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The International Prize for Biology was instituted in April of 1985 by the Committee on the
International Prize for Biology, comprising experts from various sectors, to commemorate the sixty-year
reign of Emperor Showa and his longtime devotion to biological research and to encourage advanced
research in this field. Since the 25th anniversary, it also pays tribute to the present Emperor, His Majesty,
Emperor Akihito, who has striven for many years to advance the study of gobioid fish taxonomy, while

contributing continuously to the development of this Prize.
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The cover photograph shows the Pseudoclathrozoon cryptolatioides which Emperor Showa collected at

Sagami Bay and described as a new genus and species.
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Emperor Showa at the Biological Laboratory, Imperial Household
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Achievements of Emperor Showa in Biology

As a biologist, Emperor Showa devoted himself in his spare time for many years to research in
the systematics of hydroids from Sagami Bay and other marine animals, seaweeds and myxomycetes as
well as to general studies of plants in Nasu and Suzaki. Especially in his study of hydroids, the Emperor
first described two genera of thecate Clathrozonidae, Clathrozoon wilsoni and Pseudoclathrozoon
cryptolarioides gen. et sp. nov., which made him one of the world authorities on these species. He could
describe these genera by keeping the colonies alive for some days in his Biological Laboratory in the
Imperial Palace.

Over a period of many years, the Emperor also collected numerous specimens of opisthobranchs,
sea stars, crustaceans, and other marine creatures from the tide pools and shallows of Sagami Bay.
Collaborating researchers in a variety of fields conducted studies and wrote critiques on these specimens,
which are published as literature of the Imperial Biology Laboratory. Also interested in botany, the
Emperor coauthored a number of books on studies he made of the flora in Nasu and Suzaki as well as on
the Imperial Palace grounds.

The International Prize for Biology was established in 1985 in commemoration of Emperor
Showa’s longtime research in biology and the sixty-year reign of Emperor Showa, and with a view to

encouraging biological research around the world.
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Publications of Emperor Showa
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Representative Works of Emperor Showa (under the name Hirohito)

HRREFEIEE

(1) 1967 A review of the hydroids of the family Clathrozonidae with descriptions of a new genus and
species from Japan. English part, pp. 1-14: Plates I- XIV.

(2) 1969 Some hydroids of the Amakusa Islands. English part, pp. 1 - 32.

(3) 1971 Additional notes on Clathrozoon wilsoni Spencer. English part, pp. 1 - 5: Plates I-IV.

(4) 1974 Some Hydrozoa of the Bonin Islands. English part, pp. 1 - 55: Plate L.

(5) 1977 Five hydroid species from the Gulf of Aqaba, Red Sea. English part, pp. 1 - 26: Plates I-111.

(6) 1983 Hydroids from Izu Oshima and Niijima. English part, pp. 1 - 83.

(7) 1984 A new hydroid Hydractinia bayeri n. sp. from the Bay of Panama. English part, pp. 1 - 8: Plates
[-VIIL.

(8) 1988 The hydroids of Sagami Bay collected by His Majesty the Emperor of Japan. English part, pp. 1 -
179: Plates I - IV: textfigures 1-54. Tokyo: Maruzen Co. Ltd.

(9) 1995 The hydroids of Sagami Bay (I). Thecata collected by His Majesty the Showa Emperor of Japan.

Annotated by Mayumi Yamada. English part, pp. 1 - 355: Plates I - XIII: textfigures 1-106.
Tokyo: Maruzen Co. Ltd.



Achievements of His Majesty the Emperor

Finding time between his official duties, for many years His Majesty the Emperor has pursued the
taxonomic study of fish of the suborder Gobioidei, and between 1963 and the present he has published a total
of 28 original papers in the journals of the Ichthyological Society of Japan.

For example, of the three known Japanese species of the genus Cristatogobius (family Gobiidae)—the
Kuro-tosakahaze, Tosakahaze, and Hime-tosakahaze—the latter two were known only by their Japanese
common names as their scientific names were undetermined. As a result of his studies of these three species of
Cristatogobius, His Majesty identified the Tosakahaze as Cristatogobius lophius Herre and described the
Hime-tosakahaze as a new species, Cristatogobius aurimaculatus.

He has also coauthored a paper that estimated the evolutionary process in gobioid fishes using
mitochondrial DNA and compared the findings with phylogenetic relationships based on morphology; this
study appeared in Gene, the international journal of genetics published in the Netherlands.

For his work in ichthyological research, in 1980 His Majesty was invited to become one of the foreign
members of the Linnean Society of London, whose number does not exceed fifty. He was elected an honorary
member of that Society in 1986; he is also an honorary associate of the Australian Museum, an honorary
member of the Zoological Society of London, and a permanent honorary member of the Research Institute for
Natural Science of Argentina. In 1998, he became the first recipient of the King Charles the Second Medal,
which is awarded by the Royal Society of London to those heads of state who have made outstanding
contribution to the advancement of science.

Further, in 1992, when the American journal Science published a special issue on Japan, at the editors’
request His Majesty contributed an article titled “Early Cultivators of Science in Japan.” In 2007, he presented
the keynote lecture, entitled “Linné and Taxonomy in Japan,” at the Linnean Society of London when it marked
the 300th anniversary of Carl von Linné’s birth, and an extract of the lecture was published in the British

scientific journal Nature.
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Research of His Majesty the Emperor
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Representative Works of His Majesty the Emperor
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(1) 1967. On four species of the gobiid fishes of the genus Eleotris found in Japan. Prince Akihito. Japanese
Journal of Ichthyology Vol.14 (4/6), pp.35-166.

(2) 1975. Pandaka trimaculata, a new species of dwarf goby from Okinawa Prefecture, Japan and the
Philippines. Prince Akihito and Katsusuke Meguro. Japanese Journal of Ichthyology Vol.22 (2),
pp.63-67.

(3) 1986. Some morphological characters considered to be important in gobiid phylogeny. Prince Akihito,
pp.629-639. In T. Uyeno, R. Arai, T. Taniuchi and K. Matsuura eds. Indo-Pacific Fish Biology:
Proceedings of the Second International Conference on Indo-Pacific Fishes, Ichthyological Society
of Japan.

(4) 1992. Early cultivators of science in Japan. Akihito, Science Vol.258, N0.5082, pp.578-580.

(5) 2000. Review of the gobiid genus Cristatogobius found in Japan with description of a new species. Akihito
and Katsusuke Meguro. Ichthyological Research Vol.47, No.3, pp.249-261.

(6) 2000. Evolutionary aspects of gobioid fishes based upon a phylogenetic analysis of mitochondrial
cytochrome b genes. Akihito, A. Iwata, T. Kobayashi, K. Ikeo, T. Imanishi, H. Ono, Y. Umehara, C.
Hamamatsu, K. Sugiyama, Y. Ikeda, K. Sakamoto, Akishinonomiya Fumihito, S. Ohno and T.
Gojobori. Gene Vol.259 (1-2), pp.5-15.

(7) 2002. Gobioidei. Akihito, K. Sakamoto, Y. Ikeda and K. Sugiyama. pp.1139-1268. In T. Nakabo ed. Fishes
of Japan with pictorial keys to the species, English edition. Tokai Univ. Press, Tokyo.

(8) 2003. A new species of gobiid fish, Cristatogobius rubripectoralis, from Australia. Akihito, Katsusuke
Meguro and Katsuichi Sakamoto. Ichthyological Research Vol.50, No.2, pp. 117-122.

(9) 2007. Linnaeus and taxonomy in Japan. His Majesty The Emperor of Japan, Nature Vol.446, pp.139-140.

(10)2008. Evolution of Pacific Ocean and the Sea of Japan populations of the gobiid species, Pterogobius
elapoides and Pterogobius zonoleucus, based on molecular and morphological analysis. Akihito,
Akishinonomiya Fumihito, Y. Ikeda, M. Aizawa, Y. Makino, Y. Umehara, Y. Kai, Y. Nishimoto, M.
Hasegawa, T. Nakabo and H. Gojobori, Gene Vol.427(1-2), pp.7-18.



Address of His Majesty the Emperor at the 2004 Presentation Ceremony

I wish to express my sincerest congratulations to Dr. Thomas Cavalier-Smith, the winner of the 20"
International Prize for Biology.

This year’s Prize was awarded in “Systematic Biology and Taxonomy”. Synthesizing new knowledge
across a spectrum of biological fields, Dr. Cavalier-Smith has employed novel perspectives to classify in
greater detail the living world. Among his achievements have been his proposals over the period of
1981-1986 of a “six kingdom theory,” which divides the living world into six broad categories. Generally
accepted at the time was a five kingdom system comprising the kingdoms of Monera, Protista, Plantae,
Fungi and Animalia. From his study on groups of organisms which acquire chloroplasts through
endosymbiosis, Dr. Cavalier-Smith proposed adding the new kingdom of Chromista to the system. As his
six kingdom theory is far more reflective of phylogenic relationships than earlier theories, it has, I
understand, won the support of a great many researchers.

People of my generation were accustomed to the notion of the living world being divided into two
categories: plants and animals. However, | suspect there were many who doubted this manner of
classification. Learning of Dr. Cavalier-Smith’s system of classifying living things, I recalled having heard
Emperor Showa observed that slime mold, subject of research in his youth, has a characteristic of animals
and moves like an amoeba.

I am very pleased that through modern-day advances in various fields of biology, the evolutionary
path of each organism can be more accurately ascertained; and that by tracing those paths, classification
systems can be reconstructed. I most ardently wish that research by Dr. Cavalier-Smith will make even
greater progress in the future.

This year marks the twentieth anniversary of the International Prize for Biology. Originally
established to commemorate the sixty-year reign of Emperor Showa, the Prize has been awarded to one
eminent researcher every year over the past two decades. Here today, I am reminded of the achievements
of the past Prize recipients who have contributed so greatly to the advancement of biology. At the same
time, I appreciate the great pains taken in support of this program by the members of the Committee on the
International Prize for Biology and the many others.

I conclude my remarks with a fervent wish that the International Prize for Biology will make

ever-increasing contributions to the advancement of this vital field.

Note: The above is the address given by His Majesty the Emperor at the Presentation Ceremony of the 20™
International Prize for Biology, November 29 2004.
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The Presentation Ceremony for the 2012 Prize (November 26, 2012)
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Prize Medal Imperial Gift,

a silver vase bearing the imperial crest
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Dr. Joseph Felsenstein (2013 recipient) with Their Majesties the Emperor and Empress
(at the reception)
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Dr. Nancy Ann Moran (2010 recipient) with Their Majesties the Emperor and Empress
(at the reception)
Foo—-Tr-EF-UEL (B20RREH) EWET GEE/A—T1—I20)



Dr. George David Tilman (2008 recipient) with Their Majesties the Emperor and Empress
(at the reception)
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Dr. David Swenson Hogness (2007 recipient) with His Majesty the Emperor
(at the reception)
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Dr. Winslow Russell Briggs (2009 recipient) at the Presentation Ceremony
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Dr. Nam-Hai Chua (2005 recipient) at the Presentation Ceremony
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recipient), holding Imperial Gift
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Dr. Serge Daan (2006 recipient),
holding Imperial Gift
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(2004 recipient), holding
Imperial Gift
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Reflections upon the 30th Anniversary of the International Prize for
Biology

Takashi Sugimura
Chairperson

Committee on the International Prize for Biology

The International Prize for Biology was established in 1985 to commemorate the sixty-year
reign of Emperor Showa and his long devotion to biological research. It also pays tribute to the
present Emperor, His Majesty, Emperor Akihito, who has striven for many years to advance the
study of gobioid fish taxonomy, while contributing continuously to the development of this Prize.
This year we mark the thirtieth anniversary of the Prize’s inauguration, which was made possible
by the energetic efforts of biologists and biological societies and the cooperation of the Japanese
government, especially the Ministry of Education, Science and Culture (now the Ministry of
Education, Culture, Sports, Science and Technology), together with the support of the business
community and the Japan Society for the Promotion of Science, which undertakes the committee
work. It thus gives me the greatest of pleasure to see the award attain this milestone.

Each year, the International Prize for Biology is conferred in a field selected by the
Committee from among all the fields of biology. Based on recommendations gathered from
around the world, it is awarded to the researcher who has the most outstanding record of
achievements in that field. Once every decade, the discipline selected has been systematic
biology and taxonomy, the field in which, like Emperor Showa before him, His Majesty the
present Emperor has conducted research over many years.

The annual presentation is made with due ceremony at the Japan Academy in the presence of
Their Majesties the Emperor and Empress. At the reception that follows the ceremony, we are
fortunate indeed to have the opportunity for the recipient and the supporters of the Prize to enjoy
conversation with Their Majesties, and I consider it a very great honor to be able to discuss
scientific matters and other topics in person with His Majesty, who is a biologist of distinction.

As the International Prize for Biology marks its thirtieth anniversary, I pledge my utmost
efforts to ensure its further development as a prestigious award in the biological sciences that has
earned esteem around the world.

On this occasion, I would like to express my appreciation to all who have given exceptional
support to the Prize over the years: the Ministry of Education, Culture, Sports, Science and
Technology, the Japan Society for the Promotion of Science, scientific associations, the business

community, and the members of the committees of the International Prize for Biology.
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Congratulatory Message

Shinzo Abe

Prime Minister

o

I extend my heartiest congratulations on the occasion of the International Prize for Biology
marking its 30th anniversary this year.

The Prize was instituted to commemorate Emperor Showa’s sixty-year reign and his
longtime devotion to biological research, and also to honor the contributions of His Majesty the
present Emperor in pursuing his own taxonomic studies of fish, especially the family Gobiidae,
over many years.

Since its establishment in 1985, in seeking to further the limitless progress of the biological
sciences, the award has been conferred on researchers who have made distinguished contributions
to the advancement of science through their outstanding achievements. It is truly gratifying to
know that, as the most prestigious award in the field, the Prize has earned international esteem
and has played a role in the global advancement of the biological sciences.

Great academic research gives rise to new value and generates social and economic
development. The government, for its part, is committed to do even more to encourage a broad
spectrum of academic research based on the free thinking of scholars, and to create new
possibilities for Japan and the world through innovation.

In closing, I would like to pay tribute to all who have devoted themselves to administering
the International Prize for Biology over the course of 30 years and to express my hope that its
significance will be widely appreciated, both by the world’s research community and by the
public, and that it will contribute still further to the future development of biology around the

world.
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Congratulatory Message

Hakubun Shimomura

Minister of Education, Culture, Sports, Science and Technology

My warmest congratulations on the occasion of the 30th anniversary of the International
Prize for Biology.

The International Prize for Biology was instituted to commemorate Emperor Showa’s
longtime devotion to biological research and to honor the contributions of His Majesty the
present Emperor in pursuing his own taxonomic studies of fish, especially the family Gobiidae,
over many years. It was brought into being through the energetic efforts of biologists who wanted
to create, in Japan, an international award for their field.

Since it was first conferred in 1985, the prize has publicly honored researchers who have
done original and groundbreaking work in the biological sciences. In so doing, I believe it has
offered tremendous encouragement to researchers all over the world and has contributed greatly
to the advancement of academic research, a common asset of all humankind.

Academic research, which springs from the free thinking and the intellectual curiosity of
individual scholars engaged in the pursuit of truth, makes up a corpus of intellectual and cultural
value. The International Prize for Biology is highly significant in that it is a vehicle for the value
created by these research activities to be recognized in Japan and the rest of the world and to
contribute to the cultural advancement of humanity.

Recognizing that scientific and technological innovation is the key to Japan’s economic
revitalization, the Ministry of Education, Culture, Sports, Science and Technology is focusing on
promoting its wellspring, the basic research which gives rise to an array of new findings, and on

returning these results to society by distilling them into innovation.
In closing, I would like to pay tribute and extend my thanks to all those involved with the

International Prize for Biology, especially the committee members who have devoted their
energies to its administration, and to express my hope that the prize will go on to make

ever-greater contributions to the progress of academic research around the world.
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History of the International Prize for Biology EEEMIFEEDEH

History of the International Prize for Biology

1. Establishment

The International Prize for Biology was instituted in April 1985 in commemoration of the
sixty-year reign of Emperor Showa and his longtime devotion to biological research and for the purpose of
encouraging research in biology around the world.

The Prize is awarded to an individual researcher who has attained remarkable achievements in
fundamental biology and consequently made outstanding contributions to the academic advancement of
the world. For the implementation of this prize-awarding program, the Committee on the International
Prize for Biology is organized under the chairpersonship of the current President of the Japan Academy,
consisting of not more than 40 members, who respectively represent Japanese scientists, economic
organizations and relevant scientific institutions and organizations.

The establishment of the Prize was realized mainly through the earnest desire of biological
scientists and others concerned for the creation of an international prize to be awarded to distinguished
scientists in systematics and taxonomy and other fields of fundamental biology. Great efforts made by the
Ministry of Education, Science and Culture, the Japan Academy, the Japan Society for the Promotion of
Science, the Zoological Society of Japan, the Botanical Society of Japan and other institutions and
organizations concerned as well as the generous cooperation extended by economic organizations
contributed to the realization of this wish of biological scientists.

In April 1985, Dr. Hiromi Arisawa, President of the Japan Academy, representing scientific circles,
Mr. Yoshihiro Inayama, President of the Federation of Economic Organizations, representing economic
circles and three others, namely, Dr. Seiji Kaya, Chairperson of Section II of the Japan Academy, Dr.
Hitoshi Kihara, Member of the Japan Academy, and Dr. Shiro Masuda, President of the Japan Society for
the Promotion of Science, called a preparatory conference for the International Prize for Biology, and
invited representatives of relevant scientific institutions and organizations, economic organizations, mass
communication organs, etc. to attend the conference. The preparatory conference was eventually held on
April 25 of that year with 28 attendees.

The conference, chaired by Dr. Arisawa, discussed the outline of the proposed Prize and agreed to
the establishment of the Committee on the International Prize for Biology.

Then, immediately after the close of the preparatory conference, the first meeting of the
Committee on the International Prize for Biology was convened, and after items on the agenda concerning
the selection of the Committee officers and the setting-up of the Selection Committee and the Finance
Committee were concluded, the draft outline of the International Prize for Biology was discussed and
adopted.

Thus, it was agreed as follows:
The Prize shall normally be made to one individual every year.
The Prize shall consist of a certificate, a medal and a prize of ten million yen.
The Presentation Ceremony shall be held in autumn in Tokyo.

b S

Funds shall be raised for the establishment of the International Prize for Biology Fund in order to
finance the prize money and additional necessary expenses.

On the following day, April 26, the Cabinet agreed that the government ministries and agencies
concerned should give their cooperation for the implementation of this prize awarding program.
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2. Committee on the International Prize for Biology

It was decided that the affairs of the Committee should be handled by the Japan Society for the
Promotion of Science. The list of the members of the Committee on the International Prize for Biology at the
time of establishment was as follows:

Committee on the International Prize for Biology (As of April 25, 1985)

Arisawa, Hiromi (Chairperson) President, Japan Academy

Kaya, Seiji (Vice-Chairperson) Chairperson, Section II, Japan Academy
President, Federation of Economic Organizations
Member, Japan Academy
Professor, Yamaguchi University
Vice-President, Federation of Economic Organizations
Chairperson, Japan Electric Manufacturers’ Association
President, Japan Automobile Manufacturers Association, Inc
Professor and Director, Botanical Gardens, University of Tokyo
Director-General, National Institute for Basic Biology,

Okazaki National Research Institutes

Inayama, Yoshihiro
Kihara, Hitoshi
Egami, Nobuo
Hanamura, Nihachiro
Abe, Hideo

Ishihara, Takashi
Iwatsuki, Kunio
Okada, S. Tokindo

Okamoto, Michio
Kamiya, Noburo
Kawanabe, Hiroya
Kawahara, Masato
Kida, Hiroshi
Kimura, Motoo
Kobayashi, Shoichiro
Kobayashi, Hideshi
Takeuchi, Yasuoki
Takeda, Yutaka
Nakagawa, Sunao
Nishio, Shinichi
Numata, Makoto
Noji, Kiichi
Hagura, Nobuya
Hara, Hiroshi
Hiratsuka, Naohide
Fukuda, Toshimitsu
Masuda, Shiro
Mizukami, Tatsuzo
Morosawa, Masamichi
Yamamura, Yuichi

Yoshikuni, Jiro
Watanabe, Itaru
Watanabe, Shogo

The Successive Chairperson and Vice-Chairmen of the Committee and their terms of service are given as follows.
Vice-Chairpersons:

Chairpersons:
Arisawa, Hiromi
Kurokawa, Toshio
Fujita, Yoshio
Ebashi, Setsuro
Nagakura, Saburo
Sugimura, Takashi

Member, Council for Science and Technology

Member, Japan Academy
Professor, Kyoto University
President, Japan Broadcasting Corporation (NHK)

Director general, Japan Society for the Promotion of Science
Member, Japan Academy
Chairperson, Federation of Electric Power Companies
President, Zoological Society of Japan
President, Petroleum Association of Japan
President, Japan Iron and Steel Federation
President, National Association of Commercial Broadcasters in Japan

President, Life Insurance Association of Japan

President, Botanical Society of Japan
President, Japan Federation of Construction Contractors Inc.
Chairperson, Federation of Bankers Association of Japan
Professor Emeritus, University of Tokyo
Member, Japan Academy

President, Japan Newspaper Publishers and Editors Association
President, Japan Society for the Promotion of Science
President, Japan Foreign Trade Council, Inc.
Director-General, National Science Museum

Chairperson, Science Council of the Ministry of Education, Science and

Culture

Chairperson, Regional Banks Association of Japan
Professor Emeritus, Keio University
President, Japan Securities Dealers Association

Apr. 1985 - Dec. 1986
Dec. 1986 - Feb. 1988
Oct. 1988 - Feb. 2000
May 2000 - Sep. 2002
Sep. 2002 - Nov. 2007
Jan. 2008 -

Kaya, Seiji

Fujita, Yoshio
Kotani, Masao
Hiratsuka, Naohide
Ebashi, Setsuro
Nagakura, Saburo
Sugimura, Takashi
Nishijima, Kazuhiko
Kozai, Yoshihide
Toyoshima, Kumao

Apr. 1985 - Feb. 1987
Feb. 1987 - Oct. 1988
Oct. 1988 - Oct. 1992
Oct. 1992 - Oct. 1995
Oct. 1995 - May.2000
Sep. 2000 - Sep. 2002
Feb. 2002 - Dec.2007
Jan. 2008 - Jan. 2009
Jan. 2009 - May.2014
May.2014 -
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3. Selection Committee and Finance Committee

The Committee on the International Prize for Biology has a Selection Committee and a Finance

Committee.

(1) Selection Committee

The Selection Committee, invites relevant individuals and organizations at home and abroad to

send nominations, and after screening nominated candidates, submits to the Committee on the

International Prize for Biology a report containing the recommendation of the candidate for approval. The

chairperson and the number of members of each annual Selection Committee from 1985 through 2014 are

given as follows.

Year Chairperson Number of members
1985 Egami, Nobuo 15(5) *
1986 Yamamura, Yuichi 17 (4)
1987 Yamamura, Yuichi 17 (4)
1988 Hiratsuka, Naohide 154)
1989 Hiratsuka, Naohide 17 (4)
1990 Kamiya, Noburo 16 (4)
1991 Kamiya, Noburo 16 (4)
1992 Sugimura, Takashi 17 (4)
1993 Sugimura, Takashi 17 (4)
1994 Okada, Tokindo S. 18 (4)
1995 Okada, Tokindo S. 18 (4)
1996 Ebashi, Setsuro 19 (5)
1997 Ebashi, Setsuro 18 (4)
1998 Mobhri, Hideo 18 (4)
1999 Mohri, Hideo 19 (4)
2000 Maruyama, Koscak 19 (4)
2001 Maruyama, Koscak 19 (4)
2002 Iwatsuki, Kunio 19 (4)
2003 Iwatsuki, Kunio 19 (4)
2004 Aoki, Kiyoshi 19 (4)
2005 Aoki, Kiyoshi 19 (4)
2006 Hoshi, Motonori 19 (4)
2007 Hoshi, Motonori 20 (4)
2008 Wada, Masamitsu 19 (4)
2009 Asashima, Makoto 20 (4)
2010 Asashima, Makoto 20 (4)
2011 Wada, Masamitsu 20 (4)
2012 Satoh, Noriyuki 19 (3)
2013 Satoh, Noriyuki 20 (4)
2014 Fujiyoshi, Yoshinori 20 (4)

* In the parentheses is given the number of foreign members.
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(2) Finance Committee

The Finance Committee, initially composed of 24 members, held its first meeting on July 3, 1985
under the chairpersonship of Mr. Nihachiro Hanamura, Vice-President, Federation of Economic Organizations,
and started fund-raising activities with a target sum of ¥500 million. The contributions to be collected from
private companies were designated by the government as so-called tax-exempt contributions in September 1985,
and at the second meeting of the Finance Committee held on August 13, 1986, Chairperson Hanamura
requested each member to extend further support and cooperation for the realization of the target. Eventually,
the target was substantially realized in two years, by the end of the designation period of tax-exempt
contributions. The Committee shifted its objectives in February 1988 to the proper management of the
International Prize for Biology Fund established in the Japan Society for the Promotion of Science with

collected contributions.

Successive Chairmen of the Finance Committee are as follows:

Hanamura, Nihachiro July 1985 — September 1988
Saba, Shoichi September 1988 — June 1994
Suzuki, Seiji June 1994 — January 1997
Furukawa, Masahiko February 1997 — August 2000
Kosai, Akio September 2000 — October 2007
Yonekura, Hiromasa January 2008 —June 2014

Sakakibara, Sadayuki June 2014 —
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4. Presentation Ceremony and International Symposium

The Presentation Ceremony of the International Prize for Biology is held at the Japan Academy in
Tokyo in autumn every year and the recipient and his or her spouse are invited to attend the Ceremony. The
Prize consisting of a certificate, a medal and a prize money of ten million yen is presented to the recipient and
an Imperial Gift, a silver vase bearing the Imperial crest, is delivered.

The first Presentation Ceremony was held on November 15, 1985 at the Japan Academy and the first
(1985) Prize was awarded to Professor E. J. H. Corner in the presence of the Crown Prince and Princess. The
attendants numbered about 150, including Prime Minister Yasuhiro Nakasone, Parliamentary Vice-Minister of
Education, Science and Culture Kunio Hatoyama, renowned scientists, persons involved in this Prize program,
as well as people from foreign embassies in Japan and those representing relevant universities, research
institutions, learned societies, etc. The Ceremony was followed by a celebration party held also at the Japan
Academy and the Crown Prince and Princess enjoyed pleasant conversation with Prof. and Mrs. Corner and the
invited attendees.

The Presentation Ceremonies and parties for the 1986 Prize and thereafter were held in the same
manner. The present Emperor and Empress attended the Ceremonies from 1985 through 1988 as Crown Prince
and Princess and from 1989 on, as Emperor and Empress.

In conjunction with the Presentation Ceremony of the Prize every year, an international symposium is
co-organized by a relevant university or research institute and the Japan Society for the Promotion of Science.

The recipient of the Prize is invited to give a special lecture.

5. Emperor Showa’s Research in Biology and the Medal of the International
Prize for Biology

During long years of biological survey of Sagami Bay, Emperor Showa collected specimens of two
species of the family Clathrozonidae (Coelenterata, Hydrozoa), Clathrozoon wilsoni and Pseudoclathrozoon
cryptolarioides, the latter of which he described as a new genus and species. The external and internal
morphology, the life cycle, as well as the systematic relationships of these species were fully studied by the
Emperor, and through his work the systematics of the family was elucidated much more clearly.

Both these species show an almost fan-shaped colony form, with many branching anastomoses. The
medal of the International Prize for Biology bears an abstract design based on a part of the colony of the
Clathrozonidae, especially of the species Pseudoclathrozoon cryptolarioides.

The groundmetal is a unique Japanese alloy called Shibuichi (composed of copper, silver and gold),
with the patterns are inlaid with gold.

