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Abstract: Cowpeas can be employed for rotational grazing or generating high-quality food when paired 
with crops such as maize. Cowpea seeds provide a substantial amount of protein and other essential 
elements. The purpose of this work was to use a mutagen and a high salt concentration to extract a salt 
tolerance gene from the callus. The callus was induced by adding 2,4-Dichlorophenoxyacetic acid 2,4- D 
at mg/l and was then subjected to various concentrations of a combination of salts consisting of sodium 
chloride NaCl and Calcium Chloride.CaCl2, in addition to Magnesium chloride MgCl2, with a rate of 2:2:1 
and potion 0, 50, 100, 150, 200, and 250 mM of the salt mixture added to the culture medium. Various 
levels of di ethyl sulfate (DES) mutagenic solution at a concentration of 0.1 mM were used to soak the 
callus for 30 minutes. The results showed that when using quantitative polymerase chain reaction q-PCR, 
they showed two genes of vigna, the first gene in this research. Aldehyde dehydrogenase family 3 (ADF3) 
demonstrated the explanation of the genes at doses of DES+200, 200, and 250 mM; however, the most 
elevated level of gene expression at DES+200mM is CT 30.47, with an upregulation of 2.479. The second 
gene, Protein S2, demonstrated that the gene is highly expressed at DES+200mM, cycle threshold (CT) 
31.68, and DES+250mM concentrations and is upregulated at DES+150mM was 128.  
Keywords: Gene expression, Mutagen, Q-PCR, Salt tolerance, Vigna sp. 

 
1. Introduction  

Cowpea might be utilized for rotational grazing or for producing food of excellent quality if combined 
with crops like maize. Cowpea seeds contain a significant quantity of protein and other nutrients. People 
worldwide, especially in impoverished countries, consume cowpea seeds because they cultivate them to 
produce fully formed seeds and underdeveloped pods. Its amino acids complement those in cereals, while 
its mineral contents—calcium and iron—are greater than those in meat, fish, and eggs, and the iron 
content is comparable to that of milk. Its water-soluble vitamins—thiamine, riboflavin, and niacin—have 
levels that are comparable to those in lean meat and fish, making them a healthier alternative to those 
foods [1]. 

Therapeutic Uses The edible seeds are utilized as a nutritional protein supply. These were also utilized 
to kill stomach worms and enhance the stomach. The herb treats burns, wounds, adenitis, measles, and 
smallpox. Decoction or soup can treat leucorrhoea, menstrual irregularities, intestinal colic, and urine 
discharges; it also serves as an aphrodisiac, laxative, antipyretic, diuretic, anti-hyperglycaemic, ant 
nociceptive, galactagogue, and liver tonic, among other uses. It has thrombolytic, antiviral, antibacterial, 
antioxidant, and free radical-scavenging properties. Antibacterial action against both Gram-positive and 
Gram-negative pathogens is also seen. It is beneficial for conditions such as constipation, anorexia, 
epilepsy, and jaundice [2]. 

After cereals, grain legumes are the most important family of agricultural crop species worldwide 
[3]. One grain legume that grows in tropical and subtropical regions of the world is the cowpea (Vigna 
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spp., L.). It is a noteworthy food legume. Many African countries consume delicate leaves, fresh pods, and 
grains, making it a staple and multipurpose dietary legume [4]. 

Plant tissue culture, in addition to meeting the demands for large-scale plant multiplication, is 
essential for other biotechnology applications in plant development  [5, 6]. Its value as a device for 
immediate use in basic research in well-known fields like molecular genetics, plant biology, and 
biochemistry is significant. Today, there are eight billion unnerving individuals living on the planet. 

One of the greatest issues facing the human race in this period is supplying food and goods, most of 
which are plant-based, although the extraordinary challenges posed by climate change are greater than 
ever [7, 8]. Global warming is caused by a variety of climatic changes that have a significant impact on 
agricultural systems around the world. This includes substantial environmental stressors such as salt, 
exposure to hazardous substances, floods, excessive heat or cold, and drought [9]. 

Over the past forty years, there has been a significant increase in the study of stresses on plants, with 
emphasis on the impacts of stress elements such as a shortage of water, extreme heat, salt, exposure to 
dangerous materials, insufficient or excessive radiation, plant pathogen infection, and insect outbreaks 
[10, 11]. 

