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Soil is contaminated with salinity, which inhibits plant growth and development and reduces crop yields.
The DREB (dehydration responsive element binding protein) gene responds to salt stresses through
enhanced transcriptional expression and activation of genes involved in plant salinity resistance. In this
study, we present the results of the analysis of the expression of the GmDREB6 transgene, a gene that
encodes the soybean DREB6 transcription factor, regulating the transcription of the NtP5CS and NtCLC
genes in transgenic tobacco under salt stress conditions. The transcription of GmDREB6, NtP5CS, and
NtCLC in transgenic tobacco lines was confirmed by qRT-PCR. Under salt stress conditions, the
GmDREB6 gene transcription levels in the transgenic tobacco lines L1 and L9 had increased from 2.40-
to 3.22- fold compared with the condition without salinity treatment. Two transgenic lines, L1 and L9,
had transcription levels of the P5CS gene that had increased from 1.24- to 3.60- fold compared with
WT plants. For the NtCLC gene, under salt stress conditions, the transgenic lines had transcription levels
that had increased by 3.65–4.54 (fold) compared with WT plants (P < 0.05). The L1-transgenic tobacco
line showed simultaneous expression of both the GmDREB6 transgene and two intrinsic genes, the
NtP5CS and NtCLC genes. This study demonstrated that expression of the GmDREB6 gene from soybean
increases the transcription levels of the NtP5CS and NtCLC genes in transgenic tobacco plants under salt
stress conditions. The analysis results have suggested that the GmDREB6 gene is a potential candidate for
improving the salt tolerance of plants, opening up research and development opportunities for salt stress-
tolerant crops to respond to climate change and the rise in sea levels.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Salinity is an abiotic stress that inhibits growth and develop-
ment and reduces the yield of soybean plants (Chen et al., 2018).
Due to climate change, sea levels have risen, and salinity intrusion
has increased in many countries around the world. The encroach-
ment of seawater into the soil, the use of low-quality irrigation
water, heavy use of chemical fertilizers, and year-round intensive
farming accelerate the accumulation of salt, causing soil salinity
(Shrivastava and Kumar, 2015). The adverse effects of salt stress
can be observed at the cellular, organ, and whole plant levels at
the osmotic (early/short-term) and ionic (late/long-term) phases.
High salinity has negative effects on biological processes in plants,
such as disruption of osmotic and ionic equilibrium, protein syn-
thesis, photosynthesis, energy, and lipid metabolism (Muchate
et al., 2016). Plants’ ability to resist salt stress is related to complex
physiological processes, metabolic pathways, and the expression of
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related genes (Gupta and Huang, 2014). Plants living under salinity
stress showed common symptoms or physiological responses due
to the accumulation of toxic levels of ions (Na+, Cl�, and SO2

�) in
their cells, leading to nutritional and osmotic imbalances and
dehydration (Shu et al., 2017; Rehman et al., 2019). Furthermore,
reactive oxygen species (ROS), such as anionic superoxide (�O2

�),
hydroxyl radicals (�OH�), and hydrogen peroxide (H2O2), accumu-
late in salt-stressed plants (Jan et al., 2018; Ahmad et al., 2019).
Ultimately, the plant cell wall can be disrupted, causing the plant
cell to die (Shu et al., 2017; Rehman et al., 2019). Osmotic stress
is related to the accumulation of Na+ and Cl� ions in the soil solu-
tion to toxic levels, at which these ions interfere with other essen-
tial elements, such as calcium and potassium (Hussain et al., 2013).
Schubert et al. (2009) demonstrated that cell wall expansion inhi-
bits cell growth during the early stages of salt stress. Active cell
wall expansins loosen the cell wall, regulating cell elongation at
pH < 5 (Uddin et al., 2013). The osmosis process is primarily met
with the accumulation of solutes under drought and salinity condi-
tions to lower the water potential without reducing the actual
water content (Serraj and Sinclair, 2002). Soluble sugars, proline,
betaine glycine, organic acids, and trehalose sugars are some of
the main osmotic agents. Kaya et al. (2010) reported that proline
accumulation was increased in salt-stressed maize plants. Further-
more, the genes encoding proline and arginine synthesis enzymes
and several other genes may have important roles in salt tolerance
in S. chilense (Kashyap et al., 2020). The proline biosynthesis path-
way in plants involves the participation of two main enzymes: D’-
pyrroline-5-carboxylate reductase (P5CR) and D’-pyrroline-5-car
boxylate synthetase (P5CS) (Delauney and Verma, 1993). P5CS
overexpression in soybean increased the proline content in trans-
genic plants, resulting in a transgenic line with high salt tolerance
(Nguyen et al., 2019). Proline accumulation is one of the main
causes of increased osmotic pressure, thereby increasing the
plant’s water-holding capacity (Zhang et al., 2015). The first plant
CLC genes were cloned in tobacco (Lurin et al., 1996) and Arabidop-
sis (Hechenberger et al., 1996); to date, most information on real
system CLC genes and protein objects has been accumulated
(Zifarelli and Pusch, 2010). In soybean, Li et al. (2006) reported that
the CLC gene GmClC-1 is 78% homologous with the AtClC-a gene in
Arabidopsis. The CLC protein is detected when the plant receives
signals from NaCl stress and drought stress. Expression of this pro-
tein increased Cl� transfer from the cytoplasm to the vacuole and
induced NaCl tolerance to tobacco BY-2 cells (Li et al., 2006).

