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Society of Japan; HUGO (Human Genome Organization)
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Preface

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 (SOKENDAI). 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 center.

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 become the basis for all fields of life science. Molecular techniques now
allow us not only to decipher the entire genome sequence of organisms including humans, but also to understand the
details of higher biological phenomena: cell differentiation, morphogenesis, brain function, and evolution --- the history of
life itself. Currently, 39 research groups are actively performing pioneering and cutting-edge researches in these fields at
NIG.

Recent generation of massive information on biological systems and their environment calls for new directions in life
sciences, such as bioinformatics, system-level analysis, and theoretical approaches to extract knowledge from data-
bases. To this end NIG and three other national institutes, the National Institute of Informatics, The Institute of Statistical
Mathematics and the National Institute of Polar 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 collaborations within the new organization are in progress.

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

4 | [EL®IC Preface
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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 Depart-
ment of Genetics, School of Life Sciences, Graduate Uni-
versity for Advanced Studies, and also participates in the
education of students from other universities.

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

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

{12 Introduction
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SFEGIFER Department of Molecular Genetics

BREM OB & £ OFIfEER 2, FOEEEORHE LK, ZoMaMiERoMiBIcER LT FlEFE Ok
TR L T2,

Molecular genetic studies of gene expression and its control are being carried, currently focusing on chromosomal
structure and function and maintenance of its integrity.

{BEIGIAZESR Department of Cell Genetics

N TEE S W BEHEE D FUVNVTHNT L 2L 2 AIEL T, Ak MR 2 Wi ziTo T
Wb,

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

{EFE(GEIZESR Department of Developmental Genetics

LRI, YauvavunNz, ¥79574vva, xUAREDETNVEYEHAV, BIREIZET 2EE TN,
Al A e, Mg, EREROBBIZOWTOMREEZIToTWw b,

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

SEMEEGIAZER Department of Population Genetics

AEVELDER & 2 OB NS 2 BT, ERWRCEGRHNTFEZHWT, BEFRT /7 20V vhbH8H
DUV ETIRESHEL T 2,

We are conducting experimental and theoretical studies on the history and mechanisms of organismal evolution from the
gene and genome level to the population level using various model organisms, such as human, Drosophila and mouse.

BEEIGIAZER Department of Integrated Genetics

b F S CHABYLHEDOREDO T Y = 2 T 4 7 THE, B X OCHRERIEIER OBEHIEIZE L ToiRan
L {T> T,

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.

FIREVIAFTEY Y — Genetic Strains Research Center

LAk A OBEEII ML TRED D Il zE» 2 L LvIT, *VR, ¥7I774v¥a, ¥av
Vavynz, [ %, FERAEVMOGHERRM O - My - PEFEELTo TV D,

This 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.

S EGCERIEHRIESE Y — Center for Genetic Resource Information

I RARONAZIA YT #=TA4 v 7 AWML L IT, EVEEERERSOEE R CEWBEER T — 2N N>
DERDOEBTIToT WD,

The mission of this center is 1) to coordinate and reinforce the genetic resource repositories in Japan throught the activ-
ity of the Genetic Resource Committee and 2) to construct the central database for genetic resource information.

BE&EEEEFEMNFEEYY— Structural Biology Center

[FIEEE TS € > & — 2 19964F 1Sl L TaAL, 0 F 22 b il & v v T, RS & G AN % 0 G aHisk
TR OWIRZIT I L &diT, BRNOBEZHE - BT T 24 TFHEZEL, BEFICEAL TV,
This center was founded in 1996 by reorganizing the DNA Research Center to perform the pioneering researches in the
new area between genetics and structural biology, and to develop new methods and techniques for the area.

4$Bi5HR-DDBJAFELZY Y — Center for Information Biology and DNA Data Bank of Japan
AmIEmREOMEIMSA L LT, HilY (v 72<T7 4 7 A) ZBUEL CGEIE - #Lxinod &3 24 mBl5 0N
ICHUD fHE & & T, BCK@O EMBL/EBI X OF GenBank/NCBI & 3L/ TREZE L T 2 [EBRDNA 57— & N v 7 %
LT o EIMARERML T2,

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, which is working in collaboration with
EBI/EMBL and NCBI/GenBank.

Al AASMANMSSSSss

N9 EEl&EtE Y — Center for Frontier Research

K v x—TlZ, HFOBNTMFEE LML L THFREZERE L, BEY L ZORIHEEISH LT 2phs 2
MREITIo TAUTXD, kK, HEELEBTHELRH RS AMEERT 5,

The Center for Frontier Research provides promising young scientists with independent positions and an opportunity of
developing new frontiers in genetics and related research fields. The Center thereby brings up scientists who will play
crucial roles in academic fields in the future.

BEHR-PAY —TtYH— Radioisotope Center

BESHRP B FALTE 2, RS 2 70 OLFEMARER TH 5, ¥7Cs ZHRIR & L Te by < —FRIRSEE % i
ZTWd,

The Radioisotope Center has facilities for biochemical experiments using radioactive tracers. Irradiation treatment of
187Cs is also available.

S2EREIS Experimental Farm

BARWHZ B W58 & FHESR O 72 OREYEEEIEVERR, BH, 03 L CBEFE 21T > T2,

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

AN A VBN - 3 A al Repo D g.ac.jp/sectio enpo
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Division of Molecular Genetics
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FUKAGAWA, Tatsuo OKADA, Masahiro
D. Sci., Associate Professor D. Sci., Assistant Professor

RIIAFRE Fukagawa Group

FBFEELRERE

Structure and function of chromosomes in higher vertebrate cells

B DA T 272 0121%, 13 IERF o 1R
oYtk DR & DREBIEMEI TR T X R D £
Ao YR DEEL « HETE W o TeRARI ARSI
FEODET 2 &m0 BRI, ALK Sl 3
SERENPETC T, MO SHoHBE s NG e
i, M TG & M O TR A I 2 &4, AN
fa~EplesnE s, ZoOB, FifEsiEaed o Yak
OFFEMEIIXA a7 EER, A2 a7 oS
Y NEBIE Y bu AT EERZSATVET, B
T2 HbDMEETIE, XA MaT7BEFITHERINL 2D
DEAER, XA a7 LMNERATER T ALY Y
FVF v ZRA Y N HEE v buX7ifEo~T 0
70 < F VIS T QRO RICBI b 24 T
KR 2 B LTI 2{To T4,

F 7z, RoMbTAEE, AR OMEL, b L 7o
JUlzBWT DXy b u X 7HEEOEITH D SR LR
HOTEBICER L, <Y 2EEFEEHWTEE 1T
TWVWFET,

B1REE 45EMZE Postdoc / Project Researcher

i It HORI, Tetsuya ZNEEDF MOTOHASHI, Tomoko
B #R SHANG, Wei-Hao

— A-EOMRETCEELEZF b7/ 30E CENP-P 4
RBARZBCLTENOXATIZBET 2. MOF 275 /R0&E
CENP-HE:DHEHFEZRLTWVS,

The centromere plays a fundamental role in accurate chro-
mosome segregation during mitosis and meiosis in eukary-
otes. Its functions include sister chromatid adhesion and
separation, microtubule attachment, chromosome move-
ment, mitotic checkpoint control, and formation of hetero-
chromatin. Although chromosome segregation errors
cause genetic diseases including some cancers, the mech-
anism by which centromeres interact with microtubules of
the spindle apparatus during cell division is not fully under-
stood. To understand the molecular mechanism of chro-
mosome segregation, we are currently studying on kineto-
chore assembly mechanism, spindle checkpoint function,
and formation mechanism of heterochromatin structure
near centromere.

We are also interested in various mechanism of chro-
mosome segregation during development of organisms. To
understand the mechanism of chromosome segregation in
the organismsal context, we are using mice genetics
approach.

CENP-P CENP-H DNA Merge

Figure — CENP-P, which is identified by our group, localizes to kine-
tochore throughout the cell cycle. Constitutive kinetochore protein
CENP-H co-localizes with CENP-P.

Hori, T., Okada, M., Maenaka, K. and Fukagawa, T. (2008). CENP-O-
class proteins form a stable complex and are required for proper
kinetochore function. Mol. Biol. Cell 19, 843-854.

Kwon, M., Hori, T., Okada, M. and Fukagawa, T. (2007). CENP-C is
involved in chromosome segregation, mitotic checkpoint function
and kinetochore assembly. Mol. Biol. Cell /8, 2155-2168.

Okada, M., Cheeseman, .M., Hori, T., Okawa, K., McLeod, 1.X.,
Yates 111, J.R., Desai, A. and Fukagawa, T. (2006). The CENP-H-I
complex is required for the efficient incorporation of newly synthe-
sized CENT-A into centromeres. Nature Cell Biol. 8, 446-457.

Kline, S.L., Cheeseman, [.M., Hori, T., Fukagawa, T. and Desai, A.

(2006). The human Mis12 complex is required for kinetochore
assembly and proper chromosome segregation. J. Cell Biol. /73,
9-17.

Fukagawa, T., Nogami, M., Yoshikawa, M., Ikeno, M., Okazaki, T.,
Takami, Y., Nakayama, T. and Oshimura, M. (2004). Dicer is essential
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.
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ZTEEGMHFEPFY http://www.nig.ac.jp/labs/MutaGen/home-j.html

Division of Mutagenesis

ILRRE Yamao Group

LIEEZAER
HiE =g

YAMAO, Fumiaki
D. Sc., Professor

RS
Bng 18 (E)

TSUTSUI, Yasuhiro
D. Med., Assistant Professor

FEREDEMENEDSH DR BIFHABDHE

Post-translational modifications and its roles in the integrated chromosomal functions

2 RTENROEZTH L2 X F v RIE, EST
W& v RTESRIZE T 2 REIRE I Z T, ST
RUNRIEHIHEZR > TWB ZEMNHEL 2D, XD
IR D & ¥ X7 B OREE % HI3 2 "l R B R
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OC, B8, Mz, TV AT 4 v Y LI
&, RERO LIRS IR 2K EBE O RS ZER BT X
% OEAEBMIEELEER RO Z L2 aE T
XTVWEd, BFEETIE, 2 8xFUvifEoznEzT
DO HHORER L FEED LTS o T, etk EE MHER
2B 2R EMI OB Z RIS 2 Z L ZHMIZL T,
VX F UG & RO NG TH 72 587 XA I
EHESTWEEZTVWE T, 2O0DIIHHEEREHV
TUTDEI BT —<THEEToTVET,
OHEM A M T 22 VN7 ED A X F VIZ L B
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® DNA DIEEBEIZ BT 3 2 % F v R DOKE
® DNA OEBIEIZ Db 5 & A + VEATDIFT
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i
o ik g taihdisg, ~Fuzu<F Y OMEFIIrrDb S

TR T D AT
® > b u X 7HEREZ HIH 3 2 BN T O IENT

B — A7O09F R EMIFE LU MOXTEEICHBTH
?_6_;:5%@&0) Mcl1 EBEIZ, MMREERKFNICERL, BROBICH
£9 %,

The ubiquitin system, post-translationally linking ubiquitin to a

vast range of proteins, contributes to a selective proteolysis in

eukaryotic cells. Ubiquitin, however, together with other post-

translational modification systems, has been expected to play

roles other than protein degradation. On the other hand, the

chromosomal functions like replication, separation, damage

repair, recombination and epigenetic controls and so on, have

been revealed owing to the post-translational modification sys-

tems. Based on our past achievements in ubiquitin research, we

pursue the roles of post-translational modifications, especially

by ubiquitin system, in the maintenance of chromosomal integ-

rity, creating new paradigm in the both fields. For this, using fis-

sion yeast, we are carrying the following programs.

®|dentification of ubiquitin pathways specific for dynamics of
key proteins for cell cycle control.

® Search and understanding the role of ubiquitin system in the
repair of damaged DNA.

® Search and understanding the role of histone modifications in
the repair of damaged DNA.

® Modifications and dynamics of proteins involved in recombi-
nation and repair of chromosomes.

® Analysis of replication factor, Mcl1, involved in sister chroma-
tid cohesion and maintenance of heterochromatin.

® Structure and function of centromere regulated by replication
factor Mcl1.

MCN-GFP  ECFP-PCNA Merge

G2

Figure — Fission yeast Mcl1 protein, essential for maintenance of
heterochromatin and organization of core centromere, is expressed in
cell cycle-dependent manner and localized at replication machinery.

Akamatsu, Y., Tsutsui, Y., Morishita, T., Shahjahan, M.D., Siddique,
P.,, Kurokawa, Y., Ikeguchi, M., Yamao, F., Arcangioli, B. and Iwasaki,
H. (2007). Fission Yeast Swi5/Sfrl and Rhp55/Rhp57 Differentially
Regulate Rhp51-dependent Recombination Outcomes. The EMBO
Journal 26, 1352-1362.

Tsutsui, Y., Morishita, T., Natsume, T., Yamashita K., Iwasaki, H.,
Yamao, F. and Shinagawa, H. (2005). Genetic and Physical Interac-
tions between Schizosaccharomyces pombe Mcll and Rad2, Dna2
and DNA polymerase a: Evidence for a Multifunctional Role of Mcll

in DNA Replication and Repair. Curr. Genet. 48, 34-43.

Kotani, T., Nagai, D., Asahi, K., Suzuki, H., Yamao, F., Kataoka, N.
and Yagura, T. (2005). Antibacterial Properties of Some Cyclic
Organobismuth (III) Compounds. Antimicrob. Agents Chemother.
49, 2729-2734.

Seino, H., Kishi, T., Nishitani, H. and Yamao, F. (2003). Two Ubig-
uitin-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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SEINO, Hiroaki
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Regulatory mechanisms of cell cycle by ubiquitin system

EHEOWEEITZ OARK, TR EM Iz Cofic
XoTHiflsnhTwEs, 2xFv - Tur7y — L -
VAT LIS O E HE RN W CEE L% E
FHoTWET, ZZI0EDMIiczYXxF v - 7us 7
V=K« YAT ADBLIRKIT T 2 B EIC M b
LZZEPHLEIIKoTEZ LT, T xFY - 7
U7 7Y =5k VAT b EAMIOEERE, Rl BRI
& OBIR & BB AT O 51k ORESL U 72 0 28R %
WTHITLCWE S, BIfE, 2 xF VIEBEERITEN
24T, e oETICEE TEEER oo X T
VIEREREY 2O0FEL, TOWEERITLTVE T,
T OFER, DEPIcavxF oSN ENEHET
HEDHPY A7) B 2EBBIETRY 28X F 1L
SNEREMEZRTHLOVHIASHL Mo TE XL
72

— 2DDIEFFUERBBRERRICE WTEML MBS R
g&)ig?)iﬁb‘ﬁ%héo (REDIZHBIN LGSR OEFE 2RI L=
N

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

-
ubcP4 (ubc11) Rk

ubcP1 (ubcd) ZR&

Figure — Mutant strains of two ubiquitin-conjugating enzymes
exhibit similar abnormality in mitotic transition. (Arrows indicate the
typical cells exhibiting abnormal mitosis.)

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 complex. J.
Biol. Chem. 276, 17117-17124.

Seino H., Kishi T., Nishitani H. and Yamao, F. (2003). Two ubiquitin-
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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NATSUME, Tohru
Adjunct Professor

EHMRE Iwai Group
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IWAI, Kazuhiro

Adjunct Professor
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Protein networks and chemical biology

BIRR1RIERFIC L B 5 N EH

Regulation of protein by post-translational modification

MO Rz, BEA & v B SR LGS %
"2, FLTINLDE Y7 EIZEMIZENTHDE D
TR%L, Zv—7 /e EKL, Ay rv—2&L
THBEL T3, 2Dk THIEND & v %7 B2 S
HIAY NI =T <o U TEIERRYINT A Y
T — 2T E WS, Aoy BT — 27 T O BRI Ay
BREoHO L LE 5T, MBORKERA D =X LTHT
VAV CHRS 2 2 LITESY, o THTZ LM - R
BHEORF, FICHBELAEO X -7y PRAANLE
BICHEL 5, Fxld, BEBRE - NAZANV—Tv I
MEOBEESTY AT LEREL, KRBT L v NIE
HEERA Yy bV =2 EfToTWnWd, 7z, X%
7 EMHEER BT 2EM 7o -T2 BE 35 2 &
FHOELIZZ IO NMNA A uY—3EL TV,

Based on systematic protein-protein network analysis, our
laboratory has started chemical-biology project. Over the
last decade, we discovered new interactions of disease
related or causative proteins by large-scale protein-protein
network analysis, leading to uncover precise molecular
mechanisms of disease development. The primary goal of
the project is to establish efficient and versatile drug dis-
covery platform targeting crucial and vital interactions for
disease treatment using second generation natural chem-
istry libraries. To this aim, we have developed and inte-
grated ultra high sensitive mass spec facilities, chemo-
informatics platform, large scale natural chemical sources,
combinatorial chemistry and fluorescence imaging technol-

ogy.
:i-"::w-_.-: - R ™y
B el =
m - Al
wgmaica i i | AOFHLTILEEM i “
i : [ p———
B s oA L
— B BRI @
LT T R J
E L] TN D # WD T LT
L W RS
1 & 5 -
RV PR TR T 5 1 IR TETLLLT
R =L & U R
Lt R D S S — ¥
-:_u:-:l i A — m it
1 — = 8
R v ' 3 oL M [E ]
[ 4 £ -1-:; ‘? l’ |- T ;.1

— IURTERY M- OB SR I NIFAT—
Figure — From systematic analysis of protein interaction networks to
chemical-biology

£ v 87 B ORREFBUT IR B M/l R 0 71k &
WAL EPRETDH S I LHBV, FHRETIEZOH
TaUXxF VBHi & RITERETRIFETED TV D,
2EXFVIBLTR, & vx THRE ORI
ZAIBRIC S 2RI TABAEEAE & £ oENBIL T, #
BUCIAE LI AR Y 2 6 % F 3% Ll T BFge ot
DTWD, FRIEAL - $h-THREZ TAZ—L ED R VIS
7 BOMRDTIEITE TN DEMERETH D —F T,
BREEAET 2 LAt o, SITBL T, #as [
T| SNTE VN7 EAFEA~EE 2 HMIENEIRE & g%
W OMELED, ST - WEO Vv b Ay
DEHLEZDODRFEIZL 2FEEOHFEEZHIEL TV 5,

It is well known that post-translational modifications as well
as binding of prosthetic groups are crucial for proper func-
tion of proteins in most cases. We are studying ubiquitin
conjugation and dynamism of iron and iron-prosthetic
groups such as heme or iron-sulfur cluster, both of which
are known to play inevitable roles in regulating protein
function. In the ubiquitin research, we are analyzing the
mechanisms underlying timely and selective ubiquitin con-
jugation to substrates and its pathophysiological roles,
especially focusing on the linear polyubiquitin chain, which
we newly identified. Iron is an essential nutrient often by
functioning in iron prosthetic groups, at the same time it is
toxic when excess. In iron research, we are studying intra-
cellular dynamism of iron and iron-prosthetic group, regula-
tion of cellular iron metabolism and roles of perturbation of
iron metabolism in diseases.

O

%IO’II_JI} o

r -

HOIP . E2

— NFRBEDAFAZ VN TIEHRRYIEFF LR TS
aAEFFYH—E (HOIL-1L/HOIP &) DRZE.

Figure — Identification of a ubiquitin ligase complex which assem-
bles a novel head-to-tail linear polyubiquitin chain.
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Chromosome rearrangement and adaptation

EORMO—o I3 BREICHIG T 2D ERoZ T
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S ZENTEE LT, WIGEEDIZY ) & GEEEBHR)
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LoTHLoTEHD 3, 7/ L OEFEIXB ALK
JooBLZBSEIT I ENMLNTVET, BIFEERE
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ELFLOHEREZEES LTS oL TuwEd,

INETYRY — LRNARIEEEF (IDNA) Z€7
NELTHER D= R MOV TIFRLTS LT, #
DR E LTDNAIZIZ I ¥ —%— IO 72 O DEIE
LB SFET 2 Z 2R L F L. (K, BEHBRENZ
Lz, MEYMTZE OB EHIEL (DNA® a2 ¥ -7
EMEES D L, MIlROFMPERE LD, 2o
DEREFET L ZEHD F LTz, 202 EIFIEIEEE
FOREY) AE B DS O KA T 2 HBE (Extra-coding #88)
FETLIEERBLTED, BEMIzEDTVET,
EUWRT —=<
® ) ;R Y — A RNAE(E T O ittt
® 7 ) W DREEMDB] &t Z THIpEEAL & 234ALD X
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ONIME L F = v 7 RA v NEITH

{81+FE Postdoc
FEi&3E SERIZAWA, Naomi HF EP IDE, Satoru

— rDNA OOE—#FAEIEE  rDNA ZB<DIE—DEL-T-BE
KREBEFTHB, DI noncoding LEEE THREI SN 21E1EMHE
BRIERIZEY, BIZ—FELNIVIZREATW S,

One feature of organisms is the ability to adapt to the environ-
ment. Thanks to this ability, organisms could survive on the
earth in changeable conditions. Such an ability is supported by
flexibility of the genome. On the other hand, the genome deter-
mines the design of life. Therefore, changing of genomic infor-
mation, if it occurs randomly, is likely to be toxic for organisms.
Indeed, it is known that instability causes cancer and premature
senescence. We are studying how cells change the genome
safely. One attractive mechanism for this change is gene ampli-
fication. Gene amplification makes it possible to create new
genes and modify them without destroying the original one.

We have been analyzed amplification of the ribosomal RNA
gene (rDNA) as a model system and found a stabilizing mecha-
nism (see figure). Interestingly, manipulation of the mechanism
to change rDNA stability or copy number expands the lifespan
of the cell and induces other unusual phenotypes. This sug-
gests that the rDNA has some extra-coding functions that are
not yet identified. Research into these extra-coding functions of
the rDNA is going on now.

Research projects:

® Mechanisms to maintain the stability of rDNA.

®The relationship between genome stability and cellular aging
and tumorigenesis.

@ Evolutionary study of repetitive genes.

® The nucleolus and checkpoint control.

telomere centromere telomere
fomere cerrom o o
_— Chr XI
- rARS
-+ ——3- O3
* RFB
D§B

Sister chromatids,

S —

E*prov

Under normal [ —-"F}o:] Under reduced
copy humber / \ copy humber
c(/)heim sJi-rzp
[—._-.-.-__} ] [ ; QJ—]

e

- , Fe———dy _
Tt | ae—Sme A<
* Duplicated copy
g | T b
Fe——F—3

A. No repeat number change B. Repeat number increases

Figure — Mechanism of rDNA amplification regulation. The rDNA is
clustered in long tandem repeats on the chromosome. The copy
number is maintained at an appropriate level by unequal sister-chro-
matid recombination regulated by a noncoding promoter (E-pro)
through cohesin dissociation.

Ganley, A.R.D. and Kobayashi, T. (2007). Highly efficient concerted
evolution in the ribosomal DNA repeats: Total rDNA repeat variation
revealed by whole-genome shotgun sequence data. Genome Res. /7,
184-191.

Kobayashi, T. (2006). Strategies to maintain the stability of the ribo-
somal RNA gene repeats. Genes Genet. Syst. 8/, 155-161.

Kobayashi. T. and Ganley, A.R.D. (2005). Recombination regulation
by transcription-induced cohesin dissociation in rDNA repeats.
Science 309, 1581-1584.

Ganley, A.R.D., Hayashi, K., Horiuchi, T. and Kobayashi, T. (2005).

Identifying gene-independent noncoding functional elements in the
yeast ribosomal DNA by phylogenetic footprinting. Proc. Natl.
Acad. Sci. USA. 102, 11787-11792.

Kobayashi, T., Horiuchi, T., Tongaonkar, P., Vu, L., and Nomura, M.
(2004). SIR2 regulates recombination between different  DNA
repeats, but not recombination within individual rRNA genes in
yeast. Cell 117, 441-453.

