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Abstract  

One of the molecular devices practised recently has been the fusion of RNA interference 

(RNAi) into some agricultural products. It is a definite genetic controlling system recognised 

in eukaryotes. Through this system, certain exogenous pathogens are neutralized by 

deactivating the expression of target genes. The decisive factor for the progress of this gene 

defence machinery is the double-stranded RNA (dsRNA). The effectiveness and specificity of 

the RNAi tool in gene silencing have been approved with great precision in small-scale guide 

tests. The development of this molecular tool as bioinsecticides has started to attract the 

biotechnology industries. Once the safety and certainty actions respecting the regulatory 

framework are established by researchers and biotechnology industries for crop protection, for 

example; sustainability and particularity of defence, healthiness of all health dangers, and 

removal of all unexpected influences on the environment, genetically modified crops 

incorporating dsRNA can be marketed. The current chapter discuss the RNAi tool and its role 

in protecting crops from insect pest attacks, dsRNA transfer methods in plant cells, and critical 

points affecting the achievement of the molecular tool. Finally, some environmental risks 

identified in the small-scale guide tests are discussed. 

Keywords: RNAi; dsRNA; bioinsecticide; crop protection. 

23.1. Introduction 

The global population explosion and the increasing demand for high quality agricultural 

products from consumers and food processing industries in recent decades has obliged control 

services to establish and to apply new protection strategies to maintain food security (Godfray 
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and Garnett 2014). Plant pathogens and pests are the most relevant causes of loss and crop 

damage in the fields. In front of this critical situation, the use of pesticides is among the most 

applied handling policies, these agrochemicals used in agricultural land are very harmful to the 

health of consumers (Nicolopoulou-Stamati et al., 2016). Pesticides are also harmful to the 

environment; they can persist in water and soil ecosystems and interact with living things by 

inducing harmful effects (Damalas and Eleftherohorinos, 2011). 

Biotechnological progress has revealed that the installation of RNA interference (RNAi) 

into biological cells may be a trick to interfere with exogenous genes. The first research 

reporting this consequence was published in 1998 by Fire ‘s team. The team used RNAi tool to 

modify gene expression. The interference mechanism depends on the hybridization between the 

nucleic acids of the injected RNA and the targeted messenger RNA (mRNA) in Caenorhabditis 

elegans (Fire et al., 1998). Another study indicated that RNAi regulates transcription through 

its interaction with transcriptional machinery, it is able to neutralize the transposable elements, 

its role appears in heterochromatin creation, developmental gene control and genome stability 

(Guang et al., 2010; Castel and Martienssen, 2013). Other RNAs are capable of acting at the 

genome level, for example; microRNA (miRNA) acts to regulate endogenous genes and to 

prevent invasive nucleic acids (Carthew and Sontheimer, 2009), and Hairpin RNA (hpRNAs) 

which form a commanding device inducing gene silencing (Schumann et al., 2013). 

Molecular biology research aimed at controlling agricultural pathogens demonstrated 

that RNAi has significant potential for controlling insects. To restrict the employ of genetically 

modified organisms (GMOs), great attention has been paid to this molecular instrument in order 

to recommend it against insects ravaging plants and crops. Unexpected efficacy was 

demonstrated against harmful insects (Rosa et al., 2018; Zotti and Smagghe, 2015). The 

identification of new genes indispensable for the growth and development of insects supports 

the progress and success of RNAi in the biological fight against insects (Liu et al., 2020). 

Understanding inactivation steps by the double-stranded RNA (dsRNA) at the molecular level, 

and the crucial factors in initiating interference steps has increased in recent years. Now that 

the scientists have resolved the interference mechanism and the delivery methods of dsRNAs, 

it is time to apply the knowledge acquired for crop protection (Koch et al., 2016; Zotti et al., 

2018). This chapter focuses on the applications of RNAi technology as a new molecular 

alternative for the control of field pests, dsRNA transport systems into insect cells, and the key 

factors increasing the success of interference. Potential risks to the environment are also 

discussed. 

