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About Us

Department of Integrated Biosciences was established in April 1998 as a member of Graduate School of
Frontier Sciences, the University of Tokyo. It aims to tackle emerging urgent problems in life sciences, and to
creat the next generation of life sciences including health, biological diversity, bioresources, food security and
so on. To accomplish these goals, professors of various academic backgrounds have been gathered together
to our department, and have established research and studying environment that catches up with the rapidly
advancing life sciences.

The research policy of our faculty is “Innovative and Transdisciplinary Research”, which covers molecular,
cellular, organismal and population levels, and researches
from the most basic/pure to the most advanced/applied

areas.
The Core Laboratories are located in the Bioscience CancefiElil foleatizgMedicine
Building on the Kashiwa campus, which is one of the Bigresource R Srehiity
three campuses of the Tripolar Structure Concept of the Cell Respanaiencss el T
University of Tokyo. The Inter-institutional Cooperative e sotopeEioiony iﬁi’h'fé'ﬁairgyy
Laboratories are at National Cancer Center, which o P”f"f.if'e P
is located next to the Kashiwa Campus, and National ,}gworesourceTechno\ogy o innovATEIES00y
Agriculture and Food Research Organization in Tsukuba Applied Bioresources Ecmohgf’cfféfnreﬁcs
City. The Intra-university Cooperative Laboratories are g .
located in University Museum on the Hongo Campus Advanced Marine Computational

Bioscience Evolutionary Biology

and Atomosphere and Ocean Research Institute on the
Kashiwa Campus.

Educational Policy

Our faculty members cultivate the three principles of the department, namely “evidence-based
critical thinking,” “discussion skills,” and “internationalization” under the spirit of emboldened curiosity,
interdisciplinarity, and professional skills and knowledge, through creative lectures and seminars. In addition,
since October 2013, all lectures for foreigners are delivered in English. Students from overseas can earn MS
or PhD degree using English only.

Students who graduated our department have

succeeded in the academic society, business community, \\Qe—“ ,
) .. L %
etc. Careers of graduated students range from universities @\6 %
. . . . . . . Basic Biochemistry & Molecular Biology
and related research organizations/institutions, to jobs in Statistioal Analysis for Biosciences
. . . . . Lectures in Specific Research Fields
bioscience-related industry (medical, pharmaceutical, food,
zymolysis, biological production, industrial chemistry, etc). Breakihrough Frontiers in
. . .. Now & Then Life Science
Faculty members and students with a frontier spirit i
Research,
gather at the Department of Integrated Biosciences, Seminars,
and Laboratory Courses
where you can find the forefront of life sciences as an . DI R eEiees
ebate on
intellectual challenge of humankind. We are looking for T°§f§$h”ni7fg"fe Lsefiiﬂiil"!éﬂﬂr"f
. . . . Practice in Oral : : <
like-minded people with the desire to open up new doors. °. g\ Presenaton T £
(i3 esearc English
Oo Project Planning B \<\'
& >
J’/'o ‘\OQ
2.8 o
Killg {ntes
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[Core laboratory]

Laboratory of
Molecular Medicine

Associate Professor:
Naoki Matsumoto

+81-4-7136-3615
nmatsu@edu.k.u-tokyo.ac.jp

Investigation of recognition of self by innate immune cells.

Immune system, which consists of acquired immune system
and innate immune system, is responsible for protecting our
bodies from invading pathogens and tumors. Acquired
immunity is carried out by T and B cells, while innate immunity
is by NK cells and myeloid cells. While exclusion of pathogens
and tumor cells from our bodies by immune system is beneficial
to us, the same system may target normal self, which may
cause autoimmune reactions. Therefore, immune system needs
to be equipped with mechanisms to prohibit immune system to
target normal self.

In acquired immune system, self-reactive T and B cells are
eliminated during their developments and regulatory T cells
are able to inhibit activation of self-reactive T cells in periphery.
By contrast, how innate immune cells avoid damages to normal
self remains elusive. Of the innate immune cells, NK cells use
inhibitory NK cell receptors to recognize MHC class I
molecules, which are markers of normal self, and to inhibit
activation of killing of target cells. We showed how NK cell
inhibitory receptors Ly49A and CD94/NKG2 recognize their
respective MHC class I ligands (Fig. 1). We also identified
E-cadherin, which is a cell adhesion molecule responsible for
homotypic adhesion of epithelial cells, as a ligand for KLRGI,
an inhibitory receptor expressed on subpopulations of NK and
T cells.

Beside NK cells, myeloid cells, which include monocytes,
macrophages, dendritic cells and granulocytes, such as
neutrophils and eosinophils, are large components of innate
immune cells. Similar to NK cells, myeloid cells also express
inhibitory receptors, which may regulate function of myeloid
cells. Of these myeloid cell inhibitory receptors, we focus on
DCIR family receptors with C-type lectin structures. Mouse
DCIR family consists of four inhibitory receptors (DCIR1~4)
and two activating receptors (DCARI and 2). We successfully

established a set of monoclonal antibodies that specifically

recognize each of the members of mouse DCIR family and
determined their distributions among myeloid cells. While
DCIRI1 is expressed widely among myeloid cells, the other
members are expressed on limited subpopulations of myeloid
cells. From the primary structures of DCIR family molecules,
they are predicted to have a capacity to bind carbohydrates.
Indeed, we found that DCIRZ2 recognizes unique N-glycans
with a bisecting GlcNAc residue (Fig. 2). However, our
understanding of the in vivo function of DCIR family molecules
are limited. We, therefore, seek to understand the function of
myeloid cell inhibitory receptors and to use those notions to
pave a new avenue to regulate functions of myeloid cells by

targeting myeloid cell inhibitory receptors.

Fig. 1 Recognition of a MHC class I molecule (surface model)
by the NK cell receptor Ly49A (ribbon model).

) _,;'»_'

o i ;-il-glvcan with
ol ‘| [ " .
«hh 3%_!_ ?nsectmg GlcNAc

Fig. 2 Recognition of a glycan ligand (stick model) by the my-
eloid cell receptor DCIR2 (surface model).
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[Core laboratory]

Laboratory of
Molecular Recognition

Professor; Hiroshi Kataoka

+81-4-7136-3622
kataoka@edu.k.u-tokyo.ac.jp

Professor: Shinji Nagata

+81-4-7136-3625
shinjin@edu.k.u-tokyo.ac.jp

Most living organisms have their own ‘SURVIVAL
STRATEGY" by adapting their living environments.
Environmental cues affect successfully living processes via
chemical signals, such as hormones and bioactive compounds.
The stimulation of the signals by hormones and bioactive
compounds would eventually maintain their growth,
development, and their physiological and biological features.

Our research Interests encompass physiology, biology,
chemistry, molecular biology, and ecology, focusing on the
systems and molecular mechanisms modulated by biologically
active compounds, including peptide hormones and steroid
hormones using insects. The following projects aim to provide
insights for elucidating mechanisms involved in outstanding
strategies used by insects to SURVIVE.

(1) Nutritionally selective feeding behavior in insects
Feeding is a behavior that compensates for lost energy as
observed in most animals. Interestingly, spontaneous foraging
behavior occurs to replenish decreased nutrients. To date, our
knowledge remains limited towards understanding the
regulatory system that triggers foraging behavior to search for
imbalanced nutrients. We aim to explore such intuitive nutrient
dependent behavior and to understand the feeding habitats
such as herbivores, carnivores, and omnivores using insects.

(2) Sterol requirement in arthropods

Arthropods including insects cannot synthesize cholesterol
de novo. Therefore, it is crucial for insects to acquire sterol
compounds from their diets and symbionts. This sterol
requirement seems to be a survival strategy depending on
their environments. We investigate the utilization and
metabolisms of sterols by insects.

(3)Biological dynamics modulated by environmental cues
via endocrine control

Physiological and biological processes in insects are regulated
by environmental factors via endocrine controls. We investigate
cannibalisms, conspecific recognition, and feeding behavior by
chemical ecological approaches.

Fig.1. The two-spotted cricket, Gryllus bimaculatus (Left). Crickets
after manipulating body-color related genes (Center, Right).
The cricket is the omnivorous species, which is applicable for
investigation on selective feeding. RNA interference
technique is effective to manipulate the genes of interest.

Fig.2. Electron microscopy image of cricket wing. Substances on
the body surface are crucial for conspecific and interspecies
recognition.

(4) Regulatory mechanism of insect molting and metamorphosis

Ecdysone plays a key role in insect molting and
metamorphosis and ecdysone triggers precisely the timing of
molting and metamorphosis by addressing biosynthetic
pathway of ecdysone, ecdysteroidogenesis, in the prothoracic
glands. The ecdysone affects cell growth, programmed cell
death, nervous maturation, and cuticle formation, which
ultimately induces molting and metamorphosis. Our group
has identified several enzymes that contribute to ecdysone
biosynthesis, so far. In addition, we have identified a number of
brain-nervous  factors influencing  ecdysteroidogenesis;
prothoracicotropic hormone, the prothoracicostatic peptide,
myosuppressin, and so on.

(5) Regulatory mechanisms of diapause

“Diapause” is a specific system that optimizes insect survival
during severe conditions (such as winter). Insects are
representative animals exerting the diapause mechanism by
implementing a feed-forward system by sensing a decline in
temperature and a shortening photoperiod. Although a
decreased ecdysone secretion results in the temporal arrest of
growth, we remain unable to determine how environmental
cues or stress potentially modulate ecdysone secretion. How
and why do insects perceive environmental cues towards
endocrinal mechanism to implement precisely timed
development and growth?

