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ORGANIZATION OF THE INSTITUTE

The National Institute for Basic Biology (NIBB) is
an Institute in the Okazaki National Research Institutes
(ONRI) that are composed of three independent
organizations, NIBB, the Institute for Molecular
Science (IMS) and the National Institute for Physio-
logical Sciences (NIPS). They located on a hill
overlooking the old town of Okazaki. NIBB was
established in 1977 and its activities are supported by
Monbukagaku-sho (the Ministry of Education, Culture,
Sports, Science and Technology: Mext) of Japan. The
Center for Integrative Bioscience that was established
as a common facility of the ONRI in 2000 and began in
2001.

Policy and Decision Making

The Director-General oversees the operation of the
Institute assisted by two advisory bodies, the Council
and the Advisory Committee for Programming and
Management. The Council, comprised of distinguished
scholars representing various fields of science and cul-
ture, advises the Director-General on principles and
policies governing the activities and operations of
NIBB. The Advisory Committee, comprised of pro-
fessors within the Institute and an equal number of
leading biologists outside NIBB advises the Director-
General, upon his request, on planning joint research
programs and other important matters in NIBB, as well
as on the scientific activities of the Institute. The
Council makes a nomination of Director-General and
Committee also makes recommendations on the Direc-
tor-General and on faculty appointments, the Institute’s
annual budget and future prospects.

Administration

Administration of the Institute is undertaken by the
Administration Bureau of the Okazaki National Re-
search Institutes under the direct auspices of the Minis-
try of Education, Culture, Sports, Science and
Technology.

Research

The Institute conducts its research programs through
three departments and one laboratory subdivided into
17 divisions and the Center for Integrative and Com-
putational Biology.

Each division has its own research project and is
staffed by a professor, an associate professor and two
research associates in principle. A division forms an
independent project team. Six of the divisions are
adjunct and headed by professors who hold joint ap-
pointments with other universities. Adjunct divisions
have a resident research associate. This arrangement
facilitates exchange in research activities in Japan.
The Technical Department manages the activities of
research technicians and helps to promote research
activities of each division and to maintain the common
research resources of the Institute. The Department also
undertakes the technical education of staffs.

Several members of the Center for Integrative Bio-
science jointly work with the NIBB.

Research Support Facilities

The research support facilities of the NIBB consist of
the Large Spectrograph Laboratory, the Tissue and Cell
Culture Laboratory, the Computer Laboratory, the Plant
Culture Laboratory, the Plant Cell Culture Laboratory,
the Experimental Farm, the Laboratory of Stress-
Resistant Plants and the Center for Transgenic Animals
and Plants. In addition, five facilities are operated
jointly with NIPS; they consist of the Electron Micro-
scope Center, the Center for Analytical Instruments, the
Machine Shop, the Laboratory Glassware Facilities and
the Low-Temperature Facilities. The Radioisotope
Facilities, the Computer Center and the Animal Care
Facilities became common facilities of ONRI.

Campus

The Okazaki National Research Institutes covers an
area of 150,000m? with four principal buildings. The
NIBB’s main research building has a floor space of
10,930m?>. Two-thirds of the space was completed in
1982 and the remaining third in June, 1983. The
buildings which have the research support facilities
were also completed in 1983. A building for the Labo-
ratory of Gene Expression and Regulation (2,577m?)
was built in 1996.
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GRADUATE PROGRAMS

The NIBB sponsors two graduate programs.

1. Graduate University for Advanced Studies

NIBB constitutes the Department of Molecular
Biomechanics in the School of Life Science of the
Graduate University for Advanced Studies. The
University provides a three year Ph. D. course. Those
who have completed a master’s course or equivalent at
any university are eligible to apply.

The Department consists of the following Divisions
and Fields:

DIVISIONS FIELDS
Molecular Cell Biomolecular Systems
Biology Cell Dynamics
Developmental Gene Expression

Gene Expression
and Regulation

Morphogenesis
Transgenic Biology

Regulation Biological Regulation
Biology Biological Information

2. Graduate Student Training Program

Graduate students enrolled in other universities and
institutions are eligible to conduct research for fixed
periods of time under the supervision of NIBB
professors.
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analyzed on the basis of evidence that radixin and moesin
are concentrated in growth cones. Furthermore, ERM
proteins contain a subdomain that possesses a similar
structure to the acyl-CoA binding protein, which has an
affinity to palmitoyl-CoA. Thus, I guessed that ERM
proteins may interact. with the palmitoylated proteins.
We found that ERM proteins possessed an ability to bind
to the chemically-modified palmitoylated peptides.
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DEPARTMENT OF CELL BIOLOGY

Chairperson: OHSUMI, Yoshinori

DIVISION OF CELL MECHANISMS

DIVISION OF BIOENERGETICS

DIVISION OF CELL PROLIFERATION (ADJUNCT)
DIVISION OF CELL FUSION (ADJUNCT)

DIVISION OF CELLULAR COMMUNICATION (ADJUNCT)

The department consists of two regular divisions and three adjunct di-
visions. The department conducts studies on molecular dynamics of the
cell in eukaryotes such as organelle differentiation, autophagy, cell

motility, cytokinesis and neural development.
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DiviSION OF CELL MECHANISMS

Professor: NISHIMURA, Mikio
Associate Professor: HAYASHI, Makoto
Research Associates: MANO, Shoji
YAMADA, Kenji (November 1~)
Technical Staff: KONDO, Maki
NIBB Research Fellow: ~ SHIRAHAMA, Kanae

JSPS Postdoctoral Fellow: NITO, Kazumasa (April 1~)
Graduate Students: WATANABE, Etsuko (~March 31)
FUKAO, Youichiro

KAMADA, Tomoe

HATSUGAI, Noriyuki
NAKAMORI, Chihiro

YAGI, Mina

YOSHINORI, Yumi (August 1~)
UEDA, Chizuru

KOMORI, Akiko (~March 31)
IYODA, Yuri (February 15~)

Technical Assistants:

Secretaries

Higher plant cells contain several distinct organelles
that play vital roles in cellular physiology. During prolif-
eration and differentiation of the cells, the organelles
often undergo dynamic changes. The biogenesis of new
organelles may occur, existing organelles may undergo a
transformation of function, while other organelles may
degenerate. Because the dynamic transformation of
organellar function (differentiation of organelles) is re-
sponsible for flexibility of differentiation events in higher
plant cells, the elucidation of regulatory mechanisms un-
derlying organelle transformation are currently studied in
this division.

I. Reversible transformation of plant peroxisomes

Dramatic metabolic changes which underlie the shift
from heterotrophic to autotrophic growth occur in green-
ing of seed germination. Accompanying these metabolic
changes, many constitutive organelles are functionally
transformed. Etioplasts differentiate into chloroplasts and
mitochondria acquire the ability to oxidize glycine.
Glyoxysomes which are microbodies engaged in the deg-
radation of reserve oil via 3-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. The functional transformation between
glyoxysomes and leaf peroxisomes is controlled by gene
expression, alternative splicing, protein translocation and
protein degradation. We now engage in proteomic and
transcriptomic analyses of the reversible peroxisomal
transition in Arabidopsis cotyledons.

II. Intracellular transport of peroxisomal proteins

Enzymes localized in plant peroxisomes are synthe-
sized in the cytosol, and function after their post-
translational transport into peroxisomes. Almost all of
the peroxisomal matrix proteins are known to contain one
of two targeting signals (PTS1 and PTS2) within the
molecules. PTS1 is a unique tripeptide sequence found
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in carboxyl terminus of the mature proteins. The per-
missible combinations of amino acids for PTS1 in plant
cells are [C/A/S/P]-[K/R]-[I/L/M]. In contrast, PTS2 is
involved in a cleavable amino terminal presequence of
peroxisomal proteins that are synthesized as precursor
protein with larger molecular mass. PTS2 consists of a
consensus sequence [R]-[L/Q/]-X5-[H]-[L]. PTS1 and
PTS2 are initially recognized by binding with their
cytosolic receptors, AfPex5p and ArPex7p, respectively.
Since AfPex5p could also bind with AfPex7p, they might
form a receptor-cargo complex.

Catalase is a peroxisomal protein that have been know
to contain no obvious PTS1/PTS2. We recently found
that **QKL of the enzyme function as an alternative
peroxisomal targeting signal. Yeast two-hybrid analysis
revealed that the signal also binds with AsPex5p. The
result indicated that catalase is also imported into
peroxisomes by PTS1-dependent manner.

Arabidopsis ped2 mutant is one of the mutants that
show resistance to 24-dichlorophenoxybutyric acid.
PED2 gene, responsible for this deficiency, encodes a
peroxisomal membrane protein, ArPex14p. Mutation in
the PED2 gene results in pleiotropic defects on fatty acid
degradation, photorespiration, and the morphology of all
kinds of peroxisomes by disrupting both PTS1- and PTS2-
dependent peroxisomal protein import pathways. Binding
assay revealed that ArPex14p directly binds with AsPex5Sp,
but not with ArPex7p. AfPex14p controls both PTS1- and
PTS2-dependent peroxisomal protein import pathways by
binding with the receptor-cargo complex involving
ArPex5p. These data suggest that the ArPexl4p has a
common role in maintaining physiological functions of all
kinds of plant peroxisomes by determining peroxisomal
protein targeting.

