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Introduction 
Tomato (S. lycopersicum) belonging to a large family, Solanaceae, is one of the most 

produced, consumed and exported agricultural products in the world and Turkey. After 
its emergence, it has become important as a food and has been bred for purposes such as 
overproduction, increasing fruit quality and being able to be grown in different environments 
[1]. It has been reported that it has antioxidant and anticancer properties and is considered 
as a protective food, thanks to its rich content such as vitamins A, E, C, lycopene, beta-carotene 
(provitamin A), folate, and flavonoids [2,3]. The consumption of tomato, which ranks 7th in 
worldwide production, is 20kg per person per year [2,4]. Turkey is among the important 
countries in tomato production in the world due to its favorable climatic conditions. Turkey 
ranks third in the world with a total tomato production of 12.7 million tons in recent years. 
According to 2018 data, Turkey meets 7.2% of the total tomato production in the world [5].

With unconscious water consumption, uncontrolled use of pesticides, wrong agricultural 
practices, climate changes and global warming, usable water resources, which are in short 
quantities due to population-related demand, are endangered. These usable water resources, 
which are small compared to the total amount of water; It is decreasing over time due to 
overpopulation, water pollution and increase in greenhouse gases. Due to all these factors, 
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Abstract

Solanum lycopersicum (tomato), which is one of the important agricultural products in the world and in 
also Turkey, is a valuable plant in food industry, with its high content of vitamins, minerals and flavonoids. 
Usable water resources are decreasing over time due to reasons such as unconscious water consumption, 
wrong agricultural treatments and uncontrolled use of chemicals (artificial fertilizers, herbicides/
pesticides) in the world. The drought, which has recently emerged as one of the biggest problems in the 
world, poses a great threat to plants. Plants respond to such stresses in different ways. Together with these 
stress responses, they show maximum adaptability and resilience. After the stress factor is perceived by 
plants, many stress-specific signal transduction pathways and gene regulation are activated/inactivated. 
In the current study, it was aimed to investigate the mRNA level of SlAREB1 and SlAREB2 genes, which are 
thought to play a role in drought stress tolerance in tomato plants. Quantitative PCR was performed in the 
presence of two genes thought to be effective in drought tolerance and positive control in S. lycopersicum 
plant grown in media containing different PEG concentrations in in vitro. Thus, it has been confirmed that 
these genes expressed against drought stress are effective on tomato plants. This study will form the basis 
for future studies. It will be important in identifying other yet undiscovered genes that are effective in the 
metabolic pathways of drought stress. CT values obtained after β-actin normalization with 2-∆∆CT method 
were proportioned to the control group and a graph was created. As a result of T-TEST with the results 
obtained, it was observed that there was a significant increase in 5% PEG and 10% PEG concentrations 
for the SlAREB1 gene compared to the control group. There was no significant increase or decrease in 
2.5% and 20% PEG concentrations compared to the control group. For the SlAREB2 gene, there was a 
significant increase in 2.5% PEG, 5% PEG and 10% PEG concentrations compared to the control group. 
There was no significant increase or decrease in 20% PEG concentration.
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drought, which is one of the biggest global problems of today, occurs 
[6,7]. Abiotic stress factors such as sudden increases and decreases 
in temperatures, drought, excessive salinity, excess or insufficient 
amount of soil nutrients and UV rays as a result of climatic changes 
adversely affect the growth, development and reproduction of the 
plant [8,9]. These adverse environmental conditions create stress 
on plants and are called abiotic stress factors. It limits the vital 
activities of the plant such as germination, growth, development 
and reproduction [10].

Drought has recently emerged as one of the biggest problems 
in the world and our country and poses a threat to plants [11]. 
However, it severely limits agricultural production and crop yield. 
When plants are exposed to less water than they need, they create 
stress responses that maintain vital activities by undergoing or 
regulating morphological, physiological and biochemical changes 
[12]. Many mechanisms such as closure of stomata, reduction of 
water loss, greater and deeper rooting, preservation of membrane 
integrity, antioxidant defense system, change in the functioning 
of plant growth regulators, aquaporin and stress-related protein 
activity are effective in resistance to drought [13]. Plants show 
maximum adaptation and endurance with these stress responses 
as well as developmental flexibility mechanisms in adapting to 
environmental conditions [14].

