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Born in 1942 | Biologist, Chair of the Institute of Science Ethics and Innovation, the University of Manchester
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John E. Sulston graduated from the University of Cambridge, and worked at the Medical Research Council Labora-
tory of Molecular Biology. He and his collaborators sequenced the nematode genome, and subsequently partici-
pated in sequencing the human genome. The UK part of this enterprise was based at the Wellcome Trust Sanger

Institute, which Sulston directed from 1992 to 2000. In 2002, he shared the Nobel Prize in Physiology or Medicine
with Sydney Brenner and H. Robert Horvitz.
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Born in 1967 | Artist, The Tissue Culture & Art Project
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Oron Catts is an artist, researcher and curator whose work with the Tissue Culture and Art Project has won numerous in-
ternational awards. In 2000 he founded SymbioticA, an artistic research laboratory housed within the School of Anatomy
and Human Biology, The University of Western Australia. Under Catts's leadership SymbioticA has gone on to win the

Prix Ars Electronica Golden Nica in Hybrid Art (2007). In April 2009 Catts was recognised by /con Magazine (UK) as one
of the top 20 Designers, “making the future and transforming the way we work.”
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Born in 1957 | Molecular Genetics Researcher, Director of RIKEN Omics Science Center
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Hayashizaki Yoshihide received his M.D. and Ph.D. from the Osaka University Graduate School of Medicine. He joined
RIKEN in 1992 to pursue research on genomics, with a particular focus on genetic structure and function. In 2008, he
was appointed Director of the Omics Science Center. Since 2003, he has also acted as visiting professor at the Karolinska

Institutet in Sweden and as professor emeritus at the University of Queensland in Australia. He was awarded the Medal
with Purple Ribbon in 2007.
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Born in 1949 | Director, Mori Art Museum
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Nanjo Fumio graduated from Keio University first in the Faculty of Economics, then in Aesthetics/Art History. After organizing
numerous exhibitions for the Japan Foundation and other institutions, he joined the Mori Art Museum as deputy director in
2002, and then became director in November 2006. International appointments include commissioner of the Japan Pavilion
at the Venice Biennale, commissioner at the Taipei Biennale, and artistic director of the Yokohama Triennale and the Singa-
pore Biennale. He is a board member of CIMAM (International Committee of ICOM for Museums and Collections of Modern Art).
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Thank you for coming to our talk session, as part of our exhibition entitled “Medicine and Art.” In recent years,
fortune telling has become popular in Japan. But we would like to be aware, again, of the importance of objective
and verifiable methodology of science. Our development has been enabled by scientific thought, and it is important
for us to have the ability to scientifically examine what reality is.

As we planned this exhibition, we had in mind that science and art have both sought truth in the human body.
Historically, the body has been a meeting place of science and art, and it has also become a starting point for
different genres. The person we might most credit with being the force behind such an idea was Leonardo da Vinci.
And in our exhibition, we are pleased to display three of his anatomical drawings from The Royal Collection of the
United Kingdom to symbolize the spirit of our exhibition.

Life science and genetic engineering have helped medicine progress. And soon we will enjoy unprecedented
medical therapies, from customized medicines manufactured according to patients’ genes to body parts generated
from one’s own cells. Similarly, art will apply new techniques to create unprecedented art objects. As examples, we
are pleased to show in our exhibition the glowing rabbits made by genetic technology of Eduardo Kac, and Oron
Catts’s Victimless Leather jacket which is alive and is made of cells from mouse and human skin.

While we cannot ignore the ethical and moral issues that arise with progress, the reality is that we all have
access to such technology. With that in mind, today at our talk session we would like to address the questions of:
What is life? What is human life? And what is the meaning and significance of living?

As a museum, we are not versed in the genre of life science, but we are pleased to have the support of the
Wellcome Trust in realizing this project and in the design of the program and RIKEN as a co-organizer of the talk
sessions and seminars. | thank them, and other organizations, companies, artists and collectors who have made this

exhibition and symposium possible.
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KEYNOTE SPEECH “"WHAT IS LIFE?”

Sir John E. Sulston

This talk is a personal view of the nature of life, and of human life in particular. During the next few minutes we shall trace ways in
which science has shaped our perceptions of ourselves and the world about us, where it may go in the future, and how we should deal

with the consequences.

From the earliest times people have explored their surroundings and have effectively practised science through observation and
experiment, but during the last 400 years science has become more formalised and powerful and has successfully tackled many deep
mysteries concerning the nature of human life.

In the 17th century the invention of the telescope revealed with new clarity the objects that move across the night sky. As has
happened many times, an advance in instrumentation allowed better observations that in turn led to a leap in understanding. In this
case, Galileo’s observation of the moons of Jupiter led inescapably to the conclusion that Copernicus’ view of the solar system, with the
sun at its centre, is correct, because of its power to rationalise and predict compared with the earlier arbitrary models. Thus cosmology
elucidated our surroundings in time and place and removed us from an imagined position at the centre of the universe. Not surprisingly,
perhaps, those who first put these revolutionary views forward were persecuted by the rulers of the day, who like all rulers had much to
gain from maintaining the status quo. The Catholic Church threatened Galileo with torture if he did not recant. He recanted, nominally,
but the cat was out of the bag, and the Catholics have looked deservedly foolish ever since.

You may feel that cosmology is an odd place to start in considering human life, but without an appreciation of the nature and scale
of the solar system it would have been impossible to take the next step. Isaac Newton, who in the 18th century provided the detailed
mathematics that firmly established the new cosmology, said “If I have seen further it is because I have stood on the shoulders of giants.”
Or to put it another way each generation of researchers sets the stage for the next round of discovery.

In the following decades there were immense advances in the fundamentals of physics and chemistry. Biology remained largely the
preserve of taxonomy, which though important to what came later did not reveal basic mechanisms: life remained a mysterious thing.

Then, in the 19th century came the discovery whose 150th anniversary we celebrated this year, and which takes us to the nature
of life itself. In 1831 Charles Darwin joined the Beagle for a five year voyage in the course of which he collected specimens of all kinds
both biological and geological. His observations as he mulled over them and consolidated them with what he knew of plant and animal
breeding led him ineluctably to the conclusion that one species could over historical time turn into another. He saw that the process was
inevitable as the result of small variations in reproduction at each generation and the competition for available resources, so that those
individuals most fitted to their environment would survive and reproduce in their turn. The whole process was called natural selection.

Darwin was not the only one to draw such conclusions, or even the first, and indeed he only published his great work The Origin
of Species when Alfred Wallace wrote to him with his own conclusions. But we are right to revere Darwin in particular, because his was
by far the largest and most compelling body of evidence. His geological observations were also of great importance, confirming that
the earth is much older than the few thousand years proposed by religious authorities. Both advances were thought heretical, and to
this day fundamentalist Christians, Islamists and others reject evolution. Natural selection provides an explanation of our origins from
earlier ancestors, liberating us from the need to posit special creation. This is anathema to those who, for whatever reason, cling to the
concept of humans as being uniquely and specially created. Yet, as soon as one thinks carefully about the matter, evolution is not only
understandable but inevitable. Thomas Huxley, on first reading The Origin of Species, remarked “How extremely stupid not to have
thought of that”

Evolution lies at the heart of life in another way too. When I was at school, we were taught the 7 characteristics of living things.
If I remember correctly they were growth, reproduction, movement, respiration, sensitivity, nutrition and excretion. Now, this list
works up to a point, and is useful diagnostically. But philosophically it was already years out of date when I had to learn it. Following
the discovery of evolution by Wallace and Darwin we now have a much better definition of life, as a system that evolves by natural
selection. This is a broader definition in that it makes no assumption about the material form of the living organism, and does not
require that it is free living, but it captures the essence that makes life so amazing: the ability to generate myriad forms and immense
complexity by the application of simple rules. Indeed the manifestations of life are so extraordinary that until The Origin of Species
was published most people assumed that there must be some special process of creation that generated them. Darwin showed that this
was not necessarily the case, and since then the evidence has built up to the point that evolution is no longer a theory but is a fact like
any other scientific conclusion.

Remarkably, Darwin drew his conclusions without any knowledge of the underlying mechanisms. His contemporary Gregor
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Mendel discovered the key rules of heredity, and was able to conclude that discrete factors were responsible rather than a general mixing
of characteristics. Since the factors themselves are hidden, characteristics can be inherited without necessarily being visible in every
generation. But Mendel too, had no idea of the nature of his factors, which we now call genes.

During the 20th century the core processes of life were progressively revealed. The increasing power of microscopy had revealed
the unit of life, the cell, in all its complexity. The division of cells was seen to be the basis of growth and reproduction, and little bodies
called chromosomes were seen to divide and partition between descendants. Proteins, which form most of the building blocks of a
living organism, were found to be of discrete kinds. An apparently uninteresting molecule, DNA, which lay within the chromosomes,

was shown by elegant experiments to embody heredity. With the discovery of the structure of DNA in 1953 everything came into focus.

This molecule is dull at first sight because its structure is so simple—just four different components arranged in a long thread. But the
precise sequence of those four components embodies, in a digitally encoded form, the instructions to make all the parts of the organism.
The discrete proteins were soon shown to be encoded by discrete parts of the sequence. The mysterious genes are no more or less than
those discrete parts of the DNA sequence. Life had finally become comprehensible—or had it?

What had happened was another step—a huge step—in its elucidation. Those key discoveries in the mid 20th century were the
beginning of the discipline of molecular biology, whose flowering we are now witnessing. But what we are only just starting to realise is
the immense complexity of life. One gene giving rise to one protein is close to the truth (though often a gene produces a set of related proteins),
but the simple notion of one protein per function is seldom correct. More often we have to deal with genes whose products participate
at many different places, combined with other gene products in various combinations. Though the basic components are within our
grasp we have to turn increasingly to computation and modelling, a field known as systems biology, to make sense of it all.

That is not to say that we can’t do it. There are some who despair at the enormity and feel that nothing has been gained at all. Not
so, we shall undoubtedly be able to understand, but it will take time, and hasty conclusions at the cutting edge may be misleading.

Although much has been made of it, the sequencing of the human genome at the turn of the millennium was almost a footnote to
this understanding. However it is important—in two ways. First, as expected it is a hugely powerful tool for discovery and isolation
of our genes and for looking at their variants in different people. Second, it is rather remarkable that after a process of evolution lasting
some 4 billion years a life form has arisen that is not only able to think about its existence but has gone so far as to read out its own code
of instructions. We are that life form; we don’t understand the instructions very well yet so no false pride is called for, but nevertheless it
is an intriguing, almost paradoxical, event.

Now, in the 21st century we are in the process of, in Francis Bacon’s phrase, “effecting all things possible” with this new
understanding of biology, which will even give us the opportunity to modify ourselves if we so choose. People are already thinking
about how the knowledge can be used to make us more intelligent or longer lasting, to overcome the deficiencies that limit our abilities
and lead to aging and ultimately death. Such applications are known as enhancements, and fall into many categories. There is exciting
progress in stem cell technology that may allow repair to be carried out. Drugs are available that improve performance in various ways,
though it’s unclear to me whether any of them provide much long term value. Gene therapy, once delivery problems are sorted out
(which is proving more difficult then hoped for) will eventually allow replacement of many more defective genes than the few that can be
treated so far. In principle, one can imagine making brains better, but I think this will be a long haul because we understand so little of
development, and as we have seen the genes act in complex ways. Nevertheless in time we shall understand and will be able, if we so
choose, to enhance. Whether we ought to do so is another matter, to which we can return in the discussion.

I'm intrigued by another sort of enhancement, because it’s with us already, namely coupling ourselves with electronic devices. For
example, cochlear implants can provide hearing to individuals who congenitally lack the receptive cells in the inner ear, and receptor
arrays are providing some limited vision to the blind. With the advance of technology to connect electronic circuits to brain cells such
technology may provide ever more elaborate connectivity to external devices that enhance our capabilities. Of course, this is partly a
matter of terminology: a car for example is an enhancement, allowing you to travel at speeds that are otherwise impossible, and all we
are doing is to move on to devices that have more subtle powers and are more intimately connected with you.

One accomplishment of 21st century science may be the understanding of our thought processes. The research will be a tremendous
challenge. The brain consists of 100 billion nerve cells, each with hundreds of connections to other nerve cells. It is inconceivable to
simultaneously monitor all the activity in a brain, so progress depends heavily on sampling and model building. From observations
of accidentally injured people, and from systematic experiments in animals, we know about some of the main pathways by which
information travels into and out of the brain. But we have as yet no real sense of how it is that we are conscious, and how we feel that we
exercise free will.

It’s pretty clear that our thoughts arise from distributed functions of higher brain centres, but until we can see clearly the detailed

circuitry involved we cannot say that we understand. Furthermore, until we reach that point it is open for people to say that the mind is
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really separate from the brain, that it is part of a soul for example, or that it is due to some epiphenomenon that is not subject to physical
and chemical analysis, or, more subtly, that it is due to levels of complexity that we cannot comprehend.

This last objection is perhaps understandable. Even if a mind can be wholly explained by neural activity in the brain, is there not
a paradox in such a mind understanding itself? Would it not need a higher mind to perform that feat of comprehension? Personally I
suspect that both the explanation and the understanding are possible. We deal with many highly complex situations already, and I see
no difficulty in extending our analysis so long as we are willing to break problems into parts and then build computational models to

draw the parts together.

Interestingly, this takes us into convergence with the development of artificial intelligence, for a working model of a mind/brain
would of course be an example of AI. Along these lines we can speculate which will be first: an artificial brain modelled on our own, or
a similarly intelligent brain built according to entirely different principles. Either way, one approach will inform the other.

An important feature of the human brain is that, of course, it doesn’t begin life fully formed. Even after birth the baby’s brain isn’t
obviously doing much, but it is developing and picking up information at the same time. It is in short a learning machine.

