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Abstract

Abiotic stresses, responsible for yield reduction by up to 50%, are the primary drivers of
yield losses in crop plants. Abiotic stress, which damage plant growth and development and
have a large detrimental effect on agriculture production globally, include low or high
temperatures, droughts, floods, high salinity, heavy metals, and UV radiation. As traditional
crop development approaches reach their limits, the age of genomics research has come,
bringing with it new and interesting possibilities for breeding superior cultivars against
abiotic challenges. With improving selection accuracy, the molecular-assisted selection
method anticipates rapid improvement in the selection of agricultural plants that have adapted
to stress. It is encouraging that molecular-assisted selection can target features in a single
progeny more quickly and precisely in a few selected generations with few unexpected
consequences. This chapter provides an overview of the fundamentals of cutting-edge
technologies, including molecular mapping, molecular-assisted mapping, transcriptomic,
metabolomic, transgenic, and genome editing, and how they are used to enhance crop plants
with a focus on stress tolerance.
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I. INTRODUCTION

Climatic conditions play major role in the development and growth of crops (1). Growth and
development has their impact on the crop yield. Environmentalists have predicted an increase
in average surface temperature by 0.2 ° C per decade. The increased temperature may affect
the availability of fresh water, crop yield as well as loss of biodiversity. It means the altered
climatic conditions may have their effects on global food security. Global grain output was
claimed to have decreased by 6.2% between 2000 and 2007 based on the results of many
research looking at the impact of rising temperature on crop productivity (2).

Stress is an unfavourable condition that hinders a plant's development, growth and
metabolism (3). Numerous plant reactions to stress have been documented, including crop
yields (4), growth rates (5), changed gene expression (6), cellular metabolism, etc. A plant
under stress typically exhibits some abrupt alterations in the environment (7). Deforestation
and excessive fossil fuel use are expected to cause the atmospheric CO, level to reach 800
ppm before the year 2100 (8, 9). In addition, among other effects, climate change brings
about extreme weather, including drought, heavy rain, and temperature swings (10).

Abiotic stressors are significant contributors to reduce yields in farmers' crops in the current
climate situation. Currently, abiotic stresses are the biggest problems faced by farmers in the
whole world (11). The poor have very little power to respond to the consequences of climate
change and adapt to a shifting hazard burden because of their inadequate human and financial
resources (12). Population increase and climate change make the situation more challenging.
By 2050, the population of the globe is predicted to rise from seven to ten billion,
necessitating a 60—110 percent increase in the global food supply. (13).

Future predictions indicate that abiotic stress may eventually become more severe due to a
rise in the scarcity of fresh water (14). Crop cultivars that are resistant to abiotic stress must
be developed immediately if food safety and security are to be maintained in the coming
years (15). The roots of a plant are its first line of defence against abiotic stresses. The
likelihood of crop plants surviving adverse circumstances will be greater if they are robust
and biologically varied. Abiotic stress, such as excessive salt, causes plant cells to respond in
part by disrupting the Na+/K+ ratio in the cytoplasm. For the length of plant adaptation to
abiotic stress, such as drought, excessive salinity, low temperature, or mechanical injury,
abscisic acid (ABA) is crucial (16).

To create an improved breeding strategy that successfully reduces abiotic stress, it is crucial
to adapt food security and sustainable agriculture (17). Additionally, for crops to increase
their capacity to adapt to abiotic stress, a multimodal strategy including hormone modulation,
plant enzymatic system activation, and stress gene expression is required (18). Therefore, it is
crucial to understand how cereal crops respond to abiotic stress. More study is required to
fully comprehend the characteristics of abiotic stress and how its physiological, biochemical,
and molecular (genetic, epigenetic, transcriptomic, and metabolomic) underpinnings might
aid in efforts to breed crops that are resistant to abiotic stress (19).

