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Objectives:
We investigate the continuity and discontinuity in biological evolution by studying the following
topics.
1. Finding an appropriate model system and plausible interpretation in terms of mathematical
modeling.

2. Mechanism of bifurcations in evolution.

@

Difference of dynamics between far-from-equilibrium system and near-equilibrium near
closed system.

Effect of the appearance of brain and nervous system in evolution.

Conditions of evolutionary continuity.

Transition of evolution and artificial evolution of robot.

NS ok

Human evolution due to brain-machine interface.
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Key Word: model system, mathematical modeling, fixation of information, bifurcations and

non-bifurcations, Effect of the appearance of brain, continuity, transition
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Achievement:

2007 fiscal year:

We had reports and discussions on a mathematical model for growth and evolution of cellular
networks having genetic information, life span and its mathematical model, evolutionary dynamics
of networks of dynamical systems, Go-model, brain-machine-interface, growth of plants and
animals, and so on. In the model study of growth and evolution of cellular networks, a body plan of a
drosophila was described and explained by a mathematical model with both diverse dynamics and
genetic codes. This is an outstanding result. This is also a consequence of collaborations between
theoreticians and experimenters. A mathematical model which may explain the finiteness of life
span of a paramecium was presented, which is also a consequence of nice collaborations between
theoreticians and experimenters. Concerning the study of biological mechanism of such finitism,
the other member has offered to collaborate for making a culture of mutants. Concerning an
evolutionary model of dynamical networks, there was a big progress. I have envisaged, for a long
time, an idea of a study on the mechanism of the generation of neurons in evolutionary process.
Through the discussions with our members in this institute, Kotoken, we succeeded to make a
mathematical model for it at the first stage of the study. Starting with an arbitrarily given function
for each dynamical system in a network of dynamical systems, and developing the system under the
condition of maximum transmission of information, we finally obtained a step function exhibiting
excitability in all dynamical systems in the network. It is very important result because it may
clarify the mechanism of evolution of excitable cells like neurons in biological far-from equilibrium

circumstances.

2008 fiscal year:

We developed the following issues.

1. A concept of continuity of discontinuous periods of divergence, based on the data of molecular
evolution. This may relate the mechanism of conservation of evolutionary information as seen in
seeds, in which the condition stated in Objective 3 can hold.

2. The theory of population genetics providing a viewpoint that cancer is an evolutionary process.
A new development in population genetics was introduced.

3. New theories and experimental findings on homeotic genes and SOX2 genes responsible for the

formation of central nervous system was introduced.

2009 fiscal year:
We developed three big topics: 1. what is a unit of life? 2. a role of niche construction, and 3. a
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genesis of time. On the first topic, the recent development in Ikegami’s laboratory was discussed.
He made a self-generating system by generating Marangoni convection due to a continual supply of
oleic acid. This system changes its circumstance in such a way that the nonuniformity of chemicals
triggers the movement of liquid which makes Marangoni convex flow occur, and that again leads to
acceleration of movement. This mutual change of chemicals and fluid flow makes micelle. Micelles
once generated acquire self-activation and self-generation. We discussed the possibility of this
system defining a unit of life. The important point is that the relaxation to equilibrium state can be
accelerated by making dissipative structure. The second topic is about the evolution of cichlid’s
behaviors. Cichlid may change its behavioral strategy, whereby the fitness landscape is altered. We
discussed a role of niche construction in differentiation of species. The third topic is about the
evolution of brain. A key concept is a genesis of time inside nervous systems: how and why a
memory system was organized in evolution process? This topic was also discussed in the
international conference on “What is Evolution?” It was pointed out by Y. Takagi that the study on
the existence of life span may solve the mechanism of transition from procariota to eucariota. A
similar hypothesis was proposed by M. Go in relation with the existence of intron. K. Kaneko
proposed a model for maintenance of dissipative structures in near-equilibrium and almost closed
systems. I. Tsuda proposed a mathematical model for the generation of neuron by using genetic

algorithm.
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Whole Achievement:

Our main purpose of this project was to provide a mathematical discussion on biological evolution,

to propose a new aspect on evolution, and to construct a new model system of biological evolution.

