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National Institute of Genetics (NIG) was established to carry out broad and comprehensive research in genetics. NIG contributes to the development of
academic research as one of the inter-university research institutes constituting the Research Organization of Information and Systems (ROIS).
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Who could foresee the success of
genetics when Gregor Johann Mendel
cultivated pea plants in a monastery garden
and found the unit of inheritance? After this
great event, genetics, namely, the study of
inheritance and variation of biological
organisms, developed continuously through
the 20th century and uncovered the ultimate
secret of life: the activity of biological
organisms is based on the genetic information
of DNA, or life is supported by a simple linear
code, i.e., "words”. On this basis, genetics has
now expanded not only to all fields of basic
biology but also to many applied sciences.

The National Institute of Genetics was
established at Mishima in 1949, and since has
produced many outstanding scientific
achievements including the neutral theory of
molecular evolution by Motoo Kimura.
Continuing the tradition, we are conducting
research in many fields of genetics and related
fields, ranging from bacteria to humans, from
molecules to populations, and from theory to
experiments. We consider this diversity of
research is essential to the stimulating
environment that fosters a community of
researchers.

We serve the scientific community in
Japan and the world by providing research
infrastructure, including the DNA database (DDBJ),
bio-resources of various experimental
organisms, and advanced genomic services.
Science education is also a central part of our
activity, and we provide graduate education as
the Department of Genetics, SOKENDAI (The
Graduate University for Advanced Studies). In
addition, constant dialog with non-scientists is
an important part of our mission.

Genetic approaches remain critical for
addressing key issues in the life sciences, and
we will continue our commitment to excellence
in research, service, and education.

KATSURA, Isao Director-General
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Our Mission
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BIEEORLHFF CUTTING-EDGE RESEARCH IN GENETICS
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As a core institute of genetics, NIG conducts advanced research in the field of life sciences.

FPEBEE(HEZE INTELLECTUAL INFRASTRUCTURE FOR LIFE SCIENCES
EMNFEZIDPIREL T EMECEREE. KR/ IORMESE, DDBIFEZITOCLET,

NIG houses Genetic Resource Center, Advanced Genomics Center and DDBJ Center, as a core institute to build the
intellectual infrastructure that supports life sciences.

HEFRIE RESEARCH COLLABORATIONS
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NIG offers collaborative research opportunities to researchers.

ER3Z#H  INTERNATIONAL COLLABORATION
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NIG strives to promote international scientific exchanges by sponsoring international symposia and through the exchange of
researchers.

KEIRZE EDUCATION FOR GRADUATE STUDENTS
BARRAZ ARG EROBGEEEREBY L CARERREDHEETOEEDIC. ZOMOAZOALELE
(HHLET,

NIG accepts graduate students as the Department of Genetics, School of Life Sciences, SOKENDAI (The Graduate University
for Advanced Studies), and also participates in the education of students from other universities.
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Joint Support-Center for Data Science Research Department of Basic Biology
ETERIFEIY

Department of Physiological Sciences

REHEFIFFHESEN 158 « AT LHAEHE EXRFEN BEMFAKRFERKE
Research Organization of Information and Systems (ROIS) SOKENDAI (The Graduate University for Advanced Studies)
E I RithEfFERT TRIGRIFAEIY _ EEREmER
National Institute of Polar Research Department of Polar Science School of Multidisciplinary Sciences
ERI BT TBHRFEN o
National Institute of Informatics Department of Informatics
TRetE R TR TRET RSB
The Institute of Statistical Mathematics Department of Statistical Science

ESDEGEERTPT BRFER L REERATTR
National Institute of Genetics Department of Genetics School of Life Science
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Outline of Departments, Research Centers and Experimental Farm

10

MRS - Y —FDOBE

B 5 FIEEMFR

SRR ED A AN EIEI DU\ T AN S EE D AR (TS &
EBIT. FTZERFEDFHEDITOTND,

m AREEERTTR

RN THEZESNSBECREREN FLNITHBISEZBEL T £l
R OEMRRER R ZE T O TS,

m EREERTR

PIST oA, IUABEDEFIAEWER ., REDITRHEEDSE
SEBEBRRICHIDEGT PHRAOREICOLTOREZTTV S,
m SELSEMTR

EVPELOREE ZDOBERAYT BB T ERIRVERNFEEAL
TOBEFPI/LOLNIVDSERDOLANVE CREHELT S,
mREEEMAR

ENDOBRRFEDI AT LES . BHEP)OMBROIBETZAMEE. HROE
MOTEIT 2T+ v IHIICEELTORERERTTZToT LS,

m o HREL5—

AFOBNCHARBEDRILCTHAREEEEL  BIRFEZOBDEEICH
LW HZRM I SRR ZT5. CNICKD, RABEGROHRCERLREIZ
RIETNMEEHNTD.

B RREMRR Y 5—

JMBEICEF - WELIEYDR, BI5Tqvva, aodau/NT, 1%, B
EYDEBFRRHEBERLEYETERICIIHILT, HBDbhdiimiIme
HEEL TS,

m BEETEEMETSY—

DFHEZHMBADEZL NIV T, EEZE EBSEYF DIRFEE CRITim D
FRETODEEHIT, ERRNDEEEEHER - BN T DRA LT EZRHEL . BEZE
[CEALTWS,

B e

EalElRFAONRELT, BRVIBRMZRE L CEmRRDOERZEEL
THBMFREEDRIZDIEE DO DR Z{T TS,

m SSEREIS

Y DEIERTZ(TD EEBIT, REEMRT Y oI—EEEL TREYIER
BROYEE. Rz DFEETOTVD,

TR SR E. AENATSODOHEFBERTHD.
Y SR LI A N— BB R R TS

0 I%EEQ;E‘E‘/&-

BRIFEE ST I DIRL L A AV —AZRHEL . ENSOHEREERNAND
ﬁ%@ﬁﬁﬁﬁ%@\@ DEZITOCND, BIEIBIHRIL. T—IN— LT
[CRRALTWS, &FTo. NEREAERRERAREO S >3t/ \(F)y—
27O UNTHENML TS,

O kimy/ SO AMEE V5 —

FMNEFIC BT SBAIRIRYT LISERATTHE DR E L ToEinY S A5H
FEEDHDEEDIT RMRELT LB S TS DIREECLDHE
A - HEmFEHET D,

o DDBJEY4&—

DDBJ (DNA Data Bank of Japan) 358X 05T CAKICS NSIRERT
T—YEBRUERAR IS, KE (NCBI) ERUN (ENA/EBI) EDWHI%EE
THD, MOEBRERT —IN—APRITY -V EHICZ—/ =V Ea—5—
ZRVTARALTWS,

DIBBEBRYE

MEMEEDRYST—2 « DT DT —/N\—EBESIMERzF1U TR Z
75, FEABERITEFAVTAHEB R OANEOTHIYNERHERML T
(AT
0 YORRREEL= I

NOAZAVEHROYR—~ZEMNELT, REDEFRE - XORTU—
TV S ISUAIT VIR OARNEGT VI PO O AER G EZ1T D,
O EYNEE RERhEES

HRICBIIETIA - SYNEEDERINOTBLEERERHELT, B
NOEBRUEBDOY K ETL\ T - HEOHEICER TS,

% Outline

B Department of Molecular Genetics

The dynamics of chromosome and centrosome have been studied using
innovative and multi-disciplinary approaches, as well as development of new
technology for research.

B Department of Cell Genetics

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

B Department of Developmental Genetics

We study roles of genes and cells during various biological phenomena of
animals including development and behavior by using model organisms, such as
zebrafish, and mouse.

B Department 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
population level using various organisms, such as human, Drosophila, fish, and
mouse.

B Department 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.

B Center for Frontier Research

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

B Genetic Strains Research Center

This center promotes forefront researches of life science based upon unique
bioresources of mice, zebrafishes, Drosophila, rice and microorganisms, which
are developed and collected by this center.

W 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.

m 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.

B Experimental Farm

We study plant reproduction, and also conduct collection, conservation and
distribution of plant genetic resources in cooperation with Genetic Strains
Research Center.

m Radioisotope Center

The Radioisotope Center has faC|I|t|es for biochemical experiments using
radioactive tracers. Irradiation treatment of '*’Cs is also available.

