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Targeted nucleases are resilient genomic tools that accurately modify the intended genome of
living cells, regulating functioning genes with great precision. Gene editing techniques (GETs),
especially CRISPR-cas9, are utilized for genetic manipulation with greater efficacy, versatility,
cost-efficiency, and capacity for high-throughput applicationsin the fields of medicine, biology,
agriculture, and biotechnology. It has been successfully used for the treatment of genetic
diseases in humans and oilseed crop improvements such as disease resistance, reducing seed
shattering, herbicide resistance, and improving oil quality and quantity. The purpose of this
review is to summarize the potential application of GETs to bring improvements to oilseed
crops. Inthe current study, three different methodologies to incorporate desire traitsin oilseed
crops are discussed, mainly for the needs of farmers and consumer demands. The
methodologies included conventional plant breeding (CPB), mutagenesis plant breeding (MPB),
and the advanced gene editing tool CRISPR-cas9. Ongoinginventionsin the agriculture fieldand
in the last decade (ten years) are focused. Results: Mechanistic representation in detail was
given for editing plant genomes using various strategies such as PEG-mediated, biolistic, and
agro-bacterium-mediated plant transformation. The modification of agricultural crops was
required to increase the nation's economic condition. In the future, to overcome food security
issues, researchers from multidisciplinary fields can plan their work in oilseed crops or relevant
disciplinesforthe betterment of humanity.

INTRODUCTION

A precise, robust and efficient genome editing technique
(GET), CRISPR-cas-9 has revolutionized molecular biology
and genetics [1]. CRISPR functions as a part of adaptive
immune system in prokaryotes against invading
viruses/phages or plasmid [2]. During encounters, small
fragments of invaders DNA (spacer sequences) become
part of bacterial own's genome known as a CRISPR locus.
The bacteria then transcribe the Crispr locus along with
newly spacer sequences into mRNA (tracrRNA). Multiple
spacers and repeats are interspersed within the CRISPR

array toproduce asingle precursor RNA molecule known as
pre-crRNA.RNA polymeraseistypically responsible for this
transcription. Pre-crRNA is processed by RNAase Il by
binding at spacer sequences, which cleaves it into gRNA.
The sgRNA is generally composed of a 20-bp sequence
unique to the target DNA, followed by a brief "NGG" or "NAG"
sequence known as the "PAM," which is required for Cas9
proteininteraction[3]. Cas9associates with the guide RNA
molecule, typically a synthetic single-quide RNA (sgRNA)
that merges the roles of both crRNA and tracrRNA, to

o
Diet Factor VOL. 6 Issue 1Jan-Mar 2025 Copyright ® 2025. Diet Factor, Published by Crosslinks International Publishers LLC, USA
P This work s licensed under a Creative Commons Attribution 4.0 ional License. 02