Fig. 3. The silkworm, which is an important insect species for
investigation on molting, metamorphosis. Larvae, pupa, and
adult of the silkworm. Hormones are essential for precisely
timed molting, metamorphosis, growth, and development.

In our laboratory, we aim to understand the fundamental
strategies for survival particularly in insects. A number of
techniques and devices required for the investigation are
equipped in our laboratory especially for purification of
biologically active compounds, molecular cloning, intracellular
signaling, and bio-imaging. This must meet your research
needs and interests. Let us discover something new together.

Recent publications: PLoS Biol, 18, 2020; Sci. Rep, 9, 2019; PLoS
One 14, 30219050; Steroids, 134, 110. 2018 ; Sci. Rep., 8, 4737.
2018 ; PLoS ONE, 12, e0172951. 2017 ; Sci. Rep., 7, 41651. 2017 ;
Sci. Rep,, 6, 22437. 2016 ; PLoS ONE, 11, e0146619. 2016 ; PLoS
ONE, 10, e124953. 2015 ; PLoS ONE, 9, €103239. 2014 ; J. Biol.
Chem., 289, 32166. 2014 ; PLoS ONE, 8, £60824. 2013

Lab HP :
http://park.itc.u-tokyo.ac.jp/molecular-recognition/
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[Core laboratory]

Laboratory for
Biochemistry of Cell
Responsiveness

Associate Professor:
Tatsuhiro Hisatsune

+81-4-7136-3632
hisatsune@edu.k.u-tokyo.ac.jp

At the Laboratory of Cell Responsiveness, we carry out
research on cellular responses to internal and external
environmental changes. Aging, for instance, is a prime
example of a drastic internal environmental change. In recent
years, Japan has faced problems such as a low birth rate and
an aging society, which have become causes for concern. For
this reason, we have dedicated ourselves to research on
cognition and the elucidation of mechanisms responsible for
dementia and cognitive disorders.

It is well known that higher functions of the brain, such as
memory and learning, decline as we age. As hippocampal
networks play a prominent role in the processes of learning
and memory, we have postulated that changes in these
While it has been

discovered in recent years that new neurons are born in the

networks might start occurring with age.

adult hippocampus, it has also been seen that the number of
As such,

there is a possibility that this decrease in the number of

these newborn neurons tends to decrease as we age.

newborn neurons, which are intricately related to memory

formation and maintenance (Fig. 1), might be a cause for the

{a
Cercbellum
Difactory,
Bulb
[ +]] VETYTURY
& cat "7, iy

Perlarant

Fig. 1. Hippocampal networks and newborn neurons:
(a) Location of the hippocampus in adult mice
(b) Hippocampal network and newborn neurons (green)

cognitive decline associated with aging. For this reason, by
researching the properties of newborn neurons, we aim to
elucidate how hippocampal networks function. In practical
terms, concomitantly with elucidating the characteristics of
synaptic connections, we are carrying out research in order to
understand how deeply memory is reliant on hippocampal
networks by examining the cognitive capabilities of mice (Fig.
2) in which newborn neurons have been eliminated through
genetic manipulation.

As we get older, the prevalence of neurodegenerative
diseases such as Alzheimer’s Disease tends to increase. In our
laboratory, we have been developing methods to increase the
number of newborn neurons in order to maintain normal
cognitive functioning in aging animals by altering their lifestyle
(Le. learning, exercise, and dietary habits). Changes in lifestyle
are capable of helping prevent Alzheimer’s, as evidenced by
immunological studies. Based on these studies, we aim to
understand why cognitive decline occurs as we age and why
lifestyle affects cognition, and by doing so, develop new
strategies to prevent Alzheimer's Disease. By utilizing
Alzheimer’s Disease model animals, (Fig. 3) and new medical
imaging techniques (MRI), we are undertaking research aiming
to develop new strategies for the prevention and treatment of
cognitive disorders. (For more information, access http://park.

itc.u-tokyo.ac jp/hisatsune-lab)

Sound + Foot shock ms

mlu.lm.-r ¢ s W

| hetuiry SEOUHETON
Weamrement of Fea response g2
Cortestusl o[ 1,

-]
m Ty tmt ;

; o Baauarpment of Fear reponis  gun
(et -]
@ Thinet ey test

Neacrion to & Foot shoth deting  Evaluanion of Comievtusl Memary
e e

Lealugtion of Cusd Memory
hieatuiemanl of Tel idiponis  Misurement of Fedn reiposie

Fig 2. Example of a cognitive test

Fig. 3. Hippocampus of an Alzheimer's Disease model mouse (Left: Senile
plaques) ; Hippocampal network activity after optical stimulation
(Right: OptofMRI analysis)
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[Core laboratory]

Laboratory of Signal

Transduction

Professor: Yoshikazu Ohya
+81-4-7136-3650

ohya@edu.k.u-tokyo.ac.jp

Associate Professor: Kuninori Suzuki

+81-4-7136-3654
kuninori@edu.k.u-tokyo.ac.jp

The budding yeast Saccharomyces cerevisiae is a very attractive
model organism for studying the fundamental theories and
concepts of eukaryotic cells. We applied the power of yeast
genetics to understand many aspects of yeast cells. Our current
research is mainly focused on (1) system biology based on cell
imaging, (2) cell wall integrity checkpoint, and (3) autophagy.

1) To understand biological system as the network of logical and
informational process, one of the invaluable tools is genetics.
Global analysis of the mutant phenotypes can provide relationships
between knockout of the gene and function in the network. We
developed CalMorph image analysis system useful to examine
high-dimensional quantitative phenotypes under the fluorescence
microscope. Our ultimate goal is to place all yeast genes and
their corresponding products on a functional network based on
phenotyping.

2) The cell wall is an essential cellular component for the survival.
The yeast cell wall undergoes remodeling during the cell cycle.
We found that there are regulatory mechanisms that link cell wall
remodeling and cell cycle progression. We are now studying
such signaling mechanism, known as the ‘cell wall integrity
checkpoint’, which functions to control cell cycle progression in
response to cell wall perturbation.

3) Autophagy is a major pathway of bulk and non-selective
degradation of cytoplasmic materials. In the Saccharomyces
cerevisiae yeast, autophagy has been studied as a cellular
response for survival during nutrient-limited conditions.
During autophagy, cytoplasmic components are enclosed in
a membrane compartment, called an autophagosome.

We have a particular interest in the mechanisms of

autophagosome formation and its degradation.

Our laboratory is located in the first floor of the Biosciences
Building in Kashiwa Campus of The University of Tokyo. We
are always interested in receiving applications from both
experimentalists and computational scientists interested in
yeast molecular and cellular biology and functional genomics.

Website:
(Ohya group) http://ps.k.u-tokyo.acjp/
(Suzuki group) http://www.yeast-autophagy.k.u-tokyo.ac.jp/

Fig 1. CalMorph image analysis system useful to examine high-dimensional
quantitative phenotypes. Digital images of cell shape (eft), actin (middle)
and nuclear DNA (right) are shown.

Fig. 2. Cell morphologies of various yeast deletion mutants.
Superimposed pictures stained with cell wall (green), actin (red) and
DNA (blue) are shown.

|

Fig. 3. Autophagy of S. cerevisiae visualized by light microscopy. When
yeast cells are faced with starvation, they induce autophagy, a bulk
degradation system of cytoplasmic components. Autophagy can be
monitored by emergence of particles, termed autophagic bodies (arrow),
inside the vacuole. Bar represents 2 um.
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[Core laboratory]

Laboratory of
Innovational Biology

Associate Professor:
Tetsuya Kojima

+81-4-7136-3661
tkojima@edu.k.u-tokyo.ac.jp

Living organisms adapt to their environment by evolving their
shapes and forms in a wide variety of ways. In the Laboratory
of Innovational Biology, we are pursuing our goal to understand
“the mechanisms underlying the formation of various ‘shapes’
of life,” such as “how ‘shapes’ are formed,” “how differences in
‘shapes’ are generated,” and “how ‘shapes’” evolve”.

Based on a tremendous number of studies to date,
considerable progress in understanding the mechanisms by
which the properties of each cell are determined during the
developmental process has been made. However, how the final
“shape” is achieved after the cell properties are determined is
still largely unknown.

Insects boast more than one million species, and the diversity
of their
organisms for studying the mechanism of “shape-making.”

“shapes” is outstanding, making them suitable
Among these, a fruit fly Drosophila melanogaster is one of the
most ideal organisms because you can change the activity of
any gene at any time in any cell as you like, and there are tools
to visualize the expression and localization of various genes
and proteins in real-time while they are alive. In our laboratory,
we are mainly studying the following subjects using Drosophila
with an evolutionary perspective.

(1) Molecular Mechanisms of Adult Leg Shape Formation
Insects have evolved a variety of appendages such as legs,
antennae, and mouth parts, which originally had the same
morphology. In addition, appendages usually consist of several
segments along the proximodistal axis, and the number and
shape of the segments vary greatly depending on the type of
appendage or among insect species. We are studying the
“shaping” mechanism of the adult leg of Drosophila by using
live imaging to continuously observe the formation of the leg.
Recent our studies have revealed that surprising morphological
changes of cells and formation of unexpected structures occur
transiently during the formation of the final “shape.” Through
understanding the mechanism underlying the “shape”
formation of the adult leg in Drosophila, we aim to understand
the molecular mechanism of “shape-making” of organisms and
how it changes to produce differences in “shape” among
appendages and insect species, thereby challenging elucidate
the mysteries of the formation, diversification, and evolution of
“shapes.”