Currently, a number of methodologies exist to improve crop species' abiotic stress tolerance.
(1) the use of plant bio-stimulants; (2) the creation of genetically modified organisms
(GMOs), cisgenic, trans-genic, and intra-genic plants (4). Old breeding techniques (3)
sophisticated breeding technology, including the use of the (CRISPR/Cas) gene editing tool.
Bio-stimulants are characterised as plant fertilizers that increase the availability of
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micronutrients in the soil or rhizosphere, tolerance to abiotic stress, and nutrient utilisation
efficiency (20).

Why we need to study about abiotic stress in crop plants?
e Abiotic stressors, such as high or low temperature, drought, and salt, are the main
characteristics that affect plant diversity.
e Abiotic stresses have an impact on the world's crop production system and threaten
human food security.
e Abiotic stresses generally lead to a significant loss in agricultural production.

II. CROP PLANTS AND ABIOTIC STRESSES

The concept of stress in plants has been established since last 50 years. Both biotic and
abiotic factors, which affect crop plants are considered as stresses. Between both of these
stresses, abiotic stress reduces yields of the major crop plants. Now a day it is the key factor
affecting agricultural productivity globally. Osmotic stress, which upsets the cell's
homeostasis and ion distribution, is created when these abiotic stimuli interact. It mostly
results from modifications to a group’'s gene expression patterns, which have an effect on
growth rates and productivity. In order to comprehend how plants respond to abiotic stress, it
is essential to identify those genes that are susceptible to it.

1. Drought

Global climate change has an impact on everything from temperature and CO; levels in the
atmosphere to rainfall patterns. Extended periods of inappropriate rainfall are the main cause
of drought. While intermittent drought circumstances can affect plant growth and
development but are rarely fatal to plants, severe drought conditions drastically reduce the
amount of soil water available to plants and cause early plant death.

The intensity of the drought is influenced by a variety of factors, including soil moisture
storage capacity, evaporative demands and rainfall distribution and amount (21). Due to
global warming and continually increasing CO, levels, the climate has changed in the
contemporary era. Uneven rainfall distribution brought on by climate change is a major
contributor to the emergence of drought. Extreme drought conditions are slowly decreasing
the amount of soil water that is available to plants, which results in early plant death. A
plant's initial reaction to drought stress is growth halt. Reduced shoot growth caused by
dryness decreased the plant's metabolic demands and mobilised metabolites for the
production of protective compounds needed for osmotic adjustment.

2. Salinity

Global soil salinity is a problem that poses a serious threat to world agriculture since it
reduces crop production in affected regions. Salinity stress has a variety of effects on crop
development and productivity. lonic toxicity and osmotic stress are two ways that salt
negatively affects plants (22).

The capacity of plants to absorb water and minerals like K+ and Ca2+ is hampered by
salinity stress because the osmotic pressure in the soil solution is greater than the osmotic
pressure in plant cells. In addition to reducing cell growth and membrane function, these
primary impacts of salt stress also have a number of secondary implications, including
assimilate synthesis, cytosolic metabolism, and ROS production.
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There are different levels of salt stress tolerance. Rice, durum wheat, sorghum, and maize are
less tolerant of salinity than barley, which is the most resilient cereal crop and can endure up
to 250 mM NaCl in soil (23).

3. Heat tolerance

High temperature is now a global issue that significantly hinders plant growth and output,
especially in crops. The most important issue restricting agricultural productivity and,
eventually, food security, has been identified as heat stress. (24).

In extreme cases, a bad change in temperature results in plant mortality since plants are more
sensitive to temperature changes. The ideal temperature would typically be better for plant
growth and function; conditions below and above the ideal temperature have a negative effect
on plant growth and productivity. For every 10°C increment followed by 20°C and 30°C, the
majority of biochemical and enzymatic processes double in speed (25). Abiotic stressors,
particularly high and low temperatures, have a negative impact on the early stage of the male
gametophyte in a variety of agricultural crops, including rice, maize, barley, sorghum, wheat,
and chickpea (26).

