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ABSTRACT 
 

Precision Horticulture, propelled by gene editing and silencing technologies, emerges as a 
transformative approach to address the demands of sustainable and efficient crop production. 
Utilizing CRISPR-Cas9 and RNA interference, horticulturists can precisely modify and regulate plant 
genomes, ushering in a new era of tailored crops. Gene editing enables the development of crops 
with heightened resistance to pests, diseases, and improved adaptability. This targeted 
enhancement, coupled with accelerated breeding processes, results in resilient varieties that meet 
the challenges of evolving agricultural landscapes. Concurrently, gene silencing technologies allow 
for the suppression of undesirable traits, extending the shelf life of produce and minimizing post-
harvest losses. Integration of these technologies into Precision Horticulture not only optimizes crop 
traits but also promotes sustainability by reducing reliance on chemical inputs. The approach aligns 
with environmental conservation, ensuring a more ecologically balanced and resource-efficient 
cultivation. However, responsible deployment and ethical considerations are paramount for 
widespread acceptance, highlighting the need for a harmonious balance between technological 
innovation and ethical utilization in shaping the future of horticulture. 
 

 

Keywords: Gene editing; development; resistance; targeted. 
 

1. INTRODUCTION 
 
Understanding the internal genomic mechanism 
of plants is essential for comprehending the gene 
silencing process in transgenic crops used in 
horticulture. Horticulture encompasses a diverse 
range of plants and crops, such as fruits, 
vegetables, spices, and ornamental plants [1]. 
Gene silencing is the cellular mechanism that 
inhibits the expression of a certain gene. The 
genes that produce messenger RNA (mRNA) 
molecules are rendered inactive through either 
cleavage or translational repression. Horticultural 
plants have developed many mechanisms of 
gene silencing, involving the use of short RNAs 
(20–30 nucleotides) to inhibit gene expression 
either during transcription or after transcription 
has occurred [2]. Horticultural crops have been 
subjected to gene silencing techniques such as 
RNA interference technology, transcriptional 
gene silencing, and virus-induced gene silencing. 
Double-strand RNAs within the cell trigger the 
synthesis of tiny interfering RNAs, short hairpin 
RNAs, and micro-RNAs. The synthesis of these 
ribonucleic acids results in the suppression of 
messenger RNA (the RNA that encodes 
proteins). This methodology is a highly efficient 
experimental method for suppressing targeted 
genes to boost stress tolerance, bolster 
resistance against insects/pests/pathogens, and 
enhance nutritional status. Artificial means can 
be used to control and apply this methodology 
and mechanism, leading to the enhancement of 
cultivars in various horticulture crops [3].  
 
“By employing the RNA interference (RNAi) 
technology, we specifically targeted two 

enzymes, α-mannosidase (α-Man) and β-D-N 
acetyl hexosaminidase (β-Hex), which are 
involved in altering N-glycoproteins during the 
ripening process produced by ethylene. As a 
result, the shelf life of tomatoes was significantly 
extended, with the fruits becoming 22.5 times 
firmer” [4]. According to the latest study, it has 
been found that the expression of CNR is 
likewise suppressed by APETALA2a, which is a 
target of miR172. One method by which it exerts 
a positive influence on the process of fruit 
ripening [5]. “Alternatively, it exerts a negative 
regulatory effect on the synthesis of ethylene. 
The expression of the chalcone synthase (CHS) 
gene, which is involved in the ripening process of 
strawberry fruits (Fragaria x ananassa cv. 
Elsanta), is suppressed by an ihp-RNA construct. 
This construct has partial sense and antisense 
sequences of the CHS gene, which are split by 
introns obtained from an F. ananassa quinone 
oxidoreductase gene” [6]. “The decreased 
expression of CHS mRNA and enzymatic CHS 
activity resulted in a decrease in anthocyanin 
levels. Additionally, the precursors of the 
flavonoid pathway were redirected to the 
phenylpropanoid pathway, resulting in significant 
increases in the amounts of (hydroxy) cinnamoyl 
glucose esters. The use of this method, along 
with the examination of metabolite profiling, will 
prove beneficial in the shelf life and maturation of 
strawberry fruit” [7].  
 