Originally AI devices were programmed fully formed, and for that reason they are often regarded as clearly different from our own
minds. They can be better than us at doing arithmetic or even at playing chess, but they don’t have the capacity to think independently.
Of course not—they aren’t designed that way. The most likely way to build an AI machine with the same or greater intelligence as our
own is to make a device that develops and learns just like us, and this is what people are increasingly doing. Such machines in order to
learn will have to explore the world as a child does—the prospect is even a little scary!

Anyway, in one way or another, we can reasonably expect that we shall come to an understanding of our thought processes. What
will that mean for our sense of self? Suppose I were able to show you a map of nerve cells and their connections—a brain circuit—
that completely explains how it is that you think and are conscious of yourself and the world around you. There would no longer be
room for a ghost in the machine, the circuit would be you. How would you then feel about yourself?

Perhaps it seems that such knowledge will be a tremendous challenge for us to assimilate. We would no longer be a mystery to
ourselves, and yet we would still be walking around, chatting, eating, producing original works of art, finding out new stuff through our
research—wouldn’t we? Or would the lack of mystery destroy us, because if we understood our every move and our every thought it
wouldn’t be worth getting up in the morning?

Well, I think we’ve been here before. Half a millennium ago many people thought that unless the earth lay at the centre of the
universe then our existence would be incomprehensible. Pretty much everyone has got over that. The Catholic Church rehabilitated
Galileo, though it took them 400 years to do so. 150 years ago people were upset at the idea of our being related to chimpanzees; quite a
lot are still bothered about that, and are inventing reasons why evolution doesn’t work, but most have got over that too.

Can we similarly get used to understanding our minds? Perhaps more difficult: giving up your ancestry is one thing, but this
amounts to giving up your soul. Yet I think we shall get over this too. The way I would go about it (or rather do go about it, since in principle
T already accept the idea) is to say: here I am, this is what it feels like to be a thinking machine, how interesting, now let’s get on with life.

You see, humans are good at adapting. We already live our lives on many levels, and at each stage in our increase of understanding
we can glory in yet more levels. Richard Dawkins in one of his many memorable phrases called it unweaving the rainbow. Some may
feel that explaining the rainbow takes away its beauty. I don’t, I find that the beauty is greater for being experienced at many levels. This
exhibition is a great example—science and art coming together, enhancing both understanding and beauty.

But what about free will? How can it be that a comprehensible machine has free will?

It’s not at all hard to understand why we are unpredictable. There is a lot of small scale chaos in our brain circuitry. It is probably
a system on the edge of instability, so that small scale events get amplified unpredictably. But unpredictable is not the same as free
will. Sometimes people suggest that Heisenberg’s uncertainty principle can explain free will. It can do no such thing, all it can do is to
contribute to our erratic behaviour, which is important, as it is for all organisms. At the very least it helps us to explore in novel ways, so
that we don’t get stuck and are not hidebound by what has gone before.

But free will? I don’t know the answer, and suspect that this may even be the wrong question. Whatever we learn and however fully
we understand our own thoughts we shall probably have to regard ourselves as creatures of free will; as a strategy for existence if you
like. This too will probably not be hard or unnatural. I know, for example, that it’s far more fun to do things and find things out than
sitting around. As a teenager I did a lot of sitting around and it became horribly boring after a while. I'll be interested to hear whether
the others here feel the same—wouldn’t you go to the lab, make a new object. Why not? And it would not be dull or reductionist that
while you were doing these things you would know more or less what was going on.

We have much to learn about life as an intelligent transcendently thinking machine, and it will be a fascinating journey.

So, in the final few minutes, let’s think about where were going.
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A question that often comes up is whether we are continuing to evolve. From the fact that people have different numbers of children
it is obvious that genetic evolution is continuing in the human species. However cultural evolution is of far greater importance. The
important characteristics of human life, compared with other organisms, are our intelligence, which gives us an extraordinary capacity
for transcendent thought, and above all our ability to accumulate knowledge from one generation to the next. Some other species that
we know on the earth have each of these in small measure, but our capabilities so far outstrip the others that they are unique and give
us unchallenged dominance. The accumulation of knowledge through record keeping allows cultural development that, even without

genetic change, puts us further and further ahead of any competitor.

As social animals, we have a tremendous ability to communicate and organise into groups to carry out tasks that no one person
could perform. We have a long history of conflict between larger and larger groups, which we call nations. The challenge, now that
our technology is powerful enough to destroy most of life on earth, is to avoid doing exactly that. Rather than enhancing ourselves as
individuals it is more important to enhance society and governance.

A dominant school of political thought at the moment feels that the principle of unlimited competition, continuing the process of
natural selection that gave rise to us, is the obvious way for us to proceed. I believe that this is a great mistake, and that we are beginning
to see the deleterious effects of such policies clearly around us. Too many people consuming too greedily, leading to shortages of energy
and food, inequitable health care and, most pressingly, climate change.

Natural selection, you see, provides an explanation for our existence, but that does not mean that it tells us how to behave. We must
ourselves face up to our future as a thinking and powerful animal, the dominant species on earth, and as such responsible both for our
own safety and for the future of the planet.

Beyond the earth we have as yet no evidence for any life form, let alone one like us, though many commentators take it for granted
that others must exist. This seems to me unwarranted, because we have no idea of the probabilities of the various steps that led to our
emergence. Let’s think through those steps.

First, the nature of the physics that can permit an earth’s existence seems to depend critically on certain fundamental constants
having exactly the right values. For those who are inclined to religious belief, this is a new place to look for the actions of a creator.
Anyway, first one has to have the right kind of universe.

Then, astronomers are now considering the likelihood of earth-like planets elsewhere in our galaxy, and such bodies are now being
sought observationally, but we don’t yet know how many there are or exactly what they will be like.

Next there is the origin of life: we understand clearly how evolution occurs once life exists, but we have not yet achieved the
generation of such a self replicating system from scratch and so cannot estimate the probability of its occurrence elsewhere.

Once evolution is under way, how long will it take to produce an intelligent being like ourselves? All we can say is that in our case
it took 4 billion years—that’s about half the time available from the birth of the earth to its engulfment by an expanding sun: this time
period seems uncomfortably tight!

Further observations may eventually change this perspective. Apart from other uncertainties, we have not considered here the
possibility of life forms built on totally different physical principles from us. Nevertheless, for the moment I conclude that at this point
our working assumption should be that we are the only intelligent life form in the universe.

Following Francis Bacon, we can say that the purposes of science are: to understand, to effect all things possible, and to do good.
It seems to me that these are the purposes of humanity as a whole, and science is just one way of going about it. We have reached an
extraordinary point in our history, at which we have unprecedented understanding and ever growing powers. We have achieved much
already, but have a vastly greater arena ahead of us in both space and time, just so long as we avoid mutual annihilation.

Can we survive? Given what we have been thinking about for the last few minutes, it seems enormously important that we do so. It
is foolish in the extreme to risk our future for the sake of competition among ourselves. There really is no hurry: we have to beware of
asteroids, but the solar system has a few billion years to go. The drive to ever faster innovation and endless economic growth is a false
goal: the important thing is to get our actions right. We should be collectively proud of our inheritance and what we can do with it. And
individually humble, so that we do not compete destructively. We must avoid the tragedy of the nations, competing to the death—and

if we can do so we have a marvellous, creative, beautiful and exciting journey ahead of us.

Sir John E. Sulston (Biologist, Chair of the Institute of Science Ethics and Innovation, the University of Manchester)
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PRESENTATION 1 “WHAT IS LIFE? OBJECTIVITY AND SUBJECTIVITY"
Hayashizaki Yoshihide

Objectivity and Subjectivity as Active Forces in Science and Art
While I usually talk about transcriptors or the decoding of genes, I will talk today about art and one of the central themes it addresses:
What is life.

I would like to begin with objectivity and subjectivity, two very important concepts, as applied to science and art. I will start by
defining life, as according to the Oxford dictionary: in biology, “life” is the condition that distinguishes active organisms from inorganic
matter, including the capacity for growth and replication. In other words, life is different from inorganic matter and, as Sir Sulston has
pointed out, we have the ability to create our own blueprint and to reproduce.

Life, as studied by scientists, falls into the field of life science. In his book, What is Life, theoretical physicist Dr. Erwin Schrédinger
proposed a basic principle of life as the cascade of chemical and biological events. From this point on, scientists have looked at life on a
molecular level, as a molecular mechanism.

My personal perspective is that science and art—two very creative activities—can be addressed in three categories: observation,
products and culture. Science is a live phenomenon that can be looked at objectively, as cells and the human body have functions that can
be monitored and observed. But the approach taken to elucidate the truth in art is much more subjective. In art, the perspective of the
individual is more important. In science, data and what one has observed culminate in the product, and natural events in science become
recorded in documents and so forth. In art, on the other hand, artists look at what they have felt and their view is expressed subjectively.
The ultimate product is art.

Both are critical in the formation of culture in different ways. Science is an accumulation of mankind’s common knowledge,
advancing culture further. Art creates culture by bringing the viewer’s subjectivity into play, encouraging new feelings and new thoughts.
Subjectivity is not limited to art, however, as it is essential to start the process of scientific thought. The ability to reproduce one’s results is
essential in science. But in art the product of the artist’s work depends on the perception of the viewer—and no two people will have the

exact same response. Thus, the creator and the viewer are divided by subjectivity.

A Primary Component of Subjectivity: Preconceived Notions

Preconceived notions are influenced by knowledge, education and culture. If we have information beforehand— whether that
information is our personal background or our culture—we are more readily able to identify what we see in a particular way. For
example, ask how many colors are in a rainbow and different cultures have different answers. There are no bands, so you cannot count the
number of colors. Education determines the number that people perceive.

Without this precondition, art and science can meet. Observation with a “non-stereotypic view” is important. For example,
Hirschsprung’s disease is caused by an abnormality of tissue, which is not readily detectable. If I lack the knowledge that missing cells are
the cause of the disease, I am unable to diagnose the problem because I am not looking for what is missing.

In 2005, I conducted group research on RNA. DNA, as Dr. Sulston said, dominates genes and DNA creates proteins using RNA—a
process that is central dogma in any modern textbook. In our group, however, we discovered that non-coding RNAs accounted for more
than half of what we observed. At first, we doubted this observation, since “common knowledge” led us to believe that the data contained
numerous artifacts. But further study of the experimental data showed that the great percentage of non-functioning RNA was actually
functioning. And with this RNA interference was discovered and the concept of the “RNA continent”

In conclusion, the common ground of science and art is creativity. In order to develop society and civilization, science and art can
be driving forces. Science and art never end, as the discovery of new phenomena leads to new questions and new challenges. It is for

scientists as it is for artists. And “life;” as a process of discovery, remains elusive.

Hayashizaki Yoshihide (Molecular Genetics Researcher, Director of RIKEN Omics Science Center
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PRESENTATION 2 “THE TAXONOMICAL CRISIS: LAB GROWN LIFE
AND THE RETURN OF THE CABINET OF CURIOSITIES”

Oron Catts

I will discuss the oddity of life—particularly, laboratory-grown life—and my interest in that as an artist, and the work I've done as a result.
One of the most important images of the late 20th century is that of a mouse with a human ear growing out of its back. Using tissue

engineering—now the basis of regenerative medicine—scientists in Boston molded a polymer scaffold into a desired shape, cultured it

with cells in a lab environment and then introduced it to the body.

The image inspired me as an artist because I realized the potential to engage with life in a sculptural way, and that new life forms that
we can’t even comprehend as a society are starting to sprout out of laboratories.

My collaborator, Ionat Zurr, and I began to develop what we called semi-living entities: life forms that exist only in the stage of
having come from complex organisms but are never introduced back into a body. The time we were able to exhibit tissue engineered
sculptures for were our version of the Guatemalan worry dolls. The cells we used, McCoy, were originally human but are now considered
mouse cells. Something really weird is happening in laboratories.

Then we did a piece around the human genome project, looking at the hyperbole and rhetoric that surrounded development in
biotechnology because there were some unrealistic, almost impossible promises around that.

There is a statement “If pigs could fly” meaning if the something is impossible (it would become possible when pigs will fly...). So in our
Pigs Wings Project, we decided to see what shape those wings would take. We looked at the evolutionary solution of flying vertebrates—
birds, bats, and flying dinosaurs. And looked at wing iconography in Western culture, in which angels have bird, devils have bat wings,
and dinosaur wings are unattached because we found them relatively recently. In a sense, this is how we can relate to this new knowledge:

it can save us, it can destroy us, or we still need time to figure out what it is—and how to define it.

Historical Knowledge Leads to Shift in Perception of Life and Biology’s Engineering

History can help us with definition. So-called cabinets of curiosities (Wunderkammer) were perceived as examples of where God got things
wrong. In 1735, Carl Linnaeus decided to systematically look at the idea of life and how it can be divided in order to understand God’s
handiwork better. Linnaeus used the metaphor of the Biblical ark and ordered life according to sexual compatibility.

Continuing what Linneaus began, Darwin published The Origin of Species in 1859, showing the tree of life and how species separate.
Darwin’s idea of evolution by natural selection helped us to understand life to such an extent that soon after, H.G. Wells wrote: “We
overlook only too often the fact that a living being may also be regarded as raw material, as something plastic, as something that may be
shaped and altered”

Knowledge is not in a vacuum. Knowledge is being applied, and in this case, knowledge that we started to gain about life started to
make us think about biology’s engineering—life as a raw material as something for us to shape and alter—which I think is the greatest

conceptual shift in our perception of life, as a result of the systematic understanding of life.

