




















INTRODUCTION
　　CCivilizations in Asia, have been shaped primarily by exchanges 
and fusions of Indian and Kanji (Chinese) cultures. This study 
addresses the global issue of the history of exchange and fusion 
between the Indian and Kanji cultural spheres, with linguistic 
archives as the primary research subject.
　　We focus on ancient Buddhist dictionaries that reflect 
actual exchanges between the Indian and Kanji cultures at the 
ideological, cultural, and linguistic levels, surveying and reprinting 
ancient Buddhist dictionaries from various parts of the world. 
Based on these texts, we will conduct cross-disciplinary research 
integrating the fields of linguistics, bibliography, Buddhist studies, 
and Dunhuang studies. Furthermore, we will develop and publish 
a comprehensive “Database of Ancient Buddhist Dictionaries” by 
combining traditional methods of historical material analysis with 
the cutting-edge technology of the digital humanities. Building 
on these findings, we aim to foster interdisciplinary research and 
fundamentally reconstruct the history of exchange and fusion 
between the Indian and Kanji cultural spheres.

RESEARCH ON BUDDHIST DICTIONARIES
　　It has been approximately 2,000 years since the translation of 
Buddhist scriptures began. However, these translated scriptures 
remain challenging to understand. One reason for this is that the 
translation of Buddhist scriptures is itself a complex, multilayered 
endeavor. Today, attention is typically focused on completed 
translations of the Buddhist scriptures, but various related 
materials were produced within the translation process. These 
include materials for translating, interpreting, and recording 
the “characters” and “words” of the Buddhist scriptures. Such 
materials are known as “Buddhist dictionaries.” Buddhist 
dictionaries are a rich source of information on Buddhist culture 
and the history of the time.
　　Buddhist dictionaries provide detailed annotations of 
numerous Buddhist terms from various perspectives. As the 
description format is consistent across each source, they are 
structurally well-suited for comparative research. In addition, 
the contents of the annotations vary by period, region, and sect. 
Consequently, Buddhist dictionaries have been studied across 
various research fields, leading to distinct findings. However, 
a comprehensive study of Buddhist dictionaries has yet to be 
undertaken.
　　In this study, we will undertake a cross-disciplinary approach 
integrating the fields of philology, digital humanities, Buddhist 
studies, Chinese studies, Japanese studies, and Dunhuang studies, 
using Buddhist dictionaries from various parts of the world. 
Specifically, we will construct and publish the “Database of Ancient 
Buddhist Dictionaries” to facilitate comprehensive research on 
Buddhist dictionaries. By compiling the findings, we aim to clarify 
the history of Buddhist dictionary translation. Ultimately, our goal 

is to reconstruct the history of exchange and fusion between the 
Indian and Kanji cultural spheres.

INTRODUCTION
　　Phase transitions are ubiquitous in nature such as the liquid-gas 
transition, melting of solids, and magnetic transitions. The phases 
are characterized by the ordering of an observable quantity, such 
as magnetization established against fluctuations. Low-dimensional 
systems host large fluctuations and therefore, transition to an ordered 
phase was believed to be absent. In 1973, however, Kosterlitz and 
Thouless proposed a phase transition induced by topological defects 
in two dimensions [1]. This topological phase transition was a new 
type of phase transition, and they were awarded the Nobel Prize in 
Physics in 2016. Topological defects are excitations protected by the 
system’s broken symmetry. In an inviscid superfluid, a quantized vortex 
with a quantized circulation (charge) in the unit of Planck constant 
is a topological defect. This results in the Berezinskii-Kosterlitz-
Thouless (BKT) transition by unbindings of vortex-antivortex pairs 
and the proliferation of free vortices at a transition temperature in 
two dimensions (Figure 1) [1,2]. A salient feature of these topological 
phase transitions is the universality due to the topological character. 
It is driven by topological excitations such as vortices in fluids or 
dislocations in crystals, which appear not only in condensed matter but 
also in nuclear matter or cosmology. Nowadays, the BKT transition is 
still one of the central targets in a broad range of modern physics. 
　　In contrast to single-component systems composed of a single 
atomic species, for instance, multicomponent systems host fruitful 
kinds of topological excitations. Since the BKT transition is induced 
by topological excitations, a variety of topological excitations makes 
the phase transition richer. In general, the connection between the 
mathematical structure (homotopy group) of topological defects and 
the resulting topological phase transitions has not yet been clarified. 
 
