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Abstract—Although glutathione S-transferase (GB EC 2.5.1.18) is thought to plaimportant roles in abiotic stress, limit

ed information is awilable regarding the function of its gene in grapes. In this stuaysST gene fran grape,VVGIF13,

was cloned and functionally characterized.rdnsgenicArabidopsigplants containing this gene &re normal in terms of
growth and maturity canpared with control plants but had enhanced resistance to salt, drought, and methyl viologen stress.
The increased tolerance of the transgenic plants correlated with changes in activities of antioédatizymes. Our results
indicate that the gene frm grape plgs a positie role in improving tolerance to salinitydrought, and methyl viologen stress

es inArabidopsis
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Environmental stress is the major limiting factor in (EF1G), and tetrachlorohydroquinone dehalogenase
plant productivity. Much of the injury to plants caused by (TCHQD) [5]. Among these, Phi, Tau, Lambda, and
stress exposure is associated with oxidatilamage at the DHAR classes are specific to plants.
cellular leel resulting fran increased production of reac In plants, GSTs were first disceered and are best-
tive oxygen species @&S) [1]. Therefore, plants employ a known for their ability to detoxify a griety of toxic exoge
complex arrgy of detoxification mechanisms to keep®S nous canpounds, especially herbicides [6]. Hoaver,
production under control [2]. Glutathione S-transferases apart fran herbicide detoxification, plant GS's are also
(GSTs) are a ubiquitous superfamily of multifunctional known to play an important role in abiotic and biotic
enzymes invlved in cellular detoxification of a wideari-  stress responses, including salt [7], dehgtion [8],
ety of endobiotic and xenobiotic substrates by conjugatinghydrogen peroxide [9], metals stress [10], cold [11], UV-
the tripeptide (@Glu-Cys-Gly) glutathione [3, 4]. Based light [12], and pathogen attack [13]. Sue studies haa
on predicted amino acid sequences, the soluble T33n reported that the expression of GSis induced by plant
plants hae been grouped into seval classes including hormones such as auxin [14], ethylene [15], ABA [16],
Phi, Tau, and Lambda, Dehdroascorbate reductase salicylic acid, and methyl jasmonate [17].

(DHAR), Theta, Zeta, Elongation factor 1 gamma Grape (Vitis viniferg is one of the wrld’'s largest
fruit crops, approximating annual production of 58 miil

AbbreviationsCDNB, 1-chloro-2,4-dinitrobenzene; CP, con- lion metric tons [18]. Although many GS genes ha
trol plants; GST, glutathione S-transferases; Mynethyl violo- ~ P€€N cloned and reported, the role of a Gyene fron
gen: OE, GST-overexpressing lines oirabidopsisROS, reac  drape is little inestigated. In this studythe GST coding
tive oxygen species; Transgenic plant generation. sequence/vGI F13from grapeV. viniferawas cloned by
* To whom correspondence should be addressed. PCR and functionally characterized by heterologous
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756 JING XU et al.

expression inrabidopsisDetailed analysis carried out on primers were as follows (forward: AtAc2F 5¢AGTAAG-
transgenic lines desloped in this study suggests a role of GTCACGTCCAGCAAGG-3 ¢ rewerse: AtAc2Z: %
VVGIF13 in abiotic stress tolerance, particularly in GCACCCTGTTCTTCTTACCGAG-3¢) The PCR wvas
osmoatic, salt, and methyl viologen (MV) stress condi performed under the following conditions: 10min at

tions.