create the Cas9 complex (Figure 1). Most notably, CRISPR-
associated proteins like Cas9 and Cas12a nucleases have
been responsible for the fast expansion of genome editing
[4]. Addressing more obscure CRISPR-Cas systems in
bacteria and archaea is critical because they have the
potential to significantly expand the scope of plant gene
editingtools[5]. Implementing genetic modifications such
as substitutions, insertions, and deletions which improve
agronomic features can speed up crop enhancement and
breeding efforts[6]. The phylogenetic tree for CRISPR-Cas
was categorized into two major classes(1& 2)along with six
types andinto 16 subtypes. Cas9 and Cas12a/Cpflare most
common well-known nucleases used for plant genome
medication belongs to class 2 with type Il and IV,
respectively [7, 8]. Additionally, the CRISPRa (CRISPR
activation) and CRISPRIi (CRISPR interference) techniques
rely on Cas9 with inactivated cutting capabilities (dCas9)
coupled with various effector domains to regulate the
transcription of target genes. At specific target sites, the
CRISPR/Cas9systeminduces double-stranded DNA breaks
(DSBs). After the DSB is repaired, genetic changes may
ensue due to the repair machinery of the cell. Cell-specific
DNA repair mechanisms, including the frequently error-
prone non-homologous end joining (NHEJ) and the less
commonly occurring homology-directed repair (HDR), play
a crucial role in fixing double-stranded breaks (DSBs)
during genome editing [9]. NHEJ is typically utilized to
modify genetic sequences, while HDR can introduce or
modify information at a specific genomic locus using
carefully designed repair templates[10]. Brassica napus L.
(2n = 38) has evolved from ancient interspecific
hybridizationtechniqueswith two diploid species, Brassica
rapa (2n = 20) and Brassica oleracea (2n = 18) [11]. The
existence of multiple gene copies with high sequence
homology in canola(Brassica napus)complicates the gene
function research. If one wants to create a consistent
phenotype, it is critical to knock off all homologous genes
[12]. Recently, the versatile CRISPR/Cas system has gained
prominence for efficiently introducing mutations at
multiple gene sites in multi-copy gene knockout studies
[6]. Additionally, it was found in literature that genome
editing has been successfully used for over 40 species of
crops in 25 countries, having the ultimate objective of
improving agronomy, food and nutritional quality, and
resistance to abiotic stress [13]. Despite its enormous
assurance, still sixgenome-edited crops traits have gotten
commercial clearance.
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Despite significant advancements in genome editing
technologies, the application of CRISPR/Cas9 and related
gene editing tools in oilseed crops remains comparatively
underexplored and fragmented. Most available literature
focuses either on model plants or major cereal crops, with
limited integrative reviews addressing oilseed-specific
traitimprovement, transformation strategies, and delivery
platforms. Furthermore, challenges such as polyploidy in
Brassica napus, off-target effects, and regulatory
concerns continue to hinder large-scale commercial
adoption. Therefore, acomprehensive synthesis of current
methodologies and their practical implications for oilseed
crop improvement is required to bridge this knowledge
gap.

Application of CRISPR/cas9in Genome Editing

Over time, the research of gene function has commonly
used approaches such as overexpression, silencing, and
DNAinsertion, all of which necessitate the incorporation of
foreign DNA segments into the host genome [14]. Yet,
problems occur during plant genetic transformation,
especially the danger of unintentional insertions, which
lead to regulatory restrictions on transgenic crops as
genetically modified organisms. These legislative
constraints and potential unforeseen genomic changes
impede the progress and utilization of such crops [15].
Researchers are increasingly enthusiastic about genome
editing techniques (GETs) owing to their remarkable
attributes, including precision, versatility, cost-efficiency,
and capacity for high-throughput applications. These GETs
have becomeinvaluable for the functional characterization
of specific genes in a diverse range of organisms, such as
bacteria, plants, animals, and even humans [16-18]. The
limitations of GETs extend beyond plant genome
modification, as they have proven successful in modifying
gene traits in a variety of organisms, including fruit flies,
mice, rats, and even in the treatment of human diseases
(Figure 2). The error prone changes in hematopoietic stem

Copyright © 2025. Diet Factor, Published by Crosslinks International Publishers LLC, USA
EXH This workis licensed under a Creative Commons Attribution 4.0 International License.



