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Abstract Stress leads to generation of reactive oxygen spe-
cies in living cells, which are scavenged by antioxidant en-
zymes. In the present study, genes encoding for two different
antioxidant enzymes, namely cytosolic superoxide dismutase
and cytosolic ascorbate peroxidase isolated from salt-tolerant
cell lines of Arachis hypogaea, were simultaneously
overexpressed in tobacco (Nicotiana tabacum cv. Xanthi)
and the effect of their overexpression on alleviation of salinity
stress was evaluated. The co-expression of AhCuZnSOD and
AhcAPX in tobacco plants helped the resulting transgenic
plants in overcoming salt stress. Compared to the wild-type
plants, transgenic plants survived longer periods of salinity
stress and displayed improved recovery after removal of the
stress. The transgenic tobacco plants exhibited better photo-
synthetic efficiency, higher germination rate, more chloro-
phyll content, higher levels of total antioxidant enzyme activ-
ities, greater water retention capacity, higher proline accumu-
lation, lower level of malondialdehyde content, and reactive
oxygen species accumulation under stress conditions in com-
parison to theWT plants. Our analysis revealed that combined
overexpression of the two antioxidant enzymes improved the
salinity tolerance in transgenic plants.

Keywords Antioxidantenzymes .Salinitystress .Superoxide
dismutase . Ascorbate peroxidase . Tobacco

Introduction

The development of environment-sturdy crops that are able to
withstand abiotic stress is the need of the hour to ensure food
security for the growing population. Among the various envi-
ronmental stresses, salinity is the major factor limiting plant
growth and productivity worldwide. Salinity interferes with
plant’s vital physiological and biochemical functions of plants
such as osmosis, nutrient uptake, translocation leading to ionic
toxicity, and cellular disturbances (Ediga et al. 2013).
Addressing the problem of increased salinity is more crucial
as it is predicted that it is going to affect 30% of arable land in
the next 25 yr (Wang et al. 2003). This will further shrink the
available land for agriculture, eventually leading to further
decrease in crop productivity.

When plants are subjected to stress, the reactive oxygen
species (ROS) such as singlet oxygen (O2

−), hydrogen perox-
ide (H2O2), and hydroxyl radicals (OH) are generated.
Enhancement of ROS can cause oxidative damage to cellular
components such as nucleic acids, lipids, and proteins. The
deleterious effects of ROS are surmounted by an array of
enzymatic and non-enzymatic mechanisms (Gill and Tuteja
2010). The enzymatic scavenging involves antioxidant en-
zymes including superoxide dismutase, ascorbate peroxidase,
catalase, guaiacol peroxidase, and glutathione reductase. The
antioxidative defense is initiated by superoxide dismutase
(SOD), which converts superoxide (O2

−) radicals to H2O2.

The H2O2 that is also potentially harmful is converted to
non-toxic water and monodehydroascorbate by the ascorbate
peroxidase (APX) enzyme utilizing ascorbate as the electron
donor (Asada 1997).

To improve tolerance against oxidative stress and maintain
the development and advancement of plants under these envi-
ronmental stress conditions, genetic engineering techniques
have been utilized. Many groups have conducted studies on
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developing transgenic plants by overexpression of antioxidant
genes like SOD orAPX (Badawi et al. 2004;Wang et al. 2010;
Xu et al. 2013) and have successfully demonstrated aug-
mented tolerance of transgenic plants to various stresses.

Earlier, we have shown that overexpression of a single
antioxidant gene, cytosolic superoxide dismutase
(AhCuZnSOD), resulted in better tolerance against salinity
and drought as compared with the wild-type (WT) plants
(Negi et al. 2015). Another antioxidant gene, cytosolic ascor-
bate peroxidase (AhcAPX), was also been reported from our
laboratory as one of the several genes induced in response to
salinity and drought stress (Shrivastava et al. 2015). To assess
the effect of antioxidant gene pyramiding and to evaluate
whether the combined overexpression would impart better
tolerance in transgenic plants against abiotic stress, we trans-
ferred both the genes, i.e., AhCuZnSOD and AhcAPX
(AhCuZnSOD + AhcAPX), concurrently into the model plant,
tobacco and evaluated the tolerance of the transgenic plants
against salinity stress. The resulting transgenic tobacco plants
exhibited increased germination and seed production under
salinity stress compared to control plants, thus signifying the
potential for engineering the antioxidant enzyme pathway for
achieving better salinity tolerance in plants.