MATERIALS AND METH ODS

Plant materials and gwth conditions. Plants
(Arabidopsis thalianacotype Columbia L.) vere grown

94°C, followed by 22 cgles of 20s at 94°C, 23 at 56°C,
20 s at 72°C, and a final extension at 72°C forndn.
VvGIF13 was amplified using PCR conditions as fol
lows: 10min at 94°C, followed by different cgles of 35s
at 94°C, 30s at 56°C, 3G at 72°C, and a final extension
at 72°C for 5min. The PCR products wre separated on
2% agarose gel. The DNA intensity ratio of the

in a growth chamber at 22°C on MS medium or in pots VVGIF13 gene toAtAc2was analyzed with a Shineeth

filled with vermiculite/peat moss/perlite (9 : 3 : 1) mix
ture. The plants wre kept in a 16 h/8 h ddnight cycle at
light intensity of ~120umol photons-nT2-s?.

Cloning and sequence agsis of WGSTF13. The

VVGIF13(GenBank accession number XM_002263350)

open reading frame was cloned fron grapeV. viniferaleaf
cDNA using RT-PCR with specific primers foVvGIF13
genes (forvard: WGSTF13: 5¢AAGGATCCATG-
GCGCT CAAGCTCCATG-3¢; rewverse: WGSTZ13: 5¢
AAGAGCTCTCACTTCTCACCAAAAG-39. Clones con-
taining the VVGSTF13 coding sequence ware further
sequenced frm both sides to confirm their sequences.

Molecular weight (MW) and isoelectric point ()
predictions for the deduced protein @re estimated using
the Compute plI/MW tool (http://w eb.expasyrg/
protparam/). The phylogenetic tree ws constructed
using the Clustal W2 program.

\ector construction andArabidopsistransformation.
The camplete open reading frame oVvGIF13 was

Gel Analyzer (Shanghai Shine Science ofe@hnology
Co., Ltd., China). The same results @&e obtained in
three independent experiments. Therefore, only the
results fran one experiment are presented.

GST activity measuement. GST activity was deter
mined according to Ji et al. [21] with minor modification.
Enzyme activity vas tested in the presence ofmiM glu-
tathione in 100mM sodium phosphate buffer (pH6.5).
The reaction vas started with the addition of 1-chloro-
2,4-dinitrobenzene (CDNB) to a final concentration of
1 mM. The changes in optical absorbance at 3dth were
measured. The background lels of spontaneous CDNB
deca were subtracted.

Stress blerance anajsis. For germination and
seedling growth asyaseeds of both werexpressing and
control plants were stratified and planted on MS medium
with or without different concentrations of NaCl, manni
tol, or MV. The seeds ®re incubated at 4°C for 2 ga
before being placed at 22°C under light conditions.

amplified by PCR using gene-specific primers asGermination rate and cotyledon emergence rateeve

described, cloned in A clone \ector Simple pMD-18
(Takara, Japan), and sequenced. The fragmerdasiathen
cloned in the plant expressionector pYK4102 [19] at
BamH| and Sad sites under the control of the CaMV35S
promoter. The construct vas mobilized intoAgrobacteri-
um tumefacien&Vv3101 and transformed in plants to gen
erate G -overexpressing lines (OE) dhrabidopsisising
a floral dip method [20], and the emptyactor without

scored.

For root length assa seeds wre germinated on MS
medium for 2days and then transferred carefully to MS
medium containing different concentrations of NaCl or
mannitol. Root length was measured after 7 ga.

For drought treatment, vatering was withheld for 2
weeks for 3-veek-old plants grown in pots. The perform
ance of control and transgenic plantsas canpared when

VvGI F13was transformed in plants to generate control irrigation was resumed.

plants (CP). Both positie transformants in hygrnmycin
(50 pg/ml) plates vere selected, and GB overexpressors

For salt treatment, 3-veek-old plants grown in pots
were vatered with NaCl (250mM). Two weeks laterthe

were confirmed by PCR using the same primers. The T3performance of control and transgenic plantsas con-

generation vas selected for further experiments.
Rewerse tanscription PCR.Three-week-old Arabid-
opsisplants were hanested to analyze the GSoverex
pressing transformants. dkal RNA was isolated using a
Multisource Total RNA Miniprep kit (Axygen Scientific,
USA) according to the manufacturer’'s instructions.
First-strand cDNA synthesis \as conducted with Jug of
total RNA using a TansScript Fly First-strand cDNA
Synthesis SuperMix (Tansgen Biotech, China). Specific
primer information for VVGS F13 was mentioned abee.
The A. thalianaactin gene AtActin2 GenBank Accession

pared.

