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【Purpose of the Research Project】 

During the past two decades, studies on macroautophagy 
have explosively expanded from the molecular mechanism 
to disease states. However, autophagy research is not 
showing any signs of convergence; rather, new discoveries 
provide plenty of novel issues that should be resolved. In 
fact, although a large number of autophagy-related proteins 
have been identified and characterized so far, even the basic 
frame in which they operate for membrane biogenesis is not 
yet established. Furthermore, the existence of the mysteries 
beyond the conventional concept, that is, "diverse 
autophagy pathways" and "selectivity of autophagy" has 
become apparent. For an integrated understanding of these 
fundamental issues, it is essential to strategically promote 
high-quality autophagy research. In this project, various 
pathways of autophagy and their selective degradation 
mechanisms are integrated and defined as "multimode 
autophagy", and we will clarify their molecular mechanisms 
and physiological functions. Further, we aim to seek an 
understanding of the whole cellular self-degradation process 
by elucidation of the linkage, time series, contribution and 
functional evolution of each autophagy pathway (Figure). In 
addition, we will establish a working platform that can 
efficiently promote autophagy research by interdisciplinary 
fusion, training of young researchers and international 
activities. 
 

 
【Content of the Research Project】 

Group members are going to advance studies on diverse 
autophagy pathways such as macroautophagy, 
microautophagy, lysosomal membrane transport autophagy, 

endocytosis-mediated plasma membrane degradation and 
on their selective degradation using various model 
organisms. In addition, members who are experts for X-ray 
crystal structural analysis, three-dimensional electron 
microscopy, and omics analyses, elucidate the mechanism 
at the atomic level, visualize membrane dynamics, identify 
specific substrates, profile gene expression and metabolic 
variation and determine composition of membranes. 
We are going to establish a website for "Multimode 

autophagy" and an “Autophagy web forum” to clarify the 
purpose of this research project and to announce research 
results, respectively. In order to foster joint research with 
researchers from public offering and new different fields, 
we will disclose the unresolved issues of multimode 
autophagy in the website and problems that are difficult to 
solve by the current members alone. Besides, we will hold 
group meetings in conjunction with open domestic 
autophagy conferences every year. 
 
【Expected Research Achievements and 

Scientific Significance】 
We will elucidate the complex and diverse mechanisms of 

membrane dynamics of multimode autophagy, and the 
overall picture of self-degradation. From the former, we 
will be able to propose a new basic axis of membrane 
dynamics in cell biology that has never been achieved, and 
from the latter, we will understand the entire intracellular 
degradation process combined with the 
ubiquitin-proteasome and other degradation systems. 
 
【Key Words】 

Multimode autophagy: Integration between diverse 
pathways of autophagy and their selectivity. 
 

【Term of Project】FY2019-2023 
 
【Budget Allocation】1,199,600 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://proteolysis.jp/multimode_autophagy/ 
mkomatsu@juntendo.ac.jp 
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 Title of Project：Program of totipotency: From decoding to designing 

OGURA Atsuo   
(RIKEN, BioResource Research Center, Division Head) 

Research Project Number：19H05749 Researcher Number：20194524         
【Purpose of the Research Project】 

The genomes of terminally differentiated germ cells, 
spermatozoa and oocytes, acquire totipotency following 
genomic reprogramming at fertilization. This genomic 
reprogramming is the most large-scale one among those 
during the germline cycle. Totipotency is the most 
undifferentiated genomic status and the ability to 
contribute all the tissues and cells that constitute the body 
of newborns as well as the products during development 
such as placentas (Fig. 1). We aim to understand the 
mechanisms that ensure totipotency and to regulate and 
construct totipotency. Through these activities, in 
combination with cutting-edge analytical tools and unique 
reproductive engineering technologies, we will establish a 
new research core for totipotency study. 

 
【Content of the Research Project】 

Although more than 100 years have passed since the 
concept of “totipotency” was proposed, its underlying 
molecular mechanisms are unclear. Totipotency can be 
considered to be a feature in which multi-scale and 
multi-factor relationships are complicatedly involved. 
Therefore, for understanding the nature of totipotency, it 
may be the best way to identify the conditions or factors 
that are indispensable for the maintenance of totipotency. 
Our project consists of two research items; i.e., A01 
“Decoding of the totipotent program” and A02 “Regulation 
and construction of totipotency” (Fig. 2). A01 aims to 
identify the basic mechanisms of totipotency including the 
genomic status, gene expressions, maternal factors, 
embryonic factors, and nuclear structure, which ensure the 
perfect developmental ability of fertilized oocytes. The 
time-dependent changes of these factors are also analyzed. 

