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Introduction

The National Institute of Genetics (NIG) was established in 1949 as the
central institute to study various aspects of genetics. It was reorganized
in 1984 as an inter-university research institute to promote collabora-
tions with researchers at universities. Since 1988, NIG has been partici-
pating 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 differentia-
tion, morphogenesis, brain function, and evolution --- the history of life
itself. Currently, 39 research groups are actively performing pioneering
and cutting-edge researches in these fields at NIG.

Recent generation of massive information on biological systems and
their environment calls for new directions in life sciences, such as
bioinformatics, system-level analysis, and theoretical approaches to
extract knowledge from databases. NIG has collected and developed
various bioresources (mouse, rice etc.) from wild population for long
time, which are now excellent targets in the new genome era to under-
stand the mechanisms and its evolution and diversity of life. So-called
the next generation DNA sequencing technology will revolutionize a
wide range of life science. To meet this direction NIG sets up Intellectual
Infrastructure Centers (Advanced Genomics Center, Genetic Resource
Center and DDBJ Center) for cooperations and collaborations in the
research community.

We would appreciate your continuous support and encouragement to
NIG, and welcome your comments and suggestions on our research
activities and endeavors.

Yuji Kohara, Director-General

INRIfER PR Yuji Kohara Director-General

MRDEDFEDZ T/ LEYZE

BEE 2HRBARZEF (1980-1989)  REMRCHFAEYMEMRAMBEHRRE
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FEZER A FEYZFR ARELFR . HUGO (Human Genome Organiza-
tion)

Research Field: Genome biology and molecular biology

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

Memberships: Genetics Society of Japan; Molecular Biology Society of Japan; HUGO
(Human Genome Organization)
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is institute offers collaborative research
portunities to researchers throughout Japan.
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NIG performs Biol urces Center, DNA Data
Bank of Japan (D and DNA Sequencing
Center, as a core institute to build the
intellectual infrastructure that supports Life

As a core institute of Genetics, NIG is acting for
advanced research in the field of Life Sciences.
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This institute enrolls graduate students as the
Department of Genetics, School of Life
Sciences, Graduate University for Advanced

Studies, and also participates in the education
of students from other universities.
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Cutting-edge research at the National Institute of Genetics: a core institute for life sciences
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NIG is a core institute for advanced research in the field of Life Sciences working to unlock
the mysteries of biological systems and their individual mechanisms. Biological systems are
characterized by hierarchical structure of genetic information and various biological materi-
als. Therefore, to explore from genes and genomes to biological systems, we perform
cutting edge research using rice, Arabidopsis, mice, zebrafish, fruit flies, nematode, E. coli
and other model organisms, and various databases, with keywords such as
“chromosome/cell”, “epigenetics”, “development/differentiation”, "reproduction”, “behavior”,
“neuroscience”, “genomics and bioinformatics”, and “evolution and diversity”.




[ | [ | [ | ] ] ] ] ] [ | ] ] Outline

E I iEtERFT PR IR E R

National Institute of Polar Research Department of Polar Science
N — = N oL N
E TR HEEML AN R E
National Institute of Informatics School ofsl\ll_ultldlsupllnary Department of Informatics
ciences
e S E TS FETRIFEER

The Institute of Statistical Mathematics Department of Statistical Science

REHERIARBIEA
BV AT L
IRZHE

SRR
BIGEER

—tee VEE J— Daxi—
E L&A
National Institute of Genetics Department of Genetics
School of Life Science

Inter-University Research
Institute Corporation
Research Organization of
Information and Systems

REmaemREtEY Y —
Transdisciplinary Research Integration Center Iill‘zj(fi'-/fA
SATHAIUR BEHRKFERAFD—EB
BEeET—IN—AtzI5— A part of SOKENDAI

Database Center for Life Science
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Activities to build the intellectual infrastructure that supports life sciences
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FEENTHD] (KR 5. 1946) Z#&XLTWLD.
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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Haneda Airport A Shinagawa JR Station A Mishima JR Station
RE #9205 FEHRCEE #9509
Keikyu (about 20min) Shinkansen Kodama (about 50min)
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Narita Airport A Tokyo JR Station A Mishima JR Station
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Shinkansen Kodama (about 1hr)
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Shinosaka JR Station A Mishima JR Station
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Shinkansen Hikari (about 2hr)

[ ] B Access to the Institute
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Kyoto City Narita Airport
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Haneda Airport
=5m
Eanafl=! Mishima City

Shizuoka Prefecture
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From Mishima JR Station to NIG
ZERMISOER #4km
About 4km from Mishima JR Station
X #9205 By Bus (about 20min)
YU — #1549 By Taxi (about 15min)
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MDepartment of Molecular Genetics
Molecular genetic studies of gene expression and its control are being carried out,
currently focusing on chromosomal structure and function and maintenance of its
integrity.

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

MDepartment of Developmental Genetics
We study roles of genes and cells during various biological phenomena of animals
including development and behavior by using model organisms, hydra, Drosophila,
zebrafish and mouse.

MDepartment of Population Genetics
We are conducting experimental and theoretical studies on the history and
mechanisms of organismal evolution from the gene and genome level to the popula-
tion level using various organisms, such as human, Drosophila and mouse.

MDepartment of Integrated Genetics
By integrating various approaches in genetics, we study systems medicine on
complex human traits, neural network formation of vertebrates, and epigenetic
controls of plants.

[ Center for Frontier Research
The Center for Frontier Research provides promising young scientists with indepen-
dent 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.

M Genetic Strains Research Center
This center promotes forefront researches of life science based upon unique
bioresources of mice, Zebra fishes, Drosophila, rice and microorganisms, which are
developed and collected by this center.

[ Structural Biology Center
This center was founded to perform the pioneering researches in the new area
between genetics and structural biology, and to develop new methods and
techniques for the area.

[ Center for Information Biology
Develop the technologies and resources to make the massive data available, useful
and meaningful for the domain. Also conducts some wet or dry experiments for
knowledge discovery.

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

M Radioisotope Center
The Radioisotope Center has facilities for biochemical experiments using radioac-
tive tracers. Irradiation treatment of '37Cs is also available.

Genetic Resource Center

The center develops, preserves forefront bioresources of various organisms, and
distributes them to domestic and overseas universities and institutes. The related
information is open to the public through the databases. The center participates
actively in “National BioResource Project (NBRP)” of MEXT of Japan.

Advanced Genomics Center

This Center is planned to conduct most advanced genomic researches and to
provide resources based on new-generation sequencing pipeline to the community.

DDBJ Center

One of the three inlet for INSD (International Nucleotide Sequence Database; a.k.a.
DDBJ/EMBL/GenBank) as well as one of the three primary data outlet of INSD. The
center also hosts the NIG supercomputer for the public research use. In respond to
the data deluge, the researchers and engineers evaluates new technologies and
machines to handle and process Big Data.

IT Unit

Responsible for the maintenance of computer network and information security
issues relevant to whole institute. The IT Unit will be operated under the supervision
of the Computer Committee.

Mouse Research Supporting Unit

In order to facilitate mouse research in NIG, the unit provides live mice, and
undertakes experiments such as embryo freezing, in vitro fertilization, mouse
cleaning, and transgenic production.
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Figure - Chromosome morphology and a-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. Chro-
mosome was counterstained 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.

Structure and function of chromosomes

in higher vertebrate cells

The centromere plays a fundamental role in accurate chromosome seg-
regation during mitosis and meiosis in eukaryotes. Its functions include sister
chromatid adhesion and separation, microtubule attachment, chromosome
movement, mitotic checkpoint control, and formation of heterochromatin.
Although chromosome segregation errors cause genetic diseases including
some cancers, the mechanism by which centromeres interact with microtu-
bules of the spindle apparatus during cell division is not fully understood.

To understand the molecular mechanism of chromosome segregation,
we are currently studying on kinetochore specification, kinetochore assembly
mechanism, spindle checkpoint function, and formation mechanism of het-
erochromatin structure near centromere. We are using molecular genetics,
cell biology, biochemistry, structural biology, and genome biology to cralify
kinetochore structure and function.

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

Nishino, T., Takeuchi, K., Gascoigne, K.E., Suzuki, A., Hori, T., Oyama,
T., Morikawa, K., Cheeseman, .M., Fukagawa, T. (2012) CENP-T-W-S-
X Forms a Unique Centromeric Chromatin Structure with a Histone-like
Fold. Cell 148, 487-501.

Gascoigne, K.E., Takeuchi, K., Suzuki, A., Hori, T., Fukagawa, T., and
Cheeseman, |.M. (2011). Induced Ectopic Kinetochore Assembly
Bypasses the Requirement for CENP-A Nucleosomes. Cell 145, 410-
422,

Suzuki, A., Hori, T., Nishino, T., Usukura, J., Miyagi, A., Morikawa, K.,
and Fukagawa, T. (2011). Spindle microtubules generate tension-
dependent changes in the distribution of inner kinetochore proteins. J.
Cell Biol. 193, 125-140.

Amano, M., Suzuki, A., Hori, T., Backer, C., Okawa, K., Cheeseman,
.M., and Fukagawa, T. (2009). The CENP-S complex is essential for
the stable assembly of outer kinetochore structure. J. Cell Biol. 186,
173-182.

Hori, T., Amano, M., Suzuki, A., Backer, C., Welburn, J.P., Dong, Y.,
McEwen, B.F., Shang, W.H., Suzuki, E., Okawa, K., Cheeseman I|.M.,
and Fukagawa, T. (2008). CCAN makes multiple contacts with centro-
meric DNA to provide distinct pathways to the outer kinetochore. Cell
135, 1039-1052.

Okada, M., Cheeseman, |.M., Hori, T., Okawa, K., McLeod, I.X., Yates
lll, J.R., Desai, A., and Fukagawa, T. (2006). The CENP-H-I complex is
required for the efficient incorporation of newly synthesized CENT-A
into centromeres. Nature Cell Biol. 8, 446-457.
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Figure - Fission yeast Mcl1 protein, essential for maintenance of heterochromatin and organiza-
tion of core centromere, is expressed in cell cycle-dependent manner and 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 systems. Based on our past achieve-
ments in ubiquitin research, we pursue the roles of post-translational modifi-
cations, especially by ubiquitin system, in the maintenance of chromosomal
integrity, creating new paradigm in the both fields. For this, using fission
yeast, we are carrying the following programs.
1) Identification of ubiquitin pathways specific for dynamics of key proteins
for cell cycle control.
2) Search and understanding the role of ubiquitin system in the repair of
damaged DNA.
3) Modifications and dynamics of proteins involved in recombination and
repair of chromosomes.

Carvalho, A. F, Pinto, M. P, Grou, C. P, Vitorino, R., Domingues, P,
Yamao, F., Sa-Miranda, C. and Azevedo,J. E. (2011). High-Yield
Expression in Escherichia coli and Purification of Mouse Ubiquitin-Acti-
vating Enzyme E1. Mol Biotechnol. 2011 Oct 20. [Epub ahead of print]

Akai, Y., Kurokawa, Y., Nakazawa, N., Tonami-Murakami, Y., Suzuki, VY.,
Shige H. Yoshimura, S. H., lwasaki, H., Shiroiwa,Y., Nakamura, T., Shi-
bata, E and Yanagida, M. (2011) Opposing Role of Condensin Hinge
against RPA in Mitosis and Interphase through Promoting DNA Anneal-
ing. Open Biology (rsob.110023)

Natsume, T., Tsutsui, Y., Sutani, T., Dunleavy, E. M. Pidoux, A. L., lwa-
saki, H., Shirahige, K., Allshire, R. C., and Yamao, F. (2008). A DNA
Polymerase a Accessory Protein, Mcl1, Is Requiredfor Propagation of
Centromere Structures in FissionYeast. Plos One. 3 (5) e2221-

Akamatsu, VY., Tsutsui, Y., Morishita, T., Shahjahan, M.D., Siddique, P,
Kurokawa, Y., Ikeguchi, M., Yamao, F., Arcangioli, B., and Iwasaki. H.
(2007). Fission Yeast Swi5/Sfr1 and Rhp55/Rhp57 Deferentially Regu-
late Rhp51-dependent Recombination outcomes. The EMBO J. 26,
1352 - 1362
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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.)

Regulatory mechanisms of cell cycle by

ubiquitin system

Functions of many proteins are regulated by synthesis, post-translational
modification and proteolysis. Ubiquitin/proteasome system is one of impor-
tant 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 fission 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 ubiquitin system
using fission yeast

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

Seino, H., Kishi, T., Nishitani, H., and Yamao, F. (2003) Two ubiquitin-
conjugating enzymes, UbcP1/Ubc4 and UbcP4/Ubc11, have distinct
functions for ubiquitination of mitotic cyclin.Mol. Cell. Biol.23,3497-
3505.
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Studies of mitotic chromosome structure and function

We study three questions: What are the structural proteins of the mitotic
chromosome and kinetochore? How does chromatin provide an epigenetic
landscape permissive for kinetochore assembly? How does the
chromosomal passenger complex (CPC) regulate mitosis? In collaboration
with Juri Rappsilber we used a novel approach combining proteomics,
microarray and bioinformatic analyses to group known and unknown
chromosomal proteins into functional clusters. We correctly predicted the
functions of two novel chromosomal proteins and predicted based on an
unbiased machine-learning analysis that nearly 100 novel kinetochore
proteins remain to be cloned. Epigenetic engineering of the kinetochore
chromatin environment in a synthetic human artificial chromosome (HAC)
revealed that the histone modification H3K4me2 is essential for kinetochore
maintenance. H3K4me?2 probably provides a chromatin ‘memory” promoting
low-level transcription of the kinetochore. Lastly, genetic studies of the CPC
revealed that INCENP can act as a rheostat to control the levels of Aurora B
kinase activity and that increasing levels of this activity are required during
mitotic progression.
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Figure - Left: Random Forest (RF) machine learning analysis separates training sets of chromo-
somal (red) from non-chromosomal (green) proteins. Right: Fifty unknown proteins run through the
RF analysis were cloned and tagged with GFP. This analysis has an >90% ability to separate
chromosomal from non-chromosomal proteins as shown in the pie charts (Lower). Random forest
analysis performed by Jimi-Carlo Bukowski-Wills in the Rappsilber lab.
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Physics of large-scale DNA organization

Research Description

The processes by which chromosomes are read, repaired, duplicated and
segregated in cells involve large-scale physical reorganizations that can only
be fully understood in terms of driving forces and mechanical responses.
Our group is focused on the use of nanometer-scale position and piconew-
ton-scale force measurements to analyze the interactions of proteins with
DNA and to study large-scale chromosome folding. We use single-molecule
“magnetic tweezers” techniques to analyze folding and processing of indi-
vidual DNA molecules by proteins via studies of response of protein-DNA
complexes to forces and supercoiling, and we also isolate individual chro-
mosomes using cell microsurgery for micromechanical experiments. Main
directions for our research include studies of large-scale chromosome struc-
ture, functions of SMC protein complex, dynamics of nucleosomes in chro-
matin, mechanisms of topoisomerases and recombinases, and kinetic path-
ways for protein binding, unbinding, and target search on DNA.

X — &b bR EADMMIRIE.Sun et al, Phys. Biol. (2011).45:48.5kb D> /A
%' DNA D FICHEE UTSHIE DR EAERE T2 gfp-Fis ZHSHF C5105k > T D,
Graham et al, Nucl. Acids Res. (2011).

Figure - Left: Micromanipulation of human metaphase chromosome. Sun et al, Phys. Biol. (2011).
Right: 48.5 kb -DNA molecule bound by gfp-Fis, a bacterial chromosome protein, pulled by mag-
netic particle. Graham et al, Nucl. Acids Res. (2011).

Photo: enclosed as separate file
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Figure - The Moment of Rejuvenation

The budding yeast divides asymmetrically. The daughter cell (left, smaller) rejuvenates and immor-
talizes. While, the mother cell (right, bigger) ages by cell division. The circles on the mother are
scars that are traces of budding.

Molecular Biology of Rejuvenation

Organisms are alternating generations and maintaining their species.
During the life cycle, though most of cells age to die, germ and stem line
cells are kinds of “immortal” cells, and maintain species and individuals. We
study how those cells “rejuvenate” and keep the integrity of genome.

Genome is the most important information on the earth that determines
the design of life. In contrast, DNA that carries genomic information is sensi-
tive to ultra violet and chemicals. In addition, due to its filamentous structure,
DNA is subject to physical shearing.

In eukaryotic cells, the genomic DNA has several “fragile” sites that are
especially unstable. The ribosomal RNA gene repeat (rDNA) is the biggest
one. The repeat occupies ~10% of yeast genome. Recently, we identified
that the repeat is intensively repaired and recovered the capability of cell divi-
sion in immortal cells.

Research themes
1, Mechanisms to maintain the genome stability
2, The relationship between genome stability, cellular aging and tumorigenesis

Miyazaki, T., and Kobayashi T. (2011). Visualization of the dynamic
behavior of ribosomal RNA gene repeats in living yeast cells. Genes
Cells 16, 491-502.

Ide, S., Miyazaki, T., Maki, H., and Kobayashi T. (2010). Abundance of
ribosomal RNA gene copies maintains genome integrity. Science 327,
693-696.

Akamatsu, Y., and Jasin, M. (2010). Role for the Mammalian Swi5-Sfr1
Complex in DNA Strand Break Repair through Homologous Recombi-
nation. PLoS Genet. 6, e1001160.

Ganley A. R. D., Ide S., Saka K., and Kobayashi T. (2009). The effect
of replication initiation on gene amplification in the rDNA and its rela-
tionship to aging. Mol. Cell 35, 683-693.

lida, T., Nakayama, J., and Moazed, D. (2008). siRNA-mediated het-
erochromatin establishment requires HP1 and is associated with anti-
sense transcription. Mol. Cell 31, 178-189.

Kobayashi T., and Ganley, A. R. D. (2005). Recombination regulation by
transcription-induced cohesin dissociation in rDNA repeats. Science
309, 1581-1584.
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Figure - Initiation of DNA replication. When CDK is activated from G1/S boundary, SId2 and SId3

are phosphorylated and bind to Dpb11. These interactions promote assembly of replication pro-
teins including DNA polymerases to origins and then DNA replication starts.

Molecular mechanism of eukaryotic DNA

replication in the cell cycle

Chromosome DNA is replicated accurately in accordance with the cell
cycle and segregated to daughter cells. This process ensures cells to
transmit accurate genomic information to their progeny. However, molecu-
lar 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.

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 replica-
tion. 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 interaction, DNA replicates without CDK activity.

However, it is not elucidated how the interaction between these pro-
teins promotes DNA replication. Therefore, we have been studying molec-
ular mechanism of the initiation step in chromosomal DNA replication,
which requires CDK activity.

Tanaka, S., Nakano, R., Katou, Y., Shirahige, K., and Araki, H. (2011). Ori-
gin association of SId3, Sld7, and Cdc45 proteins is a key step for deter-
mination of origin-firing timing. Curr Biol 21, 2055-2063.

Tanaka, S. and Araki, H. (2011) Multiple regulatory mechanisms to inhibit
untimely initiation of DNA replication are important for stable genome
maintenance. PLoS Genet 7, 1002136 (1-16).

Tanaka, T., Umemori, T., Endo, S., Muramatsu, S., Kanemaki, M.,
Kamimura, Y., Obuse, C., and Araki, H. (2011). Sld7, an Sld3-associated
protein required for efficient chromosomal DNA replication in budding
yeast. EMBO J 30, 2019-2030.

Muramatsu, S., Hirai, K., Tak, Y-S., Kamimura, Y., and Araki, H. (2010).
CDK-dependent complex formation between replication proteins, Dpb11,
Sld2, Pole and GINS in budding yeast. Genes & Dev. 24, 602-612.

Suzuki, Y., Higuchi, Y., Hizume, K., Yokokawa, M., Yoshimura, S.H.,
Yoshikawa, K., and Takeyasu, K. (2010). Molecular dynamics of DNA and
nucleosomes in solution studied by fast-scanning atomic force micros-
copy. Ultramicroscopy 110, 682-688.

Tanaka, S., Umemori, T., Hirai, K., Muramatsu, S., Kamimura, Y., and
Araki, H. (2007). CDK-dependent phosphorylation of Sld2 and SId3 initi-
ates DNA replication in budding yeast. Nature 445, 328-332.
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Dynamics of Bacterial Chromosome

The way bacteria compact their chromosome remains elusive even though a
number of factors involved in DNA condensation have been identified. Using
genetics and fluorescence microscopy, we demonstrated the existence of
Macrodomains; large regions of about 1 Mb, and showed that DNA dynam-
ics correlates the macrodomain topography of the chromosome. We identi-
fied the factor MatP that, by interacting with a repeated motif, organizes one
of the macrodomain. Proper conformation and organization of macrodo-
mains are important for chromosome management as inactivation of the
structuring factor is highly detrimental. The main goal of our project is to
characterize the molecular mechanisms used to structure macrodomains
and to identify the role they play in chromosome management. To achieve
this goal, three aspects are studied: i) MatP Structuring of the Ter MD, i)
Structuring processes of other MDs, iii) role of Macrodomains in chromo-
some management.

Macrodomain chromosome chromosome
structuring conformation segregation

— [RAZAIRDREADRIRREE T DR - DiC

Figure - Conformation and dynamics of the bacterial chromosome
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Systems Biology of "Time"

One of the major challenges in current biology is system-level understanding
of dynamic and complex biological phenomena. The laboratory for systems
biology has specific aims at development of the systems-biological technol-
ogies to dissect dynamic and complex biological systems, that covering
atomic-level to molecular-level, cellular/tissue-level and organism-level, and
their application for system-level understanding of the dynamic and complex
organism-level biological processes such as mammalian circadian rhythm
and early embryogenesis.

BEEHLEF
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Figure - The transcription network of a mammalian circadian clock
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Intra Axonal Patterning
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Figure - (A) An isolated neuron in culture. The axon is subdivided into two compartments. (B) A
normal ovary and a mutant ovariole lacking germline stem cells. (C) The surface structure of the
compound eye and its computer simulation.

Developmental genetics of

organogenesis

Construction of an organ requires a number of cellular events, such as prolif-

eration, regional specification, and cell shape change. We are analyzing how

the genomic information orchestrates these events, to discover new princi-
ples of organogenesis.