BKT TRANSITION IN MULTICOMPONENT SUPERFLUIDITY
　　In a two-component superfluid, the vortex charge is no longer 
quantized due to the fraction of the two populations. In a population-
balanced mixture, half-quantized vortices appear. However, they are 
not always stable, depending on the interaction between the two 
components. Indeed, a finite exchange interaction (Rabi coupling) 
makes them unstable. Instead, two half-quantized vortices winding 
in both components respectively form a vortex molecule connected 
by a kink (Figure 1). Consequently, the topological excitations 
responsible for the BKT transition are changed depending on the Rabi 
coupling. This picture was predicted by numerical simulations [3], but 
analytic study and the resulting thermodynamic properties had been 
unexplored. We performed analyses using the renormalization group 
approach to reveal the phase diagram of the miscible binary Bose 
superfluid and the thermodynamic properties [4]. We found that a 
finite Rabi coupling enhances the BKT transition temperature while 
it behaves nonmonotonically with respect to the two-body inter-
atomic interaction. Our result indicates that superfluidity is sustained in 
higher temperatures than in the single-component one. These distinct 
behaviors are found to originate from two branches of elementary 
excitations in addition to the exotic vortex excitations [4].
　　An effective approach to capture the physical property of a 
system is to see the system's response to an external perturbation. 
More intuitively, by shaking a fluid slowly, a wave propagates with a 
certain velocity. How fast does it propagate? It is exactly the response 

to density perturbations determined by the thermodynamics of 
the system. The sound velocity is a good probe for understanding 
the equilibrium properties of a system and is widely investigated. 
Particularly, in addition to the density wave (first sound), a superfluid 
has another sound mode called second sound associated with the 
propagation of the entropy wave [5,6]. It is peculiar to superfluidity and 
dies out in the normal phase. We analyzed the sound velocities in the 
two-component superfluid subject to the BKT transition. The second 
sound exhibits a discontinuous jump to zero at the BKT transition 
point. Moreover, it turned out that the low-temperature behavior 
of the first and second sound modes is qualitatively different from 
the one in a single-component superfluid. Based on our theoretical 
analysis, we found that these special behaviors can be explained 
by the twocomponent character of the superfluid [4]. In cold atom 
experiments, one can precisely control the inter-atomic interactions as 
well as the Rabi coupling, which would verify our predictions. 

CONCLUSION
　　Our ultimate goal is to understand the connection between the 
mathematical structure of topological defects and the topological 
phase transitions, which provides a comprehensive perspective of 
multicomponent quantum systems. As a first step, we theoretically 
studied the BKT transition in a two-dimensional binary Bose 
superfluid. Vortex excitations vary from the single-component one, 
and as a result, the BKT transition is significantly affected. Currently, 
topological properties of quantum materials are crucial for quantum 
technology, including quantum computation. Our study would also 
build up the basis for these applications. 
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Figure 1 . Overview of the Berezinskii-Kosterlitz-Thouless transition in a single-
component and a two-component superfluid, respectively.

Figure legend. Yiqiejingyinyi 一切経音義 (Pelliot chinois 2901) 
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Figure 1. Example of tracking and reconstruction of a visual fields of individuals in 
an aerial videoclips

Figure 2. Example of bird detection in aerial images.
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INTRODUCTION
　　Ancient societies in West Asia experienced rapid cultural 
transformations when the nomadic hunter-gatherer lifeway 
during the Natufian period (c. 12,500–10,000 BC) shifted to settled 
farming societies in the Neolithic period (c. 10,000–5,500 BC). 
The transition to a farming way of life was associated with major 
changes regarding life and death, funerary practices, and burial 
location. Natufian people, in general, tended to bury their dead 
inside the caves and on cave terrace. In the Pre-Pottery Neolithic 
A (PPNA: c. 10,000-8500 BC) and Pre-Pottery Neolithic B (PPNB: c. 
8,500-7,000 BC) periods, the dead were buried under the floor of 
residential buildings and buildings bearing symbolic significance, 
and in courtyards (Fig. 1). Researchers discuss that the building-
burial relations were intertwined with rituals, and the dead were 
buried in/or close to the place where the funeral practices took 
place. This legacy continued into the Pottery Neolithic period 
(PN c. 7,000-5,500 BC), however, a shift from indoor to crowded 
outdoor cemeteries has been documented. I suggest that in this 
period a decline in building-burial relations occurred, which might 
be attributed to social changes during the transition to the Pottery 
Neolithic period. People in the PN period did not maintain a fixed 
place for their dead. Rather, there was diversity in the burial 
context that reflected the diversity of household practices and 
increased household autonomy.

FUNERAL PRACTICES AND BURIAL LOCATION
　　People in the Neolithic period tended to keep their dead close, 
which indicates that the dead held meaning to the living. During 
this period, people undertook funerary rituals and took special 
care of human body, particularly the skull. The skull of many dead 
was separated from the rest of the body, and some were coated 
with a plaster layer and decorated with facial features. Detached 
skulls were later deposited separately in skull cache, in shrines and 
beneath building floors. It is suggested that these practices were 
planned and performed with ceremonies on a societal scale, and 
they were carried out to maintain social cohesion and reaffirm 
social identity. These rituals were usually associated with the 
residential area within habitation buildings or buildings bearing 
ritual significance. Therefore, there was a spatial-based relationship 
between the location of the burials and the communal activities 
that were undertaken which also reinforced memories of place.
　　The transition from the Late PPNB to the PN period has shown 
distinct changes. The skull-related practices decreased sharply, and 
the custom of burying the dead beneath residential buildings was, 
in many instances, abandoned. As such, the prevalent concept of 
house-based identity in the former periods may not be applicable 
as the PN period progressed. I argue that the buildings in the 
PN period bear domestic and economic significance for food 
preparation, cooking or storage, rather than for social activities 

such as rituals or meetings. Therefore, the dead were liberated 
from the buildings and buried outdoors in extended household 
burials.

