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ABSTRACT

Horticultural crops produce a wide range of useful goods for humans. There has been an increase in
research focus on horticulture crop enhancement, particularly in terms of production and quality. The use
of genome editing to enhance horticulture crops has seen a sharp rise in recent years due to the
advancement and benefits of genome-editing technology. Here, we provide a brief overview of the
various genome-editing techniques applied in horticulture research, with a particular emphasis on
CRISPR/CRISPR-associated 9 (Cas9)-mediated genome editing. We also provide an overview of recent
developments in the use of genome editing to enhance horticulture crops. Breeding and the rapidly
growing field of genome editing will significantly boost the quantity and quality of horticulture crops.

Keywords: CRISPR / Cas 9, Genome Editing Technology, Horticultural Crops.

INTRODUCTION

Horticulture is a significant area of agriculture that dates back thousands of years and has advanced
significantly throughout human history. Vegetable and fruit crops, as well as floricultural and ornamental
plants, are all regarded as horticultural crops because they are grown for food, nutritional and medical
purposes, as well as for aesthetic enjoyment M. Fruit and vegetable crops are essential for balancing our
daily diet because they are low in calories but high in vitamins and minerals. The diversity and
nutritional worth of horticulture goods are declining, despite an increase in availability. The low genetic
variety of horticultural crops brought about by domestication and breeding, as well as reproductive
barriers that prevent genetic introgression from wild relatives, can be partly blamed for these declines.
As a result, the development of genetic resources with a variety of desirable traits will be extremely
valuable for enhancing agricultural products > 3. Humans started modifying crops by introducing new
features from crossable relatives thousands of years ago. The transfer of advantageous genetic variants
was the main objective. The differences were only produced naturally or spontaneously as recently as the
1930s. Breeders subsequently found how to create mutants using radiation or chemical mutagens. Crop
productivity and quality have grown dramatically as a result of both natural and induced mutations.
However, getting acceptable materials for crop improvement has proven to be difficult and time-
consuming due to the rarity and randomness of these alterations * . DNA sequence-specific
modification has developed into a potent tool as molecular biology has advanced so quickly. In 1987,
many animal scientists developed homologous recombination-based gene-targeting technologies (HR).
After introducing a donor template into mouse embryonic stem cells, this ground-breaking approach
allowed researchers to precisely modify (though rarely) an endogenous gene © 71. Subsequently, similar
advancements were reported by plant scientists, but with a much lower editing frequency of 0.5-7.2 x 104
1891 Later, HR frequency was increased in gene targeting by using DNA double-stranded breaks (DSBs),
which frequently lead to HR in meiotic chromosomes. In addition to HR, somatic cells have another
mechanism for DSB repair known as the error-prone nonhomologous end-joining (NHEJ) pathway,
which can result in alterations due to minor deletions or insertions at break sites. Meganucleases (MNSs),
zinc finger nucleases (ZFNs), transcription activator-like effector nucleases (TALENS), clustered
regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated 9 (Cas9), and CRISPR
from Prevotella and Francisella 1 (CRISPR/Cpfl) are the types of engineered endonucleases that
researchers have used to introduce site-specific. In several biological systems, these designed
endonucleases have made genome editing possible [10 1% 12 131 Finally, the use of genome editing in
horticulture crops has rapidly expanded with the development of CRISPR/Cas9.
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Mechanism of genome edition

The contact between a transcription factor and a promoter, is an
example of sequence-specific DNA binding. The aforementioned
nucleases can target the specific sequences to create DSBs for genome
editing, guided by either RNA-to-DNA base pairing (CRISPR/Cas9
and CRISPR/Cpfl) or Protein to DNA interaction (MNs, ZFNs, and
TALENS) 4],

Homing endonuclease

Homing endonucleases, or MNs, were found in the genomes of
microbes or organelles and represent the first class of nucleases for
genome editing. These nucleases cleave both strands of DNA in a site-
specific manner by identifying DNA sequence components ranging in
size from 12 to 40 bp. The I-Crel protein is one of the MNs that has
attracted the most research attention and is successful in maize %,
Nevertheless, due to the rarity of recognized sites, I-Crel and other
MNs are unable to edit desired target sites. Researchers have created
MN variants that target the targeted DNA sequence via mutagenesis
or combinatorial assembly to expand the application of MNs.
However, the modified MNs' overlapping recognition and catalytic
domains provide challenges and frequently impair their catalytic
activity '3, These factors have hindered plant scientists from using
MNs frequently.