For MV treatment, seeds ere surface-sterilized and
grown on MS solid medium for 1%lays. Wwenty seedlings
were then transferred aseptically into 50-ml conical flasks
containing 20ml of MS liquid medium and grown with
rotary shaking (60 rpm) for receering. After 2 dgs, the
liquid medium was refreshed with new medium that cen
tained MV at different concentrations. The dry eight
was scored after 10 gla. Total chlorophyll was extracted
and assged as described previously [7].

Measurement of phsiological paameters inelved in

number U41998) vas used as an internal control, and stress blerance.To measure standardizedater content,
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OVEREXPRESSION OF VvGS ENHANCES ABIOTIC S TRESS RESISTANCE IN Arabidopsis 757

aerial parts fron 3-week-old pot-grown plants wre nized in 1.6ml of chilled 50mM phosphate buffer and kept
excised and placed on filter paperhe loss of fresh gight on an ice bath. The hmogenate was filtered through tw
was monitored at indicated times. The methodas as layers of muslin cloth and centrifuged at 20,0§6br 10min
described by Xu et al. [19]. in a refrigerated centrifuge at 4°C. The supernatanasw
Furthermore, 3-week-old plants vere treated with stored at 4°C and used for enzyme asswithin 4h. SOD
250mM NacCl (salt stress), or 300nM mannitol (drought  activity was determined by monitoring the inhibition of
stress), or 1QuM MV for 4 days, and then malondialde photochemical reduction of nitroblue tetrazolium accord
hyde (MDA) content, electrolyte leakage, superoxide dis ing to the method of Begr and Fridovich [23]. POD activ
mutase (SOD; EC 1.15.1.1) and peroxidase (POD; & ity was assgd according to the method of MacAdam [24].
1.11.1.7) activities wre measured. Statistical anal/sis. The SPSS softare \ersion 15.0J
To measure MDA lewls and electrolyte leakage, (SPSS Inc., USA) was used for statistical analysis.
leaves fran 3-week-old plants of the same genotype ANOVA was performed followed by Duncan’s multiple
under the same treatment eve mixed as sample. MR comparison tests. Statistically significant differenceg €
content was determined by the reaction of thiobarbituric 0.05) are reported in the text and shown in the figures.
acid as described previously [22]. Electrolyte leakagasw
determined using a DDS-307 conductivity meter

(Shanghai Reaches Instrument Co., Ltd., China) as RESULTS
described previously [2]. The electrical conductanceasy
measured first after each experiment (&), then Cloning and chaacterization ofWGSTF13.The cod

bathing solution containing the leass vas autoclaed at ing region ofVvGI F13was 65%p in length and \as pre
120°C for 20min and the electrical conductance as dicted to encode a 217-amino acid protein with a calcu
measured again to get the total ion leakageQE,). The latedMW of 24.6kDa and a p of 6.16. Multiple sequence
relative electrolyte leakage as then calculated as a per alignments showd that WGSTF13 shares the highest
centage: ., (%) = ECinitia/E Crax - 100. similarity with AtGSTF13 (At3g62760), AtGIF14

To measure antioxidant enzyme activities, fresh leaf(At1g49860), AtGSF2 (At4g02520), and AtGIF6
tissue (~0.1g) from 3-week-old plants of the same geno (At1g02930), which suggests thAtvGSF13 may be a
type under the same treatmentas harested and hmoge  Phi-type GST (Fig. 1).

