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Introduction

In our modern world, the most concerning issue is climate 
change which actually refers to the change in temperature 
and weather conditions on a long-term basis. Though it is 
happening due to natural causes, human activities are also 
responsible for climate change. The whole world is fac-
ing various problems among them salinity rising is one of 
the most challenging issues. Increasing the salinity of soil 
by evaporating the water from soil putting back the salt. 
Soil and water containing highly concentrated soluble salt 
like NaF, Na2SO4, CaCO3, MgCO3, etc. hampers irrigated 
and rainfed agriculture worldwide (Hopmans et al. 2021). 
Around 954 million hectares (ha) of land are affected by 
salinity worldwide and about 25–30% of irrigated lands 
remain unproductive because of salinity (Shahid et al. 
2018). In the case of Bangladesh, salinity covered area is 
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Abstract
Three different wheat varieties were the subject of an experiment to see how salt affected seed germination and seedling 
development. BARI Gom20 (Gourab) was employed as a salt sensitive variety, whereas BARI Gom28 and BARI Gom25 
were utilized on salt tolerant types. Three replications, three salinity levels (0, 150, and 200 mM of NaCl), and a complete 
randomized design (CRD) were used to set up the experiment. All the wheat varieties had a noticeable growth loss due to 
salt stress. Wheat growth was inhibited more in salt-sensitive cultivars compared to salt-tolerant cultivars, BARI Gom28 
showed overall stronger salt tolerance. When wheat was tested for salt tolerance, there were striking variations in the 
antioxidant enzymes (catalase, peroxidase, and ascorbate peroxidase) that were present. The effect of rising salt content, 
catalase (CAT), ascorbate peroxidase (APX), and peroxidase (POD) activity varied between salt-sensitive and salt-tolerant 
cultivars. Intriguingly, TaAOX1a and TaAOX1c gene expression levels increased in BARI Gom28 as the degree of salt 
concentration increased. Additionally, the salt-tolerant BARI Gom28 had smaller accumulations of hydrogen peroxide, 
malondialdehyde, and higher activity of the antioxidant enzymes than the salt-sensitive Gourab, indicating that the latter 
had comparatively less oxidative damage. However, the contribution of antioxidant enzymes and AOX gene family to 
salinity stress response in wheat is further requisite to unlock the molecular functions. Exploring the molecular mechanism 
for lowering salt stress in wheat cultivars will require more research.
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about 950,780 ha which is about 20% of its total area (SRDI 
2010). Though wheat originated in the Southern part of 
Asia, it’s become very popular in the whole world according 
to its food value as people are changing their food habits due 
to health issues. Actually, people use wheat as main staple 
food in Asia and around one third of world’s total population 
(about 35%) (Shirazi et al. 2015). The second-most signifi-
cant crop grown in Bangladesh after rice is wheat (Hossain 
et al. 2015). There is an anticipation that around 11% of 
winter cropped (4% in total) area is occupied by wheat cul-
tivation which contributes significantly by producing 7% 
of the world’s total grain supply in Bangladesh (Shirazi et 
al. 2015). Many attempts have been taken in Bangladesh to 
develop high yield varieties to keep pace with the increas-
ing demand for wheat (Hossain and Teixeira da Silva 2013). 
However, as the saline level rose and the yield of existing 
types decreased as a result of the adverse weather brought 
on by global warming, such efforts were substantially ham-
pered. Thus, it has become a burning issue to explore the 
maximum production pathway of wheat in salinity invaded 
areas. As a sessile, plants have to face various stresses of 
environment, viz., various temperatures, drought, toxicity 
of metals, nutrient deficiency, salinity, hypoxia, pathogen 
attack, etc. by which the lifestyle or lifespan are hampered 
a lot. Salinity causes various problems on agricultural side. 
Such as lower growth, and lower yield in the crop cultivars. 
The production of wheat is also hampered due to the abi-
otic stress (Salinity) all over the world. The various salinity 
ranges have an impact on around 53% of the coastal regions 
in Bangladesh.

