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Tadashi Isa

Professor

Graduate School of Medicine,
Kyoto University

Evaluation Systems Neuroscience

Resarch Overview

Motor systems are developed for individual animal species to best fit their living environment. We are
studying the neural circuits controlling the fine motor skills, which are especially developed in higher
primates, that is, dexterous hand movements and saccadic eye movements using non-human primate
model. We also study the cognitive functions related to the control of these movements, such as attention
and motivation, and also the mechanism of functional recovery after injury of the neural systems. First,
dexterous hand movements, the ability to independently control individual fingers, are specially developed
in higher primates and considered to be based on the interplay between the evolutionally novel pathway,
that is the direct connection from the motor cortex to spinal motor neurons, and other old descending
motor pathways, originating from the brain stem and spinal cord. We are studying how these parallel
systems are coordinated with each other. We are also studying how the evolutionally old systems can
compensate for the impaired function of the new systems in case of brain and spinal cord injury. Second,
saccadic eye movements are normally controlled by visual inputs through the visual cortex. However, it
is known that after damage to the visual cortex, saccadic eye movements can recover, however, without
conscious perception of the objects, the phenomenon called “blindsight”. We have clarified that blindsight
is supported by phylogenetically old visual systems centered on the superior colliculus in the midbrain.
We are studying the large-scaled network underlying blindsight and how kind of functions are preserved
and impaired and state of consciousness in blindsight. In ASHBI, on top of these preceding studies, we
will try to elucidate the genetic basis of the evolution of these motor systems using single cell RNA-seq
of homologous neurons in rodents and primates, and generating and analyzing the knock-down macaque

monkeys by genome editing of the key genes for the evolution.
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Figure 1

Recovery of dexterous hand movements after lesion of the direct connection from the primary motor
cortex (M1) to hand motoneurons (MNs) (red line) . Hand movements are once impaired, but recover
in 1-3 months. Abbreviations; NAc = nucleus accumbens, PN = propriospinal neurons, PM = premotor

cortex, RSN = reticulospinal neurons
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Figure 2

Recovery of saccadic eye movements after unilateral lesion of the primary visual cortex (red cross), the
time course of which is shown below. After V1 lesion, the lateral geniculate nucleus (= LGN) -extrastriate
cortical pathway, and superficial layer of the superior colliculus (sSC)-pulvinar (Pul)- extrastriate
cortical pathway are involved in the recovery. Abbreviations; CD=caudate nucleus, dSC = deeper layer
of the superior colliculus, FEF=frontal eye field, LIP=lateral intraparietal area, RF=reticular formation,
SNr=substantia nigra pars reticulalta are once impaired, but recover in 1-3 months. Abbreviations; NAc =
nucleus accumbens, PN = propriospinal neurons, PM = premotor cortex, RSN = reticulospinal neurons
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Motoko Yanagita
Professor

Graduate School of Medicine,
Kyoto University

Nephrology

Resarch Overview

More than 320,000 patients with renal failure are undergoing hemodialysis in Japan. We are studying
the regenerative ability of the kidney, which can be linked to the treatment of kidney disease. We have
identified the cell populations responsible for kidney injury and repair, and have revealed the intercellular
crosstalk which controls the development and progression of kidney disease.

Fibrosis and renal anemia are the hallmarks of advanced kidney diseases. Previously we have found that
these two features are caused by the fibroblasts-to-myofibroblasts transdifferentiation in the kidney. In
addition, we have shown that the transdifferentiation of fibroblasts is induced by renal tubular damage,
and that fibroblasts acquire the ability to produce retinoic acids during the transdifferentiation, which
promotes tubular repair. Furthermore, we have shown that renal tubule has self-repairing ability, although
the ability is not sufficient if the damage is severe. Elderly people have incomplete renal repair capacity,
but the reason of incomplete repair was not clarified. We have shown that tertiary lymphoid tissues (TLTs)
are formed in aged injured kidneys, and sustained inflammation due to TLT formation delays kidney
regeneration. Interestingly, fibroblasts in the kidney acquire distinct phenotypes which promotes TLT
formation in aged kidneys.