III. Dynamic morphology and actin dependent
movement of plant peroxisomes

To characterize peroxisomes in vivo, we visualized
them in cells of various tissues of Arabidopsis by green
fluorescent protein (GFP) through the addition of the
peroxisomal targeting signal 1 (PTS1) or PTS2. The ob-
servation using confocal laser scanning microscopy re-
vealed that the GFP fluorescence signals were detected as
spherical spots in all cells of two kinds of transgenic
plants. Interestingly, however, abnormal large perox-
isomes are present as clusters at the onset of germination,
and these clusters disappear in a few days. Moreover,
tubular peroxisomes which looked like the dumbbell, as if
two peroxisomes were connected with the tubule, were
also observed in the hypocotyl. Peroxisomes turned to be
motile organelles whose movement might be caused by
cytoplasmic flow. The movement of peroxisomes was
more prominent in root cells than that in leaves, and di-
vided into two categories: a relatively slow, random,
vibrational movement and a rapid movement. Treatment
with anti-actin and anti-tubulin drugs revealed that actin
filaments involve in the rapid movement of peroxisomes.
These findings indicate that peroxisomes undergo dra-
matic changes in size, shape, number and position within
the cell.
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fraction of nail plants. Compare with the accumulation of
GFP-HDEL, which was associated with both cisternal ER
and ER bodies, the accumulation of PYK10 was much
more specific to ER bodies. These findings indicate that
PYK10 is the main component of ER bodies. Taken to-
gether, these results suggest that the formation of ER
bodies is a novel and unique type of endomembrane sys-
tem in the responses of certain cells to environmental
stress.

IV. Role of molecular chaperones in organelle
differentiation.

Molecular chaperones are cellular proteins that func-
tion in the folding and assembly of certain other polypep-
tides into oligomeric structures but that are not, them-
selves, components of the final oligomeric structure. To
clarify the roles of molecular chaperones on organelle
differentiation, we have purified and characterized
chaperonin and Hsp70s and analyzed their roles in the
translocation of proteins into chloroplasts.

Previously, we characterized a mitochondrial co-
chaperonin (Cpnl0) and chloroplast co-chaperonins
(Cpn20) and (Cpnl0) from Arabidopsis. In 2002, we
started to characterize molecular chaperones in
peroxisomes with collaboration with Dr. A. Kato at Nii-
gata Univ. We found that a novel small heat shock protein
(sHsp) localizes in peroxisomes. Molecular and functional
characterization of the sHsp is now under experiments.
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DEPARTMENT OF DEVELOPMENTAL BIOLOGY

Chairperson: NAGAHAMA, Yoshitaka

DIVISION OF REPRODUCTIVE BIOLOGY

DIVISION OF CELL DIFFERENTIATION

DIVISION OF MORPHOGENESIS

DIVISION OF DEVELOPMENTAL BIOLOGY (ADJUNCT)

The department is composed of three divisions and one adjunct
division. Department members conduct molecular analysis on
various aspects of developmental phenomena including (1) gonadal
sex differentiation and gametogenesis, (2) gene regulation in cell

differentiation and growth, and (3) molecular basis of body plans.
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II. Endocrine regulation of gonadal sex differen-
tiation

Nile tilapia, Oreochromis niloticus, is an excellent
example of the precise nature of steroidogenic actions
during gonadal sex differentiation. In this fish, all
genetic female (XX) or male (XY) broods can be
obtained by artificial fertilization of normal eggs (XX)
and sex-reversed, pseudo male sperm (XX), or normal
eggs (XX) and super male sperm (YY), respectively.
Fertilized eggs hatch after 4 days at 26°C. On the day of
hatching, primordial germ cells (PGCs), are located in
the outer layer of the lateral plate mesoderm around the
hind gut. At 3 days post-hatching, PGCs are located in
the gonadal anlagen after the formation of the coelomic
cavity in the lateral plate mesoderm rather than through
active migration.

In tilapia, first morphological sex difference is re-
garded as the number of germ cells between sexes.
Second sexual dimorphism in germ cells is the timing
for entry of germ cells into meiosis. Recently, we found
that two isoforms of vasa mRNA and protein are pre-
sent in tilapia. One (vas-s) lacks a part of the N-terminal
region found in the other isoform (vas). Both isoforms
are expressed in oocytes through the embryonic stage
when PGCs localize in the lateral plate mesoderm.
Thereafter vas-s expression increases and vas expres-
sion becomes undetectable. Expression of both isoforms
was observed again after morphological gonadal sex
differentiation, irrespective of genotypic sexes. We have
also generated medaka transgenic lines with green fluo-
rescent protein (GFP) fluorescence controlled by the
regulatory regions of the olvas gene in the germ cells.
The intensity of GFP fluorescence increases dramati-
cally in PGCs located in the ventrolateral region of the
posterior intestine around stage 25 (the onset of brood
circulation). Whole-mount ir situ hybridization and
monitoring of ectopically located cells by GFP fluores-
cence suggest that 1) the increase in zygotic olvas ex-
pression occurs after PGC specification and 2) PGCs
can maintain their cell characteristics ectopically after
stages 20-25. The GFP expression persists throughout
the later stages in the mature ovary and testis.

In tilapia, mitosis of germ cells begins around 10
days post-hatching in genetic females, but can not be
confirmed until after sex differentiation in testes of ge-
netic males. Steroid-producing cells in ovaries, but not
testes, at the undifferentiated and differentiating stages
express all of the steroidogenic enzymes required for
estradiol-17P biosynthesis from cholesterol. Transcripts
of estrogen receptors (ER) o and P first appear in both
female and male gonads of fry 5-10 days post-hatching.
These results, together with evidence of masculinization
of genetic females by fadrozole (an aromatase inhibitor)
or tamoxifen (an estrogen receptor antagonist), strongly
suggest that endogenous estrogens act as the natural
inducers of ovarian differentiation in tilapia. In contrast,
the ability of steroid-producing cells to synthesize ster-
oid hormones in the testes only appears at the time of
testicular differentiation. Transcripts of androgen re-
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ceptors are not present in gonads of genetic males dur-
ing sex differentiation. DMRT! is expressed
male-specifically in the gonads (Sertoli cells) during sex
differentiation, suggesting an important role of DMRTI
in testicular differentiation.

II1. Endocrine regulation of spermatogenesis

Using an organ culture system for eel testes consist-
ing of spermatogonia and inactive somatic cells, we
have shown that the hormonal regulation of spermato-
genesis in eel testes involves the gonadotropin stimula-
tion of Leydig cells to produce 11-ketotestosterone
(11-KT), a potent androgen in fish. In turn, 11-KT acti-
vates Sertoli cells to stimulate the production of activin
B. Addition of recombinant eel activin B to the culture
medium induced proliferation of spermatogonia, pro-
ducing late type B spermatogonia, within 15 days in the
same manner as did 11-KT. ¢cDNAs encoding two an-
drogen receptors (ARa and AR) have been cloned, for
the first time in any vertebrates, from eel and tilapia
testes. In situ hybridization reveals that although both
AR mRNAs are present in eel testes prior to HCG in-
jection, only ARo transcripts increase during
HCG-induced spermatogenesis suggesting that ARa
and ARP play different roles in spermatogenesis. Ac-
tivin B binds to activin type I and II receptors on sper-
matogonia to stimulate de novo synthesis of G1/S cy-
clins and CDKs leading to the initiation of mitosis. In-
terestingly, cyclin Al transcripts are first detected in
primary spermatocytes during HCG-induced spermato-
genesis in eel testes suggesting an important role for
cyclin Al in the progression to meiosis of male germ
cells.

IV. Endocrine regulation of oocyte growth and
maturation

Two follicular steroidal mediators, estradiol-17
(oocyte growth) and 17¢,20B-dihydroxy-4-pregnen-3-
one (170,20B-DP) (oocyte maturation) were identified
in several teleost fishes. Two cell-type models in which
the thecal layer provides precursor steroids to the
granulosa layer, have been demonstrated for estra-
diol-17B and 170,20B3-DP production. There is a dis-
tinct shift in expression of steroidogenic enzyme genes
from cytochrome P450 aromatase (P450arom) for es-
tradiol-17f production to 20B-hydroxysteroid dehydro-
genase (20B-HSD) for 17q,20B8-DP production in
granulosa cells immediately prior to oocyte maturation.
The preovulatory surge of LH-like gonadotropin is re-
sponsible for the rapid expression of 20-HSD mRNA
transcripts in granulosa cells during oocyte maturation.
Two possible transcription factors have been identified:
Ad4BP/SF-1 (P450arom) and CREB (20B-HSD).
Unlike estradiol-178 (genomic action), 17a,20B-DP
binds to a novel, G-protein-coupled membrane receptor
(non-genomic action), leading to the de novo synthesis
of cyclin B, the regulatory component of matura-
tion-promoting factor (MPF), which activates a preex-
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isting 35-kDa cdc2 kinase via phosphorylation of its
threonine 161 by a threonine kinase (MO15), thus pro-
ducing the 34 kDa active cdc2. Upon egg activation,
MPF is inactivated by degradation of cyclin B. We
showed that the 26S proteasome initiates cyclin B deg-
radation through the first cut of its NH, terminus at ly-
sine 57.
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Cell and tissue differentiation proceeds systematically
based on orchestrated expressions of a battery of genes.
The expressions commence successively along with the
passage of time, and consequently a single fertilized egg
develops into a variety of tissues and organs, which con-
sist of specialized cells in terms of their structures and
functions. Accordingly, it is reasonable to assume that
investigation of the mechanisms underlying cell and
tissue-specific gene expressions at a molecular level is
essential for understanding molecular frameworks for
genetic cascades to support cell and tissue differentiation.
Based on the concept above, our division of Cell Differ-
entiation has focussed on sex differentiation of the gonads
and differentiation of the steroidogneic tissues form the
aspect of functions of tissue-specific transcription factors
and growth factors.

