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OfHMmZ 2 Affi+ : One area of particular opportunity was the characterization of unstable
flower color mutants. These unstable mutants were very likely the result of transposable
element insertions in flower color determining genes of the anthocyanin biosynthesis pathway,
but at the time much remained unknown about plant insertion elements. Professor lidais early
work on the molecular characterization of recombination in prokaryotes provide a natural basis
for characterizing transposition phenomena in a plant system. Thus Professor Iida took up the

challenging problem of analyzing mutable alleles of morning glory.

Professor lida quickly succeeded in identifying, cloning and characterizing several distinct
families of transposable elements in morning glory. The success of Professor lidais work on
plant transposable elements is well documented in a large collection of first-rate papers that
have appeared over the ensuing years. Professor lida and his students also identified new genes
responsible for flower color and elucidated the biochemical action of these genes. As a
consequence, Professor lida has succeeded in making the morning glory a model plant for the

study of flower color determination.

Professor lida is also making major contributions to the development of rice biotechnology. He

is developing methods for homologous recombination in rice that allow targeted gene
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replacement. This is a major accomplishment and it will allow much more efficient approaches
to rice genetic engineering. Finally, Professor lida is a leader in developing gene-tagging
methods in rice that will allow a systematic dissection of the genetic determinants of important
phenotypes. These methods will eventually lead to the clearer understanding of the
genotype-phenotype transition in rice, enabling more efficient approaches to the improvement

of this major crop.

Professor lida has accomplished a great deal during his years at the national institute for Basic
Biology and he has established himself as a major figure in plant molecular biology. He is an
outstanding scientist and a distinguished member of the plant biology community. [ am very
pleased to provide a most positive evaluation of professor lidais work at the National institute

for Basic Biology. He is a great asset to the Institute and to Japan.
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RESEARCH ACTIVITIES OF SHIGERU IIDA AT NIBB

l. My research background

| was originally trained as a bioorganic chemist working on nucleic acid chemistry and
then began to be interested in molecular genetics of DNA. Since | had found the difference in
reactivity of bisulfite to cytosine and 5-thethylcytosine (1970), | have been interested in the
biological function of a minor DNA base, 5-thethylcytosine. Since | had tried to elucidate the
possible mechanisms of large deletion formation using bacteriophage lambda during my Ph.D
program (1970-1973), | have always been interested in genetic recombination, particularly
nonhomologous recombination and DNA rearrangements as well as their impacts on gene
expression. After working on various nonhomologous recombinations in prokaryotes and also
restriction and modification for about 17 years mainly in Switzerland, | decided to work on
genetic recombination and its impact on gene expression in higher plants. After | came back
to Japan in 1988, | began to characterize mutable alleles conferring variegated flowers in the
Japanese morning glory (lpomoea nil or Pharbitis nil) because (1) | was interested in
characterizing DNA transposable elements in higher plants, (2) no one then appeared to work
hard enough to characterize the mutable alleles molecular genetically even though the
Japanese morning glory has an extensive history of genetic studies in Japan. | also worked
with Dr. Ko Shimamoto to introduce the maize transposable elements Ac and Ds into rice, and
we were able to demonstrate that the introduced elements transposed actively in the rice
genome (see Appendix: Publications 1969-1995).

Il. Research at NIBB

After moving into NIBB, | have continued to study mutable alleles in the Japanese
morning glory and decided to expand our research projects: not only analyzing mutable
alleles conferring flower variegation but also characterizing flower pigmentation in three well
domesticated Ipomea species, the Japanese morning glory (I[pomoea nil), the common
morning glory (lpomoea purpurea), and morning glory (/lpomoea tricolor). My group has
already identified almost all spontaneous mutations available, which control pigmentation in
flowers, stems, and seeds. Most of the spontaneous mutations were found to be caused
primary by insertions of various transposons. We also found that certain transcriptional
regulators control not only the pigmentation but also other epidermal traits such as seed
trichome formation. | have also decided to start an ambitious new project at NIBB, gene
targeting by homologous recombination in rice. Later, we also started to characterize a
mutable allele conferring leaf variegation and identified a now DNA transposon, which we
termed nDart (nonautonomous DNA-based active rice transposon). Based on the results, we
are attempting to develop a new gene-targeting system employing nDart in rice. All these
taken together, the main interest of my group is in understanding the biology of the dynamic
genome, namely, genome organization and reorganization and its impact on gene expression
and regulation. Thus, we are characterizing various aspects of genetic and epigenetic gene
regulations, particularly the flower pigmentation of morning glories. In addition, we are also
undertaking reverse genetic approaches in order to elucidate the nature of dynamic genome
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in rice, a model plant for cereals.

| have published 44 original articles in international journals and 11 review articles, which
are listed on separate sheets. | should emphasize here that | always try to choose unique
subjects, which only few people are working on in the same or related fields.

The following is a summary of our major results obtained in the past 10 years.

lIA. Pigmentation and other epidermal traits in morning glories

The genus Ipomoea includes about 600 species distributed on a worldwide scale that
exhibit various flower morphologies and pigmentation patterns. Among them, three morning
glories, Ipomoea nil (the Japanese morning glory), Ipomoea purpurea (the common morning
glory), and Ipomoea tricolor, have been successfully domesticated as floricultural plants, and
many mutants conferring various flower pigmentation phenotypes have been isolated;
spontaneous mutants with various flower colors of I. nil and I. purpurea have been isolated
and cultivated since the 17th Century in Japan and Europe, respectively, and those of /.
tricolor were isolated in the middle of the 20th Century in North America. Both /. nil and I.
tricolor display blue flowers, whereas I. purpurea produces dark-purple flowers, and all of
them contain polyacylated and polyglycosylated cyanidin-based anthocyanins. Almost all
structural genes that encode enzymes to produce anthocyanidin 3-O-sophorosides as well as
the most of transcriptional regulator genes for flower pigmentation have been characterized in
these morning glories, and the majority of their spontaneous mutations have been shown to
be caused by insertions of various DNA transposons (Figure 1). In addition, some
spontaneous point mutations were likely to be footprints generated by excision of integrated
DNA transposons. We also found that apparently stable insertion mutations of DNA
transposons are often due to the occurrence of epigenetically silenced transposons. By our
efforts, the morning glories have become model plants for flower pigmentation, comparable to
or perhaps exceeding to petunia, another model plant for flower pigmentation. Since some
features of flower pigmentation in the morning glories are quite different form those in petunia,
moreover, our research have led to provide not only unique aspects of flower pigmentation
but also profound knowledge of biodiversity of gene regulations. For example, the vacuolar
pH of flower limbs in Ipomoea increases during flower opening, and the NHX genes for
Na*/H* antiporters are responsible for vacuolar alkalization, whereas the vacuolar pH
decreases in petunia petals. The genes and regulatory systems involving in the vacuolar pH
of flowers appear to be different each other. We are currently focusing our efforts on
elucidating the mechanisms of alkalization of the vacuolar pH of flower limbs in /. nil during
flower opening. Recently, we found that mutations in the genes for transcriptional regulators
containing bHLH (basic helix-loop-helix) domains and conserved WD40 repeats (WDRs)
affect not only anthocyanin biosynthesis in flowers but also production and accumulation of
both proanthocyanidin (or condensed tannin) and phytomelanin pigments as well as trichome
formation in their seed coats. Since virtually nothing is known about the chemical nature and
biosynthetic pathway of phytomelanins, we are trying to elucidate phytomelanin biosynthesis
using these mutants. For flower pigmentation in the morning glories, the topics remains to be
investigated are formation of particular pigmentation patterns, which appear to be involved in
both genetic and epigenetic gene regulations. Preliminary results indicate that insertion of



transposons in the promoter regions of genes for anthocyanin biosynthesis and/or either
duplication or amplification of certain structural genes for anthocyanin biosynthesis are
essential structural alterations that generate particular pigmentation pattern formation in
flowers. Our current hypothesis is that such DNA rearrangements provides the situations, in
which various epigenetic gene regulations of the anthocyanin biosynthesis genes can play an
essential role for expression of the genes in question through DNA methylation and/or altered
chromatin structures. Currently, we are pursuing in these lines of investigation.

To provide with necessary equipments for further investigation and to expand our
resources, we have prepared approximately 57100 and 38000 expressed sequence tags
(ESTs), majority of which are full-length cDNAs, from flowers and seedlings of [ nil,
respectively, and succeeded in developing a reliable Agrobacterium-mediated transformation
protocol of [. nil, by which we have generated transgenic plants exhibiting differently
pigmented flowers. In addition, we have also constructed a linkage map of /. nil with 15
linkage groups corresponding 15 chromosomes, using 6 genetic markers conferring certain
phenotypes and about 300 DNA markers including AFLP markers and cloned gene markers,
in collaboration with Dr. Eiji Nitasaka at Kyusyu University. It is clear that these resources
facilitate molecular genetic research in the morning glories.