Designer: Sagenji Yoshida
(Professor Emeritus, Tokyo National University of Fine Arts and Music)



4. FEXEVEEES VART U A

REAIZTHERELH T, BFEKICBARE LR TITOh TV D,

EFS AR E OZEE T, ER, B OE A 1,000 THAES S, RREF T L, T
HRER] N THI TS,

1 FIERAYFERERL, BT REEE Fo ZFE2ME . B e 4 11 A 15 B, BA%
TEETRES L, = Ry R Var e ~rl— . a—F—lECEEEMPENES Sz, 7
LTIk, FERREKE, WILSCREBRE A SCGRRERE) 21X00 & LCEEADFE G
F.OWONCAE BANERERE, R SRRITIERE . BIR PR EOREE K OELRFE SR 150 AR
I Uiz, ERX%, AARSLRE COHE S—T ¢ =3B, BERTREHEE Fid, ZEERZER)
HEE & TEERICR DT,

55 2 AL b AR O CREA L OBE S—T 4 =N TW 5,

REEFME T, 261 E 08 4 BE TRERFRLEME T E LT, 65 ELFEIL, RERFmREE
TELTIEEIZZR> T 5,

EEAYFERERICH DT, BERSOEBEY VAR Y U ADBIE S, ZHEIC X DRI
S TOND,

5. BRRXEDEWNTE WL EEAYFEEEM

BEAIR Bid, BAEICOZ D MBS IR W CEY A 2 BT 22 b e ns, £ oM., Y -
E RefBICEdT o2 a2y I RIR2H, AL 27 It N7 (Clathrozoon) & &V T AT
I & R 7 (Pseudoclathrozoon) D¥ER % ZHAEIZ e o7, ZDHH, BEOFEAIAATIE RTIT
OWTIEHEHE L L CIR#ic e o7, BRXEX, ZhbofoINRIE, WEERE, EIGER,
SFLEOALE R SI2ON T, FHLL THRICRY . ZHUCTZ > TARBHZOWTEZ L OMRE L2 bH &
niz,

THOFE, FHMROBHRZIER L, BIIMTE &0 L, fra THRO—MA A ERE T 5, EEAE
W E OB, WS TH LMK RED ZHE A& L, 20X T AT I RTOR
EOWEO—HMEXF LI DTH D,

A BN OMEITRN Sy — @ - R - &OAE) L) BAME O8AG4% AV, SCRIX, fBoan
A 22 &L BRWVEIEMEDOZRIRTR L TN D, T A T, & AR RSN K24 S %
WEDHHDTH D,

17



18

Essays by the Recipients E{SZEENSDAvE—:

Essays by the Recipients

Life as a symbiosis of genes, membranes, skeletons, and catalysts
Dr. Thomas Cavalier-Smith, 2004 Recipient

Contrary to widespread misconceptions, DNA does not control life as
‘divine nuclear authority’. Cells make DNA, not the reverse. Membranes and
skeletons generate form; DNA doesn’t. Single-celled organisms dominated
evolution for three billion years, only recently generating animals and other
macroorganisms by cell adhesion and differentiation. Cells reproduce by growth
(chemical synthesis and membrane and skeleton assembly) and membrane division
(mediated by forces from skeleton-associated proteins). Protein catalysts (enzymes)
make DNA, RNA, and membrane lipids, but RNA catalysts (ribosomes) make
{ % proteins; inherited sequences of nucleic acids and proteins depend on nucleic acid

, o & ' templating within homeostatic cell interiors delimited by membranes and supported
by the skeleton None of these constituents has causal priority over others. All mutually help reproduction every
cell cycle, the irreducible basis of life.

Viruses are genetic parasites of cells that cannot make proteins or multiply by membrane division, thus
are only semiautonomous. Virus genes (DNA or RNA) fully determine their structure, and virions self-assemble
from separate molecules every generation; they have genetic but not organismal continuity, entirely unlike cells.
Cell heredity depends equally on DNA heredity and membrane heredity, working in tandem since cells began.
Life complicated itself by evolving more genes and more different kinds of genetic membranes.

The simplest cells (unibacteria) with only one genetic membrane comprise posibacteria (the first
organisms, ancestrally with rigid murein exoskeletons), and highly derived archaebacteria (with unique
isoprenoid-ether lipids facilitating their ancestral hyperthermophily, arising about 1.2 Gy ago). Negibacteria
evolved a second, outer membrane penetrated by hollow barrel-like proteins, greatly diversifying ecosystems with
novel bioenergetics: cyanobacterial oxygenic photosynthesis oxygenated the atmosphere 2.4 Gy ago. Around 1.2
Gy ago traumatic loss of posibacterial murein walls generated a neomuran ‘missing link’ with flexible
glycoprotein exoskeleton, which was ancestral to archaebacteria (retaining bacterial organisation) and eukaryotes
which evolved a branched actin endoskeleton and phagocytosis that forced the origins of endomembrane system,
microtubules, mitosis, nucleus, cilia, and cell fusion (sex), yielding Earth’s first efficient predators. The
phagotrophic, aerobic protoeukaryote enslaved a purple photosynthetic negibacterium as mitochondria, by
inserting ATP extractors and reversing for protein import its outer-membrane export machinery, establishing
kingdom Protozoa. Viruses and plasmids laterally transfer bacterial genes. Only eukaryote sexual fusion makes
coherent species.

Later a planktonic biciliate protozoan enslaved a cyanobacterium to make chloroplasts and kingdom
Plantae with three branches. Green algae generated land plants. A red alga was internally enslaved by another
biciliate host, creating the ancestrally phagophototrophic kingdom Chromista (sisters of plants), whose mainly
marine algal representatives (e.g. diatoms, haptophytes, brown seaweeds) have chloroplasts inside
endomembranes (unlike plants) and dominate oceanic photosynthesis. Many chromists lost photosynthesis,
becoming heterotrophs and parasites (e.g. malaria agents).

Another biciliate heterotroph lost one cilium, forming choanozoan protozoa, from which kingdom Fungi
arose by evolving chitin walls and animals originated when a choanoflagellate evolved multicellular epithelia,
connective tissue, sperm and eggs. Endomembranes and endoskeleton enabled neurons and evolution of clever
apes who discovered all this, but whose violence and self-interest may destroy us and much of nature unless we
become wiser and reduce our population.
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Long regulatory RNAs
Dr. Nam-Hai Chua, 2005 Recipient

Many of the important discoveries in Life Sciences have been
underpinned by advances in technology. One disruptive technological advance that
has emerged in the last decade is the capacity to perform massive, parallel
sequencing of DNA fragments in great depth. This technology which is often
referred as Next Generation Sequencing (NGS) has fundamentally changed our
view on the nature of transcripts that are transcribed from eukaryotic genomes and
how these transcripts contribute to the mechanisms of growth and development,

and of pathogenesis.

In eukaryotes, mRNAs account for only 2% (human) to 35% (Arabidopsis) of the coding capacity of the
total genomic space. It was previously thought that genomic regions located between canonical, protein-coding
genes are not transcribed and therefore unlikely to have biological function. However, this traditional view has
been challenged by results from transcriptome profiling by NGS of both animal and plant cells. It is now known
that eukaryotic genomes are in fact pervasively transcribed. In addition to rRNAs, tRNAs , other stable small
RNAs, siRNAs, miRNAs and mRNAs, a large number of long noncoding (Inc) RNAs (longer than 200
nucleotides) are also transcribed from the genome. Depending on their genomic origins, IncRNAs can be
classified into 3 categories: (1) lincRNAs which are transcribed from genomic regions in between protein-coding
genes; (2) incRNAs which are transcribed from long intronic regions; and (3) Natural antisense (NATs) which are
transcribed from the anti-sense strand of protein-coding genes.

Although IncRNAs are expressed at a much lower level compared to mRNAs; nevertheless, they have
been shown to display important biological functions. Their low abundance requires that IncRNAs act locally in
the vicinity of their site of production. Therefore, it is not surprising that their mode of action appear to focus at
the chromatin level. IncRNAs are known to form complexes with transcription factors, subunits of the Mediator
complex and chromatin modification enzymes to regulate their activity in a positive or negative manner. In several
cases, IncRNAs appear to execute their function in the cytosol by providing a platform for assembly of
protein/protein complexes to facilitate enzymatic reactions, such as ubiquitination.

Going forward, given the versatility of RNAs, we can expect IncRNAs to have a variety of functions
that have been ascribed to RNAs in vitro. For example, IncRNAs may possess catalytic activities on their own or
even act as aptamers to respond to intracellular levels of small molecules, which may change with signals. The
elucidation of these potential regulatory properties of IncRNAs await the development of new technological

platform to assay for such activities in vivo.
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Internal time: a fundamental property of life
Dr. Serge Daan, 2006 Recipient

In the 1950’s, around the time when DNA was detected as the most
fundamental feature of life on earth, another ubiquitous characteristic of life dawned
upon biologists. It stirred similar excitement. All over the plant and animal kingdoms
organisms turned out to possess so-called endogenous circadian (‘“about one day”)

clocks. In fully constant conditions, they exhibited their usual daily oscillations in

physiology and behaviour, albeit with a small but telltale deviation in their cycle
length from 24 h — proving that they are not a distant response to the earth’s rotation.
In the following half century a new discipline emerged addressing these biological
clocks: chronobiology.

This endeavour was fascinating to witness and be part of. It first established that in virtually every case the
clock is entrained by the alternation of night and day. Entrainment makes the biological “internal time” match the
cosmic external time of day of the world outside. Organisms use basically the same protocol for entrainment.
They simply accelerate a little in answer to light at dawn, while light at dusk slows them down. Unicellulars do it,
fruitflies do it, humans do it. Animals of all sorts evolved a specific oscillator in their central nervous system to
control the process: a pacemaker that synchronizes physiological oscillations in the body with each other and with
day and night outside. These pacemakers are always connected to photoreceptors, which themselves are
specialized for the task of entrainment, not vision. At the genetic level, it became evident that
transcription-translation loops are often involved in the generation of the oscillations. Specialized circadian
proteins in the cytoplasm enter the nucleus and there inhibit the transcription of their own genes, so that
eventually their concentration declines, and transcription picks up again. The newest twitch is a circadian
oxidation-reduction cycle in the protein peroxiredoxin, that persists in the absence of transcription in
representatives of all three domains of life, Bacteria, Archaea and Eukaryota'.

Life evolved on a rotating planet. Evolution always took place under predictable periodic variations in light
and darkness, in temperature, in food availability, in risk of predation, in almost every important ecological
variable we can think of. The ensuing pressures of Darwinian selection have created a property common to
virtually all organisms—though possibly lost in some underground or cave dwelling creatures—that of internal time
to match external time. The same molecular mechanisms, similar physiological organization and principles of
entrainment by light have evolved. They let life oscillate in synchrony over the entire globe in its eternal spin.

The internal clock as a blueprint to cope with day and night is a property as general as the blueprint of DNA
itself. Like with DNA, the insight in the physiology of our own biological clocks, both originally in the realm of

curious naturalists, has turned out to be of vast importance for human health and disease.

1 R.S. Edgar & al., Nature 485:459 (2012)
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Challenging scientific paradigms
Dr. George David Tilman, 2008 Recipient

Scientific knowledge often advances as the sum of many small steps, but
occasionally there is a leap in which a paradigm is challenged and replaced with a
new perspective.  In biology, such discoveries require that we “listen to nature”
and be especially sensitive to and excited by any results that fall outside the realm
of current paradigms, concepts or theoretical predictions. No matter how seemingly
solid and accepted an idea might be, no mater how rigorous theory may be, major

advances are made when data are allowed to win the debate and set a new research

agenda.

In the 1990’s a major paradigm shift began in ecology. For the preceding
two decades most ecologists had believed that the number of species in an ecosystem, which is called its
“biodiversity,” had little impact on how ecosystems functioned. However, in the 1990’s the accelerating pace at
which species were being lost from ecosystems led to the speculation that this loss of biodiversity might be
harming the functioning of ecosystems. When this issue arose, we were fortunate to have been doing long-term
ecological research in a grassland ecosystem that had suffered a major two-year drought. We analyzed our data
on plant diversity and net primary productivity before, during and after that drought, and consistently found that
plant communities that were more diverse had primary productivity that was more stable, which is to say, more
resistant to drought. Every subsequent analysis also supported the hypothesis that greater diversity led to greater
ecosystem stability.  This finding, which was published in 1994, contradicted two then-current views that I and
most other ecologists had taught in our classes: that species composition was the major driver of ecosystem
processes, and that higher diversity was not only of little relevance to stability but also likely made it more
difficult for ecosystems to be stable.

The initial evidence that seemed to support an alternative possibility inspired us and many others to
establish field experiments explicitly designed to test for all of the ways in which biodiversity might impact
population, community and ecosystem processes. Now, more than two decades later, the work of hundreds of
ecologists has shown that biodiversity is a key determinant of ecosystem productivity, stability, carbon
sequestration and invasibility. It is now clear that the loss of biodiversity does, indeed, threaten the functioning of
ecosystems and the provisioning of numerous ecosystem services, thus providing a solid scientific basis for the

conservation of the earth’s biodiversity.



BPRNSEL LADFYYLID
Ta—Y - FAEY R Ty vl (824 A2 EE)

BHRERROMEANL, — /NS BBEFEAERD ZEICL > THTED END T ENZVR, KT,
BEONRT Z A KRB OVE S, 2<HLWRERET 5 L5 e K& RBENB Z 5, EWFEIcE
WT, 29 LERERERETI OIE TAROFICEZBT 5] ZenNnETHD, L), Bl
TORT 7 A K&, Blin THRIOHRBE I E S 2 WERSCEBEM S O HBEITE, EALEET D
DT, THICBIRIZEIS L, e LAEZ OS2 B8R RDOND, HDBEZHN, EARITHE
ETIELSZTANLGNTNDELTYH, o, FARICEERER CTH-oT2E LTH, B0 L
DHBEIHONLT =X OHZEHRL CiaFa D, I LWIGREEAZ AL TS Z &2k, K
ERAS G AYINE 52T e RV PN el

1990 R, ERBFICEHERNT XA LT "B E o7, THLRIO 20 EHFE D, 1T L AL DARE
FHEIT, ERREEKT H2AMEO — gk TEMSRNE] LIRS — 13 ERROERED HITIX
EANERBELELESRNEEZ T, L, 1990 FEMRICAY ., EERD DLIERET 2 MO
DINHERNTHE 2 TV & Z OB MO TERPEREROBREICEZ KIT L TWDHDOTIE RN e
WO BEIAMERE SNz, 2O LB AL TE b r ) EX0WE, Hxld, EEICh, HoHEMOAE
RERICRIT D EWINAREIZE 2D CWV ik P Th o 72, TORMTIX, EALTIE o4 2 4R
We b A ST=DIEn, FIXOOR] « & - %I DS ARNE & B —RAEEEICET 27—
EREAT L2 & 2 A, K0 ZEMEOE OIS O —RAFEMEIX, LV ZEEREV, ThbbFIEIC
BNE WS —H LTEPTADNGE O, ZDRIT S TEfITO T T, ZERMER S & ARBR DL ENED
BEDEWVIELERERMT TV o 7o, 1994 FFIZHE LT Z OF TR/ RIL, YREER CTH o AT
EZFC2OOMR TR LT\, YR, FL2ETITE A COERTH T, AR 7 0t A0 5 itk
BRI CH Y . RO B S LAEREROLREMEITITIZ E A EBERRWEND 2, LA, 4RE
AT 2EMENHE VLDV EERRZNEZE LB RDATREMNE W & 2AEICHZ TV DT,

O LTH LWAEEIEZ 48 LR TR MIOFEHLA S b D & Fox 25105 < OFFREHE D Z IR <
T, B RRIEDRE OIAROREE . AHER T 0t AT 52 5 B LD 12D DB I EBR K
EARHE - FEE STV oz, ZNHDOTH 20 FBHEOBUE, (TH NS DERTEOHENG, W%
KRIEDS A RER DAEFENE, ZEVE, RFBITHRE, RIE S AU &0 o ToBERERCHREME D E B 2R P E 22K C
HDHZEBHLNTR S TWD, EMEEHMEOIERN, ERRROMEEE & fix OARER T — B RADHHRIC
B AREDTTCND I LN, ATIEHAILR > TEB Y, HIEROEMZERIEDRIFIZ OV THEN 2R
FARAL 2 $24 LT 5,

25



26

Essays by the Recipients FE{SFEENSDAVvE—Y

Reading light signals— a key requirement for the successful plant
Dr. Winslow Russell Briggs, 2009 Recipient

Plants in the natural world are continuously bombarded by signals from
their environment. These signals may be biological and unfriendly—an attacking
pathogen, a root-parasitic plant, or a grazing caterpillar. They may be biological and
friendly—a mycorrhizal fungus, a symbiont bacterium. Or they may be
physical—drought stress, high or low temperature, wind, or changing light conditions.
Through the course of evolution, plants have developed incredibly sensitive and
complex systems to detect these signals and have put in place the mechanisms to use
these signals to their advantage. A caterpillar bite elicits a whole complex series of
defense responses. Bright sunlight elicits a panoply of reactions in plants that
minimize photodamage to their elegant machinery for converting light energy into

chemical energy through photosynthesis. Restriction of water supply sends a signal
from the roots instructing the stomata—the plant’s miniature gateways to its gaseous environment—to close up to
conserve water that is otherwise destined to be lost to the atmosphere.

Amongst the many kinds of signals, those provided by the light environment play a most prominent role.
They provide the plant meaningful responses to the following questions: What color is the light? How much light
is there? Where is it coming from? How long does it last? To detect these signals, plants use at least fifteen
different photoreceptors. Fourteen of these are proteins that bind much smaller molecules that absorb specific
wavelengths of light. Consider the model plant species Arabidopsis thaliana: At the red end of the spectrum are
the five phytochromes—photoreceptors that measure the ratio of red to far-red light. This ratio indicates to a plant
whether the chlorophyll in a nearby plant is robbing it of the red light it needs for photosynthesis and if so,
programs the shaded plant to elongate more rapidly and if possible escape the shade. At least one of the
phytochromes is incredibly sensitive, detecting the first few photons it encounters as it heads up through the
soil—and switching on the processes needed to assemble a functional photosynthetic apparatus. At the blue end of
the spectrum are three different classes of photoreceptors: the two cryptochromes, also involved in regulating the
expression of a myriad of genes many of which encode proteins needed for photosynthesis; the three so-called
ZTL photoreceptors, intimately involved in the precise measurement of daylength and the monitoring of time with
respect to the plant’s own circadian rhythm; and the two phototropins, steering growth into the direction of the
light source, inducing the stomata to open to allow for the gas exchange of photosynthesis, and controlling the
position of the organelles of photosynthesis—the chloroplasts—to maximize their absorption of dim light, and
minimize it when the light intensity is dangerously high. Finally there is a photoreceptor simply named UVRS that
detects dangerous wavelengths in the ultraviolet. Unlike all of the other photoreceptors it lacks a bound
chromophore, using one its own aromatic amino acids, tryptophan, to detect the light signal and initiate the
synthesis of UV-absorbing molecules that function as protective sunscreens.

Since the first identification of a plant photoreceptor in 1959, progress in characterizing these many
light sensors and elucidating the complex pathways that they modulate in response to light signals has exploded
into a major subfield of plant biology. These pathways interact with each other—as well as with the pathways
elicited by the several plant hormone—to allow the plant to make the many developmental and physiological
decisions required for survival, optimal growth, and reproductive success. Progress toward fuller understanding
this complex network of crosstalk has been enormously facilitated by the incredible advances of physiological,
biochemical, and molecular techniques of the 21* century. The understanding, gained from these studies on a
model species, must now be translated into agricultural advances that can be used to feed the planet’s exploding
population.
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Finding novelty in nature
Dr. Nancy Ann Moran, 2010 Recipient

The astonishing increase in our understanding of organisms at the molecular
level, and in our understanding of the evolution of life on Earth, might make it seem
that nothing important is left to discover in biology. In fact, I sometimes hear young
biologists-in-training bemoan the fact that the big breakthroughs are in the past; they
are relegated to tinkering with the details. More and more, biology seems to be a
matter of churning though huge datasets produced by large consortia, and employing
increasingly complicated and opaque methods of analysis, in which the assumptions

. and artifacts are difficult to identify.

N o4 - . ' Of course, significant new findings will come from such endeavors. Cells
are complicated, multicellular organisms are even more complicated, so complicated methods must be used to
study them. But new and fundamental discoveries also will come from relatively simple studies of biodiversity:
the open-minded observation of organisms in the wild. And, with the advantages of modern technologies, we are
in a position to become naturalists at a whole new level, able for the first time to observe interactions and
phenomena that were invisible to Darwin or other naturalists of the 19" century and most of the 20" century. In
particular, we can now include the microbial world, which constitutes most of biological diversity. We can
scrutinize the behavior of microorganisms, just as ornithologists have long observed birds, and we can map
distributions of bacteria and their genes, just as ecologists have mapped geographic and habitat ranges of plant
species.

The most startling discoveries are those forced upon us by nature itself, observed with curiosity and
faith in one’s own perception. Examples include the detection of transposable genetic elements in plants and
animals. These seemed at first to be freakish singularities, but later were appreciated as universal and as
constituting the bulk of many genomes, including our own. Another unanticipated discovery was the finding that
genes are passed not only vertically between generations but also are transferred among completely unrelated
species, from all branches of the tree of life. What was initially an oddity involving bacterial antibiotic resistance
turned out to be a universal process driving bacterial evolution and extending to plants and animals. A further
illustration of the power of letting nature teach us involves symbiosis, the intimate associations of distantly related
species. Symbiosis was evident from microscopy in the early 20" century but was largely ignored by mainstream
biology. It was not a focus of large well-funded laboratories until recently, with the recognition that our own
health is profoundly affected by symbiotic microorganisms. So, what led to this new appreciation of symbiosis as
a central biological process, influencing evolution from the origin of life to the present? This came from simple,
direct observations, using new tools enabling exploration of microbial communities.

To discover something truly new, a researcher must be open-minded, not simply trying to measure what
many others are also trying to measure. Yes, we do know a lot, and have impressed ourselves with our progress.
But real surprises await us. Fundamental aspects of the natural world are still largely unknown, and we are far
from finished with surprising revelations.
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Development emerges from phenomenology
Dr. Eric Harris Davidson, 2011 Recipient

Until very recently the diverse and colorful descriptions of developmental
biology lacked any but vague and non-mechanistic causal concepts, such as that genes
control development, or signals control development, or differentiation controls cell fate.
Almost the entire body of knowledge constituting developmental biology consisted of
phenomenology, sometimes beautiful, often amazing, always complex, but rarely ever
really understood. The only exceptions required that a developmental phenomenon be
broken into very small pieces that could be causally taken down, for example the
functions in development of single genes, or the differentiation of single cell types. One
could say with fair accuracy that developmental biology was a sea of phenomenology
with a few illustrative islands of causality floating here and there within it.

Since the recent turn of the century an enormous intellectual change has
altered the scientific structure of developmental biology. A potent assembly of concepts
has now arisen, based firmly on the system wide, primary causality of regulatory
genomic information in developmental processes. We can now perceive in causal terms why a given episode of
development actually takes place as it does, and at a real life scale, so as to encompass large aspects of
developmental process in the same explanation. The short hand term for the underlying apparatus that controls
developmental events at all levels is the developmental “gene regulatory network™ (GRN), be such levels the
formation of an embryo, of an adult body part, or of a specified differentiating cell type. The realizations
combined in the concept of the developmental GRN include the salient precepts that development of an animal, or
of any of its parts, requires information processing at every step; that the necessary and sufficient information is
directly encoded in the hereditary A’s, C’s, G’s, and T’s of the regulatory DNA genome; and that developmental
information processing occurs at two levels, in the combinatorial function of the cis-regulatory sequences of
individual genes, and in sub-circuits consisting of sets of particularly wired regulatory genes that function as the
modules of GRNs. The role of the GRN in development is to generate spatial regulatory states. The term
“regulatory state” denotes the sum total of transcription factors present in each domain of the developing organism
at each point in time, and regulatory state thus determines the genes expressed in each cell. This means in turn that
the explanatory secrets of any phase of development lie in the specific cis-regulatory interactions of the regulatory
genes that encode these transcription factors, since everything whatsoever that cells do depends on the
transcription factors they express.

Furthermore, new properties unique to development emerge from the structure and function of
developmental GRNSs, as can be seen once these GRNs are solved experimentally. Given a GRN, the roles of
signals passing among spatial domains become explicitly understood as inputs into the GRN at specific nodes.
GRN hierarchy, representing the causation of the successive phases of a developmental process, has unexpected
effects in itself. GRN hierarchy differentiates the behavior of the circuitry at upper levels, where there is always a
high degree of feedback interaction, from its behavior at the GRN periphery, where differentiation terminates the
developmental process. Thus we can also understand the deployment of differentiation gene batteries as outputs of
certain nodes of the GRN. In sum, the GRN allows us to make the fundamental conceptual transformations from
genomic sequence, to GRN architecture, to installation of regulatory state, to developmental process, since
whatever happens in any spatial domain of the animal depends directly on what genes are being instructed to run
or to be silent in that domain (including expression of signaling genes).

There is something else too, which cuts close to the bone of developmental progression, which per se is
a mysterious property of development remarked upon by the earliest observers. A computational model was built
in the author’s laboratory (by Isabelle Peter et al.), which captures the logic transactions executed in the most
extensively analyzed developmental GRN available. In running the model in silico, the outputs of each regulatory
gene (at each node of the model) were fed to every other regulatory gene at each step of the computation, and each
gene responds according to the logic statements and the identities of required inputs with which that gene was
supplied in the model (representing the behavior of the cis-regulatory sequences of these same genes in the
genome). Then, at the next step, the outputs of every gene were fed in turn to all the genes as possible inputs. The
computation operates as an automaton: that is, no external information is required for its progression to the end of
the period it represents, and in silico the automaton reproduces computationally with amazing fidelity the
regulatory states that the embryo progressively generates in space and time. This exercise reveals the following
relation: the existence of an automaton requires that it must include elements the outputs of which are the inputs
of other elements. That is why in life the fundamental explanatory interrelations are those of the regulatory genes
of which GRNs are composed, as no other class of genes has this property. Therefore, all other kinds of
interactions that affect gene expression must lie downstream of these. At last we have a pathway to solving the
apparent mysteries of why development occurs that lies clear before us, and which will pertain to any kind of
developmental process.
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Doctrines and dogmas in science
Dr. Joseph Altman, 2012 Recipient

One of the founders of modern neurobiology was Santiago Ramon y Cajal.
Using the findings of many other scientists and his own extensive research, Cajal
established over a century ago that the unit of the nervous system is the neuron, a
specialized cell of multicellular animals with two fibrous processes, dendrites and an
axon. Cajal recognized that the dendrites with different configuration served as the
receiving end, or input pole of the neuron, and the axon its discharge end, or output
pole. The dendrites and axon of neurons form during embryonic development and the

migrating neurons and their processes find their way to their target to establish contact

with other neurons. The contacts made are by way of synapses, which were later shown to be specialized
membranous sites that produce or respond to chemical agents known as neurotransmitters. A multitude of neurons
thus form chains of various lengths and complexities, and make possible signal transmission from sense organs to
muscles to produce behavioral reactions to stimuli. Most neurons, as Cajal and others have found, are produced
during embryonic development. What happens if some neurons die as a result of injury or disease in the mature
animal? Cajal carried out many experiments and found no evidence that as a response to trauma surviving neurons
could be induced to undergo mitotic division. He concluded that neurogenesis, the production of neurons is a
developmental phenomenon, and that the mammalian nervous system, unlike some other systems of the body, lacks
regenerative capacity by way of neurogenesis.

Cajal’s concept of the cellular organization of the nervous system came to be known as the “neuron
doctrine,” and his denial of adult neurogenesis as the “no new-neuron dogma.” However, being an open and
endless enterprise, doctrine and dogma have no place in science. Science entertains hypotheses, theories and
formulates natural laws, which are considered valid only, and to the extent, that they are confirmed by observations
and experiments. Neurons are the “units” of the nervous system only from a developmental perspective. From a
functional perspective, synapses may be considered the units at a lower level of resolution, and assemblies of
neurons at a higher level of resolution. The study of a single neuron cannot explain how the complex central
nervous system works. Similarly, Cajal was right in concluding that differentiated neurons do not divide but wrong
in concluding that no neurons form after birth. As we now know, there is postnatal and adult neurogenesis but this
occurs by way of precursor cells with proliferative potentials.

Does the mature mammalian nervous system (or parts of it) have the natural potential to regenerate by
way of precursor cell proliferation? Even if it does not, the fact that it contains precursor cells with proliferative
potential offers the hope that procedures might be developed to induce these cells to multiply and become
incorporated into the injured brain region. Considering the advances that biologists have made in the past and are

currently making, both that effort and support for that effort is warranted.
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Essays by the Recipients FE{SFEENSDAVvE—Y

An interesting problem turned out to be an important one
Dr. Joseph Felsenstein, 2013 Recipient

It was a great honor to receive the 2013 International Prize for Biology.

The work that I did on statistical methods for inferring phylogenies started
almost by accident, and for many years I did not understand how important
phylogenies were going to be. My original training was as a theoretical population
geneticist. In the midst of my graduate work, some faculty members at my
university asked me to write a computer program to cluster patterns of protein
banding in Drosophila species. 1 became fascinated by the methods. In the end,

that was the topic of my Ph.D. thesis, thanks to the tolerance of my advisor, Richard

Lewontin.

In the late 1960s, we had population genetics theory that was very powerful (thanks in part to Japanese
researchers who were the best in the world in that era). But we could not think clearly about differences between
species. Molecular data, at first electrophoretic analysis of proteins, gave us a new wealth of data on variation
within species. At the same time the field of molecular evolution was using protein sequences, and ultimately
DNA sequences, to investigate phylogenies. These two lines of work developed largely separately, and the
people in either field often did not understand how to think clearly about the other.