CHILD BURIAL
　　People in the Neolithic communities buried both adults and 
children in different contexts in the settlement. Evidence from a 
handful of Pottery Neolithic sites illustrated an increase in interest 
in child burials compared to adults. For the first time in this period, 
pottery vessels were used as burial containers of infants and small 
children. In addition, evidence for separate of child burials from 
adults were documented. Further, child burials were accompanied 
with more grave gifts compared to former periods. 
　　Life and death in the Neolithic period have been long 
investigated from adults’ points of view. However, the increased 
evidence of child funeral practices have raised the possibility 
of carrying out studies through child experience. The long 
development of farming societies and changes in the socio-
economic conditions may have affected burial traditions over 
time. On the other hand, the variation in the mortuary treatment 
of children, dedicate grave gifts, and burying separately and in 
pottery jars are undoubtedly meaningful suggest that the age at 
death is a considerable matter.  
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INTRODUCTION
　　Animal behavior and ecology have evolved within natural 
environments; therefore, it is crucial to understand their behavior 
and ecological patterns in these wild settings. Additionally, as the 
global environment undergoes rapid changes, continuous monitoring 
becomes an urgent task. Consequently, we need new technologies to 
accurately quantify their behavioral and ecological data in the wild.

QUANTIFICATION OF BEHAVIOR IN THE WILD
　　Animals often inhabit inaccessible areas and range widely. 
Unmanned Aerial Systems (UAS) are revolutionizing data collection 
in the wild, enabling the simultaneous capture of behaviors from 
multiple individuals [1]. Additionally, UAS facilitate the quantification 
of the environment surrounding animals. However, another 
challenge is data analysis. Aerial images and video clips provided by 
UAS are usually large in size and contain complex information. Deep 
learning-based object detection and tracking aid in data processing 
and analysis. Beyond mere position tracking, posture tracking can 
also quantify their detailed movements and infer body orientation. 
Using these technologies, it is becoming possible to collect and 
analyze data in the actual environments where animals live.

EX.1) QUANTIFICATION OF ATTENTION THROUGH GAZE 
　　Attention is arguably the fundamental component required to 
achieve collective behavior, as information about other individuals 
is mostly transmitted through visual cues. In primates, including 
humans, it is believed that the direction of attention has a structured 
pattern, such as subordinate individuals paying attention to 
dominant ones.
　　We have developed a method to quantify the attention of wild 
Japanese macaques living on Koshima Island, Miyazaki, Japan. These 
monkeys have been observed since the 1970s by researchers from 
Kyoto University. Individual IDs and kinship have been recorded. We 
combined this ID information with UAS and tracking technology to 
reveal the attention patterns within their troop.
　　As expected, the most dominant individuals were frequently 
observed by others. However, a hierarchical structure was not 
apparent. This suggests that the most dominant individual, generally 
referred to as the alpha, may occupy a significantly different social 
position within the troop. While our results are not yet comparable 
with those from other study sites, future comparative studies could 
provide insights into the relationship between social dominance and 
attention.

EX.2) COUNT NUMEROUS INDIVIDUALS FROM THE 
AERIAL VIEW
　　UAS can focus on population dynamics. Population size is 
fundamental information for ecology and conservation, yet accurate 
estimation is challenging because animals inhabit inaccessible areas 
and move over vast ranges. Furthermore, counting species that form 
large colonies is inherently difficult.
　　We developed a new framework to accurately estimate the 

population size of seabirds. In our framework, UAS-based colony-
level census and bio-logging-based individual-level behavioral data 
were combined. For this study, a colony of black-tailed gulls in 
Kabushima, Aomori, Japan, served as a model system. The colony-
level census provided time-series data on the number of individuals 
in the colony, while the individual-level behavioral data revealed 
the proportion of absent individuals. Data fusion of these two 
distinct time-series through a statistical model was accomplished. The 
estimated population size was about 30,000 individuals, which aligns 
with previous studies. Our framework also allows for the estimation 
of uncertainty, which is often lacking in previous methods.
　　Considering uncertainty and reducing personal dependency are 
essential for the sustainable monitoring of wildlife. State-of-the-
art technology enhances population monitoring and deepens our 
understanding of wildlife.