lIB. Gene targeting by homologous recombination in rice

Rice (Oryza sativa L.), with the sequenced genome of 389-Mb, is an important staple food
for more than half of the worldis population and a model plant for other cereal species. We
have developed a large-scale Agrobacterium-mediated transformation procedure with a
strong positive-negative selection and succeeded in efficient and reproducible targeting of the
Waxy gene by homologous recombination without concomitant occurrence of any ectopic
events (Figure 2), which must be an important first step for developing generally-applicable
rice gene targeting, a precise modification system of the genomic sequences in rice. While the
Waxy gene is a unique gene in the rice genome, 4 copies of the Adh gene are present, and
Adh1, Adh2, and Adh3 genes reside on chromosome 11 in the same orientation. Adh1 and
Adh2 flank highly repetitive Copia- and Gypsy-like retroelements (Figure 2), which may cause
undesirable effects on gene targeting because of their high copy numbers in the genome. The
Adh genes play a key function in response to an anaerobic condition, and only a single adh1
mutant has been isolated in rice. By improving our transformation procedure further, we have
obtained fertile transgenic plants having separately modified Adh1 and Adh2, the coding
sequences of which are similar to each other, and no concomitant occurrence of undesirable
ectopic events could be detected. We found that the frequency of homologous recombination
at Adh1 appeared to be about one magnitude lower than that at Adh2, indicating that Adh2
contains a more active hot spot(s) for efficient homologous recombination than Adh17. In
addition, we also isolated double mutants deficient in both Adh71 and Adh2 genes. During
these experiments, we have accumulated various experience and know-how to challenge a
new project; systematic modification of rice genes controlling DNA methylation. We chose 4
genes for DNA methylation (OsMET1a, OsMET1b, OsDRM1, and OsCMT1), 3 genes for
DNA demethylation (OsDME/ROS1a, OsDME/ROS1b, and OsDME/ROS17c), and 2
chromatin-remodeling genes affecting DNA methylation (OsDDM171a and OsDDM1b). We
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were able to obtain rice calli with anticipated modifications in all of the genes studied, except
for OsCMT1 (At present, we are performing the first transformation). Subsequently, we have
generated fertile transgenic rice plants having at least 5 genes (OsMET1b, OsDRM1,
OsDME/ROS1a, OsDDM1a, and OsDDM1b) modified and are attempting to obtain their
mutants in the homozygous condition among their selfed progeny, in order to characterize
their gene functions. It is clear that we have established rice gene targeting procedure
applicable to essentially any rice genes. Since gene targeting in Arabidopsis was reported to
succeed in only two genes, the PPO gene for protoporphyrinogen oxidase that was chosen
for direct gene-specific selection and the Cruciferin gene for a seed storage protein that was
employed for gene-specific visual screening based on its abundant expression in a highly
specific manner (e.g., seed-specific expression), we believe that we are achieving a
breakthrough in gene targeting by homologous recombination in higher plants.

lIC. Gene tagging employing nDart in rice

Considerable attention has been paid recently to gene tagging in rice for elucidating the
function of rice genes, because the complete sequencing of the 389-Mb rice genome had
been achieved. In addition to foreign elements such as T-DNA or maize DNA transposons,
the endogenous retrotransposon Tos77 have been employed systematically for tagging of
rice genes. A possible shortcoming of these rice gene-tagging systems is to require tissue
culture processes for either introduction of the foreign elements into the rice genome or
activation of the dormant Tos77 element in the rice genome, in which the concomitant
occurrence of somaclonal variations associated with tissue culture is inevitable. Indeed, the
tagging efficiency of Tos17 was reported to be very low due to the high occurrence of
somaclonal variations. Although endogenous DNA transposons have extensively been
utilized for gene tagging in snapdragon and maize, two active endogenous DNA transposons
in rice have been identified only recently. One of them is the 0.43-kb element mPing of the
MITE (Miniature Inverted-repeat Transposable Element) family, which was shown to actively
transpose in rice cell cultures, in calli derived from anther culture, or gamma-ray (y-ray)
irradiated rice plants in 2003. In collaboration with Dr. Masahiko Maekawa at Okayama
University, we have characterized a spontaneous mutable virescent allele and identified
0.6-kb nDart element of the hAT family as another active DNA transposon in rice. The
transposition of nDart can be induced by crossing with a line containing the autonomous
aDart element and stabilized by segregating out of aDart under natural growth conditions. No
somaclonal variation should occur in the transposon tagging system with nDart because no
tissue culture was involved in nDart activation. Furthermore, we have already identified
several mutable alleles caused by the insertion of nDart (Figure 2), and one of the mutable
alleles, thumbelina-mutable, which confers mutable gibberellin-insensitive dwarf phenotype,
was found to be a mutable allele of the GID1 gene encoding a soluble gibberellin receptor,
indicating that our nDart-promoted gene tagging system is effective. Currently, we are
launching to generate a large-scale mutant lines caused by nDart insertions in order to
identify novel functions of uncharacterized rice genes.
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lll. Future perspectives

Based on the progress of the on-going research, | can briefly describe the future
perspectives, in which | would like to select a few topics in each project. We plan to
concentrate our energies mainly on the following topics.

IlIA. Pigmentation and other epidermal traits in morning glories

We will throw most of our energies into the following 3 topics.
(1). Generation of pigmentation pattern formation in flowers
We have almost completed characterizing DNA rearrangements of genes for anthocyanin

biosynthesis, which are associated with particular pigmentation patterns in flowers (for
example, Blizzard and Rayed in I. nil, and pearly-v in . tricolor). Because no sequence
difference was detected between pigmented and nonpigmented area of the same flowers,
although the accumulated transcripts of the genes in question were always different. We
could also observe differences of DNA methylation in promoter regions and/or production of
siRNA molecules in the nonpigmented area. We will concentrate most of our efforts on
elucidating epigenetic gene regulations of these pigmentation pattern formations in flowers.
(2). Phytomelanin biosynthesis in seed coats

Because both chemical nature and biosynthetic pathway of phytomelanins are largely

unknown, we will take molecular genetic approaches using the mutants deficient in the
transcriptional regulators controlling the biosynthesis of phytomelanins.
(3). Alkalization of the vacuolar pH of flower limbs during flower opening

Alkalization of the vacuolar in the epidermal cells of flower limbs during flower opening
appears to be unique in the morning glories. Thus, we are trying to elucidate its mechanism
mainly by molecular physiological approaches.

llIB. Gene targeting by homologous recombination in rice

We will throw most of our energies into the systematic modification of rice genes
controlling DNA methylation; DNA methylation, DNA demethylation, and maintenance of DNA
methylation associated with chromatin remodeling factors.

llIC. Gene tagging employing nDart in rice

Because nDart-promoted tagging appears to be only the gene tagging method free from
somaclonal variation, we will focus on generating a large-scale mutants caused by nDart
insertions, identifying nDart insertion sites in the rice genome, and trying to construct a data
base for nDart insertion sites.
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Chalcone synthase mutants

&

r-1.1 r-1.2 flacked flaked-2

r-1.1p 4 Tpn3 a-flacked
—i il
12 b 4 Ton6 a-flaked-2 i} Tip100

1. nil I. purpurea

Tip100

Chalcone isomerase mutants

speckled cream
speckled / cream p 4 Tpn2

1. nil

Flavonoid 3’ -hydroxylase mutants

magenta pink fuchsia
magenta CtoT pink Tip201 fuchsia 1 bp insertion
& B —l—l—%— ——a—
1. nil I. purpurea 1. tricolor

Dihydroflavonol 4-reductase mutants

A 4

a3-flecked a3-flecked.2 a3-flecked.3 pearly-s pearly-v

a3-flecked 4 Tpnt

a3-flecked.2 ) 4 Tpn7 pearly-v 57’#1

;)

a3-flecked.3 ) 4 Tont1 . tricolor

1. nil

Figure 1. Spontaneous mutations in morning glories
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UDP-glucose: anthocyanin 3-glucoside
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Figure 1. Spontaneous mutations in morning glories (Continued)
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Gene Targeting of Waxy and Adh genes by homologous recombination
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Figure 2. Gene targeting and tagging in rice

J150



CURRICULUM VITAE

Name: Shigeru lida

Born: |
Nationality: ||}

Office Address: National Institute for Basic Biology
National Institutes of Natural Sciences
38 Nishigonaka, Myodaiji, Okazaki 444-8585, JAPAN
Tel: +81-564-55-7680
Fax: +81-564-55-7685
E-mail: shigiida@nibb.ac.jp

Educational Data

April 1965 - March 1967: Faculty of Pharmaceutical Sciences,
University of Tokyo (B. Sci.)

April 1967 - March 1970: Faculty of Pharmaceutical Sciences,
University of Tokyo (M. Sci.)

April 1970 - March 1973: Department of Molecular Biology,
Institute of Medical Science,
University of Tokyo (Ph. D.)

Occupational Data
Research Associate, April 1973 - August 1974:
Department of Molecular Biology, Institute of Medical Science,
University of Tokyo
Research Associate, September 1974 - August 1982:
Department of Microbiology, Biozentrum, University of Basel
Senior Research Associate, September 1982 - December 1986:
Department of Microbiology, Biozentrum, University of Basel
Senior Research Associate, January 1987 - February 1988:
Institute for Plant Sciences,
Swiss Federal Institutes of Technology (ETH-ZUERICH)
Guest Professor, October 1987 - December 1987:
Department of Biological Science and Technology,
Science University of Tokyo
Professor, January 1988 - March 1996:
Department of Biological Science and Technology,
Science University of Tokyo
Professor, April 1996 fi March 2004:
Division of Gene Expression and Regulation |,
National Institute for Basic Biology
and Department of Molecular Biomechanics, School of Life Science,
The Graduate University for Advanced Studies

0 16 O



Professor, April 2004 /i Present:

Division of Molecular Genetics, National Institute for Basic Biology
and Department of Basic Biology, School of Life Science,

The Graduate University for Advanced Studies

Memberships:
The Japanese Society of Plant Physiologists
Editorial Board of Plant Cell Physiology: 2001-2004
Council Member: 1998-2001; 2004-Present
Award committee: 2004-2005
The Genetics Society of Japan
Advisory Board of Gene and Genetic Systems: 2000-Present
The Botanical Society of Japan
Council Member:
Japanese Society for Plant Cell and Molecular Biology
Council Member: 1996-2005
The Molecular Biology Society of Japan
Japanese Society of Breeding
American Society of Plant Biologists
Swiss Society for Cell Biology, Molecular Biology and Genetics
Faculty of 1000, Faculty member of Plant Biology
Section: Plant genomes and evolution

Committee for Promotion of Gene Dynamics in Agriculture, Forestry and
Fisheries Technical Information Society: 1996

Selection Committee for Grant-in-Aid for Scientific Research, Council for Science and
Technology, Ministry of Education, Culture, Sports, Science and Technology:
1998 -1999

Committee for JSPS Research Fellowships for Young Scientists, Japan
Society for the Promotion of Science: 1998-2000; 2002-2003

Reviewing Committee, Bio-oriented Technology Research Advancement
Institution: 1999; 2001; 2004

Reviewing Committee, Riken Plant Science Center: 2001-2002
A Technical Researcher, Science and Technology Foresight Center, National Institute
of Science and Technology Policy: 2002-Present

Teaching Activities:

The University of Tokyo, Graduate School of Agricultural and Life
Sciences: 1996; 1998; 2000;

Okayama University, Faculty of Pharmaceutical Sciences: 1999
Saitama University, Graduate School of Science and Engineering: 2000
Niigata University, Graduate School of Science and Technology: 2001
Hokkaido University, Graduate School of Science: 2001
Hokkaido University, Graduate School of Agriculture: 2003-2004

0170



PUBLICATIONS: From 1996 riPresent

I. Original papers

A) Flower Pigmentation in Morning Glories

1)

2)

3)

4)

5)

Y. Inagaki, Y. Hisatomi and S. lida, 1996

Somatic mutations caused by excision of the transposable elements, Tpn1, from the DFR
gene for pigmentation in subepidermal layer of periclinally chimeric flowers of Japanese
morning glory and their germinal transmission to their progeny.

