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Abstract

Wheat is a staple food for approximately 35% of the global population, with Pakistan being
the largest consumer, consuming 120 kg per person annually. The country cultivates 24.2
million tonnes of wheat over 8.7 million hectares. Wheat is rich in protein (>10%), fats
(2.4%), and complex carbohydrates (79%). Given its significance, wheat is a key priority
in Pakistan’s agricultural policy. However, wheat cultivation faces challenges, particularly
from abiotic stresses like drought, which reduces soil moisture content. These stresses
cause alterations at morphological, biological, molecular, and physiological levels, leading
to decreased production and potential crop failure. Drought tolerance in wheat is complex,
as low water availability can induce toxicity, nutrient deficiencies, and temperature
instability, all of which affect plant function. To develop drought-resistant wheat, both
traditional breeding and genetic engineering approaches are used. This paper explores the
latest technologies for improving drought resistance in wheat, including drought-inducible
genes, promoters, and transcription factors. Integrating molecular breeding strategies with
conventional methods is recommended to develop resilient cultivars tailored to local
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environmental conditions, ensuring sustainable wheat production amidst increasing
drought pressures.
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Introduction

Wheat is a key cereal crop grown in temperate climates, serving as the primary food source
for approximately 35 percent of the world's population (Igbal et al., 2018; Abbas &
Shafique, 2019; Mehmood et al., 2020). It is cultivated on 220 million hectares or 17% of
all agricultural land worldwide (Rahimi-Moghaddam et al., 2023). About 90% of the
wheat produced worldwide is bread wheat (T. aestivum L.) and durum wheat (T. durum
Desf.) (Dinsa & Balcha, 2024). Three other classifications of wheat are based on color
(white or red), type (spring or winter), and texture (soft or firm) (Maghirang et al., 2006).
Wheat has traditionally been the primary food source for people since it is simple to digest,
can be readily harvested, transported, and stored for the coming season (Safder et al.,
2025). It also requires minimal effort to consume and manufacture a range of food
products. Compared to corn and rice, it has a significantly higher protein content (>10%),
2.4% fat, and 79% complex carbohydrates, which provides individuals with a substantial
amount of energy and fiber. Along with various B vitamins, such as riboflavin, thiamine,
niacin, and vitamin E, the whole meal also includes essential minerals and micronutrients,
including zinc, magnesium, phosphorus, potassium, and iron (Giraldo et al., 2019).

The world’s population is expected to reach 10 billion by 2050, a rise of almost 100
million people per year. There is an urgent need for increased food production on the same
area of arable land (Ahmad & Ahmad, 2018; Igbal, 2018; Hassan et al., 2022; Roheen et
al., 2023). Additionally, it has been predicted that there will be a rise in per capita income,
which will alter dietary requirements (Tilman et al., 2002). It is among the food crops on
Earth with the highest protein and energy concentrations (Alamgeer et al., 2022).
Approximately 90% of the hexaploid wheat produced today is used to make bread, as well
as various bakery goods, including cakes, biscuits, and pastries. Durum wheat (tetraploid),
which accounts for nearly all of the remaining 5%, is primarily used to produce macaroni,
biscuits, and pasta (Gooding, 2023). Some wheat can only be used for animal food.
Chicken feed has also been made using the byproducts from wheat processing at flour
mills. The agricultural industry is the most significant contributor to Pakistan's economy.
It contributes 1.9 percent to GDP and 8.2 percent to the value added in agriculture
(Government of Pakistan, 2023). In Pakistan, for example, almost 70% of the average
daily calories and protein come from wheat, a staple dietary grain. According to the
Pakistan Agriculture Research Council, the nation consumes the most wheat in the world,
about 120 kilograms per person annually. Additionally, Pakistan’s rural areas depend
heavily on wheat as a source of revenue (Vanzetti et al., 2017). Wheat is cultivated on
approximately 8.7 million hectares of land, yielding 24.2 million tonnes (Hussain et al.,
2023).