0 Genetic Resource Center

The center develops and 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
AMED

0O Advanced Genomics Center

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

0O DDBJ Center

DDBJ (DNA Data Bank of Japan) is a member of the international
collaboration with NCBI (USA) and ENA/EBI (Europe) that releases a whole
catalogue of identified DNA sequences. DDBJ is hosted by a supercomputer
that also provides powerful analytical tools and other databases.

O Information and Technology Unit

The unit maintains the network and web servers of the entire institute and
ensures information security. It also provides training courses for security and
manages email and web accounts.

O Mouse Research Supporting Unit

In order to facilitate mouse research in NIG, the unit offers services such as
embryo freezing, in vitro fertilization, mouse cleaning, and transgenic and
knockout mouse production.

O Unit for Experimental Animal Care

The unit run a main animal facility of NIG, and aim to contribute to research
and education by providing suitable rearing condition and research environment
to use mice and rats.
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Cutting-edge Research : A Core Institute for Life Sciences

12

BARZEDOHRMREL TOIEmTFEES)

BT/ AICESAFNEBEIBRENNE
B EDMEBEER CENIE SN ER T ATISTY,
CDETYAT DR EHS UC, HHREkEaE. FAE -

b, EL - EVS R, T LBEREEITDWNT
SR ESH TULNE D,

» Research Highlights

Life is a complex system generated by the mutual interaction
between genetic information engraved in the genome and the internal
and external environments. At the National Institute of Genetics (NIG),
cutting-edge research is conducted in areas such as cell function,
development and differentiation, evolution and diversity, and genome
information, aiming to clarify the system of life.
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Phylogenetic relationship of four human populations in East Asia. A: Ainus, J:
Japanese Archipelago mainlanders, K: Koreans, C: Northern Chinese.
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FIEPARNER L ADRMIE, 6~ 7ACICECE Tz HELE LI,

Establishment of Japanese Archipelago Mainlanders

Mainlanders of Japanese Archipelago are result of admixture between Jomon
people and migrants. If we assume Ainus and continental East Asians as
descendants of Jomon and migrants, respectively, proportion of Jomon DNAs in
mainladers was about 20%, and admixture between mainlanders and Ainus
started at 6-7th Century.

Jinam, T.A., Kanzawa-Kiriyama, H., Inoue, I., Tokunaga, K., Omoto, K., and Saitou, N. (2015). Unique characteristics of the Ainu population in Northern Japan. J

Hum Genet 60, 565-571.
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Nanos2 promotes mRNP formation and contribute to the maintenance of
undifferentiated state of spermatogonial stem cells. Upon decreasing of Nanos2
level, stem cells shift to differentiation pathway.
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A post-transcriptional buffering system to maintain spermatogonial stem cells

Prof. Saga and colleagues find that Nanos2, an evolutionarily conserved
RNA-binding protein, works with other cellular messenger ribonucleoprotein (MRNP)
components to ensure the primitive status of SSCs. This mechanism establishes
a post-transcriptional buffering system to facilitate SSC homeostasis in the
fluctuating environment within the seminiferous tubule.

Zhou, Z., Shirakawa, T., Ohbo, K., Sada, A., Wu, Q., Hasegawa, K., Saba, R., and Saga, Y. (2015). RNA Binding Protein Nanos2 Organizes Post-transcriptional
Buffering System to Retain Primitive State of Mouse Spermatogonial Stem Cells. Dev Cell 34, 96-107.
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The methylation accumulated in the 9th generation of ddm1 mutant (9G), but not
in the 1st generation (1G).
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Mechanisms to control proportion of DNA methylation within the genome

DNA methylation is important for controlling gene expression, and DNA
methylation pattern can be inherited over multiple generations in plants. Using
Arabidopsis mutants with reduced genomic DNA methylation, Kakutani group
identified genome-wide negative feedback mechanisms, which control proportion
of DNA methylation within the genome in trans-generational manners.

Ito, T., Tarutani, Y., To, T.K., Kassam, M., Duvernois-Berthet, E., Cortijo, S., Takashima, K., Saze, H., Toyoda, A., Fujiyama, A., Colot, V., and Kakutani, T. (2015).
Genome-wide negative feedback drives transgenerational DNA methylation dynamics in Arabidopsis. PLoS Genet 77, e1005154.
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Intellectual Infrastructure Supporting Life Sciences
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NIG operates three research infrastructure projects as an
international center of life sciences: BioResource Project, Advanced
Genomics Project, and DDBJ Project. Through promoting research
collaborations with other universities and research institutions, NIG
advances the frontier of life science and supports the entire scientific
research community.
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BioResource Project

NIG serves as a center for developing, collecting, and distributing biological
resources of various strains of experimental organisms for academic research.
NIG also plays an important role as a central institution for individual National
BioResource Projects and functions as its information center to promote
development of biological resource databases in collaboration with universities
and other organizations.

- e :\;ﬁ
| =47 >HE | Sequencer room | ,__..—/-/-"_. =]

Top T2
;o ,-rr_-_ o

) — e

FImI) SO AMEERE

2011 FEHD, ST/ SO LY S—ERDISEBHLTET, TNETIC
900 & E M SERHT DVTRH DY~ VS VIR EL TS LNERE EH
LTHD. BMABIHBIIB5HT SUAEDPRELTREEEDHTVET,

Advanced Genomics Project

NIG is top in the nation for technical know-how for complete sequencing of
multicellular organism genomes. NIG has conducted analyses of genes and
genomes of >44 species in collaboration with many organizations (universities
and research groups). NIG is a key producer of genomic information.

GenBank | EMBL-Bank

Sequence Read Archive Sequence Read Archive
Trace Archive Trace Archive

BioProject BioProject

DDBJ (HADNAT—4/1\V2) £

DDBJ (DNA Data Bank of Japan) 131987 F(CERILSNAMTam AT AR S
FRUTAMICENDIRELRS T — 57 SNTRREL. HROAHRE ELUTHISEREY
DERFRFMEBEZTOCVET, COBEE. KEDNCBIBKORUNDENA/EBI ED
3ZDHBAEHTITONTESD, 3EDBE TIIZIEARSNST —¥I3EARIN.
HALBOT —IN—2 [INSD EFHEEES) T —9N—2] HD<HNET, 3EDE
CCEHERIITHHRATERICARSNET.

DDBJ Project

DDBJ (DNA Data Bank of Japan) was established in 1987 and joined
international data exchange and archiving scheme between NCBI and ENA/EBI.
This tripartite collaboration is called INSDC (International Nucleotide Sequence
Database Collaboration). DDBJ, as well as NCBI and EBI, is serving as one of the
three data inlets and outlets to the “INSD”.

%/ Outline
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Access from JR Mishima Station to NIG

—BEREF DI
How to get to JR Mishima Station
® JIHZH —> &R —> Z=EfR
Haneda Airport g JR Shinagawa Station JR Mishima Station
B2 #2093 HEMREIZE 9500
20min by Keikyu Line 50min by Shinkansen (Kodama)
® S HZEE —>  SRJIER —> =BfR
Narita Airport JR Shinagawa Station JR Mishima Station
JRKI1 b5 FEMEZIZE K950
1hr by JR Narita Express 50min by Shinkansen (Kodama)
® FTAPRER —> Z=EfR
JR Shin-Osaka JR Mishima Station
FEHRODD K 2 B5E

2hr by Shinkansen (Hikari)

BEMADTI1R,/ Access to the Institute

—BRHISDEER #J4km
About 4km from JR Mishima Station
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EO4BFEDBZHSI 157 (FHOHET)
15min by the NIG Free Shuttle Bus (North Exit #4)
o BRIR/\Z
B0 S EEDIZEHSHI 205
(BT EILHRI FE. E2lE. [ElATE]
[FR - H=REFERTS] BEHRT FEES 100
20min by Local Bus (South Exit #5)
57—
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15min by Taxi
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Department of Molecular Genetics ) FEEIAFE%

The mechanisms of centrosome duplication and dynamics
HuMAD HEEREE LA ANEIRE, T U TRIEDAZ

A Centriole formation C

control

=== cartwheel ——Elongation
l microtubule

= cap

electron dense
material

Centrinftubulin/fDNA

(A) HBRBERIC IR LT HRiDvIMADIE
£, (B) SAS-6 ZEMANH—~R1—I
BEQHROEHZREL. BRIt
ERETD. (C) SAS-6[FATVIMELE
HICHBETHD, L MBEEMRICSN
TRNAEICZ KD SAS-6 = FHIZMHI
DERD/NARBRIBEEEND.
Centrin: FILVIMAR——,

(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

HsSAS-6 (RNAJ)

T

SAS-6 homodimer

cartwhesl human cells. Centrin: centriole marker.

