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Introduction

The National Institute of Genetics (NIG) was established just 60 years ago 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 collabora-
tions 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 his-
tory of life itself. Currently, 37 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. In particular, so-called the next generation DNA sequencing technology will revolutionize a wide range of life sci-
ence. To this end NIG sets up the facilities for the high-throughput DNA sequencing and massive data analysis, which
are used for collaborations in the research community. NIG has collected and developed various bioresouces (mouse,
rice etc.) from wild population for long time, which are now excellent targets in the new genome era to understand the
mechanisms, evolution and diversity of life.

On the occasion of the 60th anniversary , we would appreciate your continuous support and encouragement to NIG.
We welcome your comments and suggestions on our research activities and endeavors.

Yuiji Kohara, Director-General
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The 60th anniversary of the National Institute of Genetics

This year, the National Institute of Genetics (NIG) celebrates its 60th anniversary. On this occasion, | was asked to

write an essay, since | worked there for 35 years from 1959.
In the Annual Report No.1 published in 1949 when NIG was established, the aims were described as follows: (1) Estab-
lishment of basic research in genetics, (2) Use of basic principles in applied fields, and (3) Dissemination of genetic
knowledge and resources to the scientific community and general public. In those days heredity and genetics were not
so popular in Japan and the founding scientists had to make great efforts to establish the institute by negotiating with
the Diet, government officials and even the U.S. occupation forces.

During the first one-third of its 60 year history, the 1st aim “Establishment of basic research in genetics “ was exten-
sively achieved mainly in the fields of plant genetics, cytogenetics, and biochemical genetics. For this research, various
strains of experimental animals and plants were maintained in the Institute. The 2nd aim “Use of basic principles in
applied fields” was accomplished in the fields of crop genetics and radiation genetics. The 3rd aim ”Dissemination of
genetic knowledge to the general public” was undertaken by the Foundation of Genetics Promotion, which was estab-
lished in 1947 on the founding of NIG.

During the middle years of the institute, genetics as a basic science remarkably progressed based on the epoch-
making breakthrough of molecular genetics. In NIG as well, basic research in genetics developed extensively from the
molecular level to the population level including the cellular and individual levels. In those days, Dr.Kimura was awarded
the Cultural Medal. Research on environmental mutagens and carcinogens was also carried out as one aspect of “Use
of basic principles in applied fields”.

After 40 years, NIG had grown into a prestigious institution through the great efforts of staff scientists. Mishima,
Japan, was recognized internationally as the home of NIG.

In recent years, due to its impact as a basic principle in life science, genetics has begun to be closely involved with
not only basic science but also more basic aspects of human society such as health, food and the natural environment.
In addition, expectations of the government and scientific community concerning the institute have increased. After dis-
cussions for almost 10 years, NIG was reorganized as an inter-university research institute to promote collaboration with
researchers in universities in 1984.

In 1987, DNA Data Bank of Japan (DDBJ) was established as one of the three international centers of bioinformatics. In
1988, NIG became part of the Graduate University for Advanced Studies as the Department of Genetics.

The Genetic Stock Research Center was established more than 30 years ago for the development, maintenance and
distribution of experimental livestock for its own use and for the outside research community as well.

Now this institute has 37 research groups and 5 functional research centers. The effective harmonization of the high
level research activities of 37 research groups with the fundamental activities of 5 centers is definitely desirable for the
further development of NIG and the genetics in Japan.

EBCHAII60EFIC Y f=>C The 60th anniversary of the National Institute of Genetics 7
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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.
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Outline of Departments, Research Centers and Experimental Farm

NDFEGZER  Department of Molecular Genetics

BUCTHIROFEBL & T OflEiERZ, REOAHEORME L BRE, £ OMEMHEROBMICEH L T FIs2 0751k
TR L T3,

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

HRE{GHZE3R  Department of Cell Genetics

RN TEEE N A BEIEHS 2 D FL-NIVTHIT 5 2 e 2B LT, A& IR 2 W 72282175 T
W5,

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.

B EIGZE3R  Department of Developmental Genetics

LRS, vauYaynL, 757 1vva, RUAGREDETIVENZIG, BPIFEICET 2857 HE,
HilEar e, Miat, R ORI DOV TOMAZIT> TV 5,

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.

EMEGZEZR Department of Population Genetics

"EYIE(C DI & 2 OB Z EIT S % HINTC, BRI TEERNTEZ 0T, BaFe7/ LOLN)Lh HEH
DLANVETIRHAS L T %,

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.

WESEIGHIZER  Department of Integrated Genetics

b b2 ZUNHALEY O ORED T Y 2 27 ¢ V&I, I K ORI AR OBASIHIEIC B L T OREH
IS 211> 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.

ZIEEYIIZE 2 —  Genetic Strains Research Center

LR E RO EERIC T L CREO B 3SR 2D 3 £ L bIC, XUR, ¥T5T1vva, vay
VavuNnT, A%, FEREMOAHEERMOMTE « #iFF - 0 ERZITo TV,

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.

SYECERIERIEG > Z— Center for Genetic Resource Information

T LRONAFA LT AT 4w 7 AL LI, FVEIEEREB RO R CEYBIEER T — 2\ 7
DWERDZEF 217> T B,

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.

tESEECEMZEtz 2 — Structural Biology Center

IFEAA M #TTE 2 > 2 =2 19964RIC Sl L TROT, 77 72 D ZMIIO S L)VT, SR & RS A OB I
THRICMOWIIZITS L LI, FIANORIGZBISE - T d 24 GFEZRBFEL, BIEATEALTVS,
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.

gk -DDBJfZetz > 2 — Center for Information Biology and DNA Data Bank of Japan

PRSI A OWILR & LT, 1HHE (A2 74T« 7 A) ZEMEL Tl - (b2 &9 2 B RO
ICHEL D fHEs & & 1T, WeKD EMBL/EBI K U GenBank/NCBI & R THEZE L TV B ERRDNA 7— X2\ J &2 HL &
T 2R 2R L T B,

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.

HPEFEE+ > X — Center for Frontier Research

At 2—TIF, FHFOENIMFEENINL U TIHREZ#E L, B L T ORI LW 25 %
WHEZ1T5. THUCKD, Fik, WIEESEMTRELRREZRICT ANMZERT 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.

WEtigE- 7714y — 741> 2Z— Radioisotope Center

R FIS e, WA S 2 72 b OILFEIRIHTRE TH %, 137Cs ZHfR & UTe AT 2~ — KBRS E 72 fif
A T3,

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

EEXEYS Experimental Farm
BABHHC B B 5% & FHHESLIRD T2 b ORNYLEEETRIER, B, 703 N CBIEZE 217> T B,

The farm is responsible for plant resource generation, management, distribution and related studies to support research
and service in the NIG.
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Division of Molecular Genetics
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FUKAGAWA, Tatsuo

D. Sci., Professor
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Structure and function of chromosomes in higher vertebrate cells
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Figure — Chromosome morphology and « -tubulin staining (green) in
control (CENP-W ON or CENP-T ON), CENP-W- (CENP-W OFF) and
CENP-T (CENP-T OFF)-deficient DT40 cells. Chromosome was coun-
terstained with DAPI (Blue). Control cells show the normal staining
pattern for a-tubulin (upper two panels). Mis-aligned hypercondensed
chromosomes at the metaphase plate were detected in CENP-W-
and CENP-T-deficient cells.

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.

-
LOromosome
iy Chromosome

Chromosome
Chromaosome P ;

CENP-W OFF CENP-W ON
CEMP-T OFF CENP-T ON
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bly 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 essen-
tial for formetion of the heterochromatin structure in vertebrate cells.
Nature Cell Biol. 6, 784-791.
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Post-translational modifications and its roles in the integrated chromosomal functions
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BREWREFOCENEBREINTETCVET, AMIHRET
. AEFFUBIEOCNE TCOHBORER & EFEO F
12375 Ty FfROEE MEHERRIC I 2 BIRRILIE D%
Hw g 2 EZHMWIC LT, A EFF U e
RGO THi Tz T5INTG BA L&z EEZ T
£, ZOEDIHEBRIEZHOTU RO BT—<
THIEEIT>TVET,

@ HIAEIHAZ IS A R VNV BDAC FF I L B
eI

® DNA DEEHEEIC BT 2 18 FF RO E|
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Figure — Fission yeast Mcl1 protein, essential for maintenance of
centromere, is localized at replication machinery.

Post-translational modifications and its roles in the integrated

chromosomal functions.

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.

Mcl1-GFP  ECFP-PCNA Merge

5iG2

T. Natsume, Y. Tsutsui, T. Sutani, E. M. Dunleavy, A. L. Pidoux, H.
Iwasaki, K. Shirahige, R. C. Allshire, F. Yamao (2008). A DNA Poly-
merase o Accessory Protein, Mcll, Is Requiredfor Propagation of
Centromere Structures in FissionYeast. Plos One. 3 €2221.

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

Haruta, N., Kurokawa, Y., Murayama, Y., Akamatsu, Y., Unzai, S.,
Tsutsui, Y., Iwasaki, H. (2006). The Swi5-Sfrl complex stimulates

Rhp51/Rad51- and Dmcl-mediated DNA strand exchange in vitro.
Nature Struct. Mole. Biol. /3, 823 — 830.

Tsutsui, Y., T. Morishita, T. Natsume, K. Yamashital, H. Iwasaki, F.
Yamao and H. Shinagawa (2005). Genetic and Physical Interactions
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 (1II) Compounds. Antimicrob. Agents Chemother.
49, 2729-2734.
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Regulatory mechanisms of cell cycle by ubiquitin system
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BitE, LFo7my e/ b zeitoT0Ed,
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Figure — Mutant strains of two ubiquitin-conjugating enzymes
exhibit similar abnormality in mitotic transition. (Arrows indicate the
typical cells exhibiting abnormal mitosis.)

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

The projects that we are carrying are below.

1) Analysis of the regulation mechanisms of cell cycle by ubig-
uitin system using fission yeast

2) Establishment of the methods for comprehensive elucidation
of networks of ubiquitin system

ubcP4 {Lbcl 1) FEE

ubcP1 (ubcd) TR

Seino H., Kishi T., Nishitani H., and Yamao F. (2003). Two ubiquitin-
conjugating enzymes, UbcP1/Ubc4 and UbcP4/Ubcll, have distinct
functions for ubiquitination of mitotic cyclin. Mol. Cell. Biol. 23,
3497-3505.
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Protein networks and chemical biology
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Regulation of protein by post-translational modification
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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.

e 2 - ‘.
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— SO ExY D= OB ORRY AT I N AA DD —
Figure — From systematic analysis of protein interaction networks to
chemical-biology

2 2787 DRSREFR B I BIRR RIS B0 W R 70 11 &
SO ENRETH DT LBV, AEETIEZOH
T FF e & SRR R O 2D T 5,
AVEFF L TIE, & 2787 EESRE D22 RE B 7
ZA[REIC T 2RI R IS HRNE & 2 ORENCE L T, #
IR U ESHIRR Y 28 FF VA OIS HIZ 7 it
DTNB, FRIENL - FH-FRE I T A XTI DRI
THEOWRD FIRICEENZHAMBE B TH S 75T,
BREIEFIET 5 L2, BICEL T, #5 T
T SNTRISNTENEENE TR SHIINEIRE & #:AR
BRSO 2D, T - MEDO L)V 54
DEHEZFDOERFEICXZEEOMHFEZHIEL TV

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.

\S S

HOILAL g 52

X
"8

— NRBOAFAZVENT ZEHPRA Y LEFF S HETER
TBHIEFF U H— (HOL- IL/HOPEEHE) DREE.

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
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1{E+Hf7E& Postdoc
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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.

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 below). Interestingly, manipulation of the mech-
anism to change rDNA stability or copy number expands the
lifespan of the cell and induces other unusual phenotypes. This
suggests that the rDNA has some extra-coding functions that
are not yet identified. Research into these extra-coding func-
tions 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

® Chromatin structure and functions
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lida, T., Nakayama, J., and Moazed, D. (2008) siRNA-mediated het-
erochromatin establishment requires HP1 and is associated with anti-
sense transcription. Molecular Cell 37, 178-189.

Kobayashi, T. (2008). A new role of the rDNA and nucleolus in the
nucleus- rDNA instability maintains genome integrity. BioEssays 30,
267-272.

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., 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 702, 11787-11792.

Kobayashi, T., Horiuchi, T., Tongaonkar, P., Vu, L., and Nomura, M.
(2004). SIR2 regulates recombination between different IDNA
repeats, but not recombination within individual rRNA genes in
yeast. Cell 117, 441-453.
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Molecular mechanism of eukaryotic DNA replication in the cell cycle
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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.

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 | 5t D
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Tanaka, S., Umemori, T., Hirai, K., Muramatsu, S., Kamimura, Y., and
Araki, H. (2007). CDK-dependent phosphorylation of Sld2 and Sld3
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-Dpbll. 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 415, 651-655.
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Animal models of human diseases
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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.

I
&0

Intrahepatic Injection
of human CD34+ hematopostic stem calls

of human hepatocybes

& profect funded by the Bill & Melinda Gates Foundation {(Grand Challengs Program]
[hatpciTwwnw. hv-consortium. ongd]

— E bOmRFHMRCEREREZR > /2TE MEX DX IDE
8, RERBHEICEK > TEREINAEINSDIYIRIT, FRT I F >
CHRBREEORLECTOMNREZTMT 22HICHAEINS,
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
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HEBROREERSE

Developmental genetics of organogenesis

ANETERIC IS AEESE, o, MiEEEt e
W o Fe R RIS ETY . fAFz BT/ LS
BN LT DX S BRRBEERE ST 2D 2T L,
EMEOH LVWEHEZHERLELS ELTVET,

O ZE DB 2 — IR FOEE L T TE 5
fanoBREAETIEbNS e EZONTEE L. L
AL, MHREHIIED X 5 REWIEEZ DN Tl
T OYTED R AN E ERIC A&l 5 2
BT EMARETT. FT=HBIZZ S DIRZ VR BlIEE
= N CHUEES N7z AT T & iRl 2R DR E D E L
WRITET S EEFALELE (KB). O &g

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, even when
neurons are isolated from their normal environment in culture,
many membrane proteins are localized to sub-axonal seg-
ments (Figure B). This means that neurons possess an intrin-
sic mechanism to "pattern" the axon into sub-axonal com-

TSR Z 45D T 125819 2 M N TER
TERERA TVE T B RLTVET. TOXED
FERHERE > Z DEZROMHTZm U, T4 OHIRAKHAR
BERDIZDIMMTEZ D] LWV FITTIRER RO
HLWIL—LT— T ZMHELTVET,

O HE DK - HEFFIEHINES H BN DR D

partments. By analyzing how such compartments 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. Based on our

R TMeUTzlilfazikii L CEAEdT S Lick>T
HoN TS, @il E O OWUNRE (ZvF)
NEDY T F )T TEfild e UTOMEZER L
F9. R BIIEOEGEH O — O A ESEE
NTERRD = F 2T 5 W5 FEHZE LI, il
NIERRD > 7T R 2 bt L T &9,

finding that the niche for germline stem cell formation con-
sists of specific somatic cells in the embryonic gonad, we are
studying the molecular identity of the niche signal.