Several reports on the application of farming techniques to
reduce salinity stress in soybeans have shown very little success
(Kim et al., 2015; Liu et al., 2016; Shu et al., 2017). However, some
of the studies on the association of several important genes with
the ability to counteract salinity stress in soybeans are the basis
for the application of advances in biotechnology to the creation
of transgenic crops with good growth and development under abi-
otic stress conditions.

Several soybean genes have been described to be responsive to
abiotic stresses at the transcriptional level, including a group of
genes encoding the transcription factor DREB (dehydration respon-
sive element binding protein). The AP2 domain of common DREB
proteins is between 58 and 59 amino acids and includes several
amino acids related to the dehydration responsive element (DRE)
or GCC box. DREB contains trans-acting factors, which bind with
the cis-acting elements of the promoter to trigger transcription of
the target genes under stress signals in plants (Agarwal et al.,
2006). Studies on DREB have all confirmed that the DREB protein
is a transcription factor that actively participates in intolerance
to adverse external conditions, such as drought, salinity, and cold,
without the need for the influence of ABA (Agarwal et al., 2006).
The activated DREB gene increases the transcription of target genes
whose products are directed against adverse factors in the environ-
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ment. The GmDREB1 gene has the function of tolerance to heat,
drought, salinity, and cold (Jiang et al., 2014). GmDREB2 has been
confirmed to increase the drought and salt tolerance of transgenic
plants (Zhang et al., 2013; Dao et al., 2015; Pham et al., 2020).
GmDREB3 enhanced cold, drought, and salt tolerance in transgenic
Arabidopsis (Chen et al., 2009); GmDREB5 has been linked to salt
tolerance (Rahmawati et al., 2019). The DREB protein may improve
tolerance to abiotic stress in plants by modulating the expression
of downstream genes involved in environmental stress tolerance
(Jiang et al., 2014). In this context, our study aimed to analyse
the expression of the GmDREB6 transgene from soybean and to
clarify the effect of GmDREB6 expression in enhancing the tran-
scription levels of the P5CS and CLC genes above those of geneti-
cally modified tobacco plants under high-salinity conditions.
2. Materials and methods

2.1. Materials

Leaf fragments of the tobacco plants (Nicotiana tabacum)
in vitro, cultivar K326, were used as transgene receiving material.
The Agrobacterium tumefaciens strain containing the plant expres-
sion vector of the GmDREB6 gene (pBI121_GmDREB6) from soybean
(Fig. 1) was transformed into tobacco leaf tissue (Nguyen et al.,
2019). GmDREB6 transgenic tobacco lines obtained from in vitro
selection were used to analyse the expression levels of the
GmDREB6, NtP5CS, and NtCLC genes in transgenic tobacco under
salt stress.
3. Methods

