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Title: Neurorobotics in The Human Brain Project 

Neurorobotics is the science of the tools and the theory required to establish an 

interdisciplinary experimental link between robotics and neuroscience through closed-loop 

neural embodiment for connecting simulated brain models to robotic bodies. At the core are 

robots controlled by simulated nervous systems that model the structure and function of 

biological brains at varying levels of detail. The ability of these robots to interact with a 

realistic environment makes it possible to study brain models in a system where the machine 

brain is directly coupled to the body and where the robot’s actions influence future sensory 

inputs. In such closed- loop systems, the close correspondence between brain models and 

their neuroscientific foundation can enable a seamless exchange of knowledge 

between robotics and neuroscience. In this introductory session I will report on the 

Neurorobotics Platform which is developed in the European Human Brain Project Flagship. It 

is aimed at providing an integrated and integrative operational environment for scientists to 

develop neurorobots and the approach consists of providing a number of design applications 

for models and simulation engines that are integrated into a web-based front-end. Using this 

web front-end, users at different locations can rapidly construct a robot model, its brain-

based controller, an environment, and an execution plan. We call this ensemble a 

“neurorobotics experiment”. The neurorobotics platform also allows re-use and sharing of 

previously defined experiments, which opens a new area of collaborative neurorobotics 

research. This work is put into context of related projects worldwide. 
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Title: Medical Microbots: Challenges and opportunities 

The idea of creating miniaturized functional robots, capable of moving and performing 

complex tasks inside the human body has introduced a new way to realize non-invasive 

diagnosis and therapy. However, the implementation of such medical microbots still has 

many challenges that need to be addressed before they can be used in clinical practices. 

They should move efficiently in complex environments, be biocompatible or biodegradable 

and possess multiple functions (e.g. sensing and actuation). Scientists over the world have 

tried to mimic motile cells and microorganisms to achieve that goal. For example, artificial 

bacteria or sperm-like microswimmers have been successfully fabricated and actuated via 

external physical fields. They have been also reported in combination with living 

organisms/cells to provide the microrobot with additional advantages such as the ability to 

swim in complex environments and to interact with other cells. There have been important 

steps to bring this technology to the medical field but there are still many hurdles to be 

overcome on the process. In my talk, I will show different types of medical microrobots, in 

particular the ones based on sperm cells, and their potential use in in vivo assisted 

fertilization and targeted drug delivery. I will also discuss the current challenges of this 

technology and the new opportunities of this field in biomedicine. 

Credits: Leibniz Institute for Solid State and Materials Research Dresden. Institute for 

Integrative Nanosciences IIN  
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Jun NAKANISHI, Meijo University 

Title: Robotics in Our Information Society: Current Technology and Future Outlook 

With the rapid recent advances in computer technology and artificial intelligence, in the near 

future, robots are expected to play an important role in supporting humans in our daily 

environment. In the past, industrial robots have been widely used in manufacturing in order 

to increase production efficiency in automated factories. However, working areas of these 

conventional robots have been separated from humans. Future robots are expected to work 

collaboratively and interact closely with humans.  

In this presentation, first, I will introduce an overview of recent technological development 

in the field of robotics and the related areas of artificial intelligence. With the progress of 

information processing and actuation technologies, a number of robots that are designed to 

work with humans have been developed. I will present examples of recent development of 

intelligent robots such as humanoids, healthcare, wearable and daily life support robots, and 

related machine learning technologies and its application to robotics. Then, I will discuss 

technological challenges of robotics, particularly, performing tasks requiring physical 

interaction in dynamic and unknown environments. In particular, one of the challenging 

aspects of robotics is that physical action and mechanical interaction with the environment 

are required in addition to information processing such as perception, recognition and 

reasoning. Finally, future outlook of robotics will be discussed. 
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Session Topic: 
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Introductory Speaker: 
Kohei YORITA, Waseda University 

Title: New Eyes to Reveal the Universe and Physics Behind the Observations 

The ultimate dream of particle physicists, astrophysicists and cosmologists is to understand 

how the universe was created, developed and its future evolution in mathematical literature. 

In order to obtain such knowledge, experimental observations are always required to justify 

any theoretical hypothesis. The history of such “cutting-edge physics observation” is highly 

based on the history of developments of detection technology. Since there is a wide variety 

of signals in nature, physicists have to build new types of sensitive detectors, dedicated to 

certain new signals based on state-of-art technology. On the other hand, the cosmological 

observation by photons is generally limited by the cosmological recombination wall that 

occurred 380,000 years after the Big Bang. Namely, we have no ability to observe the early 

universe beyond this wall by using “photons” (except for potential possibility of B-mode of 

CMB). To investigate the early universe beyond the wall, there are three possible ways we 

could think of now:  

1) Creating early universe by high energy accelerator

2) Observing cosmic neutrino background

3) Observing primordial gravitational wave (a relic of inflation before the Big Bang)

In February 2016, there was a press release reporting the first observation of gravitational 

wave by Laser Interferometer from the LIGO detectors. It detected ripples of spacetime due 

to collision/merger of a pair of black hole (GW150914) and recently merger of neutron stars 

is also detected. This is a long-standing homework first proposed by Albert Einstein about 

100 years ago and actually enormous breakthrough which humankind ever achieved in 

history, to newly open for revealing the mystery of the universe toward 3) above. 