Due to heat stress, the tapetal cells' functions are lost during the reproductive development
period, and the anther is dysplastic. Pollen release is inadequate and indehiscence occurs as a
result of increased temperatures preventing pollen grains from expanding during lowering.
Plants have evolved specific chemical and physiological reactions to cope with heat stress
(22).

4. Cold

One of the primary abiotic factors that affects agricultural crops' quality and post-harvest life
is cold stress. On plant development and agricultural productivity, cold stress, which
includes freezing and chilling , has negative consequences (27, 28).

All cellular functions in plants are significantly impacted by cold-induced abiotic stress.
Then, a variety of signal transduction pathways, including those involving ROS, protein
kinase, protein phosphate, ABA, and Ca2+, among others, are used to translate cold stressors,
with ABA emerging as the most efficient of them (29). Only tropical or subtropical regions
are suitable for the growth of maize, tomato, rice, cotton, and soybean due to their inability to
adapt to low temperatures (30). Thus, cold stress hinders the ecological spread of plant
species, has a detrimental effect on plant growth and development, and decreases world food
production (31).

5. Toxins

Due to increased industrialisation, toxic metals have been introduced to agricultural soils,
increasing the quantity of chemical fertilisers and sewage wastewater irrigation, and
negatively affecting the soil-plant environment system (32). One such instance is cadmium
(Cd), which is the main metal pollutant and is regarded as a significant environmental risk for
the agricultural system due to its protracted residence time in soil. These metals gradually
poison plants through the air, water, and food chain when they enter the food chain over time
(33).
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Figure 1. Some biotic stress affecting crop plants productivity and development

I11. CONVENTIONAL BREEDING FOR ABIOTIC STRESS TOLERANCE

Abiotic tolerance in agricultural plants has well-established origins. Tolerance can be found
in land races, wild cousins, high-yielding cultivars, original breeding stock, and advanced
breeding material. Landraces from arid areas have been successfully used in breeding to
produce open-pollinated types or hybrids for water-scarce situations. Breeders frequently
employed the wild species and ancestors of our farmed crops as a rich source of abiotic stress
donors. The likelihood of finding the necessary genes, along with the anticipated challenges
and likelihood of success in introducing these genes into the selected recurrent cultivar, all
influence the genetic resource to be used as a donor for abiotic stress tolerance.

There are several genetic variants in better cultivars of other crop species as well as in
breeding materials for drought and salinity resistance. Finding and utilising these sources of
drought resistance should be a breeder's first focus since they are the most straightforward to
use. Land races (old or desi variations) are excellent sources of characteristics for drought
and salinity resistance since they have evolved in and adapted to arid and saline
circumstances. It may be difficult to use these materials in breeding programmes because of
unfavourable links.

Wheat, sugarcane, tomatoes, and other crops have been identified to include wild donors of
drought and salinity resistance. Transfer presents a number of challenges, including cross-
incompatibility, hybrid sterility, inviability, and the coupling of multiple unfavourable genes
with positive ones, when a wild species provides drought and salinity resistance. The mode of
reproduction of the species, whether it be self-pollinating, cross-pollinating, or asexual,
should be taken into account while selecting a breeding approach for any crop. the type of
cultivar and character genetic regulation. It might be challenging to breed a species for many

147



Breeding for Abiotic Stress Resistance

resistance traits at once since various plants have diverse responses to the same abiotic stress
stimuli.

Drought resistance can be bred for using the same breeding methods as for yield and other
economic traits. The pedigree and bulk approaches can be used with self-pollinated plants,
whereas recurrent selection can be used with cross-pollinated plants. However, backcrossing
is the suggested method if the objective is to add a few drought-related characteristics to a
genotype with high yields. Hurd (34, 35) and others have discussed breeding techniques for
drought resistance (36). Crop cultivars that can withstand droughts can be developed by
introduction, hybridization, selection, and mutation. To develop cultivars that can withstand
salt, pedigree, modified bulk pedigree, and an alternative culture-based method were all
applied. The complexity of abiotic stress events in plants makes genetic modification for
efficient stress resistance problematic (37). Drought characterization for successful stress
resistance breeding depends on the stage, duration, and severity of the stress. Using
traditional breeding methods, drought-tolerant varieties of crops such, safflower wheatgrass,
chickpea, barley, tall fescue, soybean, wheat, peanut and maize have been created.