1E1HiZE 8 Postdoc
SESRE1E YUASA, Yoshihiro
B AKENE KATSUKI, Takeo

JtMEFF KITAZUME-

YAMAMOTO, Miwako

(A) 2302 3 UNTREDEL REEREEZ BT DHiE
iﬂi? B) ERY IO BDBMBARE RO r8). ZDLD
BBMEARERMAEETOMEERTHORESNS (B),

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 /37, 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, 836-889.
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D. Eng., Assistant Professor

SRR EERD S T FOBIRE

Reinvestigating the scenario of metazoan evolution

ZHPAFHELDBET, (DRT « —7"F VIEHEHH
b & AR, QERERIEEED B, Q)EL
FIIFHUNSF 2 —THANE, ZELTVBEIICRA
%o B e FZE, BEHEORT =75, #
R, SHEOMEEZRD, FIITEIGERE DR
WERET %, ULhLELWE, BEOWsEhs, FHEIIHE
CToRZEIMNT DX TamttzR - Bzt DT
ol 5K2lE>T, @ICBEHLTIE, B R
THIEHRERDIGE MR & UTOBERER RS, by
WICEIB IS 2 W &% LTz (Shimizu et al.,
2004), QUL T, FLlde FTEHHYcdH B aboral
pore (JKIIL) EFESREEICIEH U, ZOIBRHERHHE,
BAER E ATz, ZOMRR, v FIMLEREHETH
50, JUROGEIXESFHY EFRROF 2 —T T, K
CfLikEFEY o & HGEHSE TH B et E R Lz
(Shimizu et al., 2007), —/3, (AL TE&H /=Bl
MEENTWVDE, AVFUF¥ 7F, P ORT
WA FFR R PEREE 2 Fr OB, (5D =IcER
FIRREII O X 5 0500 H 2 B8 2179, AT
HOMREICBEI L TlEn 20, BLE, AVFVFrv o
DIFFICD > < b & UIBailigz @bzl i Uit L7z
MR, AVFrFrrsoBEIcE ARENRENS L
Uiz, TORERIE, RIEOMeh EAEFE T
HY, HEHFERDMREENCAE U ATREE A R ET 5 L A4
BEZTNE GRER), DIRLIEESIC, 1ERMSIA
ZIFANSN T E =2 MRASIE LI DOV T OHEIE
ETHRARNERFORMZR L T3 EHRLIZEZ S,

— (a) £ RS 105D B8 RERDHERTE TN Ao KED () (3H4H
s~ )y O RDUBEZRY . REN(R)F R v I RDKRED
fBERT, O)VINT I MG TRELICERPRER. () FHE
SETHERLZE RSO REHREIBOHEE .

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
through the pore.

1
S

)
fom
W

t.l_l‘:%";".lu Cda™ 4 e .'_. sy

Figure — (a) Longitudinal section of the basal disc of hydra
(strain105) crossing the center of the disc. In a and c, 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.

WK AR, M PE. 2 57 TEORSIRE AL R CAi ) 20094
4 A5 398-404

Shimizu H, Aufschnaiter R, Li L, Sarras MP Jr, Borza DB, Abraham-
son DR, Sado Y, Zhang X. The extracellular matrix of hydra is a
porous sheet and contains type IV collagen. Zoology (Jena). 111(5):
410-418. (2008)

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

Shimizu, H., and Okabe, M. Evolutionary origin of autonomic regu-
lation of physiological activities in vertebrate phyla. J. Comp. Phys-
iol. A 193(10): 1013-1019. (2007)

Shimizu, H., Takaku, Y., Zhang, X. and Fujisawa, T. The aboral pore
of hydra: evidence that the digestive tract of hydra is a tube not a sac.
Dev. Genes Evol. 217(8): 563-568. (2007)

AR 4, EBIERE . (LS OE(LAEIR B AR, B 2R 2007
£ 1 {5 112-118.

Shimizu, H., Koizumi, O. and Fujisawa, T. Three digestive move-
ments in Hydra regulated by the diffuse nerve net in the body col-
umn. J. Comp. Physiol. A 190(8): 623-630. (2004).

Shimizu, H., and Fujisawa, T. Peduncle of Hydra and the heart of
higher organisms share a common ancestral origin. Genesis 36: 182-
186. (2003).
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Genetics of Neuronal Circuit Development in the Mammalian Brain

WO I BE R SRR I 2B LETH, 20
BB L2 DREMETH D 5 DIERICHEER X NPt
[T, ZOFERHRT S=DICiE, 7 rh S8
fEIA E TOMRE DR EARRTT, ITEDIY
B GEETLE) Hifo¥Es X OB vV — 2D
DT ELVEDORH D T, AIRRETIX, %
NEEEKBIEHL, UFO - DOMAICEELET S
O—F T, WP AR RE UBEES 2 1A %2 0H
SEMCT BT EHBLETD,

O ADKMIKH A TIE, b7k OB AN
BT 22 B R B AV E B A B D BRI T A&
1ZH) ) IR E RSN TV LREFD, [NLIVIERL
ELTHEAMIICHRETEE T, TORENSER TR
AR R TRGE N OBNh=ET L E LT
HHEINTEE L, AZRESY ARMEE R T
BETIVE LT, HRERIERFEEDRNS & HE2ERL
TVWETF,

© (R [AI BN FGEDIRIA W R IS BV CRlIAZR M D2 A4k
WS HIPABEAND Y T FIRZIFEE TN, ZDH
RIFIZ E A ERIRIATS, FAEE, Fol, HBIRMRE
DOWEGAEICIBNT o FRAY VeSS EEND T T
IGED FHEERRIZIES T ez, HEMILE
Uz, WHALBMREBEOFGEL ZOREZ, o F AV
Vi e UCREINCHEY#ET S 2 HIEL TVWE T,

— (A KB REEIBY A D CORE, A MEREHMK (FH) Db
3355 (wp) [CR X BBES 05/ L L, (B)Cre/loxP % 12 & 2 ARk
REERINEGTFERE.C o F A VBEFERET YR (miffy) O
EARHREST (TR).

Figure — (A) Barrels are visible in the whisker pad (wp) representa-
tion area of the somatosensory cortex (blue line). A CO-stained tan-
gential section of the cerebral cortex layer 4. Lower jaw (lj), forepaw
(fp) and hind paw (hp) representation areas are shown. (B) Cre-medi-
ated cortex-specific gene manipulation. (C) A hopping gait of -chime-
rin mutant ( miffy ) mouse.

To understand development of complex yet sophisticated neu-
ronal circuits underlying higher brain function of mammals, inte-
grative studies which cover from molecules to whole animals
are indispensable. By taking advantage of mouse genetic tech-
nologies and resources which have been tremendously
improved in the past decades, we will study mechanisms of
development and function of mammalian neuronal circuits. Spe-
cific Aims:
®In the somatosensory system of the mouse, formation and
refinement of neuronal circuits which connect the peripheral
sensory organ and cortex can be detected morphologically
as "barrel" patterning. We have been studying molecular
mechanisms of barrel patterning as a model of activity-
dependent circuit maturation, by developing and using mouse
genetic methods.
® In a wide range of neuronal circuit development, signaling from
cell surface receptors to actin cytoskeleton plays important
roles. However, these mechanisms are poorly understood.
We recently identified a-chimerin as an unexpected key sig-
naling molecule in axon guidance of motor-circuits. We wiill
study roles of a-chimerin in various aspects of neuronal cir-
cuit development such as axon guidance, synapse formation
and activity-dependent circuit refinement.

c

Iwasato, T., Inan, M., Kanki, H., Erzurumlu, R.S., Itohara, S., Crair,
M.C. (2008). Cortical adenylyl cyclase 1 is required for thalamocorti-
cal synapse maturation and aspects of layer IV barrel development.J.
Neurosci. 28, 5931-43.

Iwasato, T., Katoh, H., Nishimaru, H., Ishikawa, Y., Inoue, H., Saito,
Y.M.,, Ando, R., Iwama, M., Takahashi, R., Negishi, M.& Itohara, S.
(2007). Rac-GAP o -chimerin regulates motor-circuit formation as a
key mediator of ephrinB3/EphA4 forward signaling. Cell 130, 742-
753.

Erzurumlu, R.S. and Iwasato, T. (2006). Patterning of the somatosen-
sory maps with NMDA receptors. In Development and plasticity in

sensory thalamus and cortex. Erzurumlu, R.S., Guido, W. and Molner
Z. ed. New York, Spinger. P.158-182.

Iwasato, T., Nomura, R., Ando, R., Ikeda, T., Tanaka, M and Itohara,
S. (2004). Dorsal telencephalon-specific expression of Cre recombi-
nase in PAC transgenic mice. Genesis 38, 130-138.

HEBIE (2006) AMIEEEFOSLIVER) FGED ) T HIfg A - =
L. FEREZE (BTE)24, 60-67.

HHBGE (2004) B okiEE L OURSE DIEEIMKTFIVFGE . lRIATE
kR (HETIS) 49, 351-357.
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ASAKAWA, Kazuhide
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MNEMARE Kawakami Group

€757 14 v aBREGBEDBELFEIIRER

The genetic basis of development and behaviors in zebrafish

NPT 5T ¢ w2 (Danio rerio) &, 2%k
OERDESE L FIENRS TH S T &, IR LR
BEHTH 5 T DAIHFRE B OIS - BEDR S TH S
T ehn, BHEWOLRERK « 28ETEK « 178175 &5
AR BIEPINCIZES 37200 T )VE & L
TENTVET,

R, AZH RS VARV U ToRERWVWTE TS
T 4wyl BT BMRO LOEEFEAEORRE, &
SIEBTF NIy T ZoNY =5y THEORM
FICHATHDTHRINLTEE L, TOHERHAWVT
NS VAV v T oy aFRL, SEIELRME
Rk M - BRE AL BT EICK D, WEERRE
BIERMIAZITo TVET, £Z0@EICBNT, &
B2 T3 REETERALTVET, THIC,
BLEI¥TI57 0w allBWT Gald-UAS ¥ A7 DR
FICERNLE LT, TOYAT LW TR
RIS OTETE 2 HED B WIETEMEL U, BHEE D178
Z T 2 RE QMR 2L M LE S L LTWVE
£

L OMFRETIZ, TOXS HMEICHAR LIl
JTEimEEMT A LICK DS NI N S VAT 22y
TT7 4w aRRAINEEETED I LT, BHES)
VIO E MBS LT 2 AR, T
PR B 72D DS 2 1> THE T,

1#E+Hf7E& Postdoc

PFA[ER3XE, ABE, Gembu
SHIBARZE URASAKI, Akihiro
HHE E KIKUTA, Hiroshi

SUSTER, Maximiliano Leon
HEE ¥ MUTO, Akira

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.

— BEFLS YT -ITUNH— b5y TRICK DA 1B
HRERENGFPRIR, (A1) B, (AL)RE Lo, () MmE,
(BT BREME,

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.

Urasaki, A., Asakawa, K., and Kawakami, K.

Efficient transposition of the 7o0/2 transposable element from a sin-
gle-copy donor in zebrafish

Proc. Natl. Acad. Sci. USA 105, 19827-19832 (2008)

Urasaki, A., Mito, T., Noji, S., Ueda, R., and Kawakami, K.
Transposition of the vertebrate 7o/2 transposable element in Droso-

phila melanogaster
Gene 425, 64-68 (2008)

Kotani, T., and Kawakami, K.

misty somites, a maternal effect gene identified by transposon-medi-
ated insertional mutagenesis in zebrafish that is essential for the
somite boundary maintenance.

Developmental Biology 3.6, 383-396 (2008).

Asakawa, K., Suster, M.L., Mizusawa, K., Nagayoshi, S., Kotani, T.,
Urasaki, A., Kishimoto, Y., Hibi, M., and Kawakami, K.

Genetic dissection of neural circuits by 7o0/2 transposon-mediated
Gal4 gene and enhancer trapping in zebrafish.

Proc. Natl. Acad. Sci. USA /05, 1255-1260 (2008).

Nagayoshi, S., Hayashi, E., Abe, G., Osato, N., Asakawa, K., Urasaki,
A., Horikawa, K., Ikeo, K., Takeda, H., and Kawakami, K.
Insertional mutagenesis by the 7o/2 transposon-mediated enhancer
trap approach generated mutations in two developmental genes: zcf7
and synembryn-like.

Development /35, 159-169 (2008).

Kawakami, K.
Tol2: a versatile gene transfer vector in vertebrates.
Genome Biology &, Suppl 1:S7 (2007).
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Genetic and evolutionary studies of embryonic pattern formation

HHERMMR L €D = v FOHIE

Controls of germline stem cells and their niche

=B OWZEE, 5 DDA T IVICHHTEET,

1) RDOEREOHEICHITZ R AL T+ v/ (Hox) #
EFEEO®RE 2) FIRAEICE T 5 0 HiEOEL
3) HiREWIC I B HRsREROEIL  4) HELO#E
FECO Y AGREEYZL Ot 5) il ORI
W T ERVEY TR TR 21T 5 7o D5 B > A
7 L%,

T & UCHiZEY), FHCH8 Parhyale hawaiensis iC
ERZHTTVET, 1) ~3) OFAERE, o'
FIVEYITIRIT E T Z 0 < Oh OB EAEHIC
XoTHOLNTWET, TThBELZKEHZD THEY
Y o BRI REERICHEES B72Ic, 4), 5) Ot
FKxiTHoTVET,

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.

BUA S —EMAIZHD, 2N 5D HX BEILF (S, EIREMIDFER
DREEDELHIZELEIB> TV D,

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.

L7z B OWFZE IR C. elegans 7z W TEIPIFEAIC
Bl 5 2 DOEANEZ fFHT L TOE T, — DI
fam=w FIc X > THERFE N, ZOEMEIREEANZ A Y
FI BT, R, EEEMi BRI A>T
KRN b d 2 ERICENZR > TVE T, ZD®
GIERFRDZICBIT 2% T, G MieD= v F%
WERCT 2 (ARG 72 i A 3 PR RN R J R A R 2 iR D
VL RHIIERIC K & E R OEWZE D 2
fRFTLCVWEDT, TNFE TIESMa MHOEs
& el @SRz HEd 20 7%y b T — 7 ZH]
MU, IERFRRHE = v FIERZHRETd 2 Wit fE&
WKDWTH LW Oz L TWE T,

My lab investigates two basic problems of animal develop-
ment. First, how are stem cells maintained within their
niche and then controlled to switch from a stem cell state
to a differentiated state? Our work in this broad area
focuses on controls of germline stem cells and their deci-
sion to enter meiosis and differentiate as sperm or oocyte.
Second, how is an asymmetric cell division controlled to
generate daughters that are distinct with respect to both
size and fate? Our work in this second area focuses on a
sexually dimorphic asymmetric cell division that generates
regulatory somatic cells that form the niche for germline
stem cells in both sexes. We use the nematode C. elegans
to investigate these fundamental problems. Our studies
began with genetics and cell biology, but now extend into
biochemistry and systems biology. We have delineated a
molecular network that controls the decision between ger-
mline self-renewal and differentiation, and discovered
insights into the Wnt pathway and its control of both
asymmetric cell divisions and niche specification.

NHOS-3

‘;?n 1 _| sodf ronewal
i L= L imitosis]
GLP-1/Motck £ | Y
--i-;n:.lu‘-::;'—"- FBF.1 = FaF2 | a 1‘
\ = —':’{\" Etg-i+difhrrntia1mn
M \/) &- \ a [meiosis)
-
"
K1
forr-3 o

=3

— L EREHERO=-YF (@) FACERIRDZHD TS
WNEEET R F KR ZyFIFIDZRETH S Notch, F.
ARSI B OERE MEEFIET AN TRy hT—S. KBS
BEORF: & RN EHOAT B BTERDEF.

Figure — Top, Distal Tip Cell (green) niche governs germline self-
renewal by Notch signaling. Blue, nuclei; red, Notch receptor. Bot-
tom, network controls decision between germline self-renewal or dif-
ferentiation. Red, regulators of self-renewal; blue, regulators for
meiotic entry; black, regulators of sperm fate.
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D. Sc., Assistant Professor
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Evolution of organisms at genetic/genomic level

KR TR EMOEL 2B T LT/ LLANVT,
IV a—Zfiffr L REROMHE A SHFEL TV %, Bk
DHLNBIC W2 B FRH - WA BHOENLTH S,
ot MW B LB TDY /) L2 L HHEBIW). W

L, BREG EOFELERICENT, 230"

D a— Rl &I a— RFRlgAUT I B R4 521

2. T LT — ZORBIRLERIC K DT LTV 5,
© J\HIEEMD DN A fifph @ HIBER EICHERL L 72BN DE

{RINIARBfRZ 77 27 OEMZ RSN TV S,

KDN AT & ilH B FETH %

o LRI OMEAL © WELEART «+ 75 Db & R
R R OFEBHIE O ORI RZHI B 128, TEH
HITE ORRER K Tt bz KRBT/ Lo o — 2 Ol
ST K O FEASRIC K DT LTV 4,

® TOMMDWIZET —~ - ML O, HEEER
T L, HEREYZHIEIEORTE, BRI S
it T ORUEFHRA

B3t 8 Postdoc
ST3E 3 EZAWA, Kiyoshi
KRYUKOV, Kirill

{EBEIT A SATO, Yukuto

— FFHYIL 3ED ABOXMEEEGFDEIE2BEA~T
BAERIICS EOEBANE U E#E SN/ Kitano 5 (2009,
Molecular Phylogenetics and Evolution) & U,

Figure — Evolutionary history of ABO blood group genes for three
gibbon species. Five ancient recombinations were infered during 2-7
million years ago. From Kitano and others (2009, Molecular Phyloge-
netics and Evolution).

