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Abstract

The worldwide population is expanding exceptionally quickly coming about in a challenge of food security.
Food security is an exceptionally serious worldwide issue, particularly within a developing country. RNAi
applications are the modern innovation that can contribute to the solution for these issues. Non-coding RNAs are
molecules that can't be transcribed to protein or inhibiting protein transcribed. There are numerous types of non-
coding RNAs include transfer RNAs (tRNAs) and ribosomal RNAs (rRNAs), as well as small RNAs and the
long ncRNAs. Crop yield improvement is the ultimate objective of molecular crop breeding. There are multiple
physiological traits influencing crop yield, and several studies have found ncRNAs and their target genes are
involved in those traits. The non-coding RNA interferes with the physiological traits which influence the crop
yield are; plant architecture, abiotic stress, biotic stress, and fruit improvement.
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1. INTRODUCTION

The worldwide population number has been rapidly expanding. In any case, worldwide food security is still
challenged by around the world climate changes, human population expansion, and utilization of crop plants
(FAO, 2020). But as the area of arable land and cultivated land continues to decrease, the future capacity to meet
the world's food security needs has come under a cloud of instability. These issues and threats have caused
scientists to explore for solutions to move forward the productivity of the crops. Advocates of new technologies
including DNA recombination have promised a modern green transformation, with genetically modified crops
including transgenes accomplishing targeted traits (Wheeler and von Braun, 2013, Sang and Chanseok, 2016,
Bader et al., 2020, Mezzetti ef al., 2020).

However, presently, utilizing non-coding RNA (ncRNA) to improve crops gives a modern alternative. Non-
coding RNAs refer to transcripts that don't code for proteins but play important regulatory parts within the cell,
which excludes the possibility of producing exogenous protein products. Non-coding RNA may be a gene
silencing phenomenon that involves sequence-specific gene regulation include by double-stranded RNA
resulting in inhibition of protein generation (Zheng and Qu, 2015; Brant and Budak, 2018; Yan ef al., 2020; Yan
etal., 2021).

Some classes of regulatory ncRNAs regulate single target gene specifically, while the others modulate
multiple genes at a genome-wide level, via various molecular mechanisms. These accumulative findings suggest
that regulatory ncRNAs could be potential targets for molecular crop breeding (Zhou and Luo, 2013).

A division of ncRNAs is processed in to functionally important RNAs such as transfer RNA (tRNA),
ribosomal RNA (rRNA), small non-coding RNA including; microRNAs(miRNAs), small interfering RNAs
(siRNAs), and PIWI-interacting RNAs (piRNAs), and the long non-coding RNAs (IncRNAs). Two widely
studied IncRNAs are X inactivation specific transcript (XIST) and HOX antisense intergenic RNA (HOTAIR)
(Renyi and Jiankang, 2014; Santosh et al., 2014; Brant and Budak, 2018).

Post-transcriptional gene silencing (PTGS) is reported in many organisms; fungi, animals, and plants. These
products are the results of non-coding dsRNA, the DICER or Dicer-like enzyme that carries out this cleavage,
small non-coding RNA involves an RNA-induced silencing complex (RISC), and Argonaute proteins (AGOs).
Drosha and Pasha are part of the “Microprocessor” protein complex. Drosha and Dicer are RNase III enzymes,
Pasha is a dsRNA binding protein when Argonautes are RNase H enzymes (Wilson and Doundna, 2013,
Kamthan et al., 2015, Brant and Budak, 2018).

The objectives of this review are to discuss non-coding RNA and its use in crop improvements. The RNA
interferences in the environmental adaptation of crops are for tolerance to abiotic stress and plant protection
against biotic stresses. The RNA interferences are increasing yield potential in plants including manipulation of
crop developments and nutritional improvements.