23.2. The effectiveness of RNAi in biological control and its working mechanism in the 

attenuation of genes which is essential for the life of insects 

RNA interference is a conserved system in eukaryotes. It is responsible for the 

repression of genes by small non-coding nucleic acid fragments (siRNAs) of around 20 to 30 

nucleotides (Nts) (Nicolás et al., 2013). RNAi is involved in cellular protection against attacks 

of extracellular nucleic acids (Jeang, 2012). Three main pathways are involved in the regulatory 

mechanism of RNAi, they are mediated by the siRNA, the miRNA and the RNAs interacting 

with Piwi (piRNA) (Blair and Olson, 2015). Dicer, Argonaute (Argo), and RNA-dependent 

RNA polymerase are the indispensable elements involved in the RNAi process (Dang et al., 
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2011). siRNAs are produced endogenously, however, exogenous dsRNAs can also be 

inoculated into insect cells and then treated in small duplexes under the action of ribonucleases-

III (Dicer) (Zhang et al., 2004). In the cytoplasm, the siRNAs formed a complex with RNA-

binding proteins, members of the Argo family, leading to the establishment of the RNA-induced 

silencing complex (RISC) (Lee et al., 2006). The assembled structure contains essentially the 

siRNA and Ago-2 which has a catalytic cleavage activity. The assembled structure is activated 

by discharging the passenger RNA strand and then moves towards target recognition by 

complementing the bases with the single guide RNA strand (Kim and Rossi, 2008). Target 

recognition leads to transcriptional gene silencing or post-transcriptional gene silencing (Liu et 

al., 2020). 

miRNAs are small, non-coding RNAs. They collectively control the expression of 

genomic genes in cells. More than 2,000 regulatory Nts sequences are recorded (Hammond, 

2015). Three main factors are identified in the biosynthesis of miRNAs, they are: dsRNA-

specific endoribonuclease (Drosha), DiGeorge syndrome critical region 8 (DGCR8) and Dicer. 

Primary miRNA (pri-miRNA) is treated under the action of Drosha and Pasha to subsequently 

shape the pre-miRNA precursor. The latter forms the miRNA duplex after its cleavage by the 

Dicer. The miRNA duplex is processed into a single strand miRNA by an RNA-helicase. The 

mature miRNA is loaded over Argo to form the RISC. The post-transcriptional silencing of 

genes is carried out by Argo which pilots the miRNA to the target mRNAs. Knockdown is 

induced by translational repression or degradation of mRNA (Bagga et al., 2005; Pong and 

Gullerova, 2018; Zhu and Palli, 2020). 

Regarding the piwi pathway (piRNA), from piRNA clusters, RNA polymerase II 

transcribes a long single-stranded antisense RNA. The designed RNA is a pre-piRNA precursor 

which will after be transformed into primary piRNA (pri-piRNA) under the action of an 

endonuclease (Zuc). The piRNA is then loaded into specific proteins to produce the Piwi 

complex, which degrades the target and generates new sense piRNAs. The new sense piRNAs 

are loaded another time on Argo-3. The corresponding sequences are cleaved with the genesis 

of new antisense piRNAs and the cycle begins again (Zhu and Palli, 2020). Fig 23.1 summarizes 

the three gene regulatory pathways. 

Insert Fig 23.1 here 

Fig 23.1. Gene regulation in insect cells via siRNA, miRNA and piRNA.  

23.3. Application of RNAi gene technology in the preservation of crops against harmful 

insects 

With current approximation and statistical systems, scientists have estimated the 

existence of 5.5 million distinct insect species on Earth (Stork, 2018). A major problem is posed 

by insect pest populations due to the emergence of resistance to insecticides applied in 

agricultural fields (Sudo et al., 2017). This situation notably leads to significant crop losses, in 

particular, rice, wheat and maize known by their wide consumption, and an inability to meet 

growing food needs due to the global population explosion (Deutsch et al., 2018; Bodirsky et 

al., 2015). In addition, studies and research continue to point out the dangers and health risks 

linked to the application of pesticides, without neglecting their impacts on the receiving 
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environment and non-targeted beneficial insects (Chowdhury et al., 2008; Nagami et al., 2017; 

Fernandes et al., 2016). The uncontrollable situation prevented researchers to leave the habitual 

research platforms for new strategies to develop more effective alternatives capable of 

protecting food security and guaranteeing healthy and sustainable crops preservation in the next 

years. One of the practical molecular alternatives in this area is RNAi technology. The 

molecular tool is based on the transfer into insect cells of a dsRNA inducing knockdown of the 

transcribed target genes (Bally et al., 2018; Kunte et al., 2020). The rigorous selection of an 

dsRNA and the post-transcriptional disturbance of the transcribed sequence essential for growth 

and development induces the death of the insect. The eradication effect recorded against crop 

pests makes RNAi a gene tool capable of being introduced into the plant as a new control 

method (Wang et al., 2013; Kunte et al., 2020). Fig 23.2 demonstrates the mechanism of action 

of dsRNAs as insecticides introduced into transgenic plants. 

Insert Fig 23.2. here  

Fig 23.2. Transgenic plants express dsRNAs as an insecticide.  