This talk will briefly present an introductory remake on “eyes” of human being, i.e. detector 

technology development, and physics behind the observation of gravitational wave from a 

general point of view, followed by two speakers giving us all the details of detection 

technique and significance of recent observation outcomes in a professional point of view. 

Finally the discussions of this physics/astrophysics session will be expanded to a dawn of 

multi-messenger cosmology and the challenge of cosmological observations for the future. 
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Physics / Astrophysics 

Session Topic: 
New observations for cosmology 

Speaker: 
Keiko KOKEYAMA, The University of Tokyo 

Title:  Gravitational-Wave Detectors in the Multi-Messenger Era 

The year of 2017 was the first year of the multi-messenger observation with the 

gravitational-wave telescopes. The coalescence of a neutron star binary was discovered by 

the LIGO-VIRGO detector network on August 17th, 2017 [1]. Soon after, the Swope telescope 

identified the optical counterpart, followed by various observations [2]. By this discovery, 

numbers of new astronomical insights were gained. Like this first example, the astrophysical 

observation using many kinds of telescopes is called “multi-messenger observation.” The 

multi-messenger observation enables us to understand astrophysical and cosmological 

phenomena, especially heavy objects such as black holes, neutron stars and supernovae, 

from various angles using a variety of observational probes. 

Gravitational waves are ripples of the space-time, predicted by Einstein’s theory of general 

relativity. The gravitational-wave detector senses the distortions of the space-time, produced 

by drastic astrophysical phenomena such as neutron star mergers in the universe. The 

distortions of the space-time are extremely small, typically an order of 10-21 in strain [m/m] 

because the interaction between the gravity and mass are tiny. To sense such small 

distortions, L-shape laser interferometer are used. The interferometers detect the space-

time distortion as the differential optical path length difference between the orthogonal two 

arms (Fig. 1). 

Interestingly, to observe the drastic phenomena in the universe, we must challenge the 

ultimate sensitivity of a precision measurement. To accomplish the sensitivity of an order of 

10-21 strain, the interferometer uses state-of-art technologies. Furthermore, commissioning 

of the detectors requires a lot of efforts, typically for a time scale of several years. As a 

matter of fact, LIGO and VIRGO detectors were not at the full sensitivity when they 

accomplished the detection, and currently they are offline for the sensitivity improvement 

commissioning for about a year, aiming the next observation run to start in early 2019. 

KAGRA [3], the Japanese project, has unique technologies towards the ultimate sensitivity. To 

avoid the disturbances from earthquakes, KAGRA is built underground. Also, to reduce the 

thermal noise of the interferometer mirrors, sapphire is chosen as the material of the 

mirrors, and the mirrors are to be cool down to the cryogenic temperature of 20 K.  KAGRA is 

still in the installation and commissioning phase, and the plan is to join the next LIGO-VIRGO 
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next observation run. Adding one more detector in the observation network is expected to 

make the sky localization better, and to add more parameter information of the source 

object. 

This presentation will discuss about the state-of-art technologies of the detectors, as well as 

the prospects of the multi-messenger observations in the near future, focusing on the 

detector development. 

Figure 1. Gravitational-wave detector as an L-shape laser interferometer. It is a device to detect the 
path length difference between the X and Y arms by measuring the laser light intensity at the 

photo detector. When the gravitational waves come and pass the detector, the space was 
distorted, and the distortion is detected at the photo detector. 

References 
[1] Phys. Rev. Lett. 119, 161101 (2017)

[2] The Astrophysical Journal Letters, 848:L12 (59pp), 2017

[3] Prog. Theor. Exp. Phys. 2018, 013F01
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 Speaker: 
Nadine NEUMAYER, Max Planck Institute for Astronomy, Heidelberg 

Title: The build-up of galactic nuclei: how do black holes get there? 

The centers of massive galaxies are special in many ways, not least because all of them are 

believed to host supermassive black holes. Since the discovery of a number of relations 

linking the mass of this central black hole to the large scale properties of the surrounding 

galaxy bulge it has been suspected that the growth of the central black hole is intimately 

connected to the evolution of its host galaxy. However, at lower masses, and especially for 

bulgeless galaxies, the situation is much less clear. Interestingly, these galaxies often host 

massive star clusters at their centers, and unlike black holes, these nuclear star clusters 

provide a visible record of the accretion of stars and gas into the nucleus.  

I will present our ongoing observing programme of the nearest nuclear star clusters, 

including the one in our Milky Way. These observations provide important information on 

the formation mechanism of nuclear star clusters. They allow us to measure potential black 

hole masses and might give a clue on how black holes get to the centres of galaxies. 

www.mpia.de/galactic-nuclei 
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《New observations for cosmology》Glossary 

Cosmic Inflation：【宇宙インフレーション・急膨張】A rapid expansion of space in the early 

universe that might create very small gravitational wave propagating in current universe, 

called primordial gravitational wave 

Cosmic Microwave Background (CMB)：【宇宙背景放射】The oldest electromagnetic 

radiation of the universe observed almost uniformly from all the direction with 

polarization(E- and B-mode). In other words, it is a relic radiation in 380,000 years-old 

universe. 