During the 1970s I published several papers on statistical approaches to inferring phylogenies, but most
of my work was population genetics theory. In the late 1970s it started to become clear that there was increased
interest in phylogeny methods, and I realized that this fit in well with my interest in evolution beyond the species
level, so I switched most of my effort into working phylogeny methods. My funding to work on population
genetics inadvertently supported these projects. When I first put out my phylogeny computer program package
PHYLIP, I was very excited when it reached 100 users -- I had no understanding that it would ultimately reach
over 30,000 registered users.

What no one could see clearly in the 1960s was that, to work on differences between species, the most
important step would be to reconstruct their phylogeny. This is now obvious to biologists working on
comparative methods, who understand that statistical interpretation of multiple-species data will be hopeless
without a clear understanding of the patterns of similarity expected as the result of the phylogenetic relationships.
My work on likelihood methods, bootstrap methods, and biases of parsimony methods was part of the process of
making statistical inference available to molecular evolutionists and systematists.

Inference of phylogenies, and using them in comparative biology, has become a very common activity.
The algorithms used can also be applied in work on coalescents, genealogical trees of copies of genes within
species. Molecular data is connecting between-species and within-species work in evolutionary biology. There
is now a reunion of these long-estranged lines of work.

I like to think that the Japan Society for the Promotion of Science, in awarding this Prize, is recognizing

the importance of work on phylogenies in integrating evolutionary biology.
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Appendix I Profiles of the Prize Recipients ZE&EDIFFREEE

Profiles of the Prize Recipients

* Please note that the curriculum vitae shown here is the reprinted version of the year in which the
recipient was awarded.

Dr. Thomas Cavalier-Smith

(2004 Recipient)

Date of Birth: October 21, 1942
Nationality: British and Canadian
Position: Professor of Zoology, University of Oxford

Education and Career:

1964 BA (Natural Sciences), Cambridge University, UK
1967 PhD (Biophysics), University of London King’s College, UK
1967-1969 Guest Investigator (Damon Runyon Cancer Research Fellow),

Department of Cell Biology (Head: George Palade, Nobel laureate), Rockefeller
University, New York, USA

1969-1982 Lecturer in Biophysics, University of London King's College, UK

1982-1989 Reader in Biophysics, University of London King's College, UK

1989-1999 Professor of Botany, University of British Columbia, Vancouver, BC, Canada

1999- Professor of Zoology, University of Oxford, UK

Awards and Distinctions:

1980 Fellow of the Linnean Society (FLS)

1983 Fellow of the Institute of Biology (FIBiol)

1987 Fellow of the Royal Society of Arts (FRSA)

1988 Fellow of the Canadian Institute for Advanced Research (FCIAR)

1997 Fellow of the Royal Society of Canada (FRSC)

1998 Fellow of the Royal Society of London (FRS)

Representative Works:

1. Cavalier-Smith, T. (1975). The origin of nuclei and of eukaryote cells. Nature, Lond. 256,
463-468.

2. Cavalier-Smith, T. (1981). The origin and early evolution of the eukaryotic cell. In Molecular
and Cellular Aspects of Microbial Evolution. Society for General Microbiology Symposium 32.
ed. M. J. Carlile, J. F. Collins & B. E. B. Moseley. pp. 33-84. Cambridge University Press.

3. Cavalier-Smith, T. (1981). Eukaryote kingdoms: seven or nine? BioSystems 14, 461-481.

4. Cavalier-Smith, T. (1982). The origins of plastids. Biol. J. Linn. Soc. 17, 289-306.

5. Cavalier-Smith,, T. (1983). A 6-kingdom classification and a unified phylogeny. In
Endocytobiology II. ed. W. Schwemmler & H. E. A. Schenk. pp. 1027-1034. Berlin, de
Gruyter.

6. Cavalier-Smith, T. (1985). Selfish DNA and the origin of introns. Nature 315, 283-284.

7. Cavalier-Smith, T. (1986). The kingdom Chromista: origin and systematics. In Progress in
Phycological Research. F. E. Round & D. J. Chapman, eds. vol. 4, pp. 309-347. Biopress Ltd.,
Bristol.

8. Cavalier-Smith, T. (1986). The kingdoms of organisms. Nature 324, 416-417.

9. Cavalier-Smith, T. (1989). The kingdom Chromista. In The Chromophyte Algae: Problems and
Perspectives. J. C. Green, B. S. C. Leadbeater & W. C. Diver, eds., pp. 381-407. Oxford
University Press.

10. Cavalier-Smith, T. (1993). The origin, losses and gains of chloroplasts. In Origin of Plastids:
Symbiogenesis, Prochlorophytes and the Origins of Chloroplasts. R. A. Lewin (ed.). pp. 291-348.
Chapman & Hall, New York.

11. Cavalier-Smith, T. (1998). A revised six-kingdom system of life. Biol. Rev. 73, 203-266.



12. Cavalier-Smith, T. (2002). The phagotrophic origin of eukaryotes and phylogenetic classification
of Protozoa. Int. J. Syst. Evol. Microbiol. 52,297-354.

13. Stechmann, A. & Cavalier-Smith, T. (2002). Rooting the eukaryote tree by using a derived gene
fusion. Science. 297, 89-91.

14. Cavalier-Smith, T. & Chao, E. E. (2003). Phylogeny and classification of phylum Cercozoa
(Protozoa). Protist 154, 341-358.

Research Achievements:

The study of the high-order phylogeny of living things has made very rapid progress in the last three
decades, largely due to the growing knowledge of cell structure through electron microscopy, and to
advances in molecular phylogenetic analysis. This has led to a review of the higher taxa, such as classes and
phyla, in each major group. There were only a limited number of researchers able to carry out the task of
organizing this influx of knowledge along systematic lines and describing new higher taxa according to the
rules of nomenclature for each group. One of them was Dr. Thomas Cavalier-Smith, who has organized and
systematized the classification of the living world, taking a bold yet detailed approach on the basis of his
special expertise in cell biology, electron microscopy, and molecular biology, backed by his knowledge of
the latest developments in every field of biological science, including physiology and biochemistry. In
barely twenty years, he described over eighty classes and almost twenty phyla. Focusing on the evolution of
cells by endosymbiosis, he has helped create a more natural classification system, primarily by proposing
the “six kingdom theory,” which added the kingdom Chromista to the five kingdoms (the Monera, Protista,
Plantae, Fungi, and Animalia) that had been generally accepted for some time.

1. Research on the Origin and Evolution of Cells

In the evolutionary debate on the origin of the cell, the basic unit of vital processes in living organisms,
Dr. Cavalier-Smith argued for a hypothetical “obcell” as the precursor of the earliest cells. In investigating
the origin of eukaryotes, he has studied the origins of the nuclear membrane, the intracellular membrane
system, the cytoskeleton, flagella, mitosis, exocytosis, histone proteins, nucleosomes, introns, splicing, and
other important eukaryote structures and functions, and has demonstrated that most do not have
endosymbiotic origins. He has further shown that the endosymbiotic acquisition of chloroplasts occurred as
a single event in the case of primary endosymbiosis, and as a single event in each of two lineages, the
Chlorophyta and Rhodophyta, in the case of secondary endosymbiosis.

2. Research on the Higher Taxa of Living Things

In the 1970s and 1980s, the generally accepted view of the megasystematics of living things was the
“five kingdom theory” proposed by Whittaker, Margulis, and others, which explained the evolution of life
on the basis of a classification into the kingdom Monera, consisting of prokaryotes, the kingdoms Plantae,
Animalia, and Fungi, consisting of multicellular eukaryotes, and the Protista, which linked the latter with
the prokaryotes. This system came under challenge, however, because the phylogenetically very
heterogeneous nature of the kingdom Protista was not consistent with current ideas about phylogenetic
taxonomy. In 1981, Dr. Cavalier-Smith postulated that only those groups of organisms which acquired
chloroplasts by “primary endosymbiosis” and which have a double chloroplast envelope, namely, the three
plant divisions Chlorophyta, Rhodophyta, and Glaucophyta, should constitute the true plant kingdom. He
proposed classifying as a sixth kingdom, independent of the plants, those algae whose chloroplasts,
acquired by “secondary endosymbiosis,” possess three or four bounding membranes; this new kingdom is
known as the Chromista. Although this “six kingdom theory” may bear a superficial resemblance to the
taxonomies of Whittaker, Mayr, and others, it is far more reflective of phylogenetic relationships, and today
it has the support of many researchers. Later, Dr. Cavalier-Smith proposed combining the Chromista and
the Alveolata, which include dinoflagellates, to form a new category known as chromalveolates.

Dr. Cavalier-Smith’s system for the classification of prokaryotes, unlike those of Woese and Mayr,
divides the bacteria into two subkingdoms, Negibacteria (bounded by a double cell membrane) and
Unibacteria (bounded by a single cell membrane; includes the phyla Archaebacteria and Posibacteria).
Archaebacteria in the clade which he has named “neomura” have a great many characters in common with
the eukaryotes, but he has concluded that the two are sister groups rather than representing an evolutionary
pathway from the archaebacteria to the eukaryotes. He has also developed a model of unprecedented
simplicity to trace the stages of cellular evolution from prokaryotes to eukaryotes. The origin of eukaryotes
is a longstanding question, and in recent years active use has been made of molecular phylogenetic analysis,
among other techniques, to solve this problem. Prof. Cavalier-Smith and his coworkers have also proposed
a theory on the origin of eukaryotes, focusing on the structural evolution of genes in the form of gene
fusion in addition to the molecular family tree.
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Dr. Nam-Hai Chua

(2005 Recipient)

Date of Birth: 8 April 1944
Nationality: Republic of Singapore, permanent resident of USA

Position:

Career:
July
July
July
July

Oct.

Sep.

Andrew W. Mellon Professor and Head, Laboratory of Plant Molecular Biology
The Rockefeller University
1988 — Andrew W. Mellon Professor and Head,
Laboratory of Plant Molecular Biology,
The Rockefeller University
1981 - June 1988 Professor and Head, Laboratory of Plant Molecular Biology
The Rockefeller University
1977 - June 1981 Associate Professor, Cell Biology Department
The Rockefeller University
1973 - June 1977 Assistant Professor, Cell Biology Department,
The Rockefeller University
1971 - June 1973 Research Associate, Cell Biology Department,
The Rockefeller University
Profs. P. Siekevitz, G.E. Palade, Advisors
1969 — Sep. 1971 Lecturer, Biochemistry Department

University of Singapore Medical School

Awards and Distinctions:

1988 Fellow of The Royal Society, UK

1988 Associate Fellow of the Third World Academy of Sciences, Italy
1988 Fellow of the Academia Sinica, Taiwan, China

1992 Honorary Member, Japanese Biochemical Society

1998 Fellow, Singapore National Academy of Science, Singapore

Representative Works:

1.

Dobberstein, B., Blobel, G., and Chua, N.-H. 1977. In vitro synthesis and processing of a
putative precursor for the small subunit of ribulose-1,5-bisphosphate carboxylase of
Chlamydomonas reinhardtii. Proc. Natl. Acad. Sci. USA 74: 1082-1085.

Chua, N.-H. and Schmidt, G. 1978. Post-translational transport into intact chloroplasts of a
precursor to the small subunit of ribulose-1,5-bisphosphate carboxylase. Proc. Natl. Acad. Sci.
USA 75: 6110-6114.

Schmidt, G.W., Devillers-Thiery, A., Desruisseaux, H., Blobel, G, and Chua, N.-H. 1979.
NHjp-terminal amino acid sequences of precursor and mature forms of the

ribulose-1,5-bisphosphate carboxylase small subunit from Chlamydomonas reinhardtii. J. Cell
Biol. 83:615-622.

Morelli, G., Nagy, F., Fraley, R.T., Rogers, S.G., and Chua, N.-H. 1985. A short conserved
sequence is involved in the light-inducibility of a gene encoding ribulose-1,5-bisphosphate
carboxylase small subunit of pea. Nature 315: 200-204.

Green, P.G,, Yong, M.-H., Cuozzo, M., Kano-Murakami, Y., Silverstein, P, and Chua, N.-H.
1988. Binding site requirements for pea nuclear protein factor GT-1 correlate with sequences
required for light-dependent transcriptional activation of the rbcS-3A gene. EMBO J. 7:
4035-4044.

Nagy, F., Kay, S. A. and Chua, N.-H. 1988. A circadian clock regulates transcription of the
wheat Cab-1 gene. Genes and Development. 2: 376-38

Kay, S.A., Keith, B., Shinozaki, K., Chye, M.-L., and Chua, N.-H. 1989. The rice
phytochrome gene: Structure, autoregulated expression, and binding of GT-1 to a conserved site in
the 5' upstream region. The Plant Cell 1: 351-360.

Benfey, P. and Chua, N.-H. 1989. Regulated genes in transgenic plants. Science 244: 174-181.



9. Benfey, PN., Ren, L., and Chua, N.-H. 1989. The CaMV enhancer contains at least two
domains which can confer different developmental and tissue-specific expression patterns.
EMBO J. 8: 2195-2202.

10. Katagiri, F., Lam, E., and Chua, N.-H. 1989. Two tobacco DNA-binding proteins have
homology to CREB. Nature (London) 340: 727-730.

11. Jia, S.-R. and Chua, N.-H. 1992. Somatic embryogenesis and plant regeneration from
immature embryo culture of Pharbitis nil. Plant Science 87: 215-223.

12. Liu, C.-m., Xu, Z.-h., and Chua, N.-H. 1993. Proembryo culture: in vitro development of early
globular-stage zygotic embryos from Brassica juncea. The Plant Journal 3: 291-300.

13. Liu, C-m., Xu, Z-h. and Chua, N.-H. 1993. Auxin polar transport is essential for the
establishment of bilateral symmetry during early plant embryogenesis. The Plant Cell 5:
621-630.

14. Xie, Q., Guo, H.-S., Dallman, G., Fang, S., Weissman, A. M., Chua, N.-H. 2002. SINATS5
promotes ubiquitin-related degradation of NACI to attenuate auxin signals Nature 419: 167-170

15. Guo HS, Xie Q, Fei JF, Chua NH. 2005 MicroRNA Directs mRNA Cleavage of the
Transcription Factor NAC1 to Downregulate Auxin Signals for Arabidopsis Lateral Root
Development. Plant Cell. 17:1376-86

Research Achievements:
1. Photomorphogenesis of Plants, Mechanism of Chloroplast Formation, and Rhythm of the Biological

Clock

Chloroplasts, the photosynthetic device of plants, are necessary to normal plant morphogenesis. For
the chloroplasts to function, proteins synthesized by genes encoded in the cell nucleus must be transported
to them. Dr. Chua took as a sample protein rbcS, the small subunit of ribulose 1,5-bisphosphate carboxylase
(the carbon-fixation enzyme at the center of photosynthesis), and investigated where the information
needed for transport into the chloroplast is located in its amino acid sequence. He did this by synthesizing
the precursor rbcS protein in vitro, mixing it with isolated chloroplasts, and establishing an experimental
system in which transport into the chloroplasts occurred. Using this system, he made a close study of
factors essential for protein transport and discovered that it requires ATP, in contrast with the extracellular
protein secretion response, which is coupled with the protein translation response and which does not
require ATP. He further found that this observation could be generalized to protein transport into other
intracellular organelles, such as the mitochondria. He also discovered a structure essential to transport
which is present in the amino terminal region of rbcS and named it the “transit sequence,” a term that
remains in wide use today.

In the course of this work on chloroplasts, Dr. Chua was the first to discover, using transformed
tobacco, that the transcription (synthesis of messenger RNA) of the rbcS genes in beans and the
chlorophyll-binding protein (cab) genes in wheat is light-induced. This discovery developed into the
research introduced below on the molecular mechanism by which light irradiation induces gene
transcription. He also found that the messenger RNA accumulation of these genes shows an independent
24-hour circadian rhythm. This was the first demonstration that the level of gene transcription is regulated
by the biological clock.

Next, Dr. Chua studied the molecular machinery by which the transcription of rbcS and cab genes is
induced by light. He carried out systematic research employing a wide array of new technologies,
especially transformed plants, which had begun to be disseminated in the mid-1980s. For example, he
studied the location within the gene DNA structure of the information required for light-induced
transcription and found that a short sequence, about one-hundredth of the full-length gene, held the key. He
then identified the proteins that bind to this sequence and elucidated the mechanism of gene transcription in
response to light. This work has served as the important basis for all subsequent research on the molecular
mechanisms of photomorphogenesis.

Dr. Chua’s work on the molecular mechanism of transcription has not been limited to light-responsive
genes; he also identified the necessary structures, such as a 21 base-pair DNA sequence, in other types of
gene that are transcribed in the cells of many plant tissues. The information yielded by this research is
universal for gene transcription in plant cells, and Dr. Chua’s findings have since been utilized in every
field of plant science.

2. Research on Plant Body Axis and Pattern Formation
Dr. Chua has led the way toward an understanding of axis formation in plants. The establishment of the
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basal-apical axis, which runs from the tip of the root to the tip of the stem, is pivotal to plant
morphogenesis. It has long been known that a major role in the establishment of this axis is played by
“polar transport,” the unidirectional movement of a phytohormone, auxin, from the top of the plant to its
base. Using a method which he devised for culturing plant embryos of the family Cruciferae in vitro, Dr.
Chua discovered that the basal-apical axis is established during a very early phase of embryogenesis, the
globular embryo stage. He further demonstrated for the first time that auxin polar transport is essential to
the formation of bilateral symmetry in the plant embryo. Typically, he did this work using the classical
techniques of tissue culture and materials other than Arabidopsis, which is currently the preferred material
in plant science; in this approach, we see Dr. Chua’s individual and creative research style.

3. Research on Morphogenesis Mediated by Plant Hormones

Lateral roots are essential to support of the plant, and they are also an important organ for root function.
Their formation is controlled by the plant hormone auxin. Dr. Chua studied the molecular mechanism of
lateral root formation and determined that it requires the NAC1 protein and that, moreover, it involves a
novel protein degradation system. Recently, he discovered that expression of the NAC1 gene is controlled
by microRNA (molecules that break down messenger RNA and repress the level of gene expression).

Thus, even today, in his sixties, Dr. Chua continues to pursue research at the frontiers of plant
morphogenesis.
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Dr. Serge Daan

(2006 Recipient)

Date of Birth: 11 June 1940
Nationality: Kingdom of the Netherlands

Position: Niko Tinbergen Chair in Behavioral Biology, University of Groningen,
The Netherlands
Career:
1973 Ph.D. in biology, University of Amsterdam

1973-1975  Postdoctoral Fellow, Stanford University

1975-1985  Senior scientist, Zoological Laboratory, University of Groningen

1985-1990  Associate professor of Animal Ecology and Ethology,
University of Groningen

1990-1996  Associate professor of Chronobiology, University of Groningen

1996-2004  Full professor of Ethology, University of Groningen

2003- Niko Tinbergen Chair in Behavioral Biology, University of Groningen
Awards and Distinctions:
1982 Annual Award, Victor & Erna Hasselblad Foundation (Sweden)
1990 8™ Laurence Irving-Per Scholander Memorial Lecturer,
Institute of Arctic Biology, University of Alaska
1992 Prize from the Dutch Society for Light Therapy
1992 Alexander von Humboldt Forschungspreis (Research Prize) (Germany)
1999 Hollandse Maatschappij der Wetenschappen (Dutch Society of Sciences)
2000 Elected Foreign Fellow of the Royal Society of Canada
2005 Ridder in de Orde van de Nederlandse Leeuw

(Knight in the Order of the Dutch Lion)

Representative Works:

1. Daan, S. and Aschoff, J. 1975. Circadian rhythms of locomotor activity in captive birds and
mammals: their variations with season and latitude. Oecologia 18: 269-316.

2. Pittendrigh, C. S. and Daan, S. 1976. A functional analysis of circadian pacemakers in nocturnal
rodents. [-V.  J. Comp. Physiol., 106: 223-355.

3. Drent, R. H. and Daan, S. 1980. The prudent parent: energetic adjustments in avian breeding.
Ardea, 68: 225-252.

4. Daan, S. 1981. Adaptive daily strategies in behavior. In: Aschoff, J. (ed.): Handbook of Behavioral
Neurobiology, vol.4, Biological Rhythms.Chapter 15, 275-298 Plenum Press, New York

5. Aschoff, J., Daan, S., and Groos, G.A. (ed.) 1982. Vertebrate circadian systems: Structure and
Physiology. Springer Verlag, Berlin, Heidelberg, New York. I-XIII, 1-363

6. Daan, S., Beersma, D. G. M., Borbely, A. A. 1984. Timing of human sleep: recovery process gated
by a circadian pacemaker. Am. J. Physiol., 246: R161-R178.

7. Daan, S. and Lewy, A.J. 1984. Scheduled exposure to daylight: A potential strategy to reduce “Jet
lag" following transmeridian flight. Psychopharmacology Bulletin 20: 566-568

8. Daan, S. and Gwinner, E. 1989. Biological clocks and environmental time. Guilford Press, New
York. pp 1-192

9. Daan, S., Masman, D. and Groenewold, A. 1990. Avian basal metabolic rates : Their association
with body composition and parental energy expenditure. Am. J. Physiol., 259: R333-340

10. Daan, S., Dijkstra, C. and Tinbergen, J. M. 1990. Family planning in the kestrel: The ultimate
control of covariation in laying date and clutch size. Behaviour, 114: 83-116.

11. Daan, S., Barnes, B. and Strijkstra, A. M. 1991. Warming up for sleep? Ground squirrels sleep
during arousals from hibernation. Neuroscience Letters 128: 265-268.

12. Daan, S., Deerenberg, C. and Dijkstra, C. 1996. Increased daily work precipitates natural death in
the kestrel. J. Animal Ecology 65: 539-544
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13. Daan, S., Dijkstra, C. and Weissing, F. J. 1996. An evolutionary explanation for seasonal trends in
avian sex ratios. Behavioral Ecology 7: 426-430

14. Daan, S. and Tinbergen, J. M.  1997. Adaptation of life histories. In; Krebs, J. R. and Davies, N.
B., Behavioral Ecology. 4 th Ed. Blackwell, pp. 311-333

15. Deerenberg, C., Apanius, V., Daan, S. and Bos, N. 1997. Reproductive effort decreases antibody
responsiveness. Proc. Roy. Soc. B.264: 1021-1029

16. Aschoft, J. and Daan S. 1999. On the estimation of long time intervals; dependence on the
duration of wake time. In; Recent Advances in Physiological Anthropology. (Sato, M., Tokura, H.
and Watanuki, S.) Kyushu Univ. Pr., 17-23

17. Daan, S. 2000. Pittendrigh, Colin, Aschoff, Jiirgen and the natural entrainment of circadian
systems. J. Biol. Rhythms. 15: 195-207

18. Daan, S. and Aschoff, J. 2001. The entrainment of circadian systems. Chapter 1 in :Handbook of
Behavioral Neurobiology. Vol.12 Circadian Clocks. Takahashi, J. S., Turek, F. W., Moore, R. Y.
eds. Kluwer/Plenum Press, New York, pp. 7-43.

19. Daan, S., Albrecht, U., Van der Horst, G. T. J., Illnerova, H., Roenneberg, T., Wehr, T. A. and
Schwartz, W. J. 2001. Assembling a clock for all seasons: are there M and E oscillators in the
genes? J. Biol. Rhythms, 16:105-116.

20. Riiger, M., Gordijn, M. C. M., Beersma, D. G. M., de Vries, B., Daan, S. 2003. Acute and phase
shifting effects of ocular and extraocular light in human circadian physiology. J. Biol. Rhythms,
18:409-419.

Research Achievements:

Dr. Daan has pursued comparative ethological studies of circadian rhythms in a wide variety of animal
species, from mice and birds to humans, focusing on rhythms of behavior, sleep and waking. His
perspective encompasses not only the mechanism of circadian rhythms but also a deep understanding of
their ecological significance, that is, the role of cyclic activity patterns in relation to fitness and survival
value. In keeping with the breadth of his interests, Dr. Daan’s methodology has not been limited to the
laboratory but has extended also to field studies and experiments.

1. Research on circadian rhythms in rodents

With Dr. Colin Pittendrigh, Dr. Daan conducted detailed observations and investigations of circadian
rhythms in rodents, using behavior as an indicator. Their work determined the basic properties and
fundamental role of circadian rhythms in behavior and physiology; further, they established a research
methodology in this field by using their results to formulate a model capable of explaining the underlying
mechanism.

This work led Dr. Daan to propose the concept of the circadian system and to arrive at an empirical
and theoretical analysis of almost all the important properties of the circadian system in rodents, together
with their adaptive significance. Among the questions he investigated were the mechanism by which the
circadian rhythm is synchronized to the light-dark cycle (entrainment) and its ecological significance, the
after-effects of entrainment, seasonal adaptation, and a regulatory mechanism for bimodal rhythms (those
with dawn and dusk activity peaks) which involves separate Morning and Evening (M-E) oscillators.

These findings were published in 1976 as five papers, co-authored with Dr. Colin Pittendrigh, in the
Journal of Comparative Physiology. Today these are regarded as classic papers in chronobiology, and they
are required reading for every scientist who studies biological clocks. The M-E two-oscillator model was
particularly innovative; it provides an elegant explanation for the diurnal cycle of circadian rhythms, their
seasonal adaptation, and photoperiodic response, and to this day it remains an influential paradigm in
circadian system research, not only in mammals but also in insects such as the fruit fly Drosophila
melanogaster. The dual oscillator model has led to the recent discoveries of a region in the suprachiasmatic
nucleus in mammals which responds to the M-E oscillators, and of neurons which have a similar response
in the brain of Drosophila. Dr. Daan himself has examined this question in various species. He recently
proposed that the M-E oscillators may be driven by separate clock genes, and he is currently studying this
hypothesis using animals in which the relevant genes have been knocked out.

2. Research on sleep regulation

Dr. Daan proposed a “two-process model” of human sleep regulation, in which sleep is regulated both
by a circadian rhythm and by sleep-regulating variables. According to this model, the sleep-regulating
variables increase with accumulating fatigue or decreasing bodily functions during wakefulness, until an



upper threshold is reached and sleep is induced; during sleep the variables decrease until they reach a lower
threshold and waking results. Further, the level of the range between these sleep-wake thresholds oscillates
with a cycle of approximately 24 hours, regulated by a circadian pacemaker; thus, the timing and duration
of sleep are regulated by this pacemaker. This is the most powerful model yet obtained for explaining
human sleep rhythms, and its predictions have been extensively validated by experiments. The model has
also contributed to the treatment of seasonal depression and to light therapy for jet lag.

In ecological studies of annual cycles in hibernating animals, Dr. Daan discovered that the need for
sleep increases during hibernation, and that hibernators must wake periodically from torpor in order to
sleep. Thus Dr. Daan changed the prevailing idea of these winter states as being similar to sleep,
demonstrating instead that hibernation actually has a sleep-deprivation effect.

3. Ecological research on circadian rhythm

Dr. Daan was one of the first to focus on the ecological significance of circadian rhythms. Analyzing
the temporal structure of a predator-prey system, the kestrel and the common vole, he showed that the
temporal organization of flight-hunting in the kestrel is separate from that of the need to feed, with the peak
flight-hunting frequency depending on the daily peak hunting success rate and the activity peak of the prey;
he also showed that the voles vary their hours of activity in response to predation. These findings
demonstrated that, for both predator and prey, daily habits have survival value. In an analysis of the timing
and success rate of reproduction in the kestrel, he showed that reproductive timing is tuned to the storage of
energy resources in the female. Through these studies, Dr. Daan contributed greatly to the understanding of
the adaptive significance of circadian rhythms and seasonality.

Through these multifaceted approaches, both experimental and theoretical, Dr. Daan has continued to
make major contributions to the field of chronobiology from its genesis to the present day.
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Dr. David S. Hogness

(2007 Recipient)
Date of Birth: 17 November 1925
Nationality: United States of America
Position: Munzer Professor of Developmental Biology, Biochemistry, Emeritus,
Stanford University of Medicine, USA
Career:
1949 B.S. in Chemistry, California Institute of Technology, U.S.A.
1952 Ph.D. in Biology and Chemistry, California Institute of Technology, U.S.A.

1952-1954 Postdoctoral fellow, Institut Pasteur, France

1954-1955 Postdoctoral fellow, New York University, U.S.A.

1955-1957  Instructor of Microbiology, Washington University School of Medicine, U.S.A.
1957-1959  Assistant Professor of Microbiology, Washington University School of Medicine,

U.S.A.

1959-1961  Assistant Professor, Department of Biochemistry,

Stanford University School of Medicine, U.S.A.

1961-1966  Associate Professor, Department of Biochemistry,

Stanford University School of Medicine, U.S.A.

1966-1989  Professor, Department of Biochemistry,

Stanford University School of Medicine, U.S.A.