A02 aims to verify the achievements of A01 by regulating 
or reconstructing the totipotent status or totipotent cells in 
vitro. To this end, we will maximize synergistic effects of 
our expertise through active intra-project collaborations.  

 
【Expected Research Achievements and  

Scientific Significance】 
As there may be some common mechanisms exist in the 

totipotent state of different species, our achievements 
would contribute, at least partially, to better understanding 
of the principal molecular basis of totipotency. Moreover, 
through regulation of totipotency, a wide variety of 
applications could become practical; e.g., development of 
new reproductive engineering technologies will promote 
stock breeding, pharmaceutical industry, generation of 
primate models for human diseases, and conservation of 
endangered species. Our research achievements would 
also contribute to development of more effective assisted 
reproductive technology in humans.  
 

【Key Words】 
Totipotency: The genomic status of a cell that can 
contribute to the entire tissue/cells of newborns including 
appendix products such as the placenta. 

 
【Term of Project】FY2019-2023 
 
【Budget Allocation】1,139,100 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
 https://totipotency.biken.osaka-u.ac.jp 

Fig. 1. Totipotency of mammalian development. The totipotent 
cell (fertilized oocyte) can contribute to both the embryonic 
and extraembryonic (placental) lineages. The pluripotent cells 
such as ESCs and iPSCs are at the early differentiating state, 
being exclusively destined to the embryonic lineage. 

Fig. 2. Research subjects of our project. It consists of 2 items 
(A01 and A02), which are each divided into three subjects 
according to the developmental time course. 
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 Title of Project： Mechanisms underlying replication of non-genomic codes 
that mediate plasticity and robustness for cellular 
inheritance 

NAKANISHI Makoto   
(The University of Tokyo, Institute of Medical Science, Professor) 

Research Project Number：19H05739 Researcher Number：40217774         
【Purpose of the Research Project】 

Multicellular organisms consists of cells with diverse 
phenotypes even though their genomic information is 
essentially the same. The diversity of these cells is defined 
by non-genomic codes. Non-genomic information is coded 
by multi-layered mechanisms, such as DNA and histone 
modifications, non-coding RNA, higher ordered chromatin 
structures and transcription factor networks as well as the 
interconnections of these layers. Recent advances in 
understanding DNA replication and repair systems have 
made great contributions to the progression of many 
biological fields. In contrast, mechanisms underlying 
replication of non-genomic codes during cellular 
replication are largely unknown. In this research project, 
we focus on the elucidation of the mechanisms underlying 
replication of non-genomic codes such as DNA 
methylation and histone modifications during mitotic and 
meiotic cell cycle. We are also interested in the 
interconnections of multi-layered non-genomic 
mechanisms and biological processes regulated by these 
mechanisms such as cellular differentiation (Fig. 1).  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Scheme of cellular replication regulated by DNA 
replication and replication of non-genomic codes 
 

【Content of the Research Project】 
In order to understand the mechanisms underlying 

replication of non-genomic codes comprehensively and 
systematically, the project focuses on two subjects (A01: 
Basic molecular mechanisms underlying replication of 
non-genomic codes and A02: Regulatory mechanisms of 
cellular function by replication of non-genomic codes). The 
main theme of A01 is to understand the replication 
mechanisms of non-genomic codes, such as DNA 
methylation, histone modifications, non-coding RNA, high 
ordered chromatin structures, and transcriptional networks. 
The structural analyses of the replication machineries are 
involved in this subject. The development of highly 

sensitive analytical methods, such as single cell analysis 
and single molecule analysis of non-genomic codes, are 
also involved.  

In A02 subject, we aim to uncover the molecular basis of 
how replication mechanisms of non-genomic codes 
regulate plasticity and robustness of differentiated cells in 
multicellular organisms. These mechanisms should 
include stem cell renewal, maintenance of stemness, and 
cellular differentiation during symmetric and asymmetric 
divisions. By the use of mathematical and simulation 
analyses, the development of the methods to be able to 
consolidate big data from multiple layers into a single data 
store is also involved in this subject. 
 