After stress factor detection, plant cells activate/inactivate 
many signal transduction systems and gene regulation specific to 
that stress. These molecular mechanisms, which form the basis of all 
changes developed against stress, are potential targets for growing 
plants under stress conditions and crop yield [8]. Molecular studies 
to increase the stress resistance of economically valuable plants 
such as tomatoes are important in terms of elucidating the stress 
response mechanisms and developing possible resistance strategies 
[13,15]. Signaling pathways activated in stress responses and 
transcription factors associated with these pathways regulate gene 
expression. Abscisic acid (ABA), an endogenous phytohormone, 
has been reported to increase significantly in most plants exposed 
to drought stress [16]. Many transcription factors regulate gene 
expression in association with ABA. The ABA-dependent stress 
response is mediated by abscisic acid-sensitive element (ABRE) 
binding proteins (AREB) [17]. Two AREB (SIAREB1 and SIAREB2) 
transcription factors expressed in roots, stems, leaves and fruits 
have been found to be involved in the regulation of stress response-
related genes [18].

In the present study, it was aimed to investigate the 
transcriptional level of SlAREB1 and SlAREB2 genes, which are 
thought to be involved in the tolerance mechanisms against drought 
stress as a result of in vitro transfer of tomato to the environment 
free from microorganisms and then in vitro drought stress 
application created to use PEG in these conditions. In addition, it 
was also aimed to determine the concentration range that the plant 
can tolerate drought stress. In this context, all these findings will 
play a key role in the determination of other, yet unidentified genes 
involved in drought tolerance in tomatoes, which are planned to 
be made in the future. In addition, this study will contribute to the 

literature as a useful reference for other researchers working in 
similar fields.

Materials and Method
Plant material

S. lycopersicum seeds were obtained from Muğla Metropolitan 
Municipality Local Seed Center. The seeds were surface sterilized 
according to protocols of Ozudogru EA et al. [19] & Kaya E et al. 
[20]. For this purpose, they were washed under tap water for 15 
minutes. After the washing process, the seeds taken into the laminar 
flow cabinet were treated with 70% EtOH for 5 minutes and 10% 
commercial bleach (Domestos®) for 10 minutes, respectively. After 
each chemical treatment, the seeds were rinsed with distilled water. 
After sterilization, the seeds were dried on sterile filter paper.

The surface sterilized seeds were taken into MS [21] medium 
containing 1mgL-1 6-Benzylaminopurine (BA). They were incubated 
for 4-6 weeks at 27±2 °C temperature, 16/8 hour photoperiod 
and 50μmol-1 m-2 s-1 white daylight fluorescently illuminated at 
standard culture conditions [22]. For in vitro mass propagation of 
S. lycopersicum micro-shoots after germination and development 
stage, the micro-shoots were obtained with at least a binodal 
segment from each plant material under sterile conditions then, 
they were transferred to MS medium containing 1mgL-1 BA [23]. 
It was incubated for 4-6 weeks at standard culture conditions 
described above.

Drought treatment

The shoot tips of S. lycopersicum, which were adequately 
micro propagated, were transferred to MS [21] media containing 
0%, 2.5%, 5%, 10% or 20% Polyethylene Glycol (PEG). Plants were 
exposed to drought stress by incubating them for 4 weeks under 
ambient conditions of 27±2 °C, a photoperiod of 16/8 hours and 
illuminated with 50μmol-1 m-2 s-1 white daylight fluorescence 
[24,25].

