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Abiotic stress adversely affects the growth of grapevine plants. In order to study the early expression changes of genes particularly
involved in signal transduction upon salt and drought stresses in grapevines, ESTs derived from a suppressive subtractive
hybridization approach (SSH) were selected for expression studies. We were particularly interested in the expression behaviour
of the MAP kinase cDNA clone identified by differential screening of the salt-stressed SSH libraries. Interestingly, VvMAP
kinase transcript showed a differential expression towards salt and drought treatment in the salt tolerant cultivar Razegui. The
upregulation of this transcript was confirmed by RNA blot analysis. Our results revealed that the VvMAP kinase gene could be
classified as an osmotic stress responsive gene as its expression was induced by salinity and drought. Furthermore, our study
provides the basis for future research on the diverse signaling pathways mediated by MAPKs in grapevine.

1. Introduction

Salt and drought stresses are a severe constraint to crop pro-
duction, and plants that undergo water deficit manifest a
wide range of behaviors, ranging from high sensitivity to tol-
erance.

Grapevine (V. vinifera L.) is economically important for
Tunisian agriculture but, due to climate variability and envi-
ronmental changes, yield and quality of the commonly
grown grapevine varieties are impaired. Although the re-
sponses of plants to osmotic stress have been extensively
studied at the physiological and biochemical levels, the per-
ception and intracellular transmission mechanisms remain
largely unknown. Due to their sessile habit, plants are ex-
posed to a variety of environmental stresses. Thus, their
responses and adaptation to environmental constraints must
be communicated in a specific manner from outside of
the cell to the inside, and ultimately to the nucleus, where
changes in gene expression may occur. Therefore, plant adap-
tation to salinity requires the regulation of the expression of
various genes which could encode for protein kinases and
phospholipases, or transcription factors. Mitogen-activated

protein kinases (MAPKs) are one of the important pro-
teins involved in the signal transduction of extracellular
information to intracellular targets and play a crucial role in
the response to biotic and abiotic stresses [1]. Several plant
protein kinases were found to be activated by osmotic stress
[2]. It was shown that only one specific MAPK is activated by
cold and drought stress in alfalfa plants (N6). Several MAP
kinases were identified from different plant species such as
tobacco [3], tomato [4], alfalfa [5], maize [6], wheat [7], and
barley [8]. In silico studies have shown that MAP kinases
belong to a gene family of 12 members of grapevine MAP
kinase genes which have evolved by segmental duplication
rather than by tandem amplification [9]. To promote crop
productivity, it is necessary to improve our knowledge on
the gene expression and regulation under osmotic stress. A
general assumption has been that stress upregulated genes
may be important for stress tolerance [10–12].

So far, a physiological assessment identified the Tunisian
Razegui cultivar as salt tolerant [13–15]. This cultivar has
been chosen for SSH cDNA library construction in order
to characterize and exploit the major genes involved in the
tolerance against salinity. In this study, we were specifically
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interested in the expression analysis of one candidate gene,
MK5, identified as differentially expressed under salt and
drought stresses.

2. Material and Methods

2.1. Plant Culture and Stress Treatments. Cultivar Razegui
(Vitis vinifera L.) was grown using the hydroponic system
in a controlled greenhouse (25◦C/20◦C temperature, 16/8 h
photoperiod and the relative humidity “RH” 60%). Nutritive
solution was composed of Ca(NO3)2 = 3.5 M, KNO3 = 3 mM,
NH4NO3 = 2 mM, K2HPO4 = 0.6 mM, MgSO4 = 1.5 mM,
(NH4)2SO4 = 2.8 mM, KH2PO4 = 1.6 mM, Fe-EDTA =

90 µM, MnCl2 = 9 µM, ZnSO4 = 0.76 µM, CuSO4 = 0.70 µM,
H3BO3 = 46.27 µM, KI = 0.43 mM, and (NH4)6MO7O24 =

0.21 µM with pH 6.0. Gradual salt stress was imposed. NaCl
concentrations were brought up to 100 mM by increments
of 25 mM NaCl per 3 days. Leaves from control and stressed
plants were harvested after 6 and 24 h (after reaching the
concentration of 100 mM NaCl). Plants were also harvested
after 48 h recovery from salt. All samples were immediately
frozen in liquid nitrogen and stored at −80◦C until use
for RNA purification and expression analysis. In parallel to
this assay, a drought stress experiment was conducted, in
which, Razegui cultivar was grown in pots under controlled
greenhouse conditions. No irrigation was applied to Razegui
grapevines during 3 weeks upon which plant material was
sampled.