Takeuchi, Y., Horiuch, T. and Kobayashi, T. (2003). Transcriptionde-
pendent recombination and the role of fork collision in yeast IDNA.
Genes Dev. /7, 1497-1506.
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Molecular mechanism of eukaryotic DNA replication in the cell cycle

A DNA I, FIIOES D SHIIC—RE 721 IERE 1215
Sh, BRI hTOwE s, 2oz,
BEBHRITE S, 6 TITBREE L EMITEHL DT,
Lrl, BEAEYOYEIRDNA DEENED X ) I12{Th
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F EELSMEAY £ cHBOS THESE VTV &
FEZLoNTWET, T, BEIGBEEENFNTOES K
iz, KEORE®RD HHECEEIBTIZ LML 3,

Lo R DNA OB, MIEMIc X DBES v
To VA7V U MEFHEXI>—+¥ (CDK) &, aDx v
NIBR) VLT 52 &I & D HPE R & HIE LT v
92, YPOADNADOBEEIIBWT D, OB 2
TLLELEDICEBELLBEBIRE IO T WL IIZLTVE
T, Falk, HHE NI ESId2E SId3ACDKITL D Y
VBRtsho L, d5—oDEHA I ETH S Dpbll
LEEALT, HEEPBILZEERLEL, £2T,
EEBAR O TR IE T 2 B LT, CDKIZL 2
BRIPIA O HIEB oML BT o TV Ed,
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B &l L, Yan

KB [ YAGURA, Masaru
HPAPY TANAKA, Tamon

Bl — DNABHRORER, FIRERICIVIA{EL-ERPODNAS
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THBELT=b D, Bubble "ERBHBETRY,

Chromosome DNA is replicated accurately in accordance
with the cell cycle and segregated to daughter cells. This
process ensures cells to transmit accurate genomic infor-
mation to their progeny. However, molecular mechanism of
DNA replication and its regulation in eukaryotic cell cycle
have not been well elucidated. To approach this subject,
we have isolated novel replication factors of budding yeast
and analyzed their functions. Budding yeast is a simple
single-cell eukaryote amenable to genetic analyses and
cultivated easily for biochemical analyses.

Eukaryotic chromosome is replicated exactly once in
the S-phase of the cell cycle. Cyclin-dependent kinase
(CDK), a key cell cycle engine, inhibits re-replication as well
as promotes the initiation step of DNA replication. We have
revealed that CDK promotes DNA replication through the
phosphorylation-dependent interaction between replication
proteins; Sld2 and SId3 proteins are phosphorylated by
CDK and then bind to Dpb11. Thus, if we bypass this inter-
action, DNA replicates without CDK activity. However, it is
not elucidated how the interaction between these proteins
promotes DNA replication. Therefore, we have been study-
ing molecular mechanism of the initiation step in chromo-
somal DNA replication, which requires CDK activity.

s |51 [}

'bubble’
=41 A
' =
2 an
. 3 L3 |
in

Figure — Initiation of DNA replication. DNA replication intermediates
were separated on basis of size (1st D) and shape (2nd D) by two-
dimensional gel electrophoresis. “Bubble” indicates that DNA replica-
tion initiates in the DNA fragment examined.

Tanaka, S., Umemori, T., Hirai, K., Muramatsu, S., Kamimura, Y. and
Araki, H. (2007). CDK-dependent phosphorylation of Sld2 and S1d3
initiates DNA replication in budding yeast. Nature 445, 328-332.

Tak, Y-S., Tanaka, Y., Endo, S., Kamimura, Y. and Araki, H. (2006). A
CDK-catalysed regulatory phosphorylation for formation of the DNA
replication complex Sld2-Dpbl1. EMBO J. 25, 1987-1996.

Walter, J.C. and Araki, H. (2006). Activation of pre-replication com-
plexes. In DNA Replication and Human Disease (ed. DePamphilis,
M.L.), pp. 89-104, Cold Spring Harbor Laboratory Press, NY.

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, 217-227.

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

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 4/5, 651-655.
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Animal models of human diseases

I FVEERBOIRATLENZE

Systems biology of signal transduction
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Our main research interests are in the development and
analysis of animal models that can be used to study
human diseases. For this purpose we established a large-
scale mouse mutagenesis screen, which resulted in many
new mouse mutants with a wide range of disease pheno-
types. Since 2001 | am the Scientific Director of the Helm-
holtz Centre of Infection Research in Braunschweig. One of
our main research topics is the use of “humanized mice” in
order to develop animal models that are suitable for testing
the safety and efficacy of new vaccine candidates and
antiinfectives. For this purpose human hematopoetic and
human liver cells are xenografted into immune compro-
mised mice. The influence of the genetic background and
other modifying factors on the engrafting efficiency and
immune system functionality is analyzed. In addition we are
interested in the use of inbred and recombinant inbred
strains of mice as a tool to dissect complex quantitative
traits, particularly those related to susceptibility to infec-
tious disease.

100 rads WH radisticn
k {:@ ,.-"
Iintrahepatic injecticn
of human GO0+ hamatopostic shem cells

PR
C' Gg'@‘ [ wr;.:;:; WPASCID
Inkradghenbe knjaction _
of human hapatocytes

A project hunded by the Bill & Melinda Gates Foundation |Grand Challengs Program]
[hittpcthweaar. =Conortium org’)

— EbOmMRERIE Oz o= TeME~ DR DIEER,
EEMBEICLSTERIN-ZNODY IR, BRI F 2 PH
FEEOREMECZOMRETE 20T AENs,

Figure — Production of “humanized mice” containing human
hematopoetic cells and human hepatocytes in order to develop ani-
mal models that are suitable for testing the safety and efficacy of new
vaccine candidates and antiinfectives.
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Ultimate goal of our study is understanding of mechanism
of signal transduction networks that regulate various cellu-
lar functions including cell-fate determination, synaptic
plasticity and insulin actions at systems level. In these bio-
logical processes, the same input stimulation elicits distinct
outcomes depending temporal patterns of input, and we
are interested in quantitative mechanisms of the encoding/
decoding systems via signaling networks that underlie
these processing. We use both experimental and compu-
tational approaches. Thus, we are trying to understand cel-
lular processes in terms of Systems Biology.
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Figure — Systems biology of signal transduction

ERAEZEDR—LR— : http://www.kurodalab.org
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Developmental genetics of organogenesis
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Construction of an organ requires a number of cellular events,

such as proliferation, fate specification, and cell shape change.

We are analyzing how the genomic information orchestrates

these events, to discover new principles of organogenesis.

® Classical models on organ patterning assumed that diffusible
morphogens generate a gradient of positional information
extra-cellularly. However, cells that have long cellular pro-
cesses could also exert a long-range effect by localizing mol-
ecules to a part of their processes. We found that many
membrane proteins are localized to sub-axonal segments
even when neurons are placed in culture, isolated from their
normal environment (Figure B). This means that neurons pos-
sess an intrinsic mechanism to “pattern” the axon into several
sub-axonal compartments. By analyzing how such compart-
ments are formed and what they do for the entire nervous
system, we aim to build a new framework of organogenesis.

® The establishment and maintenance of the organ depend on
the continual production of cells through the self-renewal divi-
sion of stem cells. Stem cells acquire their identity through
signals from their micro-environment, the niche. We study the
molecular identity of the niche signal, taking advantage of our
finding that some somatic cells in the embryonic gonad con-
stitute the niche for germline stem cell formation.

] A4 L
Figure — (A) Neuronal axons (white) that constitute the ladder-lake
neural circuit in the Drosophila embryo. Localization of membrane
proteins to sub-axonal segments (green and magenta) can also be
seen when neurons are isolated from the normal environment in cul-
ture (B).

Suto, F. et al. (2007). Interactions between Plexin-A2, Plexin-A4, and
Semaphorin 6A control lamina-restricted projection of hippocampal
mossy fibers. Neuron 53, 535-547.

Williams, D.W., Kondo, S., Krzyzanowska, A., Hiromi, Y. and
Truman, J.W. (2006). Local caspase activity directs engulfment of
dendrites during pruning. Nature Neuroscience 9, 1234-1236.

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

Kanai, M. L., Okabe, M. and Hiromi, Y. (2005). seven-up controls
switching of transcription factors that specify temporal identities of
Drosophila neuroblasts. Developmental Cell &, 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 embryonic
gonad. Development 73/, 5079-5089.

Hiramoto, M., Hiromi, Y., Giniger, E. and Hotta, Y. (2000). A Droso-
phila Netrin receptor, Frazzled, guides axons by controlling Netrin
distribution. Nature 406, 886-889.
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Reinvestigating the scenario of metazoan evolution

LA L OBE T, (DXRT 4 — 77 VTS
PR b ZEFAERR, QPR ITHE 2 S, (3L
BIRFEEPLF 2 —THAL, BLTWB X3 ITH 2z
%, B e K71, BURHEmORT 4+ =77 v, 8
EMRER, EHOME RS, S ITE{LIEE DR
HERT 2, LErLIWAE, BEomErs, EEIZR
oA ZD XD ML R o 78kl L b 0TI
Ghrol bWET DX 12 otz, @QIZBALTIE, R
SRR R DIGERR & LTOMEEZ L, H#IW
IR EIZS 2% W2 & %25 LT (Shimizuetal.,
2004), (3NzBILT, Frixide FIEHFHIZH 5 aboral
pore (JKIOFL) EFESFEEICEHR L, % OBRHMEREE,
BEEZ LR RART, ZORE, v FIHEIIREETH
%25, JUROWEIXHEHY LAKEOF 2 — 78T, K
HfLIEESEE O & EHETH 2 REE 2R L T2
(Shimizu et al., 2007), —J, (B L THH 7z % 5B
PELNTWSE, A YXVF v 2, RSO FT
ME—Z2 A FAAR 20 NEBHEIS 2 R0 28, BN O oItk f
MBI D X S L HIAED H 2 BE 21TH3, AR
POKBEIZE L CTIENRZ W, FLlE, A VXV F v
DIEEIZD o < D & LI BENISR T B LSk UART L 72
MR, A VYXvFr27oBENIcb ARELIRONE Z L
FRUTz. ZORERIE, FINEY O HE I ELHEIMET
B, BEHRRDHERI I U W REM: 2 RIB T 5 4
BEZTWDE (R#EFR), UERLIE DT, kP BIA
CZFAN S NT &= T2 SR EIELIZ DWW T DR IE
ETRRNFHRFTORMERL T EHLITEZ D,

E — (a)eFZ105R MO EBPREOMEME Y] o D (/) (3
ARy IZRDMBEZR I, KED(K)IEZ M)y IRDKREDME %
£ (D) MFI=ETRE LT BBPREE, (c) BHEAERBTERL
-ERS O RBHREBOMMTE Y .

Metazoan evolution is characterized by several major changes
that involve (1) evolution of body plan from radial symmetry to
bilateral symmetry, (2) evolution from diffuse nervous system to
central nervous system, (3) evolution of digestive tract from
blind sac to a tube. Hydra, a member of phylum Cnidaria appar-
ently shows all these changes thus representing a typical
example of metazoan evolution. In contrast to this widely
accepted view, we showed previously that hydra’s diffuse ner-
vous system is functionally equivalent to enteric nervous sys-
tem (ENS) of mammals (Shimizu et al., 2004) thus providing a
counterexample against (2). Here we show another counterex-
ample against (3) that hydra’s digestive tract is not a blind sac
as formerly believed but a tube as in higher organisms (Shimizu
et al., 2007). We found that there is a narrow opening at the
aboral end of hydra (Fig.1) and that there is material transfer

Figure — (a) Longitudinal section of the basal disc of hydra
(strain105) crossing the center of the disc. In a and ¢, small arrow-
heads show the position of extracellular matrix (mesoglea), while two
large arrowheads show the edge of the mesoglea. Bars in a and ¢
represent 100pm. (b) Immunoflorescent staining of the center of the
basal disc with a monoclonal antibody against hydra laminin. Bar rep-
resents 50pm. (c) Longitudinal section of the basal disc in polyps that
were obtained by sexual reproduction.

Shimizu, H. (2008). Overturning the prejudices about hydra and
metazoan evolution. In “Evolutionary biology: from concepts to
applications” Springer.

Shimizu, H. and Okabe, M. (2007). Evolutionary origin of autonomic

regulation of physiological activities in vertebrate phyla. J. Comp.
Physiol. A 793(10), 1013-1019.

Shimizu, H., Takaku, Y., Zhang, X. and Fujisawa, T. (2007). The abo-
ral pore of hydra: evidence that the digestive tract of hydra is a tube
not a sac. Dev. Genes Evol. 2/7(8), 563-568.

ﬁmﬂ%ﬁ, REERIERE . U OAEILRIRSIR JAE, Mg, g 2007
1A%

Shimizu, H., Koizumi, O. and Fujisawa, T. (2004). Three digestive
movements in Hydra regulated by the diffuse nerve net in the body
column. J. Comp. Physiol. A 790(8), 623-630.

Shimizu, H. and Fujisawa, T. (2003). Peduncle of Hydra and the heart
of higher organisms share a common ancestral origin. Genesis 36,
182-186.
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Gene expression during Drosophila development

O LUV AT 4 7 AT AT K DRI © ALY
DFBABEFHISE — VIR RET, FTenZR
HEEIHER SN DD EDLDH D, ZOHSIT [y
AT 4T AR] LRI NG, FAEE, YavYaun
= % i\ C Position Effect Variegation % Hox /% ¥ @
FELHIEI D 2 RF L FVRVTHEITL, =
V2 AT 47 AFHY AT L OBPEDELTWVWB,

® DNA supercoiling factor (SCF) & SPT6DA:H)24 1%
EH DAZEII RS YA T X LIZ L TDNAIZAED
BORATEATDSCEFRY a7 Y a v XYk
OmMMIEICEL L Z L2 R LT, 7z, BEME
HFSPT6IZRNAR X 5 — ¥ Xk 2 IRB I - TE
ahizza<F URBEEDT 7 v b ~OEIRIZED
3 E#EEz2oN5, FEILSPTODLHINUEN Iz BT 2%
ENZOWTITL TV 5,

o FJGa AT B B MR DFED X B = X 4 R
Bk L, EsA IOl Th D, MLER
XA F Iy 7 IIBET2MIETH D, X, Yav
VavuNZTOEGBAZETNVIZ, B, ~ATFu3&E
WCEABITER L, WHiny & lfEs) % HE 3 2 »
B =X NEEEL TV D,

B — GAGARFEFACT A KOXAFILLER R H3A S HB.3~D
BMEESLTIANTOIOYT > ORBZER <,

® Elucidation of the regulatory mechanisms underlying epi-
genetics: In multicellular organisms, expression patterns
of genes should be maintained stably through and after
cell division. These phenomena are termed “epigenet-
ics”. Using Drosophila, we are trying to elucidate the
regulatory mechanisms underlying epigenetics through
molecular analyses of factors involved in Position Effect
Variegation and regulation of Hox gene expression.

® Biological significance of DNA supercoiling factor (SCF)
and SPT6: SCF is a protein capable of generating nega-
tive supercoils on DNA in conjunction with topoi-
somerase Il. We found that SCF plays a key role in dos-
age compensation of male X chromosome in
Drosophila. We are also analyzing biological role of SPT6
in multicellular organisms.

® Mechanism of the coordinate cell movement during gas-
trulation: Gastrulation is a common step in animal devel-
opment, where many cell groups move in a dynamic
manner. We are studying on mechanism of the coordi-
nate cell movement focusing on heterotrimeric G pro-
teins in Drosophila.

Active chromatin Heterochromatin

KiMle X,

% j_actqr_:

GAGAGH

Replacement of K9-methylated

histone H3 by H3.3

Figure — GAGA factor and FACT-dependent replacement of
K9-methylated histone H3 by H3.3 counteracts the heterochromatin
spreading.

Nakayama, T., Nishioka, K., Dong, Y.-X., Shimojima, T. and Hirose,
S. (2007). Drosophila GAGA factor directs histone H3.3 replacement
that prevents the heterochromatin spreading. Genes Dev. 21, 552-561.

Petruck, S., Sedkov, Y., Riley, K.M., Hodgson, J., Schwisguth, F.,
Hirose, S., Jaynes, J.B., Brock, H.W. and Mazo, A. (2006). Transcrip-
tion of bxd non-coding RNAs promoted by Trithorax represses Ubx
in cis by transcriptional interference. Cell /27, 1209-1221.

Furuhashi, H., Nakajima, M. and Hirose, S. (2006). DNA supercoiling
factor contributes to dosage compensation in Drosophila. Develop-
ment /33, 4475-4483.

Jindra, M., Gaziova, I., 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.

Shimojima, T., Okada, M., Nakayama, T., Ueda, H., Okawa, K., Iwa-
matsu, A., Handa, H. and Hirose, S. (2003). Drosophila FACT con-
tributes to Hox gene expression through physical and functional
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 poly-
merase Il elongation complex through chromatin in vivo. Science
301, 1094-1096.
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The genetic basis of development and behaviors in zebrafish

INRIB A 75 7 4 w2 (Danio rerio) 1%, %
DEEOEIE L FELR S TH D Z &, HIZHR LA
BHTH 2 7: OWIPFEBIROBILE - BIELERS TH D
Zinh, BHBMOILEERK - %8B K - T8I &5
KEMBRS T BBV T 27100 T VE & L
THEATVET,

Ferld, REHI T VAR VTo2EHWTY TS
7 4 vy allBI RO IWVEBEETFEAEORTE, &
LIZIEEF R Ty TNV — T v THEOR
FITHATHOTHEIILTEE LT, 2O EEHWS
&, FARIRITI T 2 AHER - MIiE - SREREEN ZGEE T
FKMETHRL T2 EnTEET, £z, MRICHER
BRI R ICEE 2 S % 3 2 HHEET 2 AT 2
TEDBTEET, RAOMAETIE, ZoOMBITHFL
TR H M T ERT L 2 EICX OERs T I
AVz=w 77 4v¥aR, FRENELRTEZD LT

T, BB ORRAEME ST AT 2 BB N,
DFNEB RS 2700 EET>TVET,

F7z, TN 7 VARV VERY AT LAERHWTZHL
VBB HERORY, ROXT 77 4 vy a2 0fkE
2 HLR O JR KB AR F O BEBEMFNT 240 U T, BB
FAEITB T 2 RMERTFOEEM 2 M S 2 7 O DO %
ToTWE T,

{LFE Postdoc
SZJF13E ASAKAWA, Kazuhide 3H B KIKUTA, Hiroshi
PFAIER3AE ABE, Gembu SUSTER, Maximiliano Leon
;HlEBEAZ URASAKI, Akihiro HiE F2 MUTO, Akira

— BTy T - TN — oy TRIC LB - 1HE - BB
EWGFPHER, (£ L) B, (FLHRELOMA, (ETF)ME, (A
T) RRE R,

Zebrafish is an excellent model animal to study vertebrate
morphogenesis, organogenesis and behaviors by genetic
approaches. We have developed novel genetic methodol-
ogies by using the medaka fish To/2 transposable element
in zebrafish. We developed the gene trap and enhancer
trap methods and generated a large number of transgenic
fish expressing a reporter gene or the Gal4 transcription
activator in specific cells, tissues and organs during devel-
opment. By analyzing these transgenic fish, we have dis-
covered novel important developmental genes and neural
circuits regulating behaviors. These studies should lead to
understanding of genetic and molecular mechanisms
underlying vertebrate development and behaviors.

Figure — GFP expression in specific cells, tissues and organs by
gene trapping and enhancer trapping. (upper, left) skeleton, (upper,
right) cells on the skin, (lower, left) blood vessels, (lower, right) sensory
neurons.

Kotani, T. and Kawakami, K. (2008). misty somites, a maternal effect
gene identified by transposon-mediated insertional mutagenesis in
zebrafish that is essential for the somite boundary maintenance.
Developmental Biology

Asakawa, K., Suster, M.L., Mizusawa, K., Nagayoshi, S., Kotani, T.,
Urasaki, A., Kishimoto, Y., Hibi, M. and Kawakami, K. (2008).
Genetic dissection of neural circuits by 70/2 transposon-mediated
Gal4 gene and enhancer trapping in zebrafish. Proc. Natl. Acad. Sci.
USA. 105, 1255-1260.

Nagayoshi, S., Hayashi, E., Abe, G., Osato, N., Asakawa, K., Urasaki,
A., Horikawa, K., Ikeo, K., Takeda, H. and Kawakami, K. (2008).
Insertional mutagenesis by the 7o/2 transposon-mediated enhancer

trap approach generated mutations in two developmental genes: tcf7
and synembryn-like. Development /35, 159-169.

Kawakami, K. (2007). Tol2: a versatile gene transfer vector in verte-
brates. Genome Biology 8, Suppl 1:S7.

Urasaki, A., Morvan, G. and Kawakami, K. (2006). Functional dis-
section of the 7o/2 transposable element identified the minimal cis-
sequence and a highly repetitive sequence in the subterminal region
essential for transposition. Genetics /74, 639-649.

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

TR725EEN Research Activities | 19

&l
i
EE
1=
bt
=
£

O
@
<
X
o
i)
3
@
3
=L
o
@)
@
=
@
=1
(9]
(2]




SH I i BHES

AR

O
@
<
o
)
o
3
@
vo 3
2
o
@)
@
2
@
=
(9}
(2]

SRR EEMITEM

Division of Physiological Genetics

Patel ifR=E Patel Group

INTI, ZINL
BEHR
PATEL, Nipam

Adjunct Professor

Hopkins{fi#2 Hopkins Group

RIFVR, FVo—
E=E. ¢
HOPKINS, Nancy

Adjunct Professor
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Genetic and evolutionary studies of embryonic pattern formation

E7571y10BABRDER L FiRv

Insertional mutagenesis in zebrafish

B2 ORI, 52008 FTVITHHTS 3,

1) RoREOHEIZBITE2HR AT 4 v 2 (Hox) &
LFEEOKE  2) PIMHAITB T 2 5 HiERE O AL
3) HiIREMITB T > FmRER ML 4) ElboiE
BTo Yy AFREHRANZCOMIT  5) W ORIBHIFEIT
BT ERVEY) CRETFRIELT D 720 O 5B v X
7 b DOBA%,

F L UCHZEWY, RIHFBREH Parkyale hawaiensis |2
BREHTT0ET, 1) ~3) OoRABRIL, oz
FNEY) TN S T E T2 v O OBEIHEEVER I
o THLATVWET, ZI»o4EL BN ESFED
N« RPN TGRS 272017, 4), 5) O
RelfToTWwET,

The research in my lab can be divided into five main cate-
gories: 1) the role of homeotic (Hox) genes in the evolution
of body morphology, 2) the evolution of segmentation
mechanisms during early development, 3) the evolution of
the central nervous system of arthropods, 4) the analysis
of cis-regulatory changes during evolution, and 5) the
development of misexpression systems to manipulate
organisms not amenable to standard genetic approaches.
The majority of these studies are carried out in a variety of
arthropod species, with an emphasis on the crustacean,
Parhyale hawaiensis. The first three are closely related
because well-defined sets of genetic interactions are
responsible for all three of these aspects of development.
The fourth and fifth research categories are devoted to
establishing rigorous molecular and genetic methods for
testing the hypotheses derived from the first three research
areas.

— E%¥E Parhyale hawaiensis |Z#11% Hox3&15F Scr (k) &
Ubx(Z: 8, B &E®) DR, Z (3 Mo 55, GIEECED DAPI
BIZEIDZ—E MR b0, Zh5 D Hox 3B IEF I, IR E DN E
B DFREDECZLZE>T WS,

Figure — The expression of the Hox genes Scr (red) and Ubx (black
on left and yellow on right) in the crustacean, Parhyale hawaiensis.
Left is Nomarski image and right is false color overlay over a DAPI
image of the same embryo. These Hox genes play a role in the evolu-
tionary changes in crustacean appendage morphology.

1/

XTI 74 vvarlniz7 xv— KBEFEIE, F4
R DEUEHIFAE T 5 T 212 DITERI TS, ek
&, FEAWEEHIE T 2BETOMBNREEZBRNE L
T, Ya—FE&A47vibuv g vAERWIIEAZRE
BRIz E D, 33508777 4 vy 2 BREEDBELE L
720 TNBIX, FAEITDHETEBET OR2%ITHTZD
9, Hxld, Tno0ERY, HEE, HEREFOR
HW,OTEERS, A TBAPSEAZ Y —=v LTV
9, 7, BEERAEICEDLIEREFEEL, £T0)Y
RY — WEHEBRFMEINHEETFTH L Z EEHL
MZLELT, BIE, VAY —LBEFHED XD IZE
BRI DS TV BERIZTOWTHRTWE T,

Forward genetic screens are powerful to identify the
genetic basis of developmental processes, and, particu-
larly, suitable in zebrafish; i.e., large numbers of fish can be
maintained in the lab, individual pair matings provide large
numbers of progeny, and embryos are transparent.
Towards the goal of identifying a substantial portion of
genes required for embryonic development, we developed
methods for insertional mutagenesis using pseudotyped
retroviral vectors, and isolated mutants of 335 zebrafish
genes. Compelling evidences indicate that these represent
at least 25% of the genes essential for making the
zebrafish embryo. We are currently re-screening the
mutant collection from more than 20 aspects (“shelf-
screen”); i.e., cystic kidneys, defects in the jaw and carti-
lage, altered liver sizes, and etc. We also identified mutants
with a definite predisposition to the development of rare
tumor types. All of these had mutations in ribosomal pro-
tein genes, showing that they are tumor suppressors. We
are studying the mechanism how reduction in the dosage
of these genes leads to tumorigenesis.

v
: i éa._w
X ‘ ;

B — EIURY—LEBGEFERNTO2ERRAICRONIIENES.
ETET 570y B (L) BREKAE2MEE AR AT RIS
SYBRSH LS T=ET 570y a OBIEHE R EEES.

