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21st century life sciences are continuing to experience remarkable
development. On the other hand, the society we live in is facing a
multitude of problems, including global warming, loss of biodiversity,
increasing population, and a rapidly aging population. The Graduate
School of Life Sciences, through promotion of research and education,
strives to solve these problems and delve further into exploration of life.

This graduate school comprises 3 majors: Integrative Life Sciences:
“aims to clarify the mechanisms that control the mind and body”,
Ecological Developmental Adaptability Life Sciences: “aims to clarify the
mechanisms that maintain life from cells and biological organisms to
ecosystems in changing environments”, and Molecular and Chemical
Life Sciences: “aims to clarify methods of controlling life based on the
working mechanisms of molecules within living bodies”. In each of these
majors, we cultivate global leaders with a broad range of knowledge
and research skills in life sciences, who are active in various fields. We
have also set up cross-sectoral research majoring in “curriculums to
foster human resources in bioscience” to cultivate PhD graduates in
the field of bioscience who will be active in leadership positions in the
industry.



Bl ERIEE What is the Graduate School of Life Sciences?

(ZLU®IC Greeting from the Dean
%ﬂ ﬁ Organization
JHy—FIN131k Research Highlights

FHR29FE HERE—E Awards

AR ERIEE I Department of Integrative Life Sciences
i%%iﬁm*ﬂ$§I£ Department of Ecological Developmental Adaptability Life Sciences
ﬁ%{t?ﬂi%?glﬁz Department of Molecular and Chemical Life Sciences

MERZE LU Rty —  Faciity and Research Center

&g #® Data

FrINARTYS Campus map



03

RILKZ

REREDRFMERR

RE

==
n lb\

Rt RZAZRAEGFEHATRENL. R 3FEICIHROZEAF R - R D%
AT, B, F36 0 FrSLBZMIIMAREL TRELEL /. A FHOMAE. B,
RIEBENPSEBEETOIITIHA I XIH I LELBIHEB AN PRI THREL. <
ERAPSZHERERFZEEZ AN MERBE LT (EEL/ OB ARR
RO D EL > TEBHERAYICEHEA 2 D0 GCOE LA 707 5 L [ B taiE 74
FEMSNBERTIHEMRAS BFZ GCOE] & [IREAEANDERERECICH
- BEMRIE EREHEIS GCOE] P HRIREN 34 L MRHE TaLViHlit= X
BEMIEL TEEL, ZFEEIR1,9008% 87, 75309 LM 2RSS,
R FICBNDOKRZ- AR, RESE. TBHEEZEICHV T ZThThAWIIEREL
TVWET,

COENKRRERNE, KEDSATH AL AR NTHEELTREL, X
BEICKEERRE EWFTEELAD | ERDESEE G T 22T, Z0EHE
TR EVRIREEFNTEE L2 FITHII MR T E, REAICFEL.
ZLDHFIBEGOBIDERAN BINTEELD . ZhBIEREDRFDIRBEEIRRL.
EFIMELNESEICSHEMEI KDONTWET, 510 BB BEBRIEICHIE
MSHEMDTL, RESIHILEE, FEICEBIRL ANV THIBLEThIELS R
B 21 HIBIC A>T L4 70— 7y TENTEEL /o ZEDRADFTERDSNS
AL SEOUSEBOLED TV I T THERBANDEEINET,

UL UEDS, B HHIDBHEADS LB AEFITIE, [4F- ML~V [MEEL~IV]
[BRIE-HBERL AL DIRERICHWINIER I E->THY, BRDERBIC+HT
ABMEBDBHA G- TV ERB A, ZZ T [EGBEROITIFEN-MERLIER] & TA
HOBUNDOER ]| O EEIEL T, [REGHRER S [EREEBECHE]L [H
FALZEMZ | DI DDBEHUHIRLEL 2o ThE3MEEIL. ERRIZOF ORI LEE
ELTERT R DI CHIERFIC, f25E - EE. WIKIRIERBET ICH I3RS
DI, BHKE - BREBRBEEVOHEN, EEN=—X(CICAPHDTY, £&. R
. 5. RUMRICETHERBERKEL. BORELRBEOE IS ELRLHR
DHEFIMEEBLEN S, BEBRICEIREMEDERICBRLEL =

S#b. RAAKXFZPEET [ AV RV 2V BlET 3. HRICE» MO R
D—wEL T FATHA I REHICFVHFRICHTIMEICHEDIENND SR LE
ACFIFERVWTUVET,

TR 30F4R1H



The Tohoku University Graduate School of Life Sciences was inaugurated in 2001 as an
independent graduate school that went beyond the traditional framework of faculty-based graduate
programs and institutions, comprising 3 majors in a total of 36 different fields of research. The broad
field of life sciences, ranging from molecules to cells, individuals, the environment to ecosystems,
is integrated at a single location for research and education, with a diverse group of graduate
students accepted from both Japanese and overseas universities. During this period, our research
and education have been highly regarded and our students have excelled with achievements, with
this graduate school forming the central focus of the adoption of two GCOE programs combining
cross-sectoral subjects: the Tohoku Neuroscience GCOE Basic and Translational Research Center
for Global Brain Science and the Tohoku Ecosystem Adaptability GCOE Research and Education
for Ecosystem Adaptability. There are more than 1,900 graduates, 359 of whom have received
doctorates, who are highly active in both Japanese and overseas universities and research institutes,
private enterprise, and government organizations.

Thus, the graduate school has grown as a central hub for life sciences in this university, and
has generated significant results for research and education. However, simply continuing our
previous activities will not enable us to adequately fulfill our responsibilities. Life science research
has developed dramatically in recent years and has elucidated many new mysteries of life, but
these subsequently present previously unknown issues require expertise in increasingly highly
sophisticated research. Furthermore, issues that must be dealt with at a global level, including global
warming, loss of biodiversity associated with environmental destruction, and rapid aging of the
society came increasingly into sharp focus as we entered the 21st century. The human resources
required in this situation need creative imaginations to work in the social conditions of the future.

However, the system formed from the framework when the school was first established
consists of a configuration divided into 3 levels: molecular and cellular level, individual level, and
environmental, ecosystem level, but this framework no longer adequately responds to the needs of
the time. This is the reason this school was reorganized into the 3 major fields of study: Integrative
Life Sciences, Ecological Developmental Adaptability Life Sciences, and Molecular and Chemical Life
Sciences, aiming to achieve compatibility between “comprehensive and integrated understanding
of life phenomena” and “contribution to the welfare of humans”. These 3 major fields of study
are advancing fields centered around life sciences, while simultaneously responding to social
and industrial needs, including health and medicine, building a sustainable society while facing
global environmental issues, and agriculture, forestry, fishery, and food problems. The curriculum
was reorganized into a system of education research aiming to resolve problems while acquiring
advanced cutting-edge expertise based on the challenges set by the school, with thorough provision
of ethics education relating to life, environment, information, and research. Tohoku University will
continue to open its doors to a diverse range of young people from Japan and overseas, to engage
in world-ranking research while studying life sciences, as part of the goal of Tohoku University to be
a “community of knowledge open to the world where people gather to learn and create”.

April 1, 2018
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Integrative Life Sciences

HIRR Y NT— D ERE Brain and Nervous System
— Professor VN 721 Hiromu Tanimoto
X1 N thol %Z = =
HRETE T eurosthology JE % 1% | Associate Professor WA EER Nobuhiro Yamagata
4% (F&) | Professor BHY B Atsushi Higashitani
It RE BN Neurogenetics K EHIT | Visiting Professor PN Daisuke Yamamoto
M # $2  Associate Professor INEEH 2 Masayuki Koganezawa
X BEFZEN BT Brain Development E24 % | Professor IR AHR Kentaro Abe
MR 2T LD EF Systems Neuroscience E2d 2 | Professor HHaE—ER Ken-ichiro Tsutsui
fHERY N T — VB EE Cellular Network
™ E24 % | Professor Sl YAl Mitsunori Fukuda
Memb Trafficking Mechani = -
REE BT E embrane fraficing Mechanisms Bh %4 | Assistant Professor BRHE EE Naonobu Fujita
E2'4 2 | Professor AR F Asako Sugimoto
RESAF IO AN Developmental Dynamics Bh 2 | Assistant Professor EH &= Nami Haruta
Bh 2 (FE) | Assistant Professor B B Shinsuke Niwa
E24 12 | Professor WH /N Ko Matsui
#B O] IR BN BE ) BY Super-Network Brain Physiology - B | Lecturer Aix f Toru Ishizuka
Bh# (F£) | Assistant Professor B OKE Tomomi Tsunematsu
SMEdlEH Ry 8T — 2 B Developmental Regulation Network
y E2'4 2 | Professor mE BX Yasuhisa Matsui
|
HMEBERETEF Germ Cell Development Bh 2 | Assistant Professor PN (SRS Yohei Hayashi
i g ) E2'4 2 | Professor FERETF Natsuko Chiba
BRENFIE Cancer Biology Bh #{ | Assistant Professor =5 #Ef Yuki Yoshino
E=4 2 | Professor IR FE Toshihiko Ogura
IR REH 0 25 Developmental Neurobiology Bh % | Assistant Professor 2R fil Atsushi Kubo
Bh 2§ | Assistant Professor A Pie S Ken Matsumoto
WMAOHE Cooperative faculties
R RS EYENET Developmental Neuroscience EZd 2 | Professor KB BAF Noriko Osumi
DFEEFDET Molecular Oncology E2'¢ $% | Professor A #H= Kozo Tanaka
Bz FEANE Experimental Immunology 2 % | Professor =2 217 Toshiyuki Takai

Ecological Developmental Adaptability Life Sciences

BESA1 o A EBRE Biological Dynamics
Professor B BT Junko Kyozuka
] Plant Devel t 2 i -
TEMFELEN T ant Developmen Bh [ | Assistant Professor BA B Satoshi Naramoto
E='¢ % | Professor BKEES Erina Kuranaga
BT Histogenetic Dynamics B 2 | Assistant Professor e K\ Daiki Umetsu
Bh# (FE) | Assistant Professor g & —ER Yuichiro Nakajima
E2'4 1% | Professor HiE F=x= Hideyuki Takahashi
- ) ) Associate Professor BH EAE Nobuharu Fuijii
BN Plant S d Devel tal Biol BB il
RRILENE ant sensory and Levelopmental Siology Bh 2§ | Assistant Professor IFR BEE Akie Kobayashi
Bh#% (FE) | Assistant Professor =) fna=il Seiji Kojima
E=¢ % | Professor BN =5 Koji Tamura
IR E DT Organ Morphogenesis B 2 | Assistant Professor FIER R Gembu Abe
Bh# (F£) | Assistant Professor =E RN Daisuke Saito
E=4 2 | Professor wma fE Kazuhiko Nishitani
BV EE D BY Plant Cell Wall Biology B B | Lecturer L R Ryusuke Yokoyama
Bh 2§ | Assistant Professor 2y il Takeshi Kuroha
SRS AF IO REREE Ecological Dynamics
" Professor o5 2R3 A BR Jotaro Urabe
B EED Aquatic Ecol BB a :
KEEBDE quatic =calogy Bh 2§ | Assistant Professor W e Wataru Makino
) Professor Bk EZR Kouki Hikosaka
BEARESD Functional Ecol A 23 =
BEEERD T unctional cology Bh 2§ | Assistant Professor O E— Riichi Oguchi
E4 1% | Professor A M= Masakado Kawata
ELEY D Evolutionary Biology JE # 1% | Associate Professor WE BEL Takashi Makino
Bh 2 | Assistant Professor FLILE—EA Shinichiro Maruyama
E24 2 | Professor plin: Michio Kondoh
MEEENE Ecological Integration M # $2 | Associate Professor OB Satoki Sakai
Bh #{ | Assistant Professor HEE OFE Masahiro Aiba
SRRMEST AT IO RBEE Biodiversity Dynamics
E=4 2 | Professor W i vl Masayuki Maki
EYEZ R ED S Plant Diversity and Evolution Bh 2§ | Assistant Professor KB EH Koji Yonekura
Bh 2§ | Assistant Professor pNIT::357 Motonari Ohyama
o E24 1% | Professor FEE i Satoshi Chiba
] Ci tion Biol N " P
ENSHIEREDH onservation Blology % | Associate Professor BH F— Shuichi Shikano
E4 1% | Professor REFF = Gaku Kumano
4% () | Professor o5 2R3 A BR Jotaro Urabe
EEEY S RN Marine Biodiversity Y # #%  Associate Professor EE)IRE Takuya Minokawa
Bh 2 | Assistant Professor HH Fay Satoshi Takeda
B 2§ | Assistant Professor hAR EZ& Ayaki Nakamoto
HRRESTANFTIVREBRE Eco-Socio Dynamics
SR RELRE N EY ‘ Ecosystem Functions ‘E B ﬁ‘ Visiting Professor h&s by ‘ Toru Nakashizuka
WmhHE Cooperative faculties
BRIV ATLRIZNE ‘ Systems Bioinformatics ‘ E2'4 2 ‘ Professor AT BE ‘ Kengo Kinoshita
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DFIEFEEYFER Molecular and Chemical Life Sciences