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.

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

® 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.

® 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.
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Shimada M. K., Hayakawa S., Fujita S., Sugiyama Y., and Saitou N.
(2008) Skewed matrilineal genetic composition in a small wild chim-
panzee community. Folia Primatologica 80, 19-32.

Blancher A., Bonhomme M., Crouau-Roy B., Terao K., Kitano T., and
Saitou N. (2008) Mitochondrial DNA sequence phylogeny of four
populations of the widely distributed cynomolgus macaque (Macaca
fascicularis fascicularis). Journal of Heredity 99, 254-264.

Liu Y.-H., Takahashi A., Kitano T., Koide T., Shiroishi T., Moriwaki
K., and Saitou N. (2008) Mosaic genealogy of the Mus musculus
genome revealed by 21 nuclear genes from its three subspecies.
Genes and Genetic Systems 83, 77-88.

Sasaki T., Nishihara H., ..., Sumiyama K., Saitou N, Shimogori T. and
Okada N. (2008) Possible involvement of SINEs in mammalian-spe-
cific brain formation. Proceedings of the National Academy of Sci-
ences U.S.A. 105, 4220-4225.

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.
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Principles of genetic variation and evolution
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In the framework of population genetics, understanding
origin and maintenance mechanism of genetic diversity is
central to our research; specifically, we are interested in
detecting action of natural selection and genetic interac-
tions, development of premating isolation, and morphologi-
cal evolution.
While much of evolutionary study focuses on recon-
struction of the “past” history, an important goal in our
study termed as Tomorlogy is to predict future status of
genes and populations. For this purpose, we are pursuing
empirical, experimental, and theoretical studies.
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

® Theoretical study of evolutionary dynamics of duplicate
genes

® Nature and population dynamics of spontaneous muta-
tions

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

u = 0.00001

ikEL

FPrig=2ut

Probabiity of functional fixation @
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0.04 0.06 0.08 0.1
h

Figure — (A) For a newly arisen duplicate gene to be evolutionarily
preserved, it must go through fixation and resolution steps.(B)The
predicted probability of functional fixation of a new duplicate gene as
a function of the degree of dominance of mutations (h). s and u are
selection coefficient and mutation rate, respectively.

Watanabe, Y., Takahashi, A., Itoh, M., and Takano-Shimizu, T.
(2009). Molecular spectrum of spontaneous de novo mutations in
male and female germ line cells of Drosophila melanogaster. Genet-
ics 781, 1035-1043.

Takahashi, K. H., Tanaka, K., Itoh, M., and Takano-Shimizu, T.
(2009). Reduced X-linked rare polymorphism in males in compari-
son to females of Drosophila melanogaster. J. Hered. 100, 97-105.

Inomata, N., Itoh, M., Kondo, R., Ohshima, M., Inoue, Y., and
Takano-Shimizu, T. (2008). A new test for detecting ongoing selec-
tion. Genetica /33, 321-334.

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.

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.
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Population genetics and genome evolution
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Subtle forms of natural selection, those related to optimiz-
ing the overall physiology of org\?vnisms, may be a perva-
sive force in genome evolution. We employ a combination
of theoretical and laboratory studies to identify mecha-
nisms of molecular evolution with a focus on global adap-
tation. Current interests in the lab include:

@ [dentifying biosynthetic constraints in protein evolution.
Natural selection is thought to act upon protein struc-
tures to optimize biochemical properties related to their
specific cellular functions. Selection for efficient synthe-
sis may also be an important factor in determining the
size, amino acid composition, and evolutionary rates of
proteins but are less firmly established. We study rela-
tionships between gene expression and patterns of pro-
tein evolution to identify adaptation for metabolic and
translational efficiency.

® Studying lineage-specific patterns of silent and protein
evolution. Our studies of Drosophila melanogaster and
its close relatives suggest that both weak selection and
departures from steady-state are prevalent features of
molecular evolution.

®Modeling evolutionary processes under a balance
among weak forces that fluctuate. We employ com-
puter simulations of weak selection with genetic linkage
and fitness interactions among mutations to determine
statistical methods to detect subtle forces in evolution.

b WP PR
& — %1@

Figure — Phenotypic basis of selection at silent sites: Codon
bias and translational accuracy.

mRNAs for a given gene are translated into a population of proteins.
The homopolymer of yellow amino acids is the protein sequence
encoded in the gene. However, roughly 1 in 1000 translation events
results in an amino acid misincorporation (shown as red dots). The
functional effect of such misincorporations are expected to vary
among positions in the proteins. This allows us to test the phenotypic
basis of selection at silent sites using intra-genic sequence patterns;
stronger codon bias at functionally constained than at less con-
strained amino acid positions supports that natural selection biases
codon usage to enhance translational accuracy.

Drosophila sequencing consortium. (2007). Evolution of genes and
genomes on the Drosophila phylogeny. Nature 450, 203-218.

Ko, W. Y., Piao, S., and Akashi, H. (2006). Strong regional heteroge-
neity in base composition evolution on the Drosophila X chromo-
some. Genetics /74, 349-362.

Akashi, H., Ko, W. Y., Piao, S., John, A., Goel, P., Lin, C. F., and
Vitins, A. (2006). Molecular evolution in the Drosophila melano-
gaster species subgroup: Frequent parameter fluctuations on the time-
scale of molecular divergence. Genetics /72, 1711-1726.

Akashi, H. (2003). Translational selection and yeast proteome evolu-
tion. Genetics /64, 1291-1303.

Akashi, H, and Gojobori, T. (2002). Metabolic efficiency and amino
acid composition in the proteomes of Escherichia coli and Bacillus
subtilis. Proc. Natl. Acad. Sci. USA 99, 3695-3700.

Akashi, H. (2001). Gene expression and molecular evolution. Curr.
Op. Gen. Dev. /1, 660-666.
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Process about organisms evolve and new species come into being

Rl

Phylogenetic evolutionary biology

FADWIZE 7 IV — T DI E LY & 9 D
BRI ATE Uy a1« 7/ LTIC X 0 At b
RFEHBLEEZHSMC L TVETD,

DT e FEYIZ ORI EICFERR L T\ a &
FEZTOVET, o rELOmEE. 2 < DEEEYIFGE
ERTAHZALDEREFHT S Lickd, wkE
NEI, hlzbOMRETR,. EFNVEY (avys
TNT, R BERE, NI T U T) OFgz MV, iz
NEEBEERTLELOEWIEFREA (x5 7 FERP.
falciparum) ZEZHWTIT> TVET, o, &Il
D FEYIEN R IR T T VTV E
T, ok, 7/ LB T HBI, s n—= 7
& DNAGERFIRE, RSV BO=iksEe 73/
EEECHI DM, TSIk~ Va7 EHE Y T Avady
VTR FREARDANA X EZFAVTOVET,

TNHOMFET Ta—F 3 E L EYFO S £ XE AR
AMEREICH O T E ZICHEATHO ET,

Research in the Hartl laboratory is at the interface of evo-
lutionary biology and molecular genetics. We study genes
and genomes in order to learn about the processes by
which organisms evolve and new species come into being,
Our approach is guided by the philosophy that progress
in molecular evolution and progress in molecular biology
often go hand in hand.

Studies of molecular evolution are usually enhanced
when they take advantage of information about biological
function and molecular mechanism. Our research often
takes advantage of model organisms (fruit flies, nema-
todes, yeast, bacteria) or organisms of interest in public
health (the malaria parasite, P. falciparum). We also make
use of state of the art molecular and statistical
approaches. In recent years these have included genomics
and gene-expression profiling, cloning and DNA sequenc-
ing, correlations of sequence data with three-dimensional
protein structures, and Bayesian analysis of population
samples implemented through Markov chain Monte Carlo
methods.

These approaches can be used to address a wide vari-
ety of fundamental issues in evolutionary biology.

WL 2 PR S B T2 D O TR, ELDRERE R
Hikte LTIRZA 2T ETHY, ZORDDFENTTHR
H#ETHB, UL, ¥/ LIREOT—21H->Th,
ELWREBNES NS EIEES R0, #EEEICE DA
HNZ, ME-SRMBINE LRI NI 5 TH S,
bbb, EWFo BARNRERRZEC T, 915
Rt EOREN OB &, ZNEFRRT 5720077
OB ZED TV B, BARICIE, BEEEORMEL
OREND %, BEEEEIE 3 DD FER VI — T SRS
ENTVBED, TOT ENKEDSWiREE) & 7 < BE
LTWaZENHALMIIR> TERD, REMOIETH
ETILHAN VI HEDAERTH 5,

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 Evolution

— MEERIDOARBEDEE & HEFEDHEAL, BB IS KBEIR
DIt 7 EkEE (Boreotheria), 7 7 1 A KFEERCIRD 7 7 ') S1E¥E (Afroth
%ri?q)’ %ﬁ*kﬁﬁﬂ;ﬁ@ﬁﬁﬁﬁ (Xenarthra) M3DD T IV — T Id SRR
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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Figure — The cycle of genomic imprinting and involvement of DNA
methyltransferase family proteins in its respective step (left). Abnor-
mal morphology of an E10.5 mouse embryo lacking the maternal
imprints (right top) and a wild-type control embryo (right bottom).

Epigenetic mechanisms, such as DNA methylation, histone

modifications and heterochromatin formation, regulate and

maintain gene activity of cells without changing the DNA

sequence. These mechanisms are important for develop-

mental gene regulation and transposon silencing. They are

also involved in mammalian-specific epigenetic phenom-

ena, such as genomic imprinting and X chromosome inac-

tivation. The following research projects are ongoing in our

lab:

©® Mechanisms of parental imprinting in germ cells

® Mechanisms of transposon silencing by small RNAs

® 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 evolution

® Development of new techniques for epigenetics studies

Hoki, Y., Kimura, N., Kanbayashi, M., Amakawa, Y., Ohhata, T.,
Sasaki, H. and Sado, T. (2009). A proximal conserved repeat in the
Xist gene is essential as a genomic element for X-inactivation in
mouse. Development /36, 139-146.

Hirasawa, R., Chiba, H., Kaneda, M., Tajima, S., Li, E., Jaenisch, R.
and Sasaki, H. (2008). Maternal and zygotic Dnmt! are necessary and
sufficient for the maintenance of DNA methylation imprints during
preimplantation development. Genes Dev. 22, 1607-1616.

Watanabe, T., Totoki, Y., Toyoda, A., Kaneda, M., Kuramochi-Miya-
gawa, S., Obata, Y., Chiba, H., Kohara, Y., Kono, T., Nakano, T.,
Surani, M.A., Sakaki, Y. and Sasaki, H. (2008). Endogenous siRNAs
from naturally formed dsRNAs regulate transcripts in mouse oocytes.
Nature 453, 539-543.

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

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.

ERRKZ (2005). TEY 2374 7 AANM. BHRES 475
VU— 101, HiEE
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Epigenetic controls of plant development and genome structure
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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.

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).

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 FWA
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 319, 462-465.

IR D &, fEilfidife, VR (2008). [DNA XF)L{LE T ¥
VLR T A Z IR G, AR T U — X124
IO Y 2327 4 7 A1)
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The functional organization of higher-order nuclear structures
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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.

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
(AGC)

PML body
Nuclear lamina

Methylated DNA domain Nuclear membrane

o | -
. Nuclear pore complex

Cajal body
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hara, K-i. (2009) Generation of tetracycline-inducible conditional
gene knockout cells in a human Nalm-6 cell line. J. of Biotechonol-
ogy, in press.

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-
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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
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H., Araki, T., Mengiste, T., Scheid, O.M., Shibahara, K-i. Scheel, D.
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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-
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items. Cell 104, 131-142.

Shibahara, K-i. and Stillman, B. (1999). Replication-dependent mark-
ing of DNA by PCNA facilitates CAF-1 coupled inheritance of chro-
matin. Cell 96, 575-585.
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Figure — Ventral tangential migration of neurons in slice-cultured tel-
encephalons Migrating neurons are labeled in magenta. Axon guid-
ance molecule, semaphorin3F repels this migration stream to the
opposite direction (right).

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 transferred and
processed in the olfactory bulb of the brain. Development of
the afferent projection from this first-order olfactory center
has been studied, using knockout mice for various axon guid-
ance molecules.

® Neuronal Migration
During development, many neurons migrate for a long dis-
tance 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 ana-
lyzing mechanisms and physiological function of this axon-
outgrowth inhibition.

Sema3F

Tto, K., Kawasaki, T., Takashima, S., Matsuda, I., Aiba, A., and Hirata,
T. (2008) Semaphorin 3F confines ventral tangential migration of lat-
eral olfactory tract neurons onto the telencephalon surface. J. Neuro-
sci. 28 4414-4422.

Fouquet, C., Di Meglio, T., Ma, L., Kawasaki, T., Long, H., Hirata, T.,
Tessier-Lavigne, M., Chedotal, A., Nguyen-Ba-Charvet, K.T. (2007)
Robol and robo2 control the development of the lateral olfactory
tract. J. Neurosci. 27 3037-3045.

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.
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Arabidopsis Epigenetics and Epigenomics

My group is interested in the study of chromatin-based
epigenetic processes and chromatin dynamics in the flow-
ering plant Arabidopsis. In one project, we have used chro-
matin immunoprecipitation and hybridization to tiling arrays
to define a first reference Arabidopsis epigenome map
based on mutliple chromatin marks. Combinatorial analysis
of these marks indicates that the Arabidopsis epigenomic
landscape can be almost entirely described using as little
as one heterochromatic and three euchromatic signa-
tures. Moreover, we have found that euchromatin exhibits
a short-range organization centered on individual genes. In
another project, we have demonstrated the existence of an
efficient mechanism that protects against transgenerational
loss of DNA methylation in Arabidopsis. This process is
specific to the subset of methylated genomic repeats that
are targeted by the RNAi machinery, does not spread into
flanking regions, is usually progressive over several gener-
ations, and faithfully restores wild-type methylation over
target sequences. Our findings suggest an important role
for RNAI in protecting genomes against long-term epige-
netic defects.
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Figure — Genome browse view the Arabidopsis epigenomic land-
scape around a euchromatin-heterochromatin transition (indicated at
the top by thin dark blue and thick light blue lines, respectively).
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® 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.

HF MR

RN
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Figure — A reconstructed image of the 3D-FISH with hybridization
probes for Shh (red) and its enhancer MFCS1 (green). Each signal
comes close to one another in a nucleus of the ZPA cell that is
actively expressing Shh in limb bud.

In order to understand genetic regulation of complex traits, such
as morphogenesis and energy metabolism, we are conducting
genetic analyses based upon both of “Forward Genetics” and
“Reverse Genetics” by use of existing mouse mutants and
transgenic and knockout mice. In parallel, we are also compiling
comprehensive information of the genome diversity of mouse
inbred strains, and developing new inter-subspecific consomic
strains, in which every chromosome of a classical inbred strain
C57BL/6J is replaced by the counterpart of a wild mouse-
derived MSM/Ms strain. These bioresources are fully used for
genetic dissection of complex traits.

Current ongoing research projects are as follows:

1. Genetic studies on developmental regulations

® Chromosomal dynamics at the Sonic hedgehog (Shh) locus
® Evolution of cis-regulation systems of developmental genes.
® Genetic regulation of development and homeostasis of epi-
thelial archtecture

2. Establishment of experimental systems for genetic dissection
of complex traits based on the genome diversity of mouse
strains

® Collection and compilation of information of genome diversity
and phenotypes of mouse strains

® Genetic mechanism of reproductive isolation in mice

® Genetic regulation of energy metabolism

® Genetic basis for mouse morphological diversity

Amano, T., Sagai T., Tanabe, H., Mizushina, Y., Nakazawa, H. and
Shiroishi, T. (2009). Chromosomal dynamics at the Shh locus: limb
bud-specific differential regulation of competence and active tran-
scription. Dev. Cell 16, 47-57.