cellsresponsible forthe cause of hematologic diseases[ 19,
20]. Successful case studies utilizing CRISPR are reviewed
individually [21, 22]. The application of CRISPR/cas9 for
genome editing in diverse range of fields as depicted in
Figure 2. Contribution of cas9 in biomedical field; A
landmark study used CRISPR/Cas9 to repair cataractsin a
rat model caused by base deletions. They co-injected
mRNA expressing Cas9 and asgRNA into the fertilized eggs
of mice prone to cataracts in this work. The experimental
trial was performed on twenty mouse progenies, in which
tenmice(45.4%)contained mutant allele. Despite these six
mice (27.3%) displayed NHEJ-mediated insertions and
deletions(indel)and four(18.1%)underwent HDR-mediated
repairs. Surprisingly, all four mice with cataracts fixed by
HDR induction were entirely healed, as were two of the
NHEJ-induced animals. These studies proved
CRISPR/Cas9's ability to change the genome for the
therapy of hereditary disorders [23, 24]. Another praising
contribution to this cas9 tool in field of medicine. Human
beings suffer from genetic disease can be cured with
CRISPR-cas9 application. It was revealed that (GETs) is a
potential contender in treatment of numerous genetic,
bacterial and viral diseases. CRISPR-Cas9 offers a very
promising method for treating hematological disorders by
targeting the HBB gene. Hematopoietic stem and
progenitor cells (HSPCs) and induced pluripotent stem
cells (iPSCs) derived from patients have shown success
with this technique. HBB gene alterations were corrected
inthese trials, resultinginlower hemoglobinlevels and less
sickle cell disease. The clinical application of CRISPR-Cas9
in hematological disorders shows its therapeutic promise
[19]. Finally, use of CRISPR-cas9 system was addressed for
integrating plant genome especially focused on oilseed
crops: Toaddress concernsregarding erucic acid in canola
oil and its potential health effects; Shi et al., conducted
research aimed at reducing erucic acid levels in Canola
plants [25]. Using the B. napus cultivar "CY2" as the
transgenic recipient, they modified fatty acid
compositions by introducing a BnFAE1 fragment driven by
napin A promoters and co-culturing hypocotyls with
Agrobacterium tumefaciens EHA105. Through seed-
specific knockdown of BnFAET in CY2, the researchers
effectively changed the fatty acid composition, notably
reducing erucic acid to less than 3% in the resulting
transgenic canola lines. This intervention involved RNAI
constructs that successfully interfered with BnFAETmRNA
levelsin FThybrid seeds.
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Figure 2: Pictorial Representation of CRISPR/Cas9 Applications
inField of Medicine, Biology and Biotechnology

Biochemistry and De novo Synthesis of Fatty acids (FAs)
It has been described that genes are responsible for
controlling oil/seed trait in Brassica napus. They developed
transgenic depressed lines in which BnFAD2 and BnFAET1
were targeted through using napin A promoter and
succeeded. The de-expression of both FAD2 and FAET1
resulting in increment of oleic acid unsaturated fatty acid
(OAUFA) and protein profiling in seeds. They also
determined that increase in OAUFA is inversely
proportional to erucic acid (EA) content. EA content lower
in seed of Brassica napus when OA content was increased,
it improved overall oil nutritional profile. Furthermore, the
poly-unsaturation in oleic acid (18:1) to linoleic (C18:2),
linolenic (C18:3) enhanced its stability. Meanwhile, the
protein content is a major contributor to the meal energy
value for feed. The formation of complex molecules such as
FAs from precursor units i.e. (sugars and amino acids)
referred to as de novo synthesis. The oil is categorized into
two main types (1) consumable and (2) non-consumable. In
mentioned categories the oil that obtained from Brassica
napus is not directly consumable before it undergoes
through several analysis and process. The seed oil is
predominately composed of TAGs, which are essential for
human nutrition. To check the detailed study about FAs
synthesis, it occurred in two different organelles such as
plasmidandcytoplasm. Acetyl-CoAisthe precursorunit for
UFA synthesis which undergoes through series of
reactionsresulting in various intermediate compounds. All
the reactions are carried by specific enzyme[26]. The FAs
synthesis is driven by Acetyl-CoA carboxylase enzyme, in
which acetyl-CoA is converted to first intermediate
compound malonyl-CoA. The malonyl-CoA is then
converted into other unstable intermediate compound
known is stearic acid in presence of ACP. The ACP is
responsible for the addition of two carbon groups into
newly synthesized compound. Furthermore, the synthesis
of FA proceeded and resulted in the formation of oleic acid.
The FAB2 enzymes drive the reaction which occurred in
plastid of plant cell. Despite this, the chain elongation
formation in endoplasmic reticulum or cytosol of plant cell
depicted in figure 3. The oleic acid is then converted into
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either eicosenoic acid synthesisin the present of fatty acid
elongase (FAET) or linoleic acid with the help of fatty acid
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Figure 3: Mechanism for Fatty Acid Synthesisin Brassica napus L.
The Synthesis Process from Acetyl-CoA to Oleic Acid Occurs in
Plastidand Elongation Occursin Endoplasmic Reticulum
Traditional Breeding Techniques(TBT)