- At3g62760
43_4|:VVGST
100 At1g49860 Phi
At4g02520
99 41%'1 At1g02930
At5g41220
N - EAt5g41210 Theta
a0l Atsg41240
— At2g02390 Zeta
100 L— At2g02380
- At5g02780
100 —: At5g02790 Lambda
At3g55040
= At1g78380
— At2g29440 .
™~ At2g29480 au
E|—— At2g29460

L
02

Fig. 1. Phylogenetic tree for the amino acid sequences ofGSTF13 with the GST proteins fram A. thaliana The Neighbor-joining (NJ)
method was applied using Mega 4 fro a tree file produced by Clustal W2.
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Fig. 2. TransgenicArabidopsiplants with WGSTF13. A) The WGSTF13 expression ector for Arabidopsigransformation. Nos-Ter, termina-
tor sequence of the nopaline synthase; SAR, scaffold attachment region. B) Expressivn®SEIF13in the three transgenic lines and control.
Total RNA was isolated frm 3-week-old plants grown under normal conditions. M, marker (DL2000;akara). C) G activity in Arabidopsis
plants expressing XGSTF13. GST activity was measured in leag of 3-veek-old plants grown under normal condition using CDNB as sub
strate. \Alues are means + SDn(= 3) and different letters abe bars indicate significant differencep € 0.05) among different lines.

Expression ofMvGSTF13in ArabidopsisVVGSTF13 root length were increased in the OE lines ompared with
cDNA was cloned into plant expressioregtor pYK4102 control under salt and osmotic stress conditions (Fig).
(Fig. 2A) and introduced toArabidopsiscells using the These results suggested that OE plants had enhanced tol
A. tumefaciensnediated floral dip method. En inde  erance to salt and osmotic stress.
pendent lines of transgenic plants (T1 generationgm@ Salt and dought stess blerance. Three-week-old
generated. Among these lines, three mozygous trans seedlings wre vatered with NaCl (250mM) for salt stress
genic lines (named OE2, OE6, and OE7) expressingor with withheld watering for vater deficit stress to further
VVGIF13 of T3 generation wre selected for further analyze salt/drought tolerance. After 2 eeks, sme
experiments. plants exhibited lethal effects, and then the planten

RT-PCR analysis results confirmed thatvGSF13 irrigated again. The plants &re photographed on the 15th
was detected in the three transgenic lines in the T3 generday after the plants wre exposed to stress, and the sur
ation, and no amplification vas obserd in control vival rate vas then measured (FiglA). Under salt stress
(Fig. 2B). GST activity lewls were analyzed in both condition, >80% of the OE plants survied, whereas only
OE plants and control. Conpared with control, different 20% of the control plants surved. Under water deficit
OE lines showd a significantly enhanced GB acti- stress for 2 eeks, 68% of the OE plants sured, where
vity when CDNB was used as substrate (Fi@C). as approximately 20% of control plants sured.

No obvious effects on growth and delopment were The water content vas analyzed furtherwhen the
obsered in VVGIF13 OE plants under normal growth leawes of control and OE plants &re exposed to air for
conditions. 2 h, the aerage water content rate of the OE plants ag

Response of emsgenic linesat salt stess and osmet  80.6%, whereas it as 75.8% in control. At &, the aer-
ic stress.Seeds wre germinated in medium containing age vater content rate of OE plants as 38.2%, which as
different concentrations of NaCl (50 and 106M) as salt 1.4-fold higher than that of the control. These results
stress or mannitol (150 and 30@M) as osmotic stress to indicated that OE plants had a higher capacity to con
analyze the role o/vGI F13 under stress. Thereas no sene water than the control plants (Fig4B).
significant difference in the germination rates and root MD A and electrolyte leakagesere analyzed (Fig5,
length betveen control and OE plants under normal A and B), and the results shad that there wre no dif
growth conditions. Howewer, the germination rate and ferences beteen OE plants and control under normal

