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With a network of some 100 billion neurons, the human brain
processes a huge amount of information to perform the
complex functions that make us unique. Conventional research
methods have only had limited success in unraveling the
mechanisms of this intricate information processing network.
When taking measurements at the neuron level, only a small
number of cells can be examined at one time. Conversely,
activity of a large brain area can be estimated only through
the averaged activities of local neuronal population with their
numbers in a range of several hundred thousands. Therefore
it was thought by most scientists until recently that it was
impossible to realize brain-wide analyses of network activity at
the level of single neurons.

Fortunately, however, several new technologies have been
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developed in quick succession in recent years that provide
keys to analyzing the whole brain network at the level of single
neurons. These include: technology that enables automatic
analysis of the brain structure at the resolution of electron
microscopy; imaging technology that makes the brain
fransparent and records its entire structure on a cellular level;
and technology that controls activity of specific neurons by light.
Stimulated by these new technologies, neuroscientists think that
it is time for a major paradigm shift in research, with its goal of
elucidating the full mechanisms of the brain.

In 2013, US President Obama announced the launching of the
BRAIN Initiative (Brain Research through Advancing Innovative
Neurotechnologies), a large-scale national research project on a
par with the Apollo Program to land the first humans on the moon.
The BRAIN Initiative is targeted at accelerating the development
and application of innovative technologies to revolutionize our
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understanding of the neural network of the whole human brain.
In the same year, the Human Brain Project (HBP) was launched
in Europe to develop database platforms bringing together the
experimental data from various kinds of brain research.

In parallel with these projects in the US and Europe, Japan
formulated its own project based on the following three
objectives: to focus on studies of non-human primate brains
that will directly link to better understanding of the human
brain; to elucidate the neural networks involved in such brain
disorders as dementia and depression; and to promote close
cooperation between basic and clinical research related to the
brain. Dubbed Brain Mapping by Infegrated Neurotechnologies
for Disease Studies (Brain/MINDS), this new project was launched
in fiscal 2014 and started to integrate new technologies and
clinical research. In this program, challenging goals will be
achieved through long-term researches carried out by linking
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core research institutions nationwide. In 2018, a sister program
called “Brain/MINDS Beyond” was initiated and expected
to facilitate international collaboration and data sharing.
From 2019, the second half of the research term started with
appointment of new research teams for clinical neuroscience
and innovative neurotechnologies.

As the program supervisor for this massive project, we work to
expand cooperation among a broad range of scientists to apply
novel ideas and technologies that will pioneer new frontiers in brain
science. We are hopeful that the results will lead to fundamental
understanding of neural network that realizes cognitive functions
unique fo human, identification of the damaged network caused
by brain disease, and improved diagnosis and treatment of

psychiatric and neurological disorders.
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Shigeo Okabe

Graduate School of Medicine,
The University of Tokyo
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The brain comprises a network of over a hundred billion neurons,
and an understanding of the brain requires clarification of not
only the activities of each cell but also how those activities are
transmitted throughout the network. To achieve these goals, we
need to investigate the structural links between brain neurons, to
create an accurate diagram of neural circuits, and to elucidate
the principles under which signals are transmitted within this
circuit. Due to technological limitations, research at such a
detailed level has not progressed much to date. However, with
recent innovations in experimental methods and measurement
technologies, the time has come to tackle this research. The
“Brain Mapping by Integrated Neurotechnologies for Disease
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Studies (Brain/MINDS)” was launched to address precisely this
goal. The year 2019 will be the year of the last five years in the
second half.

In Japan, which has entered into an unprecedented aging
society, one of the topics of neuroscience research anticipated
by the people is the elucidation of psychiatric and neurological
disorders such as dementia and depression. Although previous
neuroscience research pursuing the pathology of these
disorders has produced results, further pathological clarification
of psychiatric and neurological disorders warrants a deeper
understanding of brain functions at the neural circuit level,
which is the goal of this project. Also, to clarify the neural circuits
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specific to psychiatric and neurological disorders, promotion
of research under systems integrating all parties - from basic to
clinical research - is essential.

New large-scale brain projects are currently underway not
only in Japan, but also in the United States, Europe, and Asia.
Based on such global trends, to contribute to the development
of international brain science research, we have newly started
a sister project “Brain/MINDS Beyond” to deepen international
collaborations. Also, the International Brain Initiative (IBI) has
been launched in earnest to coordinate large-scale brain
projects in each country.