A number of transcription factors are involved in the
process of gonadal differentiation. Some of these factors,
such as SRY, WT-1, DAX-1, and SOX-9 have been iden-
tified as the products of genes responsible for human
diseases that display structural and functional defects in
tissues including the gonads. The crucial functions of the
other transcription factors such as Ad4BP/SF-1, Emx-2,
M33, and Lhx-9 were identified by phenotypes of their
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gene disrupted mice. In addition, the expression profiles
with respect to their distribution and sexual dimorphism
strongly suggested the functional significance at the early
stage of gonadal differentiation. However, it remains to be
clarified how the transcription factors above regulate their
target genes transcription and how the genes encoding the
transcription factors are regulated. When considering a
gene regulatory cascade that supports differentiation and
sex differentiation of the gonad, studies of the above two
directions are quite important. Based on this concept, we
investigated mainly the functions of Ad4BP/SF-1 and
Dax-1, and the mechanism of gene regulation encoding
these factors.

I. Gene regulatory cascade in the steroidogenic
tissue differentiation

When a differentiation process of a tissue is considered,
it is possible to assume that certain genes encoding tran-
scription factors are involved in a gene regulatory cascade
as the critical components. As a component in the cas-
cades required for adrenocortical and gonadal differentia-
tion, Ad4BP/SF-1 seems to be localized at the upstream of
a set of tissue-specific genes including steroidogenic Cyp
genes, while Ad4BP/SF-1 is localized at the downstream
of other transcription factors regulating Ad4BP/SF-1 gene
transcription. When considering that upregulation of the
components occurs from upstream to downstream of the
cascade along with the tissue differentiation and moreover
Ad4BP/SF-1 is an essential transcription factor in the
adrenocortical and gonadal cascade, identification of the
components functioning with Ad4BP/SF-1 and regulating
Ad4BP/SF-1 gene transcription is quite important for
fully understanding the molecular mechanisms underlying
differentiation of the adrenal cortex and gonad. Thus, we
have investigated gene regulation of Ad4BP/SF-1 and
Dax-1.

Tissue-Specific Enhancers on the Ad4BP/SF-1 Gene

Based on the aspect above, the regulatory region of the
Ad4BP/SF-1 gene has been investigated in vivo. A mouse
YAC clone (longer than 480 kb) containing whole
Ad4BP/SF-1 gene was examined. The long fragment was
subcloned into cosmid vector carrying Lac Z gene as a
reporter gene, and subjected to transgenic assay to exam-
ine if they have tissues-specific enhancer element. Our
survey for the genomic DNA revealed that particular re-
gions in the Ad4BP/SF-1 gene are responsible for the
gene expression specific for the adrenal cortex,
ventromedial hypothalamic nucleus, and pituitary. Inter-
estingly, all of them are localized at the intronic regions
and the nucleotide sequences are conserved among animal
species. The fine structures of these tissue-specific en-
hancers are investigating.

Wnt4 Signal for Gonad Sex Differentiation

Dax-1 is an orphan nuclear receptor acting as a sup-
pressor of Ad4BP/SF-1, and as an anti-Sry factor in the
process of gonadal sex differentiation. The roles of these
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V. Comprehensive analysis of developmentally
regulated genes using macro/microarray

In order to examine the global expression profile dur-
ing early development of Xenopus laevis, we have col-
lected massive EST sequences from three normalized
cDNA libraries of early gastrula, neurula and tailbud stage.
To date, more than 70,000 ESTs were produced and as-
sembled into 12,447 contigs and 15,361 singlets. Homol-
ogy analysis shows about 40% of known X. laevis pro-
teins are included in these libraries. Moreover, a few
thousand novel X. laevis orthologue genes which share
high similarities (E<107® with those of other animals are
also found. EST sequences and annotational information
can be accessed through the web at NIBB X. laevis EST
database XDB (http://xenopus.nibb.ac jp/), and cDNAs
are available for request.

Using these resources, we generated the NIBB 40k
¢DNA macroarray, and as an initial case to investigate,
we conducted a large-scale gene expression screening of
Xnr-1 regulated genes. As a result, we have isolated 74
(0.16%) Xnr-1 up-regulated (ratio = 2.0), and 47 (0.10%)
down-regulated (ratio s 0.5) independent EST clones.
Whole-mount in situ hybridization was carried out as
secondary screening step, showing high ratio of specific
gene expression patterns. These clones encode a variety of
signal transduction and transcription regulatory compo-
nents, and also cytoskeletal components, suggesting dy-
namic cellular changes in response to the Nodal signals.
This also proves DNA array to be an effective screening
assay for novel genes which function in the early devel-
opment of Xenopus, utilizing our ESTs.
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The member of this adjunct division shifted from the
Division of Cell Proliferation as of year 2001. The aim of
this division is to understand the basic rules by which
elaborate neural circuits develop and function. With less
than 10° neurons, and subject to powerful molecular and
genetic techniques, the brain of the fruit fly Drosophila
melanogaster is a good model system for such study.

I. Comprehensive identification of neural circuits in
the adult brain

In spite of the hundred years of efforts using Golgi and
other anatomical techniques, the circuit structure of
higher-order associative regions of the brain is still
essentially unresolved. The GAL4 enhancer-trap system,
which is widely used for mutagenesis and gene cloning of
Drosophila, is also a powerful tool for obtaining a vast
array of transformant strains that label specific subsets of
brain cells. We screened such strains from a stock of 4500
GALA4 lines made by the NP consortium, a joint venture
of eight Japanese fly laboratories organized by us.

The database of GAL4 expression patterns in the brain
of these strains is the infrastructure for further analysis.
Having completed the image database of the confocal
sections of the adult brain last year, we started making a
similar database for the larval brain and accumulated
59,723 brain images so far.

Analyses of neurons processing visual and olfactory
information continue since previous years. For the visual
system, we identified in total 44 pathways that connect
the optic lobe and the central brain. To investigate the
difference of their roles in visual information processing,
we blocked the synaptic transmission of identified
neurons with the ectopic expression of the dominant
mutant form of Dyrnamin GTPase, which blocks the
recycling of synaptic vesicles. Flies expressing this
transgene in various subsets of the 44 visual pathways
were subjected to phototaxis assay, which analyzes the
flies’ ability to identify the orientation of the light source.
The effect was different depending on the color of light
source, suggesting that different pathways might convey
the visual information of different wavelength ranges.

For olfactory pathways, last year we identified the
structures of the projection neurons that transmit
information from the first-order olfactory processing site
(antennal lobes) to the second-order sites (mushroom
bodies and lateral horns). This year we screened the
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strains that label neurons of these second-order sites. The
area of arborization of these neurons showed strong
spatial correlation with the distribution of the terminals of
the projection neurons. The olfactory code across
glomeruli is thus essentially maintained in the neurons of
the second-order sites. Like projection neurons, the spatial
specification of these neurons were established before
adult eclosion and maintained after surgical ablation of
the olfactory input.

We also started the characterization of the pathways
that convey auditory information. Although the auditory
organ of the flies had been identified as the Johnston’
Organ, which resides at the base of the antenna, the
precise projection patterns of its neurons were not known,
We screened the strains that label sensory neurons of this
organ and are mapping the distribution -of their terminals
in the brain.

II. Distribution of neurons that release and receive
inhibitory transmitters

Although inhibitory synapses play important roles for
information processing, and the GABA is the major
neurotransmitter for this function, detail of synaptic
connections mediated by GABA is essentially unknown.
By combining fluorescent in situ hybridization (FISH)
and GFP-immunostaining, we examined the precise
distributions of neurons that release and/or receive GABA
in the antennal lobe. We found that most of the local
interneurons we identified are GABAergic and have
GABA receptors. In the case of projection neurons, we
found that majority of mACT neurons, but not iACT and
0ACT neurons, are GABAergic, and that mACT neurons
rarely have output sites in the antennal lobe. These
findings indicate that, although a wide variety of neurons
in the antennal lobe receive inhibitory signals, these
signals derive essentially from only the local interneurons.

III. Cell lineage-dependent modular structures in
the brain

The brain of Drosophila melanogaster is produced by
an average of 85 stem cells (neuroblasts) per hemisphere.
In previous years, we found that the progeny of each
neuroblast project to only a few regions of the adult brain
in a stereotypic manner, forming a lineage-dependent
circuit module called a clonal unit.

In order to map their distribution, we examined the
clonal units in more than 800 adult brains and categorized
them. We identified 80 candidate units, among which at
least 30 have so far been confirmed to be unique. Further
characterization and categorization are under way.

IV. Cell proliferation in the adult brain

Recently, proliferation of neural stem cells in the adult
brain was reported in mammals as well as in various
insects. To see whether this is also the case in Drosophila,
we observed the cell proliferation in the adult brain
throughout their lifetime (from zero to 50 days after
eclosion). Though we found no systematic proliferation of
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The department is composed of two regular divisions and two adjunct
divisions. The study of this department is focused on molecular
mechanisms for the development of central nervous systems in
vertebrates, and also on molecular mechanisms for the response of plants

toward external environments, such as light, temperature and salinity.
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We have been studying the molecular and cellular
mechanisms underlying the development of the vertebrate
central nervous system. It covers all the major events
including the patterning and growth of the nervous system,
neuronal determination, axonal navigation and targeting,
synapse formation and plasticity, and neuronal regenera-
tion, especially in the visual system. The scope of our
interests also encompasses various functions of the ma-
tured brain including sensation, behavior, learning and
memory.