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, 500-508.

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, 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.

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

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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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

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.

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

Oginuma M, Niwa Y, Chapman DL, Saga Y. (2008) Mesp2 and Tbx6
cooperatively create periodic patterns coupled with the clock machin-
ery during mouse somitogenesis. Development. /35:2555-62, 2008

Kokubo H, Miyagawa-Tomita S, Saga Y. (2007) Hesr1/Hey1 and
Hesr2/Hey?2 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

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.. Saga, Y. (2005). The tran-
scription factor Mesp2 establishes segmental borders by suppressing
Notch activity. Nature 435:354-359
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Figure — Behavioral tests: In order to understand psychological fea-
ture of mice, we conduct a variety of behavioral tests.

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.

Takahashi, A., Shiroishi, T., Koide, T. (2008). Multigenic factors asso-
ciated with a hydrocephalus-like phenotype found in inter-subspe-
cific consomic mouse strains. Mammalian Genome, 29, 333-338.

Shigeta Y., Kasai S., Han W., Hata H., Nishi A., Takamatsu Y., Hagino
Y., Yamamoto H., Koide T., Shiroishi T., Kasai K., Tsunashima K.,
Kato N., Tkeda K. (2008). Association of morphine-induced antinoci-
ception with variations in the 5' flanking and 3' untranslated regions
of the p opioid receptor gene in 10 inbred mouse strains. Pharmaco-
genet. Genomics, 18, 927-936.

Takahashi, A., Nishi, A., Ishii, A., Shiroishi, T., Koide, T. (2008). Sys-
tematic analysis of emotionality in consomic mouse strains estab-
lished from C57BL/6J and wild-derived MSM/Ms. Genes, Brain and
Behavior. 7, 849-858.

Blizard, D. A., Takahashi, A., Galsworthy, M., Martin, B., Koide, T.
(2007). Test standardization in behavioral neuroscience: a response to
Stanford. Journal of Psychopharmacology, 21, 136-139.

Takahashi, A., Kato, K., Makino, J., Shiroishi, T., 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., Yagi, T. (2005).
Monoallelic yet combinatorial expression of variable exons of the
protocadherin-a gene cluster in single neurons. Nature Genetics, 37,
171-176.
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Model Fish Genomics Resource Laboratory
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SAKAI, Noriyoshi SHINYA, Minori

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

€T757 14 v aBFERDSFRIEEIRERERE

Molecular and cellular mechanisms of the zebrafish spermatogenesis and early development

YT5T 1w ald, OB TRAERRE CE < &5
FERBCHAVET TN TES LD, BNHEREY
ELTHELTETWVWET, FAZBOWIFEZE Tl in vitro
THEUIREFEHVTC RS VAT 2=y 78T ST 1w
VA BT B EH R UE Uiz, TOJETIdEE S
HEFE TWE LT bE 7 OB BN 2 D F F 2RO 4
TOMBUIEA BNB T, PERK D &R FF VA
VI JEWEIEHTES L VWS HENH L ET, F
CT. TOBERICK DB TFRER 2 AV GEhER
T HEOW I ZEDTOET, —/T. TOERIZ
HEAEFEIRO A D2 & E T 2 HITH T % 70 TR
DL ENTVET, €757 4 v aTRDh -
TR TR B DFRIRZEBUR & invitro EERE VT,
BEMEBN I ) 75 e A= FEA A O il T R 7 DI 9% 7 [ 1RE
ICEDTVET,

EHIC, BRHEREEN LR L EDDDHH ET,
RGO S OFEMIRE T, ZHOMIIDFRFTZ o T hidE
b BRNEYEEHEZRIORENS D XT M H
AR X EMZH T, —FRICAZ 2Hla0—% 5
N)VUTCEH L, EDX S RZERNECES & > TIER R
B TELNZONEHEMI LIS ELTVET,

#1758 Postdoc
SANIFER IS KAWASAKI, Toshihiro

FERETE — SAITO, Kenji

— LEAYAIVANG & — LK BBERFADBEGTFEA, (A)
LacZ BILFEBALLKETF. COBFOOBEFHRBZAETS T 1 v
aERTETINS, (B) I FO—LDEERET.

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

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 modi-
fied 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 spermatogenic mutants recently found in
zebrafish and this in vitro culture 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.

Hashiguchi M., Shinya M., Tokumoto M., and Sakai N. (2008).
Nodal/Bozozok-independent induction of the dorsal organizer by
zebrafish cell lines. Dev. Biol. 321, 387-396.

Kimura T, Shimada A, Sakai N, Mitani H, Naruse K, Takeda H,
Inoko H, Tamiya G, and Shinya S. (2007) Genetic analysis of cranio-
facial traits in the medaka. Genetics /77, 2379-2388.

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

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

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

WHEFERIIR (2007). €75 7 1w 2l 3 % in vitro DFSFTE K.
EHEREERZ, 52, 2124-2129.
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D. Ag., Professor D. Ag., Assistant Professor

1 FEEBELNMMRES L VE- ¥/ LADBELCEHSIRERR

Developmental studies of reproductive organs and early embryo, and genetic diversity studies of genomes/species in rice

REVIEAGIIZEE Tl A R OFEEIME, R Ehmiii
TR B HTHAEFE AR IC 350 5 (R 71 75 L Ofig
e/ Lo L ZRIEOIT 2 7 0 A —/N—E 8,
O Ta—F TWOMATVET, 1DHIE, B
A 2 D HAE R SHE 2 FH U 72 AR B I R e 0D - e Y]
&L HEARRRE A WS LR B &
UL/ LT, 2D BRGNS0, =2
K. WIHRRASERRIC B 2857 1 75 Lo Z <
A7 LA, X a— 22 Mg 0 Rl ERfE
Wiz EZ2HublcED TOE T, Ko rEEERGEE L
LT, ARFREFRRMA T ) —= 2T WA R
I EDWITE. FIFE. maEEiTo TO0E T, LUFOWIEER
RZHBICHAE DR T, HRZEDTHET,

o7/ LpEBE L U T OAFAMFREERRE IS A 2 i8R 2L

WOOEE, HEk, FEemT
o RAEGERIAYIN ML, Bl KTMEMIZR. 32K, %

FEHFE OB 71 75 LOfiE
® (e~ a— P BT BEIEN T T TS5 LOfiE

e
LRGSR SE{RISEZ R 62Ty

#1735 E Postdoc

BEFHEST FUJITA, Masahiro
SKERESC NAGATA, Toshifumi

& 7= NIHAMA, Mitsuru

— A X DLETEEBE TR ONDBEBETCFHOER /Y — >
Figure — Expression pattern of genes involved in reproductive
stages of rice

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 rice species collection.

® 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 genetic diversity of wild species of rice

Expression level

Pellinaticn

Thirumurugan, T,, Ito, Y., Kubo, T., Serizawa, A. and Kurata, N. Iden-
tification, 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. 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 I. J Cell Sci.//9,
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

CABHEE Niki Group
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NIKI, Hironori FURUYA, Kanji

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

HREROD TFHRIE. k@

Chromosome dynamics in prokaryote and eukaryote

KIWGH & R R 2> T, Hifa 2% 58 U Tl
FED 7 TR ZTIZE LT B, B « BERO WML TS
RO FHED RO T i CERE R REZ X2 LTV 5,
FRCERAEY T, RORNEICHRAIMICITNE X 1.
L I U7 i B A O A DGR Bl I EE T
HB, EHIC, MBEARDOIEAGAEADHINIAN T ORE
IKHEGLTEL, HBEREOMZEET IO TS, i,
Ty R ANEBER o T (ns:, Mot
TS FH LW ZIEM L DDH %,

#1758 Postdoc

EAREIA AOKI, Keita
5B K& SHIOMI, Daisuke

A{ETLE OHSUMI, Katsufumi
B 7 ChenWei

— (L ET)MEaBEI& s > /%0 ERodZ & MreB 15 & & AR HE
MY S MRDIRERIERDTINS,

(£ F)RodZ 4 (I MreB il 2 < THEMEI NS, B4 DFRER
RICERLRDERENER-TEEZO5NS,

Figure — (Upper and lower left) Two cytoskeletal proteins [RodZ
(blue) and MreB (magenta)] form helix in a rod-shaped E. coli cell to
maintain the rod shape. (Lower right) RodZ helix is formed in cells
inactivated MreB, suggesting two helical filaments play different roles
to determine cell dimensions.

< Cell Duplication in Bacteria >

Chromosome must be precisely segregated into daughter
cells for bacterial cells to proliferate. Although prokaryotic
cells does not have “nuclei” that exist in Eukaryote, the
chromosomal DNA, which is about 1000 times longer than
cell length, is tightly condensed as “nucleoid” within the
cell. How such a tightly packed chromosome can be seg-
regated into daughter cells? We attempt to reveal the
mechanism of this active chromosomal segregation sys-
tem in the E. coli cell. In addition, we are now studying reg-
ulation mechanism of cell size especially on determining
the cell length of a rod-shaped cell.

< Novel Genetic System for Chromosome Study >
Yeasts are powerful genetic tool to identify new elements
or new phenotypes in a wide range of biology. Schizosac-
charomyces japonicus is an alternative fission yeast. Its
nearly twice large nuclear size and fibrously condensed
mitotic chromosomes compare to the other yeasts can be
more suitable model system to understand mechanism of
chromosome organization in vivo, such as mitotic chromo-
some segregation or interphase chromosome compart-
ment. Our final aim is to discover new mechanisms that
regulate chromosome cycle through the isolation of
mutants with novel cytological phenotypes.

MreB RodZ

/ \

MeB 4 =
Radsd  GFP Radd GFP

my -MmB Merge miharry -MraBl

ke[ pe

Furuya, K, and Niki, H (2009) Isolation of heterothallic haploid and
auxotroph mutants in Schizosaccharomyces japonicus. Yeast. in
press

Shiomi, Daisuke, Sakai, Masako and Niki, Hironori (2008). Determi-
nation of bacterial rod shape by a novel cytoskeletal membrane pro-
tein. EMBO J. 27, 3081-3091.

Hatano, T., Yamaichi, Y., and Niki, H (2007). Oscillating focus of

SopA associated with filamentous structure guides partitioning of F
plasmid. Mol. Microbiol. 64, 1198-1213.

Gerding MA, Ogata Y, Pecora ND, Niki H, de Boer PA(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. 63. 1008-25.

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

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

D. Sc., Professor
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Functional genomics in Drosophila

v b7/ LOHEERSIDAS MR D, BT O
2H2TFMEHEENTVET, TNEDBIEFIEME
LTWBDTLEIN? 2L DEEFTEICRE
ENTHEY, ZTOEERANTOEEEPFHRD FZHITNAN
AEETVAEYERHTSC N TEET, YavVs
INIOBIEFIEBEZ 1 H4THERHEE N, ZD70%
e MEETEMHENEER > TVET, ThSDBIET
g (BEEEDLD) EEKICED XS HEENH
N50h, BEWHEDX S ICHF U THEAROEREZH S
TWB0Dh, b MEGTOBEEZ M2 T-DICE N2>
TGN B RN D EENTVE T,

FTTHEBIE Y3y 3 UNZORBELEFICDONT
OZEFAEERL, Ein T ORREE BRI 2%
ZEAH T EICLE LTz, /1iEIERNAITY, RNAL &1,
TREARNA ZHIFINICE A T % & By AN B R D
KEEDPHE SNBSS TS, COHETEEA—T v +T
B IEL T OW 72 Wi a & IR D TR T Z—IC
AR, NTORUKIE A UTIREIRENTEED £,
COXSICUTHELERNAIZRMEN 7L, 3w
¥ a UNTERNIC 31 2 38 n T-HERE D BRSO 5 1R
Dy FT—=7 R ERPASHICT B EDOFHTY—I
EEZLENE T,

— FERRNAIZFIRALENIZEREN O DER. T/ LD S
HE SN 140000 EEEFICDNVTUAS- B HE RERTIDORY
I—EBEL, TNTNEEALENIDONOEDL B,

Figure — Schematic representation of the inducible RNAi mutant fly
bank.

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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Umemori, M., Habara, O., Iwata, T., Maeda, K., Nishinoue, K.,
Okabe, A., Takemura, M., Takahashi, K., Saigo, K., Ueda, R., and
Adachi-Yamada, T. (2009). RNAi-Mediated Knockdown Showing
Impaired Cell Survival in Drosophila Wing Imaginal Disc. Gene
Regulation and Systems Biology, 3, 11-20.

Yoshida, H., Fuwa, T., Arima, M., Hamamoto, H., Sasaki, N.,
Ichimiya, T., Osawa, K-I., Ueda, R. and Nishihara, S. (2008). Identi-
fication of the Drosophila core 1 f31,3-galactosyltransferase gene that
synthesizes T antigen in the embryonic central nervous system and
hemocytes. Glycobiology, /8, 1094-1104.

Yano, T., Mita, S., Ohmori, H., Oshima, Y., Fujimoto, Y., Ueda, R.,
Takada, H., Goldman, WE., Fukase, K., Silverman, N., Yoshimori, T.,
and Kurata, S. (2008). Autophagic control of listeria through intracel-
lular innate immune recognition in Drosophila. Nat. Immu-
nol., 9, 908-916.

Ueyama, M., Takemae, H., Ohmae, Y., Yoshida, H., Toyoda, H., Ueda,
R., and Nishihara, S. (2008). Functional Analysis of Proteoglycan
Galactosyltransferase II RNA Interference Mutant Flies. J. Biol.
Chem., 283, 6076-6084.

Picot, M., Cusumano, P., Klarsfeld, A., Ueda, R., and Rouyer, F.
(2007). Light activates output from evening neurons and inhibits
output from morning neurons in the Drosophila circadian clock.
PLoS Biol, 5, e315.

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
enomics strategy reveals clockwork orange as a transcriptional regu-
ator in the Drosophila circadian clock. Genes Deyv., 21, 1687-1700.
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Genetic Informatics Laboratory

ILE TS  Yamazaki Group
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YAMAZAKI, Yukiko

D. Sc., Associate Professor

BEERBRT —9N—RADER

Genetic resources databank project

EVRPEOER UNFEROBRIE, BERESEHR (7
FAMER) LLTEBHEINTVXT, —75, EFETE
T/ L7uY ey M EicREENBZ T s b
W5 HEIRIES Ol o Te KT — 2 DT — 2= & L
TRHAENSELSICED, avEa—2ZRET 5L —
NDOWIZEEDWR G EDWRER A B LIk TCT &
LHETT, LOLEADNL DS ICHAKT B HHE
NHDEHDOHICZ DX XEEDAL T LIFAAHETT L
HEIRRET — 2 LRI D&M Z Z D FE
LELTLEROD S ERE LTHHTE 2 LIIRD %
Yho ZTTRIE TREZOMEL (=42 by —)) &
WO EZFWEYERRZO T TERAICEDNS K
NSO X UTce THUIEER PR, ZROEREE
MEE D@ TREIE U R THE T 2 W iEie, kL
BB LNVTRBMUTHMCHHLE S L5 &R
THY, 1DDOHRERELEDAZILETEET,

LR CRERERERT— 2N 7 W
(SHIGEN) 7219984 & DHEEL TV E I, EIERE
HOFEINC Z DNjiEZISH LU, VRIS K > TITNT
ICREHRE TV B IEHRZ R AIID DR It B AEY)
FEREBTHICRIH CE B K S Y AT LZFFEL THE T,
722002 Bk F T a FINA A )Y —ATaT
I (NBRP) Off#t>r 22—t L THEHZLTVET,

— BILFA 2 bAD—ZE S L ZEYBRIOSBEGFLEER,
BERFEGCFHTIVERL, KA XFIFOH, FEA 7D
&, RAMACHFET DEGCFOATIVICHELET,

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.

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.

Yukiko Yamazaki, and Sugawara, H.(2009). National BioResource
Project Information Center. Exp. Anim. 58, 75 - 84.

Sato, K.,Shin-i,T.,Seki,M.,Shinozaki,K.,Yoshida,H.,Takeda,K ., Yamaza
ki, Y.,Conte,M.,Kohara,Y. (2009). Development of 5006 Full-Length
CDNAs in Barley: A Tool for Accessing Cereal Genomics Resources.
DNA Res.