1.1. NATURES OF NON-CODING RNAs (ncRNAs)
1.1.1. RIBOSOMAL RNA (rRNA)
Ribosomal RNA is the most abundant small non-coding RNA molecule, consist of 4-10% of cellular RNA. They
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are translation machinery in that they translate the genetic information in an mRNA template-directed manner
into a corresponding polypeptide chain (Rodnina and Winter Meyer, 2011). The mRNA sequence starting from
the start codon of AUG and is followed by the codon which produces proteins which are followed by termination
codon signaling that the protein is ready for dissociation from the ribosome for subsequent folding into its
functional state (Crick, 1970). The ribosomes in the eukaryotes are more complex than prokaryotic, in general,
ribosomes have three different binding sites; A (aminoacyl) site, the P (peptidyl) site, and the E (exit) site,
formed in the intersubunit interface. The mRNA binding to the 30S subunit can move stepwise manner, one
codon at a time during the peptide elongation (Crick, 1970).

The ribosomal RNA constitutes approximately 60% rRNA and 40% protein by weight and also it contains
two major rRNAs and 50 or more proteins. The subunit 60S holds (three rRNAs 58S, 5.8S, 28S, and about 40
proteins) and the 40S subunit contains (an18S rRNA and about 30 proteins). The LSU rRNA acts as a ribozyme,
catalyzing peptide bond formation (Anita et al., 2013).

1.2. TRANSFER RNA (tRNA)

Transfer RNA is the link between mRNA and the peptide sequence in transfer RNA (tRNA), there is the enzyme
that can recognize both tRNA and an anticodon complementary to the mRNA codon cognate to this amino acid
and couples them together at the expense of ATP hydrolysis to a high standard free energy complex called
aminoacyl-tRNA (Sharp at el, 1985).

The mRNA binds to the 40s ribosomal subunit, then it is followed by binding of the initiator tRNA, charged
with formylated methionine, to the P site in a reaction step greatly accelerated by the three initiation factors.
Once the mRNA and initiator tRNA is correctly bound, the 60S large subunit binds to form an 80s initiation
complex with a release of the elF factors. With the mRNA in the correct reading frame, initiator tRNA in the P
site, and the empty A site programmed with the first internal codon of the protein to be synthesized. The
ribosome has now left the initiation phase and entered the peptide elongation phase (Valle et al., 2003).

1.3. SHORT NON-CODING RNAs

1.3.1. Micro RNA (miRNA)

Micro RNA is the party of small non-coding RNA (20-22nt) having partially double-stranded stem—loop
structures, regulating negative gene expression in both animals and plants. It's transcribed by RNA polymerase 11
enzyme and after transcription cleaved by Dicer-like 1(DCL1) enzyme and transported to the cytoplasm and
incorporated into Argonauts (AGO) protein. Mature miRNA is produced in different methods and incorporates
into the protein RISC (RNA-induced silence complex). Matured single miRNA incorporated with the protein
RISC are binding with other complementary mRNA sequences to produce the protein (Khraiwesh et al., 2012).
1.3.2.  Small interfering RNA (siRNA)

Small interfering RNA are the parts of small non-coding RNA that have the function to facilitate the post-
transcriptional gene silencing (PTGS) by degradation of mRNA. Small interfering RNA is generated from
double strands of RNA which exhibit near-perfect complementary and cleaved by DCL2, DCL3, and DCL4 to
produce siRNA duplex 22nt, 24nt, and 21nt respectively (Sang and Chanseok, 2016). The other cofactors of
siRNA are RNA-dependent RNA polymerases 2 and 6 (RDR2, RDR6), SUPPRESSOR OF GENE SILENCING
3 (SGS3), and plant-specific DNA-dependent RNA polymerases IV and V (Bologna and Voinnet, 2014).

After the siRNAs are cleaved by DCL, it is loaded to AGRONAUTESs (AGOs) and corporates with complex
forming gene silence machinery which is called RISC (RNA induced silence complex). The RISC recognizes the
complementary sequence of mRNA and AGO-loaded small RNA (also known as 'guide RNA"), then RISC
suppresses the target mRNA via cleavage or transcriptional gene silencing (TGS) mechanism. The molecular
mechanisms of RISC-mediated gene suppression depend on which small RNA species and particular AGO
protein that forms RISC; miRNA- or 21-nt siRNA-loading AGO1 participates in slicing and degradation of
target endogenous mRNA, whereas 24-nt siRNA-loading AGO4 and AGO6 mediate transcriptional gene
silencing through heterochromatin formation (Sang and Chanseok, 2016).