I. Molecular mechaﬁism of neural development
(Regional specification in the retina and topog-
raphic retinotectal projection)

Topographic maps are a fundamental feature of neural
networks in the nervous system. Understanding the
molecular mechanisms by which topographically ordered
neuronal connections are established during development
has long been a major challenge in developmental neuro-
biology. The retinotectal projection of lower vertebrates
including birds has been used as a readily accessible
model system. In this projection, the temporal (posterior)
retina is connected to the rostral (anterior) part of the
contralateral optic tectum, the nasal (anterior) retina to the
caudal (posterior) tectum, and likewise the dorsal and
ventral retina to the ventral and dorsal tectum, respec-
tively. Thus, images received by the retina are precisely
projected onto the tectum in a reversed manner.

Since 1992, we have been devoting our efforts to
searching for molecules with asymmetrical distribution in
the embryonic chick retina, and to characterization of
their roles in the topographic retinotectal projection. We
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identified 33 molecules along the nasotemporal axis and
20 molecules along the dorsoventral axis, with various
asymmetrical expression patterns in the developing retina.
We elucidated the primary structures of all these cDNA
clones and examined their expression patterns during
development. These included many novel molecules
together with the known molecules: transcription factors,
receptor proteins, secretory factors, intracellular proteins,
and so on.

We first identified two winged-helix transcriptional
regulators, CBF-1 and CBF-2, expressed in the nasal and
temporal retina, respectively. Misexpression experiments
using a retroviral vector showed that these two transcrip-
tion factors determine the regional specificity of the
retinal ganglion cells, namely, the directed axonal projec-
tions to the appropriate tectal targets along the an-
teroposterior axis. Secondly, we identified a novel reti-
noic acid-generating enzyme, RALDH-3, which is spe-
cifically expressed in the ventral region of the retina, to-
gether with a dorsal-specific enzyme RALDH-1.

Furthermore, we recently identified a novel secretory
protein, Ventroptin, which has BMP-4 neutralizing activ-
ity. Ventroptin is expressed in the retina with a ventral
high-dorsal low gradient at early stages. This expression
pattern is complementary to that of BMP-4, At later stage
(E6~), a nasal high-temporal low gradient expression
pattern is also detected. Ventroptin thus shows a double-
gradient expression profile along the dorsoventral and
nasotemporal axes. Misexpression of Ventroptin altered
expression patterns of several topographic genes: BMP-4,
Thx5 and cVax along the dorsoventral axis and ephrin-A2
along the nasotemporal axis. Consistently, in these
embryos, projection of the retinal ganglion cell axons to
the tectum was also changed along the both axes. The
topographic retinotectal projection along the dorsoventral
and anteroposterior axes thus appears to be controlled not
independently but in a highly concerted manner by
Ventroptin.

To understand the molecular mechanism underlying the
specificity of precise neuronal connections, detailed in-
formation on the behavior of developing axons during
their pathway selection and target recognition is essential.
For such studies, several genetic approaches to the
laveling and visualizing of neural projections in mice
using transgenic or knock-in techniques have been re-
ported. We employed GAP-lacZ as an axon-targeted
reporter protein constructed by fusing the membrane-
anchoring domain of the GAP-43 protein to lacZ. The
reporter gene was introduced into the genome under the
control of a promoter element of Brn3b transcription fac-
tor to establish transgenic mouse lines. The individual
lines thus generated afforded clear images of specific
axonal pathways of the visual (Fig. 1), vomeronasal,
pontocerebellar, and auditory systems. The reporter pro-
tein labelled the entire axonal process as well as the cell
body of developing and mature neurons on staining with
X-gal. We showed that these lines facilitate the develop-
mental and anatomical study of these neural systems.
Moreover, this strategy must be applicable to a variety of
neural systems by using various specific promoter
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The major thrust of the research efforts of this division
is directed towards understanding the signal transduction
mechanisms operating in plants and microorganisms with
respect to perception of various kinds of stress that arise
due to changes in environmental conditions, with particular
emphasis on extreme temperatures and salinity. In addition,
techniques are being developed for transformation of
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plants so that they gain the ability to acclimate to and tol-
erate such stress conditions. In 2002, significant progress
was made in the following areas using cyanobacteria as a
model system.

I. Membrane rigidification enhances the cold
inducibility of gene expression

Our previous experiments have indicated that the ex-
pression of the cold-inducible desA gene in Synechocysﬁs
sp. PCC 6803 (hereafter Synechocystis), which encodes the
A12 fatty acid desaturase, is induced by catalytic hydro-
genation of fatty acids in plasma-membrane lipids. Thus,
we hypothesized that changes in membrane fluidity/rigidity
are primary signal of cold stress and are perceived by a
cold sensor that is localized at plasma membranes. To
evaluate this hypothesis, we examined the effect of genetic
rigidification of membrane lipids on the cold inducibility
of gene expression using DNA microarrays.

We first inactivated the desA and desD genes for Al2
and A6 desaturases, respectively, in Synechocystis by tar-
geted mutagenesis. The resultant desA’/desD™ cells con-
tained only mono-unsaturated lipid molecules, whereas
wild-type cells contained poly-unsaturated lipid molecules.
DNA microarray analysis demonstrated that in desA”/desD
mutant cells a large number of genes were induced by cold
than in wild-type cells. Fourier transform infrared (FTIR)
spectroscopy demonstrated that the replacement of poly-
unsaturated membrane lipids by mono-unsaturated ones
rigidified the membrane lipids. Thus, we conclude that the
rigidification of membrane lipids enhances the cold-
inducibility of gene expression.

By contrast, the heat inducibility of gene expression was
unaffected by mutation of the desA and desD genes, indi-
cating that heat inducibility of gene expression is not trig-
gered by changes in membrane rigidification. These find-
ings suggest that the change in membrane fluidity/rigidity
is involved in the mechanism of cold perception but not of
heat perception in Synechocystis cells. [Inaba et al. (2003)
J. Biol. Chem., in press].

I1. Multi-stress sensor Hik33 in Synechocystis

An increase in osmotic pressure leads to a decrease in
cell volume (plasmolysis) by efflux of water from the cell.
To recover from the plasmolysis, cells perceive a signal of
hyperosmotic stress to maintain physiological cellular
osmolarity via the expression of osmostress-inducible
genes. Screening of Synechocystis mutant library of
histidine kinases by DNA microarray technique identified a
histidine kinase, Hik33, as an osmosensor. Qur previous
results have demonstrated that Hik33 is a cold sensor in
Synechocystis.

DNA microarrays were employed to examine whether
Hik33 perceives cold and osmostress differently. The
results indicated that Hik33 regulates the expression of a
large number of osmostress-inducible genes, although 66%
of Hik33-regulated genes encoded proteins of unknown
function. Hik33-regulated genes are involved in the
structural maintenance of cell wall and membranes and the
regulation of phosphate transport, photosynthesis, signal
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Plants respond to light, as an environmental factor to
optimize development and regulate other physiological
phenomena. Phytochrome and blue light receptors, such as
cryptochrome and phototropin (phot), are the main
photoreceptors for plant photomorphogenesis. The goal of
our research is to elucidate the photoperception and the
signal transduction pathways of photomorphogenesis.

I. Chloroplast relocation movement

One of our major subjects is chloroplast photo-relocation
movement, which is thought to be one of the simplest
phenomena in this field. We use the femn Adiantum capillus-
veneris and the moss Physcomitrella patens as model plants
for our cell biological approach since the gametophytes are
very sensitive to light and the organization of the cells is very
simple. We also use Arabidopsis mutants to identify the
genes regulating chloroplast photo-relocation movement.

1-1 Arabidopsis

Chloroplasts accumulate at the cell surface under weak
light and escape from the cell surface to the anticlinal wall
under strong light to optimize photosynthesis. The
significance of chloroplast avoidance movement, however,
has been uncertain. We analyzed the influence of strong
light using several mutants which are defective in
avoidance movement in Arabidopsis. One of the mutants
is phot2, defective in the blue-light photoreceptor
phototropin.  The other mutant is chupl which is
hypothesized to lack some part of the movement
mechanism. Both mutants showed severe damage of
leaves when irradiated with strong light for more than 10
hr. The reactive oxygene-scavenging capacity in these
mutant leaves, especially the activities of scavenging
enzymes, did not differ between mutant and wild-type
plants. This suggests that the chloroplast avoidance
response is a very important physiological response in
plants under high light conditions.

1- 2 Adiantum phy3

Adiantum phytochrome3 (PHY3) is a unique chimeric
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protein with a phytochrome structure in the N-terminal
half and a phototropin structure in the C-terminal half.
PHY3 gene analysis of EMS-induced rap (red light-
induced aphototropic) mutants of Adiantum and
complimentation testing revealed that phy3 is the
photoreceptor of red light-induced phototropism and
chloroplast photorelocation movement. Phy3 also
mediates these phenomena in Adiantum sporophytes as
well as gametophytes. Phylogenic analyses of PHY3
genes in various ferns suggest that this gene is only found
in advanced ferns and is not present in primitive ferns.
Enhancement of the photosensitivity of ferns, likely an
additional function of phy3, may have contributed to fern
evolution and differentiation.

Phy3 has not yet been shown to function as a blue light
photoreceptor.

1-3 Adiantum phot2

Adiantum mutants which do not show chloroplast
avoidance movement under strong blue light have been
isolated. Gene analysis of these mutants and
complimentation tests with PHOT?2 gene reveal that phot2
is a photoreceptor of blue light-induced avoidance
movement of chloroplasts in Adiantum, as in the case of
Arabidopsis. Particle bombardment of modified PHOT2
genes into phot2 mutants show that LOV2 domain of
phot2 functions as a chromophore binding domain but
LOV1 domain does not. Gene deletions of PHOTZ2 from
3’ region also show that an important domain of phot2
exists within the C-terminus.