ZFNs and TALENSs

As implied by their names, the DNA cleavage domain of the
endonuclease Fokl is fused with zinc fingers (ZFs) or with
transcriptional activator-like effectors to produce ZFNs or TALENs
(TALEs). The Fokl endonuclease domain does not recognize any
sequences; instead, it mediates independent, non-specific DNA
cleavage upon dimerization. To produce site-specific cleavage, a pair
of ZFs or TALEs, each fused with a Fokl endonuclease domain, is
created (161 Transcription factors contain ZFs, and each finger domain
of a ZF may recognize three distinct nucleotides. When a ZFN arises
as a dimer, it typically displays an array of 3 or 4 finger domains that
can detect 18-24 bp sequences. Although numerous experiments have
been done to increase the effectiveness, and precision of ZFN, there
are still issues with the small number of recognition sites and
interference from nearby finger domains [, The DNA-binding
domains of TALEs, which are proteins secreted by the common
bacterial plant pathogen Xanthomonas, enable TALENSs to attain
sequence specificity as opposed to ZFNs 18], TALEs trigger gene
expression to aid pathogenesis by binding to a particular sequence of
plant promoters. 13-28 repeat sequences make up TALES' core
binding domain. The variable di residues at the 12t and 13" positions
allow each repeat, which encodes a 34 amino acid sequence with high
conservation, to recognize and bind to a single nucleotide [,
Targeting specific sequences is made possible by TALENS' one-to-
one pairing and the minimal context-dependence on nearby
repetitions. ZFNs often perform worse than TALENs in terms of
accessibility and precision.

CRISPR/Cas9 and CRISPR/Cpfl

The CRISPR system depends on RNA-DNA binding to establish
sequence specificity, as opposed to the ZFN and TALEN systems,
which depend on protein-DNA binding specificity. Its role in bacterial
resistance to viruses was experimentally proven during the functional
elucidation of the CRISPR/Cas system, and numerous components,
including crRNA, PAM motif, and tracrRNA, were found to be

essential for this system [, This programmable RNA-guided
CRISPR/Cas9 system may be used for genome editing in creatures
other than bacteria, which is particularly intriguing given that
reconstituted essential components of the CRISPR/Cas9 system can
generate DSBs in a site-specific manner. In the approach, RNA-DNA
pairing of a 20-nt region in the chimeric single-guide RNA (sgRNA)
with the target is used to establish site-specific binding to the target.
The target is also in contact with the other crRNA- and tracrRNA-
derived sequences, forming an RNA: DNA heteroduplex that is
identified by the contacts of numerous Cas9 domains, including PI,
REC1, RuvC, and NUC. Then, 3 nucleotides upstream of the PAM
motif, respectively, the RuvC and HNH domains cut the
noncomplementary and complementary DNA strands [2% 22 231, The
identifiable Cas9 PAM motifis 5-NGG-3' (N=A, T, C, or G), and this
Grich property forbids the creation of sgRNAs in T-rich regions 24, It
has been discovered that Cpfl, another endonuclease in the class 2
Type V CRISPR system, is effective in editing the genome of plants
and exhibits certain characteristics. First off, Cpfl may create a
mature crRNA without the aid of a second tracrRNA. Second, Cpfl
recognizes Trich PAM sequences in contrast to Cas9, which only
recognizes G-rich PAM sequences. Finally, cutting by the Cpfl
endonuclease results in cohesive ends as opposed to blunt ends
produced by cutting by the Cas9 endonuclease. Through the
manipulation of the nuclease-inactivated Cas9 enzyme, CRISPR
genome-editing systems can be utilized to achieve gene control in
addition to creating site-specific mutations (dCas9) 2> 281, Due to
variations in its underlying mechanisms, every endonuclease
employed for genome editing has a different set of characteristics.
CRISPR/Cas systems have been modified for precise base editing in
addition to producing indel mutations at target sequences. The
majority of base editors are composed of a sgRNA-guided Cas9
nickase (nCas9) linked with a deaminase that converts C to T or A to
G bases [#7 28 29, 301 These resources significantly broaden and are
available for the precise manipulation of horticultural crops.