Molecular analyzes

Total RNA was isolated from the leaves and stems of plant 
explants exposed to drought stress with PEG application 
with Thermo Scientific GeneJET Plant RNA Purification Kit. 
Electrophoretic and spectrophotometric analyzes were performed 
to measure the amount and quality of the RNA obtained. The 
obtained RNAs were reverse transcribed with the OneScript® Plus 
Reverse Transcriptase OneScript® cDNA Synthesis kit and the 
oligoDT primers included in this kit. Real-Time PCR was performed 
in accordance with the AmpliqonRealQ Plus 2×Master MixGreen 
kit protocol with the primers provided by reference to previous 
studies [16] on S. lycopersicum plant. Expression levels of target 
genes were determined under the control of reference genes. The 
significance of the expression levels of the genes of interest in 
the results obtained after Real Time PCR compared to the control 
group was statistically analyzed by T-Test method. Among the data 
obtained as a result of the T-Test, those with p≤0.05 were considered 
statistically significant [15].
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Results and Discussion
In vitro propagation of Solanum lycopersicum L

The seeds of the S. lycopersicum used in the current study were 
transferred to the in vitro conditions after surface sterilization and 
approximately 100% of seeds germinated successfully (Figure 1). 
S. lycopersicum seeds, which germinated successfully in in vitro, 
were subcultured on MS for drought treatment with adding PEG for 

four-week periods to obtain sufficient plant material. Germination 
is affected by internal and environmental factors. Environmental 
factors play an important role in stimulating seeds for germination 
or entering a dormant period. This effect is mostly due to changes in 
the levels of plant hormones (plant growth regulators) [20,26,27]. 
BA used as a growth regulator in the present study had positive 
effects on germination.

Figure 1: General view of S. lycopersicum seeds germinated in in vitro conditions during 2-4 weeks incubation.

Effects of drought stress on plant growth

The micro-shoots of the in vitro grown S. lycopersicum were 
morphologically examined after incubation for 2-4 weeks in MS 
semi-solid medium containing 0%, 2.5%, 5%, 10% or 20% PEG. 
When the groups formed with different concentrations of PEG for 
drought stress were examined morphologically, it was observed that 
plant growth was negatively affected at increasing concentrations of 
PEG (Figure 2) compared to the control group. It was observed that 
the growth in leaf areas and stem lengths decreased depending on 
the increase in the treated PEG concentration. It was also observed 

that the growth rate was very low and the plant loss was high, 
especially in the medium containing 20% PEG. The growth and 
development of plants are under the influence of environmental 
factors such as salinity and drought. Adverse environmental 
conditions reduce vegetative growth and yield in plants, decrease 
fruit size and quality, and also cause economic losses [28]. The 
negative effects of in vitro drought stress applied in our study were 
observed quite clearly. In a study conducted by Şimşek O et al. [29], 
the growth performances of two Citrus cultivar (C-35 and Troyer) 
rootstocks at different PEG doses of both genotypes were found to 
be statistically significant.

Figure 1: The image of S. lycopersicum cultured in MS medium containing different PEG concentrations (0%, 2.5%, 
5%, 10% or 20%) for 2-4 weeks.

Effects of drought stress on transcriptomics

Quantitative PCR results performed in the presence of primers 
belonging to two genes thought to be effective in drought stress 
tolerance in S. lycopersicum plant and β-actin gene as positive 
control and the number of cycles (CT values) corresponding to the 
point where the relevant genes cross the threshold value in drought 
stressed plants are given in Table 1. CT values obtained as a result of 
Real-Time PCR performed to determine the expression level of two 
different genes in the experimental groups compared to the control 

group under stress conditions were evaluated in the presence of 
negative controls. Each experimental group was compared to the 
control group and interpreted graphically. In the method used, CT 
values were normalized with the β-actin gene, which was evaluated 
under the same conditions and used as a positive control. The 
significance of the experiments was evaluated with the T-Test by 
performing two experiments with three replicates for each gene. 
Among the data obtained as a result of the T-Test, those with a value 
of p≤0.05 were considered significant.
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Table 1: CT values obtained after Real-Time PCR with drought stressed plants.