We believe that, given the developments in each of the
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countries and our collaborative relationships, it is crucial to take
advantage of the strength of neuroscience research in Japan to
move forward using an “all-Japan” structure. Our understanding
of the role is to provide guidance and advice such that the
involved researchers all come together to advance the
research tfoward the goals of this project. As program officers, we
intend to fulfill our responsibilities to meet expectations towards
neuroscience research under the direction of the program
supervisor. Thank you very much for your understanding and
support.

Program Officers JO0SLF 74—

Tetsuya Matsuda

Brain Science Institute,
Tamagawa University
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Toshihisa Ohtsuka

Graduate School of Medicine / Faculty of Medicine,
University of Yamanashi
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Masahiko Watanabe

Graduate School of Medicine
Hokkaido University
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It is my great pleasure that we could inaugurate the Brain
Mapping by Integrated Neurotechnologies for Disease Studies
(Brain/MINDS) project, supported by the Ministry of Education,
Culture, Sports Science, MEXT, and the Japan Agency for
Medical Research and Development, AMED. My name is
Hideyuki Okano, one of the Project Leaders of Brain/MINDS,
which is Japanese Brain Mapping Project (Brain/MINDS).

As you know, there is a globally increasing interest in the brain
mapping projects, including The Brain Research through
Advancing Innovative Neurotechnologies (BRAIN) Initiative
project in USA, Human Brain Project (HBP) in Europe and Brain/
MINDS in Japan. These brain mapping projects aim to map
the structure and function of neuronal circuits to ultimately
understand the vast complexity of the human brain. In Brain/
MINDS, we focus its attention on the common marmoset
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(Callithrix Jacchus), a new world small monkey, for structural
and functional mapping of brains. This non-human primate
has numerous advantages for brain mapping, including a
well-developed frontal cortex, compact brain size and the
availability of fransgenic/genome editing technologies. Brain
mapping of common marmoset is an ambitious project,
requiring further extensive technological innovations. If we
could obtain detailed information of structural and functional
connectivity of entire marmoset brains, those will enormously
contribute to our understanding in the human brains and their
diseases!

In the second half of the research term, we aim to elucidate
abnormal neuronal circuits in the psychological and
neurological disease model marmosets, using our marmoset
brain database.
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Hideyuki Okano

RIKEN Center for Brain Science/
School of Medicine, Keio University
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The history of science is a chain of advances in technology
and knowledge that have always complemented each
other; technological innovations bring about new discoveries
and are bred by other discoveries. In the Brain Mapping by
Integrated Neurotechnologies for Disease Studies (Brain/MINDS)
project, a big group has been conceived as an assembly of
scientists who are inclined towards developing technological
innovations in brain science. These innovations include, for
example, optogenetics, a growing suite of techniques that
combine optical and molecular genetic methods. They employ
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genetically encoded tools and are becoming popular in
neuroscience, where the central challenge is fo understand the
mechanisms by which neurons process and integrate synaptic
inputs and how these mechanisms are modified by activity.
In recent years, also, one of the most surprising innovations in
neuroscience would be the new trend in optical clearing of
brain tissue for the visualization of structures and molecules
in situ. | hope that our efforts in the Brain/MINDS project will
promote the progress of neuroscience as we address the
expanding needs of this field.
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Atsushi Miyawaki

RIKEN Center for Brain Science
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The main aim of this project is to develop genetically modified marmosets to elucidate the pathophysiology of human
brain diseases. To achieve this, we will develop technologies required for producing such animal models, construct a
map of primate structure/function and make a database that holds associated data, alongside innovative analysis
techniques.
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(A) Brain mapping and analysis of genetically-modified marmosets

Hideyuki Okano Marmoset Neural Architecture, RIKEN Center for Brain Science / School of Medicine, Keio University
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(B) Generation and analysis of non-human primate models of Alzheimer’s disease
Takaomi Saido Proteolytic Neuroscience, RIKEN Center for Brain Science
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(C) Tracer map of the marmoset brain

Tetsuo Yamamori Molecular Analysis of Higher Brain Function, RIKEN Center for Brain Science
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(D) Generation of marmoset gene atlas

