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	Objective: Plants, as sessile organisms, are subjected to diverse abiotic stresses, including salinity, metal toxicity, thermal fluctuations, and hypoxia at different phases of plant growth. Plants can activate messenger molecules to initiate a signaling cascade in response to environmental stresses, resulting in either cell death or plant acclimation. Nitric oxide (NO) is a small, , gaseous, redox-active molecule that plays a plethora of physiological roles in plants and has emerged as a key regulator of plant growth, development, flowering, senescence, stomatal closure, dormancy, photosynthesis, geotropism, and responses to abiotic and biotic stressors. It can also facilitate alteration in protein function and reprogram the gene profiling by direct or indirect interaction with different target molecules. As a key redox molecule, nitric oxide is an important signaling molecule with diverse physiological functions in plants was classified as a phytohormone that might regulate plant growth. NO had physiological effects in plants, such as growth and development, dormancy, regulation of metabolism, aging, cell death, stomata,  photosynthesis, geotropism, flowering, and response to abiotic and biotic stressors. 

Conclusions: This review discusses some aspects related to NO in plants, such as chemical properties, synthesis pathways, and physiological and biochemical changes that occur in plants under stress conditions.
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Introduction
Nitric oxide (NO)

Nitric oxide was identified as a colorless gas by Joseph Priestley in 1772. NO was initially classified as toxic and air pollution. In 1987, NO was recognized as a natural compound in the body, and its role in regulating blood pressure and heart rate in the human body was studied. In 1990, some people cultivated the noni Moriuda citrifolia in some areas, including the Hawaiian Islands. In 2000, Burke et al. discovered that Moriuda fruit produced nitric oxide in the human body. The biological effects of NO have been studied since 1992, and in that year. NO was named as the molecule of the year  In 1994 became known as nitrous air 
 ADDIN EN.CITE 
(Alhasawi et al., 2019; Bajguz, 2014; Culotta & Koshland Jr, 1992; Popova & Tuan, 2010)
. 
The study of NO in plants started two decades ago, when Leshen, Delledonne, and Durner began working in 1994 and introduced NO as a messenger molecule Mur et al., 2011()
 and its importance became for scientists when three scientists, Ferid Murad, Louis J lgnarro and Robert  F Furchgotte received the Nobel Prize in Medical Physiology in 1998. So, they introduced NO molecule as the messenger molecule in the circulatory system until the mid-1990s, plant scientists did not focus on the effects of NO on plants 
 ADDIN EN.CITE 
(Lamattina et al., 2003; Misra et al., 2010; Zhang et al., 2021)
. Delledonne and Wendehenne discovered the role of NO as an effective gas radical in the physiological process Delledonne et al., 2001(; Wendehenne et al., 2004)
 So, in 2008 Erdei and Kolbert introduced this gas as a signaling molecule in plant cells Erdei & Kolbert, 2008()
. Recent studies showed that NO is a molecule signaling in plants or prokaryotes and, eukaryotes. NO affected on various physiological, pathophysiological, and developmental processes such as response to pathogenic Zangani et al., 2023()
 and root development factors 
 ADDIN EN.CITE 
(Duan et al., 2007; Neill et al., 2003; Seabra et al., 2022)
.
Nitric oxide chemical properties