Genome editing technology in Vegetable crop

Vegetable crops are prone to a wide range of abiotic and biotic
challenges that might complicate optimal production, which highlights
the significance of creating resistant/tolerant cultivars. The quality,
nutritional content, plant architecture, and shelf life of many
vegetables need some improvement. To accomplish these and other
objectives, the CRISPR/Cas9 technique was used to modify the
genome of numerous commercially significant crops [ 32 33 The
CRISPR/Cas9 method has been used to cause mutations in the PDS
gene in several vegetable crops, including cabbage, Chinese kale,
tomato, and watermelon, mostly as a proof of concept. However, there
is no financial gain, and this research can only provide information on
how well the genome editing method works with a particular crop.
Tomatoes are the vegetable species that have gathered the most
research using the CRISPR/Cas9 system, either due to the crop's
economic relevance or the simplicity of Agrobacterium-based genetic
modification. Given consumer desire and processing needs,
parthenocarpy in tomatoes may be a desirable characteristic 34, The
CRISPR/Cas9 system can be utilized as a breeding technique to create
parthenocarpic tomato plants %1, On the tomato variety Micro-Tom,
five different sgRNAs were initially used to introduce mutations into
SIIAA9, a crucial gene that regulates parthenocarpy. The commercial
cultivar Ailsa Craig was altered using the sgRNA2 since it had the
highest mutation efficiency. The authors also discovered bi-allelic and
homozygous mutations in Micro-Tom and Ailsa Craig TO regenerated
plants. As anticipated, fruit without seeds was produced by



The Journal of Phytopharmacology

regenerated mutants. Similar to this, plants with a homozygous or
biallelic mutation in the SIAGAMOUS-LIKE 6 (SIAGL6) gene in the
tomato produced predominantly parthenocarpic fruits and a few low-
seeded fruits after the SIAGL6 gene was altered (containing up to 10
seeds) [36],

A major goal of many plant breeding initiatives, particularly
for fleshy fruit and vegetables, has been to enhance quality features to
make products more nutrient-dense and shelf-stable. Post-harvest
losses are a constant risk to the production chain and have a negative
impact on returns and earnings. The HDR repair pathway was used to
replace the recessive ‘alc’ allele of Alcobaca (SIALC) to create
tomatoes with a long shelf life. It was then able to create an alc
homozygous mutant that was free of foreign DNA and had better
storage capabilities than wild-type controls. Lycopene improvement
and fruit quality features are two more ftraits that were effectively
changed to enhance the tomato 31, GABA (gamma-aminobutyric
acid) is regarded as a functional substance that promotes health and
has drawn a lot of attention in traditional tomato breeding studies. The
GABA content of plants with tomato genome editing increased 19-
fold as a result of editing numerous GABA pathway genes. To
produce outstanding potatoes, it is essential to reduce the quantity of
steroidal glycoalkaloids (SGAs), such as solanine and chaconine, in
tubers. These compounds may have an unfavorable impact on human
health when present in high concentrations. As a result, the potato
steroid 16-hydroxylase (St16DOX) involved in SGA production was
targeted using the CRISPR/Cas9 system [38l The tomato fruit's
ripening process was sped up by editing the genes for APETALA2a
(AP2a), NON-RIPENING (NOR), and FRUITFUL (FUL1/TDR4 and
FUL2/MBP7). Edited plants naturally ripened their fruit earlier, and
this study revealed new information on how FUL1 and FUL2 function
during fruit ripening. In SELF PRUNING 5G-edited CRISPR/Cas9
tomato plants, several intriguing traits including day-neutral,
improved compact determinate growth, rapid flower output, and early
yield were also noted (39,