Small interfering RNA is naturally very important in the organism to protect it from different natural
enemies. So, RNA interference (RNAi) was considered to be a natural defense mechanism that used exogenous
siRNAs to protect organisms from viruses, but it soon became evident that endogenous siRNAs (endo-siRNAs)
also play a role in regulating genome functions (Kamthan et al., 2015).

1.3.3.  Piwi-interacting RNAs (piRNA)

Piwi-interacting RNAs are small non-coding RNAs that have 20-31nt; it is named after forming a complex with
Piwi proteins of the Argonaut family. Piwi-interacting RNAs were first discovered in Drosophila as repeat-
associated siRNAs (rasiRNA), which show complementarities to a variety of transposable and repetitive
elements (Minna et al. 2011).

The main function of these RNA molecules involves chromatin regulation and suppression of transposon
activity in germ-line and somatic cells. piRNAs are antisense to expressed transposons target and cleave the
transposon in complexes with PIWI proteins. This cleavage generates additional piRNAs which target and
cleave additional transposons. This cycle continues to produce an abundance of piRNAs and augment transposon
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silencing (Sato and Siomi, 2013).

1.4. LONG NON-CODING RNA (IncRNA)

LncRNAs are transcripts generally longer than 200nt having little or no potential of encoding proteins. Most of
the IncRNAs have similar characteristics within the mRNA, transcribed by RNA polymerase II. In addition to
RNA Pol II-derived IncRNAs, there are other classes of IncRNAs transcribed by two plant-specific DNA-
dependent RNA polymerases, RNA Pol IV and RNA Pol V, which play critical roles in transcriptional gene
silencing mediated by RNA-dependent DNA methylation (RADM) (Sang and Chanseok, 2016).

LncRNA can be divided based on genomic location, sense IncRNAs overlap with one or more exons of a
transcript on the same strand, antisense IncRNAs overlap with one or more exons of a transcript on the opposite
strand, intronic IncRNAs derive from an intron within another transcript, and intergenic IncRNAs occur in the
interval between two genes on the same strand (Ma et al., 2013).

Although only a small number of IncRNAs are identified and functionally investigated until now, plant
IncRNAs play important roles as regulators in complex gene regulatory networks involved in plant development
and stress management (Zhang et al., 2014). The human genome has only 3% of the coding region but more than
85% of the genome is actively transcribed and the biggest challenge understand the functional role for these
transcripts (Hangauer ef al., 2013).

The role of IncRNA through regulating the expression levels of target genes ranging from transcription to
translation. Some examples of their functions are; IncRNA, called LDMAR (for long-day specific male-fertility-
associated RNA), which regulates the photoperiod-sensitive male sterility of the rice variety whose pollen is
completely sterile in a long-day condition. Genome-wide investigation on rice also identified a set of IncRNAs
that are specifically expressed during the reproduction stage (Zhang et al. 2014). On the Flowering Locus C
(FLC) in Arabidopsis, an antisense IncRNA, COOLAIR, and a sense IncRNA, COLD AIR, are produced during
vernalization to form an epigenetic switch for silencing the expression of the FLC gene to promote flowering
(Fatica and Bozzoni, 2014, Renyi and Jiankang, 2014).

2. APPLICATION OF RNAi IN CROP IMPROVEMENT

Crop yield improvement is the main ultimate goal of molecular crop breeding. There are multiple physiological
traits influencing crop yield, and several studies have found ncRNAs and their target genes are involved in those
traits. Some physiological traits which influence crop yield are; plant manipulation, abiotic stress, biotic stress,
and fruit improvement.

2.1. PLANT ARCHITECTURE

2.1.1. Biomass

RNA interferences are one application that can improve the yield, quality, quantity, and nutritional contents of
the crops and fruits to manipulation of its traits. The RNA interferences can increase the biomass of the crops
and fruits by manipulation of plant height, inflorescences, branching, and size of the crops.

RNA interference knockdown to the OsDWARF4 gene in rice to decrease the plants erect leaf and
increasing the photosynthesis by lower leaf. The yield of such plants is improved or increased by dense planting
conditions (Feldmann, 2006). Over-expression of the maize MIR156, Corngrassl (Cgl) (Chuck et al., 2011),
and Red clover (Trifolium pratense L.) (Zheng et al., 2016) cause to prolong the vegetative parts of maize and
delayed the flowering. That means at the reproductive stage is delayed, the plant's vegetative parts are to be
increasing and at the same time biomass of plants becomes increasing.