An unlimited number of experiments carried out in biological laboratories all over the 

world revealing the insecticidal effect of RNAi technology mediated by delivered dsRNAs. In 

the current section, dsRNA-mediated bioassays extinguish large numbers of insect species are 

discussed. The study by Baum and his group demonstrated the effectiveness of the nucleic acid 

introduced into coleopteran species responsible for damaging corn roots. Transgenic plants 

made capable of expressing dsRNAs have demonstrated resistance against insect damage 

(Baum et al., 2007). Expression of the CYP6AE14 gene coding for cytochrome P450 identified 

in Helicoverpa armigera (the agent responsible for cotton culture alterations) allows gossypol, 

a cotton metabolite, to be tolerated by the insect. Feeding the insect larvae with Arabidopsis 

thaliana and Nicotiana tabacum expressing ds-CYP6AE14 leads to retarded growth in insect 

(Mao et al., 2007). The expression of ds-CYP6AE14 by transgenic cotton, Gossypium hirsutum, 

also causes a delay in the growth of Bollworm larvae and enhances the resistance of cotton 

(Mao et al., 2011). Attenuation of RNAi-mediated genes can be improved by introducing other 

proteins in insect diet. The absorption GhCP1 (plant cysteine protease) of cotton by H. armigera 

larvae conducts to the attenuation of the peritrophic matrix, and accumulation of gossypol in 

the midgut which improved the suppression of CYP6AE14 mediated by ds-CYP6AE14 

expressed by transformed cotton (Mao et al., 2013). A minimal survival rate was also recorded 

in H. armiger larvae during the knockdown of the coatomer β and V-ATPase-A genes by 

specific siRNAs (Mao et al., 2015). 

In Diabrotica virgifera larvae, the injection of a dsRNA targeting DvSnf7 mRNA causes 

mortality. DvSnf7 gene codes for a protein involved in intracellular biological activities. The 

contact time and the length of the injected dsRNA sequence significantly affect the silencing 

activity (Bolognesi et al., 2012). A similar study was carried out by Vélez and his group, a 

dsRNA targeting V-ATPase-A in D. v. virgifera has shown that the injected sequence causes 

mortality in adult insects (Vélez et al., 2016a). Mevalonic acid pathway also called HMG-CoA 

reductase pathway is an important pathway in insect metabolism. 3-hydroxy-3-methylglutaryl 

coenzyme A reductase (HMGR) is the main pathway enzyme. In H. armigera fed by leaves of 

transgenic plants expressing ds-HMGR, a downregulation is recorded for target gene 
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expression (Tian et al., 2015). Previous study found that the knockdown of HMGR results in 

reduced levels of vitellogenin mRNA and female fertility (Wang et al., 2013). The silencing of 

the molt-regulating transcription factor gene (HaHR3) by HaHR3-dsRNA expressed by 

transgenic cotton plants has led to deformations in adults and significant larval mortality (Han 

et al., 2017). Table 23.1 discloses several dsRNA sequences intended for the silencing of genes 

expressed by different insect pests.   

Insert Table 23.1 here 

23.4. Delivery methods of dsRNA into insect cells 

It is clear and essential that before any application of RNAi technology against harmful 

insects, the efficacy and toxicity of administered nucleotide sequences must be ensured, on the 

one hand; to avoid any interference with beneficial insects, and on the other hand, to eradicate 

any danger to humans, animals and the receiving environment. Besides, the sensitivity of the 

administered dsRNAs must be studied in depth to facilitate their absorption by the target insect 

and to eliminate their possible enzymatic decomposition. In order to achieve this aim, packaging 

methods and nucleic acid delivery systems are proposed and published. In the current part of 

the chapter, an overview of some systems for efficiently conveying dsRNAs are discussed. Fig 

23.3 summarizes the methods applied for the delivery of dsRNAs involved in the control of 

insect pests. 

Insert Fig 23.3 here  

Fig 23.3. Some effective methods applied for the introduction of dsRNAs involved in the 

control of crop insect pests. 

23.4.1. Bacterial and fungal cells as carriers of dsRNA 

Bacteria are the most widely used delivery microorganism, by its structure it can protect 

dsRNAs against decomposition. Among the first studies using bacteria as a vehicle for dsRNA 

is that of Timmons and Fire (1998) focused on C. elegans. The two researchers used 

Escherichia coli harbouring a vector that had a bidirectional transcription. In their study, E. coli 

serves as a nutrient for the nematode, which is absorbed in the intestines after being shredded 

(Timmons and Fire, 1998). The application of sonication on E. coli made capable of producing 

dsRNAs demonstrated an increase in efficiency against Spodoptera exigua with a significant 

decrease integrin β1 subunit (SeINT) expression. In addition, the treated larvae became more 

sensitive to the Crytoxin secreted by Bacillus thuringiensis (Kim et al., 2015). 

