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To evaluate the impact of zinc (Zn) deficiency stress on the
expression of genes encoding UTP-glucose-1-phosphate
uridylyltransferase (UGP), the auxin-responsive protein SAUR23
(SAUR23), and the ribosomal protein 60sL.23a (60sL23a) in Zn-
efficient and -inefficient cultivars of bread wheat, a factorial
experiment was conducted in a completely randomized design with
three replications under greenhouse conditions. Two cultivars,
Niknejad (Zn-efficient) and Farin (Zn-inefficient), were grown
under Zn-deficient and Zn-sufficient conditions (0 and 5 mg Zn
kg™! soil, respectively). Gene expression levels were quantified in
flag leaves and roots at two growth stages (30% heading and grain
filling) using real-time PCR technique. The results indicated that
the greatest increase in UGP expression (1.2-fold relative to the
control) under Zn deficiency occurred in the flag leaf of the Farin
cultivar at the 30% heading stage. This upregulation is likely
associated with modulation of the sucrose biosynthesis pathway
and enhanced allocation of photosynthates to developing grains.
Moreover, SAUR23 expression in the flag leaf of the Niknejad
cultivar increased approximately 3.5-fold compared with the
control at the grain filling stage, suggesting a potential role in
regulating polar auxin transport under Zn-deficient conditions.
Expression of 60sL23a was also upregulated in the roots of both
cultivars under Zn deficiency at the grain filling stage; however,
the magnitude of induction was significantly greater in Niknejad
than in Farin. This differential expression may be linked to
enhanced translational regulation and energy-related signaling
pathways. Overall, the elevated expression of SAUR23 and
60sL23a in the Zn-efficient cultivar Niknejad suggests that Zn-
efficient bread wheat genotypes may mitigate Zn deficiency stress
through targeted transcriptional regulation of genes involved in
hormone signaling and protein synthesis.
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Introduction

Wheat (Triticum aestivum L.) is one of the most important staple crops worldwide, providing
nearly 20% of the total caloric and protein intake of the global population. Zinc (Zn) deficiency
is a widespread micronutrient constraint in wheat production that markedly reduces plant
growth, grain yield, and quality. Zinc functions as an essential structural and catalytic cofactor
for numerous enzymes and plays a critical role in various biochemical and physiological
processes in plants. Globally, Zn deficiency not only limits crop productivity but also adversely
affects grain development and seed viability. Furthermore, inadequate consumption of Zn-
deficient foods, particularly in developing countries, represents a major cause of human Zn
deficiency and associated health disorders. Given the crucial roles of UTP—glucose-1-phosphate
uridylyltransferase (UGP), auxin-responsive protein SAUR23 (SAUR23), and ribosomal
protein 60sL.23a (60sL.23a) in plant growth regulation and stress responses, investigating their
expression patterns in Zn-efficient and Zn-inefficient wheat cultivars may contribute to
improving Zn efficiency in wheat breeding programs. Therefore, the present study aimed to
evaluate the expression levels of UGP, 60sL23a, and SAUR23 genes in roots and flag leaves of
two bread wheat cultivars, Niknejad (Zn-efficient) and Farin (Zn-inefficient), at two growth
stages (30% heading and grain filling) under zinc deficiency conditions.

Materials and Methods

The experiment was conducted in a greenhouse at the Faculty of Agriculture, Urmia University,
using a factorial arrangement based on a completely randomized design with three replications.
Two bread wheat cultivars, Niknejad (Zn-efficient) and Farin (Zn-inefficient), were grown
under two soil Zn levels (0 and 5 mg Zn kg™ soil). Root and flag leaf samples were collected
at two growth stages: 30% heading and grain filling. Total RNA was extracted, and gene
expression analysis of UGP, 60sL23a, and SAUR23 was performed using quantitative Real time
PCR (qRT-PCR). Relative expression levels were determined in both organs under zinc
deficiency conditions.

Results and Discussion

Analysis of variance (ANOVA) revealed that the three-way interaction effect of cultivar x
organ x sampling stage was significant for S4UR23 and 60sL23a gene expression. In contrast,
for the UGP gene, the two-way interactions of cultivar x sampling stage and cultivar x organ
were significant at the 1% probability level. Mean comparisons showed that under zinc
deficiency conditions, SAUR23 expression in the flag leaf of the Zn-efficient cultivar
(Niknejad) at the grain filling stage was significantly higher than that in the Zn-inefficient
cultivar (Farin) at the same stage. However, no significant difference was observed between the
roots of the two cultivars at the 30% heading stage. The highest increase in UGP expression
under Zn deficiency was detected in the flag leaf of the Zn-inefficient cultivar (Farin) at the
30% heading stage. Regarding 60sL.23a, its expression under zinc deficiency was significantly
higher in the roots of the Zn-efficient cultivar (Niknejad) at the grain filling stage and in the
flag leaf of the same cultivar at the 30% heading stage compared with the Zn-inefficient
cultivar. Conversely, at the grain filling stage, 60sL.23a expression in the flag leaf of the Zn-
inefficient cultivar (Farin) exceeded that of the Zn-efficient cultivar.

Conclusion

The findings demonstrated that under zinc deficiency conditions, SAUR23 and UGP genes were
upregulated in the flag leaf of the Zn-efficient cultivar. Moreover, the relative expression of
60sL23a was significantly higher in the roots of the Zn-efficient cultivar at the grain filling
stage and in the flag leaf at the 30% heading stage compared with the Zn-inefficient cultivar.
These results suggest that differential regulation of these genes may contribute to Zn efficiency
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in wheat and could serve as potential molecular indicators in breeding programs aimed at
improving Zn-deficiency tolerance.
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Table 4. Analysis of Variance (ANOVA) for the Relative Expression of S4UR23, UGP, and 60sL23a Genes under
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Figure 1. Mean comparison of the interaction effect of cultivar x sampling stage on the expression of UGP gene

in Zn-efficient (Niknejad) and Zn-inefficient (Farin) bread wheat cultivars. Means follow with the same letter are
not significantly different at the 1% probability level, according to Duncan’s multiple range test. Error bars
represent the standard error of the mean.
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Figure 2. Mean comparison of the interaction effect of cultivar x organ on the expression of UGP gene in Zn-

efficient (Niknejad) and Zn-inefficient (Farin) bread wheat cultivars. Means follow with the same letter are not
significantly different at the 1% probability level, according to Duncan’s multiple range test. Error bars represent
the standard error of the mean.
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