In the past twenty years, there have been 
notable breakthroughs in the field of genetic 
engineering, which involve altering genes from 
different foreign sources and inserting them into 
plants to create desirable characteristics [8]. The 
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phenomenon of RNA interference (RNAi) was 
previously identified as an innate mechanism for 
regulating gene expression in various organisms. 
The objective is to improve the precision and 
accuracy in developing resistance to pests and 
pathogens, enhancing the quality of plants, and 
changing their architecture [9]. Nevertheless, it 
has recently gained popularity as a commonly 
utilized approach. RNA interference (RNAi) 
technologies have the potential to selectively 
decrease the expression of specific genes 
without affecting the expression of other genes. 
RNA interference is now the primary technique 
for exploring gene activities in different animals 
by suppressing the expression of genes [10]. It is 
crucial to develop new methods and uses to 
improve desired traits in crops through gene 
suppression and a better understanding of the 
natural RNA interference processes in plants. In 
recent years, RNAi technology has emerged as a 
crucial and preferred approach for managing 
insects, pests, pathogens, and environmental 
challenges such as drought, salinity, and 
temperature. Despite several limitations in the 
effectiveness of this technique [11], such as the 
selection of gene candidates, stability of the 
trigger molecule, and the choice of target species 
and crops. However, during the past decade, 
researchers have identified several target genes 
in various crops that might be enhanced to 
improve their resistance to both biotic and abiotic 
challenges [12]. 
 
Nutrition is essential for the survival of human 
beings on the planet. Meeting the escalating 
global food demand using conventional crop 
development technologies is exceedingly 
challenging due to the rapid population growth. 
Individuals are persistently striving to enhance 
crop productivity, nutrient composition, and 
develop crops that are resistant to diseases 
through the utilization of traditional methods of 
crop enhancement. Regrettably, the existing 
plant breeding techniques are not feasible for 
meeting the demands of a rapidly expanding 
population due to their arduous and time-
consuming nature [13]. 
 
“According to assessments, there is a pressing 
requirement to augment food output by 70% by 
the year 2060 in order to adequately nourish the 
growing global population. Currently, several 
methods like as crossbreeding, transgenic 
breeding, and mutation breeding are being used 
to develop genotypes that are resistant to 
diseases and can withstand climate change and 
other forms of stress. Nevertheless, 

crossbreeding and mutation breeding are non-
specific breeding techniques that involve 
laborious procedures” [14]. Additionally, the 
production and commercialization of the resulting 
genotypes are hindered by various restrictions. 
On the other hand, transgenic breeding, despite 
its protracted and expensive commercialization 
process, also confronts the obstacle of public 
acceptance due to concerns surrounding 
genetically modified crops. 
 
“In recent times, there have been significant 
advancements in the field of RNA-based gene 
regulation, specifically in RNA interference 
(RNAi). RNAi is a gene regulatory technique that 
has been extensively developed for enhancing 
crop quality by modifying gene expression” [15]. 
This approach offers the advantage of improved 
trait quality and reduced biosafety concerns, as it 
does not involve the use of transgenic lines. 
RNAi is a process that can silence genes and is 
used to study gene function, manipulate plant 
metabolism, and create crops that can withstand 
stress and resist diseases [16]. 
 