Dark Matter：【暗黒物質・ダークマター】Invisible matter yet unknown in the universe 

because it does not interact with electromagnetic waves 

Dark Energy：【暗黒エネルギー・ダークエネルギー】Unknown energy/source that 

accelerates the expansion of the universe 

Forces・Interactions：【力・相互作用】Four origins are known, i.e. gravity, electromagnetic, 

weak and strong forces in nature 

General relativity theory：【一般相対性理論】A theory of gravity and spacetime published by 

Albert Einstein in 1915 

Milky Way Galaxy：【天の川銀河・銀河系】The galaxy that contains our solar-system we 

belong to 

Neutrino：【ニュートリノ】Neutral and extremely light elementary particle that interacts 

only via weak force and gravity 

Photon：【光子】An elementary particle and the force carrier of electromagnetic interaction. 

There are several names depending on its wavelength (= energy), e.g. radio-wave, infrared, 

visible light, X-ray, gamma-ray etc. 

Cosmological Recombination：【宇宙の晴れ上がり（再結合）】The period when the universe 

became transparent to radiation (called CMB) which happened 380,000 years after the Big 

Bang. In this epoch, electrons and protons in the universe were bound to form neutral 

hydrogen. 
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《New observations for cosmology》Glossary 

Gravitational Waves：【重力波】are distortions of space-time propagating at the speed of 

light. Because the interaction between the gravity and matter is very weak, the amplitude of 

the gravitational waves is extremely small. 

Compact Binary：【コンパクト連星】 is an astrophysical binary system consists of two 

compact stars, i.e., small but massive objects. Neutron Stars and black holes are the typical 

compact objects. 

LIGO：【ライゴ】stands for Large Interferometric Gravitational-wave Observatory. It is the 

project for the gravitational-wave detection and observation with two large-scale detectors 

in Washington and Louisiana, US. 

KAGRA：【かぐら】 is the nickname for the large-scale, cryogenic and underground 

gravitational-wave telescope (formerly known as LCGT). The nick name is inspired by 

“kagura”, the traditional theatrical performance including music and dance, dedicated to the 

gods in Japanese Shinto shrines. 

Multi messenger：【マルチメッセンジャー】is an astrophysical observation using multiple 

probes; electro-magnetic waves (including the optical wavelength, radio waves, gamma-ray, 

and X-ray), gravitational-waves, Neutrinos, and so on. 

Interferometer：【干渉計】is a device to extract the information of phase difference 

between two or multiple optical paths, by observing interference patterns of the superposed 

waves, typically electro-magnetic waves. For gravitational-wave detections, an L-shape 

Michelson interferometer is widely used to measure the differential length difference 

between the two orthogonal optical paths. 
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 Introductory Speaker: 
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Title: Astrobiological Space Exploration - how to search for extraterrestrial life 

Challenges in astrobiology and planetary research in the near future are the realization of 

space missions to study the habitability of Mars and the icy moons of the Jovian and 

Saturnian system as well as to investigate potential biosignatures which could be expected 

on these worlds. Besides Mars the Jovian moon Europa is a promising candidate to be 

explored.  Water driven resurfacing activity of the icy crust proved by the low amount of 

impact craters on its surface, as well as observations of cryo-volcanos are indicating the 

presence of liquid water oceans beneath the surface. Fissures and cracks with colored salty 

deposits coming from the inner side of the supposed global ocean are clearly showing that 

this ocean can be a habitable environment [1] and where it would be good to search for 

signs of life. In addition the Saturnian moon Enceladus is also a promising candidate for the 

search for life. On this moon water plumes are coming out of an ocean which is covered by 

an ice crust [2]. Some observations made during the Cassini mission also have shown that 

besides the presence of water and salt a high number of simple and complex organics was 

observed within these plumes. Because of these observations in the last decades 

international and interdisciplinary scientific teams are working on new types of space 

missions with the main task to search for life. To realize and support these future space 

missions, the scientific teams of the ESA-experiments BIOMEX and BIOSIGN are strategically 

combining systematically work performed in planetary analog field sites (involving polar and 

deep sea research) with work in the lab performed in planetary simulation facilities and 

combined with research in space on specific exposure facilities as there are satellites and the 

International Space Station (ISS).  

[1] Crawford G.D. (1988). Gas-driven water volcanism and the resurfacing of Europa. Icarus,

73 (1), 66–79.

[2] Hunter Waite J. et al. (2006), Cassini Ion and Neutral Mass Spectrometer: Enceladus

Plume Composition and Structure, Science, 311 (5766), 1419-1422.
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Session Topic: 
Astrobiology: Life in extreme conditions 

Speaker: 
Yoshihiro FURUKAWA, Tohoku University 

Title: Molecular formation on the prebiotic Earth 

Formation of organic compounds is the first step in chemical evolution to the origin of life. 