Tsunewaki, K.,Matsuoka, Y.,Yamazaki, Y.,Ogihara, Y.(2008). Evolu-
tionary dynamics of wheat mitochondrial gene structure with special
remarks on the origin and effects of RNA editing in cereals. Genes &
Genetic Systems 83, 301 - 320.

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

(LIRS T (2007). 730 AV Y — A CEYREEETRD it > 2 —.
HIIE 127 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, 33-38.
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D. Sc., Professor D. Sc., Assistant Professor

NRARE Kohara Group
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Genome biology of C. elegans development

7 LSRN SANE SR> TTEZ0N? | D
AN ZALRY], Z L TRBNICIEa Y Ea—&2 ETO
HEZDET LT, 7 Celegans % F TR B A
RAFEINCIS B V2 AR R T 28T > A K < H BT
ICHEDE T, FARERE U TIE cDNA 7Y = 7 b RNAI,
FUATERE 10 K > THREMRIT 2D, [ £ DBIZTH
WO, EDOHINET, MZLT0Eh] &0 7T LOF
Bl - BHET— X X—ZNEXTDB ("http://nematode.lab.
nigacjp/") IHAILLTWET, ThEOERERAR
TEH L7ediitse cid, LR T7—<xZ2EDTVWE T,
© HE R E I B B REMSE R T ORRARHIE X 77 = X L\
O BRI 5 AR VT gt L8 UL T A — Rl
© MR BT R RE OEE & R A O 57 Hll RS
© WM FEE DRI E T UL
O SIRRIEDFE L N2 — > LR T FEB SR — > D LU AT

EHIEDNAY— oy iy a—7EE L, #th
HEREYZ Ok LIS DOV T O / LigE
it TWET ("http://dolphin.lab.nig.acjp/").

B E 4EZEE Postdoc / Project Researcher
BEIRE & KAGOSHIMA, Hiroshi BF[1755% NOGUCHI, Kouki
(X5 ZEE SUMIYOSHI, Eisuke EARFBE HIRAKI, Hideaki

— BEEF gb-1(Notch/RERA ) Dpos-1, spn-4EIZFIC LD
EEREAER. A) FARIER, B)pos- 125 B44, C) spn-4ZE B A D A4E R HARE
D GLP- 1R IC & B it BB EIT (L 2 2IIK (S mRNA S TETET B 15,
HiEIEIER Aba, ABo DHRIFIED M (ZGLP-14 /RO B R H5ND . E
BETORIB/INY — 5 pos-1& spn-4EEFH5 A = D EEREIH
EBIHE2>TNSIEDNDDDB,

Figure — Translational control of gip-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.

We are performing a systematic analysis of expression and
function of the genome of the nematode C.elegans, aiming
at understanding of the genetic program for development
and ultimately at reconstructing development in the com-
puter. 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 of genes
©® Computer modeling of early embryogenesis
©® Comparative genomics using closely related nematodes
We are operating the DNA sequencing center to perform
comparative genomics using various key organisms in
evolution and their closely related species "http://dol-
phin.lab.nig.ac.jp/".

Putnam, H. et al. (and 37 people) (2008). The amphioxus genome and
the evolution of chordate karyotype, Nature 453, 1064-1071.

Andachi, Y.(2008). A novel biochemical method to identify target
genes of individual microRNAs: Identification of a new Caenorhab-
ditis elegans let-7 target, RNA, /4, 440-2451.

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.
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High-throughput and high-quality analyses on the variance and specificity of genomes

4 7 I.DNA OREEERIE, EmBlSz2 3T 37201
fibN3HEEEARNTHRET—2DRETT, DNAD
—EE, AGCT 4D X 7 LA F KOS TEH
ENBEXFHIE L THOWA B T2DRIhEEHELEIN
T, DDBJEREL T BT —EXR—ZH, FHROEY
HEIWCE S TR ELMEER L IT>TVET,
LML, B —I FILOFHCES> TWA T T,
FLWIERISH TEE A, AR, 7/ LEED
FERE R R 8 U CAE M S O BT E R 2 T % 2
xR EHEC, P20 4 b S AR RSB Z IR L E
L7z RATZBRDETT DX, ELRMDORA >V Feinb
YR, MBREREE FCREAELR S A 7Y A 7V EKES> T
LR, oA, F—REAORMBESSEA DS/
LB ORI 28 E U T liigsid s ik,
BRICHIR U728 i A R & £ I E b aisdie
T LY OhSMET 5 & T9, UmDOWZeiE
L LT, EEHOLES /7 L%, B3 s v -
TeRREREIC AR T 24D T ) LR, FLTHED
HE, D0t bDOF )/ LEKICDOWTD K O FAN iR
EHWNE UTT / LR EZ2TH L TN E T,

M — b F2IBLREFEREY 7T OAT7HEEBO O—DNAZ Y
O—7ICAVW=FISHERE&K. £ k(B BLVOTU S (FH)

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

Nucleotide sequences are one of the most basic and reliable
data that can be used to explain biological phenomena. The
primary structure of DNA is written as an array of the combina-
tion 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
activated 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 organisms positioned on the
branch point of the evolutionary tree of life, those living in the
extreme environmental conditions, and deeper understanding of
our genomes.

Todd D. Taylor, Hideki Noguchi, Yasushi Totoki, Atsushi Toyoda,
Yoko Kuroki, KenDewar. C%lrlstlne Lloyd, Takehiko Itoh, Tadayuki
Takeda, Dae-Won Kim, Xinwei She, Karen F Barlow, Toby Bloom,
Elspeth Bruford, Jean L. Chgm% Christina A. Cuomo, Evan Eichler,
Michael G. FitzGerald, David B. Jaffe, Kurt LaButti, Robert Nicol,
Hong-Seog Park, Christopher Seaman, Carrie Sou&/nez) Xiaopin

Yang, Andrew R. Zimmer, Michael C. Zody, Bruce W. Birren, Cha

Nusbaum, Asao Fujiyama, Masahira Hattori, Jane Rogers, Eric S.
Lander and Yoshiyuki Sakaki. (2006). Human chromosome 11 DNA
Ele4 uig%eS%I(l)d analysis including novel gene identification. Nature

Yoko Kuroki, Atsushi Toyoda, Hideki Noguchi,, Todd D. Taylor,
Takehiko Itoh, Dae-Soo Kim, Dae-Won Kim,, Sang-Haeng Choi, Il-
Chul Kim, Han Ho Choi, Yong Sung Kim, Yoko Satta, Naruya
Saitou, Tomoyuki Yamada, Shinichi Morishita, Masahira Hattori,,
Yoshiyuki Sakaki, Hong-Sc?og Park, and Asao Fujiyama. (2006).
Comparative analysis of chimpanzee and human Y chromosomes
unveils complex evolutionary pathway. NatureGenetics 38, 158-167.

Hongoh Y, Sharma VK, Prakash T, Noda S, Toh H, Taylor TD, Kudo
T, Sakaki Y, Toyoda A, Hattori M, Ohkuma M. (2008). Genome of an
endosymbiont coupling N2 fixation to cellulolysis withinprotist cells

in termite gut. Science 322, 1108-1109.

Putnam NH, ButtsT,Ferrier DE, Furlong RF, Hellsten U,
Kawashima T, Robinson-Rechavi M, Shoguchi E, ferry A, YuJK,
Benito-Gutie'rrez EL, Dubchak I, Garcia-Ferna'ndez J, Gibson-
Brown JJ, Grigoriev IV, Horton AC, de Jong PJ, Jurka J, Kapitonov
VYV, Kohara Y, Kuroki Y, Lindquist E, Lucas S, Osoegawa K, Pennac-
chio LA, Salamov AA, Satou , Sauka-Spengler T, Schmutz J, Shin-I
T, Toyoda A, Bronner-Fraser M, Fujiyama A, Holland LZ, Holland
PW, atoh N, Rokhsar DS. (2008). The amphioxus genome and the
evolution of the chordate karyotype. Nature 453, 1064-1071.

STAR Consortium; Saar K, Beck A, Bihoreau MT, Birney E, Brock-
lebank D, Chen, éuppen E, Demonchy S, Dopazo J, Flicek P, Foglio

M, Fujiyama A, Gut IG, Gauguier D, Guigo R, Guryev V, Heinig M,
Hummel O, Jahn N, Klages S, Kren V, Kube M, Kuhl H, Kuramoto
T, Kuroki Y, Lechner D, Lee YA, Logez—Blgas N, Lathrop GM,
Mashimo T, Medina I, Mott R, Patone G, Perrier-Cornet JA, Platzer
M, Pravenec M, Reinhardt R, Sakaki Y, Schilhabel M, Schulz H, Ser-
ikawa T, Shikhagaie M, Tatsumoto S, Taudien S, Toyoda A, Voigt B,
Zelenika D, Zimdahl H, Hubner N.}giOOS). SNP an hag)lotype map-
ping for genetic analysis in the rat. Nat Genet. 40, 560-566.

Watanabe T, Totoki Y, Toyoda A, Kaneda M, Kuramochi-Miyagawa
S, Obata Y, Chiba H, Kohara Y, Kono T, Nakano T, Surani MA,
Sakaki Y, Sasaki H.(2008). Endogenous siRNAs from naturall;r
g%rgmsads dsRNAs regulate transcripts in mouse oocytes. Nature 453,

Stefan A. Rensing, Daniel Lang, Andreas D. Zimmer, Astrid Terry,
Asaf Salamov, Harris Shapiro, Tomoaki Nishiyama, Pierre-Francois
Perroud, Erika Lindquist, Yasuko Kamisugi, Takako Tanahashi,,
Keiko Sakakibara, Tomomichi Fujita, Kazuko Oishi, Tadasu Shin-I,
Yoko Kuroki, Atsushi Toyoda, Yutaka Suzuki, Shin-ichi Hashimoto,
Kazuo Yamaguchi,, Sumio Sugano, Yu[u Kohara,, Asao Fujiyama.,,,
Aldwin Anterola, éetsuyukl Aoki, Neil Ashton, W. Brad Barbazui{,
Elizabeth Barker, Jeffrey L. Bennetzen, Robert Blankenship, Sung
Hyun Cho, Susan K. Dutcher, Mark Estelle, Jeffrey A. Fawcett,
Heidrun Gundlach, Kousuke Hanada,, Alexander Heyl, Karen A.
Hicks, , Jon Hu%zles, Martin Lohr, Klaus Mayer, Alexander Melkoz-
ernov, Takashi Murata,, David Nelson, Birgit lf‘lls, Michael Prigge,
Bernd Reiss, Tanya Renner, Stephane Rombauts, Paul Rushton,
Anton Sanderfoot, Gabriele Schween, Shin-Han Shiu, Kurt Stueber,
Frederica L. Theodoulou, Hank Tu, Yves Van de Peer, Paul J. Verrier,
Elizabeth Waters, Andrew Wood, Lixing Yang, David Cove,, Andrew
C. Cuming, Mitsuyasu Hasebe,,, Susan Lucas, Brent D. Mlsfller, Ralf
Reski, Igor V. Grigoriev, Ralph S. Quatrano*, Jeffrey L. Boore.
(2008) The genome of the moss Physcomitrella patens reveals evolu-
tlon%ry insights into the conquest of land by plants, Science 3/9,
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3D-organization and dynamics of human genome chromatin
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Figure — In our structural study by cryo-EM, we did not find any
higher-order structures in mitotic chromosomes, or even 30-nm chro-
matin fibers (A), but just a uniform disordered texture (B). We thus
propose that mitotic chromosomes consist of 11-nm nucleosome
fibers folded irregularly.

Our research interest lies in determining how a long string of

genomic DNA is three-dimensionally organized in mitotic chro-

mosomes and the nucleus, and how the organized genome

functions during cellular proliferation, differentiation, and devel-

opment. We are using a novel combination of molecular cell

biology and biophysics to elucidate 3D-organization and

dynamics of human genome chromatin. Current on-going proj-

ects are as follows:

® Analysis of chromatin dynamics in nuclei and mitotic chromo-
somes by quantitative live-cell imaging.

® Structural study of nuclei and mitotic chromosomes by X-ray
scattering and cryo-electron microscopy.

® Understanding of nuclear assembly and growth mechanisms
during cell-cycle.

A RN, fanm B
Nucleosome * \ :
30nm r.rnmuﬂnﬂm Disordered loop
W
Chromosome Hucluus
1.4E:m I P—-m:ﬁ
10um

Nishino, Y., Takahashi, Y., Imamoto, N., Ishikawa, T., and Maeshima,
K. (2009). Three-Dimensional Visualization of a Human Chromo-
some Using Coherent X-ray Diffraction. Physical Review Letters
102, 18101 (4 pages)

Eltsov, M., MacLellan, K.M., Maeshima, K., Frangakis, A.S., and
Dubochet, J. (Three authors equally contributed.) (2008). Analysis of
cryo-electron microscopy images does not support the existence of
30-nm chromatin fibers in mitotic chromosomes in situ. Proc. Natl.
Acad. Sci. USA 105, 19732-19737.

Wendt, K.S., Yoshida, K., Itoh, T., Bando, M., Koch, B., Schirghuber,
E., Tsutsumi, S., Nagae, G., Ishihara, Ko., Mishiro, T., Yahata, K.,
Imamoto, F., Aburatani, H., Nakao, M., Imamoto, N., Maeshima, K.,
Shirahige, K., and Peters, J.-M. (2008). Cohesin is required for the
transcriptional insulator function of CTCF binding sites. Nature

(Article) 451, 796-801.

Yahata, K., Maeshima, K., Sone, T., Ando, T., Okabe, M., Imamoto,
N., and Imamoto, F. (2007). cHS4 insulator-mediated alleviation of
promoter interference during cell based expression of tandemly asso-
ciated transgenes. Journal of Molecular Biology 374, 580-590.

Maeshima, K., Yahata, K., Sasaki, Y., Nakatomi, R., Tachibana, T.,
Hashikawa, T., Imamoto, F. and Imamoto, N. (2006). Cell cycle
dependent dynamics of nuclear pores: pore-free island and lamins.
Journal of Cell Science /19, 4442-4451.

Maeshima, K., Eltsov, M. and Laemmli, U.K. (2005). Chromosome
Structure: Improved Immuno-labeling for Electron Microscopy.
Chromosoma //4, 365-375.
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Figure — After translation reaction, the mRNA remained for yellow

arrows, 50S subunit remained for white ones, and neither for sky blue
ones.

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.
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Amemiya, Y., Hatakeyama, A., and Shimamoto, N. (2008). Aminosi-
lane Multilayer Formed on Single-Crystalline Diamond Surface with
Controlled Nanoscopic Hardness and Bioactivity by Wet Process.
Langmuir, 25, 1, 203-209

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.
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.

NEAAHTES .(2005). 7/ INA A AP YA T2 24t
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Mechanism-oriented protein structure determination by X-ray diffraction

WEEY OIS S L TEELRZ VISTE, TO%
aik (Jlo7) ONAEZRELET, EMmErXx5
R IR L)V CHIfRT 2 721CiE, T TF)
L ZNRTE RPN E Ul T ONARREE DMIFEH EH
BEBERIZTHE T, HIC, HIZIEY Y RS
L TR YISNTEDIRRENZEL UT-RRCL C B REEZ L
BYT AT K-> T, IEFAFOEZOMFET S L
HEHELED,

WIS E TIEZ DT DIC Xk mEITEZ O E S,
TSI, £ THANLE L AR Z/ED
9, RITZOREMIC XHR7Z H T TR ZRCER U E
T BBICIEHTHEREE O 2 E o — % — Tt LT
WEEPELET,

B, AT O T ORGSR 217> T ET,
O®F1-ATPase, ATP &4
o KIGE, FRIRFEER SN TR
o KRG talk « 75 A3 KRBl &8y
o t MEGIATHE
o Bk RIL X 28 Kid
oS IV Z I F—F
ot O XTHEKZ VNI E

CTNEZIIC O8N Z VR0, TN
REOEAA OTEIR 2+ > T E S, lanbom
WA FRAT D IER IS NS T B > Tz E RS FFi-ATPase, i
ERBRATP ABERZENTENTVET,

— F1-ATPase a3B3re EEHD=RITHEE. LY 71y MIHE
BaF Lol rE eRTRIFHRD, XU LAT MEEIREL e
Y7y bDOOAVRA= 3, .

