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Wheat is a vital food crop; however, its production is continuously threatened
by abiotic stresses, particularly salinity stress. Understanding the molecular
mechanisms through which wheat responds to salinity stress is essential for
the development of salt-tolerant varieties. Given the significant role of the
NAC and WRKY transcription factor families in stress responses, the
expression levels of three key genes from these families—7aWRKY10,
TaWRKY53, NAC2, and P5CS—were evaluated in the cultivars Kalateh,
Baharan Gonbad, and N9108. In addition, total chlorophyll content and the
cellular oxidation index were assessed in this study. The experiment was
conducted as a split-plot arrangement within a randomized complete block
design with four replications. Salinity treatment was applied through irrigation
water after plant emergence and establishment (Zadoks growth stage 34).
Sampling for gene expression and biochemical trait analysis was performed at
the stem elongation stage. Gene expression levels were analyzed using qRT-
PCR technology. Analysis of variance revealed that the interaction effect of
salinity stress x cultivar was significant at the 1% level for chlorophyll a
content and malondialdehyde content, and at the 5% level for chlorophyll b
content. Gene expression analysis showed that TAaWRKY 10 exhibited the
highest expression (1.5-fold increase compared to the control) under 9 dS/m
salinity treatment in the Kalateh cultivar. NAC2 showed a 15-fold increase in
expression compared to the control under 12 dS/m salinity treatment in the
Kalateh cultivar. The P5SCS gene also displayed an increasing trend under
salinity stress with rising salinity levels, with the highest expression (16.34-
fold increase compared to the control) observed in the Kalateh cultivar under
12 dS/m salinity treatment. The gene expression results indicated that
increasing salinity levels significantly induced stress-responsive genes,
including TaWRKY10, NAC2, and P5CS, particularly in the Kalateh cultivar,
highlighting their key role in salinity tolerance mechanisms. The marked
upregulation of these genes, especially under higher salinity levels, suggests
that they may serve as suitable molecular markers in breeding programs aimed
at selecting salt-tolerant wheat cultivars.
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Introduction

Wheat plays a vital role in global food security, and understanding the genetic responses to
environmental conditions, especially salinity stress, is essential to increase yield and
sustainability of production. In Iran, where saline and alkaline soils are common, salinity stress
poses a significant challenge to wheat production by impairing germination, photosynthetic
efficiency, nutrient uptake, and grain filling. A deeper understanding of the gene responses to
salinity stress could help develop more resistant wheat cultivars that can grow under harsh
environmental conditions, thereby supporting agricultural resilience and rural livelihoods. This
study aimed to investigate the expression levels of four key genes from the NAC and WRKY
transcription factor families in three wheat cultivars - Kalateh, Baharan, and Gonbad, as well
as line N9108. The aim was to establish a link between gene responses, salt stress resistance,
and biochemical changes, with a particular focus on chlorophyll levels, which serve as a proxy
for photosynthetic capacity and cellular health under saline conditions. By integrating
molecular expression profiles with physiological indices, this study seeks to identify robust
biomarkers that can be used in marker-assisted selection and breeding strategies aimed at
increasing salt tolerance in wheat.

Materials and Methods

A split-plot arrangement within a randomized complete block design with four replications was
used assess the effects of salinity and cultivars on different biochemical traits in wheat. Salinity
stress was applied by saline irrigation after germination to study gene expression and
biochemical responses across genotypes and mimic field-relevant salinity scenarios. Salinity
treatments included a gradient reflecting moderate to high salt exposure typically observed in
arid and semi-arid regions. qRT-PCR analysis was used to quantify the expression levels of
four genes TaWRKY10, TaWRKY53, NAC2, and P5CS transcription factors due to thier roles
in stress signaling, transcriptional regulation, osmolyte biosynthesis, and reactive oxygen
species (ROS) production. Gene expression data were normalized against a validated
housekeeping gene and analyzed using appropriate statistical models. In addition, chlorophyll
content was assessed as an indicator of oxidation and cellular health, and measurements were
taken at multiple time points to capture dynamic responses to salinity. Statistical analysis was
performed to identify significant differences between cultivars and salt stress treatments. Post-
hoc comparisons were performed to determine which cultivars exhibited distinct responses at
specific salinity levels, providing practical insights for breeding programs.

