Invasive alien species: Why is gene drive being considered?
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Invasive species in Australia
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Threats to endemic fauna in Australia
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316,000,000

Number of birds killed by feral cats in Australia each
year

596,000,000

Number of reptiles killed by feral cats in Australia
each year

Slide courtesy of Australian Wildlife Conservancy



Chemical control
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Mouse Plagues (Mar 2021)




Chemical control
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NSW plan to use ‘napalm’ poison to

control mouse plague rejected over fears
for wildlife
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Biological control
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Genetic control

Courtesy of Maciej Maselko
(see Maselko et al. Nature Comms 11: 1-7)
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Inheritance of genetic control without gene drive

(Courtesy of Paul Thomas, U. Adelaide)

(tg = transgene)
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Gene drives increase in frequency by biasing inheritance

(Courtesy of Paul Thomas, U. Adelaide)
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Homing Gene Drive Mechanism
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See Esvelt KM, Smidler AL, Catteruccia F, Church GM (2014) eLife
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Sex distortion drive: X-chromosome shredder

Cas9 gRNA
e v Y —
s A
‘\
Paul Thomas _‘
X HH
X-shredding

\4

9 Galizi et al. Sci
Reports (2016)
N\ :

.t
=)
100%
THE UNIVERSITY

oADELAIDE

T e



Containing gene drives with technology
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Suppression Drives

Elcechnology

A CRISPR—Cas9 gene drive targeting doublesex
causes complete population suppression in caged
Anopheles gambiae mosquitoes

Kyros Kyrou®22, Andrew M Hammond'-*C, Roberto Galizi'® , Nace Kranjc! ©, Austin Burt!,
Andrea K Beaghton!, Tony MNolan'® & Andrea Crisanti’
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Replacement Drives

Highly efficient Cas9-mediated gene drive for
population modification of the malaria vector
mosquito Anopheles stephensi
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Next-generation gene drive for population
modification of the malaria vector
mosquito, Anopheles gambiae
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Advantages of gene drives

Posted on 5 June 2021 at 11:42AM by PETA Australia

There js a better solution than just slaughtering mice only to see the population rebound in
future years and the crisis recur.

o
PCTA

AMEAEEE The money will fund a three-year programme of genetic biocontrol research, led by the University of
Adelaide, CSIRO, and the Centre for Invasive Species Solutions, to identify fast-acting gene drives

designed to spread an inherited characteristic through a population.
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Limitations of gene drives

« Speed of control dependent on generation time.
+ Released individuals must be reproductively
competitive. R

Fl'gmlatign data to HI'IH"'"SE 1 simulation of randomly selected target gene R o |=——T _ﬁ N -
A Bara L.
(1 [— . ekt 100 o
i T ) - e 100 simulations of dsx gene drive
ot i Paln

1 . o B L L . i L T e Bana 'alg

-i a i
- 1 e R Fa i P R = b i posf =oa
dmrpewie parsear Backea b Faa i B el %l
& o : 1 3
i mopeaig paanes T i 1 & & galf s}
" & § 2 g
1 Asitwdi i aCndd Ll Mt !- FAIL & & oz & o2t
powl e garsie Coaas E | £ | ’ | | ] | | |
ARt EFRH T B . an
T . - [ r - 1 -
Lo mras Carwer w1 |
FIss W L s [Eipel

Modules in tabs Selecting target population ' ' Germmion T b

Preay




Status of gene drive research

= Functional gene drives have only ever been tested in
Insects in laboratories or specialized containment facilities,
first in Drosophila then later against mosquitoes.

« None have yet been approved for release into the
environment.

* |n vertebrates, no functional gene drives have as of yet
been developed.

 All current gene drive research in vertebrates is being
conducted in model laboratory animals, either in mice
or in zebrafish.



Takeaways

* Gene drives should be considered as part of a portfolio of
management approaches for IAS, together with existing
chemical, biological and genetic control options

« Gene drives provide an option to spread genetic control
technologies that would otherwise be infeasible because of
scale

« Gene drives may increase the risk of unintended

consequences, which can be mitigated using technologies
that make them self-limiting in space and/or time
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