Constraints in wheat production

The majority of the Earth's land resources are found in semi-arid and arid regions. The
most significant barrier to agricultural production in these areas is drought (Rafique et al.,
2025). Approximately 37% of wheat-growing regions in developing nations are semi-arid
regions with limited precipitation, making the drought problem severe (Rajaram, 2001).
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In Pakistan, approximately 20% of the land is used for agriculture. Wheat yields in places
that are rain-fed are extremely low (505 kg/ha). The entire cropping season is marked by
severe drought stress for the wheat crop in rain-fed regions. More worldwide losses are
caused by salinity and drought in wheat output than all other causes combined (Begna,
2020). In the final stages of plant growth, terminal droughts also affect areas where
additional irrigation is used to raise wheat. (Venske et al., 2019). Drought stress results in
a significant reduction in wheat yield. It is not economical to increase water sources for
irrigation in desert areas. The wheat belt of Pakistan experiences less winter precipitation.
Pakistan's population is expanding, but existing wheat output in drought-affected areas
cannot keep up with demand (Saleem, 2003). In emerging economies, there is an
anticipated 49% increase in food grain consumption between 1997 and 2020.

Abiotic stresses and crop production

The main factors limiting agricultural yields globally are abiotic stressors. Due to these
pressures, more than 50% of the world's important crops experienced a decrease in their
average productivity (Kopecka et al., 2023). Abiotic factors such as heat, salinity, and
drought significantly reduce agricultural productivity (Zia et al., 2023). Most of these
stresses are connected, and they all have the potential to cause cellular harm (Ingram &
Bartels, 1996; Chaudhry & Sidhu, 2022). In tropical regions, drought and salinity affect
over 10% of cultivable land, accelerating global salinization and desertification, and more
than 50% of the most significant crops experience a loss in average yields (Bray, 2000).
Abiotic stressors are typically regarded as the primary factor reducing agricultural
productivity (Munns & Tester, 2008; Reynolds & Tuberosa, 2008; Kopecka et al., 2023).
According to estimates, the possible crop losses due to high temperatures, salinity,
drought, low temperatures, and other causes could total 40%, 20%, 17%, 17%, 15%, and
8%, respectively (Giordano et al., 2021). Salinity and drought are the two main factors
affecting crop productivity and human health in one-third of the world’s geographical area.
Due to drought and salinity, it is projected that these two abiotic stressors will cause
significant harm to more than half of the world’s arable lands by the year 2050 (Ashraf &
Wu, 1994).

Drought stress

Drought is one of the most prevalent and devastating abiotic stresses, significantly
affecting crop yields and global food security, particularly under current climate change
trends (Muhammad et al., 2024; Omokhafe et al., 2024; Abdullah et al., 2025). It impacts
plant growth, development, and productivity more severely and frequently than many
other stress factors. Therefore, understanding and improving drought tolerance is critical
for sustainable agriculture and ensuring food production in drought-prone regions (Begna,
2024). Signal transduction, transcriptional control, and gene expression have all
contributed to our understanding of the mechanisms underlying plant drought tolerance
(Zhu et al., 2010). Food consumption is rising at an alarming rate, partly due to the limited
availability of water. Due to the negative consequences of the drought, increasing
population pressure is anticipated to worsen (Somerville & Briscoe, 2001). Drought
severity is unpredictable because it depends on a variety of variables, including soil water
storage capacity, evaporative needs, and the amount and distribution of rainfall (Wery et
al., 1994). The UN estimates that almost 1.2 billion people worldwide reside in areas with
a physical water deficit. 1.6 billion more individuals lack access to affordable water.
Furthermore, it is projected that 1.8 billion people will live in areas with a complete water
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deficit by 2025 (FAO, 2007). Seventy-five percent of the water used worldwide is
currently consumed by agriculture (Molden et al., 2007). Water, which comprises between
75% and 95% of plant tissue, is essential for plant growth. The plant regularly transports
a large amount of water. Plants use water and carbon dioxide to process sugars and
complex carbohydrates. Water serves as both a medium for intercellular reactions and a
support element through turgor (Ashraf & Harris, 2005). It is estimated that one kilogram
of grains from rice (Oryza sativa), wheat (Triticum spp.), and maize (Zea mays) would
require 1900, 1400, and 900 liters of water, respectively (Rahman et al., 2022).