I1. Gene targeting and gene silencing

In order to elucidate the role of genes in Adiantum and
rice whose function is unknown, we have tried to
establish new methods for gene targeting in these
organisms.

2- 1 Miniature transposable element

Miniature inverted-repeat transposable elements (MITE)
have been found in wide range of organisms but active
MITEs have not been identified. We found a new class of
MITEs in rice and named them miniature Ping (mPing).
mPing elements are activated in cells derived from anther
culture and excise efficiently from original sites to reinsert
into new loci. mPing-associated Ping element which has a
putative transposase sequence was also found and shown to
transpose within the rice genome.
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The vertebrate nervous system contains a large number
of neurons that are connected to each other by specific
axonal projections. We are interested in how the com-
plex but precise neuronal network, which is indispensable
for functioning of the nervous system, is constructed
during development. The goal of our research in this
division is to elucidate the cellular and molecular mecha-
nisms underlying the neuronal network formation in ver-
tebrates, with current focuses on the mechanisms of axon
guidance and neuronal migration.

1. Mechanism of Axonal Guidance

During development of the nervous system, growing
axons are guided through specific pathways to correct
targets. Our research interest focuses on the cellular and
molecular mechanisms of axon guidance in the vertebrate
nervous system. We are particularly inter-ested in how
guidance mechanisms operating in differ-ent phases of
axonal growth are assembled to generate the complex but
precise axonal wiring patterns in the brain. To address
these issues, we are first trying to understand axonal wir-
ing patterns during development with reference to the
structural organiza-tion of the brain. Using whole-
mounted preparations of embry-onic rat brains, we will
reveal whole axonal trajectories by labeling with neuronal
tracers, such as Dil, or by immunohistochemical staining
with antibodies against molecular markers expressed in a
subset of neurons. We will next explore the axonal
guidance mechanisms generating these wiring patterns.
Following questions will be addressed. 1) What struc-
tures along the path-way have key roles in axonal guid-
ance? 2) What guidance cues exist in these structures?
Are these attractive cues or repulsive cues? Are these
short-range cues or long-range cues? 3) What molecules
are responsible for these cues? 4) How do multiple
guid-ance mechanisms work in concert to generate spe-
cific wiring patterns? To answer these questions, we use
neuroanatomical techniques, in vitro culture techniques
including dissociated cell, explant and whole-mount cul-
tures, and biochemical and molecular biological tech-
niques.

I1. Mechanism of Neuronal Migration

A variety of neurons migrate from their birthplace to
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the position where they finally settle. Neuronal migra-
tion in the vertebrate central nervous system occurs both
along the radial axis and along the tangential axis of the
neural tube. Another interest of our research focuses on
the cellular and molecular mechanisms un-derlying the
radial and tangential neuronal migration. In many re-
gions of the central nervous system, neurons migrate
radially from the ventricular zone where they are born
toward the pial surface. We are investigating the mecha-
nisms of radial migration, using neurons in the neocortex
as a model system. In addition to the radial migration,
some neurons in the brain, such as interneurons in the
forebrain, move tangentially for a long distance. We are
also investigating how tangentially migrating neurons are
guided for a long distance through specific routes to the
final positions, using neurons that migrate from the
rhombic lip at the dorsal rim of the hindbrain, such as
cerebellar granule cells and precerebellar neurons.

To address these issues, we developed in vitro culture
systems that reconstruct migratory events occurring in
vivo. We labeled migrating neurons with green fluores-
cent protein (GFP) by transplantation of small piece of
explant taken from a transgenic rat expressing GFP or by
introducing GFP c¢DNA into limited regions of the brain
by electroporation. Slices of the brain or flat-mounted
brain preparation are then cultured on perme-able mem-
brane filters. These culture systems enable us to analyze
migration pattern of neurons in real time (Fig. 1). Using
these in vitro culture systems, we are currently investi-
gating the cellular and molecular mechanisms of neuronal
migration.
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The laboratory consists of four regular divisions and conducts researches

into regulatory mechanisms of gene expression in microorganisms, plants

and animals.
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The genomes of higher organisms contain significant
amounts of repetitive sequences, which in general, are
unstable. At present, neither the physiological function(s)
of repeated sequences nor the mechanism controlling the
instability is fully understood. To clarify these aspects, we
are pursuing the following themes using E. coli and S
cerevisiae. (1) An amplification mechanism of repeated
sequences or genes, especially IRNA repeated genes, (2) a
mechanism of replication fork block-dependent recombi-
nation, a key reaction that increases or decreases the
number of repeats, and (3) development of in vivo artifi-
cial gene amplification systems. Structural and functional
analyses of the E. coli genome are also being carried out.
In 2002, work on the following three subjects has ad-
vanced our knowledge of the dynamics and structure of
the genome.

I. Unequal sister-chromatid recombination induces
the instability of the rDNA in Saccharomyces
cerevisiae.

The yeast S. cerevisiae carries approximately 150
copies of the ribosomal RNA gene (tDNA) in tandem
repeats on chromosome XII. Transcription of the rDNA is
carried out specifically by RNA polymerase I (Pol I), one
of the three kinds of eukaryotic RNA polymerases. The
absence of an essential subunit of Pol I in rpal35 deletion
mutants causes a gradual decrease in the rDNA repeat
number to approximately half the normal level and
reintroduction of the missing RPAI35 gene induces a
gradual increase in repeat number back to the normal
level. This contraction/expansion requires the FOBI gene
protein (Foblp) which is also required for replication fork
blocking activity at the replication fork barrier (RFB) site.
The RFB site is located in a non-transcribed spacer region,
called NTS1, in each rDNA unit. Using this artificial
induction system of amplification, we tested the effects of
several mutations on the pattern of copy number increase.
The gene RADS52 was essential for the increase in tDNA
repeats. mrell mutant cells showed a partial reduction in
the amplification of rDNA. In a sir2 mutant, the rate of
amplification increased by more than two-fold, although
the copy number was not stabilized. The hyper-
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recombinogenic phenotype in the mutant was dependent
on FOBI. In addition, the loss of SIR2 function reduced
the association of Mcdlp, a factor involved in sister-
chromatid cohesion, with the non-transcribed spacer re-
gion, NTS1, in the IDNA repeats. A temperature sensitive
mutant of the cohesin complex, smci-2, had an approxi-
mately 8-fold increase in the loss of a URA3 marker,
which is integrated in the rDNA repeats, at the semi-
permissive temperature. These results suggest that the
establishment of sister-chromatid cohesion would affect
the efficiency of the unequal sister-chromatid recombina-
tion to change the copy number of tDNA after the double
strand break at the DNA replication fork arrested at the
RFB site (see Figure).

II. Transcription-dependent recombination in yeast
rDNA.

In Escherichia coli, we previously identified a chromo-
some-derived EcoRl fragment, as a recombinational
hotspot, HotH, which contains the 3° end of an rRNA
operon, rrnD. Under HotH active conditions, the progress
of the DNA replication fork was retarded in the latter part
of the rrnD operon, the transcriptional orientation of
which is opposite to that of the fork. This result suggests
that the collision between the replication fork and rRNA
gene transcription may be responsible for retardation.
Inactivation of the promoter of the rrnD operon simulta-
neously reduced the retardation of fork movement and
HotH activity. These results indicate that HotH activation
is caused by the collision between the DNA replication
fork and the reverse-oriented rrnD transcription.

The rRNA gene (tDNA) in S. cerevisiae has a tandem
repeat structure, whose copy number is approximately
150 copies. The replication fork barrier (RFB) site is
located near the 3'-end of the 35S rDNA of each rDNA
unit. This site inhibits the progression of the DNA
replication fork coming from the opposite direction of the
35S rtDNA transcription. The gene FOBI was previously
shown to be required for the replication fork blocking
activity at the RFB site and also later for the change in the
copy number of rDNA through unequal sister chromatid
recombination. Another function of the RFB site may be
to avoid a collision between 35S rDNA transcription and
DNA replication. Although a collision has never been
observed in the wild type or even in a fobl mutant with
150 copies of IDNA, it could be detected in a fobl
derivative with a reduced number of rDNA copies
(approximately 20) by using two-dimensional agarose gel
electrophoresis. This result suggests that while each
1DNA of 150 copies may be weakly transcribed or a small
fraction of the IDNA may be actively transcribed, most of
the reduced copies are probably extensively transcribed.
The collision was dependent on the transcription of 35S
1DNA by Pol 1. In addition, under these FOBI defective
conditions, transcription apparently enhanced recombina-
tion to change the copy number of rDNA and also to
produce the extra-chromosomal rDNA circles (ERCs)
whose accumulation is known to be a cause of aging.
These results suggest that such a transcription-dependent
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The moss homologs of SHOOTMERISTEMLESS and
ZWILLE genes, which are involved in Arabidopsis shoot
development, have been cloned and their characterization
is in progress.