TIHINAFAOY —FEE Chemical Biology
| [OYIN . . . _ E=4 2 | Professor B H— Hirokazu Arimoto
AFERICFDE Analytical Bioorganic Chemistry Bh # | Assistant Professor —TImEn Kaori Itto
B tENEH Biostructural Chemistry E4'4 2 | Professor FEL2R Makoto Sasaki
N = EX4 1% | Professor \La{E X BB Shinjiro Yamaguchi
] R Bioactive Molecul =
BT BRI H loactive Moleoules Bh 2 | Assistant Professor =1 A Kiyoshi Mashiguchi
% % | Professor X —IF Kazumasa Ohashi
DFHpEEY DB Molecular and Cellular Biology JHE # 1% | Associate Professor 75t W— Ken-ichi Yasumoto
Bh 2 | Assistant Professor LW FER Kazunari Yamashita
T 2 | Professor He B Yoshikazu Tanaka
ISRRES D FRIFTDE Applied Biological Molecular Science HE 1% | Associate Professor NI BR Tomohisa Ogawa
Bh 2 | Assistant Professor wWH = Takashi Matsui
DFRYNT—DEE Molecular and Network Genomics
p e — Professor B = Masataka Tsuda
= Microbial Geneti d G i %5( 5 - o
WEMBIRD T orobial Genetics and tenomics JHE # 1% | Associate Professor KIFE =17 Yoshiyuki Otsubo
E24 % | Professor E A Kiwamu Minamisawa
WEYHEEDET Microbial Symbiosis JE 2 1% | Associate Professor =H XK= Hisayuki Mitsui
Bh 2§ | Assistant Professor aBR e Masayuki Sugawara
Professor N IEkX Masao Watanabe
il 5 Plant Molecular Breedi x_B =
BN FERDEH ant Molecular Breeding JE 2 1% | Associate Professor =55 5z] Akira Kanno
EX4 % | Professor HA EE Atsushi Higashitani
JE # 1% | Associate Professor HER # Jun Hidema
- — ) 7 Associate Professor EiE {BIE Shusei Sato
> FE Molecular Genetics and Physiol U -
ATECEEDE olecular Lienetics and Fhysiology Bh 2} | Assistant Professor EW EE Mika Teranishi
Bh#% (F&) | Assistant Professor E] a7 Masanori lzumi
Bh#% (FE) | Assistant Professor KE (R— Yasukazu Daigaku
= E"Jﬁﬁg’fd' SO REBRE Multilevel Biomolecular Structure and Dynamics
E=4 2 | Professor =B JiF Satoshi Takahashi
HERDFYALFIORNE Molecular Analysis of Biological Functions Bh 2 | Assistant Professor B EA Kiyoto Kamagata
Bh 2§ | Assistant Professor INFE I35 Hiroyuki Oikawa
EX4 1% | Professor KE HE Shin Mizukami
AR FHEREHITE 0 BF Biofunctional Chemistry and Nanobiotechnology HE 1% | Associate Professor wHE #5 Toshitaka Matsui
Bh 2 | Assistant Professor INFOEETT Toshiyuki Kowada
E'd 1% | Professor TRE X Keniji Inaba
EERDFIEEDE Structural Biology JE 3 12 | Associate Professor = /N Hiroshi Kadokura
Bh 2} | Assistant Professor JEER B Satoshi Watanabe
A E L L RE R R S JEE Microbial Evolution and Function Research
E=4 2 | Professor KHE OB Yuji Nagata
N = E Lecturer KB KM Hirokazu Yano
# 3 Be § Microbial Evoluti d Function R h # il >
AR RE R B MR oroblatEvolution ana Function Researc By 2§ | Assistant Professor Bk LB Hiromi Kato
Bh 2 | Assistant Professor EEEILE Yukari Sato
OWIN =214 Genome Informatics
B #IF | Visiting Professor L5 K& Daisuke Shibata
IR EREDE Omics and Imformatics KRBT | Visiting Professor ¥ P&IA Takahiro Nagase
R E A | Visting Associate Professor )| s Hideki Hirakawa
WmhHE Cooperative faculties
KR ZHILNAALOT—8EF | Chemical biology of Natural Product 24 2 | Professor A = Minoru Ueda
DFRALFDEF Bioorganic Medicinal Chemistry 2 1% | Professor +H BT Takayuki Doi
L Rwo ZHIED 2P Redox Biology 24 % | Professor KiBIF DM Hozumi Motohashi
FHRERE N BT Cellular Function H 2 | Professor il EF Keiko Nakayama
fErEE%
AREHEFEMERERRE T — /’\\Asaarmgséliioizsyearch Center for ‘ vy —RK ‘ Director REEF &= Gaku Kumano ‘
RV —
Hit KRFAIENMEIRERE Y — Comprehensive Center for Brain Science Research and Education, Tohoku University ‘
IR General Affairs Section
EE T E2CE Student Affairs Section
= REHR General Accounting Section
EEEEI Asamushi Administrative Office
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EEEDDHYVET. 3723 /NI Tl fruitless ELND
%@Eh??’ﬂu@Ii#&f’ﬁ”)ﬂﬂ@“t’(?&%& ‘wEZRZLTOE
T ZOBEFISHETIIEONTIC. ETDH BEOR/INIE
Fruitlessz &M g 2DIfEHNET. ZDFruitless &> /NI EDH
EONBE. #RRDS—DDORBEMIEL THIFFE D EE DK
DI HIC Fruitless &> /N BEDERSHURNE . #EiliaIdZ
DREZMIET B MIFEOMIRIET, Fruitless &>/
VBIF REDBRODDERWET Drobo! EWDBEIEFEIFIT S
728, HETEITEBEORENBRVODDTY , SEIOMFT. robo!
BETFDAANYF AT D TRF2EV0\DR/NTED., Fruitless
IHEBSNBDERICAAYFaA T DEENDDIEL Tz D
Women and men think differently. Scientists have successfully
revealed sex differences in the brain circuitry between females and
males, which may explain these psychological sex differences.
Given that the blueprints for our body plan, including those for the
brain, reside in our genome which is common to both sexes, how
do brain sex differences arise? Chowdhury and colleagues show,
using the fruit fly which has a simpler brain and genome, that just

a single master regulator protein is sufficient to switch a feminizer
gene ON in females and OFF in males, thereby producing the brain

KOS TRF2ZZH BUDEDTEAA Y FDF7220/eDTT

sex difference. The male-specific transcription factor Fruitless is a
key regulator for sex-type specification of neurons in Drosophila.
This paper shows that Fruitless converts the transcription factor
TRF2 from an activator to a repressor upon binding to the promoter
of its target gene, robol, which feminizes the neurite shape when
activated and masculinizes it when repressed. A mechanism
analogous to this may be operating to switch alternative cell fates
in a variety of developmental contexts, and thus may be of general
importance in understanding organismal development.

Chowdhury ZS, Sato K, Yamamoto D (2017) The core-promoter factor TRF2 mediates a Fruitless action to masculinize neurobehavioral traits in Drosophila. Nature Communications 8,

Article number: 1480

REN I MIROEYMR O ETEZ 1T % #1 L WMEHE & & #RER

B FEE] NSt ERHE:S

TBADBGRIZREEHIFT 2HEAEL T E—T71 > DR
POEBINTUVzDD. BEE ML NP ML TR ICEE
IR 2 [BRINEME] MR THD. —HT. hBEERH T HEMH
THEROBTFEET DD ZOHRREIEBHE THo/z. BRIFMENME
DOF 77 RHEMICE N T B—RORRDHIIC KT DEFRE
THUDTNMERRZXEL T 2REnF Y NeioMIc Lz, 16
WMARTFDIEDTFXTFNPUN IEDUANAIRTF D2 /AR —
T SUN EHEELAMEMZS BT EE ANk, thEZRHL T
- ZREEH ZOHHAAE. BSEHORAICEDLDEET YN
DEGTFEECABEDHREXRICE O TELEEEAON T, AKX
RIFELRDEB IR CEAH SN DE TSRS /R a7
5250 7C. mRIEEE Nature DIEMRIZEF S > S+ > fmikes
Nature Plants|Z2017E6 8268 TBE sz,

In order to maintain genetic diversity within hermaphroditic plant
species, a self-incompatibility (Sl) system, which recognizes
and rejects a plant’s self-pollen by its own pistil, has evolved.
Charles Darwin, the pioneer of the theory of evolution, was also
interested in this SI mechanism. A second mechanism, interspecies
incompatibility (Isl), where pistils recognize and reject non-self-pollen,
also exists. In Brassicaceae, the molecular mechanisms underlying
Isl are unknown. In this study, Y. Takada and M. Watanabe of the
Laboratory of Plant Reproductive Genetics, and collaborators,

AT LhEEHHT ~

discovered the molecular mechanisms of unilateral incompatibility
(Ul), a non-self-recognition mechanism, using geographically
isolated populations of Brassica rapa. Ul was regulated by the
interaction of PUI and SUI. Interestingly, PU/T and SUIT are
generated by gene duplication from the Sl gene set. The direction
of Ul was explained by the reciprocal loss-of-function of PUIT and
SUIT between Japan and Turkey. This study provides a novel insight
into the molecular mechanisms underlying reproductive barriers that
arise as a result of geographical isolation.