Moderate and low levels of miR156 expression had 58-101% more biomass production than wild-type
controls as a result of increases in tiller numbers in switchgrass plants. Over-expression of rice miR156 could
improve the yield of solubilized sugar as well as forage digestibility (Xie et al., 2012, Johnson, 2017),
suspending the flowering time in the Arabidopsis (Roussin et al., 2020), and it can manipulate the flowering
colors (Yamagishi and Sakai, 2020).

2.1.2.  Grain Yield

The improvements of the crops by different technology or methods are mainly for increasing the yield of the
crops. RNA interferences are one of the technologies which are used to improve the crop's yield by manipulating
the crop's traits. One of the applications of RNA interferences is the manipulation of the gene, which affects the
characteristics of the crops whether to increasing or decreasing the crop yield.

Regulatory ncRNAs are also influenced in the reproductive stage, it is a very important key factor that
affects crop yield and it's used for genomic association. According to Ding et al. (2012), IncRNA, called
LDMAR (for LONG-DAYSPECIFIC MALE-FERTILITY-ASSOCIATED RNA), regulates the photoperiod
sensitive male sterility of the rice variety whose pollen is completely sterile in a long-day condition. Genome-
wide investigation on rice also identified a set of IncRNAs that are specifically expressed during the
reproduction stage (Zhang et al., 2014).
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The RNA mediates suppression of GA 20-oxidase (OsGA200x2) gene resulted in semi-dwarf plants from a
taller rice variety QX1. It is increasing in panicle length, the number of seeds per panicle, and higher test weight.
OsSPL14 (Souamosa promoter binding protein-like14) was reported to be the target of Osa-miR156 in rice to
increase the yield of the rice grain, decreased tiller number, and increased grain yield (Wang et al., 2012; Jiao et
al., 2010). Overexpression of Osa-miR1873 also resulted in some defects in yield traits, including grain numbers
and seed setting rate in rice (Zhou et al., 2020). Overexpression of the OsAGOI17 gene was furthermore
improved grain size and weight and promote stem development in rice (Zhong et al., 2020).

2.2. FRUIT IMPROVEMENT

The application of transgenic protects crops from different pests which can affect the plant products. Genetic
engineering was also applied to improve the composition and quality of the harvested organs to reduce post-
harvest deterioration of fruits or increase agronomic quality and nutritional value. Fruits are consumed when
fresh because they are very sensitive to pests and are perishable. RNA interference is the technology that can
overcome this problem (Meli ef al., 2010).

2.2.1.  Enhanced Nutritional Value and Edibility

RNA silencing-based technology has also enjoyed success in improving the nutritional value of crops. By down-
regulating key genes in plant metabolic pathways using RNAi constructs, transgenic crops may accumulate more
favorable metabolites or produce fewer unwanted ingredients. Crops have different nutritional values, some of
them are allergens to a human being, some of them are pollution to environments, and some of them are
allergens to the other crops, and so on. But there are crops which have very important nutritional values that are
consumed by human or animals or others. RNA interference is to manipulation of all these nutrients by adding
the important one and removing the unwanted.

Tomato (Lycopersicon esculentum) is one of the most economically important fruit crops across the world
rich in antioxidants, minerals, fibers, and vitamins. RNAi has been utilized in the development of tomato fruit
with an enhanced level of carotenoids and flavonoids which are highly beneficial for human health (from
Kamthan ef al., 2015).

RNAI approach has also been used in apple to improve the fruit quality by enhanced self-life reducing the
amount of a major apple allergen and metabolisms and accumulation of sugar in the fruits were affect the
sorbitol synthesis which affects fruit quality such as starch accumulation (Romer et al., 2020) and sugar-acid
balance (Teo et al., 2006)

Some examples of nutrition adding crops by RNAI are; high lysine maize to the expression of zein proteins
(Li & Song, 2020; Choudhary et al., 2021), Silencing of carotenoid B-hydroxylases increases the B-carotene
content of maize (Berman et al., 2017).