2. WHY WE NEED GENE SILENCING 
 
“In the last five years, the RNA-guided 
nucleases-based gene editing technique known 
as clustered regularly interspaced short 
palindromic repeat (CRISPR)/CRISPR-
associated protein (CRISPR/Cas) has gained 
recognition as an effective method for precisely 
modifying genes in crops. CRISPR enables 
precise manipulation of gene expression by 
selectively targeting and modifying specific 
sequences within the genome and epigenome” 
[17]. “It can be used for gene knockin, knockout, 
replacement, as well as for watching and 
controlling gene expression. The genome editing 
capability of CRISPR relies on three essential 
components, namely CRISPR RNA (crRNA), 
CRISPR-associated enzymes (Cas), and trans-
activating crRNA (tracRNA). The combination of 
these three elements can be used to create a 
unified chimeric synthetic RNA molecule called 
single-guide RNA (sgRNA) for the purpose of 
genome editing. CRISPR enables the 
simultaneous targeting of several genes, while 
also allowing for easy editing of multiple genes” 
[18]. “Consequently, it has been extensively 
employed to modify, control, and oversee genes 
not only in plants but also in microorganisms and 
animals. In order to modify the genome, double-
stranded DNA breaks are deliberately created at 
precise locations using site-specific nucleases. 
This process then triggers DNA repair 
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mechanisms, including non-homologous end 
joining (NHEJ) and homology-directed repair 
(HDR), which are responsible for introducing 
specific alterations to the genome” [19]. “The 
non-homologous end joining (NHEJ) pathway 
repairs double-strand breaks (DSBs) by directly 
joining the damaged ends without relying on 
homologous DNA. This process can introduce 
insertions or deletions (InDels) or single-
nucleotide polymorphisms (SNPs) at the location 
of the break, which can cause frameshift or 
nonsense mutations. During HDR, gene 
replacement occurs at the breakpoint using a 
homologous template” [20]. “Thus, both Non-
Homologous End Joining (NHEJ) and Homology-
Directed Repair (HDR) have significant 
contributions in nuclease-mediated gene editing. 
This method produces cultivars in crop breeding 
that are free of transgenes. This explores the 
diverse functions and potential uses of RNAi and 
the RNA-guided CRISPR/Cas9 system as highly 
effective technologies for enhancing the 
productivity and resilience of agriculturally 

significant crops” [21]. These technologies have 
the capacity to significantly increase crop yields 
and improve tolerance to a wide range of 
environmental stressors, including both biological 
and non-biological factors. Furthermore, the 
discussion has encompassed the constraints, 
difficulties, and possible future advancements. 
 

3. POST HARVEST LOSS AND WASTAGE 
IN HORTICULTURE 

 

Postharvest waste and postharvest loss are 
occasionally used synonymously, however, this is 
inaccurate. Postharvest loss is inadvertent. It 
delineates the consequential losses that arise 
from occurrences across the entire process of 
food production, from the farm to the table. 
These losses encompass physical harm, internal 
bruising, early decay, and insect infestation, 
among other factors. Produce loss is considered 
quantifiable since it can be measured. This does 
not suggest that data is readily accessible, but 
rather that it may be obtained [22]. 

 

 
 

Fig. 1. Gene editing model 
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“Postharvest waste, on the other hand, is 
deliberate. It refers to the act of discarding edible 
produce due to not meeting buyer expectations. 
Produce can be rejected by producers, 
distributors, processing businesses, retailers, 
and consumers if it does not suit their intended or 
established preferences. Waste production is 
considered qualitative due to its challenging 
nature in terms of measurement and 
assessment” [23]. However, in the United States, 
approximately 7% of fruit and vegetable losses 
after harvest happen on the farm, whereas 
consumer-facing enterprises and households 
squander more than double that amount, 
specifically 17% and 18% respectively [24]. 
 
The occurrence of postharvest loss and waste 
(PLW) poses a significant threat to environmental 
sustainability, particularly when considering the 
simultaneous problems of global climate change 
and population expansion. PLW refers to the 
improper allocation of financial investments in 
horticulture, as well as the unsustainable 
utilization of non-renewable natural resources 
[25]. “Implementing technological strategies to 
control post-harvest losses, such as the 
establishment of a cold-chain system and the 
utilization of plastic packaging, also entail energy 
consumption and carbon emissions. Enhancing 
the longevity and quality characteristics of 
harvested crops by genetic modification or 
intelligent breeding could serve as potential 
remedies to mitigate the severity of these issues” 
[26]. 
 