Figure — Top: adult fish heterozygous for a mutation in a ribosomal
protein gene with large abdominal tumor. Bottom, left: wild type
embryo (upper) and the ribosomal protein gene homozygous mutant
embryo (lower) at 1 dpf. Bottom, right: sectioning revealed a tumor
resembling a malignant peripheral nerve sheath tumor.
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Evolution of organisms at genetic/genomic level

AIFRETE, EYMOENEHEET LS vV
BWT, av¥a—X@ITEEBROMED» LML L TV
%, FRIZ NIV 2B EH - WFUEOM#EL 2 Eik o
DELTWS, FEF—<BUTODDONRH 3,
ot MWz B LIBIETD S ) AZALDIENT © FHES)

Yy, WRLAE, ZEME, v b ERL, e b Euvo o bB

BozrnEhizBWT, Xvo8rEHa— REEETIE,

XYNRTBED KX A VRO R BT OE

EFTEDOENN, Xy r7EIEa— REEEIZOWT

GEE TR - A v b o v R I ED X D R

HEUTE:00%, ) LT —Z_X— X5 LCH

NTW3, %7z, CENEY / »5HHE Silver) O—B &

LT, BANEDY /7 LEH %A ITIRE L Tv 5,
o FEAFI DML IR T 4+ 7T > DAL & FeAH

s T O FIEFH oL OBREN 2 7.0, BEH

TR OMBE S & LR KBRS ) 27 0 — v O

FRENT B & EIRFEAERRIZ X DT L TWw 5,

o NHEN OMZIEEBER  BETBITFEOH NI
HIBR BT IR 285 72 N OBEBESERE, Wb v
TDNAZRI<— b —%HWT, 7Y7OEMZHILIC
FRTWB,

o ZDMDWE T — < & MIRKELELR T oML, 7/ L GC
et ONT, EIEELS D% EEES 7t &EE T
WD LW L 0BT, 2 H0EETF OERERLS]
2R 2 2 £ & 23R T O BB T IRABT,

1B1FE Postdoc
KRYUKOV, Kirill STSE 38 EZAWA, Kiyoshi

— Duffy s BIF ORGSRy FT—0, BAIET I ZDIEERES %,
FREEOHZYA bR T.Lius(2008, Genes and Genetic
Systems) &,

We study evolution of organisms at the genetic and

genomic levels through computer analyses and wet exper-

iments. We are particularly interested in primate and mam-

malian evolution toward human. Themes of our study are:

® Analysis of genome evolution toward human: Protein
coding regions and non-coding regions are studied at
different levels of organism groups, such as vertebrates,
mammals, primates, and human. Ape Genome Project
Silver is part of this program.

® Evolution of developmental regulation: We are studying
cis-control elements of the developmental genes by
sequence analysis and gene transfer experiments of
large scale genomic clones.

® Gene affinity analysis of human populations: We are
studying evolutionary history of modern humans, in par-
ticular, Asian populations, using various polymorphic
DNA markers.

® Other themes: evolution of blood group genes, genome
GC content evolution, development of new methods for
the study of gene evolution, and analysis of introgression
between closely related species.

Figure — Phylogenetic network of Duffy gene. Full circles represent
mouse nucleotide sequences and numbers designate variant sites.
From Liu and others (2008, Genes and Genetic Systems).

Kitano, T., Umetsu, K., Tian, W., Yamazaki, K. and Saitou, N. (2007).
Tempo and mode of evolution of the Rh blood group genes before
and after gene duplication. Immunogenetics 59, 427-431.

Ezawa, K., OOta, S. and Saitou, N. (2006). Genomewide search of
gene conversions in duplicated genes of mouse and rat. Molecular
Biology and Evolution 23, 927-940.

Kuroki, Y., Toyoda, A., Noguchi, H., Taylor, T.D., Itoh, T., ..., Satta, Y.,
Saitou, N., Yamada, T., Morishita, S., Hattori, M., Sakaki, Y., Park,
H.S. and Fujiyama, A. (2006), Comparative analysis of chimpanzee
and human Y chromosomes unveils complex evolutionary pathway.
Nature Genetics 38, 158-167.

Yoshiura, K., Ishibashi, M., Takahashi, A., Saitou, N., Murray, J.C.,
Saito, S., Nakamura, Y. and Niikawa, N. (2006), ASNP in the

ABCCI1I gene is the determinant of human earwax type. Nature
Genetics 38, 324-330.

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.

Book written in Japanese: &g (2007). 77 2E(LEZEANT . $E37
HEAR.
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Discovering the principles of genetic variation and evolution

HEa30EEOR SITHs THEMB LEHRVWT S 201,
G EARTRRDZELTWE2LTY, Z0%E
M OEEIEY L ELOBERFEN % Hig L, OFH
DBIEHGE DI, QRAREERDARY b7 L EERE
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Understanding origin and maintenance mechanism of

genetic diversity is central to population genetics. Detect-

ing action of natural selection and genetic interactions

between natural variants are particularly intensive focus of

our current research. We are also interested in develop-

ment of premating isolation and morphological evolution.

While much of evolutionary study focuses on recon-

struction of the “past” history, in our study termed as

Tomology, an important goal is to predict future status of

genes and populations. For this purpose, we are pursuing

empirical, experimental, and theoretical studies for a better

understanding of genetic structure of “present” popula-

tions, spectrum and rate of spontaneous mutations, and

action of natural selection.

We are currently conducting the following studies:

® Nonrandom-association analysis of natural variants for
detection of multi-locus selection and gene-network
construction.

@ |[dentification of genes involved in sexual isolation.

@ Buffering mechanism against developmental and envi-
ronmental noise and its genetic variability.

® Theoretical study of evolutionary dynamics of duplicated
genes.

® Nature and population dynamics of spontaneous muta-
tions.

® Genetic and molecular dissection of within- and
between-species variation in morphological characters.

A B
a - a
b b
Ao A
a>< q ¢ 8
c c
D 0

Figure — (A) Nonallelic homologous recombination between
repeated sequences can lead to segmental duplication. (B) The fixa-
tion probability of duplicated gene strongly depends on heterozygous
fitness effect in large populations. h: degree of doninance; N: popula-
tion size; u: mutation rate.

1000

Relative Fixation Probability
3

Nu

Inomata, N., Itoh, M., Kondo, R., Ohshima, M., Inoue, Y. and Takano-
Shimizu, T. A new test for detecting ongoing selection. Genetica
published online.

Takahashi, A., Takahashi, K., Ueda, R. and Takano-Shimizu, T.
(2007). Natural variation of ebony gene controlling thoracic pigmen-
tation in Drosophila melanogaster. Genetics 177, 1233-1237.

Noro, Y., Takano-Shimizu, T., Syono, K., Kishima, Y. and Sano, Y.
(2007). Genetic variations in rice in vitro cultures at the EPSPs-
RPS20 region. Theor. Appl. Genet. //4, 705-711.

Tatsuta, T. and Takano-Shimizu, T. (2006). Genetic architecture of
variation in sex-comb tooth number in Drosophila simulans. Genet.
Res. 87, 93-107.

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 association of
polymorphisms in Drosophila chemoreceptor genes. Proc. Natl.
Acad. Sci. USA 101, 14156-14161.

22 | HAF;EEN Research Activities



BB EEMFEEF

Division of Theoretical Genetics

WutiR=E Wu Group

D= FvY A
BEHR
WU, Chung-I|

Adjunct Professor

RBIJIMAEE Hasegawa Group

EBllBxE
EEHIR
HASEGAWA, Masami

Adjunct Professor

2avvavNLIcBlI 3 ERLEEFORE

Search of Speciation Genes in Drosophila
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Phylogenetic evolutionary biology
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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 sys-
tem-wide approach to identify the majority of genes
involved in the divergence of mating behavior between the
Z (for Zimbabwe) and M (cosmopolitan) races of Droso-
phila melanogaster. We wish to understand the genetic
and transcriptional bases of phenotypic divergence at this
early stage of speciation. The studies will be at 3 defferent
levels-genotype, transcriptome and phenotype. The scope
will be genomic and the tools will include genotyping tiling
array, expression microarrays, large-scale sequencing,
behavioral QTL mapping and, finally, precise gene replace-
ment (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.

{3dv® abtained by the two-step “Gene targeting™ method
— BIEFD/vITIMNMEONITTIE, e L PE o1 FE
RN EMARTEEGFOBRICESZENTES,
Figure — The procedure used for gene knockout. A very similar pro-
cedure can be used for gene replacement in evolutionary studies.

EYREL E PR S 2 - O O HF I, ELoER R
M e LTI_Z22LETHY, Z201ODOHEIFTR
METH 2, LrL, FILHBEOTFT—ZBHoTh,
ELWRHEE 5 12 L IFRS v, HEEEIE D
DL, MhE-S 722250 XS N 226 TH B,
bivbiuk, EW%¥o BENERREZEL T, 2T %
e E RO MBS O &, ZnEwikd 27008
HEORHKEED TV D, BAEMIZIE, HEREO R L
ORIENRD 2, BEHIIZ3 DOFEEL 7 v — 70 LR
ENTWVWBEEY, Z0OZEIKEOH)WIBE) &2 BHH
LTW3ZENHELRITR o TERA, R OBIEH
EZIiZhdr O MEBRRERTH S,

It is prerequisite to know the phylogenetic relationships
among organisms in order to understand the evolution of
life. Molecular phylogenetics is an important tool for this
approach. It is not necessarily easy to know the phyloge-
netic tree correctly even if genome-scale data become
available, because a wrong tree may be supported
strongly in the presence of bias in inferring the tree. We are
studying such problems inherent in phylogenetic analyses
and are investigating new methods to overcome such
problems during the process of solving real biological
problems, including mammalian evolution and biodiversity
of Madagascar. Recent molecular phylogenetics has clari-
fied that Placentalia (eutherian mammals) consists of three
groups; i.e., Boreotheria originally from Laurasia, Afrotheria
from Africa, and Xenarthra from South America. These
groupings are considered to reflect continental separation
around 100 MyrBP, but the root of the tree remains ambi-
guious. We are studying this rooting problem by using
genome-scale data.

Continental Configuration of 100 MyrBP and Eutherian Evelution

H — 1{EFROAREDEE EEBDEL. EEIRIIIL S RRERIR
DAL EEE (Boreotheria) , 7 7Y AKEEEIRDT 71) HEREE (Afroth-
eria), B KEEEROREE (Xenarthra) D3 DD I —TH SR
=h3,

Figure — Waddell, P, N. Okada, and M. Hasegawa (1999) Towards
resolving the interordinal relationships of placental mammals. System.
Biol., 48: 1-5. Nishihara, H., M. Hasegawa, and N. Okada (2006) Proc.
Natl. Acad. Sci. USA 103: 9929-9934
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Epigenetic regulation of the mammalian genome
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Epigenetic mechanisms, such as DNA methylation, histone

modifications and heterochromatin formation, regulate and

maintain the genetic activity of cells without changing the

DNA sequence. These mechanisms are important for

developmental gene regulation and transposon silencing.

They are also involved in mammalian-specific epigenetic

phenomena, such as genomic imprinting and X chromo-

some inactivation. The following research projects are

ongoing in our lab:

® Mechanisms of parental imprinting in mammalian germ
cells.

® Mechanisms of transposon silencing by small RNA.

® Structure, regulation and evolution of imprinted genome
domains.

® Role of non-coding RNA in X chromosome inactivation.

® Role of epigenetics in human disorders.

® Role of epigenetics in phenotypic variation and evolu-
tion.

® Development of new techniques for epigenetics studies.

Figure — The cycle of genomic imprinting and the DNA methyltrans-
ferase family proteins responsible for its respective steps (left).
Abnormal morphology of an E10.5 mouse embryo lacking the mater-
nal imprints (right top) and a control embryo (right bottom).

Sasaki, H. and Matsui, Y. (2008). Epigenetic events in mammalian
germ-cell development: reprogramming and beyond. Nat. Rev.
Genet. 9, 129-140.

Ohhata, T., Hoki, Y., Sasaki, H. and Sado, T. (2008). Crucial role of
antisense transcription across the Xist promoter in Tsix-mediated Xist
chromatin modification. Development /35, 227-235.

Ichiyanagi, K., Nakajima, R., Kajikawa, M. and Okada, N. (2007).
Novel retrotransposon analysis revealed multiple mobility pathways

dictated by hosts. Genome Res. /7, 33-41.

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

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

EARRZ (2005). T Y 22T 4 7 AN EHBRET AT 5
Y — 101, HEEE
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Epigenetic controls of plant development and genome structure
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To understand function and control of DNA methylation, we
are taking genetic approaches using mutants of Arabidop-
sis. An Arabidopsis DNA hypomethylation mutation ddm1
(decrease in DNA methylation) induces several types of
developmental abnormalities through heritable changes in
other loci. Genetic analysis of two of the abnormalities rev-
eled that the loss of DNA methylation causes mobilization
of endogenous transposons and de-repression of an
imprinted gene with a transposon-derived promoter. A dif-
ferent mechanism was found by characterization of
another ddm1-induced developmental abnormality, named
bonsai. The bonsai phenotype was due to local DNA
hyper-methylation in the background of global DNA
hypomethylation. By genetic screen of mutants affecting
DNA methylation in the BONSAI locus, we identified a
novel jmjC domain gene IBM1 (increase in BONSAI methy-
lation). The ibm1 mutations induce several types of devel-
opmental abnormalities through ectopic deposition of het-
erochromatin marks (see Figure).

WT kyp itirri 1 b, kyp

cmt3 ibm1 ibm1; cmi3
Figure — The ibm1 (increase in BONSAI methylation) mutation
induces developmental defects, which are suppressed by mutation in
the H3K9 methylase gene KYP or non-CG methylase gene CMTS3.
The results suggest that these phenotypes are due to ectopic depo-
sition of heterochromatin marks, such as H3K9 methylation and non-
CG methylation.

Kakutani, T., Kato, M., Kinoshita, T. and Miura, A. (2004). Control of
development and transposon movement by DNA methylation in Ara-
bidopsis thaliana. Cold Spring Harb Symp Quant Biol 69, 139-143.

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

Saze, H. and Kakutani, T. (2007). Heritable epigenetic mutation of a

transposon-flanked Arabidopsis gene due to lack of the chromatin-
remodeling factor DDM1. EMBO J. 26, 3641-3652.

Saze, H., Shiraishi, A., Miura, A. and Kakutani, T. (2008). Control of
genic DNA methylation by a jmjC-domain containing protein in Ara-
bidopsis thaliana. Science 379, 462-465.

iAW &, R, BT (2008). [DNA X F VL Ty =
FT 4 v 7 TR | GREL, MR T2 ) — X 24
IEI AT 4T R])
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The functional organization of higher-order nuclear structures
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The understanding of chromosome dynamics has pro-

gressed over the past decades. However, the function and

organization of nuclear higher-order structures including the

nuclear matrix, interchromosomal compartments, chromo-

somal territories, nuclear envelope, and nuclear bodies

remain to be resolved. We propose the following upcoming

and important questions, which may be answered by tak-

ing advantage of the newly established gene targeting

technique and other multifaceted approaches.

® Which components comprise the nuclear structures?

® How are the nuclear structures organized?

® How are the nuclear structures disassembled and re-
assembled during and after mitosis?

® What roles do the nuclear structures play in the nuclear
reactions of transcription, DNA replication, RNA pro-
cessing, DNA repair, and so on?

® What kinds of functional interactions occur between the
nuclear structures and chromosomes?

Interchromatin space
Perinucleolar compartment

Chromosome territory
Heterochromatin region.

Euchromatin region Centrosome

Nuclear matrix

Nuclear speckle
(IGC)

Nuclear pore complex

Figure — Hypothesized models of nuclear structures
Many specialized structures exist in the nucleus, and these structures
are assumed to provide the basis for various nuclear functions.
Details of the components, dynamics, and functions of the nuclear
structures are uncertain.

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 17, 2524-2536.

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

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, 1., 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 responses to
DNA damage and epigenetic gene silencing in Arabidopsis. Genes &
Dev 18, 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 mer-
items. Cell /04, 131-142.

Shibahara, K-i. and Stillman, B. (1999). Replication-dependent mark-
ing of DNA by PCNA facilitates CAF-1 coupled inheritance of chro-
matin. Cell 96, 575-585.
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Vertebrate neural network formation
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The brain is constructed with an enormous variety of neurons.

Their precise connections are the basis for the complex brain

function such as behavior and mental activities. The accom-

plishment of a fully functional brain entails orchestrated devel-

opmental processes including neuronal differentiation, migration,

axon outgrowth, and target recognition. We are focusing on the

following features in the development of mouse nervous sys-

tem.

® Central Olfactory Projection: Olfactory information perceived
in the nose is processed and transferred to the olfactory bulb
in the brain. Development of the subsequent afferent projec-
tion from this first-order olfactory center has been studied.

® Neuronal Migration: During development, many neurons
migrate for a long distance to the destination. The guidepost
neurons, “lot cells”, for olfactory bulb axons show a dynamic
ventral tangential migration in the telencephalon at an early
developmental stage. We have been investigating molecular
mechanisms of this unique neuronal migration.

® Axon Outgrowth and Cessation: Four-membrane protein M6a
is concentrated in the growing tip of axons. An antibody to
this protein potently inhibits axon outgrowth of various central
neurons in culture. We are analysing mechanisms and physi-
ological function of this axon-outgrowth inhibition.

Figure — “LOT cells” originate from the dorsal telencephalon, and
migrate ventro-tangentially. Subsequently, the cells construct a cellar
array, which serves as the scaffold for the following olfactory bulb
axons (left). Migration of the neurons reproduced in telencephalic slice
culture (right).

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

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

Tozaki, H., Tanaka, S. and Hirata, T. (2004). Theoretical consideration
of olfactory axon projection with an activity-dependent neural net-
work model. Mol. Cell Neurosci. 26, 503-517.

Kawasaki, T., Takagi, Y., Yamatani, H. and Hirata, T. (2004). System-

atic screening and identification of the antigens recognized by mono-
clonal antibodies raised against the developing lateral olfactory tract.
J. Neurobiol. 62, 330-340.

Tozaki, H., Kawasaki, T., Takagi, Y. and Hirata, T. (2002). Expression
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 cortex
with Pax6-dependent and -independent components. Dev. Brain Res.
136, 17-26.
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Adjunct Professor
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Histone methylation and epigenetic gene regulation

ERBOMAEES FEIZFE

Functional Molecular Genetics of Diabetes

MIfE s FELE - M & v o Rz > 7. 7o 77 5 4
RIS D 7 F VTR U C Y] 2085 - IR HIE
PATO Z &, EMTEEIMERF ORI TH 2, TEIZRD,
VYO R FVLERSEIMCORES L, AR
V) YYD RXF MBS D2 % 7 1 < F o ERRERIENC
b2 ZL2vRENTET, LA DIT V=TT, A
by DX FNAUEBHII I L CZ Y = 2T 4 v I Tk
BETFHREFHEZHAGIL W20, 0o THE O
%5 —<ITfE2{ToT Wb, 72, LARNYRAF NV
{LMBA & EE L DRIRIZOWT HIIZE LT W3,

In eukaryotes, DNA is wrapped around core histones to
form nucleosome particles and condensed chromatin
structures with various nuclear molecules. Therefore, regu-
lation 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 enor-
mous impacts on various chromatin-associating functions
including transcriptional regulation, heterochromatin forma-
tion, DNA repair and recombination. We are investigating
the molecular mechanism of epigenetic gene regulation
mediated by histone lysine methylation.
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Figure — Histone Code Network in Biological Function

® FEA T2 T T W IR E O 4 T O MR © b
RHHIIE B AIRE, BA%As, FFIE, MBRGANG, Aok
5 ORI B CRREME R IZ & - THRICHET S hhtw
5, RWFFRE CIIBERBAE & 2 ol & L < oRRB
O TFTHHBOMHEZAS LT, 41 VYR ) VREKLE
(IRS), 774 RAZ F VRO *DZERLT E DT
WEHL, 25K CHBRENERTRESYW LW
A, M, 27 vV OEHIBERERT 21T > T\ b,
o Hr THEERFEE ATz e MEIREOBEEER O © FE
REGRE OB T OBFHERE THIT R 25 ) h v v
TONBRRIHSHIENT - FHBIART 2 FH v C, 2 BUREIRIBE
BRZEEEFORETEDTVE, INLDBIEFOD
BRI T & O AR % FE T HNFIECBEE
FEHFEETH T 2T o TWw 5,

® Analysis of molecular mechanism of diabetes by geneti-
cally engineered mice: Glucose homeostasis is exquisitely
regulated by humoral and neural factors among pancreatic
B cells, muscle, liver, adipocytes, and central nervous sys-
tem. Our laboratory has been trying to clarify the roles of
insulin signaling pathway such as insulin receptor sub-
strates and adipokine signaling pathway such adiponectin
and adiponectin receptors in glucose homeostasis and
pathogenesis of type 2 diabetes at the organism, cellular
and molecular levels.

@ [dentification of susceptibility genes of human type 2
diabetes by molecular genetics: Our laboratory has been
trying to identify susceptibility genes of human type 2 dia-
betes by candidate gene approach and whole genome
linkage and association analyses. Analyses of functions of
these novel diabetes susceptibility genes as well as gene-
environment interactions are also carried out by using
genetically engineered mice and genetic epidemiological
approach.
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Integrative genetics on mouse complex traits

< U A%, WAEAEFHEMOMEC e MERDR
P ETHEEIIRVWEFVEY TS, B PRI T X
DT 7 WMEZDET L, 77 DG T L U CRLE)
Mz BT BB R EmRAEGHEEE T EOfE Y < T
DR FREBEMT 038 7o ZWRB & R T 3, HHELE)
YRBEEIRZETIE, BEFOEREEEL < v 2 RHfH D
REAIDE NV L 72 “Forward Genetics” & + J v
AVz=wIRYRAR ) v I 7V b=y AEHIZ X 5
“Reverse Genetics” OMHEiwEHWT, MU % —>
e, Bty ST XA F 3 v 7 TR,
KR, s o LMol - oMb oEENHIE, 4
WY EEAE R 350 B AETERRBERR AL X h = X BT D W TS
PEOSTVIT, 35612, 7/ rERICESOTGEED
SGREMITIH L 2 LW Y AR AR LTV E T,
FRLEHEBLE LT, EEEERE DEEHOENT 2V
¥ —RBOBIEY 2T L DT 2 ToTWVET,

{E+AFE Postdoc
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FAEEF] TANAKA, Shigekazu

KEFZ40 AMANO, Takanori

— BENEROBVAEERNCS RS RESRM(ABL
UB) ICBR 5 A— B AR CRAETES, 105 L0255 O
B EREBELL,

Reading sequences of the human and mouse genomes has
been almost accomplished. The advantages in Genomics have
facilitated genetic dissection of the developmental process and
other higher order functions of mammalian genes at the whole
body level. In Mammalian Genetics Laboratory, 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 growth 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
knockout mice.

In this laboratory, we are developing new experimental
mouse strains, such as consomic strains, based upon the
uniqueness of wild-derived inbred strains established in this
laboratory. Currently, we are conductiong a project to elucidate
the genetci system that regulates energy metabolism, using the
consomic strains. All mouse strains established here are sup-
plied to researchers in this country and abroad on request.

Figure — Age-dependent variations of body weight gain and fat pad
deposition are observed depending on genetic background (A and B).