We developed, mainly the following issues.

1. We proposed a new interpretation of phenotypic changes of mutant with the same genes in terms

of dynamical systems. In particular, Kaneko derived a new type of fluctuation-dissipation theorem

for cell differentiations.

2. Tkegami constructed self-generating micelles. We proposed the aspect of a unit of life.

3. Takagi et al proposed a mechanism of the existence of life span and also its mathematical model.

4. Sato and Higashi proposed a new aspect of a role of niche, in particular, an aspect of niche

construction changing fitness landscape.

5. We discussed a possible role of nervous systems in biological evolution in relation with a genesis

of internal time. It is also related to a mechanism of memory.

6. Fujimoto et al proposed a mathematical model of insect’s body plan, which describes the real body

plan in details.

7. Tsuda’s group proposed a new mathematical model for evolution of neuron.

8. Hypotheses on the roles of existence of life span and intron have been proposed in relation with

the transition from procariota to eucariota.

Furthermore, we discussed other important issues such as brain-machine interface, the necessity of

maintenance of dissipative structure and bifurcation structures. The first issue was on whether or

not the brain-machine interface studies could become a trigger of new evolutionary step of human.
Our project in ITAS challenged to study several big unsolved problems in biological evolution. It

was valuable to study these challenging problems, considering a significance of projects of ITAS. I

believe our challenge so far will contribute to future development of human society, because new

aspects obtained here can provide key stones in future study of biological evolution. In particular, it

should be emphasized that both mathematical scientists and experimental biologists have been able

to use both languages of mathematical science and biology, because sufficient time was allocated to

each lecture until mutual understanding was established. We believe this kind of scientific meeting

is a most important characteristic of ITAS, Kotoken. Actually, we have not yet observed a similar

type of organization in Japan.
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Program
Oct.16 (Fri.) 9:00~12:00

Chair: Jevin West (Department of Biology, University of Washington)
9:00~9:05 Opening Address
Kazuo Nishimura (Institute of Economic Research, Kyoto University)
9:05~9:15 Introductory Remarks
Masatoshi Murase (Yukawa Institute for Theoretical Physics, Kyoto University)
Evolution as a double-edged sword

9:15~12:00 “Neural & Modeling Session”
9:15~9:30
Ichiro Tsuda (Hokkaido University & International Institute for Advanced Studies)
TBA
9:30~10:20
Dirk De Ridder (University Hospital Antwerp, Belgium)
A Darwinian Approach to Phantom Perceptions

10:20~10:40 Break

Chair: Kuniyoshi Ebina (Kobe University)
10:40~11:00
Kazuo Nishimura & Yoshikazu Tobinaga®
(Institute of Economic Research, Kyoto University, *Elegaphy)
Measurement of Individuality in the Thinking Patterns
11:00~11:20
Myoung Won Cho (Korea Institute for Advanced Study)
Theoretical approach to neural phenomena by using symmetry
properties
11:20~12:00
Hideyuki Nakashima (Future University Hakodate)
Evolution-theoretic Approach to Synthetic Study of Intelligence

12:00~13:30 Lunch



Oct.16 (Fri.) 13:30~18:30
Chair: Shigetoshi Nara(Okayama University)
13:30~16:40 “Cellular & Theoretical Session I”
13:30~14:10
Kunihiko Kaneko (University of Tokyo Biology)
Macroscopic relationship among robustness, evolvablity, and phenotypic fluctuations
14:10~14:50
Ka Yee Lee (The University of Chicago)
How Microbes Evolve to Dodge the Membrane Disruptive Actions of Antimicrobial Peptides