4. RNA TECHNOLOGY 
 

• RNA interference is a naturally occurring 
gene regulatory phenomenon in eukaryotic 
cells. 

• It protects cells against foreign DNA, 
maintains genomic stability, and controls 
cellular processes. 

• “The phenomenon was discovered in 
Petunia flowers, where it led to variegated 
flowers instead of expected deep purple” 
[27]. 

• In Caenorhabditis elegans, RNA 
interference (RNAi) was discovered, 
resulting in efficient silencing of the          
target endogenous gene homologous to 
RNA. 

• “RNAi is a promising tool for gene 
regulation with greater potential than other 
post-transcriptional gene regulation 
technologies like antisense technology” 
[28]. 

• Small non-coding RNAs (ncRNA) 
participate in gene regulation, which are 
the cleavage product of dsRNAs. 

• “RNAi is associated with the RNA-induced 
silencing complex (RISC), argonaute 
(AGO), and other effector proteins, causing 
complex degradation of the target 
messenger RNA” [29]. 

• “RNAi can be defined as the capability of 
endogenous or exogenous dsRNA to 
inhibit the expression of the gene whose 
sequence is complementary to dsRNA” 
[30]. 

 
5. COMPONENTS AND MACHINERY OF 

RNAi 
 
Over the past two decades, the role of small non-
coding RNAs in gene regulatory processes has 
been explored. Various classes of RNAs have 
been discovered, including miRNA, siRNA, 
piRNA, qiRNA, and svRNA. These RNAs have 
different biogenesis pathways and regulatory 
mechanisms. miRNA and siRNA have different 
origins, with miRNA originating from genomic 
DNA and siRNA derived from viruses, 
transposons, or transgenes. However, they share 
similarities in size and sequence-specific 
inhibitory functions, suggesting a connection 
between their biogenesis pathways [31]. 
 
“miRNAs are 21-24 nucleotide long small RNAs 
derived from MIR genes. They are biogenesisd in 
the nucleus by RNA polymerase II-aided 
transcription of MIR genes, forming a primary 
miRNA transcript. This is processed into a short 
stem-loop precursor called pre-miRNA, which is 
then cropped by DCL1 in the nucleus and 
generates the RNA duplex (miRNA:miRNA)” [32]. 
“The 3′-terminals of the RNA duplex are 
methylated by HUA ENHANCER (HEN1) to 
prevent degradation. The RNA duplex is 
exported to the cytoplasm, where mature miRNA 
is loaded onto the RISC complex with AGO and 
other effector proteins. If complete base pairing 
does not occur, miRISC inhibits the translation 
process” [33]. 
 
“miRNA-mediated downregulation of gene 
expression occurs through miRISC-mediated 
inhibition of translational initiation or ribosome 
subunit joining, premature degradation of the 
budding polypeptide chain, or inducing 
deadenylation and destabilization of the target 
mRNA. Changes in expression and biogenesis of 
these RNAs could lead to crop formation with 
agronomically valuable characteristics” [34]. 
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Fig. 2. Technological strategies to control post-harvest losses 
 

6. MICRO RNA (MiRNA) 
 
“MiRNAs are small RNAs derived from MIR 
genes, forming a primary miRNA transcript of 
about 1000 nucleotides. This is processed into a 
short stem-loop precursor called pre-miRNA with 
the help of DCL1 and the dsRNA binding protein 
DRB1 or HYL1. DCL1 crops this pre-miRNA in 
the nucleus, generating the RNA duplex 
(miRNA:miRNA). The 3′-terminals of the RNA 
duplex are methylated by HUA ENHANCER 
(HEN1) to prevent degradation” [35]. “The RNA 
duplex is exported to the cytoplasm, where 
mature miRNA is loaded onto the RISC complex 
with AGO and other effector proteins. This 
miRNA-induced silencing complex (miRISC) 
base pairs with the complementary target mRNA 
completely, and the AGO protein degrades the 
target mRNA” [36]. “If complete base pairing 
does not occur, miRISC inhibits the translation 
process. Expression of miRNA occurs during 
plant growth, development, secondary  
metabolite synthesis, and abiotic and biotic                            
stress, potentially leading to crop formation                 
with agronomically valuable characteristics” [37]. 