L HRESNIZHR/ NS E ThDIRUAIMNE Y~ T— - The centrosome is a conserved organelle that serves as
IR T L EEU RSOOSR EEERSREFHMed_E - the microtubule organizing center and regulates many
THRRALAAL. BTk, NEAESOEcREBs=iEClgs, - biological processes. However, the mechanisms governing
TOET, CNEDBSAET3 FT. MBS ChMEL—E © centrosome duplication and the underlying structural
Rl EEER T ZNEAN BT T, ZOAH— 2 AICELTIE - principles remained poorly understood and represent a long-
REELHAPE < AWEORAORD—DESNTNE, | oo important question in biology
WA E e MESMERE. YU EREMREL. 2ERAFE We mainly focus on understanding the mechanisms of
SEAEBA TS THRINMAMES, B8 BEEOEAEESRIET © centrosome biogenesis and dynamics by using the
BoeAEELEY : combination of innovative and multi-disciplinary approaches.

We are investigating the following specific aims by using
human cells, mouse, and C. elegans as model systems.

Selected Publications

Shiratsuchi, G., Takaoka, K., Ashikawa, T., Hamada, H., and Kitagawa, D. (2015). Kitagawa, D., Vakonakis, 1., Olieric, N., Hilbert, M., Keller, D., Olieric, V., Bortfeld, M.,
RBM14 prevents assembly of centriolar protein complexes and maintains mitotic Erat, M.C., Fluckiger, ., Génczy, P., and Steinmetz, M.O. (2011). Structural basis
spindle integrity. EMBO J 34, 97-114. of the 9-fold symmetry of centrioles. Cell 144, 364-375.

Ohta, M., Ashikawa, T., Nozaki, Y., Kozuka-Hata, H., Goto, H., Inagaki, M.,
Oyama, M., and Kitagawa, D. (2014). Direct interaction of Plk4 with STIL ensures
formation of a single procentriole per parental centriole. Nat Commun 5, 5267.

Division of Centrosome Biology FUIMALEY)EFRAZTERFS https://www.nig.ac.jp/labs/CentrBio/Centrosome_Laboratory_web_Site/Welcome.html
Kitagawa Group Jb)IIFigEZ= LN ey a2 B Al A

KITAGAWA, Daiju TAKAO, Daisuke
Professor Assistant Professor
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Department of Molecular Genetics ) FEEIAFE%

A new molecular genetics to understand DNA transactions in human cells

eMiRgIcB I 587z 3 TERIBEEZHW-DNA NS VAT 7Y ay OfEb

A

SCFTIR1

GFP signal (AU)

eMMM

0 30 60 90

time (min)
FA—FIUFEET IOV (AD) 3%
(A) AIDJEDRE, FBYIERD F-box AF TIR1 ZRERSB/MRAICHS VT, TIRT BRTEMEETFE SCFTIRT E3 AEFFVUH—CEERETMTD. A—FIVIETIRT EAID ST DHEEERETDET
ADRES /N BZENRIZEL, (B) TIR1 &EGFP-AIDICEBESIFNERE LIS /B N 293 MRICRIRS BTz, BT A —F ViR, BIFNICGFPZEZELIC, (C) GFPIYIHLZEE1
LTz. 60 RTEE TAREBD D GFP B RSNTVNDZED DD S,
The AID system
(A) Schematic illustration of the AID system. TIR1 derived from a plant forms an SCF-TIR1 E3 ubiquitin ligase with the endogenous factors when expressed in human cells. Auxin promotes the interaction
between TIR1 and AID for poly-ubiqutylation of AID. Therefore, AID-fused proteins are degraded by the proteasome. (B) TIR1 and GFP-AID fused with a nuclear localization signal were expressed in human 293

cells. After addition of auxin, GFP was detected by a time-lapse microscopy. (C) Quantification of GFP signal. Most of GFP was degraded by 60 min.

LFREG. BRI EYF—FIVICEDEE b SND, 18
MRDY ) SOBDRAD X NMAREICEIET D ZET. 45
EDY V)N B% A —F I MRENICHBRRETD AID A ZHE
LZELT=, =512, CRISPR/Cas 7/ LRERfiEHAEHE. B~
ATy yar) BB = ED R EEI I LE LTz, 1ERLIZZE
EMRTE. ERE 30U TN TIEN S /SO BEDERRETD
ZENTEFY, ADEMZNBLTENT/ L DNADWHITHE
FSNTOLBDOH\ FHICDNABREMDDNANS Y ZAFPI3
Y OREEMZERSMNILEDELTVET,

We established the auxin-inducible degron (AID) system,
with which the expression of proteins of interest can be
rapidly controlled by addition of a plant hormone, auxin. By
combining the CRISPR/Cas-based gene-editing technology
with the AID system, we can now make human conditional
mutants, in which proteins of interest can be depleted in a
half-life of less than 30 min. By applying the AID technology,
we wish to understand how genomic DNA is maintained in
human cells. In particular, we are focusing on the relationship
between DNA replication and other DNA transactions.

Selected Publications

Natsume, K., Kiyomitsu, T., Saga, Y., and Kanemaki, M.T. (2016). Rapid protein
depletion in human cells by auxin-inducible degron tagging with short homology
donors. Cell Reports 75, 210-218.

Nishimura, K., and Kanemaki, M.T. (2014). Rapid Depletion of Budding Yeast
Proteins via the Fusion of an Auxin-Inducible Degron (AID). Current Protocols in
Cell Biology 64, 20.9.1-20.9.16.

Division of Molecular Cell Engineering 5> F#lRa T 23220

Nishimura, K., Ishiai, M., Horikawa, K., Fukagawa, T., Takata, M., Takisawa, H.,
and Kanemaki, M.T. (2012). Mcm8 and Mcm9 Form a Complex that Functions in
Homologous Recombination Repair Induced by DNA Interstrand Crosslinks.
Molecular Cell 47, 511-522.

Kanemaki Group (&&=
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Molecular mechanism of eukaryotic DNA replication in the cell cycle
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origin DERDEHICRAAT S (RFRKED).

(A) AFM image of ORC-chromatin complexes. ORC (origin recognition complex) binds to replication origins, where DNA replication is initiated. We revealed that
chromatin structure stabilizes origin-ORC interaction. (B) Origin association of the low abundance replication proteins SId3, Sld7, and Cdc45 is the key to
determining the temporal order of origin firing. Simultaneous over-expression of these proteins (“ON” in the figure) allows the late-firing origins to fire earlier in S

phase (arrow in the figure).

BRZAENOFREIRDNA Z. #BERBD SHIC—E 72T ERIC
BRI, BRICHESNE T, COWBICKD, BEIBERIIR
DSFICERNEEERICEHDE T, EREYDDNAERIS.
(A L ITEE S DEHDISFH SR L. € DR HRRE R
[CKDEBICHIBSNTUVES, LHL. FEIADNAERDA
DEDLDITITHON. ESLUTSEDHZERINDDH, ZD5F
MIELD DD TVEBA. AARETIIZOBEICER D=0,
HEFBAZEREYDOETINRELT, RBAEDNAERMEES
ZDOHIEDOMTR I TOCLVETD,

Eukaryotic chromosome DNA is replicated exactly only
once per cell cycle and segregated to daughter cells. This
process ensures cells to transmit accurate genomic
information to their progeny. Eukaryotic DNA replication
initiates from multiple sites, called replication origins,
scattered throughout chromosomes and this initiation
process is strictly regulated by the cell cycle. However,
molecular mechanism of DNA replication and its regulation in
eukaryotic cell cycle have not been well elucidated. To
approach this subject, we have isolated novel replication
factors of budding yeast and analyzed their functions.

Selected Publications

Itou, H., Muramatsu, S., Shirakihara, Y., and Araki, H. (2014). Crystal Structure of
the homology domain of the eukaryotic DNA replication proteins SId3/Treslin.
Structure 22, 1341-1347.