1. Cell-cell communication in the nervous system is achieved by long cellular
processes — the axon. We discovered that axons are subdivided into dis-
tal and proximal compartments, each containing distinct membrane pro-
teins (Figure A). We are studying how such compartmentalization contrib-
utes to neural network formation.

2. Organ maintenance depends on “stem cells”, a specialized cell type that
supplies differentiating cells throughout animal life. We study how stem
cells are established during gonadogenesis of the Drosophila ovary (Fig-
ure B).

3. During organogenesis individual cells are continuously exposed to physical
forces of intrinsic and extrinsic origin (Figure C). We study how such
forces affect and contribute to animal development.

Katsuki, T., Joshi, R., Ailani, D., Hiromi, Y. (2011). Compartmentalization
within neurites: its mechanisms and implications. Dev. Neurobiol. 77,
458-473.

Katsuki, T., Ailani, D., Hiramoto, M., and Hiromi, Y. (2009). Intra-axonal
patterning: intrinsic compartmentalization of the axonal membrane in
Drosophila neurons. Neuron 64, 188-199.

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

Asaoka, M. and Lin, H. (2004). Germline stem cells in the Drosophila
ovary descend from pole cells in the anterior region of the embryonic
gonad. Development 737, 5079-5089.

Hayashi, T., and Carthew, R.W. (2004). Surface mechanics mediate
pattern formation in the developing retina. Nature 437, 647-652.

SRR (2010). 2202 3 UNIEBTFHilliaE—y F. #ilaT% 29, 638-
644.

MESE (2009). >3V 2 aUNIRMROTAEREBEEXET D9 FAH
ZXAEZFOHBETIV. £WWE 49, 290-291.
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Figure - Esophageal reflex movement during 10-30 min. after feeding. The tissue was con-
structed by excising donut ring of upper body column tissue from many polyps and grafting them
in tandem like chain of beads. By this grafting, an animal that functions like esophagus can be
made. If the grafting is performed by using lower body column tissue, intestinal tissue like tube
that has high capacity of peristaltic reflex can be made. These observations demonstrate that
regional specification of the digestive tract which is thought to be specific to relatively higher
metazoans is present already in Hydrozoa of phylum cnidaria.

Analysis of behavioral and physiological mecha-

nisms in Hydra in terms of evolutionary physiology

Physiology is the science of the functioning of living systems and deals with
digestive, circulatory, excretory and other functions. How multicellular organ-
isms obtained and developed various physiological functions is a very
important and interesting problem in metazoan evolution, however, available
information about the issue is very much limited because practical area of
research of physiology is restricted to mammals because of its potential
applicability to medical science. Our group has been involved in studying the
mechanism of physiology of hydra. The research has yielded findings that
digestive and circulatory functions of hydra involve movements such as peri-
stalsis and pumping movements implying that these movements were
invented in the very early stage of metazoan evolution (Shimizu et al., 2003;
Shimizu et al., 2004). Also, it was found that the neural regulation of digestive
and circulatory functions share basic characteristic features with the auto-
nomic nervous system of mammals (Shimizu & Okabe, 2007). Recent
research development has revealed that regional specification of the diges-
tive tract that is a noticeable feature of higher organisms is observed in
hydra, and that its genetic background is different from other organisms
involving CnOtx, an orthologue of Otx in hydra. This is in sharp contrast with
mammalian digestive tract where Hox orthologues play a major role. The
mechanism of the regional specification is being investigated.

Shimizu, H. (2012). Transplantation analysis of developmental mecha-
nisms in Hydra. Int. J. Dev. Biol. (in press).

Takaku, Y., Shimizu, H., Fujisawa, T. (2011). Microtubules are involved
in regulating body length in hydra. Dev. Biol. 350, 228-37.

Kawaida, H., Shimizu, H., Fujisawa, T., Tachida, H., Kobayakawa Y.
(2010). Molecular phylogenetic study in genus Hydra. Gene 468,
30-40.

Shimizu, H., Namikawa, H. (2009). The body plan of the cnidarian
medusa: distinct differences in positional origins of polyp tentacles and
medusa tentacles. Evol Dev. 77, 619-621.

JEK #8 A FE (2009). £ ST EDRIRE AL BI% 3 A5 398-404. &R
5

Shimizu, H., Aufschnaiter, R., Li L., Sarras, M.P. Jr, Borza, D.B., Abra-
hamson, D.R., Sado, Y., Zhang, X. (2008). The extracellular matrix of
hydra is a porous sheet and contains type IV collagen. Zoology 177,
410-418.
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Figure— (A) Barrels are visible in the whisker pad (wp) representation area of the somatosensory
cortex (blue line). A CO-stained tangential section of the cerebral cortex layer 4. Lower jaw (lj),

forepaw (fp) and hind paw (hp) representation areas are shown. (B) Cre-mediated cortex-specific
gene manipulation. (C) A hopping gait of a-chimerin mutant ( miffy ) mouse.
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Neuronal circuit development in the

mouse brain

To understand development of complex yet sophisticated neuronal circuits

underlying higher brain function of mammals, integrative studies which cover

from molecules to whole animals are indispensable. By taking advantage of

mouse genetic technologies, we are studying mechanisms of development

and function of mammalian neuronal circuits.

Specific 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 cutting-edge tech-
nologies in mouse genetics.

® In development and function of neuronal circuits, signaling from cell sur-
face receptors to actin cytoskeleton plays important roles. However, these
mechanisms are poorly understood. We previously found that, in axon
guidance of two major motor-circuits, a-chimerin Rho family GTPase acti-
vating protein (Rho-GAP) regulates actin dynamics as an unexpected key
mediator of ephrinB3-EphA4 forward signaling. Our recent work further
revealed that a-chimerin is important for wider ranges of neuronal circuit
development and function. We are currently focusing on roles of o-chi-
merin in function and morphology of hippocampus circuits.

Iwasato, T., Inan, M., Kanki, H., Erzurumlu, R.S., ltohara, S., Crair, M.C.
(2008). Cortical adenylyl cyclase 1 is required for thalamocortical syn-
apse maturation and aspects of layer IV barrel development. J. Neu-
rosci. 28, 5931-43.

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

Ilwasato, T., Datwani, A., Wolf, A.M., Nishiyama, H., Taguchi, Y., Tone-
gawa, S., Kn?pfel, T., Erzurumlu, R.S. and Itohara, S. (2000). Cortex-
restricted disruption of NMDAR1 impairs neuronal patterns in the barrel
cortex. Nature 406, 726-731.

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. 158-182.
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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.

The genetic basis of development

and behaviors in zebrafish

Zebrafish is an excellent model vertebrate because of high fecundity, rapid
embryonic development, transparency at the embryonic stages and
inexpensive and easy breeding procedures. However, there had not been an
efficient transgenesis method and a transposon technology. We identified an
autonomous member from the medaka fish Tol2 transposable element, and
developed a highly efficient transgenesis method for the first time in
zebrafish. Further, we successfully developed the gene trap and enhancer
trap methods and the Gal4-UAS method. By using these methods, we
created a large number of transgenic fish that express the GFP reporter
gene or the yeast Gal4 transcription activator in specific cells, tissues and
organs. These transgenic fish are valuable resources for studies of develop-
mental biology and neuroscience. We have applied these methods to the
study of neuroscience. By using transgenic fish that express Gal4 in specific
neural circuits and the Gal4-UAS system, we visualize structures of specific
neural circuits, inhibit their functions and detect their activities by calcium
imaging. Thus, studies that aim to understand molecular and cellular mecha-
nisms underlying complex behaviors of a vertebrate are currently ongoing in
our laboratory.

Asakawa, K., Higashijima, S., and Kawakami, K. (2012) An mnr2b/hlx-
b9lb enhancer trap line that labels spinal and abducens motor neurons
in zebrafish. Developmental Dynamics 241, 327-332

Suster, M.L., Abe, G., Schouw, A., and Kawakami, K. (2011) Transpo-
son-mediated BAC transgenesis in zebrafish. Nature Protocols 6,
1998-2021

Muto, A. et al. (2011) Genetic visualization with an improved GCaMP
calcium indicator reveals spatiotemporal activation of the spinal motor
neurons in zebrafish. Proc. Natl. Acad. Sci. USA 108(13), 5425-5430

Kawakami, K. et al. (2010) zTrap: zebrafish gene trap and enhancer
trap database. BMC Developmental Biology 70, 105

Agetsuma, M. et al. (2010) The habenula is crucial for experience-
dependent modification of fear responses in zebrafish. Nature Neuro-
science 13, 1354-1356

Urasaki, A., Asakawa, K., and Kawakami, K. (2008) Efficient transposi-
tion of the Tol2 transposable element from a single-copy donor in
zebrafish. Proc. Natl. Acad. Sci. USA 105, 19827-19832

Asakawa, K. et al. (2008) Genetic dissection of neural circuits by Tol2
transposon-mediated Gal4 gene and enhancer trapping in zebrafish.
Proc. Natl. Acad. Sci. USA 105, 1255-1260

Nagayoshi, S. et al. (2008) Insertional mutagenesis by the Tol2 trans-
poson-mediated enhancer trap approach generated mutations in two
developmental genes: tcf7 and synembryn-like. Development 135,
159-169
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Genetic causes of the evolution of morphology and behavior

Our goal is to identify the genes and, ultimately, the individual nucleotides
that have generated diversity of form and behavior. Much of our work is
focused on a group of closely related species in the Drosophila melano-
gaster species group. These species display enormous morphological,
physiological, behavioral, and ecological diversity. We are developing a set of
genomics and genetics tools to accelerate molecular analysis of phenotypic
evolution in this group of species.

Our work on the evolution of form has focused on the cis-regulatory
changes that led to morphological evolution between closely related species
of Drosophila. We have discovered that these morphological changes arose
by the accumulation of multiple cis-regulatory mutations of very small effect
that have accumulated in many independent enhancers. We are now work-
ing to identify the transcription factors that bind to these evolving cis-regula-
tory enhancers.

— 239y 39/\IDshavenbaby BILF DY AFABEHIL )\ —F ERBIEHR) =
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Figure - One of the cis-regulatory enhancers of the shavenbaby gene drives gene expression in

the Drosophila embryo in a subset of the cells (magenta) that differentiate trichomes (green). Other
shavenbaby enhancers drive expression in partially overlapping and complementary patterns.
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Transcriptional control during development

Development is driven by complex patterns of gene expression at pre-
cise times and spatial domains. Although a number of mechanisms fine-
tune expression states, it is initiated through the integration of signalling and
transcriptional networks converging on cis-regulatory enhancer elements.
Understanding how enhancers function is therefore central to understanding
metazoan development and evolutionary change.

The aim of our research is to understand the underlying regulatory principles
of transcription driving cell fate decisions during embryogenesis, using Droso-
phila as a model system. This includes studies of the mechanism of enhancer
function and the interplay of transcription factors and chromatin state, as well
as studies of how gene regulatory networks control development and how
network perturbations lead to specific phenotypes. To address this we inte-
grate functional genomic, genetic and computational approaches to make pre-
dictive models of transcription and developmental progression.
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Figure - A: Enhancer occupancy by transcription factors, B: Enhancer activity (GFP reporter expres-
sion), C: Network activity
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Figure - Resurresction of ABO blood group gene A allele via recombination. From Kitano et al.
(2012).

Evolution of organisms at genomic level

We study evolution of organisms at the genomic levels through computer

analyses and wet experiments. We are particularly interested in primate and

mammalian evolution toward human. Themes of our study are quite diverse as

follows.

® Analysis of genome evolution: We study lineage-specific evolutionary
changes at different levels of organism groups, such as vertebrates,
mammals, primates, and human.

® DNA analysis of human populations: We study genetic affinities of modern
humans with special reference to those in Asia. We also proceed ancient
DNA analysis.

® Development of nucleotide sequence analysis methods: We developed
new system MISHIMA which can multiply align many bacrterial genome-
size sequences.

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

® Other themes: blood group gene evolution, duplicated gene evolution, and
analysis of introgression between closely related primate species.

Takahashi, M., and Saitou, N. (2012) Identification and characterization
of lineage-specific highly conserved noncoding sequences in mamma-
lian genomes. Genome Biol. Evol. 4 (in press).

Kitano, T., Blancher, A., and Saitou, N. (2012) The functional A allele
was resurrected via recombination in the human ABO blood group
gene. Mol. Biol. Evol. 29 (in press).

Sumiyama, K., and Saitou, N. (2011) Loss-of-function mutation in a
repressor module of human-specifically activated enhancer HACNS1.
Mol. Biol. Evol. 28, 3005-3007.

Ezawa, K., Ikeo, K., Gojobori, T., and Saitou, N. (2011) Evolutionary
patterns of recently emerged animal duplogs. Genome Biol. Evol. 3,
1119-1135.

Suzuki, R. and Saitou, N. (2011) Exploration for functional nucleotide
sequence candidates within coding regions of mammalian genes. DNA
Res. 18, 177-183.

Matsunami, M., Sumiyama, K., and Saitou, N. (2010) Evolution of con-
served non-coding sequences within the vertebrate Hox clusters
through the two-round whole genome duplications revealed by phylo-
genetic footprinting analysis. J. Mol. Evol. 771, 427-436.

Kryukov, K. and Saitou, N. (2010) MISHIMA - a new method for high
speed multiple alignment of nucleotide sequences of bacterial genome
scale data. BMC Bioinformatics 77, 142.
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Figure - Metabolic economics and microbrial proteome evolution.

A) Chemical energy allocations for biosynthesis of a bacterial cell. About 75% of the budget is
used for protein synthesis. Based on data from E. coli (Neidhardt et al. 1990).

B) Protein adaptation for energetic efficiency. In Bacillus subtilis, abundant proteins employ less
energetically costly amino acids.

Population genetics and genome evolution

We combine theoretical and laboratory studies to identify mechanisms of
genome evolution with a focus on global adaptations. Current interests in
the lab include:

@ Identifying 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 com-
position, 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 effi-
ciency.

©® Studying lineage-specific patterns of silent and protein evolution. Our stud-
ies 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.

Osada, N., and Akashi, H. (2012). Mitochondrial-Nuclear Interactions
and Accelerated Compensatory Evolution: Evidence from the Primate
Cytochrome ¢ Oxidase Complex. Mol Biol Evol 29, 337-346.

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 174, 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 172, 1711-1726.

Akashi, H. (2003). Translational selection and yeast proteome evolu-
tion. Genetics 7164, 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. 71, 660-666.

@ Tz ES),~ Research Activies —MmM@M8 —M8 —————————— ¢




HimE L= E5ER

von Haeseler A2 von Haeseler Group

I3V ~N—E5— 77—k
BEBR (VA —VHAIAFAVTAIRT A IR EYI—EVI—R)

von HAESELER, Arndt
Visiting Professor(Scientific Director of the Center for Integrative Bioinformatics Vienna)

EENAFA I TAIT A TR

SRE TR IRMEDT / LEAR D TE LIS 72 FT L TS

OFFHEE DD )L IV XL ET IV ERFEL CVF T ENSZDEICL T T
1T DEERRICHIT MRS T OIS VehiF L TWE T 2 NSDIAE U TCE)
Y EEREDE R L TVE D,

OFRAIT75 0 CRAIERIHE k7 UTIBEEIM TH O bdiez st g EcE
{EDFUWVERRZEIRIBLE UTe CD 1 AT w TRABE(TINL ET IV TRONT
WS IREDZEMEARE UTD I St ISR HE( e U TV SR EiRit
LIeD. &B2WVFEIE L TEEAVSNDYILITET LD OO E S5 DY
a2 3aVICBRLBTENTEXT,

OFEBIF RBIGEES T — Y DERMTICHED DD O TVER T NEDT—YDE
212 hO—)LUIED . INBDT—S7Z RT3 DIcHDRZFERIE )L IV X v
F—IBEERFEL TV,

Evolutionary Bioinformatics

My group studies the evolutionary forces that have shaped contemporary

genomes.

® We develop algorithms and models for phylogenetic inference. The devel-
opment of such approaches is complemented by an efficient implementa-
tion using parallel and distributed computation.
As an application of phylogenetic inference we are investigating the evolu-
tionary history of animals andfungi.

® More recently, we have suggested a fresh view of sequence evolution that
describes the evolutionary process in terms of tree dependent substitution
matrices. These so-called one-step mutation matrices can be used to test
the validity of model assumptions, to detect regions in an alignment, where
evolution deviates from the rest and also to a simulation tool that intro-
duces well controlled deviations from typical markov-models for sequence
evolution.

® More recently, we started to work on the analysis of deep sequencing
data. We are interested in approaches to control the quality of such data
as well as in efficient algorithms and data structures to analyze the data.
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Figure - One step mutation matrix (left) for a three taxa tree and the Kimura 3-parameter model (right)
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Genetic basis of adaptive variation in natural populations

My lab studies the genetic basis for complex traits, especially in cases where
there is a well understood gene regulatory network underlying the trait.

® Human and comparative genomics: In collaboration with Celera, we are
analyzing sequences of the complete set of transcribed genes in 40 humans and
chimpanzee. These data will provide a rich view of polymorphism and allow
genome-wide tests for adaptively evolving genes.

® Genetic basis of complex disease: Single nucleotide polymorphisms
(SNPs) may help to identify genes that underlie complex diseases. We employ a
candidate gene approach to cardiovascular disease risk and quantify how muta-
tion, recombination, migration, and natural selection impact human variation.

® Evolution of metabolic regulation: \We study genetic variation in lipid and
glycogen storage in Drosophila. Our analysis of enzymes in intermediary metab-
olism showed a surprising amount of epistasis in their effects on metabolic traits.

Other areas include insect immunity, Drosophila sex chromosome evolution, and
assorted topics in theoretical population genetics.
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Figure - Haplotype networks for human genes under balancing selection. Circles are

haplotypes (size proportional to frequency), black for African Americans and white for European Ameri-
cans. Branch lengths proportional to SNP numbers. Ancestral haplotypes inferred using chimp data. From
Andres et al. Mol Biol Evol 2009.
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Figure - To identify the disease-causing variant in this family, we detected the variants from

exome sequencing and narrowed down the candidate variants using public data, amino acid sub-
stitution and gene function.
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Multi-dimensional phenotype and genome

relationship to promote system medicine

Massively parallel sequencing of target regions, exomes, and complete

genomes has begun to dramatically increase the opportunities for identifying

genetic variants underlying rare and common diseases. Our research inter-

est has been focused on personal genome analysis to elucidate disease

causalities which leads to development of therapeutic tool. We have started

a long-standing project that investigates genome-phenome relationship by

integrating the personal genome information and clinical information. We ini-

tially focus on the exome and target re-sequencing, before we initiate to

determine the whole personal genome.

The research projects are as follow:

®Exome sequencing to identify the causality of genetic diseases

® Re-sequencing of the entire HLA region for informative polymorphism
detection

® Application of statistical model for the understanding of genome-phenome
relationships.

® Construction of genetic risk prediction model of complex human disease.

Yoshihara K, et al. High-risk ovarian cancer based on 126-gene expression
signature is uniquely characterized by down-regulation of antigen presentation
pathway. Clin Cancer Res in press.

Yasuno K, et al. (2011). Common variant near the endothelin receptor type A
(EDNRA) gene is associated with intracranial aneurysm risk. Proc Natl Acad Sci
USA 108, 19707-19712.

Nakaoka H, Cui T, Oka A, Mitsunaga S, Kashiwase K, Homma Y, Sato S,
Suzuki Y, Inoko H, Inoue I. (2011). A systems genetic approach provides a
bridge from discovered genetic variants to biological pathways in rheumatoid
arthritis. PLoS One 6, €25389.

‘Yamaguchi T, Hosomichi K, Narita A, Shirota T, Tomoyasu Y, Maki K, Inoue |.
(2011). Exome resequencing combined with linkage analysis identifies novel
PTH1R variants in a primary failure of tooth eruption in Japanese. J Bone Miner
Res 26, 1655-1661.

Yoshihara K, Tajima A, Adachi S, Quan J, Kase H, Yahata T, Inoue |, Tanaka K.
(2011). Germline copy number variations in BRCA1-associated ovarian cancer
patients. Genes Chromosomes Cancer 50, 167-177.

Akiyama K, Narita A, Nakaoka H, Cui T, Takahashi T, Yasuno K, Tajima A,
Krischek B, Yamamoto K, Kasuya H, Hata A, Inoue I. (2010). Genome-wide
association study to identify genetic variants present in Japanese patients har-
boring intracranial aneurysms. J Hum Genet 55, 656-661.

Nakaoka H, Takahashi T, Akiyama K, Cui T, Tajma A, Krischek B, Kasuya H,
Hata A, Inoue I. (2010). Differential Effects of chromosome 9p21 variation on
subphenotypes of intracranial aneurysm: site distribution. Stroke 41, 1593-
1598.

Yasuno K, et al. (2010). Genome-wide association study of intracranial aneu-
rysms identifies 5 risk loci. Nat Genet 43, 420-425.

Yoshihara K, et al. (2010). Gene expression profile for predicting survival in
advanced-stage serous ovarian cancer across two independent databases.
PLO0S One 5, €9615.
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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
CMT3. The results suggest that these phenotypes are due to ectopic deposition of heterochro-
matin marks, such as H3K9 methylation and non-CG methylation.

A o

Epigenetic controls of plant development

and genome structure

To understand control and function of DNA methylation, we are taking
genetic approaches using mutants of Arabidopsis. An Arabidopsis protein
DDM1 (decrease in DNA methylation) is necessary for methylating transpo-
sons and repeats. On the other hand, IBM1 (increase in BONSAI methyla-
tion) is necessary for not methylating genes. In mutants of genes encoding
these proteins, several types of developmental abnormalities were induced.
Characterization of these abnormalities is revealing impact of DNA methyla-
tion on genome evolution and appropriate gene expression. In addition,
using these and other mutants, we are studying controling mechanisms of
differential DNA methylation between genes and transposons within the
genome.