3.1. Genetic transformation of the GmDREB6 gene into tobacco and
confirmation of transcription of the GmDREB6 transgene

Genetic transformation of the GmDREB6 gene into tobacco leaf
tissue mediated by A. tumefaciens was performed as described by
Topping (1998), including multiple shoot regeneration, rooting
and selection, in vitro propagation, and create transgenic tobacco
lines. The leaf pieces were submerged into the A. tumefaciens sus-
pension for 30 min; then, explants were transferred to a co-
cultivation medium for 3 days in the dark. The transformed sam-
ples were regenerated on MS medium was added with BAP,
500 mg L�1 cefotaxime, and 50 mg L�1 kanamycin. The trans-
formed samples were multi-bud regenerated in the shoot induc-
tion medium (basic MS, and 1.0 mg L�1 BAP, and 30 g L�1

sucrose, and 9.0 g L�1 agar) in 4 weeks. After the next 4 weeks,
good growing shoots were transferred to rooting medium (basic
MS, 1.0 g L�1 MES, 30 g L�1 sucrose, 9.0 g L�1 agar, and 100 ml
L�1 coconut water), and the addition IBA (0.5 mg L�1), and kanamy-
cin (50 mg L�1) in 5 weeks to form plants with sufficient roots,
stem, and leaves. The plantlets with good growth were planted
in pots containing a mixture, included soil, rice husk biochar, coir
with a ratio of 2:1:2, and the surviving plants were cared for in
greenhouse conditions.

Analysis of transgenic tobacco plants using RT-PCR. Total RNA
was extracted from tobacco leaves using TRIzol� LS reagent
according to the company’s instructions (Ambion - Life Technology
Corporation, USA). The quality of total RNA was tested on a 1%
agarose gel. Good-quality RNA was used to synthesize cDNA with
a RevertAid First Strand cDNA Synthesis Kit (Thermo Scientific,
USA). PCR was performed to confirm the presence of the mRNA,
which is the copy of the GmDREB6 transgene in the transgenic soy-
bean plants, with the PCR primers DREB6-F/DREB6-R (Table 1). PCR
was performed using a final volume of 20 lL and contained 0.5 lL
of each primer (10 pmol/mL), 12.5 ml of 2� Master mix, 2.0 mL of



Fig. 1. Diagram of the pBI121_GmDREB6 vector used for Agrobacterium-mediated transformation (Nguyen et al., 2019). LB and RB: left and right T-DNA border; nptII:
neomycin-phospho-transferase II; CaMV35S: cauliflower mosaic virus 35S promoter; GmDREB6_cmyc: The soybean DREB6 gene attaches a nucleotide sequence that encodes
the peptide cmyc. Xba I, and Sac I: The restriction enzymes used for cloning.

Table 1
List of primers used in PCR and qRT-PCR.

Primers Nucleotide sequence (50-30) Temperature of applying primers (�C)

GmREB6-F/GmDREB6-R ATGGTCATGGAAGAATCTAACCCA 58
TTAATTATGATTCCCATAGA 58

qRT-DREB-F/qRT-DREB6-R TAATGAAGGCAAGCACCCTAC 60
CGTCGGCTAATTCTGGGAAA 60

qRT-P5CS-F/qRT-P5CS-R TGCTCGTGAGATGGCAGTTGC 60
AGCCTGTTGAGCAGCAACCAC 60

qRT-CLC-F/qRT-CLC-R CTTGGAGGCCTTCTCGGAAGC 60
AGCCTACAGGACATGGTGTGC 60

qRT-ActN-F/qRT-ActN-R GATCTTGCTGGTCGTGATCTT 60
GTCTCCAACTCTTGCTCATAGTC 60
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cDNA (500 ng/mL), and 4.5 mL of water. The PCR protocol, set by the
conditions of the thermocycler, consisted of the following steps:
initial denaturation at 95 �C for 5 min, followed by 35 cycles of
temperature cycling at 95 �C for 20 s, 58 �C for 20 s, and 72 �C
for 30 s, and final elongation at 72 �C for 10 min. The PCR products
were excised from a 1.0% agarose gel and were purified using a gel
extraction kit (Qiagen, Venlo, Netherlands) according to the manu-
facturer’s instructions.
3.2. Salt treatment

The experiment was carried out in a growing room with a tem-
perature maintained at 25 �C and a humidity of 80% with a morn-
ing and evening cycle of 16 am/8 pm. Wild-type (WT) and
relatively homogeneous transgenic tobacco plants (GmDREB6)
were grown in vitro in pots of 115 � 85 � 105 mm containing a
mixture of Tribat compost, including organic soil, alluvial soil, por-
ous mixture, activated carbon, and microorganisms. The experi-
mental plants were watered with 50 ml of 200 mM NaCl daily
for 3 weeks. Control plants were watered with equal amounts of
H2O. Leaf samples were collected on the last day of the experiment
for gene expression analysis.
Fig. 2. Electrophoresis results confirmed the presence of the GmDREB6 cDNA in the
transgenic and nontransgenic tobacco plants by RT-PCR. M: DNA marker; (+):
plasmid pBI121_GmDREB6; (�) H2O; WT: nontransgenic tobacco plants. The
electrophoresis lanes from 1 to 9 are the T0 generation transgenic plants.
3.3. Analysis of gene expression using real-time quantitative reverse
transcription PCR (qRT-PCR)