Plant tissue culturing is the most effective technique for improving and developing salt tolerance in 
plants. It is convenient to concentrate on because it highlights the physiological and biochemical processes 
that are vital to the cell as well as the alterations brought about by using salt overload in plant cells and 
tissue culture [12]. 

Researchers have introduced molecular techniques to more accurately evaluate the genetic 
relationships of cowpeas. These techniques include microsatellite markers [13] random amplified 
polymorphic Deoxyribonucleic Acid (DNA) (RAPD) [14] amplified fragment length polymorphisms 
(AFLP) [15] restriction fragment length polymorphisms (RFLP) [16]. Several agricultural plant species 
have had their taxonomic connections resolved and farmed variants well characterized by applying seed 
storage protein markers: black gram [17] Capsicum annuum L. Solanum, Vigna spp., and wheat [18]. 

The declining genetic resources of crop types pose a significant threat to agricultural product 
manufacturing. Due to its lengthy history of domestication— abundant Asian nations had documentation 
from 2,000 years ago that they planted and produced cowpea—cowpea now faces a comparable threat 
[19]. As a result, the foundation of cowpea breeding and genetic research is the preservation, exploration, 
development, and application of plant genetic variety. The foundation for genetic variety and the genetic 
connections between genotypes of cowpeas are found in genetic diversity research, which also gives 
information for the creation of cultivars and the preservation and utilization of germplasm resources [20]. 

The arid agroecologies of the tropics in South Asia, Latin America, and Africa primarily produce the 
herbaceous annual crop known as black eye pea, or cowpea (Vigna unguiculata (L.) Walpers). It is a legume 
from the genus Vig, the tribe Phaseoleae, and the family Fabacea. 

Plant tissue culture is the controlled cultivation of plant cells, tissues, or organs in a sterile and 
artificial environment with precise control over the surrounding conditions. We developed the methods 
based on tot-potency, the ability of a cell to generate a complete multicellular organism, and cell theory, 
which asserts that cells serve as the fundamental units of structure and reproduction in all living things 

[21].  
A fresh source of genetic diversity that can be used to improve plant germplasm is soma clonal 

variation in plant cell culture, which is a useful method for testing hypotheses regarding the advantages 
and risks of different chemicals and biological agents because it is a crucial component of plant science 
and biotechnology. This technique is also important for changing genes, making plants that don't have 
any pathogens, micropropagation, keeping germplasm safe, and making different medicinal secondary 
metabolisms [22]. The principles of totipotency and developmental plasticity are two fundamental ideas 
required for plant regeneration in tissue culture. 

Halophytes are a source of high-value products with various commercial uses in the food, 
pharmaceutical, and cosmetic sectors. Thus, we can use plant tissue culture (PTC) with halophyte species 
to enhance vegetative and sexual multiplication of those with restricted propagation, boost bioactive 
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chemical synthesis, and propagate fragile and endangered species [23]. By using the economic potential 
of agricultural and medicinal plants, PTC approaches have made significant contributions to industry and 
agriculture over the past 60 years [16]. Research on halophytes is expanding, primarily emphasizing 
culture and its biochemical characteristics. 

Mutations are the existence of mobile genetic components like transposons in the genome, which are 
mobile and repeating. Different environmental factors, such as ultraviolet (UV) radiation or naturally 
occurring chemical or biotic agents, can also cause mutations in plants. Mutations are the primary cause 
of genetic variety in all living things [24]. The pace at which spontaneous mutations accumulate is 
accelerated by the unique environmental circumstances of in vitro culture settings, tissue reprogramming, 
and disorganized development commonly connected to in vitro culture, particularly in cases where callus 
development is a factor [25]. 

Three basic processes make up the use of mutagenesis techniques, both physical and chemical, in 
mutant breeding. Random changes are made to the plant's DNA in phase 1, the mutants are screened for 
desirable phenotypes in step 2, and the traits that are wanted are chosen in step 3 [26]. The following 
sections provide further information on the various mutagenesis methods used in mutation breeding 
(phase 1). Phase 2 includes applying to the mutants created by these techniques a screening using either 
the "forward" or "reverse" genetic approaches [27]. Phenotypes drive the forward genetics approach 
because it entails evaluating the altered plants' phenotype directly (e.g., abnormalities in stem height, 
number of seeds, chlorophyll and leaf content, etc.). Molecular methods, such as markers based on 
polymerase chain reaction (PCR), can facilitate the next step of pinpointing the mutation causing the 
condition. 

