution
Biases and in Crossover Frequencies on Drosophila Chromosomes. Mo-
lecular Biology and Evolution /8, 606-619.
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Replication timing for human chromosome 21q. Dlsease related
genes present in timing-switch regions are listed.”
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FUKAGAWA, Tatsuo
D. Sc., Associate Professor (Adjunct)

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

® Construction of high-resolution map of DNA replication
timing in human chromosomes.

@ Functional analyses of centromeres in vertebrate cells.

® Sclf Organizing Map (SOM) of genome sequences

@ Prediction of DNA replication origin by a bioinformatic
approach.

® Produce of “Genome Documentary Theater” for effective
visualization of massive genome information.

Watanabe, Y., Fujiyama, A., Ichiba, Y., Hattori, M., Yada, T., Sakaki,
Y. and Tkemura, T. (2002). Chromosome-wide assessment of replica-
tion timing for human chromosomes 11q and 21q: disease-related genes
in timing-switch regions. Human Molecular Genetics /1, 13-21.

Fukagawa T, Mikami Y, Nishihashi A, Regnier V, Haraguchi T,
Hiraoka Y, Sugata N, Todokoro K, Brown W, Ikemura T. (2001).
CENP-H, a constitutive centromere component, is required for
centromere targeting of CENP-C in vertebrate cells. EMBO J. 20,
4603-4617.

Fukagawa T, Regnier V, Ikemura T. (2001). Creation and character-
ization of temperature-sensitive CENP-C mutants in vertebrate cells.
Nucl. Acids Res. 29, 3796-3803.

Kanaya, S., Kinouchi M., Abe, T., Kudo, Y., Yamada, Y., Nishi, T
Mori, H. and Tkemura, T. (2001). Analysis of codon usage diversity
of bacterial genes with a self-organizing map (SOM): characterization
of horizontally transferred genes with emphasis on the E. coli O157
genome. Gene 276, 89-99.

Tenzen, T., Yamagata, T., Fukagawa, T., Sugaya, K. Ando, A., Inoko,
H., Gojobori, T., Fujiyama, A., Okumuara, K., and Ikemura, T. (1997).
Precise switching of DNA replication timing in the GC content tran-
sition area in the human major histocompatibility complex. Mol. Cell.
Biol. /7, 4043-4050.
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In each developmental phenomenon, a lot of genes are
involved and interact one another. The whole system is
sometimes too complex to be understood by the brain of hu-
man. To overcome such difficulty, mathematical theories and
computer simulation may help. We are temporally studying
the relationship between the gene activity and the complex
skin pattern of fish using a mathematical theory, “reac-
tion-diffusion model”. Our final aim is to establish a gen-
eral method to understand the complex phenomena that the

classic genetics can not deal.
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The fish stripes as a visible Turing wave
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Ontology for living systems
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To substantially promote the integration of heterogene-
ous databases and to further facilitate the discovery of fun-
damental concepts or hidden structures in biological phenom-
ena, we study genome ontology where biological knowledge
is comprehensively reorganized and both the terminology and
the concepts are unified across species. We try to establish
such ontology of signal transduction. In addition, we are
recompiling its dictionary and are developing computer tech-
niques for automatic information extraction from literature

databases.
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Knowledge representation and knowledge bases required for the
computational analysis of biological phenomena and functions.
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Xist RNA

RNA FISH
Xist FERT % 184E$ B &, ASEMETIEREMSA: Xist AFB] L, 5
WX REEORFEENIES 5.
Genetic manipulation of the Xist locus causes ectopic expression
of Xist, leading to aberrant X-chromosome inactivation in males.

Chromosome Painting
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Epigenetic regulation
of the mammalian genome

B i
SADO, Takashi

D. Sc., Assistant Professor

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

@ [istablishment of imprinting in the germ-line

® Structure, regulation and evolution of imprinted genome
domains

® Role for DNA methylation in X-chromosome inactivation

® Regulation of X-chromosome inactivation by anti-sense
RNA

@ Function and regulation of mammalian DNA methyltrans-
ferases

@ Human disorders associated with abnormalities in DNA
methylation or imprinting

Ishihara, K.,

genomic sequencing identifies novel tissue-specific enhancers and se-

Hatano, N., Furuumi, H. et al. (2000). Comparative
quence elements for methylation-sensitive factors implicated in /gf2
H19 imprinting. Genome Research /0, 664-671.