BIOCHEMIS TRY (Moscow) \l. 83 No. 6 2018
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conditions. Under stress conditions, MB and elee The activities of SOD, POD, and GS were also
trolyte leakages increased in both OE plants and controlmeasured (Fig5, C-E), and the results shoad that SOD
Howe\er, the contents of MDA and electrolyte leakages and POD activities had no significant difference beten
were significantly higher in control than in OE plants OE and control plants under normal conditions. Under
during NaCl and mannitol stresses, which means controlstress conditions, the SOD, POD, and GB activities
plants exhibited higher rates of cell damage than OE linesncreased in both the OE and control plants. Haaer,

under stress conditions. the SOD, POD, and G activities in OE lines \ere sig
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Fig. 3. Response o¥/vGSTF13transgenic plants to salt and osmotic stress. A) Seed germination. The germination r&esrecorded in MS
medium supplemented with different concentration of NaCl (as salt stress) and mannitol (as osmotic stress) during a penod2rto 96 h

after stratification. Each alue is the mean + SDr{ = 3) of at least 50 seeds. B) Primary root length of different genotypes under salt stress
and osmotic stress. Seedere germinated on MS medium for 2 ¢ga and then transferred carefully to MS medium containing different con
centrations of NaCl or mannitol. Root length ws measured after 7 gs. Each alue is the mean + SD of at least 50 seedlings.
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Fig. 4. Salt and drought stress tolerance of transgenic plants. A) Thremkvold plants vere gien salt or drought stress treatment. Control,
3-week-old plants growing under normal conditions. Salt stress, planttaved with NaCl (250mM). Drought stress, plants with withheld
watering for 2 veeks, then irrigated again. SunaVrate vas analyzed. &ues are meas: SD of three individual experiments. The statistical
significance vas determined by Duncan’s multiple coparison tests. Different letters alye bars indicate significant differencgg < 0.05)
among different genotypes with the same treatment. B) Standardizedew content of different lines. Each data point is the mearSD of
three replicates, each fm " 10 plants.
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A B

Fig. 5. Changes in the electrolyte leakage, content of MD and activities of antioxidant enzymes with different lines treated with NaCl
(250mM) as salt stress, mannitol (30@M) as drought stress, and MV (10M) stress for 4ays: A) electrolyte leakage; B) MB content; C)
SOD activity; D) POD activity; E) GST activity. Values are mean + SDn(= 3), each fran 10 plants. Statistical significanceas determined
by Duncan’s multiple canparison tests. Different letters alve bars indicate significant differencep € 0.05) among different lines in the same
treatment.

nificantly higher than in the control plants during NaCl taining 0.5uM MV, the cotyledon emergence rate of cen
and mannitol stresses. These results suggest thatol was 70%, and the mean rate of OE linesisvapprox
VVGSF13 strengthens cellular BS scaenging ability imately 88%. When the MV concentration reached
and maintains ROS hameostasis by increasing the activi 1.5 pM, the cotyledon emergence rate decreased to 20%

ties of antioxidant enzymes. in control, and the mean rate of OE lines ag approxi
MV stress blerance of tansgenic plantsGiven that mately 66% (Fig.6A).
GST is inwlved in anti-oxidation processes in plants and To analyze MV tolerance, 2-wek-old T; seedlings

animals, we analyzed the anti-oxidation capacity of grown on MS solid medium wre transferred aseptically
transgenic plants. Seedsene germinated on the MS into MS liquid medium and grown with rotary shaking
medium containing different MV concentrations, and the (60 rpm) for recavery. After 2 dgs, the liquid medium vas
percentage of cotyledon emergenceaw conpared refreshed with new medium supplemented with different
between OE and control plants. Photographsene taken MV concentrations. Photographs are taken on the 10th
on the 7th da after stratification. In the medium con day after exposure to stress (Fi§B). The seedlings of
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Fig. 6. MV stress tolerance of transgenic plants. A) Phenotypes and cotyledon emergency rate of different genotypes under MV stress treat
ment. Seeds ere germinated on MS containing different concentrations of M\Cotyledon emergency rate as measured after 7 ga. Each