Tomomi Shimogori Molecular Mechanisms of Brain Development, RIKEN Center for Brain Science
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(E) Development of a high-performance, wide and contiguous field-of-view two-photon microscope
Masanori Muroyomo Haptic Perception and Cognitive Physiology, RIKEN Center for Brain Science
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(F) Structure, function, and molecular mechanism of the brain
Atsushi Miyawaki cell Function Dynamics,RIKEN Center for Brain Science
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(G) Development of database, data analysis methods, and new MRI techniques
Keiji Tanaka Functional Magnetic Resonance Imaging, RIKEN Center for Brain Science
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(H) Development of animal resources for structural and functional analyses of primate brains
Hiroyuki Komiguchi Deputy Director, RIKEN Center for Brain Science
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() Project management and promotion

Shigeyoshi Ifohara Brain/MINDS office, RIKEN Center for Brain Science
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Research on Neurodegenerative Disease Marmoset Models Research on Wild Type Marmosets
This project involves the production and breeding of neurodegenerative disease marmoset models using gene We will improve the breeding environment and mating/breeding technology to establish a method for breeding wild
modification technology. We develop efficient production and breeding methods using developmental engineering type marmosets suitable for brain science research. We will study the interactions of gene and environment for wild type
technology. We will generate mainly animal models for neurodegenerative diseases, such as dementia, which we will marmosets. The results will allow them to be stably distributed to researchers to support brain science research.
distribute to many researchers.
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Study of developing neurodegenerative model marmosets and establishment of novel reproductive methodology Common marmosets as experimental animals suitable for brain science research: research on breeding, housing, and distributing methods
Erika Sasaki Department of Marmoset Biology and Medicine, Central Institute for Experimental Animals - Keiji Wada National Institute of Neuroscience, National Center of Neurology and Psychiatry
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Generation and evaluation of a marmoset model of dementia Establishment of a method for rearing marmosets of strong physique and providing marmosets
Kazuhiko Seki National Institute of Neuroscience, National Center of Neurology and Psychiatry Katsuki Nakamura center for the Evolutionary Origins of Human Behavior, Kyoto University
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Platform for marmoset research support

Erika Sasaki bepartment of Marmoset Biology and Medicine, Central Institute for Experimental Animals
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In this project, we will elucidate the neural circuits responsible for the higher brain functions of marmosets at the neuron
level to contribute to overcoming human neurological diseases. We will undertake:

- Analysis of neural circuits related to mental diseases using MRI

- Research neurodegenerative diseases to identify biomarkers

- Molecular biological and developmental engineering research on neurological diseases

- Research on neurodegenerative diseases by molecular imaging technology

- Functional analysis of neural circuits related human neurological disease
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Study for impairment of predictive function in psychiatric disorders using a bi-directional translational approach
Shinsuke Koike craduate School of Arts and Sciences, The University of Tokyo -
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Translational research for neural circuitry pathologies and biomarkers for prodromal and clinical Parkinson’s disease
Ryosuke Takahashi Graduate School of Medicine, Kyoto University
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Studies on psychiatric disorders using mutant marmosets generated by autologous embryo transfer
Atsu Aibba craduate School of Medicine, The University of Tokyo
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Molecular imaging study of pathological protein aggregation and transmission and neural circuit disruptions

Makoto Higuchi bepartment of Functional Brain Imaging, Insfitute for Quantum Medical Science, Quantum Life and Medical Science Directorate,
National Institutes for Quantum Science and Technology
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Understanding the mechanism of AB-induced aggregated tau propagation and neurocircuit degeneration in Alzheimer's disease
Taisuke Tomita Graduate School of Pharmaceutical Sciences, The University of Tokyo
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Identification and functional analysis of neural circuit responsible for mental disorders based on genomic information of brain
KOZUYG lwamoto Faculty of Life Sciences, Kumamoto University
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Studies on neural circuit and molecular pathology based on human genome mutations in psychiatric disorders

Kozo Kaibuchi international Center for Brain Science, Fujita Health University -
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In this project, we develop new technologies for brain science such as new neural network manipulation technologies,
physiological measurement technologies, and new behavior analysis methods. We also carry out research and
developments based on new scientific principles. The final goal of this project is the development of new technologies
that contribute to the elucidation of neural circuit functions in primate cerebral cortex and subcortical structures.
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Acoustic-optical technologies for investigating deep brain area
Keiichi Nokogowo Graduate School of Engineering, The University of Tokyo
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Development in gene transfer techniques for primate brains by means of novel viral vector systems
Masahiko Takada cCenter for the Evolutionary Origins of Human Behavior, Kyoto University
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Research on high-speed superresolution in vivo 3D imaging method by utilizing advanced laser light technology
Tormomi Nemoto Exploratory Research Center on Life and Living Systems, National Institutes of Natural Sciences
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Elucidating circuit function via multiplexed activity tfrace labeling and all-optical interrogation
Haruhiko Bito craduate School of Medicine, The University of Tokyo
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Multiple scale functional mapping of neuronal dynamics