Tsukahara, S., Kawabe,A., Kobayashi, A., Ito, T., Aizu, T., Shin-i, T.,
Toyoda, A., Fujiyama, A., Tarutani, Y., and Kakutani, T. (2012) Cen-
tromere-targeted de novo integrations of an LTR retrotransposon of
Arabidopsis lyrata Genes Dev 26, 705-713

Inagaki, S., Miura-Kamio, A., Nakmura, VY., Lu, F, Cao, X., Kimura, H.,
Saze, H., and Kakutani, T. (2010). Autocatalytic differentiation of epige-
netic modifications within the Arabidopsis genome. EMBO J. 29,
3496-3506.

Tsukahara, S., Kobayashi, A., Kawabe, A., Mathieu, O., Miura, A., and
Kakutani, T. (2009). Bursts of retrotransposition reproduced in Arabi-
dopsis. Nature 303, 423-426.

Miura, A., Nakmura, M., Inagaki, S., Kobayashi, A., Saze, H., and
Kakutani, T. (2009). An Arabidopsis jmjC domain protein protects tran-
scribed genes from DNA methylation at CHG sites. EMBO J. 28,
1078-1086.

Saze, H., Shiraishi, A., Miura, A., and Kakutani, T. (2008). Control of
genic DNA methylation by a jmjC-domain containing protein in Arabi-
dopsis thaliana. Science 319, 462-465.

ABEICAEERB (2009) > 04 XF X FICHIFHDNAAFILEE RS >
ZRY UHIE)  REREZ 27, 3075-3079.
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Department of Integrated Genetics

Division of Brain Function
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Figure - Ventral tangential migration of neurons in slice-cultured telencephalons Migrating neu-
rons are labeled in magenta. Axon guidance molecule, semaphorin3F repels this migration stream
to the opposite direction (right).
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Vertebrate neural network formation

Precise neuronal connections are the basis for the complex brain function. The
fully functional brain is constructed through a series of carefully con-
trolled developmental processes including neuronal differentiation, migration,
axon outgrowth, and target recognition. We are exploring genetic mechanisms
governing the developmental processes in vertebrate nervous systems.
© Central Olfactory Projection
Olfactory information is transferred and processed in the olfactory bulb of
the brain. Development of afferent projections from this first-order center
has been studied, using knockout mice for axon guidance molecules.
® Neuronal Migration
During development, the guidepost neurons, “lot cells”, for olfactory bulb
axons show a dynamic ventral migration over the telencephalon. We are
investigating mechanisms of this unique neuronal migration.
©® Axon Outgrowth and Pausing
Axon tip-enriched protein M6a is implicated in axon outgrowth and paus-
ing. We are analyzing physiological functions of this protein.
®Evolution of the neocortical layer structure
The layer structure in the neocortex is unique to mammals. The evolution-
ary scenarios are explored through comparisons of developmental pro-
cesses in the brain structures of different vertebrate species.

Sato,, Y., Mita, S., Fukushima, N., Fujisawa, H., Saga, Y.,, and Hirata,,
T. (2011) Induction of axon growth arrest without growth cone collapse
through the N-terminal region of four-transmembrane glycoprotein
M6a. Dev Neurobiol 71, 733-746.

Sato, Y., Watanabe, N., Fukushima, N., Mita, S., and Hirata, T. (2011)
Actin-independent behavior and membrane deformation exhibited by
the four-transmembrane protein M6a. PLoS One 6, e26702. 1-13

Yamatani, H., Kawasaki, T., Mita., S., Inagaki, N., and Hirata, T. (2010)
Proteomics Analysis of the Temporal Changes in Axonal Proteins dur-
ing Maturation. Dev Neurobiol 70, 523-537.

Ito, K., Kawasaki, T., Takashima, S., Matsuda, I., Aiba, A., and Hirata, T.
(2008) Semaphorin 3F confines ventral tangential migration of lateral
olfactory tract neurons onto the telencephalon surface. J Neurosci 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)
Robo1 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 133, 845-853.
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Inheritance and reprogramming of hetero-
chromatin with small RNA

Division of Applied Genetics
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TSUJI, Shoji
Visiting Professor (Professor, The University of Tokyo Hospital)
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Elucidation of the mechanisms of brain dis-
eases based on personal genome analysis

Plants and fission yeast provide excellent model organisms to investigate how
epigenetic information is propagated to daughter cells, and possess a wealth
of epigenetic phenomena including transposon regulation, heterochromatic
silencing, and gene imprinting. We are investigating heterochromatic silencing
and RNAI in the fission yeast Schizosaccharomyces pombe and the plant
Arabidopsis thaliana. In plants we have found that RNAI is important in deter-
mining germ cell fate as well as in transposon regulation, while in fission yeast,
RNAi and retrotransposons mediate silencing by controling DNA replication
and recombination. Parallels between these mechanisms may account for the
role of RNA in epigenetic inheritance in higher organisms.

— A YOAXF AT DIEMICBIFDNTOIONFT VB TOT S e

24 DNAR) [FREMIZ THRAEL CL\DSBMIRDRBHIIHREL FRNEX MY
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IEEHER R IEE D=8 Radb2-YFP 'S B dicer ZRAHfRCEEL CTL\D,

Figure - A. Heterochromatin reprogramming in Arabidopsis pollen.

Chromosomal DNA (blue) is decondensed in vegetative companion cells, but condensed and asso-
ciated with specific replacement histones (green) in sperm cells. These changes are associated with
the accumulation of 24nt and 21nt siRNA in each cell type.

Figure - B. Heterochromatin repair in RNAi mutants in fission yeast. Rad52-YFP foci accumulate in
S phase of dicer mutant cells due to homologous recombination repair.

We aim to elucidate molecular basis of brain diseases based on personal
genome analysis. For brain diseases with Mendelian inheritance, we have
developed an extremely efficient pipeline which enables direct import of SNPs
data obtained using microarrays. Integrating this high throughput linkage analy-
sis system with personal genome analysis employing next generation
sequencers, identification of causative genes has been tremendously acceler-
ated. For brain diseases with complex trait, we will focus on the disease sus-
ceptibility genes with large effect sizes for development of brain diseases. To
accomplish this aim, genome-wide association studies (GWAS) based on SNP
analyses are insufficient, and, therefore, we need to establish new paradigms
to identify rare variants with large effect sizes based on personal genome
analysis employing new technologies of next generation sequencers.

Frequencies of disease-relevant alleles and the effect sizes.

N .

A Clinical practice
*clinical utility
~scientific validity

allele

0.001 0.005 oy froquency | 0-05 [ common|reQuencies

Tauji Hum. Mal Genet. (2010}

— FPUIUIBE & Effect size [CED<ELEESTTIRZRD/ISY A A

Figure - Research paradigm to identify disease-related variations based on comparison of effect
sizes of variants and allele frequencies of the variants in population. Tsuji Hum. Mol. Genet. (2010)
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Figure - Schematic illustration of the AID system.

(A) Structure of a natural auxin, indole-3-acetic acid (IAA), and a synthetic auxin, 1-naphthale-
neacetic acid (NAA). (B) The auxin degradation pathway in plants. AUX/IAA inhibitors bind to
ARF transcriptional activators at the gene promoters controlled by auxin. In the presence of
auxin, AUX/IAAs are degraded resulting activation of the genes. (C) Auxin binds to TIR1 which in
turn promotes the interaction between TIR1 and the aid degron of the target protein. SCFTIR acts
as an E3 ubiquitin ligase to recruit an E2 ligase resulting poly-ubuquitylation of the aid degron.
Finally, the target is degraded by the proteasome.

Toward a new field of genetics of

vertablate cells.

The goal of our research is to create a new field of genetics of vertablate
cells by appling new technologies and, at the same time, to undersatand the
role of proteins involved in the events relating to chromosome repliaction.
We have developed a new method named the AID (auxin inducible degron)
system that allow to control the expression of proteins in an auxin depen-
dent manner by transplanting a plant-specific degradation pathway. It is
now possible to make DT40 cell lines in which the expression of target pro-
teins can be induced for dedradation within 1hour after addition of auxin by
using this technology. Our current projects are as follows.

® Characterization of higher eukaryotic proteins involved in chromosome
replication using AID condtional cell lines.

® Improvement of the AID method and development of other deron tech-
nologies.

® Development of genome manulation methods for the construction of
mutant cell lines.

Watase, G., Takisawa, H., and Kanemaki, M. (2012). Mcm10 Plays a Role in
Functioning of the Eukaryotic Replicative DNA Helicase, Cdc45-Mcm-GINS.
Current Biology 22, 343-349.

Masumoto, H., Nakato, R., Kanemaki, M., Shirahige, K., and Hachinohe, M.
(2011). The Inheritance of Histone Modifications Depends upon the Location in
the Chromosome in Saccharomyces cerevisiae. PLoS One 6(12):e28980.

Tanaka, T., Umemori, T., Endo, S., Muramatsu, S., Kanemaki, M., Kamimura, Y.,
Obuse, C., and Araki, H. (2011). Sld7, an Sld3-associated protein required for
efficient chromosomal DNA replication in budding yeast. EMBO Journal 30,
2019-30.

Kanke, M., Nishimura, K., Kanemaki, M., Kakimoto, T., Takahashi, T.S., Naka-
gawa, T., and Masukata, H. (2011). Auxin-inducible protein depletion system in
fission yeast. BMC Cell Biology 72, 8.

Renshaw, M.J., Ward, J.J., Kanemaki, M., Natsume, K., Nedelec, F.J., and
Tanaka, T.U. (2010). Condensins promote chromosome recoiling during early
anaphase to complete sister chromatid separation. Developmental Cell 719,
232-244.

Nishimura, K., Fukagawa, T., Takisawa, H., Kakimoto, T., and Kanemaki, M.
(2009). An auxin-based degron system for the rapid depletion of proteins in
nonplant cells. Nature Methods 6, 917-922.
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Figure - (A)Spontaneous pattern formation supported by the relay of chemotactic signaling. (B)

Spatio-temporal pattern of the intercellular signaling visualized by the ultra-sensitive Ca2+ indica-
tor. (C)Killer experiments guided by mathematical modeling for the model validation.

Toward system-level understanding of self-

organized pattern formation

One of the central questions in developmental biology is how the cellular

society built-up coordinated patterns in its structures and functions even

from disorganized initial conditions. To elucidate principles in developmental

pattern formation, we focused on the self-organized pattern formation in the

population of social amoeba, where the 1015 of cells spontaneously gener-

ate well-organized aggregation streams in the form of traveling waves. Here,

we examine the constructive role of the stochasticity in gene expression and

cellular functions by employing interdisciplinary approaches.

1.Making high-performance Bio-probes which allow the sensitive detection
of cellular states (Experimental approach)

2.Perform multiscale modeling incorporating quantitative data of intra-/inter-
cellular signaling dynamics in the population of 105 cells with the single
cell resolution (Mathematical approach)

3.Conduct killer experiments guided by mathematical predictions with aiming
to elucidate the constructive role of noise in the self-organized pattern for-
mation. (Interdisciplinary approaches)

Yamada, Y., Michikawa, T., Hashimoto, M., Horikawa, K., Nagai, T., Miyawaki,
A., Hausser, M., Mikoshiba, K. (2011). Quantitative Comparison of Genetically
Encoded Ca?+ Indicators in Cortical Pyramidal Cells and Cerebellar Purkinje
Cells. Front Cell Neurosci 5, 18 1-10.

Horikawa, K., Yamada, Y., Matsuda, T., Kobayashi, K., Hashimoto, M., Matsu-
ura, T., Miyawaki, A., Michikawa, T., Mikoshiba, K., Nagai, T. (2010). Spontane-
ous network activity visualized by ultrasensitive Ca2+ indicators, yellow Came-
leon-Nano. Nature Methods 7, 729-732.

Saito, K., Hatsugai, N., Horikawa, K., Kobayashi, K., Matsu-ura, T., Mikoshiba,
K., Nagai, T., (2010). Auto-Luminescent Genetically-Encoded Ratiometric Indi-
cator for Real-Time Ca2+ Imaging at the Single Cell PLoS ONE 5(4), e9935.

Tomosugi, W., Matsuda, T., Tani, T., Nemoto, T., Kotera, ., Saito, K., Horlkawa,
K., Nagai, T., (2009) An ultramarine fluorescent protein with increased photo-
stability and pH insensitivity. Nature Methods 6, 351-353.
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Figure - (A) A zebrafish embryo shows coiling movement at 24 hours postfertilization (hpf). (B) By
48 hpf, the frequency of muscle contraction reaches over 30 Hz and the simple behavior changes

into swimming. (C) Mauthner cell is a huge, identifiable neuron in the hindbrain. (D) Anti-GlyR label-
ing represents glycinergic synapses at the surface of the Mauthner cell.

Molecular basis of motor development and

activity-dependent synapse formation

Zebrafish is an excellent vertebrate model to study motor development.
First, all stages of development occur externally and rapidly, with early motor
behaviors seen from 17 hours postfertilization. Second, forward genetics can
be applied to identify genes that are essential for proper behaviors. Third, the
embryos are transparent, which makes them amenable for live imaging of
morphology and activity of neurons. Finally, the electrophysiological activity of
neurons can be recorded using patch-clamp methods in zebrafish embryos.
By making use of these advantages, we employ two approaches to study
motor neural circuits regulating locomotion and behavior. We recently suc-
ceeded in visualizing inhibitory glycinergic synapses in live zebrafish to study
synapse formation during motor development.

1. Cloning and characterization of zebrafish genes, which are essential for
motor development.

2. Molecular basis of activity-dependent formation of glycinergic synapse
during motor development.

Hirata, H., Wen, H., Kawakami, Y., Naganawa, Y., Ogino, K., Yamada, K., Saint-
Amant, L., Low, SE., Cui, W.W.,, Zhou, W., Sprague, S.M., Asakawa, K., Muto,
A., Kawakami, K., and Kuwada, J.Y. (2012). Connexin39.9 is necessary for
coordinated activation of slow-twitch muscle and normal behavior in zebrafish.
J. Biol. Chem. 287, 1080-1089.

Hirata, H., Takahashi, M., Yamada, K., and Ogino, K. (2011). The biological role
of the glycinergic synapse in early zebrafish motility. Neurosci. Res. 77, 1-11.

Ogino, K., Ramsden, S.L., Keib, N., Schwarz, G., Harvey, R.J., and Hirata, H.
(2011). Duplicated gephyrin genes showing distinct tissue distribution and alter-
native splicing patterns mediate Moco biosynthesis, glycine receptor clustering
and escape behavior in zebrafish. J. Biol. Chem. 286, 806-817.

Naganawa, Y., and Hirata, H. (2011). Developmental transition of touch
response from slow muscle-mediated coilings to fast muscle-mediated burst
swimming in zebrafish. Dev. Biol. 355, 194-204.

Low, S.E., Amburgey, K., Horstick, E., Linsley, J., Sprague, S.M., Cui, W.W.,
Zhou, W., Hirata, H., Saint-Amant, L., and Kuwada, J.Y. (2011). TRPM7 is
required within zebrafish sensory neurons for the activation of touch-evoked
escape behaviors. J. Neurosci. 37, 11633-11644.

Nakano, VY., Fujita, M., Ogino, K., Saint-Amant, L., Kinoshita, T., Oda, Y., and
Hirata, H. (2010). Biogenesis of GPI-anchored proteins is essential for surface
expression of sodium channels in zebrafish Rohon-Beard neurons to respond
to mechanosensory stimulation. Development 137, 1689-1698.
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Figure - Reminiscent of their cyanobacterial (A) ancestor, chloroplasts replicate by binary division

(B, unicellular alga; C land plant cells). Chloroplast division is performed by the division ring (D)
which involves cyanobacterial FtsZ and eukaryotic dynamin (E).

Coordinating mechanisms of eukaryotic cell

and organelle/endosymbiont proliferation

Mitochondria and chloroplasts are energy-converting organelles in
eukaryotic cells. Both originated more than one bilion years ago when bac-
terial cells were engulfed by primitive eukaryotic cells. Besides these organ-
elles, there are many examples of endosymbioses which have integrated
new functions into host cells. In order to maintain a permanent endosymbi-
otic relationship, endosymbionts/organelles must be replicated and inherited
into each daughter cell during host cell division. We have shown that chloro-
plasts and mitochondria use similar division systems, both of which are
derived from the ancestral bacterial endosymbionts and the eukaryotic host.

The major goal of our study is to understand how two different cells are
integrated into a new cell by coordinated proliferation of a host and an
endosymbiotic cell. To this end, we are investigating (1) how eukaryotic host
cells regulate proliferation of organelles/endosymbionts, (2) how activities of
organelles/endosymbionts affect proliferation of the host cells, and (3) how
these systems have evolved and contributed to eukaryotic evolution.

Miyagishima, S., Nakanishi, H., and Kabeya, Y. (2011). Structure, regulation, and
evolution of the plastid division machinery. Int Rev Cell Mol Biol 297, 115-153.

Miyagishima, S (2011). Mechanism of plastid division: from a bacterium to an
organelle. Plant Physiol 155, 1533-1544.

Miyagishima, S., and Kabeya, Y. (2010). Chloroplast division: squeezing the
photosynthetic captive. Curr Opin Microbiol 13, 738-746.

Suzuki, K., and Miyagishima, S. (2010). Eukaryotic and eubacterial contributions
to the establishment of plastid proteome estimated by large-scale phylogenetic
analyses. Mol Biol Evol 27, 581-590.

Okazaki, K., Kabeya, Y., Suzuki, K., Mori, T., Ichikawa, T., Matsui, M., Nakanishi,
H., and Miyagishima, S. (2009). The PDV1 and PDV2 components of the chlo-
roplast division machinery determine the rate of chloroplast division in land
plant cell differentiation. Plant Cell 27, 1769-1780.

Nakanishi, H., Suzuki, K., Kabeya, Y., and Miyagishima, S. (2009). The plant-
specific protein MCD1 determines the site of chloroplast division in concert with
bacteria-derived MinD. Curr Biol 19, 151-156.
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Figure - (A) Two Japanese marine sticklebacks, stained with alizarin red. Scale bar = 1cm. (B)
Geographical isolation of the Sea of Japan during the ice age gave rise to Japan Sea stickle-
backs. In Akkeshi, Japan Sea and Pacific Ocean forms co-occur. (C) Fluorescence in situ hybrid-

ization of Japan Sea chromosome. In the Japan Sea male, LG9 and Y chromosome are fused.
Purple = LG9, green = LG19.
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Genetic mechanisms of adaptation

and speciation

How are new species formed? How do animals adapt to novel environ-
ments? We investigate the genetic mechanisms underlying adaptation and
speciation using stickleback fishes as a model. Stickleback fishes have
achieved tremendous diversification during the last few million years, result-
ing in the evolution of divergent morphs. We use integrative approaches to
investigate the following topics.
® Genetic mechanisms of speciation
We are investigating the molecular mechanisms of reproductive isolation
between sympatric morphs of sticklebacks.
® Genetic mechanisms of adaptation and phenotypic plasticity
Both genetic changes and phenotypic plasticity contribute to phenotypic
changes that occur after colonization of novel environments. We are
investigating the molecular mechanisms underlying adaptive evolution and
plastic changes.
®Mechanisms of anthropogenic evolution
Our third project is aimed at applying the knowledge of evolutionary
genetics to animal conservation and ecological management. We are
investigating the genetic and ecological mechanisms by which invasive
stickleback populations adapt to novel environments.

Adachi, T, Ishikawa, A., Mori, S., Makino, W., Kume, M., Kawata, M., and
Kitano, J. (2012). Shifts in morphology and diet of non-native sticklebacks intro-

duced into Japanese crater lakes. Ecology and Evolution in press

Kitano, J., Kawagishi, Y., Mori, S., Peichel, C. L., Makino, T., Kawata, M., and
Kusakabe, M. (2011) Divergence in sex steroid hormone signaling between

sympatric species of Japanese threespine stickleback. PLoS One 6, €29253.

Kitano, J., Lema, S. C. , Luckenbach, J. A. , Mori, S., Kawagishi, Y., Kusakabe,
M., Swanson, P, and Peichel, C. L. (2010). Adaptive divergence in the thyroid
hormone signaling pathway in the stickleback radiation. Curr. Biol. 20, 2124-
2130.

Kitano, J., Ross, J. A., Mori, S., Kume, M., Jones, F. C., Chan, Y. F, Absher, D.
M., Grimwood, J., Schmutz, J., Myers, R. M., Kingsley, D. M., and Peichel, C. L.
(2009). A role for a neo-sex chromosome in stickleback speciation. Nature 467,

1079-1083.

Kitano, J., Bolnick, D. I, Beauchamp, D. A., Mazur, M. M., Mori, S., Nakano, T.,
and Peichel, C. L. (2008). Reverse evolution of armor plates in threespine stick-
leback. Curr. Biol. 18, 769-774.
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(A) Cell cycle-dependent centriole formation. (B) SAS-6 homodimers dictate the universal 9-fold

symmetry of centrioles. (C) HsSAS-6, human SAS-6, is required for centriole formation in human
cells. Centrin: centriole marker.

The mechanisms of centrosome duplication

The mechanisms of centrosome duplication have been a long-standing
mystery in biology. Like the genetic material, centrosome duplication must
occur once per cell cycle, such that the two resulting centrosomes assem-
ble a bipolar mitotic spindle, ensuring proper chromosome segregation. The
centrosome is composed of a pair of centrioles surrounded by pericentriolar
material. Centrioles also have the capacity to act as basal bodies that gen-
erate cilia and flagella. Despite being essential for centrosome duplication,
the mechanisms governing centriole formation remain poorly understood.

Our laboratory mainly focuses on understanding the mechanisms of cen-
trosome duplication, with a particular emphasis on the molecular basis of
centriole formation. We are currently using the combination of innovative and
multi-disciplinary approaches including biophysics, biochemistry, structural
biology, genetics and cell biology. We are investigating the following specific
aims primarily by using C. elegans embryos and human cells as model sys-
tems.

1. Identification of new players for centriole formation

2. Analysis of centrosomal interactome network

3. In vitro reconstitution of centriole intermediates

4. Centrosome dynamics and function in the context of development

Kitagawa, D., Vakonakis, I, Olieric, N., Hibert, M., Keller, D., Olieric, V., Bortfeld,
M., Erat, M.C., Fliickiger, I., Génczy, P. and Steinmetz, M.O. (2011) Structural
basis of the 9-fold symmetry of centrioles. Cell 144, 364-375.