value is the mean + SD of at least 50 seedlings. Bjefity seedlings grown in MS solid medium for 2eeks were transferred to MS liquid
medium in flasks containing different concentrations of M\C) Chlorophyll content of seedlings in the individual flasks with treatment as
mentioned in (B). The percentage of chlorophyll retainedas calculated as follos: the chlorophyll content of each genotypeas measured

after MV treatment and cenpared to the chlorophyll content of plants grown on MS liquid medium onljhe experiments &re repeated three
times. \alues are means + SDn(= 3) and different letters abee bars indicate significant differenceg € 0.05) among different genotypes in

the same treatment. D) Dry wights of seedlings in the individual flasks with treatment as mentioned in (BJu¥s are means + SDn(= 3)

and different letters abee bars indicate significant differencep € 0.05) among different genotypes with the same treatment.
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control and OE lines grown in the liquid medium without
MV appeared normal. This result indicated that toxic

763

mulate due to increased oxidatv stress [8]. Although
many GST genes ha been cloned and analyzed, the role

effects vere caused by MV stress and not the result obf a GST gene fran grape has been little imstigated. In

submersion in the liquid medium. The dry @ights of
control and OE lines wre nearly the same without MV
stress. How\er, the growth of control plants as inhibit
ed when MV stress as induced. When control plants
were treated with 1.54M MV, the growth of plants as
significantly inhibited, the chlorophyll content
decreased, and the leas turned chlorotic. The retained
chlorophyll content canpared with normal condition vas
only 40% in control, while the mean content in OE lines
was 68.6% (Fig6C). The relative dry weight rates of con
trol and OE lines vere 32 and 52%, respectly
(Fig. 6D). When MV concentration reached 1M, the
growth of both control and OE plants &s inhibited, and
the leaws turned chlorotic. The retained chlorophyll
contents vere 9.3 and 46% in control and OE lines,
respectiely. The relative dry weight rates wre 9 and 20%
in control and OE lines, respectely. When MV concen
tration reached 3uM, both control and OE plants died
(data not shown). These results shed that OE plants

exhibit higher tolerance to MV stress than control plants.

MD A and electrolyte leakagesese analyzed (Fig5,
A and B). Under stress conditions, MB and electrolyte

this study VVGSF13, a GST gene fran grape, vas cloned
and introduced intoArabidopsi¢o evaluate gene function
during abiotic stresses. Our results ealed that trans
genic Arabidopsis plant lines oerexpressing the
VvGI F13gene hae improved drought, salinityand MV
tolerance.

Functional analysis on the role 0/vGI F13in abi-
otic stress tolerance ofrabidopsisvas carried out using
transgenic OE lines. The phemoena of increased germi
nation, root growth, and percentage of cotyledon emer
gence were obsergd under stress treatment (Fig8. and
6A), which suggests tha¥vGI F13 play a role in toler
ance phenotype. Recent studies feghown that expres
sion of a rice Lambda class of @S OsGSTL2, in
Arabidopsisprovides tolerance through increasing root
growth, seed germination, and cotyledon emergence in
heavy metal stress, and increasing root growth in salt and
osmotic stress [10]. Similar phenotypes ene also
obsened in the functional study of ThGSTZ1 from
Tamarix hispidan drought and salinity stresses tolerance
[26]. Furthermore, OE plants displged tolerance to
salt/drought stress and consezdt water to a higher extent

leakages increased in both OE and control plants.than control plants (Fig.4); these results suggest that

Howe\er, the contents of MDA and electrolyte leakages
were significantly higher in control than in OE plants

during MV stress, which means control plants exhibited

VVGIF13 plays a positie role in tolerance to
salt/drought stress.

Exposure to drought and salt stress caused increased

higher rates of cell damage than OE lines under stresformation of reactive oxygen species and thus oxidativ

conditions.

