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The National Institute of Genetics (NIG) was established
in 1949 as the central institute to study various aspects of
genetics. It was reorganized in 1984 as an inter-university
research institute to promote collaborations with researchers
at universities. Since 1988, NIG has been participating in
graduate education as the Department of Genetics of the
Graduate University for Advanced Studies (SOKENDATI).
NIG also serves as a center for various genetic resources
such as mutant strains, clones and vectors, and houses DDBJ,
the DNA Data Bank of Japan, and a DNA sequencing cen-
ter.

The history of NIG overlaps the period of a revolution
in the field of Genetics. Genetics is no longer a discipline
to study the rules and mechanisms of heredity, but has be-
come the basis for all fields of life science. Molecular tech-
niques now allow us not only to decipher the entire genome
sequence of organisms including humans, but also to un-
derstand the details of higher biological phenomena: cell
differentiation, morphogenesis, brain function, and evolu-
tion --- the history of life itself. Currently, 35 research
groups are actively performing pioneering and cutting-edge
researches in these fields at NIG.

Recent generation of massive information on biolog-
ical systems and their environment calls for new directions
in life sciences, such as bioinformatics, system-level anal-
ysis, and theoretical approaches to extract knowledge from
databases. To this end NIG and three other national in-
stitutes, the National Institute of Informatics, The Institute
of Statistical Mathematics and the National Institute of Po-
lar Research have formed a new organization, the Research
Organization of Information and Systems (ROIS) in April
2004, as a part of the reform of national universities and
research institutes in Japan. Inter-institutional collabora-
tions within the new organization are in progress.

We welcome your comments and suggestions on our
research activities and endeavors.

KOHARA, Yuii

Research Field: Genome biology and molecular biology

Career: Assistant Professor, Institute of Molecular Biology, Nagoya
University (1980-1989); Visiting Scientist, MRC Laboratory of Mo-
lecular Biology, Cambridge, UK (1988-1990); Associate Professor,
DNA Research Center, NIG (1989-1996); Professor, Structural Bi-
ology Center, NIG (1996-1998); Professor and Head, Center for Ge-
netic Resource Information, NIG (1998-2004); Professor, Department
of Genetics, SOKENDAI (1996- ); Vice Director, NIG (2002-2004);
Director-General, NIG (2004- ).

Memberships: Genetics Society of Japan; Molecular Biology Soci-
ety of Japan; HUGO (Human Genome Organization)
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AIMS
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
Advanced Studies, and also participates in the education of stu-
dents from other universities.

INTERNATIONAL COLLABORATION
This institute strives to promote international scientific ex-
changes by sponsoring international symposia and through the
exchange of researchers.

MANAGEMENT
To manage this institute as an inter-university research cen-
ter, there is an Advisory Committee that deliberates research and
administrative affairs. There is also an Advisory Board that ad-
vises the Director-General about the principles and policies of
NIG.

NIG 2006
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Advisory Committee

Director-General

Advisor

Yuji KOHARA

Office of Strategy Planning and Coordination

y Board

Vice-Director

Susumu HIROSE

Isao KATSURA

Molecular Genetics

}_

Structural Biology Center

Molecular Genetics

Mutagenesis

Molecular Mechanisms

Tatsuo FUKAGAWA

Fumiaki YAMAO

Hiroaki SEINO

Cell Genetics

}_

Cytogenetics

Microbial Genetics

Hiroyuki ARAKI

Developmental Genetics

}_

Gene Expression

Molecular and Developmental Biology

Developmental Genetics Yasushi HIROMI

Toshitaka FUJISAWA

Susumu HIROSE

Koichi KAWAKAMI

Population Genetics

}_

Population Genetics

Evolutionary Genetics

Naruya SAITOU

Toshiyuki TAKANO

Integrated Genetics

}_

Human Genetics

Brain Function

Agricultural Genetics Tetsuji KAKUTANI

Hiroyuki SASAKI

Kei-ichi SHBAHARA

Tatsumi HRATA

Genetic Strains Research Center

}_

N Mammalian Genetics

B Mammalian Development
N Mouse Genomics Resource
N Model Fish Genomics Resource
N Plant Genetics

Microbial Genetics

Invertebrate Genetics

Toshihiko SHIROISHI

Yumiko SAGA

Tsuyoshi KOIDE

Noriyoshi SAKAI

Nori KURATA

Hironori NIKI

Ryu UEDA

Center for Genetic Resource Information

}_

Genetic Informatics

Genome Biology

Comparative Genomics Laboratory
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Yukiko YAMAZAKI

Yuji KOHARA

Biological Macromolecules
Molecular Biomechanism
Multicellular Organization

Biomolecular Structure

Gene Network

Makio TOKUNAGA

Nobuo SHIMAMOTO

Isao KATSURA

Yasuo SHIRAKIHARA

Emiko SUZUKI

Center for Infori

mation Biology and DNA Data Bank of Japan

DNA Data Analysis

Gene-Product Informatics

Gene Function Research

Biological Databases

Gene-Expression Analysis

Research and Developoment of

Takashi GOJOBORI

Kazuho IKEO
Ken NISHIKAWA
Yoshio TATENO

Hideaki SUGAWARA

Kosaku OKUBO

Center for Frontier Research

Laboratory for Cell Lineag

Neural Morphogenesis Laboratory

Cell Architecture Laboratory

e Takako ISSHIKI

Kazuo EMOTO

Akatsuki KIMURA

Radioisotope Center

Hironori NIKI

Experimental Farm
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Nori KURATA

Adjunct Faculty

Nucleic Acid Chemistry

Cytoplasmic Genetics

Physiological Genetics

Theoretical Genetics

Applied Genetics

Tokuko HARAGUCHI

Hiroshi IWASAKI

Kazuto KOBAYASHI

Masayuki YAMAMOTO

Fumitoshi ISHINO

Nancy HOPKINS

Chung-l1 WU

Sumio SUGANO

Yoichi SHINKAI

Takashi ARAKI

Intellectual Property Unit

Technical Section

Mutsuaki SUZUKI

Department of Administration

General Affairs Section

Financial Affairs Section

Research Promotion Section
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OUTLINE OF DEPARTMENTS, RESEARCH CENTERS AND EXPERIMENTAL FARM

ﬁ?iﬁ'fﬁﬁﬂ-g—%% Department of Molecular Genetics
RARTRIEBL & € OB ZFHAR R AEH, GeCrbRe & MOE ORI Z T, 7 FHEIRFOIATHZEL
Tb\éo

Molecular genetic studies of gene expression and its control are being carried, currently focusing on
post-translational modification and chromosomal structure and function.

,‘ﬁH} H@iﬁ'fﬁﬁﬂ-g—%% Department of Cell Genetics
M TR SN SEEHR 2D F LV TRUT 2 2 L 2HIEL T, Bk ORISR 2 v icitsez
froTna,

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

{EI {Z'Kj\ﬁ'fﬁﬁﬂ-g%% Department of Developmental Genetics
ERZ, vavvaunx, €75 74 v a, SURAREOETNVEMEZ, BWIEEICEIT 58T
B, MlERRE, Mllasit, BRIEROEMEICONWTOMEZIT> TND,

We study mechanisms of gene expression, cell fate determination, differentiation and morphogenesis during
development using various model organisms, such as hydra, Drosophila, zebrafish and mouse.

% j\ﬁ'fﬁﬁﬂ-g—%% Department of Population Genetics
VL DORESR & Z O E IR 5 BINT, FERNEB X CEERNTFEEZHWT, BIZ 707/ 2011
PHEMO L~V ETHRIASWHZEL TV D,

We are conducting experimental and theoretical studies on the history and mechanisms of organismal evolu-
tion from the gene and genome level to the population level.

%ﬁéiﬁ'fﬁﬁﬁg—%% Department of Integrated Genetics
t b 2 AL ALEYME OREOTE Y 2 1T 4 7 ZHIH, B L ORI OBIZFIEICBE L To
RARZRZRZTT> TV D,

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

% ,ff;)tb _il_ EW] E}Tg‘%-tz)& — Genetic Strains Research Center

ETOEMGEIZOIE L 72> THW D BREBEZOMZICIE, ERIME LD 2= R EMREBAETH 5,
Aty —TiF, EMRHEOFOBEERITIML TREaDH 2 Ltz ED 5 L L b, <V R, €7
Z74v¥va, Yayvaynz, 43, KEETHERRIZREMOTE - ks - 2FEZIT-o TV 5,

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 seven laboratories working on Mammalian Genetics, Mammalian De-
velopment, Fish Development, Invertebrate Genetics, Plant Genetics and Microbial Genetics. The center develops
valuable genetic strains of mice, Drosophila, rice, Escherichia coli, etc., and supplies them to researchers in and
outside Japan. Each laboratory explores gene function in organisms using these strains.

E fwj ﬁ{ﬁ ﬁf}?\ 'l‘%iﬁ%ﬁét >J/J—  Center for Genetic Resource Information

Kz —iF, REEORMRAEFHELEMBIZEIRT — X X—RAOR 2D DT ITHL SNz, 7/
DR ONAFA T x=T 4 7 AMGe L T, EVBIREIRE B2 OMEE R CEBIZEIRT — & N2 7 Of
ROEHEIT>TND, S OITHINMEZIEL L ZN 2R L THRICEBRT 2088 &, WFEA ik 2 ik
L2 R B 2 HEE L T D,

The mission of this center is 1) to coordinate and reinforce the genetic resource repositories which are car-
ried out at many universities and research institutes in Japan through the activity of the Genetic Resource Com-

mittee and 2) to construct the central database for genetic resource information, and 3) to promote institutional
publicity and to contribute to the society through establishment and practical use of intellectual property rights.

NIG 2006
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OUTLINE OF DEPARTMENTS, RESEARCH CENTERS AND EXPERIMENTAL FARM

BEEBLCEMIE A —  Structural Biology Center
BURSAITHEGEEV AN TR Z B AT S 7D, Pk 845 AICIH - AR #MIZEt > % — 2 UGS L TkoL
SNTce BFLNADPLEHMIL NNV KT, BIRY: LGBV F OB RS TRimoOMEZT5 & LI,
RN OREEZBIES - T T DRRA e P 2B L, BIZAITEAL TV,
This Center was established in May 1996 through a reorganization of the former DNA Research Center in or-
der to introduce methods and techniques in structural biology to genetic research. The Center performs pioneer-

ing research in the new area between genetics and structural biology at molecular to multicellular levels, and develops
methods and techniques for investigating various biological structures.

ﬂzﬁlrﬁ %E ° DDBJ Eﬁ%t\/&— Center for Information Biology and DNA Data Bank of Japan

MY OOLBREICBIT DAL LT, EafFmiigit o & =23k 7 45 4 ITRL S, Pak
1342 4 HIZBEOR ICSfl EnTc, AV & —TlE, EiZav ¥ a—X I X2 UREHRENTT ) ALY
WOWMEETo TV, Fe, AU X —{2iE, HADNAT—%,> 7% (DDB]) »#EiyIhTws, DDBJIZ,
EMBL-Bank 3 X (*GenBank & O &1z, DNABROWE, 7/ 57—y ay, F—aX—xMt, S,
PR & OEBHLG & LTI RANICHE R R E 2 R LT,

The Center for Information Biology was established in April 1995, as a center of information biology in Ja-
pan, 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 conduct research on genetic information by an extensive use
of computers. The DNA Data Bank of Japan (DDBJ) is also housed in the center. In collaboration with EMBL-Bank
and GenBank, DDBJ plays worldwide a pivotal role in the collection, annotation, management, publication and
distribution of DNA sequence data.

%ﬁﬁ@%%u ﬁ‘lz \/5— Center for Frontier Research

BT OBENTWFEEDS, ML L TR ZEE L, BRI OEN TSRS & | b ORIRICHESWT, #ix
F L Z DA LW B 2B T 2R 2T 5. STk Y, MBEOMEEZEV IHLERSEDS L LD
I, CRER, RFZEEEM THORREI Z RIS AMZ2E KT 5.

The Center for Frontier Research provides promising young scientists who develop new frontiers in genetics
and related research fields with independent positions and an opportunity of conducting research based on their
own creativity and the excellent environments of NIG. The Center is expected to generate original research and
to bring up scientists who will play crucial roles in academic fields in the future.

ﬁ&%{mﬁ ° 7’( \J I\—j‘lz)/)‘/— Radioisotope Center

K Z =BT AT A Y b =7 (RAHERNICHR) %2, BisTOWEE L EOPHRICHMT 57
DOKFFMMEHTH D, FVFTAY M—T2fi5 EWERIETHRITE 272, AmElEoptseicix
WBHOTFEE 2> TS, FITHA SN T AHE#ITP, “C, "HO 3 TH D, T bHITBHWER N OK
SR (BFY) ZRHET 2. £, WCsEMIEE Lieh v~ —RgEE 2 FIH L e biroTn b,

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 cur-
rently available, commonly used radiation source is **’Cs.

% %ﬁ i;% Experimental Farm
SZBHC 31T BT & FRABRO T O RPN, 5L, 205 L OB 217> T 5.

The farm is responsible for plant resource generation, management, distribution and related studies to support
research and service in the NIG.
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MANAGEMENT

EERS
Advisory Committee

WHERT OE =B 2 H R I 2 O MhILFBFFER NI BE 4%
FIHT, EPBELADDHDITONT, FrkOBEMICEL
50

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

(FihE8 A+5IE)

PNGESR RAK AR E S RHATRAS

OSUMI, Noriko Professor, Graduate School of Medicine, Tohoku University

fiE] FH B34 HRTEAF RS £ T SRR

OKADA, Norihiro Professor, Department of Bioscience and Biotechnology, Tokyo Institute of Technology
B F EIEREPALRER

OGAWA, Tomoko Vice-Director, lwate College of Nursing

Tl — 1 RITRUE ARG EFERFENNEMRE S —R

SHINOZAKI, Kazuo Director, Plant Science Center, RIKEN

BAOREERX BERENAPEERE

SEKIGUCHI, Mutsuo  Adjunct Professor, Fukuoka Dental College

BAFAX RRRPAFBER AR LR 2 RR R

TAKAGI, Toshihisa Professor, Graduate School of Frontier Sciences, The University of Tokyo
SEFHZEEE NINK PR FBRIR IR E IR

TACHIDA, Hidenori Professor, Faculty of Sciences, Kyusyu University

T AR RRAPALRELATRRLE

TSUJI, Shoji Professor, Graduate School of Medicine, The University of Tokyo

EP =/ N KIRAFEBERRAEE

NAKAMURA, Haruki  Professor, Institute for Protein Research, Osaka University

FEERN RBARFRPIRE BRI PHARRIEER

NISHIDA, Eisuke Professor, Graduate School of Biostudies, Kyoto University

(FRAEE fRAIE)

LI 32 BA AT RERERRLS
YAMAO, Fumiaki Professor, NIG
FEARBAZ BB EHRZR RS
ARAKI, Hiroyuki Professor, NIG
L EEEGHRRLIE
HIROSE, Susumu Professor, NIG
LiE & EEEGHRRLIE
HIROM|, Yasushi Professor, NIG
FERA R EEAEGHRRLE
SAITOU, Naruya Professor, NIG

QKRB Z HREECHRRLIS

SASAKI, Hiroyuki Professor, NIG

BWORE KBRS — i
SHIROISHI, Toshihiko Professor, NIG

BHDD R EMFRE S5 — iR
KURATA, Nori Professor, NIG

ES WEREETR S —E
KATSURA, Isao Professor, NIG

S < {RH BISECFEHAREII—HI

SHIMAMOTO, Nobuo  Professor, NIG

RiEE = £@IEE - DDBIFAIR LYY —%iS
GOJOBORI, Takashi  Professor, NIG

NIG 2006
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MANAGEMENT

TRNAPU—R—R
Advisory Board

B - HREER

WFZERT IR 2 BEHEIITOWT, FiEXITERH
REDRDITIE T E 1T 5.
The board members give advice to the

Director-General and/or the Advisory Committee re-
garding the principles and policies of the institute.

EWFE EERIACBROBYER

IWATSUKI, Kunio Director-General, Museum of Nature and Human Activities, Hyogo
[ 518 = BACEATHRE RS Z by oV AEBRFTE

OKAZAKI, Tsuneko Director, JSPS Stockholm Office

M ‘Y BROKZFRER

GO, Michiko President Ochanomizu University

W E BUTHEARICERERS AN GATRE—&
SAKAKI, Yoshiyuki Director, Genomic Sciences Center, RIKEN

[ Z S B —RERE

SUGIMURA, Takashi  President Emeritus, National Cancer Center
TR BUSHENBCERRMEE BENFRERR VIR
TAKEICHI, Masatoshi  Director, Center for Developmental Biology, RIKEN
AR G REAEAFIRELHRN IR

HONJO, Tasuku Professor, Graduate School of Medicine, Kyoto University

John Sulston  Wellcome Trust Sanger Institute #ifT &
Former Director-General, Wellcome Trust Sanger Institute

Tim Hunt Cancer Research UK London Research Institute #3528
Principal Scientist, Cancer Research UK London Research Institute

Walter J. Gehring University of Basel %%
Professor, Biozentrum, University of Basel

Fi DR DITIE U BRI OW THRHAER T 5.

HwatE=
Office of Strategy Planning and Coordination
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LTt S )TN RPN

EEEEY L & (F—7)
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[N - RIEF1EY EN =

FIRIE = £5%3% - DDBUMREYI—%E
(Fza)

MG  SERIEAYAFEESETSARNLIE
SEFHIEHE  UNRERFRESHRRRE

T AR ERAERERELRHARRSE

=82% =88
REEEZEER [
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MEREREER ER KB
HBEERER L &
BETFstEMEESSR RiEE #
KZE (SCSEXEM) HFER +H #E
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BLEREXEER L3 ¥
LHEER L ¥
ANHEZER EHER
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VYORNERER WaRE
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ERT UL - BLFRTHRGEEERES RARAK
RLFERZER FEARBAZ
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BLEEYERER AL

10 | NIG 2006



DNAF—SABRMABEER FINEE =+am)

KEFEE RIABEANSEIHRREEREERERSE BREFIEE  dbEksdh R4 RRSEHRmES
INERES =EAmRRNERiAERASERR SRR GE BAEY  RIABEARSEEETERE (472098 ) AETHEE
ER B ABAHCEHRRFALE BRELLFIER B9 - O 27 AFRASE T ER RIS
RFTHER  AEAREOEREARLE KE ¥ BEusrEII—RERENNESER
MR —  HEEANTET(— - IX - I-HEAEE EE 1B RRAEERFHRMCEN ARy —HE
ENER  RUAEEABEENERARMEERREES ) AUY— 255
BLFHERAERRZEEER INEE (m+zl) ENT L BLFETMEGRERAERES NEE mt+2m)
BAAE  BxxeaEs BFAAM  BEAEEERE
KREN—  BERREEEEREDLE INE B Bakekemss
B2@E mRIRICCtERTVI—ER
e — INRERER  #RRT=BESEREH
BMERERS AAER BFOEF sRALEesnE
HOEF sRArEsnges EBWTF HEEACBEGEER
EMEGCERRES INEE @+31)
BRA B =SBR2EHoZE it REKREEEEREHERE
FE IE  ERREHREESEBLMEmRE AMER RUTEEABCERRRRERERR N\ )-S5 —E R
EWIE EERIACEROBYLER FEE Ml SRiRERERE SRR
R (R SBAPAEREFHRRZE {CHIRE S NAERERESHERSF
INERER SRERNERITAERASERR AR TS RHAREMET LS
MHEEE SSALAYRELHERNGE TR R WMITREAREREMIUERER A AUV — eI —ER
MR {Z BIassARCEHRFMRNZEARRES—II—TFs5— HBHED  BITHEABRGEHERNIAII—2LII—=E
BE & BIkEemgs pi B EEBAPAERESHRRAE
INIB#A— RUIFBUEABCERRRARRFARFANAAVY—2EVI—F  WIHZR KRS AR MR RRRRE
WK AR E SRR MAH= BEAERERAVINAA YA T RFHERILE
HAEMEF HRAEERSHRALE =F £ FEAYHEERFHRtEVI-E
ERITTH  AARSHRMEERENSTRAME HOFE 1 RUTBEAERERARFAEYEFRARDE
EFRIE  AEAPAFRIFHERENRE =REE RRETFERNASELHHRES
IVRIEEE  RUGEEABGCEWMRMARRARANAAVY—2EV5—2R  FF 51 SREBNSRTAZRASE A A YA T ARRREKE
AEERSE LR REARELHRRKE TREGFNED  BSIABCE AR EHEMARMRR AUy — 25— AR
EMELE  SRokmmEsmoRmiis KRERMFSED EBAAPRELHERLE
(EBEAETT  REAEAPRBESHERSE IR — AR ESHR eI —HiD
EXRFEN  EREERPEVELLNLE IUARFER — RESIE@EAEYIOYIINTEGEEREY SR
TH B ARGIASESKE MILAE  RITBE AR R R\ AUV — 2V —E R
PARME—BR BUAKEARSREEFEEEE 4700V ABENEEERINE  F)IIFR0L  RRARKERESEARNPHRNLE
FIIBER SRR RRELHERRE EWMGEF  SERAREURERRRARRTYI—%E
RAME AU EERENRNIHEFRNEAS - BEENSRRRE %8

NIG 2006

1




g =

MANAGEMENT
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STAFF

& 1
Director

iz 20 (9)
Professors

Bn¥E 15 (1)

Associate Professors

BF 3
Assistant Professors

5
IN\ET 71 (10)
Subtotal
EEE 18
Administration Staffs
BifizR 15
Technicians

&5 104 (10)

Total

E) () ADHIEESMREFIOHEH (S ) TH B,

() Adjunct members

g3
Director-General

BIFT R
Vice-Director

IR
KOHARA, Yuj

L
HIROSE, Susumu

E |

KATSURA, Isao

D FELCHER
Department of Molecular Genetics

FRZRES (30) 11j==p°4:)2
Head YAMAO, Fumiaki
2 FEGHZREF
Division of Molecular Genetics
e A=
Assoc. Prof. FUKAGAWA, Tatsuo
BF i HE
Assis. Prof. OKADA, Masahiro
ZRBHREP
Division of Mutagenesis
g 11]==p4:)3
Prof. YAMAO, Fumiaki
IES EIHERIE
Assis. Prof. TSUTSUI, Yasuhiro
DFEBHARE
Molecular Mechanism Laboratory
BF AEFERA
Assis. Prof. SEINO, Hiroaki
ML SRR
Division of Nucleic Acid Chemistry
=EHE ROMBF

(BRBEHAHERERLRAREYI-TERRE)

Adj. Prof.

(Senior Scientific Staff, Kansai Advanced Research Center, NCT)

A SEIEC €

(BRMIXFRERBERLARNMEE) IWASAKI, Hiroshi

Adj. Assoc. Prof.
(Yokohama City University)

HARAGUCHI, Tokuko

HlEiEs

HHAELE TR
Department of Cell Genetics

FRZRES (30 FEANGhZ
Head ARAKI, Hiroyuki
A IE AR ERPT
Division of Cytogenetics
WA YRR ZRERFY
Division of Microbial Genetics
#ig FARBAZ
Prof. ARAKI, Hiroyuki
UES HA A
Assis. Prof. TANAKA, Seiji
ke B ECE EMZRERRT
Division of Cytoplasmic Genetics
HEHE IVRFDA

(RERUENAZEFENRLAEROEFRFARE)

Adij. Prof.
(Fukushima Medical University )

HEHE

(RRAFAFREFRARBEARE)

Adi. Prof.
(The University of Tokyo)

KOBAYASHI, Kazuto

LA IESE

YAMAMOTO, Masayuki
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{EMRBLAZE R HEBECHMIER
Department of Developmental Genetics Department of Integrated Genetics
AREFGR) LE # RERER(FR) ERRBZ
Head HIROM|, Yasushi Head SASAKI, Hiroyuki
FE B RHZRERPT ANFECHZRERPT
Division of Developmental Genetics Division of Human Genetics
B i 2 #ig ERK#EZ
Prof. HIROM, Yasushi Prof. SASAKI, Hiroyuki
BIR BERE BF EE
Assoc. Prof. FUJISAWA, Toshitaka Assis. Prof. SADO, Takashi
IES BK A EES = @B
Assis. Prof. SHIMIZU, Hiroshi Assis. Prof. HATA, Kenichiro
3 =2 —
B e ST R
Assis. Prof. ASAOKA, Miho Division of Agricultural Genetics
B RARHFZRERP #ig ABEIZ
Division of Gene Expression Prof. KAKUTANI, Tetsuiji
#ug L#E BhR LRE—
Prof. HIROSE, Susumu Assoc. Prof. SHIBAHARA, Kei-ichi
BF 74— BF AT #
Assis. Prof. NISHIOKA, Kenichi Assis. Prof. KINOSHITA, Tetsu
BF MEEZ BF s 1=
Assis. Prof. FUSE, Naoyuki Assis. Prof. NISHIJIMA, Hitoshi
RS L HZREBPT Bt BEB SR BOPT
Division of Molecular and Developmental Biology Division of Brain Function
B nN_EE— B FHIEDH
Assoc. Prof. KAWAKAMI, Koichi Assoc. Prof. HIRATA, Tatsumi
IES BARERZ BF NigEeE
Assis. Prof. KISHIMOTO, Yasuyuki Assis. Prof. KAWASAKI, Takahiko
S EEGRESMREM IDFELE S IREFT
Division of Physiological Genetics Division of Applied Genetics
BERE AE R BEHE ERF—
(RRERERKPHEEBARAEE) ISHINO, Fumitoshi (REKRFOA )V ARERFEIR) SHINKAI, Yoichi
Adj. Prof. Adj. Prof.
(Tokyo Medical and Dental University) (Institute for Virus Research, Kyoto University)
BERE WTFYR, FYY— e AR &
(VHFa—tyYIRKEHIER) HOPKINS, Nancy (RBRFARFREDRPARMEIE)  ARAKI, Takashi
Adj. Prof. Adi. Prof.
(Massachusetts Institute of Technology) (Kyoto University)
EMEDHZESR RIGEMRRE V5 —
Department of Population Genetics Genetic Strains Research Center
HRER () R VI —R (%) BakE
Head SAITOU, Naruya Head SHIROISHI, Toshihiko
SEEGHZEEBFY YU ARMBIARS BHEABYECHEE
Division of Population Genetics Mammalian Genetics Laboratory
£ ecd FERRH #ig WAaRE
Prof. SAITOU, Naruya Prof. SHIROISHI, Toshihiko
e s = BT BF BA B
Assoc. Prof. TAKANO, Toshiyuki Assis. Prof. TAMURA, Masaru
B P ILGEA T RIS B TS
Assis. Prof. SUMIYAMA, Kenta Mammalian Developmental Laboratory
BE 'BE X #ig HERET
Assis. Prof. TAKAHASHI, Aya Prof. SAGA, Yumiko
HAL B EHZRERF BF INALR IS
Division of Evolutionary Genetics Assis. Prof. KOKUBO, Hiroki
EiREnE BMRER BLFRERRAFRMARDSE Y D ARFKHARE
Division of Theoretical Genetics Mouse Genomics Resource Laboratory
=B U=, FrY A B3R A @
(YADKRZEHIR) WU, Chung-I Assoc. Prof. KOIDE, Tsuyoshi
Adj. Prof.
(University of Chicago) BLTFHRERRFERARERS B NE R ERFEAEE
= S D %Eﬁ@?ﬁ Model Fish Genomics Resource Laboratory
(REAEALIFEEANMNEMENLE) SUGANO, Sumio EC € BHAR
/(‘\_fr’:‘ P[JOf-  Tok0) Assoc. Prof. SAKAI, Noriyoshi
e University of Tokyo
ES FEHDD
Assis. Prof. SHINYA, Minori
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A X RIFFRER D BB YRR E
Plant Genetics Laboratory

B FOREHAERE
Gene Network Laboratory

#ig BHDD B BAZHF
Prof. KURATA, Nori Assoc. Prof. SUZUKI, Emiko
BF FRHEE ¥ ARABNE
Assis. Prof. ITO, Yukihiro Assis. Prof. KURUSU, Mitsuhiko
KIBEERBARDBFREEYBCHARE
Microbial Genetics Laboratory > o
s (SRR 4 miER - DDBJ#IZEz V4 —
PR Center for Information Biology and DNA Data Bank of Japan
Prof. NIKI, Hironori
- i . U5 —R(3R) HIE
TR TS BEA IR GRS - o
Invertebrate Genetics Laboratory g
#ig B # BEEEANHRE
Prof. UEDA, Ryu Laboratory for DNA Data Analysis
BF =B Hui RiRE 2
Assis. Prof. TAKAHASHI, Kuniaki Prof. GOJOBORI, Takashi
B mE—E
Assoc. Prof. IKEO, Kazuho
EMELBEREREEEY I — IES pakESE
Center for Genetic Resource Information Assis. Prof. SUZUKI, Yoshiyuki
EYI—R(%) WaRE REEEERARE
Head SHIROISHI, Toshihiko Laboratory for Gene-Product Informatics
R IERHRE B Pl =
Genetic Informatics Laboratory Prof. NISHIKAWA, Ken
B LI R e F BF Rt SHS
Assoc. Prof. YAMAZAKI, Yukiko Assis. Prof. FUKUCHI, Satoshi
y— = BF i)
R R E RS Assis. Prof, Pf\lﬁﬁg Aki.rz
Genome Biology Laboratory - - )
#ig INERHETS EET MRS
Prof. KOHARA, Yuii Laboratory for Gene Function Research
BF L #i EHES
Assis. Prof. ANDACHI, Yoshiki Prof. TATENO, Yoshio
BIF Nro,anb
5 o I ,
el il Assis. Prof. BARRERO, Roberto A.