It remains unclear whether this happened on the prebiotic Earth (i.e., endogenous 

production) or if this happened in space and its products were delivered to the prebiotic 

Earth (i.e., exogenous delivery). Both processes had a chance to contribute to the 

accumulation of organic compounds, but the difficulty in formation, and the difficulty in 

delivery are respective problems for these processes. In the endogenous production model, 

the problems of formation are related to the redox state of the Earth’s surface at that time 

(i.e., Hadean Earth), since the atmosphere was composed of oxidized carbon and nitrogen 

(i.e., CO2 and N2) rather than the reduced species of C and N which are typically found in 

organics (e.g., CH3- and -NH3). 

We have conducted laboratory-scale simulation experiments of impact-induced reactions 

which happen in oceanic impacts of asteroids and have demonstrated the formation of bio-

important organic compounds. In this reaction, metallic iron originating from asteroids works 

as both a reductant and a catalyst. The products contain proteinogenic amino acids and 

nucleobases which we can see in DNA and RNA as well as many reduced volatiles such as 

carboxylic acids, amines, formaldehyde, HCN, CO, and NH3 [1,2,3]. Formaldehyde is a precursor

of sugars which is another group of the bio-important organic compounds that we can see in 

RNA and DNA as ribose and deoxyribose. 

Impacts of asteroids were significantly frequent on the Hadean Earth. Thus, this reaction 

might have contributed to the accumulation of bio-important organics on the prebiotic Earth. 

Further, this reaction might have been possible on the ancient Mars since Mars had an ocean 

and potentially asteroid impacts at that time. Further investigations of the endogenous 

production and exogenous delivery will elucidate the first step in chemical evolution to the 

origin of life on the Earth and beyond. 

References 

1. Furukawa, Y., Nakazawa, H., Sekine, T., Kobayashi, T., Kakegawa, T., Earth and Planetary

Science Letters 429, 216−222 (2015).

2. Furukawa Y., Samejima T., Nakazawa H., Kakegawa T., Icarus 231, 77−82 (2013).

3. Furukawa Y., Sekine T., Oba M., Nakazawa H., and Kakegawa T., Nature Geoscience 2,

62−66 (2009).
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Session Topic: 
Astrobiology: Life in extreme conditions 

Speaker: 
Sihane  MERUANE, Max Planck Institute for Solar System Research, Göttingen 

Title: Organic material in cometary and asteroidal dust 

Comets and asteroids are the most primitive objects of the Solar system, i.e. the objects that 

have been the least process since their formation. Analyzing material from these objects is of 

major importance to understand the physico-chemical conditions and processes in the early 

Solar system. In particular, the study of material from asteroids and comets can help 

understand the formation processes of organic material in the Solar system and investigate 

the contribution of small bodies in the organic material presents on Earth and thus their 

potential role in the appearance of life on Earth. 

Cometary particles from the comet 81P/Wild have been collected in situ and brought back to 

Earth thanks to the NASA space mission Stardust [1]. Some organic materials could be 

detected but the collection method did not allow preserving organic materials well and most 

of it has been lost during collection. More recently, the Rosetta spacecraft and its lander 

Philae has explored the comet 67P/Churyumov-Gersimenko and has allowed to detect a 

large number of organic molecules [2,3,4] including the amino acid Glycine [5]. A large 

diversity of organic materials is also observed in meteorites and some of these organic 

materials seem to have formed in the molecular cloud from which the Solar system was born 

(see [6] for a review). 

In this talk, I will review our present knowledge of organic materials in asteroids and comets 

through measurements of cosmic dust and their potential contribution to Earth’s organic 

material. 

[1] Brownlee et al., 2006, Science, 314:1711-1716

[2] Le Roy et al., 2015, Astronomy & Astrophysics, 583, A1, 12

[3] Goesmann et al., 2015, Science 349

[4] Fray et al., 2016, Nature, 538, 72

[5] Altwegg et al., 2016, Science Advances, 2, 5, e1600285-e1600285

[6] Septhon, 2002, Nat. Prod. Rep., 19, 292-311
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《Astrobiology: Life in extreme conditions》Glossary

Prebiotic Earth：【前生物的】 is a word describes the Earth before the advent of life. This 

would be before 4 billion years ago, but the actual age has not been well constrained due to 

the lack of geological evidence. 

Asteroid：【小惑星】is a word describes a small rocky body orbiting the Sun. Most asteroids 

have orbits between Mars and Jupiter. Those sizes range less than 1000 km.  

Endogenous organic production：【内因性有機物生成】 When this word is used in prebiotic 

chemistry, this means the formation of organic compounds on the prebiotic Earth. 

Exogenous organic delivery：【因性有機物飛来】When this word is used in prebiotic 

chemistry, this means the delivery of organic compounds which formed in space to the 

prebiotic Earth. 

Proteinogenic amino acids：【タンパク質構成アミノ酸】20 kinds of amino acids which 

compose proteins. 

Hadean：【冥王代】The first era of the Earth’s history before approximately 4 billion years 

ago. 