Nitric oxide, commonly known as nitrogen monoxide, is a chemical compound with the formula NO A small gaseous moleculediffusion, lipid-soluble and a relatively stable radical that is found in many biological systems such as plants Zhang et al., 2025()
, animals and bacteria Del Rı́o et al., 2004()
 and microbes Misra et al., 2010()
. In recent years, many scientists have focused on the role of NO in biological processes. Scientists have classified NO as a growth regulator since 1998 Domingos et al., 2015()
. NO is one of the smallest diatomic molecules that, due to its gaseous nature, can be diffused between cells farther from the place of production Yang et al., 2021()
. Its high propagation speed is 5.8-8.5 cm / s. NO is an active compound that produces N2O4, N2O3, and NO2 with oxygen, which can react with thiols and amines to form nitrate and nitrite ions Arasimowicz & Floryszak-Wieczorek, 2007(; Gladwin et al., 2005)
. The half-life of NO in biological tissues is 3 to 5 seconds. This short half-life indicates high NO activity that can react directly with metals and other radicals Ageeva-Kieferle et al., 2021()
. In other words, it is an active nitrogen species that reacts indirectly with DNA, proteins and lipids Bethke et al., 2004()
.
Nitric oxide should not be confused with nitrous oxide N2O or greenhouse gases, or NO2, nitrogen dioxide (from air pollutants). NO is a biologically active molecule in the signaling process that was first recognized in mammals and causes muscle relaxation and neural communication, and apoptosis. The first studies on NO on plants were to investigate the toxicity of active nitrogen species such as NO2, N2O3, NO2-, NO3- on photosynthetic apparatus and chlorophyll content in tree samples Arasimowicz & Floryszak-Wieczorek, 2007(; Król & Kepinska, 2020)
.
The presence of an unpaired electron in the NO molecule makes this molecule a reactive species and gives it a dual role. NO can react with reactive oxygen species (ROS) and disrupt the oxidative chain. It can also react rapidly with molecular oxygen to produce nitrogen dioxide (NO2), which is converted to aqueous solutions in aqueous Neill et al., 2003()
. The molecule can be present in the form of radical NO, nitrosonium cation NO+ and, nitroxyl anion Del Rı́o et al., 2004(; Khator et al., 2024)
. No receptors for NO have been reported in plants yet Misra et al., 2010()
. In recent years, NO has been studied to reduce the effects of environmental stresses on plants. Some scientists have described the molecule as stressful and some as protective, a property that depends on its concentration Khator et al., 2024()
. Therefore, NO is believed to have two roles, toxic or protective, which depend on the plant type, plant tissue, plant age, and type of stress applied to the plant 
 ADDIN EN.CITE 
(Del Rı́o et al., 2004; Khator et al., 2024; Kolbert et al., 2005)
. Depended on the cell type, location and biochemical properties inside the cell 
 ADDIN EN.CITE 
(Hancock & Veal, 2021; Khator et al., 2024; Misra et al., 2010)
, gene regulation Grün et al., 2006()
 and the type of testing system Domingos et al., 2015()
.
Table1. Reactive nitrogen species Bajguz, 2014(; Król & Kepinska, 2020)
 
	Radicals
	Non-radicals

	Nitric oxid(NO·)
	Nitroxyl anion (NO-)

	Nitrogen dioxide (NO2·)
	Nitrosonium caton (NO+)

	
	Alkyl peroxynitrite (ROONO)

	
	Nitrous acid (HNO2)

	
	Dinitrogen trioxide (N2O3)

	
	Dinitrogen tetroxide (N2O4)

	
	Peroxynitrous (ONOO-)

	
	Peroxynitrous acid (ONOON)


Effects of nitric oxide on plants
NO was classified as a phytohormone that might function as a gaseous endogenous plant growth regulator Seabra et al., 2022()
. NO had effect on, modulation of plant growth and development, inhibit cell death, delayed leaf aging, photosynthesis Zhang et al., 2025()
, germination, modulate mitochondrial alternative oxidase activity to influence the generation of reactive oxygen species (ROS) and mitochondria functionality, stimulation of seed, NO at low concentrations increased root growth, leaf spread, root development, regulation of cell elongation during primary root growth, lateral root production increases hypocotyl elongation, plant maturation and senescence, pollen tube growth, seed production Maslennikova et al., 2023()
, dormancy, flowering, regulation of metabolism Al-Ashkar et al., 2024()
, response to biological stress like plant pathogen Zangani et al., 2023()
, and non-biological stress such as drought Taheri et al., 2021()
, salt Maslennikova et al., 2023()
 and heat stresses Lau et al., 2021()
, expression of plant defense genes Taheri et al., 2021()
, symbiotic and interaction with Rhizobacterium Kuźniak & Ciereszko, 2025()
. NO plays a significant role in improving, antioxidant systems, secondary metabolites, phytohormones, expression of defense-related genes, and reactions with different signaling molecules, like reactive oxygen species, which are pivotal adaptive strategies in plants exhibited to stress Khan et al., 2023a()
. NO inhibits oxidative damage when abiotic stress is applied to plants, reduces water loss in leaves, reduces ion leakage improves lipid peroxidation, photosynthetic capacity, and membrane stability Badem & Söylemez, 2022()
. The 

NO had effect on stomatal (open and closure) and acts as an intermediate for the ABA on stomata closure Zhang et al., 2025()
 and have interaction with other signaling molecules such as salicylic acid and jasmonic acid, gibberellins (GA), brassinosteroids (BRs), abscisic acid (ABA), auxins, ethylene (ET) to regulate metabolism of cells Xie et al., 2022()
.
Nitric oxide biosynthesis pathway
In addition to the presence of NO in the atmosphere, NO is also produced internally in young and growing tissues. Experiments on plants have shown that plants not only produce NO on their own but also respond to NO (Hayat et al., 2014). NO production in plant tissues was reported in 1975 by Klepper. In plants, nitric oxide is produced in several ways 
1. Through nitric oxide synthase-like enzyme

