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Introduction

• Integrated disease management

• Loss of active ingredients to control pathogens

• From chemical control to biopesticides, what’s
next?



1. New approaches

• Genetically modified organisms (GMOs)
• RNA interference
• Genome editing
• Cross protection



Genetically modified organisms
(GMOs)

• Introduction of foreign
DNA

• Agrobacterium
tumefaciens

• Gene gun
• Viral transfection

By H. Zell [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC BY-
SA 3.0  (https://creativecommons.org/licenses/by-sa/3.0)], from 
Wikimedia Commons



Genetically modified organisms
(GMOs)

• Regulatory context
• United States:

• United States Department of Agriculture (USDA)
• Environmental Protection Agency (EPA)
• Food and Drug Administration (FDA)

• Canada:
• Canadian Food Inspection Agency (CFIA)
• Health Canada (HC)



Genetically modified organisms
(GMOs)
• Recent examples:

• Orange petunias
• Express a gene from corn for orange color
• CFIA: not a PNT
• USDA: require import authorization

• Non browning Arctic apples
• Express polyphenol oxidase (PPO) enzyme suppression cassette which down-

regulates enzyme levels through RNA interference (RNAi)

• Innate potatoes
• Four enzymes targeted by RNAi, resulting in lower bruising and acrylamide 

content, and resistance to late blight



RNA interference

• Central dogma of molecular
biology

Dhorspool at en.wikipedia [CC BY-SA 3.0  (https://creativecommons.org/licenses/by-sa/3.0) or GFDL (http://www.gnu.org/copyleft/fdl.html)], from Wikimedia
Commons



RNA interference

By Simone Mocellin and Maurizio Provenzano [CC BY 2.0  
(https://creativecommons.org/licenses/by/2.0)], via Wikimedia Commons

• GMOs:
• corn using RNAi against corn rootworm
• non browning ‘Arctic’ apples
• Innate potato
• approved in both Canada and the United States

• But GM crops not the only option
• Foliar spray application of dsRNA

(Mumbanza et al. 2013, Koch et al. 2016, Wang et al. 2016)



Genome editing

By J LEVIN W [CC BY-SA 4.0  
(https://creativecommons.org/licenses/by-sa/4.0)], from Wikimedia 
Commons

• CRISPR/Cas9



Genome editing
• Canada: 

• Regulation is on a case by case basis based on the evaluation of the product rather than
technique used to determine whether or not product is considered a PNT

• United States
“Under its biotechnology regulations, USDA does not regulate or have any plans to regulate plants 
that could otherwise have been developed through traditional breeding techniques as long as they 
are not plant pests or developed using plant pests. […] these crops do not require regulatory 
oversight” 

Secretary Perdue Issues USDA Statement on Plant Breeding Innovation,
Washington, D.C., March 28, 2018



Genome editing

Image ref here

• Regulatory environment in the European Union (EU):
“organisms obtained by mutagenesis are GMOs within the meaning of the GMO Directive, in so far 
as the techniques and methods of mutagenesis alter the genetic material of an organism in a way 
that does not occur naturally”

Court of Justice of the European Union, Luxembourg, 25 July 2018



Cross protection
• Akin to preventive vaccination of plants

• Novel approach in North America, although has been used in Europe for some time against
at least one virus

• Two products registered in the European Union against pepino mosaic virus have been 
recently submitted to the PMRA for registration

• Registration proposed July 2018 for one, and decision pending for the other



1. Refining existing approaches

• Delivery systems:
• Arthropod vectoring
• Nanotechnology



Arthropod vectoring

By Marco Almbauer [CC0], from Wikimedia Commons

• Currently, one Beauveria bassiana product (Botanigard 22 WP) registered in 
Canada for pollinator vectoring on in the greenhouse to control arthropod pests 

• Previous work by Dr. Les Shipp at the Harrow RDC showed potential of bee
vectored B. bassiana and C.lonostachys rosea to control arthropod pests and one 
microbial pathogen (Botrytis cinerea)

• Recent report exploring the potential for control of Frankliniella occidentalis using
vectoring of B. bassiana by beneficial mites Neoseiulus cucumeris, Amblyseius
swirskii and Stratiolaelaps scimitus (Lin et al. 2017)



Nanotechnology

By Luca Silvioli [CC BY-SA 4.0  (https://creativecommons.org/licenses/by-sa/4.0)], from 
Wikimedia Commons

• “science, engineering, and technology conducted at the nanoscale, which is about 
1 to 100 nanometers.”

United States National Nanotechnology Initiative

• One nanometer is one billionth of a meter, or one millionth of a milllimeter

• Why?
• Larger surface area
• Quantum effects

• Potential applications:
• Smart delivery systems for pesticides or biopesticides

• Regulatory pathway
• United States: no labelling required (2007)
• Canada-United States Regulatory Cooperation Council (RCC) 
Nanotechnology Initiative



Thank you
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