In this project, we will extend our current understanding of the mechanisms of kidney injury with monkey

models and human tissues.
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Resident fibroblasts diversify into heterogeneous fibroblasts and orchestrate TLT formation
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Masatsugu Ema

Professor

Research Center for Animal Life Science,
Shiga University of Medical Science

Developmental Biology,
Developmental Engineering

Resarch Overview
Mice are valuable for human disease modeling; thus many genetically modified mice have been created

over 40 years. However, mice poorly recapitulate some human diseases such as Parkinson’s disease,
and others. Accordingly, it is required to establish animal models to recapitulate human diseases more
faithfully. In this regard, nonhuman primates (NHPs) are considered one of the most valuable animal
models, because NHPs are closer to humans in organ size and anatomical structure, and therefore have
higher potential to recapitulate human diseases, while difficult genetic manipulation is a major issue for
creation of the disease models. So far, we have established techniques to create transgenic and genome
editing cynomolgus monkeys. By using these techniques, we have explored an intractable human disease,
Autosomal dominant polycystic kidney disease (ADPKD) with CRISPR/Cas9 technique, and demonstrated
that targeted disruption of PKD1, a causative gene for ADPKD can recapitulate the human ADPKD
pathology. We believe that disease modeling with genetically modified-cynomolgus monkey will open the
way for the elucidation of molecular mechanism of human diseases and new therapeutic approaches. This
approach also may lead to the understanding how a species difference arises among mice, monkeys and
humans during the evolution.

We are also interested in primate-specific cellular and genetic program during embryonic development,

especially epiblast versus primitive endoderm specification, and cardiovascular development.
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Figure 1
GFP transgenic cynomolgus monkey (Seita et al., Sci. Rep., 2016). Left: transgenic (Tg), right: wild-type (WT).
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PKD1-edited cynomogus monkey.
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Takuya Yamamoto
Associate Professor

Center for iPS Cell Research and Application,
Kyoto University

Molecular Biology, Bioinformatics

Resarch Overview

In order to achieve a comprehensive understanding of the regulatory mechanisms underlying gene
expressions, it is necessary to investigate multiple regulatory hierarchies including higher-order
genomic structures, epigenetic regulation, transcriptional regulation, post-transcriptional regulation
and translational regulation (Figure 1). Comprehensive understanding further involves elucidating
the intracellular DNA-RNA networks in gene expressions by unveiling relationships between the
regulatory hierarchies through the integrative analysis of multiple omics data sets. For this purpose,
by taking advantage of molecular biology, biochemistry, cell biology, genetics, genome-wide analyses
and bioinformatics techniques, this research group aims to develop an advanced system to investigate
a series of regulatory mechanisms that process genomic information into protein synthesis. Ultimately,
this system will be used to understand how different phenotypes emerge among different species
despite similarities in DNA, RNA, proteins and other cellular infrastructure. Especially, by focusing on the
processes responsible for somatic cell reprogramming, cellular differentiation, and organism aging, we
have studied the molecular regulatory mechanisms underlying cell fate conversion processes. This PI is
also responsible for the single-cell genome analysis core, which supports all research at this institute, by

providing and developing various genome-wide analytical approaches at the single-cell level.
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Deciphering genetic information by multi-hierarchical omics data.

X 1
2 A HEREMIRAT 1< & B It SRS - FE LI RS D i ]



Selected Publications / ¥ B

Shibata, H., Komura, S., Yamada, Y., Sankoda, N., Tanaka, A., Ukai, T., Kabata, M., Sakurai, S., Kuze, B., Woltjen, K., Haga, H., Ito, Y.,
Kawaguchi, Y., Yamamoto, T. and Yamada, Y. In vivo reprogramming drives Kras-induced cancer development. Nature Communications 9,

2081 (2018)

Ikeda, H., Sone, M., Yamanaka, S. and Yamamoto T. Structural and spatial chromatin features at developmental gene loci in human

pluripotent stem cells. Nature Communications 8, 1616 (2017)

Yagi, M., Kishigami, S., Tanaka, A., Semi, K., Mizutani, E., Wakayama, S., Wakayama, T., *Yamamoto, T. and *Yamada, Y. Derivation of
ground-state female ES cells maintaining gamete-derived DNA methylation. Nature 548, 224-227 (2017)

* Co-correspondence

Sone, M., Morone, N., Nakamura, T., Tanaka, A., Okita, K., Woltjen, K., Nakagawa, M., Heuser, JE., Yamada, Y., Yamanaka, S. and
Yamamoto, T. Hybrid Cellular Metabolism Coordinated by Zic3 and Esrrb Synergistically Enhances Induction of Naive Pluripotency. Cell
Metabolism 25, 1103-1117 (2017)

Nakamura, T., Okamoto, 1., Sasaki, K., Yabuta, Y., Iwatani, C., Tsuchiya, H., Seita, Y., Nakamura, S., Yamamoto, T. and Saitou, M. A

developmental coordinate of pluripotency among mice, monkeys, and humans. Nature 537, 57-62 (2016)