Kitagawa, D., Fltickiger, |, Polanowska, J., Keller, D., Reboul, J. and Génczy, P.
(2011) PP2A phosphatase acts upon SAS-5 to ensure centriole formation in C.
elegans embryos. Dev Cell 20, 550-562.

Kitagawa, D., Kohimaier, G., Keller, D., Strnad, P, Balestra, FR., Fitickiger, |. and
Gonczy, P. (2011) Spindle positioning in human cells relies on proper centriole
formation and on the microcephaly proteins CPAP and STIL. J. Cell Sci. 124,
3884-93.

Kitagawa, D., Busso, C., Fluckiger, ., and Génczy, P. (2009). Phosphorylation of
SAS-6 by ZYG-1 is critical for centriole formation in C. elegans embryos. Dev
Cell 17, 900-907.

1k)IIK#84, Michel O. Steinmetz, Pierre GOnczy (2011)
RILVMBEBIBIRD AT A W =X L. REREF 29, No.11, 1777-1780.

1k)IIA#8 Michel O. Steinmetz, Pierre GOnczy (2011)
L HRFE N MEDIRFMEED R & < . #iia % 30, No5, 534-
535.
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Figure - Ribosome-mediated translational control. A, the tail length of Ts/+ mouse (left) is signifi-
cantly shorter than that of wild-type mouse (middle). Rp/38 transgene restores tail length of the Ts/+
mouse (right). B, Ts/+ mouse (left) shows anterior homeotic transformation (the 1st lumber is trans-

formed into the thoracic vertebra). Rp/38 transgene completely abolishes the homeotic transforma-
tion (right). C, Positional cloning revealed that the causative gene of Ts mutation encodes ribosomal

protein large subunit 38 (Rpl38). D, Rpl38 facilitates 80S complex formation on Hox mRNAs as a

regulatory component of the ribosome to confer transcript-specific translational control.

Integrative genetics of mouse

complex traits

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

® Genetics of gene dose effects on skeletal morphogenesis

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 pheno-
types of mouse strains

® Genetic mechanism of reproductive isolation in mice

® Genetic regulation of energy metabolism

® Genetic basis of mouse morphological diversity

Kondrashov N, Pusic A, Stumpf CR, Shimizu K, Hsieh AC, Xue S, Ishi-
jima J, Shiroishi T, Barna M. (2011). Ribosome-mediated specificity in
hox mRNA translation and vertebrate tissue patterning. Cell.745, 383-
397.

Oka, A., Mita, A., Takada, Y., Koseki, H. and Shiroishi, T. (2010).
Reproductive isolation in hybrid mice due to spermatogenesis defects
at three meiotic stages. Genetics. 186, 339-51.

Sagai, T., Amano, T., Tamura, M., Mizushina, Y., Sumiyama K. and Shi-
roishi, T. (2009). A cluster of three long-range enhancers directs
regional Shh expression in the epithelial linings. Development 136,
1665-1674.

Amano, T., Sagai T., Tanabe, H., Mizushina, Y., Nakazawa, H. and Shi-
roishi, T. (2009). Chromosomal dynamics at the Shh locus: limb bud-
specific differential regulation of competence and active transcription.
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 intersub-
specific consomic strains for genetic dissection of quantitative com-
plex traits. Genome Res. 18, 500-598.

Tamura M, Tanaka S, Fujii T, Aoki A, Komiyama H, Ezawa K, Sumi-
yama K, Sagai T, Shiroishi T. (2007). Members of a novel gene family,
Gsdm, are expressed exclusively in the epithelium of the skin and gas-
trointestinal tract in a highly tissue-specific manner. Genomics 89,
618-629.
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Figure - A-B. Visualization of Notch activity in mouse somites. Notch signaling is activated only in
the caudal part of each somite.

C. Nanos2 proteins (green) are localized in the P-bodies in cytoplasm of embryonic male germ
cells (red).

D. A section of adult seminiferous tubule, in which Nanos2 expression is maintained in the sper-
matogonial stem cell. Only stem cells remained, while sperm differentiation is suppressed. Green:
Nanos2, Magenta: stem cell marker.

Molecular mechanism of mouse

embryogenesis

During mouse development, mesodermal cells generated via gastru-
lation 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 cardiovascular system, the other is precursor
cells of somites that give rise to the axial structures. We generate
several knockout and knockin mice to understand the molecular
mechanism of vasculogenesis, cardiogenesis, somitogenesis and
lung development. In addition, we are interested in the mechanism
of germ cell development, especially focusing on the function of
Nanos proteins. Recent study reveals that Nanos2 is involved not
only in the male germ cell fate specification, but also in the mainte-
nance of spermatogonial stem cells. Since Nanos2 is an RNA bind-
ing protein and involved in the RNA degradation pathway, we aim to
elucidate Nanos2 targets and the molecular events associated with
the RNA regulation

Sada, A., Hasegawa, K. Pin, PH., and Saga, V. (2012). NANOS2 acts
downstream of glial cell line-derived neurotrophic factor signaling to suppress
differentiation of spermatogonial stem cells. Stem Cells 30:280-91.

Sakabe, M., Kokubo, H., Nakajima, Y., and Saga, Y. (2012). Ectopic retinoic
acid signaling affects outflow tract cushion development through suppression
of the myocardial Tbx2-Tgf 82 pathway. Development 739:385-95

Sasaki, N., Kiso, M., Kitagawa, M., and Saga, Y. (2011). The repression of
Notch signaling occurs via the destabilization of mastermind-like 1 by Mesp2
and is essential for somitogenesis. Development 138:55-64.

Suzuki, A., Igarashi, K., Aisaki, K., Kanno, J., and Saga, Y. (2010). NANOS2
interacts with the CCR4-NOT deadenylation complex and leads to suppression
of specific RNAs. Proc Natl Acad Sci U SA. 107:3594-9.

Sada, A., Suzuki, A., Suzuki, H., and Saga, Y. (2009). The RNA-binding protein
NANOS2 is required to maintain murine spermatogonial stem cells. Science
325:1394-1398.

Kiso, M., Tanaka, S., Saba, R., Matsuda, S., Shimizu, A., Ohyama, M., Okano,
H.J., Shiroishi, T., Okano, H., and Saga, Y. (2009). The disruption of Sox21-
mediated hair shaft cuticle differentiation causes cyclic alopecia in mice. Proc
Natl Acad Sci U S A 106, 9292-9297.

Oginuma, M., Niwa, Y., Chapman, D.L., and Saga, Y. (2008). Mesp2 and Thbx6
cooperatively create periodic patterns coupled with the clock machinery during
mouse somitogenesis. Development 135, 2555-2562

Morimoto, M., Takahashi, Y., Endo, M., and Saga, Y. (2005). The transcription
factor Mesp2 establishes segmental borders by suppressing Notch activity.
Nature 435, 354-359
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Figure - Behavioral tests: In order to understand behavioral features of mice, we conduct a vari-
ety of behavioral tests.

Behavioral genetics using

wild-derived mouse strains

For understanding the genetic basis of inheritance and evolution of behavior,
we have studied behavioral phenotype, such as spontaneous activity, anxi-
ety-like behavior, pain sensitivity, and social behavior, by using inbred strains
established from wild mice. A variety of mouse inbred strains exhibited diver-
sity 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 chromosomes in C57BL/6
with that of MSM strain. By systematically investigating consomic strains for
the behavioral phenotype, we have found multiple genetic loci associated
with the complex behavioral phenotype. Further analyses of genetic loci
associated with each behavioral phenotype are on the way by making fine
subconsomic strains that have short segment of the chromosome.

® Comparative studies of behavioral patterns among wild-derived strains

® Genetic studies of home-cage activity

® Genetic studies of anxiety-related behavior

® Genetic studies of social/aggressive behavior

® Neurobiological analysis of escalated aggression

Takahashi, A., Schilit, A.N., Kim, J., DeBold, J.F., Koide, T., Miczek, K.A.
(2012). Behavioral characterization of escalated aggression induced by
GABAB receptor activation in the dorsal raphé nucleus. Psychophar-
macology, Epub ahead of print.

Sugimoto, H., Okabe, S., Kato, M., Koshida, N., Shiroishi, T., Mogi, K.,
Kikusui, T., Koide, T. (2011). A role for strain differences in waveforms
of ultrasonic vocalizations during male-female interaction. PLoS ONE
6, €22093.

Ishii, A., Koide, T., Takahashi, A., Shiroishi, T., Hettinger, T.P., Frank,
M.E., Savoy, L.D., Formaker, B.K., Yertutanol, S., Lionikas, A. and Bliz-
ard, D.A. (2011). B6-MSM consomic mouse strains reveal multiple loci
for genetic variation in sucrose octaacetate aversion. Behavior Genet-
ics 41, 716-723.

Nishi, A., Ishii, A., Takahashi, A., Shiroishi, T., Koide, T. (2010). QTL
analysis of measures of mouse home-cage activity using B6/MSM
consomic strains. Mamm Genome 21, 477-85.

Takahashi, A., Tomihara, K., Shiroishi, T., and Koide, T. (2010). Genetic
mapping of social interaction behavior in B6/MSM consomic mouse
strains. Behavior Genet 40, 366-376.

Dowse H, Umemori J, Koide T. (2010). Ultradian components in the
locomotor activity rhythms of the genetically normal mouse, Mus mus-
culus. J Exp Biol 2713, 1788-1795.
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Figure - Phenotypes of zebrafish meiotic prophase | mutants. Immunocytochemistry with

zebrafish Sycp3 antibody shows that its has defects at the onset of leptotene stage, and that isa
and imo spermatocytes fail to progress past the zygotene stage. Green indicates Sycp3.
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Sperm-based genetic modification and

establishment of inbred strains in zebrafish

Zebrafish have become a laboratory favorite because their embryos are
transparent: geneticists can easily observe gene effects in the developing
fish. We have developed techniques to make genetically modified zebrafish
using sperm cells grown in vitro and to culture spermatogonial stem cells
recently. Genetic modification in sperm has advantages of ease and speed
over conventional transgenic methods. We focus on developing reliable
reverse genetic protocols for studying gene functions in zebrafish by using
genetically modified sperm. In addition, these male germ cell culture systems
should prove useful not only in producing transfected sperm, but also in
analyzing the spermatogenesis. Using spermatogenic mutants recently iden-
tified in zebrafish and in vitro culture systems to advantage, we are also
working on the molecular mechanisms to regulate mitosis and meiosis in the
male germ cells of vertebrates.

Inbred strains are individuals which are nearly identical to each other in
genotype, so that they are quite useful for the genetic studies. However, in
zebrafish, there had been no inbred strains. We have established the first
inbred strain in zebrafish by sib-pair mating. At the present, we are preparing
for the statistical genetic study of quantitative traits, and also arranging the
condition for inducing mutations in the strain using a chemical.

Kawasaki T., Saito K., Sakai C., Shinya M., and Sakai N. (2012) Pro-
duction of zebrafish offspring from cultured spermatogonial stem cells.
Genes Cells 17, 316-325.

Shinya M.,and Sakai N. (2011) Generation of highly homogeneous
strains of zebrafish through full sib-pair mating. G3 7, 377-386.

Saito K., Siegfried K.R., Nusslein-Volhard C., and Sakai N. (2011) Isola-
tion and cytogenetic characterization of zebrafish meiotic prophase |
mutants. Dev. Dyn. 240, 1779-1792.

Ozaki Y., Saito K., Shinya M., Kawasaki T., and Sakai N. (2011) Evalua-
tion of Sycp3, Plzf and Cyclin B3 expression and suitability as sper-
matogonia and spermatocyte markers in zebrafish. Gene Expr. Pat-
terns 11, 309-315.

Kawasaki T., Saito K., Shinya M., L. Olsen LC., and Sakai N. (2010)
Regeneration of spermatogenesis and production of functional sperm
by grafting of testicular cell aggregates in zebrafish. Biol. Reprod. 83,
533-539

Kawasaki T., Saito K., Mitsui K., lkawa M., Yamashita M., Taniguchi Y.,
Takeda S., Mitani K., and Sakai N. (2009) Introduction of a foreign
gene into zebrafish and medaka cells using adenoviral vectors.
Zebrafish 6, 253-258.
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Figure - (A) Expression of OSH1 gene responsible for shoot apical meristem maintenance (left).
Mutation in OSH1 binding site on OSH1 locus resulted in the loss of its expression (right).
(B) A model of the regulatory mechanism of KNOX genes in the SAM.

Studies on genetic diversity of Oryza genomes/

species and mechanisms in reproductive isolation.

We are carrying out two major research subjects. One is analysis of
genetic diversity of Oryza species in genome structure and phenotype by
sequencing and phenotyping of a large number of strains. Genetic associa-
tion studies will be done to identify responsible genes for genome and phe-
notype differentiation. The other is analysis of genetic factors playing roles in
the reproductive isolation mechanism. This is performed by combining with
the analysis of genetic programs underlying the processes from gametogen-
esis to embryogenesis ~ shoot formation in rice. We are also responsible for
the research, generation and management of rice genetic resources of wild
rice species collected in the NIG under the NBRP.

Ongoing research topics:

©® Analysis of genetic diversity of wild species of rice for comparative
genomics and speciation studies

® Analysis of genetic factors working in the reproductive isolation mecha-
nism for speciation

® Dissection of genetic programs underlying in reproductive cell develop-
ment, ovule and pollen formation, pollination and fertilization.

® Dissection of genetic programs underlying in embryogenesis to shoot for-
mation

Tsuda, K., Ito, Y., Sato, Y., and Kurata, N. (2011). Positive autoregula-
tion of a KNOX gene is essential for shoot apical meristem mainte-
nance in rice. Plant Cell, 23: 4368-4381.

Kubo, T., Yoshimura, A., Kurata, N. (2011). Hybrid male sterility in rice
is due to epistatic interactions with a pollen killer locus. Genetics 789,
1083-1092.

Ito, V., Kimura, F., Hirakata, K., Tsuda, K., Takasugi, T., Eiguchi, M.,
Nakagawa, K. and Kurata, N. (2011). Fatty acid elongase is required
for shoot development in rice. Plant J 66, 680-688.

Nonomura, K-I, Eiguchi, M., Nakano, M., Takashima, K., Komeda. N.,
Fukuchi, S., Miyazaki, S., Miyao, A., Hirochika, H., and Kurata, N.
(2011). A novel RNA-recognition-motif protein is required for premeiotic
G1/S-phase transition in rice (Oryza sativa L.). PLos Genetics 7,
e1001265.

Ishikawa, R., Ohnishi, T., Kinoshita, Y., Eiguchi, M., Kurata, N., Kinosh-
ita, T. (2011). Rice interspecies hybrids show precocious or delayed
developmental transitions in the endosperm without change to the rate
of syncytial nuclear division. Plant J 65, 798-806.

Mizuta, VY., Harushima, Y., and Kurata, N. (2010). Rice pollen hybrid
incompatibility caused by reciprocal gene loss of duplicated genes.
Proc. Natl. Acad. Sci. USA 107: 20417- 20422.
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Figure - Image of Sz. japonicus cell. Histone and a nucleolar protein were fused to different fluo-
rescent proteins in a cell. This made it possible to observe dynamics of chromosomes (magenta)
and nucleoli (green) in living cells simultaneously.

Genetic dissection of the cell division mech-

anism using single-cellular model organisms

Bacteria and yeasts are suitable model organisms to understand the funda-
mental mechanisms on cell proliferation. Our laboratory studies the mecha-
nisms behind chromosome or plasmid DNA dynamics in the cell or the
mechanism underlies cell shape formation. Genetical methods as well as
cell-biological methods were used to observe those intracellular events. We
have made several novel observations in cell proliferation mechanism by
using fluorescent-based protein or DNA imaging. Especially Sz. japonicus
yeast suits for those cell biological analyses, and hyphal growth and hyphal
cell cycle add special value on this organism.

Our ongoing projects are as follows;

©® Analysis of RodZ, the rod-shape determinant in E.coli cells.

® Chromosome and plasmid DNA transmission mechanism in E.coli cells.

® The function and behavior of DnaA, DNA replication initiation factor in
E.coli cells.

©® Genetic analysis on Sz. japonicus chromosome segregation mechanisms.

®Hyphal induction and hyphal cell cycle in Sz. japonicus yeast.

Shiomi, D., and Niki, H. (2011). A mutation of ispA that is involved in
isoprenoid biogenesis can improve growth of Escherichia coli at low
temperatures. Microbiol. Immunol. 55, 885-888.

Yanagihara, K., Niki, H., and Baba, T. (2011). Direct PCR amplification
of the 16S rRNA gene from single microbial cells from an Antarctic
iceberg using laser microdissection microscopy. Polar Science 5 (3),
375-382

Aoki, K., Hayashi, H., Furuya, K., Sato, M., Takagi, T., Osumi, M.,
Kimura, A., and Niki, H. (2011). Breakage of the nuclear envelope by an
extending mitotic nucleus occurs during anaphase in Schizosaccharo-
myces japonicus. Genes Cells 16, 911-926.

Furuya, K., and Niki, H. (2010). The DNA damage checkpoint regulates
a transition between yeast and hyphal growth in Schizosaccharomy-
ces japonicus. Mol. Cell. Biol. 30, 2909-2917.

Nozaki, S., Niki, H., and Ogawa, T. (2009). Replication initiator DnaA of
Escherichia coli changes its assembly form on the replication origin
during the cell cycle. J. Bacteriol. 197, 4807-4814.

Shiomi, D., Sakai, M., and Niki, H. (2008). Determination of bacterial
rod shape by a novel cytoskeletal membrane protein. EMBO J. 27,
3081-3091.
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Figure - Schematic representation of the inducible RNAi mutant library.

Comprehensive analyses of genome

function in Drosophila

Although the entire human genome sequence has been determined, real
functions of human genes are far from being completely understood. Droso-
phila has a total of 15,000 genes which is about half of the genes found in
humans but a large amount of these genes (approx. 70%) were discovered
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 silencing phenomena, in
which double-stranded RNA produced within host cells can effectively inhibit
host gene expression in a sequence-specific manner. By combining with
GAL4-UAS gene expression system, we can utilize the RNAI for knocking
down gene expression in a target cell or tissue at a specific developmental
stage. We are trying to construct inverted repeat transgenes and to estab-
lish transgenic fly lines covering almost genes in Drosophila. This RNAI
mutant fly library is now providing us a fundamental tool for understanding
gene functions and genetic networks working in the fly individuals.

Kondo S., and Perrimon N. (2011). A genome-wide RNAi screen identi-
fies core components of the G2-M DNA damage checkpoint. Sci Sig-
nal 4, rsi.

Yamamoto-Hino, M., Kanie, Y., Awano, W., Aoki-Kinoshita, K. F., Yano,
H., Nishihara, S., Okano, H., Ueda, R., Kanie, O., and Goto, S. (2010).
Identification of Genes Required for Neural-Specific Glycosylation
Using Functional Genomics. PLoS Genet 6, e1001254.

Wu, Y., Brock, A. R., Wang, Y., Fujitani, K., Ueda, R., and Galko, M. J.
(2009). A blood-borne PDGF/VEGF-like ligand initiates wound-induced
epidermal cell migration in Drosophila larvae. Curr Biol 19, 1473-1477.

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 intracellu-
lar innate immune recognition in Drosophila. Nat Immunol 9, 908-916.

Yoshida, H., Fuwa, T., Arima, M., Hamamoto, H., Sasaki, N., Ichimiya,
T., Osawa, K-I., Ueda, R., and Nishihara, S. (2008). Identification of the
Drosophila core 1 81,3-galactosyltransferase gene that synthesizes T
antigen in the embryonic central nervous system and hemocytes. Gly-
cobiology 18, 1094-1104.

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.
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Figure - National BioResource Project - Integrated BioResource Database (BRW)-

The BRW provides access to a collection of 5.5-million records on bioresources and supports

summary browsing, keyword searching, and searching by DNA sequences, gene ontology or ref-
erences.

Genetic resources databank project

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 information such as
genomic information to researchers. We have finished the first stage of
database construction and started providing online distribution system for 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 exis-
tence 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 wil
include going beyond just completing these databases to meld these data-
bases into a single yet comprehensive information resource for users.

Since the National BioResource Project (NBRP) was launched in 2002, we
have been expanding and reinforcing our activities as an information center
of the project.

Rice WRKY Working Group (2012). Nomenclature report on rice
WRKY’s — Conflict regarding gene names and its solution. Rice. 5:3
Doi:10.1186/1939-8433-5-3

Saito, T., Ariizumi, T., Okabe, Y., Asamizu, E., Tanase, K., Yamazaki, Y.,
Fukuda, N., Aoki, K. and Ezura, H.(2011). "TOMATOMA": A Novel
Tomato Mutant Database Distributing Micro-Tom Mutant Collections.
Plant and Cell Physiology 52(2), 283-296.

Yamazaki, Y., Sakaniwa, S., Tsuchiya, R., Nonomura, K. and Kurata, N.
(2010). Oryzabase: an integrated information resource for rice science.
Breeding Science 60, 544-548.

Kurata, N., Satoh, H., Kitano, H., Nagato, Y., Endo, T., Sato, K., Akashi,
R., Ezura, H., Kusaba, M., Kobayashi, M., Nitasaka, E., Kasai, R.,
Yamazaki, Y., and Yoshimura, A., (2010). NBRP, National Bioresource
Project of Japan and plant bioresource management. Breeding Sci-
ence 60, 461-468.

Yamazaki, V. et al. (2010). NBRP databases: databases of biological
resources in Japan . Nucleic Acid Res. 38, D26-D32.
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Figure - Translational control of glp-1 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.

Genome biology of C. elegans

development

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. We have already identified

14,000 genes through EST project, and have analyzed their expres-

sion 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 localization and translational control of maternal
mRNAs

o Clustering analysis of gene expression patterns

® Functional analysis of microRNAs

® Systematic identification of regulatory elements of genes

® Comparative genomics using closely related nematodes

We are also organizing a supporting system for large-scale genome

analysis in the academic domain.

Sumiyoshi, E., Takahashi, S., Obata, H., Sugimoto A., and Kohara, Y.
(2011). The beta-catenin HMP-2 functions downstream of Src in paral-
lel with the Wnt pathway in early embryogenesis of C. elegans. Devel-
opmental Biology 355, 302-312.