Comparative Genomics Laboratory

BEELFEMEEY S —
Structural Biology Center

F—IN—2EARFEMERE

Laboratory for Research and Development of Biological Databases

Vs —E(F) WS 2 feh
Head SHIMAMOTO, Nobuo
EEREDFREE
Biological Macromolecules Laboratory
e ey BKAEH
Prof. TOKUNAGA, Makio
IES MeRMHZ
Assis. Prof. SHIINA, Nobuyuki
B FHERTARE
Molecular Biomechanism Laboratory
e ey S AR
Prof. SHIMAMOTO, Nobuo
B LS
Assis. Prof. NAKAYAMA, Hideki
HIEHIHRE
Multicellular Organization Laboratory
£ ecd ES |
Prof. KATSURA, Isao
BF ARAY = A BB
Assis. Prof. KIMURA, Koutarou
B FEIEHRE
Biomolecular Structure Laboratory
EniE B RIRER 1
Assoc. Prof. SHIRAKIHARA, Yasuo
BF Pk B
Assis. Prof. ITO, Hiroshi

#ig ERFH
Prof. SUGAWARA, Hideaki
BF W B8 & 75
Assis. Prof. ABE, Takashi
B FFHIRATARE
Laboratory for Gene-Expression Analysis
£ ey RARAR
Prof. OKUBO, Kosaku
BF IR B
Assis. Prof. OGASAWARA, Osamu
FoEASEEY S —
Center for Frontier Research
2YI—8 (%) =R
Head KATSURA, Isao
A REEARE
Laboratory for Cell Lineage
BE —BET
Assoc. Prof. ISSHIKI, Takako
IR REM R E
Neural Morphogenesis Laboratory
Bh%E BAN4E
Assoc. Prof. EMOTO, Kazuo
AR SRR E
Cell Architecture Laboratory
B A BE
Assoc. Prof. KIMURA, Akatsuki
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BEHR - PV =T Y5 —

Radioisotope Center

TYH—R(5)
Head

BF

Assis. Prof.

CARBH
NIKI, Hironori
INFTERE

OGATA, Yasuyuki

MBI E

Intellectual Property Unit
ER
Director

ERRBERR

SUZUKI, Mutsuaki

SRE
Experimental Farm
ERESR(F)
Head
IES
Assis. Prof.

EHDD

KURATA, Nori

HINE—

NONOMURA, Ken-ichi

REREHIR
Duputy Chief
Assistant Chief

BeAfTaR
Technical Section

L
HIROSE, Susumu
BHEBH

YATA, Katsunori

L
Animal Unit

pli23

Unit leader

F—EiifRE

Technical Group-I leader
B AR R

Technical Group-ll leader

5 HF

SAKAI, Masako

KEY) - AL
Plant-Microbial Unit

R

Unit leader
B—EAiTfRE
Technical Group-I leader

BEMRE

Technical Group-Il leader

R B
HARA, Tomio

xO B
EIGUCHI, Mitsugu
EMEET
MIYABAYASHI, Toshie

HEERUE

Mechanical Unit
MR
Unit leader
E—EATRE
Technical Group-I leader
BE_RAfRE

Technical Group-Il leader

(BHEBH)

(YATA, Katsunori)

EIREL
Department of Administration
BERE HILEE—
Head MARUYAMA, Kenichi
General Affairs Section
B8 BARRE
Chief SAKAMOTO, Nagao
BEME BB
Assistant Chief SAKAI, Kiyoto
s HHB
Specialist NITTA, Kiyotaka
BIERE(3R) (FrHEER)
General Affairs Unit (NITTA, Kiyotaka)
NBRE BAHETF
Personnel Unit SUZUKI, Yumiko
FEBIRE PEER
Research Cooperation Unit NAKAO, Yusuke
HEARERE MEZEB
Collaborative Research Unit UMEZAWA, Saburo
=ETER
Financial Affairs Section
BR RE 3
Chief ENDO, Tsuyoshi
BERE SR
Assistant Chief HIKICHI, Mitsuo
REBBRE BIER
General Affairs Unit IWAZAKI, Hisaharu
FAERR RABIL
Supplies Unit NEGI, Tadahiro
BEGERE hE B
Property Unit NAKAO, Satoru
HRAE B &
Facilities Unit HASHIMOTO, Takeshi
TR =R
Research Promotion Section
ERGR) RERRE
Chief SAKAMOTO, Nagao
EZEI) HEGA
Chief Examiner IWAZAKI, Hisaharu
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1949

1953

1954

1955

1960

1962

1964

1969

1974

1975

1976

1983

1984

1985

1987

1988

1989

1993

June 1

Aug. 10

Jan. 1

Aug. 1
July 1
Sept. 15
Oct. 15
Apr. 30
Apr. 1
Apr. 1

Apr. 1

Apr. 1
Mar. 1
Oct. 1
Oct. 1
Oct. 1

Apr. 12

Apr. 1

Jan. 12

Apr. 8

Oct. 1

Oct. 1

Apr. 1

HISTORY

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

Prof. Kan Oguma was elected the 1st
Director.

Three research departments were reor-
ganized as the Departments of Mor-
phological Genetics, Cytological Ge-
netics and Physiological Genetics.
Department of Biochemical Genetics
was added.

Department of Applied Genetics was
added.

Department of Induced Mutation was
added.

Prof. Hitoshi Kihara was elected the
2nd Director.

Department of Human Genetics was
added.

Department of Microbial Genetics was
added.

Department of Population Genetics was
added.

Prof. Daigoro Moriwaki was elected
the 3rd Director. Department of Mo-
lecular Biology was added.

Plant Genetic Stock Laboratory was es-
tablished.

Dr. Yataro Tajima was elected the 4th
Director.

Animal Section was added in the Ge-
netic Stock Center.

Microbial Section was added in the Ge-
netic Stock Center.

Dr. Ei Matsunaga was elected the 5th
Director.

Reorganized as an inter-university re-
search institute for joint use by univer-
sities. The DNA Research Center
(DNA Structure and Recombinant
DNA Laboratories) and the Experimen-
tal Farm were established. The Genet-
ic 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
its operations.

The Radio-isotope Center was estab-
lished. The Gene Library Laborato-
ry was added in the DNA Research
Center.

The Graduate University for Advanced
Studies was established. The Depart-
ment of Genetics, School of Life Sci-
ence of the University began accept-
ing students.

Dr. Jun-ichi Tomizawa was elected the
6th Director.

The Mammalian Development Labor-
atory was added in the Genetic Stock
Research Center.
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1998
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2006

June 24

Apr. 1

May 11

Apr. 1

Oct. 1

Apr. 9

Apr. 1

Apr. 1

Apr. 1

Dec. 1

Apr. 1

The Gene Function Research Labora-
tory was added in the DNA Research
Center.

The Center for Information Biology
was established.

The DNA Research Center was reor-
ganized as the Structural Biology Cen-
ter consisting of 5 laboratories (Bio-
logical Macromolecules, Molecular
Biomechanism, Multicellular Organi-
zation, Biomolecular Structure and
Gene Network).

The Genetic Stock Research Center
was reorganized as the Genetic Strains
Research Center consisting of 5
laboratories (Mammalian Genetics,
Mammalian Development, Plant Ge-
netics, Microbial Genetics and Inver-
tebrate Genetics), and as the Center for
Genetic Resource Information consist-
ing of 2 laboratories (Genetic Infor-
matics and Genetic Resources).

Dr. Yoshiki Hotta was elected the 7th
Director.

The Division of Early Embryogenesis
was added in the Department of
Developmental Genetics. The Division
of Brain Function was added in the De-
partment of Integrated Genetics.
The Center for Information Biology
was reorganized as the Center for In-
formation Biology and DNA Data
Bank of Japan. The new center con-
sists of 5 laboratories. The Laborato-
ry of Molecular Classification of the
former center was renamed as the La-
boratory for Research and Develop-
ment of Biological Databases in the
new center. The Laboratory for
Gene-Expression Analysis was added
in the new center.

Two laboratories, Mouse Genomics
Resource Laboratory and Model Fish
Genomics Resource Laboratory, were
added to the Genetic Strains Research
Center.

The Molecular Mechanisms was added
to the molecular Genetics. The
Laboratry for Frontier Research was
added to the Genetic Strains Research
Center. Two laboratories, Compara-
tive Genomics Laboratory and Public-
ity and Intellectual Propery Unit, were
added to the Center for Genetic Re-
source Information.

Reorganized as Research Organization
of Information and Systems, Inter-Uni-
versity Research Institute Corpration,
together with three other national in-
stitutes.

Dr. Yuji Kohara was elected the 8th
Director.

Intellectual Property Unit was added.
Research Promotion Section was added
in the Department of Administration.
The Center for Frontier Research was
established.
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Center for Frontier Research

HRHEER9-DEH —HMULVRROFEFY, BhIAREETRTS5—

Activity of the Center for Frontier Research

tYy—R(GE) & )|
Head KATSURA, Isao

—@ETF
Bh#R 18(1)

ISSHIKI, Takako
D. Sc., Associate Professor

BAME
BEIR ()

EMOTO, Kazuo
W D. Pharm., Associate Professor S

KA BE
B B(18)

B KIMURA, Akatsuki
= D. Sc, Associate Professor

WHRS L Z ORI FIZBNT S, OB 225
HBRROH LIRS BF OB, %< OBE, 30EE O
W EIC L > T Z b nTngd., —7,
BETIE, 1ER2 D T OERMOBFZEE AL L THFZE
FTRZEBPRL, ERBETR TR Y 2 7 MIFZESSK
Ao TZ b HY, BODOTAT 4 TERIEDIERES
2 &5 BIFROER R TWET, HiaralEtr
Z—i%, ZoOMEITLL, EHETFURENES F5, O
RIRTE D LOBRBREAEY, FBEITH LW AR OFE
Bablbd eIl LENE L,

ZDRy&Z—TiE, BUE, FRMEDODHD 3 NOFFiF
REMN, WERE L TRLoOMEREL L, AbDEL
HADNWT 6 F O EEFT> TVWET, THITHL,
WIERE, AZ—RT v 7OXECHREDOHB 2175
L lbiz, HMZEENTHFRICHE R TE DR Z KRR
&Y, FINOERORWEHBRFERAKTOT 4 A0y
Vg RBSEOWFIEERA - VY —ADIHER LI LY,
MRBITORTWEREZE X THET,

hicky, Ay xz—iF, TBELLMEOY AT
VREEZML, Bk, #HROMIEEY — N5 AM%E
BT D Z EnHfEEhTnET,

BELTEFHARE

The history of science reveals that essential progresses
in research and generation of new research fields are
achieved mostly by young scientists while they are in their
thirties. This is true also in genetics and related fields in
biology. Nonetheless, in the recent Japanese society, most
young scientists of these ages usually work as a member
of a research project and have few opportunities for develop-
ing their research based on their own idea. The Center for
Frontier Research was established to cope with this issue
by providing ideal environments for young scientists to con-
duct their research and to make new advances in science.

The Center for Frontier Research now consists of three
laboratories. Each laboratory is headed by a young prom-
ising associate professor who is conducting research based
on her/his own idea for six years. NIG is supporting their
research by paying their research expenses, allowing them
to concentrate on their research, and giving advice and op-
portunities for scientific discussions.

As a consequence, the Center for Frontier Research is
expected to generate original science from Japan and to bring
up scientists who will become leaders of the future scien-
tific research in the world.
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MERDOEM EARES) | Research Aims and Activities

D FIBGHIZREPT

Division of Molecular Genetics

FEdilE LR

Structure and function of chromosomes in higher vertebrate cells

FNARE

Fukagawa Group

I
BhEIR 1E(E)

I\
FUKAGAWA, Tatsuo
i D. Sc., Associate Professor

) MEER
L BE 1B(R)

OKADA, Masahiro
D. Sc., Assistant Professor

AW AL AR 22 MERES B 7o DT, IRIFVRE o TR
HicQatko R LA EANERE I TN R TR Y &
Ao Rtk - & Vo T AR 2R LM BORIT
JENEL B L RO R AL, ASAALZR ERITITH S
LB E R Y, Mo SHITER Shic i@k
i, MBITIEFH D & OV RS I 2 DA, IR
~EGRENET, OB, BRSNS T 5 REkD
RS R N aThd0idty ba 27 LRI T
WEF, FAIE, B br AT EdbE LR adks il
D FHRMZRNDHNTUTO LS 27 —<Ti% %
fToTHnET,

OEBLEUNAATRAVYNRIED ) I T MERICKDE
U kO AT ORRHEE DR,

O TOTAI /R IO—FIZLBEHBE bAATE N
I EDRE,

o —BHIZtE Y b OATICERET 5 NufIEB KD EIT,

® CENP-H/ 11 &K DHERERRIT,

Ot NOATHEHBOANTHYOIFUHMERNAIT —F
1) — & DEE,

® 7 O A 7HIUWHETHEL /N BUE N T £ EE OISR,

ot hOXFTHOXT VDTS DARE,

=) DT40BRADFIRE ARG, (A DRFHAL(B) FREHADRE
(B MEEEAOAAT AR BERIGFATREBERERL TN,
The picture of chromosomes in metaphase (A) and anaphase (B) dur-
ing mitosis of chicken DT40 cell. DNA was stained by DAPI (blue)
and centoromere protein CENP-C was stained by anti- CENP-C an-
tibody (green). Human mini chromosome was detected by FISH (red)
using human DNA as a probe.

The centromere plays a fundamental role in accurate
chromosome segregation during mitosis and meiosis in
eukaryotes. Its functions include sister chromatid adhesion
and separation, microtubule attachment, chromosome move-
ment and mitotic checkpoint control. Although chromo-
some segregation errors cause genetic diseases including
some cancers, the mechanism by which centromeres inter-
act with microtubules of the spindle apparatus during cell
division is not fully understood. To understand the func-
tion of the centromere, we are currently doing the follow-
ing projects.

@ Creation and characterization of several cell lines with condition-
al knockouts of several centromere proteins to investigate the
molecular mechanism of centromere assembly and function.

® [dentification of new centromere proteins by a proteomics ap-
proach.

® Functional analysis of the Nuf2 complex that transiently localizes
to centromeres during mitosis.

® Functional analysis of the CENP-H/I complex.

® Relationship of an establishment of heterochromatin with a ma-
chinery of RNAI in higher vertebrate cells.

@ Structural analysis of human artificial mini-chromosomes made
by the telomere-directed breakage method.

® Investigation of mechanisms for formation of centromere chromatin.

Okada, M., Cheeseman, .M., Hori, T., Okawa, K., McLeod, 1.X.,
Yates III, J.R., Desai, A. and Fukagawa, T. (2006). The CENP-H-I
complex is required for the efficient incorporation of newly synthesized
CENP-A into centromeres. Nature Cell Biol. 8, 446-457.

Minoshima, Y., Hori, T., Okada, M., Kimura, H., Haraguchi, T.,
Hiraoka, Y., Bao, Y.-C., Kawashima, T., Kitamura, T. and Fukagawa,
T. (2005). The Constitutive Centromere Component CENP-50 is Re-
quired for Recovery from Spindle damage. Mol. Cell. Biol. 25,
10315-10328.

Fukagawa, T., Nogami, M., Yoshikawa, M., Ikeno, M., Okazaki, T.,
Takami, Y., Nakayama, T. and Oshimura, M. (2004). Dicer is essen-
tial for formetion of the heterochromatin structure in vertebrate cells.
Nature Cell Biol. 6, 784-791.

Nishihashi, A., Haraguchi, T., Hiraoka, Y., Ikemura, T., Regnier, V.,
Dodson, H., Earnshaw, W.C. and Fukagawa, T. (2002). CENP-I is
essential for centromere function in vertebrate cells. Dev. Cell 2,
463-476.

Fukagawa, T., Mikami, Y., Nishihashi, A., Regnier, V., Haraguchi,
T., Hiraoka, Y., Sugata, N., Todokoro, K., Brown, W. and 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.
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SR TOBRE DL RE SN, O FF U HBTET 1
T A= RIEELBHIL, ZURTEHAOWRE
ZHIET 28 LOWEIERZREATR L LTREBIhTn 5,
W R CIEEICEEREHWT, B3 F LRI TD
L UTEBIRRIBHIIZ X B & L R 2B OB, BEROX Y
Ry BEREOTIEOMZ R, L ICluEY, HEDNA
OIBIERRE, Pk oREMMEROBEIcRIT 2215
OBENCER LRSI THTND,

ORI AMFIHOF— LR 2RV NRNVERBOIEXF VIC
& 2 i1

® DNAE#L % /1 L 7= DNABEEE & BIERB B4

O EH LMK A BARDEE, ~THYOTF U OHIE

wit mel1-102

DEREBOLEBHREENTTLAERK(E) T, BRHOEDN=D
DEAOATHDEL TS BHEDEFE (L) TIEF—RELTRR
=N,

Replicated centromere regions in sister chromatids are observed in
two separate foci in cohesion mutant cells (right) otherwise fused in
a single spot (left) in S. pombe cells.

LU 38R BEFEE
BF ()

TSUTSUI, Yasuhiro

D. Med., Assistat Professor

Proteolysis has emerged as a major fundamental mech-
anism of many biological processes. Selective proteolysis
in eukaryotic cells is mainly carried out by the ubiquitin
system which post-translationaly links ubiquitin to a vast
range of proteins. The proteins selectively tagged with ubi-
quitin are targeted for proteolysis by proteasome. Ultimate-
ly causing the destruction of various regulatory proteins,
the ubiquitin system plays important roles in many cellu-
lar functions. On the other hand, ubiquitin, together with
ubiquitin-like modifiers, is expected to play a role other than
the degradation signal.

Focus of our current research is 1) the identification of
ubiquitin pathways specific for degradation of key proteins
for cell cycle control, 2) understanding the role of ubiquitin
system in repair of damaged DNA and the maintenance of
genetic integrity, and 3) finding the role of ubiquitin in reg-
ulation of chromatin functions such as recombination,
sister-chromatid cohesion and heterochromatin formation.

Tsutsui, Y., Morishita, T., Natsume, T., Yamashita, K., Iwasaki, H.,
Yamao, F. and Shinagawa, H. (2005). Genetic and Physical Inter-
actions between Schizosaccharomyces pombe Mcll and Rad2, Dna2
and DNA polymerase c: Evidence for a Multifunctional Role of Mcll
in DNA Replication and Repair. Curr. Genet. 48, 34-43.

Seino, H., Kishi, T., Nishitani, H. and Yamao, F. (2003). Two ubi-
quitin-conjugating enzymes, UbcP1/Ubc4 and UbcP4/Ubcl1, have
distinct functions for ubiquitination of mitotic cyclin. Mol. Cell Biol.
23, 3497-505.

Mitsuzawa, H., Seino, H., Yamao, F. and Ishihama, A. (2001). Two
WD repeat-containing TATA-binding protein-associated factors in
fission yeast that suppress defects in the anaphase-promoting com-
plex. J. Biol. Chem. 276, 17117-17124.

Yamao, F. (1999). JB Review: Ubiquitin System - Selectivity and
Timing of Protein Destruction. J. Biochemistry /25, 223-229.

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

NIG 2006 | 23

2
=4
B
=
5
e
&

SonBUSY) JBINo3joN




2
%
B
=
i
%
E

SoIBUBY) JBNJBIoN

MERDOEM EARES) | Research Aims and Activities

DFEBRRE

Molecular Mechanism Laboratory

AEFF - AT LICK SR ERAHI S

Regulatory mechanisms of cell cycle by ubiquitin system
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Seino Group
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D. Sc., Assistant Professor
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¥ AT ANFHIIEN O B SR HIENIC BV T EE AR
ZHOTWET, ZZIMEDOHIZAEXRF - Tusr7
V—5h c VAT ABRSIITh R B EMELITEREICED
BZERHLNTIR->TEE LR, T2 EFFL - 7
a7 7Y — A - VAT A EHINaRERE,  FRICHIREE HAE A
& ORRRZ BB O FH L OMSL U T 5 24l R %
WTHITL TWE T, BIfE, U35 iRk icHm
20T, Ml 2o icEE B R o2 F
Vg EEE R 2 OREL, ZTOWEEMBIILTVET,
TEHTORER, I FF LSNP ENEHE T
HIDRM A 7V B2 BN TRY 28 FF 1k
SINDAREMZRTH LW RBSHS TR TEEL
7o

~ &

ubcP4 (ubc11) ZTESR %
22OMAEXFUGEBBREEKIZHOTHELL MO OE
TEENELND (REFABNGAHRBORSERIL-HMEE
=YD

Mutant strains of two ubiquitin-conjugating enzymes exhibit similar

abnormality in mitotic transition. (Arrows indicate the typical cells ex-
hibiting abnormal mitosis.)

ubcP1 (ubcd) TR

Functions of many proteins are regulated by synthesis,
post-translational modification and proteolysis. Ubiquitin/
proteasome system is one of important systems for
proteolysis. Recently it is found that ubiquitin/proteasome
system was involved in many biological phenomena. I study
the relationship between ubiquitin system and cellular
mechanisms, especially cell cycle using fission yeast. Now
I am focusing to two ubiquitin-conjugating enzymes that
are essential for mitotic transition and studying ubiquitin
system involved in mitotic transition.

Osaka, F., Seino, H., Seno, T. and Yamao, F. (1997). A Ubiquitin-con-
jugating enzyme in fission yeast, essential for the onset of anaphase
in mitosis. Mol. Cell Biol. /7, 3388-3397.

Mitsuzawa, H., Seino, H., Yamao, F. and Ishihama, A. (2001). Two
WD repeat-containing TATA-binding protein-associated factors in
fission yeast that suppress defects in the anaphase-promoting com-
plex. J. Biol. Chem. 276, 17117-17124.

Seino, H., Kishi, T., Nishitani, H. and Yamao, F. (2003). Two ubi-
quitin-conjugating enzymes, UbcP1/Ubc4 and UbcP4/Ubcl1, have
distinct functions for ubiquitination of mitotic cyclin. Mol. Cell Biol.
23, 3497-3505.
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Dynamics of Nuclear Structure and Function
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Integrated bioscience of homologous DNA recombination
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Adjunct Professor
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IWASAKI, Hiroshi
4 Adjunct Associate Professor

Milk%Z, DNAlZ=Y a— R&hkidzkmz, 58k
OHH, srdb, Ak, BREEARAR L, CRUUTIR T CHRE
2D HANICT a2 — N3 2 HRE A oS THh 5. Z
D& 5 RIS 2T K% T X2 DML AL T
372K, RIMIZE T T, £4FIy 7 ickibd3, &k
1, MR LSBT B 1) DG DAL 2R X D72
I, FFE D51 OFE) & E X T e TR T X 286 A
A=V THEHE L, ZOHEETWT, Ml
WEEWRED X AT I v VB 2T L, EaiEE 2L
2 DBIBERANRL =T 4 VIV AT B EHEZ D

The cell nucleus is a structure that functions to
autonomously decode the genetic information encoded in
DNA. Its structure changes in response to biological events
such as development, cell growth, differentiation, aging, and
the cell’s reaction to environmental factors. To study these
changes in nuclear structure, we have developed fluores-
cence microscope systems capable of recording the dynam-
ic behavior of molecular components in living cells. Using
these microscope systems, we study the functional and tem-
poral organization of nuclear structures, and attempt to pro-
pose a model for the genome operating system which sup-
ports fundamental biological activities.

Zi
1k THRb=2R

R4 RbE

ERRETORBELHEDERETR
Study for relationship between the nuclear structure and function in
biological events

7 BOBARINS T, B SRR AR R % 1T
Yot EEnEST, —F, ¥/ AoEEEX, Fig,
DNA 81 & etk Bl o IEMENE, K OYEEDNA OIEL
WIBIZ X > THREES L TWE$28, HFERR I, 2
NOOHBICHEERBEEZLTWET, ebiL, Z
D & 5 2RI X D% O TR 22 R WA R &
MERNTEIT L, Z0O AT = A LITDONWTH -
AW - AT - R RERTR L O T e A
2 AR EDOLMRB AP SREMICRIHL X5 & L
TVWETF,

Homologous recombination plays important biological
roles in generating genetic diversity during meiosis and in
repairing damaged chromosomes. It is also involved in oth-
er important subnuclear events such as DNA replication,
DNA repair, proper chromosome segregation, and so on.
In other words, homologous recombination is not only a
genetic engine of genome diversity but also a guardian of
genome stability. We are very much interested in these var-
ious and ambivalent aspects of homologous recombination
function and trying to elucidate precisely its molecular
mechanisms by various integrated approaches with genet-
ics, biochemistry, structural biology and other effective
methodologies.