qRT-PCR was performed at a volume of 20 mL using 10 U of SYBR
Premix Ex Taq II, 0.75 lL of 10 mM forward primer, 0.75 mL of
10 mM reverse primer (Table 1), deionized, DNase-free water,
and 1 lL of cDNA. The steps to perform the amplification reaction
included holding at 95 �C for 3 min, performing the amplification
for 40 cycles in steps of 95 �C for 10 s, applying primers at 60 �C
for 20 s, and extending at 72 �C for 20 s. The reactions were
repeated 3 times. The results were synthesized and analysed using
Q-Rex version 1.0.0 software (QIAGEN, Germany), and Livak’s -DD
CT method was used to analyse gene expression data (Livak and
Schmittgen, 2001).
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4. Results

4.1. A. tumefaciens-mediated transformation of the
35S_GmDREB6_cmyc construct and transcriptional analysis in tobacco

The structural transformation of the GmDREB6 transgene
occurred through A. tumefaciens infection of tobacco leaves. After
3 transformations, with 90 samples in the experimental group,
356 shoots were obtained, and through antibiotic selection, 278
shoots were obtained. In the RM rooting medium, 182 root shoots
and 154 plants were selected for conversion to pots, and as a result,
85 plants survived under the net house conditions. The control
group of 30 undenatured leaf samples regenerated in an
antibiotic-free medium produced 116 shoots, 87 root shoots, and
30 plants transferred into pots under greenhouse conditions.
Transgenic and nontransgenic plants were used to analyse the
expression levels of the GmDREB6, NtP5CS, and NtCLC genes.

Nine lines of transgenic tobacco were selected for GmDREB6
transgene expression analysis by RT-PCR. The results of testing
RT-PCR products by electrophoresis analysis, shown in Fig. 2,
revealed that only 6 out of 8 transgenic tobacco plants had DNA
bands with a size of approximately 0.7 kb, corresponding to the



Fig. 3. Morphology of GmDREB6 transgenic tobacco plants and nontransgenic
plants under H2O and NaCl irrigation in the plant growth cabinet after 3 weeks. A:
watering with 50 ml of H2O daily; B: watering with 50 ml of 200 mM NaCl daily. L1,
L3, L9: GmDREB6 transgenic tobacco lines; WT: nontransgenic tobacco plants.
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size of the GmDREB6 gene, corresponding to plants in electrophore-
sis lanes 1, 3, 5, 6, 8, and 9. Transgenic lines 1, 3, 5, 6, 8, and 9 are
denoted L1, L3, L5, L6, L8, and L9, respectively.

Nontransgenic lines and three RT-PCR-positive GmDREB6 trans-
genic lines (L1, L3, L9) with normal growth and development and
uniform morphology were selected for salt stress treatment in a
plant growth cabinet under high-salinity conditions. Watering
with 50 ml of 200 mM NaCl was performed daily for 3 weeks,
and then gene expression levels were then analysed by real-time
Fig. 4. Analysis of the expression levels of the GmDREB6, NtP5CS, and NtCLC genes of tra
gene under salt stress; B: expression of the NtP5CS gene (HM854026.1) under salt str
reference gene; WT: nontransgenic tobacco plants; L1, L3, and L9: transgenic tobacco line
compared with WT plants.
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RT-PCR. The controls were GmDREB6 transgenic lines and non-
transgenic plants irrigated with 50 ml of H2O daily (Fig. 3).

4.2. Analysis of the expression levels of the GmDREB6, NtP5CS, and
NtCLC genes in response to salt stress in transgenic tobacco lines

The L1, L3, and L9 transgenic tobacco lines were used to analyse
the expression levels of the GmDREB6, NtP5CS, and NtCLC genes by
qRT-PCR to determine the role of the GmDREB6 gene from soybean
in the expression of the NtP5CS and NtCLC genes of tobacco.