Figure — A schematic representation of structure of a3[33ye 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 €-subunit (‘up’ state).

We are working on protein structure determination using
X-ray diffraction techniques, in order to understand the
workin? mechanism of the proteins that are broad in bio-
logical function spectrum, but are each with the unique and
interesting action mechanism. The proteins under current
investigation include: the sub-complexes of F1-ATPase,
ATP synthase, 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.

To understand the unique rotational catalysis mecha-
nism of ATP synthase, we have been extending the struc-
tural study from the a3 33 sub-assembly to upper subas-
semblies. The a3/33?/ & sub-complex has provided a
unique opportunity to look at F1 structure with a unique
nucleotide occupancy i.e. nucleotide bound to a single
catalytic f—8 v v 1 7. Also, we have now got ATP syn-
thase crystals. PhzR protein, a P. aeruginosa transcrip-
tional factor, and E. coli YmcB protein are under investiga-
tion using the MAD approach. Fragments of Kid,
transcription factors from both prokaryotes and eukary-
otes and centromere proteins have been examined for
crystals. The structures of the C terminal domain of E. coli
transcription factor PhoB and salt-tolerant glutaminase
have been solved recently.

Murakami,K.,Stewart M., Nozawa K., Tomii K.,Kudou N.,Igarashi
N., Shirakihara Y., Wakatsuki S., Yasunaga T., and Wakabayashi T.
(2008) Structural basis for tropomyosin overlap in thin (actin) fila-
ments and the generation of a molecular swivel by troponin-T Proc.
Natl. Acad. Sci. 705, 7200 - 7205

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.

Shiroishi,M., Kuroki,K., Tsumoto, K., Yokota,A., Sasaki,T.,
Amano,K., Shimojima, T., Shirakihara,Y., Rasubala,L., P. Anton van
der Merwe,Kumagai,l., Kohda,D., Maenaka,K. (2006) Entropically-

driven MHC class I recognition by human inhibitory receptor Leuko-
cyte Ig-like receptor Bl (LILRB1/ILT2/CD85j) J Mol Biol 355, 237-
248

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

Itou, H., Okada, U., Suzuki, H., Yao, M., Wachi, M., Watanabe, N.,
Tanaka, 1. (2005) The CGL2612 protein from Corynebacterium glu-
tamicum is a drug resitance-related transcriptional repressor J. Biol.
Chem. 280, 46 38711 — 38719.
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Molecular and cellular mechanisms for neural network formation
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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.

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 cell-surface pro-
teins involved in the establishment of specific synaptic
connectivity, 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
are studying gene regulatory mechanism for lamina for-
mation in mushroom bodies, a learning and memory
center.
® Signal transduction: Intracellular signaling that trans-
duces the external stimuli to electrical information is a
crucial element for neuronal function. We are studying
this issue using photoreceptor neurons.

Kurusu, M., Maruyama, Y., Adachi, Y., Okabe, M., Suzuki, E., and
Furukubo-Tokunaga, K. (2009). A conserved nuclear receptor, Tail-
less, is required for efficient proliferation and prolonged maintenance
of mushroom body progenitors in the Drosophila brain. Dev. Biol.
326, 224-236.

Kurusu, M,. Cording, A., Taniguchi, M., Menon, K., Suzuki, E., and
Zinn, K. (2008). A screen of cell-surface molecules identifies leucine-
rich repeat proteins as key mediators of synaptic target selection.
Neuron 59, 972-985.

Kurusu, M., and Zinn, K. (2008). Receptor tyrosine phosphatases

regulate birth order-dependent axonal fasciculation and midline
repulsion during development of the Drosophila mushroom body.
Mol.Cell Neurosci. 38, 53-65.

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.

BRARR BT (2004). BHWRSEH D ¥ B WIS 77 XA . il
il 36, 66-69.

50 | %5581 Research Activities



BIRBERDITAZEE http://www.cib.nig.ac.jp/dda’/home-j

Laboratory for DNA Data Analysis

AEEMARE Gojobori Group

o~
=

RiGE = fAREE
Bi% B IS B B 108 #(E) B 1 (38)
GOJOBORI, Takashi IKEO, Kazuho SUZUKI, Yoshiyuki FUKUCHI, Satoshi

D. Sc., Professor

a3

D. Sc., Associate Professor M. D., Ph. D., Assistant Professor D. Sc., Assistant Professor

7/ LABRYT -9 LEGETFRRAD O RIS TFHILE, EhiFiRE

Study for molecular evolution and information biology using genome sequence and gene expression profile
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Day, Mitchell Dean SIF DF KINJO, Sonoko

Clemente, Jose C. J\FAER#C KOBAYASHI, Yuki

Cornero, Andrea {EBE(S8EH SATO, Shunsuke
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2] BEE{S LU, Qing-Xin
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Figure — A Hydra cDNA chip is constructed to analyze the gene
expression pattern of various cell types in Hydra. We have collected
more than 100 cell-type specific genes including those expressed in
nerve and sensory cells. In addition, we also develop cDNA chips for
planarian, turnicate and cave fish to study the gene expression profile
of nervous system and visual system.

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.

Komiyama T, Kobayashi H, Tateno Y, Inoko H, Gojobori T, Ikeo K.
(2009) An evolutionary origin and selection process of goldfish.
Gene 430, 5-11.

Akihito, Fumihito A, Tkeda Y, Aizawa M, Makino T, Umehara Y, Kai
Y, Nishimoto Y, Hasegawa M, Nakabo T, Gojobori T. (2008) Evolu-
tion of Pacific Ocean and the Sea of Japan populations of the gobiid
species, Pterogobius elapoides and Pterogobius zonoleucus, based on
molecular amdg morphological analyses. Gene 427, 7-18.

Howe D, Costanzo M, Fey P, Gojobori T, Hannick L, Hide W, Hill
DP, Kania R, Schaeffer M, St Pierre S, Twigger S, White O, Yon Rhee
S. (2008) Big data: The future of biocuration. Nature 455, 47-50.

Hwang JS, Takaku Y, Chapman J, Ikeo K, David CN, Gojobori T.
(2008) Cilium evolution: identification of a novel protein, nematoci-
lin, in the mechanosensory cilium of Hydra nematocytes. Mol. Biol.
Evol. 25,2009-2017.

Hwang, J. S., Ohyanagi, H., Hayakawa, S., Osato, N., Nishimiya-
Fujisawa, C., Ikeo, K., David, C. N., Fujisawa, T., and Gojobori, T.
(2607) 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, HY., Chien, HC., Osada, N., Hashimoto, K., Sugano, S., Gojo-
bori, T., Chou, CK., Tsai, SF., Wu, CI. and Shen CK. (2007). Rate of
Evolution in Brain-Expressed Genes in Humans and Other Primates.
PLoS Biology 5, e13.

Makino, T. and Gojobori, T. (2006). The evolutionary rate of a protein
is influenced by features of the interacting partners. Mol. Biol. Evol.
23 (4), 784-789.

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
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T—AN— R ERERIEZ+ ASEGIEMIAER Laboratory for Research and Development of Biological Databases and Laboratory of Genome Informatics

EA- P IIV—T Takagi and Nakamura Group
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TAKAGI, Toshihisa

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

D. Eng., Assistant Professor
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Promotion of DDBJ as an infrastructure database for lifescience

DN DRBRICTRE ENDDH 5 AEY I HIE. 4
W2 D& 5 2 0B T & N UL 7% 5730 B gk
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RIS &R R, — RIS EER O
ETHADNAT—%/3>7 (DDBJ) ZEMHH M5 &
LT, T—2N—AEHA D@ L RS EROE DM
ICEDSATHNEET,

Ultra high-throughput sequencing technologies allow biologists
to obtain larger amounts of nucleotide sequence data with
higher throughput at a lower cost. To utilize vast amount of DNA
sequence data as an infrastructure for every field of lifescience
research, reliable database operation and high-quality annota-
tion supply are essential. As the core part of DNA Data Bank of
Japan (DDBJ), Takagi and Nakamura laboratories united in an
attempt 1) to develop advanced database management sys-
tems, and 2) to improve quality of the content of DDBJ.

Iwasaki, W. and Takagi, T. (2009). Rapid Pathway Evolution Facili-
tated by Horizontal Gene Transfers across Prokaryotic Lineages.
PLoS Genetics 5 (3): e1000402.

Ishii, N., Koike, A., Yamamoto, Y. and Takagi, T (2008). Figure Clas-
sification in Biomedical Literature towards Figure Mining. IEEE
International Conference on Bioinformatics and Biomedicine 263-
269.

Sato, S., Nakamura, Y., Kaneko, T., Asamizu, E., Kato, T., Nakao, M.,
Sasamoto, S., Watanabe, A., Ono, A., Kawashima, K., Fujishiro, T.,
Katoh, M., Kohara, M., Kishida, Y., Minami, C., Nakayama, S., Naka-
zaki, N., Shimizu, Y., Shinpo, S., Takahashi, C., Wada, T., Yamada, M.,
Ohmido, N., Hayashi, M., Fukui, K., Baba, T., Nakamichi, T., Mori,
H. and Tabata, S, (2008). Genome Structure of the Legume, Lotus
Jjaponicus. DNA Res. 15, 227-239.

Shimoda, Y., Shinpo, S., Kohara, M., Nakamura, Y., Tabata, S. and
Sato, S (2008). A Large Scale Analysis of Protein-Protein Interactions
in the Nitrogen-fixing Bacterium Mesorhizobium loti. DNA Res. 15,
13-23.

Kaminuma, E., Masuya, H., Miura, 1., Motegi, H., Takahashi, K. R.,
Nakazawa, M., Matsui, M., Gondo, Y., Noda, T., Shiroishi, T.,
Wakana, S. and Toyoda, T. (2008) Objective evaluation measures of
genetic marker selection in large-scale SNP genotyping. J Bioinform
Comput Biol. 6, 905-917.

Kaminuma, E., Yoshizumi, T., Wada, T., Matsui, M. and Toyoda, T.
(2008). Quantitative analysis of heterogeneous spatial distribution of
Arabidopsis leaf trichomes using micro X-ray computed tomography.
The Plant Journal 56, 470-482.
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Knowledge discovery through genome-wide measurements
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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.

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 proj-
ect started in early 1990s, increasing amount of human tran-
scriptome data have been generated. A large collection of frag-
mentary cDNA sequences and genome-wide gene expression
pattern 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
characterization 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 structures are interpreted for domain specific knowledge.
Within such a context, ongoing projects in our group are as fol-
lows
® 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.
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Sugawara H, Ogasawara O, Okubo K, Gojobori T, Tateno Y. DDBJ
with new system and face. Nucleic Acids Res. 2008 36, D22-24.

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

Ogasawara, O., Otsuji, M., Watanabe, K., lizuka, T., Tamura, T.,
Hishiki, T., Kawamoto, S., Okubo, K. (2006). BodyMap-Xs: ana-
tomical breakdown of 17 million animal ESTs for cross-species
comparisonofgeneexpression. NucleicAcids Res. 34,
D628-D631.

Okubo, K., Sugawara, H., Gojobori, T., 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.,
Okubo, K. (2005). Identification of differentially expressed genes in
psoriasis using expression profiling approaches. Exp Dermatol.
14,667-674

Kaimori, J.Y., Takenaka, M., 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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Neural Morphogenesis Laboratory
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Genetic and epigenetic control of neural wiring
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Figure — (A) The third instar larvae with GFP reporter in sunsets of
Sensory neurons.

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

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

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.

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. 2/,
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.

AR (2007). = 2 — 0 A3 U TS OS2 A a2 115
L, ZNEHEFR- ST 200 ? HITLBIEE 54, 842-852.
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Toward understanding design principles and mechanical bases of the architecture of the cell
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1#E+Hf75E Postdoc
/NLZESE KOYAMA, Hiroshi

AAHEE— KIMURA, Kenji
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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).

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)

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 /79, 1347-1354.

AR, JORIE  (2006). T2 E 2 —2 S 2 L— 3 VRFIFIL
TARRDBED X A F X 7 A AT . EFVEREIENES 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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Experimental Farm
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Molecular cytogenetics of plant germ-cell development
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Figure — Cross sections of the rice anther. The normal anther (left)
develops microspores, which mature into pollens (arrowheads). In the
mutant anther defective in meiosis transition (right), germ cells induce
apoptosis (arrows).

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 sexual
reproduction.

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

® Meiotic chromosome kinetics

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

Nonomura K.I., Yamaki, S. (2008) Genetic dissection of sexual repro-
duction in rice (Oryza sativa L.). In "Rice Biology in the Genomics
Era (Hirano, H.Y et al. eds.)", Biotech. Agr. Forestry 62, 191-204.

Nonomura, K.I., Morohoshi, A., Nakano, M., Eiguchi M., Miyao A.,
Hirochika, H., Kurata N. (2007) A germ cell-specific gene of ARGO-
NAUTE 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., Kurata, N.
(2006) PAIR?2 is essential for homologous chromosome synapsis in

rice meiosis L. J. Cell Sci. 119, 217-225.

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

Nonomura K.I., Nakano, M., Murata, K., Miyoshi, K., Eiguchi, M.,,
Miyao, A., Hirochika, H., Kurata, N. (2004) The insertional mutation
of rice PAIR2 gene, the ortholog of Arabidopsis ASY1, caused a
defect in homologous chromosome pairing in meiosis. Mol. Gen.
Genom. 271, 121-129.
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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 identifi-
cation, 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, sometimes
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.

RUIE | EPH | 5SS [EHER | SRR S R (B3 AR MTAILE

Patent application | Patent application | Patent registration | Patent registration

Invention documen S| (National filng) | (International filing) (Japan) (Singapore)

Copyright Licensin 9 MTA
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Cellular Memory Project
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Figure — GAGA factor and FACT-dependent replacement of
K9-methylated histone H3 by H3.3 counteracts the heterochromatin
spreading.

Cellular memory is defined as a long-term maintenance of
a particular pattern of gene expression through many
rounds of cell division or even after cell division. For
example, once an expression pattern of Hox genes along
the anterior-posterior body axis has been established dur-
ing the early embryogenesis, it is maintained throughout
the life and governs formation of the body segments such
as head, thorax and abdomen. When an actively tran-
scribing gene is juxtaposed with heterochromatin, its
expression is subject to variable but heritable silencing,
which gives rise to position effect variegation (PEV). Still
another example is dosage compensation of the X chro-
mosome. Thus, cellular memory is critical for develop-
ment and differentiation of multicellular organisms. Using
the frut fly Drosophila, we are trying to elucidate the mech-
anisms underlying cellular memory by focusing on the
maintenance of Hox gene expression, PEV, and dosage
compensation of the X chromosome.

Heterochromatin

Active chromatin

factor
GAGAG

Replacement of K9-methylated
histone H3 by H3.3

Hanai, K., Furuhashi, H., Yamamoto, T., Akasaka, K. and Hirose, S.
(2008). RSF governs silent chromatin formation via histone H2Av
replacement. PLoS Genetics, 4(2): ¢1000011

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. 27, 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

Tan, B.C.-M., Chien, C-T., Hirose, S. and Lee, S.-C (2006) Functional
cooperation between FACT and the MCM helicase complex facili-
tates initiation of chromatin DNA replication. EMBO J. 25, 3975-
3985..

Jindra, M., Gaziova, 1., Uhlirova, M., Okabe, M., Hiromi, Y. and
Hirose, S. (2004). Coactivator MBF1 presearves the redox-dependent
AP-1 activity during oxidative stress in Drosophila. EMBO J. 23,
3538-3547.
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Trace Archive (TRA) is a repository of DNA sequence chro-
matograms (traces), base calls and quality estimates for a
single-pass reads from a large-scale sequencing project.
TRA data could be useful for confirming SNP sites in ques-
tion, and, once assembled, provide information for finding
new ORFs or genes. With the support by National Project
of Integrating Life Science Databases in Japan we col-
lected and released TRA data at DDBJ. The collected
data are about 1.5 million entries of Oryzias laptipes and
373 gene families of bacteria inhabiting in human guts.