Takada Y, Murase K, Shimosato-Asano H, Sato T, Nakanishi H, Suwabe K, Shimizu KK, Lim YP, Takayama S, Suzuki G, Watanabe M (2017) Duplicated pollen-pistil recognition loci
control intraspecific unilateral incompatibility in Brassica rapa. Nature Plants 3, Article number: 17096
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WEDP T+ TRALLIIRE. BREGE DERERBEDECE
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Acute onset of organ failure in heat stroke is triggered by
rhabdomyolysis of skeletal muscle. To gain insight into heat-induced
muscle breakdown, we investigated alterations in Ca”* homeostasis
and mitochondrial morphology in vivo in the body-wall muscles
of Caenorhabditis elegans exposed to elevated temperature.
Heat stress for 3 h at 35°C increased the concentration of free
cytosolic Ca”, and led to mitochondrial fragmentation and

subsequent dysfunction in the muscle cells. Similarly, mitochondrial
fragmentation was increased by treatment with a calcium ionophore,

ionomycin. A ryanodine receptor mutant unc-68, linked to Ca®*
release from the sarcoplasmic reticulum (SR), could suppress
the mitochondrial dysfunction, muscle degeneration, reduced
mobility, and lifespan induced by heat stress. In addition, in a daf-
2 mutant, in which DAF-16/FoxO transcription factor is activated,
resistance to calcium overload, mitochondrial fragmentation, and
dysfunction was observed. These findings reveal that heat-induced
Ca™ accumulation causes mitochondrial damage and consequently
induces muscle breakdown.

Momma K, Homma T, Isaka R, Sudevan S, Higashitani A (2017) Heat-induced calcium leakage causes mitochondrial damage in Caenorhabditis elegans body-wall muscles. Genetics

206, 1985-1994
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TEHDOIRT. EHEEAL TMUHROS (BHREM) 7217 TR<.
KD BEEREFL TRKDAIHTD OKDEM) gENHZFO T
%o AMEIE. L—Y—BHFICL O TIROEHEBORBEE KO HH
HRZIEL TORDBRICEEIIL KDPBEEDPERICHKIRT
BIEERLMC LTz, BT BHRILVE> D7 TS B (ABA)
OEEZEDIT T FINRFREDSNk2.2 snrk2 KD TEHEET
EEARBEO miz 1 KD TEERIBERAEDIRDORA L8 (fHAaEE)
(2. SNRK2 2H 2 WNEMIZ 1 Z RIS /-HER. WTHHRDHE
DR ETHIRSB/2EXITIKDBEDEELZ. INEDFER
E. ABAEMIZI BMERBEEOR ETHW UKD EHERIEIES
&L Fe KD ABEDORMERERR (B DL T NHEEREE
THIBDIEZE].L. REEF —F 22 BETDENRE LSS
Plant roots show gravitropism and hydrotropism in response to gravity
and moisture gradients, respectively. Columella cells in the root cap,
and auxin re-distribution in the elongation zone, play critical roles in
root gravitropism. Here, we show that Arabidopsis roots, in which
the columella or entire root cap together with the meristem, were la-
ser-ablated, displayed a normal hydrotropic response, although they
had substantially reduced gravitropism. Next, using snrk2.2 snrk2.3

and miz1 mutants, we targeted expression of the ABA signaling ki-
nase SNRK2.2 or the hydrotropism-specific MIZ1 protein to different

2%, HLLEEFEESS R Sz,

c_7
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KD B RIB UTemiz1 ZEREERAKDIRDIRRZ (CMIZI-GFPEFEIR (V&) BT
EXDBHEFEHEUBVDNA) . MIZL-GFPERK ERB(CRIREE D EKDEMEE
B89 3(8) . KU DEHEHRRRAEZTRT. (C) BROKIEERFHBEDOETIL

tissues such as the root cap, meristem, endodermis, cortex, and
epidermis using various tissue-specific promoters. The hydrotropic
response of these mutants was impaired or reduced, but completely
rescued but only when SnRK2.2 or MIZ1 were expressed in the cor-
tex of the transition and elongation zones. These data suggest that
SnRK2.2 and MIZ1 function in the cortex, are required for the hydro-
tropic response, and that the elongation zone performs a dual func-
tion during the hydrotropic response, both sensing moisture gradients
and subsequently undergoing differential growth.

Dietrich D*, Pang L*, Kobayashi A*, Fozard JA, Boudolf V, Bhosale R, Antoni R, Nguyen T, Hiratsuka S, Fujii N, Miyazawa Y, Bae TW, Wells DM, Owen MR, Band LR, Dyson RJ, Jensen
OE, King JR, Tracy SR, Sturrock CJ, Mooney SJ, Roberts JA, Bhalerao RP, DinnenyJR, Rodriguez PL, Nagatani A, Hosokawa Y, Baskin Tl, Pridmore TP, Veylder LD, Takahashi H#,
Bennett MJ# (2017) Root hydrotropism is controlled via a cortex-specific growth mechanism. Nature Plants 3, Article number: 17057 (*:co-first author, #:co-corresponding author)
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EPEREO—EHOENL 2 EIFEERINTUNDD . PER
IFINIIREDESLWEFEES DIINTR DT HAAE AR /=57,
BANEAEIROI I —T EEEHERF— LI BACEL T 21872
ICBWT FLWEY N BEERES) (F2IEETF) DBEIEIE
EAERL BADENICIE. CLABETFOEWAZREA2ZED
RERIEE ERZLIZZEPALDICUz. ARF—LDPRDGT
eDIE AV F AT HREROFIBEI. dRbERTY
N —=EFA D, B SEIRDIFEEI /N Y—D1DI3
Sim1EWSEEFZ. AUPDOESN DR (FifR) THEZETH
BHEPRALDICE DTz, SIMIBIY N\ T —FREBEBD R
RICT TITEFEEIN TV R D &L RPN EEP DRI
BCEMLTWVZEWDINETOMREEEDETEADE. ZDK
Studies of dinosaur fossils that show bird-like traits, such as
feathers, light bones, air sacs, and three-digit forelimbs, have
clarified the evolutionary kinship of birds and dinosaurs. However,
identifying genomic DNA changes during this evolutionary transition
has remained a challenge.

To identify avian-specific DNA sequences, Prof. Tamura's group and
their collaborators analyzed the genomes of 48 avian species that
represent the evolutionary history of modern birds, and compared

them to other vertebrates. They identified millions of genomic regions
named “avian-specific highly conserved elements” (ASHCEs),

DBBIYNY =& TREBESRYIICEIEM AL TLV/ZR]
BEMD DD,

many of which appear to function as cis-regulatory elements in the
evolution and development of bird-specific traits. For example, they
showed that a gene known as Sim1, which contains an ASHCE,
may be associated with the evolution of flight feathers. The ASHCE
functions as an enhancer that regulates Sim1 gene expression in an
avian-specific manner. Because ASHCEs in genes such as Sim1
may be largely unchanged by evolution since the dinosaur era, this
suggests that ASHCEs were vital in developing bird-specific traits,
and may have driven the transition of dinosaurs to birds.

Seki R*, Li C*, Fang Q, Hayashi S, Egawa S, Hu J, Xu L, Pan H, Kondo M, Sato T, Matsubara H, Kamiyama N, Kitajima K, Saito D, Liu Y, Gilbert MTP, Zhou Q, Xu X, Shiroishi T, Irie
N#, Tamura K#, Zhang G# (2017) Functional roles of Aves class-specific cis-regulatory elements on macroevolution of bird-specific features. Nature communications 8, Article number:

14229 (*:co-first author, #:co-corresponding author)
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Melanin pigments, which are responsible for protection of the human
body from harmful ultraviolet radiation, are synthesized and stored in
specialized vesicles, called melanosomes, in mammalian epidermal
melanocytes. Melanosomes produced in the melanocytes are even-
tually transferred from the melanocytes to neighboring keratinocytes
to achieve skin pigmentation. However, the precise molecular mech-
anism by which melanosomes are transferred from melanocytes to
keratinocytes remains to be determined. A major impediment to iden-

tifying the melanosome transfer mechanism has been the absence of
a suitable marker for transferred melanosomes in keratinocytes.

SFIYAMNDAZ )= LDRITEL DD FHEOBERPER
R DORREDPRIBAICECHDEHFIND,

In this study, we developed a novel melanocore-interacting Kif1c-tail
(M-INK) probe, which can visualize melanosomes that have been in-
corporated into keratinocytes using fluorescence. Thus, M-INK stain-
ing makes it possible to reconstruct 3D images of melanosome-con-
taining keratinocytes, and thereby precisely localize melanosomes in
keratinocytes. We believe that this M-INK probe will be a useful tool to
identify the melanosome transfer mechanism, as well as to develop
new cosmetics for skin whitening.

Ishida M, Marubashi S, Fukuda M (2017) M-INK;, a novel tool for visualizing melanosomes and melanocores. The Journal of Biochemistry 161(4), 323-326
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Multicellular organisms are the life forms wherein the basic
unit comprises many cells derived from an egg to form and
fulfill the function of a single individual. Each of the cells un-
dergoes differentiation and diversification to fulfill independent
roles during the process of ontogeny, and the mutual inter-
action of these cells (network formation) is the foundation
of integrated function as an individual. We aim to clarify the
mechanisms by which cell populations (e.g., neural networks)
control life phenomena (e.g., brain functions), implementing
research and education, making full use of cutting-edge
technologies.
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Neural circuits for learning and memory in Drosophila

An associative learning, in which an animal links sensory experienc-
es 1o salient life events such as encountering foods under starved
condition, is one of our fundamental brain functions. The long-term
goal of our lab is to understand the neural mechanism underlying this
associative leaming. Our current focus is to identify and functionally
characterize the neural circuits for memory formation, consolidation
and recall. To this end, we investigate associative memories in the

fruit fly, Drosophila melanogaster, by combining its powerful genetic
tools, techniques of quantitative behavioral analyses, and high-resolu-
tion anatomical analyses of neurons. We also engage in the develop-
ment of new techniques for behavioral analysis and the application of
new genetic tools to push the boundaries of our analyses.
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How do the genes and circuits shape animal behavior and how do they evolve?

This laboratory is devoted to the study of the molecular and cellular
basis of innate behavior. Our favorite organism to study is the fruit fly
Drosophila, which is highly amenable to genetic analysis. We suc-
ceeded in isolating a mutant strain, satori, the males of which engage
in homosexual courtship. The satori mutants harbor a mutation in the
gene fruitless, which encodes a set of transcription factors that are
translated only in the male, not the female, neurons. We discovered
that the presence or absence of Fruitless proteins determines the
sex-based difference in the structure and survival of fruitless-express-
ing neurons. A specific set of male-specific neurons, once produced,
respond to the key stimuli, and initiate male courtship. We are in the
process of unraveling the entire circuitry for courtship. During this

process, we have obtained evidence that both genetic predisposition
to homosexual preference and social factors are involved in determin-
ing male fly sexual orientation; satori mutant males kept in isolation
show a striking reduction in male-male interactions. Our neural activ-
ity recordings have suggested that decision-making neurons in the
brain must leam not to perform fruitless courtship attempts, and this
process was impaired in the satori mutant. We will use optogenetic,
electrophysiological, and molecular biological techniques to deter-
mine the mechanism by which the neurons are tuned to respond to
appropriate courtship targets.

RIERZ REFREGRPHER 14
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Understanding how our brain develops and changes.

Humans grow up under the influence of their environment and society
and, even into adulthood, we are continuously changing in response
to new information. Indeed, the nervous system of an animal is
formed not only by intrinsic factors such as genomic information, but
also by extrinsic factors such as environment, society, or parenting.
It is now becoming clear that the structure and function of the brain's
neural network plastically changes not only during development but
also in adults. Our laboratory studies the mechanisms behind brain
development and changes by examining the following systems:
songbird vocal communication, rodent learning abilities, brain impair-

ment under pathophysiological conditions, and gene transcription
regulation in vivo. We use experimental methods in the fields of
molecular biology, cell biology, along with brain imaging and optoge-
netics to conduct behavioral analyses. We hope that our research
will contribute to a better understanding of the basal mechanism of
pbrain function and will serve as a foundation for the development of
remedies for brain disorders. We also will strive to establish an opti-
mal education system to improve the leaming efficiency or to promote
healthy growth and development of animals.