Vegetable output is severely hampered by weed infestation,
so controlling it using selective herbicides is a crucial management
strategy. A single point mutation was created in the acetolactate
synthase (ALS) gene, a crucial enzyme for the manufacture of the
branched-chain amino acids valine, leucine, and isoleucine, to
produce herbicide-resistant watermelon plants. The acetolactate
synthase (ALS) gene was also altered to produce herbicide resistance
in tomatoes and potatoes. It was done using cytidine base editing
(CBE) methods, which change the base from C to T. As a result,
tomato plants with accurate base editing effectiveness of up to 71%
were produced that were resistant to chlorsulfuron. More significantly,
in the first generation of tomatoes and potatoes, respectively, 12.9%
and 10% of transgene-free altered plants were created 0. The
improvement of drought tolerance is one of the additional features that
were changed. The master regulator SINPR1, which is important in
plant's defense responses to pathogens, underwent modification. In
comparison to wild-type (WT) plants, sinprl mutants showed poorer
drought tolerance with larger stomatal aperture, higher electrolytic
leakage, malondialdehyde (MDA), and hydrogen peroxide (H202)
levels, and lower antioxidant enzyme activity levels [, Vegetable
disease resistance by genome editing is another new area of research
that is starting to get attention now that the CRISPR/Cas technology
has become routine for modifying the genomes of many different
plant species. Two sgRNAs were used to create precise mutations (48-
bp deletion in a homozygous configuration) in the MLO1 locus, the
main factor influencing susceptibility to the fungus pathogen Oidium

neolycopersici, resulting in a tomato plant resistant to powdery
mildew disease [*2. By altering the tomato SIDMR6-1 (downy mildew
resistance 6 gene) ortholog, broad-spectrum bacterial disease resistant
tomato plants were also produced [“31. Additionally, cucumber plants
resistant to viruses could be produced via sabotage of the recessive
elFAE gene (eukaryotic translation initiation factor 4E) 4, It is
envisaged that numerous other successful experiments on heritable
disease resistance utilizing the CRISPR/Cas system will be conducted
in a larger variety of vegetable crops as more and more targets are
discovered.