Ueda, T.. Abe, K., Miura, A. et al. (2000). The paternal methylation
imprint of the mouse /719 locus is acquired in the gonocyte stage dur-

ing fetal testis development. Genes to Cells 5, 649-659.

Mizuno, S., Chijiwa, T., Okamura, T. et al. (2001). Expression of DNA
methyltransferases DNMT1, 34
in acute and chronic myelogenouse leukemia. Blood 97, 1172-1179.

and 3B in normal hematopoiesis and

Sado, T., Wang, Z., Sasaki, H., and Li, E. (2001). Regulation of im-

printed X-inactivation in mice by 7six. Development /28, 1275-1286.

Davies, K., Bowden, L., Smith, P. et al. (2002). Disruption of mesoder-
mal enhancers for /g/2 in the minute mutant. Development /29,

1657-1668.
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204 XRF X+ D CACTAIRFDEHR I & EMRTIE 20D
BB (BEXME £ Y)

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

Epigenetic controls
of plant development
and genome structure
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KINOSHITA, Tetsu
D. Sc., Assistant Professor

In order to explore epigenetic gene regulation, we are tak-
ing a genetic approach using Arabidopsis. Mutations in
DDM] (Decrease in DNA Methylationl) gene, which encodes
a protein similar to the chromatin-remodeling factor SWI12/
SNF2, results in reduced genomic cytosine methylation and
transcriptional de-repression of repeated sequences. A strik-
ing feature of the ddm! mutation is that it induces a varie-
ty of developmental abnormalities by causing heritable chan-
ges in other loci. One of the ddm1-induced abnormalities,
late flowering trait, was caused by ectopic expression of a
homeobox gene, FWA. Another abnormality was caused by
transpositional activation of a novel endogenous transposon
CACI. Thus DDMI gene is necessary for both epigeneti-
cally ensuring proper gene expression and stabilizing the
genome structure.

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

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

Kakutani, T., Munakata, K., Richards, E.J., and Hirochika, H. (1999).
Meiotically and mitotically stable inheritance of DNA hypomethyla-
tion induced by ddml mutation of Arabidopsis thaliana. Genetics /57,
831-838.

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

Miura, A., Yonebayashi. S., Watanabe, T., Toyama, T., Shimada, A.
and Kakutani, T. (2001). Mobilization of transposons by a mutation
abolishing full DNA methylation in Arabidopsos. Nature /7, 212-214.

Kinoshita, T, Harada, J.J., Goldberg, R.B., Fischer, R.L. (2001).
Polycomb repression of flowering during early plant development.
PNAS 98, 14156-14161.
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An organotypically cultured telencephalon. Olfactory bulb axons
(left) grow on the pathway marked with specific guidepost neurons
(right). Left and right panels are the same field. Asterisks mark
the olfactory bulb.
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Hirata Group

Vertebrate neural network
formation
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KAWASAKI, Takahiko

D. Sc., Assistant Professor

The functions of the brain underlying our complex be-
havior and mental activity require the precise interconnec-
tions between neurons. The wiring patterns of neuronal con-
nections are, for the most part, genetically determined. There
are also genes that modify the existing neuronal connections
under environmental influences such as experiences.

The Division of Brain Function aims to reveal the cel-
lular and molecular mechanisms controlling the formation of
neuronal connections. During development, axons of the ol-
factory bulb project into the caudal pathway and make synap-
tic connections with their target cells in the telencephalon.
We developed an organotypic culture system of the mouse
embryonic telencephalon in which olfactory bulb axons form
the stereotyped projection as that in vivo. Using this culture
system, we have found a specific subset of early-generated
neurons that function as the guidepost for olfactory bulb
axons.

Hirata, T., Nomura, T., Takagi, Y., Sato, Y., Tomioka, N., Fujisawa,
H., and Osumi, N. (2002). Mosaic development of the olfactory cor-
tex with Pax6-dependent and -independent components. Dev. Brain
Res. (in press).

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

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

Nakamura, S., Fujisawa,

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

Hirata, T.,

eral branching and 1'|rgcl invzl\'inn of mitral cell axons during devel-
, 93-104.

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

opment. J. Neurobiol.