2.2. Isolation of Total RNA and Northern Blot Analysis. Total
RNAs were isolated from fully developed leaves collected
from stressed and control plants according to Daldoul et
al. [16]. Differential regulation of VvMAP kinase cDNA
was validated using northern blot analysis. Glyoxylated total
RNAs (10 µg) from control and stressed leaves were separated
in 1.2% MOPS (3-(N-morpholino) propanesulfonic acid)
agarose gel electrophoresis and blotted by capillary transfer
on nylon membranes (Hybond N, GE Healthcare Europe
GmbH, Munich, Germany). Hybridisations were performed
at 65◦C in phosphate-SDS-EDTA buffer using α-[32P]-
dCTP-(3000 Ci/mmole) labelled cDNAs probes prepared
with the HexaLabel DNA Labelling Kit (Fermentas, St. Leon-
Rot, Germany) according to the manufacturer’s instructions.
cDNA probes were encoding for MAP kinase SSH clone
(GenBank accession no. GH717878.1) and 26 rRNAs (Gen-
Bank accession no. GO307585, as loading control gene).
Those probes were obtained by purification of clones’ seq-
uences. After hybridization, membranes were washed with
decreasing stringency up to 0.2x SSC and 1% (w/v) sodium
duodecylsulfate at 65◦C. Membranes were exposed to Kodak
BioMax MS X-ray films (Sigma Aldrich) for up to 72 h.
Assays were repeated twice using samples from independent
experiments.

3. Results

In this study, we focused on the expression analysis of the
VvMAP kinase clone isolated from the differential screening
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Figure 1: RNA gel blot analysis for VvMAP kinase cDNA regulated
by salt stress. Transcript abundance was evaluated in the leaves
material of Razegui cultivar. Each lane contained 10 µg of total leaf
RNA. (a) C: Control, S: Stressed, 6 h or 24 h after 100 mM NaCl
treatment, 48 h = 48 h of recovery from salt stress. (b) The Et-Br-
stained agarose gel of total RNAs is shown as a loading control.
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Figure 2: Differential regulation of VvMAP kinase cDNA under
water deficiency. (a) Identical amounts of RNAs were denaturated
by glyoxylation and subjected to electrophoresis on 1.2% agarose
gels. Transcript abundance was evaluated in the leaves material of
Razegui cultivar. Each lane contained 10 µg of total leaf RNA. C:
control, S: 3 weeks of water deficiency. (b) 26 S RNA gene used as
an internal control for equal loading.

of SSH Libraries [17]. The regulation of this gene by osmotic
stress was characterised by means of Northern hybridisation.
As a control, a 26 S ribosomal RNA gene was hybridized in
parallel for equal loading of RNA samples and was clearly not
affected by stress treatment when control and stressed leaves
were compared (Figure 2(b)). The VvMAP kinase transcript
was upregulated in the tolerant cultivar Razegui within 6 h
and its expression increased after 24 h of salt treatment
(Figure 1(a)). On the other hand, the expression level of
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the transcript was downregulated after additional 48 h stress
recovery. To analyse whether MK5 is activated by drought,
grapevine plants were exposed to a severe water stress.
This gene was also found to be differentially expressed in
Razegui cultivar (Figure 2(a)). Homology search of VvMAP

kinase (accession no. GH717878.1) using Blast program [18]
showed that this transcript shares a high sequence identity
(96%) with Protein kinase MAP Kinase 5 of the halophyte
plant Mesembryanthemum (accession no. AF234652.1). This
high identity level would indicate that this gene could confer
a stress tolerance in grapevine.

4. Discussion

The comparative effects of salinity and drought on plants
were largely discussed [19, 20] as both stresses induce osmo-
tic changes in plant cells.

In this study, we specifically targeted the early responsive
genes involved in stress signaling response. In this context
tissues were sampled for expression analysis from control and
stressed plants at three time points (6, 24, and 48 h). Salt was
applied for a short-term period (6 h and 24 h) after reaching
the final salinity level of 100 mM to enrich the library with
early responsive genes involved in stress response and signals
transductions. We focused on the expression pattern of a
specific cDNA encoding an MAP kinase which could be
involved in stress signal transduction. In fact, the induction
of VvMAP kinase gene by abiotic stress was shown in rice
and its overexpression conferred tolerance to drought and
salt stress [2]. The decrease of the expression level of VvMAP
kinase after 48 h of recovery indicates that its activation is
specifically linked to the stress condition. These results are
in accordance with several reports. In fact, recently, several
plant protein kinases were found to be activated by osmotic
stress [21]. The idea that an MAPK is involved in osmotic
stress adaptation might find support in the report where the
pea PsD5 MAPK was shown to complement HOG1-deficient
yeast for their ability to grow on a hyperosmolar medium
[22].

The overexpression of MAPK gene expression by salt
and drought stresses could be an indicator for its function
in signal transduction. The VvMAP kinase could be good
candidate to study the mechanism of signalling pathways in
grapevines.

5. Conclusion

This study demonstrates a differential expression of VvMAP

kinase cDNA gene in response to osmotic stress in grapevine.
This EST was suggested to be involved in the signalling path-
way during osmotic stress. Thus, it would be interesting to
get its corresponding full-length sequence, in order to anal-
yze its precise function in osmotic stress tolerance in grape-
vines. This gene would contribute to a better understanding
of the molecular mechanisms of signal transduction path-
ways, which could lead to improve grapevine stress tolerance.
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