Genome editing technology in Fruit crops

In 2013, the CRISPR/Cas9 method for genome editing in plants was
first disclosed. The CRISPR/Cas9 system has been successfully
employed for genome editing in several fruit crops, including apple,
banana, cacao, citrus, grape, kiwifruit, and pear, in addition to the
groundbreaking work in the model plants Arabidopsis and Nicotiana.
To enhance the CRISPR/Cas9 technology's application inside a fruit
cultivar, various strategies have been examined. The phytoene
desaturase (PDS) gene, which encodes an enzyme in the carotenoid
biosynthesis pathway, was the focus of the majority of these
investigations. This gene's disruption affects the generation of
carotenoid and chlorophyll, leading to an albino phenotype, and it is a
simple target for alteration to demonstrate the effectiveness of the
genome editing system [“31. For instance, full albino and variegated
phenotypes among regenerated plantlets and a mutation efficiency of
59% were produced by transgenic production of Cas9 led by 19-bp
SgRNA tailored to target the conserved area of two PDS genes in the
banana genome 8. Also reported in bananas was a higher editing
efficiency (100%) using polycistronic gRNAs to target the same gene
1471, Induced PDS gene mutations in diploid and octoploid strawberries
frequently produced a conspicuous albino phenotype 8. Following
the modification of the PDS gene in the Carrizo citrange, similar
outcomes were seen. The mutation efficiency rose and in certain cases
was reported to be 100% when the Cas9 gene was driven by the
Arabidopsis YAO gene promoter rather than the often utilized
cauliflower mosaic virus 35S promoter [l It has also been
demonstrated that PDS gene mutations caused by CRISPR/Cas9 result
in an albino phenotype in apples % 50, grapes B, kiwifruit 52, pear
150, 531 A prolonged non-flowering period is caused by the protracted
juvenile phase seen in many perennial fruit crops. Depending on the
fruit harvest, this may extend for three to fifteen years. The traditional
breeding efforts to generate cultivars are hampered by their prolonged
juvenile phase [ %1, High levels of the protein known as terminal
flowering (TFL) are typically linked to juvenility €1, By preventing
the expression of numerous proteins that promote flowering, including
the FLOWERING LOCUS T (FT), LEAFY (LFY), and APETALAL
(AP1), TFL functions as a negative regulator of flowering ¢ 571, The
TFL1 gene was the target of two distinct sgRNAs. Despite there being
one mismatch between the target and the sSgRNAL, the same construct
was also employed to modify the pear TFL1. 93% of the apple
transgenic lines targeted by the MdTFL1.1 gene and 9% of the pear
transgenic lines targeted by the PcTFL1.1 gene showed early
blooming.This mismatch may be the cause of the reduced frequency
of the mutant phenotype seen in pears. It's also likely that in pears,
both TFL1 genes (PcTFL1.1 and PcTFL1.2) need to be edited to fully
unwind the floral repression. A third approach involved concurrently
targeting the two kiwifruit CEN-like genes AcCCEN4 and AcCEN with
the CRISPR/Cas9 system. A climbing woody perennial with axillary
inflorescences that develops after several years of juvenility was
turned into a compact plant with quick terminal flower and fruit
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development by mutations in these genes [8. Fruit crops are
vulnerable to a variety of worms, viruses, bacteria, fungi, and bacterial
diseases. These elements limit the development and growth of plants,
which negatively impacts crop productivity. Each has different
economic significance depending on the time and place, but generally
raises production costs and may result in substantial losses. One of the
most efficient and cost-effective solutions to these issues is the
production of resistant/tolerant cultivars. Thus, the production of these
biotic stressors can be significantly impacted by CRISPR/Cas9-
mediated resistance to them. Citrus canker is a disease brought on by
the bacterial pathogen Xanthomonas citri subspecies citri (Xcc), and
Citrus sinensis LATERAL ORGAN BOUNDARIES (CsLOB1) is a
susceptibility gene for it [5% €1 The Xcc pathogenicity factor PthA4
interacts with specific regions in the promoter region of this gene,
inducing CsLOB1. The CRISPR/Cas9 method was used to edit the
PthA4 effector cis-elements in the promoter of CsLOB1, and it was
shown that the mutant plants had less Xcc infection 61, However,
these findings suggested that only plants with mutations in both of the
CsLOB1 promoters were resistant to citrus canker, indicating that
activation of just one allele of the CsLOB1 gene via the PthA4
binding site is sufficient to cause disease onset. To alter the PthA4
binding region in the CsLOB1 promoter of "Wanjincheng" orange,
created five CRISPR/Cas9 constructs 62, The resistance to Botrytis
cinerea was improved in grapes by CRISPR/Cas9-mediated deletion
of WRKY52, encoding a transcription factor associated with biotic
stress responses 52, To direct the Cas9 nuclease, four gRNAs were
created for various locations in the first exon of WRKY52. Biallelic
transgenic mutant lines were found to be more resistant than
monoallelic mutant lines. The defensive response repressor gene
NPR3 (NON-EXPRESSOR OF PATHOGENESIS-RELATED
GENES3) was edited in cacao using CRISPR/Cas9 [63. The
CRISPR/Cas9 cassettes were temporarily expressed in cacao leaf
tissues as the first test of gene editing. This resulted in the deletion of
27% of the NPR3 copies in the treated tissues and the development of
Phytophthora tropicalis resistance in the edited tissues. The scientists
postulated that cells with mutant NPR3 triggered their defense
mechanisms. To verify the efficiency of CRISPR/Cas9 at a whole
plant level in cacao, they subsequently produced stably transformed
and genome-edited somatic embryos %4, The output of bananas is
severely constrained by the banana streak virus (BSV). Under
stressful circumstances, the dsDNA virus integrates into the host's
genome and releases infectious viral particles [, The plantain
cultivar Gonja manjaya's host genome contains BSV sequences that
were modified using the CRISPR/Cas9 technology. Under water
stress, 75% (6 out of 8) of the assessed regenerated genome-edited
events persisted asymptomatically in contrast to the non-edited plants
1661, Recently, MaGA200x2 gene mutations were also induced using
CRISPR/Cas9. Banana dwarfism is regulated by this gene [7],
Following genome editing, seven mutant lines with a semi-dwarf
phenotype were found. The endogenous GA levels in the various
organs were measured in this investigation, and the findings were in
line with the phenotype. In comparison to the non-transformed
control, there was a substantial difference in the amounts of GAs in
the mutants in both the leaves and the roots [%, This approach can
then be used to create the desperately required semi-dwarf or dwarf
banana varieties.

