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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
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Discovery of CRISPR, applied to gene drive

Construct cuts recognition site
and serves as template for repair




DARPA Safe Genes Program & Team CA

Control of Gene
Editing

Enable temporal, spatial, and
reversible control of gene
editors

Countermeasures
and Prophylaxis
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Inhibit unwanted
gene editing activity

Genetic
Remediation
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Remove engineered genes
from environments to return
to baseline
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Mosquito Gene Drive Explorer (MGDrivE)
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Inheritance pattern: osquito life cycle
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Mosquito Gene Drive Explorer (MGDrivE)

MGDrivE

Mosquitos + Tensors +
Genetics + CS + Networks +
Math + Coffee
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Developed in John Marshal's Lab by:

M

-Lead: Hécto Sénchez C.

-Core Dev: Sean L. Wu,Jared Bannett

-Spatial Analysis: Biyonka Liang, Sarafina Smith,
Sabrina Wong

-Movement Kernels: Partow Imani

...and, of course, our Pl: John M. Marshall!

Mosquito Gene Drive
Explorer

Brief Description

MGDrivE is a framework designed to serve as a testbed in which gene-drive releases for mosquito-borne diseases control
can be tested. It is being developed to accommodate various mosquito-specific gene drive systems within a population
dynamics model that allows migration of individuals between nodes in a spatial landscape.
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Reciprocal chromosomal translocations
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Buchman A, lvy T, Marshall JM, Akbari OS, Hay BA (2018) ACS Synthetic Biology



Simulations at Yorkeys Knob, Queensland
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Fixation & remediation of translocations

« 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 Shsea R,
1 @ 4 a0, N MAA
B
' MA
Fixation Remediation I FOVIEN
H - s 2 AAA °A5
| HETAE
' ) a 4 aa &
100 100 3 ,. s fi‘?ﬁﬁg ¢
" —~ thp a4 daa X a:?:g b
T 6 S & o o gp o8 A5 L0 W
~ b a8 Aa afoRddanas oh
Q= ) 2 § e %é}? o FoMabuag Lk o oop
O @® (o)) < B 2p8R 2 g W% Booonfn ppns, o B 88
L) (U 50 [} 2 Bavaainag san £° €2 00asBossaa 0 A %
52 o £ W ¥ TR VY oot ’
o2 3 Q Sapasccas 23 Ao aee B2
QO ¢ O 25 Y Y :
T O igggfgf 2 .
P ' :6 g‘ LA 2” a
0 “AM BArALE
20 0 8808
| L4
Relgases Number o gg“ﬂg E Yorkeys
fﬁﬁ Knob
%Af?%
At a coverage level of 50%, At a coverage level of 50%,
=210 releases result in fixation 210 releases result in remediation

+ Sanchez 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

« LiM, Yang T, Kandul N, Biu M, Gamez S, Bennett JB, Sanchez HM, ..., Marshall JM, Akbari OS (2020) eLife




Simulations at Yorkeys Knob
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Precision-guided SIT (pgSIT)

Cas9line gRNAline
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Kandul NP, Liu J, Sanchez HM, Wu SL, Marshall JM, Akbari OS (2019) Nature Communications



Modeling pgSIT in Ae. aegypti
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Release scenario:
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Conclusion
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Debug by verily

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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