One of the research results in 2008 is the genome scale
construction and evaluation of bacterial phylogeny. We
constructed a phylogenetic tree of 17 bacterial phyla cov-
ering eubacteria and archaea by using 102 carefully
selected orthologs from their genomes. We also developed
a method for comparing two tree topologies or shapes,
ComTree. By using ComTree we could obtain the relative
number of orthologs (POR) that support a node of a con-
structed tree. The figure shows the concatenated bacterial
tree with a POR value on each node.

syc-Cyanobacteria

bsu-Firmicutes

dra-Deinococcus
cdi-Actinobacteria
eco-Proteobacteria
rba-Planctomycetes
fnu-Fusobacteria
lic-Spirochaetes

cte-Chlorobi

bfr-Bacteroidetes
cmu-Chlamydiae

det-Chloroflexi

aae-Aquificae
tma-Thermotogae

afu-Euryarchaeota

neg-Manoarchaeota

—.—-l 0.760
0.910 ape-Crenarchaeota

Horiike, T., Miyata, D., Hamada, K., Saruhashi, S., Shinozawa, T.,
Kumar, S., Chakraborty, R., Komiyama. T., Tateno, Y. Phylogenetic
construction of 17 bacterial phyla by new method and carefully
selected orthologs. Gene, DOL: 10.1016/j.gene.2008.10.006

Sugawara, H., Ikeo, K., Fukuchi, S., Gojobori, T., Tateno, Y. DDBJ
dealing with mass data produced by the second generation sequencer.
Nucleic Acids Res, DOI: 10.1093/nar/gkn724

Fukuchi, S., Homma, K., Sakamoto, S., Sugawara, H., Tateno, Y.,
Gojobori, T., Nishikawa, K. The GTOP database in 2009: updated
content and novel features to expand and deepen insights into protein
structures and functions. Nucleic Acids Res, DOI: 10.1093/nar/
gkn855

Field, D., Garrity, G., Gray, T., Morrison, N., Selengut, J., Sterk, P.,
Tatusova, T., Thomson, N., Allen, M., Ashburner, M., Tateno, Y., Tett,
A., Turner, S., Ussery, D., Vaughan, B., Ward, N., Whetzel, T., Wilson,
G., and Wipat, A. ef al. (2008) Minimum information about a genome
sequence (MIGS) specification. Nat Biotechnol 26, 541-547

Collier, N., Doan, S., Kawazow, A., Matsuda-Goodwin , R., Tateno,
Y., Ngo, Q. — H., Dein, D., Kawtrakul, A., Takeuchi, K., Shigematsu,
M., Taniguchi, K. (2008) BioCaster: detecting public health rumors
with a Web-based text mining system. Bioinformatics 24, 2940-2941

Shin-I, T., Tanaka, Y., Tateno, Y. and Mizokami, M. (2008) Develop-
ment and public release of comprehensive Hepatitis virus database,
Hepatol Res. 38, 234-243
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Figure — Functions and modules of the Information Platform (IP) in
the Targeted Proteins Research Program (TPRP): IP captures, edits
and diffuse results of research and development by the TPRP and
also outside TPRP in digital form.

Biological databases and analytical tools are information

resources for research and development of life sciences and

biotechnology. We have improved the quality and interoperabil-

ity of biological information resources with a number of groups

domestic and abroad. Our accomplishments are:

® Development of Derived databases from DNA Data Bank of
Japan, e.g. microbial and viral genome database, IS
sequence and Barcode of Life (BolL) sequence databases

®In the Global Biodiversity Information Facility (GBIF) Japan
node, internationalization of specimen data and observation
data in Japan and development of tools to utilize GBIF data

® In JST BIRD project, development of Web services and work-
flow to serve problem solving environment named WABI

® In the project of Targeted Proteins Research Program (TPRP),
development of Information Platform as TPRP digital infra-
structure

®In the Database Center for Life Science, development of
Microbial Genome Annotation Pipeline (MIGAP).

P expands the stock and flow of information
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Fukuchi S, Homma K, Sakamoto S, Sugawara H, Tateno Y, Gojobori
T, Nishikawa K. The GTOP database in 2009: updated content and
novel features to expand and deepen insights into protein structures
and functions. Nucleic Acids Res.2009 Jan;37(Database
issue):D333-7

Sugawara H, Ikeo K, Fukuchi S, Gojobori T, Tateno Y. DDBJ dealing
with mass data produced by the second generation sequencer. Nucleic
Acids Res. 2009 Jan;37(Database issue):D16-8

Sugawara H, Ogasawara O, Okubo K, Gojobori T, Tateno Y. DDBJ
with new system and face. Nucleic Acids Res. 2008 Jan;36(Database
issue):D22-4.

Tanaka N, Uchino M, Miyazaki S, Sugawara H. Identification of dis-
criminative characteristics for clusters from biologic data with Infor-
BIO software. BMC Bioinformatics. 2007 Aug 2;8:281.

Kosuge T, Abe T, Okido T, Tanaka N, Hirahata M, Maruyama Y,
MashimalJ, Tomiki A, Kurokawa M, Himeno R, Fukuchi§,
Miyazaki S, Gojobori T, Tateno Y, Sugawara H. Exploration and
grading of possible genes from 183 bacterial strains by a common

grotocol to identification of new genes: Gene Trek in Prokaryote
pace (GTPS). DNA Res. 2006 Dec 31;/3(6):245-54.

Hirahata M, Abe T, Tanaka N, Kuwana Y, Shigemoto Y, Miyazaki S,
Suzuki Y, Sugawara H. Genome Information Broker for Viruses
(GIB-V): database for comparative analysis of virus genomes.
Nucleic Acids Res. 2007 Jan;35(Database issue):D339-42.

Tanaka N, Abe T, Mi%/azaki S, Sugawara H. G-InforBIO: integrated
system for microbial genomics. BMC Bioinformatics. 2006 Aug
4;7:368.

Abe T, Sugawara H, Kinouchi M, Kanaya S, Ikemura T. Novel phy-
logenetic studies of genomic sequence fragments derived from
uncultured microbe mixtures in environmental and clinical samples.
DNA Res. 2005;72(5):281-90.

Sugawara H, Miyazaki S.Biological SOAP servers and web services
provided by the public sequence data bank.Nucleic Acids Res. 2003
Jul 1;31(13):3836-9.

Sugawara H, Miyazaki S. AHMII: Agent to Help Microbial Informa-
tion Integration. Nucleic Acids Res. 2003 Jul 1;3/(13):3727-8
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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-
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imaging techniques, as combined efforts of The Institute of Statistical Mathematics, The National Insti-
tute of Informatics, NIG and several universities that join this project. We employ the developed meth-
ods 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.
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Figure — Technology for DNA Analysis from Single Cell

[4—10 kb

Genome (DNA) Analysis [« 1Ko

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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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, Ikeo K, Fukuchi S, Gojobori T, Tateno Y. (2009) DDBJ dealing with mass
data produced by the second generation sequencer. Nucleic Acids Res. 37, D16-D18

Fukuchi S, Homma K, Sakamoto S, Sugawara H, Tateno Y, Gojobori T, Nishikawa K.
(2009) The GTOP database in 2009: updated content and novel features to expand and
deepen insights into protein structures and functions. Nucleic Acids Res. 37, D333-337

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

Howe D, Costanzo M, Fey P, Gojobori T, Hannick L, Hide W, Hill D P, Kania R, Schaef-
fer M, St Pierre S, Twigger S, White O, Yon Rhee S (2008) Big data: The future of biocu-
ration. Nature 455, 47-50

Field D, Garrity G, Gray T, Morrison N, Selengut J, Sterk P, Tatusova T, Thomson N,
Allen MJ, Angiuoli SV, Ashburner M, Tateno Y, et al. (2008) The minimum information
about a genome sequence (MIGS) specification. Nat Biotechnol 26, 541-547

Tanaka T, Antonio BA, Kikuchi S, Itoh T, Sasaki T, Aono R, Suzuki Y, Yamasaki C,
Imanishi T, Okido T, Tada M, Ikeo K, Tateno Y, Gojobori T et al. (2008) Rice annotation
project database (RAP-DB). Nucleic Acids Res. 36, D1028-D1033

Yamasaki C, KO, Barrero RA, Okido T, Mashima J, Hashizume A, Jin L, Lee KB, L
Nozaki A, Miyazaki S, Tanaka N, Suzuki Y, Ikeo K, Saitou N, Sugawara H, Hayashizaki
Y, Itoh T, Fukuchi S, Nishikawa K, Sugano S, Nomura N, Tateno Y, Imanishi T, Gojobori
T. et al. (2008) The H-Invitational Database (H-InvDB), a comprehensive annotation
resource for human genes and transcripts. Nucleic Acids Res. 36, D793-D799
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Materials and Information Services of Genetic Resources
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(UThe 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.

(UThe 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.

@ www.shigen.nig.ac.jp/mouse/strain/

@  www.shigen.nig.ac.jp/mouse/polymorphism

®  www.shigen.nig.ac.jp/mouse/jmsr/
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Cyber Museum of Genetics
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@%&ﬁ International Activities

EIB%—E'%%E;@ EE{E International meeting promoted by NIG

20084 5 A26H - 27T HIGEEMERE Y VR DY LOENGEEAHSEICB O TS N E L,
NIG International meeting was held on 26th and 27th May 2008 in NIG.

OV VRITLZA ML Meeting Title (FERES  Speakers
ROADOBEREE XA F I T A Andy Choo (Royal Children's Hospital)
Chromosome Dynamics Aaron Straight (Stanford University School of Medicine)

Matt Waldor (Harvard Medical School)

O%x%5 Location ) o )
Jan Karlseder (Salk Institute for Biological Studies)

5H26H (H) « 27H ()0 ERLEEZEWIZEHT

Sandy Chang (MD Anderson Cancer Center)
National Institute of Genetics on May 26 (Mon) and 27 (Tue).

X.F. Steven Zheng (UMDNJ-Robert Wood Johnson Medical School)

(OFfE  Organizer Ming-Ying Tsai (University of Nebraska Medical Center)
ES YRR A Andres Clemente-Blanco (Imperial College London)
National Institute of Genetics and more.

0S8/ EINEEHNA WE
PEASBAKE] 111 4=RRLDEI0/ABD
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un Malaculaire
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91‘@ Aﬁﬁ 3‘?%0) § U'/-\’h- Admission of foreign scientists

K/ 7may ey W4 - W5EREFiJE  Name / Project, Subjest title / Affilication

SV N RERIBTZEEL BT 57 4wy a BT 5 EHKFNEEHENMES 2 —1 VPR IR
Max Suster Activity-dependent development of spinal interneurons in the zebrafish embryo  Division of Molecular and Developmental Biology

REELD A 1 = X L — R EFREHIE & B AR B D R 2L E LT —
Mechanisms of Metabolic Evolution in Green Sulfur Bacteria and Xenobiotic
Biodegradation Pathways

FREROFHIIAERHIR 2 ZIC 1) B EE K7 RNT-1 & Z DG 1A F BRO- 1D
SRRl F DRFS%

Investigating the direct downstream targets of the Runx transcription factor
RNT-1 and its binding partner BRO-1 in controlling stem cell proliferation and
self-renewal in C.elegans.

SAENFRIFZE S
Jose Clemente

BEERIEZE
Laboratory for DNA Data Analysis

SRENRERIBTE B (k- S
Rachael Ann Nimmo

AR RER RS

Genome Biology Laboratory

HHENFFIZE B RIS E
Nicole M Lashbrook JSPS Summer Program Labofatory for DNA Data Analysis
SkIZE R LT/ I
Veronica Jean Murtagh MOU Grant Comparative Genomics
SRR YR a SRR (R IV Te B HEBI Y I RERFF ST BRI R
Max Suster Engineering neurotoxins for genetic manipulation of brain function in vertebrates  Division of Molecular and Developmental Biology
SRS B — ) LY=L BRET ) LT — 2 ORFRIEB ORI 0T 7 A VN e vimmes
Mitchell Dean Day  Surveying intact microbial communities using binary hybridization fingerprints Laboratory for DNA Data Analysis
RIS L & BB FIER L T/ LRBARD YT/ IR PN iR
= Ef Epigenetic regulation of gemetogenesis and genomic imprinting Division of Human Genetics
RIEIETHIB) 2 7 ) INRATIC D < AL A J1 = X LNk AR
Kirill Kryukov Study of evolutionary mechanism based on comparative genome analysis Division of Population Genetics
TR PRI ZRZ RIS LT/ NA A R T F)VERIEANOHTER S TIRHEIZEER
[ A new frontier of biomedical research on chromosome segregation Division of Molecular Genetics
TR FRAYERER OB - SRR OfF L iEH BRI R R
5 & Development and utilization of prokaryotic genetic resources(E.coli) Microbial Genetics Laboratory
TR v R Ly BT — I ERY AT LR BB
Andrea Cornero Development of Genome Network Platform Laboratory for DNA Data Analysis
TR v N7 Ly BT — UGS AT LR EIEEHR AT
Margherita Squillario Development of Genome Network Platform Laboratory for DNA Data Analysis
A ERER 7 PG H LRl THADOBIRE / 2 8 HIRMIRIER G alBni R L AHBE S %
TS BILTFRIET — 2ty FORR BIENR NS
Jung Shan Hwang Gene expression profiling to acquire data sets correlated with repeated dose Laboratory for DNA Data Analysis
28-day oral toxicity studies in rodents
TR v RT L Ly U= G AT LOREE BB
Hua Ngoc Phuc Development of Genome Network Platform Laboratory for DNA Data Analysis
LA C R Ly B U= 7R AT LOME SN
2 BfE Development of Genome Network Platform Laboratory for DNA Data Analysis
- N e EO =5y ++ T2 — X BRI E
fgﬁﬁ;ﬁj( é\/r j‘%ﬁ Iﬁ%ﬁé{ﬁ@ ﬁﬁ%ﬂj & 7 \mﬂ:‘ . . . . . Laboratory for the ;;(esearch and
B nhancement of quality and interoperability of biological information resources  peyeiopment of Biological Databases

v
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of Genetics

ELERFHFFR GEEHD) (3, BEMAKRERKAZE (SOKENDA) - BIEFER
ELT, REREDHEBEZT>TVEY. BEFEPRICZHRLEITOMELE
BRISBNLREORT, BAVREFZ5DOMABZLZFRL, RiHKOLEGEZE
MRICEMLIZVEZEZTNET,

SEFTHISRFZEEY SF—EHBLREL IFROBLRIMRED 212
HORENLHYEY., ELEMBEBPKRZEER 2FROMAEDH S A EL
BRERIZEICARTEEY,

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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High Quality Research
SOKENDAI: No. 1 in Education
SOKENDAI is based on research institutions such as NIG that conducts top level research in various disciplines. For this

reason it can devote its huge resources and personnel to research-based education. Indeed, in 2008 SOKENDAI was
ranked “No. 1 in Education” among all national universities in Japan.
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Small lab size

Unlike most other Japanese Universities that retain the "pyramid" lab structure, professors and associate professors
organize independent research groups at NIG. Each group is small; a typical lab consists of fewer than ten people: a prin-
cipal investigator (professor or associate professor), an assistant professor, a postdoc (if any), one or two graduate stu-
dents and technicians. Thus, the ratio of faculty to students is extremely high, an average of 1.4 faculty/student. This
enables the graduate students to have frequent and in-depth discussions with faculty—something not possible at institu-
tions with an undergraduate program, which must accept several students per faculty every year, not counting undergrad-
uate students!
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Diverse Courses and Frequent Seminars

The Department of Genetics offers diverse courses aimed at providing in depth as well as basic knowledge on various
fields of life sciences. For example, in the course "Perspectives of Frontiers", students can obtain credit by taking two
short lecture series that deal with fundamental principles at the boundary of biology and another field. Molecular and Cel-
lular Biology and Developmntal Biology are offered in two forms: e-learning in which you can learn basic consepts over the
internet, and courses that center on critical reading and discussion of the primary literature. Courses desinged to refine
scientific presentation skills, such as English conversation classes and workshop on scientific writing are also offered. A
large number of seminars covering various fields of life sciences are held by NIG. About 70 "Biological Symposia" featuring
eminent scientists from all over the world are held annually. In addition, members of NIG present their progress during the
past year at weekly "NIG Colloquia." These seminars also include an active question and answer session with animated
discussions in which students can learn how to discuss and debate various scientific issues. Course credit can be
obtained by attending these seminars. Graduate students are invited to lunch with seminar speakers, where students have
a chance to personally talk with internationally renowned scientists. Many of the seminars, including those given by Japa-
nese scientists, are given in English, and most of the graduate course lectures are also given in English. So, the knowledge
of Japanese is not required for completing the graduate program and obtaining PhD degree.
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Team teaching

NIG has a policy that "all" faculty members should be involved in the education of each student. As in other institutions,
most research activities of a student are done in a particular research group, headed by a thesis advisor. However, each
student in the NIG graduate program elects four faculty members outside their own research group as members of their
"Progress Report Committee." This committee meets with the student once per year (or more often if requested by the
student) and gives advice on the student's thesis project. Every year students will have opportunities to present their work
in poster sessions or at the NIG Colloquium, and have discussions with the committee, as well as the audience. By provid-
ing a friendly and stimulating environment to have in-depth discussions with researchers in other fields, this program helps
students to broaden their views and to find breakthroughs when research is not going smoothly. It also gives opportunity
to prepare for presenting seminars at conferences.
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Close network of research groups

NIG is famous for active interactions and discussions among the in-house researchers. Because each research group is
small, many groups have joint lab meetings with other labs, and collaborations between groups are very common. Gradu-
ate students also actively and freely visit other research groups to acquire new techniques and knowledge, which is
another merit of small groups. In addition to graduate students and faculty members, NIG supports various types of
researchers, such as postdoctoral fellows, collaborative researchers and visiting scientists from abroad. Interacting and
networking with researchers with diverse levels and backgrounds is an ideal way for students to develop broad and bal-
anced views as mature scientists.

