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During the past 10 years, the laboratory directed by Dr. Horiuchi has accomplished an amazing amount of
work of extremely high quality. Dr. Horiuchi addresses important problems, chosen for their central
role in biology and relevance to the progress of the specific field. The work is intricate, the approaches
are designed creatively and experiments are executed carefully. Most importantly, these experiments
have revealed a great deal about basic processes that promise to have great practical relevance.

I am particularly impressed by the work on copy number regulation of yeast ribosomal RNA genes.
Repeats of this type are known in many systems and have been generally thought to change their copy
number stochastically, generating random differences that are subject to selection for increases or
decreases in copy number. Dr. Horiuchi's work has elucidated this process for yeast rrn genes and
suggests that yeast has developed ways of actually controlling copy number in programmed ways that
respond to environment conditions. This work takes on increased importance in that copy number
change has been associated with the aging process in yeast. The general problem of copy number
change under selection is part of the larger issue of how selection works and how organisms alter their
phenotype in response to growth limitation. In this regard, the work of this laboratory is relevant to the
processes that underlie the origins and progression of malignancies and how malignant cells adapt to
therapeutic interventions. This is important work that has made a big impact on biology.

Relevant to the process of genetic adaptation is the work on amplification by double rolling circle
replication. In many biological systems growth-rate limiting genes show large increases in copy number.
Such increases could occur by slow steps with each small increase providing some growth improvement.
However, in many cases, the 2 increase seems so rapid that one suspects there might be mechanisms
capable of producing sudden large jumps in gene copy number. The regulation of 2-micron circle DNA
in yeast varies copy number by rolling circle replication in which two replication forks follow each other
around a circular template molecule, producing many copies of that template in a short time. Dr.
Horiuchi and co-workers have designed, constructed and characterized a system that implements this
basic idea and applies it to segments of larger yeast chromosomes. They have produced very convincing
evidence that sudden dosage increases are possible and can be genetically determined and regulated.
The mechanisms they describe have been shown to operate in mammalian cells as well as in yeast.

In their work on E. coli, this lab has refined the chromosome sequence and has

engineered variants of E. coli that live quite normally with a linear chromosome rather than the standard
circular form. The latter work was a breathtakingly original feat that promises to have broad
implications for thinking about how bacteria replicate their genomes and segregate the copies to daughter
cells.

In summary, [ am very impressed by the work of this group. They have chosen

important problems to investigate and have made repeated large contributions to the elucidation of basic
processes. The work is most remarkable for the originality of the ideas that underlie it and the precision
and care with which the experiments are

conducted.

Y ou should be very proud of the work being done by this laboratory.
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Professor Horiuchi has studied on the dynamics of genome structure in eukaryote for the past 10 years.
Within this period, he unveiled mechanisms maintaining a high copy number of rDNA repeats in
eukaryote. In addition, Professor Horiuchi established an experimental procedure to generate the gene
amplification, which is known to be involved in the cancer development and drug resistance in eukaryote.
He published 15 papers relating to these subjects, and most of them appeared in top journals in the field
of molecular biology. It is my judgment that all of the papers published by Professor Horiuchi in the last
10 years show a high originality and a top-class quality of his science.

It has been well known that repetitive sequences in genome DNA promote chromosomal rearrangements
and provide a dynamic and plastic nature for genomes. Therefore, the repetitive sequences are
important factors functioning in evolution on the one hand, and causing genetic disease, cancer, and aging
on the other. Among many kinds of repetitive sequences found in eukaryotic genomes, rDNA repeats
have distinct characters and functions. rDNA forms a high copy number of tandem repeat in eukaryote,
and the copy number is well maintained in many generations. The rDNA array is a segment in which
transcription occurs highly efficiently to produce rRNA. However, little was unknown in mechanisms
maintaining the high copy number of rDNA. Professor Horiuchi has been a pioneer to elucidate the
mechanisms by his unique approach. Our knowledge on the rDNA maintenance totally relies on the
studies by Professor Horiuchi and his colleagues. Their way to approach to this subject was quite
unique. They constructed a yeast strain carrying one and a half of rDNA units by deleting the majority
of 80 copies of rDNA. Using this strain, they established a biological assay to examine expansion of the
rDNA repeats. Professor Horiuchi previously found that FOB1 gene is required for expansion and
contraction of rDNA array by promoting recombination between the rDNA units. From an intensive
study with their new assay system, Professor Horiuchi and his colleagues discovered cis-elements
required for FOB1-dependent expansion and contraction of rDNA. They found that one of the element,
NTSI1, contains a promoter for non-coding gene, and the transcription from this promoter facilitates the
dissociation of cohesin that suppresses sister-chromatid recombination between rDNA units. They also
showed that Sir2 gene, which is involved in gene-silencing and aging, suppresses expansion and
contraction of rDNA array by negatively regulating the transcription within the NTS1 element.
Furthermore, Professor Horiuchi and his colleagues found that the association of condensin to a particular
region in the rDNA unit plays a crucial role in maintenance of rDNA copy number.  These findings
clearly showed that transcription, cohesion of sister chromatid and gene silencing are involved in a
dynamic equilibrium of high copy number of rDNA array, contributing significantly to our understanding
on alteration and maintenance of genome structure.

In contrast to the tandemly repeating structure of rDNA array, gene amplification observed in eukaryote
cells, especially cancer cells and drug-resistant cells, is known to occur with inverted and somehow
complicated repeating structure. Because of its extremely unstable nature, mechanisms for generating
the gene amplification in eukaryote cells are largely unknown. Professor Horiuchi developed an
experimental system to induce gene amplification in yeast cells and Chinese hamster ovary cells. This
system is based on double rolling circle replication initiated by double strand DNA breaks. They found
that structures of highly amplified DNA segment produced by the experimental system closely resemble
to those naturally occurring in cancer cells and drug-resistant cells. This is the first demonstration for
induced gene amplification and must be a milestone in this field of research.

Besides the above mentioned achievements, Professor Horiuchi has made a scientific contribution to
bacterial genome biology. He succeeded in linearrizing the circular genome of Escherichia coli. This
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is a brilliant achievement that only the most talented molecular geneticist can make.  In summary, the
achievement by Professor Horiuchi within the last 10 years impacted on many scientists working on
dynamics of genome structure and is the most fruitful one.

CZEEIZ L AFMMm
Introduction

Professor Takashi HORIUCHI’s research during the past 10 years has continued to focus on several
related areas of chromosome biology, including (1) the relationship between replication fork blockage
and chromosome stability at the rDNA repeats in budding yeast; (2) mechanisms and practical
applications of gene amplification, primarily in eukaryotic model systems; and (3) functional
consequences of linear versus circular chromosome maintenance mechanisms in bacteria (Escherichia
coli). Horiuchi and co-workers have continued to make important contributions in these areas, and his
group as a whole maintains a high international standing.

Research in Prof. Horiuchi’s group during the review period has been organized around the activities of
four Assistant / Associate Professors: Takehiko Kobayashi (Associate Professor who left the group in
November, 2006), Mashumi Hidaka (Assistant Professor until August 2002), and two continuing
members, Assistant Professors Katsuki Jozuka and Takaaki Watanabe. The overall output of this group
has been good. Although the number of publications produced is relatively modest for a group this size
(22 original peer-reviewed papers are listed), much of the work is highly original, the overall quality is
high, and some of the studies are genuinely groundbreaking.

Gene amplification studies by the Horiuchi group have focused on two systems in the budding yeast
Saccharomyces cerevisiae: the natural ribosomal RNA gene repeats (rDNA) and an artificial model
system to characterize DNA damage-induced (or spontaneous) gene amplification events that can be
captured by genetic selection.

Control of rDNA repeat recombination and stability

The work on control of rDNA repeat recombination and stability, led by Kobayashi and Horiuchi, has
been outstanding, and represents a genuine landmark achievement in this field with broad implications.
Briefly, they have developed an ingenious system, based upon pioneering work of Nomura and
colleagues that allowed them to identify and eventually characterize in detail a cis element required for
rDNA amplification in yeast. They found that this element consists of a replication fork blocking
sequence (RFB) and a bi-directional promoter (E-pro) that is regulated by Sir2 protein (a highly
conserved histone deacetylase previously implicated in rDNA stability). They have also identified a key
protein required for fork blocking (Fobl). Their work, more recently published independently by
Kobayashi, has led to a detailed model for rDNA repeat expansion and contraction that remains the
current working paradigm in the field. In summary, this work represents a completely original
contribution to the field that is both highly creative and elegant.

Related work, led by Jozuka and Horiuchi, has significantly increased our understanding of the role of the
so-called “condensing” complex in rDNA repeat control. The most important contribution here has
been the identification and characterization of the Fob! protein and its recognition site within the RFB as
a loading site for condensing, in collaboration with three other Fob1-interacting proteins, Tof2, Csm1 and
Lrs4. This work, published most recently in Molecular Cell, is of very high quality and general interest,
though perhaps of slightly lower novelty and impact compared to the studies from Kobayashi and
co-workers.
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Mechanisms of gene amplification

Spontaneous gene amplification is a widespread genome instability phenomenon with important
implications, for example in the development of drug resistance following cancer chemotherapy.
Understanding the mechanisms involved might open avenues for intervention and thus improved therapy.
In a different context, gene amplification could be a powerful tool for improving yield of pharmaceutical
proteins, for example those produced in mammalian cells. Work from the Horiuchi laboratory has
tackled both of these problems.

On the basic research side, Watanabe and Horiuchi have developed a clever system in the budding yeast
that has allowed them to select for either induced or spontaneous amplification events in a very well
defined context. These events, often extremely complex, were then characterized in great detail at the
DNA level. This work, published in 2005 in EMBO Journal has identified 3 distinct types of
amplification events, two of which would appear to have direct correlates in mammalian cells.
Watanabe and Horiuchi present detailed models to explain their observations that should be testable in
future studies. In any event, the present work clearly supports their claim that a general gene
amplification method can be based upon a defined DNA structure (FAIR, or Four Alternate Inverted
Repeats) that will operate in the absence of a sequence-specific recombination system. Indeed, they
have already exploited their findings to develop an inducible amplification system in mammalian cells
that is described briefly in Horiuchi’s report.

The work described in the 2005 EMBO Journal paper is a significant contribution to the field, original in
nature, though clearly drawing on past work of others in this relatively competitive field, particularly with
regard to the BIR (Break-Induced Repair) model. The work in mammalian cells would appear to be
very promising, but an informed evaluation will have to await more details and a publication.

Escherichia coli with a linear chromosome

Although eukaryotic chromosomes (even those of the relatively small genomes found in budding or
fission yeasts) are invariably linear, and thus contain special end structures called telomeres, bacterial
genomes are usually circular, with a few noted exceptions so far. Horiuchi and colleagues have directly
addressed the function significance of the Escherichia coli circular mode of chromosome maintenance by
engineering strains with a linear chromosome (Cui et al. (2007) EMBO reports). Briefly, they found
that the linearization of the E. coli genome can be engineered by introducing a phage N15 system into the
chromosome (consisting of the 7os site and the TelN protein) with no detectable affect on cell growth
when linearization is targeted to the natural replication termination region. They also characterize this
system through elegant chromosome imaging studies, as well as genetic analysis concerning the dif
recombination system. To my knowledge, this work is a novel and highly significant contribution to the
field (a view supported by a recent review; see Chaconas & Kobryn (2010) Ann Rev Microbiology).

Summary

The Horiuchi group has made numerous significant contributions to several different areas of
chromosome biology in the past ten years. Although focused for the most part on important basic
biological problems, some of their recent work is directed towards practical applications with relevance to
the pharmaceutical industry.

The total number of publications reported for the past 10 years is not particularly high, though certainly
very reasonable for a group of this size. More importantly, though, the work is uniformly of high quality,
typically published in top-rate journals, and often of either high significance or, in some cases,
representing landmark work in the field. A considerable amount of the work from this group is both
highly creative and unique, and this is a group that I believe has a high international standing and
visibility.
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First of all, I would like to note that Prof. Horiuchi's scientific view is very unique, as was found in his
preceding studies on the recombination hot-spot at the DNA replication terminus region of Escherichia
coli chromosome, present yeast ribosomal RNA gene amplification and maintenance, gene amplification
by double-rolling circle replication and the construction of Escherichia coli with a linear genome.

His discovery of a recombination hot-spot activity of DNA replication fork blocking site has been a
backbone of Dr. Horiuchi's research, which led a series of his achievements on yeast ribosomal DNA
repeats. Dr. Horiuchi and his colleague, Dr. T. Kobayashi elegantly revealed various elements of the
regulation on expansion and contraction of the ribosomal DNA repeat copy numbers. This regulation
contains a DNA replication fork blocking site (RFB site) and novel EXP region as cis-elements and Fobl
protein, SIR2 protein, cohesin including Mcd1 subunit, condensin and others as protein factors acting in
this regulation, and is achieved through double-stranded break-formation for the initiation of a
recombination events and the control of unequal or equal sister chromatic recombination. These studies
outlined the mechanism of the maintenance of a certain number of ribosomal DNA repeat copies with
reliable experimental data.

Dr. Horiuchi extended this studies to the mechanism of gene amplification, which is the expansion of
DNA repeats and plays a critical role in cancer development and drug resistance. Dr. Horiuchi
constructed a model system for gene amplification by double-rolling circle replication (DRCR) in yeast
Saccharomyces, and demonstrated that the model system works depending on a principle that he assumed
The gene amplification was achieved by DRCR initiated first by a site-specific HO-induced
double-stranded break, by a spontaneous event although the frequency is very low, and by Cre-lox
site-specific recombination. Then, Dr. Horiuchi successfully constructed the model system in a
mammalian culture cells. Thus, he showed that DRCR, not DNA breaks per se, is the principle of gene
amplification. The gene amplification was shown to occur in the yeast system, even when he replaced the
site-specific double-stranded break or recombination sequence by a FAIR sequence (four alternate
inverted repeat), which had been shown to be formed at an initial stage of drug-resistance gene
amplification. Dr. Horiuchi seems to assume that the FAIR acts as a recombination hot-spot, but the
verification of this assumption is awaited.

In addition, Dr. Horiuchi showed that inverted or direct repeats caused inversion or deletion or
duplication in a DRCR-dependent manner, by use of an yeast 2-micron plasmid-based model system.
This event explains hyper-recombination of DNA sequences flanked by inverted repeat.

Thus, Dr. Horiuchi successfully deepened the understanding about the mechanisms of maintenance of
multiple copy genes such as ribosomal DNA repeat and gene amplification, namely, unequal sister
chromatid exchange and DRCR, with models supported by critical experimental data by use of yeast
Saccharomyces systems. He also succeeded to extend a proposed model to mammalian cultured cells. It is
awaited to obtain information about responsible genes in mammalian cells. As described, Dr. Horiuchi
largely contributed to reveal basic mechanisms of the maintenance and expansion-contraction of DNA
repeats in eukaryotes. It is awaited that his models are further supported by a series of biochemical
functions of the products of mammalian genes.
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Summary by the Director-General of NIBB

Since his appointment to the National Institute for Basic Biology in December
1990 Professor Horiuchi has presided over the Division of Genome Dynamics, and has
continued to study the mechanisms of dynamic structural changes of the genome. Over
the last ten years he has established his international position as a leader in biology
through research that has put into view the large scale genomic structural variation that
occurs during the process of biological evolution such as analyzing the mechanism that
maintains the overlapping structure of ribosomal DNA clusters as they continually
change, proposal of the double rolling-circle model to explain the mechanism by which
the rapid amplification of cancer genes observed in animal cells occurs, verification that
linearization of the circular E. coli genome has no dramatic effect of the bacteria’s
survival. In addition to his research activities he has worked as Managing Director and
the chair of the public relations committee of NIBB to gather and compile opinions from
members of the institute. Upon reaching mandatory retirement age in March 2011, Prof.
Horiuchi received the title Emeritus Professor in both the National Institute for Basic
Biology, and the Graduate University for Advanced Studies. | am grateful for his
contributions to NIBB over his many years of service.
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A decade of work from the Laboratory of Genome Dynamics at the NIBB

Historical summary and details on the most recent decade of research
1. Elucidation of mechanisms of gene amplification and maintenance
1-1 Amplification of yeast ribosomal RNA gene (rDNA) and its maintenance
We had already analyzed DNA replication fork blocking mechanisms in E. coli while 1
was at Kyusyu University. We found that there are many replication fork blocking sites
(Ter) in E. coli, and that they share a consensus sequence. In addition, we identified a
protein factor, Tus, a 7er site-specific binding protein, which is required for replication
fork blocking at these sites. However, because E. coli mutants defective in the fus gene.
have no apparent phenotype, the physiological functions of replication fork blocking
events remain unclear. At the same time, other workers reported that, in yeast, there
were replication fork barrier sites (RFB) in each unit of tandemly-repeated rDNA. Thus,
we changed organisms from E. coli to S. cerevisiae to elucidate the physiological
function of replication fork blocking events. We isolated mutants defective in
replication fork blocking activity, and identified a responsible gene, designated FOBI
(replication fork block), but disappointedly we found also that fob! mutants showed no
apparent phenotypic abnormalities, like the tus E. coli mutant. However, more detailed
analysis revealed that while the rDNA copy number in the wild-type strain constantly
fluctuates, either increasing or decreasing, it is frozen in the fob/ mutant. This indicates
that Fobl protein is essential for expansion and contraction of clusters of rDNA repeats.
Later, we found that the Fob1 protein is required for recombination between rDNA units.
The isolation of these fobl mutants and their analysis facilitated breakthroughs in
understanding the mechanism of rtDNA copy number control.

Therefore, in the last 10 years, we have focused on the following topics:
1-I (i)—(iii) Mechanisms controlling rDNA copy number in yeast, (iv) Mechanisms

responsible for the maintenance of rDNA copy number in yeast

2. Oncogene amplification mechanisms

Amplification of oncogenes or drug-resistance genes is another type of amplification for
which the mechanism also remained unclear. In order to approach this problem, we used
yeast and CHO cells and found that a crucial amplification mechanism involved double
rolling circle replication (DRCR) or convergent replication (CR). These modes of
replication produced two types of products which are very similar to the HSR
(homogeneous staining region) and DMs (double minutes) in higher eukaryotes,

respectively. This study facilitated breakthroughs in understanding mechanisms of
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oncogene amplification. Furthermore, we found that DRCR is a recombinogenic

process.

3. E. coli with a linear genome

We succeeded in converting the circular genome of E. coli into a linear one and
investigated the effect of this change in the form of the genome on cell physiology. In
order to linearize the E. coli circular genome, we utilized the lysogenic phage N135, a
member of the lambda phage family. Its genome is circular in the vegetative state, but it
becomes linear in the lysogenic state. Linearization was achieved by using two factors,
the TelN protein and a fos-specific sequence. Thus, we obtained E. coli strains with a
linear genome by inserting the fos site into the terminus region of the circular

chromosome and then by N15 phage lysogenization.

4. Determination of highly accurate whole genomic sequences of E. coli K-12
strains MG1655 and W3110

We determined the DNA sequence of the whole E. coli chromosome with extremely

high accuracy as a research project (project leader: T. Horiuchi) in collaboration with a

large number of groups from different universities in Japan. The data were annotated by

an international project team consisting of groups from Japan, USA and Europe. This

activity contributed to establishing the status of E. coli as a standard organism.

1-1-(i) Identification of a cis-element required for rDNA amplification in yeast
Saccharomyces cerevisiae carries 150 ribosomal DNA (rDNA) copies in tandem repeats.
Each repeat consists of the 35S rRNA gene, the NTS1 (Non-translational spacer 1), the
5S rRNA gene (55), and the NTS2 (Non-translational spacer 2) (Fig. 1).

The FOBI gene was previously shown to be required for replication fork blocking
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together called the EXP region) are

required for the FOBI-dependent repeat expansion (Fig. 2). This ~400-bp DNA element
is not required for the RFB activity or the HOTI activity and therefore defines a
function unique to rDNA repeat expansion (and presumably contraction) separate from
HOTI and RFB activities (Fig. 2).

1-I-(ii) SIR2 regulates recombination between rDNA repeats in yeast

It is known that mutations in gene SIR2 (silencing gene 2) increase and those in
FOBI decrease recombination within rDNA repeats as assayed by marker loss or
extra-chromosomal rDNA circle formation. STR2-dependent chromatin structures were
thought to inhibit access and/or function of recombination machinery in rDNA. We
measured the frequency of FOBI-dependent arrest of replication forks, consequent
DNA double-strand breaks, and formation of DNA molecules with Holliday junction
structures, and found no significant difference between sir24 and SIR2 strains. Formal
genetic experiments measuring mitotic recombination rates within individual rRNA
genes also showed no significant difference between these two strains. Instead, we

found a significant decrease in the association of cohesin subunit Mcdlp (Scclp) to
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rDNA in sir2A relative to SIR2 strains. Actually, cohesin £s mutants show increased
unequal recombination in rDNA recombination at semi-lethal temperatures. From these
experiments, we conclude that SIR2 prevents unequal sister-chromatid recombination,
probably by forming special cohesin structures, without significant effects on

recombinational events within individual rRNA genes.

1-I-(iii) Recombination regulation by transcription-induced cohesin dissociation in
rDNA repeats |

Organisms maintain ribosomal RNA gene (tDNA) at stable copy numbers by
recombination; the loss of repeats results in gene amplification. We found that
amplification of yeast rDNA is dependent on transcription from a non-coding
bidirectional promoter (E-pro) within the rtDNA spacer (NTS1), (as shown in Fig. 3).
E-pro transcription of an approximately 400 bp region, called the EXP region,
stimulates the dissociation
of cohesin, a DNA binding
protein  complex  that
suppresses
sister-chromatid—based
changes in rDNA copy
number. This transcription
is regulated by the
silencing gene, SIR2, and
by copy number.
Transcription-induced
cohesin dissociation may
be a general mechanism of

recombination regulation.

1-II-(i)  Analysis  of
mechanisms maintaining
repeat structures of ribosomal RNA genes

In the yeast Saccharomyces cerevisiae, 200 copies on average are tandemly
arrayed in a central position on the longest chromosome (XII). Recombinational events
within the rDNA repeats in normal growing yeast cells appear to be mostly mediated by
a FOBI -dependent system. FFOBI is the gene required for replication fork blocking
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activity at replication fork barrier (RFB) sites, rDNA region-specific recombination and
expansion/contraction of rDNA repeats. The latter two activities are likely to be
triggered by double-strand breakage at the RFB site and repair of the break via gene
conversion. Thus, this FOBI-dependent recombination apparently contributes to the
maintenance of average copy number of tDNA. However, in Afob! cells, the repeats are
still maintained without any fluctuation of copy number, thereby suggesting that another
system acts to prevent contraction of numbers of repeats. In order to understand this
putative second system, we collected a number of mutants (#31, #157, #193, #75, #99,
#200 in Fig. 4) in which the copy number of rDNA decreased drastically under Afobl
conditions. Among them we found mutants of condensin-encoding genes, suggesting
that, in addition to condensation and separation of chromosome in M phase, condensin

plays an important role in maintaining rDNA repeat structures. Condensin is a

multi-subunit protein
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Fig. 4. Condensin mutants carrying super-contracted rDNA tandem repeats in AfobI cells

complex that plays a central role in mitotic chromosome condensation and segregation.
In vertebrates, condensin is distributed axially over the whole length of condensed
chromosomes, but only as seen at the resolution of light microscopy. The sites where
condensin acts in chromatin and the molecular mechanisms of condensin recruitment
have largely remained elusive. Each gene encoding a condensin subunit is known to be
essential for growth, but isolated condensin mutants are leaky. Analysis of double
mutants and specific interactions between condensin and rDNA regions revealed that (1)
in the double mutants, the rDNA copy number in the mutant dramatically decreased, (2)
the condensin complex associated with the RFB region in a FOBI-dependent manner,
(3) the association between condensin and RFB was established during S phase and was
maintained until anaphase, and (4) double mutants grew slowly, possibly because of

defects in the separation step of the long rDNA array in anaphase. These results strongly
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wild-type strain, fob1, and fobI rpal35 (Poll defective) mutants. defective cells carry a
plasmid in which rDNA

is inserted downstream of a Gal-dependent promoter, they can be made viable in the
presence of galactose. Using the Apoll mutant, we examined the effect of Poll enzyme
on the association of condensin with rDNA. Under fobI-deplete conditions, the Poll
enzyme seems to force condensin from transcribing to non-transcribing (IGS) regions
(Fig. 5). This characteristic change of pattern suggests that constant Poll transcription
throughout the cell cycle prevents condensin from associating with the transcribing
region. Thus, it is expected that in the triple (fobI, condensin and Poll) mutant, partially
defective condensin uniformly associated with rDNA regions makes them successfully
separate in anaphase.

In higher eukaryotes, it is well known that M phase-specific repression of gene
expression (mitotic repression) occurs, although the reason for this is not clear. Our
results suggest that mitotic repression allows condensin to associate uniformly with
whole chromosomes to ensure their successful condensation and subsequent separation.
In any event, genetic and molecular analyses of highly specific chromosomal regions
like rtDNA provide useful data which help us to understand the nature of normal

(non-rDNA) chromosomal regions.
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1-1I-(ii) Mechanism of condensin recruitment to RFB sites located within the
tandem rDNA repeat in budding yeast. |

The primary functions of mitotic chromosome condensation are to reduce the length of
chromosomes to avoid truncation of the genome during cell division and to ensure the
proper segregation of sister chromatids. The compaction ratio of mitotic chromosomes
relative to double-stranded DNA fibers ranges from ~160-fold in budding yeast to
~10000 — 20000-fold in mammalian chromosomes. Condensin is a multi-subunit protein
complex that plays a central role in mitotic chromosome condensation and segregation.
In vertebrates, condensin has been shown to be distributed axially over the whole length
of condensed chromosomes, but this has been established only at the resolution of light
microscopy. The sites where condensin acts in chromatin and the molecular mechanisms
of condensin recruitment have largely remained elusive. As described above, we found
that condensin localized at the RFB site in a Fobl-dependent manner during S-phase. To
date, this Foblp-dependent condensin localization is the only example of condensin
association with a specific DNA site in a specific protein factor-dependent manner. To
understand chromosome
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—M”—*@//W

of molecular resolution,
we are studying
mechanisms of condensin
localization at the RFB B o

e WT

- Afob1
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site. Recently, we 020
discovered that condensin
could bind to short DNA
fragments containing RFB

w— Alrs4

Enrichment

sequences, even if the

sequence was inserted at 0 1 2 3 4 5 8 7 8

9 (kb)

an ectopic chromosomal Fig. 6, Four factors are required for condensin binding to RFB site.

site. This indicates that the RFB site itself has a role in recruiting condensin onto
chromatin. Analysis of the relationship between condensin recruitment to the RFB site
and Foblp-dependent replication fork blockage at the RFB site demonstrated that those
two events were completely independent phenomena. To gain further information about
the specific recruitment of condensin onto the RFB site, we identified additional factors

using a genetic approach.
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Maintenance of the integrity
of the rDNA tandem array
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- Recombinational repression

Fig. 7, Model for condensin re-
cruitment to the RFB site,
contributing to maintenance
of the integrity of long rDNA

repeats

We identified three additional protein factors, Tof2p,
Csmlp, and Lrsdp, necessary for both FOBI-dependent
condensin recruitment to the RFB site as shown in Fig. 6,
and for ensuring the faithful segregation of long rDNA
repeats. We also found ordered binding of Foblp, Tof2p,
Csmlp/Lrsdp, and condensin complexes at the RFB site.
Finally, in vivo interactions between Csmlp, Lrs4P and
multiple subunits of condensin were detected. These results
suggest that condensin is recruited to the RFB site by the
sequential interactions of Foblp, Tof2p, Csm1p, Lrs4p, and
finally condensin, to ensure the proper segregation of long
rDNA tandem arrays (Fig. 7).

We demonstrated that the RFB site acts as a cis element
for condensin recruitment onto chromosomes, and
identified three proteins, Tof2, Csm1, and Lrs4, required for
condensin recruitment to the RFB site. Two modes of
condensin localization within rDNA repeats are known; one
is Fobl-dependent recruitment at the RFB site and the other
is Fobl-independent localization within the NTS region
(Johzuka et al., 2006). Deletion mutants of any of the three
genes show profiles of condensin distribution similar to the
AfobI mutant, indicating that these three proteins play roles
in Fobl-dependent recruitment. Hierarchical associations of
these factors in addition to condensin and in vivo
interactions between Csm1/Lrs4 and multiple subunits of

condensin subunits of condensin suggest the following

recruitment model: Fobl binds first to the FRB site in a
sequence-dependent fashion, followed by the recruitment of
Tof2, Csm1/Lrs4, and finally the recruitment of condensin
itself by a protein interaction cascade (Fig. 7). Like Afob]
mutants, single mutants of any of these three genes can still
faithfully segregate long rDNA , due to the

Fobl-independent localization of a minimum amount of condensin within the NTS

region, provided that the condensin has full activity (wild-type). However, in the case of

mutant condensin, defects in this recruitment system lead to lethality in most cells,

indicating that active recruitment of condensin to the RFB site is important for
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segregation of rDNA repeats, at least in LS20 strain (ade3::GalHO)

condensin m}ltants. Thus, t.his recruit.ment ARS60 9? HO cut site chrVI
system contributes to ensuring the faithful J CEN’:& <o > 1%1‘
segregation of rDNA repeats. Our results amplification unit
also suggest that efficient recruitment of =D leuld ¥
condensin  onto  chromatin  requires > YF2 o> -
region-specific cis elements and recruiter ©=> YF4 ?é@g
proteins that bind at that site. URA3Z ¥
BIR > @

2. Mechanisms of oncogene and ?g yBIR
drug-resistance gene amplification v
2-1 A novel gene amplification system in ﬁ‘?@.
yeast based on double rolling-circle idns
replication v & > -
In addition to rDNA gene amplification in DRCR i

S @<=

eukaryotes, there is another type of gene g, g PRCR utilizing BIR (break induced
amplification, which is involved in various

replication).

biological phenomena, such as cancer

development and drug-resistance. However, the mechanism is largely unknown because
of the complexity of the amplification process. We developed a gene amplification
system in Saccharomyces cerevisiae that is based on double rolling circle replication
(DRCR) utilizing break-induced replication (BIR). This is depicted in Fig. 8. This
system produced three types of amplification products. Type-1 products contain 5-7
mverted copies of amplification marker, leu2d. Type-2 products contain 13 to ~100
copies of leu2d (up to ~730 kb increase) with a novel arrangement present as randomly
—oriented sequences flanked by inverted leu2d copies. Type-3 products are acentric
multi-copy mini-chromosomes carrying leu2d. Structure of type-2 and -3 products
resemble those of homogeneously staining region (HSR) and double minutes (DMs) of
higher eukaryotes, respectively. Interestingly, products analogous to these were
generated at low frequency without deliberate DNA cleavage. These features strongly
suggest that the processes described here may contribute to natural gene amplification in
higher eukaryotes as well.
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Fig. 9 Cre-lox can initiate template switching, DRCR and CR

(convergent replication).

