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A Quick Overview

• Why nanotechnology enabled RNA interference 
pesticides?: 3 responses to herbicide resistant weeds

• Introduction to the GE ‘editing’ of RNA molecules
• Some risks of unintended mutations of interference 

RNA
• Nanomaterial coating for RNAi pesticide delivery: risks
• Why do RNAi pesticide developers dismiss these 

risks?
• Principles for risk assessing and regulating RNAi 

pesticides
• A state of play regulatory postscript on the 

GreenLight Bioscience RNAi pesticide



Two perspectives on new  Modes of Action 
in pesticides

• 1. “The future of chemical control depends on 
the discovery of herbicides with new 
MOAs[Modes of Action].” (“Weed Management 
in 2050,” Weed Science Society of America, 
2018)

• 1. ‘Outsmart’ weed resistance by GE targeting 
of existing of  RNA pathways in weeds and 
insect pests

• 2. Opening Pandora’s Box of Technology Fixes: 
unleashing new forms of  weed/pest resistance 
and Environmental Health and Safety (EHS) 
harms





Transgenic factor in herbicide 
resistance

https://www.intechopen.com/chapters/71135





Response 1 to weed resistance to 
glyphosate:

apply a more toxic pesticide



Response 2: nano-coat existing Active 
Ingredients (AIs)

B. Huang et al: Nanomaterials (11.2.2018)
doi: 10.3390/nano8020102

https://dx.doi.org/10.3390%2Fnano8020102


       
resistance:

Nano-coating double strand (ds) RNA 
interference
molecules



Idealized CRISPR-Cas9 DNA sequence 
editing:

genomic ‘library’ data guides sequence 
cutting and messenger RNA repair

https://www.testbiotech.org/sites/default/files/Russian_Roulette_with_Biodiversity.pdf



GE editing technique can cut and repair the 
DNA sequence inaccurately: 

S. Zhang et al. Nature Methods (2017)



GE editing of RNA to interfere with 
protein expression vital for pest 

survival  



Mode of Action in the AI
of this new kind of pesticide 







Risks associated with unintended 
mutations from GE editing of RNA 

molecules
https://foe.org/resources/gene-silencing-pesticides-risks-and-

concerns/ 
• Undesirable agronomic traits: e.g., lower germination 

percentage, inappropriate plant height, lower plant 
density

• Changes in genetic composition produce plant 
allergenicity, augmented toxicity, nutrient deficiencies 
(R. Steinbrecher, 2015)

• Undesirable heritable traits resulting from large 
sequence alterations that change plant structure

• Reductions in white blood cell count due to 
undesirable  immune stimulatory impacts from chronic 
inhaling of RNAi 



Government consensus building about 
risk analysis of RNAi based pesticides



GLB and Bayer to OECD governments:
‘history of safe consumption of RNA’ and 

‘very low risk’ from inhaling RNAi
(nano-scale inhalation risks are ‘silenced’)



Properties and risks of the 
nanomaterials (NMs) coating the RNAi 

Active Ingredient
• RNAi is unstable and easily destroyed, e.g., by UV rays: 

requires protective nano-coating to be an AI
• NM coatings, e.g., nano-clays, are inert and of very low 

risk
• Nano-scaling enables RNAi penetration and motility in 

plant cells: impossible for macro-scale pesticide 
droplets

• NMs deliver RNAi to any adjacent plant or animal with 
an RNA sequence like that of the target pest

• The lungs cannot expel a large fraction of nano-scale 
RNAi

• Chronic inhalation exposure to nano-RNAi pesticides, 
e.g., in farmworkers, may result in immunity 

i  ff t



Nano-bio inhalation risks are 
known but their fate and transit 

for specific NMs is not well 
understood



Why would GLB and Bayer dismiss or 
downplay nano-bio inhalation risks? 

• EPA assesses risks only of the AI, not the nano-
pesticide delivery system or the formulated pesticide

• EPA classifies company studies and data as 
Confidential Business Information (CBI), so no full 
public review of company safety claims

• The industry needs new AIs to replace the AIs that 
are pest resistant and that are going off patent

• Industry: farmworkers should wear “the appropriate 
Personal Protective Equipment”

• Billions of dollars are at stake



Principles for regulating RNAi 
pesticides

• Risk assess the entire RNAi pesticide product, not just 
the AI

• Don’t base GE pesticide regulation on irrelevant 
comparisons with RNA as it occurs in nature and 
humans

• Don’t classify company studies and data relevant to 
environmental and human health as CBI

• Study the nano-bio interactions and mutations in non-
target, as well as targeted, plants and animals

• Don’t forbid risk assessment of the process of 
production in the regulation of the pesticide product



GLB permit terms for April 2022-April 
2023 field trials: 200 acres in 11 potato 

growing states



GreenLight Bioscience Press Release:
Before receiving EPA field trial permit
https://greenlightbiosciences.com/in-the-pipeline-colorado-potato-

beetle/









Conclusions

• RNAi nano pesticide delivery systems and AI pose 
human and environmental health risks

• EPA will allow these risks if they authorize commercial 
use of RNAi pesticides based on evaluation only of the 
AI, and not the formulated pesticide as used

• To reduce the risks of immunity suppression in 
farmworkers applying RNAi pesticides, NIOSH must 
develop PPE adequate to prevent inhalation of nano-
scale pesticide particles

• EPA must require use of such PPE by farmworkers 
and their employers under its Agricultural Worker 
Protection Standard
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