
RNAi as an insect pest control strategy: 
challenges and biosafety considerations 

  
Dr. ir. Olivier Christiaens 



RNAi 

Introduction to RNAi 

Basic principle 



Introduction to RNAi 

Molecular mechanism of the siRNA pathway 

siRNA RISC 

Extracellular 

Cytoplasm 



Cellular functions: 
 

•  Protection against viruses 
•  Protection against ‘jumping genes’ 
•  Internal gene regulation 



Knockdown of laccase-2 in T. castaneum 
Arakane et al., 2005, PNAS 102 

Introduction to RNAi 

Applications 

• Functional genomics 
 
 
 
 
 
 
 

 
 
 
 

• Therapeutics 
e.g. RNAi against viruses (in mammals and in arthropods) 
e.g. RNAi against parasites (Varroa mite in honeybees) 
 

• Pest control 
 

Knockdown of laccase-2 in T. castaneum 
Arakane et al., 2005, PNAS 102 



RNAi as a crop protection technology 

Silencing essential genes to cause toxicity in insect pests 

 



RNAi as a crop protection technology 

First proof of concept: Baum et al., 2007 



Gut lumen 

Haemolymph 

Possible Applications  
2. Crop protection 

Baum et al (2007), Nature Biotechnology 25 



Possible Applications  
2. Crop protection 

Monsanto SmartStax Pro (MON87411 X DAS-59122-7) 

- Cry3Bb1 
- Cry34Ab1/Cry34Ab2 
- Glyphosate resistance 
- dsRNA targeting the snf7 gene 
- Approval for cultivation in USA, Canada and Brazil 

 
 



RNAi as a crop protection technology 

Delivery 

• Genetically modified plants: regulation, public opinion 

 

 

 

 

 

 

• Virus-mediated delivery 

• Sprayable biopesticide: Cost? Stability of dsRNA in the field? 

• Non-GM in planta applications (stem injection, root drenching) 
 

Challenges 



RNAi as a crop protection technology 

Challenges 

Efficiency of (oral) RNAi in arthropods: 

•Very variable 

Coleoptera > Diptera, Hemiptera, Orthoptera > Lepidoptera 

 

• Multiple factors 

dsRNA stability in the digestive system 

Cellular uptake efficiency 

Viral infections 

RNAi effector gene repertoire 

dsRNA design 

 
 

  



RNAi biosafety considerations 

RNAi-mediated crop protection: potential 
 

• Molecule ubiquitously present in nature 

• Highly species specific in theory 

• Persistency in the environment 
 

 
Potential environmental risks associated with RNAi technology 

• Gene silencing in non-target organisms 

• Environmental fate of dsRNA 

• RNAi machinery saturation? 

• Immune stimulation? 
 
 



Gene silencing in non-target organisms 

• Knockdown of any gene in a non-target organism 

• Due to sequence homology 

• dsRNA design is important 
 

RNAi biosafety considerations 



How specific is RNAi? 
 

Gene silencing in non-target organisms 

• No real consensus (rules for miRNA are clear, not for siRNA) 

• Some mismatches could be allowed depending on: 

Location in the siRNA: seed region vs non-seed region 
Type of mismatch 

Huang et al., 2009 

RNAi biosafety considerations 



Bachman et al., 2013 – Transgenic Res 
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How specific is RNAi? 
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RNAi biosafety considerations 

- Worst case scenario:  -    Very conserved gene 
- Very conserved region 
- 1600 x Diabrotica virgifera LC50 



RNAi biosafety considerations 

- Worst case scenario:  -    Very conserved gene 
- Very conserved region 
- 1600 x Diabrotica virgifera LC50 

 
- RNAi efficiency in Lepidoptera is a factor here 

 



Gene silencing in non-target organisms 

How specific is RNAi? 
 

RNAi biosafety considerations 



Gene silencing in non-target organisms 

How specific is RNAi? 
 

RNAi biosafety considerations 



Bioinformatics useful in risk assessment? 

• Knowledge on the ecosystems and species present 

 What insects are present in a certain crop? 

 Will these insects be exposed to the dsRNA? 

What kind of amount of dsRNA can we expect these 

species to take in? 