Takada, T., Mita, A., Maeno, A., Sakai, T., Shitara, H., Kikkawa, Y.,
Moriwaki, K., Yonekawa, H. and Shiroishi, T. (2008). Mouse inter-
subspecific consomic strains for genetic dissection of quantitative
complex traits. Genome Res. /8, 500-598.

Tanaka, S., Miura, L, Yoshiki, A., Kato, Y., Yokoyama, H., Shinogi, A.,
Masuya, H., Wakana, S., Tamura, M. and Shiroishi, T. (2007). Mouse
mutations in the helix termination motif of type I IRS keratin genes
impair assembly of keratin intermediate filaments. Genomics 90,
703-711.

Tamura, M., Tanaka S., Fujii, T., Aoki, A., Komiyama, H., Ezawa, K.,
Sumiyama, K., Sagai, T. and Shiroishi, T. (2007). Members of a novel
gene family, Gsdm, are expressed exclusively in the epithelium of the
skin and gastrointestinal tract in a highly tissue-specific manner.
Genomics 89, 618-629.

Oka, A., Aoto, T., Totsuka, Y., Takahashi, R., Ueda, M., Mita, A.,

Sakurai-Yamatani, N., Yamamoto, H., Kuriki, S., Takagi, N., Mori-
waki, K. and Shiroishi, T. (2007). Disruption of genetic interaction
between two autosomal regions and the X chromosome causes repro-
ductive isolation between mouse strains derived from different sub-
species. Genetics /75, 185-197.

Masuya, H., Sezutsu, H., Sakuraba, Y., Sagai, T., Hosoya, M., Kaneda,
H., Miura, 1., Kobayashi, K., Sumiyama, K., Shimizu, A., Nagano, J.,
Yokoyama, H., Kaneko, S., Sakurai, N., Okagaki, Y., Noda, T.,
Wakana, S., Gondo, Y. and Shiroishi, T. (2007). A series of ENU-
induced single-base substitutions in a long-range cis-element altering
Sonic hedgehog expression in the developing mouse limb bud.
Genomics 89, 207-221.

Sagai, T., Hosoya, M., Mizushina, Y., Tamura, M. and Shiroishi, T.
(2005). Elimination of a long-range cis-regulatory module causes
complete loss of limb-specific shh expression and truncation of the
mouse limb. Development /32, 797-803.
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Mammalian Development Laboratory
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D. Sc., Professor D. Sc., Assistant Professor
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Molecular mechanism of mouse embryogenesis

AFFEE CIRIEB S ORI % BE U 10BEEFIIRT
ZIToTWET, ZD7OITFATNTFEZERE LT,
HLLDMBETF /v I TV NRUR, WHEYRIHE )y
JAVIUARN I VAV =y 7Y AT HLER L
TRV SVCEITST 2 2 812k D, BEWNITE T 24K
DOBETHBEOFHZ HIE L T 3, FRABETITV
5\ 5 IBAR T D3IREHIY - 22 [ 12 TEAE 20 HI B T FE R
L, BBEZFIL £ 9, 20X EETFRILFIHRE
RS 272012 H < 7 R & W TR L v ORI
EECY, FoFERE I

® HL G [KF Mesp2 D ESREMENT 3 U 72, BHEBNY) D 43 il
PR SLARARS D AT

® 55K 7 Hesrl, Hesr2 O BEREMRMT %38 L 72, /O - 1ML
B RIS O ENT

© [l A BRI R B & % 27 ' Nanos2 D A2 81
ZHERE - ARBEANRE D L 12 B b B 4 T

® Nanos2 DFEFIE GBI I 3B 1 D HEEEMNT © F5 T Hlig
VAT N OREEE LI

© i JF A B NE 12 S8 B 3 5 Nanos3 D Sl fHIFSEAS

O TR B 2 € v+ V) i O B REfEAT

® Notch ¥ 7" F v &4 L T2 HIBERIAE AR F o T

1BLMFE Postdoc
{E4Q AR {Piff SASAKI, Nobuo
{RIERE SABA, Rie
IRBBIETE SAKABE, Masahide

[E4+H{ERR OKAMURA, Yoshiaki
FSBIZ OGINUMA, Masayuki

— Nanos2(3&EJEMR DM 5k % HIH 3 2 HE DA TEM A I HF
EWNLERE,Nnaos2% 5@ FIR (1F) L= MEATE S, M4 TEMAE O
O H (FE ) BTSN, A HEL T3,

During mouse development, mesodermal cells generated
via gastrulation play important roles in the morphogenesis
of several tissues and organs. We focus on two types of
mesodermal cells; one is precursor cells of the cardiovas-
cular system in the lateral plate mesoderm, the other is
precursor cells of somites that give rise to the axial struc-
tures such as vertebrae and skeletal muscles, in the parax-
ial mesoderm. We generate several knockout and knockin
mice to understand the molecular mechanism of vasculo-
genesis, cardiogenesis and somitogenesis. In addition, we
are interested in the mechanism of germ cell development.
We found that mouse Nanos proteins, Nanos2 and Nanos3
are essential for germ cell development. Recent study
reveals that Nanos2 is involved in the male germ cell fate
specification. Since most of studies are conducted using in
vivo systems established by gene-engineering technolo-
gies, we are interested in the development and application
of new transgenic methods to improve the quality of the
analyses.

Figure — A section of embryonic female gonad (E16.5). The forced
expression of Nanos2, a male germ cell-specific protein, in female
germ cells results in suppression of meiosis and promotion of male
germ cell differentiation. Green: Nanos2, Magenta: meiosis marker

Suzuki, A. and Saga, Y. (2008). Nanos2 suppresses meiosis and pro-
motes male germ cell differentiation. Genes & Develop. 22, 430-435.

Kokubo, H., Miyagawa-Tomita, S. and Saga, Y. (2007). Hesr1/Hey1
and Hesr2/Hey? regulate atrial-ventricular boundary formation in the
developing heart through the repression of Tbx2. Development /34,
747-755.

Suzuki, A., Tsuda, M. and Saga, Y. (2007). Functional redundancy
among Nanos proteins and a distinct role of Nanos2 during male
germ cell development. Development /34, 77-83.

Nakajima, Y., Morimoto, M., Takahashi, Y., Koseki, K. and Saga, Y.
(2006). Identification of EphA4 enhancer required for segmental
expression and theregulation by Mesp2. Development /33,
2517-2525.

Yasuhiko, Y., Haraguchi, S., Kitajima, S., Takahashi, Y., Kanno, J. and

Saga, Y. (2006). Tbx6-mediated Notch signaling controls somite-spe-
cific Mesp2 expression. Proc. Natl. Acad. Sci. USA. 103, 3651-3656.

Morimoto, M., Takahashi, Y., Endo, M. and Saga, Y. (2005). The tran-
scription factor Mesp2 establishes segmental borders by suppressing
Notch activity. Nature 435, 354-359.
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Behavioral genetics using wild derived mouse strains

1AL DREFE TIREAANZEE b 72 & TR O 7
SEELTF—< R TWET, A5 I3 T80 %k
WEEAHT A=A L ZWHL2IZT 27012, B4R
K=y ZARMEE LM E L CITENETREOME L ED
TVWET, WhE<Y 2% b LT S NI R,
R CTHELLV IV TORE WHEEBNEREZFLTWS
7201z, BEMNLEITEARTMLE LTHH LWEED
FKRIzouNp LI NTVES, BERRORKE
AwT, BRSEINE, S8, BREZME, TR
E RN LTS, BN ZRMEI TR S T4 s D
ZZEEHLIZLTCEE LT, HIZ, DX LfTE
DI DL 2BET EHRERT 201, BRIVERET
FEOENTE (QTLENT) 2>y I v 7R E i@
W ERToTWES, 2OXD BTz Y, 178
5.3 2 EETF YAk Lo WEICR DAL 2 &8
HHEIC L > CE E LT, 5%1F, EBROHEMERT W
LZL, ZOMEERST Vv, MY~y BT
RV NV THL 2L TW ZEZHIBLTVWE S,

#1338 Postdoc
¥87%+= UMEMORI, Juzoh

— BRBITEHTAN FLBRTETANETIZET, T UADMERK 1
SMH-ITEORBEEERARZZENTRETT,

For understanding the genetic basis of inheritance and
evolution of behavior, we studied behavioral phenotype,
such as spontaneous activity, anxiety-like behavior, pain
sensitivity, and social behavior, by using inbred strains
established from wild mice. A variety of mouse inbred
strains exhibited diversity in their behavioral phenotype. In
order to elucidate a genetic mechanism underlying the
behavioral difference, we are currently analyzing consomic
strains which are made by replacing one of the chromo-
somes in C57BL/6 with that of MSM strain. By systemati-
cally investigating consomic strains for the behavioral phe-
notype, we have found multiple genetic loci associated
with the complex behavioral phenotype. Further analysis of
genetic loci associated with particular behavioral pheno-
type is on the way by making fine congenic strains which
are carrying short segment of the chromosome.

Figure — Behavioral tests: In order to understand psychological fea-
ture of mice, we conduct a variety of behavioral tests.

Blizard, D.A., Takahashi, A., Galsworthy, M., Martin, B. and Koide,
T. (2007). Test standardization in behavioral neuroscience: a response
to Stanford. Journal of Psychopharmacology 27, 136-139.

Takahashi, A., Kato, K., Makino, J., Shiroishi, T. and Koide, T. (2006).
Multivariate analysis of temporal descriptions of open-field behavior
in wild derived mouse strains. Behavior Genetics 36, 763-774.

Esumi, S., Kakazu, N., Taguchi, Y., Hirayama, T., Sasaki, A., Hira-
bayashi, 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 Genetics 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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Model Fish Genomics Resource Laboratory
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€7 374y 2R FHR O FHiE & RARR FE 4 S

Molecular and cellular mechanisms of the zebrafish spermatogenesis and early development

YT 57 4 yvald, BB CHERE O B iE
FERBIIROWETZENTE 2720, BENTEREY
LLTHELTETWET, 725 DIEZE T in vitro
THMULTEFEHOWC NI VA 2= 78T T T 4 v
VaTEH T AEM ML L £ LTz, T OHETIHIGSE
WRECHE L IET O#BIBHR 2 0 F 2 k04
TOMPLIZEZ N0, fERED HAEFEIZ TR
V= 78 EEHTE2 L WO FELH D 9,
T, ZOHERIIILERTFRER T BV CHER
EWFEOMLEZHDTVWET, —HT, ZOHERIZ
T A FEAH D D A HH T 20 24 & I AU 2 % I1E 5 2 20 T
DI HENTNE T, nvitroBEBRDO XY v s iy
KERITIE2 LT, FHEBIY 128 7Y 20 kA Sl e oo e
R F O % FFFIZED TV E T,

51z, BHLHEAEDL LG D EDSOH ) 7,
ZFEI b OFABIETIX, ZEOMILIFFE T - 72
BEL), £20BYLERETROLEN DD £5 .8
bR SIS E2H T, —HIcRz afildo—
A2 ISV LTEIL, E0&) RZERNEEZ &> T
FEEGREPITELL200FHLMZLEII ELTWY
F9,

{ELMFEE Postdoc
{E7TEfE TOKUMOTO, Mika
BI&ifE— 0zAKI, Yuichi

SOIIEF RIS KAWASAKI, Toshihiro
FERRE = SAITO, Keniji

— LMAIANVARG S — (2L BIEEEF~DEIGTEA, (A)LacZ
BEETFEEALERET. ZOBFHIOEBGTFHRBRIE TS 7rvan
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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 laboratory conditions. We focus on developing
reliable reverse genetic protocols for studying gene func-
tions in zebrafish by using genetically modified sperm. In
addition, using in vitro system to advantage, we are also
working on the molecular mechanisms to regulate mitosis
and meiosis in the male germ cells of vertebrates.

During the course of development in multicellular organ-
isms, 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 arrange-
ments on the vertebrate development.

Figure — Retroviral infection of in vitro-cultured sperm. (A) LacZ
expression in infected sperm and (B) normal control sperm subjected
to X-gal staining.

AN (2007). ¥ 757 4 v ¥ 21281) % in vitro DFSFIEK . &
FIE B 52, 2124-2129.

Sakai, N. (2006). In vitro male germ cell cultures of zebrafish. Meth-
ods 39, 239-245.

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. /01, 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.

WA (2003) FFRZ Z—Cr IV AV z=w I T 49y a%k
TEH 3 2 . b L W) 41, 264-269.
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Plant Genetics Laboratory
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Developmental studies of reproductive organs and early embryo, and genetic diversity studies of genomes/species in rice
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LLUZARFE—EB YAMAKI, Shinichiro

— AR OATEHIBIR TRONFER G FRHOKER/NG—

We are carrying out two major research subjects. One is analy-

sis of genetic programs underlying the processes from gameto-

genesis to embryogenesis ~ shoot formation in rice. The other is

combined comparative genomic analysis of genetic diversity

and reproductive barriers using wild and cultivated rice. Several

different projects have been proceeding by employing many

cross combinations, mutants, relevant genes, and molecular,

genetic and cytological methods. We are also responsible for

the research, generation and management of rice genetic

resources of wild species collection in rice.

® Analysis of genetic factors playing roles in the reproductive
isolation mechanism.

® Dissection of genetic programs underlying in reproductive cell
development, ovule and pollen formation, pollination and fer-
tilization.

® Dissection of genetic programs underlying in embryogenesis
to shoot formation.

® Analysis of relationship between gene expression variation
and phenotypic diversity of wild and cultivated species of
rice.

® Analysis of genetic diversity of wild species of rice.

A
| ! '
.F ST =

a =k

Expression level

Pollinatson

Figure — Expression pattern of genes involved in reproductive
stages of rice

Thirumurugan, T., Ito, Y., Kubo, T., Serizawa, A. and Kurata, N.
(2008). Identification, characterization and interaction of HAP family
genes in rice. Mol. Genet. Genomics 279, 279-289.

Suzuki, T., Eiguchi, M., Kumamaru, T., Satoh, H., Matsusaka, H.,
Moriguchi, K. and Kurata, N. (2008). MNU-induced mutant pools
and high performance TILLING enable finding of any gene mutation
in rice. Mol. Genet. Genomics 279, 213-223.

Kurata, N. (2007). Chromosome and genome evolution in rice. In
Rice Biology in the Genomics Era. (ed. Hirano, H., Sano, Y., Hirai, A.
and Sasaki, T), pp. 235-243, Springer Berlin Heidelberg

Nonomura, K, Morohoshi, A., Nakano, M., Eiguchi, M., Miyao, A.,

Hirochika, H. and Kurata, N. (2007). A germcell-specific gene of the
ARGONAUTE family is essential for the progression fo premeiotic
mitosis and meiosis during sporogenesis in rice. Plant Cell /9,
2583-2594.

Nonomura, K-I., Nakano, M., Eiguchi, M., Suzuki, T. and Kurata, N.
(2006). PAIR2, a protein binding to chromosome axes, is essential for
homologous chromosome synapsis in rice meiosis 1. J Cell Sci. /79,
217-225.

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.
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Microbial Genetics Laboratory
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Chromosome dynamics in prokaryote and eukaryote
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We aim to understand basic mechanisms of cell duplica-
tion including chromosome replication, segregation, and
cell division. In both pokaryote and eukaryote cell, chromo-
some replication and the segregation alternate as cell pro-
liferates. Chromosome structure is dynamically re-orga-
nized according to the stage of the cell cycle. Until now, we
have revealed the mechanism of prokaryotic chromosome
movement in Escherichia coli and showed the dynamic
migration patterns of replication origin and the terminus on
the chromosome during active partitioning of daughter
chromosomes. In addition, we have dissected the func-
tional chromosome domain that participate in the cell cycle
dependent localisation of its ring-structured chromosome.
We have as well started studying nuclear and chromo-
some dynamics of Schizosaccharomyces japonicus, an
alternative fission yeast. Unlike Schizosaccharomyces
pombe, which already is well established as a genetic tool,
S. japonicus presents visible condensed chromosome fila-
ments during both mitosis and meiosis and that ease the in
vivo analysis. Our current works focus on mutant isolation
in the chromosome segregation and the construction of
fluorescent tagging gene products to follow the mitotic
components. We hope that this yeast will be a new model
organism to provide novel insight of the chromosome
dynamics.
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Figure — Subcellular localization of the SopA ATPase, which is
essencial for partitioning of the F plasmid (Upper, green: SopA,
magenta: membrane). SopA-YFP forms helical structure within the
E. coli cell (Lower, histogram of relative intensity of the YFP fluores-
cence). The filament of SopA may guide partitioning plasmids as a
railway track.

Hatano, T., Yamaichi, Y. and Niki, H. (2007). Oscillating focus of
SopA associated with filamentous structure guides partitioning of F
plasmid. Mol Microbiol. 63, 1008-1025.

Gerding, M.A., Ogata, Y., Pecora, N.D., Niki, H. and de Boer, P.A.
(2007). The trans-envelope Tol-Pal complex is part of the cell division
machinery and required for proper outer-membrane invagination
during cell constriction in E. coli. Mol Microbiol. 64, 1198-1213.

Cui, T., Moro-oka, N., Ohsumi, K., Kodama, K., Ohshima, T.,
Ogasawara, N., Mori, H., Wanner, B., Niki, H. and Horiuchi, T. (2007).
Escherichia coli with a linear genome. EMBO Rep. 8, 181-187.

Yamaichi, Y. and Niki, H. (2004). migS, a cis-acting site that affects
bipolar positioning of oriC on the Escherichia coli chromosome.
EMBO J. /4,221-233.
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Functional genomics in Drosophila
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AB, NTZOYORIZEA L CIREIREAN T 2/ED £9,
ZOXIIT LU THERE L RNAIZRENNY 2 1F, va v
Y a U NTRERNIZ B 2R THEAE O HE 085 T
DAY NI =7 L EZHLPIZTEIOOERTY —V
EEZLbNE T,
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Although the entire human genome sequence has been
determined and total number of human genes is estimated
to be 22,000, their real functions are far from being com-
pletely understood. Drosophila has a total of 14,000 genes
which is about half of the genes found in humans but a
large amount of these genes (approx. 70%) were discov-
ered to have similar functions and shows significant
homology to humans. We are planning to investigate the
function of fly genes comprehensively as a suitable model
for studying the functional genomics of multicellular organ-
isms.

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
utilize the RNAI for knocking down gene expression. We
are trying to construct inverted 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 understanding gene functions and
genetic networks working in the fly individuals.
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Figure — Schematic representation of the inducible RNAi mutant fly
bank.

Tajiri, R., Tsuji, T., Ueda, R., Saigo, K. and Kojima, T. (2007). Fate
determination of Drosophila leg distal regions by trachealess and
tango through repression and stimulation, respectively, of Bar
homeobox gene expression in the future pretarsus and tarsus. Dev
Biol. 303(2), 461-473.

Chertemps, T., Duportets, L., Labeur, C., Ueda, R., Takahashi, K.,
Saigo, K. and Wicker-Thomas, C. (2007). A female-biased expressed
elongase involved in long-chain hydrocarbon biosynthesis and court-
ship behavior in Drosophila melanogaster. Proc. Natl. Acad. Sci.
USA 104(11), 4273-4278.

Okamura, T., Shimizu, H., Nagao, T., Ueda, R. and Ishii, S. (2007).
ATF-2 regulates fat metabolism in Drosophila. Mol. Biol. Cell
18(11), 1519-1529.

Matsumoto, A., Ukai-Tadenuma, M., Yamada, R.G., Houl, J., Uno,
K.D., Kasukawa, T., Dauwalder, B., Itoh, T.Q., Takahashi, K., Ueda,
R., Hardin, P.E., Tanimura, T. and Ueda, H.R. (2007). A functional
genomics strategy reveals clockwork orange as a transcriptional reg-
ulator in the Drosophila circadian clock. Genes Dev. 21(13),
1687-1700.

Takahashi, A., Takahashi, K., Ueda, R. and Takano-Shimizu, T.
(2007). Natural variation of ebony gene controlling thoracic pigmen-
tation in Drosophila melanogaster. Genetics 177, 1233-1237.

Picot, M., Cusumano, P., Klarsfeld, A., Ueda, R. and Rouyer, F.
(2007). Light activates output from evening neurons and inhibits out-
put from morning neurons in the Drosophila circadian clock. PloS.
Biol. 5(11), €315.
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Genetic resources databank project
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F71220024E0 513 F Y aFANAZF Y)Y —2ATOaYV Y
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The Genetic Resources Databank Project started at the
National Institute of Genetics in 1998. The project aims to
collect and provide genetic resource information which
includes information on how to order resources, scientific
knowledge about the resource, and other related informa-
tion such as genomic information to researchers. We have
completed the construction of the databases and their
online distribution system which contain a variety of gene
pools including wild species, breeding lines, transgenic and
knockout organisms, cells and DNA clones. All databases
are available on the internet at http://www.shigen.nig.ac.jp.
Although these bioresources are full of hidden potential, its
true worth can only be recognized with the existence of
users. We have been continuously inventing better way to
distribute data in order to utilize the resources to its fullest
potential. Our future plan will include going beyond just
completing these databases to meld these databases into
a single yet comprehensive information resource for users.

GEIL ==
BOE T 31500 | e

Figure — Comparison of entire set of genes between Rice and Ara-
bidopsis.

Each dot indicates the GO term. GO terms (red) indicate that associ-
ated genes are only found in Arabidopsis, GO terms (blue) only found
in rice and GO terms (green) found in both species.

Yamazaki, Y., Niki, H. and Kato, J. (2008). Profiling of Escherichia
coli Chromosome Database. Methods in Molecular Biology 385-389.

LIRSS (2007). N4 Z Y Y — 2 (PR EETF) Bt v & —.
FME 5% 1446-1449.

Watanabe, S., Mizoguchi, T., Aoki, K., Kubo, Y., Mori, H., Imanishi,
S., Yamazaki, Y., Shibata, D. and Ezura, H. (2007). Ethylmethanesul-

fonate (EMS) mutagenesis of Solanum lycopersicum cv. Micro-Tom
for large-scale mutant screens. Plant Biotechnology 24(1), 33-38.

Mochida, K., Kawaura, K., Shimosaka, E., Kawakami, N., Shin-I, T.,

Kohara, Y., Yamazaki, Y. and Ogihara, Y. (2006). Tissue expression
map of a large number of expressed sequence tags and its application
to in silico screening of stress response genes in common wheat. Mol.
Genet. Genomics 276(3), 304-312.

Kurata, N. and Yamazaki, Y. (2006). Oryzabase, An Integrated Bio-
logical and Genome Information Database for Rice. Plant Physiol-
ogy 140, 12-17.

Yamazaki, Y. and Jaiswal, P. (2005). Biological Ontologies in Rice
Databases. Plant and Cell Physiology 46(1), 63-68
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BRFHINY 7 AR ) v TR EBIRT D A — FOfEMT

AR R FEFRE S D R E & F82E: O BAR T HIFEIREAS
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3 1 & T F F http://dolphin.lab.nig.ac.jp/.

BTHRE-BHEREE
BRE & BFOES
EE=E ] FATEHR

— BEE(EF glp- 1 (NotchREDY) D pos- 1, spn-ABEIEFIC
K BENEREAE . A) BFAEBIRE, B) pos- 1 ZE{R, C) spn-4ZE2E DA
BUEAIE D GLP- 1A L 2R @, FFA R TIEREIBRIC mRNASYEE
T 1%, BB Aba, ABp DMFIIRD &I~ GLP-15>/ S/ BN RS
N2, ERETORE/G—2HD pos-1 & spn-LBIZFHBERED
BRI A ZH>TVBZEN M,

We are performing a systematic analysis of expression and
function of the genome of the nematode C. elegans, aim-
ing at understanding of the genetic program for develop-
ment and ultimately at reconstructing development in the
computer. We have already identified 14,000 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
information, we are conducting the following studies;
Mechanisms of translational control of maternal mRNAs.
Clustering analysis of gene expression patterns.
Systematic identification of regulatory elements.
Computer modeling 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/.

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

Kagoshima, H., Nimmo, R., Saad, N., Tanaka, J., Miwa, Y., Mitani, S.,
Kohara, Y. and Woollard, A. (2007). The C. elegans CBFb homologue
BRO-1 interacts with the Runx factor, RNT-1, to promote stem cell
proliferation and self-renewal. Development /34, 3905-3915.