Chemical evolution：【化学進化】is a word describes the formations and processes of more 

bio-important organic compounds from simple less bio-important compounds. 
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Social Sciences 

Session Topic:  
Mechanisms of Sociocultural Evolution 

 Introductory Speaker: 
Hisashi NAKAO, Nanzan University 

Title: An introduction to cultural evolutionary studies 

Understanding mechanisms of cultural changes is important in many ways. Although 

narrative explanations of our cultural histories could give us specific characters of each 

history, we could not get its overall picture without understanding how and why our cultures 

have historically changed. Also without explicit understanding of the mechanisms, we could 

not infer the possible future directions of our cultures.  

Cultural evolutionary studies, which this talk introduces, could offer a framework for 

understanding such mechanisms of cultural changes (e.g., Mesoudi 2011; Richerson & Boyd 

2004). In this talk, as an introductory talk, I explain the basic structure of cultural 

evolutionary studies in terms of evolutionary pattern and process, both of which are 

important and necessary for adequately understanding how and why cultural differences and 

similarities are historically made. Cultural phylogenetic pattern, ancestor-descendant 

relationship of culture, at the macro level is necessary to explicate whether two different 

cultures are adaptations to each environment or due to cultural transmission. Even if the 

environments are different, the latter explanation is possible when the cultures have 

different ancestors and there are no evolutionary changes. When two similar cultures are 

observed, we might need a closer look at cultural evolutionary process, causal factors for 

cultural evolution, at the micro level. Thus we need to combine the data on cultural 

evolutionary pattern and process to fully elucidate cultural differences and similarities. 

References 

Mesoudi, A. 2011. Cultural evolution: How Darwinian theory can explain human culture and 

synthesize the social sciences. The University of Chicago Press. 

Richerson, P. and Boyd, R. 2004. Not by genes alone: How culture transformed human 

evolution. The University of Chicago Press. 
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Field: 
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Session Topic:  
Mechanisms of Sociocultural Evolution 

 Speaker: 
Anne KANDLER, Max Planck Institute for Evolutionary Anthropology, Leipzig 

Title: Inferring individual-level processes from population-level patterns in cultural evolution 

Humans show extraordinary demographic success to occupy virtually every terrestrial 

habitat and a huge diversity of behavioural adaptations. While a variety of local genetic 

adaptations exist within our species, it seems certain that the same basic genetic make-up 

produces arctic foraging, tropical horticulture, and desert pastoralism. The behavioural 

adaptations that explain the success of our species are widely thought to be cultural: they 

are transmitted among individuals by social learning and have accumulated over generations. 

However, social learning, i.e. learning influenced by observations or interactions with other 

individuals, or its products, can occur in a large variety of forms. Therefore, one of the goals 

of cultural evolutionary research is to understand when and how humans learn socially.  

Fine-grained individual-level data, detailing who learns from whom, would be most suited to 

answer this question empirically but this kind of data is difficult to obtain. Pre-modern or 

anthropological datasets typically describe the temporal frequencies of different cultural 

variants in sparse samples from the whole population confronting us with an inverse 

problem: we can only observe aggregated, population-level frequency data but aim to 

identify the underlying individual-level learning processes that gave rise to them. To 

approach this problem, we develop a generative inference framework, consisting of a 

generative model that establishes a causal link between learning processes and observable 

frequency data that then are evaluated for statistical consistency. Besides identifying the 

most likely learning process given the data, this framework determines the breadth of 

processes that could have produced these data equally well, which in turn allows us to 

evaluate the limits of inferring social learning processes from population-level data. We 

apply our framework to a dataset describing pottery from settlements of some of the first 

farmers in Europe.  
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Mechanisms of sociocultural evolution 

Speaker: 
Kohei TAMURA, Tohoku University 

Title: Modeling Sociocultural Evolution 

Sociocultural evolution is temporal changes of social systems, resulting in historical 

continuity between the past and present societies. On the one hand, although the present 

societies are the consequences of evolutionary processes, empirical studies on sociocultural 

evolution inevitably requires archaeological data with temporal information as direct 

evidence for the processes. On the other hand, we cannot directly observe past human 

behavior, we need a comprehensive framework to connect past and present human activities 

and archaeological data, eventually leading to our understanding of human nature and the 

present societies. Based on the present-day human behavior, studies on cultural evolution 

have intensively used mathematical modeling in this aim i.e., developing mathematical 

models can fill gaps between unobserved historical events and the present-day human 

behavior, resulting in consistent overviews of our societies. 

Sociocultural evolution is composed of two different processes: (i) the emergence of a new 

social system and (ii) the diffusion of the new social system. In this talk, I will illustrate some 

examples of quantitative analyses on archaeological artifacts and mathematical modeling to 

investigate those two processes. Examples include the emergence of an egalitarian society in 

hunter-gatherers and the diffusion of institution (Tamura and Takikawa 2018; Turchin et al. 