Hizume, K., Yagura, M., and Araki, H. (2013). Concerted interaction between
origin recognition complex (ORC), nucleosomes and replication origin DNA
ensures stable ORC-origin binding. Genes Cells 18, 764-779.

WA ERZTERT

Division of Microbial Genetics

Tanaka, S., Komeda, Y., Umemori, T., Kubota, Y., Takisawa, H., and Araki, H. (2013).
Efficient initiation of DNA replication in eukaryotes requires Dpb11/TopBP1-GINS
interaction. Mol Cell Biol 33, 2614-2622.
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Department of Cell Genetics FIBEIATTR

Evolutionary integration of two independent organisms by endosymbioses

AN FE AR & 5 Ml Dt S HHE D R

BN O TR —2gs SSIYRUPEERMAL N
OTUPHERRERNICHELTRELE LI, ZOMICH. B
RO BI DR Z DA A REZ S T DBIAHFIELE T,
DK SHEROMROEAZBR IR G 3. B
EHAMBRADHEETERIBOMILMA TS, Fz5ME. (1) B
ARSI LS EERRAE SOV RUZ DOIETEHIE. (2) BRI/
BB CID TR F—HIGEMRIDIBIEDRIR. (3) FRAE=
NOYRUZ DA OHFRANHEERICH IS8 T & H A (KRR
DOipFREsEEE BRI T MRRAHEENIIOERFIED
R EELCLET,

BEDOVT/NOTIT (A) BRI
ERRIDBCISTHELET (B,
SRR C, B EABMIODHIR) .
Held ERESROZOHHEIC
EMSNSHAREE (V) OR
MICLOTITONBL (D). AR
BBV TN TUTERDFsZ
ETEEMMBAHIN X 1= Dynamin FH
SERSNTVSZEZRENTLE
Lz (B).

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

Dy namin and eukaryotic dynamin (E).

Mitochondria and chloroplasts, energy-converting
organelles in eukaryotic cells, are relicts of ancient bacterial
endosymbionts. In addition to these particular organelles,
there are many other endosymbiotic events which have
integrated new functions into eukaryotic host cells. In order
to maintain a permanent endosymbiotic relationship, a host
cell and an endosymbiotic cell coordinate their proliferation.
The major goal of our study is to understand how organelle (or
other endosymbiotic cell) division is controlled by host cells
and how host cells proliferate depending on chemical energy
that are supplied by organelles (or other endosymbiotic cells).

Selected Publications

Miyagishima, S., Fujiwara, T., Sumiya, N., Hirooka, S., Nakano, A., Kabeya, Y.,
and Nakamura, M. (2014). Translation-independent circadian control of the cell
cycle in a unicellular photosynthetic eukaryote. Nat Commun 5, 3807.

Kabeya, V., and Miyagishima, S. (2013). Chloroplast DNA replication is regulated
by the redox state independently of chloroplast division in Chlamydomonas
reinhardftii. Plant Physiol 167, 2102-2112.

HAHRRE(LARZEER

Division of Symbiosis and Cell Evolution

Miyagishima, S., Suzuki, K., Okazaki, K., and Kabeya, Y. (2012). Expression of
the nucleus-encoded chloroplast division genes and proteins regulated by the
algal cell cycle. Mol Biol Evol 29, 2957-2970.
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Neuronal circuit development and function in the mouse brain
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A process of neuronal circuit development in the neonatal brain was observed using two-photon microscopy. Dendrites of cortical neurons (red) were
highly motile and expanded towards proper presynaptic targets (thalamocortical axons: green). Images of a single neuron in the mouse somatosensory

cortex at Oh, 4.5h, 9h and 18h after postnatal day 5 are shown.

IHZLFE DS EAIBRNIZBEE N Z o CVE TN ZOER
EEDDIFE. BRICBESNTEMTBHZOEE T, TDFRED
THEAZIBER S DIZDITIE. DFHOEWNERE TOFRE VA
BHIRERAT N T, RARECTlE. DFEWZ. YOEGE
ZEBEL. in vivo COBGTRIEP 2HFBEMEBAA—I VD
HEZSAEMNET TO—FIZEoC. BIIEOEHRERR O FEL 1
BES DA ZHON T EZBIELTULETY, FIC. AAF7D
SORBOFEEB<FITZFEDDORHADRIRAZE (D5
RERIEREFE) ([CEIFZF>TVET,

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 using a
wide range of techniques, such as mouse genetics (gene
knockout), 2-photon microscopy, confocal microscopy,
histology and behavioral analyses, we are studying
mechanisms of development and function of mammalian
neuronal circuits. In particular, we are interested in activity-
dependent circuit development during postnatal stages.

Selected Publications

lwata, R., Matsukawa, H., Yasuda, K., Mizuno, H., ltohara, S., and Iwasato, T. (2015).
Developmental RacGAP a2-chimaerin signaling is a determinant of the
morphological features of dendritic spines in adulthood. J Neurosci 35, 13728-
13744.

Iwata, R., Ohi, K., Kobayashi, Y., Masuda, A., lwama, M., Yasuda, Y., Yamamori, H.,
Tanaka, M., Hashimoto, R., Itohara, S., and Iwasato, T. (2014). RacGAP a2-
chimaerin function in development adjusts cognitive ability in adulthood. Cell Rep 8,
1257-1264.

Division of Neurogenetics 2B &(GRAZCERFT

Mizuno, H., Luo, W., Tarusawa, E., Saito, YM., Sato, T., Yoshimura, Y., ltohara, S.,
and Iwasato, T. (2014). NMDAR-regulated dynamics of layer 4 neuronal dendrites
during thalamocortical reorganization in neonates. Neuron 82, 365-379.
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Department of Developmental Genetics {E{&AE(TIFT%

The genetic basis of development and behaviors in zebrafish

Y7771 1 flVmREGRRR OBIRZRIFN

EBIIR IS TrvyaEBWC HRTHO CESNERLENS
VARV VER VAT LERFEL. ENEBVT, BETFEAE
YHERSE, BT/ ITV/N\VY =SV A Gald-UASE%ZR
HLUTEFE Uz, TNoD A EZEREUTHREAIEDNS VAT T
Zwo DAy -2 BEL . FHEDMPCIEE DA R
BEERFERIBITE LIz, TNSOMRIY—RZBNTHR
RO E LB ZEREIDIED. 178 - 28 - LRICEE
AR DA 1R, HEERRE. MISEERDAA—I VI HEE
BUTMEREDBRIRZ HIEL CL\ES,

BEFSVT - TNV —~DVT
TEIC L DR - 1B - BRERRIGFP
FIR, (L) Bi&. (FL) FRE2_EOHER.
(&) &, (BT BEERE,

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.

We developed the highly efficient transposon
transposition system in zebrafish, and developed powerful
genetic methods, including the transgenesis, gene trap,
enhancer trap, Gal4-UAS methods. By using these methods,
we created a large number of transgenic fish lines that
express the yeast Gal4 transcription activator in specific
cells, tissues and organs for the applications in
developmental biology and neuroscience. We are studying
the structure and function of specific neuronal circuits that
regulate locomotion, learning and memory. Also, we visualize
neuronal activity during behavior by calcium imaging to
identify functional neuronal circuits.

Selected Publications

Wada, H., lwasaki, M., and Kawakami, K. (2014). Development of the lateral line
canal system through a bone remodeling process in zebrafish. Dev Biol 392,
1-14.

Muto, A., Ohkura, M., Abe, G., Nakai, J., and Kawakami, K. (2013). Real-time
visualization of neuronal activity during perception. Curr Biol 23, 307-311.

Division of Molecular and Developmental Biology #JEAF 4 RFZZERFS

Asakawa, K., Abe, G., and Kawakami, K. (2013). Cellular dissection of the spinal
cord motor column by BAC transgenesis and gene trapping in zebrafish. Front
Neural Circuits 7, 100.

Kawakami Group ||| FFFZE=E
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Evolution of organisms at genomic level

) BN BIT B

F)I— (Patr) kb (Hosa) (285138 Rh RMRELEGFEF DL EMAAIE, Kitano, Kim, Blancher, and Saitou (2016; Genome

Biol. Evol., advance access) &0,

Genome Biol. Evol., advance access).