The inherent genetic variety found in crop cultivars,
landraces, and their wild relatives offers the genetic
diversity that's needed for plant breeding and agricultural
development. Molecular research elucidated that genes
play a critical role in casting plant attributes including
shoot branching, tiller count, flowering period, grain
production, grain size, nutrient utilization efficiency, and
tolerance to both environmental and biological challenges
[27, 28]. In the face of environmental concerns, shrinking
farmlands, and depleting groundwater resources, plant
breeding innovations are crucial to boost crop yields and
establish resilient agriculture to meet the consumer
demands. In modern-day farming, key crop-enhancing
methods such as conventional plant breeding (CPB) or
hybridization, mutation breeding (MPB), and transgenic
techniques are indispensable [29]. In this review, three
different strategies are discussed such as 1) Conventional
plant breeding (CPB), 2) Mutagenesis plant breeding (MPB)
and 3) Transgenic using CRISPR-cas9 system. Traditionally,
CPB has been used in agriculture to develop new plant
varieties by selecting and crossing parent plants that
exhibit desired traits[30]. Using this technique, plants with
certain qualities, such as disease resistance, higheryields,
and better yield quality are intentionally pollinated
together. It is frequently most laborious and time-
consuming method. This repeated selecting and
backcrosses cycle triesto produce new plant varieties with
an assortment of beneficial traits that meet the demands
of consumers, farmers, and changing environmental
circumstances [31, 32]. It is concluded that CBP takes
around a ten-year period to introduce favorable alleles
while optimizing polymorphism effectiveness through
genetic recombination. Interestingly, unlike genetic
modification procedures, CBP depends on natural genetic
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diversity and does not entail the incorporation of foreign
genes into the plant's DNA. Secondly, mutagenesis plant
breeding is a technique used in agriculture to induce
genetic variations in plants by exposing them to physical
mutagenic agents such as radiation or chemicals.
Recently, research induced mutation using various doses
of irradiation ranges from (25 to 300 Gy) heavy ion beam
(HIB). There is limited research on the mutation features
caused by various HIB dosages employing low-generation
(M1 - M2) mutants without phenotypic bias [33]. They
proceeded with their experiment up to 6th generation and
concluded that M3 and M6 have highest number of
phenotypic mutants [34, 35]. Based on research,
mutagenesis plant breeding takes years to produce mutant
plants with desirable traits. It would be noted that during
mutagenesis, personal care must be kept to preference
and protective kits should be used to protect oneself from
HIB. Finally, the CRISPR-cas9 system, a novel tool of gene
editing utilization for cropimprovement, got fame due toits
success rate, less off-targeting effect and high precision
rate. Interestingly, gene editing tools might help to
accelerate the process [36]. Braatz et al., revealed that
CRISPR/Cas9 was initially used to improve shattering and
disease resistance in canola by targeting a particular gene
(BnALC)[37]. Extensive research (2017 to current day) has
proved the maturity of technology, promoting substantial
improvementsin Brassicanapus breedingwhile offeringan
understanding of gene function, molecular processes, and
prospective routesforseed oilenhancement[38,39].
CRISPR/cas9Delivery Platform