2016). I will overview the interdisciplinary nature of studies on cultural evolution and how 

scholars on cultural evolution are reconstructing past human activities, draw implications on 

human nature, and collaborating with other disciplines. 
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《Mechanisms of sociocultural evolution》Glossary

Sociocultural evolution：【社会文化進化】  is process of social and cultural changes, 

producing variation and trend of population, as well as leading to human history. 

(Darwinian) cultural evolution：【文化進化】 is a temporal changes in cultural composition in 

a given population, which is a cultural analogue of (genetic) evolution. 

Phylogenetics：【系統学】 is a field to study historical relationships shaped by evolutionary 

processes. 

Selection：【選択】 is a mechanism to drive evolution, by which a particular type of genetic or 

cultural variants is more likely to reproduce its copy than others. 

Drift：【浮動】 is a change in the frequency of a genetic or cultural variant due to random 

sampling. 

Egalitarian：【平等】 is a condition with reduction in significance of inequalities, hierarchy, or 

individual dominance in a population.  

Institution：【制度】 is mechanisms of orders to govern individual behaviors in a population. 
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Introductory Speaker: 
Masato YAMAMICHI, The University of Tokyo 

Title: Speciation genomics: 159 years since Darwin 

There is overwhelming biodiversity on Earth. 159 years ago, Charles Darwin proposed that 
the current species diversity have emerged from ancestral species (Darwin 1859), but Darwin 
did not know the details of inheritance mechanisms. Therefore, “the Origin of Species” 
neglected to explain the origin of species (Orr 1996). After the “re-discovery” of Mendel’s 
law in 1900, Dobzhansky and Muller independently proposed that there should be two or 
more loci for speciation to occur (Dobzhansky 1936, Muller 1940). This idea spurred the 
development of speciation genetics, where researchers have sought for speciation genes 
that are responsible for reproductive incompatibility. Although population geneticists have 
developed sophisticated theory, it was still difficult to obtain empirical data, because 
hybridization of individuals from different species is in definition difficult. The situation has 
changed after the Human Genome Project (International Human Genome Sequencing 
Consortium 2001), and now we are living in the era of speciation genomics. 

In speciation genomics, we can use the vast genomic information for (1) inferring speciation 
processes and (2) finding out the speciation genes. Assuming that most genomic regions are 
selectively neutral, we use coalescent theory to infer the demographic parameters of 
speciation processes including divergence timing, population size, and migration rate. Then, 
we can use the demographic information as a null model to find out outlier loci from the 
majority of genomic regions by using various summary statistics. The speciation genes are 
expected to have diverged in the early stages of speciation, and to have smaller migration 
rate due to reproductive incompatibility. By utilizing theory and data, we will be able to 
better infer the past speciation processes and to predict future speciation/hybridization 
events under rapidly changing environments. 
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Speaker: 
Asano ISHIKAWA, National Institute of Genetics 

Title: Identifying genes underlying ecological speciation in sticklebacks 

Adaptation to divergent environments can lead to the evolution of reproduction isolation 

(Schluter 2000). This process is called ecological speciation. Although recent genomic studies 

have revealed genomic loci under divergent selection (Seehausen, et al. 2014), genes or 

genetic changes underlying speciation remain largely unknown. Threespine stickleback 

species complex (genus Gasterosteus) is an ideal natural model system to elucidate the 

genetic basis for speciation because they exhibit various types of species pairs. In addition, 

genetic and genomic tools are now available for this species complex. We are investigating 

genes underlying eco-geographical isolation, one of the isolating mechanisms, in the 

Japanese stickleback species pair, composed of the Pacific Ocean threespine stickleback 

(Gasterosteus aculeatus) and the Japan Sea stickleback (G. nipponicus) (Kitano, et al. 2009). 

The habitat of the Japan Sea stickleback is mainly marine, while that of the Pacific Ocean 

stickleback includes freshwater. The habitat difference can directly and other accompanying 

morphological and physiological divergence can indirectly contribute to reproduction 

isolation. We identified a copy and paste transposition of omega-3 fatty acid desaturase gene 

that occurred in the Pacific Ocean stickleback enables them to adapt better to freshwater 

than the Japan Sea stickleback. In aquatic ecosystems, freshwater prey items generally lack 

polyunsaturated fatty acids, while marine prey items contain a lot. Thus, the copy number 

increase of this gene likely enables the Pacific Ocean threespine stickleback to use 

freshwater food resources more efficiently. In contrast, the Japan Sea stickleback have lower 

physiological ability to persist on freshwater resources, resulting the establishment of eco-

geographic isolation between these species pair. (256 / approx. 250 words) 
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Speaker: 
Claudius KRATOCHWIL, University of Konstanz 

Title: The genomic basis of color pattern diversification and repeated evolution 

Cichlid fishes are a striking example for repeated ‘explosive’ evolution forming some of the 

largest species radiations among vertebrates. In less than ten million years over 1,200 

species evolved alone in the species flocks of the three large East African Lakes Victoria, 