HEEFAEEZ DO P READNAGRY T—HiE) £ Z D UIRTEE R RuvC D1
ARILEBEET L,

Model of the RuvC resolvase-Holliday junction complex. Holliday junc-
tion, the universal intermediate of homologous recombination, is en-
donucleolytically resolved by RuvC dimmer.
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Molecular mechanism of eukaryotic DNA replication in the cell cycle
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Araki Group
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ZetafkDNAE, MR U CEMICERE S,
ARl ST E £, ZoMMIZLY, Bz
BB D FRUTIEMEITZD > T E £, RIFERT
i, SRR BRI O T VR E LT, YefaffDNA
EROFIE L OCDNAKEHR L il 2 2 ik S & I
DVWTHHZEZ L TWE Y, BIELLTO & 5 eifsessdsr
T,

O HRAYDEERIME VT OMAZEH I & 2 HIEHE X,
FLEELbh>TWERA, BLlE EEFNFEEZAL
THFELEERFERHLTVET, LT, Z0OELN
BEBERICEAL I FHEEFTLEZ, £2C, RANDEE
LEEEERRFE RIS, EURBKELSL, To5E0
MEETO>TVET,

O DNAKEICEHNE L 2 LMBEAMTF v I Ra 2 MO
fE#Z 1LY, DNARE g RERXESETVET,
COFTYIRAU MTHEEBEBEZDL DN, DNABED
BEERANLTVWDIENRERINATVET, ReLDB
L7=Dpb11t, DNABHEEF T Vv HIRA Y MZBEboTWE
¥, £ T, Dpb11ADNABRIEF T v IRA 2 MZHBWT
EDESHEEEEF > TVIDONERAR, BREBLFTY
JRAVMNDEHLY ZBELMLESELTVET,

FvIRAUMNERE (1, 2)RTEE (3, 4, 5) 4 2%
RETIIEARHLIYENR TN,

Wild-type (1, 2) and checkpoint defective cells (3, 4, 5). The defec-
tive cells show abnormal morphology of nuclei.

FABZ n B
_: Big BE - BF B(3E)
= ARAKI, Hiroyuki TANAKA, Seiji

D. Sc., Assistant Professor

Chromosomal DNA is replicated accurately in accord-
ance with cell division and segregated to daughter cells. This
process ensures that cells transmit accurate genomic infor-
mation to their progeny during cell division. The major
subject of research in this laboratory is the regulation of
DNA replication and the mechanism coupling DNA replica-
tion with cell division in eukaryotic cells.

® Each eukaryotic chromosome is replicated exactly once in the
S-phase of the cell cycle. Although this is regulated in the in-
itiation step of DNA replication, the mechanism of initiation has
not been well elucidated. Using strong yeast genetics and bi-
ochemistry, we have studied the mechanism of the initiation of
DNA replication and its regulation by the cell cycle engines.

@ If DNA replication is blocked or DNA is damaged by aberrant
replication, the checkpoint system arrests the cell cycle. Com-
ponents 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.

Masumoto, H., Sugino, A. and Araki, H. (2000). Dpb11 controls the
association between DNA polymerase a and ¢, and the ARS region
of budding yeast. Mol. Cell Biol. 20, 2809-2817.

Kamimura, Y., Tak, Y-S., Sugino, A. and Araki, H. (2001). SId3,
which interacts with Cdc45 (SId4), functions for chromosomal DNA
replication in Saccharomyces cerevisiae. EMBO J. 20, 2097-2107.

Masumoto, H., Muramatsu, S., Kamimura Y. and Araki, H. (2002).
S-Cdk-dependent phosphorylation of Sld2 essential for chromosomal
DNA replication in budding yeast. Nature 475, 651-655.

Tanaka, S. and Diffley J.F.X. (2002). Interdependent nuclear accu-
mulation of budding yeast Cdtl and Mcm2-7 during G1 phase. Nat.
Cell Biol. 4, 198-207.

Takayama, Y., Kamimura, Y., Okawa, M., Muramatsu, S., Sugino,
A. and Araki, H. (2003). GINS, a novel multi-protein complex re-
quired for chromosomal DNA replication in budding yeast. Genes
Dev. /7, 1153-1165.

lida, T. and Araki, H. (2004). Non-competitive counteractions of DNA
polymerase ¢ and ISW2/yCHRAC for epigenetic inheritance of
telomere-position effect in Saccharomyces cerevisiae. Mol. Cell Biol.
24, 217-2217.
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Molecular mechanism of meiosis
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HT, TNHOBREZBINT D LRI X T =X 1 D
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s R R BF & — 7 T 1 v T B0 T n Fits
FOBAZMM L, MREREE 2R 2 R E O RO
faoBeHl, £fz, RO TEEY S ERIsES 1O
BEZH 52T D,

Control of the behaviors is based on the mechanisms
that mediate processing and regulation of information
through the complex neural circuitry in the brain. Dysfunc-
tion in the neural circuitry is involved in the etiology and
pathogenesis of some neuropsychiatric diseases. Our re-
search group is interested in understanding of the
mechanisms of the neural circuitry that mediates motor con-
trol, emotional behavior, and memory and learning. We
study the role of specific neurons or neural pathways in the
circuitry and the function of the signal transduction
molecules that are expressed in specific neuronal types
by using molecular genetic approaches including im-
munotoxin-mediated cell targeting and neuron-specific gene
targeting.

Glu

AIGERZE (PFC)
Glu

+
1844

(NAc) RETRIVED
(GPe)
DA FERIXE K
FERItR =TT
(VTA) GABA . WGABA
RET# || EEHEEEB (SNr)
Glu +L_(STN) |7, | REIKRAER (GPi)
. GABA
EHR
A

BETEIEIEN 2 H AN B E DR D% EI BE
Neural circuitry of the mesocorticolimbic system that mediates emo-
tional behavior.

AR BT 2 A O E LIRS v, L Vb
QAR P S & CRUE T 2 B K 2 B A oy
THRREOMIICIR VLA TWD, BFZEMENTIE, Bl
FZAE D 3 AW RE & el Bl 722 2 Ml 490 T db D ik
HEH, BRAABRGEZRS T 7T reenzls
RS M RO, o S O e ] 2 il
B0 TR, LB O S & e o> P e BN 72
ERFHERMHIENR L LTS, TFEPLNTR>TE
TR E Y AN 31 2 RNASRNAKE G & V7B D
HEPEITROBI L Z > T,

We investigate characteristics of germ cells, focusing
especially on the molecular mechanism of meiosis, which
is a special form of nuclear division to reduce the number
of chromosomes and generate gametes. Using fission yeast
and worm as experimental materials, we aim to identify sig-
naling pathways to initiate meiosis, regulation of the meiotic
cell cycle, and factors controlling differentiation and
sex-determination of germ cells. We are strongly interest-
ed in the role of RNA and RNA-binding proteins involved
in these regulations, which appears to be essential for driv-
ing meiosis.

BILE CHeEm 8 g .. WHE
4
) s B0 — a9
iy
oo 2 0 L O

(451 L

o 4 1 2 (M

RS
DEEROFHEHZIZHET, Mes1 ZU/ U BIFE—DRBHOY
A7)0 DR RETDNEEDIZEEDTEZDHBIBICBRELY A
7)o EHEAR T % (Izawa et al, Nature 434, 2005)

The fission yeast Mes1 protein reduces degradation of cyclin at
anaphase of meiosis |, thereby saving a sufficient amount of cyclin
to initiate meiosis Il (Izawa et al., Nature 434, 2005)
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Developmental genetics of organogenesis
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X O RFBRRERETDONEMITL, BEREOHL
WEHEZRERLIS L LTWET,

el 213, MRREHE L W BB TIX, Bl
PHOBAENRDAEZRYETZ EizXY, MMELzH
Wz KREICHEE L CREAEL, SEEBR - ML Tk
9, AFEFHIIT 1 O ZEE Y T B okt L,
AT 2 BRI OMINL A VE D & S Hil & H > T
¥4, 2T, YavuYa N TIO2FEAOEMN
VAT AEHBRTAZLIX Y, BEo#EET o
TS LERALNICL TNETENEEITHET,

EE B AR SN AT, Enika o=y —
Yarvl, FNFhRE-MNEICRETDZ LIk -
THEEZHELET., ZTNETHEOEMRM A Z -1
SR HEH L T T E DM OBREAR CTELILD
LEZLNTEE L, LAL, MO XS 2EN
iR OMIETIX, fMla TN OWE ORI
WEERICMNERERE 525 Z E8WRETT, b,
pigEh R O IIXRFE DR FRRET B TXE ) 2MFTE
FTHZEERRLUE L, BlE, XBORE#EESZ O
BHEOMHEZBL, A OMIEIHER A D T DIl h
TEDLDP] EVIHIBEETHERROF LN L —LT —
JEBELISELTVWET, kb0 arday
NEOHRARRITINZ, <7 ZADEE - 7 b 1T
THWET,

HFERMR DT RIZ(E, EEHAOETEEDOFRIRIZL>TESN DM
NEE(ZYF)NBETHD A EELIVE B-C: 2y FHEEEHEE
T5&, EIEME(REY D EFREAERERVIMEN RIS,
Somatic cells in the embryonic gonad provide a “niche” for the for-
mation of germline stem cells in Drosophila. A: normal ovary. B-C:
Genetic knock down of niche function results in the absence of
germline stem cell in the adult ovary. magenta: germ cells. green:
somatic cells. Scale bar: 120um for A, B; 50um for C.

Construction of an organ requires a number of cellu-
lar events, such as proliferation, fate specification, move-
ment and cell shape change. We are trying to understand
how the genomic information orchestrate these events, and
to discover new principles of organogenesis.

In organs such as the nervous system and the gonad, stem
cells undergo a series of self-renewal divisions producing
a large number of differentiated cells to generate and main-
tain the organ. Whereas germline stem cells generate only
one kind of progeny, neural stem cells change their iden-
tity with time and produce a variety of neuronal and glial
cell types. By comparing the behavior of these two types
of stem cells, we expect to unravel the common genetic pro-
gram of stem cells and discover how they are modified in
each organ.

Cells produced from stem cells construct an organ by
communicating with each other and establishing appropri-
ate cellular contacts. While classical models on organ pat-
terning assumed that diffusible morphogens generate a gra-
dient of positional information extra-cellularly, cells that
have long cellular processes could also exert a long range
effect by localizing molecules to sub-cellular “compart-
ments”. We found that neuronal axons are subdivided into
several compartments (or sub-axonal segments) that local-
ize specific molecules. By analyzing how such compart-
ments are formed and what they do for the entire nervous
system, we are trying to build a new framework of or-
ganogenesis, using Drosophila central nervous system and
mouse brain as model systems.

Hiramoto, M. and Hiromi, Y. (2006). ROBO directs axon crossing
of segmental boundaries by suppressing responsiveness to relocal-
ized Netrin. Nature Neuroscience 9, 58-66.

Kanai, M.L,, Okabe, M. and Hiromi, Y. (2005). seven-up controls swit-
ching of transcription factors that specify temporal identities of
Drosophila neuroblasts. Developmental Cell 8, 203-213.

Asaoka, M. and Lin, H. (2004). Germline stem cells in the Drosophila
ovary descend from pole cells in the anterior region of the embry-
onic gonad. Development /37, 5079-5089.

Niwa, N., Hiromi, Y. and Okabe, M. (2004). A conserved develop-
mental program for sensory organ formation in Drosophila
melanogaster. Nature Genetics 36, 293-297.

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

&I, JRUEEE (2006). FEEESHIRIC R 2 s TR T 0
TS EDAA v F 7, HIIY: 25, 33-37.

EBRMER (2005). ¥ 3w Y g AR AR
MR, RIREESE 23, 692-696.
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Cellular and molecular analysis of developmental mechanisms in Hydra
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Expression and localization of a novel epitheliopeptide, Hym-301 which
is involved in head formation in Hydra. Left: in situ hybridization. Right:
immunostaining using an anti-Hym-301 antibody.

Hydra is a member coelenterates that occupy in a
phylogenetic tree a basal position from which all the higher
metazoans diversified. Because of its simplicity in body
plan, strong regenerative capacity and evolutionary posi-
tion, Hydra is one of the best model animals to study de-
velopment and neuronal functions. Last several years, our
efforts have been focused on systematic identification of
peptide signaling molecules that are involved in develop-
ment and nervous functions in Hydra. The efforts have
revealed several important features: Hydra appears to con-
tain several hundreds of peptide signaling molecules and
a half of them are derived from epithelial cells (thus, called
epitheliopeptides) and the rest neuropeptides. Many of the
epitheliopeptides so far identified are involved in pattern-
ing processes, in good agreement 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 an ef-
fort to systematically identify the receptors that utilize pep-
tides as ligands. In addition to the peptide work, we also
study germ cell differentiation and sex determination, and
the behaviors 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 iso-
lation of peptide signal molecules regulating development in Hydra:
I. LWamide and PW families. Proc. Natl. Acad. Sci. USA. 94,
1241-1246.

Grens, A., Shimizu, H., Hoffmeister, S., Bode, H.R. and Fujisawa,
T. (1999). Pedibin/Hym-346 lowers positional value thereby enhanc-
ing 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 regu-
lates neuron differentiation in Hydra. Development /27, 997-1005.

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

Shimizu, H. and Fujisawa, T. (2003). Peduncle of Hydra and the heart
of higher organisms have a common ancestral origin. Genesis 306,
182-186.

Takahashi, T., Hatta, M., Yum, S., Koizumi, O., Kobayakawa, Y.,
Gee, L., Ohtani, M., Fujisawa, T. and Bode, H.R. (2005). Hym-301,
a novel peptide, regulates the number of tentacles formed in hydra.
Development /32, 2225-2234.

NIG 2006 | 29

1@
i
B
=
it
%=
BN

sojleuay) [eyuswdojenag




MERDOEM EARES) | Research Aims and Activities

Division of Gene Expression

a9aINIREICEITIIBETFRIA

Gene expression during Drosophila development
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2. DNA supercoiling factor (SCF) & SPT6MXEMIF R

&2l

BT P RA Y AT—F T LB L TDNAIZADEDS
BAZEEBATHSCFEREL, EHIZZDOSCEMRY ay
VaunzXRahoRMHEICEDbS Z L e R LT,
Tz, IEEMEFFSPT6IZIRNARY AS5—¥Oizk3
BRI > TERENTZ ) a=F U REDF 7 + 0 b~
OEIRITED B L X b, HEIZSPT6 DL
ZRITBEENTONTHNT L TN 5,

3. FERMRAICETSHMRZEEDHRAEDA =X A

EG A, BRAICILEDBIR TH Y, HilaLE
BEALF Iy 7 IBHT 28R TH S, EL vav
Y a UNTORBGHAZET ML, iR eiiEs) %
HIRT D AD =R L EWHELTND, L, ~Tr3&
WGEMEICERL, MILES)ICBITL®RE LY 7
REERELZ T~ TV D,

1. Elucidation of the regulatory mechanisms underlying
epigenetics. In multicellular organisms, expression pat-
terns of genes should be maintained stably through and
after cell division. These phenomena are termed
“epigenetics”. Using Drosophila, we are trying to elu-
cidate the regulatory mechanisms underlying epigenetics
through molecular analyses of factors involved in Posi-
tion Effect Variegation and the regulation of Hox gene
expression.

2. Biological significance of DNA supercoiling factor (SCF)
and SPTT6. SCF is a protein capable of generating neg-
ative supercoils on DNA in conjunction with
topoisomerase II. We found that SCF plays a key role
in dosage compensation of male X chromosome in
Drosophila. We are also analyzing biological role of SPT6
in multicellular organisms.

3. Mechanism of the coordinate cell movement during
gastrulation. Gastrulation is a common step in animal de-
velopment, where many cell groups move in a dynam-
ic manner. We are studying on mechanism of the coor-
dinate cell movement focusing on heterotrimeric G
proteins.

Saeki, H., Ohsumi, K., Aihara, H., Ito, T., Hirose, S., Ura, K. and
Kaneda, Y. (2005). Linker histone variants control chromatin dynam-
ics during early embryogenesis. Proc. Natl. Acad. Sci. USA. 102,
5697-5702.

Jindra, M., Gaziova, 1., Uhlirova, M., Okabe, M., Hiromi, Y. and
Hirose, S. (2004). Coactivator MBF1 presearves the redox-dependent
AP-1 activity during oxidative stress in Drosophila. EMBO J. 23,
3538-3547.

GAGA
factor Shimojima, T., Okada, M., Nakayama, T., Ueda, H., Okawa, K.,
—_— / / Iwamatsu, A., Handa, H. and Hirose, S. (2003). Drosophila FACT
GAGAG ¥y 4 contributes to Hox gene expression through physical and function-

2303 7/NTFACT(dSSRP1 &£ dSPT16 DATOA 1Y —) L GAGA
HFIcLYESREEEIZU7IL—h&h, RILAY—LIZFEALT
JORFUDVETI VT ERET D,

Drosophila FACT (a heterodimer of dSSRP1 and dSPT16) is recruited
to a transcriptional regulatory region and facilitate chromatin remodel-
ing through its binding to a nucleosome.

al interactions with GAGA factor. Genes Dev. /7, 1605-1616.

Saunders, A., Werner, J., Andrulis, E.D., Nakayama, T., Hirose, S.,
Reinberg, D. and Lis, J.T. (2003). Tracking FACT and RNA
polymerase II elongation complex through chromatin in vivo. Sci-
ence 301, 1094-1096.

IR A (2004). RAZT 4 v 7 BIRFORBIFE. ERE
&£ 22, 1371-1375.

PakE— (2004). T Y =T 1 7 ARIEBEREHIZBITS 25
M X b ofdEl ERES 22, 1361-1370.
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The genetic basis of development and simple behaviors in zebrafish
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DT ENTEET, £, FFHICIREERK, FRERIERIC
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FEOENG RE (R FemEflldE o0,

A gene specifically expressed in the heart (upper-left), the hindbrain
(lower-left) or some neurons (right, green) was trapped by the Tol2
gene trap vector containing the promoterless GFP gene. All neurons
were stained (right, red).

Zebrafish is an excellent model animal to study verte-
brate morphogenesis, organogenesis and behaviors by ge-
netic approaches since it is possible to breed and maintain
very large numbers of fish in the lab, and since early
developmental defects are easily identified in transparent
embryos.

Our aim is to develop novel genetic methodologies in
zebrafish, and to understand genetic and molecular
mechanisms underlying vertebrate development and be-
haviors. We have successfully developed a gene trap meth-
od in zebrafish by using the T0/2 transposable element. With
this method, gene expression in specific tissues and organs
during development can be visualized as expression of a
reporter gene such as GFP. Also novel genes important for
morphogenesis, organogenesis and behaviors can be iden-
tified. We are currently working on improvement and de-
velopment of transposon technologies, and investigation of
the function of the genes identified by this method.

We are also working on the zebrafish maternal-effect
mutants, which affect early cleavages and mesodermal de-
velopment, in order to understand the roles of maternal fac-
tors in vertebrate early developmental processes.

Kawakami, K. (2005). Transposon tools and methods in zebrafish.
Developmental Dynamics 234, 244-254.

Kawakami, K., Takeda, H., Kawakami, N., Kobayashi, M., Matsuda,
N. and Mishina, M. (2004). A transposon-mediated gene trap approach
identifies developmentally regulated genes in zebrafish. Developmen-
tal Cell 7, 133-144.

Kawakami, K. and Noda, T. (2004). Transposition of the To/2 el-
ement, an Ac-like element from the Japanese medaka fish Oryzias
latipes, in mouse embryonic stem cells. Genetics /66, 895-899.

Kawakami, K., Imanaka, K., Itoh, M. and Taira, M. (2004). Exci-
sion of the To/2 transposable element of the medaka fish Oryzias
latipes in Xenopus laevis and Xenopus tropicalis. Gene 338, 93-98.

Kawakami, K. (2004). Transgenesis and gene trap methods in zebrafish
by using the T0/2 transposable element. Methods in Cell Biology
77, 201-222.

Kishimoto, Y., Koshida, S., Furutani-Seiki, M. and Kondoh, H. (2004).
Zebrafish maternal-effect mutations causing cytokinesis defect with-
out affecting mitosis or equatorial vasa deposition. Mechanism of
Development /21, 79-89.
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Epigenetic view of mammalian development
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Insertional mutagenesis in zebrafish
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(1) Epigenetic regulation in somatic cloned mice.

Somatic clones are genetically identical but epigeneti-
cally heterologous; their gene expression profiles differ from
normal individuals produced from sexual mating. We are
trying to elucidate gene regulation units in mammalian de-
velopment by identifying gene clusters affected in the
somatic clones and mapping these on the whole genomes.
(2) Functions of retrotransposon-derived, mammalian-

specific imprinted genes, Pegl0 and Pegll.

Pegl0 and Pegll are paternally expressed imprinted
genes and play essential roles in placental formation and
its maintenance. Interestingly, they are derived from a
Sushi-ichi retrotransposon and conserved in all eutherian
mammals but not in other higher vertebrates. We are in-
terested in their biochemical functions and their origin dur-
ing mammalian evolution and carrying out comparative
genomic analysis among three mammalian groups.

Forward genetic screens are powerful to identify the ge-
netic basis of developmental processes, and, particularly,
suitable in the zebrafish; i.e., it is possible to maintain large
numbers of fish in the lab, individual pair matings can pro-
vide large numbers of progeny required for the genetic anal-
ysis, and early developmental mutations can be identified
easily since embryos develop outside the mother and are
transparent.

Most forward genetic screens in zebrafish have employed
a chemical mutagen for mutagenesis. However, cloning
genes mutated by the agent is tedious. Towards the goal
of identifying a substantial portion of genes required for
vertebrate embryonic development, we have developed
methods for insertional mutagenesis using pseudotyped
mouse retroviral vectors in zebrafish. Using this method,
we carried out a large-scale screen for mutants with vis-
ible developmental defects. About one thirds of the mutants
have relatively specific phenotypes, while the rest have less
specific defects. The latter often resulted from mutations
in house-keeping genes while the former resulted from muta-
tions in genes required for patterning, differentiation, or or-
ganogenesis.

We isolated mutants of ~390 different genes, and iden-
tified 335 genes mutated in these mutants. Since we have
not pursued specific mutant phenotypes, this provided an
unbiased survey of genes required for embryonic develop-
ment. Compelling evidences indicate that this collection
of mutants represents at least 25% of the genes essential
for making the zebrafish embryo.

We are currently re-screening the mutant collection from
more than 20 different aspects (“shelf-screen”); i.e., mutants
with cystic kidneys, defects in the jaw and cartilage, and
altered liver sizes and etc. In the case of cystic kidney, all
of the genes identified comprised a pathway involved in the
formation or function of primary cilia. Mutations in these
genes also lead to the cystic kidney disease in human. Sim-
ilarly, the mutants having either cartilage defects or large
livers represented models for human diseases. We also iden-
tified mutants with a definite predisposition to the devel-
opment of a rare tumor type. Surprisingly, all of these lines
had mutations in ribosomal protein genes, showing that they
are tumor suppressors. We are studying the mechanism how
reduction in the dosage of these genes leads to tumorigenesis,
as well as identifying new tumor suppressors.

Together, our studies demonstrate the power of forward
insertional mutagenesis in zebrafish to identify genes im-
portant for vertebrate development and diseases, and to as-
sign functions to many genes whose biological and
biochemical functions were not previously known.
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Evolution of organisms at genetic/genomic level
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FSURDIZYIRIRIZEDIUN VY —BFHIOEE
An example picture of transgenic mouse experiment for enhancer anal-
ysis.

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 are:

® Ape Genome Project Silver: In search of genetic changes respon-
sible for human uniqueness, we are determining genomic sequen-
ces of chimpanzee and gorilla that are phylogenetically close to
human, and do molecular evolutionary analyses.

® Molecular evolution of developmental regulation: We are study-
ing cis- control elements of the developmental genes by sequence
analysis and gene transfer experiments of large scale genomic
clones, in order to elucidate relationship between evolution of
cis-elements and body plan.

® Evolution of blood group genes: Blood group antigens are ex-
pressed on cell surface, and have a higher chance of being af-
fected by bacteria or virus. Therefore, their genes may have un-
dergone positive selection. We are studying genes for ABO and
Rh blood groups.

® Other themes include: large scale evolutionary analysis of many
gene sequences, human gene mapping, analysis of evolution of
closely related populations using gene genealogy approach, de-
velopment of new methods for the study of gene evolution, and
the development of new database for evolutionary studies.

Saitou, N. (2005). Evolution of hominoids and the search for a ge-
netic basis for creating humanness. Cytogenetic and Genome Re-
search. /08, 16-21.

The International Chimpanzee Chromosome 22 Consortium [H.
Watanabe, ...... C.-G. Kim, S. Oota, T. Kitano, Y. Kohara, N.
Saitou, ...... and Y. Sakaki] (2004). DNA sequence and comparative
analysis of chimpanzee chromosome 22. Nature 429, 382-388.

Kitano, T., Liu, Y.-H., Ueda, S. and Saitou, N. (2004). Human spe-
cific amino acid changes found in 103 protein coding genes. Molec-
ular Biology and Evolution 27, 936-944.

Tomiki, T. and Saitou, N. (2004). Phylogenetic analysis of proteins
associated in four major energy metabolism systems: photosynthe-
sis, oxidative phosphorylation, nitrogen metabolism and sulfur me-
tabolism. Journal of Molecular Evolution 59, 158-176.

Kim, C.-G. Fujiyama, A., and Saitou, N. (2003). Construction of a
gorilla fosmid library and its PCR screening system. Genomics §2,
571-574.

Sumiyama, K. and Ruddle, F.H. (2003). Regulation of DIx3 gene ex-
pression in visceral arches by evolutionarily conserved enhancer ele-
ments. Proc. Natl. Acad. Sci. USA. 700, 4030-4034.

Sumiyama, K., Saitou, N. and Ueda, S. (2002). Adaptive evolution
of the 1gA hinge region in primates. Molecular Biology and Evo-
lution 79, 1093-1099.

http://sayer.lab.nig.ac.jp/
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Understanding origin and maintenance mechanism of
genetic diversity is of our main interest. Interactions are
of our particular attention because genes are evolving in net-
works of genes, molecules, cells, individuals, and popula-
tions. By nonrandom associations of variations in natural
populations, we have detected action of multilocus selec-
tion at about 100 Drosophila chemoreceptor genes. We are
also interested in molecular changes involved in develop-
ment of premating isolation and morphological evolution
between closely related species of Drosophila.

Much of current evolutionary study focuses on recon-
struction of the “past” history; in our study, termed as
Tomology (evolutionary study for tomorrow), an impor-
tant final goal is to predict future status of genes and popula-
tions with knowledge of the present one. For this purpose,
we are pursuing empirical and experimental studies aimed
at understanding genetic structure of “present” populations,
spectrum of spontaneous mutations, and operation of se-
lection and random genetic drift.

We are currently conducting the following studies:

® Nature and population dynamics of deleterious mutations

® Nonrandom-association analysis of natural variants for detection
of multilocus selection and gene-network construction

® Molecular evolution at Drosophila chemoreceptor genes and
odorant binding protein genes

® |dentification of genes involved in sexual isolation in Drosophila

® Genetic and molecular dissection of within- and between-species
variations in Drosophila bristle development.