Drought in Pakistan

Only 21.99 million hectares of Pakistan's total 79.61 million hectares of land are farmed,
leaving 57.62 million hectares of arable land unused. The arid and semiarid land mass that
is the cultivable waste is mainly exploited as rangeland, but it has relatively low
productivity (Malik, 2015). Pakistan is situated in a semi-arid area of the world with an
average annual rainfall of less than 240 mm. The consistent amount of water available per
person in Pakistan currently stands at about 1066 cubic meters, placing the country in the
"highest water stress category," according to the Fullmark Indicator, a benchmark water
scarcity indicator (GoP, 2009-10). Pakistan experienced one of the worst droughts in its
history between 1998 and 2001, resulting from extremely low rainfall (Chaudhry et al.,
2001). A severe threat is being posed to Pakistan's arid and semiarid regions by an increase
in droughts, desertification, deforestation, and soil erosion. Out of the 106 districts in the
country, the severe drought brought about calamity in 58 of them, causing particular
damage to areas that typically receive rain. The effects of this drought have been observed
in at least 23 districts in Balochistan (Hussain & Pomee, 2004; Malik, 2015). Similarly, in
Sindh, Dadu, Thar, and Thatta, as well as in Punjab, Cholistan, were the central regions
that suffered from prolonged dry spells. In these affected areas, a food crisis ensued,
resulting in the relocation of nearly 3.3 million families to safer areas (Lantican et al.,
2003; Rosegrant et al., 2001). This unfavorable effect of the drought spread throughout
the entire nation, not only disrupting the socioeconomic structure but also causing
tremendous harm to the national economy.

Drought tolerance mechanisms

Plants under drought stress go through a range of physiological, molecular, and
biochemical processes that help them adapt to their stressful environment (Arora et al.,
2002; Oguz et al., 2022). The length of the drought, the amount of water lost, the age and
developmental stage of the plant, as well as species and genotype variations, all affect how
plants react differently to drought stress, and the specific organs, cells, and cellular
compartments involved (Wach & Skowron, 2022). Plants can employ escape, avoidance,
or tolerance strategies to cope with osmotic stress (Pande & Arora, 2017), or they may
utilize these methods in combination (Chaves et al., 2003) (Figure 1). The ability of plants
to survive a drought depends on the practical completion of reproduction prior to the onset
of acute stress (Figure 1). During periods of soil moisture stress, plants shorten their life
cycles by growing rapidly and exchanging gases, thereby making the most efficient use of
their resources (Gavrilescu et al., 2021). To maximize water uptake, plants must reduce
transpiration by controlling stomatal conductance, reduce light absorption through rolled
leaves, decrease canopy leaf area, increase root investment, reassign nutrient storage from
older leaves, and enhance photosynthesis rates under stress (Chaves et al., 2003) (Figure



Malik et al. 47

1). For plants, physiological, biochemical, and molecular changes at the cellular level are
used to increase drought resistance (Figure 1). These changes could include osmotic
controls, the creation of robust cell walls, or the reduction of cell numbers (Gavrilescu,

2021).

Techniques to increase crop resistance to drought

With a range of physiological, biochemical, and phonological changes referred to as
avoidance and tolerance, plants respond to abiotic stimuli and adapt (Khan & Beena,
2002). While the degree and frequency of droughts determine their impact, both drought
avoidance and tolerance processes help a plant build its capacity to endure dry
circumstances (Alpert, 2000; Otte, 2001). Plants express different genes in response to
different stimuli, which trigger different signaling pathways (Agarwal et al., 2006).
Understanding the various ways in which a plant responds to environmental cues to initiate
adaptive responses is crucial to understanding how agricultural plants develop stress
tolerance (Figure 1).
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Figure 1 The diagram illustrates the effects of drought as an abiotic stress, leading to
increased reactive oxygen species (ROS) accumulation and impaired photosynthesis.
This results in reduced metabolism, mineral uptake, growth, yield, and crop quality. On
the right, the diagram highlights three key drought resistance mechanisms: **Escape**,
**Avoidance**, and **Tolerance**. These mechanisms involve osmotic adjustment,
antioxidant defense, production of stress proteins, phytohormonal changes, and gene
expression to mitigate drought-induced damage.
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Conventional breeding