2-Membrane-bound nitrate reductase

3- Mitochondrial electron transfer chain

 4- Non-enzymatic pathway

5- NO releasers
In mammalian cells, there is a pathway for NO synthesis in the cytoplasm, mitochondria, and nucleus, whereas in plants, when hypoxia occurs, the rate at which mitochondria produce NO increases from the regenerative pathway. One of the sources of NO production in plant cells is the peroxisome, which is the oxidative pathway of NO production. Chloroplasts produce NO under normoxia under the nitrate reduction pathway and the arginine pathway. The balance varies between multiple sources that produce NO, but in hypoxia, NO production in the mitochondria increases. This also means that one of the most important sources of NO production in plant cells is mitochondria Bykova & Igamberdiev, 2025()
. Therefore, mitochondria also play an important role in the path of messaging and in the adaptation of the plant to adverse conditions Igamberdiev et al., 2014()
. NO produced in many plant organs is dependent on nitrate reductase activity and nitrite reductase is dependent on NAD (P)H. NO synthesis occurs through (I) oxidative mechanism or (II) reductive mechanism. In animals, NO is produced by nitric oxide synthase from the conversion of L-arginine to L-citrulline. NOS enzyme activity is dependent on NADPH and oxygen. In the structure of arginine, N2+ is oxidized to N3- with the loss of 5 electrons. Arasimowicz & Floryszak-Wieczorek, 2007(; Li et al., 2013)
. Examination of the chickpea plant showed that NO is produced by arginine substrate and nitric oxide synthase-like activity. This path has been seen during plant development. Although NOS is known in many plants, the structure of both animal and plant NOS remains unknown. All NOSs are homo dimers and convert L-arginine to L-citrulline and NO. When L-arginine is reduced, the enzyme NOS produces superoxide radicals and NO, followed by radical peroxynitrite Domingos et al., 2015()
. In the oxidative pathway in which NO synthase is active, this pathway is dependent on arginine, and the highest NO production in plants is from this pathway. The oxidation of L-Arg takes place in chloroplasts and leaf peroxisomes. In chloroplasts, the oxidation of L-Arg requires nicotinamide adenine dinucleotide phosphate (NADPH) and calcium ions (Ca2+), whereas in leaf peroxisomes, the oxidation of L-Arg requires flavin mononucleotide (FMN), flavin adenine dinucleotide (FAD), calmodulin, and Ca2+. Hydroxylamine acts as a substrate in the oxidative mechanism; however, its pathway in NO production remains unclear Zhou et al., 2021()
.
NO synthesis occurs through reductive mechanism NO reductive mechanism mostly occurs in plasma membrane, chloroplasts, apoplast, peroxisomes, cytoplasm, and mitochondria through reduction of nitrate (NO3−) or nitrite (NO2−) by nitrate reductase (NR).NO is also generated by the combined action of a plasma membrane-bound nitrite-NO reductase (PM-NiNOR) , a plasma membrane-bound NR (PM-NR) and  XOR (xanthine oxidoreductase). XOR catalyzes the reduction of nitrite to NO using NADH or xanthine as reducing substrate Zhou et al., 2021()
. In plants, the first mechanism of NO production is the presence of nitrate reductase, which converts nitrate to nitrite. Nitrite reductase is involved in the conversion of NO2- to NO. The presence of molybdenum and cobalt cofactors in this pathway is important. The production of NO by nitrate reductase in vivo and in vitro media depends on the nitrate and nitrite content of the tissue. The best enzymatic pathway for NO production in plants is related to NADPH and nitrate reductase enzyme, which is a cytosolic enzyme involved in nitrogen fixation. The cytoplasm takes place. Under aerobic conditions, the cytoplasmic nitrate (NO3) regulates NR activity, because nitrate competitively inhibits nitrite reduction Gupta et al., 2022()
. Thus, a lower nitrite concentration does not favor its reduction due to an increased Km requirement. Under conditions such as hypoxia, and low pH, the NiR is inhibited, leading to an increased nitrite concentration and its concomitant removal.
NO2-+e-→NO+H2O
Recently, cytochrome c oxidase has been shown to be a source of NO production in plant cells under hypoxia. 