III-III. Establishment of enhancer and gene trap
lines in the moss Physcomitrella patens

We also established enhancer and gene trap lines and
tagged mutant libraries of P. patens to clone genes in-
volved in the leafy shoot development in haploid genera-
tion. Elements for gene-trap and enhancer-trap systems
were constructed using the uidA reporter gene with either
a splice acceptor or a minimal promoter, respectively.
Through a high rate of transformation conferred by a
method utilizing homologous recombination, 235 gene-
trap and 1073 enhancer-trap lines were obtained from
5637 and 3726 transgenic lines, respectively. Expres-
sion patterns of these trap lines in the moss gametophyte
varied. The candidate gene trapped in a gene-trap line
YH209, which shows rhizoid-specific expression, was
obtained by 5’ and 3° RACE. This gene was named
PpGLU, and forms a clade with plant acidic alpha-
glucosidase genes. Thus, these gene-trap and enhancer-
trap systems should prove useful to identify tissue- and
celi-specific genes in Physcomitrella.
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The neutral theory of molecular evolution, the basic
theory for explaining evolutionary changes at the molecu-
lar level, claims that most evolutionary changes at the
molecular level are caused by random drift of neutral
mutants. This is sharply contrasted to the evolution at the
organismal level, where it is generally thought that natural
selection is the major driving force by which evolutionary
changes occur. How can we explain the evolutionary
changes at the two levels in a unified way. This is the
major problem that remains unsolved for molecular
evolutionists. As a first step for understanding the final
problem, we are investigating relationships of evolution-
ary diversifications between molecular and organismal
levels, based on molecular phylogenetic approach.

L. Divergence pattern of animal gene families and
relationship with the Cambrian explosion

In multicellular animals, a variety of gene families in-
volved in cell-cell communication and developmental
control have evolved through gene duplication and gene
shuffling, basic mechanisms for generating diverse genes
with novel functions. Each of these animal gene families
has originated either from a few ancestral genes which are
shared with plants and fungi or from an ancestral gene
created uniquely in animal lineage. The major groups of
bilateral animals are thought to have diverged explosively
at or prior to the Vendian - Cambrian boundary. No direct
molecular evidence has been provided to date as to
whether the Cambrian explosion was triggered by a
dramatical increase in the number of genes involved in
cell-cell communication and developmental control either
immediately prior to or in concert with the Cambrian
explosion.

A molecular phylogeny-based analysis of several ani-
mal-specific gene families has revealed the gene
diversification by gene duplication occurred during two
active periods interrupted by a long intervening quiescent
period. Intriguingly, the Cambrian explosion is situated in
the silent period, indicating that there is no direct link
between the first burst of gene diversification and the
Cambrian explosion itself. The above result also suggests
the importance of gene recruitment as a possible molecu-
lar mechanism for morphological diversity.

I1. Episodic divergence of eukaryote-specific genes
and evolution of Giardial membrane bounded
organella

To understand a question of whether divergence of
eukaryote-specific gene families recognized commonly in
all eukaryotes by gene duplication and domain shuffling
proceeded intermittently during evolution, as found in
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animal-specific gene families, a further molecular phylog-
eny-based analysis has been conducted for kinesin family
as a typical example for eukaryote-specific gene families.
We have cloned and sequenced cDNAs encoding kinesins
and kinesin-related proteins (KRPs) Giardia lamblia, the
most primitive protist that represents the earliest branch-
ing among extant eukaryotes and have obtained 13
kinesin-related ¢DNAs, some of which are likely
homologs of vertebrate kinesins involved in vesicle trans-
fer to ER, Golgi, and plasma membrane. A phylogenetic
tree of the kinesin family revealed that most gene duplica-
tions that gave rise to different kinesin subfamilies with
distinct functions have been completed before the earliest
divergence of extant eukaryotes. This suggests that the
complex endomembrane system has arisen very early in
eukaryotic evolution, and diminutive ER and Golgi
apparatus recognized in the Girdial cells, together with
the absence of mitochondria, might be characters acquired
secondarily during evolution of parasitism. To understand
the divergence pattern of the kinesin family in the lineage
leading to vertebrates, seven more Uncl04-related
¢DNAs have been cloned from sponge, amphioxus, hag-
fish, and lamprey. The divergence pattern of animal
Uncl04/KIF1 subfamily is characterized by two active
periods in gene duplication interrupted by silent periods
of considerable long, but not proceeded gradually: Thus,
in the eukaryotic lineage leading to vertebrates, the diver-
gence of kinesin family might occurred episodically, as
demonstrated by at least three periods of extensive gene
duplications, instead of proceeding gradually. Extensive
subfamily-generating duplications in ancient times before
the earliest branching among extant eukaryotes may have
implications to the evolution of Giardial membrane
bounded organella,
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Figure 1. Episodic divergence of kinesin family in
eukaryotic lineage leading to vertebrates. Circles I, II and
III, periods in which extensive gene duplications occurred.
In the period I, basic kinesin genes corresponding to
subfamilies with different structures and functions were cre-
ated by gene duplication and domain shuffling. In the later
periods II and III, the multiplicity of members in the same
subfamily increased by further gene duplications. Box, the
Cambrian explosion.
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ence on the substrate concentration (cooperativity); or if
the products of two clock genes form a heterodimer that
suppresses both of their own genes.

Specifically we analyzed the local stability mathemati-
cally for the cases: (1) there is the reaction reverse to
protein modification, (2) there are two clock genes, per
and tim, instead of one -- which have been analyzed only
by computer simulations; and also the cases (3) the pro-
tein transport to the nucleus has cooperativity, which has
not been examined before.

III. Pattern formation of the cone mosaic in the
zebrafish retina

In teleost fish, there are several subtypes of cone cells,
which are sensitive to different wave-lengths of light. In
retinas of some species of teleost fish, regular arrange-
ments of cone cells are observed, where each subtype of
cone cells appears periodically in the two-dimensional
retinal sheet. Different patterns are observed in different
species. These patterns are called "cone mosaics." The
biological mechanism of the pattern formation is still
under examination. Some species show quite different
mosaic patterns between peripheral region and more cen-
tral region in the retina, which suggests mobility of cone
cells in retinal space.

We have studied the mechanism of the pattern forma-
tion by using mathematical models. In this study, I ex-
amined a process of cell-cell interaction to generate the
regular mosaic pattern -- namely cell rearrangement. In
the model, cells have already been determined as to their
final subtypes, but they change their locations in the pat-
tern formation process and the cell movement is affected
by their neighbours. I study the conditions for generating
mosaic pattern.

First, an assumption regarding "double cone" is shown
to be necessary, whereby the two component cells of a
double cone behave as if they are a single cone, ie. a
green cone and a red cone are never detached during the
pattern formation process. Second, the correct pattern is
derived by computer simulation only when the chosen
magnitude of cell adhesion is appropriate. I determine the
conditions of adhesive strength for generating the ob-
served pattern. These conditions lead to the testable pre-
dictions.

Figure 3. The example of obtained pattern by cell rear-
rangement model. The obtained patterns were completely
the same as the actual zebrafish retina, when the used adhe-
sion was appropriate.
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I also compared the condition of cell-cell interaction
for generating the mosaic pattern with the different model,
the fate transition model. In the fate transition model, cell
differentiation regulated by interaction of neighbouring
cells is assumed to be responsible for the mosaic pattern.
The condition for obtaining the focal pattern is looser in
the cell rearrangement model than in the fate transition
model.

Figure 4. The successful values of adhesion parameters in
cell rearrangement model (a) and fate transition model (b).
The successful region in cell rearrangement model distrib-
ute linearly. On the other hand, horizontal and vertical
values have to be balanced in fate transition model. The line
segments indicate the boundaries between the region of
zebrafish pattern and that of non-zebrafish patterns, which
are determined by analytical method. The lines explain the
distribution derived computer simulation very well.

IV. Formation and Maintenance of Distinctive Cell
Patterns by Co-expression of Membrane-bound
Ligands and Their Receptors

We showed that graded or checkerboard-like cell pat-
terns, and segmental domains along a body axis, can be
generated by cell behaviors involving differences in inter-
cellular repulsion. A membrane-bound signal transduction
systern mediating contact-dependent cell interactions in-
cludes membrane-bound ligands (ephrins) and their re-
ceptors with tyrosine-kinase activity (Eph proteins). These
molecules mediate both repulsive and attractive interac-
tions under bilateral threshold control: Cells expressing
the receptors adhere to a surface bearing a critical density
of ligand reciprocal to the density of receptor, but are
repelled by a surface with other densities of ligand. The
present paper extends this model: General membrane-
bound ligands (not always ephrins) and their receptors are
assumed to be co-expressed in a single cell under bilateral
threshold control. Computer simulations of cell pattern
formation showed that when co-expression of the ligand
and receptor is reciprocal, the cells self-organize into a
pattern of segmental domains or a graded cell arrange-
ment along the body axis. The latter process interprets
positional information in terms of protein molecules.
When co-expression of the two species of molecules is
not always reciprocal, the cells generate various patterns
including checkerboard and kagome (star) patterns. The
case of separate expression of ligands and receptors in
different cells is also examined. The mechanism of differ-
ences in cell repulsion is compared to the differential cell
adhesion hypothesis, which has been used to explain cell
sorting.
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1. Facilities

1. Large Spectrograph Laboratory

This laboratory provides, for cooperative use, the
Okazaki Large Spectrograph (OLS), which is the largest
spectrograph in the world, dedicated to action spectro-
scopical studies of various light-controlled biological
processes. The spectrograph runs on a 30kW Xenon arc
lamp and has a compound grating composed of 36 smaller
individual gratings. It projects a spectrum of a wavelength
range from 250nm (ultraviolet) to 1,000nm (infrared) onto
its focal curve of 10m in length. The fluence rate (inten-
sity) of the monochromatic light at each wavelength is
more than twice as much as that of the corresponding
monochromatic component of tropical sunlight at noon
(Watanabe et al., 1982, Photochem. Photobiol., 36, 491-
498).