Kasahara, M., Naruse, K., Sasaki, S., Nakatani, Y., (and 31 people),
Takeda,H., Morishita, S. and Kohara, Y. (2007). The medaka draft
genome and insights into vertebrate genome evolution. Nature 446,
714-719.

Yu, J-K., Satou, Y., Holland, N.D., Shin-I, T., Kohara, Y., Satoh, N.,
Bronner-Fraser, M. and Holland, L.Z. (2007). Axial patterning in
cephalochordates and the evolution of the organizer. Nature 445,
613-617.

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.

Andachi, Y. (2004). Caenorhabditis elegans T-box genes tbx-9 and
tbx-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/p-/ mRNA by POS-1
and its interacting protein SPN-4 in Caenorhabditis elegans. Devel-
opment /30, 2495-2503.
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High-throughput and high-quality analyses on the variance and specificity of genomes
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PHIE LY 7 ARG EERFELTCVE T,
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ZIZAW=FISH @B &. et () 8LUTUS (H)

Nucleotide sequences are one of the most basic and reli-
able data that can be used to explain biological phenom-
ena. The primary structure of DNA is written as an array of
the combination of four nucleotides designated as A, G, C
and T; in other words, it can be treated as a string of four
characters in an electronic DNA database such as DDBJ.
These nucleotide data, particularly after the publication of
human genome structure, are often called as a treasure-
trove and provide richest resources for biological
researches. However, it is also very difficult to uncover new
findings if you only try to obtain them from your computer
terminal. The comparative genomics laboratory was acti-
vated since April 2008 aiming at the understanding of
basics and rules of biological phenomena based on active
reading and analyses of genome structures of interest.
Currently, we are planning to analyze genomes of organ-
isms positioned on the branch point of the evolutionary
tree of life, those living in the extreme environmental condi-
tions, and deeper understanding of our genomes.

Figure — FISH analysis using human DNA isolated from the sub-
telomeric region of human chromosome 21qg. Human (left) and gorilla
(right) chromosomes are shown.

H. Watanabe, A. Fujiyama, M. Hattori, T.D. Taylor, A. Toyoda, Y.
Kuroki, H. Noguchi, A. BenKahla, H. Lehrach, M. Kube5, R. Sud-
brak, S. Taenzer, P. Galgoczy, M. Platzer, M. Scharfe, G. Nordsiek, H.
Blocker, I. Hellmann, P. Khaitovich, S. Pddbo, R. Reinhardt, H.-J.
Zheng, X.-L. Zhang, G.-F. Zhu, B.-F. Wang, G. Fu, S.-X. Ren, G.-P.
Zhao, Z. Chen, Y.-S. Lee, J.-E. Cheong, S.-H. Choi, K.-M. Wu, T.-T.
Liu, K.-J. Hsiao, C.-G. Kim, S. Oota, T. Kitano, Y. Kohara, N. Saitou,
S.-F. Tsai, H.-S. Park, S.-Y. Wang, M.-L. Yaspo & Yoshiyuki Sakaki.
(2004). The International Chimpanzee Chromosome 22 Consortium:
DNA sequence and comparative analysis of chimpanzee chromosome
22. Nature 429, 382-388.

International Human Genome Sequencing Consortium. (2004). Fin-
ishing the euchromatic sequence of the human genome. Nature 43/,
931-945.

Todd D. Taylor, Hideki Noguchi, Yasushi Totoki, Atsushi Toyoda,
Yoko Kuroki, KenDewar, Christine Lloyd, Takehiko Itoh, Tadayuki

Takeda, Dae-Won Kim, Xinwei She, Karen F Barlow, Toby Bloom,
Elspeth Bruford, Jean L. Chang, Christina A. Cuomo, Evan Eichler,
Michael G. FitzGerald, David B. Jaffe, Kurt LaButti, Robert Nicol,
Hong-Seog Park, Christopher Seaman, Carrie Sougnez, Xiaoping
Yang, Andrew R. Zimmer, Michael C. Zody, Bruce W. Birren, Chad
Nusbaum, Asao Fujiyama, Masahira Hattori, Jane Rogers, Eric S.
Lander and Yoshiyuki Sakaki. (2006). Human chromosome 11 DNA
sequence and analysis including novel gene identification. Nature
440, 497-500.

Yoko Kuroki, Atsushi Toyoda, Hideki Noguchi,, Todd D. Taylor,
Takehiko Itoh, Dae-Soo Kim, Dae-Won Kim,, Sang-Haeng Choi, II-
Chul Kim, Han Ho Choi, Yong Sung Kim, Yoko Satta, Naruya
Saitou, Tomoyuki Yamada, Shinichi Morishita, Masahira Hattori,,
Yoshiyuki Sakaki, Hong-Seog Park, and Asao Fujiyama. (2006).
Comparative analysis of chimpanzee and human Y chromosomes
unveils complex evolutionary pathway. NatureGenetics 38, 158-167.
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Single molecule imaging and measurements of biological molecule functions
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Unraveling the molecular mechanisms and novel functions of
biological molecules using single molecule techniques is the
major subject of this laboratory.

@ Single molecule imaging and quantitative analysis in vivo: We
have developed new fluorescence microscopy, and achieved
single molecule imaging in vivo. Quantitative image analysis
of molecular movements, distributions and interactions has
opened a new way to obtain quantitative information on
kinetics of molecular interactions in cells.

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

©® Manipulation and measurements of single molecules: A com-
bination of single molecule nano-manipulation and intermo-
lecular force microscopy, which we have developed, enables
us to directly measure single-molecule forces of intermolecu-
lar and intra-molecular interactions.

Our pioneering work using novel techniques in biophysics
provides new tools for researches in the field of cellular and
molecular biology.

Figure — Microclustering of T cell receptor by signaling activation.
Collaboration with Saito Loboratory (RIKEN, RCAI).

Shiina, N., Shinkura, K. and Tokunaga, M. (2005). A novel RNA-
binding protein in neuronal RNA granules: Regulatory machinery for
local translation. J. Neuroscience 25(17), 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 Immu-
nol. 6(12), 1253-1262.

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

Yamasaki, S., Ishikawa, E., Sakuma, M., Ogata, K., Sakata-Sogawa,
K., Hiroshima, M., Wiest, D.L., Tokunaga, M. and Saito, T. (2006).
Mechanistic basis of pre-T cell receptor-mediated autonomous signal-
ing critical for thymocyte development. Nature Immunol. 7(1),
67-75.

Yamasaki, S., Sakata-Sogawa, K., Hasegawa, A., Suzuki, T., Kabu, K.,
Sato, E., Kurosaki, T., Yamashita, S., Tokunaga, M., Nishida, K. and
Hirano, T. (2007). Zinc is a novel second messenger. J. Cell Biol.
177(4), 637-645.

Tokunaga, M., Imamoto, N. and Sakata-Sogawa, K. (2008). Highly
inclined thin illumination enables clear single-molecule imaging in
cells. Nature Methods 5(2), 159-161.
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Molecular Biomechanism Laboratory
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SHIMAMOTO, Nobuo

D. Sc., Professor
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NAKAYAMA, Hideki

D. Eng., Assistant Professor
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Nanobiology of gene expression: mechanism in terms of molecular motions

FINAFAu Y=L, MBS ESTOES L L L
THRT 2 EMETT, BERLHINTIZ, RNARY X
7 —ERYRY — kLW HFHA, DNA _LOBEEE
HWMERNARX VS BIZEHL, S5ITS T8 Ll
OFLELTHHTWE T, FZEDHER, 2T 08
SRBHT2RUTETL, REHEE, I7oitRo
SHOMS L LTHL2ITT 24M%TT,

27 ENDNA L%, DNAOWER T &0 Lo b
D, MRS 250 5 2 L, Fx 0O TEHE
BHL X L7z, X7z, DNA LD DI & 2387 L WA
EHELE LT, S HICHERMEEC, RNAKRY 25—
LO—MHBIIELTCLEIBSEERAL, T30 TF A
) —ILE B LVIEERHHSEECTH L L RO F
L7zo F4x OBIEOHEKIZ, TR0 1 9 FREREL T,
FBEORTDH 2FRKETO ) XY — b 0O NEF %
WEST DL, BEMBEZWEEIZT S Sue—X —2%,
ED XD G FHMEER»OBR S ND DI ? L5k
BFHBLO S THMIEF AR B LD ? L wv R
REIZPRIR L T w9,

PLEGERERSE L L TR T, FINA ST
Jay—Ewnd) e L BET 2 BEREIC, >N, %
uY—%EHT2HNT, MIENOWERE %2 T,
L EBE T 27012, £A4vEY Fito kg,
EREDTREE 2o T, fMilgohizzE LIALHEI %
B LTWET,

B E Postdoc
S3EIKIERE IMASHIMIZU, Masahiko
Ezlsﬁf Miyamoto, Takashi

TWETT AMEMIYA, Yosuke

— BIRRRED1DFI1+H3IUR:70S YRY —L%30S 45 TE
E};{% ﬁﬂfﬁ’f)‘:‘ﬁ%ﬁbkt%(: MRNAMS0S MNEESHFTIZ BT ZH
RELT=,

We have been working in nanobiology, which is description
of the physiology in terms of movements of molecules. By
combining single-molecule techniques and nano-manipula-
tion with molecular biology, we have proren the existence
of protein sliding along DNA with tracking a DNA groove,
and found the regulation by sliding. We also proved that a
fraction of initiating RNA polymerase is inactivated and this
inactivation is a part of regulatory mechanism of transcrip-
tion initiation, which established the concept that the
sequence of chemically essential steps may be modified
by branched and non-purposive reaction in vivo.

We are determining the order of dissociation of ribo-
some-mRNA complex upon termination by constructing a
single-molecule translation system. The order is critical for
the following fates of ribosome, either re-initiation or for-
mation of 100S for stationary state, because initiation
requires dissociation of 70S while 100S formation requires
two undissociated 70S particles. In addition, we are trying
to make a functional SELEX for E. coli promoters.

Dupirs i 505 subunil is visaualized. | mANA & visualzed

bedond TANSABON

afer Fanalabon

Figure — After translation reaction, the mRNA remained for yellow
arrows, 50S subunit remained for white ones, and neither for sky blue
ones.

Susa, M., Kubori, T. and Shimamoto, N. (2006). A pathway branching
in transcription initiation in escherichia coli. Mol. Microbiol. 59,
1807-1817.

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

Shimamoto, N. (2003). Movements of RNA polymerase along DNA.
In Methods Enzymology: RNA polymerases and associated facrors,

Part C: Vol. 371, p50-70, Elsevier Science.

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.

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

WA B .(2005). F 2 XA F A 4 = v A4t
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D. Sc., Professor D. Ag., Assistant professor

#RH C. elegans DITENLHBRDHZFENZE

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

t M EGTCEMORBEO 101, MR EH VR
OEEZERUC LD, WY LTHEL2ZETLEI. %
 OITHNIFHEAL OB TR E 1, ZHOBEFOHIC
R HIA ENTOBIFT T AWFGEE T, #RE Caenorhab-
ditis elegans T ELE LT, BEFBED X D I1ATHIZH
WS 20%2MELTVE T, C elegansld, BBEFEOEN
TR E 2 72T <, 302 E 1o 1 o
WHCHETSE, S2MERIZKLIHLNTVET, ZOE
FreflA L, BRF iR R R T8 & v D
BRE BRI S 2 0053k 4 DB TS, BfE, Fx
BT OREIZOWTHIE 2T o TV d,
© G & A AR % A W 7258 O 28 SARIENT
© Rk | FIUE R 12 5 2 72 IR AT B 0 221k
O MPES) BRI B % FR A & U 72 BRI AL o 28 A5 22 1 1A
Hr
© 15 < fIriBRTREIC X B EATHE) « BRHE - R
{55 O HIEE
Bl e 7 VvAEYZMHEW, TEIOHIE 2 4 O
ey« pFURUVTHEBET S 2 L5, e hOfTEIE
WS DHERE 7: 2 BRI 2 LEZ2, ZOXOX
MEEIToTVWET,

Tg:tﬁﬁﬁﬁ Postdoc
EF|-IEEEF MOHRI-SHIOMI, Akiko

— #RHB C. elegans DIREZ B DRIEE, 88 (KBE ) DFE T T
BUERHIE, ALEVMEEEEIMEESNEZEZRET D,

Animals, including humans, sense environmental cues with

their nervous system and conduct appropriate behavior.

Many stereotyped behaviors must be formed during evolu-

tion and hence controlled by genes. We are studying 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

microscope and the complete neural circuitry is known.

Taking these advantages, we aim to elucidate the relation-

ship between genes, neurons, neural circuit and behavior.

Our present studies include:

® analysis of mutants in the learning with odorants and
food/starvation.

® analysis of behavioral changes after prolonged exposure
to “uncomfortable” stimuli.

® genetic analysis of sensory information processing as
assayed by the formation of dauer larvae.

® control of defecation behavior, growth, and sensory sig-
nals by fIr genes, which probably act in the intestine.

Assay for Olfactory Learning
pre-exposure (90 min) chemotaxis (60 min)

odorant in agar

+ food (E. coli)

N

N
L)
g~
solvent ~, nt
N

Lav]

Chemotaxis Index = (#A - #C) /#total X100 (%)

Figure — Assay of olfactory learning for the nematode C. elegans.
Enhancement of chemotaxis to an odorant is measured after pre-
exposure to the same odorant in the presence of food (E. coli).

Torayama, 1., Ishihara, T. and Katsura, 1. (2007). Caenorhabditis ele-
gans integrates the signals of butanone and food to enhance chemo-
taxis to butanone. J. Neurosci. 27, 741-750.

Yabe, T., Suzuki, N., Furukawa, T., Ishihara, T. and Katsura, I. (2005).
Multidrug resistance-associated protein MRP-1 regulates dauer dia-
pause by its export activity in Caenorhabditis elegans. Development
132, 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 /6,
1355-1365.

Miyahara, K., Suzuki, N., Ishihara, T., Tsuchiya, E. and Katsura, I.
(2004). TBX2/TBX3 transcriptional factor homologue controls olfac-
tory 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, 1. (2002). HEN-1, a novel protein with an LDL receptor
motif, regulates sensory integration and learning in Caenorhabditis
elegans. Cell 109, 639-649.
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Biomolecular Structure Laboratory

i

BARMER Shirakihara Group B wp

-

=k
BARRER Pk =
IR 2E Bh#k 18 (1)
SHIRAKIHARA, Yasuo ITO, Hiroshi

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

XiGERBRZEAVE=Y NI FBEF ORI

Mechanism-oriented protein structure determination by X-ray diffraction

WEEMZEDON GO RCHER R VISIE, F0%
HF (BHT) OMNEETIEL LT, EMEX2D
B2 B S F LN VCHET 272 0121%, FZC°f
&7 B dul & LT T O IARMERE O HIFE 2 E 5
TREEFRI T LT, B, HzX) I RaEA
LT Y NRZEDRENEILL B Z 2 f5EE{b %
BT LIk, EHBFOESOMET 22 &
HHELET,

WS TIX 2 D 72 » I X s s ErE 2 w3,
FERRITIE, TS TFBHIE L WA RS EED
9, RITZDOFEFITXIRE HCCRIPFTEREZFHL
o WARICEEREZ a2 v ¢ 2 — & — T L Carbis
EERELE T,

BUE, UTO0TORERIT2{To T T,

O F1-ATPase, ATP &k
o KIGH, FEIRFEIES R
o KIGHYlk « 79 X 3 RYELL v k7
DR RCATES
o Yeta ik & > 97 Kid
ORI NV E I F—X
ot bhuXTHERA VNI E

INLLIITHT BER R VST B, FREpE
REWEA OB 2 o TwES, S22 nboh
VAT D3FEHS I T B - 72 H KA F Fi-ATPase, B
EXBRATPAKBEL ENGEZNLTVET,

— F1-ATPase a3B3yeBAHO=RITHBiE, BH7 1=y MIHE
B, aF LY, yE, R TR IR, RILFFFEEREL e T2
ZybDaAVRA—=Ta, D,

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 Fi-ATPase,
ATP synthase, bacterial transcription factors, human tran-
scription factors, a chromosome relocator Kid, salt-tolerant
glutaminase. and centromere proteins. Some of those tar-
gets have exhibited extreme difficulties.

Figure — A schematic representation of structure of a3B3ye com-
plex of F1-ATPase. B-subunits are shown in yellow, a-subunits red, y
cyan and € magenta. The structure shows a novel nucleotide occu-
pancy (one nucleotide bound B-subunit) and a novel conformation of
the e-subunit (‘up’ state).

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 a3f 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 prelimi-
nary X-ray diffraction studies on the DNA-binding domain of the
transciptional activator protein PhoB from Escherichia coli. Acta
Crystallogr. D58, 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 syn-
thesis mode by conformational rearrangement of e subunit in
response to proton motive force and ATP/ADP balance. J. Biol.

Chem. 278, 46840-46846.

Ttou, H., Okada, U., Suzuki, H., Yao, M., Wachi, M., Watanabe, N.,
Tanaka, L. (2005). The CGL2612 protein from Corynebacterium glu-
tamicum is a drug resitance-related transcriptional repressor. J. Biol.
Chem. 280, 38711-38719.

Maenaka, K., Fukushi, K., Aramaki, H., Shirakihara, Y. (2005).
Expression, crystallization and preliminary diffraction studies of the
Pseudomonas putida cytochrome P-450cam operon repressor CamR.
Acta Crystallogr. F61, 796-798.

Yoshimune, K., Shirakihara, Y., Shiratori, A., Wakayama, M., Chan-
tawannakul. P., Moriguchi, M. (2006). Crystal structure of a major
fragment of the salt-tolerant glutaminase from Micrococcus luteus
K-3. BioChem. Biophys. Res. Commun. 346, 1118-1124.
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Molecular and cellular mechanisms for neural network formation

FLE OATE) < EF I M ARER 12 B W CHRERIIE 23
GREBREERT 22 LI oTHR D ToTWE T, M
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FEMEL, MUTOHEICIYHATHE T,
> F TR ¥ F T AREE OB RER Y > TR

REOMEZHIH L CWAEAE %, BET ORI

BICX2BEEAI ) —=v 7352 LICEDEEL,

PR BRI 2 T o TV E T,

o MRETERL © A H S NTARERITIE U 7o i D Tk 2
JOPTHARERIBE O BRSIICEHE TH 2 Z LI LTV E
T FEIE, YaUYauNTOFEE . HETRTH
2 X/ afKOMREE I IR S B 0 E o R 2Efn
HKUENDHEET D Z LR RWZLE L, BEZD
BETHIEEE T LT T,

oI Y 7 VAR MIEN Y 7F VRERIT X 2
WO AP AN DOEBUIMRRZE OB L EHHR
TY, AL Z OIBFE OB T HIEERE 2B & 2z L
f20EFEZTOVET, BESMIEEZHWT, HWE
537 O EBR M BE S OB AR TS & AT L T w»
9,

1BLMFEE Postdoc

IINMRIEAR KOBAYASHI, Masatomo \LIEBE YAMADA, Takuma

B — 2avlauNIHRROFEFEICLIIRERK. ZR: HHED
B F/ 218 (R) EREZE (FR) A FEELTVS, AR HSEENHRERER (BR)
BAR: ST 7RO B FHEHETE,

Precise connectivity in neural networks is the basis for our

behavior and thought. We are studying genetic and cellular

mechanisms underlying neural connectivity in Drosophila

melanogaster, which shows variety of learning/memory or

other behaviors with a relatively simple nervous system. By

combination of molecular genetics and high-resolution

imaging analysis, we are tackling following issues.

® Synapse formation: We have identified proteins involved
in the establishment of synaptic specificity, by ectopic
gene-expression screening. Their molecular functions
are currently studied in detail.

® Neural lamina formation: Laminar structures are impor-
tant for the establishment of local neuronal circuits. We
have found that the lamina formation in Drosophila
mushroom bodies, a learning and memory center,
depends on the spatio-temporal changes in the expres-
sion of cell-adhesion molecules. We are studying their
gene regulatory mechanism.

® Signal transduction: Intracellular signaling that trans-
duces the external stimuli into electrical signals is one of
the important elements in neuronal signal transmission.
We are studying the genetic mechanism for the signal
transduction in photoreceptor neurons.

Figure — Drosophila nervous system stained with specific antibod-
ies. Left panel: Larval brain. Mushroom bodies (green) and optic lobes
(red) are highlighted. Right panel: Motoneuron terminal (green). Inset:
Electron micrograph of a synapse.

Xu, H., Lee, S.-J., Suzuki, E., Dugan K.D., Stoddars, A., Li, H.-S.,
Chodosh, L.A. and Montell, C. (2004). A lysosomal tetraspanin asso-
ciated with retinal degeneration identified via a genome-wide screen.
EMBO J. 23, 811-822.

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 I1. Development /29,
409-419.

Suzuki, E., Rose, D. and Chiba, A. (2000). The ultrastructural interac-

tions of identified pre- and postsynaptic cells during synaptic target
recognition in Drosophila embryos. J. Neurobiol. 42, 448-459.

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

AR Z AT (2004). FEERIE D T 5 b Witz > - 7 AT s . il
R 36, 66-69.

#K 2 A+, Ritzenthaler, S., Rose, D., T34 (2002). > F 72D
IRRERPGRIRIZ B 2V F T ABRMIILDOZEE): v av Y a v T
ThroleZ & WFMEE 37, 212-214.
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Laboratory for DNA Data Analysis
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D. Sc., Professor
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SUZUKI, Yoshiyuki
D. Sc., Associate Professor M. D., Ph. D., Assistant Professor

T/ LB T—5 L BEEFREANORI=-5FELE, EamiFHE

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

AWIRE T, EVWOBNMEELFBET 27031 2
LAY T AT 47 AEDTHNEDOW S OG0 6, FE
BREOTIFZE B & OB % W T BB B IR O T 247 o T
WE S, BEEDTWS B LHFZEHREIL
® il - MR DML 2R 9 2 720, ESTHECSIRE

EDNAF v 7AWl e R 7MEMEL 77 9 7K

TOIBRIZFFHBUEA OISR
® HEAYNI BT B Y ) LBREFHEROENL
o K EEETHAT O
® vV A VA DT
O HIETF I & A T IR O REXE DHEAL
® IED HIRMEIR o kD Bi %

O 7% &L DAARD 3 RICAIHULI A T — & X — R DR
O ) LAy NY—=Z LZDIEMRT T v kA — LR
LEPHY ET,

BT E 4HEMZCE Postdoc / Project Researcher
CLEMENTE, Jose C. FIWZFDF KINJO, Sonoko
CORNERQ, Andrea BAEE TAKAKU, Yasuharu
HUA, Ngoc-Phuc fAJI] & NAKAGAWA, So
HWANG, Jung-Shan BJ||Z50], HAYAKAWA, Shiho
SQUILLARIO, Margherita 2| BE{S uv, Qing-Xin

— SHRAMTLIEICRBHNESNBRIRE Y OL RS DI
BZEDBIEFRREFTND1-8, cDNAF v T=ER L 1=, ##EHHAD
CREMRLGEICERNICER TS 100@EM EOBEGFOREICHK
LTz ZDESC, HRRPRE SR TLDELHEIREZRH 57,
fBI=FSF V7, B, WIRARL ED cDNAF v THIERINT VS,

In order to understand the evolutionary mechanisms of liv-

ing organisms, we conduct both wet-lab experiments and

data analyses by use of genome sequences and gene

expression profiles. Currently ongoing research projects

are as follows:

® Gene expression profiling of planarian brains and hydra
neural cells to understand the evolution of brain and
neural systems.

® Comparative genomics of higher organisms to trace the
evolutionary process of genomes.

® [dentification of horizontal gene transfer by complete
genome comparisons of bacteria by grid computing.

® Molecular evolution of pathogenic viruses.

® Evolution of eye structures and their gene expression.

® Development of statistical methods for detecting posi-
tive selection.

@ 3D visualized and integrated database of biosystems.

® Construction of bio-platform for the genome network
project.

Figure — A Hydra cDNA chip is constructed to analyze the gene
expression of various cell types in Hydra. We have collected more
than 100 cell types specific genes including those express in nerve
and sensory cells. In addition, we also develop cDNA chips for pla-
narian, turnicate and cave fish to study the gene expression of ner-
vous system and visual system.