13



14

Mitinori Saitou
Professor

Institute for the Advanced Study of Human Biology,
Kyoto University

Germ Cell Biology, Stem Cell Biology

Resarch Overview

The germ cell lineage ensures the creation of new individuals, perpetuating/diversifying the genetic and
epigenetic information across the generations. We have been investigating the mechanism for germ
cell development, and have shown that mouse embryonic stem cells (mESCs)/induced pluripotent stem
cells (miPSCs) are induced into primordial germ cell-like cells (mPGCLCs) with a robust capacity both
for spermatogenesis and oogenesis, and for contributing to healthy offspring. We have also shown that
human induced pluripotent stem cells (hiPSCs) robustly generate human primordial germ cell-like cells
(hPGCLCs). Furthermore, by investigating the development of a non-human primate model, cynomolgus
monkeys, we have defined a developmental coordinate of pluripotency among mice, monkeys, and
humans, and shown that the germ cell lineage in primates is specified in the nascent amnion, providing
a pivotal insight into the biological relevance of the hPGCLC induction pathway. More recently, we
have succeeded in differentiating hPGCLCs into human oogonia that undergo a proper epigenetic
reprogramming and acquire an immediately precursory state for meiotic entry. We hope that these lines
of research will lead to a better understanding of the mechanism for the transmission/diversification of
genetic information, for the regulation of epigenetic information, and for the acquisition of totipotency,

among mice, monkeys, and humans.
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A model for the signaling and transcription architectures for mouse (top) and human (bottom) germ cell specification (Kojima
et al., Cell Stem Cell, 2017).
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Figure 2

Ultrastructure of hPGCLC-derived oogonium in xenogeneic reconstitute ovaries (xrOvaries)
(Yamashiro et al., Science, 2018). The cell bears a clear cytoplasm with sparsely
distributed mitochondria with villiform cristae and an ovoid nucleus with loosely packed
chromatin and a prominent granular nucleolus. These properties are highly similar to
those of human oogonia/gonocytes. Bar, 2mm
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Guillaume Bourque

Asoociate Professor

McGill University

Bioinformatics, Comparative epigenomics

Resarch Overview
We seek to understand transcription regulation in mammals and characterize the contribution of non-

coding DNA variants to human disease. With consortiums such as ENCODE and the NIH Roadmap, the
number of datasets characterizing the epigenomic state of different cell types and conditions has been
steadily growing. Nonetheless, studies trying to infer the impact of non-coding DNA variants have had to
rely on limited functional datasets to train their model and make predictions, which has proven difficult.
We have shown that by using an evolutionary perspective to interpret functional genomic datasets, we
can better decrypt the role of non-coding human DNA. To improve on this even further, we now propose
to build comprehensive epigenomic profiles of specific cell-types in multiple human individuals and in
various non-human primate species (including chimpanzee, bonobo, gorilla, rhesus and marmoset). We
will then use these datasets profiling intra and inter-species epigenomic variation, to develop and train
algorithms to predict the impact of non-coding DNA variants in unprecedented ways (Figure 1). Areas
of interest include: the evolution of regulatory sequences, the role of transposable elements in gene
regulation and the impact of genome rearrangements in evolution and cancer. One objective is to develop
computational methods and resources for the functional annotation of genomes with a special emphasis
on sequencing-based assays (e.g. ChIP-seq, RNA-Seq, exome- and whole-genome sequencing, single-cell
analysis). We are also involved in the Global Alliance for Genomics and Health (GA4GH) and develop tools

which facilitates data sharing (Figure 2).
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(a) Comparative genomics ancestral genome reconstruction using phylogenetic tree (maximum parsimony method).

(b) Ancestral epigenome reconstruction using parsimony method and counting loss, change in state, and adding of
epigenomic marks as mutations (from Venuto and Bourque 2018).
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Screenshot of the International Human Epigenome Consortium (IHEC) Data Portal (Bujold et al. 2016) a tool we developed to
facilitate analysis and sharing of epigenomic datasets.



Selected Publications / ¥ B

Bourque G, Burns KH, Gehring M, Gorbunova V, Seluanov A, Hammell M, Imbeault M, Izsvak Z, Levin HL, Macfarlan TS, Mager DL &

Feschotte C. Ten things you should know about transposable elements. Genome Biol 2018. 19(1):199.
Goerner-Potvin P. and Bourque G. Computational tools to unmask transposable elements. Nat Rev Genet 2018. 19, 688-704.
Venuto D, Bourque G. Identifying co-opted transposable elements using comparative epigenomics. Dev Growth Differ. 2018. 60(1):53-62.