2NO2-+2H+↔2HNO2↔NO+NO2+H2O↔2NO+1/2O2+ H2O

The nitrite generated under hypoxia is transported to mitochondria via a putative nitrite transporter. Under hypoxic conditions, nitrite reduction to NO takes place at complexes III and IV, and possibly AOX. cytochrome c oxidase (COX);inner mitochondrial membrane (IMM) Gupta et al., 2022()
. 
In 1994, the non-enzymatic pathway of NO synthesis in apoplasts, the pathway for the conversion of nitrogen dioxide to NO by carotenoids in light, was identified. NO with nitrite protonation and nitrous acid formation, this reaction takes place at low pH Lau et al., 2021()
. Two molecules of HNO2 can be converted to NO and NO2 molecules. NO2, in turn, can be converted to NO and oxygen Lopes-Oliveira et al., 2021()

2NO2-+2H+↔2HNO2↔NO+NO2+H2O↔2NO+1/2O2+ H2O
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Figure1. Nitric oxide biosynthesis pathway Khator et al., 2024()

Nitric oxide-releasing compounds
In vitro research, NO gas is rarely used, and release compounds are commonly used to produce NO after passing through the membrane inside the cell. This method is technically simpler than using NO gas. The NO-releasing compounds commonly used in research are sodium nitroprusside, S-nitroso N-acetyl-penicillamine (SNAP), and S-nitrosoglutation (GSNO). Among the three most used NO donors, the NO generation rate is the highest in SNAP, followed by GSNO and SNP. In contrast, SNP has the longest half-life in the solution (12 h) compared to GSNO (7 h) and SNAP (3 h). In terms of photosensitivity, SNP is much higher when compared with GSNO and SNAP. Among these NO donors, SNP is widely used in plant research because of its stability and its stability to act as a long-lasting NO reservoir. These compound releases NO at the intracellular pH  and releases NO in the long run better than the other releases mentioed Bykova & Igamberdiev, 2025()
. 
Sodium nitroprusside properties
Sodium nitroprusside with crystalline structure and chemical formula Na2 [Fe (CN) 5NO], density 1.72 g cm-3, and molar mass 261.92 g mol-1 (anhydrous) and 297.95 g mol-1 (dihydrate). Its formula is C5FeN6Na2O. At the center of the sodium nitroprusside molecule is an iron atom, with two C-N bonds on one side and an O-N bond on the other Dieckmann et al., 2012()
. Sodium nitroprusside is a red powder, soluble in water and ethanol Butler & Megson, 2002()
. Also known as sodium penta cyanonitrosil Euphrates, it has the property of releasing NO, iron, and cyanide. SNP is toxic at high concentrations due to the release of cyanide and iron Dieckmann et al., 2012()
. Sodium nitrophory cyanide is similar to sodium nitroprusside but does not release NO Shi et al., 2007()
.
Nitric oxide inhibitors
A compound called L-NAME (L-NG-nitroarginine methyl ester) is one of the NO inhibitors that inhibits the enzyme NO synthase Hatef et al., 2023()
. The compound (2- (4-carboxyphenyl) 4-4-5 and 5-tetramethylimidazoline 1- alkyl-3-potassium oxide) with the acronym cPTIO, which is one of the specific NO scavenger used in many studies. 
 ADDIN EN.CITE 
(Bajguz, 2014; Kaya et al., 2020; Mello et al., 2012)
.

NO Transport

Although NO is a diffusible gas, it is possible that NO precursors or NO adducts could serve as NO reservoirs or transport forms operative over short or long distances in the plant system. In animals, S-nitrosohemoglobin circulates in the blood as a source of NO for varying distances. Since nitrite is a precursor of NO in plant cells, it is possible that nitrite can serve as a mobile source of NO across the xylem stream. Additionally, GSNO can serve as another mobile source of NO in plants through its migration across phloem or xylem elements. Plants also contain hemoglobin genes, thereby indicating the possibility of hemoglobin-NO complexes as transport molecules for NO (Bhatla and Lal 2023).
Signal transduction by nitric oxide
NO is a messenger molecule in animal and plant systems and a mediator molecule in plant resistance to environmental stresses that have two pathways for action. One is the cGMP-dependent path, and the other is the non-cGMP 
A) cGMP-dependent pathway
In this pathway, NO binds to the covalent group of cyclanes and increases its activity, increasing cGMP production. cGMP binds directly to cyclic nucleotide-gated ion channels and increases the expression of stress-related genes and secondary metabolites. NO is one of the regulators of cADP-ribose and calcium ion signaling pathways. With the use of NO, the synthesis of cADPR is increased, releasing calcium and it is an intermediate limit for NO action.