Wheat is a salt-sensitive crop, and salinity has a signifi-
cant impact on it throughout its life cycle. It is extremely 
susceptible to salt, especially during the vegetative and 
early reproductive phases (Darwish et al. 2009; Kumar et 
al. 2013). Alternative oxidase (AOX) is basically a terminal 
oxidase acting as a key enzyme in the mitochondrial alter-
native pathway (Vanlerberghe and McIntosh 1992). AOX 
activity can be increased by oxidative stress so it can act as 
an antioxidant enzyme to alleviate ROS accumulation due 
to impaired or restricted respiration activity in mitochondria 
(Sugie et al. 2006). As a result of the production of ROS, 
wheat cells die narcotically (Sugie et al. 2007; Mizuno et 
al. 2010). So, the AOX genes of wheat are crucial. Under 
the stress of drought, AOX protein levels of wheat increased 
(Carlos et al. 2004).

To meet the current demand for food in the world, farmers 
need to cultivate salt tolerant crops (Rengasamy 2006). The 
tolerance is generally followed by 2 distinct mechanisms. 
One is exclusion of sodium and another is tissue tolerance 
(Munns et al. 2008). Salt stress causes plant cells to accumu-
late ROS (e.g. O2−, H2O2 and OH−) (Guo et al. 2009; Xu et 
al. 2009). For both intracellular and intercellular signaling, 

they are crucial (Foyer and Noctor 1999) though their high 
concentration can hinder the normal metabolism of plants 
(Hernández 2001). Such as excess ROS production can lead 
to ultimate death of plant cell (Banu et al. 2009, 2010). Con-
sequently, it’s critical to guard against ROS harming cellular 
components. This has led to the development of numerous 
detoxification mechanisms in plants, including the pro-
duction of different enzymes and antioxidant compounds 
(Yamane et al. 2009; Hoque et al. 2007, 2007b). Catalase 
(CAT: EC 1.11.1.6), peroxidase (POD: EC 1.11.1.7), and 
ascorbate peroxidase (APX: EC 1.11.1.11) are the key ROS 
scavenging antioxidant enzymes (Alscher et al. 2002; Arora 
et al. 2002). Due to higher salinity, while POD breaks down 
H2O2 to detoxify ROS, CAT transforms H2O2 into water and 
molecular oxygen. Several studies suggest that endogenous 
oxidative stress tolerance can be increased by regulating the 
activity of antioxidant enzymes (Saiema et al. 2012; Saeedi-
pour 2013). Various mechanisms are followed by plants to 
survive these salinity conditions as osmotic potential (π) of 
soil is lowered by salinity due to osmotic stress. For this 
reason, significant overlap occurs in plants. The strategies 
followed by plants to tolerate salinity stress are osmotic mit-
igation stress and ionic stress. The current study’s objective 
was to ascertain how salt stress affected ROS accumulation 
as well as antioxidant enzyme activities and AOX gene of 
wheat cultivars at seedling stage in response to salt stress for 
BARI Gom28, BARI Gom25, and Gourab.

Materials and methods

Seed sowing and seedling growth

BARI Gom28 and BARI Gom25 were used as salt toler-
ant whereas BARI Gom20 was used as salt sensitive. Petri 
dishes or pot were used to sow the seeds and to avoid any 
interruption in proper growth, Hogland’s nutrient solu-
tion was treated in this experiment. The nutrient solution 
of Hogland was made as previously described by previous 
author (Hoagland and Arnon 1950).

Design of experiment

It was a completely randomized design (CRD) layout hav-
ing three replications. There are two factors viz. various 
concentrations of NaCl and three wheat cultivars. A petri 
dish or pot contained twenty-five seeds sown at an equal 
distance from each other. During the seed sowing, 20 ml of 
each 150 mM, and 200 mM NaCl were applied, and distilled 
water was in control to the seed so that it could be moist 
in each Petri dish or pot. After seed germination, 3 ml of 
Hoagland’s nutrient solution was sprayed on the seedlings 
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of wheat cultivars at two day intervals for two weeks so that 
sufficient essential nutrients could be supplied for ensuring 
proper growth.