Current plant genome editing techniques (GETs), based on
established plant transformation methods are presently
limited to a few species. It may sound easier to transport
CRISPR-cas9 systems into rigid cell structures, but it is
quite challenging [40]. Plants face challenges with DNA
template delivery, limiting nuclease-initiated homology-
directed repair (HDR). Further, the researchers faced
difficulties in identifying and successfully retrieving
targeted plants. To overcome this, they utilize CBEs and
ABESs, enabling specific transitions but not transversions,
insertions, or deletions. Moreover, transgene-free altered
plants must be produced for commercial reasons, which
necessitates reagents and methods of delivery that are
DNA-free. Plant cells can be transformed using PEG,
Agrobacterium, bombardment, or biolistic methods [4],
421. The mechanistic approaches for delivery of CRISPER-
cas9 system or reagents into plants are given below in
detailed(Figureb).
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Figure 4: Breeding Techniquesfor Oilseed Crop Improvement
PEG Mediated Delivery of CRISPR Reagents

Plant, fungal, bacterial, or archaeon protoplasts are cells
that consist of their cell walls which are destroyed by
plasmolysis, retaining just protoplasm and plasma
membrane [43]. The isolation of protoplasts increases
their susceptibility to gene delivery methods. The DNA,
RNA, RNPs incorporate into host targeted sites or cell wall
free protoplast transports with help of nanocarriers [44].
The main issues with PEG-mediated transformation are
that it may cause toxicity or cytotoxicity. To tackle this
issue, various transformation methods like
electroporation, lipofection, and biolistics have been
proposed [45]. Protoplast transformation for genome
editing is constrained by explant type, protoplast quality,
and the fragility of protoplasts, necessitating careful
handling. A key challenge in PEG-mediated transformation
is setting up optimal conditions for explants, culture types,
and light exposure. It was difficult for researchers to
reduce oxidative stress during isolation and culture. The
incorporation of CRISPR elements into plant cells, notably
oilseed crops, is a hot field of study with the goal of
improving agricultural attributes like production, disease
resistance, and nutritional value. Designing markers
associated with regeneration and proto-clonal variation
could be based on factors like chromocenter (re)assembly,
ROS activity, DNA methylation, histone methylation,
phytohormone ratios, or gene expression. This approach
has the potential to create custom and genotype-specific

Advancements in Gene Editing Techniques
DOI: https://doi.org/10.54393/df.v6i1.120

regeneration protocols, ensuring the broad applicability of
protoplast-basedtechniques.

Biolistic Transformation

Biolistics orparticle bombardmentisaprevalenttechnique
used to transform plants that are resistant to
Agrobacterium infection. This technique involves
propelling gold or tungsten particles (0.6 pm and 1.0 pm)
coated with DNA at high speeds into plant tissue, allowing
the DNA to enter plant cells [46]. Reagents are typically
applied to microcarriers in an aqueous solution and
subsequently precipitated using chemicals such as
spermidine/CaCl2/PEG, glycogen, or a cationic lipid
reagent. It is extensively used for delivering plasmid DNA,
ssDNA, RNA and (ribonucleoprotein) RNPs into
chloroplastsand mitochondria. Onceinside, the DNA, RNPs
separates from the particles, leading to transient
expression or stable integration into the host genome. In
one work, Luo et al., administered TALEN proteins,
ALS2TIL and ALS2TIR, to a region 306 bp downstream of
the NbALS2 genesin N. benthamiana protoplasts resulting
in a 1.4% mutation frequency. Unlike Agrobacterium,
biolistics physical DNA delivery bypasses host-range
limitations. The main disadvantages of delivery include
uncontrolled integration at many genomic loci when
delivered as DNA, laboriousness, and embryo rejuvenation.
A significant issue with this tool was found to be the
inability to control bombardment sites when targeting
organelles like the cytoplasm, nucleus, mitochondria, and
plastids [46]. A dual-barreled gene cannon has been
created alongside cell counting software to standardize
bombardment tests. By adding an internal standard,
therefore reducing the usual deviation between
bombardments. These improvements attempt to increase
the consistency and accuracy of gene delivery systems
[47]. 1t has effectively been delivered to various crop plants
such as canola, corn, cotton, soybean, and wheat. This
method offers a versatile approach for successful genome
editing across multiple plant species [48]. Standardized
growth mediums, tissue culturing, vector designing,
Selectable markers, gene of interest, Agrobacterium
medium plant transformation, mutants' generation all
steps carefully needed for a successful outcome. It is
summarized that, no doubt these gene editing tools may
savetimebutalsoleadto productive outcomesalso.