EMOEAE D/ LN TAYEI— 5@ ERBOmE D
SHFELTVEY, FICRAADELEENCWZSERALEE
FHDELICEREDTTVET, AFROEKRELTE. (1) 5%
DNABMZS<&HIz. SESTHEAEER. HICAFIIBADY
JLFEET =Y DR, (2) ENRL TBILER, S, EaE
[CHNTERG CTENICRFSNIZIE IR RO, (3)
T LECFRTTICBREBIEDRRE. BEDDDET.

We study evolution of organisms at the genomic levels
through computer analyses and wet experiments. We are
particularly interested in evolution of modern humans and
primate and mammalian evolution toward human. Research
interests include (1) genome-wide data analysis of modern
humans with special reference to those in Japanese
Archipelago including ancient DNA analysis, (2) lineage-
specific evolutionary changes at different levels of organism
groups such as Hominidae, primates, mammals, vertebrates,
and plants, (3) development of methods useful for
evolutionary genomic studies, and others.

Selected Publications

Jinam, T.A., Kanzawa-Kiriyama, H., Inoue, I., Tokunaga, K., Omoto, K., and
Saitou, N. (2015). Unique characteristics of the Ainu population in northern Japan.
J Hum Genet 60, 565-571.

Jinam, T.A., Kanzawa-Kiriyama, H., and Saitou, N. (2015). Human genetic
diversity in the Japanese Archipelago: dual structure and beyond. Genes Genet
Syst 90, 147-152.

Osada, N., Hettiarachchi, N., Babarinde, I., Saitou, N., and Blancher, A. (2015).
Whole-Genome Sequencing of Six Mauritian Cynomolgus Macaques (Macaca
fascicularis) Reveals a Genome-Wide Pattern of Polymorphisms under Extreme
Population Bottleneck. Genome Biol Evol 7, 821-830.

http://www.saitou-naruya-laboratory.org
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Population genetics and genome evolution
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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.
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We combine theoretical and laboratory studies to study
mechanisms of genome evolution. Current interests include:

1) lineage-specific genome evolution: we are trying to
understand why nucleotide and amino acid composition
vary strongly among closely related Drosophila.

2) Modeling evolutionary processes: we employ computer
simulations of weak selection and fitness interactions
among mutations to determine statistical methods to
detect subtle evolutionary forces.

3) Phenotypic bases of weak selection: biosynthetic
constraints or selection for efficient synthesis may be
important global factors in genome and proteome
evolution.

Selected Publications

Matsumoto, T., John, A., Baeza-Centurion, P., Li, B., and Akashi, H. (2016).
Codon usage selection can bias estimation of the fraction of adaptive amino acid
fixations. Mol Biol Evol, in press.

Akashi, H., Osada, N., and Ohta, T. (2012). Weak selection and protein evolution.
Genetics 192, 15-31.
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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.
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Genetics of adaptive radiation
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Our research takes an integrative approach across diverse disciplines. The first step is to conduct a detailed ecological survey of natural variation among stickleback populations collected
from diverse environments. Next, we use genetic and genomic tools to study the genetic architecture of ecologically important phenotypic traits and also identify candidate genes responsible
for adaptation and speciation. Then, we use transgenic and knockout approaches to study the detailed molecular and physiological functions of these candidate genes in vivo. Furthermore,
we plan to use semi-natural ponds to get insight into how different alleles behave within natural populations.
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Our research goal is to understand the molecular
mechanisms underlying the evolution of biodiversity. Although
many genes important for animal development and behavior
have been identified in model organisms, little is known
about the molecular mechanisms underlying naturally
occurring phenotypic variation important for adaptation and
speciation in wild populations. Furthermore, little is known
about how newly evolved alleles important for adaptation
and speciation spread within natural populations. To
understand these ecological and genetic mechanisms, we
mainly use stickleback fishes as a model. Our research takes
an integrative approach across diverse disciplines.

Selected Publications

Yoshida, K., Makino, T., Yamaguchi, K., Shigenobu, S., Hasebe, M., Kawata, M.,
Kume, M., Mori, S., L. Peichel, C.L., Toyoda, A., Fujiyama, A., and Kitano, J. (2014).
Sex chromosome turnover contributes to genomic divergence between incipient
stickleback species. PLoS Genet 70, e1004223.

Ishikawa, A., Takeuchi, N., Kusakabe, M., Kume, M., Mori, S., Takahashi, H., and
Kitano, J. (2013). Speciation in ninespine sticklebacks: reproductive isolation and
phenotypic divergence among cryptic species of Japanese ninespine stickleback.
J Evol Biol 26, 1417-1430.
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Yoshida, K., and Kitano, J. (2012). The contribution of female meiotic drive to the
evolution of neosex chromosomes. Evolution 66, 3198-3208.
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Genomic medicine with next generation sequencing technology
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What is the disease mechanism?

EBANZXLDOBRBBICIETY LEIIIEIFTEL BEF 02 TOERSENEZNSZHIH T MBS LORFEEHE TR
FIRBEDNDOEY, MUK —T Y —ZE ol CNODEETIC LD, TBANZXLZERSNITBEZEELTVET,

The the basic unit of heredity as disease causality might well be the regulatory region and not only the gene. The integrated functional
properties based on a Next generation sequencer will open the way to understand the disease mechanisms.

26
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Our research goal is to elucidate disease causalities and
their patho-etiologies, and ultimately to develop therapeutic
tool. With the advent of next generation sequencing
technologies, it becomes very handy to identify causalities of
monogenic diseases as well as complex diseases. With the
vast of genomic information at hand, we will combine gene
expression profiles of the responsible tissues together with
clinical information to understand the global picture of
diseases.

Selected Publications

Nakaoka, H., Gurumurthy, A., Hayano, T., Ahmadloo, S., Omer ,W.H., Yoshihara, K.,
Yamamoto, A., Kurose K., Enomoto, T., Akira, S., Hosomichi, K., and Inoue, 1. (2016).
Allelic imbalance in regulation of ANRIL through chromatin interaction at 9p21
endometriosis risk locus. PLoS Genet 72, e1005893.

Tamura, R., Yoshihara, K., Yamawaki, K., Suda, K., Ishiguro, T., Adachi, S.,
Okuda, S., Inoue, I., Verhaak, R.G., and Enomoto, T. (2015). Novel kinase
transcripts found in endometrial cancer. Sci Rep 5, 18657.
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Yu, W., Zheng, H., Lin, W., Tajima, A., Zhang, Y., Zhang, X., Zhang, H., Wu, J.,
Han, D., Rahman, N.A., Korach, K.S., Gao G, F,, Inoue, I., and Li, X. (2014).
Estrogen promotes Leydig cell engulfment by macrophages in male infertility. J
Clin Invest 724, 2709-2721.
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Genetics of epigenetics
IVIRTAT ADBILE
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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
heterochromatin marks, such as H3K9
methylation and non-CG methylation.

ibm1; cmi3

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 transposons and
repeats. On the other hand, IBM1 (increase in BONSAI
methylation) 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 methylation
on genome evolution and appropriate gene expression.

Selected Publications

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

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

oo

Division of Agricultural Genetics BiEEI=F2RE

Tsukahara, S., Kobayashi, A., Kawabe, A., Mathieu, O., Miura, A., and Kakutani, T.
(2009). Bursts of retrotransposition reproduced in Arabidopsis. Nature 303, 423-
426.
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Approaching brain function through studying development of nervous systems
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Top: The radial glial scaffold is disrupted in CXCL12 knockout mouse with gaps in the pial endfeet layer (arrows) and stunted radial processes. Bottom: a model proposing that CXCL12 (from
the meninges) signalling via its receptor CXCR4 (in radial glia) strengthens integrin adhesion to the basement membrane which in turn maintains radial glial scaffold integrity.
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The brain circuitry is made up of an enormous number
of neurons. It is constructed by sequential developmental
steps, involving neuronal differentiation, migration, axon
guidance, and synaptogensis. The resulting wiring patterns
determine the characteristics of animals’ behavior and
mental activities. Although the brain maintains a certain
degree of plasticity, the core element is almost fixed and
non-rewireable after the completion. We focus on this rigid
feature of the brain by attempting to reveal the rules of neural
development and to understand how the wiring design
shapes brain function.