(2) Mechanism of Body Shape Regulation by Extracellular Matrix
Insects are organisms with exoskeletons, and their bodies are
covered by an extracellular matrix called the cuticle. The

cuticle is composed of chitin fibers and various proteins called

cuticular proteins, which are secreted from epidermal cells.
Insect body shapes varies greatly from round to highly
elongated, and our recent studies have revealed that the
properties of the cuticle, which are determined by cuticular
proteins, play an important role in determining insect body
shape. Through these studies, we will elucidate how the shape
of an organism is controlled by substances secreted outside the
cell, rather than by the cell itself.

(3) Molecular Mechanism Creating the “cut here line” on the Cuticle
The cuticle that covers the surface of arthropods, including
insects, not only serves as an exoskeleton but also protects the
body from environments. For this reason, the cuticle is a rigid
structure. However, because of the cuticle rigidity, arthropods
must molt or eclose to grow their body during the post-
their
metamorphosis, respectively. During molt or eclosion, a new

embryonic development or change shapes by
cuticle is formed and an old one is shed. At this time, the old
cuticle is not broken randomly but always cleaved in a pre-
defined line. In other words, some kind of “cut here line” is
formed during cuticle formation. We are trying to clarify how
the “cut here line” is formed, how its position is determined,
and what the structure of the cuticle is to function as a “cut
here line”. Because the “cut here line” on the cuticle is the
most basic and essential property for survival not only in
insects but also in all arthropods, and because each arthropod
has its own characteristic position of the “cut here line”, we are
trying to deepen our understanding of the evolution of not only

insects but also arthropods generally as a whole through the

study of the “cut here line.”

-ﬂﬁ

Fig. 2. Shaping process of an adult

ey N - leg observed by live imaging.
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Fig. 1. Legs of various insects. Fig. 4. Eclosion of Drosophila
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Fig. 3. Various cuticular protein mutants (wild-type at the center).
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[Core laboratory]

Laboratory of Genome
Stability

Associate Professor; Shoji Oda
odasho@edu.k.u-tokyo.ac.jp b

With tiny but respectable Medaka fish, we are conducting
research projects focused on the following two subjects to
understand “what is life” .

1. Elucidation of the effects of chronic and weak oxidative stress

on health of animal

Chronic irradiation of the cells with low dose/low dose rate
ionizing radiation (IR) applies chronic oxidative stress to the cells
via chronic generation of reactive oxygen species (ROS). Even
though the dose and dose rate is lower than to induce genetic
lesions, chronic irradiation can reduce the antioxidant capacity of
the cells and disturb the oxidation (redox) equilibrium in the cells,
resulting in the unhealthy of the individual animal. In this
laboratory, we are aiming to reveal the physiological impacts of
chronic application of weak oxidative stress, such as low dose/low
dose rate irradiation of IR, feeding of aged and oxidized diets, on
Japanese Medaka (Orvzias latipes), one of the most powerful

Fig. 1. The outdoor medaka breeding facility

Fig.2. A histological section of
the testis of irradiated male
medaka (HE stained)

Fig. 3. An embryo at stage 29
(3 days after fertilization)

Fig. 4. Analysis of eye movement
in medaka

model vertebrates. In addition, we also pursuing the impacts and

its underlying mechanism of weak ultrasound on the cells.

2. Motion/movement/behavior analysis to understand Medaka
By image processing of digital movies and motion analysis, we
are digitalizing and analyzing the motions/movements/behaviors
of Medaka fish: heart rate variability analysis to investigate
cardiac autonomic nervous activities, 24 hours analysis of Medaka
movements revealing the diurnal rhythm in their life, and motion
analysis of fins, eyes, personal relationship in a Medaka school.
To conduct these experiments, we are constructing experimental
devises, methods and collaborating with bioinformaticians to tackle
the huge data of digitalized motions and movements of Medaka.

In our laboratory, all of the members rear and breed Medaka
fish by themselves to use for each project. The members are
requested to develop and constract original research methods for
their unprecedented researches and enjoy to do so. Participation
of the students will be welcomed, who are willing to dive into the

frontiers of life science where nobody has gone.

Our website URL is as follows:
https://webpark1015.sakura.ne jp/TOP.html

QUBTHEHITHI

Fig. 5. 24-hour analysis of medaka
activity
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[Core laboratory]

Laboratory of Evolutionary
Anthropology

Professor: Shoji Kawamura
+81-4-7136-3683
kawamura@edu k.u-tokyo.acjp |

Associate Professor:

Kazuhiro Nakayama
+81-4-7136-3686
knakayama@edu.k.u-tokyo.ac.jp

Extant hominin (humans, Homo sapiens) originated as a species
of genus Homo about 200 thousand years ago in Africa and
dispersed “Out of Africa” about 50 thousand years ago to most of
the lands in the globe. This is contrasting to our closest relatives,
great apes, who are still restricted to live in tropical forests.
Considering evolutionary time scale, it is surprising that humans
attained phenotypic differentiation from great apes in only about
6 million years and further continued it among many local groups
(Africans, Europeans, Asians, and many more ethnic groups in
each) in only about 50 thousand years. While dispersing from
forests to savanna to diverse places with various climatic and
landscape conditions, humans have experienced radical changes
of life style, such as hunting-gathering to agriculture, free-ranging
to settlement, small community to big city, simple stone tool to
complicated technologies. Our lab studies the origin, process and
genomic underpinning of such human phenotypic differentiation
and diversification and evolutionary background behind it as
humans being primates, mammals, vertebrates, and so on. We

particularly focus on 1) sensory and 2) metabolism adaptation.

1)Sensory genetics and ecology

Sensory systems interface and monitor outer environments.

——— e

How have sensory systems adapted to the changing habitat and
life style in human evolution? We focus on sensors of color
vision (opsins), olfaction (ORs), umami/sweet (TASIRs) and
bitter (TASZRs) tastes of which the genes are well studied and
their functional assay methods are well developed. We study
not only diverse human ethnic groups but also non-human
primates as references and models. In particular, we attend to
comparative study of monkeys of Americas and African/Asian
monkeys/apes We incorporate diverse approaches including
field works in Central-South America and Africa, genome
analysis, functional assays of sensory receptors using cultured
cells, and even zebrafish-transgenesis to study expression

regulations of sensory genes.

2) Common metabolic diseases and past local adaptation

The susceptibility to common metabolic diseases in the
present humans (e.g. obesity) is considered to have been shaped
by past natural selection. The human body acquires an
adaptive mechanism that prevents hypothermia under cold
stress, by converting the stored lipid energy to heat. This
energy-spending mechanism contributes to prevent obesity.
We and collaborators reported that genetic variants of several
adipocyte related genes, which were associated with the
thermogenesis and obesity, showed signature of past adaptive
natural selection. Meanwhile, higher thermogenic activity
might be maladaptive in situation with temperate climates and
scarce foods. We explore further genetic variants linking the
thermogenesis and obesity and try to figure out the selection
landscape of energy metabolism and its impact on development
of diseases. We also study genome and epigenome variations
among agriculturalists and nomads in East Asia. We expect
that the comparison of ethnic groups with distinctive life styles

would help to find evidence for evolution of genes and culture.
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[Core laboratory]

Laboratory of .
Bio-resource Regulation

Associate Professor:

Masataka G. Suzuki
+81-4-7136-3694
gakyo@edu.k.u-tokyo.ac.jp

Keywords:

Sex determination, Sex differentiation, Sex reversal, Sex
chromosome, Sex hormone

In general, the mechanisms involved in developmental
processes that are universal among organisms exhibit strong
conservation. “Sex” is also universally found in all multicellular
organisms, however, the sex-determining mechanism is full of
meaningless complexity, incredibly sloppy, totally crazy,
nothing more than waste from an individual standpoint.
(Cosmides & Tooby, 1981). The essence of sexuality cannot be
understood without clarifying why the sex-determing
mechanism exhibits tremendous diversity. To answer this
question, our laboratory is conducting the following four

projects.

(1) Diversity of sex determination mechanisms created by
the conflict between the host and parasites

It has been observed in human, birds, insects, and plants that
parasites such as symbiotic bacteria and pathogenic
microorganisms hijack the host’s sex-determination mechanism,
bringing a bias to the sex ration of the host. Conflict between
the host and parasite may have contributed to the diversity of
sex-determination mechanism. To examine this possibility,
studies using regional populations of the gypsy moth, which
shows functional differences in sex-determining genes, are now

in progress (Fig. A and B).

(2)Diversity of sex determination mechanisms created by
the conflict between males and females

While males and females cooperate with each other to leave
offspring, there is a conflict in how to prioritize their own genes
and inherit them to the next generation. This conflict creates a
unique sex determination system, such as the Paternal Genome
Elimination (PGE). In species that employ PGE, some maternal
factor induces paternally-derived whole-genome inactivation,
resulting in male determination. The paternal genome
discarded during spermatogenesis. We will try to elucidate the
molecular mechanism of PGE using booklices, Liposcelis sp

(Fig. C).