H

—7—K/
B RANEAE, ITENRAETET, 2 TR

i AT LGE

iz
BH E—E

Ken-ichiro Tsutsui

MO OB EBREICE D <HOENFIRE DL

D EIREREDIRAE L. 21 HHCRIZ DR ORBED—DTH D,
oIS BOBERIZERNT 272DICIE. BRI DOFHHERIERD
BREHEEERTOEDNER THHEZATHY., HERZED
RO FERELBHD. ZOMEDOMERET T HT D,

1) TBEDRERL ] DIBHE (DFHRIEREEIF)

BRI REERIR T SO MERIIR OB Z . M. FFTiE

BB, BsRIFEIEER DL NIV T YILF AT — USRS %, €D

JeDIT. TZAIRNG =71 )V ANT B—7% i L\ =4 E B BEAR
MEPRIEERE . REMFFEEAOHEL. MIFICBULTW\S,
2) [RiDENRE | DIERE (TEHrRIZETRE)

N FZa—AYVEBR . KEAKMEN. M X—22 T
BREDEBDERIFEE . EMHEEA . EREM TR DY
EBORIEFEREL DD, MOBRAIEDB EZ. M. BT
EHREIE . MBI EEIROL NIV T, RILF AT —IUCRITY 2.

7)) FHE R ER DB DERAT I VAN 8 —5fEo - “ERBICLDMEREERN  A) HEERE OB ORI RERTROE ——1—0>FEHF05}

Understanding the structure and dynamics of the brain and mind

The understanding of higher brain function is the central theme of
science in the 21st century. To unveil the mechanisms of higher brain
function, we investigate the structure and function of the neural cir-
cuits and networks in the brain using state-of-the-art neuroscience
research methods.

1) Understanding the structure of the brain (molecular neuroanatomy):
We investigate the structure of the brain that underlies higher brain
function at a multi-scale level (cellular, local circuit, and inter-regional
network). To achieve this, we develop and use novel research tools,
such as visualization and manipulation of neural circuits based on cir-

cuit tracing using plasmid or virus vectors.

2) Understanding the dynamics of the brain (functional neurophysi-
ology).: We investigate the functional dynamics of the brain, such as
temporal change in the neuronal representation of information, and
information processing on the local circuit and inter-regional network
level. To achieve this, we use various methods such as multiple unit
recording, electrocorticogram (ECoG) recording, and brain imaging
for monitoring neural activity, and drug microinjection and trans-cranial
magnetic stimulation (TMS) for manipulating neural activity.

RILRZ REFREGRPHER 16
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Membrane traffic: from molecular mechanisms to high order functions

Cells, the building blocks of all multi-cellular organisms, contain a
variety of membranous compartments (i.e., organelles). Although they
have unique functions, organelles do not function independently, and
frequently exchange information via “membrane trafficking,” in which
membrane-wrapped substances are transported between organelles.
Since a variety of human diseases are often caused by a loss of
proper membrane trafficking, understanding the molecular mecha-
nisms of membrane trafficking is one of the most important research
themes in biology and medical science. For membrane trafficking to
occur smoothly, “traffic controllers” must be present within the cells.

In our laboratory, we investigate the role of Rab GTPases, one of the
most important traffic controllers conserved in all eukaryotes, in mem-
brane trafficking. We attempt to uncover the molecular mechanisms
of membrane trafficking underlying various life phenomena (e.g.,
melanin transport in skin and hair pigmentation, neurite outgrowth in
neural network formation, epithelial polarity formation, and autophagy)
by using molecular biology, cellular biology, biochemistry, and mo-
lecular imaging techniques. Shedding light on their role will lead to an
understanding of the molecular mechanisms of membrane trafficking
in high order functions.
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Genetic regulation of cellular behaviors during animal development

During animal development, cells divide, change their shapes, and
migrate to form a complex body structure. To study these dynamic
cellular behaviors, we use the nematode, Caenorhabditis elegans
as a model system. Using gene manipulation and live imaging tech-
niques, we aim to understand how cellular dynamics are regulated
genetically and molecularly. We currently focus on multiple micro-
tubule functions, and analyze their temporal and spatial regulation

during cell division and morphogenesis of sensory neurons. Another
topic of interest is how the shape and size of cells that comprise
specific organs (e.g., gonads and intestine) are regulated coordinate-
ly during development. Finally, to understand how changes of the
genome sequence lead to evolution of cellular dynamics, we aim to
establish a new research field called “evolutionary cell biology”, using
C. elegans and other closely related nematodes.

RIERZ REFREGRPHER 18
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Understanding how intracellular organelles are functionally integrated

Eukaryotic cells have a number of intracellular organelles with dis-
tinct functions. However, these organelles never function alone;
they cooperatively regulate cellular homeostasis, proliferation, and
differentiation, through a continuous exchange of soluble and mem-
brane-bound molecules via membrane trafficking and/or membrane
contact transfer. A failure in organelle cooperation often results in var-
ious human diseases. Our laboratory uses methods in biochemistry,
cell biclogy (organelle imaging), and molecular biology to identify novel

organellar proteins and lipids. With these methods, we am to unveil
novel functions of organelles and the molecular mechanisms that reg-
ulate organelle cooperation. We especially focus on molecules that
reside on the cytoplasmic face of the organelles; the face that forms
physical contacts with other organelles. Our results will help develop
new treatments for diseases such as cancer and autoinflammatory
diseases that are caused by disrupted organelle cooperation.



19

4N

8 [0 % b % 5E 97 5

iR FAm Bh#(TR)
wH Ik ax # B R=E
Ko Matsui Toru Ishizuka Tomomi Tsunematsu

TJIVTHEZNTED, CCHDRZHRT

RetBp § SRR LD EDIDIAZZTDRIFELZEL TLBDH,
TNEFMICHANTITEIC DOREDPRATLBEEATVE
T MREMROB TR, > F T AMBEEVSH T BERRBRR
BHPITONTOET, &I, el R THDE. RIS ER
BTVTFEWNIMBAD DY TUT DS #ELVHROZ<BED
REVWDTT . BEDIEBOMEDDS. J) 7 I EHEDEENIHE
DPLRIELTWBZEDDDPUEL . T HEBWTHRDES)
ZHBTEDD T2/ VTICHIRESE., JUTPZBRMICCRIET S

B4 DlBRamETERIESEERE

F—U—F/
SFTAEE TVTHIE AT TRT AU

& HRRICERMEDODIEDRENE L2, NV AICHEERERS
TBHE ROFRDIIEAEFEEZIBRODIC, TU7 DEEH
BAONHFSNDENDOMEODHYVEY . FREHCE DT EIRAICK
HNBHD MEJ?D% B CT. DOEOELEBRREREDVEDTD
BEHI. ETELTODDIELNERNDTY, #EeTY
7@%?'6%1%750))(‘”)@”)73‘35‘)\ iz o) 7 - R Z &7z <
EERZZD. BABRLIEIC—BORRECEMSEEATIDE
WODRERIC. FAEBIEHREL TOET

FETEHAIL, £E TV DY I RDMEEB EF T 71N\ —TEIFT 2. BEBOESGAL CLOIEAERET,

In search of the glial correlates of consciousness

Every scientific endeavor begins with observation. However, obser-
vation alone can only lead to a realization of correlation. Experimen-
tation is required to understand the observed causal relationships.
The brain is a complex multicellular organ. The human “mind" is
likely created by communication between brain cells. This notion is
derived from studies of correlation between cell activity and animal
behavior. Recently, tools were developed that give scientists specific
control of cell activity. For example, light-sensitive proteins found in
microorganisms, such as channelrhodopsin-2 (ChR2), can now be
genetically expressed in mammalian brain cells, which allows ex-
perimenters to optically control cell activity at will. We succeeded in

generating a cohort of transgenic mice with consistent expression of
a highly light-sensitive ChR2 protein. In addition, manipulation of the
activity of “non-excitable" glial cells in vivo has also become possible.
Our experiments show that selective optogenetic stimulation of glia
can lead 1o release of glutamate as a glio-transmitter, which induces
synaptic plasticity and can accelerate cerebellar-modulated motor
learing. This finding suggests that glia also participate in information
processing in the brain, a function once thought to be solely mediat-
ed by neuronal activity. We are actively using these optogenetic tools
to explore the causal relationship between brain activity and the func-
tioning of the mind.
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Uncovering the characteristics of germ cells and pluripotent stem cells

Our goal is to elucidate the molecular mechanisms of germ cell dif-
ferentiation and development, and to uncover the mechanisms by
which they transmit both genetic and epigenetic information to suc-
cessive generations. We are especially interested in understanding
the epigenetic and metabolic changes that germ cells undergo during
their differentiation. We are also interested in the relationship between
germ cells and pluripotent stem cells. Germ cells generate whole or-
ganisms after fertilization, whereas pluripotent stem cells are capable

of differentiating into all types of cells, but by themselves, they are
incapable of differentiating into organisms. Because primordial germ
cells can be easily reprogrammed into pluripotent stem cells in culture
this indicates that these cells are distinct, but closely related to each
other. We are, therefore, interested in the molecular mechanisms that
regulate the differences and commonalities between germ cells and
pluripotent stem cells.
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Genome instability and carcinogenesis

Five to seven percent of all breast cancers are inherited, and the
two most important breast cancer susceptibility genes, BRCA1 and
BRCA2, were identified by linkage analysis of familial breast cancer.
Mutations of BRCA1 and BRCA2 have been found in 25% of he-
reditary breast cancers. Recently, these breast cancers have been
named Hereditary Breast and Ovarian Cancer Syndrome (HBOC).
BRCA1 was widely reported in newspapers and TV after a famous
American actor had a prophylactic mastectomy after being diagnosed
as a BRCA1 mutation carrier. In addition to hereditary cancer, it has
been reported that BRCA1 is involved in a subtype of sporadic breast
cancer, triple-negative breast cancer, and in chemosensitivity to vari-
ous cancers.

BRCA1 is involved in many cellular processes, including DNA repair
and centrosome regulation. Defects in the regulatory mechanisms of
centrosome and DNA repair result in defective mitoses, chromosome
segregation errors, and the accumulation of DNA damage. These are
significant sources of genome instability, a hallmark of cancer.

Our research specifically focuses on the functions of BRCAT in DNA
repair and centrosome regulation. To analyze the functions of BRCA1
and its related proteins, we perform cytological analyses, analyses
using genetically modified mice, and analyses of clinical specimens.
This research will contribute to the further understanding of carcino-
genesis and aid in developing novel cancer therapies.
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Transcriptional control driven by the Mechano (wheel) and Genome (chain) is our ma-
jor target of our research. Using zebrafish and mouse as model animals, we are ex-

ploring fundamental mechanisms of life.

Skeletal muscles and bones of astronauts atrophy under micro-grav-
ity conditions in outer space. Our hearts monitor blood pressure and
respond to it to maintain the circulatory homeostasis. In these biolog-
ical phenomena, physical forces generated by gravity and heartbeat
play critical regulatory roles. Exercise also prevents obesity and even-
tually cures type Il diabetes, highlighting a tight link between exercise/
force and energy metabolism.