Tatsuta, T. and Takano-Shimizu, T. (2006). Genetic architecture of
variation in sex-comb tooth number in Drosophila simulans. Genet
Res. in press.

Takahashi A. and Takano-Shimizu, T. (2005). A high frequency null
mutant of an odorant-binding protein gene, Obp57e, in Drosophila
melanogaster. Genetics 170, 709-718.

Takano-Shimizu, T., Kawabe, A., Inomata, N., Nanba, N., Kondo,
R., Inoue, Y. and Itoh, M. (2004). Inter-locus nonrandom associa-
tion of polymorphisms in Drosophila chemoreceptor genes. Proc. Natl.
Acad. Sci. USA. 101, 14156-14161.

Takahashi, A., Liu, Y.H. and Saitou, N. (2004). Genetic Variation
versus Recombination Rate in a Structured Population of Mice. Mo-
lecular Biology and Evolution 27, 404-409.

Takano-Shimizu, T. (2001). Local Changes in GC/ AT Substitution
Biases and in Crossover Frequencies on Drosophila Chromosomes.
Molecular Biology and Evolution /8, 606-619.

DIODNETCERENDE—IHERIN, TS DD T LILIZEEHZIRAMEL TS RIREMEATRIE S M /= (Takahashi & Takano-Shimizu 2005, Ge-

netics),

Peak of divergence between wild-type and D10 around D10 frameshift mutation.
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The main interest in my research group is the genetic
and molecular basis of species differences. In the past, we
took a gene-by-gene approach and have successfully cloned
two speciation genes. We have since been using a
system-wide approach to identify the majority of genes in-
volved in the divergence of mating behavior between the
Z (for Zimbabwe) and M (cosmopolitan) races of
Drosophila melanogaster. We wish to understand the ge-
netic and transcriptional bases of phenotypic divergence at
this early stage of speciation. The studies will be at 3 det-
ferent levels-genotype, transcriptome and phenotype. The
scope will be genomic and the tools will include genotyp-
ing tiling array, expression microarrays, large-scale sequenc-
ing, behavioral QTL mapping and, finally, precise gene re-
placement (see Figure). Recently, we have started a study
of microRNAs in Drosophila. Although miRNAs are
thought to be conservative, we suspect that fast-evolving
miRNAs may be relatively common. The mode by which
these small molecules regulate gene output is reminiscent
of the genetic control of species differences.
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The procedure used for gene knockout. A very similar procedure can
be used for gene replacement in evolutionary studies.
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The main emphasis of our research is to identify and
collect genes of human and other organisms en masse in
the form of full-length cDNA, which is a complete copy
of mRNA. The sequence information of full-length cDNA
is indispensable for elucidating exon-intron structures as well
as promoters of genes. Furthermore, full-length cDNA
clones are valuable resource for the functional analysis of
proteins coded by the genes. Thus, the direction of our re-
search is a mass determination of gene structures and their
functions.
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The cycle of genomic imprinting and DNA methyltransferase family
proteins responsible for each step (left). A retarded E10.5 mouse em-
bryo without maternal imprints (right top) and a control embryo (right
bottom).

Embryonic development requires the genetic programs
encoded in the genome to be expressed in correct tissues
at correct timings. Once a cell lineage has been established,
its genetic status is stably maintained so that the cells do
not transform into other cell types. Epigenetic mechanisms,
such as DNA methylation and heterochromatin formation,
stabilize the genetic activity of the cell lineage without
changing the DNA sequence. Mammals also have unique
epigenetic phenomena, such as genomic imprinting and
X-chromosome inactivation. Abnormalities of the epigenetic
mechanisms cause a number of human disorders including
cancers. Following research activities are ongoing in our
laboratory.

® Regulation of genomic imprinting in mammalian development

® Establishment of imprinting in the germ-line

® Epigenetic regulation of gametogenesis

@ 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 methyltransferases

® Human disorders associated with abnormalities in DNA methyla-
tion or imprinting

Hata, K., Okano, M., Lei, H. and Li, E. (2002). Dnmt3L cooperates
with the Dnmt3 family of de novo DNA methyltransferases to es-
tablish maternal imprints in mice. Development /29, 1983-1993.

Sado, T., Okano, M., Li, E. and Sasaki, H. (2004). De novo DNA
methylation is dispensable for the initiation and propagation of X chro-
mosome inactivation. Development /37, 957-982.

Kaneda, M., Okano, M., Hata, K. et al. (2004). Essential role for de
novo DNA methyltransferase Dnmt3a in paternal and maternal im-
printing. Nature 429, 900-903.

Yokomine, T., Shirohzu, H., Purbowasito, W. et al. (2005) Structur-
al and functional analysis of a 0.5-Mb chicken region orthologous
to the imprinted mammalian Ascl2/Mash2-Igf2-HI19 region. Genome
Res. 15, 154-165.

Sado, T., Hoki, Y. and Sasaki, H. (2005). Tsix silences Xist through
modification of chromatin structure. Dev. Cell 9, 159-165.

Hata, K., Kusumi, M., Yokomine, T. et al. (2006). Meiotic and
epigenetic aberrations in Dnmt3L-deficient male germ cells. Mol.
Reprod. Dev. 73, 116-122.

&HIEIA, A AR#Z (2004). HOT PRESS: DNA A F L1k
#FEDnmt3ad EFHRINTY ) LRV ARG (L TV T 0 7)
#1715, HII% 23, 934-935.
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77— 101, FHHEEE,
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Arabidopsis plants with (right) and without (left) reversion sector of
dwarf phenotype induced by transposition of CACTAT element.
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In order to explore epigenetic gene regulation, we are
taking a genetic approach using Arabidopsis. Mutations in
DDM]I (Decrease in DNA Methylationl) gene, which en-
codes a protein similar to the chromatin-remodeling fac-

tor SWI2/SNF2, results in reduced genomic cytosine
methylation and transcriptional de-repression of repeated
sequences. A striking feature of the ddml mutation is that
it induces a variety of developmental abnormalities by caus-
One of the
ddm1-induced abnormalities, late flowering trait, was caused

ing heritable changes in other loci.

by ectopic expression of a homeobox gene, FWA. Anoth-
er abnormality was caused by transpositional activation of
a novel endogenous transposon CACI. Thus DDMI gene
is necessary for both epigenetically ensuring proper gene
expression and stabilizing the genome structure.

Miura, A., Yonebayashi, S., Watanabe, K., Toyama, T., Shimada, H.
and Kakutani, T. (2001). Mobilization of transposons by a mutation
abolishing full DNA methylation in Arabidopsis. Nature 471, 212-214.

Kato, M., Miura, A., Bender, J., Jacobsen, S. and Kakutani, T. (2003).
Role of CG and non-CG methylation in immobilization of transposons
in Arabidopsis. Current Biology /3, 421-426.

Kinoshita, T., Miura, A., Choi, Y., Kinoshita, Y., Cao, X., Jacobsen,
S., Fischer, R. and Kakutani, T. (2004). One-way control of FWA
imprinting in Arabidopsis endosperm by DNA methylation. Science
303, 521-523.

Kakutani, T., Kato, M., Kinoshita, T. and Miura, A. (2004). Control
of Development and Transposon Movement by DNA Methylation in
Arabidopsis thaliana. Cold Spring Harb Symp Quant Biol. 69,
139-143.

PeWigste, MRS 2004). P uAf XFRFZRAVZZEY =
T4 7 AW, BAEKEERE 49, 634-641.
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Hypothetical roles of CAF-1 in the maintenance of repressed chromatin
states through cellular proliferation
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Epigenetic states of chromatin, including modifications
of histones, chromatin structures, and DNA methylation,
are tightly linked with gene expressions in eukaryotic cells.
Proliferating cells are required to maintain those epigenetic
states through rounds of cell cycles. We are studying the
following projects, mainly by using biochemical approach
with mammalian cells, in order to study the mechanism of
epigenetic inheritance through cellular proliferation in
eukaryotes.

® Mechanism of nucleosome assembly during DNA replication.

® Mechanism of histone macroH2A-mediated chromatin formation.

® Maintenance mechanism of DNA methylation and chromatin struc-
tures by DDM1 protein.

Nishijima, H., Nakayama, J., Yoshioka, T., Kusano, A., Nishitani,
H., Shibahara, K-i. and Nishimoto, T. (2006). Nuclear RanGAP is
required for the heterochromatin assembly and is reciprocally regu-
lated by histone H3 and Clr4 histone methyltransferase in Schizosac-
charomyces pombe. Mol. Biol. Cell in press.

Ono, T., Kaya, H., Takeda, S., Abe, M., Ogawa, Y., Kato, M.,
Kakutani, T., Scheid, O.M., Araki, T. and Shibahara, K-i. (2006).
Chromatin assembly factor 1 ensures the stable maintenance of si-
lent chromatin states in Arabidopsis. Genes Cells 18, 153-162 (Cov-
er).

Ogawa, Y., Ono, T., Wakata, Y., Okawa, H., Tagami, H. and
Shibahara, K-i. (2005). Histone variant macroH2A1.2 is
mono-ubiquitinated at its histone domain. Biochem Biophys Res
Commun 336, 204-209.

Takeda, S., Tadele, Z., Hofmann, ., Probst, A.V., Angelis, K.J., Kaya,
H., Araki, T., Mengiste, T., Scheid, O.M., Shibahara, K-i., Scheel,
D. and Paszkowski, J. (2004). BRU1, a novel link between respon-
ses to DNA damage and epigenetic gene silencing in Arabidopsis.
Genes & Development /8, 782-793.

Kaya, H., Shibahara, K-i., Tasaka, K-I., Iwabuchi, M., Stillman, B.
and Araki, T. (2001). FASCIATA genes for chromatin assembly fac-
tor-1 in Arabidopsis maintain the cellular organization of apical
meritems. Cell 104, 131-142.

Shibahara, K-i. and Stillman, B. (1999). Replication-dependent mark-
ing of DNA by PCNA facilitates CAF-1 coupled inheritance of
chromatin. Cell 96, 575-585.
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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 olfac-
tory bulb.
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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 connec-
tions 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
olfactory bulb project into the caudal pathway and make
synaptic connections with their target cells in the telen-
cephalon. 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.

Kawasaki, T., Ito, K. and Hirata, T. (2006). Netrin 1 regulates ven-
tral tangential migration of guidepost neurons in the lateral olfacto-
ry tract. Development /33, 845-853.

Kawasaki, T., Takagi, Y., Yamatani, H. and Hirata, T. (2005). Sys-
tematic screening and identification of the antigens recognized by
monoclonal antibodies raised against the developing lateral olfacto-
ry tract. J. Neurobiol. 62, 330-340.

Yamatani, H., Sato, Y., Fujisawa, H. and Hirata, T. (2004).
Chronotopic organization of olfactory bulb axons in the lateral ol-
factory tract. J. Comp. Neurol. 475, 247-260.

Tozaki, H., Tanaka, S. and Hirata, T. (2004). Theoretical consider-
ation of olfactory axon projection with an activity-dependent neu-
ral network model. Mol. Cell. Neurosci. 26, 503-517.

Tozaki, H., Kawasaki, T., Takagi, Y. and Hirata, T. (2002). Expres-
sion of Nogo protein by growing axons in the developing nervous
system. Mol. Brain Res. /04, 111-119.

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. 136, 17-26.
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In eukaryotes, DNA is wrapped around core histones
to form nucleosome particles and condensed chromatin struc-
tures with various nuclear molecules. Therefore, regula-
tion of chromatin structure and dynamics is a very critical
step for genomic functions. Covalent histone modifications
play critical roles in regulating these processes. Among these
modifications, histone lysine methylation has enormous im-
pacts on various chromatin-associating functions including
transcriptional regulation, heterochromatin formation, DNA
repair and recombination. We are investigating the molec-
ular mechanism of epigenetic gene regulation mediated by
histone lysine methylation.

Paotential functions of the G8a complex

Silencing
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Function of histone methyltransferase, G9a/ GLP
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Body of higher plants as we see is a product of meris-
tem activity during post-embryonic development. We are
interested in how meristem activity is regulated through-
out the life cycle of plants. We have been focusing on
Arabidopsis mutants, such as fas, in which meristem is nor-
mally formed during embryogenesis, but its functional main-
tenance is compromised. Analysis of these mutants has
revealed a role of CAF-1 and related factors. We are in-
vestigating how these factors regulate meristem function by
analyzing various aspects of growth and differentiation. An-
other topics of our research is the floral transition or flow-
ering which represents a most drastic change of meristem
activity during post-embryonic development.
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Arabidopsis seedling (left) and organization of shoot apical meristem
(SAM) and root apical meristem (RAM) (right). SAM is consists of
3 layers (L1-L3) of cells and is divided into several functional regions.
Some cells act as organizing center to control stem cell (SC) pop-
ulation. RAM contains quiescent center (QC) and 4 types of initials
(St, Co/En, CRC, Ep/LRC).
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Mouse forward genetics on pattern formation and cell growth control
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SHIROISHI, Toshihiko TAMURA, Masaru
D. Sc., Professor D. Sc., Assistant Professor

Reading sequences of the human and mouse genomes
has been almost accomplished. The advances in genomics
have facilitated genetic dissection of the developmental pro-
cess and other higher order functions of mammalian genes
at the whole body level. In Mammalian Genetics Labor-
atory, we are studying genetic control of pattern formation
in mouse development, focusing on limb development. We
are also conducting study of genetic regulation on the grow-
th and differentiation of epithelial cells in skins and
gastrointestinal tracts. In these studies, we are taking
strategies of “Forward genetics” based on existing mouse
mutants and “Reverse genetics” using transgenic and knock-
out mice.

In this laboratory, we are developing new experimen-
tal mouse strains, such as consomic strains, based upon the
uniqueness of wild-derived inbred strains established in this
institute. All mouse strains are supplied to researchers in
this country and abroad on request.

Sagai, T., Hosoya, M., Mizushina, Y., Tamura, M. and Shiroishi, T.
(2005). Elimination of a long-range cis-regulatory module causes com-
plete loss of limb-specific Shh expression and truncation of the mouse
limb. Development /32, 797-803.

Sakai, T., Kikkawa, Y., Miura, 1., Inoue, T., Moriwaki, K., Shiroishi,
T., Satta, Y., Takahata, N. and Yonekawa, H. (2005). Origins of mouse
inbred strains deduced from whole-genome scanning by polymorphic
microsatellite loci. Mamm Genome /5, 11-19.

Sagai, T., Masuya, H., Tamura, M., Shimizu, K., Yada, Y., Wakana,
S., Gondo, Y., Noda, T. and Shiroishi, T. (2004). Phylogenetic con-
servation of a limb-specific, cis-acting regulator of Sonic hedgehog
(Shh). Mamm Genome /5, 23-34.

Oka, A., Mita, A., Sakurai-Yamatani, N., Yamamoto, H., Takagi, N.,
Takano-Shimizu, T., Toshimori, K., Moriwaki, K. and Shiroishi, T
(2004). Hybrid breakdown caused by substitution of the X chromo-
some between two mouse subspecies. Genetics /66, 913-924.

Abe, K., Noguchi, H., Tagawa, K., Yuzuriha, M., Toyoda, A., Kojima,
T., Ezawa, K., Saitou, N., Hattori, M., Sakaki, Y., Moriwaki, K. and
Shiroishi, T. (2004). Contribution of Asian mouse subspecies Mus
musculus molossinus to genomic constitution of strain C57BL/6J,
as defined by BAC-end sequence-SNP analysis. Genome Res. /4,
2439-2447.

Floyd JA, Gold DA, Concepcion D, Poon TH, Wang X, Keithley E,
Chen D, Ward EJ, Chinn SB, Friedman RA, Yu HT, Moriwaki K,
Shiroishi T, Hamilton BA. (2003) A natural allele of Nxfl suppres-
ses retrovirus insertional mutations. Nat Genet. 35, 221-228.

WAEEZ (2005). <D ADF ) ARG KGR EEIS %
5. BEAEKEERE 50, 2184-2190.

WakZ (2004) HFE< Y ADS ) Al— 85 L TRBEDS
%5 Oh>. Molecular Medicine (FEFFEHIS L M7 ) L) 41,
162-164.
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HEETPHRE

Mammalian Development Laboratory

00 AVNHARCRERZ B D 53 F 118

Molecular mechanism of mouse embryogenesis
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Saga Group
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ARETIE~ T AORET AN FEEZRM L, 4
B O % HIR U TOBRH R 217> TnE T, &x
&, O - IE R ZTERCS S RTINS, BT %
ABW ST HEIZER LR 27> TVWE S, S5k
NG 2 BUE 4 2 A ICTE R L2 b iT > Tk g,
EBRHRET —<FUFO XS ITR>TVET,

® (RET R & 1T 5 D ENHEREIL O 2 FHEHE O fZRR
EERFMesp2 i & LEBEFRY T —0 OfE
® L TEARAD T AR
ETEMRRE RN ~ /N B nanos2, nanos3 D FEREREHT
o i - MERFAMECET MR
SEIHIE F hesr1, hesr2 DIEBERRT
O RAETEMFEADHE LR
BAC h T VR = v U EMODRARLICA

1. ROREEF FERE(9 B I2E1T5EEEF Mesp2 DRIR
1t (Mesp2-venus / Y74V IR) KEIWN RO EIERIZER D,

In vivo visualization of Mesp2 transcription factor in the 9.0 dpc em-
bryo.

oy .

VAN, RERIA

—_—

2. nanos2(_EE&) & U nanos3(RER) R
RORFETEMIRE LI RET S,

There are no germ cells in both nanos2-null and nanos3-null testes.

During mouse development, mesodermal cells generated
via gastrulation play important roles on morphogenesis of
several tissues and organs. We focus on two types of
mesodermal cells; one is the precursor cells of the cardiovas-
cular system in the lateral plate mesoderm, the other is the
precursor cells of somites that give rise to the axial struc-
tures such as vertebrae and skeletal muscles, in the paraxial
mesoderm. We generate several knockout and knockin mice
to understand the molecular mechanism of vasculogenesis,
cardiogenesis and somitogenesis. In addition, we are in-
terested in the mechanism of germ cell development. We
found that mouse nanos proteins, nanos2 and nanos3 are
essential for germ cell development. Since most of studies
are conducted using in vivo systems established by
gene-engineering technologies, we are interested in the de-
velopment and application of new transgenic methods to
improve the quality of the analyses.

Watanabe, Y. Kokubo, H., Miyagawa-Tomita, S., Endo, M., Igarashi,
K., Aisaki, K., Kanno, J. Saga, Y. (2006). Activation of Notchl sig-
naling in cardiogenic mesoderm induces abnormal heart morphogenesis
in mouse. Development /33, 1625-1634.

Yasuhiko, Y., Haraguchi, S., Kitajima, S., Takahashi, Y., Kanno, J
and Saga, Y. (2006). Tbx6-mediated Notch signaling controls
somite-specific Mesp2 expression. Proc. Natl. Acad. Sci. USA. /03,
3651-3656.

Morimoto, M., Takahashi, Y., Endo, M.. Saga, Y. (2005). The tran-
scription factor Mesp2 establishes segmental borders by suppressing
Notch activity. Nature 435, 354-359.

Takahashi, Y., Kitajima, S., Inoue, T., Kanno, J., Saga, Y. (2005).
Differential contributions of Mespl and Mesp2 to the epithelializa-
tion and rostro-caudal patterning of somites. Development /32,
787-796.

Kokubo, H., Miyagawa-Tomita, S. Tomimatsu, H., Nakashima, Y.,
Nakazawa, M., Saga, Y., Johnson, R.L. (2004). Targeted disruption
of hesr2 results in atrioventricular valve anomalies that lead to heart
dysfunction. Circ Res. 95, 540-547.

Tsuda, T. Sasaoka, Y. Kiso, M. Abe, K. Haraguchi, S. Kobayashi,
S. and Saga, Y. (2003). Conserved role of nanos proteins in germ
cell development. Science 301, 1239-1241.

3. Hesr2 (FRREHI(135B FE) DB HIR T 5 (X)), Hesr2 RIEX I RIL,
S EDEREATERUINEEEAME T35 (ERD,

Hesr2 gene is specifically expressed in the ventricle of the embryonic heart (E13.5).
- Echocardiographic (M-mode) analysis shows reduced contractile function in the
Hesr2 mutant.
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Behavioral genetics using wild derived mouse strains
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BRI 7R - Te B AR T LB fTE) R & — 2 %l
W2 T 7S L TEREAL, TBHOHE/LORM
HIZ7 Fa—F357bic, —Eoiffisk<y 2 R/H#
ERWEATHREES ET>THWET, TNETIITo
TTEIRIT OFER, BERK< T ARHENND Z & TH
BHRME 0 DB T EOAZ AT ENTE
5E512720E L, BIERHT, ~7 AOEHE LT
EZMEORMEE S T2 b TRBIEMICOVWT, QTLEF
o FRIZHNFEEEZH T L TWES, Z O
WABLT, BEFHNSRIZE VAL DEABEDEN
ZPLMCL T ZENTESLLEZTVET,

O AR Y U A RIEHEE AN ATEI/ Y — > DR
o ¥ 7 XEEE R NEBIE DB EZ BT

® FEE RS M DB IEFHET

® X J R RITEIDE RN

OHAEMET U ARMB LRV ERTRERE O

NJL R4 (2 45 A0 72 4T 8 : Somersault
A characteristic behavior of NJL: Somersault

For understanding the genetic basis of inheritance and
evolution of behavior, inbred strains established from wild
mice in the National Institute of Genetics are studied on their
behavioral patterns. Particularly, the genetic studies of dif-
ferent locomotor activity and pain sensation are being con-
ducted by the method of QTL analyses followed by posi-
tional cloning. Through this study, we are particularly in-
terested in clarifying the functional difference of proteins
caused by polymorphisms in the genes.

® Analyses of behavioral pattern using wild derived mouse strains

@ Genetic analysis of different spontaneous activities in the mouse
strains

® Genetic analysis of different pain perceptions in the mouse strains

® Genetic analysis of difference in social behavior in the mouse
strains

® Analysis of genetic polymorphisms in protein coding regions

Takahashi, A., Kato, K., Makino, J., Shiroishi, T. and Koide, T. (2006).
Multivariate analysis of temporal descriptions of open-field behav-
ior in wild derived mouse strains. Behavior Genetics in press.

Esumi, S., Kakazu, N., Taguchi, Y., Hirayama, T., Sasaki, A.,
Hirabayashi, T., Koide, T., Kitsukawa, T., Hamada, S. and Yagi, T.
(2005). Monoallelic yet combinatorial expression of variable exons
of the protocadherin-a gene cluster in single neurons. Nature Ge-
netics 37, 171-176.

Ogasawara, M., Imanishi, T., Moriwaki, K., Gaudieri, S., Tsuda, H.,
Hashimoto, H., Shiroishi, T., Gojobori, T. and Koide, T. (2005).
Length variation of CAG/CAA triplet repeats in 50 genes among 16
inbred mouse strains. Gene 349, 107-119.

Furuse, T., Miura, Y., Yagasaki, K., Shiroishi, T. and Koide, T. (2003).
Identification of QTLs for differential capsaicin sensitivity between
mouse strains KJR and C57BL/6. Pain 105, 169-175.

Furuse, T., Takano-Shimizu, T., Moriwaki, K., Shiroishi, T. and Koide,
T. (2002). QTL analyses of spontaneous locomotor activity using
mouse strains from Mishima battery. Mammalian Genome /3,
411-415.
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Molecular and cellular mechanisms of the zebrafish spermatogenesis and early development
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¥IT57 4 vy aid, WINEIHTRA MR TE < B
TERPDITRHNETZENTE DD, BRZEREY
ELTREBLTETVET, &, b ofiRETIX
n vitro ML LT F W T NSV AV 2=y 78T
F7 4y a kT HM AL LE Lic,. ZOHE
TIIHR R TUE LI T OB BEESZ O E 28
kO TOMIZIEX b d D, EROFTIEITHA
THRHEILC N TV AV 2=y 78 EERTEX D L0 5 il
ERBHVET, FIT, ZOHBRITEDELE R
FEAWTHBIRENFEOM L 2 ED THET,

— 5T, ZOHEAEIIEREERITE R R 2k
DO DIED Y TiE A <, HEAFEAN L O A o3 24
L IRBUT R A RIS D 7 RRE DT I S BN TWE T,
in vitro 5RO A Y v NERKBITIEN LT, BHEEY
T3 1) 7 Tl A FERI A oD AR R 7~ D RIFFE 2 [l IR 1T 3D T
WET,

5z, BRRIRELEP LIRS EDODOH Y 9,
—DDEZREINP & FAE DK 23 DB T, £E oM
RABFRFIE S T LB Z & 0, & A DSEY) 7R R 2 R0 0
ERHYET., iebidlloBEicEisd T,
WCRZ MO %ESXNV LU TBHL, FokHesE
MIMBLE A & > TIEWRRERTEHR 500, DX
SRFE - ENSEELROPEWLMILELS ELTH
b3

| A - -2

LAYV ARG B— 2L DB ERFADBEEFEA CNODETF
MO VRS IZVIE TS Ty 1B EHTETINS, (A)X-gal
BICES>TI2HBEELZVAMILAEEREFDlac ZELFREER
HLEEDL, (B)IAUMA—ILOEELGIEF A7 —ILIE10um,
Retroviral infection of sperm cultured in vitro. These sperm produce
transgenic zebrafish. (A) Detection of lacZ expression in infected sperm
after 12-days culture and (B) normal control sperm subjected to
5-bromo-4-chloro-3-indolyl- B -D-galactoside (X-gal) staining. Scale
bar: 10um.

Zebrafish have become a laboratory favorite because
their embryos are transparent: geneticists can easily observe
gene effects in the developing fish. We have recently
developed techniques to make genetically modified zebrafish
using sperm cells grown “in vitro” - that is, entirely in la-
boratory conditions. This method has the distinct advantages
of ease and speed over conventional transgenic methods,
because insertion of a foreign gene or alteration of a tar-
get gene in the sperm genome leads to specific genetic
change in the initial generation, including the germ cells
of the organism created from that sperm. We, therefore,
focus on developing reliable reverse genetic protocols for
studying gene functions in zebrafish by using genetically
modified sperm.

On the other hand, this male germ cell culture system
should prove useful not only in producing transfected func-
tional sperm, but also in analyzing the regulatory function
of testicular somatic cells in respect to the mitosis and
meiosis of male germ cells in vertebrates. We are also work-
ing on the molecular mechanisms to regulate mitosis and
meiosis in the male germ cells of vertebrates.

During the course of development in multicellular or-
ganisms, many cells build up tissues and organs by each
of which maintains organized structure and functions. By
labeling and tracing a group of undifferentiated cells, we
are trying to find out the key cell movements and arran-
gements on the vertebrate development.

Kurita, K., Burgess, S.M. and Sakai, N. (2004). Transgenic zebrafish
produced by retroviral infection of in vitro-cultured sperm. Proc. Natl.
Acad. Sci. USA. 101, 1263-1267.

Kurita, K. and Sakai, N. (2004). Functionally distinctive testicular
cell lines of zebrafish to support male germ cell development. Mol.
Reprod. Dev. 67, 430-438.

Sakai, N. (2002). Transmeiotic differentiation of zebrafish germ cells
into functional sperm in culture. Development /29, 3359-3365.