Humans as Great Manipulators, and the Birth of Lab Life

Whenever life and technology mix, odd things happen. In 1913, controversial surgeon Alexis Carrel developed a technique called tissue
culture. He understood that cells could live outside the body. Normal cell division is limited to between 56 and 65 times (Hayflick’s limit)
but cancer cells can continue division forever. And in 1948, a cancerous cell from a mouse created the base for a continuous line of
cells that are still being used today. The first human cell line, HeLa cells, started in 1951 with cells from Henrietta Lacks, an African-
American woman.

But where do these cells fit in taxonomy? In 1991, two evolutionary scientists, Van Velen and Maiorana, suggested that HeLa cells
might constitute a new life form: “HeLa cells are the best-known cultured cells of human origin...they have become a separate species
restricted to a particular environment.” In other words, odd life forms in a laboratory environment.

In catalogs that now provide scientists with cell lines, one starts to find all number of weird oddities. Cells that have three different
organisms as its origins, or fused cells that have origins in human and mouse, called hybridomas. Scientists in research labs, the only ones

who really know of these cells existence, classify them by catalog numbers or by very odd names.

Cultural Identification in NoArk

But how does culture come to terms with them? Museums explain the taxonomy of life, showing us the living kingdom as a continuous
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Oron Catts PRESENTATION 2 “THE TAXONOMICAL CRISIS: LAB GROWN LIFE AND THE RETURN OF THE CABINET OF CURIOSITIES”

developmental lineage, culminating with primates, the apes and the humans, often shown in those strange artifacts.

Tonat Zurr and I decided to set up a work that we call NoArk. Through these new, totally abstracted life forms— cells—the
metaphor of the ark no longer applies. We see a return of those cabinets of curiosities. But this time, rather than come from faraway
places, collections come from catalogs that supply scientists and laboratories. We have a two-headed bird that represents those odd life
forms collected originally in the 17th century, and then a museum-style display of preserved life forms. The only living things are life

forms so abstracted that you can’t even see them. But they are there, living alongside preserved specimens.

Oron Catts (Artist, The Tissue Culture & Art Project)
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PANEL DISCUSSION

Sir John E. Sulston / Hayashizaki Yoshihide / Oron Catts Moderator: Nanjo Fumio

Life in the Modern Age

NANJO In the exhibit, there is a photo from an Australian artist (Stelarc) who implanted an ear on his arm. When he came to the

opening, he showed everyone his arm, although the ear wasn’t created by genetic engineering, it was done by surgery. Still, it strikes me that

it is like the mouse with the human ear. Any comments on this?

CATTS  What Stelarc demonstrates is what a strong impact the original image of a mouse with an ear planted on the back had on society.
I don’t think the scientists who did it totally comprehended the cultural impact it would have. We need more artists in laboratories, so
scientists might not make the same mistake. Or if they are inspiring us, they might inspire us in different ways.

This also shows us the plasticity of the human body, that we can now manipulate life to such an extent that we can create an ear on
Stelarc’s arm, or an ear on the back of the mouse. But we really have to consider the cultural implications.

That leads me to: what is life. As an artist, a materialist, I am working with life for the last 17 years because I am very interested in
advances in engineering life. I want to know if there is something that is intrinsically different about life than any other raw material that
humans are using to manipulate, and how I can reconcile my materialistic views with my gut feeling that there is something special about

life. As an artist, this is my journey.

SULSTON  Human life is new and different from previous life. We are in a different phase of evolution. I think we’re over emphasizing
form, here. People can come in different forms and I think we all feel that you can lose a lot of your body, but so long as your mind and brain
are intact you're still human. And it is important to emphasize us as social animals. I don’t think that humans do anything at all significant
on their own, but more as part of society.

Oron’s emphasis on the creativity of science is very important. Science, most obviously bioscience, is moving beyond discovery into
creativity. Again, however, is important to emphasize substance rather than simply form—and that is my reference to artificial intelligence.
I think we underestimate what has been achieved and how far that can go in the future. ’'m more interested in the new thinking life forms
because that’s where the future is. In the end, I don’t care so much about the biology. So the answer to your question about the nature of
life, I think certainly, those HeLa cells and others are new life forms but they’re not evolving. I think what’s really going to evolve are the

thinking machines.

HAYASHIZAKI  More recently, when we look at the progress of science, technology is advancing remarkably. Mankind, if we leave it
as is, we cannot survive. Science information should also be developed. We can create individual genomes and do what man could not do
before. That is technology—it gives us that ability. With that maybe art will be more aggressive. And if art is to make people think and

respond emotionally, I think science needs to think about how it contributes to society.

Natural Selection at Work in Thought

NANJO  Art has many definitions— often determined by personal experience. We all live in different ways, with different backgrounds,
so there are gaps in definition. It’s useless to argue. In Japan, art is the technique to make something aesthetic and beautiful —that was what
was interpreted from word “Art” in Meiji Period. But in Europe, the word “Art” is perceived differently. Compared to the craft, art is to reveal
the truth. In Greece, the beauty was put together with truth and ethics. Not just appearance, but essential importance.

I think Sir Sulston mentioned that people think in different ways and their perceptions are numerous. From art, many concepts and
ways of thought are born and perhaps it is the most persuasive of these which survive, through a kind of natural selection. It looks similar

to the process of evolution. And how these ideas serve to form culture, let’s ask Sir Sulston.

SULSTON  Yes, it's important that we come to some agreement about survival memes, a concept Richard Dawkins introduced as the

thought analogy of genes. The memes of society are being selected all the time. We're competing, and people use many terms for this, for

example a popular term in politics and business in Europe at the moment is “opinion formers,” people with influence who tend to lead.
The forming of the correct opinions in society is essential for our survival—and there are destructive memes that can work against

that. One example is hatred between groups. President Bush spoke repeatedly about the clash of civilizations, to culminate in a final battle
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between East and West. This is crazy. But when powerful people say this then the wrong memes survive. And memes aren’t quite like genes

because we can actively choose to change them. But it’s complex. We're thinking about our memes and memes are part of thinking, you see.

CATTS  John spoke of two types of evolution, the biological one, and the cultural one. And in 1863, Samuel Butler identified a third,
which I think is the most important in this context, the evolution of technology, which is to some extent independent from culture.
And our culture is not prepared for the evolvement of technology based on the engineering logic applied to biological systems and how

that impacts culture. We live in a time when our cultural understanding of life is ill equipped to deal with the technological evolution and

the collection of knowledge that is coming from people like yourselves. I think that most people still don’t believe in evolution, as regrettable
as that is, so you are jumping ahead with your technological and scientific knowledge, while culture is lagging behind.
That’s where artists should come in, to shine a mirror on both sides; both to the people who generate and apply this knowledge and to

the culture. But I agree we shouldn’t rush into things.

On Filling the Gap between Science and Culture

HAYASHIZAKI  If science and technology jump ahead and leaves culture behind, then is it art that can fill that gap? Or will it increasingly

take on that role?

CATTS  Some scientists think that artists should come in and sell the science, and make the culture accept it without questioning. My
answer would be that we have to fill up this hole by questioning and making it even more problematic in some cases. Artists would come in,
and people like Stelarc would add an ear on his arm, not to celebrate the technology, but to show us the extent of the plasticity of the body
and put it, as the way Stelarc put it, as a contestable scenario.

We have to fill up the gap with contestable scenarios. That includes how knowledge—in terms of memes—is applied. There’s a

spectrum of possibilities, driven by anyone form the opinion makers to the ill-informed, and that spectrum should also include artists.

SULSTON  This is happening on an enormous scale. The majority of scientists are hired by companies and while it used to be R&D
so much of science takes place now with a commercial objective. It is important, I agree, to separate those. Scientists and artists alike
contribute to the advertising industry.

As a result, some of the most sophisticated art forms are in advertising. But this is something to consider because advertising contains
a lot of deliberate misinformation. We're in a conspiracy not only to not have good opinions, but creating bad ones. What are we going to

do about that?

CATTS I don't think that what they’re doing is art. I think that art should strive to be something else. In my work, an organization
thought that we should act as advertisers and were highly offended by us not presenting what they thought the public opinions ought to be
in regard in the human genome project. I hold this rejection as a badge of honor because I was able to present an individual view and target

exactly the point where the public opinion makers felt offended by my proposition.

NANJO  Genomic information doesn’t belong in the private domain; it is a public asset. In the Mori Art Museum, during recent
exhibitions, we allowed visitors to take photos and post it to their blogs and websites. We know we should protect artists’ rights but not over
protect. It should also be shared, which can for society’s betterment. Sir Sulston wrote that genomic information should be made accessible,
which shuns what some might consider a tremendous business opportunity. That reflects that artists and scientists have the opportunity not

to take these commercial opportunities. What do you think?

HAYASHIZAKI  When the human genome sequence was decoded, it was said that a company shouldn’t monopolize it. There are two
sides to this. The sequence itself is nothing that was artificially created and, as shared information, it is a treasure of mankind. In data-driven
science, disclosure leads to the growth of information, brick upon brick. But there’s another way to consider this. Researchers can also apply

for a patent and then disclose their discoveries. Thoughts?

SULSTON T agree it was an important step. As a body of information, which we call pre-competitive, it is a discovery of nature and at
a stage where everybody in biotechnology and bioscience wants to use it. That isn't to suggest that there shouldn’t be patents in this area.
The message is that patent law, or intellectual property in general, can be a good servant, but it’s a very bad master. It’s particularly a

bad master when you set ethical standards in health, which is what’s happening in global health today. We are allowing intellectual property
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to decide which diseases are worked on and that’s bad. The patenting is too strong, too broad and were depending too much on it. So the
Bermuda Agreement was used for driving things in another way.
Influential centers can also drive this openness. Richard Stallman was at the center of promoting free software, which is spreading. And

the Mori Museum can prove itself similarly influential in sharing art.

Where Did Life Start?

SULSTON  Nobody has created a life form from scratch of any kind. We really don’t know how to get from inorganic to life forms
without proteins. Some think certain minerals might have been involved. But the work continues. Until we close that gap, however, I can’t
say that there was no creative step there. But my opinion is that it happened automatically, but perhaps, with very low probability. There’s a

difference between intelligent design, a creative act, and something that happens very rarely. We just don’t know.

CATTS I think the real question is: when do we as a society give something, some special consideration to life? That goes back to my
life-long question, trying to find if there is something intrinsically different about life than any other material, and engaging with that is
part of my exploration as an artist.

I would debate John around the special position of humans, as I'm anti-anthropocentric, or post-anthropocentric, in this sense. But
I'm constantly amazed by this very special thing that is life, and I wonder if there’s something like secular vitalism, understanding why it is

uniquely important without resorting to the creative force or anything else. I think being alive is the proof to some extent.

HAYASHIZAKI In the natural world, the ability to replicate oneself seems to me an extremely unique case of positive selection.
Amplification will continue to grow, but even with that selection it seems there is a low probability that life could occur as it has. Perhaps

there is some force. I don’t think that mankind will ever find an answer to this mystery.

Can the Human Being Change?

SULSTON  It's an important question! My expectation is that this process of cultural evolution which is building up our collective

knowledge far outstrips what’s going to happen genetically.

HAYASHIZAK!  If a human being has a new function in terms of the brain and intelligence, it’s a great thing. But it’s a little frightening,

since culture and civilization would change according to that new human being. It’s fascinating.

Q&A

Q Question to SULSTON  You talk about cosmology and necessary constants to make the universe possible. What

do you think about homeostasis in the universe? My second question has to do with biological homeostasis. In genetic

research, has there been a technique to elucidate this homeostasis?

SULSTON  To the question of cosmology, we're just observing the way things are. The universe moves very slowly in terms of biological
or even geological times, so I would say that if we survive for so long, then we shall provide our own homeostasis by getting out of the way
of any impending doom, moving off the solar system, maybe even manipulate the stars ourselves. We don’t know; there is no limit to the
ability of what we might be able to do, if we give ourselves time. Humans have a great propensity to overestimate what they can do in the
short term, and completely underestimate what they would do in the long term. Whether there is homeostasis or not doesn’t matter much
because were going to go out there and fix it.

On the biological question, I don’t know much about this. Homeostasis should probably be put into the definition of life, as basically an
eighth characteristic. Although we emphasize variation because that’s the raw material for natural selection, more or less keeping the same,
even if buffeted by all sorts of environmental impacts, the ability to more or less produce the correct form and growth pattern is clearly a
feature. In this way, I see homeostasis as an example of very, very good, very tuned negative feedback.

Every audio engineer, every electronic designer knows about negative feedback. If a system is going unstable, then you introduce

something that feeds back and controls it. Life is full of these feedback mechanisms. They were discovered in huge numbers in bacteria
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straight away. Controlling the expression of bacterial genes was understood many decades ago. I think that we do understand a lot about

homeostasis but of course when it comes to questions about the way we retain our mental stability, I think it is very marginal.

Q Question to HAYASHIZAKI How are we going to treat life — the moralistic and ethical implications? And how
do we shift from subjectivity to objectivity?

HAYASHIZAKI  If we are to develop science, what needs to be considered is the balance. You ask yourself in what way you can contribute
to society, and increase societal knowledge. The same is for art, as objects create a certain impact. They also have to grapple with balance.

The minimum standards need to be agreed upon by governments, both for science and art.

Q We have to think about aging. Hela cells can live forever, but humans have limitations, but is there anyway that

we can break this limit?

SULSTON  Why do you want to break it? Do you think that you are so important? We stand on the shoulders of giants, and if we're lucky
we can at least be small giants for the next people to stand on the shoulders of, and the best possible thing is to have more people coming along.
As far as aging is concerned, live well. We would make less progress if we had 200-year-old people rather than young ones coming
along. You have that fresh look. There are some good examples of this. One reason why we have had quite good success with our science in
the UK., in the last century, is because the universities revised their rules about aging professors and made them retire so that young people
could take their place.
It's well known that old professors do not change their ideas. This is the reason for having death. And it should come painlessly and

quickly, just at the end of your active life.