In addition to sonication, other researchers have optimized other parameters to increase 

the effectiveness of dsRNA delivered by transformed bacteria. Vatanparast and Kim 

demonstrated that targeting S. exigua larvae with low RNase activity in the intestinal lumen and 

applying sonication before oral introduction significantly enhanced the efficacy of dsRNA 

targeting the SeCHY gene (Vatanparast and Kim, 2017). However, targeting multiple genes at 

the same time is very effective in eradicating damaging insects. The expression of dsRNAs 

targeting Actin, Sec23, V-ATPase-E, V-ATPase-B, and COPβ delivered by E. coli HT115 

demonstrated a significant mortality in Leptinotarsa decemlineata (Zhu et al., 2011). In 

Plagiodera versicolora, the silencing of 6 genes, namely; ACT, SRP54, HSC70, SHI, CACT 
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and SNAP by the use of E. coli HT115 expressing dsRNAs has proven that the attenuation of 

actin and signal recognition particle protein 54k (SRP54) leads to a significant insecticidal 

effect (Zhang et al., 2019). In L. decemlineata, the use of Ldp5cdh1-dsRNA and Ldp5cdh2-

dsRNA to target the Ldp5cdh gene which codes for a functional P5CDh enzyme used in the 

ATP biosynthesis pathway has demonstrated a decrease in ATP rates and an increase in insect 

mortality (Wan et al., 2015a). 

The transfer of dsRNAs is possible through the use of symbiotic insect bacteria (Whitten 

et al., 2016). Nevertheless, the application of this delivery method requires detailed information 

and investigations, since the introduction of selected symbiotic bacteria as a vehicle for dsRNAs 

requires an understanding of the dynamics and potential interactions of the insect microbiome 

(Goodfellow et al., 2019). 

Although the bacterial administration of dsRNAs is effective against certain insect 

species, for others it is limited or impotent. As demonstrated in a study carried out on Sesamia 

nonagrioides larvae, the knockdown of the juvenile hormone esterase (SnJHER) was effective 

while no negative effect on the development has been recorded (Kontogiannatos et al., 2013). 

However, Miller and his team have shown that the concentration and length of nucleotide 

sequence significantly affect the effectiveness of interference (Miller et al., 2012). Another 

crucial parameter that remains to be divulged to improve the effectiveness of dsRNA is the 

mechanism by which bacteria export transcribed RNA to the outside environment. High-

throughput sequencing has revealed that bacterial cells can expel various types of RNA into the 

extracellular medium. Some of these nucleic acid sequences are linked to the outer membrane 

vesicle (OMV) (Ghosal et al., 2015), these types of interaction with the siRNAs formed require 

further study. 

The delivery of dsRNAs can also be ensured by yeasts. The first study carried out in 

this context was realized by Murphye and his group. A modified Saccharomyces cerevisiae 

INVSc1 strains containing p406TEF1 DNA vectors carrying the target gene sequence (y-

Tubulin) demonstrated a decrease in larval survival and a reduce in locomotor and reproductive 

activity in Drosophila suzukii (Murphy et al., 2016). The introduction of small hairpin RNA 

(shRNA) into S. cerevisiae, in an inactivated cell form, revealed sufficient silencing of target 

genes in Anopheles gambiae (Mysore et al., 2019a). In Aedes aegypti, the attenuation of axon 

guidance regulator semaphorin-1a (sema1a) by modified S. cerevisiae carrying shRNA induced 

larval mortality caused by severe neuronal abnormalities (Mysore et al., 2019b). Table 23.2 

shows the effectiveness of E. coli HT115 as a vehicle for dsRNAs targeting crucial genes 

included in the development of insect pests. 

Insert Table 23.2 here 

23.4.2. Viral vector as a delivery vehicle 

 Some viruses with their genomic material have a high ability to infect plant cells. The 

types of vectors carried by viruses are very interesting for the transport of nucleotide sequences 

which aims to increase plant immunity and knockdown the target genes in the vital organism 

of insect pests (Couto and High, 2010). The specificity of infection existing in viruses will 

create in the future a gene bank by precisely selecting and improving the recombinant vectors 
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allowing the knockdown of target genes (Liu et al., 2019). Despite their recommended 

effectiveness in the delivery of dsRNAs, it seems that some viruses are not useful as a delivery 

tool since some of them can prevent or disrupt interference steps (Mérai et al., 2006). Uhlirova's 

study is among the studies done in this area. A recombinant Sindbis virus members of the family 

Togaviridae is made capable to decrease mRNA levels of the transcription factor Broad-

Complex BR-C in Bombyx mori. The resulting insects suffer from developmental defects 

(Uhlirova et al., 2003). Despite the recommendations recorded for the viral delivery method, 

its application in crop preservation has not been widely studied following the several obstacles 

of biosafety and genetic pollution which must be taken into consideration. 