Shinya, M., Koshida, A., Sawada, A., Kuroiwa, A. and Takeda, H.
(2001). Fgf signaling through MAPK cascade is required for devel-
opment of the subpallial telencephalon in zebrafish embryos. Devel-
opment /28, 4153-4164.

WHAIE (2003). HFRIEX—ThrSUV AV 2= I 74y
v amlEHT 5. AR EEY 41, 264-269.
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Development and differentiation studies, and genetic diversity studies of genomes/species in rice.
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WY R TIX, A ROFAEME, HizAETEHE
FERA B M HIRR A BRI B 1) B Is 7 u 75 A of#
&7 A boREE DX, EEOT T r—F
THRVHATHET, 12@3fHADI2—F2 FBLV
B G- il AT 2 W e, ZERERRE LR K ONE~
HEOREMBOEEMW O T T e —FT9, 2O0HI,
B R RORIEA R BN ) L OREG IS LA
BOLEY /) LMEFT, B L OGS A R ORI % H
W ERER BRI RE O 2 (IR T, & BITA Rits
BRFEL LT, A RERERZRMAI ) —= 7, ¥
A R R E OWE, B%E, EiToTwET, B
ToWzes 4 s IZBEEThO DO TT,

O A K~V a— b PEIZB TR EBEHNTO TS LDERRA

o 1 REFEMBENES L VBHEAHBRERICH T HEEMW IO
75 LDfREA

o7/ LEREL L TOEENIRREEEBICH M HEEERD
AT

O AR, HITA RFEBRERTFHERICKDIERY / LRIT

O TILLNG 2 & % 1 r & BEFEERFHRERDOREL

i

BHARTHERZEARDORAZRET DI RPAR2ZV/IEDF
A A DRR- ET(A-B), TTHI(O), B—ARERT(D), HEHE
B(RE), RRtEE (&) (E). PAR2(#%), £ B (FR) par2 ER
EOLEEER(B)DTHENE(F), T EBRA (), SHEEAR/N
E(#%).

Localization of PAIR2 protein which promote homologous chromo-
some synapsis in rice meiosis. Homologous synapsis (A-B), Synap-
sis completion (C), Before first meiotic division (D). pAIR2 (green),
meiotic chromosome (red), synapsed region (arrow), unsynapsed re-
gion (arrowhead) (E). In pair2 mutant; nondisjunction of univalents (blue),
aberrant attachment of unpaired kinetochore (magenta), spindle
microtubules (green) (F). pAIR2 (green), meiotic chromosome (red).

We are carrying out two major research subjects. One
is analysis of genetic programs underlying the processes from
gametogenesis to embryogenesis ~ shoot formation in rice.
The other is combined comparative genomic analysis of ge-
netic diversity and reproductive barriers using wild and cul-
tivated rice. Several different projects have been proceed-
ing by employing many mutans, relevant genes, and mo-
lecular, genetic and cytological methods. We are also re-
sponsible for the research, generation and management of
rice genetic resources of wild rice species collection.

® Dissection of genetic programs underlying in embryogenesis to
shoot formation

® Dissection of genetic programs underlying in reproductive cell de-
velopment and meiosis progression

® Comparative genomic analysis of expressed genes among wild
and cultivated rice

® Analysis of genetic factors playing roles in the reproductive iso-
lation mechanism

@ Establishment of mutant screening system for all rice genes by
TILLING

Ammiraju, J.S.S., Luo, M., Goicoechea, J.L., Wang, W., Kudrna, D.
et al. (2006). The Oryza bacterial artificial chromosome library re-
source: Construction and analysis of 12 deep-coverage large-insert
BAC libraries that represent the 10 genomes types of the genus Oryza.
Genome Research /6, 140-147.

Nonomura, K-I., Nakano, M., Eiguchi, M., Suzuki, T. and Kurata,
N. (2006). PAIR2, a protein binding to chromosome axes, is essen-
tial for homologous chromosome synapsis in rice meiosis I. J Cell
Sci. 119, 217-225.

Ito, Y., Takaya, K. and Kurata, N. (2005). Expression of SERK fam-
ily receptor-like protein kinase genes in rice. Biochi. Biophy. Acta
1730, 253-258.

Moriguchi, K., Suzuki, T., Ito, Y., Yamazaki, Y., Niwa, Y. and Kurata,
N. (2005). Functional isolation of novel nuclear proteins showing a
variety of sub-nuclear localizations. Plant Cell /7, 389-403.

Kurata, N., Miyoshi, K., Nonomura, K., Yamazaki, Y. and Ito, Y.
(2005). Rice mutants and genes related to organ development, mor-
phogenesis and physiological traits. Plant Cell Physiol. 46, 48-62.

Nonomura, K-I., Nakano, M., Fukuda, T., Eiguchi, M., Miyao, A.,
Hirochika, H. and Kurata, N. (2004). The novel gene HOMOLOGOUS
PAIRING ABERRATION IN RICE MEIOSISI of rice encodes a pu-
tative coiled-coil protein required for homologous chromosome pair-
ing in meiosis. Plant Cell /6, 1008-1020.

Miyoshi, K., Ahn, B.O., Kawakatsu, T., Ito, Y., Itoh, J.I., Nagato,
Y. and Kurata, N. (2004). PLASTOCHRONI, a time keeper of leaf
initiation in rice, encodes cytochrome P450. Proc. Natl. Acad. Sci.
101, 875-880.
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Segregation and organization of bacterial nucleoids
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T2HATE L0 BRITMEROATT, KN
fabpiscizd v A, KGHEHOLARIERZ L2
Bh, RHfE~E SIS THEES, Lo T, Z
OB TII YA OBE & Bk OR RIS THkk
) OFREERFERIITI TN THWET, 02 HicEH
L, 77U T ORI B o1k Z i X Lk
WEEZXTWET, 207k, BIGFNRTFEITNZ T
Hla 2 M =1 22 BFZE 5 1 b BB IZI Y ATV E T,
HARMIQZAEZ e 87 7 ) THllEN TR ek EZ R L,
S B ITHOLEGREAN LA A DR e BRI, ki
OB REE ORIV A TRE LR, 2L T, K
WA DGRz > b a X TREOMERERLY migS 25 H3
5L LE L, BIE, ZoRIICHEETZHRT
AL R FEER TR LTV ET,

5T, KRIGHAEH 37 B OGN RTE 2 MRERIC
B, JREEPD 2 R EOHBREEHEE T 2 A D
ffoTHET,

FELHR

® LERDENIZ L X IZHERET 2 L BIRFEE migS DR U
DEEIZHEET HIRTFOKRE

® IS X RPERAR /X% &G ParAB DILEEREIT & (X ParAB & &
ROBIZHEET I2BERTFORE

O KIFEE Y v /Y HEOMIEANBEDBRN L EHE

RGEMREACO Y ARBERERR T DT IAIFOREE—2—
2271378 SopA

A helical structure of the SopA protein, which is a motor protein for
plasmid segregation, in the E. coli cell

We are studying the proteins and the DNA sites respon-
sible for the regulation of pokaryotic DNA segregation using
a combination of genetic, molecular, biochemical,
cell-biological, and genomic approaches in Escherichia coli.
Prokaryotes are not known to have a eukaryotic-like mitotic
apparatus, and little is known about the mechanisms con-
trolling chromosome partitioning. We visualized bacteri-
al chromosome DNA and plasmid DNA in cells using flu-
orescence in situ hybridization (FISH) during the
cell-division cycle. We have revealed the dynamic migra-
tion patterns of replication origin and terminus on the chro-
mosome during active partitioning of daughter chromosomes.
In addition, the E. coli chromosome is organized a com-
pacted ring structure with the functional domains that par-
ticipate in the cell cycle-dependent localization of the chro-
mosome. Current work focuses on identifying the
chromosomal segments involved in positioning and migra-
tion of the chromosomal domains.

We also observe the subcellular localization of E. coli
proteins in living cells and attempt to estimate the function
of proteins through their localization.

Yamaichi, Y. and Niki, H. (2004). migS, a cis-acting site that affects
bipolar positioning of oriC on the Escherichia coli chromosome.
EMBO J. 23, 221-233.

Niki, H., Yamaichi, Y. and Hiraga S. (2000). Dynamic organization
of chromosomal DNA in Escherichia coli. Genes & Dev. 14, 212-223.

Niki, H. and Hiraga, S. (1998). Polar localization of the replication
origin and terminus in Escherichia coli nucleoids during chromosome
partitioning. Genes & Dev. /2, 1036-1045.

Niki, H. and Hiraga, S. (1997). Subcellular distribution of actively
partitioning F plasmid during the cell division cycle in E. coli. Cell
90, 951-957.

EAREH (2004). RGOS BTN, BREEKEEE
# 49, 2017-2023.
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Functional genomics in Drosophila
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b N7 AOWIEFINRH S TR Y, EIRTOIX
2H2FHEHRE SN TWET, ThdOEEFITMNE
LTWLDTLEON? %< OBIEITENITIRAE
ENTRY, ZOLEEKNTOEHZEZFTRDDITNAN
AREFANAENERRATE L BHFKET, v avYa
INRZOBIETFIIREZ 1 H4THEHEE S, ZD65%
iFe MEETEHEEER > TWET, 2O 0BT
T (BREEDOLB) LAEKITED XS RENRE
NB0P, BEWBED K 5 ITHEFE U TEERDOHERE 2 -
TWL0%, b MNEEFOBBEZMDTeHITb AT Z2ffio
AR R B BRE R EENTHET,

ZFIZTHEBIZY 3 7Y 3 URZOEBIEFIZONT
DT, BEFORREZMENITRITT 5 2
BEDZ LIZUE LT, HEIZRNAITY . RNAI &I,
TARSARNA NI A 32 & ESIRRRANICEE -0
HEREDSAE SN DL TT, TOHETIEX—7 v b T
2 BA5 - OW R %l n & ARSI O TR X —IThlA
AR, NTORGHRICEA U TBEIERANTEZEY £7,
174 THREONRY 2 —Z2fEELT, EHL, £h
ENOREBRNTEEDIEEEToTOVET,

= cOMAiganomaDNA
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trarsiomation
L AS-IA e, CALyer
el I T - Agt-GALY
GG vty GG st
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FERRNAIZFIBLINTERE NI DER, 7/ Lo ESH
213,800 £EEFITDVTUAS- HEMERBEIN DAY 2 —&HE
HEL, TNENEEALENIDONUIEDLS,
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)
introduced into host cells can effectively inhibit host gene
expression in a sequence-specific manner. Thus we can uti-
lize the RNAI for knocking down gene expression. To pro-
duce dsRNA in vivo, the so called “inducible RNAi” tech-
nique has been developed. In this system, dsRNA is
produced by a transgene that contains two copies of the tar-
get sequence organized in an inverted repeat, so that the
hairpin-type dsRNA is expressed whenever the inverted re-
peat 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 expres-
sion 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 in-
verted repeat transgenes and to establish transgenic fly lines
covering 14,000 whole genes in Drosophila. This RNAi
mutant fly bank will provide us a fundamental tool for un-
derstanding gene functions and genetic networks working
in the fly individuals.

Leulier, F., Ribeiro, S.P., Palmer, E., Tenev, T., Takahashi, K.,
Robertson, D., Zachariou, A., Pichaud, F., Ueda, R. and Meier, P.
(2006). Systematic In Vivo RNAi Analysis of Putative Components
of the Drosophila Cell Death Machinery. Cell Death Differ. in press.

Brun, S., Vidal, S.S., Spellman, P., Takahashi, K., Tricoire, H. and
Lemaitre, B. (2006). The MAPKKK Mekk1 regulates the expression
of Turandot stress genes in response to septic injury in Drosophila.
Genes Cells in press.

Adachi-Yamada, T., Harumoto, T., Sakurai, K., Ueda, R., Saigo, K.,
O’Connor, M.B. and Nakato, H. (2005). Wing-to-leg homeosis by
Spineless causes an apoptosis regulated by Fish-lips, a novel
Leucine-Rich Repeats transmembrane protein. Mol. Cell. Biol. 25,
8, 3140-3150.

Kleino, A., Valanne, S., Ulvila, J., Kallio, J., Myllymaki, H., Enwald,
H., Stoven, S., Poidevin, M., Ueda, R., Hultmark, D., Lemaitre, B.
and Ramet, M. (2005). Inhibitor of apoptosis 2 and TAK1-binding
protein are components of the Drosophila Imd pathway. The EMBO
J. 24, 3423-343.

Ishimoto, H., Takahashi, K., Ueda, R. and Tanimura, T. (2005).
G-protein gamma subunit 1 is required for sugar reception in
Drosophila. The EMBO J. 24, 3259-3265.

Hirota, Y., Sawamoto, K., Takahashi, K., Ueda,R. and Okano, H.
(2005). The transmembrane protein, Tincar, is involved in the de-
velopment of the compound eye in Drosophila melanogaster. Dev.
Genes Evol. 275, 90-96.
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RIFBERARE

Genetic Informatics Laboratory

BERERGHRT —IN—ADIBR

Genetic resources databank project

LR R =

Yamazaki Group

LI R T F

. BHE B
YAMAZAKI, Yukiko
D. Sc., Associate Professor

(VA EROEREICES 23
ERBLESTOLVTHAL L5 &35 4Lmpl%
IEED SE LS REL, ZORRIZEK R SCHGR &
LCEBEINTEELE, LELAERD, ZOXLo5R1E
Mogokohrs, BRNOERENERIGIEHT L
1%, ZHNI L TIER B> TETVWEIDLHETT,
FREEIRETIX, 32 ¥ a—X 20 L TG
AR ARRIZHATE7ZDIIZES Lizb Lnorizo
WTHIEZT> TWET, NTH Y T Widd» b, A
L av B a—& —Oli5 IC B RE AR GlRTE AR LT
WET, DL RidEEHOWEERT — & RXR—2%
WEFTDHZLICE-T, HREITESTCHREFEATZ
ERTEDIND LNBRNVDTT,

2HEGCERERT—I /N IHEEE

19984E L v TMEIEEIERT — X NV I e FHE
(SHIGEN) | ZBithL % LTz,

SHIGEN 7’u ¥ = 7 M, FEBRWIZEICAE R EYER
OEHINEE, T — & RX— ABEL X REfEZEN &
LCHEHELTRYET,

TAVE TIMAEY, WY, Bieal08EEOEY
FIZONWTT —FR—REEL, (> Z—x%y b LRI
ML TWET, (http://www.shigen.nig.ac.jp/)

SHIGEN v Y =7 M, 20027 HIZHE LzF Y 3
FNANALFY =2 TuTP s b (NBRP) (2815 EHR S
KR & L CoOEH b EMHL THET,

SHIGEN 7u o =7 MTCid, ks 5 DNA £ Tt
IZ, RN, WRERORBETRELE TS
MAERT — X X—ZOBEELHIBEL THET,

BEERBRT—2/\vy 7Ok
SHIGEN (SHared Information of GENetic resources) project

The Genetic Resources Databank Project formally started
at the National Institute of Genetics in April 1998. The pur-
pose of the project is to ensure the maintenance and dis-
tribution of genetic resources and their information for many
species. This laboratory will be responsible for the con-
struction and online distribution of an integrated database,
which contains a variety of gene pools including wild spe-
cies, breeding lines, transgenic and knockout organisms, cells
and DNA clones. During the trial phase of the Genetic
Resources Databank Project, this laboratory has constructed
the genetic resources databases of different organisms such
as mouse, Drosophila, wheat, rice and cloning vectors, and
made these databases available on the internet at http://
www.shigen. nig.ac.jp with the collaboration of researchers.
Not only achieving the completeness of individual database
but also full cross-referencing to the relevant databases will
be included in the next practical plan. Expanding the in-
dividual database to whole organisms will make
cross-organism searching possible, which may accelerate
biodiversity studies.

Ogihara, Y., Yamazaki, Y., Murai, K., Kanno, A., Terachi, T., Shiina,
T., Miyashita, N., Nasuda, S., Nakamura, C., Mori, N., Takumi, S.,
Murata, M., Futo, S. and Tsunewaki, K. (2005). Structural dynam-
ics of cereal mitochondrial genomes s revealed by complete nucleotide
sequenceing of the wheat mitochondrial genome. Nucleic Acids Res.
33(19), 6235.

Hashimoto, M., Ichimura, T., Mozoguchi, H., Tanaka, K., Fujimitsu,
K., Keyamura, K., Ote, T., Yamakawa, T., Yamazaki, Y., Mori, H.,
Katayama, T. and Kato, J. (2005). Cell size and nucleoid organiza-
tion of engineered Escherichia coli cells with a reduced genome. Mol.
Microbiol. 55(1), 137.

Moriguchi, K., Suzuki, Y., Ito, Y., Yamazaki, Y., Niwa, Y. and Kurata,
N. (2005). Functional Isolation of Novel Nuclear Proteins Showing
a Variety of Subnuclear Localizations. The Plant Cell /7, 389.

Yamazaki, Y. and Jaiswal, P. (2005). Biological Ontologies in Rice
Databases. Plant and Cell Physiology 46(1), 63.

Kurata, N., Miyoshi, K., Nonomura, K.-I., Yamazaki, Y. and Ito, Y.
(2005). Rice mutants and genes related to organ development, mor-
phogenesis and physiological traits. Plant and Cell Physiology 46(1),
68.

(lEF A2 (2005). Gene Ontology (GO) F—4&X—Z. #il
W2 24(11), 1207.

IIRFERAE T~ (2004), SAF D Y =2k v & —, BAVERER
# 49(11), 1956.
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Genome Biology Laboratory

WEREDT /) LEYME

Genome biology of C. elegans development

NERFE

Kohara Group

T
| INRHEE i LEER
J S iz Big BME B
N"‘ KOHARA, Yuiji ‘

e D. Sc., Professor r :

“* ANDACH,!, Yoshiki
D. Sc., Assistant Professor

157 ) DB BERE 5 9o TTEDON? ] 2D
AT = ALRHEOTHIZ, L TERBHITITIE 2—
2 L TOREEDILT, BHC elegans & MW THIZE
EHEDTOVET, Z O IR B R 2 MRS
ZHEZE & BB ZRFZE D3N T v R X < RITtEde X 5
DRFTHNET, FHBERE L TIEcDNATveY =7 b
I E L U TeBET O Eof1200038 {510 %
BARZ—2 2L NMZLTEE LR, SHIZRNAL Filk
YERE72 EiT & o THEREfET 21k, TEDBIZTDS, Vo,
EOHIIET, 2L TnE2] L0557 5D - #
e~y 75— & X—2NEXTDB <(http://nematode.lab.
nig.acjp/) ITHAIELTOWET, TS DR & H KR
EH L fBge i, U TFo7r—<THEDTHET,

o ifEdm R E ICFAh 2 BMEEETFOBRGIEA h =X L
O ERFRITY AR ) VBT LEETFHRT— KON
o MM EMNRRAAEEHORE & FEDEBLFH EHEE
O REDHERETLEEYZaL—Y 3y

O TBFEBORE/NE— LEBLFRE/NNE — OLBER

EHIDNAY—» v iy —mdE L, H#ikE
EILR W0 DT 72 I OWT OB/ AZE
HiED TWEF (http://dolphin.lab.nig.ac.jp/).

BB IEF glo-1(Notch /R EA4) D pos-1, spn-438 - F 2L DFMR
T,

A RIRR, B)pos-1ZE R4, C) spn-4ZEBARD 4 HIFEHAFED GLP-1
TARICE DB, AR TIELBIBKICmMRNADFET Y, FTAIEIEK
Aba, ABp DHIBEED (2 GLP-1 2V /0 BRRBND. EEETO
FIR/RE—Uh\D pos-1& spn-HBIGFHERIEOEERGIEEH Ao
TWBIEN LMD,

Translational control of gjo-7 gene (a Notch homologue) by pos-7 and
spn-4 genes. 4-cell stage embryos of A) wild type, B) pos-7, C) spn-4
were immunostained using anti-GLP-1 antibody.

We are performing a systematic analysis of expression
and function of the genome of the nematode C. elegans,
aiming at understanding of the genetic program for devel-
opment and ultimately at reconstructing development in the
computer. We have identified 12,000 genes through EST
project, and have analyzed their expression patterns by using
of whole mount in situ hybridization, and their function by
RNAI. All the information has been integrated in NEXTDB
<http://nematode.lab.nig.ac.jp/>. Based on the informa-
tion, we are conducting the following studies;

® Mechanisms of translational control of maternal mRNAs

® Clustering analysis of gene expression patterns

® Systematic identification of regulatory elements of genes
® Computer modeling and simulation of early embryogenesis.
® Comparative genomics using closely related nematodes.

We are operating the DNA sequencing center to per-
form comparative genomics using various key organisms
in evolution and their closely related species. <http://
dolphin.lab.nig.ac.jp/>

Kagoshima, H., Sawa, H., Mitani, S., Burglin, T.R., Shigesada, K.
and Kohara, Y. (2005). The C. elegans RUNX transcription factor
MAB-2/RNT-1 is required for asymmetrical cell division of the T
blast cell. Developmental Biology 287, 262-273.

Couillault, C., Pujol, N., Reboul, J., Sabatier,L., Guichou, J-F., Kohara,
Y. and Ewbank, J.J. (2004). TLR-independent control of innate im-
munity in C. elegans by the human SARM homolog, TIR-1, a
TIR-domain adaptor protein. Nature Immunology 5, 488-494.

Matsuzaki, M., Misumi, O., Shin-i, T., (and 37 people), Kohara, Y.
and Kuroiwa, T. (2004). Genome sequence of the ultrasmall unicel-
lular red alga Cyanidioschyzon merolae 10D. Nature 428, 653-657.

Andachi Y. (2004). Caenorhabditis elegans T-box genes tbx-9 and
thx-8 are required for formation of hypodermis and body-wall mus-
cle in embryogenesis. Genes to Cells 9, 331-344.

Ogura, K., Kishimoto, N., Mitani, S., Gengyo-Ando, K. and Kohara,
Y. (2003). Translational control of maternal g/ip-/ mRNA by POS-1
and its interacting protein SPN-4 in Caenorhabditis elegans. Devel-
opment /30, 2495-2503.

Kajita, A., Yamamura, M. and Kohara, Y. (2003). Computer Sim-
ulation of the Cellular Arrangement in Early Cleavage of the Nematode
C. elegans. Bioinformatics /9, 704-716.
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EEEDFHARE

Biological Macromolecules Laboratory

193 FAA—=D0 T ERHMICK S X5 T EEDATEA

Single molecule imaging and measurements of biological molecule functions

BAARE

Tokunaga Group

®KAEH
g B
TOKUNAGA, Makio

D. Sc., Professor

HERIRZ
BhF 1(®)

SHIINA, Nobuyuki

D. Sc., Assistant Professor

Ak FHERE DN 27 —<iT, a1 1%z, Bl
T BEL - RHAT D3 B EAR 2 v, LB -
A4 AR 2D TV R §

(1)in vivo TD 1 DFHNLA A =T 0 L EENEFR., MIEAT
1 DFREAA-DVITTELIEMBELETLBAREL, &
TEHRLATHEHEAFREZEEBRRLET. EXKkHZC
EOTERLMSEMBERTOREER, TEMNITKRD, V7
FTIGEELEEHRT 2ENAREICARY E L,

(2)mfE >+ T RATEBMIZ B 1 2 BATNEROHEEE, >
TABHBOEIEMEIZEE S T % IR EHMAZE mRNAEIX KD,
FRBUDFORES & CEXGIE - BATW AR > /37 R
FIHEBEORITZETVET, T BMEHERICETSZTH
SHIEEEORLEA A -V TEFTVET,

B FEHBEMEIC KD 1 DFEHE, HF 1 EERSICHE
ABRELET, XOBFNETHEHMMNEEZ T /L, 7T
EaZa—bUOERET, DFEEEERCOFAEE
EEEFALET,

1T 2o I Be &, MiEm - o1
AWt b G ST, RS FHEREO R OLR 2 A
SHITHFZRERANE L TVES,

1 RFEREAA—DUTERIZKD, HlBE— KB THXEINEDFD
HIR KEIHEEL TVDECANERINTEY, ERITHF 1 {E,
EEDTH, B, BEERE DA TOEEMNILHTH
BEIChof-. S AMF BT GERTRIEMERE, HEY) LD £ R
90, /N—IF Tum,

Fluorescence image of single molecules involved in nucleocytoplas-
mic transport associated with the nuclear rim. Each spot corresponds
to a single molecule. Numbers of bound molecules, retention time
and binding constants in cells have been obtained quantitatively. Col-
laboration with Dr. Naoko IMAMOTO (Gene network laboratory; pres-
ent, RIKEN). Bar: 1 um.

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

1) Single molecule imaging and quantitative analysis in vivo. We have
developed new fluorescence microscopy, and achieved single mol-
ecule imaging in vivo. Quantitative image analysis of molecular
movements, distributions and interactions has opened a new way
to obtain quantitative information on the kinetics of molecular in-
teractions in cells.

2) Dendritic mRNA transport in neurons. We identify novel com-
ponents of the dendritic mRNA transport machinery, which is in-
volved in synaptic plasticity. We also study the mechanism of
the mRNA transport and translational regulation of the RNAs using
techniques such as fluorescence imaging.

3) Manipulation and measurements of single molecules. A com-
bination of single molecule nano-manipulation and intermolecular
force microscopy, which we have developed, enables us to di-
rectly 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.

Shiina, N., Shinkura, K. and Tokunaga, M. (2005). A novel
RNA-binding protein in neuronal RNA granules, regulatory machin-
ery for local translation J. Neuroscience 25, 4420-4434.

Yokosuka, T., Sakata-Sogawa, K., Kobayashi, W., Hiroshima, M.,
Hashimoto-Tane, A., Tokunaga, M., Dustin, M.L. and Saito, T. (2005).
Newly generated T cell receptor microclusters initiate and sustain T
cell activation by recruitment of Zap70 and SLP-76 Nature Immunol.
6, 1253-1262.

Kitamura, K., Tokunaga, M., Esaki, S., Iwane, A.H. and Yanagida,
T. (2005). Mechanism of muscle contraction based on stochastic
properties of single actomyosin motors observed in vitro. BIOPHYS-
ICS 1, 1-19.