The technique of employing chemical agents to cause mutations in the plant genome is known as 
chemical mutagenesis, which includes alkylating compounds, intercalating agents, and base analogs [28]. 
Table 1 lists the chemical agents often used in plants for haphazard mutagenesis. The chemical mutagens 
ethyl methane sulfonate (EMS), which is frequently used in mutant breeding, methyl nitrosourea (MNU), 
1-ethyl-1-nitrosourea (ENU), diethyl sulfate (DES), and sodium azide (SA). Combinations of MNU and 
SA are frequently observed [29]. Chemical mutagenesis may be performed utilizing several plant 
materials, including cell cultures and whole plants grown in a laboratory setting. Seed is the primary plant 
material used in chemical mutagenesis. 

The original PCR serves as the basis for several techniques, one of which is dPCR. In order to digitally 
represent the pool of DNA molecules, which can have either one copy or no copy in each subsample, a 
PCR specimen needs to be split into many, many millions of derived subsamples. Microfluidics is the 
foundation for droplet-based and chip-based dPCR. DPCR may skip the laborious qPCR quantification 
based on standard curves and instead offer a precise measurement of the DNA or RNA copy number. 
Moreover, multiplex PCR amplifies DNA materials with undesirable ratios of abundant and uncommon 
DNA [30]. 

Contrary to popular belief, they declared that "RT-PCR" should only refer to reverse transcription 
PCR and not real-time PCR [31]. In a reverse transcription polymerase chain reaction (RTP) template, 
RNA is used to produce complementary DNA (cDNA). The reverse transcriptase enzyme creates a single-
stranded copy of cDNA. After that, one can use a DNA polymerase to amplify it, resulting in double-
stranded cDNA suitable for a conventional PCR-based amplification procedure. 

The qPCR cycle is detected in real-time, producing a Relative Risk (RR) amplification curve with 
plateau, exponential, and start phases. This curve represents the fundamental concept of quantitation. The 
low level of fluorescence at the start of amplification establishes the baseline level of fluorescence. The 
threshold level, at which the reaction enters exponential growth, is when fluorescence becomes 
considerably higher than the baseline. The Ct or Cq value, which shows the moment at which your sample 
surpasses this threshold, forms the core of quantitative analysis. Reagent shortages during the plateau 
period, for example, have no impact on the reading since the threshold is set during the exponential phase 
[32]. 
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2. Material and Methods 
2.1. Callus Induction  

After being removed, sterile embryos known as explants from Vigna spp. were cultured in universal 
tubes using Murashige and Skoog (MS) media, treated with auxin 2,4-D (2) mg/l and maintained at a 
temperature of 23±1°C in the dark [15]. The four-week-old callus of Vigna (250 mg) pieces were divided 
and then put on the MS medium, which had been mixed with 2,4-D at a dosage of 2 mg/l and NaCl, CaCl2, 
and MgCl2 at concentrations of 0, 50, 100, 150, 200, and 250 mM [17]. (NaCl, CaCl2, and MgCl2 ratios 
are 2:1:1, which is close to the ratio of the soil discovered in Iraq.) 
 
2.2. Di-ethyl Sulfate, a Chemical Mutagen, Induces Mutations 

The sterilization procedure was completed using a diethyl sulfate (DES) solution. The calluses were 
placed in sanitized petri plates within the airflow cabinet and immersed for 15, 30, and 45 minutes in 0.1 
mM DES after being placed inside a 0.45-m Millipore filter. The callus was then transferred at a constant 
weight of 250 mg and placed on a fresh callus medium identical to what was used to produce a typical 
callus, requiring 7 replications during the course of therapy. 

 
2.3. DES-Treated Callus Cultivation on Salt Culture Medium 

The callus was cultivated in a culture medium containing ten replications of each salt concentration at 
0, 50, 150, 200, and 250 mM after being immersed in a 0.1 mM DES solution for thirty minutes (the 
recommended amount of time for the callus to be submerged in a DES solution). 
 
2.4. Total RNA Extraction and Purification using the Abm Kit 

After grinding 50 to 100 mg of callus with a mortar and pestle, we poured a small amount of liquid 
nitrogen onto the specimen to chill it. We then processed the specimen to a fine powder in liquid nitrogen.  

