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ur recent study revealed the involve-

ment of the Arabidopsis histone
deacetylase HDAG6 in modulating ABA
and salt stress responses. In this report,
we further investigated the role of
HDA19 in ABA and salt stress responses.
The Arabidopsis HDAI9 T-DNA inser-
tion mutant, hdal9-1, displayed a phe-
notype that was hypersensitive to ABA
and salt stress. Compared with wild-type
plants, the expression of ABA responsive
genes, ABI1, ABI2, KATI, KAT2 and
RD29B, was decreased in hdal9-1 plants
when treated with ABA. Our study indi-
cates that HDAG and HDA19 may play
a redundant role in modulating seed
germination and salt stress response, as
well as ABA- and salt stress-induced gene
expression in Arabidopsis.

In eukaryotic cells, gene activity is con-
trolled not only by DNA sequences but
also by epigenetic marks that can be trans-
mitted to a cell progeny during mitosis or
meiosis." Epigenetic changes involve modi-
fication of DNA activity by methylation,
histone modification or chromatin remod-
elling without alteration of the nucleotide
sequence. Among the multiple epigenetic
mechanisms that modify chromatin to
regulate gene expression, histone modifi-
cations including acetylation play a major
role. Histone acetylation levels are deter-
mined by the action of histone acetyltrans-
ferases and histone deacetylases (HDAs).
The involvement of HDAs in plant
responses to environmental stresses has
recently been reported. Thus, mutations in
HDAG, an Arabidopsis RPD3-type HDA
encoding gene, affect jasmonate response
and senescence.” Another Arabidopsis
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RPD3-type HDA, HDA19, has also been
implicated in plant responses to adverse
environmental conditions.>* Additional
results have confirmed that histone acety-
lation has a decisive function in regulating
plant responses to abiotic stresses such as
low temperatures, drought and salt stress.”®
In addition, Arabdiopsis HDAI19 has
been implicated to interact with the tran-
scription factor AtERF7 to regulate gene
expression in response to abiotic stresses.’

In our recent study, we investigated the
effects of abscisic acid (ABA) and salt stress
on the histone acetylation and methyla-
tion of abiotic stress response genes.® We
found that both ABA and salt stress can
induce histone H3K9K14 acetylation and
H3K4 trimethylation but decrease H3K9
dimethylation of some ABA and abiotic
stress responsive genes. In addition, we
found that the HDAG6 mutant axel-5 and
HDAG6 RNA-interference (HDAG6-RNALI)
plants displayed a phenotype that is more
sensitive to ABA and salt stress. Compared
with wild-type plants, the expression of
ABA and abiotic stress responsive genes
was decreased in axel-5 and HDAG-RNAI
plants. In this report, we further investi-
gated the role of HDA19 in ABA and salt
stress response. Our study indicates that
HDAG and HDA19 may play a redundant
role in modulating seed germination and
salt stress response, as well as ABA- and
salt stress-induced gene expression in
Arabidopsis.

hda19-1 Plants were
Hypersensitive to ABA and NaCl

To investigate the function of HDAI19
in ABA and abiotic stress response, the
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Figure 1. Seed germination rates of hda19-1 mutants treated with ABA and NaCl. (A) Germination
rates of two-day-old Ws wild-type and hda19-1 seeds treated with ABA. (B) Germination rates of
two-day-old Ws wild-type and hda19-1 seeds treated with NaCl. Each data point represents the
mean of a single experiment performed in triplicate (n = 100).
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Figure 2. RT-PCR analysis of ABA responsive gene expression in hdal9-1 mutants. Two-week-old
Ws wild-type and hda19-1 plants were treated with 100 wM of ABA for 3 h. Total RNA for RT-PCR
analysis was isolated from leaf tissues. Ubiquitin (UBQ) was shown as an internal control.

sensitivity of hdal9-1 mutants to ABA
and salt was analyzed. hdal9-1 (also
called Adi-1) is a T-DNA insertion
mutant which carries a T-DNA inserted
in the second exon of HDAI9 and it
is in Ws background.”” As shown in
1A, hdal9-1 seeds displayed
hypersensitivity to ABA  compared
with wild-type. At 2 uM ABA, the

Figure

www.landesbioscience.com

percent germination of wild-type seeds
was 60%), whereas the percent germina-
tion of hdal9-1 seeds was about 20%
only. When treated with NaCl, it was
found that hdal9-1 seeds also displayed
lower percent germination compared
with wild-type (Fig. 1B). At 200 mM
NaCl, the percent germination of wild-
type seeds was about 50%), whereas the
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percent germination of hdal9-1 seeds was
about 5% only.

hda19-1 Plants Displayed
Decreased Expression of ABA and
Abiotic Stress Responsive Genes

The expression of ABA responsive genes,
such as ABA INSENSITIVE 1 (ABII),
ABI2, 3-KETO-ACYL-COA THIOLASE
1 (KATI), KAT2 and RESPONSIVE TO
DESSICATION 29B (RD29B) was deter-
mined in Ahdal9-1 plants. Without ABA
treatment, Adal9-1 and wild-types dis-
played similar expression patterns of ABII,
ABI2, RD29B, KATI and KAT?2 (Fig. 2).
With ABA treatment, hdal9-1 displayed a
lower expression of ABA-responsive genes
compared with wild-type, suggesting that
HDA19 is required for full induction of
ABA-responsive genes. hdal9-1 mutants
displayed a phenotype that is similar to
had6 mutants in ABA and salt response as
well as gene expression.®

A Mode of HDA6 and HDA19

Function in the Regulation of

Gene Expression in ABA and
Abiotic Stress Response

A recent study suggested that HDA19
may act in a protein complex of AtERF7,
a transcription repressor,’ to regulate abi-
otic stress response genes. AtERF7 is an
EAR-motif-containing  transcriptional
repressor that is involved in regulat-
ing ABA and drought stress responses
in Arabidopsis. It was found that the
AtERF7 interacts with the Arabidopsis
homologue of a human global corepres-
sor, AtSin3,"" which in turn may inter-
act with HDA19. It was proposed that
AtERF7, AtSin3 and HDA19 can form
a transcriptional repressor complex to
regulate ABA and drought response in
Arabidopsis.”"* Reduced expression of
AtERF7 and AtSin3 by RNA-interference
caused ABA hypersensitivity including
root development repression and delayed
germination, a phenotype similar to
hda6 and hdal9 mutants. The similarity
in the ABA and salt response as well as
gene expression among hda6 and hdal9
mutants suggests that HDA6 and HDA19
may play a redundant role in ABA and
abiotic stress response. In addition to
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Figure 3. A mode of HDA6 and HDA19 function in the regulation of gene expression in ABA and
abiotic stress response. Arabidopsis AtERF4 and AtERF7 bind to the promoters of the target genes
and recruits AtSin3, a co-repressor, which in turn may interact with histone deacetylases, HDA6
and HDA19. AtERF4 and AtERF7 may therefore repress gene expression through chromatin modifi-
cation mediated by histone deacetylation. The activity of AtERF4 and AtERF7 can also be affected

AtERF7, another EAR-motif-containing
transcriptional repressor, AtERF4, was
also found to be involved in regulat
ing ABA and abiotic stress responses in
Arabidopsis.” HDAG6 and HDA19 may
therefore form a similar transcriptional
complex with AtERF4 and AtERF7 to
regulate gene expression in Arabidopsis
(Fig. 3). AtERF4 and AtERF7 may
repress gene expression through chro-
matin modification mediated by histone
deacetylation. The activity of AtERF4
and AtERF7 can also be affected by the
protein kinase PKS3.
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