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

ROKTTEFE (2002). KIEOHLZEEEICHELTE 524
NEBEAMBRE, “NAFA A=V T ETHR (b)) 27
T FLRHEA - /AR - SERIEES - BB, At 104-113.
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Molecular Biomechanism Laboratory

BEFRROF/NAFA - FFONEDSRERRANZX A

Nanobiology of gene expression: mechanism in terms of molecular motions

IEEMRE

Shimamoto Group

L SHIMAMOTO, Nobuo
I D. Sc., Professor

e i
== BiE B

FIo A FuY—LiX, EWELESFOHELEBL
LCHfET 545 Td,. AFEOHEL, I/ eitio
DFEBNREOEE~ 7 v E < REHRE L 2o
TV Bl O¥#EL, BESHRTHRATLZLTT,
10TFTE AT 27 ARLEFEWE - ALF2HEMN 2 VT,
FIoRLF = F )N F T/ uY—FHELE
kR

ZINIEBDNA LEATGAT 07352 8E (5),
DNA @ & ¥ A iR o CHEfNICHE IS 25 5 Z &1
(2), HAPMODTIHAMPLELZ, I 73— A— 3
VIREBHFAEY) BN LW SRR L
(1), %7z, EERERIZ, RNARY 25 —Fo—in
KIMLUTLESHLERRAL, ThXSFATY —ITk
DF L VIRERTIEECHI L EROITELE (2,
3, 4), EbHiz, RNAKRY 25 —F¥Dsigma70H 7>
=y MRFVAL DX ST AR L TEREIRE LT
WHZ L ERBUIEZED THNET, NfFev—L
TIaT—OHBENEEBREBRLENS (6), 4
W O FAERERE DO MELITHRER L TN & B X TWE T,

spiral
motions

Z?s
=

~ Nuoorescent sphare
*  fixed by laser trap

linear - (_ ~.-~

maotions

~ 1 wm bead
“DNA

=

—_

time  (10ms / frame)
Upper: 2V INIBDASAT AT, 2 DDE—KHHYE5, There
are two possible modes of sliding by a protein molecule. Middle: 5
BAEEIE— XD EIEREL TR TES, The spiral motions can be
detected as rotation of the bead. Lower: #RtHS N 7z[El#x The ro-
tation detected (1).

RILEE
BF IE

NAKAYAMA, Hideki
D. Eng., Assistant Professor

Nobuo is a member who first proposed “nanobiology”
in 1993. We are thus interested in finding and analyzing
phenomena where the microscopic movements of molecules
are directly reflected in macroscopic mechanisms of gene
regulation. We are experts of the single-molecule dynam-
ics and nano-manipulation. We have proved the existence
of protein sliding along DNA (5). We also proved that
molecules of E. coli RNA polymerase track DNA grooves
during reading DNA sequences and searching promoters (2:
See Figure).

We have also found that a fraction of RNA polymerase
is inactivated during initiation in a manner depending on
a promoter and GreA/B transcription factors (3). This in-
activation through conformations of initiation complex forms
a molecular memory and can regulate transcription (1). This
new mechanism is works in vivo for several operons includ-
ing atp. We proved that this memory involves a relative
dislocation between DNA and RNA polymerase. Recent-
ly we found that the major initiation factor sigma-70 forms
inactive amyloid. This may work as a regulatory switch
responding to temperature and other environments.

1. Susa, M., Kubori, T. and Shimamoto, N. (2006). A pathway bran-
ching in transcription initiation in Escherichia coli. Molec.
Microbiol. 60, in press.

2. Sakata-Sogawa, K. and Shimamoto, N. (2004). RNA polymerase
can track a DNA groove during promoter search. Proc. Nat. Sci.
USA. 101, 14731-14735.

3. Shimamoto, N. (2003). Movements of RNA polymerase along
DNA. In Methods Enzymology: RNA polymerases and associ-
ated facrors, Part C: in press, Elsevier Science.

4. Shimamoto, N. (1999). One dimensional diffusion of proteins along
DNA: its biological and chemical significance revealed by

single-molecule measurements. J. Biol. Chem. 274, 15293-15296.

5. Kabata, H. et al. (1993). Visualization of single molecules of RNA
polymerase sliding along DNA. Science 262, 1561-1563.

6. IEAAEERE (2005) F /7 SAF AP YA 2t

http://www.nig.ac.jp/labs/BioMech/JshimaLab.html

NIG 2006 | 51

Jayue) ABojolg [einyonis

B
b
b}
&
=
ot
B
t
>
9|




Jsuan Abojoig [einyonns

il
&
b
=
=
i
%
t
>
7

MERDOEM EARES) | Research Aims and Activities

B E

Multicellular Organization Laboratory

# 3 C. elegans DITHEMERD S FEME

Molecular biology of the behavior and neural functions of the nematode C. elegans

EMRE

Katsura Group

= iR EBE

R 4k KATSURA, Isao
y D. Sc., Professor

b hEETLEHYORO 1 21F, R Z VTP
OBRERERC LY, WURTHEEZZETLES. £
L OITENTHEALOBIE TS 1, LHEOBIB ORI
HHRAENTNDITTTT, AFERETIE, #RH Caenor
habditis elegans ZFE & LT, BIEFRED X 5 ITi7H)
T 2052022 L COWET, C. elegansid, BIEZFD
BNT AR & 72 B 2T <, 302l psimiag 1o 1
DM CTHETE, @MRERK MO THET, Z
OEmERML, #AZ—rhiHIia— pe b ik — 178 &
W9 BfRE BARIICIRET G 2 0233k A DO HINTY, LT,
KRAZL TOMBEIZDONTIFEZIT>THWET,

oY LA /HEE AV ERE DL REERT

o I NiR7 ] RIMERRNICEZ=ROTEIDOEL

o MiMELh RFZ AL & FRAZ & L - BB B ALE O B R RO
OB THEIC i BETFHICL 2RETE - MEEE - RERES
D HIEEE

Bifli 72 e 7 VAW Z L, TTE) OHIHE % AF 4 O i
far < - LUV ANATHET S Z 855, b NofrEix
MR DR 7 D WENIRICR e E X, Toko 7k
W7e %o THETF,

#R®R C. elegans DEFR) X L (B AH) 58519 5 Ser/ Thr £+ —
P FLR-4 DRB, COFEHAEIZIE, BTORRTHATHS,
FLR-4 Ser/ Thr kinase, which regulates defecation rhythm in the
nematode C. elegans, is expressed in the intestine, the isthmus of
pharynx, and a pair of neurons, but the intestinal expression is enough
for this regulatory function.

N KA SEAED

BF B(R)

KIMURA, Koutarou
D. Ag., Assistant professor

Animals, including humans, sense environmental cues
with their nervous system and conduct appropriate behav-
ior. Many stereotyped behaviors must be formed during
evolution and hence controlled by genes. We are study-
ing how genes control such behaviors, using the nematode
Caenorhabditis elegans. C. elegans is a good material not
only for genetic analysis, but also for structural analysis,
since each of the 302 neurons can be identified under a mi-
croscope and the complete neural circuitry is known. Tak-
ing these advantages, we aim to elucidate the relationship
between genes, neurons, neural circuit and behavior.

Our present studies include: (1) analysis of mutants in
the learning with odorants and food/starvation, (2) anal-
ysis of behavioral changes after prolonged exposure to “un-
comfortable” stimuli, (3) genetic analysis of sensory in-
formation processing as assayed by the formation of dauer
larvae, (4) control of defecation behavior, growth, and sen-
sory signals by fIr genes, which probably act in the intes-
tine.

By solving the genetic control of behavior precisely at
molecular and cellular levels using a simple model-organism,
we hope to establish a firm material basis for understand-
ing human behavior.

Yabe, T., Suzuki, N., Furukawa, T., Ishihara, T. and Katsura, 1. (2005).
Multidrug resistance-associated protein MRP-1 regulates dauer
diapause by its export activity in Caenorhabditis elegans. Develop-
ment /32, 3197-3207.

Take-uchi, M., Kobayashi, Y., Kimura, K., Ishihara, T. and Katsura,
I. (2005). FLR-4, a novel Serine/Threonine protein kinase, regulates
defecation rhythm in Caenorhabditis elegans. Mol. Biol. Cell 16,
1355-1365.

Miyahara, K., Suzuki, N., Ishihara, T., Tsuchiya, E. and Katsura, I.
(2004). TBX2/TBX3 transcriptional factor homologue controls ol-
factory adaptation in Caenorhabditis elegans. J. Neurobiol. 58,
392-402.

Ohkura, K., Suzuki, N., Ishihara, T. and Katsura, 1. (2003). SDF-9,
a protein tyrosine phosphatase-like molecule, regulates the L3/dauer
developmental decision through hormonal signaling in C. elegans.
Development /30, 3237-3248.

Ishihara, T., lino, Y., Mohri, A., Mori, 1., Gengyo-Ando, K., Mitani,
S. and Katsura, I. (2002). HEN-1, a novel protein with an LDL recep-
tor motif, regulates sensory integration and learning in Caenorhab-
ditis elegans. Cell 109, 639-649.
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Biomolecular Structure Laboratory

XiGERBRERAVWEI Y NITFRERFORRA

Mechanism-oriented protein structure determination by X-ray diffraction

HARRHAE

Shirakihara Group

BARRER# - Pk B
P mar me ke R
: SHIRAKIHARA, Yasuo r_'-":' ITO, Hiroshi

: [
D. Sc., Assistant Professor

Fi

D. Sc., Associate Professor

BURS, WEEMEPOARTEERX LV RIE, 20
HBhHK (BT) OVREEZRIEL £, BEY, HE
WEAEW BRI DA R 0 T L NV TR 57
WITIX, T T & 287 B O kTS OGS EE
B ER TS TY, BT, XU RIHEOREEE
AT XITRZ 2HEEILERD Z itk o T, A
FoOEBEOHESTZZ EOHIELET,

WHIZEE TIXZ O T D I X s m BTk s W E 9,
FERIZIX, FTEEERSFBAIEL <M A K2
DEFT, RITEOFERITXHR%E & T TP 2l L
F4, RBICETEREZ 2 o — & — CEkr L Cartk
W& ERELET,

BUE, LN OGN 21T > THNET,

® F1-ATPase, ATP & RiEE%&

o MR EE R T &

O KBHABK - TSIRI RPEA VY
ot NEERTFE

o L EFEE R /Y Kid
oMiiE I A S F—+F

F1-ATPase a3B3vel B RN = RITHEE, BT T L= IMNIHE, alE
FLoD, VIEE, eld/RTRI,

A schematic representation of structure of a3B3ye complex of
F1-ATPase. B-subunits are shown in yellow, a-subunits red, y cyan
and ¢ in magenta.

We are working on protein structure determination using
X-ray diffraction techniques, in order to understand the
working mechanism of the proteins that are broad in bio-
logical function spectrum, but are each with the unique and
interesting action mechanism. The proteins under current
investigation include: the sub-complexes of F1-ATPase, ATP
synthase, E. coli, P. aeruginosa and C. glutamicum tran-
scription factors, human transcription factors, a chromosome
relocator Kid, salt-tolerant glutaminase.

To understand the unique rotational catalysis mechanism
of ATP synthase, we have been extending the structural
study from the «333 sub-assembly to upper subassemblies.
The a3B3ye sub-complex has provided a unique opportu-
nity to look at F1 structure with nucleotide bound to a sin-
gle catalytic. Also we have now got ATP synthase crys-
tals. PhzR protein, a P. aeruginosa transcriptional factor,
and E. coli YmcB protein are under investigation using the
MAD approach. Fragments of Kid and transcription fac-
tors from both prokaryotes and eukaryotes have been ex-
amined for crystals. The structures of the C terminal do-
main of PhoB and salt-tolerant glutaminase have been solved
recently.

Shirakihara,Y., Leslie, A.G.W., Abrahams, J.P., Walker, J.E.,
Ueda, T., Sekimoto, Y., Kambara, M. Saika, K., Kagawa, Y. and
Yoshida, M. (1997). The crystal structure of the nucleated free
a33ye sub-complex of F1-ATPase from the thermophilic Bacillus
PS3 is a symmetric trimer. Structure 5, 825-836.

Shindoh, K., Maenaka, K., Akiba, T., Okamura, H., Nisimiura, Y.,
Makino, K. and Shirakihara, Y. (2002). Crystallization and prelim-
inary X-ray diffraction studies on the DNA-binding domain of the
transciptional activator protein PhoB from Escherichia coli. Acta Crys-
tallogr D 58, 1862-1864.

Suzuki, T., Murakami, T., lino, R., Suzuki, J., Ono, S., Shirakihara,
Y. and Yoshida, M. (2003). FO-F1-ATPase/Synthase is geared to the
synthesis mode by conformational rearrangement of e subunit in re-
sponse to proton motive force and ATP/ADP balance. J. Biol. Chem.
278, 46840-46846.

Maenaka, K., Fukushi, K., Aramaki, H. and Shirakihara, Y. (2005).
Expression, crystallization and preliminary diffraction studies of the
Pseudomonas putida. Acta Cryst. F61, 796-798.
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BLFOIEHRERE

Gene Network Laboratory

MEE R RO FEE

Molecular basis of neural network formation

HAMARE

Suzuki Group

BAXBTF FATAE
BiR 18(E) BF $(2)
SUZUKI, Emiko KURUSU, Mitsuhiko

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

B O ERERRIZ Z N E R L TV S fflilass iz =2
Ra=h—varTbZlitko TEREINET, KT
TR TR S S F 7 R FE & & U C ik [al ik %
B L, AAFUTEGE >N G T B 7R i %
BV 4, e bOWFRRETIE, HfHEMRMpRREZ
Fib il bR 5E - BB L OTER b5 T
W33y aunRcEZEFLEME L THY, #ifkk
RO IT B B & FVE OER & HBEMNT 215> T
WET, S RIEFNTRE, LESEMEEICL S T4
TA A= 2 7R T HAME % O T O RS SR b % B
g2 Licky, RRMIBERICEE RRE %R g
EHEPEDO LD RBIETHIEOD &g xRry hT—
7 EHRLTHNDDN, REITHL N> TEELK,
BE, UTFOREIZHOWTHIREEDTHET,

O L TRIEES DRI HEE  B—MlEL NILOBITARIEERR
HME—FH VT TREANT, VT T ROERRIRCREBE
BIIRBLINIEAEZERENR IV —=TI2&Y
BRELTVWEY, INETIZELDEEEAEEZRVVEL
CNLDEAEOMBERNBECKEIZIOVWTEEERED
HEEBRRENSBITLTWET,

0T - TREMIRDMHEBEBOTMMEE : ¥/ 3%, >3
TITUNIOWIZHENTEE - BEERDOB L L THEAEL
WA OB E ORI & O#REREMMEN B S A TW
£9., A=blE, ¥/ OEIAHEALFEOMEED & 5 I2F=E
LEHRBERRT A LEHRLELE, 20X/ 0k
HRBEETIVIZ, BAEREEBEROSFEREHREL
TWET,

O HIRMMIZ BT B A/ b= VigE (P) L ¥ FILEE
g PO T T IVEZER ISHREEDOR 4 BiEe R > T L
Y, IEBEIRABERAVNTPIV S FILEERDEEF
HEEEENELTCWET, ChETIS, MREBEETICH
ZBE/MEE (SRC) MPIRENG L L TEELKRE 2R
LTWaZEERWELELE, BHE, SRCIZRETSE
BEOKERRHHMEEEPOICHEEEDTVET,

IR EIEE T AR L OEER GRS ABEOHEDRELDEMENL
TEEANEEDNDETF, EEEFHEMEE B A7 —)L/8—1100nm
Neuronal processes (red) navigated to their targets through filopodial
interaction with surrounding cells. Bar, 100nm.

Cellular communication is essential for organized func-
tion of tissue or organs. Typically in the nervous system,
neurons form elaborated communication network via synap-
tic connections, so that an organism can respond rapidly and
properly to environments. We are studying the molecular
mechanism of neural network formation using Drosophila,
a useful model system for studying neural functions that
underlie complex behaviors. By the combination of genet-
ic tools available in Drosophila and the high-resolution
microscopy, such as confocal live microscopy and electron
microscopy, we are uncovering the in vivo functions of the
molecular players and their genetic regulation in neuronal
communication. We are currently focusing on the follow-
ing issues.

® Mechanism of synapse formation: We have found several cell sur-
face proteins required for synapse formation, by the genetic
screening and single cell analysis of neuromuscular junctions. We
are analyzing the cellular localization of these proteins, and their
functional correlations using genetic manipulation techniques.

@ Mechanism of laminar organization in the mushroom bodies (MBs):
MBs are the centers for learning and memory in arthropod brains,
similar to vertebrate hippocampus and amygdala. Our
neuroanatomical studies have revealed that Drosophila MBs con-
sist of highly developed neural layers. We are studying molec-
ular basis of their formation. Our final goal is to understand how
such topological map formation contributes high-order functions
of an organism.

® Mechanism of phosphoinositide (Pl)-mediated signaling in neurons:
Pl-mediated signaling is involved in the various aspects of neu-
ral transmission. We have found that a specialized subcompart-
ment of endoplasmic reticulum, subrhabdomeric cisterns (SRC),
plays a key role in Pl turnover. Now we are focusing on the ge-
netic regulation of SRC functions.

Kurusu, M., Awasaki, T., Masuda-Nakagawa, L.M., Kawauchi, H.,
Ito, K. and Furukubo-Tokunaga, K. (2002). Embryonic and larval
development of the Drosophila mushroom bodies: concentric layer
subdivisions and the importance of fasciclin 11. Development 129,
409-419.

Suzuki, E., Rose, D. and Chiba, A. (2000). The ultrastructural inter-
actions of identified pre- and postsynaptic cells during synaptic tar-
get recognition in Drosophila embryos. J. Neurobiol. 42, 448-459.

Ritzenthaler, S., Suzuki, E. and Chiba, A. (2000). Postsynaptic
filopodia in muscle cells interact with innervating motoneuron axons.
Nature neuroscience 3, 1012-1017

Masai, 1., Suzuki, E., Yoon, C.-S., Kohyama, A. and Hotta, Y. (1997).
Immunolocalization of Drosophila eye-specific diacylglycerol kinase,
rdgA, which is essential for the maintenance of the photoreceptor.
J. Neurobiol. 32, 695-706.

AR Z AT (2004). BERREERSY 102 B Rlc 0 7" AT RSkkRE.
HI 36, 66-69
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BLEROTHEE Laboratory for DNA Data Analysis

7/ LRNT—H LBELRFRADO R /25 FHEILE, ERIFHRE

Study for molecular evolution and information biology using genome sequence and gene expression profile

RFEMRRE

Gojobori Group Y nem = ﬁ R k=S
=E T g B e B#E B % BF B8 #(E)
= GOJOBORI, Takashi - N IKEO, Kazuho = SUZUKI, Yoshiyuki
D. Sc., Professor D. Sc., Associate Professor M. D, Ph. D, Assistant Professor
ARWFZEE T, BV OEIHEE LT 5 s 1 In order to understand the evolutionary mechanisms of

Ib22 2 WS E M S O OIS S, A T organisms, we conduct both wet-lab experiments and data

- ) .y . analyses by use of genome sequences and gene expression
e TR RRECHIN DD NS BURTTH OB £ UK profiles. In particular, bioinformatics approaches such as

SRR 217> TR, BEED TSRS W28 database construction and algorithm developments are com-

HERFIZ U E 4, monly taken. Currently ongoing research projects are as
follows:

1. Y- REROEBREMEAT 5 7=8%, ESTERHIRE & DNA

1. Gene expression profiling of planarian brains and hydra neural cells

FyTERWNZE RSHEMAREC TS+ ) TIRTOEETF to understand the evolution of brain and neural systems.
HEHRKX DR 2. Comparative analysis of ESTs during the developmental stages
_ of ascidians.
2. RYDREBRICE T 2EERFRRO LB 3. Comparative genomics of higher organisms to trace the evolu-
3. BEEMEHT BT LEGETHEOEL ,, Jonary process of genomes.
e L - R . [dentification of horizontal gene transfer by complete genome com- o
4. KEEGEFHITOKRE L ERFEROEL parisons of bacteria by grid computing. % s
5. DA ILADHFELL 5. Molecular evolution of pathogenic viruses. Ee
- R _ . N 6. Evolution of eye structures and their gene expression. B
6. EETRENLHLROBEDELL 7. Development of statistical methods for detecting positive selec- -
7. EQBRBROBREEDRR tion. Bg_u
. — — . 8. 3D visualized and integrated database of biosystems. 5
A — J—
8. D IRITAIBULIKET — I N—RADIELE 9. Developments of algorithms and analytic tools for bioinformatics 5 g
9. NAAAVIAITAIRIZHBITZERETILIT) XL research. B =
R — )L DR 22 RE R 10. Construction of bio-platform for the genome network project. 3&: E;
0. 7/ Lty NT—5EZDNLFTTy b h— L 5=
| &

International Rice Genome Sequencing Project: Annotation and Anal-
ysis: Iwama, H., Gojobori, T., Itoh, T., Niimura, Y., Fujii, Y., Habara,
T., Sakai. H., Sato, Y., Wilson, G., Kumar, K., McCouch, S., Juretic,
N., Hoen, D., Wright, S., Bruskiewich, R., Bureau, T., Miyao, A.,
Hirochika, H., Nishikawa, T., Kadowaki, K. and Sugiura, M. (2005).
The map-based sequence of the rice genome. Nature 436, 793-800.

The FANTOM Consortium: Carninci, P., Gojobori, T., Ikeo, K. and
other 157 authors and Hume, D.A. and Riken Genome Exploration
Research Group and Genome Science Group. (Genome Network Pro-
ject Core Group): Kai, C., and other 31 authors and Hayashizaki, Y.
(2005). The transcriptional landscape of the mammalian genome. Sci-
ence 309, 1559-1563.

Nakamura, Y., Itoh, T., Matsuda, H. and Gojobori, T. (2004). Bi-
ased biological functions of horizontally transferred genes on 324,653
open reading frames of 116 prokaryotic complete genomes. Nat.
Genet. 36, 760-766.

Current capability: Fantom Consortium, F., Okazaki, Y., Furuno, M., Kasukawa, T.,
11,000 spois per chip Adachi, J., Bono, H., Kondo, S., Nikaido, I., Osato, N., Saito, R.,
Suzuki, H., Yamanaka, I., Kiyosawa, H., Yagi, K., Tomaru, Y.,
Hasegawa, Y., Nogami, A., Schonbach, C., Gojobori, T. et al. (2002).
(planarian, acidlan, Analysis of the Mouse Transcriptome based on Functional Annota-
P————— | ik, molse, hydea et tion of 60,770 full-length cDNAs. Nature 420, 563-573.

For various erganizsms

Sasaki, T., Matsumoto, T., other 77 authors and Gojobori, T. (2002).
The genome sequence and structure of rice chromosome 1. Nature

L _ - 420, 312-316.
T3FUTDDNAF YT DR, F5FT ) 7EAMGENICRE T 58
EFDRETE, ¥ Z nou-darake :BIEFNHERITEL, RV CAFELRE Cebria, F., Kobayashi, C., Umesono, Y., Nakazawa, M., Mineta, K.,
D cDNAFYFERIZEHIIL TS, Ikeo, K., Gojobori, T., Itoh, M., Taira, M., Alvarado, A. and Agata,

K. (2002). FGFR-related gene nou-darake restricts brain tissues to
the head region of planarians. Nature 479, 620-624.

International Human Genome sequencing Consortium (DNA sequence
databases: DNA Data Bank of Japan et al.) (2001). Initial sequenc-
ing and analysis of the human genome. Nature 409, 860-921.

RIKEN Genome Exploration Research Group Phase II Team and
FANTOM Consortium (Kawai, J., Shinagawa, A., Gojobori, T. et al.),
Genelal organizer: Y. Hayashizaki (2001). Functional anotation of
a full-length mouse cDNA collection. Nature 409, 685-690.
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AEBELIBRARE

Laboratory for Gene-Product Informatics

S NOE DI BIZEICE D <EMmIFHREF

Bioinformatics based on the protein structure

B)IRR=E

iR BE

: NISHIKAWA, Ken
m D. Sc., Professor

Nishikawa Group 0 [ =

By BIEH S WD AMIGE) &I 5 REME S 1T
T ZOWEIIZNEND 2 2R EHEAE O AAREE
PRETAZ LTRSS, Z N EONBHEEIXT
BRI Lo THRESNE T, ThET, T/
FeH Z 5t B A W LEHEIT Ko TR U 7 B DNk
WEETHTEZ L, HLWMEE SN TEE L, &
B, BOTITRSZ R B OSSR S D &4t
2, BEORWFIT e /T AOBRICEY, X2y
BRSO PRI REERL L,

FhTeBId, SRS TRIVE O J7 dEm <o it IR 2 % 564
LL, XvEBEOTAEOBS, 7/ AEHI O/,
BN HOERMET— 2 R—ZAD%, RE%T-T
WET, 7 AEFIOURE S 210058, oL yfEic B
T 5, MRS FRORRE, GTOP Lvws 57—
AR—=ZTALTNWET, £, GTOP OfsR%EHIT,
s ) BRERT S FT o TOET,

et B HZaa w2 T
i 1SRRI (R e T = T

e % i~
I P ida Leirmine d I e inneithon

BIRPRT AT I2E- TR E R FREIZRASINERT,
ERcDNA T — R LYBSMNESHImBIRW/ANUT VD55, BCEE
FBECT 2 BED /N7 UhE ERISRY, ARITRUES &
DORERIZTHVUERERL, B FEERERMDONAA VIS G
9%, LERDEIILIER LGS 20, TEROEIIEENT+
VYUERDICEC-OBENCIETAFREICRESHAFARSI(R
WIL—=)EED, ERONYT UL RIBEICITEINROIEOHER
IhTW3,

Human cDNA data analyses show that alternative splicing sometimes
introduces insertions at the protein surface. Splicing variant at the
bottom contains a loop in black, corresponding to an extra exon com-
pared with the variant in the top. No substantial difference in the gene
expression level was observed for both variants by the RT-PCR ex-
periment.

#H aa ieumion

Rl SR & W
BF () = BF @)
FUKUCHI, Satoshi = KINJO, Akira

D. Sc., Assistant Professor D. Sc., Assistant Professor

Proteins are molecules whose functions are essential for
activities in living organisms. They function only after fold-
ing into particular three-dimensional structures, which are
determined by the amino acid sequences. The problem of
predicting the structures of proteins from the amino acid
sequences has been difficult to untangle for a long time. Re-
cent years have witnessed great advancement in methods
to predict the structures of proteins through both increase
in the number of determined structures and development
of sensitive prediction programs.

Based on protein structure prediction, we are explor-
ing new methods to predict structures more precisely, in-
vestigating applications to genome analysis, and examin-
ing stability of protein structures, among others. We have
constructed two databases and made them publicly avail-
able: GTOP (Genomes TO Protein structures and functions),
containing predicted structures of all the proteins encoded
by more than 100 wholly sequenced genomes, and PMD
(Protein Mutant Database), extensively gathering informa-
tion on mutant proteins.

Fukuchi, S., Homma, K., Minezaki, Y. and Nishikawa, K. (2006).
Intrinsically disordered loops inserted into the structural domains of
human proteins. J. Mol. Biol. 355, 845-857.

Minezaki, Y., Homma, K. and Nishikawa, K. (2005). Genome-wide
survey of transcription factors in prokaryotes reveals many
bacteria-specific families not found in archaer. DNA Res. /2, 269-280.

Kinjo, A.R., Horimoto, K. and Nishikawa, K. (2005). Predicting ab-
solute contact numbers of native protein structure from amino acid
sequence. Proteins 58, 158-165.

Homma, K., Kikuno, R.F., Nagase, T., Ohara, O. and Nishikawa, K.
(2004). Alternative splice variants encoding unstable protein domains
exist in the human brain. J. Mol. Biol. 343, 1207-1220.

Fukuchi, S., Yoshimune, K., Wakayama, M., Moriguchi, M. and
Nishikawa, K. (2003). Unique amino acid composition of proteins
in halophilic bacteria. J. Mol. Biol. 327, 347-357.

