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ABSTRACT

Introduction: Climate changes and increase in severity and duration of abiotics stresses have considerably affected the crops’, e.g. wheat’s,
productivity. Accordingly, evaluating the influences of environmental stresses at cellular and molecular level to distinguish regulatory and
tolerance mechanisms in plants has become a priority in the world. In response to stress conditions plants employ altered mechanism
including a rapid induction in production of reactive oxygen species (ROS) known as oxidative burst. ROS are helpful in a small amount
and they are mostly used in cell signaling and as secondary messengers, but excessive accumulation of ROS under environmental stress
disturbs the oxidation-reduction balance in the plant and causes oxidative stress. ROSs are normally produced in chloroplasts, mitochondria,
peroxisomes in the cytoplasm, peroxidase and amine-oxidase in the plants’ cell walls along with NADP(H) oxidase (NOX) family enzymes
available in plants’ cell membrane. NADP(H) oxidase genes play a very important role in plant response to environmental changes by
regulating the transportation of electrons from NAD(P)H molecules to molecular oxygen and producing superoxide ion which further leads
to create various types of ROS. This research was conducted aiming to investigate the promoter region of the gene encoding NADP(H)
oxidase enzyme in wheat genome in order to find the effect of important regulatory elements on expression.

Materials and methods: The promoter region of genes and regulatory elements that are located within this region play an important role in
the regulation of gene expression in plants under different conditions. In order to recognize the regulation of gene expression for NAD(P)H
oxidase gene, the promoter region of the gene was investigated by using online tools. First, the sequence of the gene encoding this enzyme
in wheat was downloaded using the NCBI site. Then, 1500 base pairs upstream from the transcription start point were assessed by using
online tools in PlantEnsemble site. The promoter sequence was finally analyzed by PlantCare website to identify important regulatory
elements with specific roles in gene expression.

Results: The results showed that a diverse set of regulatory elements involved in different biochemical pathways can affect the expression
level of NAD(P)H oxidase gene in wheat. the most effective elements that were identified by promoter analysis were ABRE, TCA motif,
TGACG motif, ARE, CCAAT-Box, skn-1-motif, circadian which their activities are regulated by some specific hormones and transcription
factors.

Conclusion: The analysis showed that changes in environmental conditions have the ability to change NAD(P)H oxidase gene expression.
Hormones and transcription factors each target specific regulatory elements in the gene promoter leading tochange the level of enzyme
expression. NADPH oxidase enzyme manages the production of superoxide ion leading to production ofother types of ROSs in the plant.
ABRE, TCA motif, TGACG motif, ARE, CCAAT-Box, skn-1-motif, circadian can be mentioned among the regulatory elements that were
identified by promoter analysis and they are involvedin the response pathways to abscisic acid, salicylic acid, and jasmonic acid hormones,
anaerobic reaction pathways, response to drought through MYB transcription factors, plant endosperm pathway, and light reactions,
respectively. According to scientific contexts, the expression of these elements can improve the response of the plant to harsh conditions and
environmental stresses in different growth stages and are playing an important role in plants adaptation to changed environments.
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Table 1- Important regulatory elements present in NAD(P)H oxidase gene
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There are currently 92 tracks tumed off.
Ensembl Plants Triticum aestivum version 110.4 (IWGSC) Chromosome 3A: 509,420,740 - 509,420,939