1989-1999  Professor of Developmental Biology and of Biochemistry,

Stanford University School of Medicine, U.S.A.

1999- Professor of Developmental Biology and of Biochemistry, Emeritus, Stanford

University School of Medicine, U.S.A.

Awards and Distinctions:
1977 Ricketts Award, University of Chicago
1984 Genetics Society of America Medal
1988 Newcomb Cleveland Prize
1995 Humboldt Research Award
1995 Darwin Prize, University of Edinburgh
1997 March of Dimes Prize in Developmental Biology
2002 Lifetime Achievement Award (Society of Developmental Biology, U.S.A.)
2003 Thomas Hunt Morgan Medal (Genetics Society of America)

Representative Works:

1.

Hogness, D.S., Cohn, M., and Monod, J. (1955). Studies on the induced synthesis of
b-galactosidase in Escherichia coli: the kinetics and mechanism of sulfur incorporation. Biochim.
Biophys. Acta 16, 99-116.

. Kaiser, A.D. and Hogness, D.S. (1960). The transformation of Escherichia coli with

deoxyribonucleic acid isolated from bacteriophage 1dg. J. Mol. Biol. 2, 392-415.

. Hogness, D.S., Doerfler, W., Egan, J.B., and Black, L. (1966). The position and orientation of genes

in | and Idg DNA. Cold Spring Harbor Symp. Quant. Biol. 31, 129-138.
Wensink, P.C., Finnegan, D.J., Donelson, J.E., and Hogness, D.S. (1974). A system for mapping
DNA sequences in the chromosomes of Drosophila melanogaster. Cell 3, 315-325.

. Glover, D.M., White, R.L., Finnegan, D.J. and Hogness, D.S. (1975). Characterization of six cloned

DNAs from Drosophila melanogaster, including one that contains the genes for rRNA. Cell 5,
149-157.

Grunstein, M. and Hogness, D.S. (1975). Colony hybridization: a method for the isolation of cloned
DNAs that contain a specific gene. Proc. Nat. Acad. Sci. USA 72, 3961-3956.

Glover, D.M. and Hogness, D.S. (1977). A novel arrangement of the 18S and 28S sequences in a
repeating unit of Drosophila melanogaster. Cell 10, 167-176.

. White, R.L. and Hogness, D.S. (1977). R-loop mapping of the 18S and 28S sequences in the long

and short repeating units of Drosophila melanogaster tDNA. Cell 10, 177-192.

. Young, M.W. and Hogness, D.S. (1977). A new approach for identifying and mapping structural



genes in Drosophila melanogaster. In: Eucaryotic Genetics System: ICN-UCLA Symposia on
Molecular and Cellular Biology, Vol. 8, pp. 315-331, Academic Press, New York (eds. G. Wilcox, J.
Abelson and C. F. Fox).

10.Finnegan, D.J., Rubin, GM., Young, M.W., and Hogness, D.S. (1978). Repeated gene families in
Drosophila melanogaster. Cold Spring Harb. Symp. Quant. Biol. 42,1053-1063.

11.Muskavitch, M.A.T. and Hogness, D.S. (1980). Molecular Analysis of a Gene in a Developmentally
Regulated Puff of Drosophila melanogaster. Proc. Natl. Acad. Sci. USA, 77, 7362-7366.

12.Bender, W., Spierer, P. and Hogness, D. S. (1983). Chromosomal walking and jumping to isolate
DNA from the Ace and rosy Loci and the Bithorax Complex in Drosophila melanogaster. J. Mol.
Biol., (1983) 168, 17-33.

13.Spierer, P., Spierer, A., Bender, W. and Hogness, D.S. (1983). Molecular mapping of genetic and
chromomeric units in Drosophila melanogaster. J. Mol. Biol., (1983) 168, 35-50.

14.Bender, W., Akam, M., Karch, F., Beachy, P.A., Peifer, M., Spierer, P., Lewis, E.B. and Hogness,
D.S. Molecular Genetics of the Bithorax Complex in Drosophila melanogaster (1983). Science,
221, 23-29.

15.Nathans, J. and Hogness, D.S. (1984). Isolation, sequence analysis and intron-exon arrangement of
the gene encoding bovine rhodopsin. Cell, 34, 807-814.

16.Beachy, P.A., Helfand, S.L. and Hogness, D.S. (1985). Segmental distribution of bithorax complex
proteins during Drosophila development. Nature, 313, 545-551.

17.Nathans, J., Thomas, D. and Hogness, D.S. (1986). Molecular genetics of human color vision: the
genes encoding blue, green, and red pigments. Science 232, 193-202.

18.Beachy, P.A., Krasnow, M.A., Gavis, E.R. and Hogness, D.S. (1988). An Ultrabithorax protein
binds sequences near its own and the Antennapedia P1 promoters. Cell 55, 1069-1081.

19.Seagraves, W.A. and Hogness, D.S. (1990). The £75 ecdysone-inducible gene responsible for the
75B early puff in Drosophila encodes two new members of the steroid receptor superfamily. Genes
& Develop. 4, 204-219.

20.Koelle, M.R., Talbot, W.S., Segraves, W.A., Bender, M.T., Cherbas, P. and Hogness, D.S. (1991). A
Drosophila Ecdysone Receptor, EcR, is a New Member of the Steroid Receptor Superfamily, Cell
67, 59-717.

21.Gibson, G. and Hogness, D.S. (1996) Effect of polymorphism in the Drosophila regulatory gene
Ultrabithorax on homeotic stability. Science 271, 200-203.

22.White, K.P., Hurban, P., Watanabe, T., and Hogness, D.S. (1997). Coordination of Drosophila
Metamorphosis by Two Ecdysone-induced Nuclear Receptors.  Science, 276, 114-117.

23. Arbeitman, M., Hogness, D.S. (2000). Molecular Chaperones Activate the Drosophila
Ecdysone Receptor, an RXR. Heterodimer. Cell 101, 67-77

Research Achievements:

1. By 1973, Dr. Hogness had succeeded in producing “libraries” of genomic DNA of the fruit fly
Drosophila melanogaster, the first such libraries for a higher eukaryote. Using these libraries to map
genomic DNA sequences, he determined that, in the genomes of higher eukaryotes, some sequences exist
as single copies while others are repeated. The former discovery led to single-copy sequences being
identified as genes, while the discovery of repetitive sequences led to the identification of transposable
elements.

Next, utilizing these libraries in clonal-hybridization, Dr. Hogness succeeded in isolating and
analyzing rDNA and histone genes in Drosophila, the first time that this had been achieved for genes of a
multicellular organism. As a result, he found that, whereas in the prokaryotes there is a direct, one-to-one
coupling between the mRNA produced by transcription and its translation into protein, higher eukaryotic
genes are interrupted by sequences known as introns. This work provided the key to understanding the
basis of gene expression in higher eukaryotes. Dr. Hogness showed that eukaryotic genes contain both
exons, which code information for protein synthesis, and non-coding sequences called introns, and that, as
the mRNA transcript of a gene undergoes splicing, the stretches that correspond to introns are removed to
yield mature mRNA, which is translated into protein on a one-to-one basis. Further, his analysis of the
S'-upstream region in histone genes resulted in the discovery of a highly conserved sequence immediately
upstream of the transcription initiation site. This sequence, now known as the TATA box, plays an
important role in regulating gene expression.

2. Dr. Hogness also provided the first proof of the essential role of genes in animal morphogenesis. In
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Drosophila, he focused on the Ultrabithorax (Ubx) mutant, in which the rear thoracic segment duplicates
the middle segment and a second set of wings develops, and succeeded in identifying the gene responsible
by developing the method known today as “positional cloning” or “chromosome walking.” By mapping the
Ubx x gene that he had isolated and identified in this way, he showed that these dynamic morphological
changes are caused by a mutation in a single protein-encoding gene, rather than several, as had been
previously thought, and thus demonstrated the importance of the role of individual genes in morphogenesis.
He then went on to show that this mutation involves a change, not in the gene itself, but in the region that
regulates its expression; specifically, he revealed that expression of this gene is regulated by two large
cis-regulatory elements located in the 5'-upstream region.

This seminal work paved the way for what is known today as “functional genomics,” the field that
studies how genes and their regulatory regions are arranged on the chromosomes and the factors that lead to
gene mutations, among other questions. The methods that Dr. Hogness developed and applied in mapping
the Ubx gene have since made it possible to identify and elucidate the genes responsible for seven other
homeotic mutations in Drosophila.

3. Dr. Hogness also recognized that, if we are to understand morphogenesis at a molecular level, it is
important to know the timing of gene regulatory mechanisms. Accordingly, he studied how the hormone
ecdysone acts to regulate metamorphosis in Drosophila. He found that secreted ecdysone first binds to a
nuclear receptor to form a complex, which then activates the primary response genes involved in
metamorphosis by acting as a transcription factor and regulating the transcription of the target genes; these
primary response genes, in turn, encode transcription factors that activate the secondary response genes, the
“working” genes of metamorphosis. These discoveries, which showed a series of genes functioning in a
cascade, laid the foundations of our current knowledge of the molecular mechanisms of gene expression
and regulation in biological development.
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Dr. George David Tilman

(2008 Recipient)

Date of Birth: 22 July 1949

Nationality: United States of America

Position: Regents' Professor, McKnight Presidential Chair in Ecology

Career:

Director of Cedar Creek Natural History Area
Department of Ecology, Evolution, and Behavior
University of Minnesota

1976 Ph.D., University of Michigan

1976-1980  Assistant Professor, University of Minnesota
1980-1984  Associate Professor, University of Minnesota
1984-1996  Professor, University of Minnesota

1992- Director, Cedar Creek Natural History Area

1996-2001 Distinguished McKnight University Professor

2001- McKnight Presidential Chair in Ecology

2002- Regents Professor, University of Minnesota

Awards and Distinctions:

1989 W. S. Cooper Award, Ecological Society of America

1997 MacArthur Award, Ecological Society of America

2000 Designated the Most Highly Cited Environmental Scientist of the Decade
(1990-2000) by Essential Science Indicators

2002 Elected to the National Academy of Sciences

2002 Designated the Most Highly Cited Scientist in Environment/Ecology of the

Decade (1992-2002) by Essential Science Indicators

Representative Works:

1.

2.

3.

8.

9.

10.

11.

12.

Clark, C.M. and D. Tilman. 2008. Loss of plant species after chronic low-level nitrogen deposition
to prairie grasslands. Nature 451:712-715.

Fargione, J., J. Hill, D. Tilman, S. Polasky and P. Hawthorne. 2008. Land clearing and the biofuel
carbon debt. Science 319: 1235-1238.

Hill, J., E. Nelson, D. Tilman, S. Polasky and D. Tiffany. 2006. Environmental, economic, and
energetic costs and benefits of biodiesel and ethanol biofuels. Proceedings of the National
Academy of Sciences of the United Sates of America 103:11206-11210.

. Reich P.B., S.E. Hobbie, T. Lee, D.S. Ellsworth, J.B. West, D. Tilman, J.M.H. Knops, S. Naeem

and J. Trost. 2006. Nitrogen limitation constrains sustainability of ecosystem response to CO,.
Nature 440:922-925.

Tilman, D., J. Hill and C. Lehman. 2006. Carbon-negative biofuels from low-input high-diversity
grassland biomass. Science 314:1598-1600.

Tilman, D., P.B. Reich and J.M.H. Knops. 2006. Biodiversity and ecosystem stability in a
decade-long grassland experiment. Nature 441:629-632.

Tilman, D. 2004. Niche tradeoffs, neutrality, and community structure: A stochastic theory of
resource competition, invasion, and community assembly. Proceedings of the National Academy of
Sciences of the United Sates of America 101:10854-10861.

Kennedy, T.A., S. Nacem, K.M. Howe, J.M.H. Knops, D. Tilman and P. Reich. 2002. Biodiversity
as a barrier to ecological invasion. Nature 417:636-638.

Mitchell, C., D. Tilman and J.V. Groth. 2002. Effects of grassland plant species diversity,
abundance, and composition on foliar fungal disease. Ecology 83:1713-1726.

Tilman, D., K.G. Cassman, P.A. Matson, R. Naylor and S. Polasky. 2002. Agricultural
sustainability and intensive production practices. Nature 418:671-677.

Tilman, D., J. Fargione, B. Wolff, C. D'Antonio, A. Dobson, R. Howarth, D. Schindler, W.
Schlesinger, D. Simberloff, and D. Swackhamer. 2001. Forecasting agriculturally driven global
environmental change. Science 292:281-284.

Tilman, D., P.B. Reich, J. Knops, D. Wedin, T. Mielke and C. Lehman. 2001. Diversity and
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productivity in a long-term grassland experiment. Science 294:843-845.

13.Tilman, D. 2000. Causes, consequences and ethics of biodiversity. Nature 405:208-211.

14.Tilman, D. 1999. The ecological consequences of changes in biodiversity: a search for general
principles. The Robert H. MacArthur Award Lecture. Ecology 80:1455-1474.

15.Tilman, D. 1998. The greening of the green revolution. Nature 396:211-212.

16.Cohen, J.E. and D. Tilman. 1996. Biosphere 2 and biodiversity: the lessons so far. Science
274:1150-1151.

17.Siemann, E., D. Tilman and J. Haarstad. 1996. Insect species diversity, abundance and body size
relationships. Nature 380:704-706.

18.Tilman, D. 1996. Biodiversity: Population versus ecosystem stability. Ecology 77:350-363.

19.Tilman, D., D. Wedin and J. Knops. 1996. Productivity and sustainability influenced by
biodiversity in grassland ecosystems. Nature 379:718-720.

20.Wedin, D.A. and D. Tilman. 1996. Influence of nitrogen loading and species composition on the
carbon balance of grasslands. Science 274:1720-1723.

21.Tilman, D. and J.A. Downing. 1994. Biodiversity and stability in grasslands. Nature 367:363-365.

22.Tilman, D., RM. May, C.L. Lehman and M.A. Nowak. 1994. Habitat destruction and the
extinction debt. Nature 371:65-66.

Research Achievements:
1. Theoretical and Experimental Work on Biodiversity and Ecosystem Stability

Competition is an ecological process that greatly influences the structure and functioning of biotic
communities. Ecologists long considered competition to be an inhibitor of species coexistence, as more
competitive species eliminated weaker competitors. In reality, however, communities harbor many different
species in mutual competition. Thus, the search for the principle that enables competing species to coexist
poses one of the key challenges in ecology.

The resource-based competition theory developed by Dr. Tilman early in his career (Tilman 1982)
focuses on the minimum resource requirements of each species as the factor that determines competitive
success or failure, and the validity of this approach has been demonstrated by experimental work on algae
and grasslands. A likely mechanism by which competition could lead to diversity is that of the tradeoff, in
which a species that is superior in one trait is inferior in another; Dr. Tilman has shown theoretically that
tradeoffs between resource utilization and dispersal ability, for example, lead to species coexistence
(Tilman 1994). His theory predicts that at higher plant diversity, more efficient utilization of limiting
resources will lead to higher biomass production, due in part to the higher probability that a more
productive species will be present in a more diverse plot (the sampling effect), and in part to
complementary exploitation of different growing conditions by different species (the niche differentiation
effect) (Tilman 1999). Further, he has predicted theoretically that high diversity, coupled with a low supply
of a limiting resource, should reduce the success of invasions by new species.

These predictions have been validated by decade-long experiments. In well over a hundred grassland
plots where he manipulated species diversity, Dr. Tilman found that productivity increased with plant
species diversity, and that soil inorganic nitrogen, the main limiting nutrient, was utilized more completely
in the more species-diverse plots (Tilman et al. 1996). Further, even in adjacent natural grassland, plant
productivity and the availability of soil inorganic nitrogen were found to increase with increasing species
diversity.

The relationship between diversity and stability had become the most intensely debated issue in
ecology: on the one hand, the widely supported “diversity-stability theory” held that diversity contributes to
stability; the counterargument that diversity begets instability, championed by Dr. Robert May, was also
very influential. Through long-term research using 207 grasslands plots, Dr. Tilman showed that while
diversity stabilizes the functioning of communities and ecosystems, it destabilizes the population dynamics
of individual species (Tilman 1996). At higher diversity, annual fluctuations of above-ground biomass in
the plant community as a whole decreased (i.e., temporal stability increased), even in the presence of
drought conditions, yet the more diverse the community, the more variable the abundance of each
constituent species became. This difference between the stability of the ecosystem as a whole and that of
individual populations can be explained theoretically by interspecies competition. If a dominant competitor
becomes less abundant due to drought, more drought-resistant latent competitors will gain a competitive
advantage and their abundance will increase, with the net result that community biomass remains the same.
This complementary oscillation of species leads to stability of the community as a whole. These results
agree with Dr. May’s predictions, in that diversity does reduce population stability; at the same time, they



support the diversity-stability hypothesis on a community- and ecosystem-wide scale. In this way, Dr.
Tilman settled the hottest debate in ecology by adopting a more synthetic theoretical approach and
supplying experimental proof (Tilman 1999). Further, the stability that species diversity brings to an
ecosystem is observable not only in terms of temporal variability but also in the drought resistance and
resilience of biomass production; the dependence of these properties on species diversity has been
approximated to a saturation curve (Tilman et al. 1994). In other words, when there are fewer species
present, the loss of a single species has a greater impact. With biodiversity currently in rapid decline on
both the global and the local scale, these findings sound an alarm for our times.

As a more general theory of diversity in biotic communities, Dr. Tilman developed the stochastic
niche model and tested its validity in long-term grassland experiments (Tilman 2004). The stochastic niche
theory unites the neutrality theory (which is concerned with the meaning of community diversity) with the
classic niche theory based on tradeoffs, and builds on them both. It does this by addressing the fact that the
survival of newly invading disseminules is affected by resource availability as well as stochastic processes.
Long-term experiments have shown that the establishment of new species is most strongly inhibited by the
presence of established species belonging to the same one of four functional groups, and these results are in
good agreement with predictions based on the model that incorporates niche effects.

Under the combined impact of fossil fuel combustion and the use of agricultural fertilizers, the rate of
addition of biologically-active nitrogen to the atmosphere has already reached two to seven times the
preindustrial level. Very little research had been done on the effects of this chronic nitrogen surplus on
plants, but in a joint study with Dr. Christopher Clark (Clark and Tilman 2008), Dr. Tilman used grassland
plots to test the effects of an input of 10 kilograms of nitrogen per hectare per year, which is somewhat
higher than the ambient background level of atmospheric nitrogen deposition (about 6 kg/ha/year) and
about the same as the amounts of nitrogen deposited in many industrialized countries today. The study
showed that at chronically elevated nitrogen levels, plant species diversity decreases sharply due to the loss
of rare species. Also, an analysis of the relationship between plant species diversity and disease in grassland
plots (Mitchell, Tilman and Groth 2002) showed that the pathogen load of fungal disease was three times
higher in the average monoculture than in the average plot planted with 24 grassland species, and that
nearly all the diseases increased in severity in the less species-rich plots. Disease severity was positively
correlated with host plant abundance, and disease was especially severe in plots that contained no resistant
species. This analysis supports the general theory that low species diversity leads to more disease as the
abundance of susceptible plants increases.

In an overview of grassland experiments in which he grew perennial grasses for a decade, Dr. Tilman
reported large annual oscillations in species abundance and biomass production due to fluctuations in
climatic conditions during the growing period, but found that, over time, the more species-rich plots
showed greater stability in their annual above-ground productivity, and that this stability increased as the
vegetation in the plots matured (Tilman 2006). These experiments revealed that ecosystem stability
depends on the quantity of roots maintained from year to year, thus bearing out the theoretically predicted
portfolio effect (also known as the statistical averaging effect) and the yield effect.

This series of theoretical and experimental studies suggests that biodiversity may enhance the
production and utilization of food (including livestock feed), biofuels, and ecosystem services.

2. Research on Sustainable Agriculture and Biofuel Production

Seeking ways to reduce the heavy environmental burden imposed by modern agriculture, Dr. Tilman
has been exploring the implications of converting to sustainable farming practices that respect ecological
principles, such as the diversity effects he himself has identified (Tilman 1998). With a large group of
coauthors, he forecast the environmental impact of the expansion of cultivated area 50 years into the future,
assuming that existing agricultural practices remain unchanged (Tilman et al. 2001). The predicted effects
include the conversion of 10° hectares of natural ecosystems to agriculture, accompanied by a 2.4- to
2.7-fold increase in nitrogen- and phosphorus-driven eutrophication of terrestrial, freshwater, and
near-shore ecosystems, and comparable increases in the use of water and pesticides. This eutrophication
and habitat destruction would cause unprecedented ecosystem simplification, loss of ecosystem services,
and species extinctions. The study concluded that significant scientific investigation and regulatory,
technological, and policy changes are needed in order to avoid the negative impacts of agricultural
expansion by converting to sustainable practices. Dr. Tilman has further highlighted the urgent need for
new incentives and policies to ensure the sustainability of agriculture and ecosystem services (Tilman
2002).

Recently, Dr. Tilman has been vigorously pursuing joint research on the environmental assessment of
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biofuels, whose relative merits are a controversial theme. Whether biofuels offer carbon savings depends to
a large extent on how they are produced (Hill et al. 2006), and Dr. Tilman and his coauthors have quantified
the “carbon debt” created in the process of converting rainforests, peatlands, savannas or grasslands to
produce food crop-based biofuels. This process releases 17 to 420 times more carbon dioxide than the
annual greenhouse gas reductions that the biofuels would permit by displacing fossil fuels (Fargione et al.
2008). In contrast, biofuels made from waste biomass or from biomass grown on degraded and abandoned
agricultural lands planted with perennials incur little or no carbon debt and can offer immediate and
sustained mitigation effects. In particular, biofuels derived from low-input high-diversity (LIHD) mixtures
of native grassland perennials (which may be grown on agriculturally degraded lands) can provide more
usable energy, greater greenhouse gas reductions, and less agrichemical pollution than food crop-based
biofuels (Tilman et al. 2006). LIHD biofuels are considered “carbon negative” because the amount of
carbon accumulated in the roots and soil (net carbon sequestration) greatly exceeds fossil carbon dioxide
release during the biofuel production. Moreover, they can be produced on agriculturally degraded lands,
and thus have the advantage that they need neither displace food production nor cause loss of biodiversity
via habitat destruction. Through these biofuel-related proposals, Dr. Tilman has maximized the
effectiveness of his long-term experimental work on grasslands and his theoretical work on diversity.
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Dr. Winslow Russell Briggs

(2009 Recipient)
Date of Birth: 29 April 1928
Nationality: United States of America
Position: Director Emeritus, Department of Plant Biology, Carnegie Institution of Washington,
USA
Professor Emeritus, Department of Biological Sciences, Stanford University, USA
Career:
1956 Ph. D., Harvard University, USA
1955—1957 Instructor, Stanford University
1957—1962 Assistant Professor, Stanford University
1962 —1966 Associate Professor, Stanford University
1966 —1967 Professor, Stanford University
1967—1973 Professor, Harvard University
1973 —1993 Director, Carnegie Institution of Washington
1973 —1993 Professor, Stanford University
1993 — Director Emeritus, Carnegie Institution of Washington
1993 — Professor Emeritus, Stanford University
Awards and Distinctions:
1974 Elected to National Academy of Sciences
1975 Elected to American Academy of Arts and Sciences
1984 — 1985 Alexander von Humboldt U.S. Senior Scientist Award
1986 Elected to Deutsche Akademie der Naturforscher Leopoldina
1993 — 1994 Alexander von Humboldt U. S. Senior Scientist Award
1994 Stephen Hales Prize, American Society of Plant Physiologists
1995 Sterling Hendricks Medal, United States Department of Agriculture
and American Chemical Society
2000 Finsen Medal, Association Internationale de Photobiologie
2006 Centennial Award, Botanical Society of America
2007 Gude Prize, American Society of Plant Biologists
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2.

3.
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Physiol 14:311-352.

Pratt, L. H. and W. R. Briggs. 1966. Photochemical and nonphotochemical reactions
of phytochrome in vivo. Plant Physiol. 41: 467-474.
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spectrophotometric status of phytochrome in corn coleoptiles. Plant Physiol.
41:1159-1166.

Sargent, M. L. and W. R. Briggs. 1967. The effects of light on a circadian rhythm of
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10. Tobin, E. M. and W. R. Briggs. 1973. Studies on the protein conformation of
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18. Short, T. W. and W. R. Briggs. 1990. Characterization of a rapid, blue light- mediated
change in detectable phosphorylation of a plasma membrane protein from etiolated
pea (Pisum sativum L.) seedlings. Plant Physiol. 92:179-185.

19. Reymond, P, T. W. Short, W. R. Briggs, and K. L. Poff. 1992. Light-induced
phosphorylation of a membrane protein plays an early role in signal transduction for
phototropism in Arabidopsis thaliana. Proc. Natl. Acad. Sci. U. S. A. 89: 4718-4721.

20. Liscum, E. and W. R. Briggs. 1995. Mutations in the NPH1 locus of Arabidopsis
disrupt the perception of phototropic stimuli. Plant Cell 7: 473-485.

21. Huala, E., P. W. Oeller, E. Liscum, 1.-S. Han, E. Larsen, and W. R. Briggs. 1997.
Arabidopsis NPH1: A protein kinase with a putative redox-sensing domain. Science
278 2120-2123.

22. Christie, J. M., P. Reymond, G. Powell, P. Bernasconi, A. A. Reibekas, E. Liscum, and
W. R. Briggs. 1998. Arabidopsis NPH1: a flavoprotein with the properties of a
photoreceptor for phototropism. Science 282: 1698-1701.

23. Briggs, W. R. and E. Huala. 1999. Blue-light photoreceptors in higher plants. Annu.
Rev. Cell Dev. Biol. 15: 33-62.

24. Salomon, M., J. M. Christie, E. Knieb, U. Lempert, and W. R. Briggs. 2000.
Photochemical and mutational analysis of the FMN-binding domains of the plant blue
light photoreceptor phototropin. Biochemistry 39: 9401-9410.

25. Sakamoto, K. and W. R. Briggs. 2002. Cellular and subcellular localization of
phototropin 1. Plant Cell 14: 1723-1735.

26. Christie, J. M., T. E. Swartz, R. A. Bogomolni, and W. R. Briggs. 2002. Phototropin
LOV domains exhibit distinct roles in regulating photoreceptor function. Plant .J. 32:
205-219.
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29. Swartz, T. E., T.-S. Tseng, M. A. Frederickson, G. Paris, D. J. Comerci, G.
Rajeshekara, J.-G. Kim, M. B. Mudgett, G. Splitter, R. A. Ugalde, F. Goldbaum, W. R.
Briggs, and R. A. Bogomolni. 2007. Blue light-activated histidine kinases:
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Research Achievements:

No less today, at the age of 81, than when he embarked on his career as a plant scientist, Dr. Briggs’s
interest has consistently focused on how plants utilize light information and on the photoreceptors and the
signaling mechanisms involved.

Charles Darwin and his son Francis were among the first to study phototropism, the phenomenon in which
plants bend in the direction of light. Using young coleoptiles of monocotyledons, they determined that light
is detected at the tip and a signal of some kind then travels to the lower part of the coleoptile, where it
induces bending. Since Darwin’s time, phototropism has remained a central problem in plant physiology.
Among Dr. Briggs’s many outstanding achievements in his work on light information, he has made a
number of especially important breakthroughs in this area. In particular, his discovery of the photoreceptors
that mediate phototropism has led to a major rethinking of how light is utilized by many organisms, from
spermatophytes to bacteria.

1. Lateral Movement of Auxin

In 1926, Frits Went discovered growth-accelerating substances, which he named auxins, that move
from the tip of the coleoptile toward the base. In what has become known as the Cholodny-Went theory
(1926), he suggested that in a coleoptile illuminated from one side, phototropic curvature is induced by a
difference in auxin concentration between the lighted and dark sides. The cause of such an auxin
differential was unclear, however; among the possibilities suggested were light dependence of auxin
synthesis, or of the rate of auxin breakdown, or of the activity level of an inhibitor. In 1957, Dr. Briggs
settled this debate by inserting a partial or complete barrier (a thin cover glass) between the illuminated and
dark sides of coleoptiles and measuring the amount of auxin recovered from their bases, thereby
demonstrating that neither the synthesis nor the breakdown of auxin was influenced by the presence or
direction of light; instead, a concentration differential developed as auxin moved from the lighted to the
shaded side in the tissue of the coleoptile tip.

2. Light Sensitivity in Phototropism

Phototropism in higher plants is induced by blue light. Red light was therefore used as the traditional
“safelight” for experimental manipulation and observation of phototropism, as it was thought not to
influence the response. However, Dr. Briggs discovered that supposedly “safe” red light induced a
phytochrome-mediated alteration in phototropic sensitivity to blue light (1966).

He subsequently found that red light treatments in the very low fluence range regulated the elongation
growth of etiolated seedlings and the gene expression of proteins necessary for chloroplast development,
effects that he called “very low-irradiance response” (1981), and he proposed dim green light as the
laboratory safelight for phytochrome work. He also showed that the tissues of etiolated seedlings act like
fiber optics, piping light down through the soil to the root (1982). Since this work, researchers have
handled experimental manipulations of phototropism with extreme care.