  
 
 

• Available sequence data is still limited 

2017: 227 insect genomes sequenced (Genbank) 

• i5k project 
 

Conclusion   

• Bioinformatics is a useful tool in predicting possible off-target effects 

• However: unlikely to be very useful in risk assessment at this moment 

RNAi biosafety considerations 



Biosafety and Risk Assessment 

Environmental fate of dsRNA 

Dubelman et al., 2014  - PLOS One 

• Investigated the persistency of dsRNA in the soil 
• 3 soil types 

DsRNA persistency in soil + lyophilized corn tissue 

Potential risks associated with RNAi-based (crop protection) technology 



Potential risks associated with RNAi-based (crop protection) technology 

Saturation of RNAi machinery 

• Number of RISC complexes is limited in a cell 

• Uptake of large amounts can saturate RNAi machinery 

• Sequence-independent 

• Potential effects on efficiency of internal gene regulation? 

• Potential effects on ability to fight off viral infections? 

 
 

 

RNAi biosafety considerations 



Biosafety and Risk Assessment 

Potential risks associated with RNAi-based (crop protection) technology 

Immune stimulation 

• In mammals: long dsRNA fragments can incite an immune response 

when taken up into the cell 

• Will this affect the fitness of other organisms as well? 

• In insects: unknown 

• More research necessary 
 
 



• RNAi seems promising, compared to current pest control methods 

• Bioinformatics: useful tool, but not enough 

• DsRNA disappears quickly from the environment 

• Gaps in our knowledge 

• Level of exposure to siRNAs and dsRNAs must be carefully considered 

• Each specific event will have to be tested for effects in non-target 

organisms: 

• Effects on plant 

• Effects on agroecosystem 

• Effects on humans after ingestion of specific siRNA/dsRNA 
 

Biosafety and Risk Assessment 

Conclusions 



Biosafety and Risk Assessment 

 
 
 
 
 

 
 
 
 
 

 

2014: RNAi workshop in Brussels organized by EFSA 
• Experts, regulatory bodies, industry and NGOs were invited 
• Three break-out sessions: 

     1) Molecular characterization  
     2) Food/feed risk assessment 
     3) Environmental risk assessment 

• Report: http://onlinelibrary.wiley.com/doi/10.2903/sp.efsa.2014.EN-705/epdf 
 
2015: Calls for Tenders  
 



Biosafety and Risk Assessment 
EFSA Tender on Environmental Safety 

 
 
 
 
 

 
 
 
 
 

• Goal: Gather knowledge on RNAi in invertebrate species 
 
• Consortium for the ERA lot: 

• UGENT (Dr. Olivier Christiaens and Prof. Guy Smagghe) 
• ENEA (Prof. Salvatore Arpaia and Dr. Isabella Urru) 
• ABI (Prof. Kaloyan Kostov and Dr. Teodora Dzhambazova) 
• JT Environmental Consultants (Dr. Jeremy Sweet) 
 

 

Contract – OC/EFSA/GMO/2015/02 - Literature review 
of baseline information on RNAi that could support the 
food/feed and environmental risk assessment of RNAi-
based GM plants;  
 
Lot 2 – Literature review of scientific information on 
RNAi to support the environmental risk assessment of 
RNAi-based GM plants” (EFSA-Q-2016-00329) 



Biosafety and Risk Assessment 

 
• Systematic literature search (+/- 13.500 papers retrieved) 

 
• Review the available literature 

 
 
 
 
 
 
 
 

• Expected publication of ERA lot: early 2018 
 
 
 
 

- Cellular uptake mechanisms in invertebrates 
- RNAi efficiency  
- Risks for non-target organisms 
- Exposure routes 
- Available genomic data 

 
 

EFSA Tender on Environmental Safety 



Biosafety and Risk Assessment 

• EPA White Paper on RNAi technology as a pesticide (2013) 
 

• Roberts AF, Devos Y, Zhou X, Lemgo G (2015) Biosafety research for non-
target organism risk assessment of RNAi-based GE plants. Frontiers in Plant 
Science, 6:958,doi:10.3389/fpls.2015.00958 
 

• Casacuberta JM, Devos Y, du Jardin P, Ramon M, Vaucheret H, Nogué F 
(2015) Biotechnological uses of RNA interference in plants: risk assessment 
considerations. Trends in Biotechnology, 33: 145-147 
 

• Ramon M, Devos Y, Lanzoni A, Liu Y, Gomes A, Gennaro A, Waigmann E 
(2014) RNAi-based GM plants: food for thought for risk assessors. Plant 
Biotechnology Journal, 12: 1271-1273 
 

• Lundgren JG, Duan, JJ (2013). RNAi-based insecticidal crops: potential effects 
on nontarget species. Bioscience 63:657-665 

 
 

Further references 



Thank you for your attention! 

Dr. Ir. Olivier Christiaens 
Lab for Agrozoology 

Ghent University – Belgium 
olchrist.christiaens@ugent.be 
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