2-I1 Construction of a new gene amplification system via DRCR (double rolling
circle replication) by using Cre-lox site-specific recombination.

Previously, we developed a gene amplification system in S. cerevisiae that is
based on DRCR, utilizing break-induced replication (BIR). This system produced two
types of amplification products resembling HSR and DMs of higher eukaryotes, as
described above.

If DRCR were an actual gene amplification mechanism in yeast, a quite
different initiation reaction, which can induce DRCR, should produce amplification
products resembling HSR and DMs. Thus, we tried to construct a new DRCR
amplification system that is induced by another process, Cre-lox site-specific
recombination. We first predicted that, if Cre recombination occurs between the two lox
sites, one present on the replicated and the other on the un-replicated region, as shown
in Fig. 9 (a), the replication fork should switch the template from the parental
(un-replicated) to the sister—chromatid (replicated) DNA strands. Furthermore, a
combination of the process, as shown in Fig. 9 (b) or (c), could efficiently induce gene
amplification through DRCR or CR (convergent replication). In fact, this system
produced two kinds of products: highly amplified (>100 copies) chromosome HSR-type
products and acentric multi-copy extra-chromosomal DM s-type products. The
structures of these products resemble HSR and DMs of higher eukaryotes, respectively.
From previous and present results, we concluded that DRCR is indeed an amplification
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mechanism in budding yeast and could be naturally initiated if some structural
requirements would be satisfied.

Next, we constructed a similar amplification system in Chinese hamster ovary
(CHO) cells, based on DRCR. This
system also produced intra- and
extra-chromosomal amplification
products resembling HSR and DMs (Fig.
10 (b), (¢)). The amplified regions of
HSR-type products undergo intensive
rearrangement seen in mammalian gene
amplification. Furthermore, the CHO
system produces scattered-type
amplification seen in cancer cells. This
system can serve as a model for
amplification of  oncogene  and
drug-resistance genes, and may improve
the productivity and ease of use of

amplification systems that is widely used
for making pharmaceutical proteins in mammalian cells (manuscript submitted for
publication)

Fig. 10. Three types of gene amplification products
2-III mechanism of oncogene-type in CHO cells. (a)control cell, (b) HSR type, (¢) DMs
amplification under natural conditions type, (d) Scattered type.
Site-specific recombination consists of two
elements, a short specific sequence (cis-element) and a specific protein (¢frans-element)
which recognizes the specific sequence and recombines efficiently between them. On
the other hand, general recombination consists of a long non-specific sequence and
several sets of recombination proteins (Rec proteins), which recognize homologous
sequences and recombine between them. However, homologous recombination can take
the place of site-specific recombination by replacing a short specific sequence with a
long non-specific sequence. This indicates that if a Jox sequence is replaced by a long
sequence, homologous recombination can induce DRCR. As shown in Fig. 11B,
replacement of the sequence alone should initiate DRCR by itself, in the absence of any
site-specific recombination protein factors. We confirmed this expectation as follows:
we created a —<«——< structure, called FAIR (Four Alternate Inverted Repeat) at the

right end of chromosome VI and an amplification selective marker, leu2d, inserted
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within the FAIR
structure. This yeast
strain was plated on agar
without leucine, Leut
clones grown out and
their chromosomal
structure analyzed. As
expected, two types of
amplification were
observed, HSR- and DM
-type, both with the
expected repeated
structure. The
implications of these
results are very
important, namely, that
if FAIR structures would
be made under natural
conditions, gene
amplification would
Fig. 11. A model of oncogene type gene amplification under natural occur. In fact, there are
conditions. studies in which FAIR
structures were observed at an initial stage of drug-resistance gene amplification.
Furthermore, there are many data suggesting that the BFB cycle is an initial step of the
amplification. From these previous and our present results, all steps of oncogene-type
gene amplification can be deduced as follows: a double strand break or recombinational
template switching, as shown in Fig. 11A, spontaneously occurs on a chromosome, and
the BFB cycle initiates. As a result, a di-centric chromosome is produced and
ds-breakage occurs again. The chromosome structure after two cycle of BFB is exactly
the FAIR structure! Thus, this can initiate DRCR and gene amplification starts.

Using budding yeast, we here demonstrate that the FAIR structure has the
potential to induce DRCR. Thus, we believe that the basic mechanism of oncogene-type
gene amplification has been determined. However, not gene amplification may be
induced by the BFB cycle. Especially in higher eukaryotes, there are a large number of
transposable elements, among which there should be FAIR structures. Thus, it is not

surprising that DRCR initiates without any double-stranded breaks. It is very interesting
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to ask the question whether or not this type of gene amplification does indeed occur
(manuscript in preparation)

2-IV Double rolling circle replication (DRCR) is recombinogenic.

Homologous recombination plays a critical role in maintaining genetic
diversity as well as genome stability. Interesting examples implying
hyper-recombination are found in nature. In chloroplast DNA (cpDNA) and the herpes
simplex virus (HSV) genome, DNA sequences flanked by inverted repeats undergo
inversion very frequently, suggesting hyper-recombinational events. However, the
mechanisms responsible for these events remain unclear. We previously observed very
frequent inversion in a designed amplification system based on double rolling circle
replication (DRCR). Here, utilizing the yeast 2 plasmid and an amplification system,
we demonstrate that DRCR 1is closely related to hyper-recombinational events. Inverted
repeats or direct repeats inserted into these systems frequently caused inversion or
deletion/duplication, respectively, in a DRCR-dependent manner. These results suggest
that DRCR is involved in chromosome rearrangement associated with gene
amplification and the replication of cpDNA and HSV genomes. We propose a model
(Fig. 12), termed the “only daughter chromatid (red lines) model”, in which DRCR
inevitably produces only daughter chromatids and is markedly activated

recombinationally (manuscript in press).

(AR
- VYV VYV

0 cohesin
only daughter chromatid
(recombinogenic region)

Fig. 12. Only daughter chromatid model.
A. Circular type DRCR-dependent model. B. Linear type DRCR-dependent model.

4. E. coli with a linear genome

There are two structural types of chromosome: linear and circular. While all
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chromosomes in eukaryotes are linear, those in almost but not all prokaryotes are
circular. Thus, we can readily understand that most genomes of mitochondria and
chloroplasts are also circular, as both are inferred to be derived from ancestral bacteria.
However, the reasons remain unclear as to why the two main biological kingdoms have
so distinctly separated genome forms or why there are, albeit extremely rarely, bacteria
that do have a linear genome. In order to address this issue, linearization of the circular
genome of bacteria and strict comparison between circular and linear bacteria with
identical genetic backgrounds would be the rational strategy.

We succeeded in linearizing the circular genome of Escherichia coli. In fact, there are
exceptional bacteria with natural linear genomes. There are two types of linear form;
one, represented by filamentous soil bacteria Streptomyces species, has a
protein-designated terminal protein (TP) that is covalently joined to the 5° ends of both
termini of the genome; the other, exemplified by the spirochete Borrelia burgdorferi,
has telomeres with covalently closed hairpin structures at their termini. The ends of -
linear Borrelia chromosomes are similar to those of the linear Borrelia plasmid, the E.
coli phage N15 and certain animal viruses such as the poxvirus. Especially N15
attracted our attention, because it is very similar to the A phage in many respects, such
as genome size, in having cohesive
ends and in other ways. However,
only the Ilysogenization style is
different;  while the A phage
lysogenizes by integration of the
circular genome into the host
chromosome, N15 lysogenizes by
conversion of the circular genome
into a linear genome. For the
linearization, the mechanism of which
has been analyzed mainly by Russian
groups, two components - the fos site
and protelomerase (TelN) protein - (N13) strain.
are required. Thus, in order to
linearize the E. coli chromosome, we
inserted the fos sequence into a
rep lication termination region of the generations) and (e,£k,1) two independent clones (165 generations).
E. coli genome and then supplied

TelN protein by introducing a plasmid with the zelN gene or lysogenizing the N15 phage
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Fig. 13. Stability of the linear genome in the MG1655(tos)

(a-f) ErBr staining, (g-h) southern hybridization. (a,g) A parental
MG1655 clone (30 generations), (b,h) an MG (tos)(N15) clone (30
generations), (c,d,i,j) two independent MG (tos)(N15) clones (84



itself. In both cases, it was confirmed that the E. coli circular genome was linearized.
This means that E. coli with a linear genome is viable. In addition, we found that the
linear state and the whole genome structure are very stable, and that the clone with the
linear genome was not contaminated with cells retaining circular genomes (Fig. 13).
There were no appreciable differences between cells with linear and circular genomes in
growth rate, cell and nucleoid morphologies, genome-wide gene expression (with a few
exceptions), or DNA gyrase- and topoisomerase [V-dependency.

A structural difference to be expected is that the circular, but not linear, genome
can form a dimer. For the circular chromosome, a dimer is formed through an odd
number of recombination events between the sister chromosomes. However, with linear
genomes, no dimers can be produced even if sister-chromosomal recombination occurs.
In E. coli, the dimer chromosome is monomerized by dif site-specific recombination
catalyzed by cer-specific recombinase C and D (XerCD) and FtsK proteins. Thus, on
the wild-type background, dif or xerCD mutants show
slower growth, producing more elongated cells. We
found that under dif-defective conditions, only cells
with a circular genome, but not cells with a linear
genome, developed abnormal phenotypes.

In Streptomyces cells, each end of the linear genome
was found to be associated with the other, probably
through the two TPs. Thus, we tried to locate the
position of each terminus of the E. coli linear genome
in the cells. To this end, we investigated the position
of fluorescence foci of cyan and yellow fluorescent
protein derivatives of the Lacl and TerR repressors
binding to their operator arrays inserted into two sites

corresponding to the two termini of the linear

Fig. 14. Models showing locations of
the two terminus sites on the circular genome. Microscopy indicated that while the two

23?5.the linear genomes in new-born sites of the circular genome were closed or
overlapped in any cell cycle phase, those of the
linear genome were separated and located at each end of a new-born cell (Fig. 14).

The termini of the linear gnome we constructed here are much closer to the dif site,
which is the site directly opposite to the replication origin oriC site. If the ends are
farther away from dif, does any phenotypic change occur? To examine this, the fos site
was moved to five different positions on the chromosome and growth of the resultant

cells measured after N15 lysogenization (linearization). Those strains with genome
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termini that were more remote from the dif site showed greater growth deficiencies, and
in an extreme case, where the terminus was closest to oriC (approximate distance 500
kb), lethality. This correlation might be caused by unbalanced replication of a pair of
chromosome arms with different lengths.

From the above results, the following speculations can be made. (1) We have not
found any truly distinct differences in the properties of E. coli strains with circular or
linear genomes. Thus, there remain the two following possibilities: (a) Bacterial choice
of a circular or linear genome is not inevitable, but rather accidental; (b) E. coli with a
linear genome constructed here can survive in nature. (2) The possibility that the
topology of linear and circular genomes is not much different within the cell is raised.
(3) Two terminus ends of a linear genome separate and locate at the terminus end of the
cell. Since a DNA molecule cannot condense itself, certain protein(s) may be involved
in this behavior. (4) The linearization system used here could be a powerful technique in
genome technology. These results were published in EMBO Reports (2007)

5. Complete genomic sequence of the E. coli W3110 strain

Escherichia coli is one of the organisms that has been most extensively analyzed
physiologically, biochemically and genetically. Of all E. coli strains, E. coli K12 W3110
has probably been used most frequently as the wild-type strain in these experiments. We
have determined the complete nucleotide sequence of the genome of strain W3110 by
mainly by using lambda phages of Kohara’s bank. Previously a US group determined
the genomic sequence of another K12 wild-type derivative, MG1655. Both strains were
derived from a common ancestor strain, W1485, approximately 50 years ago. After
comparing the two sequences, the following results were obtained.

The total number of nucleotides in the W3110 genome is 4660170 bp. There were 349
bp conflicts between the sequences of W3110 and MG1655. Re-sequencing of the
conflict sites by a PCR method using their genomic DNAs as templates revealed that
only eight sites (9 bp) were true conflicts. Seven of them are base change-type conflicts
and one is a two base frame-shift. All of these differences reside in tithing genes, seven
in ORFs and one 23S rRNA gene.

Next we investigated the number and the type of insertion sequence (IS) elements
in collaboration with Dr. Ohtsubo’s laboratory (Tokyo Univ.). Thirteen different IS
elements were identified. While 12 IS elements are present in the W3110 genome and
not in MG1655, one IS is present in the W3110 genome and not in MG1655, and one in
MG1655 but not in W3110.

These results indicate that the DNA sequence is almost perfectly conserved in
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bacterial cells under stock culture conditions and Kohara’s lambda phage band, and
during growth through repeated vegetative cycles. Under stock conditions, which
include transfers from the stock to fresh plates and vice versa, IS transposition events
seem to occur more frequently than base-changes.
These data were published in Hayashi, K., Morooka, N., Yamamoto, Y., Fujita, K., Isono,
K., Choi, S., Ohtsubo, E., Baba, T. Wanner, B. L., Mori H., and Horiuchi, T.(2006)
Highly accurate genome sequences of Escherichia coli K-12 strains MG1655 and
W3110. Mol. Systems Biol. doi:10.1038 msb100049:E1-E5
We attended the E. coli K12 annotation workshop held at Woods Hole Marine

Biology Research Institute, Mass., USA, Nov. 13-18, which was organized by Dr.
Monica Riley. In this workshop, we discussed (1) the definition of the starting point of
the E. coli genome sequence, (2) boundaries of ORFs, ie. their start and end points, and
(3) gene nomenclature and the description of gene function. We agreed there to make an
effort to complete a new annotation of erosion using our revised sequence by the
coming February. We can safely say the revised sequence and the annotation will be
among the most accurate of all the genomes whose sequences have been determined.

These results were published in Riley, M., Abe, T., Arnaud, M. B., Berlyn, M. K.,
Blattner, F. R., Chaudhuri, RR.,  Glasner, J. D., Horiuchi, T., Keseler, I. M., Kosugel,
T., Mori, H., Perna, N. T., Plunkett III, G, Rudd, K. E., Serres, M. H., Thomas, G. H.,
Thomson, N. R., Wishart, D., and Wanner, B. L. (2006) Escherichia coli K-12: a
cooperatively developed annotation snapshot — 2005. Nucleic Acids Res. 34:1-9.
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| am most familiar with Prof Nishimura’s work on peroxisome biogenesis and function and although
sometimes in competition with his laboratory | have a great deal of respect for the work they do.

His laboratory developed one of the first screens for beta oxidation mutants based on the inability or
reduced ability of such mutants to convert 2,4-dicholoro butyric acid (2,4 DB) to 2,4-dichloro acetic acid
(2,4 D) and used this to isolate mutants in b-oxidation and peroxisome biogenesis. Although this work
was published prior to the period of this evaluation, from it came a very useful tool that has been adopted
by many labs in the field as a rapid indirect means of testing b-oxidation activity. The mutants isolated,
pedi, ped2 and ped3 were subsequently characterised and cloned and shown to be the major seedling
thiolase (ped1), PEX14 a core component of the protein import machinery (ped2) and a peroxisomal ABC
transporter (ped3). These discoveries have provided a platform for Prof Nishimura’s research going
forward into the current evaluation period, for example a recent publication contributing to understanding
the mechanism by which PED3 impacts on germination (Kanai et al., 2010).

His group also realized early on the power of GFP as a tool for identifying mutants in organelle
morphology and protein import (Mano et al., 2002) which has led to identification of factors involved in
peroxisome division and peroxisome protein import, Mano et al., (2004), Mano et al., (2006), Goto et al.,
(2011). His group have also taken a reverse genetic and functional genomic approach to studying
peroxisome biogenesis using a variety of techniques (RNAi, yeast two hybrid, split YFP) to look at the
physiological and biochemical function of peroxisome biogenesis genes. The relevant publications in the
last 10 years are Nito et al., (2002), Kamada et al., (2003), Hayashi et al, (2005), Nito et al., (2007),
Kamigaki et al., (2009) singh et al., (2009).

His group have also developed peroxisome isolation methods for proteomic analysis of peroxisomes
(Fukao et al, 2002, 2003, Arai 2008, 2009). This is extremely challenging technically. This of has led to
identification of novel peroxisome components (Fukao et al. 2003, Arai et al., 2009).

Over the past 15 years Professor Nishimura’s laboratory has established itself as a leading group in the
field of plant peroxisomes and their work has made very important contributions to the field. He has also
been very fortunate to have two very high calibre associates in Drs Mano and Hayashi.

| am less familiar with the work of Prof Nishimura’s laboratory on ER derived bodies and on vacuoles
and programmed cell death (in collaboration with Prof Hara-Nishimura) and molecular chaperones, but
the publications look to be of high quality. Overall Prof Nishimura has published prolifically with a
high proportion of publications in international journal with high impact; Plant Cell, Plant Journal, Plant
Physiology, PNAS, JBC etc. he has had continuous high level funding and has served the scientific
community within Japan through membership of many committees and editorial boards.

BZ&EIC X 5

During the last 10 yeas Dr. Mikio Nishimura has done an excellent work on organelle biogenesis in plant
cells. Many high quality papers published in major international journals during these times clearly
indicate the high quality of the research in the Nishimura laboratory. | will highlight several research
topics Dr. Nishsimura has important contributions below.
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1) Reversible changes in the metabolism of peroxisome

Dr. Nishimura’s group showed a dramatic change in the metabolism of peroxisome during plant
development. For example, functional transition of glyoxisome to leaf peroxisome occurs during greening
of seedlings. They showed a variety of changes in gene expression, protein translocation and protein
degradation during the transition.

2) |dentification of proteins involved in peroxisome biogenesis

By the systematic analysis of proteins containing peroxisome targeting signals Dr. Nishimura’s group has
identified many proteins targeted to peroxisome. Furthermore, by using a bioinformatic analysis they
have found many genes which are involved in peroxisomal biogenesis.

3) Identification of novel components important for peroxisomal biogenesis

Dr. Nishimura’s group has devised a visual selection method for mutants which are defective in genes
involved in peroxisomal biogenesis by using transgenic Arabidopsis plants expressing GFP-PST1. By
using this method they identified a number of genes which are functionally important for the peroxisomal
biogenesis.

4) Role of vacuolar processing enzyme (VPE) in programmed cell death
Dr. Nishimura’s group has demonstrated that VPE has a caspase-1 activity and that during hypersensitive
cell death cause by plant virus this protease plays an important role in cell death induction.

In addition to the scientific achievements described above Dr. Nishimura made a number of important
contributions in the scientific community. First, he served the president of the Japanese Society of Plant
Physiologists during 2004-2005. Second, he served Editor-in-Chief of Plant and Cell Physiology. In
addition, he served an editor of international journals, organized a number of international meetings, and
gave lectures in various universities.

Based on these academic records | conclude that during the last 10 years Dr. Nishimura has done
excellent research in science and has made numerous contributions in the scientific community.

CZBIT X 27

The first area is plant peroxisomes. During the past 1-2 decades, researchers on plant peroxisomes
around the world has centered on two topics, the biogenesis and metabolic shuttles. Both topics are
fairly distinct from peroxisome research in mammals and yeast. Thus, the plant peroxisome research is
not a “me-too” type of work but is semi-independent of the non-plant research. The easiness in
obtaining Arabidopsis peroxisome mutants has provided the plant researchers with a distinct advantage.
Dr. Nishimura does not work on this topic but rather on peroxiosme biogenesis. In this latte aspect, |
can easily say that Dr. Nishimura has continued to be THE leader in plant peroxisome biogenesis. His
lab has contributed much to the ingredients in the model of peroxisome biogenesis shown in the 2011
Plant Cell paper.

The second are is plant vacuoles. | image that originally, Dr. Nishimura wanted to study the targeting
signals of proteins to the vaucoles. This has turned out to be an extremely tough topic. Dr. Nishimura
has not been able to pinpoint protein motifs for the targeting, but so have been everybody else. Instead,
Dr. Nishimura has teamed up with Dr. Ikuko Hara-Nishimura to work on the vacuoles in relation to
programmed cell death. The findings of the involved proteases in the vacuoles were good enough to be
published in Science. In a collaboration of this nature, it is difficult for an outsider to partition the credit
between the two labs.
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| give special credit to Dr. Nishimura for establishing the plant organelle database. | found it very useful.
Dr. Nishimura has published a large numbers of papers of which he was the corresponding authors. His
major outlet was Plant Cell Physiology, the major Japanese journal. He has published as corresponding
author several papers in high-tier journals, including 3 in the top plant journals, The Plant Cell.

Dr. Nishimura has been Chair of a large group of people, and | admire this ability to have found time to
move his research project forward very significantly.

DZEIZ L % 3l

Research

Dr Nishimura has performed excellent studies on the molecular mechanisms of
peroxisome fransformation and novel function of ER dnd vacuoles in plant cells and
published 84 papers in high quality journals, such as Science, Pro. Natl Acad. Sci. USA,
The Plant Cell, and Journal of Biological Chemistry during recent 10 years.

Dr Nishimura developed the experimental methods and provided key information on
peroxisome dynamism: namely, identification of 200 genes for the peroxisomal matrix
proteins containing a peroxisome targeting signal, 15 PEX genes involving peroxisomal
biogenesis, and novel factors essential for peroxisome biogenesis. 1 should note that
they revealed physiological, biochemical role of most of them individually.

He and his colleagues discovered the ER body, which functions in the defense against
herbivores, and novel proteins involving ER body formation. Furthermore, they
developed the study on the vacuolar-processing enzyme VPE responsible for vacuole
degradation and programmed cell death, and heat shock protein HSP90.

In addition to these researches, Dr Nishimura and his colleagues established and
updated The Plant Organclles Database (PODB) that contains organelles’ movies,
organelle proteomes, and functional analyses. In contrast to other quantitative databases,
the PODB provide nice information of morphology, live image of morphological
changes, cell specificity of organelles, and key proteins in the organelles.

This excellent performance could not be done without Dr Nishimura who is an expert
both in biochemistry and molecular biology.

I believe that the most cell biologists and plant scientists in the world including me
respect him for his fruitful progresses in science.

Research grants

Research proposal and the research products of Dr Nishimura have been constantly,
highly regarded and as the result he received a large amount of research grants from
MEXT, JSPS and private foundation. Especially, he organized an attractive group as the
Scientific Research on Priority Area. By this grant he supported many young
researchers and PIs and developed the research area extensively.
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Education and teaching

Dr Nishimura has supervised 12 graduate students and cared them to get research posts.
Furthermore, he gave many lectures in several university and international congresses
as an invited speaker. Also he organized some international congresses in Japan. These
activities mean that his fruitful research product and his personality have been highly
evaluated. In most chances he encouraged young scientists and students.

Contribution to the science community

Dr Nishimura served as the Editor-in Chief of Plant and Cell Physiology for
4 years and the President of the Japanese Society of Plant Physiologists for 2
years. Furthermore he contributed many scientific societies and academic
organizations in addition to his own institute. This indicates that he has
outstanding talent both for scientific research and administration.

Totally, I do not hesitate to evaluate him as an outstanding scientist. Finally,
I hope that he develops his dream works on the peroxisome differentiation
and the organelle-organelle interaction.
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Summary by the Director-General of NIBB

Professor Nishimura was appointed to the National Institute for Basic Biology
in April 1990, and has presided over the Division of Cell Mechanisms while continuing
his research into plant cell functions, especially the relationship between the functions
and morphological changes seen in organelles. For the last ten years Prof. Nishimura
has cultivated new fields as an international research leader through analysis of the
structural change mechanisms of peroxisomes, using a systems biology approach in
addition to biochemistry and molecular biology, as well as showing the programmed cell
death induced by predation and damage seen in plant cells is triggered by activation of
an enzyme in the vacuoles. He has also taken part in the management of NIBB as a
Managing Directorin charge of finance and of evaluation. In addition he has contributed
significantly to the scientific community as the President of the Japanese Society of
Plant Physiologists and as the Editor-in-Chief of the journal ‘Plant & Cell Physiology’. |
look forward to his further research developments and his support of the National
Institute for basic Biology.
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RESEARCH ACTIVITIES OF MIKIO NISHIMURA FOR 2001-2010

Since I moved to NIBB in 1990, I have investigated differentiation of two
single membranne organelles, namely peroxisomes and vacuoles, in higher plants. The
research was carried out at the biochemical and molecular level. The experiments
were focused on 1. reversible transition of glyoxysomes and leaf peroxisomes and 2.
transformation of protein bodies and vacuoles.

My group has identified genes for proteins which play a role in- these
organelle differentiation. We are now in a position to analyze the detailed molecular
event of these organelle differentiation utilizing the specific mutants, so giving
mechanistic insight into these transition at the molecular level.

We have published 84 original articles in international journals and 16
review articles during 10 years. They are listed on separate sheets. The work is
supported by the Grant-in Aid for the Future program of the JSPS, Scientific Research
(A), (B), Scientific Research on Priority Areas, Exploratory Research, and Scientific
Research on Innovative Areas, the Grant from CREST and the Grant from Mitsubishi
Science Foundations. The following is a summary of major research result on my
group for 2001-2010.

1. Reversible transformation of plant peroxisomes.

Dramatic metabolic changes that underlie the shift from heterotrophic to
autotrophic growth occur in the greening of seed germination. Accompanying these
metabolic changes are the functional transformations of many constitutive organelles.
Etioplasts differentiate into chloroplasts while mitochondria acquire the ability to
oxidize glycine. Glyoxysomes, which are peroxisomes engaged in the degradation of
reserve oil via P-oxidation and the glyoxylate cycle, are transformed into leaf
peroxisomes that function in several crucial steps of photorespiration. After the
functional transition of glyoxysomes to leaf peroxisomes during the greening of
pumpkin cotyledons, the reverse transition of leaf peroxisomes to glyoxysomes occurs
during senescence. Gene expression, alternative splicing, protein translocation and
protein degradation control the functional transformation between glyoxysomes and
leaf peroxisomes.

I1. Transcriptomics, proteomics and phenomics of plant peroxisomes.
Enzymes localized in plant peroxisomes are synthesized in the cytosol and
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function after their post-translational transport into peroxisomes. Almost all of the
peroxisomal matrix proteins contain one of two targeting signals (PTS1 and PTS2)
within the molecules. PTS1 is a unique tripeptide sequence found in the carboxyl
terminus of the mature proteins. In contrast, PTS2 is involved in a cleavable amino
terminal presequence of peroxisomal proteins that are synthesized as a precursor
protein with larger molecular mass.

We identified 256  gene
candidates of PTS1- and PTS2-containing
proteins and another 30 genes of
non-PTS-containing proteins from the
Arabidopsis genome. Custom-made DNA
microarrays covering all these genes were

C used to investigate expression profiles of
the peroxisomal genes in various organs
(33). They revealed that peroxisome in root
cells plays a pivotal role in polyamine
catabolism (67). We also made a
two-dimensional protein map of
Figure 1. Phenotype of Arabidopsis apm mutants glyoxysomes and leaf peroxisomes isolated
GFP fluorescence in leaf cells was observed inthe  from Arabidopsis and soybean (60). Peptide

parent plant, GFP-PTS1 (A), apmi (B), apm3 (C)

and apm9 (D) mutants. In apm! and apm3 MS fingerprinting analyses allowed us to
mutants, the number of peroxisomes is dramatically

decreased. However, the morphology varies in both identify novel peroxisomal membrane
mutants. apml and apm3 have elongated and . .

enlarged peroxisomes, respectively. In apm9, GFP pr oteins, 1.€. VOItage'dependent
fluorescence is observed in the cytosol because of . . .
the efficiency of protein transport to peroxisomes. anion-selective channel and adenine
Bar indicates 20 ym. nucleotide carrier 1 (PNC1) (69). We also

found that peroxisomal membrane ATP-binding casette transporter promotes seed
gemination by inducing pectin degradation under the control of abscisic acid
singnaling. The overall results provide us with new insights into plant peroxisomal
functions (80).

Bioinfomatic analysis of the Arabidopsis genome predicted the presence of
15 kinds of genes, called PEX genes, for peroxisomal biogenesis factors. We
demonstrated that PEX5 and PEX7 form a cytosolic receptor complex and recognize
PTS1- and PTS2-containing proteins, respectively (42). PEX14 is a peroxisomal
membrane docking protein that captures the receptor-cargo complex. We also
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comprehensively investigated whether or not these predicted PEX genes function in
peroxisome biogenesis by generating knock-down mutants that suppress PEX gene
expression by RNA-interference (55). Phenotypes of these mutants allowed us to
identify the functional PEX genes, which can be classified into two groups: PEX
genes regulating for peroxisomal protein import and PEX genes regulating for
peroxisomal morphology. We continue to investigate the detailed molecular functions
of other PEX genes. Of these, we proposed that PEX10 is essential for the
maintenance of ER morphology and for biosynthesis of cuticular wax (78).

I11. Identification of novel components essential for peroxisome biogenesis.

To better understand peroxisome biogenesis, we isolated a number of
Arabidopsis mutants having aberrant peroxisome morphology (apm mutants) based on
a different pattern of GFP fluorescence from the parent plant, GFP-PTS1, in which
peroxisomes with normal sizes and numbers can be visualized with GFP.

Of these apm mutants, APM1 gene (whose defect causes the elongation of
peroxisomes and mitochondria) encodes dynamin-related protein 3A (DRP3A), one
member of the dynamin family (36). In apm2 and apm4, the GFP fluorescence is
observed in the cytosol as well as in peroxisomes, showing the defect of protein
transport to peroxisomes. We demonstrated that APM2 and APM4 encode proteins
homologous to PEX13 and PEX12, respectively, and that APM2/PEX13 and
APMA4/PEX12 are components of the protein-translocation machinery on peroxisomal
membranes (50). We are currently analyzing the functions of other APM proteins such
as APM3 and APM9. apm3 and apm9 mutants exhibit enlarged peroxisomes and
defect in protein transport, respectively (Figure 1). APM9 is a novel peroxin that
recruits the Pex1-Pex6 complex to peroxisomes (84). From these analyses, we will be
able to identify the components responsible for peroxisome biogenesis, and to address
the mechanism at the molecular level.