(3)Search for missing links in sex determination mechanisms
There is little in common with the sex determination mechanisms
Chelicerata (Arachnids) are

of mammals and insects.

phylogenetically located between mammals and Insects.
Elucidation of the sex determination mechanism of spiders may
lead to the discovery of the missing link that connects the sex
difference formation mechanism of mammals and insects.
Focusing on this point, we aim to elucidate the sex determination

mechanism of arachnids using the common house spider (Fig. D).

(4) To what extent are individual sex differences determined
cell-autonomously?

Sex differences in mammals are said to be formed by the
stimulation of sex hormones. However, recent studies have also
revealed that individual cells autonomously undergo sexual
differentiation depending on their own sex chromosomes. Such
a cell-autonomous sex differentiation is widely recognized in
insects. Then, to what extent are individual sex differences
determined cell-autonomously? Our laboratory reveals this
mystery by preparing cells from gynandromorphic silkworms

and performing single-cell sequence analysis (Fig. E and F).
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Fig. Local population-derived strains of the gypsy moth bred in our laboratory (A) and newly identified male-determining gene candidate (B). (C) A nymph of Liposcelis sp. bred in our
laboratory. (D) An adult female of the house spider, Parasteatoda tepidariorum. (F) Transcriptomic comparison between normal female, male, and gynandromorphic silkworms. (F) A
result of clustering analysis by t-SNE based on single-cell RNA-seq data (upper panel) and violin plots of sp-1, sp-2, and 30kDa protein gene expression in each cluster (lower panel).
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Our laboratory is focusing on the biology of plant
pathogenic viruses, their host plants and their vector insects.
By using molecular, cellular and genetic approaches, and from
an evolutionary point-of-view, we are trying to elucidate the
natural history of their complex and sophisticated interactions.

The knowledge obtained from these basic studies not only
widens our understanding of nature but also contributes to
development of novel biological resources such as genetically
modified organisms or gene transfer vectors. These resources
may be in the future utilized to solve global issues such as
plant disease control and food security. We are especially
interested in the following groups of plant viruses.

Cucumoviruses have tripartite (three segmented) single
stranded linear RNAs as their genomes. Cucumoviruses have
the largest host range of any RNA virus, making it one of
the most economically important plant virus. Cucumoviruses
infect more than 1200 plant species in over 100 families
of both monocots and dicots and causes variable disease
symptoms, including mosaic, stunting, chlorosis, necrosis,
and leaf malformation. We are interested in several steps of
their infection process (Fig. 1). Firstly, We are focusing to
elucidate the gene expression mechanisms of the viruses.
Secondly, we are focusing to elucidate their interactions with
host plants, especially host defense mechanisms such as post-
transcriptional gene silencing (termed RNA interference in
animals) and viral counter defense proteins called silencing
suppressors. Thirdly, we are interested in expression
mechanisms of virus genes at the transcriptional, post-
transcriptional, translational, and post-translational levels.
Fourthly, we are interested in development of gene knock-

down vectors using these viruses (Fig. 2).

Fig. 1. Infection of cucumovirus particles to a plant cell.

Each object is not in scale. When a virus-harboring vector
insect sucks a healthy plant, a cucumovirus particles, composed
of a single-stranded RNA genome makes physical entry into the
plant cell cytoplasm. The resultant double-stranded virus genome
expresses genes it encodes using the host’'s gene expression
machinery. With the help of virus proteins, the newly synthesized
virus genome moves toward plasmodesmata, through which
the virus RNA moves to the neighboring cell. After series of
replication and cell-to-cell movement, the virus finally reaches the
phloem, where it can move to another leaf or another insect may
suck the virus.

Fig. 2. Virus-induced gene silencing of a plant endogenous gene.

When a virus infects plants, an anti-viral defense mechanism, the
post-transcriptional gene silencing (PTGS), is induced in the plant
cell and destroys the viral mRNA. When a fragment of a plant gene
is inserted into a virus genome, the induced PTGS destroys not
only the viral mRNA but also the plant mRNA whose fragment is
inserted into the virus genome. This is an efficient way to knock-
down plant genes. A: Healthy common bean. B: The common
bean infected with a cucumovirus-derived gene vector having a
fragment of plant’ s phytoene desaturase (PDS) gene responsible
for synthesis of a photosynthetic pigment. Virally induced PTGS
knocked down the expression of PDS and bleached the infected
leaves.
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It is extremely important for life activities that cells exert

their functions appropriately and sufficiently. Especially in
multi-cellular organisms, the complex life system has been
built up by the differentiation and sophistication of each cell
function; moreover, a flexible operation of such life system is
crucial to respond to the environment. In this laboratory, by
using plant materials, we aim to obtain molecular information
on how plants sense and react to environmental conditions,
to control flexible cell proliferation and differentiation for an
active control of their life system.

“dynamics of RNA
metabolism” and “dynamics of cell wall polymer”, which are
key regulatory elements of gene expression and cell function
in plants. Furthermore, we aim to develop new technologies
that can contribute to a sustainable society, by maximizing
plant functions and/or creating new functions by artificial
modification of these molecular factors.

For this purpose, we focus on

1) Molecular basis supporting totipotency of plant cells
One of characteristics of plant cells is “totipotency. This
nature can be recognized through, for example, organ
regeneration; recently plant organ regeneration was shown to
be occurred by a flexible operation of the molecular programs
for normal plant development. We successfully revealed that
the regulation of pre-mRNA splicing and RNA quality control
is important for totipotency, and now we propose the hypothesis
that RNA metabolism would support the expression of
totipotency in plant cells. These RNA metabolism studies will
be deepened, and the development of efficient clonal propagation
technology will be future targets of our works.
1} Molecular basis supporting
totipotency of plant cells
WY _ srete =
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2) Roles for biopolymer dynamics in plant environmental
responses

Generally the mobility of plants is quite low, thus plant cells
should constantly response to changes in environmental factors
(temperature, light, nutrients, etc.), to maintain the homeostasis of
cell function. We elucidate roles for biopolymer dynamics in
environmental response of plants, focusing on RNA (the essential
molecules for gene expression) and cell walls (the first barrier

against the external environment for plant cells). Artificial control
of the stress response by the modification of these biopolymers
will be further promoted in our laboratory.

2) Roles for biopolymer dynamics
in plant environmental responses

_"i_ Environmental clues
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L Homeostasis of
life function and activity

3) Molecular understanding of wood biomass biosynthesis
for the further application

Aggravated environmental problems strongly require us to
change the style of social activities. Towards a sustainable
social system, we promote to understand the biosynthesis of
woody biomass (cell wall polymers that is included in lignified
secondary cell walls). We have successfully revealed the
transcriptional regulatory network of secondary cell wall
biosynthesis so far; hereafter, the understanding of secondary
cell wall biosynthesis as a system, as well as the explore of
evolutionary origin of secondary cell walls are pursued by
comparative- and trans-omics approaches. These will provide
new molecular breeding targets to improve the utilization of
wood biomass.

3) Molecular understanding and
application of wood biomass biosynthesis

[Knowledge and technique necessary to start research]

If you learned biology, you can start research smoothly, but
we do not ask any special backgrounds. We strongly welcome
students who are interested in molecular regulation of cell
functions.

[Teaching policy of the laboratory]

What skills can be your weapons for your own life? What
can you try continuously with passion? We help you to find out
such things, respecting your personality. We also give guidance
for practical logical thinking with knowledge and your research
data. Additionally, our active international and cross-disciplinary
researches should train your communication skills.

[Technique acquired in this research]

We use multi-scale materials (molecular to individual levels), and a
wide range of analysis techniques that span molecular biology, plant
physiology, material science, information science, and measurement
science; therefore, you have opportunities to learn a wide range of
techniques, Let's advance your research, thinking together whether
to enhance your present skills and/or to learn new skills.
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[Core laboratory]

Laboratory of Integrated
Biology
Professor: Sachihiro Matsunaga

+81-4-7136-3706 |4
sachi@edu.k.u-tokyo.ac.jp

Associate Professor: Shinichiro Maruyama
+81-4-7136-3706
shinichiro.maruyama@k.u-tokyo.ac.jp

oA

“The best way to predict your future is to create it.”

Where is life science heading to in this omics era based
on genome information? According to the above quote from
President Lincoln, our laboratory will pioneer the frontier of life
science by ourselves. We will find novel biological mechanisms
and develop original techniques to contribute to advances in life
science.

1. Approaching the mystery of the robust regeneration in

plants to save the food hunger

3500-year-old cedars exhibit that plants live longer than ani-
mals. One of the causes of longevity is the robust regeneration.
Roots and leaves can regenerate immediately after grafting and
pruning. We study the molecular mechanism from the view
point of epigenetics: The histone modification is examined by
chromatin immunoprecipitation and biochemically transparent
plants are analyzed by three-dimensional deep imaging. We are
also developing the application that contributes to food and bio-
mass production, such as by irradiating plants with radiation in
order to enhance their regeneration capacity.

2. Unraveling the secrets of chromatin dynamics in plant
nuclei to develop the novel gene regulation techniques for
enhancement in the environmental tolerance
The nucleus likened to intracellular microcosmos is a dynamic

organelle in which chromatin expands four-dimensionally and

controls gene expression. In plants, it is not known how the chro-
matin changes in response to environmental stimuli such as
light or temperature. Because we found plant-specific subnuclear
structures in flowering plants, we have a chance to develop new

technologies to regulate the gene expression of crop species
based on chromatin dynamics. We study the chromatin and
nuclear dynamics through live imaging.