HAYASHIZAKI  There’s a difference between whether or not it’s possible, and whether or not we should have perpetual life. We should
be active and die promptly, as Sir Sulston said.
I don’t think medical science is growing toward prolonging life, per se, but improving the quality of life. That’s the mission of medicine—

and varies with how one perceives life.

NANJO  That might be a cultural issue. What is the meaning of living? Surely it’s not just to live longer.

Q What sort of liberal arts education should be studied in the 21st century?

CATTS  Trun alaboratory called SymbioticA at the University of Western Australia that is an artistic research lab within the biological
science department. One thing we do is get artists and people who come from fields other than the sciences to come into the laboratory
to engage experientially in what it means to manipulate life. Direct experience with this makes people more informed so that when they
educate others about it, they have the ability to be much more nuanced, much more complex in the way they engage with it.

This idea of getting people into other environments and get them to experience it, not just talk about it, is extremely important.

SULSTON I think I would also like really lively and informed teaching of history. I think it’s part of this cultural evolution and part of
the memes that we should collectively make and try and understand where we've come from. Not be told what to do, but to understand

mistakes that were made and how we might do better in the future.
NANJO  Why must the genes hand over its own information to the next generation?

CATTS  I'm really happy you asked this question. I feel a bit insecure sitting next to two eminent molecular biologists, but I believe
there is more than genes. The rest is the context. Even in molecular biology there’s epigenetics now, an extremely important way in which
information is being transmitted. I would like to focus on the context, and humbly debate the notion of the genome as either a blueprint or
an instruction manual, as you've called it. I would say it’s a library, which is being open and read in context. And this context that is passed

from generation to generation is what is important, rather than just those data, which is the library.
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SULSTON T completely agree. That’s why I said the sequencing of the human genome is a footnote. It’s a tool, an instruction manual.
You don’t read it like a novel. You refer to it when you need it.

Blueprint is better avoided because thats an exact depiction. People used to actually believe in blueprint, it was the homunculus
theory. In the earlier days of the microscope, people looked down, and said, “I can see a little man in the sperm!” They thought that was
the blueprint. I call it a code of instructions. It’s a digital representation—it contains the basis.

Looking at it on two levels, we are not just our genes. The genes make instructions for the materials of our bodies. But the way they put

them together is environmentally dependent. And then there’s learning and experiencing, processes that make everybody different as they

mature.

You're absolutely right not to focus on genes and genomes, Coming back to human life, the reason I'm not so interested in longevity is
because our contributions are collectively, socially recorded. Not just written in a book, but they become part of society. The art, and the
science and our thoughts, tonight we are all going to go away from this hall different people, because of what we've said, what we've heard.
I say to people who ask me that I don’t believe in God that I am a humanist. I believe in the human race. That’s why we don’t have to worry

about the genes and the genome.
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Art Historian, Emeritus Professor of the History of Art, University of Oxford
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Trained in Natural Sciences and Art History at Cambridge University, Kemp has made a comprehensive study of Leonar-
do da Vinci's art, science, and technology, becoming the world'’s leading authority in the field. He organized the Universal
Leonardo project, bringing together the work of curators, historians, and scientists from around Europe. Publications
include Leonardo da Vinci. The Marvellous Works of Nature and Man.

YORO TAKESHI &Z&H

1937F4Fh | BEFE RRKF RERB . FIIVARGEES &

Born in 1937 | Anatomist, Professor Emeritus of the University of Tokyo, President of Science Visualization Society of Japan
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Yoro Takeshi proposed “Yui-no ron” (The brain-only theory), in which all human acts, including civilization, social systems,
languages, consciousness and mind, correspond to cerebral organization. He discusses the problems of the mind and
social phenomena widely, drawing on knowledge of medicine and biology, including brain sciences and anatomy. He has
written numerous books, including Karada no Mikata (The way to look at the body; winner of The Suntory Prize) and Baka
no Kabe (The wall of fools; winner of The MAINICHI Publication and Culture Award).

NISHIKAWA SHIN-ICHI &)llf—

19485 %h | RERMRE BLFHARMR RE-BERNZREHAREY2— BlEVE—FK
Born in 1948 | Stem Cell Biologist, Deputy Director of RIKEN Center for Developmental Biology
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Nishikawa Shin-ichi received his M. D. from the Kyoto University School of Medicine in 1973. He spent the next 7 years
doing an internship and residency at the Kyoto University Department of Internal Medicine, after which he spent a 2-year
period from 1980-1982 at the University of Cologne Institute for Genetics in Germany. As a researcher in basic medicine,
he has been engaged since this time in ongoing research on stem cells. He was appointed professor at the Kumamoto
University Medical School in 1987, and in 1993 returned to Kyoto to become a professor at the Kyoto Graduate School
of Medicine Department of Molecular Genetics. He was appointed CDB group director in 2000.
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Born in 1974 | Artist
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Solo exhibitions include “Narcissus” (Gallery Naruyama, 2007) and “Matsui Fuyuko Exhibition” (Hirano Museum of Art,

2008). She has also participated in numerous group exhibitions, including “MOT Annual 2006: No Border” (Museum of

Contemporary Art, Tokyo, 2006), “NIHONGA Painting: Six Provocative Artists” (Yokohama Museum of Art, 2006), “Medi-

cine and Art: Imagining a Future for Life and Love” (Mori Art Museum, 2009) and others. She was awarded the Shizuoka
Prefectural Award of Cultural Advancement in 2008.
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This exhibition, “Medicine and Art,” was planned because of the surprising developments in life science in recent
years. Medicine is entering a new stage of development. And while the beauty of the human body has long been
depicted in art, it now suggests to us that it is the place where medicine and art meet.

In mid-December | had an accident while in Alexandria, Egypt, and suffered four major fractures throughout my
body, for which | underwent extensive surgery around my eye area. Needless to say, | have had a very recent, first-
hand experience with modern medicine, and I've been joking that perhaps we should instead call this exhibition:
“Medicine is Art.”

One of the symbolic creators who integrated science and art is, of course, Leonardo da Vinci. For this exhibition,
we have three anatomical drawings of his pieces from the Royal Collection of the United Kingdom, and about 150
medical artifacts from the Wellcome Collection in London.

Medicine and art both engage in the same pursuit of what it is to be human, what is happiness and how we
should live our lives. With this in mind, we planned and organized this exhibition and have invited for this talk
session Professor Martin Kemp, a researcher of Leonardo, Yoro Takeshi, a specialist of brain science, Professor
Nishikawa Shin-ichi, from RIKEN, and Matsui Fuyuko, one of this exhibition’s participating artists.

Our keynote speaker, Professor Kemp, was a curator for “Spectacular Bodies” at London’s Hayward Gallery and
has been involved in various multidisciplinary exhibits. He is also the organizer for the Universal Leonardo Project.
A foremost expert in his field, Professor Kemp has written extensively on Leonardo and we are pleased to have him

here today to discuss “Leonardo’s Philosophical Anatomies.”
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KEYNOTE SPEECH 1 “LEONARDO’'S PHILOSOPHICAL ANATOMIES”

Martin Kemp

I chose the title “philosophical anatomies,” rather than medical anatomies, because Leonardo is always involved in form and function.
He doesn’t just look at what something looks like in the human body, but he deals with what it does and how it works. In essence, he’s

combining anatomy and physiology. There is no sense of anatomy in its descriptive form. We can see it symbolized in two images. One

is Vitruvian Man, the ancient Roman idea of the man inscribed in a circle. The second, one of his drawings of a temple. For Leonardo,
these are the same. The body is a temple designed by God. The temple is a God-like thing designed by man. It is within this context, the
context of divine design in nature, that we can analyze the human body.

This context, applied by the human engineer, is vividly illustrated by a letter that Leonardo wrote in 1488 to the authorities of
the Milan cathedral. He was bidding for the job of building the main dome. He wrote: “Just as it is necessary for doctors who are the
guardians of the sick to understand what man is, what life is, and what health is, and in what way a balance and harmony of these
elements maintains it, and how similarly when these are out of harmony, it is ruined and destroyed and whoever has a good knowledge
of the aforesaid characteristics will be better able to heal than one who is lacking that knowledge... The very same is required of an ailing
cathedral, a sick cathedral; that is a doctor architect who well understands what a building is. And from what rules correct buildings
derive and where such rules are drawn.” It’s a very different image from today’s notion of medicine.

In the Renaissance, anatomy was orientated toward the philosophical—very different from modern medicine. Modern anatomy
in effect started with Belgian anatomist Andreas Vesalius. His book, De Humani Corporis Fabrica (1543), showed the structure of the
human body but within a philosophical context. In one illustration, a skeleton stands contemplating its own mortality with a Latin
inscription which means, “genius lives on, everything else will perish” Elsewhere, a nude holds a skull, prefiguring death, and the
famous illustration of the muscle men are part of a heroic notion of the human condition of life, death, and above all of displaying
yourself, displaying God’s wonders for the observer.

I will look at Leonardo’s philosophical anatomies chronologically in four sections, with incidents to illustrate major aspects that I
think helpful to the discussion. First, his study of the skull and the human brain from 1489; second, the dissection of the old man who
claimed to be 100-years old, in the winter of 1507 to 1508; third, studies of the muscles and skeleton from 1510; and fourth, studies of
the heart from 1513 or 1514.

The Skull, the Brain and the Intention of the Mind (1489)

Leonardo produced an extraordinary series of unprecedented drawings of the human skull with sections. Here you see a vertical section
through the eye socket, with some teeth beside it, as he’s also interested in nature of the teeth. But he’s primarily interested in the brain.
He is wondering how this organ inside this bony structure communicates with the outside. How does it receive things into it? How does
it push out impulses?

He writes about various holes, as a means for the brain to communicate through this bony exterior. “Hole b (the hole through to the
eyes) is where the visual power passes to the Sensus Communis” or senso commune in Italian, translated as “common sense,” but very
much unlike the current English definition. He is referring to a traditional system of brain functions. The nerves converge, and the five
senses are tipped to that central point, the “common sense” You can see the arrangement he thought existed inside the brain, including
the ventricles, where he thought all mental processing occurred. The eye with the optic nerve passes to the receptor of impressions, and
then to ther central Sensus Communis, the common sense, with intellect, imagination and motion. At the end comes memory, memoria
as he describes it. We know from the drawing in the exhibition that he later found out the shape of the ventricles rather accurately.

Leonardo has to understand not just what things look like but how do we see them. He asks about the mechanisms of vision. In one
drawing, he shows a sphere and explains its appearance from various distances. He’s interested in fundamental explanations. Whereas
most artists will simply do perspective and say that’s how it works, Leonardo will ask why it works.

In Last Supper, Leonardo is also interested in why the body moves and how thoughts are expressed in our hands, face and body.
To see how he looks at the anatomical structures, I've realigned two drawings. Here is the brachial plexus, the network of nerves in
the shoulders, deliberately simplified to create a demonstration (not an illustration) of the structures. He says that “This demonstration
is as necessary for good draftsman as is the declension of the Latin words for the grammarian.” He does this to better understand this
dynamic inner system by which if we hear something, see something, taste something, we react and we move our hands. In Last Supper,

the effects of what he called il concceto dellanima, the purpose or intention of the mind.
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Microcosm and Macrocosm, and the Dissection of an Old Man (1507/1508)
The second incident is dominated by a concept, one that has a parallel in Japanese thought: microcosm and macrocosm. The idea that
the body is a little world, that within our own body all the features of the exterior world are mirrored.

He wrote that, “By the ancient Greeks, man was termed a lesser world. Composed of water, earth, air and fire, his body is an
analogue for the world. As man has bones, the supports and armature of his flesh, the world has rocks; as man has the lake of the blood,
in which the lungs increase and decrease during breathing, so the body of the earth has its oceanic seas, which increase and decrease

every six hours,” and so forth.

It is an ancient idea that Leonardo puts into visual form. He’s the first to express it specifically through drawings of the human body
and of all aspects of nature. Two illustrations show it beautifully. In one, he shows the veins going into the liver, the arteries and hepatic
vessels. He also shows a generating nut or stone, like a peach stone, sending its branches up and its roots down. Here he shows the heart,
the cuore. The aorta is going up, the roots coming down, and the roots here go into what he calls the “manure” or “dung” of the liver. The
reason he’s particularly interested in this is because of a dispute in classical antiquity as to whether the arterial system arose from the
liver or the heart. Leonardo uses the microcosm, the idea of the body as a little world, to argue that nut, the generation of the nut, and its
similarity to the heart and the vessels, shows that it’s the heart which is primary in the system. It’s a form of proof by analogy.

In the second sketch, he shows his tree of the vessels, or albero delle vene. For the first time, he’s thinking of them in isolation from
the body. He intends this both as a visual analogy and in terms of how the vascular system operates. Looking at this sketch, which is
in the exhibition, one can get a real sense of the way he sees these as if they are like roots, and like branches of trees. As a microcosm,
there is universality in the human body.

These drawings were triggered by the dissection of a man in the hospital of Santa Maria Nuova in the winter of 1507 to 1508. The
man died a peaceful death, and Leonardo said he made an anatomy “to find the cause of so sweet a death.” Leonardo decided that his
system of vessels—his rivers, his streams, the system of the irrigation in the body, his canals—had basically become silted up. Vital
nourishment no longer flowed through the vessels, resulting in death.

In this drawing of the arm, he shows that the superficial vessels are tortuous. And as he knew from his study of rivers, when the
meanderings become tortuous, you have earth and soil deposited, you have silting. He said that was particularly the case in the vessel
that runs around the heart. It's an amazing insight. It's a kind of diagnosis of coronary heart blockage (if I may put it in anachronistic terms).
It’s a beautiful vision.