Data collection

21 days after sowing (DAS) seeds, the length and weight (g) 
of shoot and root were recorded. Randomly uprooted five 
seedlings from each treatment were washed. The shoot and 
root length were measured with scale and fresh weight of 
whole seedling was measured.

Antioxidant enzyme assay

Leaf sample was homogenized at 4oC in 50mM potassium 
phosphate buffer (pH 8.0), containing 5mM cysteine and 
1% (w/v) polyvinylpyrrolidone. This homogenized mixture 
was filtered, and centrifuged for 20 min at 15,000 rpm and 
the antioxidant enzyme was tested in the supernatant.

Catalase activity measurement

Catalase (EC: 1.11.1.6) activity was measured with a few 
adjustments as previously described (Aebi 1984). A cuvette 
was filled with exactly 50 mM, 0.7 ml potassium phosphate 
buffer with a pH of 8.0, and 0.1 ml each of EDTA and H2O2 
were added. At 4 °C, they were well mixed. When 0.1 ml 
enzyme extract was added, the reaction started. Meanwhile, 
absorbance changes were recorded at 240 nm wavelength 
for 2 min at a regular interval of 30 s.

On the basis of the minutely drop in absorbance, the cata-
lase activity was determined when the extinction coefficient 
of H2O2 was 40 M− 1cm− 1. The following formula was used 
to determine the enzyme activity -.

C A T 
(mMoleg− 1FW)= (Absorbancedifference/min)×Dilutionfactor(DF)

40
Peroxidase (EC: 1.11.1.6) activity was assessed as 

described by Nakano and Asada (1981). In brief, about 
50 mM 0.6 ml potassium phosphate buffer having pH of 
8.0 was taken in cuvette, and subsequently both EDTA, 
H2O2, and guaiacol were added 0.1 ml each and mixed per-
fectly. When 0.1 ml enzyme extract was added, the reaction 
started. Meanwhile, absorbance changes were recorded at 
470 nm wavelength for 2 min at a regular interval of 30 s. 
The peroxidase activity was calculated from the absorbance 
as it increased per minute when the extinction coefficient 
of guaiacol was 26.6 mM− 1cm− 1. The equation below was 
used to compute the enzyme’s activity-.

POD (µMoleg− 1FW) = (Absorbancedifference/min×DF
26.6

Ascorbate peroxidase (EC: 1.11.1.6) activity was used to 
evaluate by Nakano and Asada (1981) with slight modifi-
cations. A cuvette containing 0.1 ml each of EDTA, H2O2, 

and ascorbate was filled with around 50 mM, 0.6 ml of 
potassium phosphate buffer at a pH of 8.0. When 0.1 ml 
enzyme extract was added, the reaction started. Meanwhile, 
absorbance changes were recorded at 290 nm wavelength 
for 2 min at a regular interval of 30 s. The peroxidase activ-
ity was calculated from the absorbance as it decreased per 
minute when the ascorbate extinction coefficient was 2.8 
mM− 1cm− 1. The activity of enzyme was calculated by the 
equation given below-.

APX (U− 1gFW) =(Absorbancedifference/min)×DF
2.8

Determination of hydrogen peroxide (H2O2) content

To determine the H2O2 content, fresh leaves were collected 
at seedling stage and preserved at 20 °C until analysis as 
described previously (Rasel et al. 2019). Homogenization 
was performed on 0.1 g of fresh leaf material with 1 ml of 
0.1% trichloroacetic acid (TCA), keeping the temperature 
at 4°C, to estimate the H2O2 concentration. The supernatant 
was maintained for one hour in the dark after mixing with 
1 M potassium iodide and 10 mM phosphate buffer (the 
ratio was- 0.5 ml: 0.5 ml: 1 ml) following centrifugation for 
15 min at 10,000 rpm. The solution was used to record the 
absorbance at 390 nm wavelength. 4 °C temperature was 
maintained in all steps except absorbance measurement.