To meet the diverse demand for agricultural products, conventional breeding has
significantly boosted food supply and led to the development of thousands of modern crop
varieties. In traditional breeding, sexual crossing combines existing genes in close relatives
or within a species, and then chooses plants that exhibit desired characteristics. However,
this process often results in the newly created crop retaining some undesirable genes as a
result of faulty genetic element recombination throughout mating and selection. This
reduces the breeding process' efficacy (Shou, 2003). The intricacy of the resistance
mechanisms, the paucity of germplasm with the necessary traits, and other challenges to
setting up selection circumstances are obstacles in traditional breeding (Flowers & Yeo,
1995). Because salt tolerance is quantitative in nature, this has resulted in a limited number
of crop types with better stress tolerance (Quesada et al., 2002; Flowers, 2004). With an
8-year selection cycle needed to develop a new variety, wheat breeding is also hard and
time-consuming. Additionally, improved varieties cannot be grown economically until a
few years later, when enough seed sets are accessible for large-scale cropping. In order to
create superior wheat varieties, traditional breeding practices are combined with current
biotechnology techniques (Figure 2).

Application of genetic engineering

Gene transfer between species or genera that are unrelated is made possible by the DNA
recombination technology known as genetic engineering. Crop improvement has also
employed this method. Genetic engineering has benefits over traditional breeding of
animals. Firstly, genetic engineering theoretically enables the transfer of beneficial genes
from any organism for agricultural use, thereby expanding the genetic base. Second, less
time is required and the process is more efficient because linkage drag, a problem with
conventional breeding, is avoided (Figure 2). A more enticing and quicker method of
producing plants that can withstand stress is genetic transformation than the traditional
methods of crop improvement, along with marker-assisted selection (Wang et al., 2003).
To date, a wide variety of transgenic agricultural cultivars with insect and herbicide
resistance have been developed and introduced to the market. Similar to this, several
biosynthetic pathways have been identified as enhancing crop tolerance to abiotic stress
(McCue & Hanson, 1990; Blumwald, 2000; Hong et al., 2000; Godoy et al., 2021).

Plant tissue culture

Tissue culture refers to the process of growing plants from any part of the plant. Tissue
culture is a prerequisite for genetic transformation. Crop improvement makes advantage
of totipotency, which is the ability of any plant component, including anther cultures,
tissues, and cells, to develop into a distinct plant (Gosal & Wani, 2018; Ali et al., 2021).
Dicot tissue culture has reportedly been found to be simpler than monocot tissue culture
(Singh et al., 2021). In species of cereal, an embryo can be used as an explant to regenerate
the entire plant. Duncan et al. (1985) demonstrated tissue culture and regeneration in
maize, rice, barley, and wheat. Ozgen et al. (1996) observed that on MS media containing
2, 4-D, callus developed from seven different varieties of wheat, both immature and
mature. They discovered that, in contrast to mature embryos, immature embryos had a
lower capacity for regeneration but a higher frequency of callus formation. Another study
revealed that the tissue culture media and genetic variables had a significant impact on
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plant regeneration through embryo (Uppal et al., 1996; Hesami et al., 2020; Zafarullah et
al., 2021). Earlier, young wheat spikes, stems, and nodes were also used to generate calli
(Wen-liang, 1992). Wheat shoot tips were employed by Viertel and Hess (1996) to create
embryonic callus. Wang et al. (1988) reported winter wheat callus induction and
regeneration from protoplast generated from cell suspension culture. Later, Vasil et al.
(1990) protoplast obtained from suspension culture of immature embryos may
successfully regenerate tissues. The concentration of growth regulators is one of the most
important factors in controlling morphogenesis and growth in culture conditions has low
levels of cytokinin and high levels of auxin (Azam et al., 2019; Jabeen et al., 2021; Jabeen
et al., 2022). On the growth medium with very low 2, 4 D concentrations or devoid of
growth hormones, better shoot regeneration is obtained (Bennici et al., 1988; Malik, 2015).
Plantlets can occasionally regenerate straight (Li et al., 1992) from organs. During callus
induction, regeneration frequency increased as light intensity decreased while the
percentage of green plantlets decreased (Ekiz & Konzak, 1993; Malik, 2015).