23.4.3. Nanoparticle as a delivery vehicle  

dsRNA sequences are known for their sensitivity to enzymes, and to protect them 

against any enzymatic decomposition, they can be incorporated into nanostructure particles. 

Chitosan is the most used material for the design of nanostructured particles incorporating 

dsRNAs due to its lower toxicity to receptor cells. Chitosan is also cationic, which allows it to 

easily cross membranes. Its bio-decomposition and biocompatibility are also noted (Cao et al., 

2019). This nanotechnology seems less expensive since chitosan and nucleic acids are prepared 

under electrostatic interactions (Ramesh Kumar et al., 2016). It is achievable with siRNAs or 

dsRNAs of a long strand (Zhang et al., 2015a). According to several publications, this delivery 

technique has shown high death rates in A. gambiae and A. aegypti (Ramesh Kumar et al., 2016; 

Zhang et al., 2015a; Mysore et al., 2013). Other nanoparticles such as for example; carbon 

quantum dot, and complex silica can incorporate dsRNA sequences and protect them from any 

alteration to increase the attenuation action of target genes (Das et al., 2015). In Ostrinia 

furnacalis, the oral administration of FNP / CHT10-dsRNA causes mortality in the insect (He 

et al., 2013). The combination of dsRNAs with guanidine-containing polymer nanoparticles 

(GPN) in order to preserve them against enzymatic nuclease deterioration in particular in a high 

pH environment such for example; S. exigua characterized by an alkaline intestinal environment 

showed better cellular uptake of dsRNA. By targeting the chitin synthase B gene, an increase 

in insect death of 53% against only 16% when applying naked dsRNA is recorded (Christiaens 

et al., 2018). 

23.4.4. Liposomes and protein as a delivery system 

Another approach is being established by scientists to deliver intact and safe nucleic 

acids. This approach is based on liposomes which are spherical vesicles formed from one or 

multiple lipid bilayers. The sizes of the vesicles are between 30 nm to several micrometers. 

Their particularity is located in the polar heads oriented towards the aqueous phases. Liposomes 

are manipulated as envelopes to encapsulate biomolecules to deliver them intact to designated 

targets (Akbarzadeh et al., 2013). The liposomes are very operative for the encapsulation of 

nucleotide sequences (Barba et al., 2019), and their cationic character are helpful in cell 

transfection with less toxicity for eukaryotic tissue (Chien et al., 2005). 

The application of liposomes in the transport of nucleotide sequences intended to 

eradicate insect pests demonstrated good performance with a high death rate. In soybean pests: 

neotropical stink bug Euschistus heros, the application of dsRNA encapsulated in liposomes 

targeting V-ATPase-A and muscle actin demonstrated after 14 days a 45% and 42% mortality 
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rate, respectively (Castellanos et al., 2019). In the Zhang study, the contact time with dsRNA 

was found to be the most critical parameter in comparison to the types of liposomes and the 

number of nucleic acids (Zhang et al., 2018b). Another study done on Blattella germanica 

showed that dsRNA wrapped in a liposome are better protected against enzymatic degradation. 

dsRNAs lead to the death of cockroaches after silencing tubulin genes in midgut (Lin et al., 

2017; Huang et al., 2018). The liposome technique has also proved its competence in the 

eradication of four species of Drosophila namely: D. melanogaster, D. sechellia, D. yakuba, 

and D. pseudoobscura; the technique can be useful in the protection of fruit trees (Whyard et 

al., 2009). 

The preservation of delivered nucleotide sequences against intestinal nucleases of 

insects by their consolidation with proteins is another approach to increase the potential of 

RNAi. In Tribolium castaneum and Acyrthosiphon pisum, the administration of branched 

amphiphilic peptide capsules (BAPCs) combined with dsRNAs (BiP-dsRNA and Armet-

dsRNA) in nanometric form demonstrated significant mortality in both species compared to 

dsRNAs administered alone (Avila et al., 2018). 

23.4.5. Genetically modified plants as a delivery system 

Genetic modification of plants crops can be an effective solution to control plant insect 

pests. The introduction of nucleic acid sequences targeting desired genes into insects directly 

from modified plants. Many scientists have proved the ability of genetically modified, 

transplastomic and transgenic plants capable of expressing dsRNAs to be resistant to insect 

pests (Thakur et al., 2014; Poreddy et al., 2017; Zhang et al., 2017).  