Materials and Methods

Construction of plant transformation vector The cytosolic
superoxide dismutase isolated from Arachis hypogaea (DQ
499511) was cloned into plant expression vector pGREEN
0029 as described in a previous report (Negi et al. 2015).
The cytosolic ascorbate peroxidase complementary DNA
(cDNA) isolated from A. hypogaea (EF165068) cloned in
PRT101 was available in the lab. A PCR-amplified product
of 1.7 kb carrying CaMV 35S-AhAPX gene withClaI and SalI
overhangs was subcloned in PRT101 vector. The fragment
(CaMV 35S-AhAPX gene) cloned in PRT101 vector was re-
leased by digestion with ClaI and SalI and cloned at the ClaI
and SalI site of the construct pGREEN0029-SOD. The con-
struct was transformed and multiplied in E. coli, and the dou-
ble construct was introduced into Agrobacterium tumefaciens
(GV3101) by freeze-thaw method (Hofgen and Willmitzer
1988). The cloning of genes was confirmed by PCR amplifi-
cation with gene specific primers and restriction digestion
with PstI and ClaI-SalI.

Plantmaterial and tobacco transformationYoung leaves of
tobacco (Nicotiana tabacum cv. Xanthium) were used as ex-
plants for tobacco transformation. The transformants were se-
lected on MSB1N.1 medium-containing kanamycin (100 mg/
l) and cefotaxime (400 mg/l). Single shoots regenerating from
leaf discs were excised and rooted on basal MS medium con-
taining kanamycin and cefotaxime. For hardening, the rooted

plantlets were transferred to pots containing autoclaved
agropeat in culture room for 1 wk and finally transferred to
glasshouse (Horsch et al. 1985).

PCR and Southern blot analysis Genomic DNA was ex-
tracted from 2-wk-old tobacco plants by CTAB method
(Rogers and Bendich 1994). The presence of the transgenes
was confirmed by PCR analysis using gene specific primers
(for SOD: FP 5′-AAATGGTGAAGGCTGTGGC-3′) and RP
5′-CCAAACAACGGAAAGGGGT-3′; (for APX: FP 5′-
A A G AA C G T C A AG C C AT G - 3 ′ a n d R P 5 ′ -
AACTTCTTGCATTCATCACT-3′) were used. The PCR
products were visualized using ethidium bromide (EtBr) stain-
ing on a 0.8% (w/v) agarose gel. The stable integration and
copy number of the transgene in the PCR positive lines was
confirmed by Southern blot analysis (Sambrook et al. 1989).
Genomic DNA (20 μg) from transgenic and WT plants was
digested with BamHI overnight at 37°C, and the digested
DNA was loaded on a 0.8% (w/v) agarose gel and subjected
to electrophoresis at 50 V. After denaturation and neutraliza-
tion, the digested DNAwas transferred from the gel to a nylon
membrane (Amersham Pharmacia, Piscataway, NJ).
Hybridization was performed using standard procedures
(Sambrook et al. 1989) and probed using 32P-dCTP
radiolabeled AhCuZnSOD. The same blot was stripped and
probed with radiolabeled AhcAPX.

RT-PCR analysis Leaves from mature transgenic and WT
plants were used for total RNA isolation using RNeasy extrac-
tion kit (Qiagen, Valencia, CA), following which RT-PCRwas
carried out according to manufacturer’s instructions
(AccuScript, Stratagene, Foster City, CA). First strand
cDNA was generated using 1 μg of total RNA and reverse
transcriptase. The gene specific primers used for amplification
of AhCuZnSOD and AhcAPX cDNA were the same as de-
scribed above. The primers for tobacco actin gene used as an
internal control were FP 5′-TGGACTCTGGTGATGGTGTC-
3′ and RP 5′-CCTCCAATCCAAACACTGTA-3′.

Assessment of salinity stress tolerance in transgenic seeds
The seeds from transgenic andWT plants were germinated on
half MS medium supplemented with 100, 200, and 300 mM
NaCl for inducing salinity stress. The plain MS medium was
used for germination of seeds that served as the experimental
control. Germination rate was recorded after 15 d of
germination.