Under normal conditions, the GmDREB6 transgenic gene of the
transgenic lines was overexpressed, while expression was not
observed in the nontransgenic (WT) plants. This result confirmed
that the GmDREB6 transgene was incorporated into the tobacco
genome and that transcription of the GmDREB6 gene was per-
formed. Under salinity treatment, the GmDREB6 gene expression
level in transgenic tobacco lines increased compared with that
under normal conditions (Fig. 4A). In particular, transgenic lines
L1 and L9 exhibited expression levels of the GmDREB6 gene that
had increased 2.40 fold (L1) to 3.22 fold (L9) compared with the
condition of no saline treatment. Thus, these results indicated that
the expression of the GmDREB6 gene was directly related to the
response to salt stress in tobacco plants.

Under salt conditions, the P5CS gene encoding the P5CS enzyme
and the CLC gene encoding the vacuolar Cl� transport protein have
also been shown to play roles in enhancing plant tolerance
(Yamada et al., 2005; Zhang et al., 2014; Wei et al., 2019). In this
study, for the NtP5CS gene, the results in Fig. 4B show that, under
the condition of non-NaCl treatment, there was no difference in
the transcriptional levels between transgenic tobacco lines com-
nsgenic tobacco lines under salt stress by qRT-PCR; A: Expression of the GmDREB6
ess; C: expression of the NtCLC gene (NM_001325489.1) under salt stress; Actin:
s. A (*) sign on each column represents a statistically significant difference (P < 0.05)
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pared with WT plants. However, under salt stress, in transgenic
lines L1 and L9, the transcriptional level of the P5CS gene increased
from 1.24- to 3.60-fold compared with that in the WT plants.
Among the 3 transgenic tobacco lines, the L1 line had a 1.9-fold
increase in the transcriptional level of the P5CS gene compared
with the untreated line, while the L3 and L9 lines did not show this
change in expression (Fig. 4B). For the NtCLC gene, in the absence of
treatment, only the L1 transgenic tobacco line had a higher tran-
scription level than WT plants, while under the NaCl treatment,
the transgenic lines all had increased transcription levels, ranging
from 3.65- to 4.54-fold compared with WT plants (P < 0.05)
(Fig. 4C).

Morphological observations of transgenic tobacco lines and WT
plants also showed normal development of transgenic tobacco
lines under salt stress, while WT plants showed yellowing and
stopped growing.
5. Discussion

Seawater encroachment causing soil salinity is increasing in
many coastal countries; thus, crop improvement oriented towards
increasing salt tolerance is of particular current concern. Enhance-
ment of the gene expression of transcription factors was performed
to evaluate the effects on downstream abiotic stress tolerance
genes. DREBs belong to the ethylene transcription factor (ERF) fam-
ily of factors that bind to DRE/CRT factors in the promoter regions
of a large number of genes involved in abiotic stress signalling in
plants. In recent years, considerable progress has been made in
clarifying the regulatory role of DREBs in crop responses to abiotic
stresses. The DREB gene has been introduced to some transgenic
plants that have exhibited increased tolerance to a variety of abi-
otic stresses (Khan, 2011). Previous studies have also demon-
strated that the DREB subfamily plays an important role in the
plant’s salt tolerance response via the ABA-independent pathway.
The enhanced expression of the DREB gene has triggered the
expression of other tolerant response genes in abiotic stress condi-
tions (Khan, 2011; Morran et al., 2011; Sarkar et al., 2014).
GmDREB6 in the DREB gene subfamily of soybean has been demon-
strated to increase proline accumulation and to enhance salt toler-
ance in genetically modified soybean (Nguyen et al., 2019). In the
results of our study on transgenic tobacco plants under the condi-
tions of watering with 50 ml of 200 mM NaCl daily for 3 weeks, the
transgenic tobacco lines exhibited increases in the transcription
levels of the GmDREB6 gene ranging from 108.03% to 321.95% com-
pared with the transgenic plants under normal watering condi-
tions (P < 0.05). This result confirmed the strong expression
response of the GmDREB6 gene when transgenic tobacco plants
received the salt stress signal from the environment.