IV. ER derived organelles for protein storing and defense strategy.

Plant cells develop various types of endoplasmic reticulum (ER)-derived
structures with specific functions. ER bodies are ER-derived compartments observed
in Arabidopsis (7). They are rod-shaped structures surrounded by ribosomes, and
widely distributed in the epidermal cells of whole seedlings. Undamaged rosette
leaves have no ER bodies, but accumulate ER bodies after wounding or jasmonic acid

treatment (22). This suggests that ER bodies function in the defense against herbivores.
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ER bodies in seedlings include PYK10, a

B-glucosidase with an ER retention signal. Signal as Seedling Epidermis

Arabidopsis nail mutants have no ER *
bodies in the entire plant and do not NAH
accumulate PYK10. NAI1 encodes a (bHLH type transcription factor)

transcription  factor that has a
basic-helix-loop-helix (bHLH) domain and
regulates the expression of PYK10 and

NAI2 (Figure 2) (37). Arabidopsis nai2

mutant has no ER bodies and reduces the Figurc 2, Model of ER body formation. NAIl

regulates the expression of NAI2 and PYKI10 in

accumulation of PYK10. NAI2 encodes a constitutive ER bodies of seedling epidermal cells.

. . i . NAI2 is responsible for the formation of ER bodies
unique protein that localizes to the ER and for the accumulation of PYK10.

body (65). We found that the membrane

protein of ER body 1 (MEB1) and MEB2 are integral membrane proteins of the ER
body. NAI2 deficiency relocates MEB1 and MEB2 to the ER network. These findings
indicate that NAI2 is a key factor that enables ER body formation. Now we are
investigating the function of NAI2 on ER body formation by heterologously expressed
it in onion and tobacco cells.

V. Vacuoles responsible for programmed cell death in plants.

The vacuolar processing enzyme (VPE) belongs to the cysteine protease'
family found in higher plants and animals. VPE is responsible for the maturation of
various types of vacuolar proteins. We revealed a novel function of VPE in various
instances of programmed cell death (PCD) in plants. VPE is identified as the
proteinase that exhibits caspase-1 activity in plants (38). The plant hypersensitive
response (HR), a type of defense strategy, constitutes well-organized PCD. No HR
occurs on the tobacco mosaic virus-infected leaves of VPE-deficient tobacco plants.
These results suggest that VPE is involved in vacuolar collapse, which triggers PCD.

Using inhibitors for caspase-3 and the proteasome (also known to affect -
animal cell death), we found that the activities of both are required for
bacterium-induced cell death in plants (75). RNA interference-mediated silencing
confirmed that one of the three Arabidopsis proteasome catalytic subunits, PBAL, is
required for the fusion of the vacuolar and plasma membranes, which triggers PCD.

Plants evolve a death strategy mediated by vacuolar systems, which are not
seen in animals. Interestingly, vacuoles are the key players in the plant-specific cell
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death system.

VI. Roles of molecular chaperones on cell differentiation.

Molecular chaperones are cellular proteins that function in the folding and
assembly of certain other polypeptides into oligomeric structures. To clarify the roles
of molecular chaperones on cell differentiation, we have purified and characterized
chaperonin and HSP70s and analyzed their roles in the translocation of proteins into
chloroplasts.

v We found that HSP90 inhibitor induced genes with heat shock response
element (HSE) motifs in their promoters, suggesting that heat shock transcription
factor (HSF) is involved in fhe response (53). Arabidopsis HSFs interacted with
HSP90.2. Thus, it appears that in the absence of heat shock, HSP90 actively
suppresses HSF function. During heat shock, HSP90 is transiently inactivated, which
leads to HSF activation. This data indicates that HSP90 regulates correct gene
expression for heat acclimatization in plants. We also observed that HSP9O0 is involved
in hormone responses in Arabidopsis. The evolutional and functional characterizations
are now being investigated.

VII. Update of The Plant Organelles Database 2 (PODB2) and release of Plant
Organelles World.

_ The Plant Organelies Database 2

(PODB2) was built to promote a

comprehensive understanding of organelle

‘dynamics (57). This public database is open

to all researchers. PODB2 consists of four

individual units: the organelles movie

database, the organellome database, the

functional analysis database, and external

links. The organelles movie database

contains time-lapse images and 3D structure

rotations (83). The organellome database is

a compilation of static image data of various

tissues of several plant species at different

Figure 3. The graphical user interface of the .
homepage in  ‘Plant Organelles World’ developmental stages. The functional

(http://podb.nibb.ac.jp/Orgenellome/PODBworld/e

nfindex hml). analysis database is a collection of protocols
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for plant organelle research. The amount of included data is increasing ddy by day. It
is eXpected that PODB?2 will contribute to systems biology through the combination of
the included data with other ‘omics’ data and computational analyses. In addition, we
released a new website, Plant Organelles World, which is based on PODB?2 as an
educational tool to engage members of the non-scientific community. We e){pect that
PODB2 and Plant Organelles World will enhance the understanding of plant
organelles among researchers and the general public who want to explore plant
biology.

Future Perspectives

Since plant science research changes and developes very rapidly, it is
difficult to forecast the advancement and development of plant sciences. Within the
limitation of forecast, I propose the following projects for elucidation of molecular
mechanisms underlying organelle differentiation in higher plants.

A. On-going research

(1) 1 am planning to continue studying the regulatory mechanism underlying
transformation of peroxisomes with special emphasis of genetical approach using

peroxisome deficient (ped) and aberrant peroxisome morphology (apm) mutants.

(2) T will continue to study the programmed cell death and defense of plants in
colaboration with Dr. Ikuko Hara-Nishimura at Kyoto Univ., especially focused on
biogenesis and function of ER bodies.

(3) 1 will study the function of molecular chaperones on the differentiation of plant
organelles.

Transgenic Arabidopsis that overexpressed or reduced the amounts of these
chaperones are now generated and will be characterized to clarify their functions in

vivo.
B. Future perspective

(1) Differentiation of peroxisomal function in higher plants

We have screened several mutants including deficient mutants of
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glyoxysomal function, leaf peroxisomal function and both peroxisomal functions,
respectively. In combination with the transcriptome, proteome, organellome analyses
of these mutants, peroxisomal functions and the functional differentiation in various
tissues will be characterized, leading the elucidation of peroxisomal functional
differentiation in whole plants.

(2) Dynamic aspect of organelle-organelle interaction

» By visualizing organelles with GFP, we revealed that direct interaction of
peroxisomes and other organelles play an essential role in photorepiration and fatty
acid degradation. To identify genes responsible for the direct interaction of organelles,
peroxisome unpositioning (peup) mutants are now screened and are characterized.
From the analysis, we would like to clarify the molecular mechanism of dynamic

interaction between various organelles.

(3) Novel molecular chaperones with novel functions

I also intend to identify novel chaperones. Peroxisomes do not contain Hsp
70 and chaperonins but we found a novel molecular chaperone in peroxisomes.
From the analysis of such molecular chaperones, I would like to know novel functions

and roles of molecular chaperones in organelle differentiation. -
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Plant Physiologists 1990 - 1993, 1996 - 1999,
2002 - 2003, 2006 - present
Executive Committee Member of Japanese
~ Society of Plant Physiologists 1998 - 1999, 2002 - 2003
President of Japanese Society of Plant Physiologists 2004 - 2005
Awards Committee Member of Japanese
Society of Plant Physiologists 1994 - 1995
Council Member of Japanese Botanical Society 1991 - 1994, 1997 - 1998
2001 - 2004, 2007 - present
Awards Committee Member of Japanese Botanical

Society 1999 - 2000
Division Member of Science Council of Japan

Plant Sciences 1997 - 2003

Cell Biology 2000 - 2003

Member of the JSPS Selection Committee
for Postdoctoral and Other Fellowships
1997 - 1998, 2010 - Present
for Grant-in Aid for Specially Promoted Research
2009 - Present
for US-Japan Cooperative Program 1999 - 2001
Steeﬁng Committee Member of the Ministry of ‘

Science and Technology 1997, 1999 - 2001
Steering Committee Member of Millennium Project
on Plant Sciences 2000 - 2001

9. Present and Previous Occupations:
Chairman, 1996 - Present
Department of Cell Biology,
National Institute for Basic Biology

Professor, 1990 - Present
Department of Cell Biology,

National Institute for Basic Biology

Adjunct Professor, 1990 - Present
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School of Life Science
The Graduate University of Advanced Studies

Associate Professor, 1987 - 1990
Kobe University,

Faculty of Science -

Research Associate, 1975 - 1987
Nagoya University,
Faculty of Agriculture

Post-doctoral Fellow, 1977 - 1979
University of California, Santa Cruz,
Thimann Laboratories (Dr. Harry Beevers)

10. Award:
' The Agricultural Chemical Society of Japan 1984
Encourégement Prize for Young Scientist
Chunichi Cultural Prize 2006

11. Teaching:

Nagoya University, Faculty of Agriculture 1976 - 1988

Kobe University, Faculty of Science 1988 - 1990

Osaka University, Faculty of Science 1988

University of Tokyo, Faculty of Science 1989

Kyoto University, Faculty of Science 1989

Kanazawa University, Faculty of Science 1990

The Graduate University for Advanced Studies 1991 - Present
(SOKENDALI), School of Life Science

Tohoku University, Faculty of Science 1991

Shinshu University, Faculty of Science 1991

Okayama University, Faculty of Science 1992

Niigata University, Faculty of Agriculture 1993, 1995

Nagoya University, Graduate School of Agriculture 1993, 2003
University of Tokyo, Institute for Molecular Cell Biology
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1994

Nara Women’s University, Faculty of Science 1995

Nagoya University, Faculty of Science 1996

Hokkaido University, Faculty of Science 1997, 2008

Tsukuba University, Department of Biology 1997

University of Tokyo, Graduate School of Science 1998

Hiroshima University, Faculty of Science 1998

Kyoto Prefectural University, 1998
Graduate School of Agriculture

Niigata University, Faculty of Science , 1999

Tokyo Institute of Technology, Faculty of Science 2000

Nara Institute of Science and Technology, 2004
Faculty of Bioscience

Toyohashi-minami High School 2004

Special Lectures for Selected Students 2009 - 2010
for International Biology Olympiad

Okazaki High School 2010

12. Grant: (2001 - 2010)

1997 — 2001
2000 - 2001
2001 - 2002
2003 - 2004
2003 - 2005
2004 - 2008

2006 - 2007
2007 - 2008
2008 - 2010
2009
2009

2009 -

Resarch for the Future Program of the JSPS 249 445 000 yen
Grant-in-Aid for Scientific Research (B) 15,000,000 yen
Grant-in-Aid for Exploratory Research 2,000 ,OOO yen
Mitsubishi Science Foundation 7,000,000 yen
Grant-in Aid for Scientific Research (A) 49,530,000 yen
Grant-in-Aid for Scientific Research on Priority Areas

163,600,000 yen
Grant-in Aid for Scientific Research (B) 15,300,000 yen
Grant-in-Aid for Exploratory Research 3,500,000 yen
Grant-in Aid for Scientific Research (B) 14,300,000 yen
JSPS Invitation Training Program for Advanced Japanese Research
Institute 23,770,000 yen

Supporting Program for Advanced Research and Education
| 43,817,000 yen
Core Research for Evolutional Science and Technology (CREST)
8,400,000 yen
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2010 - Grant-in-Aid for Scientific Research on Innovative Areas
38,950,000 yen

13. Graduate (Ph.D) Student Supervision: (2001 - 2010)
Yasuko Koumoto Post doctoral fellow of Kyoto University
Etsuko Watanabe Post doctoral fellow of Washington University
Kazumasa Nito  Post doctoral fellow of the Salk Institute for Biological Studies
Yoichiro Fukao  Assoc. Prof. of Nara Institute of Science and Technology(NAIST)
Tomoe Kamada  Post doctoral fellow of Plant Science Center of RIKEN
Noriyuki Hatsugai Assist. Prof. of Hokkaido University
Kimi Ogasawara Post doctoral fellow of Hokkaido University
Masatake Kanai ~ JSPS Post doctoral fellow

Shino Goto The Graduate University for AdvanceStudies(tSOKENDAI) DC5
Atsushi Nakai The Graduate University for AdvanceStudies(SOKENDAI) DC4
Cui Songkui The Graduate University for AdvanceStudies(SSOKENDAI) DC4

Michitaro Shibata The Graduate University for AdvanceStudies(tSOKENDAI) DC3

14. Organization of Scientific Conferences:

Organizer
The 27th NIBB Conference .on "Plant Organelle Proteins,
Biosynthesis, Targeting and Assembly", Okazaki, Japan, March
14-16, 1991

Organizer (with R. Douce and T. Sugiyama)
International Symposium on " Dynamic Aspects of Organelle
Differentiation and Gene Expression in Higher Plants", Kyoto,
Japan, Sept. 6-8, 1992

Organizer
Symposium on “Biotechnology of Seed Proteins” in International
Bio Symposium, Nagoya, Japan, Jan. 23-24, 1992

Organizer (with L. Beevers)
Symposium on "Biogenesis of Non DNA containing Organelles”
in XV International Botanical Congress, Yokohama, Japan, Aug.
28- Sept. 3, 1993

Organizer
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VIII NIBB Bioscience Training Course on "TranSgenic Plants”,
Okazaki, Japan, Nov. 22-27, 1993

Co-organizer (with A. Watanabe and H. Mori)
International Symposium on "Molecular Aspects of Hormone
Action in Plants", Okazaki, Japan, Dec. 2-4, 1994

Co-organizer (with H. Mohri, G. Eguchi, N. Hirokawa, T. Kuroiwa,
Y. Nagahama and I. Yahara)
11th International Symposium in Conjunction with Award of the
International Prize for Biology on "Dynamics of the Cell",
Okazaki, Japan, Nov. 28-30, 1995

Co-organizer (with T. Horiuchi, P. S. Song, M. Wada and M. Watanabe)
NIBB International Symposium on “New Prospects of
Photobiology and the Future Plan of the - Okazaki Large
Spectrograph”, Okazaki, Japan, Nov, 15-18, 1996

Organizer (with B. Larkins and I. Hara-Nishimura)
The 39th NIBB conference on "Dynamic Aspects of Seed
Maturation and Germination" Okazaki, Japan, Feb. 25-28, 1997

Co-organizer (with M. Iwabuchi, K. Nakamura, Y. Machida, K. Shimamoto
and K. Okada)
13th International Symposium in Conjunction with Award of the
International Prize for Biology on "Frontier of Plant Sciences "
Kyoto, Japan, Nov. 28-30, 1997 |

Organizer (with T. Horiuchi)
XV NIBB Bioscience Training Course, Okazaki, Japan, June
26-30, 2000

Organizer _

The 53rd NIBB Conference on “Dynamic Organelles in Plants”
Okazaki, Japan, June 14-17, 2006

Co-organizer (with K. Okada, H. Tsukaya, M. Hasebe and T. Y amaguchi)
The 55th NIBB Conference on “Frontiers of Plant Science in 21th
century” Okazaki, Japan, Sept. 13-15, 2008

Organizer (with K. Nakamura, K. Shinozaki, K. Okada, H. Fukuda, I.
Terashima, M. Matsuoka and Y. Machida)
The JSPP 50® Anniversary Commemorative International
Symposium on “Perspectives of Plant Science in the 21" Century”
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In Celebration of the 50" Anniversary of JSPP, Nagoya, Japan,
March 23, 2009

Organizer
JSPS Invitational Training Program for Advanced Japanese
Research Institute on “Prespective of Plant Science 2010” Okazaki,
Japan March 27,2010
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INVITED LECTURES IN INTERNATIONAL CONGRESS
(2001-2010)

ER-derived organelles in higher plants.
Hara-Nishimura, 1., R. Matsushima, K. Yamada, E. Watanabe, T.
Shimada, Y. Hayashi and M. Nishimura
7th Riken Conference "Plant Endomembranes: Biogenesis, Traffic and
Dynamics" Hayama, Japan, Oct. 2001

PV72 functions as asorting receptor for pro2S albumin in pumpkin cotyledons.
Shimada, T., E. Watanabe, Y. Hayashi, M. Nishimura and I.
Hara-Nishimura

7th Riken Conference "Plant Endomembranes: Biogenesis, Traffic and

Dynamics" Hayama, Japan, Oct. 2001

PAC vesicle mediated transport of storage proteins and membrane proteins to
protein storage vacuoles.

Nishimura, M., N. Mitsuhashi and 1. Hara-Nishimura
7th Riken Conference "Plant Endomembranes: Biogenesis, Traffic and
Dynamics" Hayama, Japan, Oct. 2001

Arabidopsis mutants with abnormal peroxisomal morphology.
Nishimura, M., M. Hayashi, M. Mano, Y. Hayashi, K. Nito, Y. Fukao and
T. Kamada

8th Riken Conference "Plant Morphogenesis" Tokyo, Japan, Nov. 2001

Compartmentalization of seed storage proteins into precursor-accumulating
(PAC) vesicles.

Hayashi, M., C. Namba, M. Kondo, I. Hara-Nishimura and M. Nishimura
International Workshop on "Metabolomics Approach in Plant Functional
Genomics in the Post-genome Eras" Chiba, Japan, Dec.v 2001

Arabidopsis mutants with aberrant peroxisomal morphology.

Nshimura, M., M. Hayashi, S. Mano, M. Kondo, K. Nito, Y. Fukao and T.
Kamada
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10.

1L

12.

1st Spanish Congress on Physiology, Biochemistry and Molecular Biology of
Carbohydrates. Pamplona, Spain, Sept. 2002

PTS2-pathway depends on PTS1-pathway in higher plants.
Nishimura, M., M. Hayashi, S. Mano, M. Kondo, K. Nito, Y. Fukaoand T.
Kamada

2002 Symposium on Peroxisome Biogenesis, San Francisco, USA, Dec. 2002

Vacuolar processing enzyme functions in the early process of TMV-induced
hypersensitive cell death in tabacco leaves.

Nishimura, M.
Plant Biology 2003, Honolulu, Hawaii, USA, July 2003

Differentiation of vacuolar processing enzyme in seeds: Roles in formation of
seed coats and maturation of storage proteins.

Hara-Nishimura, I. and M. Nishimura
Plant Biology 2003, Honolulu, Hawaii, USA, July 2003

Involvement of VPE in programmed cell death of higher plants.
Hara-Nishimura, I. N. Hatsugai, M. Kuroyanagi, K. Yamada, T. Meshi
and M. Nishimura

NIBB conference on "Dynamic Vacuoles in Plants", Okazaki, Japan, Nov.

2003

The receptor-mediated transport of seed storage proteins in Arabidopsis
thaliana.
Shimada, T., K. Fuji? K. Tamura, M. Kondo, M. Nishimura and I.
Hara-Nishimura
NIBB conference on "Dynamic Vacuoles in Plants", Okazaki, Japan, Nov.
2003

Vacuolar processing enzymes are responsible for proper processing of seed
storage proteins in Arabidopsis thaliana .
Nishimura, M., T. Shimada, K. Yamada, M. Kataoka, S. Nakaune, Y.
Koumoto, M. Kuroyanagi, M. Kondo and I. Hara-Nishimura
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13.

14.

15.

16.

17.

18.

19.

NIBB conference on "Dynamic Vacuoles in Plants”, Okazaki, Japan, Nov.
2003

A tribute to Prof. Harry Beevers.
Nishimura, M.
Memorial Celebration for Harry Beevers, Santa Cruz, USA, Sept. 2004

Biogenesis and differentiation of plant peroxisomes.
Nishimura, M.

Univ. Calif. Davis, USA, Sept. 2004

Contribution of Pex5p and Pex7p in the maintenance of peroxisomal functions
in plants. International meeting on the topogenesis of organellar proteins.

Hayashi, M., M. Yagi, K. Nito, T. Kamada and M. Nishimura
International meeting on the topogenesis of organellar proteins, Bochum,
Germany, Oct. 2004

Plant peroxisomal differentiation revealed by transcriptomic and proteomic
analyses.

Kamada-Nobusada T.; Y. Fukao, M. Hayashi and M. Nishimura
KEYSTONE SYMPOSIA, Plant Cell Signaling: in vivo and omics Approaches,
Santa, USA, Feb, 2005

Biogenesis and morphology of peroxisomes in Arabidopsis thaliana.
Nishimura, M.

The 21* Symposium in Conjunction with Award of International Prize of

Biology Nagoya, Japan, Dec. 2005

Biogenesis and differentiation of plant peroxisomes.

Nishimura M. '
The 53" NIBB Conference on “Dynamic Organelles in Plants” Okazaki, Japan
June 2006

Establishment of peroxisomal functions by peroxisomal biogenesis factors.
Hayashi, M., A. Kamigaki and M. Nishimura
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20.

21.

VIII Spanish Congress on Plant Molecular Biology, Pamplona, Spain, June 28-
July 1, 2006

Biogenesis and functional differentiation of plant peroxisomes.
Nishimura M., M. Hayashi, S. Mano, M. Kondo, K. Oikawa, S. Goto, A.
Nakai, S. Cui and M. Shibata
National Institute for Basic Biology Max Planck Institute for Plant Breeding
Research The 2nd Joint Symposium on “Plant Science Communications 2010”
Okazaki, Japan, Nov. 2010

Differentiation and dynamics of plant peroxisomes.

Nishimura M.
Shu-Chen Grace Chen Lectureship, Academia Sinica, Taiwan, March, 2011
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e

PUBLICATIONS OF MIKIO NISHIMURA
(2001-2010)

Original Articles

Pumpkin peroxisomal ascorbate peroxidase is localized on peroxisomal
membranes and unknown membranous structures.

Nito, K., K. Yamaguchi, M. Kondo, M. Hayashi and M. Nishimura

Plant Cell Physiol. 42: 20-27 (2001)

Direct interaction between glyoxysomes and lipid bodies in etiolated cotyledons
of Arabidopsis thaliana ped] mutant.

Hayashi, Y., M. Hayashi, H. Hayashi, I. Hara-Nishimura and M. Nishimura
Protoplasma 218: 83-94 (2001)

Developmental analysis of a putative ATP/ADP carrier protein localized on
glyoxysomal membranes during the peroxisome transition in pumpkin.

Fukao, Y., Y. Hayashi, S. Mano, M. Hayashi and M. Nishimura

Plant Cell Physiol. 42: 835-841 (2001)

Degradation of ribulose 1,5-bisphosphate carboxylase/oxygenase by vacuolar
enzymes of senescing French bean leaves: Immunocytochemical and
ultrastructural observations.

Minamikawa, T., K. Toyooka, T. Okamoto, I. Hara-Nishimura and M. Nishimura
Protoplasma 218: 144-153 (2001)

Chloroplasts have a novel CpnlO in addition to Cpn20 as co-chaperonins in
Arabidopsisthaliana.
Koumoto, K., T. Shimada, M. Kondo, I. Hara-Nishimura and M. Nishimura

J. Biol. Chem.’276: 29688-29694 (2001)

A novel membrane protein of protein bodies that is transported to protein-storage
vacuoles via precursor-accumulating vesicles.

Mitsuhashi, N., Y. Hayashi, Y. Koumoto, T. Shimada, T. Fukasawa-Akada, M.
Nishimura and I. Hara-Nishimura
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10.

11.

12.

Plant Cell 13: 2361-2372 (2001)

A proteinase-storing body that prepares for cell death or stresses in the epidermal
cells of Arabidopsis.

Hayashi, Y., K. ‘Yamada, T. Shimada, R. Matsushima, N. K. Nishizawa, M.
Nishimura and I. Hara-Nishimura

Plant Cell Physiol. 42: 894-899 (2001)

A unique cysteine protease with a granulin domain that slowly matures in the
vacuoles of senescing Arabidopsis leaves.

.Yamada, K., R. Matsushima, M. Nishimura and I. Hara-Nishimura

Plant Physiol. 127: 1626-1634 (2001)

A subtilisin-like serine protease is required for epidermal surface formation in
Arabidopsis embryos and juvenile plants.

Tanaka, H., H. Onouchi, M. Kondo, I. Hara-Nishimura, M. Nishimura, C.
Machida and Y. Machida

Development 128: 4681-4689 (2001)

Expression and localization of a 36-kDa vacuolar protein (VP24) precursor in
anthocyanin-producing sweet potato cells in suspension culture.

Xu, W., K. Morita, K. Yarhada, M. Kondo, M. Nishimura, H. Shioiri, M. Kojima
and M. Nozue

Plant Biotechnol. 18: 203-208 (2001)

Ped 3p is a peroxisomal ATP-binding cassete transporter that might supply
substrate for fatty acid b-oxidation.

Hayashi, M., K. Nito, R. Takei-Hoshi, M. Yagi, M. Kondo, A. Suenaga, T.
Yamaya and M. Nishimura

Plant Cell Physiol. 43: 1-11 (2002)

Activation of Arabidopsis vacuolar processing enzyme by self-catalytic removal
of an auto-inhibitory domain of the C-terminal propeptide.

Kuroyanagi, M., M. Nishimura, and I. Hara-Nishimura.

Plant Cell Physiol. 43: 143-151 (2002)
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13.

14.

15.

16.

17.

18.

19.

Subcellular localization of endo-b-N-acetylglucosaminidase and high-mannose
type free N-glycans in plant cell.

Kimura, Y., S. Matsuno, S. Tsurusaki, M. Kimura, I. Hara-Nishimura and
M .Nishimura

Biochim. Biophys. Acta 1570: 38-46 (2002)

Calcium-mediated association of a putative vacuolar sorting receptor PV72 with a
propeptide of 2S albumin.

Watanabe, E., T. Shimada, M. Kuroyanagi, M. Nishimura and 1. Hara-Nishimura
J. Biol. Chem. 277: 8708-8715 (2002)

Distribution and characterization of peroxisomes in Arabidopsis by visualization
with GFP: Dynamic morphology and actin dependent movement.

Mano, S., C. Nakamori, M. Hayashi, A, Kato, M. Kondo and M. Nishimura

Plant Cell Physiol. 43: 331-341 (2002)

Direct interaction and determination of binding domains among peroxisomal
import factors in Arabidopsis thaliana.

Nito, K., M. Hayashi and M. Nishimura

Plant Cell Physiol. 43: 355-366 (2002)

Proteomic analysis of leaf peroxisomes in greening cotyledons of Arabidopsis
thaliana.

Fukao, Y., M. Hayashi and M. Nishimura

Plant Cell Physiol. 43: 689-686 (2002)

A vacuolar-sorting receptor on the membrane of the PAC vesicles that accumulate
precursors of seed storage proteins.

Shimada, T., E. Watanabe, K. Tamura, Y. Hayashi, M. Nishimura and I.
Hara-Nishimura

Plant Cell Physiol. 43: 1086-1095 (2002)

Altered shoot/root Na* distribution and bifurcating salt sensitivity in Arabidopsis
by genetic disruption of the Na" transportor AtzHKT1 .
Maser, P., B. Eckerman, R. Vaidyanathan, D. J. Fairbairn, M. Kubo, M.
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20.

21.

22.

23.

24.

25.

Yamagami, K.Yamaguchi, M. Nishimura, N. Uozumi, W. Robertson, M.
Sussman and J. I. Schroeder
FEBS Lett. 531: 157-161 (2002)

Molecular characterization of an Arabidopsis acyl CoA synthetase localized on
glyoxysomal membranes.

Hayashi, H., L. De Bellis, A. Kato, Y. Hayashi, K. Nito, M. Hayashi, 1.
Hara-Nishimura and M. Nishimura

Plant Physiol. 130: 2019-2026 (2002)

Identification of peroxisomal targeting signal of pumpkin catalase and the binding
analysis with PTS1 receptor.

Kamigaki, A., S. Mano, K. Terauchi, Y. Nishi, Y. Tachibe-Kinoshita, M. Kondo,
K. Nito, M. Hayashi, M. Nishimura and M. Esaka

Plant J. 33: 161-175 (2003)

A novel ER-derived compartment, the ER body, selectively accumulates a
B-glucosidase with an ER retention signal in Arabidopsis.

Matsushima, R., M. Kondo, M. Nishimura and I. Hara-Nishimura

Plant J. 33: 493-502 (2003)

Presence of glyoxylate cycle enzymes in the mitochondria of Euglena gracilis.
Ono, K., M. Kondo, T. Osafune, K. Miyatake, H. Inui, S. Kitaoka, M. Nishimura
and Y. Nakano

J. Eukaryo. Microbiol. 50: 92-96 (2003)

Existence of catalase-less peroxisomes in Sf21 insect cells.

Kurisu, M., M. Morita, Y. Kashiwayama, S. Yokota, H. Hayashi, Y. Sakai, S.
Ohkuma, M. Nishimura and T. Imanaka.

Biochem. Biophys. Res. Commun. 306: 169-176 (2003)

Biosynthetic processing of cathepsins and lysosomal degradation in
asparaginylendopeptidase-deficient mice.
Shirahama-Noda, K., A. Yamamoto, K. Sugihara, N. Hashimoto, M. Asano, M.

Nishimura and 1. Hara-Nishimura
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26.

27.

28.

29.

30.

31.

J. Biol. Chem. 278: 33194-33199 (2003)

The ER body, a novel endoplasmic reticulum-derived structure in Arabidopsis.
Matsushima, R., Y. Hayashi, K. Yamada, T. Shimada, M. Nishimura and I.
Hara-Nishimura

Plant Cell Physiol. 47: 661-666 (2003)

Why green fluorescent fusion proteins have not been observed in the vacuoles of
higher plant?

Tamura, K., T. Shimada, E. Ono, Y. Tanaka, A. Nagatani, S. Higashi, M.
Watanabe, M. Nishimura and 1. Hara-Nishimura

Plant J. 35: 545-555 (2003)

Vacuolar processing enzymes are required for proper processing of seed storage
proteinsin Arabidopsis thaliana.