Determination of malondialdehyde (MDA) content

0.1 g of leaf tissue from a young, enlarged leaf of compara-
ble age was pulverized with liquid nitrogen to determine the 
MDA level. In order to homogenize the leaf tissue, the pow-
der was then added to a tube containing 1 ml of 0.1% (w/v) 
TCA. The mixture was centrifuged for 10 min at 10,000 rpm 
to homogenize it and the supernatant was then transferred to 
a new tube. It was blended with 4 ml of 20% TCA that con-
tained 0.5% TBA. This concoction was heated for 15 min 
at 95 °C before being swiftly cooled on ice. Because TBA 
and MDA can interact to form a red compound in an acidic 
buffer, concentration of MDA was determined by measuring 
the density of the red complex with a spectrophotometer at 
532 nm wavelength. High temperatures can speed up the 
process, whereas low temperatures can prevent it. Super-
natant was removed after the mixture had been centrifuged 
for five minutes at 10,000 rpm. The resulting solution was 
used to measure absorbance at 532 nm wavelength. 4 °C 
temperature was maintained in all steps without absorbance 
measurement.
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no significant changes (P > 0.05) in shoot length observed 
for the BARI Gom25 and BARI Gom28 cultivars at same 
concentration. At the 200 mM NaCl concentration, BARI 
Gom28 exhibited significantly greater shoot length com-
pared to all other varieties surprisingly (Fig. 1a). All wheat 
cultivars demonstrated a decrease in root length (P < 0.05) 
when exposed to 200 mM NaCl relative to the BARI Gom28 
cultivar (Fig. 1b). The weight of Gourab seedlings exhibited 
a significant decrease (P < 0.05) while the fresh weight of 
BARI Gom25 and BARI Gom28 remained unaffected when 
treated with 150 and 200 mM NaCl solutions (Fig. 1c and 
supplementary Fig. 1).

The influence of salinity stress on the activity of 
antioxidant enzymes in wheat

The APX activity exhibited a significant increase in BARI 
Gom28, while it remained unchanged in Gourab and BARI 
Gom25. At 200 mM NaCl stress, BARI Gom28 displayed 
the highest APX activity, whereas Gourab and BARI Gom25 
showed a contrasting response (Fig. 2a). CAT activity dem-
onstrated variation with increasing salt concentrations. At 
200 mM NaCl stress, Gourab, BARI Gom25, and BARI 
Gom28 exhibited significant differences (P < 0.05) in CAT 
activity. The control condition displayed the lowest CAT 
activity (Fig. 2b). POD activity showed no statistically sig-
nificant changes across all wheat cultivars under different 
salinity levels (Fig. 2c). However, at 150 mM NaCl stress, 
both BARI Gom25 and Gourab exhibited decreased POD 
activity, whereas the highest POD activity was observed in 
BARI Gom28. H2O2 content remained consistent in BARI 
Gom28, but increased in the other two cultivars. The con-
trol condition showed the highest content of H2O2  in BARI 
Gom28, while it was the lowest in Gourab. Under 200 
mM NaCl stress, Gourab exhibited the highest H2O2 con-
tent, followed by BARI Gom25 and BARI Gom28 (Fig. 3a). 
MDA content remained similar across all wheat cultivars. 
Notably, BARI Gom25 displayed the highest content of 

Expression analysis of TaAOX1a and TaAOX1c 
(Triticum aestivum, Ta) and bioinformatics analysis

Utilizing the RNeasy Plant micro kit (Qiagen) for gene 
expression research, total RNA was extracted from wheat 
shoots. ReverTra Ace® qPCR RT kit (Toyobo) and qRT-
PCR were used to synthesize cDNA. They were con-
ducted with SYBR Green Real-time PCR Master Mix-Plus 
(Toyobo) with the help of Thermal Cycler Dice (TP800; 
Takara Bio) instrument as mentioned earlier (Sayed et al. 
2016). According to the gene bank which was sequenced 
previously (Marcussen et al. 2014; Takumi et al. 2002) 
gene-specific primers were designed (Supplementary Table 
1). The designed primers were blasted in the whole genome 
sequence of wheat (https://plants.ensembl.org) to find the 
distribution pattern of High Scoring Segment Pairs (HSPs) 
across a genome as well as the highest number of matches, 
suggesting they effectively target the desired gene in the 
respective chromosome.