Theor. Appl. Genet., 92, 499-504.

N. Saito, F. Tatsuzawa, K. Kasahara, M. Yokoi, S. lida, A. Shigihara and T. Honda, 1996
Acylated peonidin glycosides in the slate flowers of Pharbitus nil. Phytochemistry, 41,
1607-1611.

N. Saito, F. Tatsuzawa, M. Yokoi, K. Kasahara, S. lida, A. Shigihara and T. Honda, 1996
Acylated pelargonidin glycosides in the red-purple flowers of Ipomoea purpurea.
Phytochemistry, 43, 1365-1370.

Y. Abe, A. Hoshino and S. lida, 1997
Appearance of flower variegation in the mutable speckled line of the Japanese morning
glory is controlled by two genetic elements. Genes Genet. Syst., 72, 57-62.

Y. Habu, S. Fukada-Tanaka, Y. Hisatomi and S. lida, 1997

Amplified restriction fragment length polymorphism-based mRNA fingerprinting using a
single restriction enzyme that recognizes a 4-bp sequence.

Biochem. Biophys. Res. Commun., 234, 516-521.

S. Fukada-Tanaka, A. Hoshino, Y. Hisatomi, Y. Habu and S. lida, 1997
Identification of new chalcone synthase genes for flower pigmentation in the Japanese
and common morning glories. Plant Cell Physiol., 36, 754-758.

7) A. Hoshino, Y. Abe, N. Saito, Y. Inagaki and S. lida, 1997

9)

The gene encoding flavanone 3-hyroxylase is expressed normally in the pale yellow
flowers of the Japanese morning glory carrying the speckled mutation which produce
neither flavonol nor anthocyanin but accumulate chalcone, aurone and flavanone.

Plant Cell Physiol., 38, 1049-1056.

Y. Hisatomi, Y. Yoneda, K. Kasahara, Y. Inagaki and S. lida, 1997

DNA rearrangements at the region of the dihydroflavonol 4-reductase gene for flower
pigmentation and incomplete dominance in morning glory carrying the mutable flaked
mutation. Theor. Appl. Genet., 95, 509-515.

Y. Hisatomi, K. Harada and S. lida, 1997
The retrotransposon RTip1 is integrated into a novel type of minisatellite MiniSip1 in the

genome of the common morning glory, and carries another new type of minisatellite
MiniSip2. Theor. Appl. Genet., 95, 1049-1056.

10) N. Saito, F. Tatsuzawa, K. Kasahara, S. lida and T. Honda, 1998

Acylated cyanidin 3-sophorosides in the brownish-red flowers of lpomoea purpurea.
Phytochemistry, 49, 875-880.

11) Y. Habu, Y. Hisatomi and S. lida, 1998

Molecular characterization of the mutable flaked allele for flower variegation in the
common morning glory. Plant J. 16, 371-376.
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12) Y. Inagaki, Y. Johzuka-Hisatomi, T. Mori, S. Takahashi, Y. Hayakawa, S. Peyachoknagul,
Y. Ozeki and S. lida, 1999
Genomic organization of the genes encoding dihydroflavonol 4-reductase for flower
pigmentation in the Japanese and common morning glories. Gene 226, 181-188.

13) S. Takahashi, Y. Inagaki, H. Satoh, A. Hoshino and S. lida, 1999
Capturing of a genomic HMG domain sequence by an En/Spm Related transposable
element Tpn1 in the Japanese morning glory. Mol. Gen. Genet. 261, 447-451.

14) Y. Johzuka-Hisatomi, A. Hoshino, T. Mori, Y. Habu and S. lida, 1999
Characterization of the chalcone synthase genes expressed in flowers of the common and
Japanese morning glories. Genes Genet. Syst. 74, 141-147.

15) K. Shiokawa, Y. Inagaki, H. Morita, T.-J. Hsu, S. lida and H. Noguchi, 2000
The functional expression of the CHS-D and CHS-E genes of the common morning glory
(Ipomoea purpurea) in Escherichia coli and characterization of their gene products.
Plant Biotech. 17, 203-210.

16) S. Fukada-Tanaka, Y. Inagaki, T. Yamaguchi, N. Saito and S. lida, 2000
Colour-enhancing protein in blue petals. Nature 407, 581.

17) A. Hoshino, Y. Johzuka-Hisatomi and S. lida, 2001
Gene duplication and mobile genetic elements in the morning glories. Gene 265, 1-10.

18) S. Fukada-Tanaka, Y. Inagaki, T. Yamaguchi and S. lida, 2001
Simplified transposon display (STD): a new procedure for isolation of a gene tagged by a
transposable element belonging to the Tpn1 family in the Japanese morning glory.
Plant Biotech. 18, 143-149.

19) T. Yamaguchi, S. Fukada-Tanaka, Y. Inagaki, N. Saito, K. Yonekura-Sakakibara, Y.
Tanaka, T. Kusumi and S. lida, 2001

Genes encoding the vacuolar Na*/H* exchanger and flower coloration.
Plant Cell Physiol. 42, 451-461.

20) K. Toki, N. Saito, S. lida, A. Hoshino, A. Shigihara and T. Honda, 2001
Acylated pelargonidin 3-sophoroside-5-glucosides from the flowers of the Japanese
morning glory cultivar 'Violet'. Heterocycles 55, 1241/1248.

21) K. Toki, N. Saito, S. lida, A. Hoshino, A. Shigihara and T. Honda, 2001
A novel acylated pelargonidin 3-sophoroside-5-glucosides from greyish-purple flowers of
the Japanese morning glory. Heterocycles 55, 2261/2267.

22) N. Ishikawa, Y. Johzuka-Hisatomi, K. Sugita, H. Ebinuma and S. lida, 2002
The transposon Tip7100 from the common morning glory is an autonomous element that
can transpose in tobacco plants. Mol. Gen. Genomics 266, 732-739.

23) A. Hoshino, Y. Morita, J.D. Choi, N. Saito, K. Toki, Y. Tanaka and S. lida, 2003
Spontaneous mutations of the flavonoid 3i-hydroxylase gene conferring reddish flowers in
the three morning glory species. Plant Cell Physiol. 44, 990-1001.

24) K.l. Park , J. D. Choi, A. Hoshino, Y. Morita, and S. lida, 2004
An intragenic tandem duplication in a transcriptional regulatory gene for anthocyanin
biosynthesis confers pale-colored flowers and seeds with fine spots in Ipomoea tricolor.
Plant J. 38, 840-849.
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25) K. Toki, N. Saito, Y. Morita, A. Hoshino, S. lida, A. Shigihara, and T. Honda, 2004
An acylated pelargonidin 3-sophoroside from the pale-brownish red flowers of Ipomoea nil.
Heterocycles 63, 1449-1454.

26) D. Kitazawa, Y. Hatakeda, M. Kamada, N. Fuijii, Y. Miyazawa, A. Hoshino, S. lida, H.
Fukaki, M. T. Morita, M. Tasaka, H. Suge, and H. Takahashi, 2005
Shoot circumnutation and winding movements require gravisensing cells.
Proc. Natl. Acad. Sci. USA 102, 18742-18747.

27) N. Saito, K. Toki, Y. Morita, A. Hoshino, S. lida, A. Shigihara, and T. Honda, 2005
Acylated peonidin glycosides from duskish mutant flowers of /Jpomoea nil.
Phytochemistry 66, 1852-1860.

28) M. Ohnishi, S. Fukada-Tanaka, A. Hoshino, J. Takada, Y. Inagaki, and S. lida, 2005
Characterization of a novel Na*/H* antiporter gene InNHX2 and comparison of InNHX2
with InNHX1, which is responsible for blue flower coloration by increasing the vacuolar pH
in the Japanese morning glory. Plant Cell Physiol. 46, 259-267.

29) Y. Morita, A. Hoshino, Y. Kikuchi, H. Okuhara, E. Ono, Y. Tanaka, Y. Fukui, N. Saito, E.
Nitasaka, H. Noguchi, and S. lida, 2005
Japanese morning glory dusky mutants displaying reddish-brown or purplish-grey flowers
are deficient in a novel glycosylation enzyme for anthocyanin biosynthesis,
UDP-glucose:anthocyanidin  3-O-glucoside-2"-O-glucosyltransferase, due to 4-bp
insertions in the gene. Plant J. 42, 353-363.

30) Y. Morita, M. Saitoh, A. Hoshino, E. Nitasaka, and S. lida, 2006
Isolation of cDNAs for R2R3-MYB, bHLH, and WDR transcriptional regulators and
identification of ¢ and ca mutations conferring white flowers in the Japanese morning
glory.
Plant Cell Physiol. 47, 457-470.

31) K.l. Park, N. Ishikawa, Y. Morita, J.D. Choi, A. Hoshino and S. lida
A bHLH regulatory gene in the common morning glory, Ipomoea purpurea, controls
anthocyanin biosynthesis in flowers, proanthocyanidin and phytomelanin pigmentation in
seeds, and seed trichome formation. Plant J. (Revised and resubmitted).

32) J. D. Choi, A. Hoshino, K.I. Park, |.S. Park and S. lida
Spontaneous mutations caused by an active Helitron transposon, Hel-It1, in morning
glory, Ipomoea tricolor. (Submitted for publication).

B) Gene Targeting and Tagging in Rice

1) R. Terada, H. Urawa, Y. Inagaki, K. Tsugane and S. lida, 2002
Efficient gene targeting by homologous recombination in rice.
Nature Biotechnology 20, 1030-1034.