He translates this into a specific law, so that things in nature that branch should do so effeciently. Leonardo intuits a law discovered
in the 17th century that the amount of fluid passed in a channel is proportional to its cross sectional area. He says that a bifurcating
sysytem divides into two halves, four quarters, eight eighths etc., and gradually the cross-sectional area of each branch diminishes in
this mathematical way. He says trees basically do this—not that they look precisely that way as they grow irregularly to some extent,
but the principle of branching suggests that the total area of the cross sections at each stage of the branching sysytem should ideally be
equal. He’s searching for the underlying law that governs all branching things.

As a result of this dissection, he tries to envisage all the irrigation of the human body together in one body. In his remarkable image
of the interior of a woman, he looks at the air vessels, the heart, the kidneys, the liver, the womb, etc., in an attempt to see a complete
systems of branching in the human body. This is the human body as a model of the earth—full of vessels of water, which he calls vene

daqua. It’s a very beautiful, compelling vision.

Musculature and the Skeleton (1510)

Shortly after this, in 1510, he moved onto what are probably his greatest set of anatomical studies, those of musculature and the
skeleton. I've combined two sheets to show how this system of revolving shoulders work. And with an optical diagram with its 8 viewing
points, he explains that 8 positions of the dissection correspond to these 8 viewing points. It’s like cinema, a kind of optical anatomy.
He’s looking at the shoulders from these equally spaced viewpoints. He basically operates with this continuously revolving series of
views, what he calls quantita continua or continuous space.

He’s always looking for the mechanism. He can dissect a hand gesture by looking at the way that the hand moves. He looks at the
ligaments, tendons—particularly how the flexor tendon, opens up and clamps down the tendon beneath it.

Given the microcosm-macrocosm analogy, he is able to see how different forms in nature share similar structure. For the first time,
he notes that a bird’s wing is basically an arm. They share analogous bone structures. This is comparative anatomy before comparative
anatomy was invented, but it’s actually integral to this microcosm and macrocosm concept. Like a human, a bird is a microcosm.
Therefore, we have an affinity with all animals in terms of our structures. And as an architect uses geometry from nature to construct

buildings, Leonardo uses anatomical structures of nature to build a flying machine. He looked particularly to bats for wing structure.
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This interest in the operation of the hand is what Rembrandt’s The Anatomy Lesson of Doctor Tulp (a copy of which is in the exhibition),
is about. Doctor Tulp, to the apparent amazement of his fellow anatomists, shows this wondrous mechanism, the delicately opposed
finger and thumb and the interpenetration of the tendons. And he holds up the muscles that operate this, demonstrating exactly the
mechanism that interested Leonardo. Interestingly, Tulp was one of the first to write about apes and he’s basically saying this aspect of
the human hand is what separates us from the apes.

Leonardo goes on to translate these into mechanical terms. He looks at the shoulder and gradually turns it into a kind of linear

machine. He talks about the engineering of the upper spine in terms of the mast of a ship, suggesting that we can draw these analogies

all the time. He looks at the angles—the head, the vertical column, the muscles—at which the spine is supported, and explains that if
you had ropes, as on the mast of a ship, it would be very strong if the bases of the support were to be widely separated. And the head is
supported by the muscles in a way that achives this within the limits of what is anatomically possible.

He looks at centers of gravity in the human body. He explains that when we step upwards, we throw the weight of the head forward
to help us on the way up, and a hand on the knee helps. This is similar to his depiction of the shoulders at sequential motion. His
drawings labeled de pictura (on painting) act as a kind of cinematographic expression of human motion.

One illustration in the Codex Huygens looks at the human body as a dynamic system in a totally abstract way, almost as orbiting
levers. For the Victorian and Albert Museum exhibition, we put these images—the stepping man, the man hammering—together into
an animation, done by Steve Maher. These are all taken from Leonardo drawings directly. Leonardo could see all these intermediate

positions so perfectly that hed basically animated it for us; it is just extraordinary.

Studies of the Heart (1513/1514)

The final incident I will introduce is the great late series of heart studies. They are based on an ox heart but the findings are transferable
to a human heart. Leonardo is particularly interested in the valves that have three little cusps of membrane. These valves don’t open
and close by muscles, but are passive. But to explain how they function, he looks in more detail. The cusps closed; cusps open. Cusps
from below closed; cusps from below open. It uses the principles he looked at in his abstract geometry, which showed how to transform
one geometrical shape into another and how a round shape turns into a shape with straight sides. These are very famous illustrations
published in his lifetime in the book of mathematician Luca Pacioli, called On Divine Proportion. Other drawings show Leonardo’s
endless experiments of geometrical patterns.

Now, to explain how this geometry works. He considers that the vortices, the turbulence in the heart, the circulation of the blood
must be operating the valve. He comes up with an ingenious envisaging of the mechanism, since he can’t see inside the valve, that there
must be swirling vortices. As the blood passes from the heart into the neck of the aorta, which gets narrower, the blood spirals back,
closing the valve so that more blood can be drawn into the heart before the next pump. By applying his knowledge of how water moves
he is able to form a theoretical explanation and draw a model.

As a military engineer, as a civil engineer, he worked with rivers. In formulating his scheme for a great canal in Florence, he was
able to explain in detail, to the Florentine authorities, why the bank was breaking. A vortex came down, spun around, and then spun
back further and created damage. Leonardo takes this knowledge and understanding and puts it into the heart.

The knowledge of water in movement, and the knowledge of canals, the knowledge of rivers is what he takes back into the heart
valve. These are universal motions. In one drawing he explains that the movement of water is like the movement of hair. The current
has a straight impetus, and the current tends to revolve. You therefore get a spiral or a helix. With hair you've got the weight of the hair
and you have the propensity of hair to curl, so you have a helix. So he explains in some detail why these vortices in water look like hair.
He has a sense of the unity of things. And, yet, in modern thought, modern knowledge, we spend too much of our time sectioning and
separating things.

Leonardo always wanted things to be joined up. As a human engineer, he uses natural engineering in inventing a wig for Leda in his
lost painting of Leda and the Swan. You can see free hair spouting out. These are his “mechanical” variations in the wig upon the innate
motions of human hair. And looking at the Star of Bethlehem plant, he sees a spiral phyllotaxis, the spiral generation of the leaves,
which he exaggerates. And all this knowledge comes back into the heart.

While working on the exhibition at the Victoria and Albert Museum, two very remarkable things happened. A professor of
aeronautical and biological engineering in CalTech in California, Mory Gharib, contacted me because he wanted to build the Leonardo
valve as a model. Indeed, Leonardo himself had intended to do this. In an amazing complex drawing of turbulence, he has water pouring
from a rectangular aperture, pressing air down, with four different spirals, each with a different name. Leonardo also says to make a
model of the valve in glass and add the membranes, which is a fantastically bright idea. No-one had previously tried to prove anatomical

actions by physical modeling.
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Professor Gharib, who is from Lebanon, and I talked about how to build this model and we published a paper on it. Looking inside
the model, you see the three flaps of the valve. As I said, they’re cup-shaped and floppy, as there is no muscle in them. And we used
modern imaging techniques to see how the fluid moved, curling back in this way, and that way. And this idrawing shows Leonardo’s
thinking about it. He didn’t have the ability actually to see that in an actual heart, but he transferred knowledge from the science of
water into the heart. It’s uncanny. I am less interested in whether he’s right than his mode of thinking. The mode of his thinking, this
lateral transfer of knowledge, is extraordinarily powerful.

Around the same time, I was contacted by a surgeon, Francis Wells who works at Papworth near Cambridge, a hospital that is one
of the world’s leading centers for heart surgery. And Francis Wells is a major surgeon of heart valves. He became interested in Leonardo’s
heart designs and said he would like to explore them further. Wells found that once you started analyzing the valve in terms of the
motion of fluids, you understood it better. He has now collaborated with Mory Gharib and they’ve published two papers on both the
surgery of the heart valve and the dynamics of blood.

With Leonardo you never know where you are going to taken. His vision is remarkable. It sees the totality of the body as a dynamic

system in the totality of the world as a whole.

Martin Kemp (Art Historian, Emeritus Professor of the History of Art, University of Oxford)
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KEYNOTE SPEECH 2 “EVOLUTION OF THE ANATOMICAL STUDY

— IN REFERENCES TO LEONARDO'S ANATOMICAL DRAWINGS”
Yoro Takeshi

The presentation I have for you today is the same that I gave before my science society. I'd like to begin by drawing your attention to a
recent book that my colleague wrote on Leonardo da Vinci, published last year, which suggests that Mona Lisa isn’t actually smiling.
When you take a closer look at Mona Lisa, you can see that it’s actually a combination of two drawings. The same kind of concept—
related to the combining of perspective—is visible with Picasso and Cubism. One drawing can contain many different perspectives.
Interestingly, at about the same time that Picasso pioneered with Cubism, Mona Lisa was stolen. In no way am I suggesting that Picasso
is the culprit, but the book is fascinating and I highly recommend it. It brings me to my point, however, which is that the first person to
include many perspectives in one painting is Leonardo da Vinci.

And I would like to discuss Leonardo da Vinci from the perspective of an anatomist. Modern science clearly has different views
of anatomy than Leonardo did in his day. His anatomy drawings disappeared and in the 19th century we discovered them in a trunk,
hidden away from society, in Windsor. But as an anatomist, I have to say that the origins of modern human anatomy began with
Andreas Vesalius and his anatomical atlas entitled De Humani Coporis Fabrica. But before I delve into that topic, I would like to discuss

the world of concept and of senses.

Sensory Perception and Conceptualization
Be it in art or science, we capture the world through our senses. We can translate what we perceive through our senses in many different
ways to develop concepts and information that we can communicate to others. The most universal way to do this is through science,
and the way we use words to convey information, events and so forth. Another way is that which Leonardo often chose: illustrations and
drawing. In the modern age, you can take a photo to convey information or broadcast images on television to tell what has happened.
Clearly, there are many ways to conceptualize information.

I would like to discuss the roots of modern anatomy. First, I'd like to do this by looking at one of Vittoro’s anatomical drawings, and
ask you to pay special attention to a fly perched within this illustration. Upon closer view, we see that the illustration has no contour
lines to it, naturally it wouldn’t as a copper print, and the contour lines are instead created in the mind of the viewer. Dots and lines

create the perception of contour lines, but seeing contour reflects the image that exists within one’s own mind.

Light and Shadow
In a drawing of a hand and forearm, we see there is shadow. As artists often did their work using natural light, the change in position
of the shadow is natural with the passage of time, as the artist would often take breaks, or, say, leave the room to take his lunch. The
evidence of shadow suggests an attempt to show a specific place and time, done in sequence, and the intent to illustrate photographic
concepts. And in photos, again, there are no contour lines. Since photography wasn’t available, this illustration utilizes photographic
concepts—revealing a snapshot in time, as it were. The fly in the previous example suggests a similar treatment of temporal perspective.
Moving on, we have a more conceptual approach, the first example being an Arabian anatomy chart. It may appear that the head is
reversed. That is because the bone structure was drawn from behind. Without the theory of perspective, this is how people drew. Rather
than have a fixed location in perspective, of where the artist stands, the perspective is free to be drawn, and seen, from any angle.
Europeans applied perspective techniques. For example, the skeleton illustrations by Vesalius in three variations, called Hamlet.
Why is it a drawing of living bones, or a drawing of bones suggesting that they are alive? With this book as the start of modern anatomy,
these are the questions that we must ask. Vesalius took the unprecedented step of drawing bones one by one. Previously, human bones
had been drawn as part of the skeleton or as a combination of bones or joints, but not singly. As an artist, Leonardo da Vinci was
interested in emotions conveyed and what lie behind those gestures, the mechanism of the body. And so he drew bones as component
parts to understand the mechanism. Vesalius, who came after Leonardo, was the first to draw bones one by one, which is why I think

this is the starting point of modern anatomical science.

The Birth of the Skeleton

This starting point is also evident in the way that the naming of bones transformed. Before Vesalius’s time, the name of the complete

human bone structure was written in Latin as Ossa corporis humani, meaning literally “human body bones” But Vesalius introduced the
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word, “skeleton” It began as a word in Greek—more specifically, as an adjective—meaning a desiccated mummy. The word “skeleton”
came about as almost a nickname, as it was the name of Vesalius’s specimen, which transformed the concept of skeleton into a pronoun.

The word “skeleton” derives meaning from the order of its letters. There is no meaning without that ordering of letters. What I
mean by this is that the world is being constructed by the so-called finite element theory. We create words, and with words we create
concepts. If it isn’t describable then it doesn’t exist. In essence, the world described by words is actually being constructed with 26
letters. As a result, the world is a combination of finite elements. It might seem a far cry from common sense, but, in a way, there are
parallels between this idea and the idea that atoms create everything that exists in the world and that the number of atoms is also
limited. The ability to combine finite elements in the right sequence to explain the world around us is the founding concept of science:
elemental reductionism.

As an aside, Chinese characters are different from the English alphabet. A dog, for instance, has its own, exclusive Chinese
character. In Japan, the world was understood by Chinese characters, which became a kind of truth, and the Japanese alphabet—the
kana syllabaries— corresponds to name that truth.

Returning to the subject of anatomy, however, we can see that Vesalius started modern anatomy. Why his work marks the beginning
is something I don’t think is often discussed. My thinking is that his approach to what is anatomy was the beginning of (elemental)
reductionism. Let me explain. In modern medicine, we believe that our bodies are made of cells, cells are made of molecules, molecules
made of atoms, and so forth. I don’t know if this is correct, but it is a conceptual structure that has held strong since the 19th century
and our current medical sciences are built upon that concept. This all started with Vesalius. He didn’t write about this, but he drew it in
his illustrations.