Results and Discussion

Biochemical and gene expression analyses showed that the cultivar Kalateh exhibited significant
resistance to salt stress. In Kalateh, changes in the expression of 7aWRKY10, TaWRKY53, NAC2, and
P5CS genes were correlated with chlorophyll levels, indicating activation of stress response pathways
and enhanced biochemical resistance mechanisms, including increased expression of potential
osmoprotectants and preservation of the photosynthetic apparatus. These features could serve as
molecular and biochemical markers for selection and enhancement in salt-tolerant wheat breeding
programs, allowing breeders to screen for genomic and physiological traits associated with resilience.
The findings suggest that chalcopyrite is promising for salinity tolerance due to its stress response gene
expression and biochemical resistance capacity, with TaWRKY10 and TaWRKY53 likely playing
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pivotal roles in regulating acute stress responses, such as ROS accumulation and defense signaling,
while NAC?2 is involved in multiple regulatory pathways during salinity exposure and potentially
mediates cross-talk between hormonal signals and osmotic regulation. P5CS, a key enzyme in
proline biosynthesis, may play a role in osmotic balance and membrane stabilization under salt
stress and potentially interacts with WRKY regulators to fine-tune stress responses. These genes
could potentially interact to enhance salinity tolerance and maintain crop yield by maintaining
cellular integrity and photosynthetic efficiency. This study also highlights subtle cultivar-specific
differences and suggests that Baharan and Gonbad may exhibit distinct transcriptional and
biochemical pathways under salinity, which warrants further research to reveal genotype-

environment interactions and identify optimal genes.

Conclusions

The study results demonstrate that the Kalateh wheat cultivar displays significant resistance to
salt stress, positioning it as a promising candidate for salt-tolerant breeding initiatives. The
concurrent assessment of stress response gene expression and biochemical traits underscores
Kalateh's potential to enhance salt tolerance in wheat and bolster food security in arid and saline
regions. These findings support the prospect of deploying Kalateh in breeding programs aimed
at improving resilience to soil salinity, contributing to yield stability, and mitigating the adverse
impacts of climate variability on wheat production. Future work should include time-course
analyses to capture the dynamic regulation of TaWRKY10, TaWRKY53, NAC2, and P5CS,
functional wvalidation through gene-editing or overexpression approaches, and multi-
environment trials to validate the robustness of identified biomarkers across diverse soil and
climatic conditions.
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Figure 1. Changes in the amount of chlorophyll a in different varieties of wheat under the influence of different

levels of salinity stress
25

20

G838 205 S b Jbs A Ol
The amount of chlorophyll b (mg/gram
of fresh weight)

Kalateh <5 Gonbad 1:5 Baharan o,l¢ N9108 .Y

Cosd 5
Salinity stress

oz 5 il o glan 36 o o kS e 5153 b s IS Ol e iy Y IS

Figure 2. Changes in the amount of chlorophyll b in different varieties of wheat under the influence of different
levels of salinity stress
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Figure 3. Changes in the amount of malondialdehyde in different varieties of wheat under the influence of
different levels of salinity stress
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Figure 4. Relative expression of TaWRKY10 gene in different varieties of wheat under the influence of different
levels of salinity stress(Bars on columns indicate standard error)
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Figure 6. The relative expression of NAC2 gene in different varieties of wheat under the influence of different
levels of salinity stress(Bars on columns indicate standard error)
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Figure 7. Relative expression of the P5CS gene in different wheat varieties under the influence of different levels
of salt stress(Bars on columns indicate standard error)
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