Leaf disc senescence assay and estimation of chlorophyll
content Leaf discs of transgenic and WT tobacco plants
were floated on 200, 400, and 600 mM NaCl solution
for 4 d at 25 ± 2°C under 16 h photoperiod. Extraction
of chlorophyll was carried out in 80% (v/v) acetone, and
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the chlorophyll content was measured spectrophotomet-
rically (Shrivastava et al. 2015).

Stress treatment The seeds of T2 generation transgenic to-
bacco plants were used to investigate the salt stress. For salt
tolerance analysis, 1-mo-old transgenic and WT tobacco
plants were watered every alternate day with 200 mM NaCl
for 15 d and were further grown for 7 d without the supple-
mentation of NaCl. Physiological and biochemical analyses
were done with these stress-treated plants. Further, we addi-
tionally completed the appraisal for resistance of the transgen-
ic plants in the presence of salt for the duration of their life
cycle. For this reason, the plants were grown in a glasshouse
until maturity both with and without salt stress. The parame-
ters that mark the extent of wellbeing of plants such as plant
height, fresh weight of plant, days to flower, and pod weight
were considered for the evaluation of salinity stress tolerance.

Ascertaining of relative water content (RWC), photosyn-
thetic efficiency, proline, and malondialdehyde (MDA)
contentsRWCwasmeasured in the leaves of plants according
to the procedure described by Nayyar and Gupta (2006). The
leaves of transgenic and WTwere detached, and fresh weight
(FW) was recorded. The leaves were hydrated for 12 h in
water, and the turgid weights (TW) were recorded. They were
then dried in an oven at 70°C for 24 h, and dry weight (DW)
was recorded. The RWC was calculated using the equation:
RWC=(FW−DW)×100/(TW−DW). Photosynthetic activi-
ty of tobacco plants was measured as photochemical yield
(Fv/Fm), using a chlorophyll fluorescence meter according
to the procedure described by Yusuf et al. (2010). Proline
content of plants was determined as described by Lei et al.
(2007). MDA content in the leaves of transgenic and WT
tobacco plants were measured according to the procedure of
Heath and Packer (1968).

Antioxidant enzyme assays The specific activities of the an-
tioxidant enzymes were measured in transgenic and WT to-
bacco plants under stress and non-stress conditions. The su-
peroxide dismutase (SOD) activity was determined using the
protocol described by Gupta et al. (1993). The reaction was
performed in 3 ml of reaction mixture having 50 mM phos-
phate buffer (pH 7.8), 63 μM NBT, 13 μM methionine,
1.3 μM riboflavin, and 100 μl of the enzyme extract. The
ascorbate peroxidase (APX) activity was assayed as described
by Chen and Asada (1989). The specific activity of catalase
(CAT) was measured following the procedure of Aebi (1984),
and the glutathione reductase (GR) activity was assayed ac-
cording to the protocol described by Smith et al. (1989).

Histochemical staining For visualization of O2
− and H2O2

production under salinity stress, detached leaves were infiltrat-
ed with 8–10 ml diaminobenzidine (DAB; 1 mg mL−1, pH

3.8, Sigma) and nitroblue tetrazolium (NBT) solutions, re-
spectively, according to the methods described by Kumar et al.
(2013). NBT reacts with O2

− forming a dark blue insoluble
formazan compound whereas DAB gives a reddish-brown
coloration denoting the presence of H2O2.

Statistical analysis The effect of the overexpression of
AhCuZnSOD + AhcAPX on the antioxidative metabolism in
transgenic lines and WT under salinity and normal conditions
was tested by a two-way analysis of variance (ANOVA) and
subsequent post hoc multiple comparisons by Duncan’s test.
All the experiments were performed in triplicate.

Results

Identification of transgenic lines Tobacco was transformed
with the gene construct having AhCuZnSOD + AhcAPX
cDNA under the control of a constitutive cauliflower mosaic
virus 35S (CaMV 35S) promoter (Fig. 1a). The integration of
transgene in the PCR positive lines was confirmed by
Southern blot analysis. Four Southern positive transgenic
lines, Dc1, Dc2, Dc3, and Dc4, were identified by probing
the blots for AhCuZnSOD and AhcAPX; no signal was obtain-
ed inWT plants. The positions of the bands were similar in the
transgenic plants when probed with AhCuZnSOD (Fig. 1b)
and AhcAPX (Fig. 1c) genes. This indicated that both the
genes were inserted together. A single copy transgene inser-
tion was seen in the lines Dc1 and Dc3, and a double copy
insertion was found in the lines Dc2 and Dc4. The expression
of transgene AhCuZnSOD + AhcAPX was confirmed by RT-
PCR analysis in the transgenic lines where all lines showed
expression. The lines Dc1 and Dc3 showed high expression of
the transcript. As expected, no expression was found in the
WT plants (Fig. 1f). All the transformed lines showed higher
SOD and APX activity as compared to theWT plants (Fig. 1d,
e). The transgenic lines having single copy of the transgenes,
namely Dc1 and Dc3, were used for further analysis.