In addition to formal seminars and colloquia, NIG offers many opportunities for the researchers to get together and dis-
cuss various issues in a relaxed atmosphere, such as tea times, happy hours, and an end-of-the-year party.
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Various aids to students

Since 1995, NIG has been selected as the Center of Excellence (COE) and has received ample support from

the government to enrich its graduate program.

Financial aid

Students accepted to the International Graduate Program at
NIG will be nominated as candidates to receive the Scholar-
ship from the Japanese government (MEXT fellowship). Third
year students can also apply to a “Research Fellowship for
Young Scientists” grant sponsored by JSPS.Other financial
aids are also available.

NIG has laptop computers and bicycles that students can
borrow for their own use.

y

Aid in finding a job

To help our graduates find jobs after obtaining their degrees,
NIG collects recruitment information for positions such as
postdocs and assistant professors and informs the graduate
students and alumni using a web page and a mailing list.

Courses on scientific presentation

Learning how to communicate your results to others in writ-
ing and in oral presentations is an important technique that
must be mastered during your graduate career. As a part of the
graduate program, NIG offers courses in scientific writing, as
well as scientific presentation and discussion in English. Effec-
tive presentation techniques will help you not only to get your
ideas across, but also reflect positively on you and your
achievements. 7

Travel funds

Once you have obtained interesting results and polished
your presentation sKills, it's time to show them off at interna-
tional meetings. Indeed, many NIG graduate students have
been selected to present their work as oral presentations at
prestigious international conferences. NIG students are eligible
to apply to several travel funds to cover the costs of attending

international conferences. 7
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Message to Students
If you are reading this page, you are probably planning to obtain a doctoral degree (Ph. D.) in graduate school
and become a researcher. Then, what do you aim for as you enter graduate school?

A doctoral degree is vital to obtaining a job as a researcher. The position of a postdoctoral researcher, by
definition, assumes that you have a doctoral degree, and qualifications for faculty positions also often include
holding a doctoral degree as a prerequisite. Once you obtain a doctoral degree, society will accept you as a
"professional researcher"; they will expect you to have gained the professional knowledge and experimental
techniques necessary to conduct research—to discover things that no one has found out before. However, grad-
uate school is not just for obtaining knowledge or techniques. All that can be done later; in fact, researchers need
to be constantly acquiring new knowledge and techniques to stay at the forefront of their field of research. What
you should do in graduate school, and what can only be done in graduate school, is to acquire "the spirit and
attitude of research." Learning how to improve the quality of your data, how to turn "data" into "results," and how
to write and publish papers that announce how your research advances the field—these are the most important
things that you should aim to accomplish as a graduate student.

ERZEASR - WZFE Department of Genetics, SOKENDAI
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Department of Genetics, SOKENDAI / Hosting scientists from other

Therefore, our goal for graduate education in the Department of Genetics, SOKENDAI is "to develop the ability
to become an independent researcher." In admissions process we value volition, creativity, and logical thinking
skills, rather than knowledge of factual data. Our admission policy can be found at the following URL: http://
www.nig.ac.jp/jimu/soken/exam/admission_policy.html#English.

For detailes of the international Graduate Program at NIG, please visit the following URL.
http://www.nig-ac.jp/jimu/soken/IGP/

Undergraduate Summer Research Program at NIG, NIGINTERN

NIG offers a 10-week research internship program for undergraduate students who wish to gain experience in
scientific lab work. Each intern will join ongoing research projects in a world-class research group. Intern can also
participate in various Department activities, such as lectures for our graduate students, journal clubs, and semi-
nars by outstanding researchers in and out of NIG. Japanese lessons are also available.

Stipend will be provided to cover traveling and living expenses, lodging in the institute’s guesthouse and over-
seas travel accident and sickness insurance.

SOKENDAI - B EIZDVD 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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Graduate Students at NIG

lﬁ{fﬁﬁfﬁé/uf(r \ 5*?8}?5'5 Graduate students at NIG
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AMAKAWA  Yuko
CHIBA,Hatsune

FU,Yu
FUKUDA,Kei
HARA,Yuki

HASEGAWA, Kazuteru

HATAKEYAMA,Akiko
HAYASHI,Hanako
HIRANO,Mami
ISHII,Ayako
KAGAWA,Naoko
KANZAWA,Hideaki
KATAOKA,Taro
KOMEDA,Norio
KONDO,Ken-ichiro
KONNO,Hiroyuki

MATSUNAMI,Masatoshi

MATSUOKA,Shinya
MITA,Sakura
MIYAZAKI, Takaaki
MIZUTA,Yoko
MORI,Akihiro
NITTA,Hirohisa
NIWAYAMA,Ritsuya
OKUBO,Yusuke

SADA,Aiko
SAKATA,Yuka
SASAKI, Taku
SATOU,Shunsuke
SHIBANO,Takako
SUZUKI,Aussie
SUZUKI,Ayumi
SUZUKI,lkuo
SUZUKI,Rumiko

TAGUCHI,Atsuko

TAKAHASHI,Mahoko

TAKEUCHI,Kozo
TANAVE,Akira
TANAKA,Kentarou
TSUDA,Katsutoshi
TSUKAHARA,Sayuri

K4/ WH5REY Name / Research Topic
Mechanisms regulating X-chromosome activity during embryonic development
Mechanisms of DNA methylation in mouse germ cells
Cell-autonomous regulation of axon guidance receptors in space and time as a novel mechanism of organogenesis
Control and evolution of transposons in Arabidopsis
Regulation of mammalian epigenetic mechanisms
Cell size-dependent control of spindle elongation in C. elegans early embryo
Analysis of cyclic gene expression in Sertoli cells
Electromechanical microinjection with needles with sub-micron diameters.
The regulatory mechanism of nuclear size in C. elegans early embryo
Functional analysis of rice genes regulating reproductive process
Analyses of genetic factors related to spontaneous activity in mice
Functional role of CENP-R in mice.
Evolutionary Analysis of Ancient DNA
Genetic dissection of energy metabolism based on the mouse genome diversity
Chromosome dynamics during meiotic prophase I in rice
Role of the replication protein, SId7 in the cell cycle control
Studies on the mechanisms for maternal mRNA localization in C. elegans embryos
The phylogenetic analysis of vertebrate genomic region deriving from two round whole genome duplications
How is establishment of germline-stem-cell regulated in Drosophila development?
Physiological function of M6a protein in the nervous system
Dynamics of the ribosomal RNA gene cluster
Analysis of the duplicated genes causing reproductive isolation in rice hybrid pollen
Theoretical and experimental studies on the mechanisms for gene expression regulation in C. elegans
Mechanisms of DNA methylation controlling developmental genes
Mechanical analysis of intra-cellular material transport using C. elegans embryo
The coupling mechanism to generate synchronized oscillation in mouse somitogenesis
The genetic dissection of neural circuits regulating zebrafish behaviors
Localization patterns of guidance receptors in Drosophila axons: why and how
Function of Nanos2 in the maintenance of spermatogonial stem cells
Regulation of mammalian epigenetic mechanisms
Control of DNA methylation in Arabidopsis
Changes in hepatic gene expression induced by Peg-Interferon plus Ribavirin therapy of chronic hepatitis C patients
Regulatory mechanisms of sexual differentiation of mouse germ cells
Functional analysis of kinetochore proteins in vertebrate cells.
Genetic studies of neuronal circuit development in the mouse
Comparative developmental analysis of the chicken telencephalic structure
Analysis of restriction factors on synonymous sites
Population differentiation and genetic diversity in Southeast Asian populations
A study of roles of the replication terminus region for proper chromosomal segregation in E.coli
Identification of non-coding regions conserved specifically in primates
Biochemical studies on constitutive kinetochore components
Molecular and genetic basis of behavior diversity in mice
Developmental robustness in embryonic anterior-posterior patterning in Drosophila and its genetic variability
A study of KNOX gene function in rice shoot development

Control of retrotransposons in Arabidopsis

BIE CFA CVWSAERTE  Graduate Students at NIG
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Activities and Events for the Promotion of Research

Eﬁgﬁ, E{EJET BlEHD /ﬁ@] Activities for the Promotion of Research
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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.

/\’f 7.|- A :/jJ )l/:/ \/7k° :/ 'j A Biological Symposia
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The Biological Symposium is held throughout the year, featuring
distinguished speakers in many areas of biological sciences, from
universities and institutions worldwide.

200943 B 16 B Patricia J. Wittkopp T DEE
March 16, 2009 Dr. Patricia J. Wittkopp

'f i’% Events
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As one of the events of the Science and Technology Week, the
National Institute of Genetics (NIG) opens its grounds and facilities to
the public. Visitors attend exhibits, special lectures and scientific
movies, as well as enjoying cherry blossoms in the institute campus.

NHEBES  Puic Lecture
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Once every autumn, NIG holds a public lecture in Tokyo, pre-
sented by its faculty.
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Management

E"é" Management

JEE 2 Advisory Committee
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The Advisory Committee gives advice to the Director-General on administrative affairs including joint research programs.

(A EE A HEIRD
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OSUMI, Noriko Professor, Graduate School of Medicine, Tohoku University SUGANO, Sumio Professor, Graduate School of Frontier Sciences, The University of Tokyo
fei] FE L5 W TR ER AR e B AR 8% iImiESN TR MR B8R
OKADA, Norihiro Professor, Tokyo Institute of Technology school and SEKIGUCHI, Mutsuo  Adjunct Professor, Fukuoka Dental College
Graduate school of Bioscience and Biotechnology . \ \ ) B
- Lt g R o FHH gL JUNREER B B A T R %
g\G“ 17 AT EERMAE AR TACHIDA, Hidenori  Professor, Faculty of Sciences, Kyusyu University
AWA, Tomoko Vice-Director, Iwate College of Nursing . o
. ; A e £ S BRENEEN KBOR R TR SE T £
ﬁ% % HIBRFRF BRI 80% NAKAMURA, Haruki Professor, Institute for Protein Research, Osaka University
KONDO, Shigeru Professor, Graduate School of Science, Nagoya University . L . . e
¢ e N FEEAS T SRR AR A dnRl AR B
el — e HOTATBAE NFC PRI #i i > 2 — R NISHIDA, Eisuke Professor, Graduate School of Biostudies, Kyoto University

SHINOZAKI, Kazuo

Director, Plant Science Center, RIKEN
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sz I FEIE R BHDD T v 2 —Bu%
YAMAO, Fumiaki Professor, NIG KURATA, Nori Professor, NIG

FARshZ HTEARF TR B (v N/ SRS > 2 — B
ARAKI, Hiroyuki Professor, NIG NIKI, Hironori Professor, NIG

g [EIESEGRIEENE S WA (e WEEEAITE v 2 —H%
HIROMI, Yasushi Professor, NIG SHIMAMOTO, Nobuo Professor, NIG
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SAITOU, Naruya Professor, NIG GOJOBORI, Takashi Professor, NIG

fle " K.z EBEREE PN/NESING S ‘EanfEH - DDBJW2et > 2 — %%
SASAKI, Hiroyuki Professor, NIG OKUBO, Kousaku  Professor, NIG

WaBE RV > 2 — BT

SHIROISHI, Toshihiko

7 ENA P —

Professor, NIG

— K Advisory Board

The board members give advice to the Director-General and/or the Advisory Committee regarding the principles and policies of

the institute.

SIS SR A & RO E s T NI AR - R R AT 4 — R
IWATSUKI, Kunio Director-General, Museum of Nature and Human Activities, Hyogo TAKEICHI, Masatoshi Director, Center for Developmental Biology, RIKEN

W EZ BRI ER AR Walter J. Gehring  Professor, Biozentrum, University of Basel

SAKAKI, Yoshiyuki  President, Toyohashi University of Technology Tim Hunt Principal Scientist, Cancer Research UK London Research Institute
2 AN At o R — 424 John Sulston Chair, Institute for Science, Ethics and Innovation,

SUGIMURA, Takashi

b

President Emeritus, National Cancer Center

A& {2 Office of Strategy Planning and Coordination

Eric Wieschaus

The University of Manchester,

Professor, Princeton University
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Department of administration and Technical Section Sta

EEEK&E?HEEH&E Department of administration and Technical Section Staff

(2009481 HIRAD)

e Director 1
B Professors 21
UEHT Associate Professors 12
BhE Assistant Professors 26
HEHP Adjunct Professors 10
INET Subtotal 60 (ﬁ%ﬂﬁgﬁ%énct Professors)
EHE Administration Staffs 18
Hifiik  Technicians 14
&t Total 92 e ana)

EFES Department of Administration

EHETE General Manager NI 7% UCHIYAMA, Akira

FZC#EEEER Research Promotion Section

ME Manager A B KOKUDAI, Masatoshi
RIIFRE Deputy Manager HiS#FE ~ MAEJIMA, Koji
HIEE Deputy Manager 7 HH7S % NITTA, Kiyotaka

B et — 1. Research Promotion Team

HREGRH Subsection Chief  RHijE#EE  MAEJIMA, Koji

B (8715 « 25 F— L. General Affairs / Education Team
HREGRH Subsection Chief T FH &R NITTA, Kiyotaka

Z=EPEE Management Project Section

ME Manager T SE HIROSE, Hisayuki
HIFE Deputy Manager 75 [l HIKICHI, Mitsuo

B [17% - ®i#5F— L. Financial Affairs / Inspection Team
HREGH Subsection Chief 7 [HliEk HIKICHI, Mitsuo

B iEF— L. Supplies Team

%E Subsection Chief ~ $HANE L SUZUKI, Masatoshi
B 5% — L. Facilities Team

HE Subsection Chief 47 [ 12 ISHIHARA, Mitsuhiro

B )\ - %%F— L Personnel Team

%E Subsection Chief  #5AKFEZEF SUZUKI, Yumiko
RE Subsection Chief  JE32 5% WATANABE, Akira

HiftiEf Technical Section

HEGH Deputy Chief EHD b KURATA, Nori
AREmE Assistant Chief 2% FHSZL YATA, Katsunori

YL Animal Unit
I E Unit Leader 1% M+ SAKAI, Masako
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1949

1953

1954

1955

1960

1962
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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.
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2001
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2003

2004

2005
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2008
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May 11
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Oct. 1

Apr. 9

Apr. 1

Apr. 1

Apr. 1

Apr. 1

Dec. 1

Apr. 1
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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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427,7-18.
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Fujimoto, R. ef al. (2008). Evolution and control of imprinted FWA
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Philosophy and Concept

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
genome science, but is also true in other fields such as earth, environmental
and social sciences. The Research Organization of Information and Systems
(ROIS) is established to promote research activities of the inter-university col-
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
closely related fields, but they complement each other for future research
development.

Through the interdisciplinary cooperation, we will be able to create new
paradigms that conform to the current science revolution. In order to explore
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
institutes.
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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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