A tunable two-wavelength CW laser irradiation system
is also available as a complementary light source to OLS
to be used in irradiation experiments which specifically
require ultra-high fluence rates as well as ultra-high spec-
tral-, time-and spatial resolutions. It is composed of a
high-power Ar-ion laser (Coherent, Innova 20) (336.6-
528.7 nm, 20W output), two CW dye lasers (Coherent,
CR599-01) (420-930nm, 250-1000mW output), A/O
modulators (up to 40MHz) to chop the laser beam, a beam
expander, and a tracking microbeam irradiator (up to 200
pum s in tracking speed, down to 2 ym in beam diameter)
with an infrared phase-contrast observation system.

2. Tissue and Cell Culture Laboratory

Various equipments for tissue and cell culture are pro-
vided. This laboratory is equipped with safely rooms
which satisfy the P2/P3 physical containment level. This
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facility is routinely used for DNA recombination experi-
ments.
3. Computer Laboratory

Computer laboratory maintains several computers to
provide computation resources and means of electronic
communication in this Institute. Currently, the main
system consists of three servers and two terminal work-
stations: biological information analysis server (SGI Ori-
gin 2000), database server (Sun Enterprise 450), file
server (Sun Enterprise 3000), data visualization terminal
and molecular simulation terminal (both are SGI Octanes).
Some personal computers and color/monochrome printers
are also equipped. On this system, we provide various
biological databases and data retrieval/analysis programs,
and support large-scale data analysis and database con-
struction for the Institute members.

Computer laboratory also provides network communi-
cation services in the Institute. Most of PCs in each
laboratory as well as all of the above service machines are
connected each other with local area network (LAN),
which is linked to the high performance multimedia back-
bone network of Okazaki National Research Institute
(ORION). Many local services including sequence analy-
sis service, file sharing service and printer service are
provided through this LAN. We also maintain a public
World Wide Web server that contains the NIBB home
pages (http://www nibb.ac.jp).

4. Plant Culture Laboratory

There are a large number of culture boxes, and a lim-
ited number of rooms with environmental control for
plant culture. In some of these facilities and rooms, ex-
periments can be carried out at the P1 physical contain-
ment level under extraordinary environments such as
strong light intensity, low or high temperatures.

5. Experimental Farm

This laboratory consists of two 20 m* glass-houses with
precise temperature and humidity control, three green
houses (each 6 m?) at the P1 physical containment level, a
small farm, two greenhouses (45 and 88 m®) with auto-
matic sprinklers. The laboratory also includes a building
with storage and work space.

6. Plant Cell Laboratory

Autotrophic and heterotrophic culture devices and
equipment for experimental cultures of plant and micro-
bial cells in this laboratory. A facility for preparation of
plant cell cultures including an aseptic room with clean
benches, is also provided.
7.Laboratory of Stress-Resistant Plants

This laboratory was found to study transgenic plants
with respect to tolerance toward various environmental
stresses. It is located in the Agricultural Experimental
Station of Nagoya University (30 km from National In-
stitute for basic Biology). The laboratory provides a vari-
ety of growth chambers that precisely control the condi-
tions of plant growth and dacilities for molecular biologi-
cal and physiological enaluations of transgenic plants.

The laboratory is also a base of domestic and interna-
tional collaborations devorted to the topic of stress resis-
tant transgenic plants.
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logical molecules, and organic molecules have been con-
ducted (Watanabe, 1995, In “CRC Handbook of Organic
Photochemistry and Photobiology”. pp, 1276 - 1288).
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The Technology Department is a supporting organiza-
tion for researchers and research organization within the
NIBB. The Department develops and promotes the insti-
tute's research activities and at the same time, maintains
the research functions of the institute.

The department is organized into two groups: one, the
Common Facility Group, which supports and maintains
the institute's common research facilities and the other,
the Research Support Group, which assists the research
activities as described in individual reports.

Technical staffs participate, through the department, in

Research Support Group
Chief : KOBAYASHI, Hiroko

Cell Biology Group
KONDO, Maki (Unit Chief)
KABEYA, Yukiko

Developmental Biology Group
TAKAGI, Chiyo
OKA, Sanae

Regulation Biology Group
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Integrated Bioscience Group
MIZUTANI, Takeshi
UTSUMI, Hideko
NODA, Chiyo
KONDO, Makiko (Technical Assistant)

mutual enlightenment and education increase their capa-
bility in technical area. Each technical staff is proceeded
to the fixed division usually and they support the various
research with their special biological and biophysical
techniques.

The Department hosts an annual meeting for technical
engineers who work in various fields of biology at univer-
sities and research institutes throughout Japan. At this
meeting, the participants present their own activities and
discuss technical problems. The Proceedings are pub-
lished soon after the meeting.
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The center is jointly managed by NIBB and two other institutes in Okazaki,
IMS (Institute for Molecular Science) and NIPS (National Institute for
Physiological Sciences). The following projects will be the main focus of the
center: 1) Development, Differentiation and Regeneration. 2) Strategic

Methodology. 3) Bio-Environmental Science.
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The sperm and egg, or the germ cells are the special-
ized cells, which can transmit the genetic materials from
one generation to the next in sexual reproduction. All the
other cells of the body are somatic cells. This separation
of germ and somatic cells is one of the oldest problems in
developmental biology. In many animal groups, a spe-
cialized portion of egg cytoplasm, or germ plasm, is in-
herited by the cell lineage which gives rise to germ cells.
This cell lineage is called germline. The germline pro-
genitors eventually migrate into the gonads, where they
differentiate as germ cells when the organisms are physi-
cally matured. Earlier investigators have demonstrated
that germ plasm contains maternal factors required and
sufficient for germline formation. In the fruit fly, Droso-
phila, this cytoplasm is histologically marked by the pres-
ence of polar granules, which act as a repository for the
maternal factor required for germline formation. Our
molecular screens have identified several factors stored in
the polar granules. One of the factors is mitochondrial
large TRNA which functions to form the germline pro-
genitors, or pole cells. The other is nanos mRNA, which
is required for pole cell differentiation.

I. Role of Mitochondrial Ribosomal RNAs in Pole
Cell Formation

Ultrastructural studies have shown that the germ plasm
is basically composed of polar granules and mitochondria.
While the primary roles of the mitochondria are oxidative
phosphorylation and biosynthesis of many metabolites, it
has now become evident that they are also involved in
germline formation.

In Drosophila, pole cell formation requires the function
of mitochondrial ribosomal RNA in germ plasm. We have
previously reported that mitochondrial large rRNA
(mtlrRNA) and small rRNA (mtstRNA) are both trans-
ported from mitochondria to polar granules. This trans-
portation occurs during early embryogenesis, when mito-
chondria are tightly associated with polar granules in
germ plasm, and it depends on the function of the mater-
nally-acting gene, tudor, that is known to be required for
pole cell formation. Mitochondrial rRNAs remain on the
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polar granules until pole cell formation and are no longer
discernible on the granules within pole cells. Reduction of
the extra-mitochondrial mtlrRNA amount results in the
failure to form pole cells and injection of mtlrRNA is able
to induce pole cells in embryos whose ability to form
these cells has been abolished by uv-irradiation. These
observations clearly show that the extra-mitochondrial
mtlrRNA on polar granules has an essential role in pole
cell formation, presumably cooperating with mtsrRNA.

Recently, we found that mitochondrial rRNAs form
mitochondrial-type of ribosomes on polar granules, coop-
erating with mitochondrial ribosomal proteins. This sug-
gests the possibility that the protein(s) essential for pole
cell formation is produced by the mitochondrial-type of
ribosomes. To address this issue, we examined the effect
of Chloramphenicol and Kasugamycin on pole cell for-
mation. Chloramphenicol and Kasugamycin are known to
inhibit mitochondrial (prokaryotic)-type of translation.
When these antibiotics were injected into the posterior
pole region of early embryos, pole cell formation was
severely affected. In contrast, Chloramphenicol and Ka-
sugamycin treatment did not affect somatic cell formation
at a dose we used. These observations strongly suggest
that the mitochondrial-type of translation system must be
intact for the embryos to form pole cells.

II. Role of Nanos protein in pole cell differentiation

Pole cells differ from the soma in regulation of mitosis
and transcriptional activity. Pole cells cease mitosis at
gastrulation and remain quiescent in the G2 phase of the
cell cycle throughout their migration to the gonads, while
somatic cells continue to proliferate during the rest of
embryogenesis. Furthermore, pole cells are transcription-
ally quiescent until the onset of gastrulation, although
transcription is initiated in the soma during the syncytial
blastoderm stage. Consistent with this, RNA polymerase
II (RNAP II), but not RNA polymerase I, remains inactive
in early pole cells. Thus, the ability to express zygotic
mRNA-encoding genes is suppressed only in pole cells in
early embryos.

Among the maternal components of germ plasm,
Nanos (Nos) is essential for the germline-specific events
occurring in pole cells. nos mRNA is localized in the
germ plasm during oogenesis, and is translated in situ to
produce Nos protein after fertilization. Nos is only tran-
siently present in the posterior half of embryos during the
preblastoderm stage, and is required there for posterior
somatic patterning. Nos in the germ plasm is more stably
inherited into the pole cells at the blastoderm stage, re-
maining detectable in these cells throughout embryogene-
sis. Pole cells that lack Nos (ros pole cells) are unable to
follow normal germline development; they fail to migrate
properly into the embryonic gonads, and consequently do
not become functional germ cells. In nos™ pole cells, mi-
totic arrest at G2 phase is impaired, and they undergo
premature mitosis. Furthermore, nos pole cells fail to
establish and/or maintain transcriptional quiescence, and
ectopically express somatically-transcribed genes, in-
cluding fushi tarazu (ftz), even-skipped (eve) and Sex-
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lethal (SxI).