Overexpression of AhCuZnSOD and AhcAPX genes
together in tobacco plants increases salinity tolerance To
evaluate the salinity stress tolerance of T1 generation transgen-
ic seedlings, the seeds were grown on half MS medium sup-
plemented with different concentrations of NaCl and their
growth was monitored for 15 d. All transgenic as well as
WT seedlings indicated comparable growth when NaCl was
absent. The pictures representing the germination of highest
overexpressing line Dc1 and WT under different salt treat-
ments are shown in Fig. 2a. Under 100 mM NaCl stress, the
germination observed was ~10% more in AhCuZnSOD +
AhcAPX expressing line compared to that in the WT plant.
In the presence of 200 mM NaCl, the germination of trans-
genic seeds was ~26% more than those of WT seeds.
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However, in the presence of 300 mM NaCl, ~45% of the
transgenic seeds were able to germinate and grow well, but
the WT seeds were poorly germinated (Fig. 2b).

To investigate the relative tolerance of transgenic and WT
plants to salinity stress, leaf discs of transgenic and WT plants
were floated on different concentration (200, 400, and
600 mM) of NaCl for 4 d. The transgenic lines (Dc1, Dc3)
showed considerably higher chlorophyll retention and delayed
senescence compared to WT plants under similar conditions
(Fig. 3a). The chlorophyll content in the transgenic lines was
higher than that in the WT by ~1.7–1.8-fold in the 200 mM,
~2.1-fold in the 400 mM, and ~2.3-fold in the 600 mM NaCl
treatment as shown in Fig. 3b.

The development and phenotype of T2 transgenic and WT
plants were compared by exposing the 1-mo-old plants to
200 mM NaCl, for up to 15 d. All the plants (WT and trans-
genic lines) grew normally under control conditions (without
salinity). Following 15 d of salinity stress, the WT plants
showed significant damage and severe yellowing (Fig. 4).
On rehydration, the revival was observed to be faster in the
transgenic lines compared to the WT plants.

Effect of AhCuZnSOD + AhcAPX expression on relative
water content, photosynthetic efficiency, proline content,
andmembrane damage of transgenic plantsRWCof leaves
from plants exposed to salt stress was measured to check
their capacity to hold water. It was observed that RWC in
the transgenic lines showed higher (p≤ 0.05) water holding
capacity during salt stress compared to WT (Fig. 5a).
Photosynthetic efficiency (Fv/Fm) of transgenic and WT
plants were estimated by measuring the chlorophyll fluo-
rescence using Handy-PEA. It has been widely used to
study the extent of damage caused by photoinhibition. It
was observed that under well-watered conditions, the
transgenic plants had slightly enhanced photosynthetic ef-
ficiency when compared to the WT plants. Under salinity
stress conditions, the Fv/Fm ratio of WT plants reduced
(~1.3-fold) in comparison to the transgenic plants
(Fig. 5b). Under salinity conditions, higher proline accu-
mulation (~2.0-fold) was observed in the transgenic lines
compared to the WT plants (Fig. 5c). After salinity treat-
ment, the accumulation of MDA in the transgenic lines was
less (~2.0–1.7-fold) compared to the WT plants (Fig. 4d).
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overexpressing AhCuZnSOD and
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the plant expression vector. (b)
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Antioxidant defenses As the objective of the present study
was to evaluate the degree of detoxification of reactive oxygen
species aided through the over expression of antioxidant en-
zymes, we compared the activity of superoxide dismutase,
ascorbate peroxidase, catalase, and GR in the transgenic and
WT plants exposed to salinity stress. As speculated, the total
enzyme activities of superoxide dismutase, ascorbate peroxi-
dase, catalase, and GR were observed to be higher in the
transgenic plants in comparison to WT plants, even under
non-stress conditions. However, under stress conditions, the
transgenic lines had increased activity of SOD (~3.0-fold) and
APX (~3.1-fold) as compared to the WT plants (Fig. 6a, b).
The activity of CAT and GR also increased (~2.4–2.6-fold) in
transgenic plants as compared to the WT plants (Fig. 6c, d).