Genetic transformation

The generation of agricultural plants with a variety of new and valuable agronomic
features is impacted significantly by both basic and practical research in plants (Mehmood
et al., 2021) (Figure 2). Genetic plant modification has made it possible to produce new
crops with improved attributes and increase variety (Vasil, 2008; Shah et al., 2019). More
than 20 years ago, there were reports of the earliest transgenic plants; however, wheat is
the most recent significant changed crop employing the biolistic approach. Particle
bombardment remains a powerful and effective approach for genetic transformation of
wheat (Altpeter et al., 2005), but the locations of DNA integration are complex. As an
alternative to particle bombardment, Agrobacterium-mediated transformation is incredibly
efficient, affordable, and straightforward. By using an Agrobacterium-mediated technique,
Cheng et al. (1997) documented the initial stable alteration of wheat. With the use of this
method, transgenic plants might be produced in 2.5-3 months. A single copy was
integrated into about 35% of transgenic plants, and the range of the transformation
efficiency was 0.14 to 4.3%. The transport and regeneration of T-DNA in wheat tissue
culture were examined and altered by Jones et al. (2005). Over one hundred transgenic
strains of wheat are now available thanks to a novel technique for Agrobacterium
transformation of wheat (Figure 2). The procedure takes 9 to 12 weeks from the isolation
of the embryo to the planting of the transgenic plantlets in pots, with an average
transformation efficiency of about 1%. In 66 weeks, Hensel et al. (2009) finished the
process of producing donor plants and harvesting T1 seeds of primary transgenic lines by
modifying the Agrobacterium transformation methodology for wheat using immature
embryos. They achieved a transformation efficiency of 2-10% in wheat (Malik, 2015).
Stable wheat transformation effectiveness is significantly influenced by genotype, explant
source, medium compositions, and transformation techniques (Yi et al., 2015).
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Figure 2. Utilization of CRISPR/Cas9 genome editing to improve wheat productivity and
stress tolerance. The process involves the modification of specific genes in wheat plants
to enhance traits related to abiotic stress resistance (e.g., tolerance to drought, extreme
temperatures, and salinity), leading to improved yield, quality, and disease resistance.
Function of drought stress inducible genes

Osmotic stress has been shown to trigger several genes that react to dry conditions. These
genes are involved in the transmission of signals as well as key metabolic protein
production in addition to protecting cells by manufacturing those proteins. Shinozaki et al.
(2007) split drought-related genes into two groups. The first category of genes includes
those that encode proteins such as chaperons, LEA proteins, glycine betaine, proline, and
water channel proteins involved in stress tolerance. The second category consists of
proteins that play a role in the transmission of signals and the stress-responsive gene
expression (transcription factor, protein kinases, etc.) (Table 1).