Hwang, J.S., Ohyanagi, H., Hayakawa, S., Osato, N., Nishimiya-Fuji-
sawa, C., Ikeo, K., David, C.N., Fujisawa, T. and Gojobori, T. (2007).
The evolutionary emergence of cell type-specific genes inferred from
the gene expression analysis of Hydra. Proc. Natl. Acad. Sci. USA.
104, 14735-14740.

Wang, H.Y., Chien, H.C., Osada, N., Hashimoto, K., Sugano, S.,
Gojobori, T., Chou, C.K., Tsai, S.F., Wu, C.I. and Shen, C.K. (2007).
Rate of Evolution in Brain-Expressed Genes in Humans and Other
Primates. PLoS Biology 5(2), el3.

Hotta, K., Mitsuhara, K., Takahashi, H., Inaba, K., Oka, K., Gojobori,
T. and Ikeo, K. (2007). A web-based interactive developmental table
for the ascidian Ciona intestinalis, including 3D real-image embryo
reconstructions: I. From fertilized egg to hatching larva. Dev. Dyn.

236(7), 1790-1805

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

Sasaki, T., Matsumoto, T., other 77 authors and Gojobori, T. (2002).
The genome sequence and structure of rice chromosome 1. Nature
420, 312-316.

Cebria, F., Kobayashi, C., Umesono, Y., Nakazawa, M., Mineta, K.,
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.
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FUKUCHI, Satoshi
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Bioinformatics based on the protein structure

RN BEEDOD DAMTEE %12 % D ek FC
T, TOES I ENFND X VN7 E2FEH OIMARKEE
PRFFT L Z L ORI, XTI EONEEEILT
IR L s TRESNE T, Fx DI NV—T T,
AR E S U722 v 7 BRSO FllEZ v
THFsS T, &7/ bEET /T —vavT—&AR—
A GTOP (http://spock.genes.nig.ac.jp/~genome/gtop.
html) %8z, FHEETRAWERY 2N, 777 —v 3
v/ FHEORSE, 7 b BRI E#E, FEOWME
ZfToTwEd, BIfE, BFEFHZEDOTVE X Vs
BEORKEMEEHO TR ATV ET,

— (A) BB RAGEFHRAEE (disorder) Db y>/30
BDGTOP 7T—49R—2AD T/ T—33 > N KIFOHEH DRI
(FL—DN=)ThHOHENZ, (B)BIER A VIZRODTRAES 0E
ASNi=4>/80E (Homma, K. et al. 2007 &Y),

Proteins are molecules whose functions are essential for activi-
ties in living organisms. They function only after folding into par-
ticular three-dimensional structures, which are determined by
the amino acid sequences. The problem of predicting the struc-
tures of proteins from the amino acid sequences has been diffi-
cult to untangle for a long time. Recent years have witnessed
great advancement in methods to predict the structures of pro-
teins through both increase in the number of determined struc-
tures and development of sensitive prediction programs. GTOP
(http://spock.genes.nig.ac.jp/~genome/gtop.html) is a database,
which stores annotation (prediction) of protein structures in the
all genome sequences available. Taking the GTOP database as
a basis, we are studying the comparative genomics and explor-
ing new methods to make genome annotation.

[le=T) + ENSG000001 62083
A
Swisa-Frot Androgen recepitor [Dikydrotestosterane racepio),
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§ . — i
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Figure — (A) A typical human protein with a long intrinsically disorder
region. The N-terminal half of the protein is assigned as disordered
(gray bar). (B) A human protein with a long disorder region inserted in
a structural domain.

Homma, K., Fukuchi, S., Nakamura, Y., Gojobori, T. and Nishikawa,
K. (2007). Gene Cluster Analysis Method Identifies Horizontally
Transferred Genes with High Reliability and Indicates that They Pro-
vide the Main Mechanism of Operon Gain in Eight Species of
{gamma}-Proteobacteria. Mol. Biol. Evol. 24, 805-813.

You, D.J., Fukuchi, S., Nishikawa, K., Koga, Y., Takano, K. and
Kanaya, S. (2007). Protein Thermostabilization Requires a Fine-tuned
Placement of Surface-charged Residues. J. Biochem. /42, 507-516.

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.

Homma, K., Fukuchi, S., Nakamura, Y., Gojobori, T. and Nishikawa,
K. (2006). Gene Cluster Analysis Method Identifies Horizontally
Transferred Genes with High Reliability and Indicates that They Pro-
vide the Main Mechanism of Operon Gain in Eight Species of
{gamma}-Proteobacteria. Mol. Biol. Evol. in press (Web advance
access).

Fukuchi, S. and Nishikawa, K. (2004). Estimation of the number of
authentic orphan genes in bacterial genomes. DNA Res. /7, 219-231.

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.
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Laboratory for Gene Function Research

SEEFRE Tateno Group
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EHES
FHEHRIR B8 Ph. D.

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

&5 F(DNAH NI H) DIBE L HEEDEL

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

A, V7 BOEREEEE T ) WA T — VTl
N, BEEY, WlE, RO 2 760 (tree
of life) #fEHE L7 (M), ZORMEIZ, Znb 34
RO DML 2 o 7RG T KPR, HEiE
FEME, BEFMELZEIZL), 2oHEGEIEo S
DHEETES LW ERFLTWS, FTz, HEIfbof
2R L H[FCDDBJ OFEHEZZETLTW5,

One of the research subjects in our group has been molec-
ular phylogeny of organisms. Recently, we took a new
approach in it. It was (1) to use genome-wide data of the
species in question and (2) to focus on the 3D structures of
the proteins of the species. For the latter we collected
information on domains of a protein from Pfam and SCOP,
and newly obtained the domain organization (DO) of the
protein. DO is an order of the domain arrangement specific
to a given protein. We assembled as many DOs as possi-
ble from the genome of a species, and constructed a tree
of life, which is the phylogenetic relationships of the three
super-kingdoms, the eukaryote, archaea and prokaryote.
For the construction we employed the neighbor-net
method (Bryant and Moulton, 2004). The result is given in
the attached figure. It shows that an early evolutionary
phase of the super-kingdoms is nebulous due to gene
transfer, gene duplication, gene gain, gene loss and others.
We also work for DDBJ with the other laboratories.

Bacteria

a-proteobacteria

Euryarchaeota actoria

Archaea

Fukami-Kobayashi, K., Minezaki, Y., Tateno, Y. and Nishikawa, K.
(2007). A tree of life based on protein domain organizations. Mol.
Biol. Evol. 24, 1181-1189.

Sugawara, H., Abe, T., Gojobori, T. and Tateno, Y. (2007). DDBJ
working on evaluation and classification of bacterial genes in
INSDC. Nucleic Acids Res. 35, D13-D15.

D. Field, G. Garrity, T. Gray, J. Selengut, P. Sterk, N. Thomson, T.
Tatusova, G. Cochrane, R. Kottmann, A.L. Lister, Y. Tateno, and R.
Vaughan (2007). eGenomics: Cataloguing our complete genome col-

lection III, Comp and Func Genomics 2007: ID 47304

Shin-1, T., Tanaka, Y., Tateno, Y. and Mizokami, M. (2008). Develop-
ment and public release of comprehensive Hepatitis virus database.
Hepatol Res. 38, 234-243.

Honda, H., Kataoka, F., Nagaoka, S., Kawai, Y., Kitazawa, K.,
Kimura, N., Taketomo, N., Yamazaki, Y., Tateno, Y. and Saito, T.
(2007). 3-galactosidase, phospho-f3-galactosidase and phospho-3- glu-
cosidase activities of lactobacilli strains. Lett. Appl. Microbiol. 45,
461-466.
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ERMFEE Sugawara Group

ERFH SR

HERIR Tig HERR I8
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EVEERBARICEDHSHERBOH L E A

EZRRDT—IN—RADEFRM

Research and development of biological databases for the new age

ARIFZEEIZNA A DEFIT BT 2 T2 XV I R E R TR
5% (Problem Solving Environment (PSE)) Df#ERIZHY
DEHATWES, THETIZ, BRTELNAT « 7—
R R—=ZARMTY 7 MU =T Tk A G THAFIET
&2 %) UPSEx BARMICHRHEL T & F LTz, AR,
Simple Object Access Protocol (SOAP) <° Representa-
tional State Transfer (REST) DFfifi % Bi{#E LT Web ¥ —
CRAPLZ BB LT, HEO/NA F IEHEIR O H AR
M (Interoperability) % fl# 3% Web API for Biology
(WABID) Z#IBLTWET,

F72, WS 2 b EAYSRRESE G EICEE LTS
WL E AN TFIEOMBLE LT, 7'/ AT —&_—
A GIB¥ ) —X (GIB-M, GIB-V, GIB-ENV, GIB-IS),
WAEMT 2 2L, 87T b a iz X 2B FME
X EEEENG LB /7 —vYavyT—&"—2
(GTPS) F$ft=, 7/ 1SRN Y — v G-InforBIO
< H AL E (SOM) & o & LEFIENT Y 7
b FEZHBLTVET,

¥, EFRIF2007T4E LG - DDBIAgt £ v X —
ELLT, FT—xizE oW —v 2BF (Evidence
BAsed Development (EBAD)) DB Z HIEL £ L 72,
72, B—=T v RV IZWET 0T LMERT T v b
72— LOEORKREE L LTEEILE LT,

1% E Postdoc
ARE— HOMMA, Keiichi Z|FEE MINEZAKI, Yoshiaki
1 UEK KWON, Yeon-Dae

B — NAAREFOTUFIVEEBRRERE SR AT U IVIERIEH
Web APITiiasn3

We have substantially enriched the biological information
resources (BIR) composed of databases and data analysis
tools. We have also improved the digital problem solving
environment (PSE) for biology composed of diverse bio-
logical information resources by introducing Web service
API (Web API).

The databases are composed of primary archival data-
bases and secondary derived databases. We designed the
large scale data processing system for the primary data-
base, namely, DDBJ. The databases of GIB, GIB-V and
GIB-IS are secondary databases that make users easy to
capture the data they need. GTPS is another type of sec-
ondary database that provides graded ORFs based on a
consistent and transparent protocol. As to the data analyti-
cal tools, we have developed InforBIO, G-InforBIO, OASYS
(Open Annotation SYStem) and SOM (Self-Organizing
Map) for taxonomy, phylogenetic analysis, genome anno-
tation and comparative genomics, and sequence data min-
ing.

In 2007, Professor Sugawara was the director of Center
for Information Biology and DNA Data Bank of Japan and
promoted evidence based development of DDBJ services.
He was the leader of the project of Information Platform in
the Targeted Protein Research Project.

Genome Information Broker (GIB)

G-InforBIO st ) i Tanpaku0fg

& posi| Bio_PSE

(Problem solving envimnmen‘l‘)

WFCC -MIRCEN World:
omcm‘m

%4 Web API for Bicinformatics (WABI)|

Figure — The digital problem solving environment for biology:
Diverse digital information resources are interconnected by Web APls

Sugawara, H., Ogasawara, O., Okubo, K., Gojobori, T. and Tateno, Y.
(2008). DDBJ with new system and face. Nucleic Acids Research 36,
D22-24.

Hirahata, M., Abe, T., Tanaka, N., Kuwana, Y., Shigemoto, Y.,
Miyazaki, S., Suzuki, Y. and Sugawara, H. (2007). Genome Informa-
tion Broker for Viruses (GIB-V): Database for comparative analysis
of virus genomes. Nucleic Acids Research 35, D339-D342.

Kosuge, T., Abe, T., Okido, T., Tanaka, N., Hirahata, M., Maruyama,
Y., Tomiki, A., Kurokawa, M., Himeno, R., Fukuchi, S., Miyazaki, S.,
Gojobori, T., Tateno, Y. and Sugawara, H. (2006). Exploration and
grading of possible genes in 183 bacterial strains by a common fine
protocol lead to new genes: Gene Trek in Prokaryote Space (GTPS).
DNA Research /3, 245-254.

Tanaka, N., Abe, T., Miyazaki, S. and Sugawara, H. (2006). G-Infor-
BIO: Integrated system for microbial genomics. BMC Bioinformat-
ics 7, 368.

Riley, M., Abe, T., Arnaud, B.M., Berlyn, M., Blattner, R.F., Chaud-
huri, R.R., Glasner, D.J., Horiuchi, T., Keseler, M.1., Kosuge, T., Mori,
H., Perna, T.N., Plunkett, G., Rudd, E.K., Serres, H.M., Thomas, H.G.,
Thomson, R.H., Wishart, D. and Wanner, L.B. (2006). Escherichia
coli K-12: a cooperatively developed annotation snapshot-2005.
Nucleic Acids Research 34, 1-9.

Abe, T., Sugawara, H., Kanaya, S., Kinouchi, M. and Ikemura, T.
(2006). A large-scale Self-Organizing Map (SOM) unveils sequence
characteristics of a wide range of eukaryote genomes. Gene 365,
27-34.
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Laboratory for Gene-Expression Analysis
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OKUBO, Kousaku
M. D., Ph. D., Professor

OGASAWARA, Osamu
D. Sc., Assistant Professor

AARFFRE Okubo Group
-

T/ LA FGERELISDOMEFER

Knowledge discovery through genome-wide measurements

77 LR L RRIHBIIEIC X 5, BEERTROME
fbEZaIc SRR TH 5, B L ITBEBFHRIRE N
ZIBWETY, D007 TY) —ORNT—X B &
CHIR T — 2 OB A %17 o T MEETHOME &40
BARTED TS,

o i FRIVER | BETFREHIEEFOREIZHMEF
BHRYTHY, FTMITHMOREZH L F0302) T
H2. WIRNATY 7a4ME—=nAT7Y RT-PCR
IR D E LT 7 LRERRITIZESTIE, <A
a7 vA DB LT, ESTUUEZ IR THIBUER &
QLB A 72 IR 2 5t < BodyMap (http://bodymap.
jp) DOHMERF & FTT2ITHIFE U 72 IAFLPIEIC & 2 B EEE
BREBL T PRORVADMNIVAZ Y T =20
PRI CORE F—2ERAHEToTW
% (http://okubolab.genes.nig.ac.jp/bodymap i), ¥ —
7 — R D EEFIFEE, EST, <A 27uryvA, ¥ A
TR =2

O R T — XN 1 UL T — & 2> 5 ORI R
T—=Z b DRE YO RIS Tz v OB
DGR ZEB LRI X > TR D ILD, 2DfTRE
7 VA =TT D Rl Tk & TARETERIIT I 2. C,
EFEHZ B A TS 23R —BOB— O S T
W3, ¥—7—F:Fvihov—, HEHREE HRS
FRALTH

— BodyMap-Xs(cross species) 3B 5T DHEIF 2 DEELLE
D=ODT—IN—ATH D, NEFHAH OB DT-HIZBFLT-
70J54L12&Y DDBJ OEWIHREST 7 —4 % g n 8L =D T
H%.

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.c 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 transcrip-
tome data have been generated. A large collection of fragmen-
tary cDNA sequences and genome-wide gene expression pat-
tern using parallel hybridization of thousands of cDNA probes
are examples. In these data, every transcript has ID which
enables compilation of different data set and makes character-
ization of individual gene, as well as mass mRNA, possible.
After this cleansing step, entire data is analyzed for higher order
structure using statistical technique and then local data struc-
tures are interpreted for domain specific knowledge.
Within such a context, ongoing projects in our group are as
follows:
® BodyMap and iAFLP: As an expansion of the world-first gene
expression database BodyMap (http://bodymap.jp), we are
collecting gene expression data for human and mouse with
newly developed technique iAFLP (http://okubolab.genes.nig.
ac.jp/bodymap_i).
® Machine interpretation of genome-wide measurement data
(BOB): Construction of a system for automatic recruitment of
biomedical knowledge and machine interpretation of
genome-wide measurement data.

B senie % il Y SEE Y smns Y
‘EED‘&"MAFES ;
. = ey
Bl 1 s —— RN | T, S P S—
fetuki B iy et | " e P
R B_IR B8 -A0-JL0l L RR-RN_ 81 )
AR wvnprw bl opETey W oEmime e L
raws W D L DY O LLLAY R A WELd o AR,
e LU G o UuDiad WSS EDE 56 — eSS S s
i ) 2 i EEs R Ea 0w ME= mF2 R [*]}
b i Bl  map P - L
2. il USRI RN aE SN RN ] R S SN R
[ TR L ERE M BNy B
hmanury LN LB ) d =3 Dk 1] LiLd L
S UEEEE LS u O | O M |- 1
Lo N - - L k] =1
| o i 5 Bl | RO TG il
-
I el = HEE |
L = L4 i A LEmw el | =3} ame
omdew QU0 EDNGE N oard 10w  ERU GEETE Rl
Al U 01 i L RO i CTHEL BT | sme | Saked el

Figure — BodyMap-Xs (cross species) is a database for cross-spe-
cies gene expression compariosn. It was created by the anatomical
breakdown of the latest animal EST records in DDBJ using a sorting
program tailored for this purpose.

Sugawara, H., Ogasawara, O., Okubo, K., Gojobori, T. and Tateno,
Y. (2008). DDBJ with new system and face. Nucleic Acids Res. 36,
D22-24.

Hoshino, H., Uchida, T., Otsuki, T., Kawamoto, S., Okubo, K.,
Takeichi, M. and Chisaka, O. Cornichon-like Protein Facilitates
Secretion of HB-EGF and Regulates Proper Development of Cranial
Nerves. Molecular Biology of the Cell 2007 Apr Vol.18, D1143-1152.

Ogasawara, O., Otsuji, M., Watanabe, K., lizuka, T., Tamura, T.,
Hishiki, T., Kawamoto, S. and Okubo, K. (2006). BodyMap-Xs: ana-
tomical 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 submis-
sions. 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. Meth-
ods Mol. Biol. 293, 209-219.
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ISSHIKI, Takako
D. Sc., Associate Professor
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Temporal specification of neural cell fates within neural stem cell lineages

TEFHEOBE T, SEEETHESIEL WL A L
AT D a— NIt THEAEL LI ) ¥ A, L
L, EQOEIUDTFAI=RLITE > TRL LR H
faOL D EENDZ T, WERRBLEALL KRS
TWVWE Y, REEIHIREEZREL TS YR T LD
REHI & LT, —flHORRRERARID A2 4 2 iR IE % 3
FEHNCHES N EFE TR L L) T HEsH 1T o h
T, BAEIE, Z 9 L 7AERERHIE O TR R AR
IZOWT, ¥avYa v NIRRT FNIIHT
BEEW MR EED TVE T,

¥ avYa Uy NNTHIRMRER TIE, £ ToMRtEsE
PHLBOIRER Ty b EEXFEH L CwE 9, Th
LOEER T, MRz b0, S oI TR
MfoMEEEZREL TR, FEIE, oty MIE
F N TV BEER T O FBFIE L HEREEIT 2 R 2302 D &
LC, fiEpiigo REEEOFICE ) flA TV E T,
7, FNFROEYIID o TR IR END T2
120, ARSI, AR — K, FKokSSITH o
2O ZAEAR ST EL D T84, i
MRS MM TR L, 5 LIHRIEo o
HWEVWIHIZHHER LTI R EDTVWET,

1BLMFE Postdoc
i‘_l‘ ?E‘[‘f_'-‘, TSUJI, Takuya

B — (A)FRENHICE 1T 255 E ORI (R) . Z DR, HiE
HHIRRISABENGEER T (R, 5) 2HR T2, (B) RERMO—
Bl DR E R () L2 OFHREE(R)

Generation of multiple cell types during embryogenesis
should be orchestrated temporally for development of
organisms. Yet we still know relatively little about how dif-
ferent cell fates are generated over time. Neural stem cells
often generate diverse neurons and glia in stereotyped
order, and the cell fate of a neuron/glia is tightly linked to its
birth order within a stem cell lineage. Our group aims to
elucidate the molecular mechanisms of temporal specifica-
tion of neural cells within a lineage by using the Drosophila
CNS as a model system.

Nearly all of Drosophila neural stem cells, called neuro-
blasts, sequentially express a set of the transcription fac-
tors, which specify temporal cell fates of neuroblasts and
their progeny, over time. The finding of such factors raised
many further questions: For example, 1. What mechanisms
regulate the expression of the transcription factors? 2. How
do the transcription factors specify temporal fate? 3. Do
the factors also regulate the size of the CNS by controlling
timing of quiescence of neuroblast? By addressing these
questions, we are now getting better understanding of the
machinery for controlling development of neural stem cell
lineages.

Figure — (A) Neuroblasts (NBs) at early stage labeled with a marker
for specific NB lineages (red). NBs are expressing the transcription
factors (green, blue) specifying early-born cell fates. (B) A single NB
lineage at late stage containing a parental NB (magenta) and its prog-
eny (green).

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 vind 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

EARHFRE Emoto Group

P

BANE
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EMOTO, Kazuo

D. Pharm., Associate Professor

Ry MI—O DR S - TR EZFHITS 5 FREE

Genetic and epigenetic control of neural wiring

FIEDORNTIE, 1,000EEd D=2 —n >, KL
BPIRZEHE & v ) R - BEREMIC R 4 2 2 oMt %
EHITRMT 22 EICE DAy Py =2 2R L TV
To Z2DXD TBEFWEHRZ AL T B 2I1T1E, =2 —
oy HEBEOBEEERIZ T CREIATLTH Y, SR
Brb52 b4 LEMBMEFHT2LELD D
ES N

KFEETIE, Yav Vs NN FEPERTET IV
LT, =a—u vt oFEREHEL, 207
v N7y b ELTIELWERMCHEE) 2 5 B igee 2
DIEE TV T - BEEBEZPHL I LTz wEEZ
TWwWEd, BEWIZE, ATOMEEToTVwET,

o BR IS O AVER 2 3 2 LA OTRE 2 H =

WA
® {FE AT RAFIN 20 Z BRI D Tl A 0 = R I
O ZHEHNIZ 33 1) B2 MPIRZEHE D IBIRUIBR B & O° %2 DF4A

A=K A

1B+ MFE Postdoc
HEDHF KUMAGAI, Makiko #%)Il EE MORIKAWA, Rei
Lk IE—ER YASUNAGA, Kei-ichiro EFF=E KANAMORI, Takahiro
TH i KANAIL Makoto

—EE(A)ﬁid)@?%”.:l—ﬂ‘/t:GFP%%iﬁéﬁ‘f:’/a'ﬁ’)a'ﬁl\‘
T4,

(B)BE——a—O s fEEH =L VERER/ 9—2,
(C)BE—RE = 1—0O> OEZRFKER,

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 1011 neurons linked by over 1014 synaptic con-
nections between two structurally and functionally different
neurites, axons and dendrites. Precise pattering of den-
drites as well as axons is essential for correct wiring and
function of neural circuits. We combine fly genetics, imag-
ing, and biochemical approaches to investigate the inter-
play between genetic and epigenetic control of neural
morphogenesis, and deduce the functional importance of
these regulatory systems in disease etiology. In particular,
we focus our researches on genetic and molecular regula-
tion of dendritic patterning, maintenance, and plasticity in
Drosophila PNS neurons. Current ongoing projects are:

® Dendritic field formation by repulsive interations between

homophilic dendrites.
® Sensory-evoked remodeling of dendritic structures.
® Pruning and reconstruction of dendritic branches during
metamorphosis.

Figure — (A) The third instar larvae with GFP reporter in a sunset of
SEensory neurons.

(B) The Dendrite arborization pattern of the sensory neurons in a sin-
gle-cell resolution.

(C) The axon terminal of the sensory neurons at the ventral nerve
cord.

Parrish, J. Z., Emoto, K., Jan, L.Y. and Jan, Y.N. (2007). Polycomb
genes interact with the tumor suppressor hippo and warts in the
maintenance of Drosophila sensory neuron dendrites. Genes Dev. 21/,
956-972.

Soba, P, Zhu, S., Emoto, K., Younger, S., Yang, S.J., Yu, HH., Lee, T.,
Jan, L.Y. and Jan, Y.N. (2007). Drosophila sensory neurons require
Dscam for dendrite self avoidance and proper dendritic organization.
Neuron 54, 403-416.

Emoto, K., Parrish, J.Z., Jan, L. and Jan, Y.N. (2006). The tumour
suppressor Hippo acts with the NDR kinases in dendritic tiling and
maintenance. Nature 443, 210-213.

Emoto, K., Inadome, H., Kanaho, Y., Narumiya, S. and Umeda, M.
(2005). Local change of phospholipid composition at the cleavage
furrow is essential for completion of cytokinesis. J. Biol. Chem. 280,
37901-37907.