Shimada, T., K. Yamada, M. Kataoka, S. Nakaune, Y. Koumoto, M. Kuroyanagi,
S. Tabata, T. Kato, K. Shinozaki, M. Seki, M. Kobayashi, M. Kondo, M.
Nishimura and I. Hara-Nishimura '

“J. Biol. Chem. 278: 32292-32299 (2003)

C-terminal KDEL sequence of a KDEL-tailed cysteine protease
(sulfhydryl-endopeptidase) is involved in formation of KEDL vesicle and in
efficient vacuolar transport of sulfhydryl-endopeptidase.

Okamoto, T., T. Shimada, I. Hara-Nishimura, M. Nishimura and T. Minamikawa
Plant Physiol. 132: 1892-1900 (2003)

Novel glyoxysomal protein kinase, GPK1, identified by proteomic analysis of
glyoxysomes in etiolated cotyledons of Arabidopsis thaliana.

Fukao, Y., M. Hayashi, I. Hara-Nishimura and M. Nishimura

Plant Cell Physiol. 44: 1002-1012 (2003)

Behavior of vacuoles during pollen development and maturation in Arabidopsis
thaliana.

Y amamoto, Y., M. Nishimura, I. Hara-Nishimura and T. Noguchi

Plant Cell Physiol. 44: 1192-1201 (2003) -
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32.

33.

34.

35.

36.

37.

38.

A vacuolar sorting receptor for seed storage proteins in Arabidopsis thaliana.
Shimada, T., K. Fuji, M. Kondo, M. Nishimura and I. Hara-Nishimura
Proc. Natl. Acad. Sci. USA 100: 16095-16100 (2003)

Functional differentiation of peroxisomes revealed by expression profiles of
peroxisomal genes in Arabidopsis thaliana.

Kamada, T., K. Nito, H. Hayashi, S. Mano, M. Hayashi and M. Nishimura

Plant Cell Physiol. 44: 1275-1289 (2003)

An ER-localized form of PV72, a seed-specific vacuolar sorting receptor,
interferes the transport of an NPIR-containing proteinase in Arabidopsis leaves.
Watanabe, E., T. Shimada, K. Tamura, R. Matsushima, Y. Koumoto, M.
Nishimura and I. Hara-Nishimura

Plant Cell Physiol. 45: 9-17 (2004)

The slow wound-response of VPE is regulated by endogenous salicylic acid in
Arabidopsis.

Yamada, K., M. Nishimura and I. Hara-Nishimura

Planta 218: 599-605 (2004)

An Arabidopsis dynamin-related protein, DRP3A, controls both peroxisomal and
mitochondrial division |

Mano, S., C. Nakamori, M. Kondo, M. Hayashi and M. Nishimura

Plant J. 38: 487-498 (2004)

NAI 1 gene that encodes a basic-helix-loop-type transcription factor that regulates
the formation of a novel ER-derived structure, the ER body.

Matsushima, R., Y. Fukao, M. Nishimura and I. Hara-Nishimura

Plant Cell 15: 1536-1549 (2004)

A plant vacuolar protease, VPE, mediates virus-induced hypersensitive cell death.
Hatsugai, N., M. Kuroyanagi, K. Yamada, T. Meshi, S. Tsuda, M. Kondo, M.
Nishimura and I. Hara-Nishimura

Science 305: 855-858 (2004)
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39.

40.

41.

- 42,

43.

45.

Cryptochromes and phytochromes synergetically regulate the Arabidopsis root
greening under blue light.

Usami, T., N. Mochizuki, M. Kondo, M. Nishimura and A. Nagatani

Plant Cell Physiol. 45: 1798-1808 (2004)

Endosomal proteases facilitate for the fusion of endosomes with vacuoles at the
step of the endocytotic pathway.

Yamada, K., K. Fuji, T. Shimada, M. Nishimura and 1. Hara-Nishimura

Plant J. 41: 888-898 (2005)

A vacuolar processing enzyme 8VPE, involved in seed coat formation at the earl
stage of seed development.

Nakaune, S., K. Yamada, M. Kondo, T. Kato, S. Tabata, M. Nishimura and I.
Hara-Nishimura

Plant Cell 17: 876-887 (2005)

Differential contribution of two peroxisomal protein receptors to the maintenance
of peroxisomal functions in Arabidopsis.

Hayashi, M., K. Nito, M. Yagi, T. Kamada and M. Nishimura.

J. Biol. Chem. 280: 14829-14835 (2005)

The involvement of tonoplast proton pumps and Na*(K*)/H" exchangers in the
change of petal color during flower-opening of morning glory, Ipomoea tricolor
cv. Heavenly Blile.

Yoshida, K., M. Kawachi, M. Mori, M. Maeshima, M. Kondo, M. Nishimura and
T. Kondo

Plant Cell Physiol. 46: 407-415 (2005)

. Peroxisomal localization of a myosin XI isoform in Arabidopsis thaliana.

Hashimoto K., H.Igarashi, S. Mano, M. Nishimura, T. Shimmen and E. Y okota
Plant Cell Physiol. 46: 782-789 (2005)

Asparagine endopeptidase is not essential for class II MHC antigen presentation
but is required for processing of Cathepsin L in mice.
Maehr, R., H. C. Hang J. D. Mintern, Y-M. Kim, A. Cuvillier, M. Nishimura, K.
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46.

47.

48.

49.

50.

51.

Yamada, K. Shirahama-Noda, I. Hara-Nishimura and H. L. Ploegh
J. Immunol. 174: 7066-7074 (2005)

Katamaril/Murus3 is a novel Golgi membrane protein that is required for
endomembrane organization in Arabidopsis.

Tamura, l., T. Shimada, M. Kondo, M. Nishimura and I. Hara-Nishimura

Plant Cell 17: 1764-1776 (2005)

A defect in glyoxysomal fatty acid b-oxidation reduces jasmonic acid
accumulation in Arabidopsis.

Afitlhile, M. M., H. Fukushige, M. Nishimura and D. Hildebrand

Plant Physiol. Biochem. 43: 603-609 (2005)

Vacuolar processing enzyme is essential for microtoxin-induced cell death in
Arabidopsis thaliana.

Kuroyanagi, M., K. Yamada, N. Hatsugai, M. Kondo, M. Tazawa, M. Nishimura
and I. Hara-Nishimura

J. Biol. Chem. 280: 32914-32920 (2005)

AtVAMS3 is required for normal specification of idioblasts, myrosin cells.

Ueda, H., C. Nishiyama, T. Shimada, Y. Koumoto,-Y. Yayashi, M. Kondo, T.
Takahashi, I.Ohtomo, M. Nishimura and 1. Hara-Nishimura

Plant Cell Physiol. 47: 164-175 (2006)

The Arabidopsis pex12 and pex13 mutants are defective in both PTS1 and PTS-2
dependent transport to peroxisomes.

Mano. S., C. Nakamori, K. Nito, M. Kondo and M. Nishimura

Plant J. 47: 1187-1194 (2006) D

AtVPS29, a Putative component of a retromer complex, is required for the
efficient sorting of seed storage proteins.

Shimada, T., Y. Koumoto, I. Li, M. Yamazaki, M. Kondo, M. Nishimura and I.
Hara-Nishimura |

Plant Cell Physiol. 47: 1187-1194 (2006)
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52.

53.

54.

55.

56.

57.

58.

MAIGO?2 is involved in exit of seed storage proteins from the endoplasmic
reticulum in Arabidopsis thaliana.

Li L., T. Shimada, H. Takahashi, H. Ueda, Y. Fukao, M. Kondo, M. Nishimura
and I. Hara-Nishimura

Plant Cell 18: 3535-3547 (2006)

HSP90 regulates the heat shock response in Arabidopsis thaliana that is
responsible for heat adaptation.

Yamada, K., M. Fukazawa, M. Hayashi, . Suzuki and M. Nishimura

J. Biol. Chem. 282: 37794-37804 (2007)

Legumain/asparaginyl endopeptidase controls extracellular matrix remodeling
through the degradation of fibronectin in mouse renal proximal tubular cells.
Morita, Y., H. Arai, T. Sugimoto, K. Takeuchi, T. Yamane, T. Maeda, Y.
Yamamoto, K. Nishi, M. Asano, K. Shirahama-Noda, M. Nishimura, T. Uzu, I.
Hara-Nishimura, D. Koya, Kashiwagi and 1. Ohkubo

FEBS Lett. 581: 1417-1424 (2007)

Functional identification of Arabidopsis peroxisome biogenesis factors using
RNAI.

Nito, K., A. Kamigaki, M. Kondo, M. Yagi, M. Hayashi and M. Nishimura

Plant Cell Physiol. 48: 763-774 (2007)

Galactolipid synthesis on chloroplast inner envelope is essential for proper
thylakoid biogenesis, photosynthesis and embryogenesis.

Kobayashi, K., M. Kondo, M. Nishimura and H. Ohta

Proc. Natl. Acad. Sci. USA 104: 17216-17221 (2007)

The plant organelles database (PODB): A collection of visualized plant organelles
and protocols for plant organelle research.

Mano, S., T. Niwa, S. Nishikawa, T. Mimura and M. Nishimura

Nucleic Acid Res. 36: D929-937 (2008)

Identification of the OsOPR7 gene encoding 12-oxophytodienorate reductase

involved in the biosynthesis of jasmonic acid in rice.
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59.

60.

61.

62.

63.

64.

Tani, T., H. Sobajima, K. Okada, T. Chujo, S. Arimura, N. Tsutumi, M.
Nishimura, H. Seto. H. Nojiri and H. Yamane
Planta 227: 517-526 (2008)

Arabidopsis VPS35, a retromer component is required for vacuolar protein sorting
and involved in normal growth and leaf senescence.
Yamazaki, M., T. Shimada, H. Takahashi, K. Tamura, M. Kondo, M. Nishimura

~and I. Hara-Nishimura

Plant Cell Physiol. 49: 142-156 (2008)

Proteomic analysis of highly purified peroxisomes from etiolated soybean
cotyledons.

Arai, Y., M. Hayashi and M. Nishimura

Plant Cell Physiol. 49: 526-539 (2008)

Plant catalase is importéd into peroxisomes by PexSp but distinct from typical
PTS1 import. Oshima, Y., A. Kamigaki, S. Mano, M. Hayashi, M. Nishimura and
M. Esaka

Plant Cell Physiol. 49: 671-677 (2008)

Antagonistic Jacalin-related lectins regulate the size of ER-body-type
B-glucosidase in Arabidopsis thaliana.

Nagano, A.J., Y. Fukao, M. Fujiwara, M. Nishimura and I. Hara-Nishimura
Plant Cell Physiol. 49: 969-980 (2008)

Localization of myo-inositol-1-phosphate synthase to the endosperm in
developing seeds of Arabidopsis.

Mitsuhashi, N., M. Kondo, S. Nakaune, M. Ohnishi, M. Hayashi, I
Hara-Nishimura, A. Richardson, H. Fukaki. M. Nishimura and T. Mimura

J. Exp. Bot. 59: 3069-3076 (2008)

An isoform of Arabidopsis myosin XI interacts with small GTPase in its
C-terminal tail region. Hashimoto, K., H. Igarashi, S. Mano, C. Takenaka, T.
Shiina, M. Yamaguchi, T. Demura, M. Nishimura, T. Shimmen and E. Yokota

J. Exp. Bot. 59: 3523-3531 (2008)
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65.

66.

67.

68.

69.

70.

NAI2 is an ER body factor that enables the formétion of endoplasmic
reticulum-derived structure, ER body and accumulation of ER body matrix
protein.

yYamada, K., A. J. Nagano, M. Nishina, I. Hara-Nishimura and M. Nishimura

Plant Cell 20: 2529-2540 (2008)

AtMapl: a DNA microarray for genomic deletion mapping in Arabidoposis
thaliana.

Nagano A. J., M. Fukazawa, M. Hayashi, M. Nishimura and 1. Hara-Nishimura
Plant J. 56: 1058-1065 (2008)

A peroxisomal polyamine oxidase, AtPAO4, is involved in polyamine
back-conversion pathway in Arabidopsis thaliana.

Kamada-Nobusada T., M. Hayashi, M. Fukazawa, H. Sakakibara and M.
Nishimura |

Plant Cell Physiol. 49: 1272-1282 (2008)

NAC family proteins NARS1 and NARS2 in the outer integument regulate

embryogenesis in Arabidopsis.

Kunieda T., N. Mitsuda, M. Ohme-Takagi, S. Takeda, M. Aida, M. Tasaka, M.
Kondo, M. Nishimura and 1. Hara-Nishimura
Plant Cell 20: 2631-2642 (2008)

Proteomic identification and characterization of a novel peroxisomal adenine
nucleotide transporter supplying ATP for fatty acid f-oxidation in soybean and
Arabidopsis.

Arai, Y., M. Hayashi and M. Nishimura

Plant Cell 20: 3227-3240 (2008)

Arabidopsis dynamin-related proteins DRP3A .and DRP3B are functionally
redundant in mitochondrial fission but have distinct roles in peroxisomal fission.
Fujimoto, M., S. Arimura, S. Mano, M. Kondo, C. Saito, T. Ueda, A. Nakano, M.
Nishimura, M. Nakazono and N. Tsutsumi

Plant J. 58: 388-400 (2009)
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Constitutive and inducible ER bodies of Arabidopsis thaliana accumulate distinct
B-glucosidases.

Ogasawara, K., K. Yamada, J. T. Christeller, M. Kondo, N. Hatsugai, I.
Hara-Nishimura and M. Nishimura

Plant Cell Physiol. 50: 480-488 (2009)

Vacuolar iron transporter, TgVit, in tulip is responsible for blue coloration of
petal cells by iron accumulation.

Momonoi, K., K. Yoshida, S. Mano, C. Nakamori, K. Shoji and M. Nishimura
Plant J. 59: 437-447 (2009)

Gibberellin controls anther development by the transcriptional regulation of

Aya, K., M. Ueguchi-Tanaka, M. Kondo, K. Yano, M. Nishimuta and M.
Matsuoka
Plant Cell 21: 1453-1472 (2009)

Molecular factors required for the targeting of PEX7 to peroxisomes in
Arabidopsis thaliana.

Singh, T., M. Hayashi, S. Mano, Y. Arai, S. Goto and M. Nishimura

Plant J. 60: 488-498 (2009)

A novel membrane-fusion-mediated plant immunity against bacterial pathogens.
Hatsugai, N., S. Iwasaki, K.Tamura, M. Kondo, K. Fuji, K. Ogasawara, M.
Nishimura and I. Hara-Nishimura

Genes Dev. 23: 2496-2506 (2009)

Peroxisomes are required for in vivo nitric oxide (NO) accumulation in the cytosol
following salinity stress of Arabidopsis plants.

Corpas, F.J., M. Hayashi, S. Mano, M. Nishimura and J. B. Barroso

Plant Physiol. 151: 2083-2094 (2009)

FRMO1/GNL1 and ERMOZ2/SEC24a are required for maintenance of ER

morphology in Arabidopsis thaliana.
Nakano, R. T., R. Matsushima, H. Ueda, K. Tamura, T. Shimada, L. Li, Y.
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Hayashi, M. Kondo, M. Nishimura and I. Hara-Nishimura
Plant Cell 21: 3672-3685 (2009)

Suppression of peroxisome biogenesis factor 10 reduced cuticular wax
accumulation by disrupting the ER network in Arabidopsis thaliana.
Kamigaki, A., M. Kondo, S. Mano, M. Hayashi and M. Nishimura

~ Plant Cell Physiol. 50: 2034-2046 (2009)

Ectopic expression of an esterase, which is a candidate for the unidentified plant
cutinase, causes cuticular defects in Arabidopsis thaliana.

Takahashi, K., T. Shimada, M. Mori, M. Kondo, M. Nishimura and 1.
Hara-Nishimura

Plant Cell Physiol. 51: 123-131 (2010)

A peroxisomal ABC transporter promotes seed germination by inducing pectin
degradation under the control of ABIS5.

Kanai, M., M. Nishimura and M. Hayashi

Plant J. 62: 936-947 (2010)

Gateway binary vectors with the bialaphos resistance gene, bar, as a selection
marker for plant transformation.

Nakamura, S., S. Mano, Y. Tanaka, M. Ohnishi, C. Nakamori, M. Araki, T. Niwa,
M. Nishimura, H. Kaminaka, T. Nakagawa, Y. Sato and S. Ishiguro

Biosci. Biotechnol. Biochem. 74: 1315-1319 (2010)

Arabidopsis Qa-SNARE SYP2 proteins localized to different subcellular regions
function redundantly in vacuolar protein sorting and plant development.

Shirakawa, M., H. Ueda, T. Shimada, Y. Koumoto, T. Shimada, M. Kondo, M., T.
Takahashi, Y. Okuyama, M. Nishimura and 1. Hara-Nishimura

Plant J. 64: 924-935 (2010)

The Plant Organelles Database 2 (PODB2): an updated resource containing movie
data of plant organelle dynamics.

Mano, S., T. Miwa, S. Nishikawa T. Mimura and M. Nishimura

Plant Cell Physiol. Nov 28.x (2010)
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84. Arzibidopsis ABERRANT PEROXISOME MORPHOLOGY 9 is a peroxin that
recruits the PEX1-PEX6 complex to peroxisomes.
Goto, S., S. Mano, C. Nakamori and M. Nishimura
Plant Cell in press (2011)
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2. Molecular mechanisms of reviersible transformation of organelles in
differentiation of higher plant cells.
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4 Organism Constructing Mechanisms (Reproduction and Development) pp.
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3. The ER body, a novel endoplasmic reticulum-derived structure in Arabidopsis.
Matsushima, R., Y. Hayashi, K. Yaniada, T. Shimada, M. Nishimura and I.
Hara-Nishimura
Plant Cell Physiol. 44: 661-666 (2003)

4. Entering a new era of research on plant peroxisomes.
Hayashi, M. and M. Nishimura
Cri. Rev. Plant Sci. 6: 577-582 (2003)

5. Diversity and functions of endoplasmic reticulum-derived compartments in plants.
Are these compartments specific to plant cells?
Hara-Nishimura, I., R. Matsushima, T. Shimada and M. Nishimura
Plant Physiol. 136: 3435-3439 (2004)

6. Vacuolar processing enzyme: an executor of plant cell death.
Hara-Nishimura, I., N. Hatsugai, S. Nakaune, M. Kuroyanagi and M. Nishimura
Curr. Opin. Plant Biol. 8: 404-408 (2005)
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A VPE family supporting various vacuolar functions in plants.
Yamada, K., T. Shimada, M. Nishimura and 1. Hara-Nishimura
Physiol. Plant. 123: 369-375 (2005)

Plant peroxisomes.
Mano, S. and M. Nishimura _
Vitamin and Hormones 72: 111-154 (2005), Elsevier Sci. Press

A cellular suicide strategy of plants: vacuole-mediated cell death.
Hatsugai, N., M. Kuroyanagi, M. Nishimura and 1. Hara-Nishimura
Apoptosis 11: 905-911 (2006)

Arabidopsis thaliana-A model organism to study plant peroxisomes.
Hayashi M. and M. Nishimura
Biophys. Biochim. Acta 1763: 1382-1391 (2006)

Vacuolar processing enzyme, a key molecule in both pathogen-induced and
phytotoxin induced cell death in higher plants.

Kuroyanagi, M., N. Hatsugai. M. Nishimura and I. Hara-Nishimura

Mol. Plant Microbe Interact. 5: 208-214 (2007)

Peroxisome

Arai, Y., Y. Fukao, M. Hayashi and M. Nishimura

Plant Proteomics: Technologies, Strategies and Applications, John
Wiley&Sons, 377-389 (2008)

Cytosolic heat shock protein 90 regulates heat shock transcription factor in
Arabidopsis thaliana .

Yamada, K. and M. Nishimura

Plant Signal. Behav. 3:9, 660-662 (2008)

ER body, a new organelle in Arabidopsis thaliana, requires NAI2 to its formation
and accumulates specific B-glucosidase.

Yamada, K., A.J. Nagano, K. Ogdsawara, 1. Hara-Nishimura and M. Nishimura
Plant Signal. Behav. 4: 849-852 (2009)
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It is with great pleasure that | write this letter on behalf of Professor Mitsuyasu Hasebe. | consider
Hasebe to be one of the best, if not the best, plant evolutionary biologist studying processes involved in
the evolution of green plants. | know Hasebe very well as a collaborator on projects involving the
evolution of developmental mechanisms using both ferns and lycophytes.

At this time, Hasebe is best known for his work with the moss Physcomitrella patens. He and his
colleagues have accomplished the tedious tasks of developing functional and genomic tools to investigate
this basal land plant. Thankfully, he has made these tools available to many in the plant community who
are now eagerly working with Physcomitrella. With these tools in hand, Hasebe’s lab has investigated
the functions of many genes involved in many processes, including hormone regulation of plant growth
and development, the switch from differentiated to totipotent state (“reprogramming”), and the role of
microtubules in the formation of the plant phragmoplast in Physcomitrella. These studies are very
exciting as they provide critical information about these processes in a basal land plant. By comparing
his work to similar processes in other land plants (mostly Arabidopsis at this time), Hasebe has uncovered
how regulatory processes were likely to have evolved over deep time. At a conference in March of this
year, Hasebe described his recent work on a deletion mutation of the Physcomitrella CLF gene that
resulted in an indeterminant, branched sporophyte. While this may not appear on the surface to be
important, it is a particularly exciting result. The paleobotanist in attendance (Professor Gar Rothwell)
remarked to me that this was the most important discovery in recent years because of its implications in
understanding the evolution of a complex sporophyte, and the regulation and evolution of the
gametophyte-sporophyte body plans.

Hasebe also played a major role in analyzing the genome of the lycophyte Selaginella moellendorffii,
whose sequence was generated by JGI (DOE). Hasebe and his former postdoc Tomoaki Nischiyama
analyzed the phylogenies of over 400 genes involved in Arabidopsis development with very interesting
results, which were recently published in Science. Each gene family tells a different story and | do not
have enough space here to describe them here. | would like to note, however, that in addition to the
analysis of the Selaginella genome, Hasebe helped me a great deal in writing the Science manuscript
and the extensive supplemental online materials that accompanied the Science paper. We have
had many fruitful discussions over the past several years in regards to the Selaginella genome
project and | am looking forward to continuing our collaboration. With the new and upcoming
sequencing technology, it may be possible to sequence a fern genome in about five years and
am confident that Hasebe will have a major role in this endeavor.

Hasebe has excelled in the training of numerous students and postdocs, many who are enjoying successful
careers in academia. By US standards, he has been exceptionally successful in garnering funds for his
research. His future research interests are to address additional fundamental questions in evolutionary
biology. | am particularly interested in his continuing work on the role of auxin on the longevity of the
apical cell in Physcomitrella. New investigations on the evolution of the carnivorous syndrome in
Cephalous and the molecular mechanisms of mimicry in the orchid mantis are also fascinating.

Considering the novel systems he is working on, he is very productive as far as publications are
concerned. | believe it is important to recognize how difficult it is to develop and work on new systems.
| am sure that his publication record would be more extensive if he worked exclusively on a model

- 119 -



system, such as Arabidopsis. That being said, the plant community needs Hasebe because he has a
superior understanding of all land plants and plant evolution, identifies interesting questions that cannot
be addressed using Arabidopsis or other model angiosperm systems, and is very knowledgeable of the
tools and resources necessary to develop new systems to address new and exciting questions.

| will conclude this letter by stating that Hasebe has made extremely valuable contributions to the field of
plant biology over the past ten years and | look forward to learning about his future accomplishments.

BZEIZ X 55
This report is evaluation of Prof. M. Hasebe’s academic activity in past 10 years, based his published
papers and the documents including C.V.

Publications

In ten years, 74 papers were published in international journal with peer review (7.4 per year).
This output of research results is judged as high level in our research fields. They include the top
journals with high ISI Impact Factor (i.e, Science, PNAS etc.), and overall activity of Prof. Hasebe’s
laboratory seems excellent one. In general, it is difficult to judge the value of each paper from the
Impact Factor of published journal. However, as reading selected five papers, the research quality seems
very high, and it is designated by high numbers of referring time of each paper.

Research activity of Prof. Hasebe is covered broad area in Plant Biology, i.e., molecular genetics,
physiology, developmental biology, phylogenetics, evolutionary biology, etc. Also, he is one of the
pioneer researchers of genomic biology in Japan. In spite of these broad research activities, his research
interest is focused to mechanism of evolution in plants, especially, evolution of new function or structure
(evolutionary innovation). This scope links most of his papers and | can recognize them as a series of
integrated study.

Achievements in Research

By the survey of his publications, | feel that the Prof. Hasebe’s research is unique and spreading
broad area of study. A part of this reason is that he did not insist to established model plants, rather than
using interesting organisms in the stand of evolution. In general, it is easy to use established model
organisms to detailed research in molecular genetics or other research fields. But, Prof. Hasebe had
taken another way for his research to select his interesting objects. For taking this strategy, most of
genetical or genomic information should get by himself. And to accelerate to accumulate them, he
organized international project to establish interesting organisms as new model ones.

From the viewpoint mentioned above, | would like to pick up two research projects of Prof. Hasebe
as significant works given strong impacts in broad area in biology. The first one is genome project of
the moss, Physcomitrella patens. It is @ main research activity of Prof. Hasebe’s laboratory in past 10
years. This project was an international collaborated work, and Prof. Hasebe is one of the most
contributed persons to this project. In the beginning of this project, P. patens is not a famous model
organism, but now, it is recognized as a significant model plant internationally. It is not only an advantage
of P. patens having high rate of homologous recombination, but also an important phylogenetic position
of the moss, i.e. basal lineage in land plants having multicellular body plan. Prof. Hasebe’s contribution
to establish this moss as a model plant seems to be very large, and now, many researchers use this plant
for their study in worldwide. The fruit of this project was published in Science (Rensing et al., 2008),
getting the high number of referring (283 times), and it indicated that this project gave large impacts.
Derived from this project, many significant papers were published from his laboratory, including
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physiological, developmental and evolutional researches. | do not pick-up each of these works here in
detail, but most of them include new insights in each research field, and have published in high-level
international journals.

The second one is also a genome project of Selaginella moellendorffii. This species is a
Pteridophyte, lacking genome information in a major group of land plant. Although the publication of
this project was too late for the financial year of 2010, it has already been published in Science in May
(Banks et al., 2011). This project provides significant information of Pteridophyte genome, and it is very
useful not only to research genome evolution of angiosperms, but also to research gene functions in
angiosperms. At present, the papers referring this genome information is few, it is expected many
important works will come in near future, because the genome project team already provide the genome
information for wide range of researchers.

| would like to emphasize the academic activity of Prof. Hasebe for promoting the research of his
interesting fields. Actually, his management of PHYSCObase and providing protocols for the research
of P. patens and S. moellendorffii is important contribution. Especially, PHYSCObase provides
full-length ¢cDNA information and genome information of P. patens and many researchers use this
database routinely. In Japan, this kind of academic activity receives low marks, however, | consider that
PHYSCObase should be recognized as high value as papers published in major journals.

Invitation to international conferences

In past 10 years, Prof. Hasebe had invited 39 times to international conferences. Especially in
past 5 years, he was invited 26 times and it indicates that his research activity attracts attention of many
researchers in the world. He also worked as an organizer in international meeting (10 times in past 10
years), and this is also a good academic contribution.

Education of Graduate students

In this item, the achievement of Prof. Hasebe is not prominent one. The Ph. D. candidate student
finishing Graduate University for Advanced Studies and getting Ph. D, as a main supervisor are only five.
This number seems low comparing those of professor in major university in Japan. | do not have
statistics for the professors belonging to Graduate University for Advanced Studies, however, the
structure of Graduate University for Advanced Studies is affects this result; it consists of only graduate
school and do not have under graduate students. Instead, he had supervised many consigned Ph. D.
students belonging to other universities in his laboratory, and they have succeeded to get Ph. D. of each
university they belong. In spite of the disadvantage of Graduate University, it is necessary to make more
effort to achieving that the research activity of Prof. Hasebe’s laboratory would attract many young
researchers to join his laboratory as Ph. D. Students.

Service to institution and societies

Beside of his research performance, Prof. Hasebe also contributed various kinds of academic
services. Of these, Secretary-general of the Botanical Society of Japan and Chairperson of an
evolutionary and phylogeny section, Science Council of Japan are very large contributed to an academic
society.

Future Research Plan

Based on his document on future research plan, | judged most of them are feasible. But the
subjects written on the document contain broader theme and organisms including plants and insects. |
understand that his interest on evolutionary innovation in all organisms, however, it seems necessary to
select and focus to a few main subjects among them.
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CZ BT X 27
Scientific program

The research interests of Professor Hasebe have been consistently focused on aspects of plant
evolution. Some 10 years ago, he was interested in the phylogeny of land plants, but since then his
interests have changed gradually to the genetic mechanisms of plant evolution. First, he gave strong
emphasis to comparison of homologous genetic networks between angiosperms, which are well studied,
and other land plants including gymnosperms, pteridophytes, bryophytes and charophytes, whose
functions have not been well studied yet. In the last few years, he changed focus to the genetics of poorly
studied biological phenomena in angiosperms with important evolutionary perspectives, such as
microtubule regulation, regulation of pluripotent stem cells, etc. This is challenging work, but his group
has already published interesting papers giving new insights into the evolution of land plants.
Additionally, an ERATO project on reprogramming a differentiated cell to a pluripotent stem cell has
been successful.

Evolution of gene networks in plant development

Professor Hassebe’s group compared homologous gene networks involved in plant development
between main land-plant groups. They compared the Class-| KONX, HD-Zip, APB and PpCLF genes for
the mechanism of stem-cell regulation. One of the most interesting findings is the apogamous production
of the branched sporophyte-like body in P. patens. In the deletion lines of the P. patens gene orthologous
to the Arabidopsis thaliana CURLY LEAF (PpCLF) gene, a sporophyte-like body grew indeterminately
from an apical cell with the character of a sporophytic pluripotent stem cell, but did not form a
sporangium. Furthermore, with continued culture, the sporophyte-like body branched, which is almost
unknown among extant bryophytes. This is very informative. In land plants, branching, along with
indeterminate apical growth and delayed initiation of spore-bearing reproductive organs are conspicuous
innovations in the evolution of the dominant sporophyte plant body.
The group cloned and characterized MADS-box genes and FLO/LEAFY homologs in non-seed plants,
inferring their functions. In particular, comparison of expression patterns of MADS-box genes and
FLO/LEAFY homologs between Gnetum parvifolium and angiosperms and other extant gymnosperms led
to a new hypothesis for the evolution of reproductive organs.