Observing wildlife from the sky
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Figure legend. Conceptual diagram of coarse-grained molecular simulations 
of oxidative aging. Heterogeneous degradation occurs when the frequency of 
hydrogen abstraction reactions precedes molecular relaxation.
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INTRODUCTION
　　The standard model (SM) of elementary particles can describe 
most of experimental data and the last piece of the SM, Higgs 
boson was discovered in 2012 at Large Hadron Collider (LHC) 
[1,2] hosted by the European organization for nuclear research, 
known as CERN. However, it is widely known that the SM is not the 
ultimate theory since it cannot explain baryon asymmetry of the 
universe, dark matter, neutrino mass, and so on. There are many 
proposed theoretical models which address those puzzles while it is 
not clear which morel is the correct one. In 1973, the measurement 
of the charge-parity (CP) symmetry violation in a K meson decay 
inspired Kobayashi and Maskawa to propose the model with more 
than 3rd generation fermions [3]. Similarly, the current anomalies 
(deviations between the SM prediction and experimental 
measurement) known in flavor physics might be a hint of the new 
physics (NP) which help us to single out the NP model. Currently 
we have several discrepancies of 3-4 standard deviations, in the B 
meson decays e.g. B→D(∗)τν, B→K(∗)ll, B→DK, potentially implying 
new particles with the mass of tera electron volt (TeV) scale. At the 
LHC they accelerate and collide protons to directly produce new 
particles with the center of mass energy of 13-14TeV and hence it 
is natural to probe those particles with collider physics. 

STATUS OF FLAVOR ANOMALIES IN B MESON DECAYS
　　To claim a discrepancy in B meson decays of interest there 
are two key ingredients, precise experimental data and accurate 
theoretical prediction. We have on going Belle II experiment at 
Tsukuba, Japan and LHCb experiment at CERN, and they expect to 
reduce the uncertainty of a factor of 3-5 compared to the previous 
experiments. The theoretical description of those semileptonic 
decays needs B meson to other mesons transition form factors 
while they involve quantum chromo dynamics (QCD) effect which 
we cannot calculate perturbatively. Recently several experimental 
data and  Lattice QCD result became available which help us to 

improve those form factors. Currently the uncertainty in the SM 
prediction is smaller than the experimental one, however, in view 
of upcoming data, sharpening the SM prediction is also important 
[4,5]. Currently there are about 4σ , 4σ , 5σ , deviation in B→D(∗)τν, 
B→K ll, B→DK decays, respectively.

ILISTING NEW PHYSICS MODELS
　　In light of the new experimental results reported in this two 
years and remaining large discrepancy in B→D(∗)τν we revisited the 
global fit and summarized new physics candidates and its distinct 
predictions which allow us to discriminate these particles in table 
[6]. 

INTERPLAY BETWEEN FLAVOR ANOMALIES AND LHC
　　A sub-TeV charged Higgs boson (H±) within a general two 
Higgs doublet model, which is one of the simplest extensions of 
the SM, has been known as a good candidate of the simultaneous 
explanation of B→D(∗)τν and B→K(∗)ll anomalies [7]. By recasting 
the previous LHC data, we excluded the scenario with charged 
Higgs mass larger than 0.4TeV while it turned out that the lighter 
possibility is difficult to probe at the LHC due to the overwhelming 
number of background (BG) events [8]. Based on this observation 
we proposed a new method, so-called b-tagged method, to highly 
suppress the BG events while keeping the signal events. We 
found that this light mass window could be probed with existing 
data once they perform the analysis based on our proposal [9]. 
Furthermore it is shown that this charged Higgs scenario can 
also address the 3σ  excess in exotic top quark decay [10]. Since 
the ongoing LHC operation will finish in 20 decades, evaluating 
physics potential of the next collider is a very important task for 
our community. We showed that the future circular electron 
positron collider serves not only as a precision machine to check 
electroweak sector of the SM but also flavor factory which plays a 
unique role in heavy flavor physics such as Bc meson decays [11].   

RESEARCH THEME: TIME OF MATERIALS
　　My research revolves around the interplay between materials 
and time, focusing on the scientific exploration of how materials 
evolve over time and their implications in environmental contexts. 
The core of my interest lies in understanding the changes in 
material properties with long-term use, evaluating whether these 
changes are favorable or not. Such aging scenario is determined 
by the relationship between the inherent timescales of each 
material and the timescales at which external chemical reactions 
or mechanical stimuli occur. For instance, soft materials such as 
rubber and polymers are generally considered to be softer and 
more deformable compared to concrete or metallic materials. This 
is because the global molecular motion timescale is close to the 
actual usage and performance evaluation time scales, allowing 
for significant deformation by dynamically altering the internal 
structure. Thus, the effective time experienced by a material varies 
depending on its unique time scale, and it is never uniform across 
different materials.
　　In addition, I suppose materials aging over time is not 
inherently negative. For instance, the aging of wood enhances 
its aesthetic appeal, and the capability for CO2 absorption of 
cementitious materials serves as positive examples. My approach 
is to observe general aging phenomena from a primitive mind. I 
primary study on aging and recycling of polymers and microplastic 
formations. I currently employ a combination of simulation and 
experimental techniques.