The first step in breeding for any trait is incorporating genetic variation through the collection
and assessment of the available germplasm. The introduction of the foreign germplasm might
be used if a locality or species lacks the desired variability. All breeding tactics still rely
heavily on this traditional strategy. Only a few salinity-tolerant cultivars have been created
using selection and introduction techniques worldwide. The rice cultivars Jaladhi-1 (a
Kalakhersail selection), Jaladhi-2 (a Baku selection), Jalaprabha (a composite selection),
Neeraja (a landrace selection), Dinesh [CN-570-652-39-2(Jaladhi-2/Pankaj)], and
Hangseswari (a pure line selection) were created through selection for tolerance to deepwater
(38).

In a cultivar development programme, the pedigree selection approach can be employed to
find superior genotypes for grain yield. Pedigree selection for grain yield/plant must assess
choices under a range of conditions, such as various planting dates (39, 40), various water
stress, etc (41). Breeders at NDUAT, Faizabad, Uttar Pradesh, employed the modified
pedigree approach (single panicle selection) (42). The use of the pedigree selection strategy
to create new lines tolerant of drought stress was quite successful (43). Recombinant
variations were used to create White ponni, CR Dhan-403, TRY-1, TRY-2, TRY3, CO-43,
CSR-30 CSR0-10, CSR-23, CSR-13, CSR-36, CSR-27, and other plants (44).

The backcross method is a type of recurrent hybridization that allows for the addition of a
gene for a superior trait to a desirable variety. Backcross breeding is the best technique to add
drought tolerance features to a high yielding cultivar (45). However, propagating drought
tolerance in high yielding genotypes is difficult because the physiological and genetic bases
of adaptation to drought conditions are not well known. A complete strategy for breeding for
drought resistance and high yield potential that benefit from repeated selection method has
been developed (46). The International Rice Research Institute (IRRI) is now using this
breeding technique to increase rice's tolerance to drought (47). In rice, a considerable number
of introgression lines with better abiotic stress tolerance have been developed using three
recurrent parents and 203 donor lines with different abiotic stress tolerance (48).
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IV. ADVANCED TECHNOLOGIES FOR CROP IMPROVEMENT AGAINST
ABIOTIC STRESS

In comparison to earlier generations, high-throughput techniques for DNA and protein
analysis have revolutionised how cells may be studied. Modern transgenic technology inserts
novel foreign genes or alters the amount of endogenous gene expression to increase stress
tolerance. In order to create transgenic crops that are resistant to abiotic stresses, the
transgenic technique is increasingly frequently used. Assorted breeding methods, including
hybridization, mutation, and marker-aided breeding, genome sequencing along with omics
approaches, could be used to improve the chickpea germplasm lines(s) against drought stress
(49). Determining the relevant genes and pathways to engineering stress-tolerant crop plants
requires an understanding of the molecular mechanisms by which plants observe stress
signals and translate them to cellular machinery to begin adaptive responses (50,51,52).

1. Marker Assist Selection

In recent years, significant efforts have been undertaken to improve the capacity of grain
crops to endure stress. However, issues including increased environmental stress, insufficient
moisture, and unpredictably changing climatic conditions made it difficult for breeders to
develop new crop kinds (53). In the present period, it is essential to apply technology to solve
these issues, such as molecular aided breeding to boost the production of cash crops. It
provides the chance to precisely choose crop plants that can endure stress (54). In comparison
to phenotypic-based breeding, molecular-assisted breeding approaches have become two
times faster for a number of traits, including yield and quality traits, resistance to biotic and
abiotic stress, and yield traits. (55). Additionally, MAS has enhanced crop plants' agronomic
characteristics (56). DNA marker maps are developed using the molecular markers.