Nicotinamide is an inhibitor of ADP-ribose synthesis, has been shown to inhibit the ABA and NO pathway associated with stomatal closure. NO releases calcium and regulates potassium and chlorine channels in stomatal cells, which is dependent on cGMP and ADP-ribose. In Arabidopsis stomatal cells and bean epidermal cells, salinity and drought stress increased cGMP content following ABA synthesis. Therefore, cGMP is considered the mediator of ABA action in stomatal closure, and cPTIO (NO inhibitor) prevents the increase of cGMP Misra et al., 2010()
. Lamotte et al., (2006) named NO as one of the regulators of cytoplasmic calcium concentration following the increase in intracellular calcium, depolarization of membranes, and activation of protein kinases (Figure 2) Dutta et al., 2022()
.
B- cGMP independent pathway
NO causes the formation of oxide, nitrate, and nitrosylated forms of proteins. Peroxynitrite, which is formed by the reaction of NO with superoxide ions, followed by the oxidation of the amino acids cysteine, tryptophan, methionine, and tyrosine, causes the oxidation of proteins, which is a post-translational change and, in some cases, beneficial to the plant. In recent studies, nitrated tyrosine is  effective in responding to drought stress. The formation of S-nitrosylation due to the binding of NO to cysteine, and the formation of SNO (s-nitrsothiol) makes this compound work well in the messaging system Jindal & Seth, 2023()
. For example, in mung bean S-nitrosylation of proteins is outwardly rectifying K+ channels by NO, regulating potassium output channels Lau et al., 2021(; Misra et al., 2010)
. To respond to stress, the cascade cell generates a message that triggers a defensive response. Stress is detected by receptors on the cell membrane that alter the secondary messengers, followed by a defensive response Popova & Tuan, 2010()
 (Figure 2).
[image: image2.jpg]cGMP-dependent NO signaling

cADPR

*. S ?:l‘:::lﬂ.te

cGMP-independent NO signaling

+f-
"~ phosphatases -

5 e e
Nitrosation * - kinases

t
+7- Transcription factors,
_ Recepters,
lan channels etc:





Figure2. Signal transduction by nitric oxide in plants Misra et al., 2010()

Nitric oxide and plant hormone

To respond to stress, the cascade cell creates a signaling cascade that triggers a defensive response. Stress is detected by receptors on the cell membrane Khator et al., 2024()
. Characteristics of the secondary prophet are simple structure, small diameter Lopes-Oliveira et al., 2021()
, and high diffusion power Khan et al., 2023b()
, which are seen in nitric oxide Arasimowicz & Floryszak-Wieczorek, 2007()
. NO and SA activate a protein kinase called SIPK (SA-induce protein kinase). Studies have shown that NO induces NO-induced SIPK protein kinase downstream of the signaling pathway. In cucumber, MAPKs induce auxin induction and root production. The signalling pathways of NO and AUX being inter-related with each other during abiotic stress responses and during the root growth and development. NO improved tolerance of plant via reducing the oxidative damage, enhancing the ion uptake (K+ and Ca2+) and maintaining the AUX equilibrium Zhou et al., 2021()
. NO releases activate kinases and alkaloid synthesis in Catharanthus roseus. In addition to MAPKs, secondary messengers may also be involved in NO signaling. There is evidence that NO, SA, JA, and ethylene form a network of signals that are synergistic or antagonistic depending on the type of stress. In Arabidopsis, NO increased at the wound, which is a key compound in the synthesis of JA (jasmonate). NO production by Aspergillus niger induced JA biosynthesis. Hypericin production in Hypericium perforatum. Hypericium treatment with NO inhibitor (cPTIO) and JA synthesis inhibitors not only inhibits JA and NO synthesis , but also inhibites Hypericin production. JA inhibitor does not affect NO. Therefore, it can be said that biosynthesis and JA action are regulated by NO. NO also has an effect on the messaging pathway of SA, and treatment of tobacco leaves with NO increases SA and increases PR1 gene expression, so the SA pathway is set by NO. In plants, there is a common signaling pathway between NO and SA. Treatment of Arabidopsis with NO has increased SA. Researchers believed that NO is effective in the synthesis and function of SA due to the production of ROS and hydrogen peroxide Popova & Tuan, 2010(; Xie et al., 2022)
. NO had effect on the biosynthesis of ethylene. NO and ethylene did the opposite, and NO reduced ethylene synthesis by nitrosilation of methionine adenosyltransferase (MAT1) in Arabidopsis. The result is a reduction in the ethylene precursor S-adenosylmethionine Arasimowicz & Floryszak-Wieczorek, 2007()
 (Figure 3). NO and SNP were reported to regulate the seed germination of apple embryos through phyto-hormonal crosstalk. In cells, cell death is oxygenated by free radicals, but NO prevents cell death by activating the antioxidant system Bethke et al., 2004(; Xie et al., 2022)
.
One of the fastest reactions that NO has in the biological system, combined with ROS hosts, NO itself is an active molecule of reactive nitrogen species and can initiate a reaction and damage the cell. NO needs calcium in messaging pathways such as SA, ABA, JA, and ethylene. NO has found a special place in plant science due to its multiple effects on plant growth and development. NO acts against oxidative stress, reacts with fat radicals, stops lipid oxidation, collects unique oxygen, and forms peroxynitrite. This condition activates the enzymes superoxide dismutase, glutathione reductase, which protect against oxidative stress Jamali et al., 2014(; Xie et al., 2022)
. Nitric oxide radicals have been ROS-like in many physiological stages in plants. On the other hand, in abiotic stress, removing ROS increases the plant's resistance, which it does by activating the antioxidant system. In many studies, a nanomolar concentration of NO causes cell growth and a kinase cascade 
 ADDIN EN.CITE 
(Antoniou et al., 2013; Wu et al., 2021)
.
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Figure 3. Nitric oxide and plant hormone Misra et al., 2010()