RNAI has also been used to down-regulate the starch-branching enzyme resulting in high-amylose wheat,
which has a great potential to improve human health (Man and Hong, 2013). Corn with increased essential
amino acids (Hasan and Rima, 2021), improve soybean by oil quality (Yang et al., 2018), cotton with improved
fatty acid composition and Overexpression of GmPDAT genes were increased seed size and oil content (Gao et
al., 2020), and whereas RNAI lines had decreased seed size and oil content of soybean (Liu ef al., 2020)were
some reported. Suppression of three carotenoid-cleavage dioxygenase genes, OsCCD1, 4a, and 4b, increases
carotenoid content in rice (Ko et al., 2018).

2.2.2. Enhanced Shelf Life

The major problems of fruits are post-harvest deterioration and spoilage of vegetables and fruits. It is a major
economic loss. This may be because of some problems like; method of harvesting, transports, storage, and other
problems. Therefore, an increase in the shelf life of vegetables and fruits by delayed ripening is another essential
agronomic trait. That is being addressed through non-coding RNA technology. Initiation of ripening in
climacteric fruits like tomato is characterized by a climacteric burst of ethylene, resulting in the regulation of the
expression of ripening-specific genes. Manipulating the gene which is responsible to produce ethylene and
reduce the production of ethylene (Osorio ef al., 2011). RNA interference is the decreasing the expression of 1-
aminocyclopropane-1-carboxylate (ACC) oxidase, a gene of ethylene biosynthesis pathway in tomato and
inhibited the ethylene production at the ripening time then the fruit can survive a long time.

RNA silencing was first genetically modified in the Flavr Savr tomato, introduced the antisense of
transcript polygalacturonase (PG) which is suppressed to PG expression. The polygalacturonase is responsible
for cell wall degradation during tomato ripening; suppression of polygalacturonase delayed the natural softening
of tomatoes and allowed tomatoes to ripen on the vine longer resulting in a more flavorful fruit (Renyi and Jian,
2014). The increasing shelf lives of tomatoes were observed after increasing abscisic acid (ABA) contents are
increasing. Manipulation of B-carotene levels results in an improvement not only in the shelf life of tomato fruits
but also in their nutritional value (Diretto ef al., 2020).

However, overexpression of the mil56 gene in tomato resulted in small fruits, increased leaf numbers, and
long shelf life, but if low expression high yielding and short shelf life were observed (Zhang et al., 2011a).
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Overexpression of different genes was also increasing the shelf life of tomato were informed in different reports,
like overexpression of Pti4, Pti5, and Pti6 genes (Wang et al., 2021), SIGRAS4 gene (Liu ef al., 2021) in tomato
are very significant to accelerated fruit ripening, increased the total carotenoid content.

Non-coding RNA is very essential in an increase in the shelf life of vegetables and fruits by delayed
ripening is another essential agronomic trait. RNAi application in crops shelf life increasing were including;
tobacco shelf life increasing (Moreno et al., 2020), Tomatoes (Arefin et al., 2020), superoxide dismutase (SOD)
genes that expressed during ripening of apple fruit were identified from the apple genome (Lv et al., 2020), cold
storage responses genes in the peach were reported (Antonella ef al., 2020), Blueberry cultivars with higher fruit
firmness and longer shelf life were identified (Liu et al., 2021), preserved post-harvest shelf life and quality of
banana fruit (Yumbya et al., 2021). RNAI strategy targeting suppression of more than one homolog would be
certainly much effective than the knockdown of a single homolog (Gupta et al., 2013).

2.2.3.  Seedless Fruit Development (Parthenocarpy)

Parthenocarpy or seedless fruit development is a method of fruit production from seedless crops by ovaries
without pollination and fertilization. Parthenocarpy or seedless is highly appreciated under agronomic traits,
especially in edible fruit crops, it produces high yielding under harsh environments because of no need for
pollination and fertilization. Customers always need fresh fruit, while through all the seasons it is possible to
produce the fruit. Production of high quality and marketable fruit through the season, also it is very important for
a producer to gain income (Molesini ef al., 2012)

In some cases, fruits produce hard seed which is problematic to overcome the dormancy fruits, some others
produce seeds with bad tests, the absence of seeds can be also an advantageous trait for both direct fresh
consumption (e.g. grape, citrus, and banana) and industrial processes (e.g. frozen eggplants, and tomato sauce)
(Meli et al., 2010).