If this is the case, how do cells and tissues sense physical forces and

respond to them by converting the physical inputs into biochemical
outputs? Despite the potentially high impact on medical science, the
molecular mechanisms underlying these phenomena are largely un-
known. We are exploring the molecular mechanisms of this system,
namely, mechanotransduction, to find out new therapeutic methods
and drug targets. We hope that our approach will pave the way to
understanding the basic aspects of biological events and medical
sciences.
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Genome-editing in mice

Brain Development and Neurogenesis Underlying Brain Evolution and Mental lliness

Our brain is the center that controls a vast array of nervous and men-
tal functions, from sensory perception and motor control to leaming
and memory. A key question is: How is the brain formed during
embryonic and postnatal development? Elucidation of the molecular
mechanism for mammalian brain development is also key to under-
standing brain evolution and the cause of neurodevelopmental dis-
eases such as autism. Our laboratory is focused on this fundamental
and fascinating question, and uses state-of-the-art technologies such
as genome editing, next generation sequencing, and super-resolution
imaging. Our studies involve both mice and rats because they are
easy to handle in the laboratory, and are suitable as disease models.

Ongoing projects in the laboratory include 1) elucidation of the mRNA
transport machineries that exist within neural stem/progenitor cells
during corticogenesis, 2) understanding the effects of epigenetic
modification that occur as a result of sperm aging on brain develop-
ment and subsequent behavioral traits inherited by offspring, and 3)
examining the roles of functional fatty acids in the proliferation and
differentiation of neural stem cells and glial cells.

Our laboratory is participating in the Neuro Global Graduate Program,
and is ideally suited for students and young researchers who wish to
be trained and raised in an international atmosphere with foreign stu-
dents from all over the world.
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The Origin of Genomic Instability and its Relevance to Cancer and Aging

QOur body comprises up to sixty trillion cells, all of which are derived
from one fertilized egg. Each cell in our body faithfully inherits genetic
information through the cooperation of a number of elaborate mecha-
nisms. In contrast, most cancer cells show chromosomal abnormali-
ties and genetic mutations, which are caused by genomic instability,
a condition in which the mechanisms ensuring faithful transmission of
genetic information are impaired. Genomic instability is also reported
to be seen in Alzheimer’s disease and aging, although the underly-

ing mechanisms are not fully understood. We are investigating how
genomic instability occurs, and how it is related to cancer and aging.
We are addressing these questions from the molecular to the organ-
ismal level using cultured cells and mice, and a variety of techniques
including live cell imaging, biochemical analysis, and genomic and
epigenetic analyses. Through these approaches, we are aiming to
develop a strategy to prevent disease by increasing genome stability,
and to develop cancer therapies by targeting genomic instability.
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Regulatory mechanism underlying immunological memory and its relation to disease

Immunological memory is one of the prominent characteristics of our
immune system. Employing this phenomenon, humans have devel-
oped "vaccination" to avoid suffering from severe infectious diseases.
However, we still do not know exactly how the memory is established
and maintained at the molecular and cellular levels. Currently, the ma-
jor component maintaining immunological memory is considered to
be antibody producing long-lived plasma cells (LPC), which interact
with stromal cells in specific tissues, such as bone marrow. Although
this interaction is constituted by a few types of receptors, such as

chemokines and cytokines, involvement of other types of receptors
and the mechanisms by which LPC live long is obscured. Therefore,
we have not been able to regulate the longevity of LPC. Our labora-
tory is working to elucidate the molecular mechanism for longevity of
LPC, particularly focusing on immune regulatory receptors, and this
could lead to the development of strategies that enable antigen-spe-
cific deletion of harmful immunological memory (e.g., allergies, auto-
immunity), augmentation of specific memory in elderly persons, and
avoiding the chronic settling of leukemic cells in bone marrow.
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The aim of this major is to clarify the generation and mode
of life of organisms, the evolution mechanisms that have
created these organisms, the role of biological interactions,
and the effect of human activity on ecosystems by research-
ing the environmental response of the organisms and the
background adaptation mechanisms, through the layers of
life phenomena from genes to individuals, groups, and eco-
systems. We also aim to educate and foster graduates who
fully utilize the cross-sectoral knowledge and understanding
obtained through this study.
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Towards an Understanding of the Molecular Basis of Plant Architecture

The basic strategy underlying plant development is different from that
of animals. Plants start their life from a simple structure and continue
morphogenesis throughout their lifetime. The key to this lifecycle is
the activity of stem cells located in the meristem.

In principle, the meristem has an indeterminate activity and continues
to produce next-order meristems to establish an elaborate structure.
However, each meristem eventually proceeds to a final determinate
fate, the floral meristem, and becomes a flower for reproduction.
Thus, the timing of the change from the indeterminate to the deter-
minate phase is critical for plant architecture, in particular, for inflo-

rescence structure, and for successful reproduction. The aim of our
research is to understand the molecular basis of the regulation of
meristem phase change timing.

We use rice inflorescence development as a model system and have
identified several genes that play critical roles in this process. Current-
ly we are on the way to fully understanding the molecular and genetic
roles of these critical regulators. Furthermore, we use the bryophyte
Marchantia polymorpha, to reveal possible ancestral roles for these
regulators, as well as Arabidopsis, to understand their diverse roles in
development.
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Cellular behavior and homeostasis maintenance in epithelial morphogenesis

The development of multicellular organisms involves the collective
effect of multiple events at the single-cell level, such as proliferation,
differentiation, migration, and death. Programmed cell death, for ex-
ample, is a process by which cells are selected for death at set times
in development, allowing for the sculpting of tissue, and is used in the
adult organism to maintain homeostasis by eliminating cells that have
developed abnormalities. Cell death plays an important role in main-
taining the cellular population, not only by eliminating unneeded cells
at given sites and stages, but also in other functions, such as regu-
lating the proliferation and migration of neighboring cells. Such cellular
behaviors give rise to cell networks capable of organizing into tissues,

the study of which requires an experimental approach to spatiotem-
poral information in living systems, which can be obtained through
the real-time live imaging of biological phenomena. To study the coor-
dination of morphogenesis through live-imaging and genetic screens,
we use the fruit fly, Drosophila melanogaster, as our primary research
model, in order to take advantage of its utility in developmental stud-
ies and wealth of genetic data. Our research primarily focuses on
the morphogenetic processes involved in cellular migration and cell
death, such as the looping morphogenesis of fly male terminalia and
the abdominal epidermis rearrangement, in order to understand the
principles for morphogenetic dynamics.
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Mechanisms of Plant Responses and Adaptation to Terrestrial Environments

Owing to their sessile nature, plants are unable to move to a new
habitat once established. However, terrestrial plants have evolved
unique abilities to mitigate environmental stresses and adapt to their
surroundings. Our research is aimed at understanding the relationship
between plant growth and development, and environmental cues
such as gravity, water, and light. Important findings include 1) that the
gravi-response is involved in the unilateral placement of peg forma-
tion in cucumber seedlings, and in the circumnutation of shoots and
roots in various plant species, 2) that plant roots show hydrotropism
in response to moisture gradients, which, together with gravitropism,
plays an important role in regulating root growth orientation in order to
efficiently obtain water, and 3) that feminization of cucumber flowers

under short-day conditions occurs due to diurnal ethylene production
mediated by the expression of ACC synthase genes. We use molec-
ular, physiological, genetic, and cytological analyses to understand
these regulatory plant response mechanisms. We also conduct
spaceflight experiments to test hypotheses developed to explain the
effect of gravity on plant growth, and to understand the effect of mi-
crogravity on plant development.

We have also recently initiated a study of bacterial and chloroplast
membrane function in order to understand the molecular basis of
bacterial antibiotic resistance and intracellular solute transport in plant
cells, respectively.



F—7—F/
BERE. FEHLE. KRSRIEEK

BHEBYICE TR OKNDOREXD=ZZ

2TOEYICIHDHIET . BYDHE. TOREDEZLF
EBRIBTHEONET . BROMHAR. BEWO/zAMEBIRER. Bo Ol
B & DRERBE D ES. TN THREBRICH VT (FEEH
DEAE) IZHRET B5TOT T LICEOTHEONDDTY, EinBRE
L CHIRD I DED 70T 5 AIE, #liDEHE . D LO%
&), TLUCRBLZHIEL . fREDOESN 2B, B, MELRED
HBIEZOICEHRICHEAR DT, GRBETHAHEICEYR
HREE G A DM EEEVHLET . b EHBYDESRELC
FHERREEETIINEL T BETOT T LHEI P> THfRDZE B

N

PIMREDE

E-65 B Bh(38)
B &R FIER X Wk KN
Koji Tamura Gembu Abe Daisuke Saito

L A EER o/ B2 EHT DD eh o7 —<EL T,
SEIFLRT TO—FOMEZITOCVET,

BYIIBICT O TSRS ERTLEZFF OTCVET D TOSHRIMEE
RETOI S LOBRTIOTEAHINET . BE MEE [CREE
BEWILEOBMEREUMERY. TORETOI S LEHERY
BIETHYMROLHREEEALTRET DY T LOE (EIx
FHERROZCCHIEOZEHDEAL) ERNBIELF DT 70—
FOUEDTY,

Our research interest (Organ morphogenesis; organ development, diversity and regeneration)

Developmental mechanism of organ morphogenesis in vertebrates

Organ morphology is established during embryogenesis by the de-
velopmental mechanism that is controlled by the genetic program
encoded in the genome. The mechanism causes cells to proliferate,
die, differentiate, and make tissue, giving rise to organs that have
functional morphology. Using vertebrate appendages (limbs/fins) and
reproductive organs as our model systems, we investigate the devel-
opmental mechanisms that are responsible for organ morphogenesis.
Species-specific organ morphology (e.g., the number of digits in

tetrapod limbs) is established by modification of the genetic program,
and the resultant developmental mechanism, during evolution. To
better understand the developmental aspects of the evolution of
morphology, we use a variety of vertebrate embryos (e.g., zebrafish,
Xenopus, newt, gecko, mouse, chicken, quail, and penguin) to in-
vestigate how animals modify the developmental mechanism for mor-
phological traits.
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Cell walls: role in plant structure, development, and environmental response

Our research focuses on plant cell walls, which play crucial roles
in responses to biotic and abiotic environmental signals (e.g., plant
immune response, symbiotic and parasitic interactions with other
organisms), as well as various aspects of plant growth and devel-
opment. In terrestrial plants, several thousands of genes are involved
in the construction, remodeling, and functioning of cell walls. These
‘cell wall related genes” include the xyloglucan endotransglucosylase/
hydrolase (XTH) family of genes. We currently use a combination of
techniques and tools (genomic and proteomic techniques, cellular
imaging, carbohydrate biochemistry, and enzymology techniques)
and a range of model species (Arabidopsis, rice, Cuscuta, and
Marchantia), to identify and characterize genes and proteins that are

responsible for individual processes in the function of the cell wall.
Current projects include: 1) Genetic and biochemical dissection of
the role of XTH in the construction and remodeling of the cellulose/
xyloglucan network in the primary cell wall of Arabidopsis; 2) Imag-
ing approach to understanding cell wall regeneration in protoplasts
derived from Arabidopsis and rice; 3) A genomic and transcriptomic
approach to understanding the molecular mechanism and evolution
of stem parasitism of Cuscuta campestris, a dodder plant; 4) Genet-
ic approach to understanding the mechanism of cell expansion, as
stimulated by high ploidy; Genetic approach to understanding the cell
wall response to abiotic stresses; and 6) Reverse genetics of March-
antia cell-wall related genes.
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How Species are Linked, and Why Communities Differ Among Aquatic Habitats

Communities in lakes, rivers, and coastal areas are composed of a
variety of species, which are linked to each other through space and
trophic interactions. When we compare communities in these aquatic
habitats, it is not unusual to observe large variations. Why are the spe-
cies compositions so different even among similar aquatic habitats?
To uncover the mechanisms responsible for creating different aquatic
communities, and to understand the function of genetic and species
diversity in these mechanisms, we study the life history strategies of
aquatic species, the spatial and temporal dynamics of populations,
and trophic interactions through field works, laboratory experiments,
and theoretical modelings.