Monlong J, Cossette P, Meloche C, Rouleau G, Girard SL, Bourque G. Human copy number variants are enriched in regions of low-

mappability. NAR 2018. 46(14):7236-7249.

Bujold D, Morais D, Gauthier C, C6té C, Caron M, Kwan T, Chen KC, Laperle J, Markovits AN, Pastinen T, Caron B, Veilleux A, Jacques PE,
Bourque G. IHEC Data Portal: a resource for discovering, analysing and sharing epigenomics data. Cell Syst. 2016 3(5):496-499.e2.

19



20

Takashi Hiiragi

Group Leader
The European Molecular Biology Laboratory

Developmental Biology

Resarch Overview

A defining feature of living systems is the capacity to break symmetry and generate well-defined forms
and patterns through self-organisation. Our group aims to understand the design principle of multi-
cellular self-organisation using early mammalian embryos. Our studies revealed that morphogenesis and
gene expression in the early development are highly dynamic and stochastically variable in space and
time (Figure 1). Determining how embryos robustly establish a size, shape and pattern at the right time
despite the preceding variability remains a fundamental open question. We have recently developed
an experimental framework that integrates biology, physics and mathematics (Figure 2). We aim to
understand how molecular, cellular and physical signals are dynamically coupled across the scales for
tissue self-organisation. Furthermore, we will identify developmental mechanisms shared and distinct
among mammalian species. To this end, we will first establish the early primate developmental atlas at
single-cell resolution by integrating single-cell omics data into 4D morphogenetic and lineage map derived
from advanced microscopy. We adopt a wide variety of experimental strategies including embryology,
genetics, advanced microscopy, biophysics and theoretical modelling in order to address fundamental

questions in development and cell biology at molecular, cellular and systems levels.
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Figure 1

Molecular heterogeneity during mouse blastocyst patterning. Cells expressing Nanog (green),
Gatab (red) or Serpinhl (blue).
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Figure 2

Symmetry breaking in the mouse embryo at the 8-cell stage (the emerging apical domain
marked with Ezrin, red; Actin, green).
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Mototsugu Eiraku

Professor

Institute for Frontier Life and Medical Science,
Kyoto University

Developmental Biology, Stem Cell Biology

Resarch Overview

Human brain consists of nearly 1000 times neurons compared with mouse, and the time it takes to
complete the human brain is 20 times longer than mouse. Although it is widely accepted that species-
specific brain shapes and functions exist in vertebrates, the molecular basis that gives rise to such species
specificity is still unknown.

We have developed means to self-organize the brain and retinal tissue (neural organoids) in a cultured
dish from mouse and human pluripotent stem cells (ES/iPS cells). By analyzing the formation process
of neural organoids, we have clarified the molecular and cellular mechanisms of self-organization in
tissue patterning and morphogenesis. Furthermore, previous studies have revealed that differences in
species-specific brain development can be recapitulated in organoids culture. Therefore, we aim to clarify
the underlying mechanisms that give rise to species specificity in brain shape and function through
comparative studies of neural organoid as a model. We also hope to contribute to future regenerative
medicine and drug discovery through the development of stem cell technology to form more complex

organoids with tissue functions.
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Aim: Elucidation of molecular mechanisms underlying
species-specificity in brain shape and function
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Yasuaki Hiraoka

Professor

Kyoto University Institute for Advanced Study

Topological data analysis, applied mathematics

Resarch Overview

Topological data analysis is an emerging concept in applied mathematics in which we characterize “shape
of massive and complex data” using topological methods. In particular, persistent homology and mapper
are nowadays applied to a wide variety of scientific and engineering problems including materials science,
life science and social networks etc. By combining various mathematics such as topology, representation,
statistics and probability theory, our group has succeeded in making topological data analysis powerful
and general methods for practical problems. For example, we have applied these methods to structural
analysis in materials science so far, and the developed techniques by our group are expected to be a key
technology for materials informatics. In ASHBi, we aim to understand the principle of species differences
among humans, non-human primates, and rodents by applying topological data analysis, dynamical
system, and machine learning to multi-species, multi-cell types, multi-hierarchical omics information.
This analysis will also be extended into the identification of the principles for the species differences on
the scales of time and physical dimensions in development and growth. We hope that interdisciplinary
researches between biology and mathematics in ASHBi will develop powerful advanced mathematical

methodology for massive and complex biological data, and contribute to the progress of life science.
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Figure 1

Topological clustering on single cell analysis data of monkeys by mapper (Left: cell clusters. Right: Gene clusters)
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Molecular Genetics