Sato, Y., Hirata, T., Ogawa, M., and Fujisawa, H. (1998). Requirement
for early-generated neurons recognized by monoclonal antibody lotl

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



RIS i uED

e =

Takagi Group Y5
FEVIAD KLU b
BB FREMBRZICHIT D p- <
FEMARDEMZ %
Mouse X chromosome activity \ *? /B
in early embryogenesis BAER
B2 (HHE)

and gametogenesis
TAKAGI, Nobuo

Professor (Adjunct)

LA D X G a3 1. 6 XX 10°H{ SR /»4 SDNA NS LD
BT Olfs % 4“»'(&«1\« o DFHIICRBEERIEID
et fRl, MECIE 1A, HECIZ2AH 25D T, \x'l' IIJllf 7
it (D 7% /v:;a!.‘-]""“rl'/ 7=, MDA ST 2 KD S

EO—fEANEHLL £9, X¥@aEiZrovr [) ik %25
2252 r‘\ » /r|)\]||'k[, . I R T O PR "
7= B 13 Dl Ld(é\w"‘? &, PafkE 0D KGR k/)(l l|»-‘U(
BN ZDd "R AR S A EHLATTEE U TRt &
it T W [

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

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

el.

FISHKIZ & » THitH L7z 16#IfHA XX < & AR FERIZ & 1
% Xist JBARF D FEIR

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

Colocalization of Xist transcripts (red signals) with the X
chromosomes (green signals) is evident. In spite of biallelic expres-
sion of Xist, random X-inactivation is found in most cells after im-
plantation.
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I'he ongoing international efforts of the rice genomic se-
quencing project have generated a large amount of sequence
data. The next important challenge is to determine the func-
tion of each gene. We produce a sufficient number of mutant
lines induced by stress-activation of an endogenous
retrotransposon for saturation mutagenesis and develop a
We also

study the regulatory mechanism of activation of retro-

method for systematic functional analysis of genes.

transposons by focusing on transcriptional regulation and
DNA methylation.

MAPK i {=F DR IE I & 5
Example of gene disruption: Abnormal morphology induced by dis-
ruption of MAPK gene (right).
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(A) Phenotype of Tail short (7s/+) embryo
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(B) BAC contig around the critical region
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Positional cloning of a morphological mutant Tail short (Ts). (A),
phenotype of Ts/+; (B), Physical map around Ts gene
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Mouse forward genetics
on pattern formation in early
embryogenetsis and behavior
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KOIDE, Tsuyoshi
D. Med., Assistant Professor

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

Currently, we are undertaking the following studies:

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

® Genetic regulation of central axis formation

® Genetic regulation of epithelial cell growth

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

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

® Construction of mouse consomic strains

® Genome analysis based on genetic diversity among mouse
strains

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

Koide, T., Moriwaki, K., Ikeda, K., Niki, H., Shiroishi, T. (2000). Be-
havioral study on inbred strains established from wild mice: BLGs has
impaired ability for learning and memory. Mammal. Genome 7/,
664-670.

Sacki, N., Kuwahara, Y., Sasaki, H., Shiroishi, T. (2000). Gasdermin
(Gs) localizing to mouse chromosome 11 is predominantly expressed
in upper gastrointestinal tract but significantly suppressed in human gas-
tric cancer cells. Mammal. Genome /7, 718-724.

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

Furuse, T., Blizard, D.A., Moriwaki, K., Miura, Y., Yagasaki, K.,
Shiroishi, T. and Koide T. (2002). Genetic diversity underlying cap-
saicin intake in the Mishima battery of mouse strains. Brain Res. Bull.
57, 49-55.
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Comparison of skeletal morphologies of a wild-type (left) and the
Mesp2-knockout mouse (right). Mesp2 play san important role on
the formation of metameric structure.
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Saga Group

Molecular mechanism

of mouse embryogenesis
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D. Sc., Assistant Professor

During mouse development, mesodermal cells generated
via gastrulation play important roles in the morphogenesis
of several tissues and organs.
mesodermal cells: one is cardiac precursor cells specified by

We focus on two types of

the other is
paraxial mesodermal cells to generate somites, which give rise
to the axial structures such as vertebrae and skeletal muscles.
We have generated several “knock-out” and “knock-in" mice
to understand the molecular mechanism of early heart spec-
ification and somite segmentation.

expression of a transcription factor Mespl;

In addition, we are in-
terested in the mechanism for the specification of germ cells
in early mouse development. Nanos gene implicated in
Drosophila germ cell development is one of our targets.
Mouse nanos homologue genes are isolated and the functions
are being investigated. All experiments are conducted using
several gene-engineering technologies. Therefore, we are in-
terested in the development and application of several new
methods to improve the quality of the analyses.

