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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 a local neuronal population of several hundred
thousand. Given this, it was thought by most scientists until
recently that brain-wide analyses of network activity at the
level of single neurons was impossible.

Fortunately, however, several new technologies have
been 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 transparent 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 are undergoing a major
paradigm shift in their research, with the goal of elucidating
the full mechanisms of the brain.

In 2013, two large-scale 10-year projects to study the brain

were launched: the BRAIN Initiative (Brain Research through
Advancing Innovative Neurotechnologies) in the United
States, and the Human Brain Project (HBP) in Europe.

In parallel with these initiatives in the US and Europe, Japan
formulated its own 10-year project to achieve 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
Integrated Neurotechnologies for Disease Studies (Brain/
MINDS), this new project was just launched in fiscal year
2014. Over the next 10 years, this program will contribute
to advancing the development of applied technology
for brain science and furthering research directed at
overcoming disease.

As the program supervisor and officers for this massive
project, we will work to expand cooperation among
a broad range of scientists to apply novel ideas and

technologies that will pioneer new frontiers in brain science.

Shigeo Okabe
Graduate School of Medicine, The University of Tokyo

Tetsuya Matsuda
Brain Science Institute, Tamagawa University

Toshihisa Ohtsuka
Graduate School of Medicine / Faculty of Medicine,
University of Yamanashi
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In addition to mapping the structural and functional aspects of the primate brain, the central institutes are involved in
developing innovative technology to further the project. There are currently three central institutes. RIKEN, which was
designated as the project’s core institute in March 2014, began work on the project in May of the same year under
project leaders Hideyuki Okano and Atsushi Miyawaki. The two other central institutes are Keio University (Erika Sasaki)
and Kyoto University (Katsuki Nakamura). The objectives of the Core Institute projects are (A) structure and functional
mapping of the non-human primate brain, and (B) development of novel, cutting-edge technologies that support brain
mapping. In the process of building a large-scale database, work is also progressing on preparing a model that will
help to explain the relationship between structure and function and the interaction of macro and micro neural circuits.
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Core Institute (RIKEN) {CZRHELES (FB(LFIAZRAR)

Group A:
Structure and functional mapping of the non-
human primate brain

Hideyuki Okano

RIKEN Brain Science Institute, Marmoset Neural Architecture
School of Medicine, Keio University

Tetsuo Yamamori
RIKEN Brain Science Institute
Molecular Analysis of Higher Brain Function

Noritaka Ichinohe
RIKEN Brain Science Institute
Molecular Analysis of Higher Brain Function

Tomomi Shimogori
RIKEN Brain Science Institute
Molecular Mechanisms of Thalamus Development

Naotaka Fujii
RIKEN Brain Science Institute, Adaptive Intelligence

Atsushi Iriki

RIKEN Brain Science Institute, Symbolic Cognitive Development

Takaomi Saido
RIKEN Brain Science Institute, Proteolytic Neuroscience

Takuya Hayashi
Functional Architecture Imaging Unit
Center for Life Science Technologies

Partha Mitra

RIKEN Brain Science Institute, Marmoset Neural Architecture
Cold Spring Harbor Laboratory
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Partha Mitra
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Cold Spring Harbor Laboratory

Group B:
Development of novel, cutting-edge technologies
that support brain mapping

Atsushi Miyawaki

RIKEN Brain Science Institute, Cell Function Dynamics

Kang Cheng
RIKEN Brain Science Institute
Support Unit for Functional Magnetic Resonance Imaging

Yukiko Goda

RIKEN Brain Science Institute, Synaptic Plasticity and Connectivity

Taro Toyoizumi

RIKEN Brain Science Institute, Neural Computation and Adaption
Shigeyoshi Fujisawa

RIKEN Brain Science Institute, Systems Neurophysiology

Masanori Murayama
RIKEN Brain Science Institute, Behavioral Neurophysiology

Tomoki Fukai
RIKEN Brain Science Institute, Neural Circuit Theory

Yoko Yamaguchi
RIKEN Brain Science Institute, Neuroinformatics Japan Center (NIJC)

Hideo Yokota

Image Processing Research Team, Extireme Photonics Research Group,
Center for Advanced Photonics
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Central Institutes
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Partner Institutes (Keio and Kyoto Universities)

SEEHE (BEZZKT - REKP)

The two other central institutes, also called Partner Institutes, accelerate progress on the project by supporting the work
of the Core Institute (RIKEN).
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Innovative approaches for the compilation of non-human primate brain map
Shinsuke Shibata keio University School of Medicine, Electron Microscope Laboratory
BRE=ZIO - ¥7O00RT b—LBRINUON—ET v MNRIZRXIE