The knockdown of the juvenile hormone acid methyltransferase (JHAMT) by JHAMT-

dsRNA in transformed potato plants via Agrobacterium demonstrated an accumulation of 

transcriptional RNA causing a significant decrease in JHAMT formation in L. decemlineata 

which negatively affects its development (Guo et al., 2018). The transfer of EcR-dsRNA by 

Agrobacterium to Agria and Lady Olympia potato cultivars has proved that genetically 

modified plants are capable of attenuating the expression of EcR gene (Ecdysone receptor) in 

L. decemlineata. The transformed plants exhibit high biotoxicity and mortality against the target 

insect (Hussain et al., 2019). 

Plastid transformation is also an approach to make the plant capable of expressing 

dsRNAs. However, the length and the concentration of dsRNAs expressed by the genetically 

modified plant considerably influence the knockdown (Burke et al., 2019; Zhang et al., 2015). 

In potato transplastomic plants, the knockdown of CPB β-Actin gene from Colorado potato 

beetle demonstrated that dsRNAs of 200 bp induced high mortality compared to those of 60 bp 

which induced a weaker response (He et al., 2020). This dissimilarity in efficiency between the 

two strands results from their sensitivity to nucleases, which depends strongly on the length of 

the sequence (Wang et al., 2019). 

23.4.6. Spraying as a delivery system 

External application of dsRNAs can be another method of delivery. Spraying is the most 

practiced technique because it allows their absorption by plant cells. Spraying technique 

provides high protection against pests without the use of pesticides. The effectiveness of 
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spraying is demonstrated in the study of Yan and his group. dsRNAs/nanocarrier/detergent was 

performed as an insecticide against Aphis glycines. dsRNAs attenuating the four genes (TREH, 

ATPD, ATPE and CHS1) could penetrate the body wall of the aphid within 4 h.  The delivered 

dsRNAs (ds-ATPD + ds-CHS1) silence the targets with 78.50% of deaths (Yan et al., 2020). 

23.5. Parameter taken into account when applying dsRNA 

Although the RNAi tool appears to be effective as an insecticide against several insect 

pests, several parameters and factors affect the interference and action of delivered dsRNAs 

with target genes which leads to a divergence in the success of the knockdown between species. 

Fig 23.4 summarizes the factors affecting the knockdown of dsRNA administered to insects or 

introduced into transgenic plants. 

Insert Fig 23.4 here 

Figure 23.4.  Factors affecting the efficacy of dsRNA administered to insects or introduced 

into transgenic plants. 

23.5.1. Influence of sensitivity and resistance of the target species 

The difference in efficiency of dsRNA-induced knockdown between insect species and 

even within the same insect organism is a limiting factor for the application of the RNA tool 

(Vogel et al., 2019). Administration of dsRNAs targeting V-ATPase-E (TEV) and apoptosis 

inhibitor genes in T. castaneum and A. pisum has shown that the injection and ingestion of the 

nucleotide sequences resulted in up to 100% mortality of T. castaneum larvae. However, in A. 

pisum, the injection of VTE-dsRNA resulted in a death of 65% which confirms that the 

knockdown of the same genes in distinct species is accomplished by different consequences 

(Cao et al., 2018). Wang's team also demonstrated that the sensitivity of insect species to 

dsRNAs targeting the same gene (homologous chitinase) is variable. In descending order, 

Periplaneta americana was the most sensitive followed by Zophobas atratus, Locusta 

migratoria, and Spodoptera litura (Wang et al., 2016). 

The dissimilarity in generating a systemic response is mainly due to several factors. 

Biomolecules and inhibitors are the primary agents responsible for the variation in sensitivity 

to dsRNA. In L. decemlineata, systemic RNA interference deficient-1 (Sid-1) transmembrane 

channel-mediated uptake and clathrin-mediated endocytosis are the two pathways involved in 

the absorption of dsRNAs (Cappelle et al., 2016). However, in T. castaneum, clathrin-

dependent endocytosis is the major pathway by which the insect guarantees the transportation 

of dsRNAs and ensures the effectiveness of interference targeting TcLgl (Xiao et al., 2015). 

The resistance mechanism or its evolution in insects is another point that must be well 

developed to manage it effectively and generate lasting protection and healthy one (Khajuria et 

al., 2018). 

Geographic origin is another essential parameter affecting the sensitivity of insect 

species to dsRNA as demonstrated in migratory locusts L. migratoria where the sensitivity to 

dsRNAs targeting corazonin (CRZ) and ecdysone receptor genes was distinct. The result 

explains that the genome of species resulting from different geographical regions is the key 

factor in this variation, admitting that several genes are supposed to control interference 
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(Sugahara et al., 2017). Treatment of three phenotypically dissimilar groups of D. v. virgifera 

with dsRNAs targeting DvRS5 (cysteine protease gene) also demonstrated variations in 

responses (Chu et al., 2014). Viruses infecting insects are another crucial factor that can affect 

the effectiveness of dsRNAs by affecting the RNAi machinery (Swevers et al., 2013). 