Selected Publications

Zhu, Y., Matsumoto, T., Nagasawa, T., Mackay, F., and Murakami, F. (2015).
Chemokine signaling controls integrity of radial glial scaffold in developing spinal
cord and consequential proper position of boundary cap cells. J Neurosci 35,
9211-9224.

Mita, S., de Monasterio-Schrader, P., Funfschilling, U., Kawasaki, T., Mizuno, H.,
lwasato, T., Nave, K.A., Werner, H.B., and Hirata, T. (2015). Transcallosal
Projections Require Glycoprotein M6-Dependent Neurite Growth and Guidance.
Cereb Cortex 25, 4111-4125.

Division of Brain Function BXt&REFRZZERFS

Suzuki, K., and Hirata, T. (2014). A common developmental plan for neocortical
geneexpressing neurons in the pallium of the domestic chicken Gallus gallus
domesticus and the Chinese softshell turtle Pelodiscus sinensis. Front Neuroanat 8,
20.

https://www.nig.ac.jp/labs/Brain/new/j/hirata_lab_j/toppu.html
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Molecular basis of plant cell morphogenesis
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(A) Xylem vessels develop various secondary cell wall patterns. (B) Xylogenic Arabidopsis cultured cells. Red signals indicate secondary cell walls. (C) Cortical microtubules in the differentiating xylem
cell. (D) Secondary cell walls (yellow) and plasma membrane domains (green). (E) Reconstruction assay for secondary cell wall patterns. Magenta: plasma membrane domains. Green: microtubules.
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A specifically patterned cell wall is a determinant of plant
cell shape. However, the precise mechanism underlying the
cell wall patterning is still elusive. The main purpose of our
study is to reveal how plant cells establish proper cell wall
patterns. We focus on xylem vessel cells that deposit
secondary cell walls in various patterns such as spiral,
reticulate, and pitted patterns. By using our xylogenic cell
culture system and pattern reconstruction assay, we have
revealed that cortical cytoskeletons and Rho GTPases play a
central role in the secondary cell wall patterning.

Selected Publications

Oda, VY., and Fukuda, H. (2013). Rho of plant GTPase signaling regulates the
behavior of Arabidopsis kinesin-13A to establish secondary cell wall patterns.

Plant Cell 25, 4439-4450.

Oda, Y., and Fukuda, H. (2012). Initiation of cell wall pattern by a Rho- and

microtubule-driven symmetry breaking. Science 337, 1333-1336.

Cell Dynamics and Organization Laboratory #ER2Z2 IR E

Oda, V., lida, Y., Kondo, VY., and Fukuda, H. (2010). Wood cell-wall structure
requires local 2D-microtubule disassembly by a novel plasma
membraneanchored protein. Current Biology 20, 1197-1202.

https://www.nig.ac.jp/labs/CellDyna/index.html
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Cellular mechanochemistry regulating eukaryotic chromosome dynamics
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Tbe AZDI (B) MSRESNDMMPE I AE
FBUWTHEEA MR in vitroBIEM L. BMIET
TEENRBRETZENTES, (C) DEHEIE, #
HBRNTER U HABIGEE (EERR) (224
DWMNHSZATPAN—ZBNTHORIEES ZTL
BETD, fBREFOERE,

(A) Xenopus laevis, our primary model organism. Eggs
from female frogs (B) are used to prepare cytoplasmic
extracts, in which the spindle apparatus and the cell
nucleus can be in vitro assembled and
micromanipulated. Image in (C) shows a metaphase
spindle assembled in extracts and visualized by
fluorescently labeled tubulin. A pair of glass microfibers
can be used to apply mechanical force. Inset illustrates
the geometry of the set-up

The cell’s ability to sense and respond to mechanical
force is crucial to many biological processes, including cell
division and differentiation. Our laboratory uses novel
biophysical methods which combine controlled
micromanipulation techniques (e.g., laser tweezers, glass
microfibers) and high-resolution fluorescence microscopy (e.g.,
confocal and TIRF imaging) to characterize physicochemical
nature of the mitotic spindle and the cell nucleus. Thorough
quantitative analyses of their micromechanics and molecular
biochemistry, we aim to understand the principles of how
cells are structured to respond to defined mechanical cues
and aim ultimately to use the knowledge to control cellular
behavior.

Selected Publications

Shimamoto, Y., Forth, S., and Kapoor, T.M. (2015). Measuring pushing and
braking forces generated by ensembles of kinesin-5 crosslinking two
microtubules. Dev Cell 34, 669-681.

Takagi, J., ltabashi, T., Suzuki, K., Kapoor, TM., Shimamoto, Y., and Ishiwata, S. (2013).
Using micromanipulation to analyze control of vertebrate meiotic spindle size. Cell
Rep 5, 44-50.
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Shimamoto, Y., Maeda, Y.T., Ishiwata, S., Libchaber, A.J., and Kapoor, TM. (2011).
Insights into the micromechanical properties of the metaphase spindle. Cell 745,
1062-1074.

https://www.nig.ac.jp/nig/ja/research/organization-top/laboratories/shimamoto
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Genetic Strains Research Center

Integrative genetics of mouse complex traits
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The National Institute of Genetics Mouse Genome database (NIG_MoG; http://molossinus.lab.nig.ac.jp/msmdb/) primarily comprises the whole-genome sequence data of two inbred mouse strains, MSM/Ms
and JF1/Ms. NIG_MoG provides information of intersubspecific visualized genome polymorphism, browsing single-nucleotide polymorphisms and short insertions and deletions in the genomes of MSM/Ms and

JF1/Ms for the reference genome of C57BL/6J. Top page of NIG_MoG (left) and browsed genome polymorphism data (right). (From Takada et al., 2015).
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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” using existing mouse mutants and “Reverse
Genetics” using genetically engineered mice. In parallel, we
are also compiling information of the genome diversity of
inbred mouse strains, and developing new inter-subspecific
consomic strains, in which every chromosome of a classical
inbred strain C57BL/6J is replaced by the counterpart of a
wild mouse-derived MSM/Ms strain. These bioresources are
freely available for research community.

Selected Publications

Takada, T., Yoshiki, A., Obata, Y., Yamazaki, Y., and Shiroishi, T. (2015). NIG_
MoG: a mouse genome navigator for exploring intersubspecific genetic
polymorphisms. Mamm Genome 26, 331-337.

Oka, A., Takada, T., Fujisawa, H., and Shiroishi, T. (2014). Evolutionarily
diverged regulation of X-chromosomal genes as a primal event in mouse
reproductive isolation. PLoS Genet 70, e1004301.

Mammalian Genetics Laboratory [HZLE¥)ETIZE

Takada, T., Ebata, T., Noguchi, H., Keane, T.M., Adams, D.J., Narita, T.,
Shin-I, T., Fujisawa, H., Toyoda, A., Abe, K., Obata, Y., Sakaki, Y., Moriwaki, K.,
Fujiyama, A., Kohara, Y., and Shiroishi, T. (2013). The ancestor of extant
Japanese fancy mice contributed to the mosaic genomes of classical inbred
strains. Genome Res 23, 1329-1338.
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Genetic Strains Research Center

Developmental genetic studies using gene engineering technology in mice
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(A-B) 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 (green) expression is maintained in the spermatogonial stem cell (magenta). Only stem cells remain, while sperm differentiation is suppressed. (E-F) Sections of ovaries at
birthday (E) and 12 days after birth (F). We are interested in the mechanism of primordial follicle activation (green in F) after cyst (magenta in E) breakdown.
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We aim to elucidate molecular mechanisms involved in
several developmental processes. Major targets are
mesoderm tissues and germ cell development; sexual fate
decision, spermatogenesis and oogeneis. We like to
understand mechanisms how germ cells chose two
alternative pathways to form sperm or oocyte. For the
functional analyses, we use Cas9-mediated gene editing
technology to facilitate mutant mouse production.

Selected Publications

Suzuki, A., Niimi, Y., Shinmyozu, K., Zhou, Z., Kiso, M., and Saga, Y. (2016).
Dead end1 is an essential partner of NANOS2 for selective binding of target
RNAs in male germ cell development. EMBO Rep 77, 37-46.