Currently, we are studying the recovery processes of tidal flat com-

munities disturbed by tsunamis, caused by the Great East Japan
Earthquake, 1o examine the ecological importance of deterministic and
stochastic factors in community assembly. Using planktonic organisms
with short generation times, we also study the roles of genetic and
species diversity in populations and in trophic dynamics, the function
of biological interaction in community stability, and the role of ecological
stoichiometry in shaping ecosystems.

With these studies, we are examining how aguatic communities are
changed by local environmental disturbances, such as eutrophication,
as well as global changes, such as increased atmospheric CO2 and
temperature, to find a way to mitigate these changes.
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From molecule to ecosystem: observation, analysis, and prediction of plant functions

Plant photosynthesis is the source of energy and carbon skeleton
for all organisms on the earth. The Laboratory of Functional Ecology
investigates plant functions, such as photosynthesis, stress toler-
ance, growth, reproduction, biomass production, competition, and
coexistence, from the molecular to the ecosystem level. We address

questions such as "what traits are necessary to adapt to a certain en-
vironment?” "what is the ecological significance of a certain trait?" and
"what and how traits should be changed to improve biomass pro-
duction?" In particular, we are interested in plant responses to global
change.
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From Genomics to Ecology: Uncovering the Evolutionary Mechanisms of Biodiversity

Our research explores how and why biodiversity has evolved and
is maintained. In particular, we focus on why some organisms can
evolve to adapt to various environments while others cannot. Spe-
cies that can adapt to various changing environments might have
some genetic and genomic basis that confer high evolvability. Various
approaches, from genomics to macroecology, are used to address
these questions. In particular, we are trying to understand the genetic

basis for rapid evolution and the adaptive capacity to respond to en-
vironmental changes, the thermal evolution of ectothermic organisms,
the evolutionary responses to recent climate changes, the relation-
ships between gene duplication and diseases, and the evolution
of symbiosis. In addition, we are studying biodiversity conservation
measures that apply to evolutionary theories and mechanisms.
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Eco-complexity and Adaptation: Toward an Integrative Understanding of Ecosystems

The ecosystem is extremely large and complex. A number of diverse
organisms, and various non-living components, interact with each
other through complicated dynamics to generate the different orga-
nizational levels of population, community, and ecosystem. Further-
more, living organisms, the essential components of ecosystem, are
not static, but their morphology, behaviors, and interactions continu-
ously change over time driven by evolutionary processes.

Many fundamental questions remain to be answered: How and why
are organisms so diverse? What are the roles of evolutionary and
ecological processes in the emergence and persistence of ecological
systems? What keeps the ecosystem functional in nature? How can
we cope with the “balance of nature™?

In our laboratory, multiple approaches are used to understand eco-

logical systems, including observations or experiments in the field or
laboratory, data analysis using mathematical or statistical tools, and
conceptual modeling.

Our interests encompass a breadth of different areas in basic and ap-
plied ecology, such as (1) understanding the structure and dynamics
of ecosystems, (2) establishing a data-driven ecology model based
on large data sets (e.g. environmental DNA (eDNA) data, ecological
databases), (3) understanding the evolution of plant reproductive
strategies (floral sexual allocation, coevolution of flower visitors, and
seed production) and (4) developing a theoretical framework for fore-
casting and controlling ecological dynamics.
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Using multidisciplinary approaches to study diversity and evolution of plants

Land plants have highly diversified in every place on the earth. To
analyze the mechanisms underlying the origin of plant diversity and
to describe it from the viewpoint of natural history, we employ a mullti-
disciplinary approach based on molecular phylogenetics, population
genetics, morphology, taxonomy, and dendrochronology.

In particular, we are currently focusing on population/species level
genetic differentiation in wild Asian plants, phylogeny of some angio-
sperm groups, natural hybridization between Japanese plant species,
coevolution of plants and animals/ fungi, plant taxonomical and flo-
ristic studies in East Asia, and estimation of past climate fluctuations
using tree-ring dating.

We are also studying conservation biology of wild threatened plants in
Japan and, based on our results, we are performing ex situ conser-
vation of the plants at the Tohoku University Botanical Garden.

Our laboratory includes staff from the Tohoku University Botanical
Garden in Kawauchi, Sendai and a branch garden in Mt. Hakkoda,
Aomori. These two gardens are blessed with a natural richness, of-
fering good opportunities for plant biology studies. On the Kawauchi
campus, we have a large herbarium (Tsuda Memorial Herbarium) in
which over 300,000 specimens, including approximately 100 Holo-
types, are deposited.

RILRZ REFREMRPHER 36



37

N

EMZHREREDEH

iR HEHE
FTE B BE F—
Satoshi Chiba Shuichi Shikano

AREGELLHREDI S REZBEY

BEEYICSHMEDPETNHET SN TODOD . ThZIERET S
ZECEOT EMDEHMEEBRDP EARMEEKEZE D DHE
HBIENTERT . U TEMENEERRDEEAZ K RE
fET B EE ERRROARFKET AL TNEBYNHFFT 270D
HFEEFRRETDHIEICOBHPVET ., FRREEDSHREOMEE
BRODICL. TNESFRI O DA FEERFEL . BYRREFB ZED
BZED. FeBDOBERTY,

BFEPRERE DI T, A D SRR SN PRI RIRE

F—7—F/
EYSIRIERS, EVRIEE R, &b

DD BEOEDDELL. BEDERRDEILL TLOET,
ZDEOBEMENDBRORESZEL T KICNZRESE/NA
DIVBOEMRITERL . BB O T O AEMEL T
WET, Fo. KEBMALLICKDRIBERT. B FARTRERAL
BFFEEEL . A, KA. BIEHAEDEMAERROMEICE
WA TOWET . HIEDSRAN—/NTHANRICEDERLE D
FRIEERAoMICL . EAERRDORLICIRVBATOET,

1. NERERFEESOHFMERER, 2. NEREFEROREBICHEL. 3. RELDILVOEMARE. 4. NMDIVHORELEFITTE

From evolution and ecology to conservation

How and why did biological diversity evolve as it has and how is that
diversity maintained? By answering these questions, we can leam
the value and the functions of biological diversity and ecosystems.
Gaining a deeper understanding of the mechanisms of evolution and
the functions of ecosystems will lead to the development of methods
for predicting the future of ecosystems and for properly maintaining
them. The goals of the Laboratory of Conservation Biology are to
understand the value and the functions of biological diversity and
ecosystems, to develop methods to protect these, and to advance
appropriate conservation activities.

Our focus is on an endemic biota that has evolved within a closed
system, including an oceanic island and inland lake. We investigate
processes of speciation and radiation in this natural laboratory. We
are researching food web structures, using stable isotopic analysis
and genetic analyses, in wetland ecosystems, which include rice
fields, inland saline lakes, and freshwater lakes. We have investigated
how biological interactions maintain community composition, includ-
ing host-parasites and bacterial communities, and we have contribut-
ed to the conservation of wetland ecosystems.
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Analysis of Embryonic Development and Population Maintenance in Marine Animals

Marine environments are populated by various animals, that represent
almost all phyla and range from the simplest to the most complex
body plan. Our laboratory is located in the Mutsu bay area in the
north of Japan, which is known to have the richest variety of marine
life in the Tohoku area. Benefitting from such a location, we study a
variety of local marine animals. We are interested in a broad range of
topics in marine biodiversity, including molecular and cellular mecha-
nisms and evolutionary aspects of early embryonic development, as
well as ecological distribution in relation to environmental factors and
interactions such as symbiosis and predator-prey interactions. Spe-
cific areas of our research are: 1) the molecular and cellular mecha-

nisms of morphogenesis of tail shaping in the ascidian embryo, and
tentacle branching in the jelly fish; 2) an evolutionary developmental
analysis of germline segregation mechanisms in tunicate embryos;
3) developmental and evolutionary analysis of embryogenesis based
on a comparison between direct and indirect development in sea
urchins; 4) an ecological and behavioral study of symbiotic relation-
ships, such as between the flatworm Stylochoplana pusilla and its
host, the snail Monodonta labio, and the pea crab Pinixa tumida and
its host, the sea cucumber Paracaudina chilensis. These studies will
provide novel and surprising insights in understanding the many dif-
ferent aspects of marine biodiversity.
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How Human Activity Affects Ecosystems and Biodiversity

Ecosystems are formed by the interaction of biological community
and environment and have wide variations in both structure and func-
tion. Recently, changes in climate and land-use have greatly affected
the ecosystem and biological diversity, and therefore changed the
relationship between ecosystems and human beings.

We study the structure and function of ecosystems by analyzing the

distribution, structure, and function of ecosystems and their chang-
es. In particular, we are focused on exploring 1) the structure and
function of terrestrial ecosystems, 2) the impact of climate change
on ecosystems and their biodiversity, 3) ecosystem services, and 4)
forest dynamics and wildlife.
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Bioinformatics Linking Diverse Data and Biological Systems

The current trend in life sciences is towards an explosion of data,
which is occurring at every level of life, i.e. at the molecular, cellular,
tissue, and organ levels. This data explosion has been caused due
to the development of advanced experimental technologies. For
example, thousands, or tens of thousands of individual genomes,
are being sequenced all over the world. Gene expression data and
protein structure and function data have are also being rapidly accu-
mulated. In addition, cellular and organ-level data, such as brain neu-
rological activities and images of organ development are also being
obtained. The development of biobanks, which contain both clinical

and biological data obtained from human subjects, paves the way for
the development of personalized medicine, in which the best thera-
py is selected for each individual. Such “big data” provides us with
an opportunity to understand life more extensively, but to extract as
much knowledge as possible, information science must play a crucial
role in creating a tailor-made analysis of these diverse types of data.
Thus, the role of bioinformatics in biology is now increasing. We are
developing methods to analyze biological data based on information
theory to understand life systems in order to help people live healthier
lives.
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The aim of this major is to approach essential understanding
of life phenomena by clarifying the mechanisms at work in
living bodies ranging from low-molecular-weight compounds
to highly polymerized compounds such as nucleic acids and
proteins. This major proactively incorporates an interdisciplin-
ary approach combining chemistry and biology. We conduct
research and impart education aiming to develop a method-
ology to enable healthy control of life phenomena, using fun-
damental knowledge obtained at the molecular level.
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Chemical Biology for Drug Discovery

The Arimoto Group studies biologically active small molecules that
contribute to human healthcare. Research in the lab is currently fo-
cused on three major areas: 1) regulatory mechanism of autophagy
through nitric oxide signaling in an innate immune response to bac-
terial infection, 2) development of antibacterial agents against vanco-
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mycin-resistant strains, and 3) organic synthesis of natural products.
We utilize diverse chemical and biological techniques, including
eukaryotic and bacterial cell cultures, biochemistry, molecular biology,
organic synthesis, and nuclear magnetic resonance spectroscopy.
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Marine natural products have great potential for use as pharmaceutical agents, agrochemicals, and chemical
probes for biological studies. Our research projects have focused on the total synthesis of complex marine
natural products with potent biological activity. We are pursuing research projects in chemical biology, includ-
ing the design and synthesis of artificial analogues of natural products to improve their biological activity, and
to provide understanding of the mechanism of action for the naturally occurring molecules.