Table 1. Characterization of drought related genes

Grouping of Mechanism of Examples References

drought related action

genes

Drought related Protein that Stress tolerance Shinozaki et al.

genes functions in stress protein i.e. (LEA (2007)
tolerance proteins, proline,

glycine betaine,
chaperons, and water
channel proteins
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Protein factors Gene expression Transcription factor, Shinozaki et al.
and transduction protein kinases (2007)
in response to
stress

Factors involved in transcription

Transcription factors, or TFs, are proteins that block RNA polymerase from reaching the
DNA template. Numerous downstream genes are expressed more when these TFs are
linked to the promoter regions of stress-sensitive genes that provide abiotic stress tolerance
(Agarwal & Jha, 2010). The family exclusive to plants DREB1 and DREB2 transcription
factors are present in AP2/EREBP (Shinozaki et al., 2007). The transcription factor
A/GCCGAC core sequence contains a cis-acting promoter element that regulates
Arabidopsis gene expression in response to salinity, cold, and drought, as reported by
Yamaguchi-Shinozaki and Shinozaki (1994). Abiotic stressor-responsive DREB/CBF
proteins are found in the majority of plant species. Two different families of Brassica
napus has DREB transcription factors. Group | proteins participate in signal transduction
pathways and stimulate genes downstream, but Group Il proteins subsequently take the
place of Group I proteins and competitively block the pathway when freezing stress occurs
(Zhao et al., 2006). While dehydration-responsive elements (DRE) and DREB1 genes
interact to improve stress tolerance gene expression and activate in response to cold,
DREB2 genes are expressed in genes that respond to drought (Seki et al., 2001).
Transgenic plants with minimal deviation from the typical phenotype can be produced by
expressing the DREB1A gene under the control of rd29A, which enhances tolerance to
abiotic stressors (Behnam et al., 2006). Plants with greater resistance to abiotic stressors
have been associated with the overexpression of the DREB1A (CBF3) gene under the
CaMV35S promoter, which leads to strong expression of the transgenic plants target
stress-responsive genes (Gilmour et al., 2000).

Transgenic plants expressing the AtDREB1A gene showed a greater transpiration rate
compared to the untransformed reference under water stress (Bhatnagar-Mathur et al.,
2007). Overexpression of DREB1A, induced by stress in transgenic groundnuts, enhances
root development and water extraction from deep soil layers compared to the wild type
(Vadez et al., 2013). The rd29A promoter and the DREB1A gene in transgenic tobacco
enhanced the resistance of diverse transgenic plants to stress while also mitigating the
negative effects on plant growth (Behnam et al., 2006). Constitutive overexpression of
CBF genes in Arabidopsis led to a rise in orthologs of transgenic Brassica napus genes
targeted by CBF, improving the plant's resistance to cold (Jaglo et al., 2001). Plants
growing tomatoes showed greater tolerance to drought, cold, and oxidative stressors when
Arabidopsis CBF1/DREB1B was expressed ectopically (Hsieh et al., 2002; Albornoz et
al., 2024). According to Dubouzet et al. (2003), an OsDREB2A homolog was discovered
in rice, and similar to Arabidopsis DREB2A, it was mostly activated by drought and salt
stress, but very faintly induced by low temperature stress. Another rice transcription factor,
OsDREB1B, was overexpressed in Arabidopsis transgenic plants exposed to both high
and low temperatures (Qin et al., 2007). Drought, cold, and salinity all stimulated the
TaDREBL1 gene in wheat. It was determined to be a DREB2-type transcription factor using
phylogenetic analysis (Shen et al., 2003). Comparably, it has been demonstrated that the
DREB2-type protein HvVDRF1 participates in ABA-mediated gene regulation and
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accumulates in reaction to the stress of salt and drought (Xue & Loveridge, 2004). Three
soybean-derived DREB homologs, designated GmDREBa, GmDREBb, and GmFREBC,
were shown to be linked to the dehydration responsive element. A DREB2 homolog
(ZmDREB2A), whose transcript is activated in response to heat, salt, drought, and cold
stress in seedlings, was identified in maize. By overexpressing DREB genes in soybean
plants, these genes may be involved in drought and salt tolerance (Chen et al., 2007). These
evaluations suggested that abiotic stresses include the transcription factor DREB (Figure
3).