Zhou, Z., Shirakawa, T., Ohbo, K., Sada, A., Wu, Q., Hasegawa, K., Saba, R.,
and Saga, Y. (2015). RNA Binding Protein Nanos2 Organizes Post-transcriptional
Buffering System to Retain Primitive State of Mouse Spermatogonial Stem Cells.
Dev Cell 34, 96-107.

Mammalian Development Laboratory F4 TR E

Zhao, W., Ajima, R., Ninomiya, Y., and Saga, Y. (2015). Segmental border is
defined by Ripply2-mediated Thx6 repression independent of Mesp2. Dev Biol
400, 105-117.

Saga Group MEEMFIRZE

SAGA, Yumiko KATO, Yuzuru AJIMA, Rieko
Professor Assistant Professor Assistant Professor
MHEHET s N E e ZEERT 9%

BfFeSEED, Research Activities




Genetic Strains Research Center RiEHEMIIRZI >/ 5—

Behavioral genetics using wild-derived mouse strains
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(A) Notable strain differences of
behavioral patterns between wild-
derived and laboratory strains using a
variety of behavioral studies. (B)
Efficient genome editing technologies
in rodents with CRISPR/Cas9.
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EMDEFEZ H=5T BERIBEBOZ ERIEBIBINTLY - The genetic basis for individual differences in complex
FA. BBl RSO SIEESNIBARFEYIRZS - traitsis still unclear. In order to clarify the mechanisms related
HHV. BLCETEOZEMEERE T AN 2 LAOERICEn - 1o behavioral diversity, we are using a series of wild-derived
BATVET, BAEEEDREREL. SHMI T8 %Rl . 5 © mouse strains. Wild derived strains exhibit a prominent

ERRGEERT CEDD, (TEBEFHARICER T, M T, degree of wildness and phenotypic diversity among them.
We are also developing efficient genome editing

7/ NS PR LN B OB R T R B ORI RO methodologies in rodents with CRISPR/Cas9. We are
"fﬁ’/‘/@“i?’: CNSZRIET ST, ??E)jd)%ﬁ'lﬁl:?ﬁb%i;ﬁ . identifying genes related to behavioral diversity using these
EFZEEL. TORREED T M, BICEHREL/NLTHS | tools, and are aiming to understand the role of these genes

MNITDTEZBIELTWET, - in the molecular, cellular, and neural mechanisms that
. underlie this behavioral diversity.
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Yoshimi, K., Kunihiro, Y., Kaneko, T., Nagahora, H., Voigt, B., and Mashimo, T. (2016). Takahashi, A., Sugimoto, H., Kato, S., Shiroishi, T., and Koide, T. (2015). Mapping
ssODN-mediated knock-in with CRISPR-Cas for large genomic regions in of genetic factors that elicit intermale aggressive behavior on mouse chromosome
zygotes. Nat Commun 7, 10431. 15: intruder effects and the complex genetic basis. PLoS One 70, e0137764.

Takahashi, A., Lee, R.X., lwasato, T., ltohara, S., Arima, H., Bettler, B., Miczek, K.A.,
and Koide, T. (2015). Glutamate input in the dorsal raphe nucleus as a
determinant of escalated aggression in male mice. J Neurosci 35, 6452-6463.

Mouse Genomics Resource Laboratory Y ARIFAFTE https://www.nig.ac.jp/labs/MGRL/index.html
Koide Group /NHHATE N &

KOIDE, Tsuyoshi YOSHIMI, Kazuto
Associate Professor Assistant Professor

N ez ERE—A #%

H725E8),/ Research Activites 33



34

RiEMMT Y 5—

Genetic Strains Research Center

Analyses of regulatory mechanisms in zebrafish germ cells
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Propagation and differentiation of spermatogonial stem cells (SSCs) in culture. SSCs that express green fluorescent protein grow in propagation
culture (left and middle panels), while they differentiate into sperm in differentiation culture (the right panel).
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Spermatogenesis is characterized by sequential
transitions of multiple processes: self-renewal of
spermatogonial stem cells, mitotic growth of differentiating
spermatogonia, and meiosis leading to the production of
sperm. Molecular dissection of these complex processes
and transitions could be facilitated by cell culture
approaches. We have developed techniques to recapitulate
the entire spermatogenesis process, from stem cell
propagation to differentiation of functional sperm, solely in
culture. In addition, we have already isolated several ENU-
induced zebrafish mutants that have a defect in
spermatogenesis. We are working on the molecular
mechanisms to regulate spermatogenesis of vertebrates
both in vivo and in vitro.

Selected Publications

Kawasaki, T., Siegfried, K.R., and Sakai, N. (2016). Differentiation of zebrafish
spermatogonial stem cells to functional sperm in culture. Development 743, 566-
574.

Saito, K., Sakai, C., Kawasaki, T., and Sakai, N. (2014). Telomere distribution
pattern and synapsis initiation during spermatogenesis in zebrafish. Dev Dyn 243,
1448-1456.
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Shinya, M., Kobayashi, K., Masuda, A., Tokumoto, M., Ozaki, Y., Saito, K.,
Kawasaki, T., Sado, Y., and Sakai, N. (2013). Properties of gene knockdown
system by vector-based siRNA in zebrafish. Dev Growth Differ 55, 755-765.
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Molecular genetics of plant embryogenesis
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Upper panel: mature rice embryo
observed by confocal laser scanning
microscope.

Lower panels from left: rice grain, brown
rice, immunohistochemical staining of a
marker of undifferentiated stem cells in
the shoot apical meristem in rice (OSH1),
rice flowers.

The goal of our research is to elucidate the mechanism
of plant embryogenesis. We are focusing on processes of
the patterning of apical-basal or dorsal-ventral axis formation,
and the organogenesis during early stages of rice
embryogenesis. We are taking a molecular genetic approach
using a series of rice embryogenesis defective mutants as
well as comparative embryology and genomics approaches
in grass species. We are also responsible for managing,
preservation, propagation, and distribution of rice genetic
resources of wild rice species collected in the NIG under the
NBRP.

Selected Publications

Suzuki, M., Sato, Y., Wu, S., Kang, B.H., and McCartly, D.R. (2015). Conserved
Functions of the MATE Transporter BIG EMBRYO 1 in Regulation of Lateral Organ
Size and Initiation Rate. Plant Cell 27, 2288-2300.

Ishiwata, A., Ozawa, M., Nagasaki, H., Kato, M., Noda, Y., Yamaguchi, T.,
Nosaka, M., Shimizu-Sato, S., Nagasaki, A., Maekawa, M., Hirano, H.Y., and
Sato, Y. (2013). Two WUSCHEL-related homeobox Genes, narrow leaf2 and
narrow leaf3, control leaf width in rice. Plant Cell Physiol 54, 779-792.
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Nosaka, M., Itoh, J., Nagato, Y., Ono, A., Ishiwata, A., and Sato, Y. (2012). Role
of transposon-derived small RNAs in the interplay between genomes and
parasitic DNA in rice. PLoS Genet 8, e1002953.
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Genetic dissection of the cell division mechanism using single-cellular model organisms
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KEFE/N\AFUY—2Z  https://shigen.nig.ac.jp/ecoli/strain
MEE/N\AZFUY—2Z  https://shigen.nig.ac.jp/bsub/
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Hyphal cells of Schizosaccharomyces
japonicas. Green fluorescent protein
indicates nuclei and red fluorescent protein
indicates cytosolic region.

Bacteria and yeasts are suitable model organisms to
understand the fundamental mechanisms on cell
proliferation. Our laboratory studies the mechanisms behind
chromosome or plasmid DNA dynamics in the cell or the
mechanism underlies cell shape formation. Genetic 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 S.
japonicus yeast suits for those cell biological analyses, and
studies of hyphal growth and cell cycle add special value on
this organism. Novel genetic system has been elucidated by
recent our works.

Selected Publications

Aoki, K., Furuya, K., and Niki, H. Schizosaccharomyces japonicus: a dimorphic
yeast alone among the fission yeast. CSHL Protocol Ch.16. in press.