Genome editing technology in other horticultural crops

To meet the ever-changing needs of consumers, significant attempts
have been made to raise yield, biotic and abiotic resistance, or
improve quality. Historically, conventional breeding has produced the

majority of good results. However, the majority of horticultural crops
either have a combination of high levels of self- and cross-
incompatibility, extended juvenile periods, complex genomes (triploid
or polyploid species), high levels of heterozygosity, and long juvenile
periods [5% 79 Although it has its drawbacks, genetic engineering has
emerged during the past 20 years as a useful tool to augment crop
breeding for those species ['% 72, "Foreign DNA," which includes
selectable marker genes, is inserted into transgenic plants.
Additionally, the random incorporation of the foreign DNA may
disrupt or change the expression of endogenous genes. The ability to
produce non-transgenic plants is one of the main advantages of
CRISPR/Cas9 over transgenic methods. Due to the diverse genomic
locations of the CRISPR/Cas9 expression cassettes and their target
sites, segregation and removal of the CRISPR/Cas9 cassettes are
feasible through selfing or crossing in the following generations. It
was possible to create tomato plants with the necessary mutations and
phenotype (resistance to powdery mildew disease), but without
transgenes B3, Two sgRNAs were added to the tomato to introduce
mutations; these sgRNAs were then eliminated through gene
segregation in the following generations. However, because most fruit
trees have a protracted juvenile period and need several years to reach
the reproductive stage, segregation, and removal of the CRISPR/Cas9
cassettes through selfing or crossing is not practical. Additionally,
many species are often vegetatively propagated and have complex
genomes with high levels of polyploidy and heterozygosity. In these
circumstances, transiently expressing the CRISPR/Cas9 components
in the nucleus can be used to create transgene-free altered plants. This
is possible because the CRISPR/Cas9 cassettes that have not
integrated into the genome can still be produced and function for the
brief period required to introduce precise alterations. The creation of
T-DNA-free modified apple lines on apples showed the viability of
this technology [°. Although this temporary system's overall
effectiveness was very low (0.4% of modified lines), it won't be long
until improvements in the genetic transformation process lead to
improved efficiency, making this editing procedure commonplace.
Genome editing without transgene integration can also be
accomplished in plant cells by delivering preassembled Cas9 protein
gRNA ribonucleoproteins (RNPs). Following delivery in cells, the
RNPs immediately modify the target sites before being destroyed by
endogenous proteases. As a result, the genome has no DNA
integration changed lettuce protoplasts using purified Cas9
ribonucleoproteins while converted grapevine and apple protoplasts to
adopt a DNA-free delivery methodology [™® 7. Using this technique,
mutagenesis efficiencies in grapevine and apple ranged from 0.1% to
0.5-6.9%. In addition, created a step-by-step approach for the precise
and effective construction and transfer of CRISPR-Cas9 components
in apple and grapevine protoplasts [7l, The full methodology using
CRISPR-Cas9 RNPs delivered directly has the benefit of producing
exogenous DNA-free plants in as little as 2-3 weeks, whereas the
plasmid-mediated method requires more than 3 months to regenerate
plants and analyze the mutations. Given the strict and expensive rules
on genetic alteration currently in place, the development of transgene-
free plants using the CRISPR/Cas9 technology is crucial. Plants that
are free of transgenes may not be subject to the current restrictions on
genetic modification, potentially saving time and money even if the
regulation of gene-edited crops is still up for debate [’6 771, Private
businesses, for instance, have made significant financial gains from
their investments in the production of transgenic crops like soybeans
and maize. The development of transgenic fruit crops, which are
primarily perennial and vegetatively propagated, is undoubtedly
hampered by this investment. Thus, the potential for facilitating the
commercial release of CRISPR-plants devoid of transgenes could be
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advantageous for both private businesses and public research
institutions, incentivizing them to invest in the creation of fruit
cultivars with gene-edited fruit that is free of transgenes. Since it is a
plant that is not seen as transgenic, it can also help with public
acceptance. All of this suggests that transgene-free genome editing
techniques could be an effective tool for the genetic enhancement of
numerous fruit crops.