Kazuo Kitamurad eraduate Faculty of Inferdisciplinary Research, University of Yamanashi
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Development of innovative photo-activated molecules to induce de novo synaptic plasticity in vitro and in vivo
Ayako M. Watabe institute of Clinical Medicine and Research, The Jikei University
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Study of correlative microscopy on neuronal circuits and ultrastructure
Yusuke Hil’ObOYGShi Graduate School of Engineering, The University of Tokyo
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Efficiency improvement and standardization of cortical microcircuit analysis using 3D reconstruction of large volume EM data set
Yoshiyuki Kubota National Institute for Physiological Science, National Institutes of Natural Sciences

ATUM-SEM 7% B\ e Ak BZ B R P AR B EE DB HIAEIE 3 RIT iR T DIE (b & TR

ZEH 57 anpismrms EB2mRm R

Wide-field and high-resolution functional mapping of marmoset motor cortex
Teppei Ebina craduate School of Medicine, The University of Tokyo
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Development of a method for linear modeling of brain-state and stimulus-related information
Junichi Chikazoe Neurotechnology R&D Unit, Araya Inc.
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Development of innovative nanosheets for pushing the limits of deep brain imaging
Yosuke Okamura Department of Applied Chemistry, Tokai University
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Development of data-driven integrate model using Brain/MINDS database
Ken Nakae craduate School of Informatics, Kyoto Univeristy
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Advanced Multi-Linc analysis to clarify circuit mechanisms of cortical and subcortical functions
Yoshikazu Isomura Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University
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Development of novel optogenetic neural circuit manipulation methods by wireless power fransfer system
[faru Imoyoshi Graduate School of Biostudies, Kyoto University
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Development of an innovative embryo manipulating system for the generation of genetically modified marmosets
Toshikuni Sasaoka Brain Research Institute, Niigata University
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Structural and functional mapping of brain regions controlling eye movements and cognitive functions in marmosets
Hirotaka Onoe Graduate School of Medicine., Kyoto Univeristy
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Development and provision of adeno-associated virus vectors optimized for marmoset brain research
Hirokazu Hirai craduate School of Medicine, Gunma University
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Establishment of “Anterograde CLEM” that links multi-scale structural information using virus vectors
Hiroyuki Hioki craduate School of Medicine, Juntendo University
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Development of a viral vector system improved for pathway-specific labeling and manipulation: application for cortico-basal ganglia nefwork analysis in common marmosets
Kazuto Kobayashi school of Medicine, Fukushima Medical University

BIEIRNITRS - BRIERNZERRSBRD A IVANI Y—FF : Y—Et v NEBERERZR Y 8T —I@BT~DILHA
INER RN BegurEmcy B2 3R

Multi-scale functional mapping of the marmoset brain and development of ultra-wide and ultra-deep functional mapping techniques
Kenichi Ohki Graduate School of Medicine, The University of Tokyo
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Establishment of somatic cell nuclear transfer (SCNT) technology in common marmosets
Shogo Matobad RIKEN BioResource Research Center
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Studies on the function and dysfunction of the prefrontal cortex and deep brain structures of marmosets
Atsushi Nambu National Institute for Physiological Sciences, National Institutes of Natural Sciences
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Development of a highly scalable imaging system optimized for the primate brain Project for Basic Medical Research

\ s R Program Director
Hitoshi Hashimoto eraduate School of Pharmaceutical Sciences, Osaka University > 4 Japan Agency for Medical Research and Development(AMED) Kohei MIYAZONO The University of Tokyo
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Program Supervisor
Shigeo OKABE The University of Tokyo
Program Officers
Tetsuya MATSUDA Tamagawa University
Toshihisa OHTSUKA The University of Yamanashi
Masahiko WATANABE Hokkaido University
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Development of novel translational test batteries using FTLD model marmosets
Shinsuke Ishigoki Molecular Neuroscience Research Center, Shiga University of Medical Science
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