 
7. SMALL INTERFERING RNA (SiRNA) 
 
“Gene silencing through RNAi can be triggered 
by long dsRNA or short hairpin precursors. The 

RNAi pathway is activated by recruiting Dicer or 
Dicer-like enzymes, which convert dsRNAs into 
short 21-24 nt long SiRNA duplexes. The SiRNA-
induced silencing complex (SiRISC) is recruited, 
degrading the sense strand and loading the 
antisense strand onto the target mRNA” [38]. 
“This leads to post-transcriptional gene silencing 
(PTGS) by cleaving the target mRNA or inhibiting 
translation. SiRNAs can also participate in co-
transcriptional gene silencing. Dicer-independent 
siRNA genesis has been reported in various 
organisms, mainly arising from transposable 
elements, intergenic elements, and transgenes” 
[39]. 
 

8. THE SIGNIFICANCE OF RNA 
INTERFERENCE (RNAi) IN 
ENHANCING CROP QUALITY AND 
PRODUCTIVITY 

 

8.1 RNAi-Mediated Virus Resistance 
 

• RNAi technology offers a broad-spectrum 
resistance against viral infections by 
targeting multiple regions of a viral gene. 

• The first RNAi-mediated virus-resistant 
potato transgenic lines were reported in 
1998 [40]. 

• RNAi technology has been used to 
develop virus-resistant cultivars, including 
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Beet necrotic yellow vein virus (BNYVV), 
Plum pox virus (PPV), and Bean golden 
mosaic virus (BGMV)-resistant Phaseolus 
vulgaris. 

• “Si-RNA-mediated silencing of the African 
cassava mosaic virus (ACMV) resulted in a 
66% decrease in ACMV genomic DNA” 
[41]. 

• “Cassava brown streak disease (CBSD) 
was first developed and protected against 
two causative organisms belonging to two 
different species” [42]. 

• Tobacco streak virus (TSV)-resistant 
transgenic lines of both tobacco and 
sunflower were produced by RNAi 
technology using a 421-bp-long coat 
protein gene. 

• “Rice strip disease caused by the Rice 
strip virus (RSV) was successfully 
suppressed in two RSV-susceptible 
varieties of Japonica” [43]. 

• Soybean mosaic virus (SMV)-resistant 
transgenic lines of soybean were produced 
by introducing a hairpin RNAi construct 
containing the Hc-Pro gene. 

• “A study conducted on N. benthamiana 
and Vigna unguiculata plants to develop 
resistance against the Bean common 
mosaic virus (BCMV) by exogenous 
application of RNAi construct containing 
viral coat proteins to protect plants from 
aphid mediated transmission of BCMV” 
[44]. 

 

8.2 RNAi-Mediated Bacterial Resistance 
 

• “Bacteria serve as the biggest hurdle in 
crop production as they are ubiquitous in 
nature and replicating with great speed 
and causing infection” [45]. 

• Escobar et al. conducted a study on A. 
thaliana and S. lycopersicum (tomato) to 
suppress crown gall disease caused by 
Agarobacterium tuminifaciens through 
RNAi technology. 

• “P. syringae infection in A. thaliana induced 
biogenesis of endogenous si-RNA i.e., nat-
SiRNAATGB2” [46]. 

 

8.3 RNAi-Mediated Fungal Resistance 
 

• Research findings suggest that RNAi 
technology can enhance resistance 
against fungi in genetically engineered 
crops. 

• “Gene silencing has been studied using 
homologous transgenes (co-suppression), 

antisense or dsRNAs in many plant-
pathogenic fungi” [47]. 