ZH BT CEREEEIE SRR BERD BRESRAS EX BTENETRE

Neural networks underlying higher brain functions in common marmosets

Katsuki Nakamura prime Research Institute, Kyoto University
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Research and development directed at elucidating and overcoming the causes of neuropsychiatiric disorders in humans
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In undertaking the structural and functional brain mapping that is at the center of the project, The Clinical Research
Group will (1) Provide information necessary to understand how the functions of the primate brain translate to the
human brain (2) Develop translatable brain behavior markers based on information derived from the maps, and apply
feedback to Central Institute for further R&D on overcoming human neuropsychiatric disorders.
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Translation between brain maps in primates and brain circuifs in patients with neuropsychiatric disorders using integrative neuroimaging data resources
Kiyoto Kasai craduate School of Medicine, The University of Tokyo
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Disease Research Team JREHFRF—L

Identification of brain circuits in psychiatric disorders using neuroimaging and translatable brain markers
Kiyoto Kasai craduate School of Medicine, The University of Tokyo
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Development of translatable biomarkers for neural circuits disturbance and recovery in cerebrovascular diseases and Parkinson’s disease
Ryosuke Takahashi Graduate School of Medicine, Kyoto University
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Integrated connectome researches of neurodegenerative diseases

Hitoshi Okazawa Medical Research Institute / Center for Brain Integrative Research, Tokyo Medical and Dental University
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Developing basic technologies toward
comprehensive circuit mapping of the
primate brain

Hiroki R. Ueda

Graduate School of Medicine, The University of Tokyo
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Development of innovative method for
projection pathway specific gene expres-
sion fo manipulate neural network
Akihiro Yamanaka

Research Institute of Environmental Medicine,
Nagoya University
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Development of technologies for pathway-specific ma-
nipulation and sfructural anatysis of neural circuits aim-
ing at functional brain research of common marmosets
Kazuto Kobayashi

Institute of Biomedical Sciences, Fukushima Medical University

Masahiko Watanabe

Graduate School of Medicine, Hokkaido University
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Bridging the gap between macroscopic
and microscopic functional organization
with multimodal functional mapping

Kenichi Ohki

Graduate School of Medicine, The University of Tokyo
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Developing cell type-specific gene ex-
pression techniques in marmoset brain

Hirokazu Hirai
Gunma University Graduate School of Medicine
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Developing new imaging techniques
which visualize the functional map of the
brain

Junichi Nakai
Graduate School of Science and Engineering,
Saitama University
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the Clinical Research Group
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Multidisciplinary analyses of neuronal
circuits and structures to understand
marmoset brain functions

Atsushi Nambu
National Institute for Physiological Sciences
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Comprehensive measurement and analysis of
spatiotemporal transcriptome and epigenome
dynamics in the common marmoset brain

Yasuhiro Go
Center for Novel Science Initiafives,
National Institutes of Natural Sciences
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Development of innovative photo-functional small
molecule probes for advancing comprehensive
understanding of brain sfructure and function

Yasuteru Urano
Graduate School of Pharmaceutical Sciences,
The University of Tokyo
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Development of super-resolution multi-pho-
fon microscopy by ufilizing a novel semi-
conductor based light source

Tomomi Nemoto
Research Institute for Electronic Science, Hokkaido University

Hiroyuki Yokoyama
New Industry Creation Hachery Center, Tohoku University

FREGUR L —T —RZERAVICBEE
LI F R IRMIR A DR

RA HI2 ErAsEA Ears EFREmRmR
111 5L EASEA RlAS FRRE a5 —

Two-photon multi-color imaging of
memory circuits in the fixed and trans-
parent brain

Haruo Kasai
Graduate School of Medicine, The University of Tokyo
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Computational frameworks for multi-
scale models using structural and func-
tional brain map data

Kenji Doya

Neural Computation Unit,
Okinawa Institute of Science and Technology Graduate University
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Development of optical techniques to
manipulate and measure cortical circuits
with higher brain functions

Masanori Matsuzaki
Graduate School of Medicine, The University of Tokyo
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Fast 3D recording of neuronal acfivity and
long-term imaging of acfivity fraces through de-
velopment of innovative probing fechnologies
Haruhiko Bito

Graduate School of Medicine, The University of Tokyo

Kazuo Kitamura
Graduate School Depariment of Inferdisciplinary Research, University of Yamanashi
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Development of the marmoset embryo-manipulat-
ing technologies for efficient generation of knock-
in animals and reduction of generation inferval

Atsu Aiba
Graduate School of Medicine, The University of Tokyo

Atsuo Ogura

Bioresource Engineering Division, RIKEN BioResource Center
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A novel multi-neuronal recording with
optogenetic identification of axonal pro-
jections

Yoshikazu Isomura
Brain Science Institute, Tamagawa University
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Ultra-thin Electronic Sensor System for
Marmoset's Brain Signal measurement

Tsuyoshi Sekitani
The Institute of Scientific and Industrial Research,
Osaka University
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