On the other hand, Leonardo lived in the world of art and his influence on science was limited. I spoke earlier on sensation
and conceptualization. In the modern world, the sensory system is weakening. As you may have noticed, that in our daily lives we
don’t know where the sun is; whether it's windy outside the building in which we work or live. In this room, for instance, all the
environmental factors are controlled for us and we take it for granted. We deprive ourselves of sensory elements. And if we walk outside,
we see and feel concrete—concrete, which I think, rejects human touch. This might be called modern or civil modes of living, but
this goes well with the concept of reductionism in people’s minds. We are conducting an enormous experiment to see what happens to

humans living in this world.

The Study of Processes, Not Objects

As I said, we take in the world through our senses. But how what we take in is conceptualized creates the divide between art and science.
That conceptualization is relative, changing from person to person, and is an open process that depends on the individual. Which
concept do you start from and how do you communicate that to others? This is where creativity comes into play.

We call the science that I have described to you anatomy, but rather than have it be a field of study named for the focus study—
as, say, economics is called such as it is the study of economics—anatomy is less about anatomy than it is about philosophy. Anatomy is
all about methodology, seeing the world and teaching people how to see it. Leonardo was all about methodology, but not objects. If you
choose an object of study and only focus on that, the study dies. If you focus on studying the law—what you can understand, how—it
lives as theory.

Leonardo started from the sensory world, and conceptualized his sensory input in many different ways. Vesalius went in one
direction, a direct line toward modern medicine. Leonardo went toward art. But both art and science are ways to look into life and its

meaning—certainly this can be learned from Leonardo.

Yoro Takeshi (Anatomist, Professor Emeritus of the University of Tokyo, President of Science Visualization Society of Japan)

Talk Session No.2 | b—%twv<3> No.2 }




RINCABBERICEBRENTOEIREDOER))EVSFADIERHICDOVTEHFHLIZVWER VT, SOV LDHICR A BRI
H.ZUTHRCHI2HTHICE MK EOEMOUEESDOEBEENIENTOVET, ChHRETEHVERA. BLA R
MGDONEDEARDISIBREDZREholc, ZNHTODIEFHOBETT, LALINSDORITHIGRFHEHERZRL T
BEVIHTEEROBENVEDTT BRI B RBRLTE R UEFESOELOME, DEVAMEM SIHE D ik M, ek
AR T IRENICHAFOEZL L VS EEDORBEAZHLDE K T/RLETD,

A DO BRICEBGERTZIEEDRANEBDADENTHEO. ZOMNICEEZY OB > TOET, A DHIERIE
BB . BB RO ERLRLE . COXIBREBEORTHERICH AT h . RoMRICF EHANET, 2hid. C
DT RAEHNLZHLTOEZON, EVISHVERELTVET, COERDE FICRZZHEON 0. BIEN LI
NEABNIELHZERLTVET, ChEYBINZIEE R ERORLEOR AT,

PN OB RICHIEZF > TV DR KM OMBHNE S ENEELEVNE T, DRTHMNSMHTEC LI E S,
ANBEDEFIGEDSHFETEDZ L ->TVET,

(O FEBE) 1Z20044EDEF T . BHICH T2V T Ly I ABH VI HERFOLERERLTVET, HLIEASKEEY)
DHWT KR TFDOVBTFEZATUTLNLTOVET, HBOSIRICERHLEFTAZ LIS TTEHZIBLICMIT SR TIE. B
BREEEEMNET A, COWBEMNEIIACHBHL VO ARNEICRMERIHLLL DT RNNEECHEZRLTWE
T WALDRDICWEAER I W ZICHAMTHESICYIMEN ERENZRL TSN LTOVET WZED. nHZFSCED
TEDZTHEFDLVICLEEVREHETH AMOREN ZFRDEDOICHEE S X AL ERCT LN TESDTT,

(CORBERBBILZDICHETZ)E2004FDEMT. CHELRERDO TRy M LBERERE LIz, ZTTHMIKIC
BT ZHO TN RBRETHIRZRO HEOFRH N ZEDN IMICENINDEEITEDZIICRDE L, HU
KT, I IE NGRS 5 B % DI IRIGHE MR A2 AR S £ 9, BUSKS AR T, EEE DB AR S ISR SN TERE I
HIBRERERLUET, TOXS HIEIREFHER BAF L VM REREM X T — OB &K T b E T,

RicHEAF T RBER) TR MELRORENZMEBEINELONEDENTVET, HHEZ ARBEHEOI L AR
RBICES> T BELEBZAREEOBES L A ERICEHNICEVEDONE T, CIEEDREVWLNKHZIENT D[
STVBREIBRAA—V T RICTESDTWVBER HEZVIIHEOHRTITERTZHMWEUTVET, COMDIV—T T2 KK
B IDDEEREVETEVIHT BRITALINOEDTT, ZLT.COBERTIRL. MHIT S0 DESERE
Nl ERTEIN, FIEARORBNZITEOHAEZBZ 2. HRMOBIKDOXS BARZMLDOITHNRSNET,

(RRBEFELLT BB HRIDE D VT VT RLAE VI LD E AL FICE L HAKRETZRLTVED
T . CDAARA—VICC DD LW EX LI FLANER/ERT AT HZEHEANDBONRTELHEO HE
MIRFEBETVET, ELVEMOOLIREDIE, REIELDOMEDTTH XA TELISDOMOMDIIIICERAET . T
BILIYRYSERBER I EEM MR ZRLTOET, CORKICHDI L. HIHEDHFNAD EAZHERICHILVIE
MERFBEET RIS TR EHLEE MEOKEICI > T HMADHCTF L ETAT Y TAT AN EHICEISINTVE
T CDIEMAMZEF NIV ALICEZEZXIIICHEEL TS, L VIDDNADEZTT,

UL ENCEENOTRHDES Ao TV Y XL EWS HEEICIE — RIS S H SR DA 5 TH S B DRk
ZHMEEBEMNE a7 VAMTHENET, LAL HCBLWOIMERIEEAZMEN SRS ZTLZREICT 58D
TEHO . EHMICAHSZIFCITHIE. BHEPIOVRERACEMZ 525 12K bET . REZNHVEFENGZERETHD. A
CTATYTATADHTHZEEZTO T RLEXSEBEICHED LFT0ET, 20— HIN IS 2 BIKDEHAE) LWV IE
T, (N HEEEME) TR EEEGOGEOENZE N ZRETVETH. 2B EREHET22DOEEH
HIAENTVET, B OFRICEABE LM ZHAAATTEEZIETEIETEILIAKFIVI T ALERLET,

RBICAKZOEDENLSHIMNREITEZELTE ANBBEHRBICHEVIHEZR > T30 ERDET B 21T
FH A, SHEMMES KD DENDICEH LU THITEZ R TOERVWERSTELET,

EFON-HRT(T—FTaRF)

Talk Session No.2 | b—%twv<3> No.2 }




PRESENTATION 1

Matsui Fuyuko

I would first like to talk about my Virgin Specimen painting that is in the exhibition. You can see that there is a scar on her face, and
another scar to represent her vagina, which signifies the history of all living things on earth over one hundred million years. These are

not injuries. In fact, my intent was to paint a flawless human form, as that is the point of this painting. But the scars are significant in that

they represent the marks of time and continuity. A fetus physically transforms through the stages of evolution that we have experienced
over the same one hundred million years, beginning as a fish-like form, then becoming an amphibious sort of creature, and into a reptile
to finally take the mammalian form.

The human body is the product of an unimaginably long history, a memory that lies dormant within the body. When we feel
oppression, injury or pain, multiplicity, memory, arousal, anger, all of these sensations will be contained in the body to be passed on to the
next generation. This raises the question of who is in control through this process. You can see that in the painting there is a flesh-colored
lump and that signifies the passing of hair and teeth from the mother’s body to the baby. This, in its physical form, is a fragment of the life
memory.

I'm interested in the human body because I want to show psychological anatomy—anatomy from the emotional and behavioral
aspects. I think that this brings us closer to the truth of what it is to be human.

My painting Keeping up the Pureness, from 2004, shows a woman with a complex or hatred against men. She cut open her stomach
to reveal her uterus and the baby within. It may be perceived as an aggressive attitude—the way that she holds her womb almost with
a palpable elegance. But this destructive impulse originates from her innate desire to defend herself. The violence of self-defense. The
flowers surrounding her are in synchronicity, cut and also showing their reproductive capacity. Possession of a womb, with the ability to
produce eggs and deliver one’s progeny, is kind of privilege that allows one to feel sympathy, synchronicity, to others who can do the same.

Another painting, Destruction Needed to Cure this Disease from 2004, was inspired by Chidorigafuchi in Tokyo (note: one of the areas
near the moat of the Imperial Palace), where one can see the reflection of cherry blossoms on the water. When I was there, I lost my focus and
continuity of vision and nearly fell into the water. Similarly, repetition could be associated with double insanity or induced psychosis,
when a person who is psychologically healthy becomes “infected” with insanity, or delusions, through others. Such is the case sometimes
between family members, lovers, cults or situations of mass hysteria.

Moving on, the Spiral of Thought represents something obsessive that is repetitive in its nature. The stress of complicated human
relations and experiences can generate negative emotions and literally drive people to the psychological edge. This image is like that of a
long-haired woman crawling on the ceiling, like a shut-in housewife or an animal pacing behind the bars of a cage. This kind of looping
repetition is different from thinking, in that this revolves around one thought. And how one is able to overcome and repress this thought
is what causes this repetition, sometimes transcending the intentional movements of the human body in a kind of addictive reflex to deal
with the anxiety.

Eternal Almighty Medicine for the Perfect Happiness reflects the eeriness with which I see wedding dresses, and I've drawn a woman
who perfectly fits this image. While the dress represents happiness, the woman’s feelings for the man are so strong that she is losing hair.
The beautiful hair ornament is actually her brain matter, almost offered as if a gift to her husband. This is to represent Clérambault’s
syndrome, or erotomania, a condition in which one has the delusion of a special relationship toward a counterpart. In modern society,
rejection, denial, and repeated suppression of emotions endanger one’s existence and identity. My thinking is that this leads people to live
in a world of narcissism.

But that is not all bad. Narcissism often has negative connotations associated with its meaning of “self love” that often leads to
indulgence and debauchery. But the concept of self-love can also allow one to liberalize oneself from oppression and, as an intentional
act of liking oneself, it has the power to impart confidence and greater self-awareness. I view it as a healthy act and a pillar of self-identity
and have recently used this theme more in my work, such as in Scattered Deformities in the End. In Anatomy Chart, I show the subject’s
deformed body, with a metal implant that sustains life. There is narcissism in wanting to live even with foreign parts added to the body.

In conclusion, while we can dissect the body into so many parts, it is undeniable that we have a deep respect for the mind and the

soul. This is what I would like to continue to focus on in my future work.

Matsui Fuyuko (Artist)
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PRESENTATION 2
Nishikawa Shin-ichi

Let me first thank Ms. Matsui for showing her painting that addresses a similar concept first proposed by Heckel, “Ontogeny
recapitulates phylogeny.” The major aim of our institute, RIKEN Center for Developmental Biology is to understand how these complex
organisms are generated from simple fertilized egg. Among many tissues in our body, my group is interested in stem cell system. Stem
cell system is a common mechanism for renewing our tissues. In our body, cells of many tissues, such as skin, hair, blood and gut, are
constantly lost and replaced by new cells. Stem cell plays a role as the source of cells to fill the loss. In higher organisms, there is no life
without stem cell system.

The reason why stem cells are attracting public interests is its potential for applied medicine. Indeed, stem cells have been used in
therapy such as in the case of bone marrow transplants and skin grafts for severe burns. If we are able to develop methods to prepare stem
cells in the test tube, it would be possible to regenerate our old tissues such as skin, teeth and even hearts. This concept of regeneration is
also depicted in Ms. Matsui’s painting.

Making our own stem cells is getting a grip on reality by a remarkable discovery of iPS (induced pluripotent stem cells) by Dr. Yamanaka
Shinya of Kyoto University. Basically, you are able to make your own pluripotent stem cells that can give rise to any types of body cells,
which will bring a revolution in therapy. Surely there are many expectations around this research. However, this potential is definitely a
challenge to our culture and thus the issue requiring public discussion. This kind of discussion also came up with reproductive technology
and test-tube babies and it’s important to keep a running dialogue between people who agree with the direction medical technology is
going and those who disagree. This is another reason for my attending this workshop.

As such, the advancement of medicine is the relevance of other fields not only as physics and chemistry but also art, philosophy and
religion. Conversely, finding analogous theme that medicine is aiming at in such fields helps me a lot to understand the position of our
research in our society.

I look forward to the panel discussion. One thing to confess is that, while 'm quite familiar with Leonardo da Vinci, he’s not my
favorite artist. This is because I always feel difficulty in comprehending background of his painting, such as atmosphere of the time he
lived. Looking for this reason, I was obsessed by an idea that he may have suffered a kind of psychosis. In this sense, talking with Dr.

Kemp would clear up this obsession.

Nishikawa Shin-ichi (Stem Cell Biologist, Deputy Director of RIKEN Center for Developmental Biology)
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PANEL DISCUSSION

Martin Kemp / Yoro Takeshi / Nishikawa Shin-ichi / Matsui Fuyuko Moderator: Nanjo Fumio

NANJO Tl give panelists the ability to ask Professor Kemp questions, if they like.
NISHIKAWA  How normal can we say Leonardo was?

[KEMIP We all have extraordinary capacities, but Leonardo’s capacities were more extraordinary than most. What he had was not a
psychosis, but an extraordinary ability to see how things were related. We tend to see things in categories, but he looked at one phenomenon
in the world, such as water, and he would see hair or the growth of plants or how draperies behave. If there were a pathological element, it
was that he couldn’t stop himself from doing that.