2) R. Terada, H. Asao and S. lida, 2003
A large-scale Agrobacterium-mediated transformation procedure with a strong
positive-negative selection for gene targeting in rice (Oryza sativa L.).
Plant Cell Reports. 22, 653-659

3) H.-Q. Li, R. Terada, M.-R. Li and S. lida, 2004
The E. coil RecQ helicase enhances homologous recombination in rice cells.
FEBS Lett. 574, 151-155, Erratum in: FEBS Lett. 576, 284.
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4)

K. Tsugane, M. Maekawa, K. Takagi, H. Takahara, Q, Qian, C.H, Eun, and S. lida, 2006
An active DNA transposon nDart causing leaf variegation and mutable dwarfism and its
related elements in rice. Plant J. 45, 46-57.

C) Miscellanea

1)

2)

3)

4)

5)

6)

9)

M. lizuka, Y. Sugiyama, S. lida and T. Sekiya, 1996
Direct sequencing of DNA fragments amplified with single primers by polymerase chain
reaction without cloning. Anal. Biol., 241, 136-139.

A. Hasebe, S. Tsushima and S. lida, 1998
Isolation and characterization of 1IS71416 from Pseudomonas glumae, an new member of
the IS3 family. Plasmid, 39, 196-204.

K. Nakai, Y. Inagaki, H. Nagata, C. Miyazaki and S. lida, 1998
Molecular characterization of the gene for dihydroflavonol 4-reductase of Japonica rice
varieties. Plant Biotechnology 15, 221-225.

S. lida, R. Hiestand-Nauer, H. Sandmeier, H. Lehnherr and W. Arber, 1998
Accessory genes in the darA operon of bacteriophage P1 affect anti-restriction function,
generalized transduction, head morphogenesis and host cell lysis.  Virology 251, 49-58.

A. Hasebe and S. lida, 2000
The novel insertion sequences 1S1417, IS1418 and 1S71419 from Burkholderia glumae
and their strain distribution. Plasmid 44, 44-53.

T. Kojima, Y. Habu, S. lida and Y. Ogihara, 2000

Direct isolation of differentially expressed genes from a specific chromosome region of
common wheat: Application of the amplified fragment length polymorphism-based mRNA
fingerprinting (AMF) method in combination with a deletion line of wheat.

Mol. Gen. Genet. 263, 635-641.

H. Kamiunten, S. Inoue, Y. Yakabe and S. lida, 2002
Characterization of ISPsy2 and I[SPsy3, newly identified insertion sequences in
Pseudomonas syringae pv. Eriobotryae. J. Gen. Plant Pathol. 68, 75-80.

H. Yoshida, H. Akimoto, M. Yamaguchi, M. Shibata, Y. Habu, S. lida and Y. Ozeki, 2004
Alteration of methylation profiles in distinct cell lineages of the layers during vegetative
propagation in carnation (Dianthus caryophyllus). Euphytica 135, 247-253.

E. Hagihara, N. Itchoda, Y. Habu, S. lida, T. Mikami, and T. Kubo, 2005
Molecular mapping of a fertility restorer gene for Owen cytoplasmic male sterility in sugar
beet. Theor. Appl. Genet. 111, 250-255.

10) T. Furukawa, M. Maekawa, T. Oki, |I. Suda, S. lida, H. Shimada, |. Takamure and K.

Kadowaki, 2006
The Rc and Rd genes are involved in proanthocyanidin synthesis in the rice pericarp.
Plant J. (in press).

Il. Reviews

A) Flower Pigmentation in Morning Glories

1)

Y. Habu and S. lida, 1998
AFLP (amplified restriction fragment length polymorphism)-based mRNA fingerprinting.
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Plant Biotechnology 15, 249-251.

2) S. lida, A. Hoshino, Y. Johzuka-Hisatomi, Y. Habu and Y. Inagaki, 999
Floricultural traits and transposable elements in the Japanese and common morning
glories. Annal. New York Acad. Sci. 870, 265-274.

3) S. lida and A. Hoshino, 1999
Spontaneous mutagenesis and transposable elements in the Japanese morning glory.
Gamma Field Symposia 38, 1-10.

4) S. lida, A. Hoshino and J.-D. Choi, 2000
Floricultural traits and transposable elements in morning glories.
Kor. J. Hort. Sci. & Technol. 18, 845-846.

5) S. lida, Y. Morita, J. D. Choi, K. |. Park and A. Hoshino, 2004
Genetics and epigenetics in flower pigmentation associated with transposable elements in
morning glories. Adv. Biophy. 38, 141-159.

6) S. Chopra, A. Hoshino, J. Boddu, and S. lida, 2006
Flavonoid pigments as tools in molecular genetics.
E. Glotewold ed., The Science of Flavonoids, pp.147-173, Springer.

B) Gene Targeting and Tagging in Rice

1) T. lzawa, T. Ohnishi, T. Nakao, N. Ishida, H. Enoki, H. Hashimoto, K. Itoh, R. Terada, C.
Wu, C. Miyazaki, T. Endo, S. lida and K. Shimamoto, 1997
Transposon tagging in rice. Plant Mol. Biol. 35, 219-229.

2) S. lida and R. Terada, 2002
Gene modification of an endogenous gene in rice plants. ISB News Report December, 7-8.

3) S. lida, and R. Terada, 2004
A tale of two integrations, transgene and T-DNA: gene targeting by homologous
recombination in rice. Curr. Opin. Biotechnol. 15, 132-138.

4) S. lida, and R. Terada, 2005
Modification of endogenous natural genes by gene targeting in rice and other higher plants.
Plant Mol. Biol. 59, 205-219.

5) S. lida, Y. Johzuka-Hisatomi and R. Terada, 2006
Gene Targeting by Homologous Recombination for Rice Functional Genomics.
N.M. Upadhyaya Ed., Rice Functional Genomics-Challenges, Progress and Prospects,
Springer (in press).
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[Appendix]
Publications (1969 - 1995)

1) Hayatsu and S. lida, 1969.
Studies on the chemical modification of the nucleic acids. The permanganate oxidation of
thymine.
Tetrahedron Letters, 1031-1034.
2) S. lida and H. Hayatsu, 1970.
The permanganate oxidation of thymine.
Biochim. Biophys. Acta, 213, 1-13.
3) H. Hayatsu, Y. Wataya, K. Kai and S. lida, 1970.
Reaction of sodium bisulfite with uracil, cytosine, and their derivatives.
Biochemistry, 9, 2858-2865.
4) S. lida and H. Hayatsu, 1971.
The permanganate oxidation of thymidine and thymidylic acid.
Biochim. Biophys. Acta, 228, 1-8.
5) S. lida and H. Hayatsu, 1971.
Chemical transformation of 4-thiouridine with nitrous acid.
Biochem. Biophys. Res. Commun., 43, 163-167.
6). S. lida and H. Hayatsu, 1971.
The permanganate oxidation of deoxyribonucleic acid.
Biochim. Biophys. Acta, 240, 370-375.
7). S. lida, K.C. Chung and H. Hayatsu, 1973.
The reaction of hydroxyamine with 4-thiouridine. Biochim.
Biophys. Acta, 308, 198-204.
8). S. lida, M. Inoue, K. Kai, N. Kitamura, I. Kudo, M. Sono, T. Tsuruo, H. Hayatsu, A. Miura and Y.
Wataya, 1974.
Some properties of the damage of DNA and phage induced by bisulfite.
Mutation Research, 26, 433-434.
9) S. lida, Y. Wataya, |. Kudo, K. Kai and H. Hayatsu, 1974.
Bisulfite-catalyzed tritium labeling of DNA and RNA.
FEBS Letters, 39, 263-266.
10) M. Shiragami, I. Kudo, S. lida and H. Hayatsu, 1975.
Formation of diastereomers of 5,6-dihydrothymine-6-sulfonate by deamination of
5-methylcytosine
with bisulfite. Chem. Pharm. Bull., 23, 3027-3029.
11) Y. Wataya, S. lida, I. Kudo, Z. Ohashi, S. Nishimura, K. Suga, H. Takagi, T. Yokoshima and H.
Hayatsu, 1976.
Conformation of Escherichia coli glutamic acid tRNA |l as studied by hydrogen-tritium exchange
catalyzed by cystein methylester. Eur. J. Biochem., 64, 27-34.
12) S. lida and W. Arber, 1977.
Plague forming specialized transducing phage P1: Isolation of P1CmSmSu, a precursor of P1Cm.
Mol. Gen. Genet., 153, 259-269.
13) S.lida, 1977.
Directed integration of an F' plasmid by integrative suppression. Isolation of plaque forming
lambda transducing phage for the dnaC gene.
Mol. Gen. Genet., 155, 153-162.
14) S. lida and H. Uchida, 1977.
Deletion mutations and the DNA replication of DNA in bacteriophage.
Virology, 83, 277-286.
15) S. lida, J. Meyer and W. Arber, 1978.
The insertion element IS7 is a natural constituent of coliphage P1 DNA.
Plasmid, 1, 357-365.
16) W. Arber, S. lida, H. J, tte, P. Caspers, J. Meyer and C. H%ani, 1978.
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17)

18)

19)

20)

Rearrangements of genetic material in Escherichia coli as observed on the bacteriophage P1
plasmid. Cold Spring Harbor Symp. Quant. Biol., 43, 1197-1208.

J.T. Walker, S. lida and D.H. Walker, Jr., 1979.

Permutation of the DNA in small-headed virions of coliphage P1.

Mol. Gen. Genet., 167, 341-344.

S. lida and W. Arber, 1979.

Multiple physical differences in the genome structure of functionally related bacteriophage P1 and
P7. Mol. Gen. Genet., 173, 249-261.

J. Meyer and S. lida, 1979.

Amplification of chloramphenicol resistance transposons carried by phage P1Cm in Escherichia
coli. Mol. Gen. Genet., 176, 209-219.