3. Elucidating the diversity and evolutionary history of
photosynthetic symbioses

Chloroplasts are thought to have been acquired via a process
called endosymbiosis where eukaryotic ancestors incorporated
cyanobacterium-like prokaryotes into their cells approximately
1.6 billion years ago, followed by being nested by secondary
hosts via secondary endosymbiosis, but many mysteries remain
as to how these happened. We are trying to clarify how these
photosymbiotic systems evolved, and how algal responses to
environmental changes are related to host-symbiont interactions
in photosymbiotic systems. Using laboratory systems that
reconfigure the environment to simulate symbiosis and
manipulate the process of "bleaching” (symbiosis breakdown)
and re-symbiosis, we try to systematically understand the gene
expression regulations, secreted molecules and cell functions
involved in the symbiosis from a broad perspective including
genomes, molecules, cells, environments and evolution.

One of the symbiosis systems we are focusing on is the one
between cnidarian animals (e.g. corals, sea anemones) and the
symbiotic algae. We study molecular mechanisms sustaining
the animal-algal model, to unfold the secret of the diversity and
stability of symbioses.

Sea water: pH ~ 8

[Symoiont] &
| §

4 ))e

Acidic
Gastric

cavit:
d

o9
l
©

Laboratory policy

(1) Be serious: Do your best to achieve your goals.

(2) Be enthuslastic: Focus on the research which you really have
much interest from the bottom of your heart.

(3) Have strengths: Rediscover yourself through your rewarding
research and find your own strengths for the future.

(4) Keep your professional sprits: Maintaining the coordination
with lab members, spare no effort to raise your level.

International activities

Many international PhD students including China, Philippines,
Malaysia, Taiwan, Indonesia have been supervised in our
laboratory. International collaborations have been actively per-
formed with researchers in USA, Switzerland, France, Germany
and Czech Republic. We enjoy "Science" at a global level.
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[Core laboratory]

Laboratory of Computational
Evolutionary Biology

Professor; Wataru lwasaki
iwasaki@k.u-tokyo.ac.jp

Lab Photo

[Keywords] Bioinformatics, Genome and life system evolution,
Metagenomics, Microbial dark matter, Environmental DNA

To unlock the potential of life evolution

The field of biology has expanded from the traditional
approaches of focusing on specific organisms and phenomena
to utilizing data science approaches in the pursuit of obtaining
a comprehensive understanding of life. Under this context,
our laboratory employs interdisciplinary approaches, including
but not limited to: bioinformatics, laboratory experiments,
mathematics, and field samplings to study evolution
and ecology of diverse life forms, and to develop novel
biotechnological methods.

Research topics and questions

1. Evolutionary and ecological bioinformatics
2. Evolution of genomes and life systems

3. Microbial dark matter, non-model organisms
4. Microbial ecology, metagenomics

5. Environmental DNA

In particular, we are aiming at the following fundamental

questions:

(1) How have the elaborate and complex living systems
evolved?

(2) How are the ecosystems stably maintained?

(3) What unknown gene functions have evolved in 4 billion
years?

(4) What is the methodology to reveal unknown gene functions
from big data?

(5) How many genes are being born on the earth?

(. Interdisciplinary Approaches at Our Lab\
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Mathematics

Bioinformatics

l\ Molecular Biology

Field Sampling _/1

Joining our laboratory as a graduate student

We welcome students who majored bioinformatics and/or
were involved in research projects related to bioinformatics
during their undergraduate or master courses, and aim at
earning a Ph.D. If you are interested in joining our lab, please
examine our publication list on our laboratory webpage and
email the Principal Investigator.

Notes: We have experience in accepting students from
outside of Japan. Japanese language is not mandatory if you
have enough English skills; however, a will to learn Japanese
would be necessary because it makes you enjoy Japan more
and many optional classes are held in Japanese. As the
University of Tokyo provides Japanese language classes, we
usually encourage colleagues from abroad to take them. You
may obtain additional information on our laboratory webpage.

Selected recent publications

Science Advances, 9, eadc9130. (2023)

Molecular Biology and Evolution, 39, msacl76. (2022)
Systematic Biology, 69, 265-279. (2020)

Nature Communications, 10, 159. (2019)

PNAS, 116, 20574-20583. (2019)

Bioinformatics, 35, 149-151. (2019)

ISME Journal, 12, 1329-1343. (2018)

Nature Communications, 8, 1162. (2017)
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[Core laboratory]

Laboratory of Molecular
Ecological Genetics

Associate professor:
Asano Ishikawa

ishikawa@edu.k.u-tokyo.ac.jp

Lo

Our research interest is how and why phenotypic diversity
has evolved and has been maintained in nature. Organisms
exhibit great phenotypic variation that may adapt to complex
and fluctuating environments. What kinds of developmental,
physiological, and neural modifications underlie such
diversification? What specific genes have changed to produce
the different phenotypes? How many genetic changes have
controlled the variation of the traits? What kinds of mutations
have occurred in these genes? Do these mutations share any
molecular features? Such fundamental questions may help to
understand how predictable evolution is.

One of the crucial steps to address these questions is to
identify causative genes and mutations responsible for such
variation. Rapid advances in technologies will enable us
to find not only the genes and mutations, but also genome
structures, epigenetic features, and regulatory networks that
may promote or constrain phenotypic diversification.

It is also necessary to look into the evolutionary dynamics
of the causative genes and mutations in natural ecosystems.
Although recent studies have identified several genes and
mutations responsible for phenotypic diversification, how they
arise and spread in natural populations is largely unknown.
Furthermore, since evolution affects ecosystem functions
and vice versa, a mutation with a large ecological effect
may change the intensity or direction of selection on the
mutation itself. Thus, comprehensive approaches to reveal
the dynamics and functions of the genes and mutations
underlying phenotypic diversification can further increase the
predictability of evolution in nature.

[Research projects)

To understand the whole picture of the mechanisms
underlying phenotypic diversification from molecular to
ecological levels, we focused on stickleback fishes (genus
Gasterosteus and Pungitius) and medaka fishes (genus Oryzias)
as model systems. Three-spined stickleback (G. aculeatus) are
primarily marine, but colonized postglacial freshwater habitats
and radiated into diverse ecotypes (Fig. 1). The medaka fishes
also exhibit extensive phenotypic diversity in East Asia. We
have introduced a wide range of molecular genetic techniques
to them to identify the key genes and mutations responsible
for phenotypic diversification (Fig. 2). Our current research
topics are as follows.

(1)Genetic molecular mechanisms of life-history evolution
Evolution of life-history traits can directly influence
fitness and can drive further phenotypic diversification and

Freshwater

Fig. 1. Freshwater colonization and phenotypic diversification of
three-spined stickleback

speciation. However, in contrast to morphological divergence,
the molecular mechanisms underlying life-history evolution in
wild organisms are largely unknown. We have investigated
key genes or mutations responsible for different reproductive
seasonality, growth pattern, and migratory behavior by using
stickleback and medaka fishes.

(2) Genetic mechanisms underlying different ability to

colonize freshwater colonization

Colonization of new environments can trigger adaptive
radiation. Some lineages make use of such ecological
opportunities provided by new environments, but not all do so.
The genetic factors determining the ability to colonize novel
environments are largely unknown. We have investigated the
genetic and physiological mechanisms underlying the different
nutritional availability, osmoregulation, and temperature
tolerance between the three-spined stickleback and the closely
related Japan Sea stickleback (G. nipponicus), which may
enable or prohibit them to colonize freshwater environments
and provide an opportunity to radiate into diverse ecotypes.

(3) Genetic molecular mechanisms of transcriptome and
chromatin structure evolution
Differential gene expression and chromatin structure can
play an important role in phenotypic evolution and divergent
adaptation. We have revealed the genomic regions which
cause the different transcriptome or chromatin structure and
investigate its functions in adaptive evolution.
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Fig. 2. Overview of research approaches
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[Core laboratory]

Laboratory of Parasite
Systems Biology

Professor: Taisei Kikuchi S

taisel.kikuchi@eduk.u-tokyo.ac.jp

[Keywords] Genome Evolution, Parasites, Nematodes,
Organoids, Bioinformatics, Chromosome Dynamics,
Transposons

Understanding novel biomechanisms in unexplored areas of
biology

1) Developing new model platforms

C. elegans is an outstanding model organism, which has
led to multiple Nobel Prize-winning discoveries, such as
apoptosis and RNAIi. Based on the fundamental knowledge
of C. elegans, our study focuses on nematodes other than C.
elegans in order to explore fascinating biological phenomena
that cannot be studied in model organisms. Parasites,
in particular, have evolved in surprising ways to adapt
to the special environment within the host body. In the
case of mammal parasites, the host body is an extremely
specialised environment compared to the outside world, with
a constant temperature, rich nutrition and immune attack
from the host, and the parasites that have adapted to this
environment is the 'extreme environment organism' closest
to us. Parasitic nematodes, therefore, have various special
abilities that the model nematode C. elegans does not have.
For example, the research result like "C. elegans life span
extended from 20 to 30 days by calory restriction” is treated
as a clue to immortality, but some parasitic nematodes have
lifespans in the order of years. Moreover, whereas C. elegans
produces around 200 offspring in its lifetime, those parasites
continuously produce thousands of eggs per day. This is a
productive longevity we should be aiming for.