Mangone, M. Manoharan, A., Thierry-Mieg, D., Thierry-Mieg, J., Han, T.,
Mackowiak, S., Mis, E., Zegar, C., Gutwein, M.R., Khivansara, V., Attie,
O., Chen, K., Salehi-Ashtiani, K., Vidal, M., Harkins, T.T., Bouffard, P.,
Suzuki, Y., Sugano, S., Kohara, Y., Rajewsky, N., Piano, F., Gunsalus,
K.C., and Kim, J.K. (2010). The Landscape of C. elegans 3'UTRs. Sci-
ence 329, 432-435.

Andachi, Y.(2008). A novel biochemical method to identify target genes
of individual microRNAs: Identification of a new Caenorhabditis ele-
gans let-7 target. RNA, 714, 2440-2451.

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 734, 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.
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Figure - In our structural study by cryo-EM and X-ray scattering, we did not find any higher-order
structures in mitotic chromosomes, or even 30-nm chromatin fibers (A), but just a uniform disor-
dered texture (B). We thus propose that chromosomes consist of 11-nm nucleosome fibers folded
irregularly.

3D-organization and dynamics of human

genome chromatin

Our research interest lies in determining how a long string of genomic DNA is

three-dimensionally organized in mitotic chromosomes and the nucleus, and

how the organized genome functions during cellular proliferation, differentia-

tion, and development. 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 projects are as follows:

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

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

® Genome-wide study of higher-order chromatin change(s) during mouse
cell differentiation (Epigenetics)

®Novel mechanism to protect genome DNA from irradiation damage

Nishino, Y., Eltsov, M., Joti, Y., Ito, K., Takata, H., Takahashi, Y., Hihara,
S., Frangakis, A.S., Imamoto, N., Ishikawa, T., et al. (2012). Human
mitotic chromosomes consist predominantly of irregularly folded
nucleosome fibres without a 30-nm chromatin structure. EMBO J. in
press.

Takata, H., Nishijima, H., Maeshima, K., and Shibahara, K. (2012). The
integrator complex is required for integrity of Cajal bodies. J Cell Sci
125, 166-175.

Maeshima, K., Hihara, S., and Takata, H. (2010). New insight into the
mitotic chromosome structure: irregular folding of nucleosome fibers
without 30-nm chromatin structure. Cold Spring Harb Symp Quant Biol
75, 439-444.

Hiratani, I., Ryba, T., Itoh, M., Rathjen, J., Kulik, M., Papp, B., Fussner,
E., Bazett-Jones, D.P, Plath, K., Dalton, S., et al. (2010). Genome-wide
dynamics of replication timing revealed by in vitro models of mouse
embryogenesis. Genome Res 20, 155-169.

Maeshima, K., lino, H., Hihara, S., Funakoshi, T., Watanabe, A.,
Nishimura, M., Nakatomi, R., Yahata, K., Imamoto, F., Hashikawa, T., et
al. (2010). Nuclear pore formation but not nuclear growth is governed
by cyclin-dependent kinases (Cdks) during interphase. Nat Struct Mol
Biol 17, 1065-1071.

Maeshima, K., Hihara, S., and Eltsov, M. (2010). Chromatin structure:
does the 30-nm fibre exist in vivo? Curr Opin Cell Biol 22, 291-297.
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Figure - (A) A Caenorhabditis elegans embryo. (B) Quantitative extraction of the cell shape. (C)

Quantitative measurement of the cytoplasmic flow. (D) Computer simulation of the centrosome
movements during cell division. (E) A proposed mechanism to move the cell nucleus.

Toward understanding design principles and

mechanical bases of the architecture of the cell

The word “cell” means “a small room”, as well as the basic structural unit of
living organisms. Just as we design the interior of our room, inside the living
cell, intracellular structures are positioned in the right place with the right size
at the right time. Our group is searching for design principles in spatial orga-
nization of cell architecture, and analyzing mechanical bases underlying such
principles. We are using the nematode Caenorhabditis elegans embryo as
a model system. In addition to molecular biology and cell biology
approaches, we exploit quantitative measurements and computer simulation
to investigate the physical bases of the construction of Cell Architecture.

Our research subjects include,

1. Intracellular positioning and morphogenesis of the nucleus and spindle
2. Dynamics and morphogenesis of the chromosomes

3. Quantitative measurement and modeling of cytoplasmic flow

Hayashi, H., Kimura, K., and Kimura, (2012) A. Localized accumulation of tubu-
lin during semi-open mitosis in the Caenorhabditis elegans embryo. Mol Biol
Cell, 23, 1688-1699.

Koyama, H., Umeda, T., Nakamura, K., Higuchi, T, and Kimura, A (2012). A
high-resolution shape fitting and simulation demonstrated equatorial cell sur-
face softening during cytokinesis and its promotive role in cytokinesis. PLoS
ONE 7, €31607.

Niwayama. R., Shinohara, K., and Kimura, A. (2011). The hydrodynamic prop-
erty of the cytoplasm is sufficient to mediate cytoplasmic streaming in the
Caenorhabiditis elegans embryo. Proc Natl Acad Sci USA 108, 11900-11905.

Kimura, K., and Kimura, A. (2011). Intracellular organelles mediate cytoplasmic
pulling force for centrosome centration in the Caenorhabditis elegans early
embryo. Proc Natl Acad Sci USA 108, 137-142.

Hara, Y., and Kimura, A. (2009). Cell-size-dependent spindle elongation in the
Caenorhabditis elegans early embryo. Curr Biol 19, 1549-1554.

Niwayama, R., and Kimura, A. (2012). A cellular funicular: a hydrodynamic cou-
pling between the anterior- and posterior-directed cytoplasmic flows. Worm 7,
71-75.

Kimura, K., and Kimura, A. (2011). A novel mechanism of microtubule length-
dependent force to pull centrosomes toward the cell center. BioArchitecture 7,
74-79

Hara, Y., and Kimura, A. (2011). Cell-size-dependent control of organelle sizes
during development. Results Probl Cell Differ. 53, 93-108.

ARHJBE (2010) #fRH A XDEBEYZ. 4{L% 82, 302-305.

@ Tz ES),~ Research Activies —MmM@M8 —M8 —————————— ¢




BSELEMR YT —

ZHHRIABEEIZTZ Multicellular Organization Laboratory

x AR

Structural Biology Center

Sawa Group

http://www.nig.ac.jp/section/sawa/sawa-j.html

L & " -

2
=
. S

= B RIRMERE
R BL(ER) B &G

SAWA, Hitoshi IHARA, Shinji
D. Sci., Professor D. Sci., Assistant Professor

Rz AUCIERTRRE D EHERB DI 3T

SHIREYHZIE U<HEET DT3B ESARS I Z IR EIE > THED
HIMEN DD FT . —DDHIIEN DR U TE U ZDDIRMAIRN RE 2
& (ZDBDME DR BE. FEE EHIED 5 S F) Z R DIBN A
DETHBRDSARM EEHETEANSHEETT, IR (FeRERRE IE
TFNCHHUTHIEES S KD EUIclaZ/ED T T EhEIHN
TUVFET LD L. EEEYICH WTIE B4 DMIBDR T kDRI R (R
FRREE) DA ARBARTe D FERMMD M EIAR T 2 EIFEREETIHRR(C
elegans)|FANNERR C AT TV OIS CHIFERL ZBRICERRT D&
W CEFTONMONFHRRZET)LE L THV MRS ORREER
FEEHEDTE DT ETHBARDIEIT D ANZ I LZER LT
WET . DIOINEC. elegans DIF & A EDIBREDZHDIEITIED B 1
TN LI Wnt Y I 7 )UmEEEIC K o THIISNTWL S T & 728
SMCUTWVFY £ < DR HHOIEIFREN E DK S iHEERI )
SN AR HIRERZEDHH T DHOIIRL CLEF T,

— IR RAD B AT ZVDIFNFEBE (A DRADEE (B) DRI TD
B RENFHAIBDE®ZER I o BIRDBTEIFHRRDIF & A& DI HF CERR SN D,
Figure - Asymmetric localization of B-catenin during an asymmetric division. The localization

before the division (A) and at telophase of division (B). Arrowheads indicate cell boundary. Similar
localization can be observed during most cell divisions in C. elegans.

Mechanisms of asymmetric division in

C. elegans

Proper development of multicellular organisms requires organized production
of a variety of cell types. Asymmetric cell division that produces daughter
cells with distinct cell fates is a fundamental mechanism by which cellular
diversity is produced. For example, a variety of stem cells undergo self-
renewing asymmetric divisions to produce differentiated cells and stem cells
themselves. In higher animals, however, it is difficult to study asymmetric divi-
sion due to lack of cell-ineage information. The nematode C. elegans is
best-suited to study asymmetric division, because we can easily analyze cell
lineages. By combining genetic and cell lineage analyses in C. elegans, we
showed that asymmetries of a number of cell divisions that occur during
development are controlled by Wnt signaling. We will elucidate how asym-
metries of divisions are coordinately regulated to produce functional tissues
and organs.

Shibata, Y., Uchida, M., Takeshita ,H., Nishiwaki, K. & Sawa, H. (2012)
Multiple functions ofPBRM-1/Polybromo- and LET-526/Osa-containing
chromatin remodeling complexes in C. elegans development. Dev.
Biol. 367, 349-357

Ihara, S., Hagedorn E. J., Morrissey M. A., Chi Q., Motegi. F., Kramer J.
M. and Sherwood D. R. (2011) Basement membrane sliding and tar-
geted adhesion remodels tissue boundaries during uterine vulval
attachment in C. elegans. Nature Cell Biology 13, 641-51

Sugioka, K., Mizumoto, K. & Sawa, H. (2011) Wnt regulates spindle
asymmetry to generate asymmetric nuclear SB-cateninin C. elegans.
Cell 146, 942-954

Yamamoto, Y., Takeshita, H. & Sawa, H. (2011) Multiple Wnts redun-
dantly control polarity orientation in Caenorhabditis elegans epithelial
stem cells. PLoS Genetics 7, e1002308

Shibata, Y., Takeshita, H., Sasakawa, N., and Sawa, H. (2010) Double
bromodomain protein BET-1 and MYST HATs establish and maintain
stable cell fates in C. elegans. Development 137, 1045-1053.

Arata, Y., Lee, J. Y., Goldstein, B., and Sawa, H. (2010) Extracellular
control of PAR protein localization during asymmetric cell division in the
C. elegans embryo. Development 7137, 3337-3345.

Mizumoto, K., and Sawa, H. (2007) Cortical B-catenin and APC regu-
late asymmetric nuclear S-catenin localization during asymmetric cell
division in C. elegans. Developmental Cell 12, 287-299.

Goldstein, B., Takeshita, H., Mizumoto, K. and Sawa, H. (2006) Wnt
signals can function as positional cues in establishing cell polarity.
Developmental Cell 10, 391-396.
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Figure - A schematic representation of structure of a333ye complex of F1-ATPase. 3-subunits
are shown in yellow, a-subunits red, y cyan and € magenta. The structure shows a novel nucle-
otide occupancy and a novel conformation of the €-subunit.
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Mechanism-oriented protein structure

determination by X-ray diffraction

We are working on protein structure determination using X-ray diffraction
techniques, in order to understand the working mechanism of the proteins
that are broad in biological 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 tran-
scription factors, human transcription factors and salt-tolerant glutaminase.
Some of those targets have exhibited extreme difficulties.

To understand the unique rotational catalysis mechanism of ATP syn-
thase, we have been extending the structural study from the o383 sub-
assembly to upper subassemblies. The «3B837 € sub-complex has pro-
vided a unique opportunity to look at F1 structure with a unique nucleotide
occupancy i.e. nucleotide bound to a single catalytic 8-6 v v ¢ T. subunit.
Also, we have now got ATP synthase crystals. PhzR protein, a P. aerugi-
nosa transcriptional factor, and E. coli YmcB protein are under investigation
using the MAD approach. Recently the structure of the salt-tolerant glutami-
nase have been solved under a number of different conditions, giving an
account of how the unique salt tolerancy is realized in the protein.

Yoshimune,K.,Shirakihara, Y., Wakayama,M., and Yumoto,l. (2010).
Crystal structure of salt-tolerant glutaminase from Micrococcus luteus
K-8 in the presence and absence of its product L-glutamate and its
activator Tris. FEBS. J. 277, 738-748

Itou, H.,Watanabe, N.,Yao, M.,Shirakihara, Y., and Tanaka, |. (2010).
Crystal structures of the multidrug binding repressor Corynebacterium
glutamicum CgmR in complex with inducers and with an operator. J
Mol Biol. 403, 174-184

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) filaments
and the generation of a molecular swivel by troponin-T Proc. Natl.
Acad. Sci. 105, 7200 - 7205

Yoshimune,K.,Shirakihara, Y., Shiratori, A., Wakayama,M., Chantawan-
nakul, P, and Moriguchi,M. (2006). Crystal structure of a major frag-
ment 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., and Maenaka,K. (2006). Entropically-
driven MHC class | recognition by human inhibitory receptor Leukocyte
Ig-like receptor B1 (LILRB1/ILT2/CD85j) J Mol Biol 355, 237- 248

Maenaka,K., Fukushi, K., Aramaki, H., and Shirakihara,Y. (2005).
Expression, crystallization and preliminary diffraction studies of the
Pseudomonas putida cytochrome P-450cam operon repressor CamR
Acta Crystallogr. F61, 796 — 798.
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Figure - Drosophila nervous system stained with specific antibodies. Left panel: Larval brain.
Mushroom bodies (green) and optic lobes (red) are highlighted. Right panel: Motoneuron terminal
(green). Inset: Electron micrograph of a synapse.

Molecular and cellular mechanisms for

neural network formation

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 com-

bination of molecular genetics and high-resolution imaging analysis, we are

tackling following issues..

® Synapse formation: We have identified cell-surface proteins involved in the
establishment of specific synaptic connectivity, by ectopic gene-expres-
sion screening. Their molecular functions are currently studied in detail.

® Neural lamina formation: Laminar structures are important for the estab-
lishment of local neuronal circuits. We are studying gene regulatory mech-
anism for lamina formation in mushroom bodies, a learning and memory
center.

® Intracellular signal transduction: Using photoreceptor neurons in the com-
pound eye, we are studying genetic mechanisms for the topological and
functional regulation of the components of intracellular signaling pathways.

Suzuki, E., Masali, |., and Inoue, H. (2012). Phosphoinositide metabolism
in Drosophila phototransduction: A coffee break discussion leads to 30
years of history. J. Neurogen. 26, 34-42.

Yasunaga, K., Kanamori, T., Morikawa, R., Suzuki, E., and Emoto, K.
(2010). Dendrite reshaping of adult Drosophila sensory neurons requires
matrix metalloproteinase-mediated modification of the basement mem-
branes. Dev. Cell. 18, 621-632.

Kurusu, M., Maruyama, Y., Adachi, Y., Okabe, M., Suzuki, E., and Furu-
kubo-Tokunaga, K. (2009). A conserved nuclear receptor, Tailless, is
required for efficient proliferation and prolonged maintenance of mush-
room 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 regu-
late birth order-dependent axonal fasciculation and midline repulsion
during development of the Drosophila mushroom body. Mol. Cell. Neu-
rosci. 38, 53-66.
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Moon jellyfish (Aurelio ourita)
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Figure - Expression of eye patterning genes, paxB (green) and six1/2 (red) in two species of jel-
lyfish. While pax6 (paxB in jellyfish) is well known as a master control gene for eye formation,

six1/2 is also expressed in the area adjacent to ocellus and possibly takes a major role in jelly-
fishes.

Study for molecular evolution using genomic

sequence and gene expression profile

We study the evolutionary process for acquisition of novel features by com-

parative genomics and molecular evolutionary approaches, using virus, bac-

teria and higher animals. Recently, we focus more upon (1) Analysis of data

obtained from Next-generation sequencer and its related analytic tool devel-

opments and (2) Evolutionary dynamics of gene expression profiles underly-

ing the evolution of central nervous system and sensory organs. Currently

ongoing studies are as follows:

® Dynamic evolution of translation initiation mechanisms

® Gene expression profile in sea urchin nervous system

® Search for the evolutionary origin of protozoan lens-eye

®Evolution of jellyfish eye — Comparative gene expression analysis

® Marine ecological genetics of red tide by metagenomic approach

®Evolution of genomes and organisms through whole genome duplications

@ Identification of candidate speciation genes by using bioinformatic
approach

® Testing the coevolution between microRNAs and their target genes in
Drosophila species

® Construction of bio-platform for the cell innovation project

® Comparative genome analysis on the "K computer"

® Comparative genome analysis using the Next Generation Sequencers

Taniya, T., Tanaka, S., Yamaguchi-Kabata, Y., Imanishi, T., Gojobori, T.
(2012). A prioritization analysis of disease association by data-mining
of functional annotation of human genes. Genomics 99, 1-9.

Wang, C., Kazuki, Y., Oshimura, M., lkeo, K., Gojobori, T. (2011). Gene
dosage imbalance of human chromosome 21 in mouse embryonic
stem cells differentiating to neurons. GENE 487, 93-101.

Hwang, J. S., Takaku, Y., Momose, T., Adamczyk, P., Ozbek, S., Ikeo,
K., Khalturin, K., Hemmrich, G., Bosch, T. C., Holstein, T. W., David, C.
N., Gojobori, T. (2010). Nematogalectin, a nematocyst protein with
GlyXY and galectin domains, demonstrates nematocyte-specific alter-
native splicing in Hydra. Proc Natl Acad Sci USA. 107, 18539-18544.

Nakagawa, S., Niimura, Y., Miura, K., Gojobori, T. (2010). Dynamic evo-
lution of translation initiation mechanisms in prokaryotes. Proc Natl
Acad Sci USA 107, 6382-6387.

Chapman, J. A, ..., Hayakawa, S., Hirose, M., Hwang, JS., lkeo, K.,
Nishimiya-Fujisawa, C., Ogura, A., Gojobori, T, Fujisawa, T., Steele, RE.
et al. (2010). The Dynamic Genome of Hydra. Nature 464, 592-596.

Horie, M., Honda, T., Suzuki, Y., Kobayashi, Y., Daito, T., Oshida, T.,
Ikuta, K., Jern, P., Gojobori, T., Coffin, J. M., Tomonaga, K. (2010).
Endogenous non-retroviral RNA virus elements in mammalian genom-
esldentification of endogenous non-retroviral RNA virus elements in
mammalian genomes. Nature 463, 84-87.
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Figure - A screenshot of reference mapping tools on a NGS automatic analytical system

Promotion of DDBJ as an infrastructure

database for lifescience

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 com-
bination of molecular genetics and high-resolution imaging analysis, we are
tackling following issues.Ultra high-throughput sequencing technologies allow
biologists to obtain larger amounts of nucleotide sequence data. Reliable
database operation and high-quality annotation supply are essential. As the
core part of DNA Data Bank of Japan (DDBJ), Nakamura laboratory
attempts 1) to develop advanced database management systems, and 2) to
improve quality of the content of DDBJ.
® Automatic analysis of next-generation sequencing data
To establish automatic analysis of NGS data is significant for efficient pro-
cessing of large amount of sequences. We are constructing an automatic
analytical system "DDBJ Read Annotation Pipeline" by using NIG super-
computers.
® Cloud computing based data analysis and registration support system
A cloud computing based platform towards automatic data analysis and
DDBJ sequence registration has been investigated to support molecular
biologists without bioinformatics technique.
®Evaluation measures of genomic annotations
Manual annotations and curations of genomic sequence is time consum-
ing. Structural and functional annotations by automatic and manual pro-
cessing are evaluated by using proposed statistical methods.

Kodama, Y., Mashima, J., Kaminuma, E., Gojobori, T., Ogasawara, O.,
Takagi, T., Okubo, K., and Nakamura, Y., The DNA Data Bank of Japan
launches a new resource, the DDBJ Omics Archive of functional
genomics experiments. Nucleic Acids Research:40 (Database issue):
D38-42

Cochrane, G., Karsch-Mizrachi, |., and Nakamura, Y.; On behalf of the
International Nucleotide Sequence Database Collaboration. (2011).
The International Nucleotide Sequence Database Collaboration.
Nucleic Acids Res 39 (Database issue), D15-8.

Kaminuma, E., Kosuge, T., Kodama, Y., Aono, H., Mashima, J., Gojo-
bori, T., Sugawara, H., Ogasawara, O., Takagi, T., Okubo, K., and
Nakamura, Y. (2010). DDBJ progress report. Nucleic Acids Res. 39
(Database issue), D22-7.

Inagaki, S., Miura-Kamio, A., Nakamura, Y., Lu, F.,, Cui, X., Cao, X.,
Kimura, H., Saze, H., and Kakutani, T. (2010). Autocatalytic differentia-
tion of epigenetic modifications within the Arabidopsis genome. EMBO
J 20;29(20), 3496-506.

Nakao, M., Okamoto, S., Kohara, M., Fujishiro, T., Fujisawa, T., Sato,
S., Tabata, S., Kaneko, T., and Nakamura, Y. (2010). CyanoBase: the
cyanobacteria genome database update 2010. Nucleic Acids Res. 38
(Database issue), D379-381.

Kaminuma, E., Mashima, J., Kodama, Y., Gojobori, T., Ogasawara, O.,
Okubo, K., Takagi, T., and Nakamura, Y. (2010). DDBJ launches a new
archive database with analytical tools for next-generation sequence
data. Nucleic Acids Res. 38 (Database issue), D33-38.
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Figure - Data processing tests using Hadoop distributed environment

Application study of parallel-distributed com-

puting technology to genome data processing

We have been conducting application study of parallel-distributed com-
puting technology and wide area distributed computing technology to
genome data processing.
® Application study of parallel-distributed computing to genome data pro-
cessing
We conduct feasibility study for applying new parallel-distributed comput-
ing technology such as Hadoop and distributed key-value store to
genome data processing. We conduct research to handle large genome
data in parallel cluster computer which has elasticity for rapid data growth
in bioinformatics.

©® Application study of wide-area distributed computing technology to large
genome data exchange service
In the NGS era, we have been facing the difficulty to exchange, reposit
and share a large amount of data among external researchers. To over-
come this difficulty, we have been conducting application study of current
grid computing technology and cloud computing technology to the large
genome data processing in NIG supercomputing environment.