The antioxidant enzymes are also detected under
MV stress conditions (Figh, C-E). Under stress condi
tions, the SOD, POD, and GS activities increased in
both OE and control plants. Howwer, SOD, POD, and
GST activities in OE lines \ere significantly higher than
in the control plants under MV stress. The enzyme pro
files under MV stress are similar to those obseed under
salt/drought stress.

Together the overexpression o¥/vGSF13enhanced

stress [8]. Therefore, a eoplex arrgyy of detoxification
mechanisms has eWwed to maintain ROS haneostasis,
including not only non-enzymatic canponents such as
antioxidant ascorbate and glutathione, but also enzymat
ic scaengers. The major antioxidant enzymes include
SOD, POD, catalase (CA), GST, and guaiacol peroxi
dase (GPx) [27]. In fact, @erexpression of a specific
antioxidant gene has been shown to influence the expres
sion of other antioxidant genes. df instance, transgenic
GST expressing seedlingsene shown to haw a higher

the tolerance to salt, drought, and MV stresses inascorbate peroxidase (APX) activity and monodehy

ArabidopsisVVGSF13is suggested to pfaan important

droascorbate reductase (MDHAR) activity ampared to

role in adaptation to at least three distinct stress agentsion-transformed seedlings [28]. dbacco plants express

(salt, drought, and MV).

DISCU SSION

ing a human DHAR (dehylroascorbate reductase) gene
showed an increased glutathione reductase (GR) activity
[29]. Tobacco chloroplast transformants expressing
DHAR and GST genes had increased GR activity B
pared to the wild type plants [2]. In this studpverexpres

Environment stress, such as pathogen attack,sion of VVGIF13resulted in increased activities of SOD

wounding, drought, high heavy metal content, and

and POD and decreased MB and electrolyte leakages

extreme high or low temperatures lead to the generationunder stress conditions ¢opared to the control. This sug
of ROS in plant cells, which then produce membrane gests thatVvGSF13 acts as a stress regulator through

lipid peroxidation and form base propenals, highly cyto
toxic products of oxidatie DNA damage [25]. GS's were
proposed to afford protection underarious stress conéli
tions by detoxifying endogenous plant toxins that accu
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en ROS scaenging ability or maintain ROS haneostasis.
Methyl viologen (paraquat) also causes oxidativ

stress by increasing the production of;@n both animal
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and plant systems [30]. The effect ¥GSF130n resist 4.
ance to oxidatie stress caused by MVaw also explored
through the analysis of chlorophyll retention, electrolyte °
leakage, lipid peroxidation, and antioxidant enzymes.
The results wre similar to those in experiments when
plants vere exposed to salt and drought stressaseYal.
transformed a cotton G$ gene into tobacco and
obsered an enhanced resistance to oxidativstress
induced by MV in the transgenic tobacco plants [9]. 7.
Overexpression oVvGI F13resulted in increased toler
ance to MV stress treatment through enhancing activities
of antioxidant enzymes. Lee et al. demonstrated that
overexpression of Cu,Zn-SOD, APX, and DHAR genes
in tobacco chloroplasts eleted protection against MV
and salt stress [31]. In a recent stydiransplastonic
tobacco plants expressing @Sand GR genes shoad
enhanced tolerance to MV induced oxidatevstresses [2].
In this work, improved protection against MV and
salt/drought stress could be explained by synergistic 9.
effects of G with SOD and POD. The expression of
these antioxidant enzymes auld participate in a more
rapid scaenging of superoxide radicals and dpgen
peroxide before their interaction with target molecules.
In conclusion, WGSTF13 plays a positie role in
tolerance to salt/drought/MV stress inArabidopsis
Further analyses, particularly on the role of phytohor

mones, are needed to elucidate the function and thereg 11.

ulatory mechanism of VGSTF13 in plant stress respons
es.
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