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Plants have unique systems for signal transduction and
gene expression during development which are different
from those of animal systems, such as totipotency, plant-
hormone-mediated regulation, responses against various
environmental stresses and light regulation of gene expres-
sion. The Laboratory of Plant Molecular Biology studies
gene structure and regulation of gene expression in higher
plants. Researchers here are interested in plant nuclear
genes involved in stress response and signal transduction.

This laboratory uses Arabidopsis thaliana, a model
plant in molecular biology, as a plant material. Ever since
its establishment in 1989, this laboratory has directed its
research activities towards (i) control of gene expression by
plant hormones and environmental stresses, (ii) functional
analysis of plant genes involved in signal transduction, (iii)
functional analysis of Arabidopsis genes involved in devel-
opment.

1. Regulation of gene expression by environmen-
tal stress

We have studied the expression profiles of Arabidopsis
genes under various stress and hormone treatment condi-
tions, in various plant tissues, and in various mutants and
transgenic plants using 7K RAFL ¢cDNA microarray and
Agilent 22 K oligomicroarray.

We applied the 7K RAFL ¢cDNA microarray to reveal
the differences in the regulation of salt tolerance mech-
anisms between Arabidopsis and a halophyte, salt cress
(Thellungiella halophila). The expression profiling stud-
ies showed that a large number of known abiotic- and
biotic-stress inducible genes were expressed in salt cress
at high levels even in the absence of stress. Under normal
growth conditions, salt cress accumulated proline at much
higher levels than did Arabidopsis, and this corresponds to
a higher expression of AtP5CS, a key enzyme of proline
biosynthesis, in salt cress.

We also prepared Arabidopsis regulatory gene oligo mi-
croarray containing 1979 transcription factor genes, 1060
protein kinase genes and 551 F box protein genes. Using
the regulatory gene oligo microarray, 43, 13, 49, 28, 19,
50, 21, 11 and 77 genes, respectively, were identified as
drought-, cold-, high-salinity-, CuSO4-, pathogen (Pseu-
domonas) stress-, ABA, ethylene-, MeJA (methyl jasmonic
acid)-, and SA (salicylic acid)-inducible transcription fac-
tor genes. The expression profiling studies indicated the
existence of crosstalk between these signal transduction
pathways.

2. Molecular analysis of signal transduction in
plants

Protein phosphorylation/dephosphorylation are major
signaling events induced by osmotic stress in higher plants.
We showed that a SNF1-related protein kinase 2 (SnRK2),
SRK2C, is an osmotic-stress-activated protein kinase in
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Arabidopsis thaliana that can significantly impact drought
tolerance of Arabidopsis plants. Knockout mutants of
SRK2C exhibited drought hypersensitivity in their roots,
suggesting that SRK2C is a positive regulator of drought
tolerance in Arabidopsis roots. Microarray analysis re-
vealed that their drought tolerance coincided with up-
regulation of many stress-responsive genes, for example,
RD29A, COR15A, and DREB1A/CBF3. From these re-
sults, we concluded that SRK2C is capable of mediating
signals initiated during drought stress, resulting in appro-
priate gene expression. Our present study reveals new in-
sights around signal output from osmotic-stress-activated
SnRK2 protein kinase as well as supporting feasibility
of manipulating SnRK2 toward improving plant osmotic-
stress tolerance.

Phosphatidic acid (PA) functions as a lipid signaling
molecule in plants. Physiological analysis showed that
PA triggers early signal transduction events that lead to
responses to abscisic acid (ABA) during seed germina-
tion. We measured PA production during seed germina-
tion and found increased PA levels during early germi-
nation. To investigate the role of PA during seed ger-
mination, we focused on the PA catabolic enzyme lipid
phosphate phosphatase (LPP). LPP catalyzes the sequen-
tial conversion of diacylglycerol pyrophosphate (DGPP)
to PA and PA to DAG. Two AtLPP2 T-DNA insertional
mutants (Ipp2-1 and lpp2-2) showed hypersensitivity to
ABA and significant PA accumulation during germination.
Furthermore, double-mutant analysis showed that ABA-
insensitive 4 (ABI4) is epistatic to AtLPP2 but ABA-
insensitive 3 (ABI3) is not. These results suggest that PA
is involved in ABA signaling and that AtLPP2 functions
as a negative regulator upstream of ABIj, which encodes
an AP2-type transcription factor, in ABA signaling during
germination.

3. Role of plant hormones in gene expression
and plant development

Plant hormones play important roles in plant growth,
development and also in the adaptation to various envi-
ronmental stresses. Each hormone induces own specific
gene expressions through activating a number of transcrip-
tion factors. In this study, we have focused on the factors
that specifically involved in the regulation of Abscisic acid
(ABA)- and Jasmonic acid (JA)-inducible genes.

Over-expression of NAC-, MYB- and MYC-type tran-
scription factors significantly promoted the expression of
ABA-inducible genes in Arabidopsis plants. MYB and
MYC were also shown to targeted to the regulation of
JA-inducible genes. We have identified novel factor that
interact with Arabidopsis MYC. Recently, we have found
that one of the Arabidopsis MAPKK gene may positively
controlling the expression of JA-inducible genes.

ABI5 is known as one of the bZIP transcription factors
and function during seed maturation and early germina-
tion stages that must be needed for ABA signaling. We
are focusing on SnRK2 as a candidate for ABI5-activating
protein kinase.

4. Analysis of Arabidopsis genome function

To promote functional genomics, which analyze gene
functions systematically, we have constructed a large col-
lection of insertion mutants by using T-DNA and trans-
poson (Ds). As a next step, we are promoting 'phenome
analysis’, which constructs a database connecting pheno-
types and all of the genes.

By screening the mutant collection, various phenotypic
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mutants including male sterility, albino, drouoght sensitive
and reticulate, have been obtained. We are now analyzing
these mutants.

5. Molecular analysis of plant hormone biosyn-
thesis

The phytohormone abscisic acid (ABA) has two major
roles which are known as plant’s response to environmen-
tal stress and acquisition of seed dormancy. We have pre-
viously shown that the AtNCED3 is a drought-inducible
gene, and AtNCED2 is expressed in silique during seed
maturation and embryo in seeds. We analyzed the func-
tion of ABA in vegetative plants using AtNCED3 knockout
mutant (nced3-1). Under drought stress, stomata were
closed in wild type and nced3-1, but it kept opening in
aba2-1. ABA-inducible genes were expressed in wild type,
but not in the nced3-1 or aba2-1. These results indicated
thatde novo ABA biosynthesis was not required for stom-
atal closure, but it was required for the expression of ABA
inducible genes.

As well as ABA biosynthesis, ABA metabolism has
important roles to regulate endogenous ABA level in
plants. Recently, a cytochrome P450 subfamily, named
asCYPT707A1-4, was identified as ABA 8’-hydroxylase
genes. We found that CYP707A3 is highly induced dur-
ing rehydration process after drought conditions. We pre-
pared transgenic plants overexpressing CYP707A3, and
found that the transgenic plants exhibited reduced ABA
sensitivity and drought tolerance. In contrast, cyp707a3
knockout mutants exhibited strong ABA sensitivity at veg-
etative stage and higher drought tolerance than wild-type.
We concluded that CYP707A3 is one of ABA metabolic
enzymes in vegetative tissues of Arabidopsis, and it can
participate with drought tolerance.
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