Evolution of cellular machineries using microtubules

One of Professor Hasebe’s new approaches has been to clarify the genetics of biological phenomena
that have not been well studied in angiosperms but with important evolutionary perspectives. He focused
first on the microtubule as cellular machinery. In the cell’s life history, microtubules consistently play a
key role, such as regulation of the cell division plane, plate formation, and direction of cell elongation.
His group succeeded in visualizing microtubule-dependent microtubule nucleation. This is the first clear
evidence of branching of microtubules in living organisms. Furthermore, his group is aggressively
studying visualization of microtubules in the phragmoplast, which is also essential in forming the cell
plate during cytokinesis.

ERATO (2005-2011)

This big project on the “molecular mechanisms and evolution of the reprogramming of a
differentiated cell to a pluripotent stem cell” is run under the auspices of ERATO. The laboratory is at
NIBB and is a well-organized group researching a wide range of topics. This is the last fiscal year of
research with scientific papers now in preparation.
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International collaboration on nuclear genome projects on Physcomitrella patens and Selaginella
moellendorffii

In collaboration with well-regarded researchers in the US, UK, Germany, and Japan, Professor
Hasebe’s group has made significant progress, collecting a total of 250,000 ESTs and 4 million SAGE
tags, and sequencing whole coding regions for 22,130 genes of P. patens. Another collaboration with Prof.
S. Banks (principal investigator of the S. moellendorffii genome project at JGI) has been very fruitful.
Interestingly, S. moellendorffii and P. patens retain 88% and 86% of putative orthologs, respectively,
including those involved in specific development in flowering plants. The data suggest that divergence in
the number of putative orthologs among various land plant lineages contributed to the divergence of
development in land plants.

Productivity and funding

Professor Hasebe’s group does outstanding research and has been consistently and highly productive
for the last 10 years. Owing to his impressive willingness to adopt new technologies and approaches, a
high level of collaboration has led to publications in high-impact general-interest journals, such as
Science and Proc. Natl. Acad. Sci. Additionally, his team works independently using new approaches and
ideas on cellular machinery, asymmetric cell division, and stem cell regulation, generating big results.
Work on microtubules has been published in Nature Cell Science. Papers on stem cell regulation have
appeared in Proc. Natl. Acad. Sci Plant J., Development, and elsewhere.
Professor Haseabe’s team has been repeatedly awarded large grants from government and
non-government sources. In particular, the ERATO (1998-2011) grant has helped established useful
facilities for many ongoing and future projects. Many papers are being prepared for publishing.

Education and other academic activities

Professor Hasebe has helped train young researchers, including post-doctoral fellows, and assistant
and associate professors. His advice in research planning, discussion of results, and manuscript writing
has helped young researchers to publish their work.
International collaborations have facilitated research studies as well as train graduate students and
post-doctoral fellows, because international discussions with foreign visiting scientists have improved
communications and language skills.
Professor Hasebe has managed a web page on P. patens for 7 years, providing basic data, photographs,
DNA database, and experimental protocols. His website is well-known and useful for young researchers.
He also runs a 1-week laboratory course and workshop on P. patens research for graduate students
(including non-Japanese) and young researchers.

General comments

Professor Haseabe’s group has made outstanding achievements in evolutionary biology. In particular
his establishment of P. patens as a tool for genetic network analyses is worth special mention. Sometimes
they say that his research program covers too broad topics. However, his readiness to introduce new
approaches and ideas will undoubtedly open new frontiers in plant evolution studies. | am looking
forward to reading the results from the ERATO project soon.

DZEIC X 2 5HM
Dr. Hasebe was promoted to Professor from Associated Professor in 2000 and conducted research on

evolutionary biology in plants as the leader of his laboratory. Since 2005, he also led ERATO Hasebe
Reprogramming Evolution Project as the Research Director.
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Dr. Hasebe has a wide range of interest in Plant Science, such as systematics, speciation, cell biology,
developmental genetics, evolutionary development, genetic networks, and genomics. In addition, he has
used a wide variety of research materials, from mosses to eudicots. Although his research covered a broad
range of research field and organisms, he made a noticeable and excellent achievement in each field that
he engaged in.

To elucidate developmental mechanisms and its evolution, Dr. Hasebe focused on several plants,
which stand in important phylogenetic positions, and tried to make those plants new model organisms.
These included Physcomitrella patens, Selaginella moellendorffii, Ceratopteris richardii, Gnetum
parvifolium, etc. Especially, he established an experimental platform for studying development and
differentiation of P. patens and S. moellendorffii, including establishment of experimental procedures and
determination of sequences of full-length cDNAs and whole genome together with his collaborators in the
world. Upon these platforms, Dr. Hasebe accomplished high quality research in developmental and
cellular biology in plant, by focusing on important developmental processes, such as stem cell regulation,
cell-to-cell communication, hormonal control, and reproductive organ development. A number of
discoveries were made from these studies. Some of his achievement include: 1) discovery of importance
of polycomb gene function in repressing apogamy, 2) discovery of male factors for coordinated
fertilization, 3) elucidation of the function of MADS-box genes and LEAFY orthologs in various plants
and implication of their evolutionary significance, and 4) clarification of mechanism of cortical
microtubule nucleation. Recent studies on molecular mechanisms for the reprogramming of a
differentiated cell into a pluripotent stem cell in P. patens would give a new insight into the function of
the stem cell and relation to differentiated cells in plant development. In addition to these developmental
and evolutionary-developmental studies, Dr. Hasebe conducted evolutionary studies such as phylogenetic
analysis and speciation. The achievements are highly evaluated, and they have been contributed to
reputable international journals and presented as invited lectures at international conferences.

Dr. Hasebe conducted a number of cooperation with researchers in the various research fields, such
as molecular biology, developmental genetics, and systematics, and accomplished a number of
exceptional studies. The cooperation was not only domestic but also international, including leading
scientists in the world. This broad range of cooperation may be associated with his wide knowledge of
various plants, a deep insight in evolutionary significance, and experimental materials he developed. Dr.
Hasebe led a group for genome project of P. patens and S. moellendorffii. His group determined a number
of full-length ¢cDNA from various tissues from both plants, and contributed to the international
consortium of the genome project of theses plant. In addition, sequence data obtained were released from
the web site such as the PHYCObase and experimental materials were distributed around the world.
These activities have contributed not only to the community of researchers studying these species but also
to a broad range of plant researches.

He received several honorable awards, including two Young Scientist Prizes from The Japan
Academy and Japan Society for Promotion of Science. These awards objectively show that Dr. Hasebe is
one of the outstanding young scientists in Japan.

Dr. Hasebe started his scientific carrier as a systematist studying ferns, and now his scientific
activities expand to a broad field of plant science, such as developmental biology, cell biology, and
evolutionary biology, as described above. | believe that Dr. Hasebe will continue to maintain and grow
his science activity, and will be one of the leaders of in biological sciences as well as plant science.
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Summary by the Director-General of NIBB

Professor Hasebe was appointed to the National Institute for Basic Biology in
November 1996 and has been challenging to elucidate the basis of the high
pluripotency of plant cells and mechanisms of biological evolution as head of the
Division of Evolutionary Biology. He has exerted great effort in pioneering the use of
Physcomitrella patens as a model organism through development of cultivation and
gene manipulation techniques and through acting as a driving force in an international
genome sequencing project. In addition to moss Prof. Hasebe has continued to
research the molecular mechanisms of speciation and the evolution of new
morphology of a variety of plants and animals, and is esteemed as an international
leader of the new trend of using molecular genetics and genomic information to
understand evolution. He has contributed to the activities of the institute as head of
the Center for Radioisotope facilities and Chair of the Committee for International
Cooperation, as well as to the education of future scientists as Vice Chair of the
Department of Basic Biology of the Graduate University for Advanced Studies. It is my
belief Prof. Hasebe will continue as an international leader and | look forward to his
further support of NIBB.

- 125 -



- 126 -



Dr. Mitsuyasu Hasebe

Professor of Laboratory of Evolutionary Biology
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September 2010

National Institute for Basic Biology

National Institute of Natural Sciences
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1997 Lecturer, Chiba University, Chiba, Japan

1999 Lecturer, Kyusyu University, Fukuoka, Japan
2001 Lecturer, Niigata University, Niigata, Japan
2001 Lecturer, Univ. Osaka, Osaka, Japan
2001 Lecturer, Univ. Hiroshima, Hiroshima, Japan
2001 Lecturer, Kanagawa University, Kanagawa, Japan
2001 Lecturer, Kyoto University, Kyoto, Japan
2004 Lecturer, Department of Agriculture, Nagoya University, Nagoya,
Japan
2004 Lecturer, Shimane University, Matsue, Japan
2004 : Lecturer, Nippon Women’s University, Mejiro, Japan
12004 Lecturer, Kumamoto University, Kumamoto, Japan
2005 Lecturer, Department of Science, Nagoya University, Japan
2005 Lecturer, University of Air, Chiba, Japan
2005 Lecturer, Department of Agriculture, Hokkaido University, Hokkaido,
Japan
2005 Lecturer, Department of Science, Chiba University, Chiba, Japan
2005 Lecturer, Department of Science, Nagoya University, Nagoya, Japan
2006 Lecturer, Department of Science, Yamagata University, Yamagata,
Japan
2006 Lecturer, Department of Biology, Okayama University, Okayama,
Japan
2006 Lecturer, Department of Science, University of Tokyo, Tokyo, Japan
2008 Lecturer, Department of Science, University of Kobe, Kobe, Japan
2009 Lecturer, Department of Science, Rikkyo University
2009 Lecturer, Department of Science, Chiba University
AWARDS :
1990 Society Prize (Insectivorous Plant Society of Japan)
1997 Young Scientist Prize (The Botanical Society of Japan)
2001 Young Scientist Prize (The Japanese Society of Evolution)
2005 Young Scientist Prize (Japan Society for Promotion of Science)
2005 Young Scientist Prize (The Japan Academy)
2008 Society Prize (The Botanical Society of Japan)

AWARDS (Papers) :

2004 Journal of Plant Research Best Paper Awards. "Tanabe, Y., Uchida, M. Hasebe,
M., and Ito, M. 2003. Characterization of the Selaginella remotifolia
MADS-box gene. J. Plant Res. 116: 71-75".

2005 Journal of Plant Research Best Paper Awards "Seishiro Aoki, Koichi Uehara,
Masao Imafuku, Mitsuyasu Hasebe, Motomi Ito (2004) Phylogeny and
divergence of basal angiosperms inferred from APETALA3- and
PISTILLATA-like MADS-box genes. J Plant Res 117: 229-44".

SERVICE TO SOCIETY AND PROFESSION:

1991-1992 Council of Japanese Society for Plant Taxonomists (News Letter).
1992-1993 Council of The Botanical Society of Japan (Library)

1991-1992, 1995-1997 Secretary of Friend Society of Koishikawa Botanical Gardens

1999-2001 Council of Society of Evolutionary Studies, Japan

2001-2005 Council of The Botanical Society of Japan

2002-2003 Council of Society of Evolutionary Studies, Japan, public relations
representative

2002-2003 The Botanical Society of Japan, Future Plan Committee Member
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2002-2005
2003-2004
2004-2008
2004-2005
2004-2005
2006

2006-2007
2006-2014
2007-2008
2008-2009
2009-2011
2010-2011

2010-2013

The Botanical Society of Japan, Awards Committee Member
Trustee of The Botanical Society of Japan

Council member of Japanese Society of Plant Physiologists

Council member of International Prize for Biology, Japan

Japanese Society of Plant Physiologists Awards Committee Member
Council member of Japan Prize

Council member of Society of Evolutionary Studies, Japan
Members of Science Council of Japan

Trustee of The Botanical Society of Japan

Council member of Society of Evolutionary Studies, Japan
Secretary-general of the Botanical Society of Japan

Chairperson of an evolution and phylogeny section, Science Council
of Japan

Committee member of public relations, Japanese Society of Plant
Physiologists

SERVICE TO NATIONAL INSTITUTES OF NATURAL SCIENCES (2008-)

2008-2011
2008-2011

2008-2011
2008-2011
2008-2011

2008-2011
2008-2011
2008-2010
2008-2011
2008-2011
2010-
2010-
2010-

2010-
2010-

Head of Center for Radioisotope Facilities

Chairperson of Steering Committee of Center for Radioisotope
Facilities

Member of Safety Committee of Center for Radioisotope Facilities in

‘Myoda-ji area

Member of Safety Committee of Center for Radioisotope Facilities in

Yamate area '

Member of Management Committee of Research Center for

Computational Science

Member of Communication Committee in Yamate area

Member of Facility Management Committee

Chairperson of Nursery School Committee

Member of Network Steering Committee

Member of Network Management Committee

Member of Research Cooperation Committee

Member of International Cooperation Committee

Member of Action Plan Working Group of International Cooperation
; Committee

Member of Graduate School Education Committee

Member of NINS Symposium Working group

SERVICE TO NATIONAL INSTITUTE FOR BASIC BIOLOGY (2008-)

2000-
2000-
2000-
2000-
2005-
2005-2011

2008-2011
2008-2009
2008-2011
2009

2009
2010-

Member of Professor Committee

Member of Future Plan Committee

Member of Floor Plan Committee

Member of Library Committee

Member of Steering Committee of Okazaki Biology Conference
Member of the Advisory Committee for Programming and
Management

Member of Cooperative Research Committee

Head of Research Center for Integrative and Computational Biology
Member of Safely Committee

Member of the Organizing committee of "Japanese-German
Symposium on Evolution and Development” held at Max Planck
Institute for Plant Breeding Research, Cologne, Germany

Chair of Young Researcher Committee

Chair of International Cooperation Committee
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2010- Member of Organizing Committee of NIBB Core Research Facilities

2010- Member of Organizing Committee of NIBB BioResource Center

2010- Member of Steering Committee of Functional Genomics Facility

2010- Member of Organizing Committee of Office of Public Relations and
International Cooperation

2010~ Member of Steering Committee of Public Relatlons

SERVICE TO THE GRADUATE SCHOOL FOR ADVANCED STUDIES
2004-2009 Chief member for Education
2010- Vice Chair of Department of Basic Biology

COURSES TAISJGHT AT THE GRADUATE SCHOOL FOR ADVANCED
TUDIES

School of Life Science Classes: E-learning — Developmental Biology I — Evolution and
Development (2005 — present)

School of Life Science Classes: Life Science Progress Report I-V (2005 - present)

School of Life Science Classes: Life Science Experiments [-V (2005 - present)

School of Life Science Classes: Life Science Reading Seminar I-V (2005 - present)

Department of Basic Biology Classes: Introduction to Basic Biology (2005 — present)

School of Advanced Studies Class: “Life Science and Society” (2010)

SYMPOSIUM ORGANIZERS IN INTERNATIONAL MEETING

1993 Organizer, International Botanical Congress, symposium “Molecular
phylogeny of green plants”

1998 Organizer, International Symposium on Evolution of Development in
the institute of advanced study, Japan,

1998 Organizer, International Symposium on the Biology of Biodiversity in
conjunction with the awarding of the international prize for biology

1999 Organizer, International Botanical Congress, keynote symposium,
“Evolution and Development in Plants”

2000 Organizer, the 44th NIBB Conference “Evolution and Development”,
Okazaki, Japan _

2001 Organizer, MOSS2001, the international meeting on moss biology,
Okazaki, Japan

2001 Organizing committee, International Carnivorous Plant Meeting,
Tokyo

2003 Organizer, Plant Gametophyte, Ascona, Switzerland

2004 Organizing Committee, the 1st Okazaki Biology Conference "Biology
of Extinction"

2005 Organizing Committee Member, "Dynamics of Developmental
Systems", Nov. 3-6, Kisarazu, Japan

2008 Organizing Committee Member "The 55th NIBB Conference:
Frontiers of Plant Science in the 21st Century"”, Sep. 13-15, Okazaki,
Japan

2008 Organizer, "Evolution: Genomes, Cell Types and Shapes"”, Nov. 21-23,
Okazaki, Japan

2010 Session Organizer, “Regeneration” in the 21st International
Conference on Arabidopsis Research, June 6-12, Yokohama, Japan

2010 Organizer, “Plant Science Communications 20107, Nov. 16-18,
Okazaki, Japan

PhD DISSERTATION COMMITTEE IN THE GRADUATE UNIVERSITY FOR
ADVANCED STUDIES
2000, Koichi Sugita "Establishment of selection marker free transgenic plants with
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MAT vector system".

2001, Naoko Ishikawa "The transposable element 7ip100 and genome rearrangements
in the common morning glory".

2001, Masami Inaba "Characterization of Na+/H+ antiporters in the cyanobacterium
Synechocystis sp. PCC6803".

2001, Yuji Hiwatashi "Identification of genes expressed in apical cells of the moss
Physcomitrella patens using gene-trap and enhancer-trap systems”.

2003, Keiko Sakakibara "Characterization of homeodomain-leucine zipper genes in
Physcomitrella patens with reference to evolution of homeobox genes
in land plants".

2006, Ushio Fujikura "Genetic analyses of mechanisms of compensation in leaf
organogenesis". _

2009, Zenpei Shimatani " Characterization of autonomous Dart] transposons belonging
to the hAT superfamily in rice"

PhD DISSERTATION COMMITTEE IN OTHER UNIVERSITIES

2004 Feb PhD dissertation committee of Univ. Tokyo (Dr. Mikao Shigyo)
2005 Feb PhD dissertation committee of Univ. Tokyo (Dr. Takako Tanahashi)
GRADUATE STUDENTS

Kazuyoshi Someya, M.S. student, Chiba University, 1996-1998

Kumi Aso, M.S. student, University of Tokyo, 1996-1998

Fernando-Rivadavia Lopes, M.S. student, Univ. Tokyo, 1996-1998.

Ryosuke Sano, Ph.D. student, Chiba University, 1997-2000.

Saiko Himi, M.S. student, Kanazawa Univ., 1998

Yoichi Tanabe, Ph.D. student, Chiba Univ., 1998

Keiko Sakakibara, M.S. student, University of Tokyo, 1997-1999

Tomoaki Nishiyama, Ph.D. student, Univ. Tokyo, 1997-1999.

Satomi Shindo, Ph.D. student, Graduate University for Advanced Studies, 1998-2001

Yuji Hiwatashi, Ph.D. student, Graduate University for Advanced Studies, 1998-2001.

Takako Tanahashi, M.S. student, Univ. Tokyo, 1999-2000

Keiko Sakakibara, Ph.D. student, Graduate University for Advanced Studies,

: 1999-2003.

Hisako Sakaguchi, M.S. student, Shinshu Univ., 2000-2002.

‘Tohru Nakamura, M.S. student, Niigata Univ., 2002-2003.

Kaoru Hashimoto, Ph.D. student, Graduate University for Advanced Studies,
2004-2006.

Shin-Ichi Morinaga, Ph.D. student, Tohoku Univ., 2004-2007.

Kentaro Hosokawa, Ph.D. student, Univ. Tokyo, 2004-2006.

Tsuyoshi Aoyama, Ph.D. student, Graduate University for Advanced Studies, 2005-
present.

Tomomi Fujii, Ph.D. student, Graduate University for Advanced Studies, 2008-2010.

Kenji Fukushima, Ph. D. student, Graduate University for Advanced Studies,
2010-present

HOST OF SUMMER STAY OF FOREIGN GRADUATE STUDENTS

Kari Beth Thompson (Prof. Dale Karlson, West Virginia University) June-August 2006,
East Asia and Pacific Summer Institutes (EAPSI) program by NSF
and JSPS

Tamrya D. d'Artenay (Prof. Karen Renzaglia, Southern Illinois University) June-August
2007, East Asia and Pacific Summer Institutes (EAPSI) program by
NSF and JSPS

Robert Augustine (Prof. Magdalena Bezanilla, University of Massachusetts)
June-August 2008, East Asia and Pacific Summer Institutes (EAPSI)
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program by NSF and JSPS

Jessica Buduke (Prof. Bernard Goffnet, University of Connecticut) June-August 2008,
East Asia and Pacific Summer Institutes (EAPSI) program by NSF
and JSPS

Yevgeniy Plavskin (Prof. Marja Timmerman, Cold Spring Harbor Laboratory)
June-August 2010, East Asia and Pacific Summer Institutes (EAPSI)
program by NSF and JSPS

HOST OF SAVATICAL STAY

Prof. Jo Ann Banks, Purdue University, USA, 2000-2001

Dr. George Rutherford, Purdue University, USA, 2000-2001

Prof. Jean-Pierre Zryd, University of Lausanne, Switzerland, 2001-2002

Prof. Paul G. Wolf, Utah State University, USA, Sept. 2003-Dec. 2003

Dr. Carol A. Rowe, Utah State University, USA, Sept. 2003-Dec. 2003

Prof. Tobias Baskin, University of Massachusetts, Amherst, USA, Aug. 2008-May 2009

Dr. Katerina Bisova, Academy of Sciences of the Czech Republic. 28th June-28th Sept.
2009 and 15th March-11 April, 2010

ORGANIZER FOR LABORATORY COURSE AND WORKSHOP
Laboratory course and workshop of the moss Physcomitrella patens
2001, 25-29 June

2003, 30 June-4 July

2004, 14-18 June

2005, 27 June-1st July

2007, 21-23 December

2008, 30 June — 4th July

2009, 29 June — 3rd July

Other workshops _
2009 March 20 "Next generation sequencer and plant evolutionary biology" Organizer
of a workshop held in NIBB, Okazaki, Japan.

EDITORSHIPS:

1997-2000 Editorial Board, Journal of Plant Research

1998-2002 Section Editor of Genetics and Systematics, Plant Biology
1998-present  Editorial Board, International Journal of Plant Science
2005-present  Editorial Board, Plant Cell and Physiology

2006-present  Editorial Board, Evolution and Development
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REVIEWER FOR SCIENTIFIC JOURNALS:

American Journal of Botany, Australian Journal of Botany, BMC Plant Biology, BMC
Biotechnology, Botanica Acta, Current Biology, Current Genetics, Development,
Development Genes and Evolution, Evolution and Development, Gene, Genes and
Genetic Systems, Japanese Journal of Genetics, International Journal of Plant Science,
Journal of Molecular Evolution, Journal of Plant Research, Molecular Biology and
Evolution, New Phytologist, Plant Biology, Plant Cell and Physiology, Planta, Plant
Cell, Plant Physiology, Plant Cell Reports, Proceedings of National Academy of
Science, USA, Tree Physiology, Trends in Plant Science

REVIEWER FOR AWARDS, GRANTS, AND PROMOTION IN FOREIGN

COUNTRIES

1) Foreign reviewer for National Science Foundation foreign reviewer of "Plant Systematics”,
“Molecular and Cellular Biology”, and #Evolution of Developmental Mechanisms”.

2) Proposal Review Panel of Plant Genome, National Science Foundation.

3) Foreign reviewer for the Royal Society and JSPS fellowship.

4) Foreign reviewer for Biotechnology and biological sciences research council (BBSRC), UK.

5) Reviewer for promotion in Duke University (2009).

6) Reviewer for promotion in Harvard University (2003, 2010).

7) Reviewer for promotion in Chicago Field Museum (2000).

8) Reviewer for ERA-NET PLANT GENOMICS (EU's 6th Framework Programm) (2009- ).

9) Reviewer for BARD, the United States — Israel Binational Agricultural Research &

Development Fund (2009).

10) Reviewer for promotion in Pennsylvania State University (2005).

11) Reviewer for the Academia Sinica Institutional Investigatorship (2005).

12) Foreign Reviewer for Academia Sinica Investigator Award (2009)

REVIEWER FOR JAPANESE ORGANIZATIONS

1) Grants-in-Aid for Scientific Research, Document Reviewer (2000-2004, 2005-2009)

2) JSPS Fellowship and International Cooperation Program, Document Reviewer
(2004-2006, 2008-2011)

3) Grants-in-Aid for Scientific Research, Subcommittee of Plant Meristem (2007)

4) Reviewer for RIKEN Initiative Research Units (2007, 2009)

5) Reviewer for the Novartis Foundation (Japan) for the Promotion of Science
(2009-2011)

6) Reviewer for a Collaborative Research by Institute of Low Temperature Science,
Hokkaido University (2010-2011).

GRANT AWARDS
Ministry of Education, Culture, Sports, Science and Technology and Japan Society of
Promotion of Sciences (MEXT and JSPS)

1996-1998, Grants-in-Aid for Scientific Research (A) "Early evolution of land plants" co P. L. (P. L
Masahiro Kato), 5,000,000 yen (1996), 1,000,000 yen (1997), 1,000,000 yen (1998)

1996-1998, Grants-in-Aid for Scientific Research (A) "Conservation and extinction of plant
biodiversity” co P. 1. (P. I. Kunio Iwatsuki), 5,000,000 yen (1996), 1,000,000 yen (1997),
1,000,000 yen (1998)

1996-1997, Grants-in-Aid for Exploratory Research "A study on the evolution of female
reproductive organs in angiosperms based on floral homeotic genes". co P. L. (P. I. Masahiro Kato),
2,000,000 yen (1996), 2,000,000 yen (1997)

1997, Grants-in-Aid for Scientific Research on Priority Areas "Molecular basis of flexible organ
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plan in plants, Group director, Kenzo Nakamura) "Analysis of homeobox gene functions in organ
development at the shoot meristem of Physcomitrella patens". P. 1., 1,800,000 yen.

1997-1998, Grants-in-Aid for Scientific Research (B) "Evolutionary study of morphological
evolution of reproductive organs in vascular plants with the analyses of genes involved in
development”. P. 1. 11,300,000 yen (1997), 3,300,000 yen (1998).

1997-1998, Grants-in-Aid for Exploratory Research "Evolution of haploid and diploid
gene(rations: homology between haploid and diploid shoots". P. 1. 1,400,000 yen (1997), 600,000
yen (1998).

1997-1999, Grants-in-Aid for Scientific Research (A) "RNA editing and plant evolution” co P. L.
(P. 1. Koichi Yoshinaga), 1,000,000 yen (1997), 1,000,000 yen (1998), 600,000 yen (1999).

1998-2001, Grants-in-Aid for Scientific Research on Priority Areas "Molecular mechanisms of
multicellular system in plants” (Group director, Kiyotaka Okada), "Molecular mechanisms of
initiation and maintenance of hoot meristem in Physcomitrella patens". P. 1. 3,300,000 yen (1998),
3,000,000 yen (1999), 3,500,000 yen (2000), 2,900,000 yen (2001).

1999-2000, Grants-in-Aid for Scientific Research on Priority Areas "Exploring genes involved in
symbiosis of lichen", P. I., 1,400,000 yen (1999), 700,000 yen (2000).

2000-2001, Grants-in-Aid for Scientific Research (B) "Mechanisms of parallel evolution in plant
shoots", P. L., 7,300,000 yen (2000), 8,000,000 yen (2001).

2000-2001, Grants-in-Aid for Scientific Research on Priority Areas C "Genome Science" (Group
director, Yuji Kohara), "Genomic analyses of auxin and cytokin functions in Physcomitrella
patens”. P. 1., 6,000,000 yen (2000), 6,000,000 yen (2001)

2000-2002, JSPS Research for the Future Program "Plant genes” (Group director, Yasuyuki
Yamada), "Analysis of biodiversity based of plant genes" co P. I. (P. 1. Isao Inoue), 16,000,000
yen (2000), 10,000,000 yen (2001), 10,000,000 yen (2002)

2001, Grants-in-Aid for Exploratory Research "Molecular mechanisms of genome evolution in
plant polyploidization" P. 1., 2,200,000 yen.

2001-2005, Grants-in-Aid for Scientific Research on Priority Areas "Dynamics of Developmetal
Systems" (Group director, Naoto Ueno), "Mechanisms and Evolution of Developmental Systems”
co P. I. (P. I. Sumihare Noji), 9,700,000 yen (2001), 9,700,000 yen (2002), 9,700,000 yen (2003),
9,700,000 yen (2004), 9,000,000 yen (2005).

2002, Grants-in-Aid for Scientific Research on Priority Areas "Molecular Basis of Axis and
Signals in Plant Development" (Group director, Hiroo Fukuda) "Molecular mechanisms of
asymmetric cell division as the first step of axis formation in Physcomitrella patens and
Arabidopsis thaliana". 3,600,000 yen (2002).

2002-2003, Grants-in-Aid for Scientific Research (B) "Analysis of gene evolution that caused the
evolution of floral morphology" P. L., 7,700,000 yen (2002), 7,100,000 yen (2003).

2002-2008, Grants-in-Aid for Scientific Research on Priority Areas "Molecular Mechanisms of
Speciation" (Group director, Norihiro Okada) "Molecular mechanisms of speciation via
hybridization and Polyploidization in plants”. 20,000,000 yen (2002), 20,000,000 yen (2003),
16,400,000 yen (2004), 16,200,000 yen (2005), 20,000,000 yen (2006), 10,000,000 yen (2007),
10,000,000 yen (2008).
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2004-2006, Grants-in-Aid for Scientific Research (B) "Origin and evolution of digestive enzymes
in carnivorous plants”, P. 1., 1,000,000 yen (2004), 7,400,000 yen (2005), 6,800,000 yen (2006),
2,580,000 yen (2007).

2005-2006, Grants-in-Aid for Exploratory Research "Mechanisms of life cycle evolution focusing
on polycomb genes", P. L., 2,100,000 yen (2005), 1,300,000 yen (2006).

2005-2009, Grants-in-Aid for Scientific Research on Priority Areas "Comparative Genomics"
(Group director, Asao Fujiyama) "Genomics of eveolution and diversity in lower plants” co P. L.
(P. I. Hideya Fukuzawa), 9,000,000 yen (2005), 8,800,000 yen (2006), 8,200,000 yen (2007).

2007-2008, Grants-in-Aid for Scientific Research (B) "Molecular mechanisms that caused the
evolution and diversity of life cycles in land plants”, P. 1., 9,400,000 yen (2007) and 8,580,000 yen
(2008).

2009-2011, Grants-in-Aid for Scientific Research (B) "Inference of the developmental genetic
networks of the common ancestor of land plants”, P. 1., 3,900,000 yen (2009), 3,500,000 yen
(2010), and 7,000,000 yen (2011).

2009-2011, Grants-in-Aid for Exploratory Research "Evolutionary significance of sensory
movement of Mimosa pudica”, P. 1., 1,000,000 yen (2009), 900,000 yen (2010), and 1,200,000
yen (2011).