Nitric oxide regulates plant responses to stress, such as soybean in drought Rezayian et al., 2020()
, Brassica napus L. in cold Cui et al., 2025()
, soybean in UV Kataria et al., 2020(; Santa-Cruz et al., 2014)
, and high temperature in wheat 
 ADDIN EN.CITE 
(Bavita et al., 2012; Parankusam et al., 2017; Sehar et al., 2023)
. Nitric oxide is an important signaling molecule in the regulation of diverse physiological processes especially stress tolerance. Salicylic acid is a growth regulator playing important roles in mitigating both biotic and abiotic stresses. In safflower, the exogenous application of SA and NO SA stimulates defensive mechanisms in plants in order to reduce oxidative damage by improving the antioxidant system and maintaining ROS balance. The exogenous application of SNP stimulated the enzymatic defensive mechanisms in the plant Chavoushi et al., 2019()
. NO and SA activate a protein kinase called SIPK (SA-induce protein kinase). Studies have shown that NO induces NO-induced SIPK protein kinase downstream of the messenger pathway. In plants, there is a common messaging pathway between NO and SA, and NO increases SA. Researchers believe that NO is effective in the synthesis and function of SA due to the production of ROS and hydrogen peroxide Popova & Tuan, 2010(; Zhou et al., 2021)
. The simultaneous administration of SA and SNP could better reduce the damage caused by drought stress because of enhanced production, and protection of photosynthetic pigments, elimination of free radicals and activation of the antioxidant system Chavoushi et al., 2020()
. SA may mediate and potentiate NO’s effects by altering the activity of various NO-regulated enzymes, such as aconitase, ascorbate peroxidase, and catalase 
 ADDIN EN.CITE 
(Klessig et al., 2000; Zhou et al., 2021)
. 

Nitric oxide and gene expression

Under stressful conditions, NO contributes to antioxidant protection, osmotic adjustment, normalization of water balance, regulation of cellular ion homeostasis, maintenance of photosynthetic reactions, and growth processes of plants. NO can exert regulative action by inducing posttranslational modifications (PTMs) of proteins changing the activity of different enzymes or transcriptional factors such as WRKYs, EREBPs (ethylene responsive element-binding proteins) several zinc finger proteins, and dehydration responsive element binding proteins (DREB1 and DREB2), were also induced by NO, modulating the expression of huge amounts of genes, including those related to stress tolerance Khan et al., 2023b(; Polverari et al., 2003)
. Other interesting induced transcripts were coding for oxidative stress-related proteins (GSTs, ABC transporters), iron homeostasis proteins (e.g. ferritin genes), signal transduction factors (e.g. members of the defense-related MAP kinase modules), and plant development Misra et al., 2010()
. 

Conclusion 

Nitric oxide is one of the most important molecules in plant cells reduces the damage caused by biotic and abiotic stress because of enhanced elimination of free radicals, and activation of antioxidant systems such as catalas, peroxidase and superoxide dismutase. Besides, it can affect plant growth and development by affecting growth regulation hormones.
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