RNA interferers are one of the foremost fundamental technologies to overcome the issues of parthenocarpy
plants. A few crops which can move forward by RNAI innovation are; Manipulation of auxin response factors8
(ARFS), it is the target of miR167 result produce of parthenocarpic fruit in both Arabidopsis and tomato
(Molesini, et al., 2012), suppression of the orthologous genes of Pad-1 induced parthenocarpic fruit development
in Solanaceae plants are very powerful tools to improve Solanaceae fruit production (Matsuo et al., 2020),
Overexpression of PhGA200ox2 gene was altered the GA biosynthetic pathway and enhanced GA4 synthesis,
thereby promoting fruit set and parthenocarpic fruit development in pear (Pyrus Bretschneider Rehd.) fruit
(Wang et al., 2020). Gene of PpIAA19 was involved in regulating tomato lateral root numbers, stem elongation,
parthenocarpy, and fruit shape (Ding et al.,, 2019), Grapevine (Wang et al., 2020), MaTPDIA gene
overexpression in banana plants produce seedless fruit compared to wild-type plants (Hu et al., 2020).

2.3. BIOTIC STRESS RESISTANCE

Phyto-pathogens are diseases that can affect crops and crop products. The disease may affect the crops at
different stages; seedling, vegetative, and also at productive stages. RNAI strategies have been employed to
improve the Small RNA-mediated crop improvement defense mechanism in crop plants against various biotic
stresses including an attack by viruses, bacteria, fungi, nematodes, and insects (Park and Shin, 2015).

2.3.1.  Virus Resistance

Viruses are pathogens that can affect crop products. RNA interference is one of the technologies which can
overcome the effects. The functions of RNA interferences are defense mechanism of virus that invades nucleic
acid molecules. The transgenic plant technology was to express genes encoding viral coat proteins in transgenic
plants and it can be resistant to viruses containing the coat proteins. The viral resistance was due to the
recognition of coat proteins by the transgenic plant cells and because of that the plant immune response against
the coat proteins. But, know the application of genetic transformation technology, the plants can express the coat
protein gene transcript, degraded the protein coat but not produce the protein which against the protein coat itself.
Transgenic plants which are resistant to viruses were produced by sense transgene triggered RNAi against the
viral RNAs (Ding, 2010, Renyi and Jian-kang, 2014, Yogindran & Rajam, 2015, Uslu et al., 2020).

RNAI has revealed a way of obtaining virus-resistant traits in many crop plants. The transgenic plant can
produce the viral sequences that match coat proteins, replication-associated proteins, ATPases, or promoter
regions in the viral genomes which can derive transgene siRNAs to target viral RNAs for degradation upon
infection. The reported crops which including viral resistance were including; papaya (Kertbundit et al., 2007),
cassava (Vanitharani et al., 2004; Vanderschuren et al., 2012), and Potato (Sajid et al., 2019), were some
reported crops. Some examples are Potato Resistance to Spindle Tuber Viroid (PSTVd) and Cassava resistance
to African Cassava Mosaic Virus (ACMV) (Renyi and Jian, 2014). In the virus prevention strategies, the
ecological implication is underlying, raised Carbon Dioxide Levels Decrease Cucumber Mosaic Virus
Accumulation, in the Nicotiana tabacum by viral suppressor of RNAi (VSR) 2b protein of CMV (Guo et al.,
2021).
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2.3.2.  Bacterial Resistance

Bacterial diseases are extremely difficult to control due to the high production rate of spreading. The
reproduction rates of bacteria are very high as compared to plant production; because of this, it can simply
control plant development.