3. The Discovery of Phototropins

Identifying the photoreceptors involved in phototropism remained a challenge for many years, not
only in the higher plants but also in cryptogams such as the fungus Phycomyces. Around 1990, Dr. Briggs
adopted a two-pronged approach: biochemical investigation of a protein that is phosphorylated by blue
light irradiation, and genetic studies using non-phototropic mutants of Arabidopsis (thale cress). The
discovery of a plasma membrane-associated protein that becomes phosphorylated upon irradiation with
blue light (1988) led to identification of the photoreceptors that mediate phototropism. In 1997, Dr. Briggs
isolated the causative gene (NPH1) of the variant nphl (non-phototropic hypocotyl 1) in Arabidopsis; in
1998, he determined that this gene encodes the photoreceptors, and in 1999 he named them phototropins.
At the amino-terminal (N-terminal) end, these photoreceptor proteins were found to contain two LOV
domains, LOV1 and LOV2; these are sequences of about 110 amino acids that share homology with a
group of sensor proteins regulated by light, oxygen, or voltage (hence the term “LOV domain”), and that
act as a light sensor in this case. The carboxyl-terminal (C-terminal) end was found to have a kinase
structure, making it the functional portion of the protein. In quick succession, Dr. Briggs determined the
basic molecular properties of phototropin: each LOV domain binds a molecule of the chromophore flavin
mononucleotide (FMN) at a conserved cysteine residue (1998); the protein undergoes autophosphorylation
on absorbing light (1998); it is activated when a temporary covalent bond is formed between the cysteine
residue and FMN within the LOV domain (2000); and the light-activated LOV domain reverts in darkness
to its initial ground state (2000). Dr. Briggs’s work has also clarified a number of phenomena thought to



underlie the physiological response, indicating, for example, that of the two LOV domains, only LOV2 is
essential to light sensing (2002); that phototropin 1 is localized to the plasma membrane under dark
conditions, but becomes released to the cytoplasm in response to light (2002); and that this intracellular
redistribution is inhibited by pretreatment with brief pulses of red light, an effect that is implicated in
changes in phototropic sensitivity (2008).

4. Consequences of the Discovery of Phototropins

Progress in the genome analysis of various species has led to the discovery of LOV domains—the
light-sensing regions of phototropins—in prokaryotic organisms such as bacteria and cyanobacteria, and
has also shown that the domains are conserved in many non-animal eukaryotes, such as fungi, algae,
mosses, and ferns. As a result, in a number of different species with blue light responses whose physiology
had been well studied, the blue-light receptors are now being identified for the first time. Surprisingly, they
are turning out to consist of novel photoreceptor proteins in which the LOV domains are coupled to
functional domains quite distinct from those of phototropin. These findings mean that, in evolutionary
processes, many organisms have deployed LOV domains as effective light switches to control
physiologically active proteins by means of light. LOV photoreceptors are now being discovered even in
bacteria, which were previously thought to be little influenced by light. Dr. Briggs and his colleagues have
recently shown that in Brucella abortus, a bacterium that causes an infectious disease in livestock, the
infection process involves light activation of LOV photoreceptor proteins, and have suggested that the role
of light also needs to be considered in disease transmission in mammals (2007).

Thus, the significance of Dr. Briggs’s discovery of phototropin extends far beyond the identification of
a single blue-light photoreceptor to encompass the characterization of LOV domains that are widespread
among living things, and his work has been a great seminal influence in the field of photobiology.
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Dr. Nancy Ann Moran
(2010 Recipient)
Date of Birth: 21 December 1954
Nationality: United States of America
Position: William H. Fleming Professor, Department of Ecology and Evolutionary Biology
Yale University, USA
Career:
1982 Ph.D., University of Michigan
1986-1991 Assistant Professor, University of Arizona
1991-1996 Associate Professor, University of Arizona
1996-2000 Professor, University of Arizona
2001-2010 Regents’ Professor, University of Arizona
2010- William H. Fleming Professor, Yale University
Awards and Distinctions:
1988 American Society of Naturalists President's Award
1997-2002 John D. and Catherine T. MacArthur Fellow
2001 University of Arizona Regents’ Professor
2004 Member of the American Academy of Microbiology
2004 Member of the National Academy of Science
2006 Galileo Circle Faculty Fellow, College of Science, University of Arizona
2006 Member of the American Academy of Arts and Sciences
2007 Fellow of the American Association for the Advancement of Science
2008 University of Arizona Alumni Association Extraordinary Faculty Award

Representative Works:

1.

2.

3.

8.

9.

10.

11.

12.

13.
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Moran, N. and W. D. Hamilton. 1980. Low nutritive quality as defense against herbivores. Journal
of Theoretical Biology 86: 247-254.

Moran, N. A. 1988. The evolution of host alternation in aphids: evidence that specialization is a
dead end. The American Naturalist 132: 681-706

Moran, N. A., M. A. Munson, P. Baumann and H. Ishikawa. 1993. A molecular clock in
endosymbiotic bacteria is calibrated using the insect hosts. Proceedings of the Royal Society of
London Series B: 253: 167-171.

Moran, N. A. 1996. Accelerated evolution and Muller’s ratchet in endosymbiotic bacteria.
Proceedings of the National Academy of Sciences USA 93: 2873-2878.

. Rispe, C. and N. A. Moran. 2000. Accumulation of deleterious mutations in endosymbionts:

Muller’s ratchet with two levels of selection. The American Naturalist 156: 425-441.

Sandstrom, J. P., J. A. Russell, J. P. White, and N. A. Moran. 2001. Independent origins and
horizontal transfer of bacterial symbionts of aphids. Molecular Ecology 10: 217-228

Mira, A., H. Ochman and N. A. Moran. 2001. Deletional bias and the evolution of bacterial genomes.
Trends in Genetics 17: 589-596.

Moran, N. A. and A. Mira. 2001. The process of genome shrinkage in the obligate symbiont,
Buchnera aphidicola. Genome Biology 2: research0054.1-0054.12.

Moran, N. A. 2002. The ubiquitous and varied role of infection in the lives of animals and plants. The
American Naturalist 160:S1-S8.

Tamas, 1., Klasson, L., Naslund, K., Canbéck, B., Eriksson, A.-S., WernegreenJ. J., Sandstrém, J. P.,
Moran,N. A., andS. G. E. Andersson. 2002. Fifty million years of genomic stasis in endosymbiotic
bacteria. Science 296: 2376-2379.

Oliver, K., J. Russell, N. Moran and M. Hunter. 2003. Facultative bacterial symbionts in aphids
confer resistance to parasitic wasps. Proceedings of the National Academy of Sciences USA 100:
1803-1807.

Lerat, E., V. Daubin and N. A. Moran. 2003. From gene trees to organismal phylogeny in
prokaryotes: the case of the y-Proteobacteria. PLoS- Biology 1: 101-108.

Moran, N. A., J. A. Russell, T. Fukatsu and R. Koga. 2005. Evolutionary relationships of three new
species of Enterobacteriaceae living as symbionts of aphids and other insects. Applied and
Environmental Microbiology 71: 3302-3310.



14.Moran, N. A., H. E. Dunbar and J. L. Wilcox. 2005. Regulation of transcription in a reduced bacterial
genome: nutrient-provisioning genes of the obligate symbiont, Buchnera aphidicola. Journal of
Bacteriology 187: 4229-4237.

15.0liver, K. M., N. A. Moran and M. S. Hunter. 2005. Variation in resistance to parasitism in aphids is
due to symbionts and not host genotype. Proceedings of the National Academy of Sciences USA 102:
12975-12800.

16.Moran, N. A., P. Tran and N. M. Gerardo. 2005. Symbiosis and insect diversification: an ancient
symbiont of sap-feeding insects from the bacterial phylum Bacteroidetes. Applied and
Environmental Microbiology 71: 8802-8810.

17.Wu, D., S. C. Daugherty, S. E. Van Aken, G. H. Pai, K. L. Watkins, H. Khouri, L. J. Tallon, J. M.
Zaborsky, H. E. Dunbar, P. L. Tran, N. A. Moran and J. A. Eisen. 2006. Metabolic complementarity
and genomics of the dual bacterial symbiosis of sharpshooters. PLoS Biology 4: e188.

18.Nakabachi, A., A. Yamashita, H. Toh, H. Ishikawa, H. E. Dunbar, N. A. Moran and M. Hattori. 2006.
The 160-kilobase genome of the bacterial endosymbiont Carsonella. Science 314: 267.

19.Russell, J. A. and N. A. Moran. 2006. Costs and benefits of symbiont infection in aphids: variation
among symbionts and across temperatures. Proceedings of the Royal Society B: Biological Sciences
273: 603-610.

20.Moran, N. A. and H. E. Dunbar. 2006. Sexual acquisition of beneficial symbionts in aphids.
Proceedings of the National Academy of Sciences USA 103: 12803-12806.

21.McCutcheon, J. M. and N. A. Moran. 2007. Parallel genomic evolution and metabolic
interdependence in an ancient symbiosis. Proceedings of the National Academy of Sciences USA
104: 19392-19397.

22.Dunbar, H. E., A. C. C. Wilson, N. R. Ferguson and N. A. Moran. 2007. Aphid thermal tolerance is
governed by a point mutation in bacterial symbionts. PLoS Biology 5: €96.

23.Moran, N. A., H. J. McLaughlin, and R. Sorek. 2009. The dynamics and timescale of ongoing
genomic erosion in symbiotic bacteria. Science 323: 379-382.

24.Degnan, P.H., Y. Yu, N. Sisneros, R. A. Wing, and N. A. Moran. 2009. Hamiltonella defensa,
genome evolution of a protective bacterial endosymbiont from pathogenic ancestors. Proceedings of
the National Academy of Sciences USA 106: 9063-9068

25.McCutcheon, J. M., B. R. MacDonald, and N. A. Moran. 2009. Origin of an alternative genetic code
in the extremely small and GC-rich genome of a bacterial symbiont. PLoS-Genetics 5: €1000565.

26.Peccoud, J., J. C. Simon, H. J. McLaughlin, and N. A. Moran. 2009. Recent adaptive radiation of pea
aphids revealed by their rapidly evolving symbionts. Proceedings of the National Academy of
Sciences USA 106: 16315-16320.

27.0liver, K. M., P. H. Degnan, M. S. Hunter, and N. A. Moran. 2009. Bacteriophage encode factors
required for protection in a symbiotic mutualism. Science 325: 992-994.

28.McCutcheon, J. M., B. R. MacDonald, and N. A. Moran. 2009. Convergent evolution of metabolic
roles in bacterial co-symbionts of insects. Proceedings of the National Academy of Sciences USA
106:15394-15399.

29.Sabree, Z. L., Kambhampati, S., and N. A. Moran. 2009. Nitrogen recycling and nutritional
provisioning by the cockroach endosymbiont, Blattabacterium. Proceedings of the National
Academy of Sciences USA 106:19521-19516.

30.Degnan, P. H., T. E. Leonardo, B. N. Cass, B. Hurwitz, D. Stern, R. A. Gibbs, S. Richards and N. A.
Moran. 2010. Dynamics of genome evolution in facultative symbionts of aphids. Environmental
Microbiology 12: 2060-2069.

31.Moran, N. A. and T. Jarvik. 2010. Lateral transfer of genes from fungi underlies carotenoid
production in aphids. Science 328: 624-627.

Research Achievements:

Dr. Moran’s primary research interest is the biology of the intimate coevolution that occurs between

animals, especially insects, and the bacterial symbionts that live within their bodies. Using an array of
approaches including molecular biology, genomics, and experimental and theoretical biology, she has
achieved outstanding results concerning the evolutionary origins of symbiosis, its universality in the animal
kingdom, and its impact on the evolution and ecology of both hosts and symbionts, among other topics.
Together with shedding new light on the consequences of coevolution, based on these discoveries she has
made major and far-reaching contributions to the advancement of the biology of symbiosis, including the
development of a general theory of microbial genome evolution.
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1. The Ancient Evolutionary Origins of Symbiosis

Using molecular phylogenetic techniques and the fossil record of tiny insects preserved in amber, Dr.
Moran established that the coevolution of aphids and the bacterial endosymbiont Buchnera, which is
necessary to their survival, has a very ancient history (over 100 million years), and showed this to be a case
of stable long-term cospeciation (Moran et al. 1993). This discovery led to a series of reports of similar
cospeciation in various host-symbiont pairs besides aphids and Buchnera. For example, Dr. Moran has
demonstrated ancient evolutionary origins, dating back at least 270 million years, for the bacterial
endosymbionts common to the large group of insects known as the Homoptera, which includes cicadas,
spittlebugs, leathoppers, and planthoppers, and she has suggested that this symbiosis was probably already
established during the evolution of the earliest land plants and plant-feeding insects (Moran et al. 2005).
Once the symbiosis became established, the host insect is thought to have inherited the bacterial symbionts
by vertical transmission over millions or hundreds of millions of generations. Such a pattern, which recurs
in various groups of insects and other invertebrates, points to the strong possibility that the acquisition of
bacterial symbionts may have been important to adaptive radiation and diversification in these organisms.

2. Metabolic Complementarity in Symbiosis

Dr. Moran’s group has found striking complementarity in the metabolic capabilities of bacterial
symbionts and host insects, and also in those of different bacterial symbionts resident in the same host.
They have shown by genome analysis that coresident bacterial symbionts, even if they are of unrelated
species, may possess a complementary set of biosynthetic pathway gene clusters, or gene clusters
complementarily involved in different steps of the same pathway. For example, in the glassy-winged
sharpshooter and the cicada, one symbiont supplies the host with eight of the ten essential amino acids the
host needs to survive and a second symbiont provides the remaining two, with both symbionts having the
required metabolic pathways (Wu et al. 2006; McCutcheon and Moran 2007; McCutcheon et al. 2009).
These findings can be seen as concrete evidence that the evolution of sophisticated symbiotic relationships
becomes irreversible due to codependency among the partners.

3. Proposal of the Genome Reduction Theory for Bacterial Symbionts

Starting in 1990s, the DNA sequences of obligate bacterial symbionts of various insects were found to
share some unusual structural and evolutionary traits: in particular, they show rapid molecular evolution,
with fast rates of change of DNA and protein sequences; they have a reduced genome size, having lost
many of the genes present in free-living relatives; and the genomic DNA shows a biased nucleotide
composition, favoring adenine-thymine over guanine-cytosine. Over the ensuing years, biologists had
merely speculated as to whether these traits were related to the special lifestyle and environment of
organisms that live inside a host’s cells, until Dr. Moran proposed that the genome evolution patterns of
these endosymbionts could be explained in an integrated way by drawing on population genetics theory
(Moran 1996). In population genetics, according to the effect known as “Muller’s ratchet,” in small asexual
populations there is a high rate of fixation of mildly deleterious mutations, as these are not eliminated
successfully; this effect has often been used as an argument for the value of sexual reproduction. Dr. Moran
pointed out that, in general, in bacterial symbionts necessary to the host’s survival, the effective population
size becomes tiny because the process of vertical transmission from the host mother to the egg acts as a
strong bottleneck in each generation; further, that populations of symbionts in the same host become
effectively clonal, or genetically identical, because they do not reproduce outside the host and there is no
horizontal transfer between hosts, and therefore they can be seen as asexual, in that no useful genetic
recombination can occur. She thus formulated the hypothesis that traits like rapid molecular evolution,
reduced genome size, and biased nucleotide composition occur because the population genetic structure is
constrained by the obligate symbiont lifestyle and Muller’s ratchet makes it difficult to remove a mildly
deleterious mutation, correct a bias in mutation repair, or reacquire a lost gene (Mira et al. 2001). This
hypothesis is now widely accepted, having been supported by subsequent genomic and other findings in
many obligate symbiont and endoparasitic bacteria. Extremely rapid molecular evolution and reduced
genome size are also seen in intracellular organelles such as mitochondria and chloroplasts, which are
thought to be derived from symbiotic bacteria, and they can be explained there in the same way. The
smallest known bacterial genomes belong to symbionts of psyllids, sharpshooters and cicadas; as they have
fewer than 200,000 base pairs and 200 genes, the entities that possess them are almost organelles. Dr.
Moran’s group was involved in determining all of these genomes (Nakabachi et al. 2006; McCutcheon and
Moran 2007; McCutcheon et al. 2009). Dr. Moran has earned the highest regard for having proposed a



general theory, supported by actual examples, that offers an integrated explanation of reductive genome
evolution in symbiotic bacteria, the phenomenon observed in a wide range of bacterial genomes whereby
free-living bacteria enter a symbiosis, become obligate symbionts, and are eventually reduced to entities
not unlike organelles.

4. Environmental Adaptation of Hosts Benefited by Bacterial Symbionts

In many species populations, a number of bacterial symbionts are normally present at different
infection frequencies. Most are not essential to the host and are harbored by only some individuals in the
population. For a long time, the impact and significance of this facultative symbiont infection remained
unclear, but recent research by Dr. Moran’s own group and others has led to an appreciation of its
variegated biological functions. In particular, Dr. Moran’s group is noted for having shown that the
facultative bacterial symbiont Hamiltonella in aphids confers resistance to parasitic wasps on the aphid host
(Oliver et al. 2003), and that this protection against the wasp larva relies on toxins encoded on a
bacteriophage (Oliver et al. 2009). Dr. Moran and her coworkers have also found that the polymorphism of
resistance to parasitic wasps and tolerance to high temperatures seen in natural populations of aphids can be
explained in terms of the genetic polymorphism of facultative bacterial symbionts (Oliver et al 2005;
Russell and Moran 2006); that these facultative bacterial symbionts can be transmitted horizontally within
and between species (Moran and Dunbar 2006); and that their genomes show features similar to those of
pathogenic and parasitic bacteria (Degnan et al. 2009, 2010). Dr. Moran has further demonstrated that
obligate bacterial symbionts like Buchnera can give rise to striking ecological changes; for example, a new
mutation in Buchnera in a host insect population dramatically affected the host’s tolerance of heat stress
(Dunbar et al. 2007). The picture furnished by this series of studies shows that the symbiotic microbiotas
present in many organisms in nature often have subtle but non-negligible effects on the ecological,
macroscopic, and adaptive properties of the hosts.

Thus, while supplying a wealth of concrete evidence from perspectives ranging from evolutionary
ecology to genomics, Dr. Moran’s extensive high-level studies have shown that symbiosis, as an important
source of evolutionary novelty, has promoted diversification in many groups of organisms and has also
endowed them with the ability to exploit new ecological niches. Researchers in this field long tended to
limit themselves to the enumerative description of phenomena, but by taking population genetic processes
into account, Dr. Moran has succeeded in providing an integrated explanation of microbial symbiont
lifestyles at the evolutionary ecology level and of evolutionary trends at the genome level, thus establishing
common principles within diversity. The great influence that Dr. Moran has had, and no doubt will continue
to have, on the biology of symbiosis makes her the leading player internationally in this field.
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ric Harris Davidson
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Date of Birth: 13 April 1937

Nationality: United States of America
Position: Norman Chandler Professor of Cell Biology, Division of Biology
California Institute of Technology, US

Career:

1963 Ph.D., Rockefeller University

1963-1965 Research Associate, Rockefeller University

1965-1971 Assistant Professor, Rockefeller University

1971-1974 Associate Professor, California Institute of Technology

1974-1981 Professor, California Institute of Technology

1981- Norman Chandler Professor, California Institute of Technology
Awards and Distinctions:

1980 Fellow of the American Association for the Advancement of Science

1980 Awardee of the Alexander von Humboldt Foundation

1985 Member of the National Academy of Science

2002 Alexander Kowalevsky Medal and Honorary Member, St. Petersburg

Society of Naturalists

2007 Lifetime Achievement Award, Society for Developmental Biology

Representative Works:

1.

2.

Davidson, E. H., Allfrey, V. G. and Mirsky, A. E. 1963. Gene expression in differentiated cells.
Proc. Natl Acad. Sci. USA 49, 53-60.

Davidson, E. H., Haslett, G. W., Finney, R. J., Allfrey, V. G. and Mirsky, A. E. 1965. Evidence for
prelocalization of cytoplasmic factors affecting gene activation in early embryogenesis. Proc. Natl
Acad. Sci. USA 54, 696-704.

. Britten, R. J. and Davidson, E. H. 1969. Gene regulation for higher cells: A theory. Science 165,

349-358.

. Galau, G. A., Britten, R. J. and Davidson, E. H. 1974. A measurement of the sequence complexity of

polysomal messenger RNA in sea urchin embryos. Cell 2, 9-21.

. Hough, B. R., Smith, M. J., Britten, R. J. and Davidson, E. H. 1975. Sequence complexity of

heterogeneous nuclear RNA in sea urchin embryos. Cell 5, 291-299.

. Britten, R. J. and Davidson, E. H. 1976. Studies on nucleic acid reassociation kinetics. Empirical

equations describing reassociation. Proc. Natl Acad. Sci. USA 73, 415-419.

. Davidson, E. H., Klein, W. H. and Britten, R. J. 1977. Sequence organization in animal DNA and a

speculation on hnRNA as a coordinate regulatory transcript. Dev. Biol. 55, 69-84.

. Lee, A. S., Britten, R. J. and Davidson, E. H. 1977. Interspersion of short repetitive sequences

studied in cloned sea urchin DNA fragments. Science 196, 189-192.

. Scheller, R. H., Costantini, F. D., Kozlowski, M. R., Britten, R. J. and Davidson, E.H. 1978.

Specific representation of cloned interspersed repetitive DNA sequences in sea urchin RNAs. Cell
15, 189-203.

10. Ernst, S. G, Britten, R. J. and Davidson, E. H. 1979. Distinct single-copy sequence sets in sea

11.

12.

13.

14.

15.

urchin nuclear RNAs. Proc. Natl Acad. Sci. USA 76, 2209-2212.

Davidson, E. H. and Britten, R. J. 1979. Regulation of gene expression: Possible role of
repetitive sequences. Science 204, 1052-1059.

Moore, G. P., Costantini, F. D., Posakony, J. W., Davidson, E. H. and Britten, R. J. 1980.
Evolutionary conservation of repetitive sequence expression in sea urchin egg RNA's. Science
208, 1046-1048.

Costantini, F. D., Britten, R. J. and Davidson, E. H. 1980. Message sequences and short repetitive
sequences are interspersed in sea urchin egg poly(A)+ RNAs. Nature 287, 111-117.

Davidson, E. H. and Posakony, J. W. 1982. Repetitive sequence transcripts in development.
Nature 297, 633-635.

Davidson, E. H., Hough-Evans, B. R. and Britten, R. J. 1982. Molecular biology of the sea urchin

77



78

Appendix I

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

Profiles of the Prize Recipients =EZDI3ERE

embryo. Science 217, 17-26.

Davidson, E. H., Jacobs, H. T. and Britten, R. J. 1983. Very short repetitive sequences and the
coordinate induction of genes. Nature 301, 468-470.

Angerer, R. C. and Davidson, E. H. 1984. Molecular indices of cell lineage specification in the
sea urchin embryo. Science 226, 1153-1160.

Flytzanis, C. N., Britten, R. J. and Davidson, E. H. 1987. Ontogenic activation of a fusion gene
introduced into sea urchin eggs. Proc. Natl Acad. Sci. USA 84, 151-155.

Cameron, R. A., Hough-Evans, B. R., Britten, R. J. and Davidson, E. H. 1987. Lineage and fate
of each blastomere of the eight-cell sea urchin embryo. Genes & Dev. 1, 75-85.

Katula, K. S., Hough-Evans, B. R., Britten, R. J. and Davidson, E. H. 1987. Ontogenic expression
of a Cyl:actin fusion gene injected into sea urchin eggs. Development 101, 437-447.

Calzone, F. J., Théz¢é, N., Thiebaud, P., Hill, R. L., Britten, R. J. and Davidson, E. H. 1988.
Developmental appearance of factors that bind specifically to cis-regulatory sequences of a gene
expressed in the sea urchin embryo. Genes & Dev. 2, 1074-1088.

Sucov, H. M., Hough-Evans, B. R., Franks, R. R., Britten, R. J. and Davidson, E. H. 1988. A
regulatory domain that directs lineage-specific expression of a skeletal matrix protein gene in the
sea urchin embryo. Genes & Dev. 2, 1238-1250.

Davidson, E. H. 1989. Lineage-specific gene expression and the regulative capacities of the sea
urchin embryo: A proposed mechanism. Development 105, 421-445.

Davidson, E. H. 1990. How embryos work: A comparative view of diverse modes of cell fate
specification. Development 108, 365-389.

Thiebaud, P., Goodstein, M., Calzone, F. J., Théz¢é, N., Britten, R. J. and Davidson, E. H. 1990.
Intersecting batteries of differentially expressed genes in the sea urchin embryo. Genes & Dev. 4,
1999-2010.

Cameron, R. A., Fraser, S. E., Britten, R. J. and Davidson, E. H. 1991. Macromere cell fates
during sea urchin development. Development 113, 1085-1092.

Ransick, A. and Davidson, E. H. 1993. A complete second gut induced by transplanted
micromeres in the sea urchin embryo. Science 259, 1134-1138.

Davidson, E. H. 1994. Molecular biology of embryonic development: How far have we come in
the last ten years? BioEssays 16, 603-615.

Davidson, E. H., Peterson, K. and Cameron, R. A. 1995. Origin of the adult bilaterian body plans:
Evolution of developmental regulatory mechanisms. Science 270, 1319-1325.

Davidson, E. H. 1996. Biology of developmental transcription control. Proc. Natl Acad. Sci. USA
93, 9307-9308.

Davidson, E. H. 1997. Insights from the echinoderms. Nature 389, 679-680.

Yuh, C.-H., Bolouri, H. and Davidson, E. H. 1998. Genomic cis-regulatory logic: Functional
analysis and computational model of a sea urchin gene control system. Science 279, 1896-1902.
Davidson, E. H., Cameron, R. A. and Ransick, A. 1998. Specification of cell fate in the sea urchin
embryo: Summary and some proposed mechanisms. Development 125, 3269-3290.

Davidson, E. H. 1999. A view from the genome: Spatial control of transcription in sea urchin
development. Current Opin. Genet. Dev. 9, 530-541.

Pasquinelli, A. E., Reinhart, B. J., Slack, F., Martindale, M. Q., Kuroda, M. 1., Maller, B.,
Hayward, D. C., Ball, E. E., Degnan, B., Miiller, P., Spring, J., Srinivasan, A., Fishman, M.,
Finnerty, J., Corbo, J., Levine, M., Leahy, P., Davidson, E. and Ruvkun, G. 2000. Conservation of
the sequence and temporal expression of let-7 heterochronic regulatory RNA. Nature 408,
86-89.

Arenas-Mena, C., Cameron, R. A. and Davidson, E. H. 2000. Spatial expression of Hox cluster
genes in the ontogeny of a sea urchin.  Development 127, 4631-4643.

Davidson, E. H., Rast, J. P., Oliveri, P., Ransick, A., Calestani, C., Yuh, C.-H., Minokawa, T.,
Amore, G.,, Hinman, V., Arenas-Mena, C., Otim, O., Brown, C. T., Livi, C. B., Lee, P.,, Revilla, R.,
Rust, A. G, Pan, Z. J., Schilstra, M. J. Clarke, P. J. C., Arnone, M. 1., Rowen, L., Cameron, R. A.,
McClay, D. R., Hood, L. and Bolouri, H. 2002. A genomic regulatory network for development.
Science 295, 1669-1678.

Erwin, D. H. and Davidson, E. H. 2002. The last common bilaterian ancestor. Development 129,
3021-3032.

Istrail, S. and Davidson, E. H. 2005. Logic functions of the genomic cis-regulatory code. Proc.
Natl Acad. Sci. USA 102, 4954-4959.



40. Davidson, E. H. and Erwin, D. H. 2006. Gene regulatory networks and the evolution of animal
body plans. Science 311, 796-800.

41. Sea Urchin Genome Sequencing Consortium. 2006. The genome of the sea urchin
Strongylocentrotus purpuratus. Science 314, 941-952.

42. Samanta, M. P., Tongprasit, W., Istrail, S., Cameron, R. A., Tu, Q., Davidson, E. H. and Stolc, V.
2006. The transcriptome of the sea urchin embryo. Science 314, 960-962.

43. Smith, J., Theodoris, C. and Davidson, E. H. 2007. A gene regulatory network subcircuit drives a
dynamic pattern of gene expression. Science 318, 794-797.

44. Oliveri, P, Tu, Q. and Davidson, E. H. 2008. Global regulatory logic for specification of an
embryonic cell lineage. Proc. Natl Acad. Sci. USA 105, 5955-5962.

45. Erwin, D. H. and Davidson, E. H. 2009. The evolution of hierarchical gene regulatory networks.
Nature Rev. Genet. 10, 141-148.