Kaminuma, E., Kosuge, T., Kodama, Y., Aono, H., Mashima, J., Gojo-
bori, T., Sugawara, H., Ogasawara, O., Takagi, T., Okubo, K., and
Nakamura, Y. (2011). DDBJ progress report. Nucl. Acids Res. 39
(suppl 1): D22-D27

Kodama, Y., Mashima, J., Kaminuma, E., Gojobori, T., Ogasawara, O.,
Takagi, T., Okubo, K., and Nakamura, Y. (2012). The DNA Data Bank of
Japan launches a new resource, the DDBJ Omics Archive of functional
genomics experiments. Nucl. Acids Res. 40: D38-D42; doi:10.1093/
nar/gkr994.
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Figure - DNA database (DDBJ/EMBL/GenBank) overview and search. This enables that the DNA
databases are browsed and searched in terms of research projects.

URL
http://lifesciencedb.jp/ddbj/
http://lifesciencedb.jp/cc/
http://lifesciencedb.jp/ag/

Knowledge discovery through

genome-wide measurements

1. Sharing and Integration of Data and Knowledge in Life Science
Science of 21 century is a discovery from digital observatory data of com-
plex phenomena. Digital literature is also one of such data. For the fair
competition of new knowledge from such data, data integration is inevita-
ble. For data integration, we have to overcome semantic, syntactic, and
pragmatic problems in science data. Being Involved in data sharing center
for DNA sequence (DDBJ) and for literature and observatory data
(DBCLS), we engineer technologies and resources which is necessary for
sharing and integration of knowledge and data.

2. Theoretical studies of gene expression evolution
Gene expression evolution has long been hypothesized to serve as a
bridge from molecular to phenotypic evolution. The advent of genome-
wide gene expression profiing techniques have prompted the studies of
this field, but some conflicts have arisen in the interpretation of the obser-
vations. Those are caused by the lack of definite theoretical models, and
instead the use of inadequate analogies of molecular evolution. Therefore,
we are constructing a theoretical model of gene expression evolution
which provides consistent explanations of the pattern in the observations.

The DNA Data Bank of Japan launches a new resource, the DDBJ
Omics Archive of functional genomics experiments.

Kodama Y, Mashima J, Kaminuma E, Gojobori T, Ogasawara O, Takagi
T, Okubo K, Nakamura Y. (2012)

Nucleic Acids Res. 40(Database issue):D38-42.

DDBJ progress report.

Kaminuma E, Kosuge T, Kodama Y, Aono H, Mashima J, Gojobori T,
Sugawara H, Ogasawara O, Takagi T, Okubo K, Nakamura Y. (2011)
Nucleic Acids Res. 39(Database issue),D22-27.

Ogasawara O. and Okubo K. (2009) On theoretical models of gene
expression evolution with random genetic drift and natural selection.
PLoS One. 4, e7943.

Kaminuma E., Mashima J., Kodama Y., Gojobori T., Ogasawara O.,
Okubo K., Takagi T., and Nakamura Y. (2010) DDBJ launches a new
archive database with analytical tools for next-generation sequence
data. Nucleic Acids Res. 38(Database issue), D33-38.

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

Hoshino H., Uchida T., Otsuki T., Kawamoto S., Okubo K., Takeichi M.,
and Chisaka O. (2007) Cornichon-like Protein Facilitates Secretion of
HB-EGF and Regulates Proper Development of Cranial Nerves. Mol.
Biol. Cell. 18, D1143-1152
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Figure - Left: FISH analysis of gorilla chromosomes using human chr-21 telomeric probe
Right: Water bear bearing eggs in its belly

Comparative Genomics Research toward Under-

standing Diversity and Idiosyncrasy of Life Systems

Genomic information is one of themost basic and reliable data that can be
used to conduct basic research to explain various biological phenomena as
well as many applied sciences such as medicine, pharmaco-genomics, agri-
culture, ecology or production of bio-materials.

The genomic information, particularly after the publication of human genome
paper in 2001 and 2004, are often referred to as a treasure-trove and has
been providing richest resources to the community.

The Comparative Genomics Laboratory was established in April 2008 with
the task to understand basic rules of biological systems based on actively
reading and analyzing various genomes of interest using cutting-edge DNA
sequencing and analysis technology. Currently, we are analyzing personal-
ized genomes of primates in addition to the organisms those living in the
extreme environmental conditions. The figures in the left column show
examples of such activities.

Takami H, Noguchi H, Takaki Y, Uchiyama |, Toyoda A, Nishi S, Chee
GJ, Arai W, Nunoura T, Itoh T, Hattori M, Takai K. (2012). A Deeply
Branching Thermophilic Bacterium with an Ancient Acetyl-CoA Path-
way Dominates a Subsurface Ecosystem. PLoS One. 7, e30559.

Murtagh V, O'meally D, Sankovic N, Delbridge ML, Kuroki Y, Boore JL,
Toyoda A, Jordan KS, Pask AJ, Renfree MB, Fujiyama A, Graves JA,
Waters PD. (2011). Evolutionary history of novel genes on the tammar
wallaby Y chromosome: Implications for sex chromosome evolution.
Genome Res. Nov 29, Epub

Renfree MB, ...Kuroki Y,....Toyoda A, ... Fujiyama A, et al. (2011).
Genome sequence of an Australian kangaroo, Macropus eugenii, pro-
vides insight into the evolution of mammalian reproduction and devel-
opment. Genome Biol. 12, 414

Shinzato C, Shoguchi E, Kawashima T, Hamada M, Hisata K, Tanaka
M, Fujie M, Fujiwara M, Koyanagi R, Ikuta T, Fujiyama A, Miller DJ,
Satoh N (2011). Using the Acropora digitifera genome to understand
coral responses to environmental change. Nature. 476, 320-323.

Takahashi S, Toyoda A, Sekiyama Y, Takagi H, Nogawa T, Uramoto M,
Suzuki R, Koshino H, Kumano T, Panthee S, Dairi T, Ishikawa J, keda
H, Sakaki Y, Osada H (2011). Reveromycin A biosynthesis uses RevG
and Revd for stereospecific spiroacetal formation. Nat Chem Biol. 7,
461-468.

Watanabe T, Tomizawa S, Mitsuya K, Totoki Y, Yamamoto Y,
Kuramochi-Miyagawa S, lida N, Hoki Y, Murphy PJ, Toyoda A, Gotoh
K, Hiura H, Arima T, Fujiyama A, Sado T, Shibata T, Nakano T, Lin H,
Ichiyanagi K, Soloway PD, Sasaki H (2011). Role for piRNAs and non-
coding RNA in de novo DNA methylation of the imprinted mouse Ras-
grf1 locus. Science. 332, 848-852.
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Figure - Molecular cytologenetic analyses of germ-cell development in rice. (A) A schematic illus-
tration of reproductive-cell development from initiation of primordial germ cells to meiosis in rice.
Top and bottom drawings indicate the cross sections of an anther lobe and the longitudinal sec-
tions of ovule primordium, respectively. Red indicates primordial germ cells, orange; meiocytes.
Beneath the pictures, reproduction-related genes that we have identified so far are shown. (B-E)
Molecular cytogenetic analses of mel2 mutant. (B, C) /n situ hybridization of MEL1 gene, the
marker specific for premeiotic germ cells, to anthers at meiotic prophase I. In the wild type (B),
MEL1 expression has been downregulated, and in cotrast in the me/2 mutant (C), it has been
expressed strongly, indicating that mel2 germ cells fail to enter meiosis. (D, E) Immunofluorescent
staining of meiotic proteins for pollen mother cells at zygotene. In the wild type (D), meiotic pro-
teins PAIR2 (purple) and ZIP1 (green) are accumulated and loaded on homologous chromosomes,
and in contrast in mel2 mutant (E), both proteins fail to load normally on chromosomes. Chromo-
somes are counter-stained with DAPI (blue).

Molecular cytogenetics of plant

germ-cell development

Primordial germ cell is differentiated from hypodermis of stamen (male)
and pistil (female) primordia in angiosperm species. Primordial germ cells are
divided mitotically several times, and produce into meiocytes and nursery
cells. Meiosis is one of the essential events of genetics, because it generates
a new gene combination different from that of parents.

It has remained to be largely unknown how flowering plants generate and
maintain germ cells, and how they undergo meiosis. To answer these ques-
tions, we have analyzed molecular functions of genes and proteins relating
to early steps of plant germ-cell initiation, development and/or meiosis,
mainly by using mutant lines of rice, a monocotyledonous model plant.

We have also conducted the germplasm center of wild relatives and local
varieties of rice in collaboration with the Plant Genetics Lab., under the fund-
ing support of the National Bioresource Project, Japan (NBRP).

Nonomura, K. I., Eiguchi, M., Nakano, M., Takashima, K., Komeda, N.,
Fukuchi, S., Miyazaki, S., Miyao, A., Hirochika, H. and Kurata N. (2011) A
novel RNA-recognition-motifprotein is required for premeiotic G1/S-phase
transition in rice (Oryza sativa L.). PLoS Genet. 7, e1001265 (PMID:
21253568).

Yamaki, S., Nagato ,Y., Kurata, N. and Nonomura, K. I. (2011) Ovule is a
lateral organ finally differentiated from the terminating floral meristem in
rice. Dev. Biol., 351: 208-216.

Yamaki, S., Miyabayashi, T., Eiguchi, M., Kitano, H., Nonomura, K. |. and
Kurata, N. (2010) Diversity of panicle branching patterns in wild relatives
of rice. Breed. Sci. 60, 586-596.

Nonomura, K. I., Morishima, H., Miyabayashi, T., Yamaki, S., Eiguchi, M.,
Kubo, T. and Kurata, N. (2010) The wild Oryza collection in National
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HREAE= Intellectual Property Unit
HEfEE= Intellectual Property Unit

%I]B“JHZI EEE Intellectual Property Unit

http://www.nig.ac.jp/labs/IntProp/
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HIERAEE ft
IP QUANTITY
FEF L (EP9) 3
Patent application (domestic)

HEFER (EP) 10
Patent registration (domestic)

ErERR CB9) 3
Patent registration (Foreign country)

SA YRR 2
Licensing

EEREHEIZEH (B2%F)

Collaboration research contract 1
(international, industry)

MTA 1,232
Material Transfer Agreement

Z0ft 3
Others

Communicate research findings at NIG
with the outer world

nternational competition over innovative creation is intensifying 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.

We take the seeds of science and technology, sometimes apply for intel-
lectual properties, sometimes manage and transfer as appropriate those
seeds as material assets, and sometimes are entrusted with them. Further-
more, in addition to making the link between fundamental research and
applicable or practical research as quickly as possible, it is also important to
establish a structure in which it is easy to proceed with fundamental
research itself.

With the immediate goal of establishing a system to effectively commu-
nicate knowledge from NIG to universities and society at large, the Intellec-
tual Property Unit is examining ways to come up with and implement strate-
gies to utilize research results produced by the Institute.

The Unit also considers it its mission to contribute to the advancement
of fundamental science by aiming to produce innovation with research
results from NIG.

IBFFEEED

+ AUTM Annual meeting 2 0 12 Anaheim, MTA SIG: Lowering international barrier of
material transfer. (2012.3)

-BERRHEAE MTAEIF—  (20112)

-BEFEIR T KFEMTA S F— (2011.7)

- AUTM-ASIA 2011 in Beijing, Technology transfer of Agriculture in Japan 2011. (2011.4)

SREERERS RS AGUMAE  2011.02)

CERSURDY A ERNGEFEEEBOHE (RRERERIAS 201101)

MTAtIF— ~BRY S TIVDOZE- R BB S~ CEMERIKRE 2011.01)

- The 10th Anniversary of Fundamental Science and Technology Act (National
Chengchi University, Taiwan 2010.11)

RRERERIAZERS VRO ATHEMTA LEE & S B OER ) GRRER SRR
2010.1) Intelectual Property International Conference (APPI, LES , Seoul , KOREA
2009.11) Current status of Technology Transfer in Japan

-SEBEI UNITT KSR E R v b U — 2 (BREZEZAFE  2009.09) BEADHE
Wit

+ AUTM2 009 Western Region Meeting (Vancouver , CANADA 200 9.0 9) Current
status of Japanese Academia-industry collaboration

« Intellectual Property International Conference (AIPPI, LES , Seoul , KOREA 200 8.1 1)
Open Innovation in Japan

- AUTM2008 Western Region Meeting (Hawai 2008.08) Open Innovation of Life sci-
ence

(F &

‘COP10#R&E ERFMUAR W ERINE L RIFEFEEESv—FIL 125
P.41-43 2010.12)

‘COP10# & E RFMPARMPERIANEZL AR (EFEEE S v—FI)L 11AS
P.50-51 2010.11)
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SR (FRIFEMIIMELMMEMBAIRR MEEASREETSTEME
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Advanced Genomics Center

Intellectual Infrastructure Center
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NIG Advanced Genomics Center was established October 1st., 2011, with
the aim to combine the latest genomics technology, i.e., next generation
sequencing, for example, and the genetic resources, that have been col-
lected and constructed throughout the history of this institute, to create
resources for new-generation genetics. Since such resources should have
links among biological (phenotypic) annotations, data from genetic as well
as genomic researches, this center will work closely with other laboratories
of Genetic Strains Research Center, and research communities around the
country. This center is also expected to become core facility for research
communities to provide latest technologies and tools of the present-day
genomics. To answer the expectations and heavy demand of genome
analyses from the universities and research communities, the target proj-
ects that will be conducted in this center will be chosen through NIG’s Col-
laborative Research Program that is open to researchers outside of NIG

HIEFZR - HEFIFADFRN
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Genetic Resource Center

EYBETERTY YT AR/ MEHE. AR NIA.Y30I3D0 L. The Genetic Resource Center (GRC) has taken responsibility for develop-
D574 w2 4FH8 b RIIEEDEYREIC DT EMBIRZE T D11 ment, preservation and distribution of forefront bioresources of various organ-
HE=BREYREERER L. FNSDOREMS S ERAD A DOHIZC-EED isms including E. coli/B. subtilis, Rice, Mouse, and Drosophila, Zebrafish, C.
BEF— BT TNET . CNSDINA Y — (TR B ESET elegans and Hydra. The Zbo(\;e information is open to the public through the

e, I - - _ = following web sites. The GRC participates actively in “National BioResource
Gl 'gﬁ&t?k??@ﬁ?{ h?\?_ﬁﬁq](f%1m btui?‘i#“ﬂfﬁﬁ Project (NBRP)” of MEXT for E. coli/B. subtilis, Rice, Drosophila and
SREEAR3DYIVNL LT TT (v AT EBHFEDT > 3 Zebrafish as central or sub-central organization for each organism in the proj-
T AF VY =270V 17 M(NBRP)ICEB L. SEYROFHE T ect. Furthermore, the GRC also contributes to NBRP as the national center of

THRE U TGEEIL TUVE I . BICNBRP DI 225 —& LT ERD) A bioresource information, taking responsibility for supporting development and

YV —AEEERFEFEDFRE L TEHLTWVE T, management of the relevant databases.
o R B o EEREERG | EYEeotss7- v ks T -5y TR
NIG Mouse Genetic Resources Hydra Genetic Resources Zebrafish Gene trap & enhancer trap DB

www.shigen.nig.ac.jp/mouse/nig/ www.nig.ac.jp/labs/OntoGen/overall.html kawakami.lab.nig.ac.jp/
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Mouse Microsatellite DB National BioResource Project HP Integrated Rice Science Database
http://www.shigen.nig.ac.jp/mouse/mmdbj/ www.nbrp.jp www.shigen.nig.ac.jp/rice/oryzabaseV4/
. i

BADT IR B o EEi R | [ aEmocsmE Y-
Japan Mouse/Rat Strain Resources Database NIG Fly Stocks NBRP E.coli Strain
www.shigen.nig.ac.jp/mouse/jmsr/ www.shigen.nig.ac.jp/fly/nigfly/ www.shigen.nig.ac.jp/ecoli/strain/
e e e B wy —— S
=S

DR SNP 15 | S 35930\ T AERERE R B o EE R
NIG Mouse Genome Database Asian Distribution Center for Segmentation Antibodies NIG Mouse Phenotype Database
molossinus.lab.nig.ac.jp/msmdb/ www.nig.ac.jp/labs/DevGen/segmentation/ molossinus.lab.nig.ac.jp/phenotype/
2 Asian Dustribution Center for Segmentation &
Anbibodses 48 3
S e e L
‘52232221“:,?;“'
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. National BioResource Project (NBRP)

S BB OB - http://www.nbrp.jp/office/
S SRR N M P
- SATO, Kiyoshi

"™  Dr. Agr, Director
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Introduction of national Bio Resource Project (NBRP)

The National BioResource Project (NBRP) is a national project designed
and strategically established to secure biological genetic resources (biore-
sources) such as animals, plants, microorganisms, cells and genetic mate-
rials. NBRP started in 2002 as a project under “The Plan to Promote Prior-
ity Researches in The New Century” following the initiative of the Ministry
of Education, Culture, Sports, Science and Technology (MEXT). The pur-
pose and general outline of the NBRP is to promote the collection, preser-
vation and provision of bioresources that support the intellectual basis of
life sciences research, and also includes developing analytical methods of
genome information and preservation technology in order to add higher
value to the resources. An information center to publish information related
to bioresources was also established. To achieve the aforementioned pur-
pose, NBRP set up four projects including: (1) a core facility upgrading
program, (2) a genome information upgrading program, (3) a fundamental
technology upgrading program and (4) an information center upgrading
program, all of which are promoted through coordination with each other.
The mission of the secretariat of NBRP is the following subjects; arrange-
ment to hold relevant meetings, public relations activity, operational assis-
tance to promote the project and international partnerships.

©NBRP D;EE)
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DDBJ Center

Intellectual Infrastructure Center

DDBJ(DNA Data Bank of Japan)|& 198745817 S MU iTsm S 4T3
NHREZB U CAHCTND DNA T —5Z I NTHER U HFRDORHE S U
THESETE T DERFIMERZTOTCLE T,

O CDEHFBE2DFELRUND EBI/EMBL 8K UKED NCBI/GenBank &
D 3EDHBSIEHTITONTE D BEOE CIEFZIBRLFHEINSGT—5E
BHES N MHFRELED T —5X—R[INSD EEERS T —5\—X]
HOKENFET . BEDE C CERFZZFCH TR CRIFCARINE T,

OF/cDDBIZEBNEZERTHDHONAT—FFIBAZERICMAT
EBINCBI.DDBJ B ZNZNZIET DN EBERER CHHERBEERERIC
RO TEBINTWVET (JARIVA),

O DDBJDHLDEXIF ZIETE T — I T —FEH T — T4
DORENSHEDHEDIEE NCTHRI0RFDDIVI P ET ) FT—5—7=
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II—THF—5EBRL HHTIFEINSDDI10% 87 EHTNET ., F
Te B KE - BRINDRFEF T D 71IC R SR ECT D i ChERIR
REICEBISRES T —IN—ZXHOFIASNTED BARICHA TRER
SFTEERDT —YBREIAZA > THX T « v W5 (KOBIC) D]
TDDBJ(CEEFINFT () RILC)e DDBINT—FEIRT DA
EERHAREERDRENTO T I DY 7 EEPHIRODIFRE DS
FNFET(RILD) 2007FICIXEERET —FIN—RATOI I+
TDDBJICET—%7—74 7 (DRA) hiERET 1. 201 0F(CF AN S
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International Sequence Database Collaboration (INSDC)
Adwisory Board 1o DDBJ (Riyousinkai) |

EMBL GenBank |

©® DDBJ(DNA DataBankJapan)was established in 1987 and joined international
DNA data exchange and archiving scheme between GenBank and EMBL.
This tripartite collaboration is called INSDC (International Sequence Database
Collaboration).

® DDBJY, as well as GenBank and EMBL is serving as one of three data inlet
and outlet to the "INSD".

®DDBJ is reviewed and advised by its own advisory board and also by interna-
tional advisory board to INSDC.

® Daily operation of DDBJ is performed by 10 bio-annotators and 10 system
engineers under staffs' supervision.

® Every year increasing amount of DNA sequence are submitted to DDBJ by
almost constant numbers of groups, 3,000~4000, for the last 10 years. It
always consists about 10% of INSD records.

® Since 1993, Patent claimed DNA sequence are also submitted to DDBJ by
Japan Patent Office because INSD is used as a framework of sequence data
exchange among JPO,USTPO,and EPO. Recently, KPO started to join this
data sharing though DDBJ with help of Korean Bioinformatics Institute.

® Reserchers who use DDBJ to add their data in INSD has been mostly Japa-
nese (>90% of Japanese submit the data to DDBJ), but recently researchers
in neighboring countries countries also uses DDBJ to some extent.

®In 2007, MEXT database integration project started Raw sequence data
archive (DRA) to be maintained in DDBJ.

®In 2010, RIKEN team submitted the first Japanese Personal genome to DRA.

Contributin of annotated DNA data
B to INSDC ( in base pairs)
160,000,000,000 |
140,000,000,000

120,000,000,000 -
100,000,000,000 |
£0,000,000,000 :
60,000,000,000

40,000,000.000 -

*Re72 *Re76 *Re80 *reBd *Red8s
(2007/12) (2008/12) (2008/12) (2010/12) (2011/12)

Big:Data submission3
To DDBJ 2010-12°

® Google earth map picture was created by Kouji Watanabe based on the data provided by Kazama upon request and scenario from K.O.
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NIG supercomputing system
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To overcome the difficulties of handling recent research data deluge, we have
installed a high performance, as well as low electric power consumption, super-
computing system in Mar 2012. This system is going to be installed in two
phases (2012 and 2014). The specifications of the current system installed this
year are shown in Table 1.

This supercomputing system is available to any researchers belonging to
research organizations in Japan. So this system is expected to play an impor-
tant role in the development of life sciences in Japan.