Statistical evaluation

Two-way analysis of variance (ANOVA) using GraphPad 
Prism7 (https://www.graphpad.com) was used to analyze 
data. Here mean data were presented with standard deviation 
(SD) and in the graph, values with different letters indicate 
that there was statistically significant variation among the 
treatments and cultivars at P < 0.05 which follows Tukey’s 
numerous comparisons test.

Result

Impact of salinity stress on growth responses in various 
wheat cultivars

In the presence of 150 mM NaCl solution, a significant 
reduction in shoot length was observed in the salt-sensitive 
wheat cultivar Gourab (P < 0.05). Conversely, there were 

Fig. 1 Effect of salinity on (a) shoot length, (b) root length, (c) fresh weight of different wheat cultivars. Data are expressed the mean ± standard 
deviation. Values with different letters in the graph indicated statistically significantly different (n = 3, P<0.05)
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maximum match when blasting with AOX1aF, AOX1aR, 
AOX1cF, and AOX1cR (Supplementary file 1–6). There-
fore, we can assume that these four primers are our desired 
AOX gene.

Discussion

In the coastal belt of Bangladesh, salinity causes a reduction 
in wheat yield as the growth is reduced under salt stress. 
When cultivated under salt stress, reduced plant growth 
is a common occurrence and often manifests as stunted 
shoots. Roots are the first to come into contact with the 
saline medium and may also be the initial site of harm since 
they are in direct contact with the surrounding saline. All 
of the wheat varieties’ root development was inhibited by 
the application of salt. The results from this study indicated 
a significant decline in root length with the increase of salt 
concentration (Fig. 1b). Other researchers have observed 
similar outcomes in wheat as well as other crops (Momayezi 

MDA compared to other varieties under 200 mM NaCl 
stress, although there was no substantial increase in BARI 
Gom25 compared to other cultivars at 150 mM NaCl stress 
(Fig. 3b).

Expression analysis of TaAOX1a and TaAOX1c revealed 
similar patterns in three wheat cultivars and showed sig-
nificant differences in BARI gom25 and BARI gom28 than 
Gourab. However, at 150 mM NaCl stress, slightly higher 
expression was observed in BARI Gom25 and BARI Gom28 
compared to Gourab. Surprisingly, under 200 mM NaCl 
stress, both TaAOX1a and TaAOX1c transcripts exhibited 
higher expression in BARI Gom28 compared to the other 
two varieties (Fig. 4). Furthermore, we blasted our designed 
primers of AOX gene in the data base of whole genome 
sequencing of spring wheat (https://plants.ensembl.org) 
and subsequently got various hits for all primers (Alaux 
et al. 2018) For instance, we got 21 hits in the case of 
AOX1aF, 5 hits for AOX1aR, 210 hits for AOX1cF, 2034 
hits for AOX1cR, 37 hits for ADPaseF and 15 hits in case 
of ADPaseR (Supplementary Figs. 1–6). But we got the 

Fig. 3 Effect of salinity on (a) hydrogen peroxidase (H2O2), (b) Malondialdehyde (MDA) content of different wheat cultivars. Data are expressed 
the mean ± standard deviation. Values with different letters in the graph indicated statistically significantly different (n=3, P<0.05)

 