Abiotic Stress (Cold, Heat, Salinity 8 Drought)
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Figure 3. This diagram illustrates the molecular pathways activated in response to abiotic
stresses such as cold, heat, salinity, and drought. These stresses trigger **protein kinase
cascades**, which activate either **ABA-dependent** or **ABA-independent
pathways**. Transcription factors (TFs) including **bZIP, MYB, WRKY, HDZip, ERF,
NAC, DREB,** and **HSF** bind to their respective **cis-elements** (e.g., ABRE,
MYBR, DRE, W-box, NACR) to regulate the expression of **downstream stress-
inducible genes**, enhancing the plant's tolerance and resistance to environmental
stresses.

Sucrose transporters

According to Hare et al. (1998), Wanner & Junttila (1999), abiotic stressors such as salt,
cold, and dehydration can significantly alter how carbohydrates are metabolized. Stress
and sugar signaling pathways work together to regulate metabolism (Zaman & Qureshi,
2018; Igbal & Qureshi, 2021). In stressful environmental conditions, sugars control how
carbs are metabolized, which is crucial for plant growth and development. Price et al.
(2004) have reported that glucose activates many stress-inducible genes, indicating the
importance of carbohydrates in abiotic stress responses. Seki et al. (2002) report that in a
stressful environment, in Arabidopsis, 31 genes are regulated by enzymes involved in the
metabolism of carbohydrates. According to Ho et al. (2001), sugars are important signaling
molecules that influence the expression of genes associated to osmotic stress. In plants,
sugars serve two purposes. They regulate several genes pertaining to photosynthesis, the
metabolism of sucrose, and the manufacture of osmoprotectants, and they influence a wide
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range of metabolic processes. Many sugars, such as raffinose, trehalose, and fructans,
defend against environmental stressors. Plants that are transgenic for increased resistance
to osmotic stresses express these sugars (Gupta & Kaur, 2005). Sugar sensing and
signaling is what propels a plant's growth and development from germination to maturity
(Gazzarrini & McCourt, 2001; Eastmond & Graham, 2001). A protective mechanism
known as reversible developmental standstill may be triggered by high sugar accumulation
in the early stages of seedling development, which may reveal unfavorable growth
conditions at a critical juncture (Lopez-Molina et al., 2001). Sucrose transporter (SUT)
proteins facilitate most plants transmembrane sucrose transport; in higher plants, sucrose
is the principal sugar transferred. In higher plants, SoOSUT1 cDNA from spinach was the
first SUT discovered (Riesmeier et al., 1992). The roles of sucrose transporters at plasma
membranes in the apoplasts absorption of sucrose at different stages of sugar transport are
now recognized to be critical (Sauer, 2007). SUT genetic variants, which encode highly
hydrophobic proteins, have been discovered in numerous plants (Smeekens, 1998).
Hexose transporter family members, which include genes for sucrose transporters, have
12 transmembrane domains (Rentsch et al., 1998; Ward et al., 1997). The role of SUT in
tobacco, tomatoes, and potatoes was investigated using an immuno-localization method.
These techniques have shown that phloem loading is caused by the sucrose transporter
(SUT1), which is located in the sieve elements plasma membrane (Kihn et al., 1997; Wipf
et al., 2021). Sucrose is extensively distributed throughout plants. Sucrose, which is
produced by most plants, is required for long-distance carbon transfer and is a primary
product of photosynthetic activity (Wipf et al., 2021). Consequently, sucrose transport in
plants is tightly controlled, and sucrose transporters play a crucial part in this control. At
least 69 sugar transporters in Arabidopsis have been found and categorized into eight
major groups. A family of eight, SUC/SUT is also subdivided into SUC2/SUT1,
SUC3/SUT2, and SUC4 subfamilies based on homology (Shiratake, 2007; Wipf et al.,
2021). Until recently, only eudicots have been studied for the roles and localization of
sucrose transporters (SUT2) in group 3. These SUT2 function to localize to the sieve
elements' plasma membranes and are typically significantly upregulated in sink tissues. A
tonoplast proteomics method was used to discover the molecular structure of a potential
Arabidopsis vacuolar sucrose transporter (AtSUC4), which belongs to group 4 of the
sucrose transporter evolutionary tree (Sauer, 2007). As opposed to this, Wang et al. (2003)
claimed that Endler et al. (2006) used fluorescent protein fusion to localize the barley
HvSUT?2 to the tonoplast. Similarly, SUT2 is the most important candidate gene for the
primary quantitative trait locus (QTL) enhancing potato tuber yield and starch. It shares a
similar genome to the tomato genome (Gebhardt et al., 1991). The SUT2 protein can detect
sugar, and it has been found to localize to filter components, potentially helping to disperse
critical cis sequences for the trafficking of macromolecules (Barker et al., 2000).