• “Agarobacterium-mediated transformation 
(AMT) of RNAi constructs act as a                
potent approach for investigating the            
role of the gene involved in pathogenesis” 
[48]. 

 

8.4 RNAi-Mediated Insects and Nematode 
Resistance in Crops 

 
8.4.1 Insects and Nematodes' Impact on 

Crops 
 

• “Nematodes like Meloidogyne spp., 
Heterodera and Globodera spp., 
Pratylenchus spp., Helicotylenchus spp., 
Radopholus similis, Ditylenchus dipsaci, 
Rotylenchulus reniformis, Xiphinema spp., 
and Aphelenchoides spp. can cause 
severe damage to crops” [49]. 

• RNAi-mediated expression of dsRNA 
targeting the housekeeping gene                       
and parasitism gene of root-knot 
nematodes (RKN) can provide broad-
spectrum resistance against nematode 
infection. 

 
8.4.2 RNAi-Mediated Resistance against Cyst 

Nematodes 
 

• “RNAi-mediated silencing of all four 
parasitism genes of the sugar beet                   
cyst nematode (Heterodera schachtii) 
reduced the number of female nematodes” 
[50]. 

• RNAi-mediated resistance against the 
soybean cyst nematode H. glycines was 
reported. 

 
8.4.3 RNAi-Mediated Insect Resistance in 

Crops 
 

• “The success of the cry toxin from Bacillus 
thuringiensis as an insecticide has led to 
the foundation of RNAi-mediated insect 
resistance in crops” [51]. 

• Transgenic lines of Arabidopsis and 
tobacco plants expressing CYP6AE14-
specific dsRNA have shown resistance 
against gossypol, a polyphenol compound. 

• “RNAi-mediated resistance against                      
the whitefly population in tobacco                     
plants and lettuce (Lactuca sativa) 
increased the mortality rate of                           
insects feeding on transgenic plants”              
[52]. 
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8.4.4 RNAi-Mediated Insect-Resistant 
Cultivars 

 
• 3-hydroxy-3-methyl glutaryl coenzymeA 

reductase (HMGR) and the chitinase 
(HaCHI) gene can be utilized as potential 
targets to produce insect-resistant cultivars 
using RNAi. 

 

8.5 Abiotic Stress Tolerance in Plants 
 

• “RNAi interference technology can be 
exploited to develop transgenic cultivars 
that can cope with different abiotic 
stresses” [53]. 

• RNAi-mediated downregulation of RACK-1 
gene in transgenic O. sativa plants                 
has shown more tolerance to drought 
stress. 

• “MiRNAs are involved in the early stage 
during seed germination and negatively 
affect the expression of the post-
transcriptional gene” [54]. 

• Overexpression of OsTZF1 gene in rice 
(O. sativa) can induce the expression of 
OsTZF1 gene, enhancing tolerance to high 
salt and drought stresses. 

• “Overexpression of the dehydrin gene 
WZY2 provides more tolerance for plants 
against osmotic damage” [55]. 

 

8.6 Seedless Fruit Production and Shelf-
Life Enhancement 

 
8.6.1 Seedless fruits and parthenocarpy 
 

• Seedless fruits are appreciated for their 
quality and shelf life enhancement. 

• Parthenocarpy, which involves fruit 
development directly from the ovary 
without fertilization, can induce seedless 
fruits [56]. 

• Seedless fruits can be produced artificially 
by disrupting genes involved in seed and 
seed set formation. 

• However seedless fruits show pleiotropic 
effects such as change in taste and 
reduced fruit size [57]. 

 
8.6.2 Seedless fruit development and auxin 

response factors 
 

• Seed development in fruits limits yield in 
cucumber and tomato. 

• “The replacement of seed and seed 
cavities with edible fruit tissue is highly 
desirable and appreciated”. [81] 

• “Auxin response factors (ARFs) encode 
transcription factors that control auxin-
dependent plant developmental processes” 
[58]. 

• “RNAi-mediated development of transgenic 
tomato lines with a downregulated slARF7 
gene resulted in the generation of 
parthenocarpic fruits” [59]. 