Table 1: Biolistic Method for CRISPR/Cas9 System Delivery in
Oilseed Crop

Indels, R |
Pat ALST |Rep(HDR) 335{7“-'
& Editing
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max RTW831
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Agrobacterium-Mediated Plant Transformation

Genetic transformation techniques have advanced crop
improvement by integrating new genes, fulfilling the
demand for high-yield, quality crops with features such as
enhanced oil production, herbicide tolerance, and disease
resistance. Agrobacterium transformation remains key for
delivering gene-editing tools like CRISPR/Cas variants,
base editing, and prime editing into plants. This
transformation technique may process through various
steps. Initially, research initiated with identification of the
specific genes within the plant genome that are to be
modified using CRISPR/Cas9. This step proceeded after as
development of the CRISPR/Cas8 constructs that carry the
guide RNA (gRNA) targeting the chosen gene(s) and the
Cas9 nuclease. Furthermore, incorporation of the
designed CRISPR/Cas9 constructs into Agrobacterium
tumefaciens, a common method to transfer genetic
material to plant cells is mandatory. The tricky step is
following by incubation of the Agrobacterium tumefaciens
containing the CRISPR/Cas9 constructs with plant cells to
facilitate the transfer of the genetic material. Selection of
plant cells that have incorporated the CRISPR/Cas9
constructs and initiating the regeneration process to grow
these transformed cellsinto whole plants[49].

(A) PEG-Mediated Delivery of CRISPR-CASY or Vector
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(c) Agrobacterium-Mediated Transformation

Figure 5: The mechanism for CRISPR/cas9 system delivery
platforms using PEG-mediated, Biolistic and Agrobacterium
mediated transformation. A) In PEG mediated CRISPR-cas9
delivery onto gold coated nanospheres was carried with gene gun
and transferred into protoplast via PEG. In process proceeded to
delivered this in newly explant formation and then placed these
explants in newly prepared regeneration medium for shooting.
Then the PCR was done to multiply the desired sequences and
sequencing will be performed. The data analysis regarding this
will be visualized on screen for confirmation. B) In biolistic
mechanism, the gene of interest along with cas9 is carried out in
vitro and then incorporate into protoplast. The foliar targeting
with nanoparticles mediated delivery of cas8 should be carried
out using gene gun directly. C) The step wise Agrobacterium
mediated plant transformation is described well in schematic
representation.

Modification in Oilseed Crop by Base Editing and Prime
Editing Utilization

"Base editing" offers a precise method for changing
nucleotides without disrupting genes or needing donor
templates. Base editors offer a platform to change one
base to another facilitated by the cytosine or adenosine
deaminase domain. The cytidine deaminase enzyme
transforms cytosine into uracil by removing an amino
group, creating a U-G mismatch. DNA repair pathways then
resolve this mismatch by forming U-A base pairs(Figure 6).
Followingthis, a Tisadded tothe new strand, leadingto T-A
base pairs, causing programmed C-G to T-A conversion. In
2016, Harvard University researchers, led by David Liu,
developed BE1—a base editor combining a rat APOBECI
cytidine deaminase enzyme with a dCas8 using a 16 amino
acid XTEN linker [60]. This method allows for single-base
modifications, potentially leading to beneficial trait
variations in agricultural plants, thereby aiding in crop
development. By rectifying single-base modifications or
single nucleotide polymorphisms (SNPs) without
disrupting the gene, the base-editing technique minimizes
indels [51]. It has been revealed that Canola has employed
base editing strategies like CBE and ABE. Herbicide-
resistant canola has been produced using CRISPR/Cas9-
mediated CBE, which successfully introduces C to T
conversion in canola sgRNA targets, simplifying weed
control for canola production [52]. This efficient method
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shows promise in establishing new characteristics in
crucial agricultural crops, greatly contributing to food
security. The primary editor has found extensive use in
cereal and vegetable crop breeding research, yet its
applicationin oilseed crops has beenlimited[53]. This limit
is set because our study primarily aimed to gather optimal
information on utilizing the CRISPR-Cas9 system for
oilseed cropadvancement.