46. Davidson, E. H. 2010. Emerging properties of animal gene regulatory networks. Nature 468,
911-920.

47. Peter, 1. S. and Davidson, E. H. 2011. Evolution of gene regulatory networks controlling
embryonic development. Cel/ 144, 970-985.

48. Peter, 1. S. and Davidson, E. H. 2011. A gene regulatory network controlling the embryonic
specification of endoderm. Nature 474, 635-639.

Research Achievements:

Animal development, the process by which a single-celled fertilized egg becomes a multi-celled adult
through division, morphogenesis, and cell differentiation, is one of the most dynamic of all biological
phenomena, and one that unfolds in four dimensions. For over 40 years, Dr. Davidson has devoted his
career to solving the key issues in developmental biology, which include the role of genes in development,
how genes are turned on and off, gene expression cascades, genomic logic, and the mechanisms of
development and evolution. He has utilized the concept of the “gene regulatory network” (GRN) to
integrate the results of this work.

1. Early Theoretical Studies

Embryology, the search for the mechanisms of individual development in animals, emerged as a
science in the mid-nineteenth century. It has been a largely experimental field, with many key discoveries
being made in the laboratory. Some embryologists have also been theorists, but it is relatively rare for
breakthroughs in this field to result from a marriage of theory and experiment. In 1968, at the age of 31, Dr.
Davidson published the book Gene Activity in Early Development, in which he theorized that gene
activation is the key mechanism underlying developmental cell differentiation and morphogenesis.

In 1969, Dr. Davidson and Dr. Roy Britten published a paper entitled “Gene regulation for higher
cells: A theory,” in which they argued that if higher cells having the same genome are to develop
differentially into cells with diverse forms and functions, there would need, in principle, to be regulation of
gene expression under genomic control together with interaction among the genes. The study amounted to a
theoretical prediction of the molecular mechanisms of development, in an overview which took in almost
all mechanisms of developmental gene regulation, including now-familiar areas such as differential gene
expression in cell differentiation, the control of downstream genes by sensor, integrator, and receptor genes
and the formation of gene batteries when these elements combine in large numbers. At a time when the
molecular mechanisms of development were little understood, this represented a revolutionary theoretical
breakthrough, and the paper gained lasting renown among geneticists and molecular biologists as well as
developmental biologists.

The theoretical discussion was also prescient in many other ways, pointing toward the importance of
quantitative changes in the expression state of genes, the approach that has come to be known as systems
biology, and genomic regulation of gene expression, to name but a few areas.

2. Research on Gene Regulatory Mechanisms in Sea Urchin Development
Dr. Davidson later focused on intensive experimental research, seeking evidence of how gene
expression is regulated so that animal development proceeds as programmed, both temporally and spatially.
The sea urchin has long been used in embryology, for reasons including the ample availability of eggs
at all seasons of the year and the ease of manipulation of the embryo. Taking full advantage of these
features, Dr. Davidson introduced molecular biological techniques and succeeded in making the sea
urchin a model system for analysis of the mechanisms of developmental gene regulation. He began by
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investigating cell lineage and showing that early embryonic cells become specified into three prospective
territories—the ectoderm, the skeletogenic or primary mesenchyme, and the endomesoderm—which then
differentiate into, respectively, the oral and aboral ectoderm, the spicules of the larval skeleton, and the
mesoderm, vegl endoderm, and endoderm. He then went on to isolate and identify cell
differentiation—specific genes in each of these territories, such as the endoderm-specific gene Endol6 and
the skeletogenic lineage—specific gene Sm50. He further made an in-depth analysis of the cis-regulatory
elements that control expression of these genes and showed their relationship to gene regulatory factors.

When the developmental roles of transcription factor genes and cell signaling molecule genes were
established in Drosophila and other organisms, Dr. Davidson investigated how these genes control the
expression and functions of differentiation genes, shedding light on their interactions as a result of his
thorough work.

3. Theoretical Reformulation and Experimental Proof of Gene Regulatory Networks

His elucidation of the regulatory mechanisms governing the expression of individual genes led Dr.
Davidson to a theoretical reformulation, that is, to characterize as the essential aspect of developmental
genes the fact that they act in gene cascades and networks (gene regulatory networks, or GRNs). He then
authenticated this in the laboratory by analyzing the expression mechanisms of numerous genes. By around
2006, he had established that over 30 genes interact in the GRN associated with the process from
skeletogenic mesenchyme specification to skeletogenic cell differentiation, and recently he found that over
40 genes are involved in the GRN associated with the process from specification to cell differentiation of
the endoderm. In addition, Dr. Davidson spearheaded the sequencing of the sea urchin genome by a
consortium which published its results in 2006; thanks to this genome information, research on gene
regulatory mechanisms in the sea urchin is making still further progress.

Dr. Davidson’s 2006 book The Regulatory Genome: Gene Regulatory Networks in Development and
Evolution could be called a grand synthesis of his work to date. In it he makes the case, based on the
evidence of many gene regulatory mechanisms, that GRNs explain the logic of development in a wide
range of animal species. In a sense, the book can be seen as presenting an embryological theory complete in
itself.

4. Ramifications of GRN Theory

Dr. Davidson is also well-versed in paleontology and has done groundbreaking research on the
molecular embryological mechanisms leading to animal evolution. Here, again, his work has a theoretical
dimension. He suggests that each of the components that make up GRNs (such as differentiation gene
batteries, plug-ins, input/output linkages, and kernels) is involved at a different stage of the evolutionary
process, with changes in differentiation gene batteries acting at the species level, changes in plug-ins and
input/output linkages acting at the class, order, or family level, and changes in kernels acting at or above
the phylum level. Many studies are currently under way to verify these hypotheses.

Thus, Dr. Davidson has been formulating novel theories of gene expression and its regulation since the
late 1960s when the molecular mechanisms of development were as yet little understood, and he has
demonstrated the validity of these theories with a very substantial body of research using the sea urchin. We
owe the concept of gene regulatory networks to Dr. Davidson’s global view of animal development, which
has yielded insights ahead of their time, together with his exacting and exhaustive experimental technique
and his ability to rethink paradigms, an approach which has led him to truly exceptional research
achievements.

To establish the regulatory mechanisms that govern gene expression is a central task not only for
developmental biologists but for scientists in fields ranging from molecular biology and cell biology to
neurobiology and immunology. Today, Dr. Davidson’s concept of gene regulatory networks has been
validated in every one of these fields. His research achievements, which are also informed by genomics and
systems biology, have contributed greatly to the advancement of the biological sciences as a whole.
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23. Altman, J. and S. A. Bayer (1997) Development of the Cerebellar System In Relation to Its Evolution,
Structure, and Functions. (Boca Raton, Florida: CRC Press)

24. Altman, J. and S. A. Bayer (2001) Development of the Human Spinal Cord. An Interpretation
Based on Experimental Studies in Animals. (New York: Oxford University Press)

25. Bayer, S. A., and J. Altman (2002-2007) Atlas of Human Central Nervous System Development,
Volumes 1-5. (Boca Raton, Florida: CRC Press)

Research Achievements:

In many tissues of living organisms, such as the bone marrow, skin, and gastrointestinal epithelium,
cells continue to divide and differentiate and are constantly replaced throughout life. With regard to the
brain, the father of neuroanatomy, Santiago Ramoén y Cajal, established the dogma that stem cells did not
exist in its tissues and that neural circuits, once constructed, would not be regenerated after injury, and this
was believed implicitly for decades. Dr. Altman overturned this dogma when he discovered that neural
progenitor cells capable of dividing do exist in certain regions of the brains of adult mammals and
demonstrated the occurrence of persistent neurogenesis.

1. The Discovery of Neurogenesis in the Dentate Gyrus of the Hippocampus

Dr. Altman was the first to report the possibility of neurogenesis in the telencephalon of adult rats,
based on an autoradiographic investigation which labeled dividing cells with radioactive thymidine
(Altman 1962). He then published a series of detailed analyses based largely on light microscopy,
demonstrating that adult neurogenesis occurs only in a particular layer (the subgranular zone) of the dentate
gyrus of the hippocampus and that granule cells, which are interneurons, continue to be supplied after birth
(Altman 1963, Altman and Das 1965, Altman 1967). To determine the physiological significance of adult
neurogenesis, he next investigated the effects of selective extirpation of newborn neurons by low doses of
X-irradiation and showed that behavioral abnormalities such as learning disorders occurred. In the 1960s
there were limits to the precision of irradiation technology, but Dr. Altman proposed the hypothesis,
extremely revolutionary for its time, that higher functions of the mammalian brain such as memory and
learning can be explained not merely by adaptive changes in existing circuits but by reorganization of the
circuits themselves (Altman 1967, Gazzara and Altman 1981).

These findings were ignored for many years, despite being based on very reliable data obtained with
correct techniques, but in the 1990s the introduction of highly versatile technology that superseded
autoradiography led to the rediscovery, in a number of laboratories, of the fact that adult neurogenesis in
the dentate gyrus of the hippocampus is a universal phenomenon in mammals including humans, and it was
confirmed that this had already been largely proved, in its essentials, by Dr. Altman. Subsequent research
has shown that neurogenesis in the dentate gyrus of the hippocampus changes under the influence of the
living environment, psychotropic drugs, and pathological stresses such as ischemia. Elucidating how it is
correlated with such things as the expression of higher brain functions and neuropsychiatric disorders is one
of the most important tasks in neuroscience today. Dr. Altman’s achievements have earned the greatest
respect as pathbreaking research that led to the opening up of a new domain of neuroscience.

2.The Discovery of Neurogenesis in the Subventricular Zone

Today it has become clear that neurogenesis in the adult brain of rodents is localized mainly in the
dentate gyrus of the hippocampus and the subventricular zone of the cerebrum. It was Dr. Altman, again,
who discovered neurogenesis in the subventricular zone along the walls of the lateral ventricles in the
forebrain. Through longitudinal quantitative analysis using autoradiography, he detected that the new
neurons move long distances together until they arrive at the olfactory bulb in the front end of the brain,
where they differentiate into interneurons, and he named this pathway of new neurons the rostral migratory



stream (Altman and Das 1966, Altman 1969). Since its discovery by Dr. Altman, the number of papers on
the rostral migratory stream published in international scientific journals is approaching 500. In rodent
brains, it has been shown that the subventricular zone of the lateral ventricles has the most active adult
neurogenesis and plays an important role in regulating and maintaining the functions of the olfactory nerve
circuits. The pathological significance of adult neurogenesis as a source of supply of neurons in injured
brains has also attracted attention, and many studies are being conducted on the control mechanisms of
neurogenesis and cell migration. The merits of Dr. Altman’s achievements in discovering and accurately
describing the phenomenon more than thirty years before the flowering of this field of research are beyond
a shadow of a doubt.

3. Neurogenesis in Rats and Humans

Dr. Altman has published many papers and anatomy books presenting detailed analyses of cell lineage
and differentiation in each region of the developing brain, mainly in rats. In particular, his detailed
descriptions of the behavior and fine structure of cells of all types in the formation of the cerebellar cortex,
based on light and electron microscopy, are to this day frequently cited in research papers. Further, his
unsurpassed developmental atlases of the rat and human brains are bestsellers consulted by many scientists.
In these ways, Dr. Altman has made enormous contributions to the advancement of knowledge of the
neuroanatomy of the developing brain.

The discovery of adult neurogenesis made it clear that neural circuits in the mature brain, previously
believed to be fixed and unrepairable, could be rebuilt at the structural level. Many researchers are
concentrating on the physiological and pathological significance of the control of neurogenesis and its
failure; at the same time, the possibility is emerging of regenerative therapies for structural and functional
damages in the nervous system through the manipulation of neurogenesis, and this is currently evolving
into an area of large-scale, cross-disciplinary research and development of technology. Dr. Altman’s
groundbreaking work was held back and its true value long overlooked due to a doctrine that was
deep-rooted and pervasive at the time, but on its rediscovery in the 1990s its importance and reliability
were recognized with astonishment and he was hailed as the pioneer of this field. His distinguished
achievements laid the foundations of a new field of medicine and bioscience which brings together
neuroscience, stem cell biology, psychiatry, and neurology, and they have contributed greatly to its
advancement.
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Dr. Joseph Felsenstein

(2013 Recipient)

Date of Birth: 9 May 1942

Nationality: United States of America

Position: Professor, University of Washington, USA

Career:
1967 Assistant Professor, Department of Genetics, University of Washington
1968 Ph.D. University of Chicago
1973 Associate Professor, Department of Genetics, University of Washington
1978 Professor, Department of Genetics, University of Washington
2001- Professor, Department of Genome Sciences, University of Washington
2003- Professor, Department of Biology, University of Washington

(on joint basis with Department of Genome Sciences)

Awards and Distinctions:

1993 Sewall Wright Award, American Society of Naturalists

1999 Elected to membership, National Academy of Sciences

2000 Weldon Memorial Prize, University of Oxford

2002 President's Awards for Excellence in Systematics,
Society of Systematic Biology

2009 Darwin-Wallace Medal, Linnean Society

2009 John J. Carty Award for the Advancement of Science,

National Academy of Sciences

Representative Works:

1.
2.

3.

10.
11.

12.

13.

14.

15.

16.

17.

Felsenstein, J. 1974. The evolutionary advantage of recombination. Genetics 78: 737-756.
Felsenstein, J.  1976. The theoretical population genetics of variable selection and  migration.
Annual Review of Genetics 10: 253-280.

Felsenstein, J. 1978. The number of evolutionary trees.  Systematic Zoology 27: 27-33.
Correction, vol. 30, p. 122, (1981)

Felsenstein, J. 1978. Cases in which parsimony or compatibility methods will be positively
misleading. Systematic Zoology 27: 401-410.

Felsenstein, J. 1981. Evolutionary trees from DNA sequences: a maximum likelihood approach.
Journal of Molecular Evolution 17: 368-376.

Felsenstein, J.  1981. Skepticism towards Santa Rosalia, or Why are there so few kinds of animals?
Evolution 35: 124-138.

Felsenstein, J.  1982. Numerical methods for inferring evolutionary trees.  Quarterly Review of
Biology 57: 379-404 1982.

Felsenstein, J. 1984. Distance methods for inferring phylogenies: a justification. Evolution 38:
16-24.

Felsenstein, J. 1985. Confidence limits on phylogenies: an approach using the bootstrap. Evolution
39: 783-791.

Felsenstein, J. 1985. Phylogenies and the comparative method. American Naturalist 125: 1-15.
Felsenstein, J. 1988. Phylogenies and quantitative characters. Annual Review of Ecology and
Systematics 19: 445-471.

Kuhner, M. K. and J. Felsenstein.  1994. A simulation comparison of phylogeny algorithms under
equal and unequal evolutionary rates. Molecular Biology and Evolution  11: 459-468. Erratum 12:
525 (1995).

Kuhner, M. K., J. Yamato, and J. Felsenstein. 1995. Estimating effective population size and
mutation rate from sequence data using Metropolis-Hastings sampling. Genetics 140: 1421-1430.
Felsenstein, J.  1996. Inferring phylogenies from protein sequences by parsimony, distance, and
likelihood methods. pp. 418-427 in Computer Methods for Macromolecular Sequence Analysis, edited
by R. F. Doolittle. Methods in Enzymology, vol. 266. Academic Press, Orlando, Florida.
Felsenstein, J. and G. A. Churchill.  1996. A hidden Markov model approach to variation among sites
in rate of evolution. Molecular Biology and Evolution 13:93-104.

Kuhner, M. K. J. Yamato and J. Felsenstein. 1998. Maximum likelihood estimation of population
growth rates based on the coalescent. Genetics 149: 429-434.

Beerli, P. and J. Felsenstein.  1999. Maximum-likelihood estimation of migration rates and effective



population numbers in two populations using a coalescent approach. Genetics 152: 763-773.
18. Kuhner, M. K., J. Yamato and J. Felsenstein. 2000. Maximum likelihood estimation of recombination
rates from population data. Genetics 156: 1393-1401.
19. Felsenstein, J. 2004. [Inferring Phylogenies. Sinauer Associates, Sunderland, Massachusetts.
Research Achievements:

Phylogenetic reconstruction, or reconstructing the family trees of populations and genes, is vital to the
work of evolutionary biologists. In the 1970s, Dr. Felsenstein developed the maximum-likelihood approach
for constructing population phylogenies from quantitative data such as allele frequencies, and in 1981 he
presented a new algorithm for constructing gene phylogenies from DNA sequences by maximum likelihood
and wrote a computational program for this purpose, which has been distributed as a software package
named PHYLIP. The algorithm and the package are in wide use to this day. Dr. Felsenstein has made many
other contributions to the biology of evolution, including introducing bootstrap probability for measuring
the confidence limits of different branches of phylogenies, identifying a problem inherent in the parsimony
method, which had been widely used in evolutionary biology, and proposing the contrasts method for
quantifying correlations between characters along evolutionary trees.

1. Establishment of the Maximum-Likelihood Method for Constructing Phylogenies

Maximum likelihood, a method proposed by R.A. Fisher and widely used in modern statistics, was
first applied to the construction of phylogenies in the 1960s. The early algorithms were not sophisticated,
but in the 1970s Dr. Felsenstein developed a maximum-likelihood method for reconstructing population
phylogenies from quantitative data such as allele frequencies, and in 1981 he presented a new algorithm for
reconstructing gene phylogenies from DNA sequences by maximum likelihood and developed a package of
computer programs to infer phylogenies. Dr. Felsenstein's maximum-likelihood approach has been widely
used ever since to infer molecular and population phylogenies, and it laid the foundations for later methods
of reconstructing maximum-likelihood trees from amino acid sequences and Bayesian methods.

2. Development and Distribution of the PHYLIP Software Package

In the PHYLIP package, together with the series of programs he had developed based on the
maximum likelihood framework, Dr. Felsenstein included some fifty programs involving various kinds of
parsimony, compatibility, and distance matrix methods such as neighbor-joining. The types of data that can
be handled include nucleotide and amino acid sequences, restriction sites, distance matrices, allele
frequencies, quantitative traits, and discrete characters. PHYLIP has been widely distributed on the website
http://evolution. genetics.washington.edu/phylip/. Over the years, it has had 30,000 registered users among
researchers worldwide and has contributed greatly to the biology of evolution.

3. Identification of a Statistical Problem in the Parsimony Method

In a paper he published in 1978, Dr. Felsenstein used a stochastic model to demonstrate that, in
phylogenies where there were very different rates of evolution on different branches, the parsimony method
of inferring trees would become more and more likely to construct a misleading tree as more data were
collected, in spite of the superficial philosophical soundness of this method based on the principle of
parsimony (“Occam's razor”). Today, this phenomenon is known as the “Felsenstein Zone.” The
demonstration gave a serious blow to cradists, who had long considered parsimony the most important
approach, and led to maximum-likelihood and distance matrix methods (where the problem does not occur)
being incorporated into phylogenetics. It has since been pointed out by other researchers that the same
problem can arise even in trees where the rates of molecular evolution are equal.

4. Introduction of the Bootstrap Method

In 1985 Dr. Felsenstein introduced the bootstrap, a newly invented method in theoretical statistics, to
measure the confidence limits for different branches in phylogenetic trees. In a phenomenon as complex as
a phylogeny, calculating the variance and standard error of estimates requires very complicated theoretical
formulations. Dr. Felsenstein showed that when data such as DNA sequences are resampled with
replacement so that large numbers of slightly different sets of sequence data are obtained, the confidence
limits for each branch of a phylogeny constructed on this basis can be evaluated as a bootstrap probability.
Today the bootstrap method is widely used in constructing phylogenies, and Dr. Felsenstein’s paper has
been cited over 20,000 times.

5. Presentation of the Contrasts Method

In 1985 Dr. Felsenstein presented the “contrasts method” for evaluating whether two characters that
are changing along a tree are evolving in a correlated way, and thus showed the importance of quantifying
how the evolution of characters varies between two independent species in a given tree. The contrasts
method has become fundamental to the development of phylogenetic comparative methods, especially in
ecology.
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Dr. Peter Crane

(2014 Recipient)

Date of Birth: July 18, 1954

Nationality: United Kingdom

Position: Professor of Botany and Carl W. Knobloch Jr., Dean of the School of Forestry and
Environmental Studies, Yale University, USA

Career:

1981 Ph.D., University of Reading, U.K.

1981-1982 Post-doctoral Research Scholar, Department of Biology, Indiana University, Bloomington,

U.S.A.
1982-1995 Curator, The Field Museum, Chicago, U.S.A.
1995-1999 Director, The Field Museum, Chicago, U.S.A.
1999-2006 Director and Chief Executive, The Royal Botanic Gardens, Kew, U.K.
2006-2009 John and Marion Sullivan University Professor, The University of Chicago, U.S.A.
2009- Professor of Botany and Carl W. Knobloch Jr., Dean of the School of Forestry and
Environmental Studies, Yale University

Awards and Distinctions:

1998 - Fellow of the Royal Society, U.K.

2001 - Foreign Associate, National Academy of Sciences, U.S.A.

2002 - Foreign Member, Royal Swedish Academy of Sciences, Sweden.

2004 - Member, Academy Leopoldina, National Academy of Sciences, Germany.
2008 - Member, American Academy of Arts and Sciences, U.S.A.
Representative Works:

1. DILCHER,D. L. & P.R. CRANE. 1984. Archaeanthus: an early angiosperm from the
Cenomanian of the western interior of North America. Annals of the Missouri Botanical Garden, 71:
351-383.

2. CRANE, P.R. 1985. Phylogenetic analysis of seed plants and the origin of angiosperms. Annals
of the Missouri Botanical Garden, 72: 716-793.

3. CRANE, P.R. & G. R. UPCHURCH. 1987. Drewria potomacensis gen. et sp. nov., an Early
Cretaceous member of the Gnetales from the Potomac Group of Virginia. American Journal of
Botany, 74: 1722-1736.

4. LIDGARD, S. H. & P. R. CRANE. 1988. Quantitative analyses of the early angiosperm radiation.
Nature, 331: 344-346.

5. CRANE, P.R. & S. H. LIDGARD. 1989. Angiosperm diversification and paleolatitudinal
gradients in Cretaceous floristic diversity. Science, 246: 675-678.

6. DRINNAN, A. N.,J. M. SCHRAMKE & P. R. CRANE. 1990. Stephanospermum konopeonus
(Langford) comb. nov.: a medullosan ovule from the Middle Pennsylvanian Mazon Creek flora of
northeastern Illinois, U.S.A. Botanical Gazette, 151: 385-401.

7. KENRICK, P. & P. R. CRANE. 1991. Water-conducting cells of early fossil land plants:
Implications for the early evolution of tracheophytes. Botanical Gazette, 152: 335-356.

8. CRANE, P. R, E. M. FRIIS & K. R. PEDERSEN. 1995. The origin and early diversification of
angiosperms. Nature, 374: 27-33.  Also reprinted in Gee, H. (ed) 2000. Shaking the tree.
University of Chicago Press, pp. 233-250.

9. KENRICK, P. & P. R. CRANE. 1997. The origin and early diversification of plants on land.
Nature, 389: 33-39.  Also reprinted in H. Gee (ed) 2000. Shaking the tree. University of Chicago
Press, pp. 271-232.

10. KENRICK, P. & P. R. CRANE. 1997. The Origin and Diversification of Land Plants. Smithsonian
Institution Press, 592 pp.

11. HOOT, S. B. S. MAGALLON-PUEBLA, & P. R. CRANE. 1999. Phylogeny of basal eudicots
based on three molecular data sets: atpB, rbcL and 18S nuclear ribosomal DNA sequences. Annals of
the Missouri Botanical Garden, 86: 1-32.



12. MAGALLON-PUEBLA, S., P. R. CRANE & P. S. HERENDEEN. 1999. Phylogenetic patterns,
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and eastern North America related to the Bennettitales-Erdtmanithecales-Gnetales group. American
Journal of Botany, 96: 252-283.
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19. FRIIS, E. M. K. R. PEDERSEN & P. R. CRANE. 2010. Diversity in obscurity: fossil flowers and
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Cambridge University Press. 596 pp.

Research Achievements:

The origins and early evolution of land plants, especially angiosperms, are questions that
remain unsolved in the systematic biology and taxonomy of plants, and over the years much
research has been devoted to resolving these two great problems. Until the 1970s, however,
the phylogeny and evolutionary history of plants was the province of researchers whose
approaches were different from each other: the comparative and developmental morphologists
studied living plants, while the paleontologists studied information from fossils. Dr. Crane
successfully integrated his analysis by incorporating findings from both approaches, thereby
greatly advancing our understanding of land plants and seed plants in terms of their
phylogeny, that is, their evolutionary history. He is thus credited with having opened up a
new chapter in plant systematics.

1. The Systematics of Seed Plants and a New Development in Angiosperm Origins Research

In his 1985 paper, Dr. Crane applied the new analytical technique of cladistics to the
phylogeny of seed plants while integrating character data on living seed plants (cycads,
conifers, ginkgos, Gnetales, and angiosperms) and character data on diverse extinct seed
plants known from the fossil record. The results not only greatly advanced our understanding
of the phylogenetic interrelationships among groups of seed plants (both living and extinct),
but also stimulated researchers to take a renewed interest in the origins of angiosperms and
gave a great impetus to subsequent work on angiosperm phylogenesis, including molecular
phylogenetic analysis.

In his paper, Dr. Crane set forth the Anthophyte hypothesis for the origin of angiosperms,
which postulates close phylogenetic relationships among the gnetophytes, which are living
gymnosperms, the Bennettitales and the Caytoniales, which are Mesozoic fossil plants, and
the angiosperms. Molecular phylogenetic analyses using the genes of living plants do not
support this hypothesis, however, and the question of angiosperm origins remains to be
settled. But recent years have brought to light much new information on the gnetophytes and
on small fossils of reproductive organs of Cretaceous seed plants, areas in which Dr. Crane
and his colleagues have done energetic work, and new insights in the search for angiosperm
origins and their early evolution are thus eagerly awaited.

2. The Elucidation of the Origins and Early Evolutionary Process of Land Plants
Since their genesis on Earth 4 billion years ago, living organisms have evolved in diverse
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ways and have played a role in transforming the planet’s environment. In particular, the
advent of terrestrial plants created a rich soil on the land’s surface and has even affected the
composition, humidity, and temperature of the atmosphere. Thus, illuminating the origins
and early evolution of land plants is important, among other reasons, for what it can tell us
about changes in the Earth’s environment. As research progressed on fossil vascular plants of
the Silurian and Devonian periods of the Paleozoic era, paleobotanists speculated that early
land plants were more diverse than they had previously thought; for example, vascular
gametophytes existed that have branched axes as do the sporophytes of living vascular plants.
But at this stage, the morphology was merely being described; no unified hypothesis to
account for the evolution of these characters had yet been proposed. With Dr. Paul Kenrick,
Dr. Crane was one of those who studied the morphology of early land plant fossil groups, and
his major discoveries have included a structure similar to the water-conducting cells seen in
living bryophytes. In addition to these contributions to morphology, however, Dr. Crane
placed fossil land plants of the Paleozoic era in the large gap between bryophytes and
vascular plants and constructed phylogenetic relationships of land plants with a synthetic
perspective by combining phyletic information on living green algae, bryophytes, and vascular
plants with information from a wide array of fossil plants. This greatly furthered our
understanding of early evolutionary processes in vascular plants, including how the life cycle
of early land plants evolved, and the process that gave rise to their structural plan and
morphology.

3. The Elucidation of the Early Evolutionary Process of Angiosperms

On a geological time scale, angiosperms arose suddenly and expanded in a burst of
diversification. Darwin called this “abominably mysterious,” and it is the great enigma of
plant systematics. In the early 1980s, Dr. Else Marie Friis of Denmark, using bulk-sieving
techniques which wash out fossils from soft Cretaceous sedimentary rock, succeeded in
obtaining carbonized fossils including flowers, seeds, and fruits as small as 1 to 2 mm. This
led to the collection of small fossils of anglosperms, which were previously considered
impossible to obtain, and new information on early angiosperms was brought to light. Further,
the recent availability of synchrotron X-ray microtomography, which yields cross-sectional
images without sectioning, allows the detailed internal structure to be observed, enabling
enormous advances in fossil research. Together with Dr. Friis, Dr. Crane has always been an
avid observer of small fossils obtained from Cetaceous sedimentary rock in Kurope and
America, and also in Asia, where he has done research on the Futaba Group of deposits in
Japan’s Tohoku region. In 2011, Dr. Crane collaborated with Dr. Friis and Dr. Kaj Raunsgaard
Pedersen to compile 30 years’ worth of findings from this research into a book. Today, then,
hypotheses about early angiosperm evolution based on the molecular phylogenetic analysis of
living plants can be verified against the fossil record. It has also become possible to carry on a
multifaceted debate on the evolution of diversity in angiosperms over their first tens of
millions of years, including aspects such as the evolution of pollination systems and modes of
pollen dispersal in early angiosperms.