MODELING OF POLYMER DEGRADATION
　　To date, there has been no simulation method capable of 
representing the gradual oxidative degradation of polymer 
materials that occurs over an extended period of several months 
to years. The reason for this is that calculating the movement of 
each individual atom results in prohibitively high computational 
costs. Even when using supercomputers, such simulations can only 
realistically achieve calculations on the scale of microseconds. 
Therefore, based on the concept of coarse-graining, we have 
successfully simulated long-term phenomena such as aging by 
significantly reducing computational costs through calculations 
focused on key degrees of freedom in target systems. By 
integrating the kinetics of oxidative aging phenomena into this 
coarse-grained simulation, we have developed a model that 
seamlessly connects the microscale and mesoscale [1, 2].
　　For instance, oxidative degradation, a phenomenon known 
to progress through the involvement of radicals, was visualized 
experimentally in the 2000s, resembling the spread of an infectious 
disease. However, since then, no computational science approach 
capable of effectively representing this process has been presented 
in the field. In 2023, I introduced a computational technique that 
makes this representation possible [1]. According to the results, 
it was revealed that the competition between the relaxation 

time of molecules and the time scale of hydrogen abstraction 
reactions, which are characteristic of oxidative aging, leads to a 
spatial progression resembling an infectious disease, as pointed 
out in previous studies, when the reaction is sufficiently faster than 
molecular chain relaxations. Additionally, we recently have been 
extending this modeling approach to crystalline polymers.

Figure legend. (Top) Representation of the geometry of the 
amorphous region in crystalline polymers on a computer. Pink 
indicates tight loop molecules, yellow indicates tie molecules, and 
blue indicates loose loop molecules. (Bottom) Spatial progression 
of oxidative aging. Blue represents scission sites, and green 
represents chain radicals. 
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INTRODUCTION
　　Terpenoids are universal building blocks of all life forms 
on Earth and are the largest group of natural compounds, 
encompassing nearly 100,000 compounds. Due to the diverse 
chemical structures and functions, terpenoids are involved 
in various membrane-associated cellular processes, including 
respiration, photosynthesis, cell signaling and membrane 
organization. Therefore, the evolution of terpenoids is deeply 
intertwined with the evolution of life itself. The overarching goal 
of my research is to establish a unified theory to elucidate the 
origin and the evolution of biological membranes in the three 
domains of life – Archaea, Bacteria and Eukarya, by addressing 
the evolutionary trajectory of terpenoids and their interactions 
with other membrane lipids and proteins. My research aims at not 
only gaining fundamental insights into the emergence of cellular 
life, but also applying the obtained insights about membrane 
organization to next-generation molecular engineering fields 
such as molecular cybernetics and synthetic biology.

DIVERSIFICATION OF TERPENOIDS
　　I have examined the distribution of terpenoid biosynthesis 
pathways across all known organisms and reconstructed the 
stepwise expansion of terpenoid diversity since the period of 
the last common ancestor of all three domains - i.e. the Last 
Universal Common Ancestor (LUCA) (Hoshino and Villanueva, 
2023). For instance, the cellular membrane of Archaea is entirely 
composed of terpenoid-based phospholipids, while bacterial/
eukaryotic membranes that are mainly made up of fatty acyl 
phospholipids (Fig. 1). However, eukaryotes additionally contain 
steroids – polycyclic terpenoids that are critical for the eukaryotic-
specific membrane dynamics (Sezgin et al., 2017). Hence, Archaea 
and Eukarya owe their evolution to the presence of particular 
terpenoids. While terpenoids are not universal in the bacterial 
membrane, it was in Bacteria that the terpenoid-based membrane 
regulation first evolved, which was later transferred to proto-
eukaryotes and paved the way to the emergence of Eukarya. 
Overall, organisms in individual domains have distinct terpenoid 
repertoires that are optimized for their lifestyles and hence 
tracing the evolution of terpenoids leads to trace the evolution of 
membrane organization and associated dynamics that enabled the 
emergence of life as we know it.

CROSS-DISCIPLINARY APPROACH
　　At Nagoya, I launch a new project to understand this deep 
relationship between terpenoids and membrane dynamics. To 
fulfill this goal, the interaction between membrane proteins and 
terpenoid lipids is utilized as an indicator for the biophysical 
environment of membranes. Some membrane proteins are 
ubiquitously distributed in all three domains and were likely 
present in LUCA. The function and structure of those proteins 
are dependent on the physical property of membranes (Drew 
and Boudker, 2024) and this renders membrane proteins good 

candidates as a universal indicator to mirror the physical condition 
of membranes, which contain different compositions of terpenoids 
and therefore represent different evolutionary stages of life 
and taxonomic lineages. The ancestral sequence reconstruction 
technique enables me to resurrect ancestral proteins that were 
present in membranes at different evolutionary stages and hence 
reconstruct the developmental history of membrane environments 
and associated dynamics, ranging from the primordial membrane 
of LUCA to highly dynamic and near-critical membranes of 
modern eukaryotes. This ambitious project is achievable not by 
pursuing specific scientific disciplines, but only by integrating 
techniques and insights from multiple disciplines, in particular 
membrane biology and structural biology, in addition to my core 
expertise in geobiology and molecular biology. The diverse and 
collaborative research environment at IAR, without conventional 
departmental barriers, is highly beneficial to foster innovative 
research ideas to tackle the enigmatic origin and the subsequent 
divergence of cellular life.