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 Tri-
cornered-kinase/Furry signaling pathway in Drosophila sensory neu-
rons. Cell 119, 245-256.

FEAFIE (2007). = 2 — 1 IFWHI LT HEA OS24 2 115
L, TN EHER ST 2000 ? BAHEKIEREE 54, 842-852.
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Cell Architecture Laboratory
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D. Sc., Associate Professor
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Toward understanding design principles and mechanical bases of the architecture of the cell
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BlZbl 2= 270 WEOFEABEL B EMBHD,
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1BLMFE Postdoc

/NMLUZES KOYAMA, Hiroshi AT KIMURA, Kenji
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The cell is a highly organized architecture that, inside the
cell, organelles and the cell division plane are positioned in
the right place at the right time. Our group is searching for
design principles in spatial organization of cell architecture,
and analyzing mechanical bases underlying the principles.
We are using the nematode Caenorhabditis elegans
embryo as a model system (Fig. A). In addition to molecu-
lar biology approaches, we use computational approaches
such as image processing (Fig. B), quantitative measure-
ment (Fig. C), and computer simulation (Fig. D).

Our research subjects include,

® Centrosome positioning (Fig. D)

® Cytokinesis (Fig. B)

® Cytoplasmic flow (Fig. C)

Figure — (A) A Caenorhabditis elegans embryo. (B) An example of
image processing (morphology of cell membrane). (C) An example of
quantitative measurement (movement of an intracellular granule).
(D) An example of computer simulation (segregation of the cen-
trosomes during cell division).

Kimura, A. and Onami, S. (2007). Local cortical pulling-force repres-
sion switches centrosomal centration and posterior displacement in C.
elegans. Journal of Cell Biology 179, 1347-1354.

ARAFBE, KPS — (2006). I v ¥ a—& v IaL—vavEFL
TREDRLIE D XA F 3 7 AEHT . BIVEAERERESR 51, 2172-2179.

Kimura, A. and Onami, S. (2005). Computer simulations and image

processing reveal length-dependent pulling force as the primary
mechanism for C. elegans male pronuclear migration. Developmen-
tal Cell 8, 765-775.

Kimura, A. and Horikoshi, M. (2004). Partition of distinct chromo-
somal regions: Negotiable border and Fixed border. Genes to Cells 9,
499-508.
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SEER[E1S http://www.nig.ac.jp/labs/ExpFarm/jweb/jtop/jlab.html

Experimental Farm

B4 FiHF=E Nonomura Group
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NONOMURA, Ken-ichi
D. Ag., Associate Professor
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Molecular cytogenetics of plant germ-cell development
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$5{EFHFE Project Researcher
SIEFEE TAKASHIMA, Kazuya
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The primordial plant germ cell develops within the primordia of
stamen (male) and pistil (female) after the establishment of
flower organs in the angiosperm. The primordial germ cells
mitotically divide several times, and generate the meiocytes and
the nurse cells. Meiosis is the essence of genetics, because it
generates a new gene combination different from that of par-
ents.
We have identified several rice genes relating to germ-cell
development and meiosis using seed-sterile mutants. The Plant
Genetics lab and we have organized the germplasm center of
wild relatives and local varieties of rice, under the funding sup-
port of the National Bioresource Project, Japan (NBRP). On the
basis of these plant materials, we will try the following subjects
and analyses;
® [dentification of new rice mutants and genes relating to sex-
ual reproduction.

® Genetic regulatory system of germ-cell initiation to meiosis.

® Meiotic chromosome kinetics.

® Meiotic aberration in F1 hybrids between cultivated rice and
wild relatives.

[ ‘ & ; & : X It L
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Figure — A section of the rice flower. The MELT gene, discovered in
our lab., specifically expresses within primordial germ cells and
sporogenous mother cells, which subsequently undergo meiosis, in
developing anther and ovule.

i

Nonomura, K.I., Morohoshi, A., Nakano, M., Eiguchi M., Miyao A.,
Hirochika, H. and Kurata, N. (2007). A germ cell-specific gene of
ARGONAUTE family is essential for the progression of premeiotic
mitosis and meiosis during sporogenesis in rice. Plant Cell /9,
2583-2594.

Miyabayashi, T., Nonomura, K.I., Morishima, H. and Kurata, N.
(2007). Genome size of twenty wild Oryza Species determined by
flow cytometric and chromosome analyses. Breed. Sci. 57, 73-78.

Nonomura, K.I., Nakano, M., Eiguchi, M., Suzuki, T. and Kurata, N.
(2006). PAIR2 is essential for homologous chromosome synapsis in
rice meiosis I. J. Cell Sci. 179, 217-225.

Nonomura K.I., Nakano, M., Fukuda, T., Eiguchi, M., Miyao, A.,
Hirochika, H. and Kurata, N. (2004). The novel gene HOMOLO-

GOUS PAIRING ABERRATION IN RICE MEIOSIS I ofrice
encodes a putative coiled-coil protein required for homologous chro-
mosome pairing in meiosis. Plant Cell /6, 1008-1020.

Nonomura K.I., Nakano, M., Murata, K., Miyoshi, K., Eiguchi, M.,,
Miyao, A., Hirochika, H. and Kurata, N. (2004). The insertional
mutation of rice PA/R2 gene, the ortholog of Arabidopsis ASY1,
caused a defect in homologous chromosome pairing in meiosis. Mol.
Gen. Genom. 271/, 121-129.

Nonomura K.I., Miyoshi, K., Eiguchi, M., Suzuki, T., Miyao, A.,
Hirochika, H. and Kurata, N. (2003). The MSPI gene is necessary to
restrict the number of cells entering into male and female sporogene-
sisand to initiate anther wall formation inrice. Plant Cell /5,
1728-1739.
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Intellectual Property Unit

KIRYEAEE Intellectual Property Unit
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SUZUKI, Mutsuaki
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Communicate research findings at NIG with the outer world
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International competition over innovative creation is intensi-
fying in the present worldwide current of countries fighting
for their prosperity by trying to become leaders in the fields
of intellectual property, science and technology. Amidst this
current, the strengthening of foundational research in the
life sciences is, needless to say, an absolute necessity for
the development of science and the continued production
of innovation.

The mission of the Intellectual Property Unit is the iden-
tification, protection, and utilization of intellectual property
produced by the National Institute of Genetics (NIG). For
many, the words "intellectual property" brings to mind only
patents, but intellectual property is born of human knowl-
edge, and in that sense all research results produced by
the Institute are intellectual property. To put it another way,
the mission of the Intellectual Property Unit is to effectively
come up with and implement strategies to utilize research
results produced by the Institute.

We take the seeds of science and technology, some-
times apply for patents, Sometimes manage and transfer
as appropriate those seeds as material assets, and some-
times are entrusted with them. Furthermore, in addition to
making the link between fundamental research and appli-
cable or practical research as quickly as possible, it is also
important to establish a structure in which it is easy to pro-
ceed with fundamental research itself.With the immediate
goal of establishing a system to effectively communicate
knowledge from NIG to universities and society at large,
the Intellectual Property Unit is examining ways to come up
with and implement strategies to utilize research results
produced by the Institute. The Office also considers it its
mission to contribute to the advancement of fundamental
science by aiming to produce innovation with research
results from NIG.
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The Bio-diversity Research Project
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Transdisciplinary Research Integration Center
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Genome divergence
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Comparative analysis of bio-diversity is a suitable way to understand complex system of life. The National Institute of
Genetics (NIG) has unique collections of natural populations-derived bioresources, such as rice and mouse strains. “The
Bio-diversity Research Project” aims to exploit these resources to build up novel methods for numerical measurement of
phenotypes by statistical modeling and bio-imaging techniques, as combined efforts of The Institute of Statistical Mathe-
matics, The National Institute of Informatics, NIG and several universities that join this project. We employ the developed
methods for a large-scale phenotyping of the resources. The obtained data sets are further used to identify gene(s) and
gene-networks underlying the phenotypes by means of elaborate statistical methods.

BIRFATHZE L TLS XY /\— Members at NIG

$E ST Assoc. Prof. HI[ET2EZ YANAGIHARA, Katsuhiko
YHEMEZIZ Assoc. Prof. EE12%N&k BABA, Tomoya

WERERATLTOITIM
Environmental and Genetical Approach for Life on Earth (EAGLE)
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http://polaris.nipr.ac.jp/”EAGLE/index.html

Step 1. Single Cell Isolation (Laser _Microdissection

HERBREE L TS B OM AR 28~ 2 2 L3, EYo
ER LTS ECIERICEE TS, 207Dt
WE D HHE £ TOHIRERIE O LB DT 7 — & & Z R
ICER L COTAEMFNET T — 2 Z@E L, Bl L

Bacterial single
cell isolation by
laser beam cutting
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Genome (DNA) Analysis
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Figure — Technology for DNA Analysis from Single Cell

The interaction between life and the surrounding environment should have great impact on the evolution and diversity of
life. “Environmental and Genetical Approach for Life on Earth (EAGLE)” project integrates researches on geoscience, bio-
science and informatics in order to understand the life system on the earth. The Transdisciplinary Research Integration
Center is responsible for EAGLE project, collaborating with National Institute of Polar Research, the National Institute of
Genetics, the Institute of Statistical Mathematics and the National Institute of Informatics, and several universities. We are
currently developing genome analysis technologies for single cell of microorganisms, which is involved in the ice core on
the Antarctic, estimated about 800,000 year’s old.
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D DBJ
), DNA Data Bank of Japan

HBZAADNAT—4/\> O DR—LR—
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 Genetics (NIG) with the endorsement of the Ministry of
Education, Science, Sport and Culture. From the beginning, DDBJ has been function-
ing 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 Biology 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 internationally recognized acces-
sion 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.

Sugawara, H., Ogasawara, O., Okubo, K., Gojobori, T. and Tateno, Y. (2008). DDBJ with
new system and face. Nucleic Acids Res. 36, D22-D24.

Sugawara, H., Abe, T., Gojobori, T. and Tateno, Y. (2007). DDBJ working on evaluation
and classification of bacterial genes in INSDC. Nucleic Acids Res. 35, D13-D15.

Hirahata, M., Abe, T., Tanaka, N., Kuwana, Y., Shigemoto, Y., Miyazaki, S., Suzuki, Y. and
Sugawara, H. (2007). Genome Information Broker for Viruses (GIB-V): database for
comparative analysis of virus genomes. Nucleic Acids Res. 35, D339-D342.

Tanaka, N., Uchino, M., Miyazaki, S. and Sugawara, H. (2007). Identification of discrimi-
native characteristics for clusters from biologic data with InforBIO software. BMC Bio-
informatics 8, 281.

Homma, K., Fukuchi, S., Nakamura, Y., Gojobori, T. and Nishikawa, K. (2007). Gene
cluster analysis method identifies horizontally transferred genes with high reliability and
indicates that they provide the main mechanism of operon gain in 8 species of gamma-
Proteobacteria. Mol. Biol. Evol. 24(3), 805-813.

Cochrane, G., Bates, K., Apweiler, R., Tateno, Y., Mashima, J., Kosuge, T., Mizrachi, L.K.,
Schafer, S. and Fetchko, M. (2006). Evidence standards in experimental and inferential
INSDC Third Party Annotation data. OMICS /0, 105-113.

Kosuge, T., Abe, T., Okido, T., Tanaka, N., Hirahata, M., Maruyama, Y., Mashima, J.,
Tomiki, A., Kurokawa, M., Himeno, R., Fukuchi, S., Miyazaki, S., Gojobori, T., Tateno, Y.
and Sugawara H. (2006). Exploration and Grading of Possible Genes from 183 Bacterial
Strains by a Common Protocol to Identification of New Genes: Gene Trek in Prokaryote
Space (GTPS). DNA Res. /3, 245-254.

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

Takeda, J., Suzuki, Y., Nakao, M., Barrero, R.A., Koyanagi, K.O., Jin, L., Motono, C.,
Hata, H., Isogai, T., Nagai, K., Otsuki, T., Kuryshev, V., Shionyu, M., Yura, K., Go, M.,
Thierry-Mieg, J., Thierry-Mieg, D., Wiemann, S., Nomura, N., Sugano, S., Gojobori, T.
and Imanishi, T. (2006). Large-scale identification and characterization of alternative
splicing variants of human gene transcripts using 56,419 completely sequenced and man-
ually annotated full-length cDNAs. Nucleic Acids Res. 34, 3917-3928.

RTRB BERR
TATENO, Yoshio

‘.'

FEERR T 1%
SAITOU, Naruya

SHE—RE EHIR
IKEO, Kazuho

fEiEStS BhEg
FUKUCHI, Satoshi

OGASAWARA, Osamu

a Bank of Jap



BIZERT—IN—RAE)Y—-ADREY—ER
Materials and Information Services of Genetic Resources
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® The Center for Genetic Resource Information was established in 1998 aimed for collecting and providing BioResource informa-
tion indispensable for life science study. We have constructed a variety of resource databases and opened them to the public in
collaboration with resource centers in Japan. This center also has been playing an important role as a center of the National
BioResource Project started in 2002.

® The Genetic Strains Research Center has taken responsibility for developing forefront bioresources, preservation, and distribu-
tion of established bioresources of various organisms including E. coli, Rice, Mouse, and Drosophila.

Under the NIG, laboratories outside the GSRC are also engaging in bioresource programs such as C. elegans, Hydra and
Zebrafish.
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@ molossinus.lab.nig.ac.jp/msmdb/ www.nig.ac.jp/labs/DevGen/segmentation/ S —

@ EEHOY YRR ® EIEHOE R SRR © EEHOLTF74yY21REF IV A=y TRE
NIG Mouse Genetic Resources Hydra Genetic Resources Zebrafish Gene trap & enhancer trap DB
@ VYRZBETF—HR—2 ® FyarmAF)y=-270Yy MERLEYA b A RBET—I =2
Mouse Polymorphism DB National BioResource Project HP Integrated Rice Science Database
@ HBHEDZIAREK @ BEHOTa T avNIRE O EBIEHOKEBEEYY—2R
Japan Mouse/Rat Strain Resources Database NIG Fly Stocks NBRP E.coli Strain
@ < ARMESNP &R avyauNI-FHERELERE
NIG Mouse Genome Database Asian Distribution Center for Segmentation Antibodies
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Public education and awareness of genetics

BIzZEFIGVE

Cyber Museum of Genetics

http://www.nig.ac.jp/museum/
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International Activities

E Bﬁﬁiﬁ International Activities

@B%%%%@Iﬁ International meeting promoted by NIG

20084E 3 H27, 28HITEMEHIEERY VRO Y LADHE « — VBBV TS I LT,
NIG International meeting was held on 27th and 28th March 2008 in Hitotsubashi, Tokyo.

oI VRIILHFA NIV Meeting Title
7 LELDOMERDSERERTE ZIRD

New Insight of Genomic Evolution into Fundamental Life Activities

e £18  Location
3B27HWN WI/KE=EE Josui Kaikan on 27 Thu.
P8H®) [ERIIEERZFEFFLFT  National Institute of Informatics on 28 Fri.

@ X Organizer EEVRRES
ELETFMRFRR - RRIEKXRF e hllﬂﬁf:"':-lill 1

National Institute of Genetics and Tokyo Institute of Technology

OB HER Speakers
Masatoshi NEI (Pennsylvania State University)
Shozo YOKOYAMA (Emory University)
Sudhir KUMAR (Arizona State University)
George ZHANG (University of Michigan)
Chung-I WU (University of Chicago)
Norihiro OKADA (Tokyo Institute of Technology)
Takashi GOJOBORI (National Institute of Genetics)
Naruya SAITOU (National Institute of Genetics)
and more.

NEAHRRE DZ (T AN Admission of foreign scientists

K&/ 7OV 04 - tH3RE /FRE Name / Project, Subjest title / Affilication
TIST 4 v alRICHITSEERGENEEHENEZ 21— O VR AERR LTI
Activity-dependent development of spinal interneurons in the zebrafish embryo  Division of Molecular and Developmental Biology

BROHERERANRICHI 2EERFRNT-1 £ ZDRERET BRO-1\DRHNRF DR

Max Suster

Rachael Ann Nimmo Investigating the direct downstream targets of the Runx transcription factor RNT-1 and its binding %ﬁﬁfﬁfﬁfﬁgz‘fmw
partner BRO-1 in controlling stem cell proliferation and self-renewal in C. elegans
Sudhir Kumar 1B F RGBT EDRF SBIEF AT
Development of a new method for phylogenetic analysis Laboratory for Gene Function Research
David A. Blizard N U2 DKREIBHRILEDR R ZE CFES 9 2B ER DB T ABRARE
. Analysis of genetic factors associated with strain difference in gustatory phenotypes Mouse Genomics Resource Laboratory
Kirill Krvukov ZEEMATE [E BT LAy D=8 AT AOBE] EEIERATARE
ry Development of Genome Network Platform Laboratory for DNA Data Analysis
2 BE ZEMAT (BT ARy bD =B AT ADOEE] ERIBRAMHFRE
= Development of Genome Network Platform Laboratory for DNA Data Analysis
TEEMTT [T LRy ST—JIB8RY 2T LDBE] BIRIEHAHARE
@ B EIRIB pan
Andrea Cornero Development of Genome Network Platform Laboratory for DNA Data Analysis
. o REEATE [E BT ARy D=8 AT ADEBE] SBARBEANHFE
s B BIBR 7.
Margherita Squillario Development of Genome Network Platform Laboratory for DNA Data Analysis
FEEMTE [T LRy ST —JIB8RY AT LOBE] ERBRAMHAFE
A EInB U
Jung-Shan Hwang Development of Genome Network Platform Laboratory for DNA Data Analysis
& =0 MEMAERDE (SRIHEMR) BIRERZXX2IONF VYA FTIIR]  mEsEmRes
Chromatin dynamics underlying cellular memory Division of Gene Expression
Jose Clemente ZEMAT (BT ARy bD =B AT ADOEE] EEIBRAMFE
Development of Genome Network Platform Laboratory for DNA Data Analysis
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of Genetics
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BORELHY T, BLSMEECAEERE 2FHOMREDH 2 AIEL
BREBREBICAZTEZT,

http://www.nig.ac.jp/jimu/soken/index-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 bachelor’s degree or
equivalent are eligible to apply to our 5-year PhD program. Those with a Mas-
ter’s degree or two years of research experience after obtaining bachelor’s
degree can enroll in our 3-year PhD program. Highly qualified students are eli-
gible to receive a stipend from the Japanese government.

Our graduate programs provide interdisciplinary education with frequent
seminars, journal clubs, and workshops on scientific writing and presentation.
NIG has about 35 research groups, each headed by a professor or an associate
professor who leads innovative research programs in a highly interactive atmo-
sphere. 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 exten-
sive 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, develop-
ment, neurosciences, evolution, structural biology, and bioinformatics.

For more information please visit the web site of our graduate program:
http://www.nig.ac.jp/jimu/soken/index-e.html
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Department of Genetics, SOKENDAI / Hosting scientists from other institutions

B\

&

ZHEEZTVWBEAAN]

RERERE - (FBRAZE r'

BEHFCREREEDTOD [ERBAE T 7T 4]
FEMBLTCOET, 1— 280, BEEMOmEIREEIHA
F DiAA, FEBr, kI F—2M, BIFKRAE L ORWS,
BRICIIEREBLR L, BIELSADTurI0T,
BEFCOREAEE L EIBRT 2 T2 23, I |
EIHEILRE L LB ENE T, 20074EEH» 1%, ¥
G & DFEE S IFIT LT A >~ & — B (NIGINTERN)
HIEO E LTz,

-
BEZFEROREGEE X, THLLHRE] 0BFREHEELTVES, Lal, ZoBRERENTHE
RECHRELTHARERFIZ T TERTE 2L TRED ) F¥A. REEELEH, ML zvworAB

Bz s b A LD, BOEMNITET 2 2 L BBRETY, BEFERICHIRZR- N5, 3135
K% b OFREOHBICHEEEK T - TAH T3 W,

SOKENDAI - ]‘ﬁ{f?%l& DVD Promotional Video of the NIG Graduate Program
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We have produced a DVD video to introduce the activ-
ities at the Department of Genetics, SOKENDAI. The video
includes an overview of the graduate program and research
activities at the National Institute of Genetics. The DVD (in
Japanese) can be obtained free of charge by contacting the
general affairs section (info-soken@lab.nig.ac.jp).
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NIG accepts students who belong to other graduate programs (master's course or doctor's course) and pro-
vides research environment at the Institute. NIG also offers ample opportunity for post-graduate education and
international exchanges. Institutionally-funded postdoc positions (NIG postdoctoral fellow) take applications in
December. One can also work at NIG through externally-funded postdoc grants (MEXT and JSPS Programs) or
grants to individual labratory. In addition, NIG welcomes sabbatical stays of foreign faculty. Please contact your
proposed mentor/host/hostess for details on the programs.
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Realize your dreams
SEBEMESP JOSHI, Rajshri (Indiattis)

Being a part of the cerebral community

It is a lifetime ‘dream’ for every aspiring researcher to be a part of an exalted research institute like NIG. The name carries
with itself an intellectual gravity and aura of prestige. It is a brand that is accredited the world over. Thus, it is “a dream
come true” for any young researcher to be a part and participle of the cerebral community of NIG.

The institute is a centre of excellence, amalgamating the techniques and principles of chemical sciences with the study of
biology. Thereby lending the much sought after multidisciplinary approach to address the problems in modern biology.

Moreover, the institute has a laudable faculty that adds luster to it. The frequent seminars, interactive sessions and lecture
delivered by eminent scientists all over the world, helps not only in understanding the subject better, but also inculcates a
directional approach to problem solving. The spirit of teamwork and the drive to discover novel facts prevails over the place.

As an international student

As an international student, I have always been curious of Japanese culture and I feel that my stay in Japan is an excellent
opportunity for me to experience a new lifestyle. By now, I have realized that the kind of ethical and moral values that exist
in Japan is commendable.

Japanese are excellent hosts and as an international student I could not have asked for more.