Based on the degree of relationship between the marker and target characteristic, these
marker maps are used to identify candidate genes that impact the desired attributes. The
targeted alleles and their loci have been identified and used in the MAS with regard to abiotic
stressors such water logging, salinity, and desiccation (57,58,59). In order to create new
multi-abiotic-resistant lines, conventional, molecular-assisted, and DNA markers can be used
to newly challenged locations (60). Various crops, including Arabidopsis (61), rice (62),
maize (63) and Brassica (64), have lately benefited from genetic engineering to increase their
salt and drought resistance (64). Similarly, MAS developed waterlogged-tolerant lines in
other crop plants (65). Marker-assisted selection can increase effectiveness, however thus far,
findings have not been as anticipated when looking for markers associated with low
heritability component traits. QTL introgression for yield under stress is proving to be a more
effective method in pearl millet (66). By eliminating the effects of unwanted linked alleles,
QTL fine-mapping and map-based cloning will enable them to be used more effectively in
breeding (67). To combine specific allele combinations for the best result, MAS needs to be
fine-tuned.

2. Maker Assist Backcross Selection (MABC)

Marker-assisted backcrossing is most promising techniques for employing molecular markers
to identify and select the genes impacting resistance (MABC). With merely two or three
backcrosses, the recurrent parent genotype can be recovered using MABC, a recently
improved approach that uses a huge number of populations (400 or more plants) for the
backcross F1 generations.
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Several high yielding, high-quality, and stress-tolerant cultivars have so far been developed
by MABC in a number of developing nations in the shortest amount of time. The creation of
new varieties and lines occurs often in modern plant breeding programmes using MABC.
Rice breeding frequently uses backcrossing to transfer a specific gene from the donor parent
to the recipient plant. Backcross breeding has been used as a breeding technique in South and
Southeast Asia to improve the blast resistance of premier kinds including KDML105,
Basmati, and Manawthukha (68, 69). Advances in rice biotechnology and genomics have led
to the development of new genes for resistance to biotic and abiotic stress. MABC has
previously shown that it is capable of introducing critical genes into superior rice parents by
using both foreground and background selection. Eight MAFB lines and twelve MABC lines
with superior yield performance compared to Naveen and three to six genes/QTLs for
resistance/tolerance to biotic stressors and reproductive stage drought stress were created
(70). Five wheat lines were created from a starting population of 516 BC1F1 plants using the
marker-assisted backcross breeding (MABB) technique and three linked quantitative trait loci
(QTLs). These lines all naturally tolerate drought stress. The high-yielding wheat cultivar
HD2733, which is used as the recurrent parent and has been widely grown in India's eastern
plains during the past few years, is extremely drought-sensitive. The donor parent, "H11500,"
was created for water-stressed locations and contains QTLs that are resistant to drought (71).

3. Omics Methods

Functional genomics methodologies analyse the transcriptome of plants under abiotic
environmental stress using techniques including quantitative RT-PCR, microarray, and high-
throughput RNAseq. In various cDNA libraries, expressed sequence tags (ESTSs) that have
already been submitted can be utilised to look for the gene expression patterns of certain
tissues at a particular developmental stage. Before moving on with the design of an
experiment, abiotic stress responsive genes, in particular abiotic stress tolerance mechanisms,
might be assessed (72).

In establishing the molecular underpinnings of abiotic stress responses in plants, great
progress has been made using high throughput sequencing and functional genomics
techniques. Recently discovered and confirmed critical genes involved in abiotic stress
tolerance can be split into two groups: functional genes and regulatory genes. By expressing
crucial metabolic proteins (functional proteins) and enzymes as detoxifying enzyme, water
channel, ion transporter, heat shock protein (HSP), and late LEA protein, the former actively
works to protect cells from stressors. By encoding a range of regulatory proteins including
TFs, protein kinases and protein phosphatases the latter controls gene expression and signal
transmission in the stress responses.