INTRODUCTION
　　Many essential functions of our body (e.g., digestion, 
heartbeat, and breathing) are controlled by brain-body 
communication through the vagus nerve. The vagus nerve is 
a bundle of sensory and motor neurons that extends from the 
brain and innervates a broad array of internal body parts, such 
as muscles in the throat and tissues in visceral organ (e.g., heart 
and stomach). Vagus sensory neurons send sensory information 
from these body parts to the brain. In turn, vagus motor neurons 
reflexively return motor commands from the brain to the body 
to induce appropriate bodily reactions. Importantly, different 
sensory information results in distinct motor responses, indicating 
specific sensory-to-motor signaling via brain neural circuits. For 
example, when sensory neurons detect high blood pressure, they 
signal heart-innervating motor neurons to decrease the heart rate. 
Meanwhile, when sensory neurons detect a potentially harmful 
item in the throat, this information activates throat-innervating 
motor neurons to contract throat muscles and prevent swallowing. 
Inappropriate sensory-to-motor signaling can cause serious adverse 
conditions that include swallow-induced cardiac arrest implicated 
in the sudden infant death syndrome, or SIDS. However, vagus 
motor neurons that induce different body reactions (e.g., throat 
muscle contraction vs. heartrate arrest) are not anatomically 
separated in the brain but spatially intermingled. It remains 
unanswered how intermingled motor neurons are integrated into 
separate brain circuits for precise body regulation.

INVESTIGATION OF VAGUS SENSORY-MOTOR WIRING 
IN LARVAL ZEBRAFISH
　　Since the vagus nerve is widely conserved across vertebrates, 
I selected the tractable zebrafish system for investigating sensory-
to-motor signaling in the brain. I combined (1) an optical method 
to provide sensory stimulation locally along the gastrointestinal 
tract and (2) the calcium imaging method to monitor neural 
activity responses from vagus motor neurons. With this method, 
I first identified that, when noxious (i.e., pain-like) stimulation 
is delivered to the throat, this sensory information specifically 
induces throat muscle contraction with neural activity responses 
from throat-innervating vagus motor neurons. The throat sensory 
information does not induce other unnecessary body reactions 
through the vagus, demonstrating high specificity in sensory-to-
motor signaling in tractable zebrafish. Remarkably, I found that 
sensory-to-motor signaling is less specific in "just-hatched" young 
larval zebrafish which have not started feeding. They react to 
noxious stimulation from the throat with nonspecific activations 
of diverse vagus motor neurons and consequently broader body 
reactions. The immature sensory-to-motor signaling in young 
zebrafish larvae is a reminiscent of inappropriate signaling in 
prematurely born infants implicated in SIDS.

POSITION-INDEPENDENT SENSORY-MOTOR WIRING IN 
THE ZEBRAFISH VAGUS
　　What is the mechanism that enables selective activation of 
throat-innervating vagus motor neurons among intermingled 
vagus motor populations? To address this question, I transplanted 
the cell body of single vagus motor neurons to an ectopic position 
so that single throat-innervating neurons are surrounded by 

non-throat-innervating motor neurons. I found that, despite 
the artificial mispositioning, sensory stimulation from the throat 
successfully activates the ectopic throat-innervating motor 
neurons for adequate throat muscle contraction. This observation 
suggests that precise sensory-to-motor signaling via brain circuits is 
independent of motor neuron position. This finding contrasts with 
motor neurons in the spinal cord, whose mispositioning results 
in inappropriate motor activation and, consequently, abnormal 
behavior. I further identified that mispositioned throat-innervating 
motor neurons extend their dendrites towards the brain region 
where throat-innervating motor neurons originally reside. This 
"adaptive" dendritic extension may underlie the ability of motor 
neurons to appropriately respond to corresponding sensory 
information, despite intermingled positioning.

EXPERIENCE-DEPENDENT SENSORY-MOTOR WIRING
　　I provided evidence that sensory-to-motor signaling is fine-
tuned post-embryonically through experience. I suppressed the 
ability of vagus motor neurons to induce motor outputs (e.g., 
muscle contraction) through the inhibition of neurotransmitter 
release from the axon terminals. This manipulation reduced 
the number of throat-innervating motor neurons that respond 
to the throat noxious information. Additionally, when I mixed 
neurotransmission-intact motor neurons with neurotransmission-
deficient motor neurons, only intact motor neurons responded 
to sensory stimulation. Thus, brain circuits are refined by motor 
performance so that sensory information selectively signals motor 
neurons that are effective in producing intended motor outputs. 
This experience-dependent circuit refinement presumably guides 
the development of specific sensory-to-motor signaling for precise 
body control from the originally immature circuit in young larvae.