R. Marcoli, S. lida and T. Bickle, 1980.

The DNA sequence of IS7-flanked transposon coding for resistance to chloramphenicol and

fusidic

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

acid. FEBS Letters, 110, 11-14.
S. lida and W. Arber, 1980.
On the role of IS7 in the formation of hybrids between the bacteriophage P1 and the R plasmid
NR1. Mol. Gen. Genet., 177, 261-270.
S. lida, 1980.
A cointegrate of the bacteriophage P1 genome and the conjugative R plasmid R100.
Plasmid, 3, 278-290.
J. Meyer, S. lida and W. Arber, 1980.
Does the insertion element IS7 transpose preferentially into A+T-rich DNA segments?
Mol. Gen. Genet., 178, 471-473.
S. lida, J. Meyer and W. Arber, 1980.
Genesis and natural history of IS-mediated transposons.
Cold Spring Harbor Symp. Quant. Biol., 45, 27-43.
W. Arber, M. Humbelin, P. Caspers, H.J. Reif, S. lida and J. Meyer, 1980.
Spontaneous mutations in the Escherichia coli prophage P1 and IS-mediated processes.
Cold Spring Harbor Symp. Quant. Biol., 45, 38-40.

S. lida, C. Hanni E. Echarti and W. Arber, 1981.
Characterization of transposon Tn2671 composed of the IS7 flanked r-determinant of an R

plasmid. J. Gen. Microbiol., 126, 413-425.

J. Meyer, M. Stalhammar-Carlemalm and S. lida, 1981.

Denaturation map of bacteriophage P1 DNA.

Virology, 110, 167-175.

P. Prentki, F. Karch, S. lida and J. Meyer, 1981.

The plasmid cloning vector pBR325 contains a 482 base-pair-long inverted duplication.
Gene, 14, 289-299.

S. lida, J. Meyer and W. Arber, 1981.

Cointegrates between P1 DNA and plasmid pBR322 derivatives suggest molecular mechanisms
for P1-mediated transduction of small plasmids.

Mol. Gen. Genet., 184, 1-10.

S. lida, R. Marcoli and T.A. Bickle, 1981.

A variant insertion element IS7 generates eight base pair duplications of the target sequence.
Nature, 294, 374-376.

S.F.J. Le Grice, H. Matzura, R. Marcoli, S. lida and T.A. Bickle, 1982.

The catabolite-sensitive promoter for chloramphenicol acetyl transferase is preceded by two
binding sites for the catabolic gene-activator protein.

J. Bacteriol., 150, 1266-1273.

C. Hanni, J. Meyer, S. lida and W. Arber, 1982.

Occurrence and properties of the composite transposon Tn2672: Evolution of multiple drug
resistance transposons. J. Bacteriol., 150, 1266-1273.
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33) T.A. Volker, S. lida and T.A. Bickle, 1982.
A single gene coding for resistance to both fusidic acids and chloramphenicol.
J. Mol. Biol., 154, 417-425.

34) S. lida, J. Meyer, P. Linder, N. Goto, H.-J. Reif and W. Arber, 1982.
The kanamycin transposon Tn2680 derived from the R plasmid Rts1 and carried by phage P1Km
has flanking 0.8 kb long direct repeats. Plasmid, 8, 187-198.

35) W. Arber and S. lida, 1982.
The involvement of IS elements of E. coli in the genesis of transposons and in spontaneous
mutagenesis. In "Drug Resistance in Bacteria. Genetics, Biochemistry and Molecular Biology"
(S. Mitsuhashi, Ed.) Japan Scientific Societies Press, Tokyo/Thieme-Stratton Inc., New York,
pp. 3-13.

36) S. lida, R. Marcoli and T.A. Bickle, 1982.
Phenotypic reversion of an IS 7-mediated deletion mutation: A combined role for point mutations
and deletions in transposon evolution. EMBO J., 1, 755-759.

37) S. lida, J. Meyer, K.E. Kennedy and W. Arber, 1982.
A site-specific, conservative recombination system carried by bacteriophage P1. Mapping the
recombinase gene cin and the cross-over sites cix for the inversion of the C segment.
EMBO J., 1, 1445-1453.

38) S.lida, S. Schrickel and W. Arber, 1982.
On the segregation of IS7-mediated cointegrates between bacteriophage P1 DNA and plasmid
pBR322 derivatives. FEBS Microbiol. Lett., 15, 269-273.

39) S. lida, 1983.
Physical characterization of the E. coli dnaC region carried by a plaque forming AdnaC
transducing phage. Experiencia, 39, 187-188.

40) S. lida, J. Meyer and W. Arber, 1983.
Prokaryotic IS elements. In "Mobile Genetic Elements" (J. Shapiro, Ed.
Academic Press, New York, pp. 159-221.

41) S. lida, J. Meyer, B. Bachi M. Stalhammar-Carlemalm, S. Schrickel, T.A. Bickle and W. Arber,

1983.
DNA restriction-modification genes of phage P1 and Plasmid p15B. Structure and in vitro
transcription. J. Mol. Biol., 165, 1-18.

42) S.M. Hadi, B. Bachi S. lida and T.A. Bickle, 1983.
DNA restriction-modification enzymes of phage P1 and plasmid p15B. Subunit functions and
structural homologies. J. Mol. Biol., 165, 19-34.

43) J. Meyer, S. lida and W. Arber, 1983.
Physical analysis of the genomes of hybrid phages between phage P1 and plasmid p15B.
J. Mol. Biol., 165, 191-195.

44) K.E. Kennedy, S. lida, J. Meyer, M. Stalhammar-Carlemalm, R. Hiestand-Nauer and W. Arber,
1983. Genome fusion mediated by the site-specific DNA inversion system of bacteriophage P1.
Mol. Gen. Genet., 189, 413-421.

45) S. lida, 1983. On the origin of the chloramphenicol resistance transposon Tn9.
J. Gen. Microbiol., 129, 1217-1225.

46) R. Hiestand-Nauer and S. lida, 1983.
Sequence of the site-specific recombinase gene cin and its substrates serving in the inversion of
the C segment of bacteriophage P1. EMBO J., 2, 1733-1740.

47) B. Mollet, S. lida, J. Shepherd and W. Arber, 1983.
Nucleotide sequence of IS26, a new prokaryotic mobile genetic element.
Nucleic Acids Res., 11, 6319-6330.

48) S. lida, 1984.
Bacteriophage P1 carries two related sets of genes determining its host range in the invertible C
segment of its genome. Virology, 134, 421-434.

49) P. Caspers, B. Dalrymple, S. lida and W. Arber, 1984.
IS30, a new insertion sequence of Escherichia coli K12.
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53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

Mol. Gen. Genet., 196, 68-73.

S. lida, H. Hubner, R. Hiestand-Nauer, J. Meyer, T.A. Bickle and W. Arber, 1984.

The bacteriophage P1 site-specific recombinase cin: Recombination events and DNA recognition
sequences. Cold Spring Harbor Symp. Quant. Biol., 49, 769-777.
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@/ i ZE 2 B 1 © Prof. Ohsumiis scientific career has focused on the study of the
degradation of proteins in lysosomes (vacuole in yeast), a process also known as Autophagy.
Intracellular protein degradation is an essential cellular process as it is responsible for the
continuous renewal of cellular components (which guarantees their proper functioning), but
also it contributes to the removal of any damaged or altered component that could be harmful
for the cell. The current better understanding of lysosomal degradation, in most a result of Dr.
Ohsumiis studies, has also revealed that autophagy is required for many other cellular
functions such as cellular differentiation and remodeling, cell defense against pathogens and
cell adaptation to changes in the environment. In support of the critical role of autophagy in the
maintenance of proper cellular functioning is the fact that alterations in autophagy have been
recently linked to major human pathologies such as cancer, metabolic and neurodegenerative
disorders.

Although lysosomes have been studied for more than 50 years now, and the initial descriptions
of autophagy in liver are dated in the early 60is, the current understanding of this process at the
molecular level has been attained only in the last 10 years, all as result of the pioneering work
of Prof. Ohsumi. In fact, his unique approach to the study of the autophagic system constituted
a real revolution and he continues providing the most forefront information about autophagy.
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In contrast to the traditional methods to study autophagy in mammals, which often required
tedious morphological procedures and offered very little information on the functional aspects
of this process, Prof. Ohsumi decided to use a simpler model, yeast, where a genetic approach
was feasible. This unique approach allowed him to identify the first autophagy-related genes
(ATG). The introduction of ATGs in the field of autophagy was a real revolution because, for
the first time, there were unique protein products that could be tracked to analyze autophagy,
and that could be manipulated (knocked down or overexpressed) in order to study the cellular
consequences of changes in autophagy. Thanks to the generosity of Prof. Ohsumi with the new
Atg-related reagents generated in his laboratory, the autophagy community now counts on
tools to properly study this process. In fact, most of the recent findings from other scientists in
the field on the role of autophagy in different intracellular processes and in pathologies have
been possible only because of these tools. Furthermore, the ATG factors identified by Prof.
Ohsumi turned out to be well conserved in higher eukaryotes, which allowed his discoveries to

be immediately applied to many other species including human.

Since his seminal finding, Prof. Ohsumi and the members of his group have focused on a
systematic dissection of the molecular basis of autophagy. His elegant work, compiled in more
than 60 publications on this topic, has revealed that the formation and progression of
autophagic vacuoles, the structures that sequester the cargo to be delivered to the vacuole for
degradation, result from a very complex and coordinated assembly of proteins. His group
identified the presence of two unique conjugation cascades (a protein-protein conjugation
system and a protein-lipid conjugation system), essential for the formation of the
autophagosome. Different proteins involved in this conjugation cascade have been now
knocked down to analyze the consequence of blockage of autophagy. Dr. Ohsumiis group has
also identified a family of kinases that link the regulation of autophagy to a nutrient sensor
protein. Chemical manipulation of this kinase has been successfully used by other groups to
ameliorate the symptoms of some devastating neurodegenerative diseases in animal models.
The identification of the participation of a fourth kinase complex in autophagy, by Prof.
Ohsumiis group has also established links between autophagy and other essential cellular
processes such as the sorting of lysosomal enzymes.