£1 2012FE 58X T LAHIE  Tablel: Computing system installed in 2012

Thingt&./—k
Thin node

B H
Items

Mediumst&./—K

High performance storage

BBk - AEHE
Specifications

Memory 64GByte CPU Xeon E5-2600x2 16 Core

D oDERMIN 7T A EREIFT A T 58 E

i—L /scratch 88 (CF) /A

Every computing node can access the high performance
storage via Lustre file system. This storage used as
home area or job scratch area

201258 AHE
Amount of hardware (2012)

352 node
(64B(CGPGPUEH)

Medium node Memory 2TByte CPU Xeon E7-4870 x10 80 Core 2 node
Fatst& /—k Memory 10TB  CPU Intel Xeon E7-8837 768 Core 1 node
(Fat node)
FAAUEE (BBHED) IRy o Py T P—hA TR T

’ X : yte
Electric power saving storage For archive or backup use.
FARUEE (BEEY) I TPV RT LLustrelc KD REE/— R 2PByte

JRT L2R(2012FES)

8/ —RBXUEE/ —FEREESI R Y hD—2 (InfiniBand QDR)
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Transdisciplinary Research Integration Center

Systems Biology of Genetic Function

SHEFRFHES | EILEFSAT. HstEERAZIPN. EIERARA. RRAZE RRIFERZE. BV, B2 ean.
BREZAE, BEATRR. REAR. WMNKE. KDRIEENZAZ

BIGHFCHZEULTLD X /\— Members at NIG

NELHRE KE-MA¥F BiEEEE BN BT M Postdoc OKA-KISO, Ayako M Project Researcher HORIUCHI, Yoko
WELHEE © == WESEHES S MF M Postdoc SHAHNG, Wei-Hao M Project Researcher MATSUZAKI, Ayuko
= = - = M Postdoc TATSUMOTO, Shoji M Project Researcher MOCHIZUKI, Takako
D'DE = = P\UE jw=] 7 7
.ﬁj:ﬁﬁj;; fe EE WHIERA 27 ¥ M Postdoc HARUSHIMA, Yoshiaki
BEIARE &8 ==

BEGHERES R T L2 S TTREGIBREELT.
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CIRFDFRBEPAN X LZV AT LAEUTIRRT
BIEZEENELTVET ATOY 1T MNTIEEL
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ZERZEBCEEUCECERZHICAEY / I
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BECIBLIIR Y N —D DTV O
DIEMISETT (V' / L) 72 Y RIREDITE
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AR CETOELAV ERA MEIFEmaUicE
BRIRR DTSR DT AR B LE T

Systems biology is a data-centric inter-
disciplinary study of genetics, informatics,
and statistics focusing on complex inter-
actions in biological phenomena. This
project aims to describe multi-dimen-
sional gene network systems that create
biodiversity of organisms in gene expres-
sion, morphogenesis and behavioral pat-
tern. Production of massive sequence,
gene expression and phenotypic variation
data of unique and rich genetic resources
at the National Institute of Genetics (NIG),
development of information technology at

the National Institute of Informatics (NII),
] and of statistical modeling at the Institute
of Statistical Mathematics (ISM) will be
performed and be combined together to
understand complex functional genetics
network.

[ Understanding Biodiversity as a System

M — SRR EBTRAFEDR Y MO —I TS AT LORBE
Figure - Development of analytical systems for revealing functional
genetics network.
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- ~F Systematic Analysis for Global Environmental Change and Life on Earth (SAGE)
' http://tric.rois.ac.jp/earth/

SNFZUHES | ENCABIRZIAT. EILETAMZT. |
TR, RIR/\A AR REKRE

Transdisciplinary Research Integration Center

HIRZEE
BEERR FEERIR

YANAGIHARA, Katsuhiko ~ TOMOYA, Baba
Project Associate Professor  Project Associate Professor

SISl
TRGRERZEA. BB, UEEAE. FURAR, TERZE, RRERIFAZE,
RRISIAZ. [ILEAZ. BFRRHARE. AR, BL2HEAR. ek

BIGHFCHZEULTLD X/ — Members at NIG

WSEEHR R =2 BELiARE BREE & M Project Assoc. Prof. YANAGIHARA, Katsuhiko Il Postdoc KAGOSHIMA, Hiroshi
NEEERE B5 A M Project Assoc. Prof. BABA, Tomoya
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ST U s R A SR OO AT S
BRI DT — I N\— BT &5l T0
VIO MSIIRENMERE T OSSP EDR Y
RO — O C RO E L IRIDE

The interaction between life and the surrounding
environment should have great impact on the
evolution and diversity of life. “Systematic Analy-
sis for Global Environmental Change and Life on
Earth (SAGE)” project integrates researches on
geoscience, bioscience and informatics in order
to understand the life system on the earth. The
Transdisdisciplinary Research Integration Center
is responsible for SAGE project, collaborating
with National Institute of Polar Research, the
National Institute of Genetics, the Institute of
Statistical Mathematics and the National Insti-
tute of Informatics, and several universities. We

are currently approaching functional analysis of
adaptation mechanisms to cold and dry envi-
ronment, using microorganisms and nematodes
isolated from Antactica.

— [E]EEOHRCREINE DT hEEBRD ODBES N
Pseudomonas [EAHER. [ 1 1587 JSGZISM 14 7Z 15 DRIIBERR Plectus murrayi

Figure - [Left] Bacteria Pseudomonas sp. isolated from “Moss Pillar”, ecosystem
on bottom of an Antarctic lake. [Right] Desiccation tolerant Antarctic nematode
Plectus murrayi.
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[ NG Colloquia

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
students as a part of their D5 Progress Report.

. Biological Symposia

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

Events

. Open House

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.

. Public Lecture |

Once every autumn, NIG holds a public lecture
in Tokyo, presented by its faculty.
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Biological Symposia Dr.J.Nagaraju
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Open House April 7,2012
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Public Lecture Dr. Sawa Hitoshi
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International Activities

International Collaboration : “NIG-IISER Collaboration”

0 promote scientific interactions and exchanges world wide, NIG has been sponsoring collaboration projects and international symposia. We extended an ongoing col-
laboration program with ISER (Indian Institute of Science Education and Research) Pune, by inviting a graduate student from Dr. Mayurika Lahiri's lab for a 2 month col-
laboration project. PhD student Payal Arya carried out research in the Araki Lab (Division of Microbial Genetics) . She conducted a functional analysis of BRCT-containing

proteins, Dpb11 and TopBP1, in yeast cells. http:// www.nig.ac.jp/archive/1001/529.html
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Chientan Youth Activity Center(&dt-&75)
WEEE

Norbert Perrimon (Keynote, Harvard Medical School, USA)

Yuh-Nung Jan (Keynote, UCSF, USA)

Amita Sehgal (University of Pennsylvania, USA)

Angela Giangrande (IGMCB, Strasbourg, France)

Ann-Shyn Chiang (National Tsing-Hua University, Taiwan)

Claude Desplan (New York University, USA)

Eileen Furlong (EMBL, Germany)

Joonho Choe (KAIST, Korea)

Hiroshi Akashi (National Institute of Genetics, Japan)

Konrad Basler (University of Zurich, Switzerland)

Manyuan Long (University of Chicago, USA)

Satyajit Mayor (National Center for Biological Sciences, India)

Tadashi Uemura (Kyoto University, Japan)

Tian Xu (Yale University School of Medicine, USA)

Tony Ip (University of Massachusetts Medical School, USA)

Toshie Kai (Temasek Life Sciences Laboratory, Singapore)

Utpal Banerjee (UCLA, USA) (Fh

NIG International Symposium

In order to contribute to advancing the frontiers of genetics, NIG
has been organizing and sponsoring international symposia and
promoting academic interactions among researchers from diverse
backgrounds and disciplines.

This year, we supported an international symposium titled "1st
Asia-Pacific Drosophila Research Conference (APDRC1)".

Dates: May 22 (Sun.) - 25 (Wed.), 2011
Venue: Chientan Youth Activity Center, Taipei, Taiwan
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International Activities

Support for International Researchers

Last year the Group for Internationalization Promotion (GIP) was
established to support international researchers at NIG. We assist
new international NIG members with their initial move to Japan and
— afterwards, we assist them throughout their stay at NIG/SOKEN-
DAVl Our support ranges from administration related to their transi-
tion, interpretation and translation to improving the environment so
that international members can spend their time without encounter-
ing language barriers at NIG. GIP also organizes social events (a
“GIP lunch” gathering is shown above).

Please feel free to contact us if you have any questions about
working/studying at NIG/ SOKENDAI.

For more details, please visit our web page:
http://www.nig.ac.jp/jimu/soken/GIP/index.html

Help Desk Coordinator (General Affairs/Education Team)
Chikako Miura:cmiura@nig.ac.jp

Chair of Internationalization Promotion Committee
Professor Hiroshi Akashi:hiakashi@nig.ac.jp

Hosting foreign scientists

K2 722 Fi/@ Name / Subject title / Affiliation
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:IEG{TEEEIS\CU Molepular mephanism for chromosome mis-segregation and its implication in g\iﬁﬁfﬁiﬁim Genetics
carcinogenesis
HERRE ARBOLIEEMZEDT Y — AEBOMREE Y ERRE
* FE Development of resource basis for promoting diversity studies in genus Oryza Plant Genetics Laboratory
B N e
SHENTON A RBOSHMD K UEBER OB SR AT
MATTHEW RICHARD Characterization of biodiversity and species variation in genus Oryza Plant Genetics Laboratory
BERRS DDBJ [CHBIT DIEREIIREEFIEHROZ AN E SKE(L S iERR Ty 59—
= B Reception and quality control of the massive submissions at DDBJ Center for Information Biology
BLE  EBE )\ A FAVTANT 4 JASERSNS T =BT —9N A=,
BEFRS NS—VF—HAZt—r3a>y, JvEa1—4 - a1y aVICETHHR BB
Z= &K Data analysis, data mining, pattern reorganization, and computer Division of Evolutionary Genetics
simulation,especially as applied to Genetics/Medicine/Bioinformatics
BERRE s — [ . e — =
A JRER = SES TSR AR e
JOSEPH JINAM E'—A = MH%{E‘A‘“ ‘J:.%?’E’E{*‘FQEE.{E?FE& ﬁ&$E1fE%Wﬁ“j al NI EHRER
TIMOTHY ADRIAN uman | (HLA)revisited:suquencing of entire region for new medical Division of Hurman Genetics
ANAK applications
BEFRE X A ETEMRIR S EMNE T Nanos2 DIER RNA DEITE & HEBERRT RETHWRE
15| 8 Identification of target genes of Nanos 2 in germ call. Mammalian Development Laboratory
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Department of Genetics,
School of Life Science,

SOKENDAI
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National Institute of Genetics (NIG) functions as the Department of Genetics, SOKENDAI (The
Graduate University for Advanced Studies) and offers PhD programs in Genetics. Our 5-year pro-
gram accepts those with a bachelor's degree or equivalent. Those with Master's degree or similar
qualifications are also eligible to apply to our 3-year program.

Our graduate programs provide interdisciplinary education with frequent seminars, journal clubs,
and workshops on scientific writing and presentation. Highly qualified students can receive financial
aid.

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

United under the term "Genetics", graduate students at NIG continue to
expand the frontiers of life sciences in molecular and cell biology,
development, neurosciences, evolution, structural biology and bioinformatics.
The quality of NIG research is evident from the frequent citations of papers
published from the institute and the high funding rates for our grant
proposals. NIG houses tremendous resources for basic research in life
sciences, such as the well-established DNA database (DDBJ), an extensive
collection of natural valuable and mutant strains of various model organisms,
and state of the art research equipment.

. Excellence in graduate education

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. 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
institutions with an undergraduate program, which must accept several
students per faculty every year, not counting undergraduate students!

. 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 Cellular 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 on scientific
presentation and scientific writing are also offered. A large number of seminars
covering various fields of life sciences are held by NIG. About 90 "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
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Department of Genetics, School of Life Science, SOKENDAI

and answer session with animated discussions in which students can learn
how to discuss and debate various scientific issues. Graduate students are
invited to lunch with seminar speakers, where students have a chance to
personally talk with internationally renowned scientists. Almost all the seminars
are given in English, and the graduate course lectures are also given in English.
Knowledge of Japanese is not required for completing the graduate program
and obtaining PhD degree.

. 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 providing 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.

. 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. Graduate 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 balanced views as mature scientists.
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SOKENDAI houses the largest number of life science faculty in Japan.
In addition to the Department of Genetics in Mishima, the Okazaki area
has two departments --- the Department of Physiological Sciences and
the Department of Basic Biology --- and a fourth department, the

Department of Evolutionary Studies and Biosystems, is located in
Hayama. These four life science departments hold a joint retreat every
year for scientific interactions.
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. Various aids to students

NIG and the Department of Genetics conduct various activities to support
graduate students and enrich its graduate program.
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Students accepted to the International Graduate Program at NIG will
be nominated as candidates to receive the scholarship 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.
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Scientific writing : http://www.nig.ac.jp/jimu/soken/courses/sciwri/
Scientific presentation : http://www.nig.ac.jpo/jimu/soken/courses/EfS/

Scientist must not only make new discoveries, but also communicate
new findings effectively to others. The ability to present and discuss
science in English is thus an essential skill that must be learned within
your graduate career. The Department of Genetics offers many
courses and workshops on scientific writing and presentation, including
a newly developed curriculum: English for Scientists. For details please
take a look at the following URLs:
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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.

MM SR7ZD| S RRFERE 172 5 CDIT T SRIGERF R TDHE
TYBILFENEHEFMFREITN T BN EMEDRZITD T
BOEFEFENROSNNSIREDEIDZTENE T,

ERH AU RS CEREV ST RE B DI DRIBEIESNE
THRPIHEZTOREBHD I,

Once you have obtained interesting results and polished your
presentation skills, it's time to show them off at international 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.
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Prospective Students!

. Undergraduate research internships at NIG

NIG offers a 10-week undergraduate research internship program for
international students who wish to gain experience in scientific lab work.
Each intern will join ongoing research projects in a world class research
group, and will be provided with latitude as well as responsibility to conduct
“real” research, i.e. something that no one in the world has done before.
Interns also participate in various Departmental activities, such as lectures for
our graduate students, journal clubs, and seminars by outstanding
researchers in and out of NIG. Japanese lessons are also available. Stipend
will be provided to cover traveling and living expenses. If you want to find out
what it is like to do research, this is the best way to spend a summer.
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. Graduate education at NIG

Educating future generations of scientists is central to the mission of NIG.
Our undergraduate and graduate programs provide many opportunities for
students to gain scientific knowledge and experimental techniques as well as
professional skills. However, though less tanglible, we also believe that
developing the “spirit and attitude of research” is critical for young scientists.
The accomplishments of our students are perhaps the most important
testament to the success of our research and education programs. The
figure below shows some NIG graduate students and their first-authored
work recently published in top scientific journals.

Publications by NIG Graduate Students

Bursts of retrotransposition reproduced
in Arabidopsis

Sayuri Tsukahara, Akie Kobayashi, Akira Kawabe,
Olivier Mathieu, Asuka Miura and Tetsuiji Kakutani
NATURE Vol 461,71 September 2009

The RNA-binding protein NANOS?2 is required
to maintain murine spermatogonial stem cells
Aiko Sada, Atsushi Suzuki, Hitomi Suzuki, and

Yumiko Sada

SCIENCE Vol 325,11 September 2009

Spindle microtubules generate tension-dependent
changes in the distribution of inner kinetochore proteins
Aussie Suzuki, Tetsuya Hori, Tatsuya Nishino, Jiro Usukura,
Atsushi Miyagi, Kosuke Morikawa, and Tatsuo Fukagawa
J. Cell Biol. , Vol 193, 125-140 April 2011

JOARFAFTDY /L tZI v TFHURONSY
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I'm studying the behavior of mobile retrotransposons in

Arabidopsis thaliana. It’s very interesting to see the
‘jumping” around in the genome.
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During 5 years, | learned a lot about science in an excellent
environment. The high level of exposure to varied research
really helped me broaden my idea and it contributed
immensely in achieving my career goal.

(20113 %)
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I'm interested in understanding the mechanism of

chromosome segregation which plays an essential role for
the reproduction, development, and cancer.

Y
(20103 %5%)
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HlF EILECERFRFTAZERES (info-soken@lab.nig.ac.jp) & C
TERELIZEL,

We have produced a DVD video to introduce the activities 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 provides 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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TFATAZSE  OXO, Y7 R WY Research Student, SOKENDAN ROMERO, Vanessa

WHEAEEGIFZERFY  Division of Developmental Genetics

B #

BK

Assis. Prof.

SHIMIZU, Hiroshi

WA EE{GIAZERFS  Division of Neurogenetics

£

B #
EEHELRAS
#4014 D5
(FIRIAITHRE)
TREK D4
#RETR DA
TREAR D3

aEBEHA
KEHE
EFIEEYN
HHRF
AT RZE
®IIaD
SHEWT

Prof.
Assis. Prof.

NIG Postdoc

D5 SOKENDAI,
JSPS Research Fellow DC

D4 Student SOKENDAI
D4 Student SOKENDAI
D3 Student SOKENDAI

IWASATO, Takuji
MIZUNO, Hidenobu
KATORI, Shota
IWATA, Ryohei
SUZUKI, Ayumi
LUO, Wenshu
YOSHINO, Akiko

Prof.

Assis. Prof.

Assis. Prof.
Postdoc

JSPS Research Fellow
D3 Student SOKENDAI
D2 Student SOKENDAI
D2 Student SOKENDAI

KOBAYASHI, Takehiko
IIDA, Tetsushi
AKAMATSU, Yufuko
SERIZAWA, Naomi
SASAKI, Mariko
HAEIWA, Haruna
UNOZAWA, Eri
TAKAHASHI, Akihiro

WEAFLEIRZLERFY  Division of Molecular and Developmental Biology

Eg

B %

B #
ELHELHAE
BEIEERRCOAE
BRFRACRARAE
5 D4

NI EE—
EINF0F5
HEk ¥
RRpIEE
ISR
faHE—

Prof.

Assis. Prof.

Assis. Prof.

NIG Postdoc

JST PRESTO Researcher
JSPS Research Fellow

KAWAKAMI, Koichi
ASAKAWA, Kazuhide
MUTO, Akira
TANABE, Hideyuki
WADA, Hironori
FUKUDA, Ryuichi

I)U, 757 14— D4 Student SOKENDAI LAL, Pradeep

BMEYNEGIFZLERFY  Division of Microbial Genetics

Prof.
Assis. Prof.
Assis. Prof.

Postdoc

BEHRIF 7-939,94U7LC.
BZEHIF N3, Y3avFE
HHR S (LS R

MREE F) ToARLZ

WARERIAZRERFY  Division of Cytogenetics
B = IIHEE

B % EREESE

Bl % IR F
BHREe  AEd3E
AAEiEECRNAS (LA AREET
WA D3 BEEN
IR D2 Ho R IRRIER
#apR D2 BSEEX

% B FAshZ

B # HeREE]

B % Hesa
Btirg  HPEsE
BLIifRE KB B

A DS

WEHERE

Postdoc

D5 Student SOKENDAI

ARAKI, Hiroyuki
TANAKA, Seiji
HIZUME, Kohji
TANAKA, Yoshimi
YAGURA, Masaru
MAKINO, Nishiho

BEBEGEEMZERFY  Division of Physiological Genetics

HEHR
HEHR

A9-7, 7494 KL

J7-0v7 74-Y

&GRSR

Wz ESR ()

Visiting Prof.
Visiting Prof.

STERN, David L.
FURLONG, Eileen

Department of Population Genetics

Head

SAITOU, Naruya

WERMEGIAZIEFS  Division of Population Genetics

£
B #
#EER D4
f5hAR D2
#eEAR D2

FELLIEA
HEFSIA
NyF7=39F,F74-N
YR P4y 7793

Prof.

Assis. Prof.

D4 Student SOKENDAI
D2 Student SOKENDAI
D2 Student SOKENDAI

SAITOU, Naruya
SUMIYAMA, Kenta
KANZAWA, Hideaki
HETTIARACHCHI, Nadeeka
BABARINDE,Isaac Adeyemi

WA E S S ZTERFY  Division of Cytoplasmic Genetics

HEHR
ZEHR

Jvn, ILTUvY
LS

Visiting Prof.
Visiting Prof.

BOCCARD, Frédéric
UEDA, Hiroki

g
B
BEHRE
FERA D1

Ha @
RHE
= B

Prof.
Assis. Prof.

Postdoc

WE(EE(RIRZZERFY  Division of Evolutionary Genetics

AKASHI, Hiroshi

OSADA, Naoki

LI, Boyang

=337, %%J\ D1 Student SOKENDAI MISHRA, Neha
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MIESHEGEEMIECFY  Division of Theoretical Genetics
ZEHE J1YA=13=7-YN Visiting Prof. von HAESELER, Arndt
BEHF 959, 7JR8)1-G. Visiting Prof. CLARK, Andrew G.