Monteiro, D.C., Patel, V., Bartlett, C.P.,, Nozaki, S., Grant, T.D., Gowdy, J.A,,
Thompson, G.S., Kalverda, A.P,, Snell, E.H., Niki, H., Pearson, A.R., and Webb, M.E.
(2015). The structure of the PanD/PanZ protein complex reveals negative
feedback regulation of pantothenate biosynthesis by coenzyme A. Chem Biol 22,
492-503.
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Niki, H. (2014). Schizosaccharomyces japonicus: the fission yeast is a fusion of
yeast and hyphae. Yeast 37, 83-90.
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Comprehensive analyses of genome function in Drosophila
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Schematic representation of the
inducible RNAi mutant library.

“phenotype analysis”

Although the entire human genome sequence has been
determined, real functions of human genes are far from being
completely understood. Drosophila has a total of 17,000
genes that is about 2/3 of the genes found in humans but a
large amount of these genes (approx. 70%) were discovered
to have similar functions and show 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 organisms.

Selected Publications

Perkins, L.A., Holderbaum, L., Tao, R., Hu, Y., Sopko, R., McCall, K., Yang-Zhou, D.,
Flockhart, 1., Binari, R., Shim, H.S., Miller, A., Housden, A., Foos, M., Randkely, S.,
Kelley, C., Namgyal, P, Villalta, C., Liu, L.P, Jiang, X., Huan-Huan, Q., Wang, X.,
Fujiyama, A., Toyoda, A., Ayers, K., Blum, A., Czech, B., Neumuller, R., Yan, D.,
Cavallaro, A., Hibbard, K., Hall, D., Cooley, L., Hannon, G.J., Lehmann, R., Parks, A.,
Mohr, S.E., Ueda, R., Kondo, S., Ni, J.Q., and Perrimon, N. (2015). The Transgenic
RNAi Project at Harvard Medical School: Resources and Validation. Genetics 207,
843-852.
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Akbari, O.S., Bellen, H.J., Bier, E., Bullock, S.L., Burt, A., Church, G.M., Cook, K.R.,
Duchek, P, Edwards, O.R., Esvelt, K.M., Gantz, V.M., Golic, K.G., Gratz, S.J.,
Harrison, M.M., Hayes, K.R., James, A.A., Kaufman, T.C., Knoblich, J., Malik, H.S.,
Matthews, K.A., O’'Connor-Giles, K.M., Parks, A.L., Perrimon, N., Port, F., Russell, S.,
Ueda, R., and Wildonger, J. (2015). BIOSAFETY. Safeguarding gene drive
experiments in the laboratory. Science 349, 927-929.

Zhai, Z., Kondo, S., Ha, N., Boquete, J.P, Brunner, M., Ueda, R., and Lemaitre, B. (2015).
Accumulation of differentiating intestinal stem cell progenies drives tumorigenesis.
Nat Commun 6, 10219.
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Sophisticated utilization of biological resource information
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National BioResource Project - Integrated
BioResource Database (BRW)-

The BRW provides access to a collection of 6.5
million records on bioresources and supports
summary browsing, keyword searching, and
searching by DNA Sequences, gene ontology,
disease ontology, or references.

It is important to have an intelligent data retrieval system
to extract meaningful information from huge amount of data
through the internet. One of the solutions is to use ontology.
The term “ontology” means a structure of concepts. The use
of ontology enables data which were originally defined
differently to be compatible on a conceptual level. By
applying various biological ontologies such as gene ontology,
plant ontology and disease ontology to biological resource
databases, we have been developing an advanced retrieval
system that allows users to conduct cross species search
for experimental resources.

Selected Publications

Ishihama, A., Shimada, T., and Yamazaki, Y. (2016). Transcription profile of
Escherichia coli: genome SELEX search for regulatory targets of transcription
factors. Nucleic Acid Res 44, 2058-2074.

Shikata, M., Hoshikawa, K., Ariizumi, T., Fukuda, N., Yamazaki, Y., and Ezura, H. (2016).
TOMATOMA Update: Phenotypic and Metabolite Information in the Micro-Tom
Mutant Resource. Plant Cell Physiol 57, e11.

Takada, T., Yoshiki, A., Obata, Y., Yamazaki, Y., and Shiroishi, T. (2015). NIG-
MoG: a mouse genome navigator for exploring intersubspecific genetic
polymorphisms. Mamm Genome 26, 331-337.
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Genome biology of C. elegans development
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Gene expression regulation in nerve cells of the nematode C. elegans

We have identified the regulatory sequence for the gene gcy-18 that is expressed only in the thermo-sensory neuron AFD: The regulatory sequence drove the GFP reporter only in AFD (Fig. left). We have also
revealed that a pair of homeobox transcription factors (TFs) CEH-14 and TTX-1 is necessary and sufficient for the proper expression of gcy-18: The ectopic expression of them led to the expression of gcy-18 in

another thermo-sensory neuron AWB (Fig. right).

[7) NIBBDSEEDNEDS P OTTEDDN?] ZDOAN=X
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NEXTDB http:/nematode.lab.nig.ac.jp/ ITHEEILLTWET,

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 expression
patterns by using of whole mount in situ hybridization and
their function by RNAI. All the information has been
integrated in NEXTDB http://nematode. lab.nig.ac.jp/.

Selected Publications

Kagoshima, H., and Kohara, Y. (2015). Co-expression of the transcription factors
CEH-14 and TTX-1 regulates AFD neuron-specific genes gcy-8 and gcy-18 in C.
elegans. Dev Biol 399, 325-336.

Sumiyoshi, E., Takahashi, S., Obata, H., Sugimoto, A., and Kohara, Y. (2011). The
3-catenin HMP-2 functions downstream of Src in parallel with the Wnt pathway in
early embryogenesis of C. elegans. Dev Biol 355, 302-312.

Genome Biology Laboratory 44h&GE RIGHRATE

Mangone, M., Manoharan, A.P., Thierry-Mieg, D., Thierry-Mieg, J., Han, T,
Mackowiak, S.D., 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. Science 329, 432-435.
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3D-organization and dynamics of human genome chromatin
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Liquid-like irregular folding

Nucleus
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Chromatin consists of irregularly folded
10-nm fibers and forms numerous
chromatin domains in the cell nuclei.
Chromatin dynamically behaves like “liquid”.
NPC, nuclear pore complex; NE, nuclear
envelope.

Our research interest is to know how a long string of
genomic DNA is three-dimensionally organized in the cell,
and how the genome is read out for cellular proliferation,
differentiation and development. For this purpose, we are
using a unique combination of molecular cell biology and
biophysics, such as single molecule imaging, super-
resolution imaging, X-ray scattering and computational
simulation.

Selected Publications
Maeshima, K., Ide, S., Hibino, K., and Sasai, M. (2016). Liquid-like behavior of
chromatin. Curr Opin Genet 27, 36-45.

Hihara, S., Pack, C.G., Kaizu, K., Tani, T., Hanafusa, T., Nozaki, T., Takemoto, S.,
Yoshimi, T., Yokota, H., Imamoto, N., Sako, Y., Kinjo, M., Takahashi, K., Nagai, T.,
and Maeshima,K. (2012). Local nucleosome dynamics facilitate chromatin
accessibility in living Mammalian cells. Cell Rep 2, 1645-1656.
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Nishino, Y., Eltsov, M., Joti, Y., Ito, K., Takata, H., Takahashi, Y., Hihara, S.,
Frangakis, A.S., Imamoto, N., Ishikawa, T., and Maeshima, K. (2012). Human
mitotic chromosomes consist predominantly of irregularly folded nucleosome
fibres without a 30-nm chromatin structure. EMBO J 37, 1644-1653.
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Understanding cell architecture through quantification and modeling
MR el T VAR L BL THlE2E# 5
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(development)
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Our quantitative models on cell division at 1-cell stage (left) and on spindle elongation at different developmental stages (right) in C. elegans. The upper

panels show actual C. elegans embryos and the lower panels show our models.
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Cells are the minimal unit of life, and are beautiful
architecture in nature. One big mystery in cell biology is ‘how
a huge number of tiny macromolecules assemble into a cell
with organized and dynamic structure?’ To tackle this
question, we are constructing quantitative 4-dimensional
models of Cell Architecture. Our primary focus is on the
intracellular positioning of the nucleus and chromosomes.
Through our study, we aim to understand the mechanics of
the nucleus, chromosomes, and the cytoplasm, as well as
the force generated by the cytoskeletons.
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Developmental cell 