Histochemical staining We examined the status of ROS in
the transgenic and WT plants through DAB and NBT staining
and conducted histochemical assays under 200 mM NaCl
stress. Under non-stress conditions, staining revealed similar
levels of ROS in the transgenic and WT plants. Under stress
condition, the WT plants were able to make more purple stain
by NBT as compared to transgenic plants, indicating higher
accumulation of superoxide radical (Fig. 7a). Similarly, there
was more brown coloration by DAB under stress conditions,
indicating higher hydrogen peroxide accumulation in the WT
as compared to the transgenic lines (Fig. 7b).

Growth and yield of transgenic plants expressing
AhCuZnSOD + AhcAPX under salinity stress Under salin-
ity stress, the seedlings from transgenic plants expressing
AhCuZnSOD + AhcAPX exhibited better rate of germination
than WT. Furthermore, we tested the functioning of these
plants under prolonged period of stress. For this purpose,
plants were grown under 200 mM salinity stress, and it was
given to the plants until maturity. Under 200 mM NaCl, the
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transgenic plants grew, flowered, and set seeds. On the other
hand, the growth of WT plants was affected and they
completely senesced before reaching maturity. Comparison
of a few developmental parameters, such as plant height, foliar
biomass, number of days to flower, and pod weight of trans-
genic and WT plants grown under salinity stress and non-
stress conditions is shown in Table 1.

Discussion

In recent years, salinity has degraded agricultural land, reduc-
ing the crop production due to shrinkage of arable land area
(Ashraf 2009). It is well known that salt stress triggers

oxidative stress in plants, which in turn leads to excessive
production of ROS. The ROS, when present in low levels,
helps induce signals for defense mechanisms but during stress
condition, the ROS production increases and they act as toxic
molecules. To combat the harmful affects of ROS, plants are
fortified with several antioxidant enzymes. Among an array of
antioxidative enzymes, SOD and APX play crucial roles in
detoxifying ROS, as has been revealed by earlier reports
(Prashanth et al. 2008; Negi et al. 2015; Shrivastava et al.
2015). Therefore, we anticipated that transgenic plants that
express both AhCuZnSOD and AhcAPX gene together might
prompt synergistic effects resulting in increased stress toler-
ance. Earlier investigations on antioxidant gene pyramiding
also support this hypothesis (Kwon et al. 2002; Tang et al.
2006; Faize et al. 2011). Here, we evaluated the efficacy of
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gene pyramiding in providing protection against salt stress
throughout the life cycle. This was confirmed as the transgenic
plants having both these transgene showed enhanced salt tol-
erance. Our findings are in agreement with those of Lee et al.
(2007), where it was shown that the overexpression of SOD
and APX genes in transgenic fescue enhanced tolerance to
abiotic stress. Although, these workers used SWAP2 promoter
to express these genes in chloroplasts, we could achieve salt
stress tolerance by using a constitutive promoter to express
these genes. The higher SOD and APX enzyme activities led
to an efficient ROS scavenging mechanism, under salinity
stress, in transgenic plants.

Under salt stress, transgenic plants expressing
AhCuZnSOD + AhAPX exhibited higher chlorophyll, sugges-
tive of better photosynthetic efficiency, than the WT plants.
Under non-stress conditions, the WT and transgenic plants
showed similar morphology. This result is in agreement with
the prior report where Tang et al. (2006) have shown that the
overexpression of SOD and APX in potato chloroplast en-
hanced the tolerance to heat stress.