As a researcher

It is our innate curiosity and initiative to meet new challenges that places us in good stead in our research efforts and NIG
possesses an excellent research community and conducive atmosphere that helps realize our dreams.
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Graduate Students at NIG
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BRI TEA TLWBKERAE Graduate students at NIG
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FU, Yu

FUJITA, Ryosuke
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HOSOYA, Masaki
ICHIJO, Hiroshi

ISHII, Ayako

= JOSHI, Rajshri

n FlEF
n FEAER
= KR
m SAERE—ER
m SAEEREX
" RHEZ
m RS
B =H=<K5
= EIFFEAR
" KBEF
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. AR AHDE
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= EILESE
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n {EHERF
" QK &
n SRS
m EAR(CE
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= HOEF
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= FHEE
= EEREAEA

KAGAWA, Naoko
KATAOKA, Taro
KOMEDA, Norio
KONDO, Ken-ichiro
KONDO, Ryota
KONNO, Hiroyuki
MATSUOKA, Shinya
MITA, Sakura
MIYAZAKI, Takaaki
MIZUTA, Yoko
MORI, Akihiro
NAKAMURA, Miyuki
NITTA, Hirohisa
NIWAYAMA, Ritsuya
OKUBO, Yusuke
SADA, Aiko
SASAKI, Taku
SUZUKI, Aussie
SUZUKI, Hitomi
SUZUKI, Ikuo
TAGUCHI, Atsuko
TANAKA, Kentarou
TOMIZAWA, Shinichi
TSUDA, Katsutoshi
TSUKAHARA, Sayuri
UEDA, Yayoi

WATANABE, Toshiaki

K& /75283 Name / Research Topic
EFRECHIT D X FBIRDEEHEHERS
BT Y ~OXP Y /X0 BOEEERENT
VNV BEDHEEZE I T &5 5RICEE Y ST
N O ZETEHIRRIC 51T S DNA AF UL EDEEMT
YOAARXFZXFDT ) LERETIEITRT 4 IR
Functional SELEX [Z& 3 promoter BE
FRBAHIRE Z U\ & e R DEC BB DT
IV UHERRICEH 1T S EHRIE R FEIROSENT
SREKIC KDt ZR U CHIRE L
#REBANERRE % FA U\ TSR O XIS DR AT
EEIRIZIEEZE RN D ADETFET
1R C. elegans DREE SIS
N ZABFEENE E BB C RO DB ER DB
Localization patterns of guidance receptors in Drosophila axons: how and why?
YD RIZHIF S CENP-OBEHEDIKE
T I F—KEHIEDE TR
A XBEAL EREAREEHICEE T MR
HFEERS DNA BREEE[ET SLD7 OMBERRHIHEIC 517 S1%E)
N ARME M TE L DECHIRES DT
R C. elegansHIHBRRIC ST S8 MRNA BEHEDHRTT
A Drosophila novel gene regulating both germline stem cell maintenance and differentiation
HHRIES > )\ E MBa DT
URY — LA RNABEGFDIBIEIE A8 X B DT
A RAETERIPRREREESE(nF (DR & B (ER T
25 - RBERSICLDIEH C. elegans D& T HIRGEEBOMT
> OA XF XFEEBEFOFIEEE
4 - HEEEEGF 2RI © DNA XF)ULikiE
#RBAERRE 2 A W TZARRRA O E 128N DD F BT
RERFZRLICH 1T DHEREMREER DD FEE
RN L nanos2 DEIRHIE & HEaemRT
TOA X+ XF 2Tz DNA AF U ERIERE OIS
MRt Y bOXT7 5 VIO B DR
N D ARRETERRDFEE - AEICRBREE T Nanos3DFEIR R
SRR INEE DLLEF £ FRUEENT
RIBEDRBMAD B A1 VBEHREAEDEICRIZTEE
230 Y 3 NI OREREEE I BOETCHNZRIEDRENT
T IAVT) T 1 VD DRI
AU T LARRHEFF SR E DL A D Z X LDET
YOA XFZXFREMEL SO YRV Y OFIEHERES
A RETEMBR DR E ZHIH T DETTF DR
N O2EEREO small RNAETEI T RXT 4 I
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Activities and Events for the Promotion of Research

ﬁﬁg% 75.’ ﬁﬁ? ) 'I": y)o)iﬁiﬂ Activities for the Promotion of Research

O AER3ZME T F— NG Colloquia

WFEFTNIC B 2FEBCR 2 R L, BT 22T, BilEe
BEHICH»NE T, BHRIZL2HEROM, D5Tu VA VE—
b & UTHELERE 5 LR O E LTHHH s AT
£3,
Seminars are held every Friday by researchers at the Institute to
discuss their progress during the past year. Presentations are
made not only by the faculty, but also by fifth year graduate stu-

dents as a part of their D5 Progress Report. 20084£3A21H ERFHELOHEER
March 21,2008 Dr. SUGAWARA, Hideaki

O NAAAQATHIVY VRII A Biological Symposia

Jelin DWFFE & AT - T 2 EWIOWFFEE Z AT ISR &, &
AR 21TV E 3, IEIA W EF OE L7z 3 AR RIRI80[EIAT
NnNTVwEI,

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

[t

200843 827H Dietmar Schmucker Bt &
March 27,2008 Dr. SCHMUCKER, Dietmar

fi’% Events

O ﬁﬁ%ﬁﬁ@—ﬂﬁﬁﬁﬂ Open House

REFAEMHEMIC B 2THO—ERE LT, BF4 A Lick
WFIEEBMT D SR 2 AT 2 AT\, INRkE 2 BT 5 7 &,
e O —z —MRIZAF L TV E S,

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.

O ’REE%%E% Public Lecture

F 1R, WX 2P O0IcAERBEZ#EME LT, —K
ERNGITRIEAAFHHES 2L TV E T,
Once every autumn, NIG holds a public lecture in Tokyo, pre-
sented by its faculty.

2007 EEDAMBES RN
BfER : 2007%1 18108/ 2007448140 —RARE
=I5 MEFRI NV Y3 VR—)L (RRETCEXSEH) April 14, 2007 Open House
BEIANI

DOIZDOHRD “EREL

~HRRICEIEE T A >~ A B
NI OFHEBIFEFZA A 1 =X s
~TEPREDFZRD~ BWARZHF
EHEREED SFHAES [RZEOLIEA]
~ADENADIIBAELCH~ AARADE
HREBRORLEGLF

~B2 DMBITB/BLEOOICRICHTEIN?~ [LiE &
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EEZSZ Advisory Committee

WFSEAT OEE 1B 3 2 HEFIH Z OMMILFEMIEEHENIZ B 3§ 2 FIHT, IRABDELED 2D DITOWT, FrROFEH IS

C2%,

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

(FrAEE At+EIR)

PN FIERFASRES R

OSUMI, Noriko Professor, Graduate School of Medicine, Tohoku University
fiE) F #825\ R LEAPAFREMIE TR
OKADA, Norihiro Professor, Department of Bioscience and Biotechnology, Tokyo Institute of Technology
MIEF EFEEEMAFEFR

OGAWA, Tomoko
TR R
KONDO, Shigeru
B — 1 HITTECE N SRR IR Y5 —F
SHINOZAKI, Kazuo Director, Plant Science Center, RIKEN

Vice-Director, lwate College of Nursing

BEERFAFRIEFHERER

Professor, Graduate School of Science, Nagoya University

B RRAFAFEATERAI SRR Z AT EUR
SUGANO, Sumio Professor, Graduate School of Frontier Sciences, The University of Tokyo
RECIRER BRI AFEE R

SEKIGUCHI, Mutsuo  Adjunct Professor, Fukuoka Dental College

TR ZeE MRS RS BRI TR %

TACHIDA, Hidenori  Professor, Faculty of Sciences, Kyusyu University
RREAR KIRAZFEE G FFEE

NAKAMURA, Haruki Professor, Institute for Protein Research, Osaka University
FRASRTT FEAF RS REGRIEAT RS

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

(FRNZEE fRAIE)

LIRS DFEERATREIE
YAMAO, Fumiaki Professor, NIG
AL MRS E AR
ARAKI, Hiroyuki Professor, NIG

LB f@ EREERTT RIS
HIROMI, Yasushi Professor, NIG
R EFEGERFARIE
SAITOU, Naruya Professor, NIG
EQARE HWEBEEATREE
SASAKI, Hiroyuki Professor, NIG
WakE RIFEMAT > 9 — 0%

SHIROISHI, Toshihiko Professor, NIG

7 R/)NAH1)—/”R—F Advisory Board

BHDD RIREYHTR L 9 — 5T
KURATA, Nori Professor, NIG

E ) EEEEERRE Y —5iT
KATSURA, Isao Professor, NIG

IS A (e BSBTEERR T VY —HiS

SHIMAMOTO, Nobuo  Professor, NIG

RigE = 415 - DDBJMIRZ VY —#i%
GOJOBORI, Takashi Professor, NIG
KRIURNE 45155 - DDBJHZ T V4 — 213

OKUBO, Kousaku Professor, NIG

WFERTITAR 2 EEHIHIZOWT, FTRXIZEERXFORDITISCHEZT I,
The board members give advice to the Director-General and/or the Advisory Committee regarding the principles and policies of

the institute.

B EBERTALBROBYER

IWATSUKI, Kunio Director-General, Museum of Nature and Human Activities, Hyogo
eI 1EF BRRBREHERFRSENFHATE ST
OKAZAKI, Tuneko  Guest Professor, Institute for Comprehensive Medical Science, Fujta Health University
o BT BROKZFRZR

GO, Michiko President Ochanomizu University

e SERMNEAEE

SAKAKI, Yoshiyuki President, Toyohashi University of Technology
V2 NS EiPAt VY —ZERE

SUGIMURA, Takashi President Emeritus, National Cancer Center

2B 1HEZ=E Office of Strategy Planning and Coordination

TR OIGHEOT, Wrgedm, FFl, PSS - KMo
i - FREEEATO L L bIT, WA AMREEIINIENT 5,

RFEREIEY LE.
IR Z
ek
g i 7l

FRERS T V5 —1BY ZARZRE

BlEEE] EAH B

[L3R - FIRHEZ FpAREERR
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Ttk HTEE AR R R BENSREME VIR
TAKEICHI, Masatoshi  Director, Center for Developmental Biology, RIKEN

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

Tim Hunt Cancer Research UK London Research Institute i%&

Principal Scientist, Cancer Research UK London Research Institute

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

Eric Wieschaus Princeton University 4%

Professor, Princeton University

ZER

hiElE Z 45158 - DDBJMR Y4 —5%4%
(FRAZEE)

i) FHER5A RRIEASASREHE TSRS

]k FUMNAF RS BRI RTINS
(FRRZEE)

FeABARZ RSB (G RS

BHEODOD RIREYHTRE 9 — 5T

[E ) BSEEERRE VY —HiS
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FTRORDITS CHELEIHITO W THEMR 3 %, NEMEGEREZESR FINEES GE+aR
N _ A B BBAR IOV T« PREERES Y9 —508
RE= REER o o
R IE AR TS R A TR P TP RS
HREERES hifE F SRS EEETA & BROBEES
FEZE= LE. FEST FRAS A I SRR SRS
M EREER EQ ARG STE & RRAS AR EER SRR
HBHHERER PHEEZ EE R RS RS RS
BT EREER hifE = N EES e L R T P o SE
MEZER LB f# REEZE BRI ER ST
v=Sr—%E2 N [ N BTAHENB S RRFRNERATR LY 9~ - TF4 L )5 —
DNA T —SHANBEER BRLRER W INFERS— BFBENCERRRARIAR /M4 V-2 9—E
FXZEER (E. BRE stAREELE
LHEER WaERE SR WITEE N E SR N ER SR A =R
MNP EZER A1 EFEE PN TNy N e N e
BERE2RER FeABhZ SHEE BT AR AR BERR B — /U
BLFERIEBRRZEERER BRI W IIVAIESS MBI AR S TFATRRIAR 4 V-2 b5 25
BMRBERER waks = RS NP s e ST
K - IKEEERER BEAR ER R IR RIS
T—IN-AFERVEER B (ERENEST PN N A e N
EMECEREER wakes = EX%th R A S
NOANEER waks = A —E MBI ARRERTERRIE (17 /09— ABHRE
1FNEER BHOO = IFSES SHASASRE SIS
ABRENEER CAZHE B HAME RILLIA S R TP SR
NS ZAAYIBEIE « WHREES EJ. mhtE AP EEENFRRAE
T L BEFRITHRGESEEES ARRE N HRR AER KR KA A S T TR ST R A
RE@HERER SeARShiZ I SESS MBI AR S FATRRTAR A 4 V-2 b5 25
FmtEREER = mE B AR T R S T TP A
ECFBYREER AT FE [ e BN N Y NE e
(CAR%E= SNSRI TR AN
HDNAF—YHRIBEES FINEE @t RS TAFEMETFEHRIR
INEEE 2 S R A A P K S SRR T R S wB B IR NS RRFRRARR 1 4 Y -2 V9 =R
X B RE AR ES #EH =2 FUNAZ RS IR TR TS
s — HSTTEUE AR SRR R R R E RIS RIS HHEC BUGHENREFRARR A FVY -2V —ER
FRREAR RIRA S BEERFAHE B EEBAFAF RIBLHAERSUE
thitR— HEEADT ST~ TN T-FEFIEDS ) LTREDY ) LEETRER A1) |I= BB BEAF R EH0T
ENER BRSNS RTAFEETRESS /L) V-2 -5 N SRAL R P ST 2508
BRERIET RERAFAF IR AR 2R WHEa KIRAZ M TUPT R
EHEC BIGHEARSFEATEREE (175 )05y ) LEFSFR HMUREER REAFBRBFTAIR
KE F* RRERERARIBRER S V5 — 503 WARFH= BERFRERANA/NA F YA T ARFEALIZ
=% 15 RREAFENSHRAC S LRI 5 — 508 =t = TRAFHEEEFHAL VS —K
KE B SRR oINS =2 i Y1 Ui
BEETREIERESEES FHEE GrEe Sl FRETERT A
=i O 23y H_ EE %Eﬁ‘ﬁﬁﬁ“ﬁﬂ?—‘ﬁ?ﬁkiﬁki/\4\1&41‘/15%%4%‘%!
FE— R R R T FRARA0ER éﬁl‘zﬁﬁﬁlﬁ)\IE1B%E%%FE%>&EH%FE#§EEE%
REMFSER [BAS RS RIESHRREZ
AR — BERREREESZTR L V9 — 2%
NEMERBREER PTNEE S EETEEEAE 20Y50 \TREERL Y5 —&
IBHES BRIASFIRLEHIR HBLLFIR WS EE AT R U 11 Y~ 225~ 25
=) 112834 ERAP AR SR SRR
=] WTIE AR RRFRERAEF/ (A Y- 225 —2R

#EE Management | 67



EE

Management

=
NV IANEER FINNEE E+ER NE ) LB CTRITMAGEEAERZES ANEE @R
TEE— BIAIE AR EIAARE BENSRATR L9 -BE VIR BRI SRS NS
SR —14 BRI T S R TR A B TE A NH O3 HA AL DS
RERSEH BIEE AR P RIFFTFREE 2iEEe BRNEIZCBEREEVY—ER
/NI — AT AN RRFRFRIZR 4 Y -2tV 9 —F /NRERER BB =B RSE
FRLEMEF REAFERSHARRZS HOEF I FipNe S =L R E e
A® B EAF A RERS R AT EEYT BIEE NS E iR
ESES REAFASIRE SRR M EE R ek
TREE—ER WAATBE N E R E R S BAR R —5 —
N BERFREBRANZNA FHA T ARTEDEHIZE
FRBANER ITATEURA IR B P R R P 5 (R RS
S\ — PRASEBRF BN R VY —513
AR — BEAAFREESHR L V5 — 51D
KIEE A AR E S R S R R R E Y B ATRFRET R

NANEES INEE @&E+3R

BXIET EEBAF SRR FIRMT L V5 — S
allE= BLRTAS R R RIS

BTSN PR ASE R Z IR SRR S2HTRRE

b5 ) BEEAFEYMERRFIBMR V9 — 5T
EiE X INAZ A RES MR RN BT ERERMR L5 4%
EB S ICBEAS A RS TR

EX If HRERRSRITARRAR 1 A 1 TV 2AHRR S
BiREE REAFAF RS AR

RAERER RRAF AT REY DR HRREE
ENER RITWENBLENEERAFRERRRELY /LY At V9—F
EmFE IITTHCE AR E A SRR E RS E
wE (5 BEEAF AR FIRMR Y9 — 5T
EE FUNARZ RS IR B RIS

NKREBEE/NEES FINEE E+aR

55— EEBEARIESLHIT

PSR REARZ YA )L AR

2= BEEADNTEST 4 — - ITX - T-HRFASS
PEEAHERR REAF L EHE

NEEBES SRR R A R A B IR AT RIS
ALlL FUNASEA S RIS T RS

JI=HBER SRS T Ebs

FANELTR RVE B it

BOIE— EMAFEAR AR T RS

FE = KIAZ A IRE S RT3

® Bt SRS E SR

FEEFRZR KRR BILASER T 250D

BN & BRI E R F TR
=k = FEAZERERWALY Y —K
=ARER NMAFEERIR

68 | EE Management




kB star

as of Apr. 1, 2008

& Director 1
ey Professors 17
JEHIE Associate Professors 15
BhZR Assistant Professors 30
ZEHIE Adjunct Professors 10
NEt Subtotal B8 (G s
EIEER  Administration Staffs 18
HER Technicians 15
25 Tow 96 (A o)

4=1

Staff

EIEER Department of Administration

BEBIE General Manager  F1|LI5R— MARUYAMA, Ken-ichi

TA7CHEE SR Research Promotion Section
FE GKEB  KOKUDAI, Masatoshi

B 3R 3EF — /. Research Support Team

Manager

BFEE Deputy Manager $H’S NITTA, Kiyotaka
EEE Specialist HEZE=ES  UMEZAWA, Saburo
B FEXIEF—/L Supplies Support Team

BEEE (F) Deputy Manager ¥H’S NITTA, Kiyotaka
EFNEE Specialist BIEHE MAEJIMA, Koji

B #HBE%IEF— /. Education Support Team
EIESSIE) Deputy Manager ¥HH3S NITTA, Kiyotaka

FE{EEE Management Project Section

FE Manager BERASE  HIROSE, Hisayuki
B [ - BS&F — L\ Project Inspection Team

RS Deputy Manager 3[ih3¢3k  HIKICHI, Mitsuo

B iE58F — L\ Facilities Team

BERE (3%) Deputy Manager 3|tk HIKICHI, Mitsuo
EFEE Specialist AENE ISHIHARA, Mitsuhiro
B A3 - 5¥F— L Personnel Team

EESS Deputy Manager SEFHSEA SAKAI Kiyoto
SIS Specialist BARFEEF  SUZUKI, Yumiko

1 1tER Technical Section

SRR EIFEUR (F#) Deputy Chief 1 E2)) KATSURA, Isao

REME Assistant Chief 2521 YATA, Katsunori
YT Animal Unit
ME Unit Leader 1& J#F  SAKAI, Masako

F—PITRE  TemcdGoplleadr EE50ER  FURUUMI, Hiroyasu

&Y - MEYIE Plant-Microbial Unit

ME Unit Leader [B ZZE#ff HARA, Tomio
FE—RMHRE  Tehctoplled O & EIGUCHI, Mitsugu
F_RFMMRE  Teicd GowpllLeedr SMETEST  MIYABAYASHI, Toshie
1233 Mechanical Unit

HIE (38) Unit Leader & YATA, Katsunori
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REAI1244F

REAI284F

REAI294F

REAI304F

REAI354F

REAISTAE

REAI394F:

REAI444F

REAII494F:

REAI504F:

A5 14F

RAAI584F:
REAI594F:

RAAI604F:

HEFN624E
HEFN634E

FpkTusE
Bk 5 4F

Pk 6 4F

PRk 7 4
Pk 8 4F

Rk 9 4F

6H1H

8 A10H
1A1H

8 A10H
TH1H
9 A15H
10H1H
4 H30H
475 1H
47 1H
4H1H

474 1H
3H1H
10H1H
10H1H

10H1H
4 H12H

4H1H

1 A12H

4780

10H1H

10H1H
4H1H

6 A24H

4H41H
5 A11H

4H41H
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AP AR

S IR E
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TEAR FEBRA W PRAF I e HE A B ) £
I as ik

BB FEERA Y RAF I SE TR E Y
PRI SR S

Mk ¥ 55 RATREHME
KESEFEF RSB S0 SEESE
BRAMRET S € v & — (HFLE)
WRTF - JEHEBEIIORTT - WEPOR
17 - WAMRLE - BRERO 51
RE), BRMEEREL & — (i
i - Az 0 20%EE), FEREY
e
SEBEBHME L Y & — 1Ak - 5
RGN D 2 W9 % %E
AARDNA 57— & N 7 B8
HEHR « 74 Y b=T kv & —§
i, BEEEEE 2 =124
77 ) — g & A E
RETFFER S BERFE MRS
FHER A HE B E

EE— 5 6 TR
BRFEBRAMRFET T v X — 1T
Ferk TSR wikiE
SEEBHME L v & — 1B T
HEWFoE s & 3% il

A iE T £ v & —RE
RS £ v & —E
GEBIEHIZE 2 v & — DY)
(R E TR EERE, BT
BE - WEIEHIE - BB TR O 4 0
FEEIRE)
RfEME € v & —i%E GEIE

==
IINRE

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

Established under the jurisdiction of the
Ministry of Education, Science, Sports and
Culture. Started with an administrative de-
partment and three research departments.
Prof. Kan Oguma was elected the 1st Di-
rector.

Three research departments were reorga-
nized as the Departments of Morphological
Genetics, Cytological Genetics and Physi-
ological 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 Molecular Biology
was added.

Plant Genetic Stock Laboratory was es-
tablished.

Dr. Yataro Tajima was elected the 4th Di-
rector.

Animal Section was added in the Genetic
Stock Center.

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

Dr. Ei Matsunaga was elected the 5th Di-
rector.

Reorganized as an inter-university research
institute for joint use by universities. The
DNA Research Center (DNA Structure and
Recombinant DNA Laboratories) and the
Experimental Farm were established. The
Genetic Stock Research Center was ex-
panded into five laboratories: the Genetic
Resources Laboratory was added and the
Animal Section was divided into the Mam-
malian and Invertebrate Laboratories.

The DNA Synthesis and DNA Data Analysis
Laboratories were added in the DNA Re-
search Center.

The DNA Data Bank of Japan began its
operations.

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

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

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

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

o wee
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1994

1995

1996

1997

1998

2001

2002

2003

2004

2005

2006

2008

June 24
Apr. 1

May 11

Apr. 1

Oct. 1

Apr. 9

Apr. 1

Apr. 1

Apr. 1

Apr. 1

Dec. 1

Apr. 1

Apr. 1

Apr. 1

nE

History

The Gene Function Research Laboratory
was added in the DNA Research Center.
The Center for Information Biology was
established.

The DNA Research Center was reorga-
nized as the Structural Biology Center
consisting of 5 laboratories (Biological
Macromolecules, Molecular Biomecha-
nism, Multicellular Organization, Biomolec-
ular Structure and Gene Network).

The Genetic Stock Research Center was
reorganized as the Genetic Strains Re-
search Center consisting of 5 laboratories
(Mammalian Genetics, Mammalian Devel-
opment, Plant Genetics, Microbial Genetics
and Invertebrate Genetics), and as the
Center for Genetic Resource Information
consisting of 2 laboratories (Genetic Infor-
matics and Genetic Resources).

Dr. Yoshiki Hotta was elected the 7th Direc-
tor.

The Division of Early Embryogenesis was
added in the Department of Developmen-
tal Genetics. The Division of Brain Function
was added in the Department of Integrat-
ed Genetics.

The Center for Information Biology was re-
organized as the Center for Information
Biology and DNA Data Bank of Japan. The
new center consists of 5 laboratories. The
Laboratory of Molecular Classification of
the former center was renamed as the
Laboratory for Research and Development
of Biological Databases in the new center.
The Laboratory for Gene-Expression Anal-
ysis was added in the new center.

Two laboratories, Mouse Genomics Re-
source Laboratory and Model Fish Ge-
nomics 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 Ge-
netic Strains Research Center. Two labora-
tories, Comparative Genomics Laboratory
and Publicity and Intellectual Propery Unit,
were added to the Center for Genetic Re-
source Information.

Reorganized as Research Organization of
Information and Systems, Inter-University
Research Institute Corporation, together
with three other national institutes.

Dr. Yuji Kohara was elected the 8th Direc-
tor.

Intellectual Property Unit was added. Re-
search Promotion Section was added in
the Department of Administration.

The Center for Frontier Research was es-
tablished. The Laboratory for Cell Lineage,
Neural Morphogenesis and Cell Architec-
ture was added in the new center.
General Affairs Section, Finance Section,
and Research Promotion Section were re-
organized into Research Promotion Sec-
tion and Management Project Section in
the Department of Administration.
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http://www.nii.ac.jp/ Science today is experiencing a revolution characterized by the remark-

able progress in experimental as well as computing technologies that enable
us to produce and handle a large amount of data. This is best exemplified in

ﬁ?fﬁgﬂﬁﬁﬁﬁﬁ ) ) genome science, but is also true in other fields such as earth, environmental
The Institute of Statistical Mathematics and social sciences. The Research Organization of Information and Systems
T106-8569 RREEXmMHA-6-7 (ROIS) is established to promote research activities of the inter-university col-

TEL(03)3446-1501

e Ry laborative institutes by integrating their effort to create new paradigms along

this current scientific trend. Each of the four institutes has its own history and
research activities, but they are selected not because they are specialized in

E:LEESFEMAFTRT closely related fields, but they complement each other for future research
National Institute of Genetics development.

T411-8540 #EE=8SHaHT111 Through the interdisciplinary cooperation, we will be able to create new
TEL (055)981-6707 paradigms that conform to the current science revolution. In order to explore

http://www.nig.ac.jp/ the new vistas in ROIS, we organized “Transdisciplinary Research Integration

Center (TRIC)” where collaborative and integrative research projects are pro-
moted. For the first term, we would like to place emphasis on biological infor-
mation, earth and environmental information and basis of informatics and
inference. We would like to expand our activities to other systems, in the
future. By doing so, we hope to go far beyond the original discipline of each
institute, and to enhance our role as inter-university collaborative research
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Symbol mark of the Institute, which designs the
metaphase plate of the first meiotic division and
symbolizes the remark by Dr. Hitoshi Kihara
(1946): “The history of the earth is recorded in
the layers of its crust; the history of all organisms
is inscribed in the chromosomes.”
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TS ERS 106,959mi

Institute Facilities and Grounds
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NER Institute area
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for Advanced Studies (SOKENDAI)
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