Natural products, secondary metabolites produced by organisms,
have long been an important source of agrochemicals and potential
therapeutic drugs for human diseases, and are well-known chemical
probes for cell biology and physiology. More recently, due to their
novel structure and potent biological activity, natural products of ma-
rine origin have interested many researchers in the life sciences, in-
cluding synthetic chemists, biochemists, and pharmacologists. How-
ever, the inherent molecular complexity and low natural abundance of
many of these compounds have precluded their supply for extensive
biological studies. Therefore, total synthesis of these compounds is

required to provide a sustainable supply to further investigate and
exploit their biological functions. Our research group focuses on the
total synthesis of structurally complex marine natural products that
have potent biological activity for their stereochemical analysis and
extensive biological studies. Our efforts are also directed towards the
design and synthesis of structurally simplified analogues that retain
the original biological functions and might otherwise be inaccessi-
ble. These studies will enable the preparation of novel bio-functional
molecules for ultimate use in the investigation of broader questions in
biology or medicine.
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Understanding the mechanisms of plant hormone production, movement, and function

Plant hormones are a group of bioactive compounds that, at very
low concentrations, regulate almost all aspects of plant growth and
development. Our laboratory uses interdisciplinary approaches (e.g.,
biochemistry, analytical chemistry, molecular biclogy, and genetics) to
elucidate the mysteries of how these hormones are made (biosynthe-
sis), move (transport), and work (perception and signal transduction)
in plants. In 2008, we discovered a new class of carotenoid-derived
hormones, called strigolactones (SLs), that regulate shoot branching.
Since SLs were formerly known as rhizosphere signals for parasitism
with parasitic plants and for symbiosis with arbuscular mycorrhizal

fungl, understanding their underlying mechanism is advantageous
for future agricultural applications. We are currently analyzing novel
enzymes involved in SL biosynthesis, the movement of SLs in the xy-
lem, the biochemical function of a SL receptor, and new physiological
functions of SLs. Moreover, we are conducting experiments to identi-
fy new plant hormones, as genetic evidence suggests that plants use
unidentified bioactive molecules to regulate their development. Our
research will clarify how a tiny amount of small molecules sophisticat-
edly controls the growth and development of plants in response to
environmental changes.
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Molecular mechanisms responding to mechanical stress and energy stress

We are investigating the molecular mechanisms involved in the
body's response to environmental stresses, including mechanical
forces and energy stresses. It is well known that muscles and bones
are properly maintained by exercise and other forces, and that blood
vessels physiologically respond to shear stresses caused by blood
flow. Furthermore, mechanical responses in epithelial cells are also
involved in morphogenesis of epithelial tissues. Molecular mecha-
nisms of cellular response to energy stresses, such as hypoxia and
limitation of glucose, are important in the control of apoptosis.

In our study of mechanical responses, we are examining molecular
mechanisms of the actin cytoskeleton and intermediate filament reor-

ganization following application of mechanical stresses. In particular,
we focus on the spatio-temporal regulation activities of Rho small G
proteins in the intermediate filaments.

Under hypoxic conditions, a large number of genes are induced by
hypoxia inducible factors (HIFs) to facilitate adaptations to the low-ox-
ygen environment. Prolyl hydroxylase domain-containing proteins
(PHDs) regulate the amount of the HIFs in response to oxygen levels.
Therefore, PHDs act as an oxygen sensor. Our recent research has
identified novel roles of PHDs in the intracellular signaling pathway of
stress responses. We focus on the crosstalk between hypoxia re-
sponse and other signaling pathways.
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Structural basis of proteins and its application

QOur research aims to elucidate the molecular mechanisms of pro-

teins, particularly those relating to diseases, from a structural view-

point. We analyze proteins by an integration of X-ray crystallography,

spectroscopic analysis, and thermodynamic analysis. Furthermore,

we apply the revealed molecular characteristics to design novel func-

tional materials. The following are current projects.

(1) Study of the molecular mechanisms of toxic proteins in pathogen-
ic microorganisms

(2) Application of the structure determination method on a biomac-
romolecule, which is a huge protein complex possessing inner
space

(3) Structure-based development of an antibody that can recognize
cancer-relating factors

(4) Venomics: a comprehensive analysis of the structure, function,
and evolution of venom proteins

(6) Functional analysis of lectin and its application to glycolbiology

(6) Study of protein biomineralization regulatory mechanisms
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Microbiology of Environmental Microbes Able to Degrade Recalcitrant Chemicals

Microorganisms and their communities play very important roles
in sustaining and improving the environmental conditions that are
beneficial to all other organisms, including human beings. One such
role is through bioremediation of various chemical pollutants in the
environment. On the other hand, these compounds greatly facilitate
the adaptation and evolution of microbial strains as well as their com-
munities. The mechanisms governing such adaptation and evolution
of microbial strains and their communities are studied in this labora-
tory from the standpoints of molecular genetics, molecular biology,
genomics, and molecular ecology. Particular emphasis is placed on
microbes capable of degrading various environmental pollutants. The

following are our major research topics:

1. Molecular microbial genetics and molecular biclogy underlying the
biodegradation of various environmental pollutants.

2. Molecular microbial genetics and molecular biology of the mobile
genetic elements responsible for the degradation of various recal-
citrant compounds.

3. Structural and functional genomics of environmental bacterial
strains.

4, Integrative genomics of environmental bacterial strains and their
communities under both laboratory and environmental conditions.
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Plant-microbe interactions and biotechnology for the global environment

Rhizobia are soil bacteria that perform symbiotic nitrogen fixation with
leguminous plants, thus playing a very important role in sustainable
agriculture and the global nitrogen cycle. We use genomics, bio-
chemistry, and field tests to research the molecular mechanisms of
symbiotic nitrogen fixation of rhizobia. We also conduct environmental
biotechnology research based on microbial dynamics in the rhizo-
sphere, wherein greenhouse gases (N,O and CH.) are produced
and extinguished. We focus on denitrification and C1 metabolism
of free-living (brady) rhizobia, as the multifunctional aspects of the
bacteria in the environment. One of our recent findings is the identi-
fication of a new regulatory system for expression of the nosZ gene,
encoding N,O reductase; this discovery helped us to propose a new

strategy to reduce soil N,O emission. In addition, we are studying the
dynamic ecology of the endophytic bacteria associated with non-le-
gumes in response to variation in nitrogen levels and plant genotypes.
Our recent discovery of nitrogen-fixing consortia in rice is impacting
the concept of plant-microbe interactions and microbial communities
in nature. Our goals include understanding the evolution and function
of dynamic plant-associated microorganisms, and developing multi-
disciplinary sciences, including evolutionary genomics and environ-
mental microbiology, for the purpose of sustainable agriculture and
environmental conservation.
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Comprehensive Understanding Complex Traits for the Molecular Breeding in Plants

To date, the genome editing is possible in angiosperms. In order
to use this tool, it is necessary to comprehensively understand the
complex traits behind plant morphogenesis and reproduction. We
are interested in discovering the underlying molecular mechanisms
that control these complex traits. In the Laboratory of Plant Molecular
Breeding, we are studying the molecular mechanisms of the genes
encoding key factors for these complex traits by interdisciplinary
methods. Ultimately, we aim to carry out molecular breeding for these
targeted complex traits in higher plants.

One area of focus is pollen-stigma interaction, especially self-incom-
patibility (Sl) in Brassica species. Our work on Sl has been extensively
published in excellent journals (ref 1 to 6). Other areas of interest are

the molecular mechanisms of floral diversification in non-grass mono-
cots (lily, tulip, orchid, etc.) and sex determination of the dioecious
Asparagus species including garden asparagus (ref 7 to 11).
References: 1) Takada et al. (2017) Nature Plants 3: 17096, 2) Yasu-
da et al. (2016) Nature Plants 3: 16206, 3) Tarutani et al. (2010) Na-
ture 466:; 983-986, 4) Tsuchimatsu et al. (2010) Nature 464, 1342-
1346, 5) Murase et al. (2004) Science 303: 1516-1519, 6) Takasaki
et al. (2000) Nature 403: 913-916, 7) Harkess et al. (2017) Nat.
Commun. 8: 1279, 8) Abdelrahman et al. (2017) Sci. Rep. 7: 2608,
9) Murase et al. (2017) Gene Cells 22: 115-123, 10) Otani et al.
(2016) Sci. Rep. 6: 24549, 11) Kanno et al. (2014) Euphytica 197:
39-46.
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Genomic Mechanisms Underlying Response and Adaptation to Various Environments

Our research aims to elucidate the mechanisms underlying adapta-
tion responses to diverse environmental stimuli. We perform integra-
tive research using a combination of approaches: molecular, cellular,
physiological, genetic, and genomic. Within the laboratory, graduate
school students will engage in collaborative experiments and discus-
sion.
Our laboratory currently focusses on the following areas:
(1) The molecular mechanisms of muscle breakdown using C. ele-
gans.
(2) Plant reproductive development and its injury in response to en-
vironmental stress.

() Repair mechanisms of UVB-induced damage in organelles and
UVB-tolerance mechanisms in plants.

(4) Molecular mechanisms of DNA damage repair caused by UVB
and ionizing radiation in plants.

(56) Molecular basis of plant-microbe interactions.

(6) Phenotypic plasticity controlled by genetic and environmental
factors in plants.

(7) Molecular mechanisms of plant organelle degradation by auto-
phagy in response to environmental stress.

(8) Dynamics of genome DNA replication in eukaryotes from yeast
to mammals.
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Dynamics of protein folding and functions, and a new strategy to design proteins

Proteins perform various functions after folding to their specific struc-
tures. Understanding of the principles of protein folding and function
is expected to lead to a way of controlling protein functions, and to
new strategies of designing proteins. In addition, the folding of pro-
teins is closely related to cellular processes, such as protein biosyn-
thesis, transport, and decomposition.

In our laboratory, we develop unique optical and spectroscopic meth-
ods of detecting fluorescence signals from single proteins, and inves-
tigate the dynamics of protein folding and functions. We constructed
the single-molecule detection system that can follow fluorescence
signals with time resolution of 10 us, and investigated the autono-

mous folding dynamics of small proteins (e.g., ubiquitin), and the
assisted folding dynamics of larger proteins (e.g., blue fluorescence
protein), in the presence of molecular chaperon. In addition, we con-
structed the single-molecule sorting system that can select single
molecules based on its fluorescence intensity, and are developing a
protocol that can chose phages presenting proteins with proper fluo-
rescence signals.

We developed a fluorescence microscopy that can visualize the
sliding dynamics of a tumor suppressor, p53, along DNA, and are
dissecting the functional dynamics of the important protein.

RIERZ REFREMRPHER 52



53

F A5 F 1% ee Hl 1 3 H

9N

F—7—F/
TERWAAOAT = A FAA—D VT
HAKREED T

iz e B
XKE & wH e NFIE R1T

Shin Mizukami Toshitaka Matsui Toshiyuki Kowada

RN F 2 S ERICERET U EHEEEDRE - FIEICISAT %

EARATIEEZOMRYPOFIREERLEYS. 27 1HEEE
FELTWET, B—lEL L TEH E0E KR EREOKRL
BAOFHHEEEBLTOEY. TNSDEEDFICDOWNTIEREIIE
R T BICIE. ThODEE PHREEZMOEFN FEDHEERDIR
TENTIRRE. THROBEERETEREITHIEDERTT . A7
HTIE FRLE B2 FAFE BRELZFIORMICEDNTH
T HkREME D FERRET AL Lo/ F DRI RLEA
CHREERIEEMARRELET. BAMICIE. BREEPMENS T

FIURELREDEREREEBHRI TR T 58 70— 7P, £/
HRGFHNC SO THEE DY PRBERES I T T —MLaY-
AN OV IACEYE RO EBERP Z A A OB EFIERM D5
RBREEATVET ., INOOWEND FeHABRMRRECMAE
DEDIEICKY . EXRFREICH T DERD T DB OB
DAREISENZVWEBATVWET, OEIBIAICEDEYE
MAEETIDNNAFOD—EF SN, BICahE ez
FUTFINRFERBICKRET TCEDEIADPRHRTT .