Tanganyika, and Malawi. This astonishing biodiversity with a wide variety of color patterns 

makes them an ideal vertebrate system to investigate the genomic changes underlying color 

pattern diversification and convergence, the evolution of similarities. Coloration is 

undoubtedly one of the traits that strongly affected the diversification and exceptional rates 

of speciation we find in cichlid fishes. Understanding the genomic basis of color patterns 

might therefore help us to understand the mysteries behind the species richness and 

diversity of cichlids. Horizontal stripe patterns are a particularly striking example of repeated 

evolution as they evolved and got lost dozens of times within African cichlids. Interestingly, 

we find that although stripes evolved independently in different species and even in 

different African Lakes, their losses and gains are triggered by independent mutations of a 

single gene, agrp2. In fact, we show that the inactivation of agrp2 using Crispr-Cas genome 

engineering can reconstitute stripes in a normally non-striped cichlid fish. Our results 

therefore demonstrate how different changes of a single gene drove the repeated evolution 

of a color pattern across the species-rich African cichlids. 
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《Speciation genomics: How new species are formed》 Glossary

Adaptation【適応】 

In evolutionary biology, adaptation refers to the evolutionary process or consequence by 

which species become fitted surrounding environments. 

Cichlid【シクリッド，カワスズメ】 

A group of tropical fish in family Cichlidae.  

At least 1,650 species have been identified 

Coalescent theory【コアレセント理論】 

A model considering gene genealogies (i.e., gene trees)  

of samples backward in time. Three researchers  

independently proposed this theory in 1980’s (Kingman 1982, Hudson 1983, Tajima 1983). 

Dobzhansky-Muller model【ドブジャンスキー・マラーモデル】 

The idea that states, when one locus has two alleles, two or more loci are necessary for 

speciation to occur without reproductive incompatibility between an ancestral population 

and its daughter populations. 

Reproductive incompatibility【生殖不和合性】 

Difficulty of producing sound offspring between individuals. 

Speciation gene【種分化遺伝子】 

A gene that is responsible for the emergence of reproductive incompatibility in the 

speciation processes. 

Stickleback【トゲウオ】 

A group of small fish, living in the ocean and fresh water. 

Threespine sticklebacks are called “イトヨ” in Japanese. 

Sympatric species 

Species living in the same place. 
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Introductory Speaker: 
Alexander SCHILLER , Friedrich Schiller University Jena 

Title: introduction to the session "Molecular encryption and processing of information" 

Silicon-based computing systems process encrypted information as 0 and 1. Since 2008, 

tailor-made molecules and materials work as Boolean logic gates and demonstrate basic 

arithmetic and memory functions using light, chemicals, or electrochemistry as stimulus and 

response. They lack in recycled operation, long‐term stability, concatenation, and threshold 

definition. This does not allow yet their practical use in real computational applications. 

However, promising approaches will be presented to stimulate an interdisciplinary 

discussion about (molecular) encryption and information processing in technical 

communication. From a psychological point of view, the space between stimulus (what 

happens) and how we humans respond, is our freedom to choose. Ultimately, this power to 

choose a threshold is what defines us as human beings. We can choose our thoughts, 

emotions, moods, our words, our actions; 

we can choose our values and live by 

principles. It is the choice of acting or being 

acted upon. We optimize human 

communication with stimuli and responses 

via optimizing the threshold. In an 

interactive setting we will discover how we 

can shift the threshold in active listening 

behaviors, feedback, and conflict 

management strategies. 

SESSION ABSTRACT 



SESSION ABSTRACT 



SESSION ABSTRACT 



Field:  
Chemistry / Materials Science 

Session Topic: 
Molecular encryption and processing of information 

Speaker: 
Akihito ISHIZAKI, National Institutes of Natural Sciences 

Title: Quantum Mechanics and Information Flows in Photosynthetic Light Harvesting Systems 

Essentially, any quantum systems can never be regarded as “isolated systems.” Quantum 

systems are always in contact with “the outside world,” and hence their quantum natures are 
sometimes sustained and sometimes destroyed. In chemical and biophysical processes, 
especially, quantum systems are affected by the huge amount of dynamic degrees of 
freedom such as solvent molecules, amino acid residues in proteins, and so forth. Balance 
between robustness and fragility of the quantum natures may dramatically alter dynamical 
behaviors of chemical and biophysical systems.  

The primary process in photosynthetic serve as a conspicuous example of such “open 
quantum systems.” Photosynthetic conversion of the energy of sunlight into its chemical 
form suitable for cellular processes involves a variety of physicochemical mechanisms. The 
conversion starts with the absorption of a photon of sunlight by one of the light-harvesting 
pigments, followed by transfer of electronic excitation energy to the reaction center. At low 
light intensities, the quantum efficiency of the transfer is near unity, that is, each of the 

absorbed photons almost certainly reaches the reaction center and drives the electron 
transfer reactions. A longstanding question in photosynthesis has been the following: How 
do light-harvesting systems deliver such high quantum efficiency in the presence of 
disordered and fluctuating dissipative environments? At high light intensities, on the other 
hand, the reaction center is protected by regulation mechanisms that lead to quenching of 
excess electronic excitation energy in light harvesting proteins to mitigate oxidative damage. 
The precise molecular mechanisms of these initial stages of photosynthesis are not yet fully 
elucidated from the standpoint of physical sciences. 

