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Pests cause crop losses and virus transmission



(OERKE E-C. The Journal of 
Agricultural Science, 2006)

(Mamta B, Rajam MV. Physiol
Mol Biol Plants, 2017)

Common agricultural pests



Current pest control strategies and their limitations

① Chemical insecticides

有机磷

有机氮

有机硫 拟除虫菊酯

草甘膦

除草剂

· Organochlorine compounds such as DDT have low acute toxicity but show a significant ability to accumulate in 
tissues and persist in causing long-term damage. 
· Organophosphate pesticides are of low persistence, they have appreciable acute toxicity in mammals

(Tudi M, et al. Int J Environ 
Res Public Health, 2021)



Current pest control strategies and their limitations

② transgenic plants

(Naranjo SE. J Agric 
Food Chem, 2011)

(Tudi M, et al. Int J Environ 
Res Public Health, 2021)



RNAi: next generation pest control strategy



The birth of the RNAi revolution
In plants:

In animals



15      30       40        53       58     58   mm 

15     30    40    53     58     58   mm 对照  40  

Co-suppression or post transcriptional gene silencing in plants

(Carolyn Napoli, et al.
The Plant Cell, 1990)



(Andrew Fire, et al.
Nature, 1998)

Validation of the Gene Silencing Phenomenon



Types and mechanisms of RNAi

By interfering with the transcription and translation 
process of genes related to the growth and development 
of pests, the pest-related genes are silenced, the 
synthesis of proteins is prevented, and the environmental 
adaptability or death of pests is reduced, and finally the 
purpose of pest control is achieved.



The application of RNAi technology in agriculture

•寄主诱导的基因沉默
（host-induced gene 
silencing，HIGS）

•病毒诱导的基因沉默
（virus-induced gene 
silencing，VIGS）

•外源dsRNA诱导的基因沉默
(Exogenous dsRNA-induced 
gene silencing，EdIGS)



Why do we choose oral RNAi？

(D. P. Walshe, et al.
Insect Molecular 
Biology, 2009)

TsetseEP



A variety of oral delivery strategies

① direct ingestion

② larval soaking (most likely occurs through ingestion)

③ nanoparticle-mediated (uptake with chitosan or other nanoparticles)

④ microbially-expressed vector systems (such as bacteria and yeast)



① Direct ingestion

(Xiaowen Fei, et al. Parasit Vectors, 2021)



② Larval soaking

(Steve Whyard, et al. Parasit Vectors, 2015)



③ Nanoparticle-mediated

(X. Zhang, et al. Insect 
Molecular Biology, 2010)



③ Nanoparticle-mediated

(X. Zhang, et al. Insect 
Molecular Biology, 2010)



④ Microbially-expressed vector systems

(Mabel L. Taracena, et al.
Parasites Vectors, 2019)



④ Microbially-expressed vector systems

(Mabel L. Taracena, et al.
Parasites Vectors, 2019)



The selection of efficient microbial dsRNA production systems

① Escherichia coli dsRNA Expression Systems

② Saccharomyces cerevisiae dsRNA Expression Systems

③ Insect-Symbiotic Bacteria dsRNA Expression Systems



② Saccharomyces cerevisiae dsRNA Expression Systems

(Katherine A. Murphy, 
et al. Sci Rep, 2016)



③ Insect-Symbiotic Bacteria dsRNA Expression Systems

(Sean P. Leonard, 
et al. Science, 2020)



③ Insect-Symbiotic Bacteria dsRNA Expression Systems

(Sean P. Leonard, et al.
Science, 2020)



Summary

① The RNAi mechanism was first described in Caenorhabditis elegans, and Fire and Mello 

received the 2006 Nobel Prize in Physiology or Medicine.

② Efficient dsRNA delivery systems are critical for assessing the effects of gene silencing, including 

but not limited to spraying, soaking, microinjection, and feeding.

③ Four oral delivery strategies are (1) direct ingestion (2) larval soaking (3) nanoparticle-mediated 

(4) microbially-expressed vector systems

<1>Escherichia coli dsRNA Expression Systems

<2>Saccharomyces cerevisiae dsRNA Expression Systems

<3>Insect-Symbiotic Bacteria dsRNA Expression Systems
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The research and application of RNAi technology in pest control in recent years

http://www.jsppa.com.cn/news/yanfa/8394.html
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Interfering RNA                   insects?

2



The process and use method of microbial dsRNA production system

Ruobing Guan et al,. 2021 3



Questions

 如何有针对性的杀灭害虫？

 如何让害虫摄入dsRNA？

 dsRNA如何进入害虫细胞并在细胞间传递的？

 dsRNA如何在细胞内发挥作用并杀灭害虫的？

Interfering RNA                   insects?