In these ways we have seen, Dr. Crane has addressed the two major themes of plant
systematics, namely, the origins and early evolution of land plants, and the origins and early
evolution of angiosperms. He has consistently been a world leader in plant systematics
analysis, achieving many results that have become enduring benchmarks. By pioneering the
adoption of a research method that integrates information from the paleontological record and
from living plants in a synthetic analysis, Dr. Crane has contributed greatly to the
development of analytical work in plant systematics.
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Chronological Record

1985
January 14

April 25

April 25

September 13

October 2

November 15

An informal meeting of persons interested in the establishment of an
International Prize for Biology.

The preparatory conference for the International Prize for Biology.

1. Agreement was reached on the general idea of the International Prize for
Biology.

2. The draft regulations of the proposed Committee on the International Prize
for Biology were discussed and agreed upon.

The first meeting of the Committee on the International Prize for Biology.

1. The resolution for the establishment of the Committee was adopted.
Officers of the Committee as selected were: Chairman, Dr. Hiromi
Arisawa; Vice-Chairman, Dr. Seiji Kaya; Advisors, Mr. Yoshihiro Inayama
and Dr. Hitoshi Kihara; Managers, Dr. Nobuo Egami, Mr. Hiroshi Kida,
Dr. Hideshi Kobayashi, Dr. Makoto Numata, Dr. Hiroshi Hara, and Dr.
Naohide Hiratsuka.

2. The Managing Committee (Chairman: Dr. Hiromi Arisawa), the Selection
Committee (Chairman: Dr. Nobuo Egami), and the Finance Committee
(Chairman: Mr.Nihachiro Hanamura) were appointed.

3. The outline of the International Prize for Biology was adopted.

4. The awarding field of the 1985 Prize was designated.

Private contributions to the International Prize for Biology Fund was
designated for one year to be exempted from taxation (Notification No.112 of
the Ministry of Finance).

The second meeting of the Committee on the International Prize for Biology.
The recipient of the 1985 Prize was decided.

Presentation Ceremony of the 1985 Prize at the Japan Academy.
Recipient: Dr. E.J.H. Corner.

1986
January 17

September 11

The third meeting of the Committee on the International Prize for Biology.

1. The awarding field of the 1986 Prize was designated.

2. The Selection Committee for the 1986 Prize was appointed under the
chairmanship of Dr. Yuichi Yamamura.

3. The conference for consideration of the annual awarding field of the Prize
was set up.

The tax-exemption period of the contributions to the International Prize for
Biology Fund was extended for another year (Notification No. 135 of the
Ministry of Finance).
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1986
October 7

November 20

December 12

Appendix II Chronological Record £ ¥

The fourth meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1986 Prize was decided.
2. The awarding field of the 1987 Prize was designated.

Presentation Ceremony of the 1986 Prize at the Japan Academy.
Recipient: Dr. Peter H. Raven.

Dr. Toshio Kurokawa, President, Japan Academy, was selected as Chairman of
the Committee on the International Prize for Biology.

1987
February 24 The fifth meeting of the Committee on the International Prize for Biology.
1. Dr. Yoshio Fujita, Chairman, SectionIl, Japan Academy, was selected as
Vice-Chairman of the Committee on the International Prize for Biology,
Dr. Seiji Kaya taking office as an adviser.
2. The Selection Committee for the 1987 Prize was appointed.
October 8 The sixth meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1987 Prize was decided.
2. The awarding field of the 1988 Prize was designated.
November 25 Presentation Ceremony of the 1987 Prize at the Japan Academy.
Recipient: Dr. John B. Gurdon.
1988
February 17 The seventh meeting of the Committee on the International Prize for Biology.
1. The Selection Committee for the 1988 Prize was appointed under the
chairmanship of Dr. Naohide Hiratsuka.
September 9 Mr. Shoichi Saba, Vice-President, Federation of Economic Organizations was
appointed as Chairman of the Finance Committee.
October 7 The eighth meeting of the Committee on the International Prize for Biology.
1. Dr. Yoshio Fujita, Acting Chirman, was selected as Chairman on the
International Prize for Biology, Dr. Masao Kotani, Chairman, SectionIl,
Japan Academy, taking office as its Vice-chairman.
2. The recipient of the 1988 Prize was decided.
3. The awarding field of the 1989 Prize was designated.
November 28 Presentation Ceremony of the 1988 Prize at the Japan Academy.

Recipient: Dr. Motoo Kimura.
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1988
December 2 1. Amendments to the Operating Procedures of the Japan Society for the
Promotion of Science.
2. Revision of the Regulations of the Committee on the International Prize
for Biology into the Japan Society for the Promotion of Science
Regulations on the Awarding of the International Prize for Biology and
the Regulations of the Committee on the International Prize for Biology.
December 28 The Prize money of the International Prize for Biology was exempted from
taxation (Notification No. 182 of the Ministry of Finance).
1989
February 28 The ninth meeting of the Committee on the International Prize for Biology.
1. Decision was made to continue the awarding of the International Prize for
Biology after the demise of Emperor Showa.
2. The Selection Committee for the 1989 Prize was appointed.
October 5 The 10th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1989 Prize was decided.
2. The awarding field of the 1990 Prize was designated.
November 27 Presentation Ceremony of the 1989 Prize at the Japan Academy.
Recipient: Sir Eric J. Denton.
1990
February 28 The 11th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 1990 Prize was appointed under the
chairmanship of Dr. Noburo Kamiya.
October 25 The 12th meeting of the International Prize for Biology.

December 15

1. The recipient of the 1990 Prize was decided.
2. The awarding field of the 1991 Prize was designated.

Presentation Ceremony of the 1990 Prize at the Japan Academy.
Recipient: Dr. Masakazu Konishi.

1991
February 25

October 3

November 25

The 13th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 1991 Prize was appointed.

The 14th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1991 Prize was decided.
2. The awarding field of the 1992 Prize was designated.

Presentation Ceremony of the 1991 Prize at the Japan Academy.
Recipient: Dr. Marshall D. Hatch.
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1992
February 21 The 15th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 1992 Prize was appointed under the
chairmanship of Dr. Takashi Sugimura.
October 5 The 16th meeting of the Committee on the International Prize for Biology.
1. Dr. Naohide Hiratsuka was selected as Vice-chairman of the Committee on
the International Prize for Biology, Dr. Masao Kotani taking office as an
Adviser.
2. The recipient of the 1992 Prize was decided.
3. The awarding field of the 1993 Prize was designated.
November 30 Presentation Ceremony of the 1992 Prize at the Japan Academy.
Recipient: Dr. Knut Schmidt-Nielsen.
1993

February 15

The 17th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 1993 Prize was appointed.

October 14 The 18th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1993 Prize was decided.
2. The awarding field of the 1994 Prize was designated.
November 29 Presentation Ceremony of the 1993 Prize at the Japan Academy.
Recipient: Dr. Edward O. Wilson.
1994
February 24 The 19th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 1994 Prize was appointed under the
chairmanship of Dr. Tokindo S. Okada.
July 1 Seiji Suzuki, Vice-President, Federation of Economic Organizations, was

September 14

November 28

appointed as Chairman of the Finance Committee.

The 20th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1994 Prize was decided.
2. The awarding field of the 1995 Prize was designated.

Presentation Ceremony of the 1994 Prize at the Japan Academy.
Recipient: Dr. Ernst Mayr.

1995
February 14

The 21st meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 1995 Prize was appointed.
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The 22nd meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1995 Prize was decided.
2. The awarding field of the 1996 Prize was designated.

November 27 Presentation Ceremony of the 1995 Prize at the Japan Academy.
Recipient: Dr. Ian Read Gibbons
1996
February 19 The 23rd meeting of the Committee on the International Prize for Biology.
1. Dr. Setsuro Ebashi was selected as Vice-chairman of the Committee on the
International Prize for Biology, Dr. Naohide Hiratsuka taking office as an
Adviser.
2. The Selection Committee for the 1996 Prize was appointed under the
Chairmanship of Dr. Setsuro Ebashi.
September 30 The 24th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1996 Prize was decided.
2. The awarding field of the 1997 Prize was designated.
November 25 Presentation Ceremony of the 1996 Prize at the Japan Academy.
Recipient: Dr. Ryuzo Yanagimachi
1997
February 1 Masahiko Furukawa, Vice-President, Federation of Economic Organizations
was appointed as Chairman of the Finance Committee.
February 20 The 25th meeting of the Committee of the International Prize for Biology.
The Selection Committee for the 1997 Prize was appointed.
September 24 The 26th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1997 Prize was decided.
2. The awarding field of the 1998 Prize was designated.
November 25 Presentation Ceremony of the 1997 Prize at the Japan Academy.
Recipient: Dr. Elliot Martin Meyerowitz
1998
February 23 The 27th meeting of the Committee on the International Prize for Biology.

The Selection Committee for the 1998 Prize was appointed under the
chairmanship of Dr. Hideo Mohri.
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1998
September 17

Appendix II Chronological Record £ ¥

The 28th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1998 Prize was decided.
2. The awarding field of the 1999 Prize was designated.

December 7 Presentation Ceremony of the 1998 Prize at the Japan Academy.
Recipient: Dr. Otto Thomas Solbrig
1999
February 1 The 29th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 1999 Prize was appointed.
September 9 The 30th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 1999 Prize was decided.
2. The awarding field of the 2000 Prize was designated.
November 29 Presentation Ceremony of the 1999 Prize at the Japan Academy.
Recipient: Dr. Setsuro Ebashi
2000
February 3 The 31st meeting of the Committee of the International Prize for Biology.
The Selection Committee for the 2000 Prize was appointed under the
chairmanship of Dr. Koscak Maruyama.
September 1 Akio Kosai, Vice-President, Federation of Economic Organizations was
appointed as Chairman of the Finance Committee.
September 26 The 32nd meeting of the Committee on the International Prize for Biology.
1. Dr. Setsuro Ebashi was selected as Chairman of the Committee on the
International Prize for Biology and Dr. Saburo Nagakura taking office as
its Vice-chairman.
2. The recipient of the 2000 Prize was decided.
3. The awarding field of the 2001 Prize was designated.
November 27 Presentation Ceremony of the 2000 Prize at the Japan Academy.
Recipient: Dr. Seymour Benzer
2001
January 30 The 33rd meeting of the Committee of the International Prize for Biology.

The Selection Committee for the 2001 Prize was appointed.

108



ERE 10 &
917 H

124 7H

ESAEmFERES (528 [MI&i#)
%14 REBEAEYFE S BEE OWRTE
515 A [E A FEIRE B ORIE

%14 FEEAYFERER (AR R)
SEE Ay bh—e h—<ZX VLT —SH+L

ER11E
2H1H

9H9H

11 4291

=
(159

EAEYPEEES (529 )
SRBDE4

%529 a2
515 mEEAY R EREAEEE
ERAEmFEZRE S (6F 30 nl&i%)
%15 BEBEAEYFE S BE OWE
%16 [RIE A FERE 5B OPTE

55 15 [AEBAEY P ERE (AR L)
SEHE G

ERE 12 6
2A3H

9H1H

9H26H

11 427 H

EEMTFEZERES (5 31 M=H)
%16 MEFREM FHFEAZBRZBORA,
FUl TARREFEAZ BRI

BEEIFRK (FFHEESGREIER) EeERZERICHE

EEMTFREERS (5 32 M=)
ILABEIRRE (RIEZAR) ZAERICHIE,

RAZMEK (AAZERES HE) RIZAERICHRE

516 M [EREAMFEZ EE ORE
517 Bl [E A EIRE B O E

% 16 [AIEEEAMFEREX (AARE PR
ZEH O —ET - XUt

R 13 &
1 H30H

EE EEER S (0 33 M)
%17 BIER M FEEAEZ BRZRAORES

109



Appendix II Chronological Record £ ¥

2001
September 19 The 34th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2001 Prize was decided.
2. The awarding field of the 2002 Prize was designated.
December 3 Presentation Ceremony of the 2001 Prize at the Japan Academy
Recipient: Dr. Harry B. Whittington
2002
February 4 The 35th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2002 Prize was appointed under the
chairmanship of Dr. Kunio Iwatsuki.
September 17 The 36th meeting of the Committee on the International Prize for Biology.
1. Dr. Saburo Nagakura was selected as Chairman of the Committee on the
International Prize for Biology, Dr. Takashi Sugimura taking office as its
Vice-chairman.
2. The recipient of the 2002 Prize was decided.
3. The awarding field of the 2003 Prize was designated.
December 2 Presentation Ceremony of the 2002 Prize at the Japan Academy
Recipient: Dr. Masatoshi Nei
2003
February 14 The 37th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2003 Prize was appointed.
September 11 The 38th meeting of the Committee of the International Prize for Biology.
1. The recipient of the 2003 Prize was decided.
2. The awarding field of the 2004 Prize was designated.
December 1 Presentation Ceremony of the 2003 Prize at the Japan Academy.
Recipient: Dr. Shinya Inou¢
2004
January 28 The 39th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2004 Prize was appointed under the
chairmanship of Dr. Kiyoshi Aoki.
September 9 The 40th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2004 Prize was decided.
2. The awarding field of the 2005 Prize was designated.
November 29 Presentation Ceremony of the 2004 Prize at the Japan Academy.

Recipient: Dr. Thomas Cavalier-Smith
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Appendix II Chronological Record £ ¥

2005
February 10

September 14

The 41th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2005 Prize was appointed.

The 42th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2005 Prize was decided.
2. The awarding field of the 2006 Prize was designated.

December 5 Presentation Ceremony of the 2005 Prize at the Japan Academy
Recipient: Dr.Nam-Hai Chua
2006
February 7 The 43th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2006 Prize was appointed under the
chairmanship of Dr. Hoshi Motonori.
September 7 The 44th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2006 Prize was decided.
2. The awarding field of the 2007 Prize was designated.
November 20 Presentation Ceremony of the 2006 Prize at the Japan Academy
Recipient: Dr. Serge Daan
2007
January 29 The 45th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2007 Prize was appointed.
September 4 The 46th meeting of the Committee on the International Prize for Biology.

November 19

1. The recipient of the 2007 Prize was decided.
2. The awarding field of the 2008 Prize was designated.

Presentation Ceremony of the 2007 Prize at the Japan Academy.
Recipient: Dr. David Swenson Hogness

2008
January 1

January 24

September 17

December 8

Hiromasa Yonekura, Chairman of the Board of Councillors, Japan Business
Federation, was appointed as Chairman of the Finance Committee.

The 47th meeting of the Committee on the International Prize for Biology.

1. Dr. Takashi Sugimura was selected as Chairman of the Committee on the
International Prize for Biology, Dr. Kazuhiko Nishijima taking office as its
Vice-chairman.

2. The Selection Committee for the 2008 Prize was appointed under the
chairmanship of Dr. Masamitsu Wasa.

The 48th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2008 Prize was decided.
2. The awarding field of the 2009 Prize was designated.

Presentation Ceremony of the 2008 Prize at the Japan Academy.
Recipient: Dr. George David Tilman
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2009
January 23 The 49th meeting of the Committee on the International Prize for Biology.
1. Dr. Yoshihide Kozai was appointed as Vice-chairman of the Committee on
the International Prize for Biology.
2. The Selection Committee for the 2009 Prize was appointed under the
chairmanship of Dr. Makoto Asashima.
September 15 The 50th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2009 Prize was decided.
2. The awarding field of the 2010 Prize was designated.
November 30 Presentation Ceremony of the 2009 Prize at the Japan Academy
Recipient: Dr. Winslow Russell Briggs
2010
January 21 The 51th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2010 Prize was appointed.
October 7 The 52th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2010 Prize was decided.
2. The awarding field of the 2011 Prize was designated.
December 6 Presentation Ceremony of the 2010 Prize at the Japan Academy
Recipient: Dr. Nancy Ann Moran
2011
January 17 The 53th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2011 Prize was appointed under the
chairmanship of Dr. Masamitsu Wada.
October 17 The 54th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2011 Prize was decided.
2. The awarding field of the 2012 Prize was designated.
November 19 Presentation Ceremony of the 2011 Prize at the Japan Academy.

Recipient: Dr. Eric Harris Davidson
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2012

January 16 The55th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2012 Prize was appointed under the
chairmanship of Dr. Noriyuki Satoh.

September 7 The 56th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2012 Prize was decided.
2. The awarding field of the 2013 Prize was designated.

November 26 Presentation Ceremony of the 2012 Prize at the Japan Academy.

Recipient: Dr. Joseph Altman
2013
February 20 The 57th meeting of the Committee on the International Prize for Biology.

September 17

November 18

The Selection Committee for the 2013 Prize was appointed.

The 58th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2013 Prize was decided.
2. The awarding field of the 2014 Prize was designated.

Presentation Ceremony of the 2013 Prize at the Japan Academy.
Recipient: Dr. Joseph Felsenstein

2014
January 17

May 13

June 3

September 1

December 1

The 59th meeting of the Committee on the International Prize for Biology.
The Selection Committee for the 2014 Prize was appointed under the
chairmanship of Dr. Yoshinori Fujiyoshi.

Dr. Kumao Toyoshima was appointed as Vice-chairman of the Committee on
the International Prize for Biology.

Sadayuki Sakakibara, Chair, Japan Business Federation, was appointed as
Chairman of the Finance Committee.

The 60th meeting of the Committee on the International Prize for Biology.
1. The recipient of the 2014 Prize was decided.
2. The awarding field of the 2015 Prize was designated.

Presentation Ceremony of the 2014 Prize at the Japan Academy.
Recipient: Dr. Peter Crane
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Appendix ITI

The Number of Nominations

The Number of Nominations

‘ ' Received The Act.ual Number
The Awarding Field of the Year e of Nominees after
Nommatlons Accounting for
in Total Duplications
1985 | Taxonomy or Systematic Biology 118 87
1986 | Systematic Biology and Taxonomy 105 73
1987 | Developmental Biology 66 47
1988 | Population Biology 122 49
1989 | Marine Biology 55 45
1990 | Behavioral Biology 77 59
1991 | Functional Biology of Plants 63 50
1992 | Comparative Physiology and Biochemistry 103 78
1993 | Ecology 59 47
1994 | Systematic Biology and Taxonomy 75 50
1995 | Cell Biology 83 48
1996 | Biology of Reproduction 81 48
1997 | Plant Science 58 44
1998 | The Biology of Biodiversity 65 49
1999 | Animal Physiology 56 41
2000 | Developmental Biology 48 39
2001 | Paleontology 68 51
2002 | Biology of Evolution 51 37
2003 | Cell Biology 44 41
2004 | Systematic Biology and Taxonomy 52 38
205 | Bl o P S i .
2006 | Chronobiology 68 31
2007 | Genetics 61 44
2008 | Ecology 38 34
2009 | Biology of Sensing 57 46
2010 | Biology of Symbiosis 55 46
2011 | Developmental Biology 70 47
2012 | Neurobiology 55 52
2013 | Biology of Evolution 52 40
2014 | Systematic Biology and Taxonomy 54 40
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Appendix IV

Past and Present Members of
the Committee on the International Prize for Biology

(After 2005)

2005 Committee on the International Prize for Biology

Nagakura, Saburo
Sugimura, Takashi
Ebashi, Setsuro
Okuda, Hiroshi
Aoki, Kiyoshi
Kosai, Akio
Asashima, Makoto
Chihara, Mitsuo

Hakoshima, Shinichi
Hama, Kiyoshi

Hashimoto, Genichi
Hieda, Hisashi
Hiwatashi, Koichi
Hoshi, Motonori
Iwatsuki, Kunio
Katsumata, Tsunehisa
Kawanabe, Hiroya
Koeda, Itaru
Komamine, Atsushi
Koshida, Hiroshi
Kuroiwa, Tsuneyoshi
Maeda, Terunobu
Mimura, Akio
Mohri, Hideo
Morishita, Yoichi
Okada, Tokindo S.
Okamoto, Michio
Ono, Motoyuki
Sasaki, Masamine
Sasaki, Mikio

Seya, Toshio
Shimura, Yoshiro
Takeuchi, Ikuo
Toyoshima, Kumao
Umeda, Sadao
Wada, Masamitsu
Watanabe, Itaru
Watari, Fumiaki
Yokoyama, Shinichi

* As of September 2005

(Chair) President, The Japan Academy

Chairman of Section II, The Japan Academy

Member of the Japan Academy

Chairman, Japan Business Federation

Professor Emeritus, Sophia University

Adpviser, Japan Business Federation

President, Zoological Society of Japan

Professor Emeritus, University of Tsukuba

President, Japan Newspaper Publishers and Editors Association
Professor Emeritus, National Institute for Physiological Sciences, Okazaki
National Research Institutes

President, Japan Broadcasting Corporation (NHK)

President, The National Association of Commercial Broadcasters in Japan
Member of the Japan Academy

Professor, Faculty of Science and Technology, Keio University
Director, Museum of Nature and Human Activities, Hyogo
Chairman, The Federation of Electric Power Companies
Director General, Lake Biwa Museum

Chairman, Japan Automobile Manufacturers Association, Inc
Director, The Research Institute of Evolution Biology
President, Japan Securities Dealers Association

Professor, Science, Rikkyo University

Chairman, Japanese Bankers Association

President, Japan Iron and Steel Federation

Professor Emeritus, The University of Tokyo

Chairman, The Japan Electrical Manufacturers’ Association
Professor Emeritus, Kyoto University

Professor Emeritus, Kyoto University

President, Japan Society for the Promotion of Science

Director General, National Science Museum

Chairman, Japan Foreign Trade Council, Inc.

Chairman, Regional Banks Association of Japan

President, National Institutes of Natural Sciences

Professor Emeritus, Kyoto University

Adviser, Riken SNP Research Center

President, Japan Federation of Construction Contractors
President, Botanical Society of Japan

Professor Emeritus, Keio University

President, Petroleum Association of Japan

Chairman, The Life Insurance Association of Japan
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Appendix IV
Past and Present Members of the Committee on the International Prize for Biology (After 2005)
ERENFERECERZERS (2005F L)

2006 Committee on the International Prize for Biology

Nagakura, Saburo
Sugimura, Takashi
Mitarai, Fujio
Hoshi, Motonori
Kosai, Akio

Ando, Toshio
Aoki, Kiyoshi
Asashima, Makoto
Chihara, Mitsuo
Cho, Fujio
Fujiyoshi, Yoshinori
Hama, Kiyoshi

Hashimoto, Genichi
Hirose, Michisada
Hiwatashi, Koichi
Iwatsuki, Kunio
Kataoka, Keiji
Katsumata, Tsunehisa
Kawanabe, Hiroya
Kitamura, Masatoh
Komamine, Atsushi
Kuroiwa, Tsuneyoshi
Mohri, Hideo
Okada, Tokindo S.
Okamoto, Michio
Ono, Motoyuki
Saito, Katsutoshi
Sasaki, Masamine
Sasaki, Mikio

Seya, Toshio
Shimura, Yoshiro
Toyoshima, Kumao
Umada, Hajime
Umeda, Sadao
Wada, Masamitsu
Watanabe, Itaru
Watari, Fumiaki

* As of September 2006

(Chair) President, The Japan Academy

Chair of Section II, The Japan Academy

Chair, Japan Business Federation

Professor Emeritus, Tokyo Institute of Technology
Adpviser, Japan Business Federation

President Japan Securities Dealers Association

Professor Emeritus, Sophia University

President, Zoological Society of Japan

Professor Emeritus, University of Tsukuba

Chair, Japan Automobile Manufacturers Association, inc.
Professor, Graduate School of Science, Kyoto University
Professor Emeritus, National Institute for Physiological Sciences, Okazaki
National Research Institutes

President, Japan Broadcasting Corporation (NHK)
President, The National Association of Commercial Broadcasters in Japan
Member of the Japan Academy

Director, Museum of Nature and Human Activities, Hyogo
Chair, The Japan Electrical Manufacturers' Association
Chair, The Federation of Electric Power Companies
Director General, Lake Biwa Museum

President, Japan Newspaper Publishers and Editors Association
Director, The Research Institute of Evolution Biology
Professor, Science, Rikkyo University

Professor Emeritus, The University of Tokyo

Professor Emeritus, Kyoto University

Professor Emeritus, Kyoto University

President, Japan Society for the Promotion of Science
Chair, The Life Insurance Association of Japan

Director General, National Science Museum

Chair, Japan Foreign Trade Council, Inc.

Chair, Regional Banks Association of Japan

President, National Institutes of Natural Sciences

Adviser, Riken SNP Research Center

President, Japan Iron and Steel Federation

President, Japan Federation of Construction Contractors
President, Botanical Society of Japan

Professor Emeritus, Keio University

President, Petroleum Association of Japan
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Appendix IV
Past and Present Members of the Committee on the International Prize for Biology (After 2005)
BRFNEEEE (2005FLUEF)

2007 Committee on the International Prize for Biology

Nagakura, Saburo
Sugimura, Takashi
Mitarai, Fujio
Hoshi, Motonori
Ando, Toshio
Aoki, Kiyoshi
Asashima, Makoto
Chihara, Mitsuo
Cho, Fujio
Fujiyoshi, Yoshinori
Hama, Kiyoshi

Hashimoto, Genichi
Hirose, Michisada
Hiwatashi, Koichi
Iwatsuki, Kunio
Katsumata, Tsunehisa
Kawanabe, Hiroya
Kitamura, Masatoh
Komamine, Atsushi
Kuroiwa, Tsuneyoshi
Mohri, Hideo
Ogawa, Tadashi
Okada, Tokindo S.
Okamoto, Kuniei
Okamoto, Michio
Ono,Motoyuki
Sasaki, Masamine
Sasaki, Mikio

Sato, Noriyuki
Shimura, Yoshiro
Shouyama, Etsuhiko
Toyoshima, Kumao
Umada, Hajime
Umeda, Sadao

Wada, Masamitsu
Watari, Fumiaki

*k As of November 2007

(Chair) Former President, The Japan Academy

Former Chair of Section II, The Japan Academy

Chair,Japan Business Federation

Professor, the Open University of Japan

President, Japan Securities Dealers Association

Professor Emeritus, Sophia University

Managing Director, Executive Vice President, The University of Tokyo
Professor Emeritus, University of Tsukuba

Chair,Japan Automobile Manufacturers Association, Inc.

Professor,Graduate School of Science, Kyoto University
Professor Emeritus, National Institute for Physiological Sciences, Okazaki
National Research Institutes

President, Japan Broadcasting Corporation (NHK)
President, The National Association of Commercial Broadcasters in Japan
Member of the Japan Academy

Directo;Museum of Nature and Human Activities, Hyogo
Chair, The Federation of Electric Power Companies
Director General, Lake Biwa Museum

President, Japan Newspaper Publishers and Editors Association
Director,Kihara Institute for Biological Research
Professor, Science, Rikkyo University

Professor Emeritus, The University of Tokyo
Chair,Regional Banks Association of Japan

Professor Emeritus, Kyoto University

Chair, The Life Insurance Association of Japan

Professor Emeritus, Kyoto University

President, Japan Society for the Promotion of Science
Director General, National Science Museum

Chair,Japan Foreign Trade Council, Inc.

President, Zoological Society of Japan

President, National Institutes of Natural Sciences

Chair, The Japan Electrical Manufacturers’ Association
Adviser, Riken SNP Research Center

President,Japan Iron and Steel Federation

President, Japan Federation of Construction Contractors
President, Botanical Society of Japan

President, Petroleum Association of Japan
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Appendix IV
Past and Present Members of the Committee on the International Prize for Biology (After 2005)
ERENFERECERZERS (2005F L)

2008 Committee on the International Prize for Biology

Sugimura, Takashi
Nishizima, Kazuhiko
Mitarai, Fujio
Wada, Masamitsu
Yonekura, Hiromasa
Ando, Toshio

Aoki, Kiyoshi
Aoki, Satoshi
Asashima, Makoto
Fujiyoshi, Yoshinori
Fukuchi, Shigeo
Hama, Kiyoshi
Hirose, Michisada
Hoshi, Motonori
Iwatsuki, Kunio
Katsumata, Nobuo
Kawanabe, Hiroya
Kitamura, Masatoh
Komamine, Atsushi
Kuroiwa, Tsuneyoshi
Matsuo, Kenji
Mohri, Hideo

Mori, Shosuke
Muneoka, Shoji
Nakayama, Makoto
Ogawa, Tadashi
Okada, Tokindo S.
Okamoto, Michio
Ono, Motoyuki
Sasaki, Masamine
Sato, Noriyuki
Shimura, Yoshiro
Tenbo, Akihiko
Toyoshima, Kumao
Umeda, Sadao

*k As of November 2008

(Chair) Vice President, The Japan Academy

Former Chairperson of Section II, The Japan Academy

Chair, Japan Business Federation

President, Botanical Society of Japan

Chairman of the Board of Councillors, Japan Business Federation
President, Japan Securities Dealers Association

Professor Emeritus, Sophia University

Chair, Japan Automobile Manufacturers Association, Inc.
Managing Director, Executive Vice President, the University of Tokyo
Professor, Graduate School of Science, Kyoto University
President, Japan Broadcasting Corporation (NHK)

Professor Emeritus, National Institute for Physiological Sciences
President, the National Association of Commercial Broadcasters in Japan
Professor, the Open University of Japan

Director, Museum of Nature and Human Activities, Hyogo
Chair, Japan Foreign Trade Council, Inc.