In this presentation, we illustrate the present state of understanding of the primary process 
in photosynthesis with the aim of shedding light on the potential functions that quantum 
mechanics could facilitate [1]. Also, we briefly introduce our international and 

interdisciplinary collaboration toward understating the regulation mechanism from the 
viewpoint of information flow across different levels of temporal and spatial hierarchy [2]. 

References 
[1] Scholes, D. G. et al. Using coherent to enhance function in chemical and biophysical
systems. Nature 543, 647-656 (2017).
[2] Schlau-Cohen, G.S., Johnson, M. & Ishizaki, A. Regulation of photosynthetic light
harvesting: how does protein conformation control photophysics? HFSP Young Investigator
Grant 2017. http://www.hfsp.org/awardees/awards-archive

SESSION ABSTRACT 



Field: 
Chemistry / Materials Science 

Session Topic: 
Molecular encryption and processing of information 
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Title: Materials inspired from life 

Life-inspired, feedback-controlled and energy-fueled self-assembling systems will give rise to 

the molecular materials systems of the future, uniquely allowing to realize active, adaptive, 

autonomous and intelligent behaviors. The increasing understanding of biological processes 

and non-equilibrium systems provides the basis for the conception of such autonomous 

dynamic materials systems. In my talk, I will introduce molecular mechanisms of biological 

functions, such as temporal control, autonomous structure formation, and information 

processing, as design principles for materials systems with lifetimes, adaptive behavior and 

signal conduction.  
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《Molecular encryption and processing of information》Glossary

Biological membrane：【生体膜】The film-like tissue composed of lipid bilayer. It forms 

cellular membrane and intracellular organelle like endoplasmic reticulum, Golgi apparatus 

and so on. Many types of membrane protein are incorporated in the membrane, and shows 

various biological functions. 細胞膜のほか小胞体やゴルジ体などの細胞小器官などを形成する膜

状の組織で一般的に脂質二重膜からなる。これらの膜の中には多様な種類の膜タンパク質が存在

し、様々な生理機能を発揮する。 

Energy dissipation：【エネルギー散逸】The energy of light absorbed by molecule is first 

received by electrons, whereby the electron is excited to a high energy state, but the energy 

changes to thermal energy with time such as vibration and rotational energy in which the 

entire molecule is involved. Finally, whole energy is delivered to the surrounding solvent, and 

these processes are called energy dissipation. 分子が吸収した光のエネルギーは、最初電子が

受取り、それによって電子が高エネルギー状態となるが、時間と共に分子全体が関わる振動エネ

ルギーや回転エネルギーなどの熱的なエネルギーへと変化していく。そして最終的には周りにあ

る溶媒へと受け渡され、これらの過程をエネルギー散逸と呼ぶ。

Light-harvesting system：【光捕集系】The pigment-protein complex which efficiently 

capture light energy to transfer to reaction center. Although light-harvesting system does not 

cause a chemical reaction by itself, its efficiency is nearly 100% under an environment of low 

light intensity due to highly efficient energy transfer utilizing the quantum mechanical 

process. 反応中心へ運ぶ光エネルギーを効率よく捕集するために用いられる色素－タンパク質複

合体。それ自身は化学反応は起こさないが、量子力学的な効果を利用した高効率のエネルギー移

動により、低光高度の環境下ではその効率はほぼ 100%に近いものとなる。 

Molecular qubit：【分子】The elementary unit of information quantum mechanically stored 

in molecule. The states of “0” and “1” are described as quantum mechanical superposition. 

量子力学的な原理によって分子の中に記録された情報の最小単位。この場合 0 と 1 の情報が量子

力学的な重ね合わせ状態として記述される。 

Nanoscale assemblies：【ナノスケール集合体】The association of complex of molecules via 

non-covalent bonds with a size of nano-meter (10-9 m). As the artificial and biological 

representatives, supermolecules and protein complexes are well investigated, respectively. 

ナノメートル（10-9 m）サイズの大きさを持った複数の分子からなる集合体。

GLOSSARY



《Molecular encryption and processing of information》Glossary 

Photosynthesis：【光合成】Photosynthesis is the biochemical reaction by green plant and 

photosynthetic bacteria converting sun-light energy to chemical energy in the cells. By this 

reaction, photosynthetic organisms produces carbohydrate substances from water and 

carbon dioxide. 光合成は植物および光合成細菌の細胞内で行われる、太陽エネルギーを化学エ

ネルギーに変換する生化学反応のことである。この反応により光合成生物は二酸化炭素と水から

炭水化物を作ることができる

Reaction center：【反応中心】Although membrane proteins related to photosynthetic 

reaction have many pigment (chlorophylls and carotenoids) more than 100 molecules, only a 

part of them, called reaction center, performs chemical reaction (electron transfer). 光合成反

応に関わる膜タンパク質は 100 個以上におよぶ数多くのクロロフィルやカロテノイドと呼ばれる

色素を結合しているが、その内化学反応（電子移動）に関わるものはごく一部であり、反応中心

と呼ばれる。 
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