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

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

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

Haraguchi, S., Kitajima, S., Takagi, A., Takeda, H., Inoue, T., and Saga,
Y. (2001). Transcriptional regulation of Mesp! and Mesp2 genes: dif-
ferential usage of enhancers during development. Mech. Dev. /08,
59-69.

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

Functional Genomics for rice

“Eﬁ{ﬁ%fb KO ED development, nuclear
HE AT organization and speciation
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KUTARA, Nori ITO, Yukihiro NONOMURA, Ken-ichi

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

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

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

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

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

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

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

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

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

Nonomura, K-I. and Kurata, N. (2001). The centromere composition

of multiple repetitive sequences on rice chromosome 5. Chromosoma

110, 284-291.

Ito, Y., Eiguch,i M., and Kurata, N. (2001). KNOX homeobox genes

are sufficient in maintaining cultured cells in an undifferentiated state

in rice. Genesis 30, 231-238.

Harushima, Y., Nakagahra, M., Yano, M., Sasaki, T, and Kurata, N.

(2001). A genome-wide survey of reproductive barriers in an in-

traspecific hybrid. Genetics /59, 883-892.

Harushima, Y., Nakagahra, M., Yano, M., Sasaki, T, and Kurata, N.

(2002). Diverse variation of reproductive barriers in three intraspecific

rice crosses. Geneties /60, 313-322.

Ahn, B.O., Miyoshi, K., Itoh, J.I. Nagato, Y and Kurata, N. (2002).

A genetic and physica | mapping of the region containing plastochronl,

a heterochronic gene, in rice. Theor. Appl. Genet. (in press).

Rice resource and genome unified database:
http://www.shigen.nig.ac.jp/rice/oryzabase/
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Nishimura Group

Regulatory mechanism of cell
division in Escherichia coli
Timing of cell division
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D. Ag., Associate Professor
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“Cell cycle of cfc mutants and their parent strain”

Wild type (cfct) cfc” mutant
(@)
(@]
Cell division O O
O Cell division o)
Initiation of ] Initiation of

DNA replication DNA replication

(oMe
Nuﬂ.ﬂw ; U
Nucleoid Division

Fig. 1 B4 ¥k & ofc 25 bk O #5349

Cell cycle of wild-type and cfc mutant strains

Fig. 2 BHRAE & ApdATE S EB £ HOEEE L B4
Phase-fluorescence micrograph of wild-type Escherichia coli stained
nucleoid and Ap4A binding protein

During the cell cycle of E. coli, several fundamental
events takes place through strictly periodic processes, and two
identical daughter cells are produced under the various growth
conditions.  We are proposing that cell must have mechanisms
coordinating the timing of cach event through cell division.
For example, we have proved that Ap4A is the signal coor-
dinating between DNA replication and cell division in nor-
mally growing cells, by analyzing novel mutants, ¢/, in which
cell division occurs earlier in the cell cycle (Fig. 1). We are
now analyzing novel Ap4A binding protein, AbpA (Fig. 2).
Another examples are that decreases in lipopolysaccharide
synthesis affects FtsZ-ring formation, resulting in aberrant cell
division, and that a novel multicopy suppressor gene un-
couples between cell division and cell growth.

Although FtsZ, a homologue of cucaryotic tubulin, is
found scattered throughout the cytoplasm, it assembles in
cytokinetic rings at the early stages of septation. The mo-
lecular mechanism governing this accumulation has been elu-
sive; no factors involved in the dynamics of FtsZ-ring for-
mation have previously been discovered. We demonstrated
that HscA is involved in FtsZ-ring formation, interacting with
FtsZ

Fujishima, H., Nishimura, A., Wachi, M., Takagi, H., Hirasawa, T.,
Teraoka, H., Nishimori, K., Kawabata, T., Nishikawa, K., and Nagai,
K. (2002). kdsA mutations affect FtsZ-ring formation in Escherichia
coli K-12. Microbiol /48, 103-112.

K. (2002).
Guanosine 5’-diphosphate 3’-diphosphate (ppGpp) synthetic activity on

Fujita, C., Nishimura, A., Iwamoto, R., and Ikehara,

Escherichia coli SpoT domains. (in press).

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

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

Ukai, H., Matsuzawa, H., Ito, K., Yamada, M., and Nishimura, A.
(1998). fisk(Ts) affects translocation of K+-pump proteins into the
membrane Escherichia coli. J Bacteriol /80, 3663-3670.
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Functional genomics
in Drosophila
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Schematic representation of the inducible RNAi mutant fly bank.