Japan Science and Technology Agency

1998-2001, PRESTO, "Origin and Evolution of gene networks regulating floral morphology”, P. L.,
5,500,000 yen (1998), 11,000,000 yen (1999), 11,000,000 yen (2000), 5,500,000 yen (2001).

2005-2010, ERATO, "Hasebe Reprogramming Evolution Project”, Research Director,
305,000,000 yen (2005), 223,000,000 yen (2006), 339,000,000 yen (2007), 270,000,000 yen
(2008), 265,000,000 yen (2009), 198,000,000 yen (2010).

Other Ministries

1996-1998, Ministry of Economy, Trade and Industry, Official Development Assistance,
"cooperation of sustainable use and conservation of biodiversity", collaborator (P. I. Kunio
Iwatsuki), accepted foreign researchers for two months every year.

Non-Governmental Funds

1998-1999, Fujiwara Natural History Foundation, "Evolution of carnivorous system in the
Droseraceae”, P. 1., 450,000 yen (1998), 350,000 yen (1999).

1999-2000, Showa Seitoku Memorial Foundation, "Exploration of genes involved in symbiosis of
lichen". 1,000,000 yen (1999), 500,000 yen (2000).

INVITED TALKS IN INTERNATIONAL CONFERENCES:

1990 July International Pteridophyte Meeting “Progress in Pteridology”,
Mitsuyasu Hasebe, M. and Iwatsuki, K. “Characterization of
chloroplast DNA in Adiantum” Univ. Michigan, Ann Arbor, Michigan,
US.A.

1993 Aug. 28  The 15th International Botanical Congress, Symposium "Molecular
phylogeny of green plants" organized by Chase, M. and Hasebe, M.,
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1994 Aug. 8

1996 Sept. 8

1997 July 28-30

1998 Dec. 10

1999 Aug. 1-7

1999 Aug. 1-7

Hasebe, M. “Phylogenetic relationships of ferns inferred from rbcL
gene sequences”. Organizer, Yokohama, Japan.

The 45™ Annual meeting of Botanical Society of America,
Symposium “Use of Molecular Data in Evolutionary Studies of
Pteridophytes” organized by Wolf, P.G., Hasebe, M. "Molecular
Phylogeny of ferns" Knoxville, U.S.A.

International symposium to commemorate the discovery of the sperm
of Ginkgo biloba. Hasebe, M. “Molecular phylogeny of Ginkgo
biloba”, Tokyo, Japan.

US-Japan Seminar, "Fern Development and Evolution" organized by
Banks, J.A. and Kadota, A., Hasebe, M. "Molecular evolutionary
morphology based on MADS-box and homeobox gene expression in
Ceratopteris". West Lafayette, Indiana, USA.

The 15th International Symposium held in conjunction with Award of
the International Prize for Biology "Alternative Reproduction
Strategies" organized by Hoshi, M., Hasebe, M. "Origin and Evolution
of Floral Homeotic Genes in Green Plants", Hayama, Kanagawa,
Japan.

The 16th International Botanical Congress, A keynote symposium
"Evolution of Plant Development" organized by Kellogg, E. and
Hasebe, M., Hasebe, M. "Origin and Evolution of Floral Homeotic
Genes in Green Plants". St. Louis, USA.

The 16th International Botanical Congress, a symposium "Bryophytes:
model systems for cell and molecular biology" organized by Cove, D.,
Nishiyama, T. and Hasebe, M. “Approach to the molecular
mechanisms of shoot development in Physcomitrella patens”, St.
Louis, MO, USA.

2000 March 21-23 The 44th National Institute for Basic Biology Conference "Evolution

2000 Aug. 15

2000 Nov. 12

and Development: Generality and Diversity of Development in
Animals and Plants" organized by Hasebe, M., Tsukaya, H., and Agata,
K. Hasebe, M. "Origin and evolution of floral homeotic genes in green
plants". Okazaki, Japan. '

FASEB meeting "Plant Development" organized by Irish, V. Hasebe,
M. and Kofuji, R. " Expression patterns of floral homeotic gene
homologs in the moss Physcomitrella patens, and its implication to the
evolution of reproductive organs in land plants", Rockville, Bethesda,
USA.

The International Symposium held in conjunction with Award of the
16th Kyoto Prize to Prof. Dr. Walter J. Gehring "Challenge to
Evolutionary Developmental Biology: Exploring of Life through
Molecules" organized by Nishikawa, S., Hasebe, M. " Origin and
Evolution of Floral Homeotic Genes", Kyoto, Japan.

2001 May 27-29 The International Meeting on Moss Biology: MOSS2001. Organizer.

2001 July 8-12

Okazaki, Japan.

The 14th International Congress of Developmental Biology. A
symposium "Evolution of the animal body plan" organized by Sato, N.,
Hasebe, M., Kofuji, R., and Ito, M. "Evolution of floral homeotic
genes", Kyoto, Japan.

2002 June 21-23 The 4th International Carnivorous Plant Conference. Keynote lecture,

Hasebe, M. "Phylogeny of sundews, Drosera (Droseraceac) based on
chloroplast rbcL and nuclear 18S ribosomal DNA sequences”, Tokyo,
Japan.

2002 Sept. 24-27 International Conference on Morphogenesis and Pattern Formation in

Biological Systems-Experiments and Models" organized by Noji, S.
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Hasebe, M., Sakakibara, K., Fujita, T. and Sakguti, H. "Body plans of
land plants are conserved in a diploid generation but not between
diploid and haploid generations”, Chubu Univ., Kasugai, AICHI,
Japan.

2003 June 8-13 Conference on “Plant Gametophytes: Evolution, Development and
Function” organized by Grossniklaws, U., Banks, J.A., Pruitt, R., and
Hasebe, M., Hasebe, M., Sakakibara, K., Sakaguti, H. and Fujita, T.
"Evolution of the Plant Gametophyte and Life Cycle", Ascona,
Switzerland.

2003 July 29  PLANT BIOLOGY 2003 the annual meeting of the American Society
of Plant Biologists. Plenary symposium: “Evolution of Plant
Development” organized by Sinha, N.R., Hasebe, M. "Evolution of
plant body plan from Physcomitrella to Arabidopsis”, Honolulu,
Hawaii, USA.

2004 March 26-28 European Science Foundation LESC Exploratory Workshop
“Functional Evolution of MADS-domain Proteins” organized by
Theissen, G., Hasebe, M. “On the Evolution of MADS-box Genes in
Green Plants”, Jena, Germany.

2004 May 20-22 Penn State Symposium in Plant Physiology: “Regulation of Plant
Growth”, Hasebe, M. "Evolution of the plant body plan from
Physcomitrella to Arabidopsis”, Pennsylvania State Univ., PA, USA.

2004 July 12-16 Ferns for the 21st Century: “An International Symposium on
Pteridophytes”, Keynote speaker, Hasebe, M. "The origin and
evolution of diploid body plans — synthesis of evolution and
development", Edinburgh, Scotland, UK.

2004 July 29 International Symposium on Asian Plant Diversity and Systematics.
Keynote speaker, Hasebe, M. “Evolution of Body Plan in Land Plants”,
Chiba, Japan.

2004 October 15-17 Frontiers in Sexual Plant Reproduction II. Hasebe, M. "Floral
homeotic gene FLO/LFY homologs are indispensable for the first
zygotic cell division in the moss Physcomitrella patens”, Albany, New
York, USA.

2005 Nov. 3-6 2™ International Symposium “Dynamics of Developmental Systems”
organized by Ueno, N. et al., Hasebe, M. “De novo indeterminate
meristem evolution in land plants”, Kisarazu, Chiba, Japan.

2005 Dec. 1 International Symposium on “Morphology, Molecules and
Morphogenesis” in conjunction with the awarding of the international
prize for biology organized by Sato, N. Hasebe, M. "Evolution of body
plan in land plants", Hayama, Kanagawa, Japan.

2006 Jan. 22 The 52nd National Institute for Basic Biology Conference,
“Reproductive Strategies” organized by Hoshi, M., Hasebe, M.
"Evolution of floral homeotic genes: evolution of gene functions in
FLORICAULA/LEAFY gene", Okazaki, Japan.

2006 Aug. 14-17 “Bioinformatics and Evolutionary Genomics” organized by Chaw,
S.-M. and Li, W.-H., Hasebe, M. "Genome evolution and body plan
evolution in land plants", Academia Sinica, Taipei, Taiwan.

2006 Oct. 23-28 Institute Symposium at Max Planck Institute, Hasebe, M., “Evolution
of Body Plant in Land Plants”, Colone, Germany

2006 Nov. 9-10 The 5" Korea-Japan Joint Symposium “Emerging Plant Science and
Biotechnology” organized by Shin, J.S. and Nagatani, A., Hasebe, M.
“Genome Evolution and Body Plan Evolution in Land Plants”, Tegue,
Korea.

2007 Jan. 8-9  Plant Winter Conference organized by Hwang, 1., Hasebe, M.
“Evolution of Body Plant in Land Plants”, Pohang University of
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2007 Jan. 13

2007 May 25

2007 May 30

2007 July 9

2008 Jan. 18

2008 July 15

2008 Aug. 13

2008 Oct. 21

2008 Nov. 22

2009 Jan. 31

2009 July 24

2009 July 27

2009 Aug. 13
2009 Aug. 25

Scence and Technology, Pohang, Korea

Plant and Animal genome Conferences, Workshop "Lower Plants
Workshop" organized by Cove, D., Hasebe, M. et al. “Genome-wide
Cgﬁparison of Developmetal Genes in Land Plants”, San Diego,

USA.

EMBL/NIBB Joint Symposium "Cell and Developmental Biology" organized by
Ueno, N., Hasebe, M. "Evolution of Body Plan and Developmental Genes in
Land Plants", Okazaki, Japan.

Symposium in the Joint Meeting of the Japanese Society of Developmental
Biologists and the Japan Society of Cell Biology, "Frontiers in Molecular,
Evolutional and Comparative Biology", Hasebe, M. "Genome-wide comparison
of developmental genes in land plants". Fukuoka, Japan.
Plant Biology and Botany 2007 Joint Congress, ASPB/BSA Joint Symposium
“Evolution of Development” organized by Sinha, N.R., Hasebe, M. "Evolution of
Developmental Genes in Land Plants", Chicago, USA.

UK-Japan Workshop "Frontiers in Plant Post-Genomics" organized by Shirasu,
K. and The British Embassy Tokyo, Hasebe, M. "Evolution of developmental
genes in land plants”, RIKEN, Yokohama, Japan.

Symposium "Evolution of Development (Evo-Devo)" organized by Dr.
Thomas C. Kaufman and E. Wimmer, Hasebe, M. "Evolution of

Genome and Body Plan in Land Plants", The International Congress in
Genetics, Berlin, Germany.

FASEB Summer Research Conference “Mechanisms in Plant

Development” organized by Sinha, N.R. and Kuhlemeier, C., Hasebe,

M. "Molecular mechanisms in transdifferentiation of stem cell

characters”, Saxton River, Vermont, USA.

The XIth France-Japan Workshop on Plant Sciences 2008

"Genome-Wide Omics Analysis in Plant Sciences" organized by Ezura,

H. and Pugin, A., Hasebe, M. "Genome analyses of the moss

Physcomitrella patens and its implication on the evolution of

development genes in land plants”, Tsukuba, Japan.

The 8th NIBB-EMBL Join Meeting "Evolution: Genomes, Cell Types

and Shapes" organized by Gunter, D., Ueno, N., Kuratani, S., and

Hasebe, M., Hasebe, M. “PcG genen manages life cycle by regulating
pluripotent stem cell character”, Okazaki, Japan.

The 25th Symposium in Plant Biology "The Evolution of Plant
Development" organized by Springer, P., Hasebe, M. "A polycomb
repression complex 2 gene manages life cycle by regulating

pluripotent stem cell character", Univ. California, Riverside, USA.

The 3rd International Symposium of the Biodiversity and Evolution

Global COE project "Adaptation to Land" Organized by Agata, K.,

Hasebe, M. "Evolution of Complex Characters in Early Land Plant
Evolution: Long Lasting Pluripotent Stem Cells and Branching”,

Kyoto, Japan.

Sympsium "Genome, Phenome, Environment, and Evolution of Land

Plants" organized by Qiu, Y.-Q., Botany and Micology 2009, Okano,

Y. et al. "A polycomb repressive complex 2 gene regulates apogamy

and likely played a role in the evolution of extended diploid generation

and branching in land plants", Snowbird, UT, USA.

SYSTEMATICS, Keynote speaker, Hasebe, M. "Evolution of Genome,

Body Plan, and Life Cycle in Land Plants", Leiden, Netherland.
Japanese-German Symposium on Evolution and Development, Hasebe,

M. "Molecular Mechanisms of the Evolution of Novelty and

Complexity", Max Planck Institute for Plant Breeding Research,
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Cologne, Germany.

2009 Sept. 3 The International Darwin Bicentennial Symposium "Integrating Genes,
Development and Morphological Evolution" organized by Global
COE, Hokkaido Univ., Okano, Y. et al. "Evolution of Complex
Character in Early Land Plant Evolution: Long Lasting Pluripotent
Stem Cells and Branching", Hokkaido Univ., Sapporo, Japan.

2009 Oct. 25 Symposium "Moss Molecular Biology comes of Age" organized by
Quatrano, R. in MOSS 2009, Hasebe, M. et al. "Polycomb repressive
complex 2 genes PpCLF and PpFIE regulate apogamy and give
evglutionary insights into early land plant evolution", St. Louis, MO,
US.A.

2010 March 11-12 International Symposium “Cell-cell Communication in Plant
Reproduction” organized by Kurata, N., Hasebe, M. “Conservation
and divergence of genes involved in cell-cell communication and
development in land plants”, Nara, Japan.

2010 June 6-10 Concurrent Session “Regeneration” in the 21st International
Conference on Arabidopsis Research organized Hasebe, M., Hasebe,
M. “Molecular mechanisms of cell-fate change from a differentiated
cell to a stem cell in the moss Physcomitrella patens”, Y okohama,
Japan.

2010 July 9 International Conference “New Frontiers in Plant Systematics and
Evolution” organized by Ge, S., Sang, T., and Wen, J., Hasebe, M.
“Evolution of genome, ebody plan, and life cycle in land plants”,
Chinese Academy of Sciences, Beijing, China.

2010 July 23 International Symposium entitled “New Frontiers of Plant Sciences
with Physcomitrella patens” organized by Fujita, T., Hasebe, M.
“Molecular mechanisms of reprogramming from a differentiated cell
to a stem cell in the moss Physcomitrella patens”, MOSS 2010,
Hokkaido Univ., Sapporo, Japan.

2010 Aug. 8 “Concurrent Session 9: Evolution of Regulatory Traits” chaired by
Shin Aizawa and R. Behringer, Society for Developmental Biology
69" Annual Meeting Jointly with the Japanese Society of
Developmental Biologists, Hasebe, M. “Molecular mechanisms of
reprogramming to form pluripotent stem cells in a moss
Physcomitrella patens”, Albuquerque, NM, USA.

INVITED SEMINAR FOR SPECIALISTS (from 2005)

2005 March 17 “Evolutionary Morphology in Plants”, Seminar at Department of
Botany, University of Tokyo.

2005 June 2 "Polyploidization and Evolution”, National Institute for Genetics
Workshop "Genome Flexibility", Mishima, Japan.

2005 Aug. 26  "Diversity of Development between metazoans and plants”,
Symposium "EvoDevo-Evolution of Developmental Systems”, 2005
Annual Meeting of Society of Evolutionary Studies, Japan.

2005 Oct. 6 "Evolution of Meristem in Plants", NIBB Cooperative Workshop
"Plant Meristem", Okazaki, Japan.

2005 Nov. 9 "Evolution of Plant Morphology", Graduate Student Seminar, Nara
Institute of Science and Technology, Graduate School of Biological
Science, Nara, Japan.

2005 Nov. 18  “Evolution of indeterminate meristem in land plants”, Department
Seminar, Univ. Colorado, USA.

2005 Nov.25  "Phylogeny of land plants", Special Symposium on Phylogeny at
National Institute of Genetics, Mishima, Japan.

2005 Dec. 7 "Genome evolution and body plan evolution in land plants”,
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2005 Dec. 18
2006 Jan. 20

2006 Jan. 28
2006 Aug. 2

2006 Aug. 31

2006 Sept. 15

2006 Oct. 7

2007 Sept. 7

2008 Jan. 22

2008 Jan. 24

2008 June 13

2009 Feb. 7

2009 March 7

2009 March 10
2009 March 23

2009 Aug. 27

Workshop on Comparative Genomics at the annual meeting of the
molecular biology society of Japan.
"Macro and Micro Biology", Graduate Student Seminar, Kyoto Univ.,
Kyoto, Japan
"What makes the differences in evodevo between animal and plants”,
Department Seminar, Faculty of Science, Department of Biology,
Nagoya Univ.
"Evolution of Totipotency", Special Symposium on Totipotency, Univ.
Tokyo, Tokyo, Japan.
"Molecular mechanisms underlying the differences between land
plants and metazoans", Department Seminar at Okayama University,
Okayama, Japan.
"Body plan evolution caused by extensive gene gains and losses in
land plants which revealed with comparative genomics"”, Symposium
entitled "Evolution of multi gene family: dynamic birth and death of
genes” organized by Nishida, M., Tokyo, Japan.
"Evolution of roots in land plants”, President Symposium entitled
"Roots", Annual Meeting of the Botanical Society of Japan,
Kumamoto, Japan.
“Totipotency in plants and animals: generality and diversity of its
regulatory system”, Symposium held at International Institute for
Advanced Studies, Nara, Japan.
"Evolution of Development with incorporating the genomes of the moss
Physcomitrella patens and the lycopods Selaginella moellendorffii", An Annual
meeting of Botanical Society of Japan, Symposium "Plant Functions based on
Genome Analyses of Non-Vascular Plants" organized by Dr. H. Fukuzawa and S.
Nakayama, Noda, Japan.
“Molecular Phylogeny, Evolution and Development, Comparative Genomics,
and more”, Special lecture in School of Advanced Sciences, Graduate University
of Advanced Studies, Hayama, Kanagawa, Japan.
"Studies on transdifferentiation from a differentiated cell to a stem cell using
Physcomitrella patens and an establishment of deletion mutants using ion beam",
RIKEN Symposium "Revolution of Plant Sciences with Ion beam", Wako,
Saitama, Japan.
"Application of new-generation sequencers in Phycomitrella patens
genome project”, MEXT Priority Area "Comparative genomics"
Satelllite Meeting. Kyusyu Univ., Fukuoka, Japan.
"Molecular mechanisms of apogamy and evolution of body plan in
land plants", COE symposium "Best Scientist 2008 Autumn Selected
by Graduate Students", Kyushu Univ., Fukuoka, Japan.
"Cell lineage and chromatin modification in plants". Workshop on
"Cell lineage in Plants" organized by Prof. Hiroshi Kamada.
International Institute for Advanced Studies, Nara, Japan.
“Interest in Basic Biology: Unexpected Results”, Bio Forum 2008,
Kyoto Sangyo Univ., Kyoto, Japan.
“Generality and diversity of pluripotent stem cell initiation,
maintenance, repression, and character change”, Symposium "Key
process in plant development and cell differentiation" organized by
Drs. Mitsuhiro Aida and Masaaki Umeda, Annual Meeting of
Japanese Society of Plant Physiologists. Nagoya Univ., Nagoya,
Japan.
"Molecular Mechanisms of Reprogramming to Form Pluripotent Stem
Cells in Physcomitrella patens" in Prof. Dr. Jon Hughes laboratory in
Justus Liebig University, Giessen, Germany.
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2009 Sept. 28

2010 Sept. 17

“Evolution of Complex Characters”, The 3rd Nagoya Univ. Global
COE Retreat, Global COE 2007-2011 System Life Science, Suzuka,
Mie, Japan.

“Toward Revealing Genetic Bases of Evolution of Complex Adaptive
Traits”, Symposium for Public organized by Priority Area Grant
“Genetic Bases for the Evolution of Complex Adaptive Traits”, Univ.

Tokyo, Tokyo.

INVITED SEMINAR FOR PUBLIC IN JAPAN (from 2005)

2005 June 4
2005 Sep. 24
2006 March 21
2006 June 2

2006 Sept. 23
2007 Sept. 22

"Diversity of Plant Morphology", Public Lecture in The Botanical
Garden, Univ. Tohoku, Sendai, Japan.

"Molecular Evolution and EvoDevo", Lecture for Students in Sundai
Preparatory School, Tokyo, Japan.

"Where organisms come and where they will go?", National Institute
for Natural Sciences Symposium with Takashi Tachibana, Tokyo.
"Molecular mechanisms of organism evolution", Lecture for high
school teachers in Nagoya city education center, NIBB, Okazaki,
Japan.

"What is Biology 7", Lecture for Students in Sundai Preparatory
School, Tokyo, Japan.

"Regeneration in Plants", Lecture for public organized by Japan
Society of Plant Physiologists, Nagoya City Science Museum, Nagoya,
Japan.

2008 Apr. 12 “Difference of EvoDevo between animals and plants based on comparative
genomics”, Symposium for Public entitled “Genome and Life Systems according

to Genome Language” organized by 21th Century COE Program, Univ. Tokyo,

2008 Sept. 23
2008 Dec. 1

2009 Aug. 22

2010 Feb. 12

2010 Feb. 20
2010 May 4

2010 May 30

2010 Aug. 4

Tokyo, Japan.

"Evolution of Plants", National Institute for Natural Sciences
Symposium with Takashi Tachibana, Tokyo.

"Molecular mechanisms of pluripotent stem cell formation and asexual
reproduction in plants” Plant Science Symposium "Future Application
of Plant Resources for Human" organized by National Institute of
Agrobiological Sciences. Invited speaker, Kokuyo-hall, Tokyo, Japan
(In Japanese)

Mitsuyasu Hasebe "Plant Evolution Beyond Darwin". Public
Symposium "Beyond Darwin: Evolutionary Biology in 21st Century"
organized by Japan Academy, Univ. Tokyo, Tokyo. (In Japanese).
“Genetic Bases of Complex Adaptive Characters”, Symposium for
Public organized by Priority Area Grant “Genome” entitled “Frontier
of Genome Biology”, Tokyo, Japan.

“How organisms evolved with the change of genes”, Lecture in Chiba
Natural History Museum, Chiba, Japan.

“Morphology and Evolution of Land Plants”, A special lecture to
candidates for the 21th International Biology Olympic, NIBB,
Okazaki, Japan.

“Every Plant Book was erroneous: Frontier of Plant Sciences”,
Lecture for public organized by Friend Society of Koishikawa
Botanical Gardens and Botanical Society of Japan, Univ. Tokyo,
Tokyo, Japan.

“Phylogeny and EvoDevo of Plants”, 24 Hours Symposium for Public
organized by Profs. Maruyama, S. and Okada, N., The 12" Annual
Meeting of Society of Evolutionary Studies, Japan, Tokyo Institute of
Technology, Tokyo, Japan.
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EXIBITION FOR PUBLIC
2008 Oct. 25-26  "Genome Forum 2008 in Nagoya", Nagoya, Japan.
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2) SUMMARY OF PREVIOUS TEN YEAR’S
ACHIEVEMENTS

1. Statement of research activity over the past 10 years

My research group explores the genetic networks of biological phenomena whose
evolutionary processes are difficult to explain with our present knowledge. This work
provides useful information for determining evolutionary mechanisms and processes. In
the early part of the last 10 years, we focused on the genetic networks of well-studied
model angiosperms, and inferred evolutionary processes (e.g., flower development)
based on comparison with homologous genetic networks in other organisms. Using
several land plants, including gymnosperms, pteridophytes, bryophytes, and
charophytes, I noticed that the moss Physcomitrella patens was a potentially useful
organism for exploring genetic networks that had been difficult to study using
previously established angiosperm models. I became more interested in studying
evolutionary processes with unexplored genetic networks. I believe that such studies
using model organisms can provide fruitful evolutionary insights and contribute to
comparative studies. For example, the discovery of homeotic gene networks in
Drosophila contributed extensively to evolutionary biology before comparative studies
began. This discovery, in turn, spurred progress in evolutionary developmental biology.
Similar advances have been made in the case of flower development.

Therefore, I gradually changed our research focus to the genetic networks of
biological phenomena that have not been well studied in angiosperm models but that are
important and interesting from an evolutionary perspective, such as microtubule
regulations; the initiation, maintenance, and regeneration of pluripotent stem cells;
mimicry; sensory movement; and host race change. As usual in science, we have more
closely evaluated those research results that were unexpected.

(1) Phylogeny of land plants
Phylogenetic trees with reliable, statistical confidences are the basis for evolutionary
biology. My colleagues and I inferred phylogenetic relationships in gymnosperms
(Hasebe et al. 1992), ferns (Hasebe et al. 1994, 1995), and some angiosperms before I
came to the National Institute for Basic Biology (NIBB). I continued such studies at the
NIBB on various evolutionarily important taxa, including several angiosperms (Acer;
Hasebe et al. 1998 J. Plant Res. 111: 441, Coriaria; Yokoyama et al. 2000 Mol. Phyl.
Evol. 14: 11, and Drosera; Rivadavia et al. 2003 Amer. J. Bot. 90: 123), ferns (Sano et
al. 2000a J. Plant Res. 113: 157; Sano et al. 2000b Acta Phytotaxa Geobot. 51: 17; Sano
et al. 2000c Mol. Phyl. Evol. 15: 403), and bryophytes (Nishiyama et al. 2004 Mol. Biol.
Evol. 21: 1813).

We also studied the phylogeny of butterflies (Tanikawa-Dodo et al. 2008
Trans. Lepid. Soc. Japan 59: 29; Ohshima et al. Mol. Phyl. Evol. in press) as a
collaborative work with the former NIBB director general Hideo Mohri, who is a
butterfly lover. These studies sparked my interest in insect evolution, and 1 accepted
into my laboratory two Japan Society for the Promotion of Science (JSPS) postdoctoral
fellows who were working in insect mimicry and insect host race change, as I will
mention later.

(2) Evolution from unicellular to multicellular organisms

The first evolutionary step from a unicellular to a multicellular organism appears to
involve the formation of two different types of cells from a single cell via asymmetric
cell division. Studies on the molecular mechanisms of asymmetric cell division should
give insights on such evolution. The first cell division of a protoplast isolated from the
protonemata of the moss P. patens is asymmetric regarding its shape and nature, and
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gives rise to an apical stem cell and a differentiated non-stem cell. A systematic
overexpression screening for genes involved in the asymmetric cell division of
protoplasts in P. patens was performed. Using 250,000 expressed sequence tags (ESTs),
we created eight full-length cDNA libraries to cover most of developmental stages.
Approximately 15,000 full-length clones were catalogued. We eliminated housekeeping
genes, such as those involved in photosynthesis, respiration, and synthesis of secondary
compounds. We used the remaining 3,000 full-length cDNA clones as materials for
overexpression screening (Fujita et al. 2003 in New Frontiers in Bryology). Individual
cDNAs were subcloned under a constitutive promoter and introduced into the
protoplasts of P. patens for transient expression. We observed and categorized
phenotypes of the regenerating protoplasts. We identified 58 cDNAs, whose
overexpression caused the defects in asymmetric cell divisions. Dr. Tomomichi Fujita,
an assistant professor at the time, directed this project. He was promoted to an associate
professor at Hokkaido University, and my laboratory has collaborated with him to
continue this work.

(3) Evolution of cellular machineries using microtubules

The last common ancestor of metazoans and land plants is inferred to have been
unicellular. Before multicellularization, cells obtained different characteristics in each
lineage, which later reflected on the developmental diversity between the two lineages.
For example, cortical microtubules originated in the common unicellular ancestor of
charophytes and land plants, and should be an evolutionary constraint for later evolution
in these lineages. Therefore, the study of cellular machinery is important to
understanding the evolution of development as well as cellular machinery itself. In
addition to the evolutionary importance of cellular characters, molecular mechanisms at
the cellular level remain largely unexplored in land plants, having been mostly studied
in unicellular organisms such as yeasts and cultured metazoan cells. For example, the
lack of centrosomes in land plant cells is well known, but we do not know how land
plant cells can form mitotic spindles, which are formed from centrosomes in metazoan
cells. I was interested in exploring this issue and invited Dr. Takashi Murata, a cell
biologist interested in evolution, to be an associate professor in my laboratory.

Microtubule organization during a cell cycle has prominent differences
between metazoans and land plants. After Dr. Murata joined my laboratory, we first
focused on the nucleation mechanism of the cortical microtubules, which are specific in
the part of green alga and land plants that regulates the plane of cell division and the
direction of cell elongation. When we visualized the microtubule using a tubulin fused
with green fluorescent protein (GFP) and performed time-lapse imaging, we found that
a cortical microtubule nucleated on a preexisting microtubule, forming a branch with a
regular angle of 40 degrees. This was the first clear evidence of branching of
microtubules in living organisms (Murata et al. 2005 Nature Cell Biol. 7: 961).
Microtubule-dependent microtubule nucleation was contemporarily reported in fission
yeast cells, but the angles of nascent microtubules were parallel to the existing
microtubules. Microtubule nucleation on existing microtubules of mitotic spindles in
mammalian cells was later suggested. Comparisons of molecular mechanisms causing
differences in nucleation among the lineages will provide insights into the evolution of
microtubule organization, which will be one of our future studies.

Land plant and charophyte cells divide by the extension of cell plates during
cytokinesis, in contrast to other green algae in which the invagination of the plasma
membrane separates daughter cells during cytokinesis. The cell plate appears in the
middle of daughter nuclei, expands centrifugally toward a cell periphery, and finally
fuses to a parental cell wall. Cell wall materials are transported to the expanding cell
plate by a phragmoplast, which is composed mainly of microtubules. The centrifugal
expansion of the phragmoplast is a driving force for that of the cell plate, although
elucidating the molecular mechanism of the centrifugal expansion of the phragmoplast
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was a challenge. On the basis of live imaging of a-tubulin at a light microscopic level
and immunolocalization of y-tubulin at an electron microscopic level, we hypothesized
that cytosolic y-tubulin complexes are recruited onto existing phragmoplast
microtubules and nucleate new microtubules as branches, and that the branched
microtubules drive phragmoplast expansion (Murata and Hasebe 2007 J. Plant Res. 120:
73). Visualizing the life history of microtubules in the phragmoplast was very difficult
by live imaging of a-tubulin, but we successfully tracked the trajectories of growing
microtubule ends in the phragmoplast using two-photon microscopy of the microtubule
plus-end marker EB1. Microtubules appeared in many sites in the phragmoplast and
elongated obliquely towards the cell plate. We also found that inhibition of y-tubulin
function by antibody injection inhibited the formation of new microtubules and
phragmoplast expansion. These results support our hypothesis (Murata et al
unpublished).