Numerous genes in Arabidopsis have been shown to respond to abiotic stressors as a result of
expression investigations (73, 74). Such research produces a significant number of candidate
genes and the associated biological processes. There are 53 genes that are activated by cold
stress, 277 by drought stress, and 194 by salt stress, for instance. The disentanglement of root
QTL component genes could be accelerated using expression analysis. When there was a
severe drought, the upland variety Azucena's root tissues displayed differential expression of
66 transcripts (75).

Recently, the metabolic processes of salt adaptation were discussed by Hasegawa and Wang

(76, 77). However, only a few studies have convincingly identified transcripts linked to salt
tolerance (78). When high NaCl concentrations are given in a single dosage without Ca2+ to
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lessen shock, it is unlikely that genes governing Na+ or K+ transport would be found. Often,
investigations are not designed to identify the genes that confer tolerance in normal
situations. Due to this disregard for the principles underlying tolerance, many studies have
concentrated on tolerance to osmotic stress rather than salinity.

4. Transgenic Approaches

Crops can be made resistant to abiotic stress by using a transgenic approach to increasing
endogenous defence mechanisms, which typically involves the production of antioxidants,
compatible osmolytes, and polyamines, altering transporters and regulatory proteins,
maintaining hormone homeostasis, and counting transcription factors and alternative splicing
events. When specific genes are over expressed, various proteins and metabolites are
produced that occasionally interfere with normal metabolism and reduce yield.

The foundation of current engineering approaches is the transfer of genes that are either
involved in signalling and regulatory pathways, encode enzymes found in pathways that
result in the synthesis of structural and functional protectants like antioxidants and osmolytes,
or encode proteins associated with stress tolerance (77). to create plants that can withstand
abiotic stress. ABA and other phytohormones are the main targets of genetic alteration.

A significant component of this work in Arabidopsis has utilised the dehydration-responsive
element-binding (DREB) transcription factors of the ABA-dependent pathway IV, which
were first associated with enhanced cold tolerance (79). These have been combined with
constitutive promoters and are regulated by the rd29A promoter of Arabidopsis, which
responds to dehydration. Crop plants with DREB genes and promoters in common include
rice (80), maize (81), and soybean (82). The stress inducible promoter rd29A in conjunction
with DREB1 may increase drought tolerance in tobacco (83) and wheat (84). Arabidopsis
DREB1A, which has a more branching root phenotype and produced more ears under
drought stress than control lines under greenhouse conditions, is being used in tests on
transgenic wheat in Mexico under the control of rd29A. It was observed that the transgenic
slows germination, but it is unknown whether the gene expression can be "switched-off"
when the plants return to non-stress settings.

In transgenic studies addressing drought and salt, genes encoding aquaporins (water channel
proteins) and late embryogenesis abundant proteins (LEA; proteins with multiple possible
roles) have been examined. To find out whether these genes will be advantageous to breeders,
however, requires conducting a great deal more research. A maize LEA that was over
expressed in Arabidopsis has improved salinity tolerance, and a barley LEA expressed in two
rice types may promote growth under either salt or drought stress (85, 86, 87).

Increasing salt tolerance through gene expression has been the subject of numerous articles
(88, 89). However, there has not yet been a change in performance in salty field conditions,
and studies reporting on increased salt tolerance are generally restricted to glasshouse trials
(for example, better salinity tolerance in cotton) (90). The application of these genes to create
cultivars for farmers has been very gradual, despite the fact that they are identified as
candidate genes for tolerance traits and that more than 700 patents stating salt tolerance have
been granted (78).
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5. Tilling (Targeting induced local lesions in genome)