【Expected Research Achievements and 
Scientific Significance】 
 The diversity of cells in multicellular organisms is 

defined by non-genomic codes. The differentiated cells 
possess their specific non-genomic code patterns to 
maintain their specific cellular function. Therefore, 
non-genomic codes as well as DNA sequence have to be 
precisely replicated during proliferation of the 
differentiated cells. A better understanding of the 
mechanisms underlying replication of non-genomic codes 
will provide a cue to address the molecular basis of how 
cells regulate plasticity and robustness in multicellular 
organisms. Thus, we are confident that our findings will 
make significant contributions to advancing a variety of 
biological fields such as developmental biology, 
regenerative medicine, oncology, and gerontology.  
 

【Key Words】 
Non-genomic information: The factors regulating gene 
activities regardless of DNA sequences. 
 

【Term of Project】FY2019-2023 
 
【Budget Allocation】1,168,000 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.non-genome.com/ 
mkt-naka@ims.u-tokyo.ac.jp 
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 Title of Project： Intrinsic periodicity of cellular systems and its modulation 
as the driving force behind plant development 

NAKAJIMA Keiji 
(Nara Institute of Science and Technology, Graduate School of Science and 
Technology, Professor) 

Research Project Number：19H05670 Researcher Number：80273853 
【Purpose of the Research Project】 

Plants continue to produce new tissues and organs 
throughout their life. Owing to these growth characteristics, 
periodically repeated structures appear in many scales in 
plant bodies (Fig.1). An important point to note for plant 
periodic structures is that the periodicity can readily change 
in response to both internal and external cues. This 
"modulation of periodicity" appears to be the basis for 
developmental plasticity in plants. 

 
 
 
 
 
 
 
 
 
 
 

Fig.1 Plants produce periodic structures in many scales 
 

Mechanisms producing periodic structures in organisms 
are best studied for somitogenesis and epidermal patterning 
in animals. In the case of plants, root branching and 
phyllotactic leaf patterning are known to be correlated with 
periodic hormonal responses in time and space. However, 
molecular determinants of their periodicity and upstream 
modulators are so far unknown. 
 

【Content of the Research Project】 
In this project, we work to elucidate the mechanisms of 

periodic structure development in plants and their role in 
establishing species-specific morphologies and growth 
plasticity. Special interests are directed to generators of 
oscillations and mechanisms modulating the periodicity. 
Close collaboration between plant biologists, information 
scientists, and mathematical biologists is one way to 
accelerate the project. Here, plant biologists analyze 
growth and developmental dynamics on many scales by 
live imaging analysis and searching for regulatory factors. 
Mathematical biologists take the approach of modelling 
oscillations and morphogenesis. Information scientists 
develop novel tools to help with the biologists' discoveries 
and data interpretations. Notably, organized collaboration 
between information scientists and plant developmental 
biologists is unprecedented, and one of the challenges of 
research which we are seeking to address in this project. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 Reconstructing the principles of plant development 
based on periodicity and its modulation 

 
Interdisciplinary collaboration in this project is meant to 

be not just a form of technical complementation, but also 
an ideology of working synergistically to develop new 
tools and technologies. Once established, such tools and 
technologies will be shared by the project members. 
Fostering young researchers with interdisciplinary 
mindsets is another important goal of this project. 
 

【Expected Research Achievements and 
Scientific Significance】 
Elucidation of mechanisms which generate periodic 

structures and their modulation will provide answers to 
fundamental questions in plant developmental biology. 
Additionally, identification of genes associated with plant 
periodic structures is important for crop breeding, as plant 
productivity can be dramatically improved through 
mutations affecting the number of repetitive units. 
 

【Key Words】 
Oscillation in biology: In many biological systems, 
mechanisms exist to produce periodic behaviors 
autonomously. Periodic structures in plants are thought to 
derive from some sort of autonomous oscillation, though 
their molecular identities are so far unknown. 
 

【Term of Project】FY2019-2023 
 
【Budget Allocation】1,159,900 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://plant-periodicity.org 
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