 
8.6.3 Self-life enhancement 
 

• Fruits and vegetables are more vulnerable 
to spoilage than cereals. 

• Enhancing the shelf-life of fruits and 
vegetables is essential to minimize 
horticultural losses. 

• “Regulation of ethylene biosynthesis, 
ethylene-mediated signaling, and ethylene 
response elements can be achieved by 
delaying the ripening of the fruit” [60]. 

• RNAi-facilitated suppression of ACC 
oxidase enzyme, expression of three 
homologs of 1-Aminocyclopropane-1-
carboxylate synthase (ACS), and 
suppression of SISGR1 gene resulted in 
fruit softening and extended shelf life. 

• “Downregulation of the SPP gene               
through RNAi leads to inhibition of cold-
induced hexogenesis in transgenic tubers” 
[61]. 

 
8.6.4 Male sterile plants development 
 

• The development of hybrid cultivars has 
augmented productivity due to hybrid vigor 
and improved uniformity. 

• “RNAi has been one of the most efficient 
tools in the development of male sterile 
lines by targeting male-specific genes that 
participate in tapetum and pollen 
development” [62]. 

• Suppression of SAMDC gene in the tapetal 
tissue of tomato plants leads to the 
development of male sterility. 

• “Cytoplasmic male sterility is the 
maternally inherited phenomenon present 
in plants” [63]. 

 
8.6.5 Flower color modification and 

nutritional improvement 
 

• RNA interference technology can be used 
to modify the color and patterns of           
flowers, enhancing their appeal and 
functionality. 

• Studies have shown that silencing pigment 
encoding genes can lead to color changes 
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in various plants, including N. tobacum, 
Tricyrtis sp., and gentian plants [64]. 

• The accumulation of a polyacrylate 
delphinidin, gentiodelphin, in the petals of 
gentian plants contributes to the color. 

• RNAi-mediated silencing of genes like 
chalcone synthase (CHS), anthocyanidin 
synthase (ANS), and flavonoid 3′,5′-
hydroxylase (F3′5′H), can lead to changes 
in flower color [65]. 

 
8.6.6 Nutritional improvement 
 

• RNAi can be used to achieve required 
levels of nutrients in crops by modifying 
various biochemical and physiological 
pathways. 

• RNAi can be used to decrease the level of 
α-linolenic acid in soybeans and Camelina 
sativa, improve oilseed quality, and 
increase carotenoid content in Brassica 
napus [66]. 

• RNAi can also be used to accumulate 
minerals in crops, as demonstrated by the 
production of Triticum grains with high Zn 
and Fe content [67]. 

 
8.6.7 Secondary metabolite production 
 

• RNAi can be used to suppress the 
expression of undesirable compounds and 
manipulate secondary metabolites. 

• Examples include the replacement of 
morphine with non-narcotic alkaloid (S)-
reticuline in the opium poppy and the 
production of decaffeinated coffee beans 
[68]. 

• Caffeine, a natural stimulant, can be 
enhanced by downregulating the initial 
enzyme in flavonoid biosynthesis in coffee 
plants. 

• In aromatic plants like spearmint, the DE-
ETIOLATED-1 (DET1) gene, a negative 
regulator of photomorphogenesis, was 
suppressed through RNAi in embryonic 
callus [69]. 

 

9. APPLICATION IN TRANSGENIC 
CROPS 

 
“Silencing technologies can be used to 
simultaneously silence multiple genes using 
transgenes that contain a conserved sequence 
or a composite sequence of multiple genes, while 
this would be difficult to achieve using CRISPR / 
Cas9-like mutagenesis methods. With continued 
efforts to better understand RNA silencing 

mechanisms in plants, it can be expected that 
RNA silencing technologies will be further 
improved to overcome the potential limitations 
that allow for wider applications in agriculture” 
[70]. “RNAi has become a highly effective 
experimental tool in functional genomics for 
silencing genes for both basic and applied 
biological studies in various organisms including 
plants. However, RNAi stability in plants is 
critical, but the RNAi-mediated gene suppression 
approach opens new avenues for the 
development of eco-friendly biotech approaches 
for crop improvement” [71]. “By way of knocking 
out of the specific genes for better stress 
tolerance and integrating novel traits in different 
plant species for insect/pest/pathogen resistance 
and enhanced nutritional status become more 
convenient rather than convectional practices. 
This technology having revolutionary capabilities 
could be further exploited for functional analysis 
of target genes and regulation of gene 
expression for crop improvement” [72]. 
 