Parasites also have a variety of other surprising abilities
and are a treasure trove of research seeds. However, parasite
research has largely remained unexplored due to handling
difficulties. Using parasite models and C. elegans relatives, we
have been trying to elucidate the mechanisms of parasitism
and the biological phenomena specific to such parasites.
We use a variety of omics analyses (Dry) and phenotyping
(Wet) based on genomics to tackle the problems. Currently,
two groups of nematodes, in particular, are the main focus
of our research: 1) the animal parasites Strongyvloides with

Systamatc Linderstandng of
Patasitiam, Evolution and New Biciogy |

ET— degan—

L Genomics S

unique biological features including parasitism, longevity and
chromatin diminution, and 2) the sister species of C. elegans,
C. nopinata. We also use a wide range of other nematodes
and parasites, including insect parasitic and plant parasitic
nematodes, to expand our research into wider biological
problems.

2) Contribution to global health

Our research is also aiming at contributing to solving
global health problems. The history of humans is also the
history of the struggle against infectious diseases, and until
now humans have experienced many outbreaks of infectious
diseases, which have been turning points in history on various
occasions. The recent outbreak of Covid-19 is just one of
those, and we will continue to struggle against new infectious
diseases in the future. Although cases of parasite infection
in Japan are declining, it remains as a major problem on
a global scale. It is estimated that a quarter of the world's
population is infected with soil-transmitted parasites, and
parasitic diseases account for the majority of "neglected
tropical infectious diseases". Through our research, we will

also contribute to overcoming these parasitic diseases.
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[Inter-institutional cooperative laboratory]

Laboratory of
Cancer Biology

Phone: +81-4-7133-1111
(Exploratory Oncology Research and Clinical Trial Center, National Cancer Center)

Professor: Katsuya Tsuchihara, M.D., Ph.D.
(Chief, Division of Translational Informatics)
Ext. 5794, ktsuchih@east.ncc.go.jp

Professor: Genichiro Ishii, M.D., Ph.D.
(Chief, Dept. of Pathology and Clinical Laboratories)
Ext. 5343, gishii@east.ncc.go.jp

Professor: Masahiro Yasunaga, M.D., Ph.D.
(Chief, Division of Developmental Therapeutics)
Ext. 5406, mayasuna@east.ncc.go.jp

Associate Professor: Akihiko Ohashi, Ph.D.
(Head, Division of Translational Genomics)
Ext. 5793, aohashi@east.ncc.go.jp
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The main goal of the research in this laboratory is to develop
innovative strategies for cancer diagnosis and treatment based
on the better understanding of the physiology and biology of
tumor microenvironments and cancer-host interaction.

Research focus;

1) Antibody-drug delivery system (DDS), advanced
measurements & analysis, and new oncology (Yasunaga
Laboratory)

- Development of an innovative cancer treatment / novel
immunoregulatory therapeutics through an antibody-DDS;
Antibody-drug conjugate (ADC), Bispecific antibody (BsAb)
or DDS-drug.

- Applied research of advanced chemical and biological
measurements & analysis using molecular imaging, mass
spectrometry and computer science.

- Creation of new oncology targeting smell-biomolecules and
drugs (Figure).

An antibody-DDS for manipulating cancer cell damage
or T call activation

mc :
T -
R Cln-:lr cell

Measurement/visualization,/informatics of smell-biomolecule
Adrug and their man pulatm mnﬁlﬂds Small-

#A W biomolecule/drug

An antibody-DDS, advanced measurements & analysis
and new oncology

v’tllnur cell
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Biomarker -

Computer
stience

2) Cancer biology based on the microenvironment context
(Ishii Laboratory)

- Generation of in vivo and in vitro models mimicking the
cancer microenvironment by using fluorescence imaging
and time-lapse imaging.

- Clarification of the novel biological mechanisms of
cancer progression and drug sensitivity based on the
microenvironment context.

- Validation of the obtained results by using human samples.

3) Development of therapeutics and diagnostics by integrated
analysis of clinical omics data, and overcoming resistance
to cancer therapy (Tsuchihara and Ohashi Lab)

To develop cancer therapeutics and diagnostics, integration
of clinical information and multi-omics analysis data is
necessary. We are engaged in research and development of
data processing pipelines, database construction, optimization
techniques for efficient extraction of relevant information, and
visualization.

Aiming to novel drug discovery based on cancer
hallmarks and vulnerabilities, we are conducting basic and
translational research programs with multiple experimental
approaches: molecular and cellular biology, chemical biology,
pharmacology, bioinformatics, and Al technologies. We are also
driving collaboration programs with academia, biotechs, and
pharmaceuticals in Japan and overseas.

@ &2

Mom e

Ara pasmnes
amd ey raias

-3 [ 1
o) o8

Extracting information from large-scale clinico-omics data



(155 EE]
b A o o B

(BIRRREFEEN BX - RREFRKMHBEHAER)

B B OBEE FE (EURERRERRE)
029-838-6091
hsezutsu@affrc.go.jp

% % HIE FBEFE (GEYrecr BmEsrd)
029-838-6170
kikawada@affrc.go.jp

R N @ EcERtyy-)
029-838-7474
knaito@affrc.go.jp

EBE YE EHE (FERZRERRD)
029-838-7006
horikiyo@affrc.go.jp

BIEFHEIEZ D IORREEFA GER)

A FFERROT ) NGEFA L AR ETEH L. B
FEREDREIH EFIH D720 OWIFE 24T 9 o RHR O RO EIRF 1
e % B LT e e, AW TG L L TENRTW LI A 2% 7
AL CTERSEDEMENC 225 v BaEoE720, JHkE
ETFNVAA AR A A TDORER, INETIZHRVI VY

LB EDICHAMEZEDTHE ), HAOEREFEDOHME L
FEEAICEMT 22 L2 HIBL T 5,

2LV IR HOEZRERBAEOSTFHE GR)IBEH)
AP L o TKRIZLETH Y . e HRGAEEIC R bR
LELFICED. L L—E0EWIE, S8 L TRES
EIELCHIIZEL Z &R KT 5 ERHPEIET 5,
Z OB ST IR EACHRIE (anhydrobiosis) & XL, BHT
AL LAY I DYHORIZEDO BN D, O HIL,
T, BAGIR. AR, AR SISl R SR L. e
BHZ2AE P IE L COBFAEMRECTH 50 FAx T, A — 37 AR
W& ML 52507 - MADZIMITIC L > T, AL 1A

1) ORIREREMAKIRO 55T 2 7 = X 5 O % B85

FLY2 A A (Polypedilum vanderplanki)

P ..

-
° -4 ]
e

\ AR R
mﬂ‘\

A HEER RSUE: RETITERLEENTE
VR

RN 90°C, 1WE
ERNE: -ZT00C, 77 B8R
fEemii: T&5/—0, 1 Al
R . W, TRGY
Fim: 24¥MELTeRE

VignaBEFAERBDRIZEICHBOMA CFA (PR

Vignad® 137 AFX DT TH AL, TORKOIFEITE
RO D Ho TS IIPIENER: - K Hiay - ibs -
B STRHACEREICEEICEELTB Y. BEA ML AT
TAMMEEETOREZE FR Do BA I D Vignad ¥
WZDOWTEST ) MEGHR N T v A7) 7 b — AT, BLOXK
MER R 2 W72 BB AT 24T 9 Z LI &k o T BN EREEEID
W7 TRIZTOREEY O TWD, &5 |ZHEE L 72k
BIETZEWIEHT 22 8Ty A b L AISHEWED & RSET
%o FADHIBT IV, BHEAER O ALIC X 2 Bt
ORI D72,

-AREECHR

125/ LMERICED CEEFEBEEEEFNR (BEH)

T AEREEN LA Ao Hig L <, #5h
DEMLBIZEFAMP S, ERL2RERE TH 2 TARME,
IREBCKR AR, PURTE, BIFEHL, ERPUE, REFESFmTE. AR
RS DL HEMEEFE R LT, coni#ezisn
129 %0 WK, TNODOBEMEFZEA - R LA L2/
LT, Hrnflie L COWMRMEZHE T 5. 20 &) 2RIz
TR OC) L LT, A A7/ 2EYIDWHG. 7/ Lakz
HFES 5 —if LB (SNP) 1HIMOEH, 1 1+ OBIZMZEENE
T HERE L BRI O RERE ORI T — & DI E
HED TV D, HERE ORI LT TR OB 2 U5 L
LS HHOBETEERIES 5.

WEER—LX—T
https://www.ib.k.u-tokyo.ac.jp/faculty/applied_bioresources/

34—



[Inter-institutional cooperative laboratory]

Laboratory of
Applied Bioresources

(National Agriculture and Food Research
Organization)

Professor: Hideki Sezutsu
+81-29-838-6091
hsezutsu@affrc.go.jp

Professor: Takahiro Kikawada
+81-29-838-6170
kikawada@affrc.go.jp

Associate Professor: Ken Naito
+81-29-838-7474
knaito@affrc.go.jp

Associate Professor: Kiyosumi Hori
+81-29-838-7006
horikiyo@affrc.go.jp

Transgenic silkworm research (Sezutsu Lab)

We have been developing transgenic silkworms. Our aims
are to promote fundamental research and application by
identifying gene functions, by producing useful recombinant
proteins for tests as drugs and medicines, by developing a
human disease model for drug discovery, and by producing
new high-performance silks.