The subsurface material was combined by vortexing 500 μl of RB buffer (or PRB buffer) and 5 μl of 
mercaptoethanol before being incubated for 5 min at room temperature. We added the specimen mixture 
to a filter column and centrifuged it for 1 minute at 1000 rpm. The filtrates of the cleared mixture were 
added to a 500-l volume of 100% ethanol and violently shaken. The mixture was then centrifuged at a 
speed of 14000–16000 rpm for a duration of 2 minutes. 

Then, the RB column was transferred to another   2 ml collection tube. In the center of the RB column 

matrix, 100 μl of DNase was introduced and left for ten minutes. Aliquots of 400 l of wash buffer W1 were 
introduced to the center of the RB column and centrifuged for one minute at between 14000 and 16000 

rpm. After that, 600 μl of wash buffer W2 was added to the middle of the column. The flow-through was 
then discarded. 

Later, 50 μl was added of RNase-free water was added. The column was then allowed to stand for 3 
minutes before being centrifuged at 14000–16000 rpm for 3 minutes.   After total RNA was converted to 
cDNA using AccuPower® RT Premix, the RT PCR method was employed to amplify the cDNA. The 

PCR mixture (total volum 20μl) consists of 5 μl of AccuPower® RT Premix, five μl of each Oligo dt15 

primer (100 PM), five μl of 0.1% of DEPC-water and 0.5–1.0 μg/5 μl of template RNA. The RNA template 
and Oligo dt15 primer annealing mixture were incubated at 70 °C for 5 minutes before being put on ice.  
The thermocycler process had been utilized to create the cDNA in the following manner: 42 ̊ C for 60 min 
(cDNA synthesis). 95 ˚C, for 5 min (RTase inactivation).  
 
2.5. RT-PCR Reverse Transcriptase Technique for cDNA Synthesis 

RT-PCR is the method that uses any one of numerous reverse transcriptases to convert RNA 
molecules into their complementary DNA (cDNA) sequences. Conventional PCR techniques then amplify 
the freshly produced cDNA. 

Complementary DNA (cDNA) is created via reverse transcription, which synthesizes DNA from an 
RNA template. To guide the synthesis of the first strand of cDNA, which may be used directly as a 
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template for the Polymerase Chain Reaction (PCR), reverse transcriptases (RTs) employ an RNA 

template and a primer corresponding to the three ′ ends of the RNA.  
Reverse transcription plus PCR (RT-PCR) makes it possible to identify low-abundance RNAs in a 

sample and produce the matching cDNA, which makes low-copy gene cloning easier [33]. Table 1 
displays the sequences of primers used to amplify the genes under study (ADF, Protein S2). 
 

Table 1. 
The sequences of primers used for amplification of studied genes (ADF, protein S2). 

Genes  Primer   sequences 5᾽   3᾽ Size (bp) 

ADF F-TGTCAGGCAGAAAGGCAGAA 84 
R-TGAGGACAAGACCCAGTGGT 84 

Protein-S2 F-CACACAATGAGGTCTTCTCTTGC 70 
R-CTTCTATGGTGCCACTTAACAAGAA 70 

 
2.6. RT-qPCR Reverse Transcription 

We measured quantitative PCR for this investigation using SYBR Green I fluorescent dye. We 
performed the heat cycling protocols using real-time PCR equipment (Rotor-Gen Q, Qiagen, Germany) 
equipped with the WIZpURE Tm qPCR Master (SYPR) Kit (Wizbiosolution Business, North Korea). 
The PCR programs were carried out according to the manufacturer's instructions, and the reaction 
conditions followed the protocol [13]. The conditions of thermo cycling have been mentioned in Figure 
1. 
 

 
Figure 1.  
Conditions of amplification. 

 
2.7. Data Evaluation  

The results of three replicates of the Real-time polymerase chain reaction (RT-PCR) study were used 
to calculate the average expression level of the test genes. Quantitative real-time PCR data using the 
threshold cycle (CT) technique. 

 

3. Results and Discussion 
3.1. Impact of Salinity Stress on V. Unguiculata's Fresh Callus Weight (mg) 

Table 2 and Figure 2 results show that the fresh weight of the callus was strongly impacted by the 
salt concentration effect, with a note that the primary weight of the callus was 250mg/l. The large mean 

https://en.wikipedia.org/wiki/Reverse_transcription_polymerase_chain_reaction
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of callus fresh weight observed on the 200 mM treatment (321.7 mg) constructed that regimen 
significantly distinct from other therapies (cont, 50, 150, 250), except for the 100 mM treatment, which 
reached 303.3 mg. The 50 mM treatment manufactured the smallest mean callus fresh weight. As the salt 
concentration increases, the fresh weight of the callus decreases. Between all treatments, the dry weight 
was not significant. 