23.5.2. The influence of enzymatic activity on the efficiency of knockdown  

The nucleotide sequence delivery method targeting genes in insects plays an imperative 

role in the success of the interference. As demonstrated in many scientific papers, some insects 

are sensitive to orally administered dsRNAs, while others are insensitive (Spit et al., 2017). 

Variations in insect sensitivity make methods of administration and doses of dsRNA key factors 

for the success of the RNAi tool as a bio-insecticide because under certain conditions, the 

delivered sequence can be broken down enzymatically (Liu et al., 2012; Luo et al., 2013). Oral 

administration of dsRNA in L. migratoria is less effective, due to the enzymatic activities of 

nucleases expressed in the midgut, which results in rapid degradation of dsRNA (Song et al., 

2017). In Schistocerca gregaria, four RNase sequences specifically expressed in the intestine 

are responsible for the decomposition of dsRNAs (Wynant et al., 2014). In the adult insect L. 

decemlineata, the suppression of nucleases increases crop preservation by increasing plant 

sensitivity to dsRNAs (Spit et al., 2017). In addition to RNase, the attenuation of gene 

expression in insects is also influenced by the physiological pH of gastric fluid (Song et al., 

2019).  

saliva is another factor that affects the success of RNAi. As it has been proven in Lygus 

lineolaris, administered dsRNA are quickly digested by salivary secretion (Allen and Walker, 

2012). Salivary secretions have also been shown to be effective in degrading dsRNA targeting 

different genes in A. pisum (Christiaens et al., 2014). A study carried out on two insect species, 

namely: Manduca sexta and B. germanica showed that the administered dsRNA are rapidly 

broken down in the hemolymph plasma of M. sexta, whereas in B. germanica, the dsRNAs 

persisted much longer (Garbutt et al., 2013). In A. pisum, the introduction of dsRNA into the 

body showed no response following the decomposition of the nucleotide sequence by the 

hemolymph (Christiaens et al., 2014). 

23.6.3. Influence of target genes on the efficiency of knockdown 

The choice of targets is another key factor in the eradication of harmful insects since the 

silencing of many genes can attenuate the metabolism in the insect but does not cause death. 

On this, it is important to select with care the vital genes whose elimination induces the death 

of the insect. In S. gregaria larvae, the deactivation of halloween transcribed genes that code 

for cytochrome P450 enzymes by specific dsRNAs demonstrated a reduction in the rate of 

ecdysteroids (Marchal et al., 2011). In the same species, the knockdown of another halloween 

gene which codes for a 20-hydroxylase involved in the conversion of ecdysone to 20-

hydroxyecdysone induced a downregulation of ecdysone-20- hydroxylation (Marchal et al., 

2012). Also, in other insect species such as T. castaneum, the knockdown of TcLgl gene by 

injections of 100, 200 and 400 ng of TcLgl-dsRNA / larva caused 100% mortality after 20 days 

of injection (Xiao et al., 2014). Eradication of insect species can also be achieved by silencing 

chitinase genes, such as: TcCHT5, TcCHT10, TcCHT7, and TcIDGF4; they play an important 
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role in the development of insect and contribute in the decomposition of chitin during moulting 

(Zhu et al., 2008; Zhang et al., 2012). Otherwise, the knockdown of chymotrypsin-like 

peptidases (TcCTLP-5C and TcCTLP-6C) caused serious moult defects (Broehan et al., 2010). 

The eradication of S. exigua is possible by the extinction of multiple genes important to 

the vital activities of the insect such as: SeChi and SeChi-h responsible for the synthesis of 

chitinases (Zhang et al., 2012), and the cuticular protein genes (PG316, CPG860 and CPG4855) 

essential in metamorphosis and development stages (Jan et al., 2017), as well as the 

transcriptional factor SeBRC1, which plays a vital role in pupal metamorphosis (Kim and Kim, 

2012). 

Reproductive control in D. v. virgifera by dsRNAs targeting two genes (dvvgr and 

dvbol) involved in reproduction demonstrated that dvvgr-dsRNA and dvbol-dsRNA cause 

reduced fertility in insects (Niu et al., 2017). However, targeting of the interference pathway 

genes (Dicer2 and Argo 2) showed a reduction in insect mortality even at lethal dsRNA 

concentrations, which leads to significant resistance (Vélez et al., 2016a). Another group of 

researchers found that the knockdown of drosha, dicer-1, dicer-2, pasha, loquacious, r2d2, 

Argo-1, and Argo-2 don’t support previous studies and don’t lead to the evolution of resistance 

(Davis-Vogel et al., 2018). 