In addition to centrifugal expansion, the assembly and disassembly of
antiparallel microtubule bundles in phragmoplasts is mostly unexplored and potentially
offers new cellular insights. During the course of screening gene-trap lines with specific
expression in P. patens protonema apical cells (Hiwatashi et al. 2001 Plant J. 28: 105),
Zve Afou;ld that two genes trapped in the lines encode microtubule associated proteins

MAPs).

One of the lines trapped the kinesin gene KINIDIa (kinesin for interdigitated
microtubules) and we cloned its paralog KINID1b. These are specific to land plants and
orthologous to Arabidopsis thaliana PAKRP2, is a novel factor indispensable to the
generation of interdigitated antiparallel microtubules in the phragmoplasts of the moss P.
patens. KINID1a and its paralog KINID1b are predominantly localized to the putative
interdigitated parts of antiparallel microtubules. This interdigitation disappeared in
double-deletion mutants of both genes, indicating that both KINID1a and KINID1b are
[indispensable for interdigitation of the antiparallel microtubule array. Furthermore, cell
plates formed by these phragmoplasts did not reach the plasma membrane in
approximately 20% of the mutant cells examined. We observed that in the
double-deletion mutant lines, chloroplasts remained between the plasma membrane and
the expanding margins of the cell plate, while chloroplasts were removed from the
margins of the cell plates in the wild type. This finding suggests that the kinesins, the
antiparallel microtubule bundles with interdigitation, or both are necessary for proper
progression of cell wall expansion. This is the first finding related to phragmoplast
function in organelle removal (Hiwatashi et al. 2008 Plant Cell. 20: 3094).

The other line trapped a gene encoding a type-II ubiquitin-like domain protein,
PUBLL1 (for Physcomitrella patens ubiquitin-like domain protein I), and its paralog
PUBL2 was also cloned. These are novel factors regulating disassembly of the
antiparallel bundles and depolymerization of the microtubules in the phragmoplasts.
PUBL1 and PUBL2 proteins were predominantly localized to the interdigitation of the
antiparallel microtubules. In the double-deletion lines of both genes, the collapse of the
interdigitating microtubules in the phragmoplasts was retarded, indicating that PUBL1
and PUBL2 are indispensable for proper loss of the interdigitation (Hiwatashi et al., in

prep.).

(4) Establishment of new model organisms in land plants.

Land plants are formed from seven major groups; liverworts, hornworts, mosses,
lycopods, ferns, gymnosperms, and angiosperms. Angiosperms have been extensively
studied, but the others have not because of the lack of good models. I selected the
gymnosperm Gnetum parvifolium (Shindo et al. 1999 Evol. Dev. 1: 180), the fern
Ceratopteris richardii (Hasebe et al. 1998 Proc. Natl. Acad. Sci. USA 95: 6222;
Rutherford et al. 2004 BMC Plant Biol. 4: 6), the lycopod Selaginella moellendoriffii
(Banks et al., in prep.), the moss P. patens (Nishiyama et al. 2003 Proc. Natl. Acad. Sci.
USA 100: 8007), the stonewort Chara globularis, and the desmid Closterium
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peracerosum-strigosum-littorale (Tanabe et al. 2005 Proc. Natl. Acad. Sci. USA 102:
2436; Abe et al. 2008 Plant Cell Physiol. 49: 625). My group established experimental
systems including DNA and RNA isolation, in situ hybridization, and genetic
manipulation via transformation. Especially for P. pafens, we established approximately
20,000 tagged disruptant, gene-trap, and enhancer-trap lines (Nishiyama et al. 2000
DNA Res. 7: 1; Hiwatashi et al. 2001 Plant J. 28: 105) in addition to experimental
protocols and vectors, which are available for public viewing at PHYSCObase
(http://moss.nibb.ac.jp) as a PHY SCOmanual with more than 200 pages.

(5) Nuclear genome projects of P. patens and S. moellendorffii
We established three full-length cDNA libraries from different tissues and 85,000 ESTs
were obtained (Nishiyama et al. 2003 Proc. Natl. Acad. Sci. USA 100: 8007). In
addition to the ESTs, eight core P. patens genome consortium members (R. Quatrano
and B. Mishler in the US, D. Cove and A. Cumming in the UK, R. Reski and S. Rensing
in Germany, and T. Nishiyama and myself in Japan) collaborated in applying to a
community program of the Joint Genome Institute (JGI), US Department of Energy, in
2005 and were awarded funding for a whole genome shotgun sequencing of P. patens in
2006. To facilitate gene annotation, we established an additional 100,000 ESTs from
two new full-length ¢cDNA libraries. Together with these data, the first version of
genome assembling and gene annotation was published (Rensing et al. 2008 Science
319: 64). The EST data were useful for establishing gene models, but most models still
contained errors, especially at exon-intron borders. The coverage of ESTs was
inadequate, and the genome was scattered into approximately 2,000 contigs for 28
chromosomes. Therefore, we decided to produce more experimental data. For
reassembly, X 8 end sequences of two BAC libraries were performed and SNPs
between Gransden2004 and Villersexel lines were collected using an Illumina DNA
analyzer for a genetic map. For re-annotation, two full-length cDNA libraries and seven
5-end serial analysis of gene expression (5'SAGE) libraries were constructed, and a total
of 250,000 ESTs and 4 million SAGE tags were collected. Sequencing of 23,000
full-length ¢cDNAs by primer walking and shotgun sequencing with a 454 DNA
analyzer were also performed, and we could fully sequence whole coding regions of
22,130 genes. These experiments were done in collaboration with Dr. Tomoaki
Nishiyama (Kanazawa University), Prof. Asao Fujiyama (National Institute of
Informatics), Prof. Sumio Sugano (University of Tokyo), and Prof. Yuji Kohara
(National Institute of Genetics) groups. A manuscript on the reassembly and
re-annotation is in preparation.

Prof. Jo Ann Banks of Purdue University is a principal investigator (PI) of the
S. moellendorffii genome project at the JGI, and I joined that consortium as one of five
steering committee members. Members in my laboratory mainly analyzed the
phylogenetic relationships between homologues of 826 A. thaliana genes that function
in development, and identified putative orthologues. We showed that S. moellendorffii
and P. patens retain 88% and 86% of putative orthologues, respectively, including those
involved in development specific in flowering plants. All of the land plants shared 81%
of putative orthologues. However, we also found putative orthologues specific to both
flowering and vascular plants. Furthermore, lineage-specific expansions and
contractions, especially in cytoskeleton-, epigenetic gene regulation-, light signaling-,
and phytohormone-related gene families were conspicuous. These data suggest that
divergence in the number of putative orthologues amongst various land plant lineages
contributed to the divergence of development in land plants (Banks et al., in prep.).

(6) Evolution of gene networks in plant development
(6-1) Evolution of stem cell regulation in land plants
Meristems control the continuous development of plant organs by balancing the
maintenance and proliferation of stem cells and directing their differentiation. Meristem
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initiation and maintenance is a fundamental question in plant development research and
its evolution is closely related to the evolution of the body plan of land plants.
Functional characterization of KNOX (Sano et al. 2005 Evol. Dev. 7: 69; Sakakibara et
al. 2008 Evol. Dev. 10: 555), AP2-BABYBOOM-PLETHORA (APB) (Shigyo et al.
2006 Gene 366: 256), HD-Zip (Aso et al. 1999 Mol. Biol. Evol. 16: 544; Sakakibara et
al. 2001 Mol. Biol. Evol. 18: 491; Sakakibara et al. 2003 Development 130: 4835), and
polycomb genes (Okano et al. 2009 Proc. Natl. Acad. Sci. USA 106: 16321) in C.
richardii and P. patens and a screening of genes involved in haploid meristem
development was performed using P. pafens gene trap lines (Hiwatashi et al. 2001 Plant
J. 28: 105; Kofuji et al. 2009 in “The moss Physcomitrella™).

Class 1 KNOX genes function in stem cell initiation and maintenance in the
diploid shoots of angiosperms. We found that the family also functions in the shoot
meristems of diploid generations of C. richardii and P. patens, but not in haploid shoots
of P. patens (Sano et al. 2005 Evol. Dev. 7: 69; Sakakibara et al. 2008 Evol. Dev. 10:
555). This suggests that the molecular mechanisms of gametophytic shoot formation
differ from those of sporophytic shoot formation. Land plants evolved from a
gametophyte-dominant ancestor without a multicellular sporophyte and it is believed
that most genes expressed in the sporophyte probably co-opted from those used in the
gametophyte during the evolution of land plants. Our results on the KNOX genes
indicate the need to revisit the co-option hypothesis.

Several HD-Zip genes are involved in lateral organ identification at the shoot
meristem in A. thaliana, and we found that the gene family diverged in each P. patens,
C. richardii, and angiosperm lineage in parallel, suggesting that their functions also
diverged in each lineage (Aso et al. 1999 Mol. Biol. Evol. 16: 544; Sakakibara et al.
2001 Mol. Biol. Evol. 18: 491). We found that one of class I HD-Zip genes in P. patens
is involved in the characterization of rhizoids, which are special absorbing tissues in
non-seed plants, via auxin signaling (Sakakibara et al. 2003 Development 130: 4835).

APB genes have various functions in stem cell maintenance in 4. thaliana. In
P. patens, a side branch initial cell differentiates into two different types of stem cells;
gametophore stem cells and protonema stem cells. Gametophore stem cells were
induced by exogenous cytokinins in the wild type, while quadruple disruptants of the
PpAPBs formed no gametophore stem cells, even with exogenous cytokinin application.
Real-time RT-PCR analysis showed that the expression of PpAPB genes was induced
by auxin, not cytokinin. These results indicate that Pp4PB genes under auxin signaling
are required for cytokinin to determine the identity of gametophore stem cells (Aoyama
et al., in prep.). This study is a good model for understanding gene networks for the
determination of different types of stem cells, and we are working to identify target
genes of PpAPB proteins using ChIP-sequencing.

Land plants have distinct developmental programs in haploid (gametophyte)
and diploid (sporophyte) generations, and they form specific stem cells in each
generation. Although the two programs usually strictly alternate at fertilization and
meiosis, one program can be induced during the other to form stem cells of the other
generation. In a process called apogamy, cells of the gametophyte other than the egg
cell initiate sporophyte stem cells. We found that apogamy resulted from deletion of the
P. patens gene orthologous to the A. thaliana CURLY LEAF (PpCLF), which encodes a
component of polycomb repressive complex 2 (PRC2). In the deletion lines, a
gametophytic vegetative cell frequently gave rise to a sporophyte-like body. This body
grew indeterminately from an apical cell with the character of a sporophytic pluripotent
stem cell, but did not form a sporangium. Furthermore, with continued culture, the
sporophyte-like body branched. Sporophyte branching is almost unknown among extant
bryophytes. When PpCLF was expressed in the deletion lines once the sporophyte-like
bodies had formed, pluripotent stem cell activity was arrested and a sporangium-like
organ formed. Supported by the observed pattern of PpCLF expression, these results
demonstrate that, in the gametophyte, PpCLF represses initiation of a sporophytic
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pluripotent stem cells and, in the sporophyte, represses that stem cell activity and
induces reproductive organ development. In land plants, branching, along with
indeterminate apical growth and delayed initiation of spore-bearing reproductive organs,
were conspicuous innovations for the evolution of a dominant sporophyte plant body.
Our research provided insights into the role of PRC2 gene regulation in the origin of
multiple evolutionary innovations in land plants (Okano et al. 2009 Proc. Natl. Acad.
Sci. USA 106: 16321).

(6-2) Evolution of phytohormone regulation

Phytohormones are important regulators for plant development. We investigated their
evolution, focusing on polar auxin transport (Fujita et al. 2008 Evol. Dev. 10: 176),
cytokinin synthesis (Sakakibara et al. in prep.), gibberellic acid (GA) synthesis (Hayashi
et al. 2010 Plant Phys. 153: 1085), and GA signal transduction (Hirano et al. 2007 Plant
Cell 19: 3058). We found that polar auxin transport, which functions in the diploid
shoots of angiosperms, is specific in the diploid plant body of P. patens but not in
haploid shoots, suggesting that gametophyte and sporophyte shoots are differently
regulated and that they evolved via convergence, as we saw in the class 1 KNOX result.
Additionally, we found that isopentenyl transferase genes involved in cytokinin
synthesis in angiosperms evolved via extensive gene duplication after retroposition in-
seed plant lineages, and did not exist in non-seed plants. This finding indicates the
divergence of cytokinin regulatory systems and resulting developmental regulations
between each lineage of land plants. A GA signaling pathway using GID1-DELLA
proteins found in angiosperms was conserved in S. moellendorffii but not in P. patens,
suggesting the divergence of GA perception mechanisms. From these results, together
with the genome-wide comparison of phytohormone-related genes, we proposed that the
divergence of phytohormone regulation and perception is one of the reasons for the
divergence of development in land plant lineages (Banks et al., in prep.).

(6-3) Functional characterization of MADS-box genes and FLO/LEAFY homologs
in non-seed plants and implication for the evolution of reproductive organs in land
plants
We cloned MADS-box genes and characterized their expression patterns in the fern C.
richardii (Hasebe et al. 1998 Proc. Natl. Acad. Sci. USA 95: 6222), the moss P. patens
(Henschel et al. 2002 Mol. Biol. Evol. 19: 801), and three charophycean green algae
(Tanabe et al. 2005 Proc. Natl. Acad. Sci. USA 102: 2436). We also cloned and
characterized FLORICAULA/LEAFY (FLO/LFY) homologs in C. richardii (Himi et al.
2003 J. Mol. Evol. 53: 387) and P. patens (Tanahashi et al. 2005 Development 132:
1727; Maizel et al. 2005 Science 308: 260). These studies suggested that the following
sequential changes occurred in the evolution of reproductive organs: (1) Origin of
MIKC-type MADS-box genes in the green plant lineage and subsequent divergence of
MIKC -type and MIKC*-type MADS-box genes (Henschel et al. 2002 Mol. Biol. Evol.
19: 801; Kofuji et al. 2003 Mol. Biol. Evol. 20: 1963). (2) MIKC"-type MADS-box
genes likely functioned during reproductive cell differentiation in a haploid generation
at the common ancestor of land plants (Tanabe et al. 2005 Proc. Natl. Acad. Sci. USA
102: 2436). (3) The number of MADS-box genes was extensively increased in the
vascular plant lineage (Hasebe et al. 1998 Proc. Natl. Acad. Sci. USA 95: 6222). (4)
FLO/LFY homologs regulated zygotic cell divisions in a diploid generation and their
function was not restricted in reproductive organ development (Tanahashi et al. 2005
Development 132: 1727). (5) A single amino acid change in the FLO/LFY homolog in
the last common ancestor of vascular plants likely caused the regulation of MADS-box
genes by FLO/LFY homologs (Maizel et al. 2005 Science 308: 260), and their
relationship was retained in gymnosperms and angiosperms (Shindo et al. 1999 Evol.
Dev. 1: 180; Shindo et al. 2001 Int. J. Plant Sci. 162: 1199). (6) A-, B-, and C-type
MADS-box gene orthologs had likely diverged before the branching of ferns and seed
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plants (Hasebe et al. 1998 Proc. Natl. Acad. Sci. USA 95: 6222).

Although we showed that MADS-box genes of the charophycean green algae
were expressed during reproductive cell differentiation, their function was not clear
because of the lack of transformation systems in those algae. To investigate the
ancestral function of MADS-box genes in the earlier stages of land plant evolution, we
are in the process of functional characterization of MADS-box genes in P. patens.
Furthermore, to understand the evolution of MIKC*-type MADS-box genes, the
functional characterization of 4. thaliana MIKC*-type genes is also ongoing.

(6-4) Homology of reproductive organs in seed plants

We proposed a monophyly of extant gymnosperms in 1992 using a molecular
phylogenetic approach (Hasebe et al. 1992 Bot. Mag. Tokyo 105: 673), and subsequent
studies using molecular data from other groups supported our results.

However, these results were not concordant with the traditional view on the
paraphyly of extant gymnosperms, and the discrepancy made it difficult to infer the
morphological evolution of reproductive organs in land plants. This discrepancy appears
to be caused by the extensive divergence of the morphology of reproductive organs of
extant seed plants, which makes an assessment of organ homology difficult.
Comparison of expression patterns of genes that control organ development yields new
information about the homology of organs. We selected G. parvifolium because this
genus was most problematic in terms of phylogenetic position. We cloned MADS-box
genes and FLO/LFY homologs in G. parvifolium and compared their expression patterns
to angiosperms and other extant gymnosperms. We proposed a new hypothesis on the
homology of reproductive organs, which appeared to solve the discrepancy between
phylogenetic inferences based on morphological and molecular data (Shindo et al. 1999
Evol. Dev. 1: 180; Shindo et al. 2001 Int. J. Plant Sci. 162: 1199).

(7) Molecular mechanisms of speciation

In sexual reproduction, proper communication and cooperation between male and
female organs and tissue are essential for male and female gametes to unite. In
flowering plants, female sporophytic tissues and gametophytes direct a male pollen tube
toward an egg apparatus, which consists of an egg cell and two synergid cells. The
cell-to-cell communication between the pollen tube and the egg apparatus causes the tip
of the pollen tube to rupture and release the sperm cell. To detect male factors involved
in the communication, we screened mutants of receptor-like kinases expressed in pollen
tubes and characterized ANXURI (ANXI) and ANXUR2 (ANX2) genes. We found that
pollen tubes of anx1/anx2 ruptured before arriving at the egg apparatus, suggesting that
ANX1 and ANX2 are male factors controlling pollen tube behavior by directing rupture
at proper timing, Furthermore, ANXI and ANX2 were the most closely related paralogs
to the female factor FERONIA/SIRENE controlling pollen tube behavior expressed in
synergid cells. Our finding showed that the coordinated behaviors of female and male
reproductive apparatuses are regulated by sister genes whose duplication might play a
role in the evolution of the fertilization system of flowering plants (Miyazaki et al. 2009
Curr. Biol. 19: 1327).

(8) Molecular mechanisms and evolution of the reprogramming of a differentiated
cell to a pluripotent stem cell

- This project is being performed under an Explanatory Research for Advanced
Technology (ERATO) program supported by the Japan Science and Technology
Agency (JST) from September 2005 to March 2011
(http://www jst.go.jp/erato/index.html). I am the research director and rent a laboratory
space (approximately 400 m?) in the NIBB to manage this project. In addition to myself,
this group is composed of a business manager, a secretary, a laboratory manager, four
group leaders, six postdoctoral fellows, and seven technical staff members.

- 150 -



Differentiated cells can be reprogrammed to be undifferentiated pluripotent
stem cells with abilities to both self-renew and give rise to most cell types in the
organism. An induction of reprogramming is more easily manipulated in plants than in
animals, although the genetic and molecular bases of the difference are mostly unknown.
This is likely because the callus usually used in reprogramming studies in seed plants is
a cell mixture composed of reprogrammed and unreprogrammed cells. I noticed that P.
patens should overcome this problem by its rapid reprogramming ability from a single
cell. Cells in a dissected leaf of P. paftens are reprogrammed to chloronema apical cells
with pluripotency within 24 hours. We can continuously observe the reprogramming
process of a specific cell under a microscope.

Developmental processes are partially plastic, tending to form polymorphic
characters in a population. A fixation from flexibly changeable states to a stable state is
related to the origin of a novel evolutionary character. My interest in the mechanisms of
the flexibility of developmental programs is one reason why I started this project, as
well as why I conduct evolutionary studies in my laboratory. The following subjects
were studied during the last five years. Most results have not yet been published, but I
am working to publish the results in this fiscal year.

(8-1) Establishment of experimental systems for reprogramming study using P.
patens

We succeeded in employing an estrogen-inducible overexpression system, an
estrogen-inducible  artificial microRNA system, and an estrogen-induced
Cre-loxP-mediated gene targeting system. A multipoint time-lapse system enabled us to
observe 96 dissected leaves at a time. Methods for transcriptome and ChIP-sequencing
using a SOLID sequencer and analysis softwares were established and used for the
following studies.

(8-2) Discovery of a factor to link cell cycle reactivation and cellular
characterization ‘

Both cell cycle reactivation and the acquisition of stem cell-specific characters are
employed during the reprogramming of differentiated cells to pluripotent stem cells.
The factors that coordinate the two functions have not been determined. In P. patens,
leaf cells of a dissected leaf acquire cell division activity together with apical growth
when reprogrammed. We found a link between cell cycle reactivation and acquisition of
the apical growth through activity of the mammalian cyclin-dependent kinase 1 (CDK1)
ortholog A-type CDK (CDKA). Leaf excision induced CDK activity, which then led to
reactivation of the cell cycle. The CDK inhibitory agent roscovitine and the CDKA;1
kinase-negative form inhibited cell cycle progression and, unexpectedly, also inhibited
the acquisition of apical growth, which was observed in chloronema apical cells but not
in gametophore leaf cells. Inhibition of S phase progression by aphidicolin, however,
did not prohibit apical growth. These results indicate that CDKA;l activation
coordinates cell cycle reactivation and cellular changes during stem cell formation
(Ishikawa et al., submitted).

(8-3) Discovery of a factor to induce reprogramming

Induction of four genes in fibroblast cells changed the cells to pluripotent stem cells in
mice and humans. No such factors have been reported in plants. We found that
induction of the AP2/ERF2 gene changed leaf cells to chloronema apical cells without
wounding. After several hours of AP2/ERF?2 induction, leaf cells of intact gametophores
changed to protonema apical cells to grow out. This is the first finding in any organism
regarding the change of a differentiated cell to a pluripotent stem cell with the transient
induction of a single gene.

(8-4) Cold shock domain proteins stabilize mRNA and enhance the progression of
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reprogramming

Lin28 is an RNA-binding protein and one of four factors that induces pluripotent stem
cells from human fibroblast cells. Lin28 represses the maturation of let-7 microRNA;
however, let-7 represses Lin28. This bi-stable switch functions to determine cell fate:
pluripotent with dominant Lin28 expression, and differentiated with dominant let-7
expression. Lin28 is a member of cold shock domain proteins (CSP), whose function in
plants is not well known. Orthologs to let-7 have not been identified in any plant
genomes. We found that reprogramming was enhanced when transcripts of CSPs were
stabilized by removing degradation signals on the mRNAs. Deep sequencing of binding
RNAs to the CSP protein showed that CSP protein binds to mRNA in general rather
than specifically. We hypothesize that in general, the Lin28 orthologs stabilize mRNA,
which likely enhances the expression of genes regulated with positive feedback loops
and decreases that of genes with negative feedback loops. We are working to determine
whether such a system functions by comparing detailed expression changes with
5-minutes intervals between the mutant and wild type plants.

(8-5) Discovery of unusual cell cycle progression during the reprogramming

Differentiated cells are usually arrested at the G1 phase of a cell cycle. We found that
gametophore leaf cells have 2C DNA content and that EdU, a fluorescent deoxyuridine,
is incorporated after dissection. We have the following two working hypotheses: One is
that the cell cycle of gametophore leaf cells is arrested at the late S phase and reenters
after dissection. However, such a cell cycle arrest or check point has not been reported.
Another is that the cell cycle is arrested at the G2 phase, and de novo DNA synthesis is
employed after dissection. In some angiosperms, amplification of repeated sequences or
rDNAs has been reported during callus formation, although the details and significance
for callus induction has not been examined. We plan to sequence the region to be
synthesized in order to understand the functional significance in reprogramming.

(8-6) Discovery of a transcription factor mediating wounding, light, and
reprogramming

Wounding and light signals are necessary to change leaf cells to chloronema apical cells.
We found that SQUAMOSA promoter binding protein (SBP) genes are repressed by
phytochrome and cryptochrome signals. Induction of SBP4 retarded the reprogramming,
while induction of SBP4 fused with a transcription repression domain (SRDX) induced
the reprogramming. Dissection is necessary for induction by SBP4-SRDX. These
findings indicate that light and wounding signals cross-talk at SBP genes.

(8-7) ARF targets necessary for the reprogramming

To investigate auxin function in reprogramming, we created inducible overexpression
and inducible artificial microRNA lines for all of 13 ARF genes in P. patens, and
determined that ARF6 orthologous to MONOPTEROS and ARFI11 orthologous to
ETTIN are necessary for reprogramming. ARF11 is regulated by 7453 and miR390 in A.
thaliana. A transcript of ARF11 is increased after wounding and is later decreased when
a leaf cell begins apical growth. This transient upregulation is likely correlated to the
dedifferentiation process, and we are analyzing the ChIP-sequence of ARF11 to find its
direct target genes and to infer the molecular function of ARFI1l during
dedifferentiation.

(8-8) Involvement of strigolactone in reprogramming

Strigolactone is a new photohormone involved in the axillary branching of angiosperm
shoots and the interaction between roots and symbiotic mycorrhizal fungi. We found
that deletion of the putative strigolactone receptor gene MAX?2 retarded reprogramming.
Transcriptome analyses of inductive overexpression and amiRNA lines will make it
possible to connect a strigolactone gene pathway to other reprogramming gene
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networks.

(8-9) Induction of heat-shock proteins during reprogramming

When bZIP1 protein fused with SRDX was induced, reprogramming was retarded.
Induction of bZIP1 fused with an activation domain induced the change of leaf cells to
chloronema apical cells without wounding. When we analyzed the direct target of
bZIP1 by ChIP-sequencing, we unexpectedly found that 20% of the targets were genes
encoding heat-shock proteins. We would like to investigate the function of heat-shock -
proteins in reprogramming.

(8-10) Global decrease of H3K27me3 and 21 nt small RNAs during
reprogramming

We examined genome-wide chromatin modifications of H3K4me3, H3K9me3,
H3K27me2, and H3K27me3 using the SOLID sequencer. We found that only
H3K27me3 is generally reduced during reprogramming. We also analyzed the change in
small RNAs and found that 21 nt small RNAs are globally decreased. Most of the 21 nt
small RNAs do not correspond to coding genes, but rather to non-coding genomic
sequences. To investigate the significance of the change, we are working to analyze the
mechanism of the decrease in the 21 nt small RNAs by characterizing DICER genes
involved in small RNA synthesis and ENHANCED RNAI genes involved in degradation
of small RNA. If these genes are related to the small RNA decrease, we will be able to
regulate the amount of small RNA in leaf and chloronema apical cells to analyze the
role of the 21 nt small RNA change.

(8-11) HIRA, JHDM2A-5, and NAP are chromatin modification proteins involved
in reprogramming.

We created inducible amiRNA lines and inducible overexpression lines for 61
chromatin modification proteins and found that reprogramming was retarded in the
HIRA, JHDM2A-5, and NAP amiRNA lines. Analyses of the molecular function of
these genes are in progress.

(8-12) Lateral suppression of reprogramming of differentiated cells to pluripotent
stem cells

When a single leaf cell is isolated with laser dissection, the isolated cell changes to a
chloronema apical cell, indicating that reprogramming is cell-autonomous. When we
isolate two neighboring cells, nuclei of both cells expand as observed during
reprogramming. However, several hours later, a nucleus of one of the cells returns to the
original size and the cell remains as a leaf cell. Only the other cell changes to a
chloronema apical cell. This suggests that a cell during reprogramming prohibits
neighboring cells to be reprogrammed. We plan to search for a potential inhibitory
factor with comparison of transcriptome of neighboring each cell.
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2. Description of other academic activities

Seven PhD-course graduate students at the Graduate University for Advanced Studies,
four PhD-course students from other universities, and eight MS-course graduate
students worked in my laboratory over the last ten years. I, together with associate and
assistant professors, provided the laboratory environment, engaged in frequent
discussions with the students, and offered suggestions on their research. I mainly
worked on research planning, discussion of results, and manuscript writing. Other
professors helped graduate students with experimental techniques. I also created an
e-learning class (online education system) and give a one-hour lecture every year for the
Department of Basic Biology, Graduate University for Advanced Studies. In addition, I
have given 20 invited lectures at other universities since 2000.

I have educated young researchers, including post-doctoral students and
assistant and associate professors, from the standpoint of general research and
evolutionary insights. I have also extensively revised all first-draft manuscripts
produced by younger staff members in my laboratory.

Additionally, I accepted five graduate students from abroad who are interested
in working with P. patens as summer-stay students for two to three months. The
students learned about both science and Japanese culture, and their stay was beneficial
for Japanese graduate students and young researchers wishing to improve their English
communication skills.

We have managed a web page on the moss P. patens (PHYSCObase:
http://moss.nibb.ac jp) for the last seven years. Basic information, photographs of
representative developmental stages, a DNA database, and experiment protocols are
provided to the community. Especially for the DNA database, we provide a web
interface to facilitate a similarity search of the P. patens and S. moellendorffii genomes.
The protocol, which contains more than 100 pages, is the most comprehensive one in
the world.