The GmDREB6 gene in the soybean genome (gene ID
100101914) is located on chromosome 5. The coding region of a
GmDREB6 gene, which is 693 bp in size, encodes the DREB6 protein,
which is 230 amino acids in length. The DREB6 protein contains the
59-aa AP2 region and an 11-aa DNA-binding having domain (.rg.r.r.
w.k. . . e.r . . .. . . r.w.t.) (Liu et al., 2007). The promoter for GmDREB6
contains the cis-elements GT-1 and DRE (DRE (�1113), GT-1
(�133, �1398, �1488, �1560, �1993), and the transcription factor
DREB6 can be linked to the GT or DRE domain in the promoter
regions of functional genes. The cis-elements in the promoter of
the soybean GmP5CS gene are GT-1 (�56, �1243, 1641) and GCC
(�1899) (Zhang et al., 2013). Nguyen et al. (2019) demonstrated
that overexpression of the GmDREB6 gene enhanced the transcrip-
tional activity of the GmP5CS gene in transgenic soybean plants. In
this study, the results of the analysis of GmDREB6 gene expression
on transgenic tobacco plants showed that when tobacco plants
received signals of salinity stress from the environment, the tran-
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scription level of the GmDREB6 gene increased to 321.95% com-
pared with that in plants not treated with NaCl.

Proline is an osmotic agent, and a high content of proline in the
cell will increase the cell’s ability to retain water. In tobacco and
plants in general, there are two important enzymes, P5CS and
P5CR, that are involved in the synthesis of proline in cells. Overex-
pression of the NtP5CS gene will increase the concentration of the
P5CS enzyme in tobacco, increase proline synthesis and accumula-
tion, and lead to an increase in osmotic pressure, thereby increas-
ing the plant’s water-holding capacity (Zhang et al., 2015). The
chloride channel (CLC) protein is an important anionic carrier that
exists in bacteria, yeasts, plants, and animals (Sun et al., 2018). Cl�

ions are important for several biological processes in cells, such as
membrane depolarization, cell volume regulation, resistance to salt
stress, and metal tolerance. It is speculated that the CLC protein
may be involved in Cl� transport through intracellular compart-
ments (Zifarelli and Pusch, 2010). Expression of the CLC protein
increased the transfer of Cl� from the cytoplasm to the vacuole
and created tolerance to NaCl in the cells (Li et al., 2006).

Upon investigating the transcription of the NtP5CS and NtCLC
genes, we found that the L1 transgenic tobacco line had a signifi-
cant increase in expression of the NtP5CS gene compared with
the nontransgenic plants and compared with the two transgenic
lines, L3. and L9. At the same time, the L1 transgenic line was also
shown to have increased expression of the NtCLC gene compared
with WT plants. While the L3 and L9 transgenic tobacco lines only
recorded enhanced responses to NtCLC expression under salt con-
ditions, the L1 transgenic line recorded enhancements in the
simultaneous expression of the GmDREB6 transgene and the two
NtP5CS and NtCLC genes of tobacco plants (Fig. 4B, C). These results
revealed the role of the GmDREB6 gene from soybean relative to the
expression of the NtP5CS and NtCLC genes in tobacco. The results of
GmDREB6 gene role analysis showed that salt stress tolerance in
crops could be improved by controlling the expression of DREBs;
however, further evaluation of the role of GmDREB6 is also needed
to identify other functional genes in response to salt stress.
6. Conclusion

This study demonstrated that overexpression of the GmDREB6
gene in soybeans under saline stress conditions increases the tran-
scription levels of the NtP5CS and NtCLC genes in transgenic
tobacco plants. The transcription of GmDREB6, NtP5CS, and NtCLC
in transgenic tobacco lines was confirmed by qRT-PCR. Under salt
stress conditions, transgenic tobacco lines L1 and L9 had transcrip-
tion levels of the GmDREB6 gene increased from 2.40- to 3.22-fold
compared with the condition without salinity treatment. For two
transgenic lines, L1 and L9, the level of transcription of the NtP5CS
gene increased from 1.24- to 3.60-fold (P < 0.05). For the NtCLC
gene, under salt stress conditions, transgenic lines all had tran-
scription levels that increased by 3.65- to 4.54-fold compared with
WT plants (P < 0.05). The enhancements of simultaneous expres-
sion in both a GmDREB6 transgene and two intrinsic genes, NtP5CS
and NtCLC, were confirmed in L1 transgenic tobacco lines. The
results of the expression analysis of the GmDREB6, NtP5CS, and
NtCLC genes suggested that the GmDREB6 gene is a potential candi-
date for use to improve the salt tolerance of plants, opening
research directions for the development of crops tolerating salt
stress amid climate change and increasing sea levels.
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