The best tools for finding candidate genes for desirable qualities, such stress tolerance, are
genome-wide expression patterns. Inactivation or over-expression of these potential genes is
used in some functional investigations for further characterisation and applicability.
TILLING, one of them, permits high-throughput investigation of many mutations (91).
TILLING has been observed in numerous crop species, including hexaploid wheat, and is
relevant to practically all genes in all species where mutations may arise (92). There have
been reports of TILLING mutants in sorghum (93), maize (94), barley (95), soybean (96),
rice (97) and other crops. It has been established that several TILLING mutants can be used
to explain stress responses, despite the fact that TILLING populations are regularly screened
for phenotypic or genotypic abnormalities.

6. Genome Editing

The success rate of achieving a desired genotype is fairly high because genome editing
modifies DNA at exact sites by using sequence-specific nucleases that create double-stranded
breaks in the target genomic loci chosen for editing. The primary genome editing tools
(CRISPR) are zinc finger (ZF) nucleases, transcription activator-like effector nucleases
(TALENS), and clustered regularly interspaced short palindromic repeats (98). C-repeat
binding factors (CBFs) regulate how well plants can withstand extremely low temperatures.
Since the CBF1-3 loci are all on the same chromosome, it is extremely difficult to develop
triple mutant CBF1,2,3 lines through traditional genetic crossing. Therefore, using the
genome editing technique CRISPR/Cas9, it was possible to create single, double, and triple
mutants of the CBF genes. Among these several mutants, the cbfs triple mutants are the ones
that are most vulnerable to freezing stress after cold-acclimation treatment. The triple
mutants' RNA-seq research revealed that approximately 10-20% of COR genes' expression is
CBF dependent (99, 100). The hypothesis that CBFs are crucial regulators that carry out
redundant tasks in plants' cold adaptation is supported by these researches. Genome editing
has improved the ability of several crops to withstand drought. The H+-ATPase, which is
expressed by the OST2 gene, produces proton gradients in plant cells. It has been shown that
precise CRISPR/Cas9 gene modification of this gene confers drought stress resistance.
Stomatal closure is altered by this alteration in circumstances where there is a lack of water.
In the loss-of-function SAPK2 mutant rice plants created using CRISPR/Cas, the expression
of the OsSLAC7, OsRab21, OsLEA3, OsOREB1, OsSLAC1, OsbZIP23 and OsRabl6b
genes was altered, enhancing their tolerance to drought stress (101). ARGOS8 is another
gene that has been modified through genome editing and is vulnerable to drought stress.
When its expression is elevated, plants are known to be more resilient to drought stress
because it is a negative regulator of the ethylene signaling pathway (102, 103). Similar to
this, plants have successfully used CRISPR-based microRNA editing to modify miR169a and
MIR827a for Arabidopsis thaliana drought stress tolerance (104). The Arabidopsis AREB1
gene was modified by Roca Paixao, et al. (105) using CRISPR-mediated genetic editing to
increase drought stress tolerance. ARGOS8, AGO18A and AGO18B, MS8, DMC1, ZB7,
DREB and ERF3, LOX and UBIL1, MS1, and MS1 are other examples of CRISPR-edited
genes for modulating drought stress tolerance in various plant species (106-113).
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Conclusion

Agricultural crops losses are mostly caused by abiotic stresses, which account for more than
half of all harvest losses. Numerous studies have demonstrated the negative effects of salt and
drought on plant growth, development, physiology, and yield. In order to meet the world's
food demands while using less water, it is crucial to develop crop varieties, lines, and hybrids
that are stronger against drought, salinity, heat, high temperatures, and nutrient scarcity.
When traditional breeding techniques and marker-assisted selection are coupled, it is quicker
and more efficient to instill drought resistance through the genotypic data in agricultural
plants to boost and sustain productivity in drought-prone locations. In order to be successful,
future plant breeders will need a number of abilities in a range of areas, such as plant
breeding, genomics, genetic diversity, statistics, genetics, experimental design, and
germplasm management.
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