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This laboratory investigates, physiological functions of
higher plants with the aim of providing sustainable pros-
perity for the human race with respect to food, environ-
ment and energy. For this purpose, the diverse lifesystems
of plants which have evolved under various environments
have been studied from the level of the whole plant to the
molecular scale. Our research programs on plant physio-
logical processes combine the most advanced tools of biol-
ogy, chemistry and physics.

1. Study on molecular mechanisms and control
of plant-physiological functions

(1) Gene expressions by the specific inhibitor of abscisic
acid biosynthesis

Abscisic acid is a major regulator in plant growth and
development and the adaptation of plants to environmental
stresses. In order to reveal the physiological functions of
ABA at the molecular level, we developed a new inhibitor
of ABA biosynthesis, and applied it to inhibitor-treated
Arabidopsis to analyze the relationships of ABA effects
between phenotypes and gene expressions.

(2) Studies of BR inactivation mechanism

In collaboration with Dr. Neff’s group, we previously
found that BAS1 is a BR catabolic gene and encodes a
cytochrome P450, originally called CYP72B1, now called
CYP734A1. Recently we have isolated a second activation-
tagged mutant with BR~deficient phenotype. It was found
that the mutant phenotype is caused by the overexpression
of SUPPRESSOR OF PhyB-4 7 (SOB7) gene, which en-
codes the cytochrome P450 (CYP72C1). SOB7 was found
to be functionally redundant to BAS1 in that they both
inactivate BRs and modulate photomorphogenesis. Al-
though both genes encode cytochrome P450s with close ho-
mology, detailed biochemical analysis indicates that they
have unique biochemical mechanisms of BR inactivation.

(3) Screening and characterization of novel brassi-
nosteroid signaling component genes by brassinosteroid
biosynthesis inhibitors

Several new mutants

of bil (Brz-insensitive-long
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hypocotyl) series and bpg (Brz-insensitive-pale green)
have been isolated using the specific inhibitor of brassi-
nosteroid (BR) biosynthesis, Brz220. These bils were
thought to be mutant plants of BR signal transduction, be-
cause they showed typical BR excessive symptoms as pale
green, epinastic leaves, an increased number of inflorescent
blanches, accelerated leaf formation and inhibition of vas-
cular tissue stem. These bpgs were thought to be mutant
plants of BR rrelated regulation onto chloroplast develop-
ment, as they showed decreased chloroplast development.
Candidate genes of the mutants have been identified and
the characterization of these is in progress.

(4) Molecular mechanisms of brassinosteroid-mediated
disease resistance

Effects of ABA and BR on disease resistance in Ara-
bidopsis were studied. BR induced a novel type of plant
immune system regarding response to ethylene, while ABA
suppressed the induction of SA-mediated disease resis-
tance. Studies on effects of ABA on induction of disease
resistance in Arabidopsis revealed that ABA suppressed
the induction of SA-mediated disease resistance. Control
of ABA biosynthesis by molecular or chemical techniques
enhanced the disease resistance of the plant.

2. Molecular genetics for regulation of plant
functions

(1) Intracellular crosstalk genes between plastid and
nucleus

Arabidopsis mutants which show altered interorganeller
responses for environmental adaptations have been iso-
lated. Heavy-ion beams, EMS, and transposons were uti-
lized as mutagens, some of which showed the same light tol-
erance as the wild type, while others were lower or higher.

(2) Highly effective mutagenesis by the heavy ion irra-
diation for commercial use

Heavy-ion beam irradiation has become a new method
for mutation breeding of ornamental plants and crops to
produce new cultivars valuable in the market. The pheno-
type characteristics such as sterility, variegation, and floral
color were evaluated in screening for new cultivars of gar-
den flowers. This year we established several improved
cultivars of the verbena “Sakura” and the petunia “Rose
vein”.

(3) R&D of novel in silico methods for the RLGS (Re-
striction Landmark Genomic Scanning)

We have developed Virtual RLGS system (prototype)
and applied it to the genome analysis of Arabidopsis mu-
tants. Results archived with this system with rough-
mapping technique are very useful for rapid identification
of mutated genes that have DNA methylation alterna-
tions. We endeavored to develop variety specific chrysan-
themum DNA markers induced by ion-beam using the
RAPD method. Molecular markers for cabbage yellow dis-
ease resistance were also obtained by the AFLP method
and found to be very useful in linkage analysis.

3. Screening of biologically active substances in
plants

(1) Studies on biosynthetic and metabolic pathways of
glycosyl phytosterols

We have investigated the metabolism of castasterone
(CS) in seedlings using the mung bean and Arabidopsis.
After feeding CS into those plant materials, metabolites
were purified and analyzed by LC/MS/MS. In the mung
bean, CS was converted into at least four glycosides and
the glycosidation occurred at the C-2, 3, 22 or 23, which
suggested that glycosidation occurred after the epimeriza-
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tion of hydroxyl group in the A ring. In Arabidopsis, CS
was converted to glucosides at the C-2 or 23, suggesting
conversion into several novel glucosides.

(2) Design and synthesis of plant hormone basedmolec-
ular probes and their application

In this project, we aim, in collaboration with plant
scientists, to assemble various kinds of molecular probes
of jasmonates (JASs), gibberellins (GAs), brassinosteroids
(BRs) etc, based on synthetic organic chemistry, which
promises noticeable advance in elucidation of the biosyn-
thesis, metabolism and signal transduction of plant hor-
mones. Another aim is the development of new agrochem-
icals form plant hormones. The main achievements of this
year have been:

(i) In collaboration with a research group at NIAS, we
previously identified a novel labdane-type diterpene from
tobacco mosaic virus (TMV)-infected tobacco leaves as a
wound-induced protein kinase (WIPK)-activating factor-1,
which was named WAF-1. This year, in order to supply
sufficient material for comprehensive examination of plant
functions, efficient methods for syntheses of WAF-1 and
its isotope-labelled counterpart were developed. Further-
more, some WAF-1 analogs were synthesized to stabilize a
measurably air-sensitive WAF-1. Among them, we found
a WAF-1 analog with high biological activity comparable
to WAF-1.

(ii) In early works on BR perception mechanism in
plant, we elucidated that a transmembrane receptor ki-
nase identified from Arabidopsis, BRI1, is a BR recep-
tor. However, whether BRs bind to BRIl directly has
remained an unanswered question. This year, we ana-
lyzed the binding mode of two components mainly via
photoaffinity labeling experiments using a photoaffinity
probe, aryl diazirine/biotin double-labelled BR. The re-
sults demonstrated that BRs bind directly to the 94 amino
acids comprising ID-LRR22 in the extracellular domain of
BRI1, defining a new binding domain for steroid hormones.
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