TCACTGTCACAACTCACAGCAATGACGCCACACCCAGCCTTGAACCAATCAGCACCGATG
CACTGAATATACTTGTACAAGTTACAAACACCCGAATCGAGTATACATTTTCTTTTTTTC
TTTCACTTTTCTTTCGTTTCATTTTTTGTATGTAAAATTACAGACACAAACGTACTTTTT
TTGCCTTGGTCAGACACTCAGCTGCATGATAAAAAATATACAGTTAATTAGCCTTGTGGC
TCGTGGTTCCCTTCCTATGTCCTACATATCATCATCCTATACTCCCAACTATATTCAGGA
GAAGCTCAAGGTCTTCTTCTTCAGGTGGTCTCTGTACATTCGAGGCCTACCGGGAGGAAT
CCCCTCGCAGGTCCATGTTGTAAAAGCCATCACGGACGCCACATGTAGTTCTACATCCTT
CTTGTTGGCGCATTTGGGATTCTGAAGTCTGGGGCGATGGCTATGGTTGCTTCTTCCCCT
TGGCCTCTCCTGTCCTTTATAAAGAATATACCAGGACAAAAATGCTGTACAAGTAGCGTA
GTCTCTATTCTCGTTTCCTGTCAAGTGTCTACTTGGAATTCAGAAATACTCCTTGTGGAA
CTCGAATTTTGTGGTGCATTTCCCATTGAACTCGTGGCAAAGCTTGGCAAGTTCTTGTGC
CAGGACTGGAGCTCCACAGTAGAAGACACCTGTATGCAACATAAATAATTATGGACTTGG
CTTATCGACATAGGATTTGATATTTACTAATACTAACTCAACCCAAGATGAAATAAAAAA
ATCATGATTACTAATACTAACACACCATTTATAATTTTAAAAATTTGCCTAGCAATCTTA
CTTGTGTAGTACATCCAACTGAACGTTTTGCATATCAACATACTAGTGCGTGCACATAAT
AACTCTAGCATGGATATACAAAAATAACTTTGATAACAGTAGATAATCCATGGGTCAATG
ACTTCAACAAATCAAATCACGTTTGATTAGGCTGTGATACGTATACTAACCTATCTTCGC
ATACGGGTGCTTTGAGGCAATTTTGGCTAGGACCTTTTTCCAATTTGGTCTTGCAAAATG
TGTCCGAACCTGCAACATGAGTTCACTGGTAGTCAAATGCAAGTGGTAGCAGTACAAGGC
AAGTGTGAACCTCTTTTAAACATTTATGCCAATAAATAGGGAGAAATGGCTTAATATTTT
GATGCATTCACTTTACAGACTATGCAAAGCTACTAATAGCTTTATATCACTGCTTACTTT
AGTTCCAGAGACAACATCGACACCATTCTTGGCATGGTTCAGAGCTTGAAGCATAGTGAT
GAGCGCTGACCGAGCATCCCCTTCCTCGTAAACGCTTGTGAGGTAGTTGTGCATCTCAAT
GATATTCTACATGGATCAAAGGTAAGTTTAACTACAACTTCGCAAGGGGAACCTATTGTG
AATTTCTGAAGATAACAAACTGCACCGCAAACAAAAGTAACAGTCACTTGATGTACTTAC

Ensemble cols 5l 28,5 NOX ()5 42 by pe 659090 JI95 9 £95909,5 35 Iy S8,5 Jses ¥ o

Figure 4. Graphical structure of NOX promotor sequence (From NCBI repository)
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Distribution of the top 20 Blast Hits on 7 subject sequences
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PREDICTED: Triticum aestivum respiratory burst oxidase homolog protein A (LOC543151), mMRNA Triticum aestivum 57% 0.0 100.00% 3543 XM_044485283 1
TPA: Triticum aestivum respiratory burst oxidase homolog A (RbohA) mRNA, partial cds Triticum aestivum 52% 0.0 100.00% 3422 BKO10636.1
Triticum aestivum mRNA, clone: tplb0049f15,_cultivar Chinese Spring Triticum aestivum 51% 00 10000% 3415 AK448161.1
PREDICTED: Triticum aestivum respiratory burst oxidase homolog protein A-like (LOC123079098)_mRNA Triticum aestivum 53% 0.0 93.11% 3631 XM_044501771 1
Triticum aestivum mRNA, clone: tplb0039c21, cultivar Chinese Spring Triticum aestivum 51% 0.0 93.15% 3616 AK447789.1
PREDICTED: Triticum aestivum respiratory burst oxidase homolog protein A-like (LOC123070685)_mRNA Triticum aestivum 53% 0.0 90.82% 3557 XM_044493977 1
Triticum aestivum NADPH oxidase mRNA, partial cds Triticum aestivum 14%  2e62 100.00% 794 AY561153.1

Figure 5. Results of blastp regarding the promotor sequence of NOX gene in bread wheat
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