Fig. 2 Effect of salinity on (a) ascorbate peroxidase (APX), (b) catalase (CAT), (c) peroxidase (POD) activity of different wheat cultivars. Data 
are expressed the mean ± standard deviation. Values with different letters in the graph indicated statistically significantly different (n=3, P<0.05)
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with the increase of salt stress was noticed (Fig. 1c) as it 
was reported by (Grieve and Fujiyama 1987) and (Shan-
non and Grieve 1998). Growth inhibition may be caused by 
decreasing new cell production as per the report of (Shabala 
2000; Hakim et al. 2010; Talat et al. 2013). As the report 
of Sweet et al. (1990), there might be a dry weight loss. 
According to the current study, salt-sensitive (Gourab) 
genotypes had a considerable decrease in the activity of 
antioxidant enzymes compared to salt-tolerant genotypes 
(BARI Gom28 and BARI Gom25) in response to salinity 
stress. Without BARI Gom28, the activity of POD and CAT 
was considerably either unchanged or decreased in all types 
of tested genotypes in compare to control (Fig. 2a-c). In 
wheat genotypes that can withstand salt stress, APX activity 

et al. 2010). It was presumably because salt may have an 
impact on both the size of final cells and the pace of cell 
formation thereby producing shorter roots (Azaizeh et al. 
1992). These findings, however, conflict with those of Cra-
mer and Nowak (1992), who claimed that roots were less 
susceptible to salt stress. According to certain research, the 
most typical reaction to salinity is the suppression of shoot 
and root development, which is also one of the most sig-
nificant agricultural markers of salt stress resistance (Koca 
et al. 2007). The findings of this investigation showed that 
increased salt levels caused a considerable decrease in shoot 
length (Fig. 1a). A significant decline in the length of root 
with the increase of salinity concentration was indicated in 
this study (Fig. 1b). Similarity of reduction in fresh weight 

Fig. 4 Effect of salinity on gene expression of Ta A0Xla and Ta A0X1c. 
ADPase transcripts were used as a normalization control. Experiments 
were performed in triplicate for each sample. Data are expressed as the 

mean ± standard deviation. Values with different letters in the graph 
indicated statistically significantly different (n = 3; P<0.05)
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increased in Arabidopsis (McCabe et al. 1998). Carrot is the 
only known instance when each of the two extended AOX 
subfamilies has two members. Normally, only one of the 
two subfamilies has more than one member (Costa et al. 
2009a). A tandem gene arrangement has been reported for 
Arabidopsis AOX1b and AOX1a (Saisho et al. 1997) as well 
as for soybean AOX2b and AOX2a (Thirkettle-Watts et al. 
2003) and rice AOX1b and AOX1a (Ito et al.1997), probably 
because of gene duplication. But subsequent research has 
shown that the two carrot AOX2 genes were connected to 
two linkage groups. There is minimal evidence for varia-
tion in allelic sequences of the AOX gene among species 
or in individual plants, despite the availability of genomic 
and transcript level information for many plant species’ 
AOX gene sequences. There are limited reports of single 
nucleotide polymorphisms (SNPs) in the AOX genes of rice 
and tomato, which may be connected to differential gene 
expression and stress tolerance (Holtzapffel et al. 2003) The 
two subfamilies of AOX genes found in eudicots are AOX1 
and AOX2, with AOX1 often being thought of as constitu-
tively or developmentally regulated (Considine et al. 2002). 
In Arabidopsis, different tissue, developmental and stress 
regulation of the AOX genes has been found (Clifton et al. 
2006) and in soybean (Considine et al. 2002). In all higher 
plants, AOX is a component of the mitochondrial respiration 
pathway that uses electrons to catalyze the four-electron 
reduction of oxygen to water by diverting them from the 
energy-saving cytochrome route. Its potential can be used in 
molecular plant breeding as a functional marker (Arnholdt-
Schmitt et al. 2006). As a result, the AOX may serve as both 
a key regulator of plant growth and development and an 
integrator of stress signals for the deployment of defenses 
under stress. Salt stress poses a significant threat to crop 
productivity worldwide, including wheat, one of the most 
important cereal crops. In response to salt stress, plants acti-
vate various molecular mechanisms to mitigate its adverse 
effects and maintain cellular homeostasis. Among these 
mechanisms, the expression of AOX genes has gained con-
siderable attention due to their role in mitigating oxidative 
stress and sustaining mitochondrial function under adverse 
conditions (Vanlerberghe and McIntosh 1992). Several 
studies have reported the upregulation of AOX gene expres-
sion in wheat under salt stress conditions. This upregulation 
suggests a potential role for AOX in conferring salt tolerance 
by alleviating oxidative damage and maintaining cellular 
energy metabolism. The activation of AOX may represent 
an adaptive response aimed at sustaining mitochondrial 
function and ATP production under salt-induced oxidative 
stress (Brew-Appiah et al. 2018; Zhang et al. 2023). The 
precise mechanisms by which AOX contributes to salt toler-
ance in wheat remain a subject of ongoing research. It is 
hypothesized that AOX may alleviate salt-induced oxidative 