The expansion of the field of autophagy in the last five years has been vertiginous and there is
a growing number of groups interested in the study of the participation of autophagy in many
different physiological and pathological processes. However, the number of groups studying
the molecular basis of autophagy is relatively small, and we all in the field turn to Prof.
Ohsumiis group to learn iw hat is newi about the molecular components. His group continues
investigating the function of novel autophagy genes (such as Atg29) of still unknown function,
and in his most recent work they have used a very systematic approach to elucidate how each
of the different Atg proteins relate to each other. This still ongoing work will generate precious
information for any future therapeutic intervention based on manipulations on this process, and

will provide new tools for the study of this essential cellular process.

Prof. Ohsumiis group is currently in a privileged situation to carry out the studies that he
proposes in his future research plan. Each of the topics that he is currently analyzing is a

critical pending question in autophagy and their resolution is necessary for the advance in this
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field. He continuously has surprised the autophagy field with novel components, novel
structures, and completely novel protein cascades that now constitute the basis of our current
view of the autophagic process. I have no doubt that in these coming years the structural
studies that he has recently engaged into, the proposed proteomic analysis and the unique
biochemical approaches that his group has developed will provide a much more complete and

comprehensive picture of autophagy and will offer new tools and ways to modify this process.

In summary, Prof. Ohsumiis unique creativity was able to resolve, in a very simple system and
through the use of genetics, a very complicated process poorly understood for years. But his
contribution did not stop there. Since his seminal finding, his group has been in the forefront of
the molecular characterization of this process, and his elegant and systematic approach to this

problem has taken the field to the very exhilarating state that it currently is at.
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RESEACH ACTIVITIES OF YOSHINORI OHSUMI
FOR 1996-2006

Progress of our studies

Before NIBB

I started studies on yeast, S. cereviciae, in Professor Y. Anrakuislab, Department

of Botany, Faculty of Sciences, The University of Tokyo in 1978. I decided to work
on the vacuolar membrane and first established the procedure for isolation of the
vacuolar membrane vesicles competent for transport assay and biochemical
analysis. We found yeast vacuole is rather active organelle and possesses active
transport systems of amino acids and Ca?*. Also we first reported H*-translocating
ATPase on the vacuolar membrane that is distinct from mitochondrial and
plasma-membrane-type proton pump.

The vacuole in budding yeast, S. cerevisiae, is the most prominent
organelle and easily visible under light microscope. Vacuole is maintained acidic
inside and plays crucial roles for homeostasis of cellular ions, and functions as a
reservoir of various metabolites such as amino acids. Furthermore, it contains
various hydrolytic enzymes, proteinase, peptidase, nuclease, phosphatase and
mannosidase and so on. From these facts vacuole was postulated to function as a
lytic compartment like lysosome in mammalian cells.

In 1988 T moved to the College of Arts and Sciences, The University of
Tokyo and started my own lab from just myself. I chose the lytic function of the
vacuole in yeast as my main subject to study. Soon I discovered that vacuole
functions as a lytic compartment during nutrient starvation. When vacuolar
proteinase-deficient mutants grown in a rich medium were shifted to
nitrogen-deprived medium, spherical structures appeared in the vacuole after a
short lag time, gradually increased in number and finally filled the vacuole up to 10
hrs. These structures, named autophagic bodies, were mostly single
membrane-bound, occasionally multi-lamellar structures containing a portion of
cytoplasm. The autophagic bodies contained ribosomes and occasionally other
various cellular structures including mitochondrion and rER. Subsequently double
membrane structures of a size equivalent to autophagic bodies, autophagosomes,
were found in the cytoplasm of the starved cells. Fusion images between the outer
membrane of autophagosome and the vacuolar membrane were obtained by
electron microscopy. Autophagic bodies were about 300-900 nm in diameter, about
500 nm on average. These are the final membrane structure of autophagy in the
yeast, which is derived from inner membrane of autophagosome. We succeeded to
show the process is the same as membrane dynamics as well described autophagy in
mammals.

To elucidate the molecular mechanism of autophagy, we applied a genetic
approach. The most characteristic feature of yeast autophagy is that we are able to
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monitor the progress of autophagy under light microscope as the accumulation of
autophagic bodies. Taking this advantage we obtained autophagy-defective
mutants. About 100 autophagy-defective mutants were isolated, and divided into 14
groups (atgl-atgl5) by complementation analysis. Later by two hybrid screens
using ATG genes as bait we and other group identified three more ATG genes,

indicating that our original strategy of genetic screen was quite effective.

NIBB

I moved to National Institute for Basic Biology on April 1996. Fortunately
the Institute generously offered me to have full stuffs (one associate professor and
two research associates). I decided that my whole lab works on the autophagy from
various approaches. At that time my lab members were seven people including
myself. Changes of my lab members are listed as Table I. Since autophagy had been
well studied in mammals though those were mostly morphological studies by using
electron microscopy, I asked Tamotsu Yoshimori to join to my lab and work on
mammalian autophagy. Therefore, from the beginning my lab worked on
autophagy both in yeast and higher eukaryotes.

Since the first our paper in J. Cell Biology was reported in 1992, we have
published total 82 original papers and several review articles on autophagy in
several journals. Since autophagy was a small field in biology at the beginning
citation of our works was quite poor, but now total number of citation of our papers
became about 5400 (8/15, 2006) out of total 2100 papers on the related subjects to
autophagy published in 1992-2006.

I will present the summary of our results obtained for this decade in NIBB.
I do not mention about each contributor of these works, but it is no doubt that these
entirely owe to their hard work and efforts. I appreciate so much to have had
talented people from many universities of Japan.

1996-97

All atg mutants grow normally in a nutrient rich medium, indicating that
autophagy is not essential for vegetative growth in yeast. Several vacuolar
functions tested, secretion, and endocytosis and vacuolar functions of these
autophagy defective mutants were almost normal as wild type cells. The
characteristic feature of autophagy-defective mutants is the loss of viability during
nitrogen starvation. Autophagy-defective mutants start to die after 2 days of
starvation and almost completely lose viability after 1 week.
To identify the ATG genes cloning was performed by complementation of the loss of
viability phenotype of atg mutants using DNA library. We succeeded to identify
ATG1, ATGb5, ATG6, ATG12, ATG13. The first gene cloned, ATG1 was a novel
Ser/Thr kinase. However, since then almost all ATG genes turned out to be a novel
genes and their primary structures did not tell us any information for their

functions.
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Dr. Klionsky, UC Davis at that time, have been working on the transport
of Aminopeptidase I to the vacuole, which does not require secretory pathway. They
isolated mutants defective for the transport of API, cvt (Cytoplasm to vacuole
transport) mutants. The cvt mutants were mostly overlapped with atg mutants.
These two pathways are apparently quite different from each other. The Cvt
pathway is biosynthetic and constitutive, but autophagy is degradative pathway
and is highly induced under starvation conditions. Kinetics of them is also quite
distinctive. In collaborating with Dr. Klionsky we investigated the Cvt pathway by
electron microscopy and clearly showed that the Cvt pathway is topologically the
same with autophagy and utilizes almost all Atg proteins. API forms an aggregate
named the Cvt complex with spherical structures and is enwrapped to a
double-membraned vesicles, Cvt vesicles that are about 150 nm in diameter and
exclude cytosol. The Cvt vesicles fuse with vacuole and release Cvt bodies into the

lumen.

1998-99

We realized that Tor, a phosphatidylinositol kinase homologue, is a
master regulator of autophagy. When rapamycin, Tor kinase inhibitor, was added to
the cells growing in a rich medium, autophagy is immediately induced just like cells
in the starvation medium. Tor negatively regulates the autophagy under growth
conditions.

Most striking finding was a ubiquitin-like conjugation system essential for
autophagy. Atgl2, 186 amino acid protein, is synthesized as an active form.
C-terminal glycine residue of Atg12 is activated with Atg7, E1 enzyme, by forming a
thioester intermediate. Then it is transferred to AtglO, a novel E2 enzyme and
finally transferred to a Lys!4® of Atgb via an isopeptide bond. The Atgl2-Atgh
conjugate is essential for autophagy. The reaction is similar to ubiquitination, but
Atgl2 system has unique characteristics. Atgl2 conjugation has a single target,
Atgh. Atgl2 conjugation is not induced by starvation but constitutive, therefore, the
Atgl12-Atgh conjugate behaves just like a single protein. The conjugate forms a
protein complex with Atgl6é which was isolated by two hybrid screening using
Atgl2 as bait. Then it was shown that Atgl6 directly interacts with Atgh, but not
with Atgl2. This conjugation system is well conserved from yeast to mammals and
higher plants. We obtained mouse ATG12 and ATGS5 genes, and proved that they
form a conjugate as yeast cells, are also essential for autophagy by making mouse
Atgh-/Atgh- embryonic stem cells.

Atgl3 was a highly phosphorylated protein under growing condition, but
quickly dephosphorylated in the starvation medium. Adding of nitrogen source back
immediately recovered the phosphorylated state.

We were interested in the mechanism of disintegration of autophagic
bodies in the vacuole, and tried to isolate mutants defective in this process. Most
of them were proved to be vma mutants, which are defective in acidification of

vacuolar lumen. This clearly indicated that acidification of vacuole is requisite for

1390



the disruption of inner membrane of autophagosome in the vacuole. In this period
we succeeded cloning of most of the ATG genes in collaborating with Mariko

Ohsumiislab in Teikyo Univ. of Science and Technology.

2000-2001

Atg9 was studied in both our and Klionskyis lab independently and proved
that Atg9 is a membrane protein with multi membrane spanning domains. Atg9
localized on the yet undefined membrane. Since then we are working hard on the
function of this protein, but still precise role of Atg9 is not fully understood.

ATG8 encodes a small basic protein of 117 amino acid residues. Atg8 has
many homologues 1in eukaryotes, forms a large protein family.
Immuno-fluorescence and electron microscopy revealed that the Atg8 is localized on
autophagosome, and autophagic body and also the premature autophagosome
membrane, providing a good marker for the intermediate membranes during
autophagosome formation.