Department of Integrated Genetics

MEEH G AERUC Head KAKUTANI, Tetsuji

B\ fEEGIRZIERFY  Division of Human Genetics

B ® H_/ _H®&ER Prof. INOUE, Ituro

By #% HE—= Assis. Prof. HOSOMICHI, Kazuyoshi
EEFETHRE Y7L T4EY— A NIG Postdoc JINAM, Timothy A.
BLIifRE  FhEiEse Postdoc NAKAOKA, Hirofumi
Brifrg - RBEHRK Postdoc HAYANO, Takahide

] ] Research Staff & Students

WEEHIREIRIAZRE  Motor Neural Circuit Laboratory

R THE= Assoc. Prof. HIRATA, Hiromi
BRE mWEH—= Postdoc OGINO, Kazutoyo
ERELARE IR NIG Postdoc YAMADA, Kenta

WHEEMEELIRAE Symbiosis and Cell Evolution Laboratory
BRI =EiEED Project Assoc. Prof. MIYAGISHIMA, Shin-ya

BEIARE BESTF Postdoc KABEYA, Yukihiro
BtfEE S8BT Postdoc SUMIYA, Nobuko
BELREE EmEs Postdoc HIROOKA, Shunsuke
AR D1 RRED D1 Student SOKENDAI NAKAMURA, Mami

BIEEGIAZERPY  Division of Agricultural Genetics

) BARZ Prof. KAKUTANI, Tetsuii
By % FHER— Assis. Prof. INAGAKI, Soichi
B % BE IS Assis. Prof. TARUTANI, Yoshiaki
ArffaEsERE Bl B JSPS Research Fellow SHIMADA, Atsushi
WRLDAZRRARRE) BR)\BS D4 Student SOKENDAI  TSUKAHARA, Sayuri
AR D4 F 12 D4 Student SOKENDAI  FU, Yu

feBTR D2 Rk = D2 Student SOKENDAI  HOSAKA, Aoi
BLHELHEE & BT NIG Postdoc TOU, Taiko
g&é@g@%ﬁ%ﬁ 133}_3% 1E Special joint researcher ITO, Tasuku

BAREBEEERRE Ecological Genetics Laboratory

BEERE LB B Project Assoc. Prof. KITANO, Jun

EGHELHEE JIIRET NIG Postdoc KAWAJIRI, Maiko
BLIARE  HHEEX Postdoc YOSHIDA, Kohta
arEnRaEsEmEE )l IRKTD JSPS Research Fellow ISHIKAWA, Asano

BAZEBALRANES SERwW N, Y—7% JSPS Research Fellow RAVINET, Mark

WA EERETRZRERBFY  Division of Brain Function

TERIR THfEDH Assoc. Prof. HIRATA, Tatsumi
B % =g Assis. Prof. KAWASAKI, Takahiko
BRFfEENRE EF =T JSPS Research Fellow MOHRI, Akiko

WA EYZEIARE  Centrosome Biology Laboratory

BEERIR do)lIKiE Project Assoc. Prof. KITAGAWA, Daiju
BLiARE Ht X Postdoc SHIRATSUCHI, Gen
BTARE WG TF Postdoc MATSUURA, Rieko
BLIARE  KHE & Postdoc OTA, Midori

RIREYHERtE Y — Genetic Strains Research Center

tUI-RGH WAaRBRE Head SHIROISHI, Toshihiko

WL FEEGEEMITERFY  Division of Applied Genetics
ZEHIR N—FIJty,0JA Visiting Prof. MARTIENSSEN, Rob A.
EEHR Pul—W/N Visiting Prof. TSUJI, Shoji

I EEhEtE 5 — Center for Frontier Research

Y- (F) LB O Head HIROMI, Yasushi

B FHEEETAZEZE  Molecular Function Laboratory

yizeid BWERA Assoc. Prof. KANEMAKI, Masato
Br¥iEERIRE TS JSPS Research Fellow NISHIMURA, Kohei
TELEAIAS SERERDA Special joint researcher WATASE, George

B R RMERE Mutticellular Society Laboratory

HHR ) | — Assoc. Prof. HORIKAWA, Kazuki
BLIARE EBY £ Postdoc ADACHI, Shun
[ERRiiTs=] k% BA Postdoc SATO, Akira
K D2 fE N2t D2 Student SOKENDAI  KAMAGATA, Takanori

WHZELEMEIGIAZZE  Mammalian Genetics Laboratory

] WaEE Prof. SHIROISHI, Toshihiko
B % B B Assis. Prof. TAMURA, Masaru
BY #% BHET Assis. Prof. TAKADA, Toyoyuki
BHmRe EEAAT Postdoc SAGAI, Tomoko
[EmuiiEai=1 KEFER Postdoc AMANO, Takanori
#R D5 FrEAER D5 Student SOKENDAI  KATAOKA, Taro

BEETFWRE Mammalian Development Laboratory

] HEERET Prof. SAGA, Yumiko

B # FAR T Assis. Prof. MORIMOTO, Mitsuru
BLAEIMRE B & NIG Postdoc ZHOU, Zhi
[EmuiiEai=] 1R IEE Postdoc SABA, Rie
wrmEgs ik E Postdoc KATO, Yuzuru
EFLD(EERIRE) SRR D5 Student SOKENDAI  TAKAGI, Kaeiji
#apK D5 2 R D5 Student SOKENDAI GO, Sen

#TK D4 J\HHE T D4 Student SOKENDAI - KOIKE, Hiroko
#epK D3 RO hH D3 Student SOKENDAI  SAKAGUCHI, Akane
#brK D3 EHBEIE D3 Student SOKENDAI  SAKURAI, Takayuki

fapfK D2 A, J\> E'>/ D2 Student SOKENDAI PUI, Han Pin

BRIAEFIARE o

(RS RES RN Special joint researcher  CHO, Bi

-~ RHERE F%E % Research Staff & Students (@)
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W~ D AFAFEMIRE  Mouse Genomics Resource Laboratory W2 HHEEMEERIRZEZE  Mutticellular Organization Laboratory
eI N Assoc. Prof. KOIDE, Tsuyoshi . == Prof. SAWA, Hitoshi
B # =t Assis. Prof. TAKAHASHI, Aki By % FRIREE Assis. Prof. IHARA, Shinji
8RR D4 g & D4 Student SOKENDAI  TANAVE, Akira EGHELHRE AU NIG Postdoc NAKAYAMA, Sohei
BIiARE EHgse Postdoc SUGIOKA, Kenji
W\ BUESERAFEIAZEE Model Fish Genomics Resource Laboratory BtHzEa = (g Postdoc SOU, Shuhei
o= EHRIR Assoc. Prof. SAKAI, Noriyoshi wMA D4  HHEH D4 Student SOKENDAI  YOSHIDA, Naoki
B A MEHDD Assis. Prof. SHINYA, Minori WA D2 _ERFE D2 Student SOKENDAI  UEMURA, Kyohei
BLiARE SO IRFUS Postdoc KAWASAKI, Toshihiro
Wi FIEEMIE  Biomolecular Structure Laboratory
WEY)E(GIAZLZE  Plant Genetics Laboratory e B Assoc. Prof. SHIRAKIHARA, Yasuo
EA BHDD Prof. KURATA, Nori I P % Assis. Prof. ITO, Hiroshi
By # RIREE Assis. Prof. KUBO, Takahiko
IERR =] RS Postdoc FUJITA, Masahiro WEGFOEEIAZEZE  Gene Network Laboratory
@trirg £ FEF Postdoc WANG, Zi-Xuan HERR BARAHT Assoc. Prof. SUZUKI, Emiko
BERmE  YIVBRY,YY1— Postdoc SHENTON, Matthew B RAGNE Assis. Prof. KURUSU, Mitsuhiko
[EnmiiEs=] Y N=l= Postdoc KOBAYASHI, Yuri

BEZEYEGIIZZE Microbial Genetics Laboratory

E ) {CARF=H Prof. NIKI, Hironori Center for Information Biology
By % =i A Assis. Prof. AOKI, Keit W
BARK eta TUI—F (F) AZUFNE  Head OKUBO, Kousaku
EHETRRE MR & NIG Postdoc OKAMOTO, Sho
BHRE 1SR KEE Postdoc SHIOMI, Daisuke WETBEHRDITAILE  Laboratory for DNA Data Analysis
#Etire - HESH Postdoc NOZAKI, Shingo B ® TR = Prof. GOJOBORI, Takashi
A B ME—TE Assoc. Prof. IKEO, Kazuho
i 152 Invertebrate Genetics Laborat: N
GHIRE v : oratory By # BEEY Assis. Prof. NOZAWA, Masafumi
1!
AR tH & prof. UEDA, Ryu BLARE  SHFDF  Postdoc KINJO, Sonoko
N - ) _
[ Wik B Assis. Prof. KONDO, Shu R =] PEIE(T A Postdoc SOTO, Yukuto
BRE e N=] Postdoc SASAKI, Naobumi
BXRRIBEIRIAZE  Genetics Informatics Laboratory EXRBX
s e T BLIIARE HF BEX Postdoc MORI, Takahisa
)i ol Assoc. Prof. YAMAZAKI, Yukiko " -
BAZfRACHIFRE HHHERA JSPS Research Fellow YOSHIDA, Masaaki
N j—~xz 5] 7o = N .
BEYEGERIBEHRAIE  Genome Biology Laboratory HHRE HREIES Researcher MURAOKA, Masafumi
. % D4 g D4 Student SOKENDAI  ISHIKAWA, M
e INEHEA Prof. KOHARA, Yuii R BIIER ueen asakazu
N , o _
B ZOEAEN Assis. Prof. ANDAGHI, Yoskiki BAEEGIBEHRAZRE Genome Informatics Laboratory
: g1 L ) Project R her HIRAKI, Hideaki
BEAAR  FASH roject Heseareher eeat %= AR — Prof. NAKAMURA, Yasukazu
A= El Project R h UETA, Yumik N
BEFRR  BEGT roject Hesearcher > Yumiko e reb=c] Assis. Prof. KAMINUMA, Eii
2RE ST /N Postd KONNO, Hiroyuki o .
BIHRE  EHEZ osidoe royuKd BEARE  RIGRE Postdoc NAGASAKI, Hideki
BEMERE FEEE Project Researcher FUJISAWA, Takatomo
EEeCEHEtE/Y— Structural Biology Cent . o
e A il Aol BEFETHRE RIE &8 NIG Postdoc SARUHASHI, Satoshi
tUs—K G0 FARsLAZ Head ARAKI, Hiroyuki - e .
BT -5 -2 EFRRERRZE Laboratory for Reseach and Development of Biological Databases
BEFRED TFHERE  Biological Macromolecules Laboratory B R EARFX Prof. TAKAGI, Toshihisa
£ pe—ig Prof. MAESHIMA, Kazuhiro BEARE  KHE— Postdoc NAGAI, Keiichi
B % EAFEEA Assis. Prof. HIRATANI, Ichiro #Eixg  BEE=s. Postdoc OKUDA, Yoshihiro
MRS e BESRS SOKENOA  ewpc HIHARA, Saera BEMRE  REEX Project Researcher  MUNAKATA, Yoshihisa
WAL E  Cell Architecture Laboratory WECTFRITENMIAFRE  Laboratory for Gene-Expression Analysis
B A BE Assoc. Prof. KIMURA, Akatsuki O] N Prof. OKUBO, Kousaku
Brrge  TEHETF Postdoc ARAI, Ritsuko B % INEEE 18 Assis. Prof. OGASAWARA, Osamu
BHARE BIREE Postdoc SUGAWARA, Takeshi IR E B —k Project Researcher HARA, Kazuo
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WS/ LEEIAZZE  Comparative Genomics Laboratory

B ®
BEERIR

BLHEIRAE

BERE
BEMRE
BEWRE

KEES

BRLRER
e =
BEEAR
V(S
BARKD I
=H 1B

Prof.

Project Assoc. Prof.

NIG Postdoc
Project Researcher
Project Researcher

Project Researcher

FUJIYAMA, Asao
TOYODA, Atsushi
FUKUTA, Kentaro
KIYOOKA, Miho
TSUKAMOTO, Yumi
YOSHIDA, Satoru

Experimental Farm

DDBJ V45—

Research Staff & Students

DDBJ Center

BiHk G  BLONE— Head NONOMURA, Ken-ichi
HERIR FFLONE— Assoc. Prof. NONOMURA, Ken-ichi
B % BIFESD Assis. Prof. MIYAZAKI, Saori
BIHEE B T Postdoc NIIHAMA, Mitsuru
REEERIRRE /\BISE JSPS Research Fellow KOMIYA, Reina
#arFA D5 J\EFEDTER D5 Student SOKENDAI  ONO, Seijiro

#FFA D2 2= Rt D2 Student SOKENDAI  KUM, Rise

IR 77 Y h—

Lyy—& GO

{CARTRER

EMELEREY 5 —

JEV5—

Head

Radioisotope Center

NIKI, Hironori

Genetic Resource Center

Y-k () BAFIX Head TAKAGI, Toshihisa

B RGF PRFRE— Prof. NAKAMURA, Yasukazu
B ®E KAFERR Prof. OKUBO, Kousaku

B H G - HBRE Assis. Prof. KAMINUMA, Eli

By #(3)  NER OB Assis. Prof. OGASAWARA, Osamu
BLAEES &= EBE Postdoc LEE, Kyung Bum
BIHRE  KEFEFIX Postdoc OKIDO, Toshihisa
BrfRE J\BERE Postdoc KOSUGE, Takehide
BrixRs  BEE— Postdoc KODAMA, Yuichi
BIRERE R Postdoc SAKAI, Katsunaga
BIMRE HBHE = Postdoc MASHIMA, Jun
BJEHRE SEyTaft Project Researcher AONO, Hideo
SERRE BR R Project Researcher TSUTSUI, Haru
BEMEE *Ei SaEity ’J‘% Project Researcher FUKUDA, Asami

tys—k GO WAKE Head SHIROISHI, Toshihiko
B R G WHARE Prof. SHIROISHI, Toshihiko
® B G NS Prof. KAWAKAMI, Koichi
% (F FH OB Prof. UEDA, Ryu

B ow G (CRRHE Prof. NIKI, Hironori

¥ & G BHDD Prof. KURATA, Nori

B ® G RS Prof. KOHARA, Yuji
HHER G EHAIR Assoc. Prof. SAKAI, Noriyoshi
R Gn  BANEBE— Assoc. Prof. NONOMURA, Ken-ichi
HERE GR) LB F Assoc. Prof. YAMAZAKI, Yukiko
By % & BHE1T Assis. Prof. TAKADA, Toyoyuki
B %GR RNFF Assis. Prof. ASAKAWA, Kazuhide
B %G HEE ¥ Assis. Prof. MUTO, Akira

B # G  FEHDD Assis. Prof. SHINYA, Minori

B %GR A A Assis. Prof. KONDO, Shu

B % (3 BK @ Assis. Prof. SHIMIZU, Hiroshi

B # 3 BAEK Assis. Prof. AOKI, Keita

B # & JAREE Assis. Prof. KUBO, Takahiko

B # G BREIHBD Assis. Prof. MIYAZAKI, Saori

Feims ) SO A 5 —

Advanced Genomics Center

tUI—F (%) JNEHESS Head KOHARA, Yuji
BB Bk Prof. FUJIYAMA, Asao
BOERE (F) 2H = Project Assoc. Prof. TOYODA, Atsushi
FHEEZIR BT Project Assoc. Prof. NOGUCHI, Hideki
BLRE R 7% Postdoc CHEN, Wei
HERRE RS Project Researcher ~ AIZU, Tomoyuki
BEMRE  ABEET Project Researcher  ISHIZAKI, Hinako
TR E I ESHE Project Researcher EJIMA, Fumiwo

-~ FHERE FRA ¥ Research Staff & Students @)

IZvbhE (&) BELAEE Head FUJIYAMA, Asao
B EEGH@  BAFIR Prof. TAKAGI, Toshihisa
% (F) NIREIN Prof. OKUBO, Kousaku

NUAMRFEZELI=Y b

dZvhk G

VAN < il

Mouse Research Supporting Unit

Head

KOIDE, Tsuyoshi

HEE RSz tz>/~— Transdisciplinary Research Integration Center

WETHTIRHZELTVND X /IN—

BIERR
BEERIR
BET0Y1MELTRE
Ba70Y1) MELIAR
BET0Y1Y MELTRE
#a70Y1) MELIAR
BET0Y1) MELRAE
#a70Y1) MELIAR
Ba70Y1) MELRAE
#a70Y1) MELIAR
Ba70Y1) MERAE
#a70Y1) MELIAR
BETOI1Y MELTE
#A70Y1) MaL T
BET0I1Y MR
#A70Y1) MELH
BET0I1Y MEER

fi
fi]
fi
G|
fi

AR

z K

MR
A
[ELES
Rl ER3LE

20237, FUlb

E #5
REFT
BERES
IRERRSE
BEERE
EAST
B SE
AFHE—
RELLIERE,
ERZET
RAEE]
HISH T

Fn/NEERA

Project Assoc. Prof.

Project Assoc. Prof.

Postdoc
Postdoc
Postdoc
Postdoc
Postdoc
Postdoc
Postdoc
Postdoc
Project Researcher
Postdoc
Postdoc
Postdoc
Project Researcher
Postdoc

Project Researcher

Director

Members at NIG

YANAGIHARA, Katsuhiko
BABA, Tomoya
SHANG, Wei-Hao
ABE, Gembu
KRYUKOYV, Kirill
CHEN, Chaoyan
KISO, Ayako

GOTO, Tatsuhiko
KOZUKA, Natsumi
HARUSHIMA, Yoshiaki
HORIUCHI, Youko
KAGOSHIMA, Hiroshi
KIMURA, Kenji
NIWAYAMA, Ritsuya
MOCHIZUKI, Takako
TATSUMOTO, Shoji
MATSUZAKI, Ayuko

Intellectual Property Unit

SUZUKI, Mutsuaki



EHER & RUTERIR R

[ | [ | | ] u u 1 Staff of Administration Department and Technical Section

R Director - General 1

E5d Professors 24

HERUR Associate Professors 12

B Assistant Professors 36

ZEH$%  Adjunct Professors 10

I\EE Subtotal 70 (zgc%amgg%iﬁﬁv? Eseral and Adjunct Professors)

EIEE Administration Staffs 18

TR Technicians 14

a5t Total 102 :gc%amgg%ifcﬁf B ol Adiunct meessors) (2012448 1 BEE)

EEE  Department of Administration

BEPE General Manager EFFH R NODA, Kiyoshi

THZTHEEESR Research Promotion Section

EE Manager mx % MATSUNAGA, Shigeru
BEE Deputy Manager  ZFHSE NITTA, Kiyotaka

M 5T — /. Research Promotion Team

#"E Subsection Chief  $5 AL SUZUKI, Masatoshi
W 57528 F — L\ General Affairs / Education Team

“EGE) Subsection Chief 3 HH;E[E NITTA, Kiyotaka

M 5= — L. Supplies Team

#“E Subsection Chief  HEANE UEMATSU, Masashi

M /E:%F — L Facilities Team

#2E1EEE Management Project Section

2R Manager 22 I TOMIZAWA, Hiroshi
EESS Deputy Manager 5 |#th5k HIKICHI, Mitsuo

M 2175 - E5EF — L\ Financial Affairs / Inspection Team
HEGE) Subsection Chief 5 [HIHEF HIKICHI, Mitsuo

B L\ =575 — L\ Personnel Team
R Subsection Chief EiE 52 WATANABE, Akira

#1iiz2 Technical Section

ESSIER) Deputy Chief  EHDD KURATA, Nori
ERMEL Assistant Chief 2y FHB YATA, Katsunori

41 Animal Unit

= Unit Leader 18 T SAKAI, Masako
E—IIMHRE  Technical GoupLeader 7555 LER FURUUMI, Hiroyasu
E_IMTRER Techica Groupl Leader 7K GRIE— MIZUSHINA, Yoichi
ITERE Technical Staff B3\, YANO, Hiroyuki
Bt =] Technical Staff K& 5 KISO, Makoto
iTERE Technical Staff FEFEHE MAENO, Akiteru
FTER S Technical Staff  S[TATE YOSHIOKA, Hiroki
ESTE =] Technical Staff | LI&E YAMATANI, Noriko

HEY) - 4R Plant-Microbial Unit

F—RIMEE  TeicdGoplleader XK[O B EIGUCHI, Mitsugu
BTEARE TeicalGowlleadr EMETRIT  MIYABAYASHI, Toshie
W E Technical Staff  IRAfLA]F  SAKAMOTO, Sachiko
ATEE Technical Staff 17 ZEZEF  SAKA, Kimiko

$4253T Mechanical Unit

=G Unit Leader — HHBESZ YATA, Katsunori
e Technical Staff AfGdph‘ta  OISHI, Akane

@ EIPER L BTERINE  Staff of Administration Department and Technical Section
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1949

1953

1954

1955

1960

1962

1964

1969

1974

1975

1976

1983

1984

1985

1987

1988

1989

1993

1994

1995

June 1

Aug. 10

Jan. 1

Aug. 1
July 1
Sept. 15
Oct. 1
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

June 24

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 estab-
lished.

Dr. Yataro Tajima was elected the 4th Direc-
tor.

Animal Section was added in the Genetic
Stock Center.

Microbial Section was added in the Genetic
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.

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

History
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The DNA Research Center was reorga-
nized as the Structural Biology Center con-
sisting of 5 laboratories (Biological Macro-
molecules, Molecular Biomechanism, Multi-
cellular Organization, Biomolecular Struc-
ture 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 Developmental
Genetics. The Division of Brain Function
was added in the Department of Integrated
Genetics.

The Center for Information Biology was re-
organized as the Center for Information Bi-
ology 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 Genom-
ics 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 Director.
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 Section
and Management Project Section in the
Department of Administration.

Advanced Genomics Center was estab-
lished.

The Research Center was reorganized, The
Intellectual Infrastructure Centers (The cen-
ter for Genetic Resource Center and DDBJ
Center) and the Support Centers (The IT
Unit) were established.

History
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As the central institute to study various aspects of genetics, the National
Institute of Genetics (NIG) positively accepts collaborative research
between NIG and universities or other institutes. In order to offer collab-
orative research opportunities to researchers, NIG has been conducting
“Collaborative Research” and “Research Meeting” between researchers
inside and outside of NIG.

As shown in the next page, many collaborative researches are held every
year. In 2010, 99 Collaborative Researches and 11 Research Meetings
have been held and achieved excellent results.

. Collaborative Research

Based on the application from researchers outside NIG, NIG researchers
collaborate with them for conducting the research on the subject of
application. The following two categories are solicited for Collaborative
Research: [A] and [B]. In Collaborative Research [A], travel and accommo-
dation expenses are provided to visit NIG for conducting discussion and
experiment. In Collaborative Research [B], travel, accommodation and
research expenses are provided.
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We have been working on the characterization of pollen-
expressed genes using rice retrotransposon Tos77 mutant
lines. In NIG Collaborative Research Program, we success-
fully isolated 29 novel pollen defective mutants, and identi-
fied two important genes involved in pollen development.
Detailed studies on these genes are currently underway.
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. Research Meetings

Based on the application from researcher outside of NIG, Research
Meetings in small groups are held to exchange information. In each
meeting, researchers actively discuss their subject.
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Targeted Transgenesis by Tol2 transposable element.
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Conservation of regulatory information content across orthologous Myb4 transcription factors of Oryza species.
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. Philosophy and Concept

Science today is experiencing a revolution characterized by the
remarkable 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 collaborative 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
promoted. For the first term, we would like to place emphasis on biological
information, 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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