The medium's salinity affected callus formation; callus growth gradually decreased as the salinity 
increased [34]. Tissue culture techniques have helped researchers learn more about how cells can tolerate 
salt by using certain salt-tolerant cell lines as a study system  [35, 36]. 

Our investigation focused on the advances in producing salt-tolerant lines using tissue culture-based 
in vitro selection. Plants have developed several biochemical and molecular processes to endure and thrive 
in stressful situations. Selecting agents that allow for preferred survival and expansion of desirable 
phenotypes has been a successful strategy to promote tolerance [37]. In vitro selection often uses NaCl 
for salt tolerance. In the culture medium, we can subject the explants to a wide spectrum of selection 
agents. We only choose specimens that can withstand these conditions over time. During the in vitro 
selection process, it is possible for cells that are not tolerant to undergo adaptation. Salinity resulting 
from excessive NaCl, the most prevalent salt stress, leads to a rise in sodium (Na+) concentrations and a 
decrease in plants' potassium (K+) concentrations. The phenomenon is called the salt-specific or ion-
excess impact of salinity [38]. Plants have developed defensive systems to cope with salt stress, enabling 
them to adapt. These methods include osmotic adjustment, often achieved by accumulating betaine and 
polyols [39]. 

 
Table 2. 
The effect of salts levels on callus fresh weight (mg) after four weeks of culture on medium. 

Concentration of salt (mM) Fresh weight(mg) Dry weight(mg) 
Cont. 250.0 30.7 
50 mM 227.0 30.3 
100mM 303.3 32.0 
150 mM 285.7 29.7 
200 mM 321.7 31.3 
250 mM 259.0 30.3 
LSD 0.05 20.78 N.S 

 

 
Figure 2. 
The callus's growth curve at various salt concentrations (mM). 
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3.2. Effect of Different Treatments of Di Ethyl Sulfate DES on Callus Salt Tolerance 
Calluses tolerate the impact of DES on salts after re-cultivation at salt concentrations ranging from 0 to 
250 mM. The results in Table 3 and Figure 3 demonstrated that DES assisted in raising salts tolerated 
in Vigna callus cells. It was clear when the therapy of 250 mM resulted in achieving its greatest average 
callus fresh weight of 375 mg, which was significantly different from the treatments (cont, 50) mM, which 
reached (250 289.70) mg, respectively, while the treatment 250mM had no significant differences than 
treatments (100, 150,200) mM, which came to (340.30, 363.70, 363.30) mg respectively. Figure 4 
demonstrates that the use of diethyl sulfate DES increased callus weight now as opposed to before the use 
of diethyl sulfate. The treatment with 250 mM gave the largest average of callus dry weight, reaching 
29.30mg, which was substantially different from cont 50 therapies [28]. 

A rise in the callus's fresh weight (treated with DES) and growth on salt levels may result from 
variations that led to obtaining cells with the ability to withstand higher salinity. This could indicate that 
the DES treatment has induced genetic changes in the callus, enabling it to adapt and survive in high salt 
conditions. These variations may have altered the expression of certain genes responsible for regulating 
salt tolerance in the callus. We need further research to understand the mechanisms of this increased 
tolerance and its potential applications in crop breeding in saline environments. Or the increase in fresh 
weight may be caused by the Somaclonal variation due to the re-culturing process for callus, and this was 
confirmed by Lee, et al. [30] and Vargas, et al. [32] that the re-culturing callus several times can become 
an important source of genetic variations toward salinity tolerance or improve the qualities of the plant 
[37]. 

 
Table 3. 
The four weeks of medium culture, the impact of DES on callus salt tolerance for each dry weight, 
and fresh weight (mg). 

Salt concentration(mM) Dry weight(mg) Fresh weight(mg) 
Cont. 250.00 16.00 
50 289.70 18.70 
100 340.30 23.00 
150 363.70 24.70 
200 363.30 28.00 
250 375.00 29.30 
LSD (0.05) 69.45 7.96 

 

 
Figure 3. 
The callus fresh weight was treated with DES and grew on salt levels. 
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Figure 4. 
The impact of DES on salt tolerance in callus fresh weight. 