Databases on the WWW:
GTOP (http://spock.genes.nig.ac.jp/” genome/ gtop.html)
PMD (http://pmd.ddbj.nig.ac.jp/)
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BLFHEEMRE

Laboratory for Gene Function Research

E@#5F(DNA- 2 NROH)DIBELBRAEDEIL

Evolution of bio-molecules (DNA/proteins) and their function

A=

Tateno Group

Tz HliX, DNASX U RIBE LW ERDT00 5
EaEREH L, #ANITEFT2Z 12k -T,
ENHAEMESTORIKE, b L CTHREE D IS A
HTWET, DNAZMGELTIE, MHCZ 2 A1EWn5
G IERERE % W 5 AR T TEDEAET 5 7/ A IS O Lk -
B E, BN, FrvY—, ZOMOERIEOWHILE
ORITHW, ZOMHEEO S 7 ARG ORFECHEL R 5 T
R DOBIZ T OFAELZH LN T HMEEZED THE
kR

Fiz, fok, BATFBHEIICEET 2 RNABE &L
THEHEINTWS <A 27 2RNA (miRNA) OWZEICZH
EFLELRL, frick b =v Rizdif7e miRNA % in
vitro & in silico DWFEERZFME L THRL, %< OmiRNA
EHRRALE LR, b bOBETRIGIEZ <Y ZOFEHR
WU THHTSZ LICEMAERSTL & 9, miRNAK
BB OB B iEE S e mRNA © 3 kg4 L,
FOREHET 5 Z & TRIATHRIEZHHT 0T (X
B, ThLPET R ENEZXONET, Tk
IEA T = A LSS DFETT,

CDs m
-------- 3 -I-“-I-I..““‘I-I-I.-I-".- I:-'-'i-ﬂ‘-"""'-l"l inding site screen r";_|_
B T T Sy
a4 4 -
E gk -;.
1.0% A .
Ea = =Y
iR AA birding e —
G maur
IL13  CFLZ2 GFP protein amount

B o=k R G S WA O @

WT mut WT  mut
1 2 3

é - e 'H -l
=| BESSSSEE ol - S
| - o e e P

& n 30
F----acffn

| St gl e 120

Let-fa miR-20

2 DM miRNA, Let7a& miR-20, M IL13 & CFL2 B=F LIZHEHET S
EFRIENDR—FIMNBALISHEARL TGP 2V VB DOEIIRZRE
EEE

Two miRNAs, Let-7a and miR-20, inhibit GFP protein translation by
binding to predicted MRE targets on IL73 and CFL2.

EHEE
4% Ph.D EBig

TATENO, Yoshio d
Ph. D., D. Sc., Professor .

Nuvo,aNib s
BF #(E)

BARRERO, Roberto A.
D. Sc., Assistant Professor

We have conducted research in elucidating evolution
and function of genomes and proteins in view of molec-
ular evolution, structural biology and information biology.
As part of our research activity, we analyzed a genome re-
gion including part of the MHC class I gene complex for
human, chimpanzee, other primates and mammals to clar-
ify the evolution of genome structure of the regions. As
a result, we could show how and when this region was
formed providing an evolutionary picture of MHC class I
genes in the region.

In addition we have begun research in microRNA
(miRNA), which is known to regulate gene expression at
translation (see the figure). By in vivo and in silico experi-
ments we found a number of new miRNAs common to man
and mouse. These will be useful to extrapolate the regu-
lation of gene expression in man through experiments in
mouse. Since miRNAs are considered to co-evolve with
their targets, it is interesting to investigate its evolutiona-
ry mechanism.

Imanishi, T., Itoh, T., Suzuki, Y., O’Donovan, C., Fukuchi, S.,
Koyanagi, K.O., Barrero, R.A., Tamura, T., Yamaguchi-Kabata, Y., ...,
Hide, W., Tateno, Y., Chen, Z., Oishi, M., Tonellato, P., Apweiler,
R., Okubo, K., Wagner, L., Wiemann, S., Strausberg, B., Isogai, T.,
Auffray, C., Nomura, N., Gojobori, T. and Sugano, S. (2004). In-
tegrative annotation of 21,037 human genes validated by full-length
cDNA clones. PLoS. Biol. 2, 256-275.

Watanabe, M., Kobayashi, N., Shin-i, T., Horiike, T., Tateno, Y.,
Kohara, Y. and Okada, N. (2004). Extensive analysis of ORF sequen-
ces from two different cichlid species in Lake Victoria provides mo-
lecular evidence for a recent radiation event of the Victoria species
flock -Identity of EST sequences between Haplochromis chilotes and
Haplochromis sp. “Redtailsheller”-. Gene 343, 263-269.

Tanaka, T., Tateno, Y. and Gojobori, T. (2005). Evolution of vit-
amin B6 (pyridoxine) metabolism by gain and loss of genes. Mol.
Biol. Evol. 22, 243-250.

Tateno, Y., Saitou, N., Okubo, K., Sugawara, H. and Gojobori, T.
(2005). DDBJ in collaboration with mass-sequencing teams on an-
notation. Nucleic Acids Res. 33, D25-D28.

Matsumura, Y., Shimokawa, K., Hayashizaki, Y., Ikeo, K., Tateno,
Y. and Kawai, J. (2005). Development of a spot evaluation score for
DNA microarrays. Gene 350, 149-160.

Fukami-Kobayashi, K., Shiina, T., Anzai, T., Sano, K., Yamazaki,
M., Inoko, H. and Tateno, Y. (2005). Genomic evolution of MHC
class I region in primates. Proc. Natl. Acad. Sci. USA. 702,
9230-9234.

Nakao, M., Barrero, R.A., Mukai, Y., Motono, C., Suwa, M. and
Nakai, K. (2005). Large-scale analysis of human alternative prote-
in isoforms: pattern classification and correlation with subcellular
localization signals. Nucleic Acids Res. 33, 2355-2363.

Yamasaki, C., Koyanagi, K.O., Fujii, Y., Itoh, T., Barrero, R.A.,
Tamura, T., Yamaguchi-Kabata, Y., Tanino, M., Takeda, J., Fukuchi,
S., Miyazaki, S., Nomura, N., Sugano, S., Imanishi, T., Gojobori, T.
(2005). Investigation of protein functions through data-mining on in-
tegrated human transcriptome database, H-Invitational Database
(H-InvDB). Gene 364, 99-107.
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F—IRN—-AERRFERAEE

Laboratory for the Research and Development of Biological Databases

ENEERBRICKHDSMADHL LA EERAST - I - RADBFERH

Research and development of biological databases for the new age

ERMAE

Sugawara Group

AFREBIZT —EZRX—RA LBV 7 b7 =7 THEK S
NDEMEHEROBE L RBEEZHNE T DM F A
T RT AT ADOWGERBEEED TNET,

F—RDOFRIE, MBEZLUTHES, fX—x%y &
World Wide Web ofiffio HERIZ X - T, HEHITAE S
KRV E L, — /T, LHRTREDERFNA > KX —
Xy MZEEN5 X510, FIHBMNICEE THEFEMES
RWERERE RO HTZ 8L <o TWnET,
F, 5 LW HREREZROTHLZEL TS, 20
FIURFEDERICHRE X B LR ¥ A, FiT, 7
JARTuTF =AWV o NI T — X BSREITHE
HAB SN S Zhh b, AFETERLI T e /S5
ARG ZER L CTHH T 3RESPLETY, BED
Web Dt AR MTELWETIUL, Tul T AITEL
WWebOHRPEENE T, £ THRAIL, AHEHRER
DLW LN LR DS, SEIERFATERRE
HEREMAFACTX 2 RIGELIBT 57D, eXten-
sible Markup Language (XML), Simple Object Ac-
cess Protocol (SOAP) BX U Web services Dl &%
FNCIER LB £ Uiz, FOfEH, http:/xmlnig.acjp/
12T, DNA Data Bank of Japan (DDBJ) 23Web¥1
FRSABHLTHWRIEEAEDTF —ER—2 L F— 2R
WY 7 b7 %27 0T AR LAER XY ¥
K& LUTELS —RICEEL TnET,

Ei, HHEROBEEOBS PO —TY - T /T —
v avORRERBLENEEBT SV AT A EREH
riREAEE O S ) AMEREEAEEO—RE LTRRML
TVWET, ZZTWHIA =T - T /F—varkid,
F=RER=ZADFY FNOF =R LT, HEEFN
el 7 ) 7— a v AN T B A TT, WV
HiX, linux DO T =2 R—ZHTT. TORRITTH
D X 9 12 http://www.jst-bird.nig.ac.jp/ 2> H AL TW
%7,

Bachbans Dstabenes n Genomen

HomePage of OASYS and Web services

| smses A E
Big IE BhF &(E)

SUGAWARA, Hideaki HE- w ABE, Takashi

D. Eng., Professor D. Sc., Assistant Professor

Web services as the programmatic interfaces

We introduced the Web services in addition to XML
technology to improve the information environment for
bioinformaticians. The Web browser (e.g. Internet Explor-
er and Netscape) provides human-friendly interfaces. By
contrast, the Web services provide the programmatic inter-
faces, i.e., program-friendly interfaces. A user program writ-
ten in Java and Perl is able to search and bind to Web ser-
vices that offer functions in need. The Web services that
we developed are available at http://xml.nig.ac.jp/

Microbial Genome Portal and Open Annotation System

We have developed a Web site named Genome Infor-
mation Broker (GIB) that covers all the microbial genome
information in the public domain. At the GIB site (http://
gib.genes.nig.ac.jp/), key word search, homology search,
links to DBGET, KEGG and GTOP and visualization of
the data are available for 319 strains as of February 2006.
We have utilized XML, CORBA, SOAP and a distributed
database in order to cope with the explosion of the infor-
mation. In the meantime, we have thought of capturing bi-
ological knowledge from wide communities to enrich the
annotation to genome sequences. We now develop a sys-
tem named “Open Annotation System (OASYS)” that func-
tions for both annotation and capturing annotation by the
third party.

Information System for Microbial Resources

We participate in a national project for the resource cen-
tre of pathogenic microbes. Our role is to develop an in-
formation system for pathogenic fungi and actinomycetes,
and also a portal site for pathogenic microbes in general.
We have also developed an e-Workbench named InforBIO
by use of JAVA, XML and a relational database manage-
ment system in the public domain. InforBIO is for databas-
ing, classification, phylogenetic analysis and identification
and now actually utilized by microbiology laboratories in
Japan.

In addition, the laboratory maintains an on-line world
directory of microbial culture collections: 469 culture col-
lections in 62 countries. We also used XML technology
to organize the Web page. http://www.wdcm.org/.

Sugawara, H., Miyazaki, S., Abe, T. and Shigemoto, Y. (2005). Bi-
ological Data Analysis using DDBJ Web services. Proceedings of
BIOINFO 2005 379-382.

Abe, T., Sugawara, H., Kinouchi, M., Kanaya, S. and Ikemura, T.
(2005). Novel Phylogenetic Studies of Genomic Sequence Fragments
Derived from Uncultured Microbe Mixtures in Environmental and
Clinical Samples. DNA research /2, 281-290.

Okubo, K., Sugawara, H., Gojobori, T. and Tateno, Y. (2006). DDBJ
in preparation for overview of research activities behind data sub-
missions. Nucleic Acids Research 34, D6-D9.

TARYEZE - BIRFEH (FRE%) (2005). DDBIJDFIHE GHar k)

EIESEH, g - /MR 3, EIR R, Julln B8 G (2005).
S B —Fv MEWwY (FEHREY X —)
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Laboratory for Gene-Expression Analysis
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Knowledge discovery through genome-wide measurements.

KAGRHAE

Okubo Group

77 KRR LB I X B, BIE TR OME
fbezhithi <A R TH D, BHOHITBETRIEE
LIZBMZITY, HDWBEHTIY —DRANT—EB X
AT — X OB E%217-> Tk MNEIEFREOREEL &4
R REED TS,

1. BEETFREEE
BEIFRBIIELFORIEEZMB>FEANY THY, =M
FRABOREEMBIFENLY TH D, BRNATY T+«
LB —nAT1) RT-PCRIZEEK £ D& LTH / LRIZEER
ICIZESTIXE, <A/ 07 LADEH Lz, ESTIEZKR®D
THREEE L MEM ITEERDL S H < BodyMap (http://
bodymap.jp/) DL =12 BR LIZIAFLPEIC L 255
ETEEZBLTCEMNREIIVRDONI VR T h—LD
SHRMBAICATTORAE T—2EEARET>TWLS,
F—O—R 7 LKEE BFRE, EST, <4 /087L
1, ) LT—AR—=X

2. BEFREBET 28R
BEET—ADLOHMBRREIEIT—IADLDONR2OBRE &
RESINERZ D OBRFOMEEEE LLBRICK> TR
YLD, TDfTAE ITILRAI—TTITS Al st
RIFEATICINA T, ERZMBEZEE TS 25EE—BOB—O
BEZHEDHTVND, F—T—RF: T2 bO>—, EEAHE,
EHRR, BARSHEONE

R e e

X o __F,

NPIEPSNSNTIE S | Fempas———y, )
" e T T

- it 3
wmiiiad RS 51 e | eI Loged. MU T SN | e | B

BodyMap-Xs (cross species) [&&REHT D EST F—2EFAL\T, REMID
BIERS EBCBTIRETFORRBERDET —AXN—XTHY,
BECBTIRREOLBENAIRETHD,

BodyMap-Xs(cross species) is taxonomical and anatomical breakdown
of latest animal EST data. Gene expression intensities of correspond-
ing tissues in different species are comparable to each other.

ARARANER
IR EE

OKUBO, Kousaku
M. D,, Ph. D., Professor LF F

INER B
BhF 15(E)
OGASAWARA, Osamu

D. Sc., Assistant Professor

The practical definition of a transcriptome is a entire
population of mRNA in a defined source, i.e. a cell, cells,
tissue, or an organism. The composition , which gene and
how abundant, is central to the transcriptome data. Since
human genome project started in early 1990s, increasing
amount of human transcriptome data have been generated.
A large collection of fragmentary cDNA sequences and
genome-wide gene expression pattern using parallel hybrid-
ization of thousands of cDNA probes are examples. In these
data, every transcript has ID which enables compilation of
different data set and makes characterization of individu-
al gene, as well as mass mRNA, possible. After this cleans-
ing step, entire data is analyzed for higher order structure
using statistical technique and then local data structures are
interpreted for domain specific knowledge.

Within such a context, ongoing projects in our group
are as follows:

1) BodyMap and iAFLP: As an expansion of the world-first gene ex-
pression database BodyMap, we are collecting gene expression
data for human and mouse with newly developed technique iAFLP.

2) Machine interpretation of genome-wide measurement data (BOB):
Construction of a system for automatic recruitment of biomedi-
cal knowledge and machine interpretation of genome-wide meas-
urement data.

Ogasawara, O., Otsuji, M., Watanabe, K., lizuka, T., Tamura, T.,
Hishiki, T., Kawamoto, S. and Okubo, K. (2006). BodyMap-Xs: an-
atomical breakdown of 17 million animal ESTs for cross-species com-
parison of gene expression. Nucleic Acids Res. 34, D628-D631.

Okubo, K., Sugawara, H., Gojobori, T. and Tateno, Y. (2006). DDBJ
in preparation for overview of research activities behind data sub-
missions. Nucleic Acids Res. 34, D6-D9.

Itoh, K., Kawasaki, S., Kawamoto, S., Seishima, M., Chiba, H.,
Michibata, H., Wakimoto, K., Imai, Y., Minesaki, Y., Otsuji, M. and
Okubo, K. (2005). Identification of differentially expressed genes in
psoriasis using expression profiling approaches. Exp. Dermatol. /4,
667-674.

Kaimori, J.Y., Takenaka, M. and Okubo, K. (2005). Quantification
of gene expression in mouse and human renal proximal tubules.
Methods Mol Biol. 293, 209-219.

Tateno, Y., Saitou, N., Okubo, K., Sugawara, H. and Gojobori, T.
(2005). DDBJ in collaboration with mass-sequencing teams on an-
notation. Nucleic Acids Res. 33, D25-D28.

Tanino, M., Debily, M.A., Tamura, T., Hishiki, T., Ogasawara, O.,
Murakawa, K., Kawamoto, S., Itoh, K., Watanabe, S., de Souza, S.J.,
Imbeaud, S., Graudens, E., Eveno, E., Hilton, P., Sudo, Y., Kelso,
J., Ikeo, K., Imanishi, T., Gojobori, T., Auffray, C., Hide, W. and
Okubo, K. (2005). The Human Anatomic Gene Expression Libra-
ry (H-ANGEL), the H-Inv integrative display of human gene expres-
sion across disparate technologies and platforms. Nucleic Acids Res.
33, D567-D572.

NIG 2006 | 59

SPHF

- S

D
D
B
J
[l
=
i
b
7

o
&
3
=
=)
=3
g
El
=
o
S
@
=3
S
8
<
=
]
2
o
=
=
g
5
je=}
£
s
2
=L
o
&
]
4
-}



£l
i)
g
gl
&
t
>
6|‘1

yoJeasay Januo.d 1oy Jajus)

MERDOEM EARES) | Research Aims and Activities

TR RN E

Laboratory for Cell Lineage

MREZIRHIRS R T LADFY LT HIRS R

Temporal specification of neural cell fates within neural stem cell lineages

—GBRR=E

Isshiki Group

—@EF
R #(E)

ISSHIKI, Takako
D. Sc., Associate Professor

TERFEA OB TIE, LRI EL W A A
AT 2= VI > THRAELZITFTNER Y EE A, L2
L, EOLIBRDBFAI=ANITE > TRA LR DH
ROV EENEDIE, RIS DhroTHERA,
RN HIER M 2 E LT S AT A ORER & L
T, —{E > phikai a3 2 B A AT I 2 BRI IS RLE
SNTEF TR A EED BT HERDIFONE T, fLE
1%, ZOBEIZONWT, Y auYa R hikiiRiy
TR & L THHRIZF IR 2D T E T,

v a vy a UNT IR RMRRTIE, & T oM
2, BOEERFE Y FZIERBEHRL THNEET, —
7, WHERETERAINGIE, S S 2R T ARHT I S
ERTORHAZZIIMHE, HRELET MBS, 2ok
LT, AR £ N BRI U T i 2 A
LET, TORBERTEY hoFRIZEY, avdsa
T REO R TR RE %~ LTS Tn <
BFEDFLNVTRTT D Z EBRREE 2o TVE T,
EX, Zoky MLEENTWBRIEERA—D2—D0D
FEBHICHERE IR 2 L 0300 0 & LT, PhiREfia s 2
TAEREH L TWD 7 FEEOEBEMEPNPL TNE
7,

Kr Pdm Cas

8B FF Hunchback, Kruppel, Pdm & U Castor (L% 4012 (NB)
TIERFEEREND,

Neuroblasts express Hunchback, Kruppel, Pdm and Castor sequen-
tially while daughter cells maintain the expression profile of the tran-
scription factor present at their birth.

Generation of multiple cell types during embryogenesis
should be orchestrated temporally for normal development
of organisms. Yet we know relatively little about how dif-
ferent cell fates are generated over time. Neural stem cells
often generate diverse neurons and glia in stereotyped or-
der, and the cell fate of a neuron/glia is tightly linked to
its birth order within a parental stem cell lineage. Our group
aim to elucidate the molecular mechanisms of temporal spec-
ification of neural cells within a lineage by employing a mo-
lecular genetic approach using the Drosophila CNS as a
model system. Nearly all of Drosophila neuroblasts sequen-
tially express the transcription factors Hunchback, Krup-
pel, Pdm and Castor over time, while daughter cells main-
tain the expression profile of the transcription factor pres-
ent at their birth (Figure). The finding of such factors has
raised many new questions, for example, 1. What regulates
the expression of the transcription factors? 2. How do the
transcription factor specify temporal identity? 3. What con-
trols lineage development at later stages? By addressing these
questions, we would like to understand the molecular ma-
chinery for controlling development of neural stem cell
lineages.

Isshiki,T., Pearson, B., Holbrook, S. and Doe, C.Q. (2001). Drosophila
neuroblasts sequentially express transcription factors which specify
the temporal identity of their neuronal progeny. Cell 106, 511-521.

McDonald, J.A., Holbrook, S., Isshiki, T., Weiss, J., Doe, C.Q. and
Mellerick, D.M. (1998). Dorsoventral patterning in the Drosophila
central nervous system: the vnd homeobox gene specifies ventral col-
umn identity. Genes & Development /2, 3603-3612.

Nose, A., Isshiki,T. and Takeichi, M. (1998). Regional specification
of muscle progenitors in Drosophila: the role of the msh homeobox
gene. Development /25, 215-223.

Isshiki, T., Takeichi, M. and Nose, A. (1997). The role of the msh
homeobox gene during Drosophila neurogenesis: implication for the
dorsoventral specification of the neuroectoderm. Development /24,
3099-3109.
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Neural Morphogenesis Laboratory
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Genetic and epigenetic control of neural wiring

BXHA=

Emoto Group

BAME
BhEIR 18(%)

EMOTO, Kazuo
D. Pharm., Associate Professor

FAOWANTIE, 1000HSD=a—a 2D, KL
RBHRZE & 5 G - HERERIT 72 B 2 RO iR Zei %
EREICliiR T2 Z &2k, fMifEry hU—7 2REL
TWET, 20X 9 RBROERE, =2— o 238
HH A FARY , N OwEY) 2222/l 3R & bk 2ei %
i - i EEDZ L THMDTEIAINET,

AWMRETIE, YavyauniikRezETLEL
T, =a2—ur R, HRNAOBEHREEREL, 20T Y
F 7y b & LUTELWERCHY BB R ZT 5 5+
WGBS PIC L EE X TVWET, BT, Ak
WTHRD E L WIEEY TH D BHRZEL OTERL - HERE - 7T
WM 5 0 TR A UFRRICEFRE L X5 L LT
b3

BEDREMBROMIZGFPERBIEavTavnTHR(E)
The third instar larvae with GFP reporter in particular subsets of sen-
sory neurons (upper panel).
B—a—nuAEEHTELVEIRIER/ -2 (F)

Dendrite arborization pattern of the sensory neuron in a single-cell
resolution.

The human brain receives, processes, stores and trans-
mits complex information with great fidelity. The neuronal
network that underlies these functions is comprised of an
estimated 10'" neurons linked by over 10" synaptic con-
nections between two structurally and functionally differ-
ent neurites, axons and dendrites. Precise patterning of
dendrites as well as axons is essential for correct wiring and
function of neural circuits. We combine fly genetic, im-
aging, and biochemical approaches to investigate the inter-
play between genetic and epigenetic control of neural mor-
phogenesis, and to deduce the functional importance of these
regulatory systems in disease etiology. In particular, we
focus our researches on the genetic and molecular regula-
tion of dendrite patterning, maintenance, and plasticity in
fly PNS neurons.

Emoto, K., Parrish, J.Z., Jan L.Y. and Jan, Y.N. (2006). The tumor
suppressor kinase Hippo functions with the NDR kinases Tricornered
and Warts to regulate dendritic tiling and maintenance. Nature (in
press).

Emoto, K., He, Y., Ye, B., Grueber, W.B., Adler, P.N., Jan, L.Y. and
Jan, Y.N. (2004). Control of dendritic branching and tiling by the
Tricornered-kinase/Furry signaling pathway in Drosophila sensory
neurons. Cell 119, 245-256.

Emoto, K. and Umeda, M. (2000). An essential role for a membrane
phospholipid in cytokinesis: Regulation of contractile ring disassemb-
ly by redistribution of phosphatidylethanolamine. J. Cell Biol. /49,
1215-1224.

Emoto, K., Kuge, O., Nishijima, M. and Umeda, M. (1999). Isola-
tion of a Chinese hamster ovary cell mutant defective in in-
tramitochondrial transport of phosphatidylserine. Proc. Natl. Acad.
Sci. USA. 96, 12400-12405.

Emoto, K., Kobayashi, T., Yamaji, A., Aizawa, H., Yahara, ., Inoue,
K. and Umeda, M. (1996). Redistribution of phosphatidylethanolamine
at the cleavage furrow of dividing cells during cytokinesis. Proc. Natl.
Acad. Sci. USA. 93, 12867-12872.

BARRA (2005). HHRGHINL D 324540k 2 Ve e 3 5 20 Tk,
IR T2 24, 262-263.
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Cell Architecture Laboratory

ZEREHDHmERES

Mechanics and Dynamics of Cell Architecture: Focusing on the Cell Nucleus and Chromosomes

AHHARE

Kimura Group

PRSI
B 1(8)

KIMURA, Akatsuki
D. Sc., Associate Professor

AR E TIIHROBERRN L 20X A I 7 X 2H
L, THifEEEY) ZRRSE D 2 &2 BT ZTT
9. M, ZOWNETHTEAWINEM EHTICEY) 72
A IV TREINDZLICEVHEEL TS, Lk
BoT, MNEOHERREZDX AT I 7 ZAOHEFRITM
fatgae (D, sk, 3, JBRE) oMMk <&k
THZERHREEND,

AWFIeE CIdss & efakicEH L, FoMENTOR
BRFEIZOWVWT ED LSRNt X > THIIS T
20071 THhOREDFFEREIIR? 1 &S FE
IZHR Y fHEe, EERMORIE UTiZ it h C. elegans D%
Ko W5,

AR TIED FAEMFNRTEITINA T, a2 Ba—
REEM L7 7 a —F 2 EmNIcEMNd 2, HEmmT
Zarta—% - vIalb—3 g ORI X 2R
RERIIC & A T 2 v 7 BRBROIRGOZ Y 2 MEET 5,
FEER I IR BE ORI & 0 N ORGSO 2 E)
RRBIY - BREINCIBRL, KRrbPRINDEFL
9 2,

=
-
structural elemants

cell architectiung
e

Our goal is to understand the mechanics and dynam-
ics of cell architecture. A cell is a highly organized struc-
ture and cannot be considered as just a ‘bag of enzymes’.
The understanding of cell architecture will contribute to un-
derstanding division, differentiation, metabolism, and mor-
phology of the cell.

Our primary focus is on the cell nucleus and
chromosomes. We address questions concerning the me-
chanical and molecular bases of dynamic positioning of the
nucleus and chromosomes in the cell using the nematode
Caenorhabditis elegans embryo as a model system.

We use computational approaches, in addition to mo-
lecular biology approaches, to understand the architecture
of the cell. Computer simulations are used to compute the
consequences of our hypotheses and increase the accura-
cy of thought-experiments. Image-processing increases the
accuracy of real-experiments by quantifying the positions
of cellular components objectively.

AbHE, KEME— (2005). KIFREEAHIC? —a  Pa—
B3I al—y gy BRHLNTTIEGDOLLS R NLF=
7 A 8 H%, 58-60.

Kimura, A. and Onami, S. (2005). Computer simulations and image
processing reveal length-dependent pulling force as the primary mech-
anism for C. elegans male pronuclear migration. Developmental Cell
8, 765-775.

Kimura, A. and Horikoshi, M. (2004). Partition of distinct
chromosomal regions: Negotiable border and Fixed border. Genes
to Cells 9, 499-508.

Kimura, A., Umehara, T. and Horikoshi, M. (2002). Chromosomal
gradient of histone acetylation established by SasZp function as a shield
against gene silencing. Nature Genetics 32, 370-377.