C-terminal myc-tagging experiment revealed a processing of Atg8 at very
C-terminal end. Another Atg factor, Atg4 was responsible for the process. Atg4
was a novel cysteine proteinase family member conserved in eukaryotes.
Mutational analyses of Atg8 indicated that Atg4 cleaves a single arginine residue
from the nascent Atg8, and exposes a glycine residue at the C-terminus. Atgl12 and
Atg8 show significant homology at C-terminal region. Further analyses indicated
that Atg8 is also a ubiquitin-like protein (UBL) and activated by Atg7. Then it is
transferred to Atg3, E2 enzyme. Thus Atg7 is a unique E1 enzyme which activates
two different UBLs, Atg12 and Atg8, and transfers them to each E2 molecule, Atg10
and Atg3, respectively. Next apparent question was what the target of Atg8 is. Atg8
showed a single band in a conventional SDS-PAGE, but was realized to be in two
forms; one is loosely membrane bound, and the other half is a tightly membrane
bound form. The formation of the tightly membrane bound form of Atg8 required
Atg7, Atg3, C-terminal glycine of Atg8 and Atg4, suggesting that it is generated by
conjugation reaction. By SDS-PAGE in the presence of 6 M urea two forms of Atg8
were found to be separable. The modified form of Atg8 showed faster mobility than
Atg8 itself. In collaboration with Prof. T. Takao, Osaka University, mass
spectroscopy of the modified form of Atg8 clearly indicated that it is a covalent
conjugate of  Atg8 to one of  the membrane phospholipids,
phosphatidylethanolamine.

This indicates that ubiquitin-like modification is not restricted to
protein-protein linkage, but also protein-lipid linkage. Importantly Apg8-PE
formation was reversible and the processing enzyme, Atg4, played a role on this
deconjugation process. This cycle of Apg8-lipidation reaction is necessary for normal
autophagic activity.

Atgl physically interacts with Atg13, Atgl7 and Cvt9. Atgl3 is a highly
phosphorylated protein under nutrient-rich condition. Upon starvation or addition
of rapamycin, a specific inhibitor of Tor kinase, it is dephosphorylated by yet
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unknown phosphatase. Reversely, upon addition of nutrients to starved cells,
Apgl3 is rapidly hyperphosphorylated. The phosphorylation state of Atgl3 is
controlled by the nutrient conditions through the Tor signaling pathway. Genetic
interaction exists between Atgl and Atgl3, since overproduction of Atgl partially
suppresses the autophagy-defect of the atgl3 null mutant. At its central region,
Atg13 physically binds with Atgl. Under starvation, Atgl3 is associated with Atgl,
while under nutrient rich condition the affinity is lowered. In addition, in the
atgl3A mutant, the kinase activity of Atgl becomes low. These results suggest that
Atgl3 is a positive regulator for the Apgl protein kinase. Transport of API is
completely blocked when the atgl3 null mutant was grown in a nutrient rich
medium, but the block could be mostly overcome by incubation in starvation
conditions. In atgl3 mutant that lacks most of Atgl-binding region, the Cvt
pathway was normal but autophagy was completely defective. Thus, Apgl3 may
regulate autophagy and the Cvt pathway through the Atgl protein kinase. It is
known that Atg13 also associates with Vac8 via its C-terminal region.

The forth protein complex required for autophagy is autophagy-
specific PI3 kinase complex. Cloning and characterization of ATG6 revealed that it
is allelic to VPS30. Vps30/Atg6 has dual function for vacuolar protein sorting and
autophagy. Atgl4 is a possible coiled-coil protein, and associated with Vps30.
Over-expression of Atgl4 partially suppressed the autophagic defect of truncated
mutant of Vps30, but did not suppress that of the deletion allele of VPS30. This
suggests that Atgl4 binds to Vps30 to exert its function for autophagy. In contrast
with vps30 mutant, atgl4 mutant does not show defect in vacuolar protein sorting.
We realized that Vps30 forms two distinct protein complexes. One complex of Vps30,
Atgl4, Vps34 and Vpslb is necessary for autophagy. The other complex of Vps30,
Vps38, Vps34 and Vpsl5 is required for vacuolar protein sorting. These complexes
share three factors, Vps34, Vpsl5 and Vps30/Atg6. Vps34 1s a sole
phosphatidylinositol 3-kinase in yeast and Vps15 is a regulatory protein kinase of
Vps30. Vps30 is a possible coiled-coil protein and peripherally membrane associated.
Lack of Vps34 or Vps15 resulted in solubilization of Vps30. Atgl4 is a specific factor
in the autophagy-specific PI3-kinase complex, therefore, it plays an important role
in determining the specificity of the PI3 kinase complex. Atgl4 is peripherally
associated to yet unknown membrane. Recently we proved that Atgl4 is the
determinant of the localization of the complex at the PAS (see below).

Atgl12 and Atg8 homologues are well conserved in mammals. L.LC3, Atg8
homolog is necessary for autophagy and is processed similarly and forms a lipid
conjugate. GFP-LC3 is a very good marker to visualize isolation membrane, while
GFP-Atgh stains just isolation membrane. We succeeded to show the formation of
autophagosomes in mammalian cell in real time. These two proteins provided most
useful tools to investigate the process of autophagy in mammals. Our materials
were distributed all over the world to detect the autophagy in mammals.

J410



2002-03

To understand the requirement of secretory pathway, autophagic
activities of the sec mutants were analyzed. Early secretory mutants such as secI2,
and sec24, from ER to Golgi were proved to be necessary for autophagy, suggesting
some membrane flow from ER is necessary for membrane dynamics during
autophagy.

We also started autophagy in higher plant by isolating null mutants of
Arabidopsis ATG genes. First knockout plant ATG9/ATG9- exhibited an early
senescence phenotype and growth defect in starvation conditions.

Intracellular localization of Atg proteins was studied using GFP-fusion
proteins. Atg8 showed a perivacuoalr punctate structure, and many other Atg
proteins were found at this structure. Temperature sensitive Atglt* mutant cells
expressing GFP-Atg8 was completely defective in the autophagosome formation,
instead they showed a bright dot at restrictive temperature. Upon shift down to the
permissive temperature, immediately less brightly fluorescent structures,
presumably autophagosomes, were generated from the structure, and fused to the
vacuole, consequently vacuolar lumen stained brightly. From the structure
autophagosomes are generated, this structure may be an organizing center of
autophagosome. We named the structure pre-autophagosomal structure, the PAS.

We have shown that mammalian cells, the Atgl2-Atgh protein
conjugate is essential for autophagosome formation. In yeast, the Atgl2-Atgh
conjugate interacts with a small coiled-coil protein, Atgl6, to form a ~350-kDa
multimeric complex. We demonstrated that the mouse Atgl2-Atgh conjugate
forms a ~800-kDa protein complex containing a novel WD repeat protein. As the
N-terminal region of this novel protein showed homology with yeast Atgl6, we
designated it mouse Atgl6-like protein (Atgl16L). Atgl6L has a large C-terminal
domain containing seven WD repeat, and is well conserved in all eukaryotes
except two yeast species. N-terminal region of Atgl16L interacted with both Atgh
and Atgl6L monomers, but WD-repeat domain does not. In conjunction with
Atg12-Atgh, Atgl6L associates with the isolation membrane for the duration of
autophagosome formation, indicating that Atg16L is the functional counterpart
of the yeast Atgl6. We also found that membrane targeting of Atgl6L requires
Atgh, but not Atgl2. As WD repeat proteins provide a platform for
protein-protein interactions, the ~800-kDa complex is expected to function in
autophagosome formation, further interacting with other proteins in mammalian

cells.

2004-present
One of important questions for us is autophagy induced by autophagy 1is

just none-selective or not. 2-D gel analysis of total soluble proteins after 24 hours
starvation revealed that cytosolic acetoaldehydedehydrogenase (Ald6) was
preferentially degraded via autophagy. We donit know yet its mechanism at

molecular level, but it certainly suggested the possible roles of autophagy for
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elimination of harmful proteins. Recently we examined the amino acid pool during
nitrogen starvation. In wild type cells, amino acid levels dropped dramatically in
the first three hours of starvation, but recovered and maintained a certain level, in
contrast atg mutants most amino acid levels decreased further and some of them
became very low. The amounts of nitrogen-starvation-induced proteins were
severely reduced in atg mutants, probably protein synthesis is limited by the
shortage of amino acid. Recycling of protein via autophagy must be essential for
survival during starvation.

We performed systematic analyses of the PAS localization of every Atg
proteins in all atg disruptants. From this analysis we obtained a hierarchical
structure among Atg proteins. There are epistatic relations between functional
units of Atg genes for the PAS organization. Atgl2 system and lipidation is
necessary for association of Atg8 to the PAS. The Atgl kinase complex is not
required for the recruitments of Atgl2 and Atg8. The PI3 kinase and Atg9 are
necessary for the association of two conjugates to the PAS. Most importantly
Atgl7 and Atgll function as a scaffold protein for all Atg protein localization to the
PAS, for autophagy and the Cvt pathway, respectively. Biochemical and fine
structural investigation of the PAS will elucidate the molecular details of
autophagosome formation.

Atgl2 and Atg8 conjugation systems work concertedly, not only they share
the same E1 enzyme, Atg7, but also functionally because Atg8-PE level is severely
reduced in mutants in Atgl2 system components, atgs, atglO, and atgl2. We
showed that yeast Atgl2 is much larger than ubiquitin, but its essential function
resides on the c-terminal 80 amino acids, ubiquitin-fold. Recently we established in
vitro reconstitution system of the two conjugation reactions. In vitro lipidation
reaction using purified Atg8AR, Atg7, Atg3, and PE-containing liposome functions
at very high efficiency. In vitro system required rather high contents of PE in the
liposome. But we found when Atgl2-Atg5 conjugate was added to this system
lipidation reaction was enormously enhanced even with low PE-containing liposome.
This system will elucidate the molecular details of the interaction between these
conjugation reactions. We also find that the lipidation causes drastic conformational
change at the N-terminal helical region. Mutational analysis on many surface
residues of Atg8 is now in progress and we are getting several interesting results
showing the physiological role of Atg8-PE molecule.

Recently we investigated a novel autophagy gene ATG29, which is
phosphorylated under starvation, and dephosphorylated by nutrients. The
phosphorylation is mediated by Atgl kinase, and its physiological significance is
now under examination.