Figure legend. Diverse body functions are independently regulated by specific 
signaling from vagus sensory neurons to vagus motor neurons inside the brain.

Figure 1. Relationship between terpenoids and membrane evolution. Hopanoids 
in bacteria were later transformed into steroids in eukaryotes. The evolutionary 
trajectory of membrane is different from the species tree of life. The figure was 
modified from (Hoshino, 2024).
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Affiliation : Vice President of Nagoya 
University / Professor of the Graduate 
School of Medicine
Research Field : Neuroscience, Neurology 

Koji YAMANAKA
Affiliation : Professor of the Graduate 
School of Humanities
Research Field : Southeast Asian History, 
Tai History

Kumiko KATO

Affiliation : Steering Committee / 
Professor of the Graduate School of 
Mathematics
Research Field : Mathematics, Geometry

Hiroshi OHTA

Affiliation : Professor of the Graduate 
School of Medicine
Research Field : Autonomic Neuroscience, 
Physiology

Kazuhiro NAKAMURA

Affiliation : Professor of the Graduate 
School of Economics
Research Field : International economics, 
Economic theory

Akihiko YANASE

Affiliation : Professor of the Graduate 
School of Engineering
Research Field :
Chemical Biology

Shigeki KIYONAKA

Affiliation : Deputy Director of Nagoya 
IAR / Professor of the Graduate School of 
Bioagricultural Sciences
Research Field : Molecular Plant 
Physiology, Phytohormone

Hitoshi SAKAKIBARA

Affiliation : Director of Nagoya IAR / 
Professor of the Graduate school of 
Science
Research Field : Solid-State Chemistry

Kunio AWAGA
Affiliation : Deputy Director of Nagoya 
IAR / Professor of Institute for 
Space-Environmental Research
Research Field : Cosmic ray physics, 
Neutrino and dark matter

Yoshitaka ITOW

Affiliation : Deputy Director of Nagoya 
IAR / Professor of the Graduate School 
of Law
Research Field : Political Sociology, Politics

Hiroko TAKEDA

Affiliation : Professor at Center for 
Digital Humanities and Social Sciences / 
Professor at Nagoya IAR
Research Field : Egyptian Archaeology, 
Pyramid, 3D Survey

Yukinori KAWAE
Affiliation : Associate Professor at 
Nagoya IAR
Research Field : Plant Physiology, Plant 
nutrients

Satomi KANNO

Affiliation : Designated Lecturer at 
Nagoya IAR
Research Field : Particle Physics, 
Astrophysics

Tsutomu FUKUDA
Affiliation : Science Communicator
Research Field : Science Communication

Tatsuro AYATUSKA

IAR
Core Faculty Committee

The IAR Core Faculty Committee is composed of the Institute Director, Deputy 
Directors, Full-Time Faculty Members, and member of the clerical staff, who promote 
the Institute’s activities, and make proposals to the IAR Committee.

IAR
Steering Committee

The IAR Steering Committee plan, discuss, and decide on the Institute’s academic 
activities.

Elena KOZGUNOVA  
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Humanities
Research Field : Assyriology

Sanae ITO   

Hideki UMEHATA

Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Science
Research Field : Plant cell division

Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Science
Research Field : Astronomy, Astrophysics

Affiliation :Designated Assistant professor 
at Nagoya IAR and Graduate School of 
Bioagricultural Sciences
Research Field : Animal physiology, 
Molecular biology

Tomoya NAKAYAMA

Affiliation : Designated Assistant professor 
at Nagoya IAR and Graduate School of 
Bioagricultural Sciences
Research Field : Fish Neuroscience

Hanako HAGIO 
Affiliation : Designated Assistant professor 
at Nagoya IAR and Institute for 
Space-Earth Environmental Research
Research Field : Space Weather, History, 
Solar Activity

Hisashi HAYAKAWA  

Affiliation :Designated Assistant professor 
at Nagoya IAR and Graduate School of 
Science 
Research Field : Mosquito neuroscience 
and behavior

Matthew Paul SU

Affiliation : Designated Assistant professor 
at Nagoya IAR and Graduate School of 
Mathematics
Research Field : Number Theory

Minoru HIROSE 
Affiliation : Designated Assistant professor 
at Nagoya IAR and Graduate School of 
Humanities
Research Field : Cultural anthropology

Jie HUANG

Affiliation : Designated Assistant professor 
at Nagoya IAR and Graduate School of 
Humanities
Research Field : History of Architecture

Ryo HIGUCHI 

Affiliation : Designated Assistant professor 
at Nagoya IAR and Graduate School of 
Science
Research Field : Early Universe

Yuichiro TADA

Y LC Faculty members are promising young researchers recruited under the 
Nagoya University Young Leaders Cultivation Program (YLC Program).