14:50~15:10 Break

Chair: Ichiro Tsuda (Hokkaido University & International Institute for Advanced Studies)
15:10~15:40
Yoshiomi Takagi
On the Origin of Sexual Reproduction — In Relation to Lifespan —
15:40~16:20
Yoh Iwasa (Department of Biology, Kyushu University)
Cancer as a mini-evolutionary process

16:20~16:40 Break

Chair: Ka Yee Lee (The University of Chicago)
16:40~18:30 “Cellular & Theoretical Session IT”
16:40~17:20
Takashi Ikegami (The Graduate School of Arts and Sciences, University of Tokyo)
Homeodynamics, Shape and Motion dynamics in Self-Moving Oil Droplets
17:20~17:50
Hiroshi Kokubu (Department of Mathematics, Kyoto University)
A method for constructing databases of global dynamics of multi-parameter systems
17:50~18:30
Carl Bergstrom (Department of Biology, University of Washington)
The concept of information in evolutionary biology

18:30~21:00 Banquet  (Hotel Restaurant at the 1-st Floor)
Greeting Address: Hyungtae Kook (Kyungwon University & APCTP)



Program
Oct.17 (Sat.) 9:00~12:00

Chair: Yoshiomi Takagi
9:00~12:00 “Molecular & Dynamical Session”
9:00~9:40
Massimo Di Giulio (Laboratory for Molecular Evolution, Institute of
Genetics and Biophysics)
The origin of the tRNA molecule
9:40~10:20
Akio Kanai (Institute for Advanced Biosciences, Keio University)
System Biology of Archaeal RNAs and RNA-Binding Proteins
Junichi Sugahara (Institute for Advanced Biosciences, Keio University)
Disrupted tRNA gene diversity and possible evolutionary scenarios

10:20~10:40 Break

Chair Kunihiko Kaneko (University of Tokyo and ERATO Complex
Systems Biology)
10:40~11:20
Katsumi Imada (Graduate School of Frontier Biosciences, Osaka
University)
Structure of the bacterial flagellum and its evolutionary relation to
other biological molecular machines
11:20~12:00
Mikhail A. Fedonkin (Institute of Geochemistry and Analytical
Chemistry, Russian Academy of Sciences)
Physical aspects of early life evolution
12:00~12:20
Jevin West (Department of Biology, University of Washington)
Traversing Fitness Landscapes by Changing Environments

12:20~14:00 Lunch



Oct.17 (Sat.) 13:30~17:35
Chair: Carl Bergstrom (Department of Biology, University of Washington)
14:00~15:30 “Human & Cultural Session I”
14:00~14:30
Marta Ortega-Llebaria, Barbara Davis and Jie Yang
(University of Texas at Austin)
Emergent Complexity in Speech Acquisition:
Applications to Evolution of the Speech Capacity
14:30~15:00
Seung Kee Han (Department of Physics, Chungbuk National University)
Dynamic Evolution of the Human Knowledge System in a Textbook
15:00~15:30
Cynthia Trevisan (The California Maritime Academy, California State
University)
The Descent of Science: How Quantum Mechanics is Shedding
Light on the Interaction of Light and Matter
15:30~15:50 Break

Chair: Hideyuki Nakashima (Future University Hakodate)
15:50~18:15 “Human & Cultural Session II”
15:50~16:20
Peter Davis (Telecognix Corporation)
Modeling Communicating Systems: Hybrid Man-machine Systems
and their Evolution
16:20~16:50
Yukio-Pegio Gunji (Faculty of Science, Kobe University)
Life with indefinite boundary between micro- and macro-perspectives
16:50~17:30
Ryohei Nakatsu (Interactive & Digital Media Institute, National
University of Singapore)
Communication and Its Future
17:30~18:10
Matthias Rauterberg (Technical University)
From genes to memes: Culture as an evolutionary arena.
18:10~18:15 Closing Address
Masatoshi Murase (Yukawa Institute for Theoretical Physics, Kyoto University)
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