RNA interference application technologies are applied in different plants to resist bacterial diseases. Some
crops that can RNA interference are; In Arabidopsis, miR393 was reported to be induced by a bacterial pattern
associated molecular pattern (PAMP) peptide flg22 and negatively regulate the F-box auxin receptors TIRI,
AFB2, and AFB3. This repression of auxin signaling positively contributed to the restriction of bacterial
(Pseudomonas syringae) infection (Li et al., 2010a; Zhang et al., 2011a). The other application RNAi has
mediated suppression of two genes of Agrobacterium tumefaciens involved in crown gall tumor formation (iaaM
and ipt) could significantly reduce the production of tumors in Arabidopsis (from Kamthan et al., 2015).
Overexpression of the rice chorismate mutase (OsCM) gene was altered the downstream pathway of aromatic
amino acids, mitigating bacterial leaf blight (BLB) stress by altering stress-responsive genes and hormonal
accumulation (Jan et al., 2020). Some of the detailed reported crops which can resist bacteria by manipulation
RNAI genes were including; Tomato (Bento et al., 2020), Citrus (Yu et al., 2020), Soybean (Tian, et al., 2020),
and Arabidopsis (Guo, et al., 2020) were recently reported.

2.3.3. Fungal Resistance

RNA silencing-based genetic engineering has contributed significantly to crop improvement; resistance to
pathogens. Fungus is a pathogen that can affect crop production and quality. RNAi has proved to be an important
strategy to generate tolerance in various crop plants (Kamthan et al., 2015).

RNA interference involved in response to attack by the fungus in wheat Blumeria graminis f. sp. tritici (Bgt)
by using 24 miRNAs which cause devastating diseases of wheat powdery mildew (Xin et al., 2010). Transgenic
of the Rice plants overexpression of OSA-miR7695 (Campo ef al., 2013), miR160a or miR398b (Li et al., 2014),
miR169 (Li et al., 2017), and Osa-miR167d (Zhao et al., 2020) was found to negatively regulate in response to
the blast fungus Magnaporthe oryzae and improved resistance to rice blast infection was achieved by
overexpression of those genes.

Treating the Fusarium spec. with various dsRNAs targeting the genes was destructive to the fungus and
resulted in growth retardation in vitro cultures was observed (Koch et al., 2018). In the Arabidopsis thaliana line
reduction, the activity of miR396 using artificial miRNA target mimics was found to confer resistance to
necrotrophic and hemibiotrophic fungal pathogens (Soto-Sudrez et al., 2017). Overexpression of the BnaNPR1
gene within the oilseed rape played a positive role in the resistance of Brassica napus against Sclerotinia
sclerotiorum, which gives resistance to this pathogen (Wang et al., 2020).

2.3.4. Insect and Resistance

Defoliating plants or sucking out their sap insects can cause considerable damage to crop plants, by slow down
their growth, weakening, and sometimes killing them (Yogindran and Rajam, 2015). The use of RNAI for insect
control seems to be the consequence of the success of Cry toxins from Bt as an insecticide. Insect resistance
crops are producing the dsRNA which affects the insects and in insects use as diet, the gene expresses itself
(Huvenne and Smagghe, 2010).

This technology is to protect insects from different crop production; western corn rootworm Diabrotica
virgifera, the cotton ball worm Helicoverpa armigera, and the tobacco hornworm Manduca sexta, among others
(Renyi and Jian-kang, 2014). Transgenic tobacco lines expressing dSRNA of v-ATPase, leading to the mortality
rate of whiteflies (Thakur et al., 2014) transcript level of the target genes in Bemisia tabaci (B. tabaci) more than
70% mortality was observed (Raza et al., 2016, Shelby et al., 2020). RNA interference-mediated knockdown of
CsKr-hl considerably reduced the transcription of vitellogenesis (Vg) within the C. suppressalis,
its exceptionally critical within suppressing rice pests (Tang et al., 2020). For pest management in the field
through topical application or spraying dsSRNA shows very great potential, up to 81.67% mortality was recorded
for soybean aphids Aphis glycines(Yan et al., 2020), and up to 90% mortality was recorded for soybean Nezara
viridula (Sharma et al., 2021).

2.4. ABIOTIC STRESS TOLERANCE

Plant growth on the field may face multiple abiotic stresses like; drought, salt, heat, and cold stresses. RNA
silencing coding is one of the technologies which can overcome this problem, the abiotic stress of plant products.
By regulating the endogenous level of regulatory ncRNAs in response to abiotic stresses, they fine-tune the
expression of their target genes that are closely involved in specific or multiple stresses.