Future challenges

Through targeted, regulated modifications to the genome, the
CRISPR/Cas9 system is a new, revolutionary technique for biological
research and crop breeding. Most CRISPR/Cas9 investigations in
horticultural crops to date use NHEJ-mediated gene repair to produce
precise mutations that either knock out or change the function of the
target gene. Many times, the phenotype that resulted from the
technique either confirmed its efficacy or revealed a particular gene
function, while in other instances, it enhanced desirable agronomic
traits like disease resistance. These findings demonstrate the
significant value of the CRISPR/Cas9 system for horticulture crop-
specific applications. There are still some challenges to be resolved,
though. First, the target organism's genome needs to be sequenced to
create precise sgRNA and prevent off-target gene editing. In
organisms without a whole genome sequence, gene editing work is
challenging to perform. While the genome sequences of other widely
consumed species like the olive and avocado, as well as tropical
crops, are not yet available or the quality can be improved, high-
quality genome assemblies have been developed for species like the
banana, peach, raspberry, cocoa, papaya, clementine mandarin, coffee,
and grape. A more thorough understanding of the genome structure,
gene networks, and gene functions of all commercially significant
horticultural species may be possible thanks to the development of
newer sequencing technology. This will make CRISPR/Cas9 more
beneficial for breeding those crops. Many horticultural crop species,
as well as other plant genomes, exhibit polyploidy. For instance, the
polyploid nature of commercial varieties of kiwifruit, strawberry, and
banana makes breeding and genome editing more difficult. Two or
more copies of the target gene must be mutated to produce the desired
phenotype. Therefore, for the future development of this and other
crops, a very effective editing platform for generating biallelic or
multiallelic mutations within the same generation is crucial. To ensure
a higher frequency of induced mutations, it is imperative to take into
consideration aspects such as target site selection and sgRNA design,
application of several gRNAs for the same target, and an appropriate
promoter to produce both the gRNA and Cas9. Many horticultural
crop species, as well as other plant genomes, exhibit polyploidy.
Another essential prerequisite is an effective way of introducing or
transiently expressing the CRISPR/Cas9 components into plant cells
and afterwards in vitro production of whole plants from these
transformed cells, as in commercial varieties of kiwifruit. Over the
past 30 years, plant transformation technologies have been established
in the majority of commercially significant horticultural crops. This
suggests that many crops have uniform transformation and
regeneration procedures. However, genetic transformation techniques,
such as those mediated by Agrobacterium or those utilizing purified
ribonucleoproteins in protoplasts, are frequently genotype-specific
and necessitate the adjustment of numerous parameters for their
application within a species to attain high efficiency. Therefore, it
would be crucial to create effective and repeatable delivery
mechanisms as well as selection and regeneration protocols to make
CRISPR/Cas9 a common tool in horticulture crops. Compared to
earlier developed standard genetic engineering tools, the new gene

editing techniques are more accurate. Some people are worried about
how mutations on non-target genes (also known as "off-target") can
have unintended effects. This is especially true for species with big
and complex genomes. Even when mutations arise "on-target," gene
editing can nevertheless have unforeseen consequences. Small DNA
insertions or deletions typically affect the gene's reading code,
limiting the creation of proteins or even leading to the generation of
proteins that are altered and have unclear effects. Before using a
cultivar, these unwanted changes should be recognized, however, the
methods for doing so (bioinformatics and next-generation sequencing)
may still have limitations. It is crucial to remember that CRISPR/Cas9
is a very new approach, and there is currently insufficient knowledge
about its safety, even if there are concerns about the risk of genome
editing in plants.

CONCLUSION

Through targeted, regulated modifications to the genome, the
CRISPR/Cas9 system is a new, revolutionary technique for biological
research and crop breeding. Numerous significant horticultural crops
have already seen several successful examples. The development of
horticultural crops with improved agronomic traits will result from the
growing knowledge of CRISPR/Cas9-based tools, particularly
techniques that allow the development of a non-transgenic plant,
delivery methods, and genomic information. This will result in
creative solutions for sustainable and competitive food production.
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