showed an upward trend, whereas salt sensitive genotypes 
showed a downward trend (Gourab) (Fig. 2a) which did not 
agree with the report of previous study (Turan and Tripathy 
2013; Dogan et al. 2011). Though consistent results were 
reported by some researchers (Vaidyanathan et al. 2003; 
Meloni et al. 2003; Demiral and Türkan 2005). The three 
major enzymes CAT, POD and APX are used to detoxify 
harmful reactive oxygen species under abiotic and oxidative 
stress (Mittova et al. 2004). Salt-tolerant wheat genotypes 
showed significantly higher CAT, POD and APX activities 
under increasing salt stress than the salt-sensitive genotype 
which indicated that tolerance to salt stress is conferred to 
these genotypes via the greater antioxidant enzyme activ-
ity. With regard to salt stress and normal circumstances, 
BARI Gom28 with H2O2 and MDA showed a substantial 
difference, demonstrating the capacity of salt-tolerant cul-
tivars to reduce oxidative damage brought on by salt stress 
(Fig. 3a&b) and this result combined well with the earlier 
finding that BARI Gom25 and BARI Gom28 are tolerant of 
salt stress (Siddiqui et al. 2017).

Analysis of gene expression in TaAOX1a and TaAOX1c 
exhibited a consistent pattern across three wheat cultivars, 
with notable variations observed in BARI gom25 and BARI 
gom28 compared to BARI gom20 with increasing salt stress 
(Fig. 4). Our study revealed that AOX gene family of bread 
wheat showed high expression during abiotic stress like 
salt stress. AOX gene family consists of a number of sub-
class located in different chromosomes. Recently, genome-
wide identified 20 AOX genes and subsequently classified 
AOX1a, AOX1c, AOX1d, and AOX1e in hexaploid wheat 
which were expressed under abiotic stress (Brew-Appiah 
et al. 2018). Another study found 17 AOX genes which 
were the similar sub-class and showed significant levels of 
expression under salt stress in spring wheat (Zhang et al. 
2023). Interestingly, all of these AOX genes are located in 
the different chromosome that is also suggested our primer 
blast results or bioinformatics analysis. Our bioinformatics 
analysis revealed that AOX1a is located on 2 A, 2B, 2D, 3B, 
5 A, 6B, 7B and AOX1c is located on 6 A, 6B 6D and other 
chromosomes (Supplementary Figs. 1–6 and file 1–6) that 
results were found similar as described previously (Brew-
Appiah et al. 2018; Zhang et al. 2023).

In contrast to monocots, which only contain members of 
the AOX1 subfamily, plant AOXs are encoded by a small 
nuclear multigene family that is split into two subfamilies: 
AOX1 and AOX2. Various plant species have a range of 
AOX genes. The number of copies of each subfamily has 
varied amongst various eudicot plants. In contrast to soy-
bean, which contains one AOX1-type and two AOX2-type 
genes, Arabidopsis has four AOX1-type and one AOX2-type 
gene. AOX2-type genes have therefore increased in legumes 
like soybean and cowpea, whereas AOX1-type genes have 
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counteracting oxidative damage and maintaining cellular 
function. Elucidating the intricate interplay between AOX-
mediated mitochondrial signaling and antioxidant defense 
mechanisms will pave the way for the development of salt-
tolerant wheat varieties, thereby ensuring food security in 
regions affected by soil salinity.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s12892-
024-00242-7.
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