Most of us work well in our disciplines and push them forward. Leonardo could always see another question besides the one he was
asking—with his ideas spreading laterally from one thing to the next. Great research as you know often comes from importing an idea, not
from staying in a narrow channel. It is a wonderful example of the sheer imaginative transfer of ideas. There is a great message for us not
simply to specialize. Specialization has got us into something of a mess as a human race. His was the ability to see the whole picture, sharing

something of Japanese and Chinese traditional philosophies.

NISHIKAWA I find Leonardo very different from other painters of the Renaissance. Recently, I read a book by Maryanne Wolf entitled
Proust and the Squid that deals with a conflict between language and visual image during development of our brain. In this book, the author

suggested that Leonardo could have been dyslexic because he’s good with capturing images that include many perspectives.

[KEMP Tt is possible. But we can't bring him back for testing. And there is a great limit to that—it is like Freud psychoanalyzing
Leonardo. We have to accept there is a limitation to the questions we can ask from the historical records. But when it comes to words and
images, Leonardo is interested in both in anatomy. He thought that initially a drawing could do everything. And as he began to get a sense
of the complexity of the human body, he said you have to illustrate and you have to describe. This ratio of words to illustration in his notes
grew over time. He’s a wonderful user of words, and in anatomy and in description, or physiology.

Sir Ernst Gombrich, one of my mentors insisted Leonardo was a word person and an image person. Ultimately for Leonardo, the image

is the best record of the senses because sight is a greater sense than hearing, but he still knows about the worth of verbal description.
NANJO  Leonardo was good at visual communication, but what does this mean in the context of brain science?

YORO I can draw on an experience I had at Tokyo university of the Arts. The graduate students and I tried to read books in a foreign
language, and a medical student who accompanied me was surprised at how bad these art students were at reading in English. If you can
express through images, there’s no need for words. So it’s possible that their skills in language were diminished by constantly expressing

themselves with image. Sometimes people who are more visually oriented and who have an interest in art are not as good at language.

MATSUI In my work, I first develop a concept and then make the painting. Then I come up with the title. It’s not that I dislike words,
but 'm not very good at public speaking.

YORO (to Kemp) You don'’t use the word analogy to explain Leonardo, do you?

[KEMP T do use the word and I actually have a talk on analogy in scientific reasoning. For Leonardo analogy was not simply similarity, it
was proof. If you have a heart and a seed, that is not just an analogy. A modern scientist might draw similarities, but for Leonardo, he was

actually saying this is a way of proving how the vessels originate from the heart.

NANJO  I'm interested in analogy. But if there are similarities, does this imply that the functions are the same?

Commonality in Art and Science

NISHIKAWA T think that visual imaging in life sciences and art share something that is similar. As pointed out earlier, art and life

sciences use visual image to understand something behind the life.

Talk Session No.2 | b—%twv<3> No.2 }




Martin Kemp / Yoro Takeshi / Nishikawa Shin-ichi / Matsui Fuyuko PANEL DISCUSSION

YORO TIhave been curious about anatomy illustrations from the Edo period, in which color was used. The first physician to conduct this
was Yamawaki Toyo in the mid-18th century, and his drawings were not monochromatic. Anatomy documents are always in color in Japan.
My thinking is that this is the result of a lack of a method for perspective drawing, and so color became the means to show, to convey, a
certain truth. The color of the organs, for instance, should match that of the next body. Color became a Japanese proof of objectivity. One
doctor wanted to compare the colors of the organs and researched many bodies for this. For him, color, not shape, was the focus. Perhaps

he thought it to be more precise as an indication of health.

On Perspective and the Function of Representation

NANJO  What can you share with us about perspective drawing in Europe and Japan?

MATSUI  European drawings incorporate light and shadow, whereas painting in Japan is more about contour. I realized why we have this
different approach while in Nara. I noticed that with the mist and lack of strong sunshine, the visual one gets from the surroundings is less

monochromatic and less about light and shadow, light and dark, than it is about color.

[CEMIP We have to make a preliminary step here to put us on the same page. We have to say what the function of representation is in a
particular culture. Now, the function of representation in Renaissance was very different from the Middle Ages in the West. That function
became the systematic description of form and space. And that is in relation to a function of art—which is an eyewitness function—that
suggests we are showing sacred events or people as they are according to certain optical rules. Therefore, perspective, shadow, cast shadows
come with that function of art.

The role of art in China and in Japan has a different function. It relates to words differently. It is not about describing measured space
and light. Unless we say what is the function of representation, then we can’t even begin to ask the question as to why the vocabulary is
different. They differ according to very subtle roles of visual images.

In the Middle Ages in the West, they are not doing that. They are illustrating manuscripts and doing various kinds of paintings that
perform a certain function in religious narrative, but they’re not relying upon this eyewitness principle. In the Renaissance you begin to
get the description of the earth in maps systematically in the Ptolemaic manner and a systematic description of the human body—all
according to a measured optical principle. Clearly, the function of representation was quite different. We then see them converging in 19th

century across many of these civilizations.

NANJO  There is a strong desire to show the inside of the human body—but was the intent medical?

[KEMP  In the history of western medicine, from Greece onwards, there was a strong prescription against illustrating the human body. As

a result, many books are not illustrated. In that case, one writes the text and the body becomes the illustration.

NANJO  What I want to ask is what is the purpose behind these illustrations? Was it to satisfy mere curiosity, or was it an attempt to

investigate and cure an illness or treat an injury?

NISHIKAWA  Was it an attempt to see the mechanism behind the functions of the body, as a divine creation? The body as a microcosm?

[KEMIP The notion of the microcosm runs through phases where there is no illustration and phases with much illustration. And in
western anatomy the notion continues through the 18th century. Vesalius’s great book is related to these notions of the human body as part
of nature. But it isn’t the microcosm idea that triggers the illustration. Illustration arises when in western philosophy and art there is the
desire to represent things in a measured way, in which geometry becomes the paradigm of knowledge.

You see that very much in Leonardo. He says, “Let no one who is not a mathematician read my principles” So we see geometry and
particularly three-dimensional geometry as the paradigm of knowledge that goes through to Descartes where it becomes analyzed through
algebra.

Leonardo saw art as a remaking of nature. Mona Lisa is not so much a portrait in terms of an artist sitting down to paint a woman. To
portray a person he needed to know how the hair works, how the skin works, where the muscle is, and to understand the optics of shadow.
For him, art is visual knowledge. And the supreme expression of visual knowledge is remaking it in a work of art.

A work of art isn’t a representation of nature. It’s a remaking of nature on the basis of the laws. It’s a very special vision of art.
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On the Notion of “Science”

NANJO  During the Renaissance, science and art were not as segregated as they are today. So was the pursuit of art and the pursuit of

science the same?

[CEMIP One of the difficulties in discussing this is vocabulary, as the terms are very different from how we use them. Today we say
“science” and we know roughly what we mean by it. Siensa, or scientia in Latin, in the Renaissance was systematic knowledge. It wasn't a

pursuit. There was no term for a scientist. Scientist is a 19th century term. You couldn’t say to Leonardo “You are a scientist.” Science is

a systematic body of knowledge; art is skill or practice. He is saying that he is turning something that is seen as practice in the old craft

tradition and he’s doing it as a siensa, systematic knowledge.

Cross Disciplinary Collaboration

NANJO  We tend to take an analytical approach to the world today, with many different disciplines and experts within these disciplines.
It’s said that we've lost sight of the larger picture. As we begin to engage comprehensively in interdisciplinary collaboration, what do you

think are the possibilities for this kind of activity?

NISHIKAWA  Dr. Yoro and I have different views on this point. The theory of elementary particles and relativity, those kinds of concepts
in modern physics, like having 11 dimensions, I don’t think that those aren’t had from a reductive approach—we couldn’t have deduced
them. If we talk about Euclidian geometry, it'’s our understanding of space and time. But non-Euclidian geometry, such as Riemannian
geometry, is abstractly separate from our bodies and through a process of science, specifically physics, we come to not truth per se but a

kind of intersubject consensus upon which we can agree. That process, to me, is science. Science is not just elemental reductionism.

[KEMP  It's amazing how often you find major episodes of scientific change come when somebody moves into a discipline from outside,
or brings in other thinking. Take Copernicus, for example. All the people working with Ptolemy were trying to save Ptolemy and they kept
working on epicycles, eccentrics and so on. Copernicus was trained as an astronomer but he was also very interested in visual arts and
architecture. And he said that the later Ptolemaic system with all its complications, which were meant to save the system, made it ugly.

In a key page in De revolutionibus in 1543 when he proposed the system with the sun at the center, he said who would build a temple
and have the light other than in the central position. He was bringing in Renaissance ideas of harmonic beauty from architecture. He was
able to say this not because his observational data were better, but because the model of the universe was so ugly. That great sweep of revised
understanding came from bringing in insight from another area into play.

Harry Kroto, who won the Nobel Prize for Carbon 60, wanted to be a designer as a young man. He went to Expo ’67 in Montreal and
saw Buckminster Fuller’s geodesic dome. And when the team had to put together 60 carbons, it was Harry who thought that perhaps the
dome can help with packing these to make a geometric solid. Carbon 60 is now called Buckminsterfullerene from that insight. An idea from

the outside might not work—a lot of them don’t, but you have to be open to the possibility that it might.

On Beauty and Aesthetic Judgment in Seeking Truth

NANJO  It’s interesting that you chose to describe something as “ugly,” which is considered subjective, in Copernicus being able to

decipher truth. Can we use aesthetic judgment to decide the truth? Someone once said truth is beautiful.

NISHIKAWA  The pursuit of beauty is very common in science. Upon pursuing the mechanisms how forms are generated (morphogenesis),
biologists often use genetic mutation as a method. Those mutations affecting body form result in sometimes ugly form and sometimes
beautiful form. Interestingly, dirty or ugly mutations are not studied as much, because scientists prefer mutations causing some beautiful
form. While the major subject of life science is design and intention underlying the form and function of life, we do not have any answer
to this question except that the design of life is an outcome of evolution. We need to go beyond the limits of the body and think about why

we find these things beautiful.
MATSUI  What do you mean by “ugly” in biology?

NISHIKAWA  Dr. Yoro talks about this a lot, but there might be a mutation that causes additional stripes or some such that makes

researchers happy and so they study it. But such mutation that cause edema of body are often not selected.
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Commonality in Art and Science (continued)

NANJO T wanted to return us to the commonalities between science and art. And what can we expect the future to bring given these

commonalities?

[KEMP  The question isn’t answerable because science and art are so diverse. Theoretical physics is so different from environmental
biology. I think you have to ask about different sciences and different mental habits in science.

The habits of mental science of a doctor are terrifically different from somebody doing atomic physics. They have very different
intuitions; they think in different ways. And it is the same with artists. You have to say that an artist who does academic portraiture and
another one who does conceptual art, with nothing visible at all, are doing quite different kinds of thing. I think you have to break the
question down and say that different sciences and different arts align in different ways.

One another thing I'd be interested in is shared intuitions. Scientific research programs often begin with scientists saying, “Look. Isn’t
that interesting? Surely there’s something we can understand about this” An artist would look at it and say, “Isn’t that interesting!” Both
have a desire to go beyond what something looks like to understand it. Subsequently, what the artist does and what the scientist does are
different. A nuclear physicist would do one thing, but a biologist would do another, Ms. Matsui would do something else. But the starting

point is often just that sheer excitement, which isn’t verbal.

NISHIKAWA  Science is different because we need to share the concept with everyone else. We have a procedure of agreeing what the
truth is. We can agree on a procedural process among scientists, but can we communicate it to the rest of the world? How the scientific truth
is shared is through technology. Anyone can share the truth of physics by using handy-phone. Perhaps that process is something unique to
science, and the rest is fairly similar.

Science is indeed such process to expand the people agreeing with a concept repeating experiments, writing paper and having dialogue

with other peoples.

MATSUI  Ultimately, the desire toward the pursuit of truth is common between science and art. For instance, if we look at this glass,

we wonder what’s going on with it, what to pursue and what position to take. Art, however, doesn’t require proof, as art is self-contained.

[KEMIP A key difference is that the scientist writing a paper is trying to be as unambiguous as possible so that all readers get the same
thing out of it. An artist, however much they have a concept, can’t control how it’s perceived. It's not arbitrary, because you convey certain

things, but you are not like a scientist trying to shut down the interpretation. You invite the audience in.

YORO Artand science to me seem identical because they begin with the senses, which we all conceptualize as information in our own

manner.

Q&A

Q Discuss Leonardo in the context of Asian or Oriental medicine.

YORO Returning to my earlier points, Japanese and Chinese cultures are based on characters, in which meaning is self-contained. In
contrast, the alphabet—and using letters to form words—Iliberates meaning in words that are representative, rather than exclusive to
single concepts and singular meaning, as with characters. This type of coding, assigning that which isn't related to the concept to represent

the concept, is almost a kind of “information-izing” the world around us.

[KEMP There is a fascinating parallel with how Leonardo conceived the elements and what he called the virtit spirituale, an immaterial
power, which you need for the stable system of elements to produce life. You have somehow to disrupt that stability to get the whole of this
pot of elements moving. Whether you call it chi or virti spiritual, it is not like Newtonian dynamics, in which things are moving until force
stops the moving. It is instead a static system, which has to be brought into life.

When Leonardo thinks about the four elements and asks this basic question of “How does life come into the system?” It has to come in
from the prime mover, a primum mobile. Here, you begin to get something that is quite close to aspects of Chinese and Japanese philosophy,

not through influence but just by the same starting point. That is one reason why I think an exhibition of Leonardo and Sesshu, one western
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and one Japanese, would reveal a common “spiritual” insight in these great masters of nature.

