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Talk outline

1. Why genetic control?
2. Modeling framework (Mosquito Gene Drive Explorer)
3. Novel genetic control technologies:

i. Chromosomal translocations as threshold-dependent systems
ii. CRISPR-based split drive as a self-limiting system
iii. Precision-guided sterile insect technique (pgSIT)

4. Role of these technologies in Ae. aegypti control



Arboviruses on the rise worldwide

• Lessler J, Chaisson LH, Kucirka LM, Bi Q, Grantz K et al. (2016) Science 353: aaf8160



Discovery of CRISPR, applied to gene drive

Construct cuts recognition site
and serves as template for repair



DARPA Safe Genes Program & Team CA



Inheritance pattern:

Landscape:

Disease epidemiology:
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Mosquito Gene Drive Explorer (MGDrivE)



Mosquito Gene Drive Explorer (MGDrivE)

• Sánchez HM, Wu SL, Bennett JB, Marshall JM (2019) Methods in Ecology and Evolution
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Reciprocal chromosomal translocations

• Buchman A, Ivy T, Marshall JM, Akbari OS, Hay BA (2018) ACS Synthetic Biology
Fr

eq
ue

nc
y 

tr
an

sl
oc

at
io

n-
be

ar
in

g 
(%

)

Generation



Simulations at Yorkeys Knob, Queensland

Trinity Park
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Fixation & remediation of translocations

Yorkeys
Knob

• Data suggests there are ~15 adult Ae. aegypti per household
• Weekly releases of 20 adult males having the translocation
• Vary household coverage & number of releases

At a coverage level of 50%, 
≥10 releases result in fixation

At a coverage level of 50%, 
≥10 releases result in remediation

• Sánchez HM, Bennett JB, Wu SL, Rasic GL, Akbari OS, Marshall JM (2020) BMC Biology



CRISPR-based split drive

In the presence of Cas9, gRNA recognition site
is cleaved and serves as template for repair

Accurate repair Error-prone repair

gRNA

gRNA

Cas9

Cas9 gRNA

gRNA R

• Li M, Yang T, Kandul N, Biu M, Gamez S, Bennett JB, Sánchez HM, …, Marshall JM, Akbari OS (2020) eLife



Simulations at Yorkeys Knob, Queensland



Precision-guided SIT (pgSIT)

• Kandul NP, Liu J, Sánchez HM, Wu SL, Marshall JM, Akbari OS (2019) Nature Communications
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Modeling pgSIT in Ae. aegypti

• Kandul NP, Liu J, Sánchez HM, Wu SL, Marshall JM, Akbari OS (2019) Nature Communications



Conclusion
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• CRISPR-based strategies offers for more tools for the tool kit.
• Ae. aegypti control has been marked by technological innovations 

through Wolbachia transfection & transgenesis.
• Translocations may offer an opportunity to introduce a disease-

refractory into an Ae. aegypti population gene locally.
• Split drive may be an effective precursor to linked drive.
• pgSIT may be an effective suppression system in some locations.
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