Higher RWC, better photosynthetic efficiency, higher pro-
line content, lower MDA content, increased antioxidant

enzymes activity and lower O2
−, and H2O2 accumulation,

confirmed the relatively higher tolerance to salt stress of trans-
genic plants compared to the WT plants. Maintenance of high
water status, expressed as RWC, is a reliable indicator of in-
creased stress tolerance (Nayyar and Gupta 2006). Our results
show that RWC in transgenic plants was maintained at much
higher levels; it decreased drastically in WT plants grown
under stress conditions. Fv/Fm value reflects the maximum
quantum efficiency of photosystem II and is widely used for
stress detection in plants. The higher efficiency with which
PSII channels light into photochemical process, increases the
salt tolerance of plants, resulting in higher yields (Yusuf et al.
2010). In this investigation, transgenic plants were able to
maintain better photosynthetic efficiency as compared to
WT plants. For osmotic adjustments, accumulation of proline
in plants offers protection against physiological disturbances
induced by ROS and is known to be included in ROS scav-
enging (Hayat et al. 2010). In the present study, transgenic
plants overexpressing AhCuZnSOD + AhcAPX showed better
photosynthetic activity and accumulated higher proline com-
pared to the WT plants during salt stress.

MDA is the final product of lipid peroxidation of
biomembranes, and it reflects the extent of stress induced and
membrane injury (Sharma et al. 2012). Salinity stress causes
membrane-lipid peroxidation, which causes increased accumu-
lation of MDA. The transgenic lines developed in the present
study had remarkably lower levels of MDA, than in the WT
plants, which indicated the involvement of antioxidant activity
in reduction of MDA and provided stress tolerance to the
plants. This result suggests lesser damage by lipid peroxidation
in the transgenic plants, which was also attributed to a more
efficient ROS scavenging mechanism. This was further sup-
ported by SOD and APX enzyme activities that were signifi-
cantly higher after the exposure to stress treatment. ROS levels
are indicative of the extent of injury caused to the vital compo-
nents of the plant cells (Miller et al. 2010), so we checked the
level of ROS (O2

− and H2O2) in these plants after salt stress, to
assess the extent of antioxidant defense induced by the overex-
pression of two important antioxidant genes. Under salinity
stress, the transgenic plants showed lower levels of H2O2 and
O2

− compared to the wild-type plants, as was evident by NBT
and DAB staining. Other groups have also reported similar
results (Faize et al. 2011; Lee et al. 2013).

The present investigation showed that the WT plants were
sensitive to salt stress as they showed reduced growth and low
biomass accumulation. In contrast, the AhCuZnSOD +
AhcAPX overexpressing plants demonstrated better growth,
increased biomass, and improved yields, thus, exhibiting the
traits of ‘salt tolerance’. This was attributed to overexpression
of antioxidant enzymes AhCuZnSOD + AhcAPX that could
lead to ROS detoxification.

In conclusion, our results illustrate that pyramiding of an-
tioxidant genes (AhCuZnSOD and AhcAPX) resulted in

WT Dc1 Dc3 WT Dc1        Dc3

Water

NBTDAB

Salt

Figure 7 Histochemical analysis of (a) H2O2 by DAB (DAB) staining
and (b) O2

− by NBT (NBT) staining in the wild-type (WT) and transgenic
(Dc1, Dc3) plants exposed to salinity stress (salt) or control (water).

Table 1 Comparison of various yield parameters of wild type (WT)
and transgenic lines of tobacco (Dc1 andDc3) expressing AhCuZnSOD +
AhcAPX.

Parameter WT Dc1 Dc2

Water

Height (mm) 118± 4.3 120 ± 1.8 118± 2.9

Foliar biomass (g) 3.8 ± 0.43 3.2 ± 0.27 3.6 ± 0.21

Days to flower 118± 4.7 115± 4.0 117± 5.0

Seed weight per pod (mg) 163 ± 4.9 166 ± 3.1 164 ± 4.0

200 mM NaCl

Height (mm) No survival 109 ± 3.8 107 ± 3.9

Foliar biomass (g) 2.7 ± 0.20 2.9 ± 0.30

Days to flower 125 ± 2.8 128 ± 3.2

Seed weight per pod (mg) 138 ± 4.5 135 ± 4.0

Growth and yield parameters of plants grown in the presence of water and
200 mM NaCl are shown. Each value is given as means ± SD of three
independent experiments.
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scavenging of ROS in plants exposed to salinity stress. The
increased activities of antioxidant enzymes and decreased
MDA content in transgenic plants indicated high salinity
tolerance. Other findings, such as improved photosyn-
thetic activity, increased water retention, proline accu-
mulation, antioxidant capacity, and a reduction in lipid
peroxidation further confirmed the increased stress tol-
erance of transgenic plants. Thus, we recommend that
this strategy could be useful for improvement of crop
plants, and further investigations with crop plants are in
progress in our laboratory.
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