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Context of agricultural pest control

• Agricultural pests cause significant 
economic losses worldwide (~$540 
billion if left unchecked). They also 
pose a threat to food safety.

• Current control strategies are 
heavily reliant on chemical 
pesticides.

• Pesticides face threat of resistance. 
There is also evidence of human & 
environmental harm, leading to 
societal opposition & bans. New 
pests are constantly emerging.

• Interest in new tools.

• Legros M, Marshall JM, Mafayden S, Hayes KR et al. (2021) Evol Appl



Spectrum of gene drive strategies

• Alphey L (2014) Annual Review of Entomology

Self-limiting drives Localized, high-
threshold drives

Nonlocalized, low-
threshold drives



Current status



Ecology & life history considerations

• Champer J, Liu J, Oh SY et al. (2018) Proc Natl Acad Sci USA



Opportunities

• Legros M, Marshall JM, Mafayden S, Hayes KR et al. (2021) Evol Appl

• Agricultural systems are heavily 
managed. This aligns with genetic 
control strategies, which require 
close management of allele 
frequencies & population densities.

• This opens up a range of 
opportunities to implement 
strategies to promote spread or 
confinement, & to recall systems, 
via temporal &/or spatial 
manipulation of selective pressures.

• Could help to reduce reliance on 
pesticides.



Threshold-dependent systems

• Legros M, Marshall JM, Mafayden S, Hayes KR et al. (2021) Evol Appl



Challenges

• Many agricultural species are 
potential targets for genetic control.

• Engineering gene drive systems 
requires a deep knowledge of their 
target genome, identification of 
promoters, etc.

• Knowledge of their population 
genetic & genomic structure is also 
important.

• Contention may arise where a 
species is a pest for agriculture; but 
not undesirable elsewhere.

• Legros M, Marshall JM, Mafayden S, Hayes KR et al. (2021) Evol Appl



Medea in Drosophila suzukii

• Buchman A, Marshall JM, Ostrovski D, Yang T, Akbari OS (2018) Proc Natl Acad Sci USA



Risk assessment & confinement

• Legros M, Marshall JM, Mafayden S, Hayes KR et al. (2021) Evol Appl

1. Promoters activated by molecule 
only present at release setting

2. Lethality gene activated by
chemical in 
surrounding areas

3. Genes/promoters 
only functional 
in target organism

4. Trial site not contig-
uous to other habitat

5. Traps/insecticides around field site



Concluding thoughts

• Need for innovative, paradigm-
breaking solutions for pest control & 
resistance management.

• Agricultural systems being heavily 
managed presents opportunities to 
promote spread, confinement & recall.

• Threshold-dependent systems are 
particularly well-suited.

• Large number of pest species to 
target. A deep understanding of their 
molecular biology & ecology is 
required. Early progress has been 
made in several species.

• Legros M, Marshall JM, Mafayden S, Hayes KR et al. (2021) Evol Appl
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