Research of autophagy in mammals and plants entered a new stage, by
making knockout mouse of Atgh and Atg7. Knockout of 8 ATG genes in Arabidopsis
was succeeded, they shows significant difference on the defects in autophagy,

suggesting several pathways functions for different pathways.
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We, by collaboration of Prof. Inagaki, Hokkaido University, are getting crystal
structures of Atg3, Atg4, Atgh, Atg7, AtglO a portion of Atgl6, API, and so on.

These provide many key clues to elucidate their functions.

Future Perspective

As briefly described above, we obtained many results on the machinery of
autophagy in yeast, which might be well conserved in higher eukaryotes. Studies on
Atg proteins were not easy because those are less abundant proteins and only a
small portion of them are functioning at a time. Furthermore these 17 Atg proteins
functions very closely spatiotemporally, therefore it is necessary to understand as a
whole system.

During these ten years we could accumulate so much materials and
information such as mutants, plasmid, specific antibodies, purified proteins and so
on. We also developed a microscopy system optimal for visualization of minor Atg
proteins in yeast. Also we are getting crystal structures of many Atg proteins and
their complexes. Therefore, I am sure we will be able to solve several important
questions on the membrane dynamics during autophagy and its physiological role
in the time period left for me 1n NIBB.

There are so many important questions remained to be unveiled, but we
will focus on the following subjects. Recently so many researchers are interested in
autophagy and publishing many interesting findings on the physiological functions
of autophagy in higher eukaryotes. But I will concentrate our efforts to elucidate the
molecular mechanism of autophagy, especially using yeast system.

1. Conjugation systems essential for autophagy

Among 17 genes required for autophagy about half of them are involved in
autophagy specific conjugation reactions. It is key question to understand why
these sophisticated systems are required for the membrane dynamics during
autophagy. We will continue the in vitro systems to elucidate precise mechanism
and also interaction of two conjugation systems. Further systematic mutational
analyses of each constituent of the systems will give us many clues.

2. PI3-kinase essential for autophagy

We showed that PI3 kinase is required for recruitment of several Atg
proteins to the PAS. Atgl4, specific component of PI3 kinase for autophagy,
determine the localization of the complex. Studies on PI3P, product of the kinase, is
essential to understand the role of PI3 kinase. We have established a system to
visualize PI3P in vivo, and getting promising results. Recently we realized that P13
kinase is involved in size determination step of autophagosomes. Further analyses
will give us a clear image of the role of PI3P during autophagosome formation.
3. Further characterization of the PAS

We donit know yet the biochemical nature of the PAS. To characterize the
PAS, we will perform systematic immuno-electron microscopy to dissect the PAS
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structure at higher resolution. Recently we are getting another structure in which
many Atg proteins are colocalized. It is critical to know its relation to the PAS.
Atgl7 is a key protein for the PAS organization for autophagy. Atgl7 forms a large

protein complex, and further biochemical characterization is under way.

4. Biochemical analyses of autophagosome and the Cvt vesicles

We are working hard to isolate autophagosome, autophagic bodies, the Cvt
vesicles, and the Cvt bodies. To understand the mechanism of autophagosome
formation, biochemical characterization of autophagosome is requisite. The lipid
and protein constituents of these membranes will be determined. We will be able to
identify the SNARE molecules responsible for fusion with vacuolar membrane.
Appling this method we will also some clues on the machinery of constitutive

autophagy.

5. Further characterization of Atg proteins

We described that Atg proteins are divided into 5 subgroups. Still our
knowledge on Atg2, Atg18 are poor. These proteins form a complex, may function at
the late stage of autophagosome formation. It is also critical to know their functions.

6. Constitutive autophagy

Mostly we have been focused to elucidate the mechanism of
starvation-induced macroautophagy. However, we know now cells possess many
pathways to degrade own constituents in the lysosome/vacuoles in various stress
conditions. Our recent study showed that cells grown in non-fermentable carbon
source exhibit elevated level of vacuolar enzymes, and show constitutive uptake of
cytoplasmic constituents to the vacuole, which is also depends on Atg proteins. We
also realized that when cells faced to high temperature, selective degradation in the
vacuole takes place. Perhaps eukaryotic cells developed many autophagic
processes and utilize them for specialized purpose. Constitutive uptake of several
cytosolic proteins to the vacuole will provide a powerful model system of
constitutive autophagy. Further analyses of the targets and machinery for
selectivity will provide clues to understand the physiological significance of
constitutive autophagy and also mechanism of selective sequestration.

7. Mechanism of induction of autophagy

So far Tor is known as a master regulator of starvation signaling for
autophagy. One of the good candidates of the target of Tor is Atgl3. Direct
interaction of Tor and Atgl3 will be studied. Atgl kinase is another important
kinase for autophagy. The phosphorylation sites and its physiological significance
of Atg29, so far the only known substrate of Atgl kinase, will be elucidated.
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The 1st NIBB International Practical Course

Preface

Zebrafish (Danio rerio) and medaka (Oryzias latipes) are the leading vertebrate
models for the study of genetics as well as gene function in development. The combination of
lineage analysis, gene-knockout strategies, experimental manipulation of the embryo, and
genomic/bioinformatic techniques, makes it ideal for studies on the molecular control of
embryo patterning, morphogenesis and organogenesis. As you can see in this text, the course
covers basic technologies, including gene knockdown by injecting anitisense
morpholino-oligo, as well as a number of advanced techniques such as BAC homologous
recombination mediated transgenesis, genomic/bioinformatic techniques, and lineage analysis
with Kaede. The course also combines intensive laboratory training with daily lectures from

recognized experts in the field.

I hope students will learn both emerging technologies and classical techniques to
study gene function in the developing zebrafish and medaka using this text. Important
elements in this course are the informal interaction between students and course faculties and

establishment of friendship among students and faculties.

Taisen Iguchi,

National Institute for Basic Biology

Developmental Genetics of Zebrafish and Medaka
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The 1st NIBB International Practical Course

Monday, January 15th, 2007

09:00-09:50
10:00-10:30
10:30-11:00
11:00-12:00

12:00-13:00
13:00-18:00

19:00-20:30

Breakfast

Registration (Meeting Room at NIBB B1 Floor)

Opening Remarks

Lecture on exp. 1 “BAC homologous recombination techniques for
zebrafish transgenesis”

Lunch

Exp. 1 (PCR for targeting DNA, Purification and precipitation of
targeting DNA)

Welcome Party

Tuesday, January 16th, 2007

08:00-08:50
09:00-11:00
11:00-12:00
12:00-13:00
13:00-15:00
15:00-18:00
19:00-20:30

Breakfast

Exp. 1 (Demonstration of injection)

Exp. 1 (Agarose gel electrophoresis of the purified DNA)
Lunch

Exp. 1 (Homologus recombination and transformation)

Lecture on exp. 2 “How to clone your favorite medaka mutants”
Dinner

Wednesday, January 17th, 2007

08:00-08:50
09:00-12:00

12:00-13:00
13:00-16:00
16:00-17:00
17:00-18:00
19:00-20:30

Breakfast

Exp. 2 (PCR with the balked samples by M markers, electrosoresis and
determination of candidate LG)

Lunch

Exp. 2 continued

Exp. 1 (Colony Picking up)

Evening Lecture I (S. Takada)

Dinner

Thursday, January 18th, 2007

08:00-08:50
09:00-12:00

12:00-13:00

13:00-17:00

17:00-18:00
19:00-20:30

Breakfast

Exp. 1 (PCR for Checking) and Exp. 2 (Determination of the map
position of the mutant locus and the most adjacent DNA markers of the
mutant locus)

Lunch

Exp. 2 (Identification of responsible region of mutant phenotype on the
medaka draft genome)

Evening Lecture II (T. Iguchi)

Dinner

Developmental Genetics of Zebrafish and Medaka
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Friday, January 19th, 2007

08:00-08:50
09:00-12:00
12:00-13:00
13:00-17:30

17:30-18:30
19:00-20:30

Breakfast
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The 1st NIBB International Practical Course

Exp. 1 (BAC Injection into cytoplasm of zebrafish embryos)

Lunch

Exp. 2 (Narrowing down the responsible region with DNA markers and
identification mutation site by DNA sequencing)

Evening Lecture III (H. Takeda)

Dinner

Saturday, January 20th, 2007

Lab is open for participants.

09:00-17:00

Exp. 1 (Injection and observation)

Sunday, January 21st, 2007

Lab is closed.

Monday. January 22nd, 2007

08:00-08:50
09:00-10:00

10:00-12:00
12:00-13:00
13:00-17:00
17:00-18:00
19:00-20:30

Breakfast

Lecture on exp. 3 “Tracing cell lineages with a fluorescent protein

Kaede”

Exp. 3 (Kaede injection into zebrafish embryos)

Lunch

Exp. 3 (UV Irradiation)

Evening Lecture III (Y. Nagahama)

Dinner

Tuesday, January 23rd, 2007

08:00-08:50
09:00-12:00
12:00-13:00
13:00-16:00
16:00-17:30
18:00-20:00

Breakfast

Exp. 3 (Observation of injected embryos under Microscopes)

Lunch

Exp. 3 continued (Observation under Microscopes)
NIBB Seminar (K. Sampath)

Farewell Party

Wednesday, January 24th, 2007

08:00-08:50
09:00-11:50
11:50-12:00
12:00-13:00

Breakfast

Lecture (K. Sampath)
Closing Remarks

Lunch
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Wednesday, January 24th, 2007

Sampath, Karuna (National University of Singapore)
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Wednesday, January 17th, 2007

Takada, Shinji (NIBB)

“Forward and Reverse Genetic Approaches for Understanding
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Thursday, January 18th, 2007

Iguchi, Taisen (NIBB)

“Endocrine Disruption of Aquatic Vertebrates “

Friday, January 19th, 2007

Takeda, Hiroyuki (The University of Tokyo)

“The Analysis of Vertebrate Organogenesis Using Medaka
Developmental Mutants “

Monday, January 22nd, 2007

Nagahama, Yoshitaka (NIBB)

“Molecular Mechanisms of Sex Determination/Differentiation and
Gametogenesis in Fish “
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