Resarch Overview

Clonal expansion in aged normal tissues has been implicated in the development of cancer. However,
the chronology and risk dependence of the expansion are poorly understood. Here we intensively
sequence 682 micro-scale esophageal samples and show, in physiologically normal esophageal epithelia,
the progressive age-related expansion of clones that carry mutations in driver genes (predominantly
NOTCH1), which is substantially accelerated by alcohol consumption and by smoking. Driver-mutated
clones emerge multifocally from early childhood and increase their number and size with ageing, and
ultimately replace almost the entire esophageal epithelium in the extremely elderly. Compared with
mutations in esophageal cancer, there is a marked overrepresentation of NOTCH1 and PPM 1D mutations
in physiologically normal esophageal epithelia; these mutations can be acquired before late adolescence
(as early as early infancy) and significantly increase in number with heavy smoking and drinking. The
remodeling of the esophageal epithelium by driver-mutated clones is an inevitable consequence of normal

ageing, which - depending on lifestyle risks - may affect cancer development.
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Figure 1

Evolution of a representative clones observed in physiologically normal samples from a 70-year-old man.
Phylogenetic trees of clones (middle) are projected onto the positions of samples, as indicated by images
of biopsy specimens (top). The estimated age of branching is also shown.
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Hideki Ueno

Professor

Icahn School of Medicine at Mount Sinai

Immunology

Resarch Overview

CD4+ T cells represent a major cell component of the adaptive immune system. Naive CD4+ T cells

differentiate into different types of effectors in periphery upon encounter with antigen-presenting
dendritic cells. Effectors are composed of fairly diverse cell populations called subsets. During the initial
differentiation process, signals via various receptors on T cells, e.g., T cell receptor, co-stimulatory
molecules, and cytokine receptors, affect the differentiation fate. While the function of CD4+ T cell subsets
is relatively conserved among mammals, the major pathways involved in the differentiation process are
different in many instances. Furthermore, even within human-derived naive CD4+ T cells, cells isolated
from different human organs, e.g., cord blood, adult peripheral blood, tonsils, and spleen; and isolated
from subjects with different ages, e.g., infants, young adults, and elderly, display different features and
differentiation trajectory. The molecular and epigenetic mechanisms underlying the differences in the
CD4+ T cell differentiation among species, anatomical sites, and ages remain ill defined. In this project, we
aim to define the genetic, transcriptomic, and epigenetic factors that regulate the differentiation of naive
CD4+ T cells that differ in origins. In parallel, we will analyze monocytes as a representative cell type
within the innate immune system. We anticipate to reveal the molecular mechanism by which immune
cells respond differently among species; mouse, macaques, and humans (Aim1); among anatomical sites in

human organs; peripheral blood, tonsils, spleen, and gut (Aim 2); among different ages (Aim 3).
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Figure 1

CD4+ T cell subsets within germinal centers in human tonsils.
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Figure 2

CD4+ T cell subsets. The differentiation of naive CD4+ T cells into effector subsets depends on a specific
transcription factor. The major pathways that induces the specific transcription factors differ among species.
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Resarch Overview

Bioethics is an interdisciplinary field of research dealing with "ethical issues" that cannot be judged by
traditional values, which arise as the advancement of science and technology. Ethical issues, such as
whether human embryos may be created from human stem cell-derived artificial gametes, conditions in
which we need moral considerations for human brain organoids, etc., which the society would face in the
future have to be discussed in advance. Furthermore, bioethics considers how rules and procedures should
be implemented to conduct research appropriately. For the advancement of science and technology and
to be trusted by society, it is essential to study these ethical issues and hold open discussions in society.
Therefore, in our laboratory we are engaging in the following activities:

1) Theoretical research: We will extract and organize issues to be considered from an ethical point of view,
such as literature research on the moral status of human embryo organoids and human brain organoids,
and deepen philosophical discussions.

2) Empirical research: Based on the findings of the theoretical research, we are conducting surveys on the
attitudes of the general public and scientists toward human stem cell-derived artificial gametes, genome
editing of human embryos, and so forth.

3) Policy proposals: We will provide points of discussion and issues extracted from the theoretical
research as well as the results of empirical research to the Cabinet Office and the Ministry of Education,
Culture, Sports, Science, and Technology to implement regulations, and aim to reflect the opinion of the
people and researchers in further discussion.

4) Outreach activities: We will try to initiate social discussions by disseminating the research results
widely across society. We will deploy these research works by collaborating with other scientists at our

institution, and aim to build a new research model that combines humanities and science.
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Figure 1
[llustration of the artificial gametes production research used in the attitude
survey.
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Figure 2
[llustration of research on genome editing in human cells used in the attitude survey.
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