KFRETIE, U/ BREDEBERENSEBEINDMBIDEE (cell architecture) DLEIZ D WM EREIFM T L EEBNICHEET
TWB(A:A4F AL David S. Goodsell tE+ DA G TEE) , EAMIZIL, #&H C. elegans SN BT (B)PLEE(C)DHHEENRE
LTW3, (B:/RILAF—WDTHBEMER, THR, BT (MPN) EHERTRR (FPN) OB EBIL B ST 5, T0%, MfEDRIZXY 2 DO (Nuc)
MNTESD,C: HHBPOLEE(Chr) LFME(Cen) Z R EREZFI AL TAEL,)

Our goal is to understand the mechanics and dynamics of cell architecture constructed from its structural elements (e. g. proteins, DNA) (A:
illustrations reproduced by permission of Dr. David S. Goodsell). Our primary focus is on the dynamic positioning of the nucleus (B) and chromosomes
(C) in the C. elegans embryo. (B: Nomarski DIC microscopy images. After fertilization, the male pronucleus (MPN) and female pronucleus (FPN)
migrate and fuse at the center. Later, cell division takes place to produce two nuclei (Nuc). C: The chromosomes (Chr) and centrosomes (Cen)
at the mitotic phase are visualized by using green fluorescent protein.

62 | NIG 2006



SR - 7Y =TV 5—

Radioisotope Center

IRIRAMV AICL S DNA G RIGEDE(LEMIEIRERFRREDOER

Changes in DNA higher-order-structure by environmental stress and obtaining of Antarctic gene resources

KRS - PAV =T —-HARE
HAZAMSHRRE 9—-FO 1) MARE

Radioisotope Center
Transdisciplinary Research Integration Center

INFTERE
BF #(R)

OGATA, Yasuyuki
D. Pharm. Sci, Assistant Professor

tys—R(H) {CARRH
Head NIKI, Hironori

OREBEEE
BEAMVRICKDYT / LBRERK

MBI ISR & 1T EERICR Z 5] LI13ek
PO OEALFHDE ZFH TR, KMUIZZFSTLEINT?
MOEFBRBIO R ML RIZX D5 ) NEHRRR Ok 2 i
FLTWET, Fi2EEHL TW SO INMEE
Vo TEBITERZ 557 ) AOFRK TY . FORE L
LT, flfanssasgis =Bz A% & DNA 252 2%
BEHINANIZAET, DNA O —ESUIMSHE S, i
ez GEHFMMEIRZ) BPREIDEEXZTVET,
KA TR RIS (T B OB ER DT, ZD
X o Rz LI FE ST A B AN ERA.
BRIERX P RICK B DNARBSHABIEDZEL

X E 5o TRIEOEL AL, HELTW5S
DOTL XHYH»? T, ZRIEREORA ML RIZX-
TDNADOHELEARENENT D ZLITL->TTHD
LEZTRBY, ZOEML EM2NEg 2L Ty
9,
BIRRIBEGF

RIKITITRIR R EMRBRE TR E D7 5 U TOFEHE
LETH, TO5LEANZTUTIRED X S IT L THIRER
BIZHEISE L THWADTL X 50 ?  FAEIXREE TLEMNER
DRNEERRICHET N7 T ) TEDHEL, Z95 LEBRET
HEEDIDICHBERBI T ERERL X5 EH-ATHET,
DNA#5I12k3 28 L WIS 27 A0B1E O O 17
ERH LN ANER A,
OFIMEEE
HBIIMIRBRE N2 5 ) 7 20 8$ 5 1D ITH4ATIR A
Ak Bt /T L, WmrEEEAkeL, k%
MEERNBEALZWE O ITEEIITERIRRLTRE LR, A
BRSO F NI Tl S RR T 0 i Ax
ZLHELTWVWET,
OZHEEE

BRI T EEITh e > TRV DD o e ENKK L 2o
THELTOWET, FaEIZRFIOKDTFIc SN H RN
IFVTESHEL, FOF ) A BT HILICE ST
7)) AOEALZHEIML X5 LEZTHET,

MINOLEBICET 2 —EOMRIE, BMITBUEEAES N,
B - O AT LEME & Qo = UPRAT & EUBMR
BT DERHE FEEMEaARE 2—) ELTHEE
FYRBSNEZLIDTY,

(E)EBOXIUMSDES NIz T 7 (DNAZE)
(B)EBOERE(SI7)I2H)—VT—RERET, BEEMIKEEELILT=,

OEnvironmental Genetics
Genome rearrangement by environmental stress

Is it actually to the case that occurring of gene muta-
tion is independent of environmental factors which is the
dogma of evolutional theory? We investigate the mecha-
nism of genome rearrangement by environmental stress. Es-
pecially we gaze the genome rearrangement when the cell
growth is about to cease. We suppose that DNA damag-
ing agents that arise during transition from log to station-
ary phase cause DNA double-strand breaks which lead to
the abnormal recombination or illegitimate recombination.
Since in nature cells usually consist in stationary phase, this
recombination seems likely to contribute to evolution.
Changes in DNA supercoiling by environmental stress

How do the cells recognize and adapt to the changes
in physical environment? We speculate that changes in DNA
supercoiling by environmental stress are responsible for these
processes and we investigate the mechanism and the bio-
logical pertinence.
Genes of severe environment

How do the bacteria grown under severe environment
such as thermophilic bacteria adapt to the situation? We are
trying to isolate the bacteria from Antarctica where it is ex-
tremely cold and ultraviolet rays are much irradiated and
obtain the genes responsible for survival under these con-
ditions. Novel defense system against DNA damage or re-
pair mechanism are expected.
OField Genetics

To isolate the bacteria grown under severe environment,
we made an Antarctic exploring and collected deep-sea wa-
ter, soil, or snow and ice without contamination. We aim
genetics not only of model organisms but also of those in
natural world.
OArchaeological Genetics

In Antarctica ice sheet that snow accumulates for about
a million years and is transformed into ice exists. We aim
to isolate ancient bacteria from the ice core and surmise the
evolution of bacterial genome.

Ikeda, H., Shiraishi, K. and Ogata, Y. (2004). Illegitimate recombina-
tion mediated by double-strand break and end-joining in Escherichia
coli. Adv. Biophys. 38, 3-20.

Ogata, Y. and Ikeda, H. (1999). Illegitimate recombination induced
by environmental stress: Molecular mechanism of DNA break and
re-joining. Environ. Mutagen Res. 2/, 11-21.

Ashizawa, Y., Yokochi, T., Ogata, Y., Shobuike, Y., Kato, J. and
Ikeda, H. (1999). Mechanism of DNA gyrase-mediated illegitimate
recombination: Characterization of Escherichia coli gyrA mutations
that confer hyperrecombination phenotype. J. Mol. Biol. 289, 447-458.

Ogata, Y., Inoue, R., Mizushima, T., Kano, Y., Miki, T. and Sekimizu,
K. (1997). Heat shock-induced excessive relaxation of DNA in Es-
cherichia coli mutants lacking the histone-like protein HU. Biochim.
Biophys. Acta 7353, 298-306.

Ogata, Y., Mizushima, T., Kataoka, K., Kita, K., Miki, T. and
Sekimizu, K. (1996). DnaK heat shock protein of Escherichia coli
maintains the negative supercoiling of DNA against thermal stress.
J. Biol. Chem. 271, 29407-29414.

INFTEETR, [ORZEHR (2003). X275 U TSRS B HmaE
Wi CTe & 2R 0 B L IAIR O B 72 JREZEAL, HEARSE, Vol 75, No.2,
137-143.

W H 5, /NFEERE (1999). DNAJEFIFEINIAHAL X - DNAT
KT aA =i kB EMEIN, IS, VollS, No.7,
984-988.
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HADNAF—&/\>Z (DDBJ)

DNA Data Bank of Japan (DDBJ)

HAEDNAT—9/IN\ODEH

Activity of the DNA Data Bank of Japan

BiRE 2
tYS—K - Hig B
GOJOBORI, Takashi

Head, D. Sc., Professor

EHES
#4% Ph.D, g

TATENO, Yoshio
Ph. D., D. Sc., Professor

| s
BB I
SUGAWARA, Hideaki

w8
= 3B B
= NISHIKAWA, Ken
m D. Sc., Professor

FRERAL
#3% Ph.D. §(3)

SAITOU, Naruya

KARAR
R EE
OKUBO, Kousaku

BARRERO, Roberto A.

D. Sc., Assistant Professor

- ABE, Takashi

D. Sc., Assistant Professor

D. Eng., Professsor 2 Ph. D., D. Sc., Professor M. D,, Ph. D., Professor
twE—F HAEE fEh eSS B W
BEE B BF #(E) #(E) é BF E(E) BF E(E)
IKEO, Kazuho SUZUKI, Yoshiyuki b FUKUCHI, Satoshi KINJO, Akira
D. Sc., Associate Professor M. D., Ph. D., Assistant Professor |l . D. Sc., Assistant Professor D. Sc., Assistant Professor
P BR & 5 Nua,oRy s FEILRE WER B
BF B(E) BmF B(®) = BmF B(®) BmF B(®)

OGASAWARA, Osamu

D. Sc., Assistant Professor

SUMIYAMA, Kenta
‘;_- D. Sc., Assistant Professor

DDBJ i, EkM @ EBI/EMBL & X Ok E o NCBI/
GenBank & o #&#@#E 0 H L, [DDBJ/EMBL /
GenBank FEERHE IR T — 2 X—Z] #HEL TS
ZRKEBEDNAF—% 30 7 OO DT, i - DDBJ
ety & —TiEE I TNET,

EMPRIROD S LNEROFM L LT, DNAHAR
FILBHELNDAFIIRNPTZEDTERNDD L2
TWET, DO2EITRWT S DNA KT — & ZIUE-
A - $RHET DT — 2N 7 G E CEBRICER R L,
1983 TR 72 T — X ATIDIEE Y £ LT, TAEEL
BB AT BAR TR ZEE v X — R E I N DI
L2, o ©DDB] OGBS SvE Lz,
T — B AR & ORI IEE)IX19864 2~ b ks S il
RN e o TWET, BRI, FIRETO XS 2il#%
fioTWVWET,

TEBDNAT—2R—2 | OFEEE - ER
DNAT—4 DIREE

DNAF—A2®D7 /57— 3>
DNAT—AR—XDF >S54 VAR - FABHK
BEARBERT -2 N—XDOEE - ER
T—AR—ZAN -EE-FIAY I bIIT7ORE ER
. B3R - BEED
ENEESEFERIVELI— R A TFLAELTIZRY b
D—5 OEHE - ER

oo ok wnN —

L el LA L O R | R
ERE-F-ATERANTLET

(RS 1]

- « BN EESET -
. s MEEEEEE - # S - 30E
LR

BARDNAT—ANUIDR—LR—D
Homepage of the DNA Data Bank of Japan
(http://www.ddbj.nig.ac.jp)

DDBJ (DNA Data Bank of Japan) began DNA data bank
activities in earnest in 1986 at the National Institute of Ge-
netics (NIG) with the endorsement of the Ministry of Ed-
ucation, Science, Sport and Culture. From the beginning,
DDBJ has been functioning as one of the International
Nucleotide Sequence Databases, which are composed of the
EMBL Bank in Europe and GenBank in the USA as the
two other partners.

DDBJ now located at the Center for Information Biol-
ogy and DNA Data Bank of Japan at NIG is the sole DNA
data bank in Japan, which is officially certified to collect
DNA sequences from researchers and to issue the interna-
tionally recognized accession number to data submitters.
Since we exchange the collected data with the EMBL Bank
and GenBank on a daily basis, the three data banks share
virtually the same data at any given time.

We also develop other related databases and tools for
data retrieval and analysis, and provide them worldwide.
In addition, we hold a course, DDBJing, a few times a year
to teach beginners how to use DDBJ.
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These services can be accessed through our web page:
http://www.nig.ac.jp/section/service.html
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Intellectual Property Unit
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Innovations Born of Research Findings at NIG
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Today, Japan is striving to become a nation that is built
on science and technology, as well as intellectual proper-
ties, so as to ensure its survival amidst global changes.
Against this backdrop, academia (universities and other in-
stitutions) are expected to change the way it allies itself with
the industry and the government by moving away from the
past practice that is based on individual efforts and by creat-
ing instead organizational efforts that cover intellectual
properties.

The National Institute of Genetics (NIG) was incorpo-
rated in April 2005 as a member of the Research Organ-
ization of Information and Systems, an inter-university re-
search institute. As the result of this change, the Intellec-
tual Property Office was created within NIG for the pur-
pose of dissipating information, and managing intellectu-
al property and technology transfers at NIG. The Intellec-
tual Property Unit is charged mainly with the following four
tasks:

@ Information Distribution of NIG Research Results
By distributing information about research results both within and
outside of Japan, the Intellectual Property Unit aims to fulfill its
responsibility of explaining research findings to the society. It also
hopes to discover and train professionals who will uphold the next
generation of research in the fields of genetics and biology.

@ Conversion of Intellectual Properties Arising from Research Find-
ings into Practical Applications
The Intellectual Property Unit discovers intellectual properties that
are born at the Institute, establishes legal claims to them, and
manages and utilizes such properties.

® Negotiations, Legal Affairs and Risk Management
In connection with the formation of a cycle of intellectual crea-
tion, the Intellectual Property Unit is in the process of construct-
ing a system to handle such tasks as licensing agreements, lit-
igation, and MTA. The system that is envisioned will be as en-
compassing as that being used by corporations.

@ Science and Technology Applications and Commercialization
through Alliance among Industry, Academia and Government
The Intellectual Property Unit aims to contribute toward the re-
gional growth and the formation of a bio-cluster, based on allian-
ces among the industry, academia and government, as well as
technology transfers.

The immediate goal of the Intellectual Property Unit
is to establish a solid system to dissipate the knowledge of
NIG to the society. Its ultimate mission is to contribute to
the progress of basic science by targeting for innovations
to be achieved, based on research findings that are made
at NIG.
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Cyber Museum of Genetics
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Public education and awareness of genetics
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http://www.nig.ac.jp/museum/

Application of genetic engineering technology has spread
throughout our society at a tremendous speed and has con-
tributed to the improvement of medicare and our life-styles.
Understanding and discussing social issues on genetic en-
gineering applications and heredity requires a basic knowl-
edge of genetics. In order to meet such social needs, the
National Institute of Genetics has put forward as one of its
future goals “the enlightenment of society to genetical re-
search and its achievements”. To this end, the Institute has
held a series of community lectures on genetics, invited high
school and college students to conduct research on genet-
ics at the Institute, and has encouraged its faculty to active-
ly participate in teaching at local K-12 schools. In partic-
ular, the Institute launched “E-Museum of Genetics” at it’s
50th anniversary in 1999. Taking advantage of the sophis-
ticated information technology at the Institute, animations
and charming characters are used to describe fundamental
concepts in various levels genetics and its achievements. The
museum has been visited more than 200,000 times.
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http://www.nig.ac.jp/section/soken-j.html

The National Institute of Genetecs (NIG) functions as the Department of
Genetics of SOKENDAI (The Graduate University for Advanced Studies)
and offers graduate programs in Genetics. Those who have a bachelors de-
gree or equivalent are eligible to apply to our 5-year PhD program. Those
with a Masters degree or two years of research experience after obtaining
bachelors degree can enroll in our 3-year PhD program.

Our graduate programs provide interdisciplinary education with frequent
seminars, journal clubs, and workshops on scientific writing and presenta-
tion. NIG has about 35 research groups, each headed by a professor or an
associate professor who leads innovative research programs in a highly in-
teractive atmosphere. The quality of the research done at NIG is evident
from the frequent citation of papers published from the Institute and the
high funding rates for grant proposals from NIG. NIG houses enormous
resources for basic research in life sciences, such as the well-established
DNA database (DDBJ), an extensive collection of mutant strains of various
model organisms, and state of the art research equipment.

United under the term “Genetics”, the graduate students at NIG continue
to expand the frontiers of life sciences, in molecular and cell biology, devel-
opment, neurosciences, evolution, structural biology and bioinformatics.

For more information please visit the web site of our graduate program:
http://www.nig.ac.jp/section/soken.html
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We have produced a DVD video to intro-
duce the activities at the Department of Ge-
netics, SOKENDAI. The video includes an
overview of the graduate program and re-
search activities at the National Institute of
Genetics. The DVD (in Japanese) can be ob-
tained free of charge by contacting the gen-
eral affairs section (info-soken@lab.nig.ac.jp).
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BURWECIE, KPR HIL LI I D & 5 REEIPE > TR, #3RIF, JERER
AW EDERN D, WHRE L 72D T I B IR IERGERLWGE ML DOEH T O E TRARDON
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Dept. Molecular Biology

Univ. California, Berkeley
Dept. Molecular Cell Biology 98 23 23.5
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g [

De;?tt.agifgl rocgj; igglivsegiseitgoes 49 14 28.6 1
Tetra%ijclgsrggram 106 24 22.6

Bloaistl Solenace @ |8 |85 =
HeiEd’\glEéérg 80 1 13.8

Institute of Molecular Biology | 5 1| 457 0

L A
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K1BAELRIICOVTIE, BR+BIBREIBR+ER, BFEIHREOHK,

Academia Sinica, Taipei
+EEFRIG20064 6 B 1 BIRTE, fBId2004E07—2

BRI AZHAFMARETIND, AFRZHA - IARKOEEND3D “BERE" TEHINF
3, TTNEH, BE FRHORUHIEOBRZOEARTGEHICOVWTHNTREL, EEREICIOTASE
ZERMEBNE T, PIBEDAZZERICABIFAAZENZENEIL, EZEONRLIDZHFID
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BF 39 283 50 17.7 7.3

1992~ 20041 D NIZ62 AT
®R3 ‘BEF PIABLSIISREDORES

RS - P8 ¥ | M | | 2%
B (1992~2004) 16 269 30 11.2
RAK + HMRO (2003) 22 124 16 12.9
B8 CDB (2001~2004) 22 275 28 10.2
Princeton Univ. Dept. Mol. Biol.
(2002~2003) 6 757 193 25.5
Inst. Mol. Biol. Academia Sinica, Taipei
(1996~2004) 13 m 35 31.5

FEEHROBERF “BHE 22T/E

Stz B L CTHWCHEZ 5 2 DV, THROEZRD
TWET, 2%, EEHHE, KBS THICE > T
Bk RT3 !

Z 50 ) KBTI O NFEORE TS KL TnvE
T, BIEFBRERA LN EE > TnB 01X, Mo N
WEHEz b3 N1, DRIEHF OB 28 - CTHS O
EHBETEXZSRAN), LT XY, TEHOL XD E
nrz AN

B LIRS & L ChER S EIERLFIIBY
TENENELEBHDEh LNLERA. LREL, ZOX
578 EW ZAMEMELZLT PR & LTEUL,
LR THIRIZBH L TW5D, THINEETFOHAKDN
TRV TL & 52N

Hix BELT I EREULTCVWEREWCATOARICREHNIZLET,
REPAZELARREmAB S EAHREE | LARA
BLPRARAHEE - BERFHREMR L VI — | UG
Princeton University Department of Molecular Biology: Lynn Enquist, Jean Schwarzbauer,
Virginia Zakian, Sharon Cohen
Institute of Molecular Biology, Taipei: Henry Sun, Fei Chen
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GRADUATE AND POST-GRADUATE EDUCATION

ENGEAZSAIIZERT GRIEED 1%, BATIERSER RS
BIRFHERE U TKRERBEZIT 5 EF TR, fhiRk?
ORZFEOHBEICOERL TWET, BIZFERLIZZ
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http://www.nig.ac.jp/welcome/howtowork-j.html

R EIRIET DICHDIEE

ACTIVITIES FOR THE PROMOTION OF RESEARCH

AEZRtEZIF—
WHEFTNICRBIT DR R R L, T DR T,
AR RPN E T, HEICX D%KOM, D57 r
JVALR— b & UTHIRE S FEEOZERI DG &
LThFASNTHET.

NAADQIRIWIIRI T L

Jeti OWFFE 24T > TV % ENA OBFFEE 2B 78T I
&, BRI ZITVE T, IRIRO D EF OB TR MR
[EFI80mI T TWE T,

NAAQTHILS VRS T A
Biological Symposium
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The National Institute of Genetics (NIG) participates
in graduate education in two ways. First, it offers a
three-year Ph. D. program as the Department of Genetics
of the Graduate University for Advanced Studies (http://
www.nig.ac.jp/section/soken.html). Second, we accept stu-
dents who belong to other graduate programs (master’s
course or doctor’s course) and provide research environ-
ment at the Institute.

NIG also offers ample opportunity for post-graduate ed-
ucation and international exchanges. Postdoc positions are
available through MEXT and JSPS Programs, as well as
grants to individual faculty. NIG also welcome sabbatical
stays of foreign faculty. Please contact your proposed men-
tor/host/hostess for details on the programs.

NIG Colloquia

Seminars are held every Friday by researchers at the In-
stitute to discuss their progress during the past year. Presen-
tations are made not only by the faculty, but also by fifth
year graduate students as a part of their D5 Progress Re-
port.

Biological Symposia

The Biological Symposium is held throughout the year,
featuring distinguished speakers in many areas of biolog-
ical sciences, from universities and institutions worldwide.

WER Rt I+ —
NIG Colloquia
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INTERNATIONAL EXCHANGES

NEARAEEDRITAN

Admission of foreign scientists

K&/ FrE/HERRE ZAKE HH

Name/ Affilication/Subject title/Host advisor/Period

HARZMRERICLDRITAN
(SAEANFRIHRE)

Postdoctoral Fellowship for Foreign Researchers

z= J&  Llvan
HRLEGRR  MAEYEGHESM

HRANTR T B Yotk DNA #25 0 B ki

Molecular mechanism of the initiation of DNA replication in eukaryotic cells

FERBAZ  ARAKI, Hiroyuki

'04.11.15~06.11.14

DE FALCO, T. J
EEEEHER S BEHZEE

ISR /N Z — =2 7 DRk & AR

Regulation of sub-axonal patterning in Drosophila neurogenesis
LB f#  HROMI Yasushi
'05.11.22~'07.11.21

BAZMRERICEDZITAN
(AEABANWHAEE)

Invitation Fellowship Program for Research in Japan
(Short Term)

& EER XU Guoliang
TEMNZEER CEEME PP

Chinese Academy of Sciences, Institute of Biochemistry and Cell Biology

ST ) AOTE Y= XF 4 v 7 RTT 05 MLk

Mechanisms of epigenetic reprogramming of the gametic genomes

{EQAR#Z  SASAKI, Hiroyuki
’05.10.28~'05.11.18

BAZMRERICEDRITAN
(USPSH~Y—-TJOJS 1)

JSPS Summer Program

CARRERO-MARTINEZ, Franklin A.

EUPEPN--
University lllinois, Urbana-Champaign

AARZBF  SUZUKI, Emiko
’05.06.14~"05.08.24
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COLLABORATIVE RESEARCH
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11 WFLEE D Sry J O Sox D4 FHEAL D 5L
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12 ZEH o RhAULHEAER T OHEL
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13 hEMNIEERM OB S M & 2 Ol
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14 £ PNZE BAGHIHT IZ IS < S Rt D L BERE D iR
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15 v av Y auncBLURRAF B BIREMPICEIET 2 EEEA AT O s
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16 HARFUREBR AT N F L OfRKT
ETEE REAZEAERESHER
17 BAEM < BARIIK OB HEEORTE & In A
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19 FEERNRAL LN TOT ) AL 2TV T 4 v THERERE
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20 RNADBETAHEY x4 7 A LBIZFHEHIEICEE T 5128
HEEE Ese - migt Yy —mEmem

21 <=9 APiwi7 7 2 U —Ii2 &k b DNA X F AL ZMNTBEEEHIEO X H =X 5
FIE EH ARAEALIREDREETRR
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30

< 7 AMEEE B OfFEHT
MBREEE  RUABEARCEHEFRDNS ) AEEREHEAEF — L

31

< AMSM & e HWieth O K& I 2HET 5 BIETOHR
EKFBE  BEARENEEEE

32

=R T IV B NI IR B o3 Bk OfEHT

FRIREE  SRERAYARPRES AR

33
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COLLABORATIVE RESEARCH
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THE PRIVATE SECTOR
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FHEIXA 0.9%
BEIXA 0.2%

ERAES) 2.1%
HFMRERB) 1.4%
BHFHRA) 1.1%
KRR ERME 1.1%
BAZFIR 0.8%
ERMEA)BH 0.6%
ERMEC) 0.5%
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As one of the events of the Science and Technology
Week, the National Institute of Genetics (NIG) opens its
grounds and facilities to the public. Visitors attend exhibits,
special lectures and scientific movies, as well as enjoying
cherry blossoms in the institute campus.

Nz

1R, B, HOEHLX Z o I ARG T B B i &
LT, — e RICRIZAARRRER ZHMEL THET,

Once every autumn, NIG holds a public lecture in
Tokyo, presented by its faculty.

NIG 2006
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TEL (03) 6402-6200
http://www.rois.ac.jp/
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National Institute of Polar Research
T173-8515 RREBEXME 1-9-10
TEL (03) 3962-4711
http://www.nipr.ac.jp/

EIIERF SRR

National Institute of Informatics
T101-8430 RRBFRER—VE2-1-2
TEL (03) 4212-2000
http://www.nii.ac.jp/index-j.html

TRET IR 2R AR

The Institute of Statistical Mathematics
T106-8569 RREPBXEMM4A-6-7
TEL (03) 3446-1501
http://www.ism.ac.jp/
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National Institute of Genetics

T411-8540 BRAR=5HaH111
TEL (055) 981-6707
http://www.nig.ac.jp/
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AERIAL VIEW OF
THE INSTITUTE

TS ERE

Institute Facilities and Grounds

Institute area

BEE

Residential area

Bytemma (Z|EE)

Building area

(EER)

(Total floor space)

ER

Details

[E%%Fﬁ%ﬁﬂj

(Emi18% 4 B 1 BIRAE)

106,958m

96,069m

10,889m

15,405m

36,966m

N

Main building
MEE
Library
DRSS S

Laboratory building
EER
Lecture Hall

£ BrIR

Multi-purpose building I

METHRRARE

Radiation laboratory
BEELCFMEEYS—
Structural Biology Center

RI =B 1E

Radioisotope laboratory

5B 2 FRZRBRAR

Laboratory building 1T

£ 2 BT EMR

Computer building I

R =

Main machine room

B

Computer building I

U

\

RRlRE

Silkworm room
XAZWHBES

Mouse breeding building I
MREE R
Guest house

RIEMAER S —

Genetic Strains Research Center
EMBEGCERBERRGEYY—
Center for Genetic Resource Information

RATE TP EAR

Genetic Strains Research Center west building

RIREM LB

Genetic Strains Research Center communal building

X XZMERR
Mouse breeding building I

KREREEMmR

Administration building for experimental farm
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Center for Information Biology and DNA data bank of Japan

B E RRR

Animal research building

TUNTHR

Multi-purpose building I
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Other Facilities
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Lecture hall

i, EREYTE
R EE Bk Memorial monument for experimental animals
Guest house
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JS9VR/FZ2a—hk -
Ground/ Tennis court =3

REREEE
Graduate student room
Dining room
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