 
3.3. Gene Expression Analysis for the Callus of Vigna Unguiculata 

The specimen's target nucleic acid content is inversely proportional to CT levels. Real-time tests run 
through 40 amplification cycles. For this study's first gene, compare CT salt concentrations with mutagen 
DES and CT controls. ADF demonstrated the expression of the genes at concentrations (DES+200, 200, 
and 250); however, the elevated level of gene expression at DES+200 is CT 30.47, with an upregulation 
of 2.479, Table 4, Figures 5 and 6. 
 

Table 4. 
Control of the ADF gene for the Vigna callus. 

ADF3/ Gene CT ∆CT ∆∆CT Folding 
Cont. 29.53 -0.01 0 1 
DES+150 29.23 -0.47 -0.46 0.726 
150 29.42 0.19 0.2 1.148 
DES+200 30.47 1.3 1.31 2.479 
200 29.66 0.29 0.3 1.231 
DES+250 29.16 -0.31 -0.3 0.812 
250 29.91 0.68 0.69 1.613 

 

 
Figure 5. 
The correlation among relative gene expression and salt concentration + DES. 
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Figure 6. 
Dissociation curve of ADF gene of vigna SP. 
 

We demonstrated high expression of the second gene, Protein S2, at DES+200, CT 31.68, and 
DES+250 concentrations, and upregulation at DES+150 and 128 (Table 5) (Figures 7 and 8). 
 

Table 5. 
Regulation of protein s2 gene for a callus of Vigna SPP. 

Protein S2\Gene CT ∆CT ∆∆CT Folding 
Cont. 28.54 0.38 0 1 
DES+150 29.47 7.38 7 128 
150 28.46 -1.29 -2 0 
DES+200 31.68 2.06 2 3 
200 28.34 -0.38 -1 1 
DES+250 28.71 -0.64 -1 0 
250 22.09 -6.53 -7 0 
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Figure 7. 
The relationship between folding (Regulation) and salt concentration. 

 

 
Figure 8. 
Dissociation Curve of protein S2 gene of Vigna SP.  

 

Reverse transcription qPCR has gained popularity as a method for gene expression analysis because 
of its high sensitivity, great repeatability, outstanding specificity, excellent throughput, and reliable 
internal reference genes to correct target gene data and provide accurate findings [35].  In rice seedlings 
treated with NaCl and mannitol 14, the consistent expression levels of 18S rRNA and 25S rRNA were 
the highest of all reference genes. Additionally, it was shown that Arabidopsis thaliana and other 
herbaceous plants consistently expressed the 26S rRNA gene when exposed to 10% Polyethylene glycol 
(PEG) [36]. 



11 

 

 

Edelweiss Applied Science and Technology 
ISSN: 2576-8484 

Vol. 8, No. 3: 1-13, 2024 
DOI: 10.55214/25768484.v8i3.1088 
© 2024 by the authors; licensee Learning Gate 

 

Different plant species frequently use the tissue culture technique with some clones to generate 
genetically stable and beneficial variants. Thus, regenerated plants experience soma clonal variations, 
most likely brought on by stressors imposed throughout in vitro culture [37]. 

Stable-expressed reference genes must be identified for data normalization of target genes under 
certain testing circumstances in RT-qPCR gene expression investigations related to the risk that applying 
inadequate, unvalidated reference genes could result in questionable interpretation of the results [38]. 
Aldehyde dehydrogenase family three and organ-specific protein S2 were researched to assess the 
expression of genes linked to the stress salt response in Vigna SP. The buildup of a fluorescent signal 
allows the identification of both genes that exhibit positive responses. The number of cycles necessary for 
the fluorescent signal to cause a change in gene expression is known as the CT (cycle threshold). 
 

4. Conclusion  
qPCR showed high levels of gene expression for salt tolerance when DES mutagens had a salt 

concentration of 200 mM. At a concentration of 200 mM, the DES mutagen significantly enhances the 
expression of genes associated with salt tolerance. These findings suggest that the DES mutagen could 
be a potential tool for improving salt tolerance in crops, which is particularly relevant in regions with 
high salinity levels. Further investigation is necessary to identify the specific genes upregulated by the 
DES mutagen and comprehend the underlying mechanisms responsible for enhancing salt tolerance. 
Furthermore, it is critical to evaluate the DES mutant's performance under various salt concentrations in 
order to determine its optimal range for maximum efficacy. This information will be critical for future 
research and potential applications in agriculture and crop improvement. 
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