Q Much of today’s discussion revolves around sight — how and what you see. Could each of the panelists com-

ment on how this advanced insight into our own bodies might influence how we relate to one another?

NISHIKAWA  Tt’s difficult to answer that. Life scientists are working towards understanding how each molecule is involved in the body

function. But whether we are able to see everything as a system is a new question. In fact, systems biology is an important issue now.

[KEMIP T would characterise the big phase of western biology, anatomy and medicine, which has mechanized the body, as saying if we
understand the small components as a machine, we can explain everything. What I'm looking for in the future is a means of understanding
the mechanism of the body that is not wholly mechanistic but deals with the sheer complexity of complex systems. The new science’s
complexity will show how you can have some very simple components, which with minimal perturbation can result in infinite complexity.
As a historian, my feeling is that we're in a limited system of biology and we need to get a fresh understanding of the complexity of how
things fit together. Modern computation stands some chance of handling that. The human brain doesn’t do that well other than intuitively.

Computers can map that level of complexity and unpredictability. That’s the direction I think science will take.

YORO We often talk about progress, but if you drill into a certain detail you lose sight of the big picture. People think that seeing such

detail means that they’re seeing more clearly, or accurately. It’s important not to be deceived by such notions of “progress.”

Q People are attracted by healthy bodies because they look beautiful to us. What about deformity and sickness?

YORO The standard of beauty changes with time. I think we’re taught what is normal or standard, and the brain doesn’t have to work to

process it. I think that's what beauty is—something easy to process for the brain.

[CEMIP T think it’s a question that is incredibly complicated in historical, cultural, and contemporary terms. We can look at the work of
Mark Quinn, an artist is in the exhibition, who has two disabled people kissing. Mark earlier made a figure of Alison Lapper who was born
without arms. And he said to me, why is it we can look at a Roman sculpture with its arms broken off and think it’s beautiful. Why do we
look at a human being like that and we tend not to see them as beautiful? It’s a very interesting question.

I think that human mind is extraordinary plastic and can be worked to see things as beautiful that you wouldn’t normally do. One of
the jobs of artists—not scientists—is to take something that initially we see as ugly and say there’s beauty in that. The inside of the body
is very beautiful. But a good artist, a good draftsman, say Vesalius or Leonardo, can make the inner landscape as beautiful as the outer

landscape.

MATSUI  Personal taste, likes and dislikes, are about how much something touches the heart. It works like a mirror. You tend to like that

which is familiar to you.

NANJO  Ithink that living things are looking for what is different from the standard all the time. That is the driving force behind modern

art. Perhaps it is also the case with human genes.
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Yamanaka Shunji graduated with a degree in mechanical engineering from the University of Tokyo. In 1994, he founded
LEADING EDGE DESIGN corp., after working as an exterior designer at Nissan Motor Co., Ltd. and as an Associate Pro-
fessor at the University of Tokyo. In 2008, he became a professor at Keio University. He designed various products includ-
ing watches and train cars and participated in the technological development of automatic ticket gates and digital cash.
He won the Good Design Award Gold Prize and has had products acquired by the Museum of Modern Art, New York.
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Born in 1958 | Evolutionary Biologist, Group Director of Laboratory for Evolutionary Morphology, RIKEN Center for Developmental Biology
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Kuratani Shigeru received his Ph.D. in 1986 from Kyoto University, after which, from 1988 to 1991, he studied at the
Medical College of Georgia, and from 1991 to 1994 at the Baylor College of Medicine. He became an associate professor
at the Kumamoto University School of Medicine in 1994, and moved to Okayama University in 1997 to assume a profes-
sorship in the Department of Biology. Following his work as a Team Leader at the Center for Developmental Biology, he
was promoted in 2005 to the position of Group Director. His research focuses on evolutional developmental biology and
on comparative embryology and morphology of vertebrates.
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Sakurai Yoshiki spent his childhood in London, UK. He graduated in economics from the Tokyo University School of
Economics. He started his career as a scriptwriter when he was a student at Tokyo University’s Graduate School of Fron-
tier Sciences, and joined the animation production company Production |.G after graduation. He has worked on several
popular anime including, Kokaku Kidotai S.A.C. (The Ghost in the Shell: S.A.C.) series, Otogi Zoshi, Seirei No Moribito
(Moribito: Guardian of the Spirit), and RD Senno Chosashitsu (Real Drive). His latest work 7Tachikoma Na Hibi (Tachikomatic
Days) is currently being serialized in Young Magazine, a Japanese manga magazine published monthly. Sakurai is one
of the most prominent young scriptwriters in the animation industry today.
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Born in 1965 | Neuroscientist, Laboratory Head of Laboratory for Adaptive Intelligence, RIKEN Brain Science Institute
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Fujii Naotaka received M.D. and Ph.D. at TOHOKU University Graduate School of Medicine. In 1998, he moved to MIT and
worked as Posdoc researcher. In 2004, he moved to BSI, RIKEN and started series of social neuroscience studies. In 2008, he
was appointed Lab head at BSI| and started Laboratory for Adaptive Intelligence. His book 7sunagaru No (Social Brains) pub-
lished in 2009 was awarded as a recipient of The 63rd MAINICHI Publication and Culture Award, Natural Science Category.
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At this seminar, industrial designer Mr. Yamanaka Shunji and evolutionary biologist Dr. Kuratani Shigeru discussed the evolution of
form. Prior to the discussion, Mr. Yamanaka spoke about looking at manmade forms from the perspective of a designer. He was followed

by Mr. Kuratani, who spoke about how living forms evolved.

Mr. Yamanaka talked about how living forms represented ideal forms for designers and that an important theme in design is how to
imbue manmade objects with the vitality of life. This, he said, does not involve merely imitating or referencing living forms in appearance.
The aim is to optimize capability and ideally, in the end, to create objects that give the impression of being organic. In terms of robot
design, “it is not simply a matter of copying living phenomenon,” he said, “it is about creating a robot and designing its appearance,
capabilities, etc., basing it on our sense of what makes something seem like a living thing” He claimed that thinking about humanoid

robots in the future will entail thinking about what makes something seem alive.

Dr. Kuratani spoke about the evolutionary morphology of bones in vertebrates. He explained how a vertebrate’s form is made up of the
same components in the same order, and the way each component is connected (its connectivity) is the same in all animals. The reason
there has come to be such a diversity of living forms is because these components have gradually changed shape. In evolutionary
morphology, there are certain unalterable rules because of the connections between the components. In this way, living things retain their

basic forms while evolving through gradual change. Evolution takes place in a conflict between what can change and what cannot change.

In the discussion, Dr. Kuratani and Mr. Yamanaka talked about the common features and the differences between manmade objects
and living organisms due to the way they are created. Dr. Kuratani said that in manmade things, it is possible to design and configure
the components whereas in a living organism the form is encoded within its genes and cannot be altered. “There is the sense that the
components of a living organism are always integrated. The components must be connected not only in a completed form but in an
ongoing developmental process” Mr. Yamanaka said manmade objects are constructed from separately made components and that
continuity of form imposed no limitations. This, he said, is a salient feature of manmade objects. On the other hand, he pointed out
that there are consistent standards and rules, and there is a cultural inheritance, so in some respects manmade objects also improve
through the inheritance of the past in a similar way to living things. Dr. Kuratani gave an analogy between the structural network of
industrial products and living organisms, giving the eyes of vertebrates as an example. The eye is an organ made up of a variety of very
precise components. Each component functions as part of a complex network, and it is impossible to change just one component. Mr.
Yamanaka added that the objects that surround us already have complex structures. Take, for example, a mechanical wristwatch. He
produced a photograph that showed the parts of a wristwatch, which, within the accumulation of history, were the result of a number
of technical experts each finding the best solution in a specific area. The image looked like part of a living organism’s body. Dr.
Kuratani indicated that some parts resembled the auditory ossicle. He shared the view that a kind of evolution does occur in manmade

objects over a number of generations.

To conclude, Dr. Kuratani spoke about the distinctive characteristics of higher animals’ forms, two of which are the helix structure and
the structure of segmented repetition. Mr. Yamanaka said these patterns are frequently used in decorations, but on the other hand, it is
important to consider another side of the question, which was that we find beauty in unmarked surfaces and cubes, and both these forms
seldom exist in the natural world. In modern times, when technology is becoming ever more complicated and intricate, he said one can
learn from the forms and structures of nature even from a design perspective, and there will be more and more occasions to learn from

the process of natural production (the manufacturing process) and the process of evolution (the development process).
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MAMXRIKEN Science Seminar No.2
“DOES LOVE INTERFACE BRAINS?”

At this seminar, Mr. Sakurai Yoshiki, scriptwriter for the anime Kokaku Kidotai S.A.C (The Ghost in the Shell: S.A.C.), and neuroscientist
Dr. Fujii Naotaka, spoke about how new technology, such as the BMI (Brain Machine Interface), which allows a two-way exchange of

information between computers and the brain, will change the way people relate to one another.

Dr. Fujii said there are two types of human relationship: the relationship of respect and trust between mother and child, and
the relationship of endurance toward other people. An individual’s social relationships are a conflict between these two types of
relationships. He went on to speak about mirror neurons and about the possibility that in the human brain there is an inherent
mechanism that recognizes other people as part of one’s body and allows one to interpret the feelings and desires of others.
Internalizing others as part of oneself and creating a kind of relationship comes with great risks, and he spoke of love as an act of
connecting through respect and trust with people with whom one would otherwise fundamentally have no connection. Moreover,
using a scientific measuring device such as the BMI, and by communicating directly with the brain, one could understand the
mechanism of the brain that connects one individual to another. The BMI is a technology that allows the brain to control external
devices or else allows external devices to convey information to the brain, and he gave as examples prosthetic limbs that use
electromyograms and a variety of BMI technology that have already become a reality. He suggested that technology that allows us to
go beyond the limitations of our own bodies and that will expand our capabilities is increasingly becoming a reality. Moreover, with
advances in BMI research, there are now discussions of where the boundaries of the human mind and body are, and he expressed a

wish to talk about what happens to human relationships when the boundaries between oneself and others becomes blurred.

Mr. Sakurai talked about social relationships brought about by information networks. He spoke about recent communication tools that
refer in their name to the first-person “I(i)” and to the second-person “You” (e.g., i-mode, mixi, iPod, YouTube, etc.) and to information
network infrastructure that use the third-person “IT(it).” He suggested that things like the media that emerge from this network
infrastructure could be referred to as the fourth-person. With the appearance of this new technology and tools and media, he said

there will be a major shift from now on in how we communicate and how we define friendship, love and romantic love.

In the discussion, Dr. Fujii and Mr. Sakurai talked about the attractions and the distinctive features of online communication tools
and how these tools are having a great impact in recent years in changing the way we communicate. They pointed to a new culture
that was born from this kind of virtual communication. They mentioned some users of the “twitter” site who did not realize for
two years that an online friend was a “chat-bot” (an online communication automatic response program). They also mentioned how
some users of the “Love Plus,” love simulation mobile phone game, became so emotionally involved in the female characters of this
virtual world that they lost any sense of its boundaries with the real world. Moreover, they discussed how BMI will hereafter change
the concept of real love and if there was the possibility, in the future, of a separation between reproduction and love. Dr. Fujii said
he could not deny there will be new technology that will allow sexual acts that do not involve any physical interaction and its aim
will be pure pleasure. They said that we may face, in the future, a new era when no one will care whether or not it comes from a
software program and does not involve physical interaction as long as there is something like a chat-bot that can fulfill desire. When
new forms of communication become possible and they will bring about great profits, without legal regulation and force, it will be

difficult to stop them from becoming widespread.
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ORGANIZERS: Mori Art Museum, RIKEN, Academyhills | GRANT FROM: The Tokyo Club | CORPORATE SPONSOR: TOYOTA MOTOR CORPORATION
CONTRIBUTIONS: Akebono Brake Industry Co., Ltd., Asai Germanium Research Institute Co., Ltd, Azusa Sekkei Co., Ltd., Eisai Co., Ltd.,
Health Center Asuka, lkeda Scientific Co., Ltd., JEOL Ltd., Megaopto Co., Ltd., Nissan Chemical Industries, Ltd., Q.P. Corporation,

Riken Keiki Co., Ltd., Riken Perfumery Co., Ltd., Riken Vitamin Co., Ltd., SHIMADZU CORPORATION, TAKASAGO INTERNATIONAL CORPORATION,
Takeda Rika Kogyo Co.,Ltd., Tamanoi vinegar Co., Ltd., BIT Co., Ltd, Hamamatsu Photonics K.K., Ltd., NARD Institute,

SANKI ENGINEERING CO.,LTD., Semba Tohka Industries Co., Ltd., Trial Park Co., Ltd. (in alphabetic order)

IN ASSOCIATION WITH: Science Visualization Society of Japan (Talk Session No.2)

PROGRAMMING:

[Mori Art Museum] Director: Nanjo Fumio | Public Programs: Shirahama Eriko, Sakai Atsuko, Shiraki Eise, Shinagawa Tomoko,
Nishi Sakiko, Fujikawa Haruka | Curatorial: Hirose Mami, Tsuchiya Takahide, Tsubaki Reiko, Nishimaki Sachiko
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EDITORS: [Mori Art Museum] Curatorial: Hirose Mami, Tsuchiya Takahide | Public Programs: Shirahama Eriko, Sakai Atsuko, Nishimaki Sachiko
EDITORIAL ASSISTANCE: [RIKEN] Ito Haruna

EDITORIAL ASSISTANCE (English): Coco Masters

TRANSLATION: Yoshino Hiroko (Talk Session No.1), Ichikawa Kayoko (Talk Session No.2), Ten-Nine Communications, Inc.

COOPERATION: RIKEN

CORPORATE SPONSOR: TOYOTA MOTOR CORPORATION
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