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Introduction to gene drive 

technologies and potential 

applications

Jackson Champer

https://jchamper.github.io
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Spread of a Gene Drive

Individuals with gene drive Wild-type individuals

The gene drive spreads through the 

population over several generations
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Gene Drive

Normal Inheritance Gene Drive Inheritance
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Gene Drive Types

• Modification 

• Suppression 
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Applications

Anopheles gambiae

(malaria)

Aedes aegypti

(dengue, zika, chikungunya 

several others)

Culex quinquefasciatus

(West Nile virus, avian malaria, others)
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Applications

Rats

Spotted-wing drosophila

Cane toads
Alligator Gar

Redroot pigweed
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Homing Drive

Homology-Directed Repair

Gene Drive Allele

Cleavage

End-Joining Repair

Resistance allele

Champer J, Reeves R, Oh SY, Liu C, Liu J, Clark AG, Messer PW. Novel CRISPR/Cas9 gene drive constructs reveal insights into mechanisms of resistance allele formation and drive efficiency in genetically diverse 

populations. PLOS Genetics, 2017.
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Suppression Experiment

• Target an essential but haplosufficient female fertility gene.

somatic cells 

(female sterile)

somatic cells (fertile)

germline

wild-type Drive
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72.54%±0.75%

(n=3522)

74.85%±0.67%

(n=4199)

=100 offspring

Xu X, Chen J, Wang Y, Liu Y, Zhang Y, Yang J, Yang X, He Z, Champer J. Gene drive-based population suppression in the malaria vector Anopheles stephensi. Nature Communications, 2025. 
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94.80%±0.89%

(n=1185)

99.95%±0.14%

(n=1022)

• Cage trials (including larval fitness) and 

other fitness assessment underway...

Improved Anopheles stephensi Suppression
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Examples for Agricultural Pests

Spotted wing drosophila Medfly Diamondback moth
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Need for Confined Drive
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Confinement
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Anopheles stephensi TARE
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introduction frequency = 0.5, fitness = 1

introduction frequency = 0.5, fitness = 0.7

introduction frequency = 1.0, fitness = 0.7

• Improved version under construction...
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Self-Limiting Suppression

Chen W, Guo J, Liu Y, Champer J. Population suppression by release of insects carrying a dominant sterile homing gene drive targeting doublesex in Drosophila. Nature Communications, 2024. 
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Improved Self-Limiting Suppression

Han Y, Champer J. A comparative assessment of self-limiting genetic control strategies for population suppression. Molecular Biology and Evolution, 2025.

Release of insects with dominant drives (RIDD)

Sterile Insect 

Technique (SIT)

female-specific Release of insects 

carrying dominant lethal genes (fsRIDL)
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