The RNAI is one of the post-transcriptional gene silenc-
ing phenomena, in which double-stranded RNA (dsRNA) in-
troduced into host cells can effectively inhibit host gene ex-
pression in a sequence-specific manner. Thus we can uti-
lize the RNAI for knocking out gene expression. To pro-
duce dsRNA in vivo, the so called “inducible RNAi™ tech-
nique has been developed. In this system, dsSRNA is produced
by a transgene that contains two copies of the target sequence
organized in an inverted repeat, so that the hairpin-type
dsRNA is expressed whenever the inverted repeat is
transcribed by driving a suitable promoter. In Drosophila,
a GAL4-UAS gene expression technique has been established
to induce a transcription of the transgene in a cell-, tissue-,
or developmental-stage-specific expression pattern.  When
combined with the inducible RNAi, GAL4-UAS technique
will also provide us with a most useful system with which
to induce a conditional loss-of-function mutation. We are
trying to construct inverted repeat transgenes and to estab-
lish transgenic fly lines covering 13,800 whole genes in
Drosophila. This RNAi mutant fly bank will provide us a
fundamental tool for understanding gene functions and ge-
netic networks working in the fly individuals.

Ueda, R. (2002). RNAi: A new technology in the post-genomic sequenc-
ing era. J. Neurogenet. (in press).

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

Ishikawa, T., Uematsu, N., Mizukoshi, T., Iwai, S., Iwasaki, H.,
Masutani, C.. Hanaoka, F., Ueda, R., Ohmori, H. and Todo, T. (2001).
Mutagenic and non-mutagenic bypass of DNA lesions by Drosophila
DNA polymerase, dPOL7n and dPOL¢. J. Biol. Chem. 276,
15155-15163.

Nakano, Y., Fujitani, K., Kurihara, J., Ragan, J., Usui-Aoki, K.,
Shimada, L., Lukacsovich, T., Suzuki, K., Sezaki, M., Sano, Y., Ueda,
R., Awano, W., Kaneda, M., Umeda, M. and Yamamoto, D. (2001).
Mutations in the novel membrane protein Spinster interfere with
programmed cell death and cause neural degeneration in Drosophila
melanogaster. Mol. Cell. Biol. 2/, 3775-3787.

Takahisa, M., Togashi, S., Suzuki, T., Kobayashi, M., Murayama, A.,
Kondo, K., Miyake, T. and Ueda, R. (1996). The Drosophila tamou
gene, a component of the activating pathway of extramachrochaetae
expression, encodes a protein homologous to mammalian cell-cell junc-
tion associated protein ZO-1. Genes & Dev. /0, 1783-1795.
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SHIGEN (SHared Information of GENetic resources) project

D. Sc., Associate Professor

Genetic Resources
Databank Project

The Genetic Resources Databank Project formally started
at the National Institute of Genetics in April 1998.
pose of the project is to ensure the maintenance and distri-

The pur-

bution of genetic resources and their information for many
species.  This laboratory will be responsible for the construc-
tion and online distribution of an integrated database, which
contains a variety of gene pools including wild species, breed-
ing lines, transgenic and knockout organisms, cells and DNA
clones. During the trial phase of the Genetic Resources
Databank Project, this laboratory has constructed the genet-
ic resources databases of different organisms such as mouse,
Drosophila, wheat, rice and cloning vectors, and made these
databases available on the internet at http://www.shigen.
Not only
achieving the completeness of individual database but also

nig.ac.jp with the collaboration of researchers.

full cross-referencing to the relevant databases will be included
Expanding the individual database
to whole organisms will make cross-organism searching pos-

in the next practical plan.

sible, which may accelerate biodiversity studies.

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

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

International Wheat Genetics Symposium Proceeding. 2, 375-376.