We made full-length ¢cDNA libraries from different P. patens tissues and
established 160,000 full-length cDNA clones corresponding to 23,000 genes. EST data
and corresponding clones are indexed in the PHYCObase, and any clones from the
RIKEN BioResource Center (http://www.brc.riken.jp/lab/epd/Eng/), where we donated
all clones, can be requested. We also opened access to our plasmids and vectors before
their publication in PHYSCObase and provide these data to the public to facilitate moss
research. In 2001, 2003 to 2005, and 2007 to 2009, we managed a one-week laboratory
course and workshop for P. patens research for graduate students and young researchers
who are interested in the moss. Because I received several requests to open the course to
foreigners, the 2005, 2008, and 2009 courses were international, and three, five, and ten
foreign graduate students, respectively, jointed at their own expense. These courses
were a good opportunity for an educational experience for senior graduate students and
young researchers in my laboratory. We also irregularly accept several researchers
seeking to lean techniques on P. patens transformation, and most P. patens researchers
in Japan have stayed in my laboratory.
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3. Members of Mitsuyasu Hasebe laboratory (1997-present)

Professor
Mitsuyasu Hasebe 1997-present

Assistant Professor
Takashi Murata 2001-present

Assistant Professors

Tomomichi Fujita 1999-2005 (Associate Professor in Hokkaido Univ, 2005)

Yuji Hiwatashi 2003-present

Takako Tanahashi 2005-2007 (Ministry of Economy, Trade and Industry, Japan Patent
Office, 2007)

Yosuke Tamada 2010-present

Technical staffs

Makiko Kondo 1999-2000
Naomi Sumikawa 2000-2008
Yukiko Kabeya 2009-present

Post Doctoral fellow

Rumiko Kofuji 1998-2000 (Assistant Professor in Kanazawa Univ., 2000)

Tomoaki Nishiyama 2000-2003 (JSPS postdoctoral fellow), 2003-2005 (NIBB
Research fellow) (Assistant Professor in Kanazawa Univ., 2005)

Misako Mishima 2000-2002 (Assistant Professor in Kyushu Univ., 2002)

Yuji Hiwatashi 2001-2003 (Assistant Professor in NIBB, 2003)

Yoshikatsu Sato 2002-2004 (JSPS postdoctoral fellow), 2005-2006 (NIBB Research
fellow) (Group Leader, Japan Science and Technology Agency, 2006)

Naoki Aono 2004-2007 (Hara Kenzo Patent Office, 2007)

Saori Miyazaki 2004-2009 (Assistant Professor in National Institute of Genetics, 2009)
Takako Tanahashi 2005-2005 (Assistant Professor in NIBB, 2005)

Takaaki Ishikawa 2007-2009 (Researcher, Japan Science and Technology Agency,
2009)

Yousuke Okano 2007-2009 (NIBB Research fellow) (Officer, Japan Science and
Technology Agency, 2009)

Hiroaki Mano 2007-2010 (JSPS postdoctoral fellow), 2010-present (NIBB Research
fellow)

Issei Ohshima 2008-present (JSPS postdoctoral fellow)

Yosuke Tamada 2009-2010 (NIBB Research Fellow) (Assistant Professor, NIBB, 2010)

Technitians

Yukiko Tanikawa 1998-2004
Masae Umeda 1998-2001
Chigusa Ono 1998-1999
Yoshimi Bitoh 1999-2004
Mayumi Naruse 2000-2004
Etsuko Aoki 2001-2006
Kyoko Watanabe 2001-2002
Kana Yano 2001-2002
Keiko Kabetani 2002-2003
Youko Ogura 2002-2002
Masakazu Kitani 2003-2005
Chikako Oono 2003-2004
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Yoriko Suzuki 2003-2005
Yuko Hayakawa 2004-2004
Tkumi Kajikawa 2004-2004
Yuki Ichikawa 2004-2006
Haruko Makino 2004-2006
Masakazu Watase 2004-2006
Mari Obara 2005-2006
Misako Goto 2005-2006
Noriko Hasegawa 2005-2007
Hiroki Hiraiwa 2005-2006
Mika Hiramatsu 2005-2007
Yukina Ichikawa 2005-2007
Michiko Ichikawa 2005-2007
Tomoko Masuoka 2005-2007
Sachiko Wakazuki 2005-2006
Yumiko Tsuzuki 2007-2008
Hiromi Ikeguchi 2007-2008
Nami Sakurai-Ozato 2008-2009
Yukiko Ito 2008-present
Ikumi Kajikawa 2008-present
Midori Washio 2008-present
Nayumi Baba 2009, 2010
Miho Goto 2009, 2010
Yasuyo Kimura 2009, 2010
Yuka Oomizu 2009-2010
Naho Tsukamoto 2009
Hiroko Yamada 2009

Secretary
Kazuko Kabeya 2000-2004
Yoko Kojima 2004-present

Visiting scientists

Jo Ann Banks 2000-2001
George Ratherford 2000-2001
Jean-Pierre Zryd 2001-2002
Paul G. Wolf 2003

Carol A. Rowe 2003

Tobias Baskin 2009-2010
Katerina Bisova 2009, 2010
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5) FURTHER RESEARCH PLAN

I believe that new evolutionary ideas will result from the synthesis of a wide range of
studies. I will continue to research all the subjects mentioned above over the next
several years, especially focusing on the following.

(1) Molecular mechanisms of microtubule array formation in plant cells and their
evolutionary implications

I would like to continue to study the molecular mechanisms of phragmoplast expansion
by focusing on the mechanisms of microtubule initiation, and particularly on the effect
of the 40° fixed angle. Such a stable angle has not been observed in other organisms and
we expect to find plant-specific mechanisms that will be a key to solving the special
microtubule formation in plants. A current interest is the visualization and tracing of
microtubules during phragmoplast expansion. Such information is indispensable for the
characterization of genes involved in the process. Once we understand the process of
phragmoplast expansion, we hope to isolate proteins involved in the regulation of the
angle of microtubule initiation at the microtubule-organizing center and characterize
their functions using loss- or gain-of-function mutants.

Regulation of the direction of a cell division plane must be strictly regulated
for proper plant development, but the mechanisms are mostly unknown. We recently
found that SCARECROW and LATERAL SUPPRESSOR orthologs regulate a division
plane of leaf cells in P. patens. Because there is an advantage to observing the cellular
process of P. patens in contrast to other plants, we would like to reveal the molecular
mechanisms of division plane regulation by analyzing the target genes of the
transcription factors and by further characterization of the target genes.

These works will be directed and mainly pursued by Dr. Takashi Murata, an
associate professor in my research group.

(2) Molecular mechanisms of branch formation in the sporophyte-like structure of
P. patens CLF deletion mutant \

The formation of branched sporophyte-like bodies in the PpCLF deletion line has
implications regarding the early evolution of land plants (Okano et al. 2009 Proc. Natl.
Acad. Sci. USA 106: 16321). In mosses, branched sporophytes have been rately
reported. The presence of a long-lived branching body without a secondarily thickened
xylem is concordant with the diagnostic characters of protracheophytes, which include
extinct taxa only and are placed between bryophytes and vascular plants. The molecular
function of PpCLF in the regulation of the longevity of sporophyte stem cells and the
branching of the PpCLF deletion lines prompted us to hypothesize that regulatory
networks among PpCLF and other PRC2-family genes acted on the longevity of
sporophyte apical cells and, at an early stage of vascular plant evolution, allowed an
autonomously branched sporophyte to form without additional mutations. To verify this
hypothesis, studies on the regulatory mechanisms of the branching in the mutant will be
necessary. Auxin signals detected in GH3 promoter::GUS lines accumulate at the initial
cell of the sporophyte-like body in the mutant and also at the zygote in wild-type plants.
The auxin signal diminishes from the apical part during growth in both the mutant and
wild type when the class 1 KNOX gene is expressed at the apical cell. The relationship
between class 1 KNXO expression and auxin distribution is under investigation. In the
wild type, sporophyte apical cells stop dividing, while apical cells of the mutant
continue to divide because of the lack of PpCLF. During the course of auxin removal
from the apex, a new auxin maximum is formed on the mutant, which then becomes a
new apical cell to form a branch. Therefore, a regulatory network of auxin, class 1
KNOX, and subsequent changes in auxin distribution appears to be formed because of
the extension of the longevity of the apical cell and growth of the body size with the
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increased number of cells. This work will be mainly done by Dr. Yuji Hiwatashi, an
assistant professor in my research group.

(3) Molecular mechanisms of reprogramming of leaf cells to chloronema apical
cells in P. patens

As I mentioned above, several lines of research are ongoing under the ERATO project,
which will end in this fiscal year. I applied for a successive grant and am waiting to
learn of the result. Dr. Yosuke Tamada and Dr. Yukiko Kabeya, an assistant professor
and a technical staff member, respectively, in my research group, will manage research
work related to this program for the next years. Two new graduate students, Mr. Chen
Li and Mr. Syunsuke Ichikawa, are interested in the reprogramming and will join to this
study.

(4) Evolution of the carnivorous syndrome

The carnivorous syndrome is a conspicuous examples of evolutional novelty. Molecular
phylogeny reveals that carnivorous plants evolved several times in angiosperms
(Rivadavia et al. 2003 Amer. J. Bot. 90: 123), but the origin of digestive enzymes and
the molecular mechanisms to form pitchers are mostly unknown. We isolated digestive
enzymes from several carnivorous plants and sequenced short regions of amino acid
residues. The non-carnivorous plant 4. thaliana appeared to have potential orthologs in
its genome, but we could not identify them because of the ambiguity and short
sequences of the currently available amino acid sequence of the carnivorous plants.
Carnivorous plant transcriptome data will be helpful to identify corresponding genes in
A. thaliana.

To study pitcher development and evolution, genes orthologous to A. thaliana
leaf development genes were cloned from several carnivorous plants, and investigation
of their expression patterns is ongoing. In addition, we selected Cephalotus follicularis
for nuclear genome sequencing because it forms vegetative flat leaves and pitchers
depending on light conditions. Comparisons of transcriptomes will give insights into the
genes regulating pitcher formation. For the de novo genome sequence, we plan to
establish a new method for genome sequencing using both the PacBio sequencer, which
delivers long but inaccurate sequences, and the HiSeq2000 sequencer, which provides
short but correct sequences. The method for transformation of C. follicularis should be
established. This study will be performed with Mr. Kenji Fukushima, who is a first-year
graduate student in my research group.

(4) Molecular mechanisms of mimicry

Mimicry is an intriguing phenomenon in which an organism closely resembles another,
phylogenetically distant species. An excellent example is the flower mimicry of the
orchid mantis Hymenopus coronatus, in which pink and white coloration and petal-like
structures on its walking legs enable this insect to blend perfectly into flowers. To
elucidate the evolutionary mechanism of this complex mimicry at the molecular level,
we first focused on the mechanism of body coloration in the orchid mantis. HPLC and
mass spectrometric analyses suggested that xanthommatin, a red pigment belonging to
the ommochrome family, contributes to the pink body coloration of the mantis. We also
found that the orchid mantis contains large amounts of leucopterin and isoxanthopterin,
both of which are known as white compounds in other insects such as Pierid butterflies.
We would like to investigate how these compounds came to be effectively used in the
orchid mantis.

The orchid mantis drastically changes its appearance during post-hatching
development. The first-instar nymph of the mantis is colored red and black and is
believed to mimic other unpalatable insects, such as ants. A flower-like appearance
emerges after molting into a second-instar nymph. We aim to compare the gene
expression profiles between the first- and second-instar nymphs using a high-throughput
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DNA sequencer. This work will be mainly done by Dr. Hiroaki Mano, a NIBB research
fellow in my research group.

*(5) Molecular mechanisms of host-shifting

Although plant-feeding insects as a whole utilize various plant species, the majority of
plant-feeding insect species are associated with one or a few plant species. Such mono-
and oligophagous insect species are highly specialized for their respective host plant
species via larval physiological adaptation (assimilability) and host preference of adult
females. Thus, the process of host-shifting to a novel plant species involves the
evolution of multiple traits. The molecular mechanisms underlying multi-trait evolution
are largely unknown. To address the molecular mechanism of host-shifting, we used
two host races in a tiny moth, Acrocercops transecta, as a model system. Host races in
plant-feeding insects are subpopulations specialized to different species of host plants;
thus, it is possible to conduct quantitative trait loci (QTL) analyses of the
host-adaptation traits by crossing the two host races. The segregation patterns of larval
assimilability and ovipositing female preference in F2 and backcross generations
indicated that the two traits were governed by a few major loci, but were under different
genetic control. To test whether these loci are physically linked with each other or not,
mapping analyses are in progress. Dr. Issei Ohshima, a JSPS postdoctoral fellow in my
research group, will mainly perform this study.

(6) Molecular mechanisms of Mimosa pudica leaf movement

Mimosa pudica rapidly folds its leaves when exposed to various external stimuli, such
as mechanical, thermal, and electrical stimulations. Although the physiological
mechanism for this unique leaf movement has been extensively studied, genes
regulating the movement and the evolutionary significance of the movement are
unknown. We are working to develop a method for transformation. Furthermore, more
than 10,000 lines of deletion mutants were made with an ion beam, and more than 100
mutants without movement were isolated; their characterization is in progress. I would
like to compare fitness between the wild type and mutants in their native fields in order
to hypothesize on the evolutionary significance of the movement. This work will be
done by Dr. Hiroaki Mano, an NIBB research fellow and myself.
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Hiyama, T.Y., Matsuda, S., Fujikawa, A., Matsumoto, M., Watanabe, E., Kajiwara, H.,
Niimura, F., and Noda, M. (2010). Autoimmunity to the sodium-level sensor in the brain
causes essential hypernatremia. Neuron 66, 508-522.
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Nakamura, S., Kobayashi, K., Nishimura, T., Higashijima, S., and Tanaka, M. (2010).
Identification of germline stem cells in the ovary of teleost medaka. Science 328,
1561-1563.
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Morita, H., Nandadasa, S., Yamamoto, T.S., Terasaka-lioka, C., Wylie, C., and Ueno, N.
(2010). Nectin-2 and N-cadherin interact through extracellular domains and induce apical
accumulation of F-actin in apical constriction of Xenopus neural tube morphogenesis.
Development 137, 1315-1325.
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Nakagawa, T., Sharma, M., Nabeshima, Y., Braun, R.E., and Yoshida, S. (2010).
Functional hierarchy and reversibility within the murine spermatogenic stem cell
compartment. Science 328, 62-67.
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The International Aphid Genomics Consortium. Genome Sequence of the Pea Aphid
Acyrthosiphon pisum. PLoS Biol. 8, e1000313.
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W EERET VAR E LTHER SN TVET,

LBl O EBEILRIBRIC L DT CiX, BRE LTRZ L2228 35,000 [HOBE 2T 77 L35 ) Lk
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Kamada, Y., Yoshino, K., Kondo, C., Kawamata, T., Oshiro, N., Yonezawa, K., and
Ohsumi, Y. (2010). Tor directly controls the Atg1 kinase complex to regulate autophagy.
Mol. Cell. Biol. 30, 1049-1058.
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AR EBIZB DWW D & A — N7 7 U RHEE SN O R E S O N A FAAT L Z 2k,
ARSI T T bAEZLUPDL ZENRTEET,
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o TY U LIREEN AL 5 Atgl3 # /7 BICIER LE LTz Atgl3 Z VN B D U AL EML A4 L,
U UL Z WY R RS AR Atgl3 X NI AR L E Ln, 20X R0 B BRI I
ELED L. RERRIIDPDPDOLTA— 7 7 V—0FEINE L, ZOMRNL, Atgl3 Z X7 HEHDY
VEALIRIEOZEALR, A— T 7 P—HIHO (AL v F ) ELUTHIEL TV D EBFEASNE L, £, 4
B ORI, RBEERERE T CBHCA— N7 7 V% FEIE D 2 LIRS L7201 TORETT,
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Hayashi, Y., Kobayashi, S., and Nakato, H. (2009). Drosophila glypicans regulate the germline
stem cell niche. J. Cell Biol. 187, 473-480.
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HHDETT, MEHEG A A A = R & — FBEAEYFR T O BB, % Y &2 KFEO R EEH
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HEFFICKWETH D Z L BT R LE L, HSPG X4 /X BORKN SO RN (B8 25T Li-tis
ZLTWET, A7V —71% HSPG BIE T AMENTZ Y 3 7Y a UNRTORREREKEZANT, BT00iE> vz
TR (CEFEERMAG) OFETABIZ L E Uiz, TOREE. HSPG kb5 & il 3HERs S FIcik LT LE D
TEMDMY FE LT, ETHRS AV — T, HSPG A3, SARIL O MERHT MR RHE & )7 B O VR REDE A il LT
BV, ZOMEMBPRMIROEETT (=vF) OIREZRODTND I L 2R LE LK, HSPCIETa vy a U RxzDa
B, B AMEELL < BRIV TEE L TWET, AFEORERIL, A7z HOENISIT % iilarEs:
DA = AL ZEBERMAEZRET 200 THY £, £, BHRBHERICB O TRAIRZ, BRI coipiiiao
o, B S-SR ORANIC B T S 2 EIc O THEEA KB RZRET 5 b0 THY | ISHERE
TEDIMRIEWFFR B WCHEEREMIC 2D b0 L Wi s E 3, 2 OfcRIE 2000 4 11 A 17 B CKERERD) |
KE O A Y FH P93 The Journal of Cell Biology (Zfgfi &N E L7-,
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Hatsugai, N., Iwasaki, S., Tamura, K., Kondo, M., Fuji, K., Ogasawara, K., Nishimura, M., and
Hara-Nishimura, |. (2009). A novel membrane fusion-mediated plant immunity plant proteasome
subunit mediates a novel defense strategy against bacterial pathogens. Genes Dev. 23,
2496-2506.
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ThDHMERLT A )V ADREGIIR LT, Y2 T -2 BPEIC U OO S § 5 2 LT k0 | RS 25 2 hEH
THZELEBHNTNET, AFET A —T 1340 MG L7 O/Mbas . Mo PN & 2 ikha &V & %
DR RN EDL DI LI RIENFSOPE X v 37 BNt L CHIE 2 X8 2 LRI, BH0
M EFICEL LD EWVIEIA D =X L RH LE L, FREFICE 2 EEHEKOREIL, 21 o ke z
RO EERB L 2o TWET, HEFIBIBRBINICHE S 2V BB U728 7= 2 W SRR BN OB ARk b b T b
i, AREFZEORRIE, MIARK SO B CHRRE & RIL S5 70 OFABIRICEHNT 5 Z LA/ ESET, K
FZERCAIE, 2009 45 10 A 15 A CKERR) (KEFVEHERE [Genes & Development] DAY 7 A L fRARCAR &
NnE L7,
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Shintani, T., Ihara, M., Tani, S., Sakuraba, J., Sakuta, H., and Noda, M. (2009). APC2 plays
an essential role in axonal projections through the regulation of microtubule stability. J.
Neurosci. 29, 11628-11640.

FEAEBIRIZIN T, MRSl 38 Lol sk, EEP OMISOBIER T A 2 R 5T 2
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SR AT A & 203 F DOFHIT. SR ORI B ZHIET 5 2 LICORNR L5 B b E T, M
e B A& HIAE D 53 T HAE OFENI AN C U7z, B FARS0ET SRR AW A 205 P O B
SHBh# . BHBEREEE S O 7 L — 71X, Adenomatous polyposis coli 2 (APC2) & N9 43F7D3,

AR B A& T DI NE OFIEI 21T 5 T LI Ko TR T A X 2 255 FATKET 2 038 O IS E M %2 Ik
ELTNWDZEEMOEMNILE LTe, ZORIEL. ZHE TR TH - L REIRERIZ T 55
/INE DFINEIRERE 2 1 57202 Lo BB T3, WHEOREMIZ, 2009 4F 9 A 16 A, KEMRRF
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Okano, Y., Aono, N., Hiwatashi, Y., Murata, T., Nishiyama, T., Ishikawa, T., Kubo, M., and
Hasebe, M. (2009). A polycomb repressive complex 2 gene regulates apogamy and gives
evolutionary insights into early land plant evolution. Proc. Natl. Acad. Sci. USA 106,
16321-16326.

BRSO Se T AR LA JE P O R BF BGOSR B . BRI EREARZ b O8NV — 713, BHREAriR IR, &
RRZEERZER R ¥ — L ORFEFRIZL > T, a0 XY VTR I FIZBNTHRY a— A IHEA R 2
(PRC2) #faT (ATRD a—L#ET) LMENMROTREZHIET 28 ET2#ET L BN ET DR L
ALY (RIMES BE) ISR ERTR SN D 2 L 2R UE Lz, 168, [ EHY oM EITB A o il
DEIRBELTWELBZONTEE L., LinL, SRIOFRRIE, B0k & 5 o 72 piiiE s sy 23 be LR
MOHETHSTEFRELH DI LE2RBELTHEY, 5%, B EWEYOEBRELZBRETT 52 LENHTEE LT,
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Ishikawa, N., Yokoyama, J., and Tsukaya, H. (2009). Molecular evidence of reticulate evolution
in the subgenus Plantago (Plantaginaceae). Amer. J. Bot. 96, 1627-1635.

S TR OB, IR FOMILEER., FOLRKRFORAE BN N—T 1%, E
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10, BAREROAA N2, 22— T V7 KA 534 LT A ARSORHER RO DA 3 74473 2 O MR )
LAUKRE (Ly) THLZLEMOLMNILE LR, F7z. A AANaBOFERBFREFN, B304 A4
NaJEFEA, BVNCEHMEIC A DA TR OBRIZZ > TnD Z EZH NI LE LT, ZOEIE, 7 AV UiE
MR RET B EIFEEE, American Journal of Botany 35 2009 4E 9 A Z2#B#i S E Lz,
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Okamoto, K., Kondo-Okamoto, N., and Ohsumi, Y. (2009). Mitochondria-anchored receptor
Atg32 mediates degradation of mitochondria via selective autophagy. Dev. Cell, 17, 87-97.
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AR DY YA 7 NV AT KRN T, Ml NEEO—2, I Far U 72T 2R L TS 52 5
PZLELE, X by R TIEMIAN T X —2 B ) T BERMNEE T2, BEX LRI HEN
THEDE A2 Fay RTINS N D LERH Y E3, R N—71F, BERECH L A L7z Atg32
BRI, Rl —207 OL D KB ERT LIk, B eom I har KU TR RIALEE S DR
HENDTH LN UE Lz, TORRIE, BEFMEE Developmental Cell IZHBHiSE LT,
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Tao, H., Suzuki, M., Kiyonari, H., Abe, T., Sasaoka, T., and Ueno, N. (2009). Mouse pricklet,
the homolog of a PCP gene, is essential for epiblast apical-basal polarity. Proc. Natl. Acad. Sci.
USA 106, 14426-14431.
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BT EEE L~ 20T, BAEVMICZET T 2 b (FRAHMAEE) LIl ool
M, AMUOEEN LD, FEICEDL Z ENHLNE D F Uiz, ABFZEIL, AWM AIFZERT & BAL 22T
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Miyazaki, S., Murata, T., Sakurai-Ozato, N., Kubo, M., Demura, T., Fukuda, H., and Hasebe, M.
(2009). ANXUR1 and 2, sister genes to FERONIA/SIRENE, are male factors for coordinated
fertilization. Curr. Biol. 19, 1327-1331.
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WA gERT AL SRR OB S B VSRR S OMIE 7 Vv —7 13, v uA XFXF (TT7 7T ekt L
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SNTWFREEE M () J7 &, fEoe A OREEA L L72EHIZ, B CAEER T8l TEZ &M
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Takahata, T., Higo, N., Kaas, J.H., and Yamamori, T. (2009). Expression of immediate-early
genes reveals functional compartments within ocular dominance columns after brief monocular
inactivation. Proc. Natl. Acad. Sci. USA 106, 12151-12155.
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Mita, M., Yoshikuni, M., Ohno, K., Shibata, Y., Paul-Prasanth, B., Pitchayawasin, S., Isobe, M.,
and Nagahama, Y. (2009). A relaxin-like peptide purified from radial nerves induces oocyte
maturation and ovulation in the starfish, Asterina pectinifera. Proc. Natl. Acad. Sci. USA 106,
9507-9512.
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Johzuka, K., and Horiuchi, T. (2009). The cis-element and factors required for condensin
recruitment to chromosome. Mol. Cell 34, 26-35.
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U7 N—4—EENEEAEOEREZHLMILE Lz, ZHIT LD, PaEBAED D A O 58 2RI
JTREHELE Lz, ZopEiE, 2009 44 A 10 BFEITOXREOR FHEEE Molecular Cell) (2 SLE L
77

FEAHOE 4. 10 ARRFEZHE. 4.16 BRI T3HM. 4. 24 B2

- 290 -



2009 4= 3 A 31 H
RANOTZEOMEE 2oL DAz R

Usami, T., Horiguchi, G., Yano, S. and Tsukaya, H. (2009). The more and smaller cells mutants
of Arabidopsis thaliana identify novel roles for SQUAMOSA PROMOTER BINDING
PROTEIN-LIKE genes in the control of heteroblasty. Development 136, 955-964.

FREE R TR A IR M OB BB — R BER O OMIR I N—T13, v RA XFAFLnHs 777
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F L7z, WIEZ AV — 713, AK5572 1 At B OARZER, LV RAL-EOMEZ2F oL W ERMKICIER L, FELW
FRAT ZATUVVE LTz, Z ORGSR, B LT2ZEIL, MBS 8 2 % &3S, — > — > OMBEEEIIE > T\hd v 8
Tl FEEEFER L, £, ZOBEPERIZRRNAICE > THIBSN THWD Z L ZALNICLE Lz, ZOREITHEE
DR FHEET U= m v 7 A MK (Development) ICTHERKRINE LT,
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Yonehara, K., Ishikane, H., Sakuta, H., Shintani, T., Nakamura-Yonehara, K., Kamiji, N.L., Usui,
S., and Noda, M. (2009). Identification of retinal ganglion cells and their projections involved in
central transmission of information about upward and downward image motion. PL0oS ONE 4,
e4320.
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TNTURT 5 2 FEO MR AN Z FE L, Zh b OMKOMEE & fihE s L O~k A1 & ofiil & it R
THIDTHLMILE Lz, ZROOEIL, SO E OHREZEINT AR R A =X 58 L OIRERGESHIHE 2 7
= A LOREINZ RN D EWFF SN E T, FEOFEMIL, 2009 4F 1 H 29 B, KEORFHEET 2 AT (PLoS ONE)
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Watakabe, A., Komatsu, Y., Sadakane, O., Shimegi, S., Takahata, T., Higo, N., Tochitani, S.,
Hashikawa, T., Naito, T., Osaki, H., Sakamoto, H., Okamoto, M., Ishikawa, A., Hara, S., Akasaki,
T., Sato, H., and Yamamori, T. (2009). Enriched expression of serotonin 1B and 2A receptor
genes in macaque visual cortex and their bidirectional modulatory effects on neuronal responses.
Cerebral Cortex 19, 1915 - 1928.
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Arai, Y., Hayashi, M., and Nishimura, M. (2008). Proteomic identification and characterization
of a novel peroxisomal adenine nucleotide transporter supplying ATP for fatty acid p-oxidation
in soybean and Arabidopsis. Plant Cell 20, 3227-3240.
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JEWi AP L TR X — B 5 BRI R LA F Y — A LTINS MilaN OGO P TiTbhET, Z ol
WCBRED, EOX DT LT IAF LY —ANEIEE D00, ZOEFIMHINTHWEEA, 4, F%E
TN—T RN B MED—>THETT /=0 VER(ATP) Z~ULA %o Y — AWNICHET 5 7 R
JHEPNCZFFELE LIz, ZOPNCH U7 Ba/DE UMW L DICHE LT RAREY CIE, ITEARRE O 53
NIHOFESEET, BEICHIFETHIIENTERSRVELE, ZOWRICE Y, HIEIZBT DIEMOREH A =X A
D—IERH BN o7 LT, FHEFICB T DM OBEEENRINE LTz, 4%, ZOWEKOHELED D Z &
T, FEFREFEOMMAEMRIT D L & bICHFLRTEH T2 FIEOBRICORN L L PHfFENET, S RIOHFIEHK
UL, FHHEES [The Plant Cell) 12 H B A I A4 VA 12 A 10 BICBHE SN E Lz, F-REEOREICEH®
LLTEBTbNE L,
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Kato, S., Tsurumaru, S., Taga, M., Yamane, T., Shibata, Y., Ohno, K., Fujiwara, A., Yamano, K.,
and Yoshikuni, M. (2009). Neuronal peptides induce oocyte maturation and gamete spawning of
sea cucumber, Apostichopus japonicus. Developmental Biology 326, 169-176.
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HBATRR B I L R E RS BRI FE 3R B o & — SR D DETEANT - o0 BRI 0> 72 30 0 ERERTZE et
) O 1 8AEEERRGE K PE ATHEBIY) O LSRRI A V£ > ORI LIS A (BFZEAGERAE « & B 20R) |
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Yamada, K., Nagano, A. J., Nishina, M., Hara-Nishimura, I., and Nishimura, M. (2008). NAI2 is
an endoplasmic reticulum component that enables ER body formation in Arabidopsis thaliana.
Plant Cell 20, 2529-2540.

FEREA I ERFIERT e YRR AR ST P o0 | L B AS Bh ks L OV R R KRR & 1%, FUR B RN B J bk 27
TERFPEAI LOVEAW < 28z L LR LT, Mo/ MmN SR S 2 MIBR/haE (A7) ER BT 4
DOIEFAEREE P ST UE Lz, ER AT 113, /MafEH B S5 FEAALNET & LT 2001 4RI R SO Au A
BN ET A D> a A XFRF LU, RT3 e DAL TOET, IR % BB ICHIS L CAEX D
TeDIT, B LWERE R & ORI/ MR E 2R L 72 Y . BEF O/ NEE OMRELZ A L2V T2 2 L TEEJ, R
BT A1E, MR E WS ARYWS 237 BOBROB L LTl MRVMEE S, B 73y F—B LV S RRER
BICERT 5 DI L8 LW/ E T, ER AT 4 IZEMIRIC A DN ET2, BEPLAEEICE-TYH
FHEINDTD, HELREIHET DO O DML NGEE THDH LEZLNTVET, SHIZ, ERAT 41E, ¥
nA XFTRAFTEELT 77 TEICALDNIMI/NNEE THLZ LR THVET, ZNETIE, EOLHITLTA
JaR LV ER RT 4 DL ESND DD, Do THWERATL, Al B A —7 0887 L NAL2 &4 1T 7-#Es
FNER BT 4 OFRICMATH D Z ERYDTHLNICR Y L, 4%, ZOBKBTEFHAVTERL e /EMIZ ER R
T EESE, HESCREICHT 2 A EO S ENTE 0 TRHAVL LM ENE T, S EOIEERE
X, 9 H 9 BITHERS The Plant Cell)] A>T A HUCHBRi SN E LI,
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Yonehara, K., Shintani, T., Suzuki, R., Sakuta, H., Takeuchi, Y., Nakamura-Yonehara, K., and
Noda, M. (2008). Expression of SPIG1 reveals development of a retinal ganglion cell subtype
projecting to the medial terminal nucleus in the mouse. PLoS ONE 3, e1533.
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Rensing, S. A., et al. (2008). The genome of the moss Physcomitrella patens reveals
evolutionary insights into the conquest of land by plants. Science 319, 64-69.
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