Director General, Lake Biwa Museum

President, Japan Newspaper Publishers and Editors Association
Director, Kihara Institute for Biological Research

Professor, Science, Rikkyo University

Chair, the Life Insurance Association of Japan

Professor Emeritus, the University of Tokyo

Chair, the Federation of Electric Power Companies

President, Japan Iron and Steel Federation

Chair, the Japan Electrical Manufacturers’ Association

Chair, Regional Banks Association of Japan

Professor Emeritus, Kyoto University

Professor Emeritus, Kyoto University

President, Japan Society for the Promotion of Science

Director General, National Science Museum

President, Zoological Society of Japan

President, National Institutes of Natural Sciences

President, Petroleum Association of Japan

Adviser, Riken SNP Research Center

President, Japan Federation of Construction Contractors
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Appendix IV
Past and Present Members of the Committee on the International Prize for Biology (After 2005)
ERENFERECERZERS (2005F L)

2009 Committee on the International Prize for Biology

Sugimura, Takashi
Kozai, Yoshihide
Mitarai, Fujio
Asashima, Makoto
Yonekura, Hiromasa
Ando, Toshio
Aoki, Kiyoshi
Aoki, Satoshi
Fujiyoshi, Y oshinori
Fukuchi, Shigeo
Fukuda, Hiroo
Hama, Kiyoshi
Hirose, Michisada
Hoshi, Motonori
Iwatsuki, Kunio
Katsumata, Nobuo
Kawanabe, Hiroya
Komamine, Atsushi
Kondo, Shinji
Mawatari, Shunsuke
Mohri, Hideo

Mori, Syosuke
Muneoka, Shoji
Nishida, Atsutoshi
Nomura, Tetsuya
Ogawa, Tadashi
Okada, Tokindo S.
Okamoto, Michio
Ono, Motoyuki
Satoh, Noriyuki
Sato, Yoshio
Shimura, Yoshiro
Tembo, Akihiko
Toyoshima, Kumao
Uchiyama, Hitoshi
Wada, Masamitsu

*k As of November 2009

(Chair) Vice President, The Japan Academy

Chairman of Section II, The Japan Academy

Chair, Japan Business Federation

Director, Development Research Laboratory, AIST

Chairman of the Board of Councillors, Japan Business Federation
President, Japan Securities Dealers Association

Professor Emeritus, Sophia University

Chair, Japan Automobile Manufacturers Association, Inc.
Professor, Graduate School of Science, Kyoto University
President, Japan Broadcasting Corporation

President, Botanical Society of Japan

Professor Emeritus, National Institute for Physiological Sciences
President, National Association of Commercial Broadcasters in Japan
Professor, The Open University of Japan

Director, Museum of Nature and Human Activities, Hyogo
Chair, Japan Foreign Trade Council, Inc

Director General, Lake Biwa Museum

Director, Kihara Institute for Biological Research

Director General, The National Museum of Nature and Science
Professor, School of Science, Hokkaido University

Professor Emeritus, University of Tokyo

Chair, The Federation of Electric Power Companies

Chair, Japan Iron and Steel Federation

Chair, The Japan Electrical Manufacturers' Association
President, Japan Federation of Construction Contractors

Chair, Regional Banks Association of Japan

Professor Emeritus, Kyoto University

Professor Emeritus, Kyoto University

President, Japan Society for the Promotion of Science
President, Zoological Society of Japan

Chair, The Life Insurance Association of Japan

President, National Institutes of Natural Science

President, Petroleum Association of Japan

Research Adviser, RIKEN

President, Japan Newspaper Publishers and Editors Association
Professor, Graduate School of Science, Kyushu University
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Appendix IV
Past and Present Members of the Committee on the International Prize for Biology (After 2005)
ERENFERECERZERS (2005F L)

2010 Committee on the International Prize for Biology

Sugimura, Takashi
Kozai, Yoshihide
Yonekura, Hiromasa
Asashima, Makoto
Aoki, Kiyoshi
Fujiyoshi, Y oshinori
Fukuchi, Shigeo
Fukuda, Hiroo
Hama, Kiyoshi
Hayashida, Eiji
Hirose, Michisada
Hoshi, Motonori
Iwatsuki, Kunio
Kawanabe, Hiroya
Kitazawa, Michihiro
Komamine, Atsushi
Kondo, Shinji
Mawatari, Shunsuke
Mohri, Hideo
Nomura, Tetsuya
Okada, Tokindo S.
Okamoto, Michio
Ono, Motoyuki
Satoh, Noriyuki
Shiga, Toshiyuki
Shimizu, Masataka
Shimura, Yoshiro
Tembo, Akihiko
Toyoshima, Kumao
Uchiyama, Hitoshi
Utsuda, Shoei
Wada, Masamitsu
Watanabe, Koichiro

%} As of December 2010

(Chair) Vice President, The Japan Academy

Chairman of Section II, The Japan Academy

Chair, Japan Business Federation

Director, Research Center for Stem Cell Engineering, AIST
Professor Emeritus, Sophia University

Professor, Graduate School of Science, Kyoto University
President, Japan Broadcasting Corporation

President, Botanical Society of Japan

Professor Emeritus, National Institute for Physiological Sciences
Chair, Japan Iron and Steel Federation

President, National Association of Commercial Broadcasters in Japan
Professor, The Open University of Japan

Director, Museum of Nature and Human Activities, Hyogo
Professor Emeritus, Kyoto University

Chair, The Japan Electrical Manufacturers' Association
Director, The Research Institute of Evolutionary Biology
Director General, The National Museum of Nature and Science
Professor Emeritus, Hokkaido University

Professor Emeritus, University of Tokyo

President, Japan Federation of Construction Contractors
Professor Emeritus, Kyoto University

Professor Emeritus, Kyoto University

President, Japan Society for the Promotion of Science
President, Zoological Society of Japan

Chair, Japan Automobile Manufacturers Association, Inc.
Chair, The Federation of Electric Power Companies

Professor Emeritus, Kyoto University

President, Petroleum Association of Japan

Research Adviser, RIKEN

President, Japan Newspaper Publishers and Editors Association
Chair, Japan Foreign Trade Council, Inc.

Professor, Graduate School of Science, Kyushu University
Chair, The Life Insurance Association of Japan
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Appendix IV
Past and Present Members of the Committee on the International Prize for Biology (After 2005)
ERENFERECERZERS (2005F L)

2011 Committee on the International Prize for Biology

Sugimura, Takashi
Kozai, Yoshihide
Yonekura, Hiromasa
Wada, Masamitsu
Anzai, Yuichiro
Aoki, Kiyoshi
Asashima, Makoto
Fujiyoshi, Y oshinori
Fukuda, Hiroo
Hama, Kiyoshi
Hayashida, Eiji
Hirose, Michisada
Hoshi, Motonori
Iwatsuki, Kunio
Kawanabe, Hiroya
Kondo, Shinji
Matsumoto, Masayuki
Mawatari, Shunsuke
Mohri, Hideo
Nagahama, Yoshitaka
Nomura, Tetsuya
Okada, Tokindo S.
Okamoto, Michio
Satoh, Noriyuki
Shiga, Toshiyuki
Shimomura, Setsuhiro
Shimura, Yoshiro
Tembo, Akihiko
Torii, Motoyoshi
Toyoshima, Kumao
Tsutsui, Yoshinobu
Utsuda, Shoei

Yagi, Makoto

*k As of November 2011

(Chair) Vice President, the Japan Academy

Chairman of Section II, the Japan Academy

Chair, Japan Business Federation

Professor, Graduate School of Science, Kyushu University
President, Japan Society for the Promotion of Science

Director, Sophia University Institute of Bioethics

Executive Director, Japan Society for the Promotion of Science
Professor, Graduate School of Science, Kyoto University
President, Botanical Society of Japan

Professor Emeritus, National Institute for Physiological Sciences
Chair, Japan Iron and Steel Federation

President, National Association of Commercial Broadcasters in Japan
Visiting Professor, the Open University of Japan

Director, Museum of Nature and Human Activities, Hyogo
Professor Emeritus, Kyoto University

Director General, the National Museum of Nature and Science
President, Japan Broadcasting Corporation

Professor Emeritus, Hokkaido University

Professor Emeritus, the University of Tokyo

President, Zoological Society of Japan

President, Japan Federation of Construction Contractors
Professor Emeritus, Kyoto University

Professor Emeritus, Kyoto University

Professor, Okinawa Institute of Science and Technology

Chair, Japan Automobile Manufacturers Association, Inc.
Chair, The Japan Electrical Manufacturers’ Association
Professor Emeritus, Kyoto University

President, Petroleum Association of Japan

Managing Director, Japan Newspaper publishers and Editors Association
Research Adviser, RIKEN

Chair, the Life Insurance Association of Japan

Chair, Japan Foreign Trade Council, Inc.

Chair, The Federation of Electric Power Companies
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Appendix IV
Past and Present Members of the Committee on the International Prize for Biology (After 2005)
ERENFERECERZERS (2005F L)

2012 Committee on the International Prize for Biology

Sugimura, Takashi
Kozai, Yoshihide
Yonekura, Hiromasa
Satoh, Noriyuki
Akiyama,Kotaro
Anzai, Yuichiro
Aoki, Kiyoshi
Asashima, Makoto
Fujiyoshi, Y oshinori
Fukuda, Hiroo
Hama, Kiyoshi
Hoshi, Motonori
Inoue, Hiroshi
Iwatsuki, Kunio
Kawanabe, Hiroya
Kimura, Yasushi
Kondo, Shinji
Matsumoto, Masayuki
Matsuo, Kenji
Mawatari, Shunsuke
Mohri, Hideo
Nagahama, Yoshitaka
Nomura, Tetsuya
Ohtsubo, Fumio
Okada, Tokindo S.
Shimura, Yoshiro
Toyoda, Akio
Toyoshima, Kumao
Utsuda, Shoei
Wada, Masamitsu
Yagi, Makoto

*k As of November 2012

(Chair) Vice President, The Japan Academy

Chairman of Section II, The Japan Academy

Chair, Japan Business Federation

Professor, Okinawa Institute of Science and Technology
Managing Director, Japan Newspaper publishers and Editors Association
President, Japan Society for the Promotion of Science

Director, Sophia University Institute of Bioethics

Executive Director, Japan Society for the Promotion of Science
Director, Cellular and Structural Physiological Institute , Nagoya University
President, Botanical Society of Japan

Professor Emeritus, National Institute for Physiological Sciences
Visiting Professor, the Open University of Japan

President, National Association of Commercial Broadcasters in Japan
Director, Museum of Nature and Human Activities, Hyogo
Professor Emeritus, Kyoto University

President, Petroleum Association Of Japan

Director General, the National Museum of Nature and Science
President, Japan Broadcasting Corporation

Chair, the Life Insurance Association of Japan

Professor Emeritus, Hokkaido University

Professor Emeritus, the University of Tokyo

President, Zoological Society of Japan

President, Japan Federation of Construction Contractors

Chair, The Japan Electrical Manufacturers' Association
Professor Emeritus, Kyoto University

Professor Emeritus, Kyoto University

Chair, Japan Automobile Manufacturers Association, Inc.
Research Adviser, RIKEN

Chair, Japan Foreign Trade Council, Inc.

Professor, Graduate School of Science, Kyushu University
Chair, the Federation of Electric Power Companies
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Appendix IV
Past and Present Members of the Committee on the International Prize for Biology (After 2005)
ERENFERECERZERS (2005F L)

2013 Committee on the International Prize for Biology
* As of September 2013

Sugimura, Takashi
Kozai, Yoshihide
Yonekura, Hiromasa
Satoh, Noriyuki
Agata, Kiyokazu
Anzai, Yuichiro
Aoki, Kiyoshi
Asashima, Makoto
Fujiyoshi, Y oshinori
Fukuda, Hiroo
Hama, Kiyoshi
Hayashi, Yoshihiro
Hoshi, Motonori
Inamura, Jyunzo
Inoue, Hiroshi
Iwatsuki, Kunio
Kawanabe, Hiroya
Kimura, Yasushi
Matsumoto, Masayuki
Mawatari, Shunsuke
Mohri, Hideo
Nagahama, Yoshitaka
Nakamura, Mitsuyoshi
Okada, Tokindo S.
Sato, Yoshio
Shimura, Yoshiro
Shiraishi, Kojiro
Tobe, Hiroshi
Toyoda, Akio
Toyoshima, Kumao
Utsuda, Shoei
Wada, Masamitsu
Yagi, Makoto

(Chair) Vice President, The Japan Academy

Chairman of Section II, The Japan Academy

Chair, Japan Business Federation

Professor, Okinawa Institute of Science and Technology
President, Zoological Society of Japan

President, Japan Society for the Promotion of Science
Director, Sophia University Institute of Bioethics
Executive Director, Japan Society for the Promotion of Science
Director, Cellular and Structural Physiological Institute, Nagoya University
Professor, Graduate School of Science, University of Tokyo
Professor Emeritus, National Institute for Physiological Sciences
Director General, the National Museum of Nature and Science
Visiting Professor, the Open University of Japan

Chair, The Japan Electrical Manufacturers' Association

President, National Association of Commercial Broadcasters in Japan
Professor Emeritus, University of Tokyo

Professor Emeritus, Kyoto University

President, Petroleum Association of Japan

President, Japan Broadcasting Corporation

Professor Emeritus, Hokkaido University

Professor Emeritus, University of Tokyo

Professor, Institution for Collaborative Relations, Ehime University
President, Japan Federation of Construction Contractors

Professor Emeritus, Kyoto University

Chair, the Life Insurance Association of Japan

Professor Emeritus, Kyoto University

Managing Director, Japan Newspaper publishers and Editors Association
President, Botanical Society of Japan

Chair, Japan Automobile Manufacturers Association, Inc.

Research Adviser, RIKEN

Chair, Japan Foreign Trade Council, Inc.

Professor, Graduate School of Science, Kyushu University

Chair, the Federation of Electric Power Companies
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Appendix IV
Past and Present Members of the Committee on the International Prize for Biology (After 2005)

EREMZEZETENERERE (2005FLF)

2014 Committee on the International Prize for Biology

* As of October 2014

Sugimura, Takashi (Chair) President, The Japan Academy

Toyoshima, Kumao Adviser, Riken SNP Research Center

Sakakibara, Sadayuki Chair, Japan Business Federation

Fujiyoshi, Y oshinori Specially Appointed Professor, Cellular and Structural Physiological Institute,
Nagoya University

Agata, Kiyokazu Professor, Graduate School of Science, Kyoto University

Anzai, Yuichiro President, Japan Society for the Promotion of Science

Aoki, Kiyoshi Director, Sophia University Institute of Bioethics

Asashima, Makoto Executive Director, Japan Society for the Promotion of Science

Fukuda, Hiroo Professor, Graduate School of Science, University of Tokyo

Hama, Kiyoshi Professor Emeritus, National Institute for Physiological Sciences

Hayashi, Yoshihiro Director General, the National Museum of Nature and Science

Hoshi, Motonori Administrative Director, Earth-Life Science Institute, Tokyo Institute of
Technology

Ike, Fumihiko Chair, Japan Automobile Manufacturers Association, Inc.

Inoue, Hiroshi President, National Association of Commercial Broadcasters in Japan

Iwatsuki, Kunio Professor Emeritus, University of Tokyo

Kawanabe, Hiroya Professor Emeritus, Kyoto University

Kimura, Yasushi President, Petroleum Association of Japan

Kobayashi, Eizo Chair, Japan Foreign Trade Council, Inc.

Mawatari, Shunsuke Professor Emeritus, Hokkaido University

Mohri, Hideo Professor Emeritus, University of Tokyo

Momii, Masato President, Japan Broadcasting Corporation

Nagahama, Yoshitaka Professor, Institution for Collaborative Relations, Ehime University
Nakamura, Mitsuyoshi  President, Japan Federation of Construction Contractors

Nakanishi, Hiroaki Chair, The Japan Electrical Manufacturers' Association

Okada, Tokindo S. Professor Emeritus, Kyoto University

Satoh, Noriyuki Professor, Okinawa Institute of Science and Technology Graduate University
Shimura, Yoshiro Professor Emeritus, Kyoto University

Shiraishi, Kojiro Managing Director, Japan Newspaper publishers and Editors Association
Takeda, Hiroyuki President, Zoological Society of Japan

Tobe, Hiroshi President, Botanical Society of Japan

Wada, Masamitsu Professor Emeritus, Tokyo Metropolitan University

Watanabe, Koichiro Chair, the Life Insurance Association of Japan

Yagi, Makoto Chair, the Federation of Electric Power Companies
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Appendix V

Past and Present Members of the Selection Committee (After 2005)

EREYZEEERSRENEEEE (20055 L)

Past and Present Members of the Selection Committee (After 2005)

Selection Committee on the 2005 International Prize for Biology

Aoki, Kiyoshi
Asashima, Makoto
Chihara, Mitsuo
Endo, Hideki

Fujiyoshi, Yoshinori

Hama, Kiyoshi
Hasebe, Mitsuyasu
Hoshi, Motonori
Ishikawa, Harunori

Komamine, Atsushi

Kondo, Shigeru
Kuroiwa, Tsuneyoshi
Machida, Yasunori
Noguchi, Tetsuko

Osumi, Noriko

Selection Committee on the 2006 International Prize for Biology

Hoshi, Motonori
Aoki, Kiyoshi
Asashima, Makoto
Araki, Takashi
Ebihara, Shizufumi

Fukuda, Yoshitaka
Honma, Ken-ichi
Ishikawa, Fuyuki
Iwatsuki, Kunio
Kondo, Takao

Kuroiwa, Tsuneyoshi
Mohri, Hideo
Shimamoto, Ko
Tomioka, Kenji

Wada, Masamitsu

Selection Committee on the 2007 International Prize for Biology

Hoshi, Motonori
Asashima, Makoto
Fujiyoshi, Yoshinori
Gojobori, Takashi
Hotta, Yoshiki

Ishikawa, Fuyuki
Komamine, Atsushi
Kuroiwa, Tsuneyoshi
Mohri, Hideo

Ogawa, Tomoko

Okada, Kiyotaka
Sato, Noriyuki

Shimura, Yoshiro
Shinozaki, Kazuo

Takahata, Naoyuki

Selection Committee on the 2008 International Prize for Biology

Wada, Masamitsu
Asashima, Makoto
Kawanabe, Hiroya
Hoshi, Motonori

Iwatsuki, Kunio

Matsumoto, Tadao
Mohri, Hideo
Nakashizuka, Toru
Sato, Noriyuki
Shigesada, Nanako

Takamura, Noriko
Toda, Masanori
Wada, Eitaro
Washitani, Izumi

Yamagiwa, Juichi

Selection Committee on the 2009 International Prize for Biology

Asashima, Makoto
Aoki, Kiyoshi
Arikawa, Kentaro
Fujiyoshi, Yoshinori
Fukuda, Hiroo

Hoshi, Motonori
Komamine, Atsushi
Matsuoka, Makoto
Mori, Tkue

Mori, Yuji

Omori, Harunori
Satoh, Noriyuki
Shichida, Yoshinori
Shimamoto, Ko
Takahashi, Hideyuki

Brown, Malcolm R.
Chua, Nam-Hai
Hall, Brian K
Keller, Ray

Block, Gene D.
Daan, Serge
Dunlap, Jay C.

Wirz-Justice, Anna

Tsunewaki, Koichiro
Gehring, Walter J.
Mattaji, Iain

Nei, Masatoshi
Phillips, Ronald L.

Mooney, Harold A.
Pierce, Naomi E.
Léveque, Christian

Sugihara, George

Wada, Masamitsu
Bray, Dennis
Hildebrand, John G
Kay, Steve A
Stavenga, Doekele G
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Appendix V

Past and Present Members of the Selection Committee (After 2005)

EREYZEEERSRENEEEE (20055 L)

Selection Committee on the 2010 International Prize for Biology

Asashima, Makoto
Fukatsu, Takema
Fukuda, Hiroo
Hidaka, Michio
Hoshi, Motonori

Inouye, Isao
Iwatsuki, Kunio
Kawanabe, Hiroya
Kouchi, Hiroshi

Mawatari, Shunsuke

Nagasawa, Kazuya
Satoh, Noriyuki

Takabayashi, Junji
Tsukaya, Hirokazu

Wada, Masamitsu

Selection Committee on the 2011 International Prize for Biology

Wada, Masamitsu
Agata, Kiyokazu
Asashima, Makoto
Fukuda, Hiroo
Hoshi, Motonori

Machida, Yasunori
Mohri, Hideo
Nagahama, Yoshitaka
Okada, Kiyotaka

Osumi, Noriko

Satoh, Noriyuki
Takahashi, Yoshiko
Takeda, Hiroyuki
Tsukaya, Hirokazu

Yasugi, Sadao

Selection Committee on the 2012 International Prize for Biology

Satoh, Noriyuki
Aoki, Kiyoshi
Fujiyoshi, Yoshinori
Fujita, Ichiro
Fukuda, Hiroo

Hama, Kiyoshi
Hoshi, Motonori
Iriki, Atsushi
Kengaku, Mineko

Koizumi, Osamu

Mohri, Hideo
Nagahama, Yoshitaka
Noda, Masaharu
Oda, Yoichi

Okamoto, Hitoshi

Selection Committee on the 2013 International Prize for Biology

Satoh, Noriyuki
Agawa, Kiyokazu
Fujiyoshi, Yoshinori
Fukuda, Hiroo
Hasebe, Mituyasu

Hoshi, Motonori
Iwatsuki, Kunio
Katoh, Makoto
Kuratani, Shigeru

Mawatari, Shunsuke

Nagahama, Yoshitaka
Saitou, Naruya
Tamura, Kouichiro
Wada, Masamitsu

Yahara, Tetsukazu

Selection Committee on the 2014 International Prize for Biology

Fujiyoshi, Yoshinori
Agata, Kiyokazu
Fukuda, Hiroo
Hayashi, Yoshihiro
Hoshi, Motonori

Hosoya, Tsuyoshi
Imaichi, Ryoko
Inouye, Isao
Iwatsuki, Kunio

Mawatari, Shunsuke

Murakami, Noriaki
Nishikawa, Teruaki
Nishida, Mutsumi
Satoh, Noriyuki
Tobe, Hiroshi

Yumoto, Takakazu
Bisseling, Ton
Cavalier-Smith, Thomas
Pierce, Naomi E.

Weis, Virginia M.

Bosch, Thomas
Bronner, Marianne
Jurgens, Gerd
Tam, Patrick

Okano, Hideyuki
Mandel, Gail
Reichardt, Louis F.

Zeki, Semir

Yasugi, Sadao
Friedman, William Ned
Gouy, Manolo
Thompson, John N.
Wagber, Gunter

Ytow, Nozomi
Moestrup, Gjvind
Nielsen, Claus
Robers, David McL.
Schneider, Harald
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Appendix VI
Past and Present Members of the Finance Committee(After 2005)
EEMFERERESRFNEZELE (20055 LUF)

Past and Present Members of the Finance Committee(After 2005)

Finance Committee on the 2005 International Prize for Biology

Okuda, Hiroshi Hieda, Hisashi Maeda, Terunobu Seya, Toshio

Kosai, Akio Katsumata, Tsunehisa  Mimura, Akio Umeda, Sadao
Hakoshima, Shinichi Koeda, Itaru Morishita, Yoichi Watari, Fumiaki
Hashimoto, Genichi Koshida, Hiroshi Sasaki, Mikio Yokoyama, Shinichi

Finance Committee on the 2006 International Prize for Biology

Mitarai, Fujio Hashimoto, Genichi Kitamura, Masatoh Umada, Hajime
Kosai, Akio Hirose, Michisada Saito, Katsutoshi Umeda, Sadao
Ando, Toshio Kataoka, Keiji Sasaki, Mikio Watari, Fumiaki
Cho, Fujio Katsumata, Tsunehisa  Seya, Toshio

Finance Committee on the 2007 International Prize for Biology

Mitarai, Fujio Hirose,Michisada Okamoto, Kuniei Umeda, Sadao
Ando, Toshio Katsumata, Tsunehisa  Sasaki, Mikio Watari, Fumiaki
Cho, Fujio Kitamura, Masatoh Shouyama, Etsuhiko

Hashimoto, Genichi Ogawa, Tadashi Umada, Hajime

Finance Committee on the 2008 International Prize for Biology

Mitarai, Fujio Fukuchi, Shigeo Matsuo, Kenji Ogawa, Tadashi
Yonekura, Hiromasa Hirose, Michisada Mori, Shosuke Tenbo, Akihiko
Ando, Toshio Katsumata, Nobuo Muneoka, Shoji Umeda, Sadao
Aoki, Satoshi Kitamura, Masatoh Nakayama, Makoto

Finance Committee on the 2009 International Prize for Biology

Mitarai, Fujio Fukuchi, Shigeo Muneoka, Shoji Sato, Yoshio
Yonekura, Hiromasa Hirose, Michisada Nishida, Atsutoshi Tembo, Akihiko
Ando, Toshio Katsumata, Nobuo Nomura, Tetsuya Uchiyama, Hitoshi
Aoki, Satoshi Mori, Syosuke Ogawa, Tadashi
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Appendix VI
Past and Present Members of the Finance Committee(After 2005)
EEMFERERESRFNEZELE (20055 LUF)

Finance Committee on the 2010 International Prize for Biology

Hirose, Michisada Shiga, Toshiyuki
Kitazawa, Michihiro Shimizu, Masataka
Tembo, Akihiko

Yonekura, Hiromasa
Fukuchi, Shigeo
Hayashida, Eiji Nomura, Tetsuya
Finance Committee on the 2011 International Prize for Biology
Shimomura, Setsuhiro
Tembo, Akihiko

Torii, Motoyoshi

Yonekura, Hiromasa Matsumoto, Masayuki
Hayashida, Eiji

Hirose, Michisada

Nomura, Tetsuya
Shiga, Toshiyuki

Finance Committee on the 2012 International Prize for Biology
Nomura, Tetsuya
Ohtsubo, Fumio
Toyoda, Akio

Yonekura, Hiromasa Kimura, Yasushi

Akiyama, Kotaro Matsumoto, Masayuki
Inoue, Hiroshi Matsuo, Kenji
Finance Committee on the 2013 International Prize for Biology

Yonekura, Hiromasa Kimura, Yasushi Sato, Yoshio
Shiraishi, Kojiro

Toyoda, Akio

Inamura, Jyunzo Matsumoto, Masayuki

Inoue, Hiroshi Nakamura, Mitsuyoshi

Finance Committee on the 2014 International Prize for Biology
Sakakibara, Sadayuki
Ike, Fumihiko

Inoue, Hiroshi

Nakamura, Mitsuyoshi
Nakanishi, Hiroaki
Shiraishi, Kojiro

Kimura, Yasushi
Kobayashi, Eizo

Momii, Masato

Uchiyama, Hitoshi
Utsuda, Shoei

Watanabe, Koichiro

Tsutsui, Yoshinobu
Utsuda, Shoei
Yagi, Makoto

Utsuda, Shoei
Yagi, Makoto

Utsuda, Shoe1
Yagi, Makoto

Watanabe, Koichiro
Yagi, Makoto
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Appendix VII

Subscribers to the International Prize for Biology Fund
(Japanese Language Only)
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Appendix VII

Subscribers to the International Prize for Biology Fund (Japanese Language Only)
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Appendix VIII

Memorial Symposia 2004 - 2013

2004
Eukaryotic Cells: Their Origin, Evolution, and Diversity

Organized: National Museum of Nature and Science

2005
Morphology, Morphogenesis and Molecules
Organized: Nagoya University

2006
Chronobiology
Organized: The University of Tokyo

2007
Genetics

Organized: Kyoto University

2008
Ecology for the Changing World
Organized: Tohoku University

2009
Biology of Sensing
Organized: Kyoto University

2010
Biology of Symbiosis
Organized: University of Tsukuba

2011
Genetic Regulation of Development

Organized: Kyoto Sangyo University

2012
Neurogenesis throughout Life
Organized: RIKEN

2013
Influences and Impacts of Evolutionary Biology

Organized: Kyusyu University

Tokyo; Nov. 30 — Dec. 1, 2004

Nagoya; Nov. 30 — Dec. 1, 2005

Tokyo; Dec. 1 —2, 2006

Kyoto; Nov. 21 — 22,2007

Sendai; Dec. 10 — 11, 2008

Kyoto; Dec. 2 — 3, 2009

Tsukuba; Dec. 7 -8, 2010

Kyoto; Nov. 30 — Dec.1, 2011

Kobe; Nov. 28 — 29, 2012

Kyusyu; Nov. 21 — 22, 2013
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