4



A schematic overview of the different types of RNAi

Hanneke Huvenne, Guy Smagghe,. 2010 5



Non-cell autonomous RNAi

6



Part 1  Environmental RNAi

7



 Basic Delivery Methods

 Cationic Liposome–Assisted Delivery

 Nanoparticle-Enabled Delivery

 Symbiont-Mediated Delivery

 Plant-Mediated Delivery

Delivery of interfering RNA to insects

8



Delivery of interfering RNA to insects

 Basic Delivery Methods

 Plant-Mediated Delivery

9



Microinjection Oral delivery

A small amount of dsRNA in an appropriate solution is 

directly injected into an insect embryo or insect body.

Another basic delivery method is to feed insects a diet 

containing synthetic or microorganism-expressed dsRNA.

Two main strategies
 dsRNAs can be expressed in bacteria

Escherichia coli（大肠杆菌）
Saccharomyces cerevisiae（酿酒酵母）

 synthesized in vitro

10



Schematic diagram of the recombinant plasmids for dsRNA expression and 
production of dsRNAs

11



Effects of ingested dsSeCHSA on different tissues of Spodoptera exigua larvae

12



Delivery of interfering RNA to insects

 Basic Delivery Methods

 Plant-Mediated Delivery

13



F1 plants expressing a V-ATPase A dsRNA are protected from WCR feeding damage 

14



Mechanisms of dsRNA uptake

 The transmembrane Sid-1 channel protein-mediated pathway

 The endocytosis-mediated uptake mechanism

15



Mechanisms of dsRNA uptake

 The transmembrane Sid-1 channel protein-mediated pathway

 The endocytosis-mediated uptake mechanism

16



SID-1 is a multispan transmembrane protein

17



Visualization of systemic RNAi

William M. Winston et al., 2002
18



Mosaic analysis of sid-1 function

William M. Winston et al., 2002 19



SID-2 is required to internalize environmental dsRNAs into C. elegans

Deborah L McEwan, Alexandra S Weisman, and Craig P Hunter. 2012
20



Therefore, environmental RNAi needs cooperation between Sid-1 and Sid-2 proteins
Deborah L McEwan, Alexandra S Weisman, and Craig P Hunter. 2012

Model of SID-2 and SID-1 coordinated uptake of ingested dsRNA in C. elegans

21



The two sid-1-like (sil) genes in the Colorado potato beetle are involved in 
double-stranded RNA (dsRNA) uptake in the midgut

K. Cappelle et al., 2016 22



Mechanisms of dsRNA uptake

 The transmembrane Sid-1 channel protein-mediated pathway

 The endocytosis-mediated uptake mechanism

23



Effect of endocytosis inhibitors on dsRNA uptake in larval midgut cells

Da Xiao et al., 2015
24



Role of clathrin-dependent endocytosis genes in RNAi

25



Endocytic uptake of dsRNA into Drosophila S2 cells is mediated by scavenger receptors 

Maria-Carla Saleh et al., 2006 26



Part 2  Systemic RNAi

The mechanism(s) that mediate systemic RNAi in insects are largely unknown

27



Sid-1 genes seem to be present in most insect species, but so far no Sid-2 genes 
have been found in insect species whose genomes have been sequenced

Phylogenetic analysis of Sid-1 proteins

鳞翅目

膜翅目

半翅目/鞘翅目

H-J. Xu et al,. 2013

28



Knockdown of sid-1 abolished systemic RNAi in BPH

H-J. Xu et al,. 2013

29



The RNAi machinery localizes along nanotube-like structures

Margot Karlikow et al,. 2016 30



Cell autonomous RNAi

31



Mechanisms of different RNA interference (RNAi) pathways identified in insects

Kun Yan Zhu and Subba Reddy Palli,. 2023 
32



Conclusions

Mallikarjuna R. Joga et al,. 2016 33
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Challenges of oral RNAi in Agricultural Pest Control 

纪小小



• Stability of dsRNA
• In the environment
• In the gut of insects
• In insect hemolymph

• Oral RNAi efficiency
• Different species
• Length of dsRNA molecule
• Nontarget effects of dsRNA
• Resistance development

• The cost of oral RNAi

Challenges



Stability of dsRNA in the environment
Put DvSnf7 dsRNA into soil

(Dubelman et al., PLoS One, 2014)

Colorado potato beetle larvae fed leaves treated with
CPB actin-dsRNA 

7 days

24 days

UV treatment (254 nm,
1500 μW cm-2) 

(San Miguel and Scott, Pest management science, 2016)



• Digestion of dsRNA by insect gut nucleases
• Chemical hydrolysis of dsRNA in insect gut

Stability of dsRNA in the gut of insects

German cockroach
α-tubulin (tub) gene

1 h

(Lin et al., Pest management science, 2017)



Stability of dsRNA in the gut of insects

1. control: delivery buffer
2. midgut juice non-starved
3. midgut juice 24h starved
4. DNA ladder 

dsRNA-SfT6

dsRNA-SfT6 in:

Newly molted 4th-instar S. frugiperda larvae were 
subjected to the 24 h starvation treatment and dsRNA-
SfT6 droplet–feeding.

