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Extended abstract

Introduction

Metal stress is a major challenge affecting agricultural production, given the increasing global population and the critical
need for food. Heavy metal pollution remains a serious threat to production and quality of wheat (Triticum aestivum L.),
as a major crop for human nutrition. Understanding the effects of metal stress on plants and their response mechanisms
is crucial for optimizing agriculture. Metal stress in plants is commonly induced by heavy metals such as silver,
cadmium, lead, and copper. Such heavy metals adversely affect plant growth when present in soil, water, or air. Heavy
metal stress can lead to various changes in plant metabolism, including, enzymatic stress, and gene expression
alterations. Due to high nutritional requirements and sensitivity to environmental changes, wheat is particularly
susceptible to heavy metals-induced stress. Understating the impacts of heavy metals on wheat is crucial for enhancing
wheat quality and quantity. Developing resistant varieties and effective agronomic management techniques are crucial
to combat wheat production challenges worldwide. This study aimed to explore the impact of silver nitrate (AgNO3) as
an oxidative stress agent and DABCO as an antioxidant on different wheat varieties (Flat and Tajan) and the expression
of specific genes, metallothionein and glucanase.

Materials and methods

A factorial experiment was conducted in a randomized complete block design with three replications. The
experimental factors included silver nitrate at three levels (0, 1, 2 mM) as an oxidative stress factor and DABCO
as an antioxidant at three levels (0, 10, 20 mM) on wheat cultivars Falat and Tajan. Biochemical traits assessed
included the cell oxidation level index and chlorophyll content, and the expression of gluconase and
metallothionein genes was evaluated using Real time gRT-PCR. Total RNA extraction was conducted using Bioflex
P-Biosol extraction buffer. The quality of the extracted RNA was assessed by on 1.5% agarose gel electrophoresis.
Subsequently, cDNA was synthesized according to Fermentase manufacturer instructors. The quality of cDNA was then
assessed by PCR using specific primers for the housekeeping gene GAPDH. In order to analyze the expression patterns
of the gluconase and metallothionein genes, real time gRT-PCR was performed utilizing CyberGreen | dye. Real-time
QRT-PCR analysis was performed using the CyberBioParse kit at Gorgan University of Agricultural Sciences and
Natural Resources in Iran and on an iQ 5 device made in the United States.

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction
BY

in any medium or format, as long as you give appropriate credit to the original author(s) and the source.

This article is published with open access on www.pgr.lu.ac.ir | © Lorestan University Press 1


https://journals.lu.ac.ir/pgr/browse.php?slc_lang=fa&slc_sid=1&cur=1
https://doi.org/10.22034/pgr.11.2.1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://pgr.lu.ac.ir/?lang=en
file:///C:/Users/sohra/OneDrive/Desktop/Revised_JPGR_Vol10/pgr.lu.ac.ir
mailto:s.navabpour@gau.ac.ir
http://dx.doi.org/10.22034/PGR.11.2.1
https://pgr.lu.ac.ir/?lang=en
https://pgr.lu.ac.ir/?lang=en
https://en.lu.ac.ir

Examining the Expression Changes of Gluconase and Metallothionein Genes ...

Results and discussion

The results of present study demonstrated that under silver nitrate stress, both cultivars showed the highest level of gene
expression at 1 mM silver nitrate treatment without DEBCO treatment, followed by significant downregulation at 2 mM
silver nitrate treatment. These results may imply that wheat is sensitive to a high oxidative stress levels after silver nitrate
treatment. Increased expression of metallothionein and glucanase at lower concentrations may serve as a protective
response to oxidative stress, neutralizing oxidant effects and safeguarding cells from metal stress damage. Additionally,
at 1 mM silver nitrate treatment, the application of DABCO as an antioxidant, positively influenced associated genes
expression, possibly leading to reduced oxidative damage.

Conclusion

The present study demonstrates that silver nitrate, as an oxidative stress inducer, has significant effects on the
expression of genes associated with heavy metal stress in wheat. Scientific reports indicate that silver nitrate
increases the expression of metallothionein and glucanase genes, where they play a key role in plants' response to
environmental stresses. Metallothioneins, as metal-binding proteins, are crucial in neutralizing the toxic effects of
heavy metals and reducing oxidative stress. Additionally, glucanases contribute to the breakdown of carbohydrates
and may also impact metabolic changes in response to metal stress conditions. The observed gene expression
variations at different levels of silver nitrate and types of stresses suggest that wheat can adapt to stress in order to
regulate corresponding genes to cope with environmental challenges. These adaptations may lead to genetic
changes and natural selection in the long term, potentially enabling plants to survive longer under harsh conditions.
Considering the global significance of wheat as a strategic food crop, the results of this study underscore the
necessity for further research in the field of metal stress management. One potential future objective could involve
identifying wheat cultivars better equipped to handle metal stresses. These cultivars could be developed through
genetic engineering or plant breeding programs to enhance yield and quality of agricultural products. Ultimately,
it is crucial for agricultural scientists and researchers to collaborate in order to provide effective solutions to
mitigate the negative impacts of metal stress and contribute to sustainable food security in the future. This research
could serve as a foundation for developing solutions that not only ensure plant health but also promote the health
of agricultural ecosystems.
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