Base Editing vs Prime Editing
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Figure 6: Pictorial Representation of Genome Editing through
Base Editing and Prime Editing Utilization for Oilseed Crop
Modification

Ethical ConcernsinGETS (CRISPR/cas9)

The ability of gene editing technologies like CRISPR-Cas9
tomodify the genetic makeup of living organisms, including
humans, animals, and plants, has raised several ethical
issues. There are many ethically concerns related to this
CRISPR/cas9 system described as; Firstly, Off Target
Effects: These off-target effects might have unanticipated
health ramifications in people receiving CRISPR-based
medicines. The major concernsrelated tohumans mightbe
later it poses a risk of genetic mosaicism [54-56].
Secondly, Germline Editing: It is extremely ethically
problematic to edit the germline, the genetic material that
ispassedontofuture generations.Itraisesconcernsabout
"designer babies" and genetic enhancement if one alters a
person's germline. The third is Environmental Impact:
Changing in the genetic makeup of plants results in
bioethical issues such as disruption of ecological balance
[57]. Fourth is related to Access and Equity: A study
proposed issues regarding fair accessibility to genome
editing technology. Will geneticimprovements be available
primarily to the vibrant, resulting in inequities and societal
divisions? Moreover, number five is linked to Dual Use
Concerns: Thereisarisk that the same technology used for
beneficial purposes could be misused for nefarious
purposes, such as creating bioengineered bioweapons.
Finally, Genetic Diversity: Genome editing can reduce
geneticdiversityif used onalarge scale, potentially making
populations more vulnerable to certain diseases and
reducingadaptability[58].
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Limitations and Future Perspective of CRISPR/cas9
Techniques

Thisreview is limited by its reliance on currently published
literature, with relatively few reports on commercially
released genome-edited oilseed varietiesand limited long-
term field evaluation data. Technical challenges such as
delivery efficiency, off-target effects, requlatory
constraints, and public acceptance continue to restrict
large-scale application. Although CRISPR/Cas systems
offer advantages including multiplex editing, high-
throughput modification, and epigenome engineering,
efficient editing of plastid and mitochondrial genomes
remains a significant limitation. Future research should
focus on developing stress-resistant soybean varieties,
improving hybrid canola with reduced erucic acid and
glucosinolate content, and engineering drought-tolerant
cotton through precise genome modification.
Advancements in transgene-free editing, organelle
genome targeting, and expanded trait improvement
strategies will further strengthen the role of genome
editing in sustainable crop development and biomedical
research.

CONCLUSIONS

New technologies often replace traditional ones due to
their higher success rates in clinical trials or ongoing
experiments aimed at addressing these concerns.
Traditional plant breeding requires several yearsto achieve
desired goals related to food security and environmental
concerns, such as developing traits like herbicide
resistance, drought resistance, salt soil tolerance, and
resistance against infectious diseases. Moreover, when
feasible, the commercialization of products or food
supplies includes the adoption of advanced techniques
within their specific domains. Recently, all of this has
become achievable through the implementation of the
CRISPR/Cas9 system. In fundamental research,
CRISPR/Cas has proven invaluable, especially in gene
targeting, knockouts, and gene expression control.
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