Stress conditions such as starvation may facilitate oral RNAi. 

(Rodríguez-Cabrera et al., Environmental microbiology, 2010)

Spodoptera frugiperda
SfT6, a serine-protease gene



Stability of dsRNA in insect hemolymph

Manduca sexta
Blattella germanica
German cockroach

Persistence of dsRNA in 
Manduca sexta hemolymph 

(Garbutt et al., Journal of insect physiology, 2013)



RNAi efficiency in different species

cellular uptake proteins;
core RNAi machinery enzymes;
dsRNA degrading enzymes…

(Terenius et al., Journal of insect physiology, 2011)



Length of dsRNA molecule influences RNAi efficiency

S2 cells were cotransfected
with expression plasmids 
encoding firefly and Renilla
luciferase. 

560nm 465nm

+ firefly luciferase dsRNA

Firefly:Renilla Light

(Saleh et al., Nature cell biology, 2006)



Length of dsRNA molecule influences RNAi efficiency
Western Corn Rootworm second 
instar larvae fed on diet overlaid with 
1000 ng/mL DvSnf7 dsRNA for 5 days.

1000 ng/mL 

50 ng/mL 

(Bolognesi et al., PloS one, 2012)
The majority of studies demonstrate success with 
dsRNA ranging from 140 to 520 nucleotides in length.



Nontarget effects of dsRNA

AgCHS1-f1
AgCHS2

AgCHS1-f1
AgCHS2

AgCHS1-f1
AgCHS2

AgCHS1-f1
AgCHS2

AgCHS1-f1
AgCHS2

AgCHS1-f1
AgCHS2
AgCHS1-f1
AgCHS2

AgCHS1-f1
AgCHS2
AgCHS1-f1
AgCHS2

AgCHS1-f1
AgCHS2
AgCHS1-f1
AgCHS2

AgCHS1-f1
AgCHS2
AgCHS1-f1
AgCHS2

AgCHS1-f1
AgCHS2
AgCHS1-f1
AgCHS2

AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2
AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2
AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2
AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2
AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2
AgCHS1-f2
AgCHS2

AgCHS1-f2
AgCHS2
AgCHS1-f2
AgCHS2

AgCHS1-f1 and AgCHS2 (identity 70.4%)

AgCHS1-f2 and AgCHS2 (identity 54.8%)

AgCHS2-f1 and AgCHS1 (identity 63.7%)

AgCHS2-f2 and AgCHS1 (identity 53.8%)

RNAi triggered by one or more short but less conserved
sequences in their dsRNAs.

(Zhang et al., Insect Molecular Biology, 2010)



Resistance of RNAi

DvSnf7 dsRNA (1000 ng/cm2) 
or water (0 ng/cm2) 

300 ng/cm2 dsRNA 
(GFP, COPIβ, vATPaseA, mov34 or DvSnf7) 
or water (0 ng/cm2) 

WCR exposed to diets overlaid with: 
Cy3-labeled 240bp DvSnf7 dsRNA

(Khajuria et al., PloS one, 2018)



The cost of dsRNA

• RNAi transgenic plants.
• T7 polymerase promoter 

mediated dsRNA 
production in vitro (in 
research).

• Microbially-expressed 
vector systems (such as 
bacteria and yeast).

(Wiltshire and Duman-Scheel, Current opinion in insect science, 2020)



• Stability of dsRNA
• In the environment (soil 24h, leaf 28d and UV 0.5h)
• In the gut of insects 

• dsRNA in liposome but not naked dsRNA still exists after 1h midgut juice treatment.
• Stress conditions such as starvation may facilitate oral RNAi. 

• In insect hemolymph (dsRNA in Manduca sexta hemolymph degrades fast)
• Oral RNAi efficiency

• Different species
• cellular uptake proteins; core RNAi machinery enzymes; dsRNA degrading enzymes

• Length of dsRNA molecule
• The majority of studies demonstrate success with dsRNA ranging from 140 to 520 nucleotides in length

• Nontarget effects of dsRNA (design specific dsRNA sequence of target gene)
• Resistance development (mutations of target genes, mutations of RNAi core machinery genes, enhanced 

dsRNA degradation, decreased dsRNA uptake and transport…)
• The cost of dsRNA

• RNAi transgenic plants
• Microbially-expressed vector systems

Challenges
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