Anhydrobiotic engineering (Kikawada Lab)

Water is an essential element of life. Though most
organisms cause a death by severe depletion of water, some
can survive. Simple rehydration allows the latter dehydrated
organisms to resume active life. The sleeping chironomid is
the only insect having capability of anhydrobiosis, which is a
state of suspended animation by desiccation. The desiccated
larvae can tolerate to several stresses. Eventually, the larvae

The sleeping chironomid (Polypedilum vanderplanki)
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can be revived even after exposure in outer space for over
2 years. Our aim is to understand molecular mechanisms
underlying anhydrobiosis in the sleeping chironomid.

Extreme adaptation of wild Vigna (Naito Lab)

Genus Vigna comprises azuki bean, mungbean and cowpea,
etc. The outstanding feature of this genus is in wild species
that are well adapted to extreme conditions such as beach,
limestone cliffs, deserts and swamps. As such, genus Vigna is
a great reservoir of stress tolerance genes. We are isolating
such genes by genome and RNA sequencing, in addition to
linkage analyses following bi-parental crosses. Our goal is to
turn barren lands into farms by developing stress-tolerant
crops with the genes of genus Vigna.

-'" - H et
-Deep root Forms serial root

Rice applied genetics (Hori Lab)

To enhance rice breeding efficiency by using genomics
information, we detect important genes involving agronomic
traits such as grain quality, eating quality, yield, flowering
time, disease resistance, seed dormancy and root architecture,
and we elucidate their molecular functions and biological
mechanisms. These genetic analyses require development of a
lot of mutant lines and backcrossed populations covering most
of natural variation in Asian rice cultivars and landraces. We
try to propose next-generation breeding methodology to allow
improving complicated quantitative traits.

https://www.ib.k.u-tokyo.ac.jp/english/faculty/applied_
bioresources/



BN
[ AR A R A oy By

B &’ KH B
03-5841-2483 (R * + > /X A HE A
WFsEIE Y 1)

myoneda@um.u-tokyo.ac.jp

M7cbOWRETIE, RN L) F—T—FDd i,
B e HERALE 097 T % I SR R RE & 0 ERIE &
OYIRE AT 2 [FEAREREY ] IR HATHES, &<
12y EHER S M ET AN ANEREWE. (BRI 52
LICk o T, B\BEDONL LB O EARERLEEIEIE 2 &% i
T2 [baE] LTINS QR NESEOMZE L . RN R4 RES
AL, BESEL LI LOMEEOKRE LT —<T
Fo TD/D. GEBIFR SN2 il D HlEEO N DE
5LARD AR T 2F5HFHER, WABORELHEIR S
PRELA & B E O ETT OMT 2 HTT 2 TENEY . LT
HAE 2 D b DIZE N T BALFERS 2 5 YO T s % 15
TCY B MELFE R &L IERICIRIL WA B O gEE & BRI
S AR AT RIS D T B A L2 0E %2 To T E T,
HAE, Bzb05L ) L ATVRDIIZED W ORI DV TR L
9,

(1) FEANEEFOBERDOREEH

MicbAE - YL A, AREEZAS I bu— LT
52 LT, BRAGRBEICEIGT A 2 LICRY L F Lz, 2l
ED L) WA TGERSNZOTL & 9 220 2 (XM
RONZE, FHBOBESE»SH O EWEIEE LT E L ¢
bbb, EHIIERERO—BE LT, BEPOWHERO T
ZHOTWZ LI £, KERLEROMMAZ HANZ L
TRME, MO A4 D ED X 5 2 EREAI 7 il & )
TV RTIENTEET, ZNUIThbE, EDLH
RERERAERBE L CW i BT 5 2 LIl A,
A7z B id, dLilRE D S IV 72 5 HARZ MO MSCAC S %
AL TC, FUASCULE IR 2 B2 Ic b K& B EEED
HWGES AT A2 e 2 R LE LA (D, HFE. D
ARERO—ETH Y FLOBEN WG T A % FEE S Tn
mEEZLENT T,

(2) EMpEk b EDHEERFROEL

B OFEDS S, FRA GIEREIML T 2 2 LR TT,
BIZIE, TRIERELREET D> TVETV, ZOTF A VE
[IEEE ED &) R OWiT CTATE L C X 2 0FMmA e £
NTWET, BB NVY T AICE TN TV ABRERVALIL,
RAKDENARLZ KB L 30T, KHO#H X IZE&DETAH
PECm il TIERMAR AL T 5 2 L6 TWET, 5
WiE, METEETH LA Oy F Yy Ao EE (Sr/%Sr)
EHEIZ L > T4 22 RLET. THANVENERSND
DIZBLE VY TTOT, EEFNF o728 bBE LT
WiUE, EHEEREER G AEERT LIRS DTT, 20
L9 e HIRILEFER 2 A D L2, S T2 Y
DL HBEE LTz, NHIEBRREZH) O 28
HoleDWE ) PERFARD I EHMETT,

(3) KRE - -HEILZADEFRDESL

BRWIZE N L FMAEOHERA, S, ARSI
HIENTENE, & MRS R AEE L EH<DL 2
ELRETY . EEHO—ME LTor b ORIz, $EILIIR
PIFEIEADICH L, B TERZESTED L) I10h D0
IR IBEVE WO RSB ) E9. EILT, DL %
Bk G R ML L 20O TL & ) 0P 2B 2 LD
FEovE>E LT, ERBOBENPEHI N TN E T, B
FLLT, BWEOo0o7-8007% EXFIHTE 72 BRI
FERER LD & AOZ8IN S &2 8 5mICiE, BEFLENG O 2 8h
HolzONb LNEFFA. FA7BIE. B2 H BT 5 ANFD
I BIEOFICHER L. S ORGSR LD &0
BeBs CHEIS SN0 EIE L TV T §,

ARE MIEmN CRE
A TR CRE

AR HIRN SRE
T HERE T

il LER =Y
SRR HINE NN

LEL]
e HERE AP

SELNINRE RLNN

5N (AT

&' rDa)

PAL ez - BRFENARI THIA RN D LR % BT



[Intra-university cooperative laboratory]

Laboratory of
Isotope Ecology

Professor: Minoru YONEDA

+81-3-5841-2483
(Hongo campus, The University Museum)
myoneda@um.u-tokyo.ac.jp

Our main research focus is applications of isotope research
in anthropology and archaeology. We analyze various kinds
of biological samples including ancient, recent and modern
human and animals to understand the interaction between
human and environments. Isotopic signature in fossil bones,
for example, will present interesting information on their life
and feeding ecology. As this is also true for ancient humans,
we are working with physical anthropologists who are
interested in nutritional stress markers and paleopathlogy,
and geochemists who are establishing new analytical methods.
By combining research field and experimental laboratory, we

are establishing a new field of isotope ecology to understand

history and evolution of human being.

(1) Dietary Reconstruction of Past Human Population:
Modern human is unique animal species which control
environments by themselves to adapt various kinds
of environmental settings. The history of expanding
distribution of modern human is a big challenging task for

human evolution research. For example, the Jomon Neolithic

population on the Japanese archipelago exploited native
wild resources as hunter-gatherer-fishers, which means they
shared a ecological niches in its local environment. The
isotope ecology will extract information based on isotopic
signature in carbon and nitrogen, for example, and that could
reflect their subsistence adaptation for omnivorous humans.
We are analyzing a series of human remains from all over
Japan, from Hokkaido to Ryukyu islands, which have showed
their intriguing variability in Jomonese ecological niches.
Jomon people must have exploited their subsistence finely

adapted to local environments.

(2) Domesticated Animals

Domesticated animals are also useful source of information
on human activities. A project on dental crown of horses
is on going in our lab. Their enamel record the geological
signature, such as ¥Sr/*Sr and 60, which reflect those in
ground where the animal grown up. We can detect animals

and humans who had migrated from lands with different

geology by using this approaches.

(3) The Evolution of Human Life History

The dietary change in an individual life history is
interesting to investigate the evolution of human unique life
history with a short breast-feeding period, a long childhood,
and extended longevity after reproduction. We are analyzing
infant and children from prehistoric sites to reconstruct the
period of breast-feeding and weaning among hunter-gatherers

and early farmers of ancient Japan.
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[Intra-university cooperative laboratory]

Laboratory of Advanced
Marine Bioscience

Professor: Atsushi Tsuda
+81-4-7136-6172

(Kashiwa campus, Atomosphere and Ocean Research Institute)
tsuda@aori.u-tokyo.ac.jp ah

Professor: Toshi Nagata
+81-4-7136-6090

(Kashiwa campus, Atomosphere and Ocean Research Institute)
nagata@aori.u-tokyo.ac.jp

Professor: Hiroaki Saito
+81-4-7136-6360

(Kashiwa campus, Atomosphere and Ocean Research Institute)
hsaito@aori.u-tokyo.ac.jp

Professor: Koji Hamasaki
+81-4-7136-6171

(Kashiwa campus, Atomosphere and Ocean Research Institute)
hamasaki@aori.u-tokyo.ac.jp

Associate Professsor: Yoko Iwata
+81-4-7136-6261

(Kashiwa campus, Atomosphere and Ocean Research Institute)
iwayou@aori.u-tokyo.ac.jp

Associate Professsor: Chuya Shinzato

+81-80-7122-3536
(Kashiwa campus, Atomosphere and Ocean Research Institute)
c.shinzato@aori.u-tokyo.ac.jp

Plankton Ecology (Tsuda & Saito)