23.6. Risks des dsRNA to human health and environment 

Some human gene sequences present perfect complementarities with the long 

endogenous dsRNAs with at least 21 Nts. Administered nucleotide sequence can knockdown 

non-target gene in the human genome only if dsRNAs are functional, however, the consumption 

of foods containing dsRNA does not pose a dietary risk (Ivashuta et al., 2009; Jensen et al., 

2013). The gastric barrier by its acid pH and enzymes such as pepsin found in human gastric 

juice strongly contribute to the digestion of the nucleic acid sequence (Liu et al., 2015). In 

general, the harmful effects of dsRNA applied in agriculture have so far been negligible for 

humans, since dsRNAs can only trigger knockdown if they are functional and present inside 

the cell rather than on exterior receptors (Chen et al., 2018; Fletcher et al., 2020), even higher 

doses of dsRNAs pose negligible risks to mammals (Petrick et al., 2016). Oral V-ATPase-

dsRNA sequence tests in mice for 28 days demonstrated that the high dose expresses no risks, 

and even the suppression of V-ATPase gene in digestive tissue is not recorded (Petrick et al., 

2015). Furthermore, Bachman and his team also demonstrated that genetically modified maize 

(MON 87411) expressing ds-DvSnf7 intended against D. v. virgifera does not have toxic effects 

on soil biota, aquatic and terrestrial species (Bachman et al., 2016). Biosafety and security of 

RNAi tool is even extended to honey bees (Apis mellifera L) (Tan et al., 2016). The request that 

remains to be requested is: can the combination of dsRNA with other cellular components cause 

toxic effects in host cells? To answer this question, the knockdown of insect genes must be 

deepened at the molecular level and components supposed to be included in the interference 

must be well understood. 

In agricultural ecosystems, the first consequences of administered nucleotide sequences 

are the targeting of non-target insects if the target sequences are similar to the delivered 

sequences or if their diet is closely similar to the diet of the target insect (Fletcher et al., 2020). 
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More than a hundred dsRNAs having an insecticidal potential are identified with a great 

similarity in the genomic sequence in bees (Mogren and Lundgren, 2017). However, in ladybug 

species, some of which are used in biological control in agriculture, the ds-V-ATPase-A 

introduced in corn and intended against western corn rootworm, negatively affect two species 

of Coccinellidae namely: Adalia bipunctata and Coccinella septempunctata (Haller et al., 

2019). Otherwise, a strong Snf7 gene resemblance is noted between Coleomegilla maculata 

and D. v. virgifera species used in resistance development in transgenic corn. Another similarity 

was recorded between C. maculata and L. decemlineata for lethal actin used to produce 

transgenic potato plants resistant to insects. This implies deepening the selectivity and 

specificity of dsRNA used to suppress insect genes in future research (Allen, 2017). Some 

dsRNAs involved in the knockdown don’t affect other unintended targets such as: dsRNAs 

targeting V-ATPase in D. v. virgifera; the RNA sequence does not affect the survival of Danaus 

plexippus (Pan et al., 2017), or induces limited effects as demonstrated in A. mellifer bees 

exposed to transgenic corn pollen targeting V-ATPase-A gene in D. v. virgifera (Vélez et al., 

2016b). 

Before any application of RNA technology in the field in order to protect plant, the 

evolution of insect resistance against dsRNA and the resistance mechanisms involved must be 

elucidated to create sustainable and efficient molecular technology for pest management.  

Impaired absorption in intestinal cells of insects or reduced luminal absorption of dsRNA are 

responsible for increasing insensitivity of insects (Khajuria et al., 2018). Reducing the 

expression levels of certain proteins which bind to dsRNA such as StaufenC in L. decemlineata 

decrease the resistance of the insect (Yoon et al., 2018). 

23.7. Conclusion  

Researchers have identified more than 700 species of insects resistant to one or more 

insecticides while the resistance continues to increase each year. As a result, the development 

of new biological pest control technologies is an urgent concern. Besides, these new control 

technologies are required to be respectful of the environment and safe for humans, animals, 

beneficial insects, water and crops. RNA interference is a natural approach tool that can solve 

agricultural losses either by improving the resistance of plant species or by knockdown the vital 

genes in insects. Further studies are needed to develop and improve the efficiency and stability 

of the interfering nucleotide sequences as well as their conservation to ensure the functional 

properties in the target organisms. 
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