2.4.1.  Drought and Salinity Tolerance

Water deficit or drought and salinity are the abiotic stress which is major environmental stress limiting crop
productivity. RNA silencing coding has been applied successfully to develop drought tolerance and salinity
tolerance crops. RNA interferences are using in the canola to transfer the AtHPR1 promoter which is resistant to
seed abortion during flowering induced by water deficiency without affecting yield during drought stress.
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Transgenic rice plants tolerant to drought stress were developed including; receptor for activated C-kinasel
(RACK1) (Li et al., 2009), knockdown of a RING finger E3 ligase gene-OsDSGI and also silencing of OsDIS1
for Oryza sativa drought-induced SINA protein (Park et al., 2010).

A few miRNAs have been recognized that respond to drought, high salt, and high-temperature stress in
Brassica. Of 126 novel miRNAs identified, miR164, miR160, and miR156 were experimentally approved to
target NAC-domain-containing protein, ARF17-like, and SPL2-like proteins, respectively and for control
different stress condition conserved miRNA in Brassica were identified (Bhardwaj et al. 2014)

However, RNA interference has also regulated gene to respond the salinity tolerance crops just like;
overexpression of GmNFYA3 in Arabidopsis resulted in increased sensitivity to salinity stress and exogenous
ABA (Ni et al,, 2013) and also transgenic creeping bentgrass (Agrostis stolonifera) plants overexpressing a rice
miR319 gene (OsamiR319) exhibited enhanced tolerance to drought and salinity that was associated with
increased leaf wax content and water retention but reduced sodium uptake (Zhou et al., 2013). Tomato,
overexpression of miR169c gene led to reducing stomatal openings, transpiration rate, and leaf water loss, thus
enhanced drought tolerance in transgenic plants in comparison to wild-type controls (Zhang et al., 2011a). In the
rice correspondingly, knockdown of the OsTBP2.2 gene was generated to increase the rice sensitivity to drought
stress (Zhang et al., 2020).

2.4.2. Cold and Heat Stress Tolerance

Cold and heat are the abiotic stress types that affect the production of the crops, at the variable condition the
crops are shocking then the yield and quality of crop products decrease and also affect the economic loss.
Transgenic crops using RNA silencing coding can overcome the problem of this stress. The expression of
miR319 was reported to change in response to cold stress in Arabidopsis, Rice, and sugarcane (Lv et al., 2010;
Thiebaut et al., 2011).

The overexpression of the Osa-miR319 gene led to increased cold stress tolerance (4°C) after chilling
acclimation (12°C) of plants (Yang et al., 2013). In rice, the over-expression of OsPCF5 and OsTCP21 resulted
in the production of the cold-resistant transgenic plant (Yang ef al., 2013).

Guan et al. (2013) discovered a novel plant thermo-tolerance mechanism, especially for the protection of
reproductive organs. It involves induction of miR398 to down-regulate its targets CSD (copper/zinc superoxide
dismutase) genes, CSD1 and CSD2 as well as CCS (a gene encoding copper chaperone for both CSDI and
CSD2). They found that csd1, csd2, and ccs mutants displayed higher heat stress tolerance than wild type plants
associated with increased accumulation of heat stress transcription factors and heat shock proteins and reduced
damage to flowers (Guan et al., 2013) and Many IncRNAs were identified in maize (Yuanda, et al, 2019) and
Cassava (Suksamran, et al., 2020) that respond to abiotic stresses like heat, cold, salt, and drought.

3. CONCLUSION

One of the most basic requirements of a human being is food. And, we (human beings) have moved countable
steps on the road of maintaining sustainable food production. But, food insecurity and malnutrition are currently
among the most serious concerns for human health, causing the loss of countless lives in developing countries.
Therefore, we need innovative technologies to improve our crop production methods and practices. RNA
interference applications are an innovative technology that can contribute to the solution to these problems. In
crop improvement, it has a wider application in the production of transgenic plants which have improved yield,
increased nutritional qualities with improved taste, texture or appearance, and health benefits. It also enables us
to produce plants that have reduced dependence on fertilizers, pesticides, and other agrochemicals, and plants
which have reduced the vulnerability of crops to Environmental Stresses. RNA silencing gene is an advanced
application that can solve the agricultural problem in a short period. It has also some limitations like;
identification of appropriate target genes, off-target effects, and the application of RNAi is more sophisticated
and needs highly skilled human power.
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