Gene expression promoters

A crucial component of transgenic technology is transgene expression that is controlled.
Tissue-specific transgenic expression is a crucial consideration when choosing a promoter
for high levels of gene expression. It has been shown that the degree to which
developmental stage, tissue specificity, stress inducible, or promoter strength influence
how a plant responds to these stresses cannot be emphasized (Bajaj et al., 1999; Kummari
et al., 2020). There is a requirement for a highly powerful promoter because under stress,
some genes, such as the LEA3 protein, require large levels of expression. Some polyamine
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biosynthetic enzymes necessitate the use of moderately inducible promoters. CaMV 35S,
Actinl, and Ubiquitinl are the most frequently employed constitutive promoters to create
transgenic plants resistant to abiotic stress. Under typical circumstances, the constitutive
promoters create defects in plants by expressing every stage of every organ’s gene (Capell
etal., 1998; Misra, & Ganesan, 2021). It can be exceedingly costly for plants metabolically
to produce compounds like trehalose or polyamines in a constitutive manner. Stress-
inducible promoters are used instead of constitutive promoters is a more preferable choice
under these circumstances. As a result of varied abiotic stressors, numerous helpful
promoters have been discovered and thoroughly characterized in the case of plants. The
regulatory regions of genes activated by abiotic stress contain distinct elements that act
both trans and cis that regulate gene expression in response to abiotic stressors (Shinwari,
1999; Misra, & Ganesan, 2021). The induction of Arabidopsis rd29A and rd29B genes
occurs differentially in response to abiotic stressors. Both the rd29A and rd29B promoters
contain ABRE and DRE elements, as noted by Behnam et al. (2006). The introduction of
transgenic plants that overexpress DREB1A in response to the constitutive CaMV35S
promoter and the stress-inducible rd29A promoter were compared in studies. Additionally,
there was stress-inducible expression in transgenic tomato plants when the barley ABRC1
promoter was used to modify the Arabidopsis CBF1 gene (Lee et al., 2003). The fast
accumulation of SalT mRNA in the sheaths and roots of mature plants and seedlings was
seen in response to treatments with salts (1%), air drying, ABA (20 mM), MS salts
(Murashige & Skoog, 1962), and sodium chloride (1%) (Garcia, 1996). Similarly, when
subjected to ABA (10 mM) and NaCl (0.5 or 1%) transgenic rice calli with the SalT
promoter associated with the gus gene displayed the same level of glucuronidase activity
(Mathan et al., 2021).

Conclusion

The aforementioned molecular techniques can be used to modify transgenic wheat crops
so that they will grow and yield at their maximum levels even when exposed to water
stress. To adapt to drought circumstances, drought-inducible genes and other technologies
can be inserted into the wheat genome through genetic engineering. The review has
provided comprehensive information on the ways in which the drought inducible genes,
promoter regions, sucrose transporter, and other transcription factors have been
demonstrated as promising developing technologies to develop drought-resistant model
plants and wheat crop plants. Based on the reviewed studies, we suggest the use of
drought-tolerant crop varieties, adoption of efficient irrigation techniques (such as drip
irrigation), application of soil moisture conservation practices (e.g., mulching and
conservation tillage), and the integration of organic amendments to improve soil structure
and water retention. These approaches, when combined with appropriate policy support
and farmer education, can significantly enhance resilience to drought stress at the field
level.
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