ERERED FHRIE A FOMEHMER : (LRICE DGR S FREHEER - £EMFADISH

Development of functional molecules to image and regulate biomolecules in living samples

Qur body comprises up to sixty trillion cells, all of which are derived
from one fertilized egg. Each cell in our body faithfully inherits genetic
information through the cooperation of a number of elaborate mecha-
nisms. In contrast, most cancer cells show chromosomal abnormali-
ties and genetic mutations, which are caused by genomic instability,
a condition in which the mechanisms ensuring faithful transmission of
genetic information are impaired. Genomic instability is also reported
to be seen in Alzheimer's disease and aging, although the underly-

ing mechanisms are not fully understood. We are investigating how
genomic instability occurs, and how it is related to cancer and aging.
We are addressing these questions from the molecular to the organ-
ismal level using cultured cells and mice, and a variety of techniques
including live cell imaging, biochemical analysis, and genomic and
epigenetic analyses. Through these approaches, we are aiming to
develop a strategy to prevent disease by increasing genome stability,
and to develop cancer therapies by targeting genomic instability.
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Structural and mechanistic basis of cellular systems for protein quality control

Cells have evolved elaborate internal mechanisms for controlling the
quality of proteins. It has recently been found that disulfide bond
formation and metal ion binding play essential roles in these mecha-
nisms. The Laboratory of Design of Biomolecular Function aims to uti-
lize all the techniques of structural biclogy, biochemistry, proteomics,
and cell biology to thoroughly investigate the systems that promote

proper folding of newly synthesized proteins and maintain the homeo-
stasis of metal ions including calcium and zinc ions. It is expected
that the achievement of this research will help elucidate molecular
level mechanisms of various diseases caused by misfolded proteins
accumulating in cells.
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Microbial Evolution Mechanisms and Their Application to New Technologies

Some bacteria can consume artificially synthesized environmental
pollutants. Previous studies have revealed the genes and enzymes
that are used by such bacteria, and how they exert their pollutant de-
grading ability at the cellular level. However, little is known about the
evolutionary "process" that these bacteria undergo, which appears to
occur relatively quickly in a contaminated environment.,

In our laboratory, we address the evolutionary mechanisms behind

the emergence of such pollutant-metabolizing bacteria at the gene,
enzyme, cell, genome, consortia, and environmental levels. Based
on the findings, we aim to develop new technologies that use the
previously unexplored microbial functions to clean up recalcitrant en-
vironmental pollutants.

This laboratory was established in October 2016 with the support of
the Institute for Fermentation, Osaka (IFO).
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Utilizing genome analysis and post-genomic research to understand life phenomena

As our laboratory is located in the Kazusa DNA Research Institute
(Kisarazu, Chiba), we are able to benefit from the wealth of research
resources that the institute has accumulated. We have been working
on omics studies of various living organisms, including humans, mice,
Arabidopsis thaliana (model plant), crops, and bacteria (e.g., rhizo-
bia). We have also been working on bioinformatics (e.g., assembly of
genome and transcriptome sequences), database construction, and
applied studies of omics for industrial biomass production.

We use mass spectrometry to exhaustively analyze various chem-
ical substances produced by living organisms (metabolites) and a
next-generation DNA sequencer to obtain meta-genome sequence
data for bacteria occurring in soil, marine water, and other environ-
ments. We also process an enormous amount of information that has
been obtained from the aforementioned analyses in order to get a
holistic understanding of the crops and microbes, instead of simply
finding out effective ingredients and useful genes.
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Chemical Biology Inspired by Natural Products

Natural products are very useful tools in chemical biology research.
Our research group has a strong interest in the following two topics
in plant chemical biology: 1) tuning the biological function of natural
products using stereo chemical isomers, and 2) chemical and bio-
logical studies on the circadian rhythmic behavior of plants, a phe-

nomenon referred to as nyctinasty. Using these two independent ap-
proaches, both from the chemical aspect and the biological aspect,
will provide significant advances in understanding of this intriguing
phenomenon.
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Synthesis of Biological Active Natural Product Derivatives

Natural products are very attractive chemical sources in the discov-
ery of potentially bioactive compounds that have unique structures.
Based on the three-dimensional structure of the natural products, it is
important to develop methods for the synthesis of a variety of natural
product analogues, in order to develop more potent and/or more
selective compounds, elucidate structure activity relationships, syn-
thesize molecular probes to elucidate their mode of action, and for
analysis of their pharmacophores.

In this laboratory, we study a novel transition-metal catalyzed cy-

clization reaction that can lead to the formation of heterocyclic rings.
Using this approach, we can achieve the total synthesis of natural
products which have novel structures and unique biological activities.
Following this, we are able to synthesize analogues, evaluate their bi-
ological and physiological properties, determine the structure-activity
relationships, and perform a conformational analysis to identify the
active conformation. In addition, we use flow synthesis to efficiently
prepare key synthetic intermediates.
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Regulation of Gene Expression in Response

Organisms maintain their lives in the presence of constant interactions
with their environments. Accordingly, environmental exposures are crit-
ical determinants of aging processes. Most environmental factors trig-
ger redox disturbances leading to protein carbonylation, lipid peroxida-
tion, and thiol oxidation. Sulfur is involved in many of the non-enzymatic
reactions that are caused by environmental stresses. The KEAP1-
NRF2 system is a sulfur-employing defense mechanism; KEAP1 is a
sulfur-based redox sensor, and NRF2 is a sulfur-regulating effector. Our
laboratory focusses on the KEAP1-NRF2 system and explores new
principles in redox regulation underlying the pathogenesis of aging-re-
lated diseases. Our ultimate goal is to contribute to the achievement of
healthy aging. Current projects in our lab are as follows.

CEBDBEANASE (B T).

to Environmental Stresses

(1) Identifying the transcriptional regulatory mechanisms used by the
redox-responsive transcription factor NRF2.

(2) Exploring the molecular mechanisms of organismal aging induced
py redox imbalance.

(8) Understanding the molecular mechanisms of the response to ex-
ercise and its anti-aging effects.

(4) Exploring the role of sulfur metabolism and cancer malignancy
driven by NRF2.

(5) Exploring the regulatory mechanisms of mitochondrial function and
energy metabolism controlled by NRF2.
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From Gene Function and Cellular Function to Elucidation of Pathophysiology

We, as multicellular organisms, are composed of a cell population
that originated from one fertilized egg. Our cells share the same ge-
nome, but differentiate into different cell types, and together constitute
the individual. Diseases, or disorders, arise as a consequences of
failure in differentiation by various genetic or environmental factors, or
as an abnormal response to them.

In our laboratory, we explore molecules related to cell proliferation,
differentiation, and oncogenesis, and are attempting to elucidate their
molecular function. We approach these questions from two differ-
ent directions. First, we focus on molecules which are expected to

function in cellular proliferation, differentiation, or pathogenesis, and
study their molecular mechanisms to understand their role in the cell
or in the body. Second, we comprehensively analyze human tissue
samples, especially human cancer samples, in order to identify new
disease-related genes or disease-related molecular networks. As it
is often difficult to show a causal relationship between gene expres-
sion and phenotype, we use multiple biochemical and cell bioclogy
approaches to understand the biological system in a physiological,
or a pathological situation, including the use of in vivo studies using
disease-models in mice.
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Asamushi Research Center for Marine Biology

In 1924, the Asamushi Center was established as an extension
facility of the Tohoku Imperial University's Biological Institute, in order
to contribute to basic marine biology research and provide marine
biology courses for students. It was established in the Asamushi
hot spring resort, an area along Mutsu bay in the northern end of
Japan's main island. This location was chosen by the founder, Prof.
Hatai, from amongst several other candidates, as it was the richest
place for marine life in the Tohoku area. With the benefit of such a
location, many local marine invertebrate species (e.g., Hydrozoa,
Brachiopoda, Mollusca, Crustacea, Echinodermata, Hemichordata,
and Urochordata) have been used over the years for research and
education. The center itself has experienced several changes since
its establishment, including a large-scale renovation (1986-1987) of
the research building, the dormitory, and the boathouse, as well as
a renaming of the facility, with the latest renaming occurring in 2011
following its qualification by the Ministry of Education as a center of
education. Through the years, reflecting Prof. Hatai's and others’
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ambitions, intentions and desires, the center has accomplished
numerous research achievements, welcomed a countless number
of international and domestic researchers, and provided marine
biology courses for students, from Tohoku University and other
places (mainly from the Tohoku area).

The Asamushi Center's current research projects can be mainly
grouped into two areas: developmental biclogy and behavioral
ecology. In the developmental biology unit, we are interested in
understanding molecular and cellular mechanisms, as well as
evolutionary aspects, of early development (e.g., egg maturation,
fertilization, embryogenesis) of marine invertebrates. The behavioral
ecology unit utilizes ecological and ethological studies to elucidate
the processes of adaptation, speciation, and evolution concerning
the transition to land of marine invertebrate species. Our strong
belief is, and always has been, that the key to unraveling the mystery
of life phenomenon and evolution lies in the sea, where life began,
through the study of marine animals.
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Comprehensive Center for Brain Science Research and Education, Tohoku University

Tohoku University boasts of many brain science researchers who
carry out excellent research activities in a wide variety of subjects.
Research in these areas is conducted with diverse perspectives
that go beyond the traditional walls of “science” and the *humanities”
and use a wide range of research methods to understand the
working and mechanisms of the brain. The results of this high level of
international research are continually being disseminated globally.

The Comprehensive Center for Brain Science Research and
Education was established in December 2010 to promote the
development of human resources and brain science research at
Tohoku University by providing a stable educational structure and
encouraging the pursuit of research by researchers, undergraduate
and graduate students, and faculty members from a variety of
schools and graduate schools within the university. Building on
the philosophy of the Tohoku Neuroscience Global COE Program:
‘Basic & Translational Research Center for Global Brain Science,” a
global COE program from the Ministry of Education, Culture, Sports,
Science and Technology implemented at Tohoku University from
2007 to 2011, the Center was established by an organization of brain
science researchers, mainly from the medicine and life science fields.
The Center has become a university-wide community of researchers

of different fields, including the humanities, the sciences, engineering,
agriculture, and the pharmaceutical sciences.

Activities at the Center aim to accomplish the following three major
objectives:

1.Consistently provide comprehensive knowledge of brain
science to undergraduate and graduate students, promote the
development of human resources, and send researchers and
individuals capable of succeeding in the global arena into the
research community and into society.

2.Fully maximize the potential of the university, which is host to many
excellent researchers, and promote joint interdisciplinary research
beyond departmental boundaries within the university as well as
international collaborations with researchers outside the university.

3.Disseminate the results of advanced research to the community,
as well as throughout Japan and abroad, and benefit society with
the Center's achievements.

Through these initiatives, we strive to make significant contributions
to the development of brain science in Japan.
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