Nos represses translation of mRNAs with discrete RNA
sequences called Nos response elements (NREs). In the
pathway leading to posterior somatic patterning, Nos acts
together with unlocalized Pumilio (Pum) protein to re-
press translation of maternal hunchback (hb) mRNA. This
translational repression is mediated by binding of Pum to
NREs in the 3'-untranslated region (UTR) of hb mRNA.
In pole cells, Nos also acts with Pum to regulate germline-
specific events. Pum, like Nos, is required in pole cells for
their migration to the gonads.

We found that Nos, along with Pum, represses transla-
tion of importin a2 (impa2) mRNA in early pole cells.
The impa2 mRNA contains an NRE-like sequence in its
3'“UTR and encodes a Drosophila importin o homologue
that plays a role in nuclear import of karyophilic proteins.
We found that Nos inhibits expression of a somatically-
transcribed gene, frz, in pole cells by repressing Impo2-
dependent nuclear import of a transcriptional activator for
ftz, Ftz-F1. Furthermore, the expression of another so-
matic gene, eve, and RNA Polymerase II activity are also
repressed by Nos in pole cells through its effects on
Impa2-dependent nuclear import.

The above results raise the question whether the pole
cells lacking Nos (nos™ pole cells) are able to differentiate
into somatic cells. However, it is difficult to study their
developmental fate, since Nos also represses apoptosis of
pole cells, and almost all of nos™ pole cells are eliminated
until at least the end of embryogenesis. To overcome this
problem, we used Df(3L)H99, a deletion for three genes
required for apoptosis. Introduction of the H99 deficiency
results in nos™ pole cells being escaped from apoptosis.
We transplanted the nos” H99 pole cells into normal em-
bryos and observed their behavior, and found that some of
nos” H99 pole cells were able to differentiate as somatic
cells. This suggests that pole cells have the ability to dif-
ferentiate as somatic cells, but its ability is inhibited by
Nanos activity.

III. Comprehensive analysis of genes expressed in
Drosophila gonad

Pole cells migrating into the gonads are specified to be
the primordial germ cells (PGCs). It has been believed
that zygotic genes expressed in pole cells within the go-
nads are required for their fate specification. To explore
the regulatory mechanism of germline specification, we
attempted to identify genes expressed in pole cells and/or
in somatic cells within the gonad by a comprehensive
approach. From the embryos carrying EGFP-vasa trans-
gene that express GFP only in pole cells, we isolated the
gonads by using fluorescence-activated cell sorting
(FACS), and costructed a gonad cDNA library. Each
cDNA clone was sequenced from both 5° and 3” ends, and
these Expression Sequence Tags (ESTs) were computa-
tionally condensed into sequence clusters, which were
then subjected to whole-mount in sifu hybridization
(WISH). As of July 2002, approximately 10,000 of ESTs
were generated. The WISH analysis identified more than
30 genes that were expressed predominantly in the gonads.
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In addition, we found gonad-specific splicing form in
some transcripts. These transcriptome data will allow us
to illustrate genetic networks governing the germline
specification.

IV. sva53, a Maternal Gene Required for Meiosis

It has been believed that maternal factors localized in
germ plasm may ultimately trigger germline-specific
events, such as meiosis. We have isolated an X-linked
maternal mutation, sva53 that affects meiosis. Pole cells
that were formed in the embryos derived from sva53 ho-
mozygous germline clone (sva53 pole cells) were able to
develop into the oocytes, but they failed to execute meio-
sis. We also found that the germline-specific expression
of vasa gene was severely affected in sva53 pole cells.
These results suggest that the maternal factor encoded by
sva53 gene may activate gene expression, which is essen-
tial for meiosis. In order to identify sva53 gene, we
mapped sva53 mutation to 200 kb-genomic region of 11C
by using duplications and deficiencies. Within this region,
we found a gene encoding a Zn-finger transcription factor,
of which mRNA is maternally supplied into embryos.
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Diversity of plant form is mostly attributable to varia-
tion of leaf and floral organs, which are modified leaves.
The leaf is the fundamental unit of the shoot system,
which is composed with leaf and stem. So the leaf is the
key organ for a full understanding of plant morphogenesis.
However, the genetic control of development of these
shapes had remained unclear. Recently, studies of leaf
morphogenesis has been in a turning point, after our suc-
cessful application of the techniques of developmental
and molecular genetics to it, using model plants, Arabi-
dopsis thaliana (L.) Heynh (reviewed in Tsukaya 2002a,
b).

In a determinate organ, a leaf, number of leaf cells is
not necessarily reflected on leaf shape or, in particular,
leaf size. Genetic analyses of leaf development in Arabi-
dopsis shows that a compensatory system(s) act in leaf
morphogenesis and an increase of cell volume might be
triggered by a decrease in cell number. Thus, leaf size is,
at least to some extent, uncoupled from the size and num-
ber of cells by the compensatory system(s). Based on
these facts, a new perspective on understanding of
mechanisms for leaf morphogenesis, Neo-Cell theory, is
proposed (Tsukaya, 2002a; Tsukaya, 2003). Neo-Cell
theory is the Cell theory which stipulated positional coop-
eration of the behavior of cells. In short, Neo-Cell theory
hypothesizes as follows: cells are the unit of morphogene-
sis; however, each cell is also controlled by factors that
govern the morphogenesis of the organ of which the cells
are a part.

Focusing on mechanisms that govern polarized growth
of leaves in a model plant, Arabidopsis thaliana, we
found that the two genes act independently to each other
on the processes of polar growth of leaves: the ANGUS-
TIFOLIA (AN) gene regulates width of leaves and the
ROTUNDIFOLIA3 (ROT3) gene regulates length of
leaves. The AN gene controls the width of leaf blades and
the ROT3 gene controls length. Cloning of the AN gene
(Kim et al., 2002) revealed that the gene is a member of
CtBP (C-terminal binding protein) gene family which had
been found from animal kingdom. In the animal kingdom,
CtBPs self-associate and act as a co-repressors of tran-
scription. We found that also the AN protein can self-
associate in yeast two-hybrid system (Kim et al. 2002).
Furthermore, microarray analysis suggested that the AN
gene might regulate the expression of certain genes, for
example, the gene involved in formation of cell walls,
MERIS5. We also found that the abnormal arrangement of
cortical MTs in an-1 mutant leaf cells appeared to account

NATIONAL INSTITUTE

entirely for the abnormal shape of the cells. It suggested
that the AN gene might regulate the polarity of cell growth
by controlling the arrangement of cortical MTs.

The ROT3 gene was cloned by us in 1998. Transgenic
experiments proved that the ROT3 gene regulates leaf-
length without affect on leaf-width via biosynthesis of
steroids (Kim et al., 1999). In relation to it, we recently
revealed that a steroid hormone, brassinosteroid, controls
both proliferation and expansion of leaf cells (Nalaya et
al., 2002). In addition, by studying role of light condition
in leaf development, we found that the length of leaf peti-
oles was related exclusively to genetic control of the
length of individual cells in all leaf morphological mu-
tants examined. In contrast, both the size and the number
of cells were affected by the mutations examined in leaf
blades. Studies of the roles of light signal perception in
leaf development are now underway.

Apart from the aspects of leaf expansion, we also ana-
lyzed genes for identification of leaf primordia. The ASI,
AS2 and BOP genes are needed for determinate growth of
leaf. Molecular and anatomical analysis of the AS2 gene
has been carried out in collaboration with a research team
of Prof. Machida, Nagoya University (Endang et al.,
2001; Iwakawa et al. 2002). AS2 gene is a member of a
novel gene family, including 42 putative genes in Arabi-
dopsis genome, encoded proteins with cysteine repeats
and a leucine zipper (Iwakawa et al. 2002). The gene
product also represses the expression of class 1 knox ho-
meobox genes in leaves (Endang et al. 2001; Iwakawa et
al. 2002), as known for AS!. We also isolated and ana-
lyzed a novel mutant, bop (blade-on-petiole) mutant,
which strongly enhances the as2 phenotype, in collabora-
tion with a reaseach team of Prof. Nam, POSTECH, Ko-
rea (Ha et al, 2003). Three class I knox genes, namely,
KNAT!, KNAT2 and KNAT6, were misexpressed in the
leaves of the bopl-1 mutant as in those of the as2 mu-
tant. The bopl single mutant results in ectopic, lobed
blades along the adaxial side of petioles of the cotyle-
don and foliage leaves. We, thus, suggest that BOPI
promotes or maintains a developmentally determinate
state of leaf cells through regulation of class I knoxl
genes (Ha et al. 2003).

On the other hand, we are trying to identify molecular
mechanisms which distinguish developmental pathway of
leaves from that of shoots by studying tropical plants with
‘fuzzy' morphology. For such purposes, we introduced
tropical plants having queer developmental program for
leaf morphogenesis, namely, Chisocheton, Guarea and
Monophyllaea, as materials for the studies. The indeter-
minate compound leaves of members of the genus Chiso-
cheton in Southeast Asia and of the genus Guarea in the
New World and Africa, in the family Meliaceae, are
unique and can develop indeterminately as a result of the
activity of the leaf apical meristem, which can function
very similarly to a shoot apical meristem. We performed a
molecular phylogenetic study of these genera, and the
result suggested that indeterminate program in the leaves
of members of these two genera might have evolved only
once in Meliaceae (Fukuda et al. 2003).

In addition, we are interested in environmental adapta-
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