9.1 Bio-Fortification and Herbicide 
Resistance in Tomatoes and Potatoes 

 
• Tomato β-Carotene & Lycopene NCED1  
• Potato β-Carotene & lutein BCH  
• Tomato Vitamin C APX (Zhang et al. 2011) 
• Bio-elimination Coffea canephora 

CaMXMT [73]  
• Papaver somniferum Morphine Codeine 

Reductase (COR)  
• Altered phenotype Torenia hybrida cv. 

Summerwave Blue Flower colour: blue to 
white CHS  

• Petunia Scent profile modification PhBSMT 
[74] 

• Tomato Parthenocarpy AUCSIA  
 

9.2 Insect Resistance in Tomatoes 
 

• Huanong No. 1 (Papaya Rainbow, SunUp) 
• Apple Golden Delicious [75] 
• Granny Smith 
• Plum C-5 (NA) 
• Tomato Da Dong No 9 (NA), Huafan No 1 

(NA), FLAVR SAVR [76] 
• Brinjal Bt Brinjal Event EE1 
• Potato Lugovskoi plus, Atlantic NewLeaf2 

potato 
• Starch Potato, Innate2 Russet Burbank 

Potato [77] 
• New Leaf2 Y Russet Burbank potato 
• Sweet pepper PK-SP01 (NA) 
• Rose WKS82/130-4-1 (NA) [78] 
• Carnation Moondust 
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• Moonshadow Herbicide tolerance 1 
• Moonshade 
• Moonlite 
• Moonaqua 
• Moonvista 
• Moonique 
• Moonpearl 
• Moonberry 
• Moonvelvet 
• Petunia 
• Creeping Bentgrass Roundup Ready 

 

10. CONCLUSION 
 

The agriculture industry faces the challenge of 
providing food security to the rapidly expanding 
global population and addressing malnutrition in 
developing countries. To ensure balanced food 
supply, biofortified staple foods, vegetables, and 
fruits must be developed, enriched with essential 
compounds and mineral elements [79]. The 
development of cultivars resistant to biotic and 
abiotic stresses is crucial for addressing food 
security, malnutrition, and famine problems. 
RNAi and CRISPR/Cas9 technologies have 
gained interest in developing crops with high-
value agronomic traits by targeting their                  
broad range of targets, accelerating crop 
improvement schemes, and increasing their 
effectiveness. 
 

CRISPR technology has advanced functional 
genomics research and innovative crop 
development, with recent advancements in 
promoter, base editing, and prime editing. The 
CRISPR-Cas system has three expression 
strategies: mixed dual promoter system, dual Pol 
II promoter system, and single transcriptional unit 
system (STU) [80]. However, the STU system 
has limitations, such as refinement, nonoptimal 
expression system, and difficult post-
transcriptional processes. Base-editing, the 
newest advancement of CRISPR-Cas-based 
technology, can directly install point mutations in 
cellular DNA without inducing a double-strand 
DNA break. However, base-editing technologies 
cannot generate precise base-edits beyond four 
transition mutations. Prime editing, a recent 
technological evolution of the CRISPER/Cas 
system, can overcome these limitations. RNAi 
and CRISPR/Cas will bring a gene revolution            
in breeding crops with desired traits,                     
supporting food security in both developed and 
developing countries. Studies on gene                 
silencing and gene deletion or disruption are 
essential for designing better gene-editing 
strategies. 
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