β-actin (value ± SE*) SlAREB1 (value ± SE) SlAREB2 (value±SE)

0% PEG 23.32±0.25a** 40±1.23a 37.6±0.42a

2.5 %PEG 22.3±0.09c 37.33±0.75b 35.1±0.14c

5% PEG 22.2±0.08cd 32.5±0.15c 32.75±0.34d

10% PEG 22.1±0.03d 32.7±0.15c 32.6±0.27d

20% PEG 22.62±0.03b 38.15±0.45ab 36.2±0.13b

*Values followed by the same letter within each variable 
and cultivar area are not significantly different (p<0.05), 
according to the LSD test.

**SE, Standard Error

LEA (Late-embryogenesis abundant) proteins are water-
soluble proteins synthesized in high concentration in desiccation-
tolerant plants. It has been reported that dehydrin and ferritin 
proteins are upregulated in an increased direction in soybean 
plants under drought stress [30]. Dehydrins are LEA proteins and 
can effectively increase plant growth under stress by reducing the 
harmful effects of reactive oxygen species [31]. It has been reported 
that many proteins detected in Medicago truncatula plants are LEA 
proteins and these proteins are associated with drought tolerance 
[32].

Investigation of SlAREB1/2 gene expression level in the 
occurrence of drought stress in S. lycopersicum

In order to determine the expression level of SlAREB1 gene 
in five experimental groups together with the control group, Real-
Time PCR was performed in triplicate and two experiments. The 
mean, standard deviation and standard errors of the obtained CT 
values were calculated (Table 2). CT values obtained after β-actin 
normalization with 2-∆∆CT method were proportioned to the control 
group and a graph was created. As a result of T-TEST performed 
to see the significance of the results obtained, it was observed that 
the expression level of the SlAREB1 gene increased significantly 
in plants exposed to drought stress at 5% PEG and 10% PEG 
concentrations compared to the control group. As a result of T-TEST, 
there was no significant increase or decrease in plants exposed to 
drought stress at 2.5% PEG and 20% PEG concentrations compared 
to the control group (Figure 3).

Figure 3: Relative mRNA expression graph of SlAREB1 gene.

*, p ≤ 0,05; **, p ≤ 0,01; *** p ≤ 0,001

Table 2: Means, standard deviations, standard error values and T-TEST results of CT values of SlAREB1 gene after 
normalization with β-actin

0PEG 2.5 PEG 5 PEG 10 PEG 20 PEG

Fold Change

2.186055 2.663512 27.53758 47.122 3.87267384

1.081722 0.330639 41.02212 25.8722 0.24627294

0.12271 4.093486 55.26637 28.3118 1.42240273

Average 1.130163 2.362546 41.27536 33.7687 1.8471165

Standart deviation 1.032525 1.899392 13.86613 11.6285 1.85013032

Standart error 0.596129 1.096614 8.005613 6.71373 1.06817324

TTEST Value  0.475449 0.042964 0.03452 0.45709496

2.5 - 5 PEG  0.036486865  
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2.5 - 10 PEG  0.040701902

2.5 - 20 PEG  0.695643361

5 -10 PEG   0.644763024 

5 – 20 PEG  0.045768533

10 – 20 PEG    0.030188509

Abscisic Acid (ABA) signal has a very important role in plant 
stress response. The studies of drought-induced genes have shown 
that these genes are stimulated by ABA. The Transcription Factor 
(TF) families, bZIP and MYB, are involved in ABA signaling and its 
gene activation. Most ABA-stimulated genes share the ACGTGGC 
motif in the cis-activating region (C/T) of the promoter of the ABA-
Responsive Element (ABRE) [33,34].

Under water-limited cellular dehydration conditions, an 
elevation of endogenous ABA level is induced. In this case, 
downstream targets of genes encoding signaling factors and 
transcription factors are stimulated. Acquiring ABA-related plant 

stress tolerance is effective in drought stress as well as dehydration 
stress. ABF3 and ABF4 expression; In Arabidopsis thaliana, rab18 
increased drought tolerance by altering the expression of ABA/
stress-stimulated genes such as ABI1 and ABI2 [34,35]. Similarly, 
in the current study, the stress caused by PEG at increased rates 
(5%) caused an increase in the transcription of the SlAREB1 gene to 
some extent. In order to determine the expression level of SlAREB2 
gene in five experimental groups together with the control group, 
Real-Time PCR was performed in triplicate and two experiments. 
The mean, standard deviation and standard errors of the obtained 
CT values were calculated (Table 3).