Yamazaki Y., Yoshimura A., Nagato Y. and Kurata N. (2000).
Oryzabase-Integrated map and mutant database-. Plant & Animal
Genome VIII Abstract 54p.
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ly embryo’s. Upper: POS-1 protein (red), nulcei (blue), Lower: pos-1
mMRNA (black).
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Genome biology
of C. elegans development
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D. Sc., Assistant Professor
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We are performing a systematic analysis of expression
and function of the genome of the nematode, C. elegans, with
the aims to understand the genetic program for development,
and ultimately we aim to reconstruct its development using
the computer. We have already identified 10,000 genes
through an EST project, and have analyzed the expression
pattern of 9,000 genes by using whole mount in situ hybrid-
ization. The genes showing interesting expression patterns
are subjected to further functional analysis using experiments
with RNAi and antibodies. All the information has been in-
tegrated into our database named NEXTDB. Based on the

information, we are conducting the following studies on:

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

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

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

Tabara, H., Hill, R.J., Mello, C., Priess, J. and Kohara, Y. (1999). Pos-1
encodes a cytoplasmic zine-finger protein essential for germline spec-

ification in C. elegans. Development /26, 1-11.

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

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

Reboul, J., Vaglio, P., Tzellas, N., Thierry-Mieg, N., Moore, T., Jack-
son, C., Shin-1,T., Kohara, Y., Thierry-Mieg, D., Thierry-Mieg, I., Lee,
H., Hitti, J., Doucette-Stamm, L, Hartley, J., Temple, G., Brasch, M.,
Lamesch, Pl., Hill, D. & Vidal, M. (2001).

Open-reading-frame sequence tags (OSTs) support the existence of at

Vandenhaute, J.,

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

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



| EEes e

feskpFE =

| BFA AT VT &
SHAIIC & B A5 FALEED
7B
A
Hi% 1B

TOKUNAGA, Makio

D. Sc., Professor

HEAR > PR BE DRI 2 5 — < 1T,
"“ﬁ L ||[ (["] ‘; 5.]" H)(VI‘J /v‘fL(, ¥y
W rEE g 2 kD TWE T,

(1in vivo TD 1 53 FHUEA A—2 27 &8 Wi 4 , e
T 1A A—2 27 TE 5 MM % ¥ \l;'HfE
U, 20 FHhiE & o IR LA 2 i PEis U £97, K
RHDH T EMNTERDHTZMIN T O Z, &R
R 2% i /)\”Illb LU E L7,

(2)ppfERTIRZe I C BT 5 ml\NA"‘wn‘ Dfitr, > 7 Ak
DO uJYAPEIZ B *l /of'i'f Gl IR ZEE mRN A sk o, Hill
il 1k 7> l D] 5E 35 L OV DEHAE + 47 > 7527 B R EDBe A
DT ZfrWET, Fiz, MRS I T 225 il
+*~M‘*;ur-‘i% >'t { A—P U TBTNET,

Az ks 15 l"u‘l"('”'l o il W 1 et 7 A N

L/Awﬁ L 9. HOMEFH JMIf\'/f Ze ) /il L,

I a—b2 vu.u’-&l' A AR5

PR 2 iR A T L F 9,

AT L%, BT
) -

(3)

1 931 Hehy 2 i - / e & Ml AE S - o T 1_
Wl EMESET, EEREDT ‘F’kﬁt(/)/I\)\lO)é'é i EH

THEZKRESRENELTNET,

| DFEKA A—=DUTKRIZE D, MRE—KETEXIO
LRFOENE, BEICHELTWDECANBRINATE
Y, %f.—ili—’)@*ﬂ%ﬂ HEOTH, HERE, BEER
azm%ﬂ’amrw EBAE L&)'C_I’ﬁblut,\of:ﬁ EARF B
MRES KM FHEL & DOHRBHE.

Fluorescence image of molecules involved in nucleocytoplasmic
transport associated with the nuclear rim. Each spot corresponds
to a single nuclear pore. Numbers of bound molecules, retention
time and binding constants in cells have been obtained quantita-
tively. Collaboration with Dr. Naoko IMAMOTO (Gene network la-
boratory).
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Single molecule imaging
and measurements of biological

molecule functions
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D. Sc., Assistant Professor

Unraveling the molecular mechanisms and novel func
tions of biological molecules using single molecule techni-
ques is the major focus of this laboratory.

1) Single molecule imaging and quantitative analysis in vivo.

We have developed new fluorescence microscopy, and
Quantitative im-
age analysis of molecular movements, distributions and in-

achieved single molecule imaging in vivo.

teractions has opened a new way to obtain quantitative in-
formation on the kinetics of molecular interactions in cells.

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

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

Our pioneering work using novel techniques in biophys-
ics provides new tools for research in the field of cellular and
molecular biology.

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

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

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

Ishijima A., Kojima H., Funatsu T., Tokunaga M., Higuchi H., Tanaka
H., & Yanagida T. (1998). Simultane<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>