Akira YOSHINARI
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Institute of 
Transformative Bio-Molecules Sciences
Research Field : Plant Biology

Fanny BELLEGARDE
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Bioagricultural Sciences
Research Field : Plant nutrition, Hormone 
biosynthesis, Epigenetic

Satoshi IKEGAYA
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Engineering
Research Field : Condensed Matter Physics 
(Theory)

Shohei IYOSHI
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Medicine
Research Field : Cancer Biology, Chemical 
Biology

Shohei SAGA
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Kobayashi-Maskawa 
Institute (KMI)
Research Field : Observational cosmology

YLC
Program Faculty
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2004 Person of Cultural Merit, Japanese 
Government University Professor, Nagoya 
University Discovery of Cadherins, the 
molecular basis governing cellular 
adhesion

Masatoshi TAKEICHI

2001 Winner of the Nobel Prize in 
Chemistry University Professor, Nagoya 
University Establishment of chirally 
catalysed hydrogenation reactions

2021 Order of Culture, Japanese 
Government University Professor, Nagoya 
University Discovery of Okazaki fragments 

Tsuneko OKAZAKI

2014 Winner of the Nobel Prize in Physics 
Professor, Nagoya University Invention of 
blue light-emitting diodes

Hiroshi AMANO
2009 Order of Culture, Japanese 
Government Distinguished Invited 
University Professor, Nagoya University 
Discovery of carbon nanotubes

Sumio IIJIMA

2008 Winner of the Nobel Prize in Physics 
University Professor, Nagoya University 
Discovery of the Kobayashi-Maskawa 
theory

Makoto KOBAYASHI

2002 The Japan Academy Prize, Professor 
Emeritus, Nagoya University Creation of 
the science of textual configuration

Shoichi SATO

2009 Person of Cultural Merit, Japanese 
Government University Professor, Nagoya 
University Determining the DNA sequence 
of the tobacco chloroplast genome

Masahiro SUGIURA

2016 Person of Cultural Merit, Japanese 
Government University Professor, Nagoya 
University Study on molecular mechanisms 
of stress response in plants

Kazuo SHINOZAKI

2001 Winner of the Nobel Prize in 
Chemistry University Professor, Nagoya 
University Establishment of chirally 
catalysed hydrogenation reactions

Ryoji NOYORI
1986 Winner of the Nobel Prize in 
Chemistry Ex-President, ICSU Honorary 
Doctorate, Nagoya University Clarification 
of the dynamics of chemical elementary 
processes

Yuan Tseh LEE

Ryoji NOYORI

IAR 
Honorary Directors

IAR
Academy 

Koyo TSUJIKAWA

Atsushi USAMI

Yuki SUGIYAMA
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Medicine
Research Field : Neurology, Genome 
biology

Affiliation : Designated Assistant Professor 
at Nagoya IAR and Institute of 
Transformative Bio-Molecules (ITbM)
Research Field : Biotechnology

Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Science
Research Field : Plant Cell Biology

Jia WANG
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Institute of Materials 
and Systems for Sustainability (iMaSS)
Research Field : Novel P-type Doping of 
Nitride Semiconductors

Affiliation : Visiting Associate Professor at 
Nagoya University /Associate Professor at 
Gifu Shotoku Gakuen University
Research Field : Observational Cosmology, 
Astronomy

Atsushi J. NISHIZAWA

Affiliation : Visiting Professor at Nagoya 
IAR / Professor at Chubu University
Research Field : History of Social Thoughts

Takaho ANDO
Affiliation : Visiting Professor at 
Nagoya IAR
Research Field : Medieval Japanese 
Culture and Texts

Yasuro ABE

Affiliation : Visiting Professor at Nagoya 
IAR / Professor at Nanzan University
Research Field : International Economics

Dapeng CAI

IAR
Visiting Professor & Associate Professor

Naiqi LI

Sari JAMMO

Koichiro FURUTANI
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Humanities
Research Field : Philology, Linguistics, 
Cultural History

Affiliation : Designated Assistant Professor 
at Nagoya IAR and Nagoya University 
Museum
Research Field : Neolithic, Prehistory, 
Funerary Archaeology

Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Engineering
Research Field : Condensed Matter Physics

Sota INOUE
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Environmental Studies
Research Field : Ethology

Syuhei IGURO
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Kobayashi-Maskawa 
Institute (KMI)
Research Field : Particle Physics

Takato ISHIDA
Affiliation : Assistant Professor Department 
of Materials Physics, Nagoya University
Research Field : Materials Science, 
Engineering

Takuya KANEKO
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Graduate School of 
Science
Research Field : Developmental biology, 
Neuroscience

Yosuke HOSHINO
Affiliation : Designated Assistant Professor 
at Nagoya IAR and Synchrotron Radiation 
Research Center
Research Field : Evolutionary Biology, 
Organic Geochemistry
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INSTITUTE FOR ADVANCED RESEARCH, NAGOYA UNIVERSITY
Telephone. +81-52-789-3933   E-mail. iar@t.mail.nagoya-u.ac.jp

http://www.iar.nagoya-u.ac.jp/