Table 3: Means, standard deviations, standard error values and T-TEST results of CT values of SlAREB2 gene after 
normalization with β-actin.

0 PEG 2.5 PEG 5 PEG 10 PEG 20 PEG

Fold Change

0.697773 2.515474 12.51711 15.8436189 1.480239

0.762247 3.012226 13.41551 15.0410148 2.212734

1.880127 2.820264 12.51711 10.8590802 1.288623

Average 1.113382  2.782654  12.81658 13.9145713 1.288623 

Standard deviation  0.664802 0.250503 0.51869 2.67638988  0.487724

Standard error 0.383824 0.144628 0.299466  1.54521442 0.281587

TTEST Value  0.049374 0.002489 0.02192758 0.458775

%2.5 – %5 PEG  0.000415396  

%2.5 – %10 PEG  0.019830847

%2.5 – %20 PEG  0.035043074

%5 - %10 PEG   0.531202949 

%5 – %20 PEG   0.0000289695

%10 – %20 PEG    0.013038062

PEG: Polyethylene glycol.

Figure 4: Relative mRNA expression plot of the SlAREB2 gene.

*, p ≤ 0,05; **, p ≤ 0,01; *** p ≤ 0,001
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CT values obtained after β-actin normalization with 2-∆∆CT 
method were proportioned to the control group and a graph was 
created. As a result of T-TEST performed to see the significance of 
the results obtained, it was observed that the expression level of the 
SlAREB2 gene increased significantly in plants exposed to drought 
stress at 2.5% PEG, 5% PEG and 10% PEG concentrations compared 
to the control group. As a result of T-TEST, no significant increase or 
decrease was observed in plants exposed to drought stress at 20% 
PEG concentration compared to the control group (Figure 4).

It has been determined that in vitro drought stress conditions, 
their micropropagation performances continue to live and multiply 
at increasing PEG doses, but their performance decreases. When 
plants are exposed to stress, stress signals are usually sensed 
through special receptors and then these signals are sent to the 
signal transduction mechanism to regulate gene expression [36]. In 
the present study, an increase in the transcription of the relevant 
stress genes was observed when the PEG concentration was 
increased to some extent. If this stress factor is applied more than 
the plant can tolerate, the plant may have suppressed the return of 
these genes in order to survive.

Conclusion
In this study, the expressions of mRNA levels of SlAREB1 and 

SlAREB2 genes, which are thought to play a role in drought stress 
tolerance in tomato plants, were investigated. Quantitative PCR was 
performed in the presence of two genes thought to be effective in 
drought tolerance and positive control in tomatoes grown on media 
containing different PEG concentrations in vitro. According to the 
results of the study, significant increases were observed in the 
concentrations of 2.5% PEG, 5% PEG and 10% PEG for the SlAREB2 
gene compared to the control group. No significant increase or 
decrease in 20% PEG concentration was observed. During drought 
stress, various defense mechanisms are regulated at physiological, 
biochemical and molecular levels. Drought stress affects plant 
growth by affecting various physiological and biochemical 
processes such as photosynthesis, respiration, translocation, ion 
uptake, water potential, stomatal closure, sugar and nutrient 
metabolism, antioxidant system, and also phytohormones [37,38]. 
Many proteomic studies have shown that some protein classes are 
promoted in response to drought stress and that these proteins may 
play an important role in defense and adaptation processes [39-
41]. In the current study, it was aimed to examine the expressions of 
two different genes at the transcription level in response to drought 
stress. The use of transcriptomic analyses and genomic information 
will facilitate the discovery of new candidate proteins and the 
understanding of tolerance-related dynamics. In addition, with 
the development of proteome analysis technologies in the future, 
a better understanding of post-translational protein modifications, 
protein-protein interactions and molecular networks, which have 
important roles in the response to drought stress, will contribute 
to the development of new plant genotypes that can easily grow in 
arid regions.
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