Phytoplankton is primary producer in marine ecosystem
fixed 50 giga ton carbon per year. Zooplankton transports
primary production to higher trophic levels and supports 90
million tons of world fisheries production. We are studying
phytoplankton and zooplankton to understand the genetic,
physiological and ecological characteristics and the role on
food web dynamics and global biogeochemical cycles. Our
studies are based on both field studies using coastal stations
and research vessels and also laboratory studies including
incubation experiment and various genetic and chemical
analyses. Our study fields are from coastal water around
Japan to arctic and tropical oceans.

https://www.aori-saitolaboratory.com/

Recent sampling locations

Microbial Oceanography (Nagata & Hamasaki)

Marine microbes are the key to understand currently
emerging issues in our society such as sustainability of natural
environments, global change of climate and human health.
They are also expected to be novel gene resources. Since
most of them have never been cultured, many challenging
sclientific issues remain to be unexplored. Fundamental
questions are: what kinds of microbes are living in the ocean?
how are they working? how marine ecosystems are working
together with microbes and changing in the future? We

investigate the diversity and function of marine microbes as
well as structure and function of marine microbial food webs
and organic matter-microbe interactions in the ocean.

http://ecosystem.aori.u-tokyo.ac.jp/microbiology-wp/

A fluorescent microscopy image of diatom cells (red)
surrounded by actively growing bacteria (green)

Animal Ecology (Iwata)

Marine environments show great seasonal and geographical
variations, and such environmental conditions shape the
morphologies, behaviors, and life histories of marine animals.
How do the life histories of marine animals evolve? How
do environmental changes affect life history and population
dynamics of marine animals? To answer such questions,
we are studying the reproductive behavior and life history
of cephalopods. Cephalopods have conspicuous intra-
specific communications based on high cognitive ability and
characteristic mating-sperm storage-fertilization process.
Therefore, we are focusing our research on pre- and post-
copulatory sexual selections, and are doing fieldwork, captive
behavioral experiments, and morphological analysis.

http://www .shigenseitai.aori.u-tokyo.ac.jp

A female pygmy squid attaching eggs on seagrass

Coral reef genomics (Shinzato)

Coral reefs are among the most biodiverse marine
ecosystems on the planet, and they are constructed by
reef-building (stony) corals (Cnidaria). Using whole genome
information on corals and their intracellular symbiotic algae
(zooxanthellae), we are comprehensively studying coral
reef ecosystems, identifying unique features of coral and
zooxanthella genomes, gene expression responses of corals to
environmental changes, evolution of coral adaptation to past
environmental changes, and molecular bases of symbiotic
mechanisms between corals and zooxanthellae. In addition
to basic genomic and molecular research, we conduct
population genome analysis, environmental DNA analysis,
and other research and technological development to support
conservation and restoration of coral reefs.

http://darwin.aori.u-tokyo.ac.jp/shinzato.html
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Organization Chart

*

Department of
Integrated Biosciences

Department of Computational
Biology and Medical Sciences

] Department of
Advanced Material Sciences

Department of
Advanced Energy

Department of
Complexity Science and Engingering

Department of Natural
Environmental Studies

Department of Ocean
Technology, Policy, and Environment

Department of
Environment Systems

Department of Human and
Engineered Environmental Studies

Department of Socio-Cultural
Environmental Studies

Department of
International Studies

Facilities

Core Laboratories Laboratory of Molecular Medicine
Laboratory of Molecular Recognition

Laboratory for Biochemistry of Cell Responsiveness

Laboratory of Signal Transduction
Laboratory of Innovational Biology

Laboratory of Genome Stability

Laboratory of Evolutionary Anthropology
Laboratory of Bio-resource Regulation
Laboratory of Bioresource Technology
Laboratory of Plant Functional Analyses

Laboratory of Integrated Biology

Laboratory of Computational Evolutionary Biology
Laboratory of Molecular Ecological Genetics

Laboratory of Parasite Systems Biology

Inter-Institutional Cooperative Laboratories
Laboratory of Cancer Biology

Laboratory of Applied Bioresources

Intra-University Cooperative Laboratories

Laboratory of Isotope Ecology

(Bioscience Bldg 6F North)
(Bioscience Bldg 2F South)
(Bioscience Bldg 4F North)
(Bioscience Bldg 1F South)
(Bioscience Bldg 5F South)
(Bioscience Bldg 1F North)
(Bioscience Bldg 5F North)
(Bioscience Bldg 3F North)
(Bioscience Bldg 2F North)
(Bioscience Bldg 6F South)
(Bioscience Bldg 7F South)
(Bioscience Bldg 6F South)
(Bioscience Bldg 1F North)
(Bioscience Bldg 3F North)

(Exploratory Oncology Research and Clinical Trial
Center, National Cancer Center)

(National Agriculture and Food Research Organization)

(The University Museum)

Laboratory of Advanced Marine Biosciences (Atomosphere and Ocean Research Institute)
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List of Lectures

Compulsory
or non- Subject Objectives/Overview
compulsory
© | Breakthrough Now and | An overview is provided on what research takes place in every
%g Then I (Pre-School) laboratory in the Department of Integrated Biosciences as well as on the
=23 code of conduct in scientific research at the University of Tokyo.
3 § Breakt*hrough Now and | Breakthrough Now and Then II is carried out in English for students
< | Then II who cannot understand Japanese.
© | Debate on Ethics in Science | For the purpose of upbringing of a researcher who can make an
%g and Technology appropriate decision with one’s opinion and proper sense of ethics, a
=3 — : lecture of the student participation type will be carried out.
= g Debate on TODI(;S in Science | Debate on Topics in Science and Technology is carried out in English
< | and Technology for students who cannot understand Japanese.
| o . Invited lecturers introduce and discuss the diverse field of life science to
Compulsory | Frontiers in Life Science T help students acquire a wide range of knowledge and develop their view
on life and inter-relation with society.
. ) o . In preparation for Master thesis, faculty members of each laboratory
Seminar in Integrated Biosciences will take charge in laboratory seminars and instruct poster/oral
presentations and manuscript preparation for publication.
As a mid-term presentation of Master thesis research, students will
. A create research achievement reports/plans, create posters, and perform
Research Project Planning oral presentation to be reviewed/examined by faculty members from
other laboratories.
R*esearch of Integrated Biosciences | In preparation for Master thesis, faculty members of each laboratory
I will take charge in the selection of theme and conducting experiments.
Lessons in Writing Scientific . . . . L . S
Papers in English Basic skills required for writing scientific papers in English is lectured.
Egﬁl-ulsor .. ) | The purpose of this practice is to develop poster/oral presentation skills
b y Prac_tlcg in Oral Presentation in | in English at academic meetings. Through practicing actual English
English presentations of a poster, points are instructed to make the presentation
understandable and attractive.
For those who did not major in biochemistry or molecular biology during
A . their undergraduate course, we teach the basics of biochemistry and
E?oslloc Biochemistry and Molecular molecular biology which are required for a comprehensive understanding
gy of the wide range of biological phenomena covered in the Department of
Integrated Biosciences.
CNOC;?I- ulsor o ) o Understand the statistics which is the base of life science research,
p ¥ | Statistical Analysis for Biosciences and learn an objective method of data analysis. Also learn how to use
different types of database.
i o ) Invited lecturers introduce and discuss the diverse field of life science to
Frontiers in Life Science II help students acquire a wide range of knowledge and develop their view
on life and inter-relation with society.
Bio-Medicine, Drug Discovery ™ Molecular Recognition
Biochemistry of Cell Responsiveness* Signal Transduction *
Molecular Mechanisms of Adaptation® Genomic Instability *
Non- Eucaryotic Cell Biology* Evolutionary Genetics *
compulsory

(specialized)

Control of Biological Function®

Microbe vs Non-Microbe Interactions *

Human Evolutionary Specificity *

Frontiers in Cancer Science

Laboratory Course for Broadened Bioscience Skills

Internationalization Exercises (short-term global
program) *

Evolutionary Genomics™

Compulsory

(Doctral Advanced Seminar in Integrated Biosciences* Research of Integrated Biosciences II *
Course)

University- Life Science Archive S eminar for Graduate Course I, II, II

Wide Open

Courses Life Science Archive Common Lecture I, II, III




Special Lecture on Frontier Science I, II, III, IV, V, VI
gcrﬁ(()i(l)lla(t)ef: Special Lecture on Frontier Science VII, VIII, IX (Joint Seminar I, II, III)
ggﬁ;}égg Special Lecture on Frontier Science X, XI *
gg{;}gﬁ)g Overseas Researches on Frontier Science [, II, III, IV, V
Stress Management - to enjoy your student life and your social life
Workshop of Proactive Research Commons
International Systems Design Workshop *
Optimal System Design *
System Architecture *
Seminar in Aging Control Design
GSFS Research Internship Through Specified Employment I, IT
Graduate Proactive Environmental Studies I, IT *
%ﬁgﬁﬂ e(;'f Advanced UTSIP *
gf;g;ﬁglsl Overseas Exercise in Proactive Environmental Studies I, IT *
Subjects Research Internship for Proactive Environmental Studies I, II
Transdisciplinary Skills and Theories I, IT
Advanced Field Exercise
Critical Thinking Basics - Select concepts, tools and techniques I*
Critical Thinking Basics - Select concepts, tools and techniques II *
Critical Thinking Skills - Select applications & reflection I *
Critical Thinking Skills - Select applications & reflection II *

*indicates lectures held in English or lectures which can be taken in English. By taking these lectures, students
can earn credits required for the completion of a Master’s course without taking a lecture to be carried out in
Japanese.
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