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Key Points

Invasive species - rodents

• Impact health, environment, food, economy

Gene drives - naturally occurring and manufactured

Robust program development

• US, AU, NZ partnership

• Shared values
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Invasive Species

Defined as…

An organism… that occurs 

outside of its natural 

range…whose introduction 

causes or is likely to cause 

economic or environmental 

harm, or harm to human, animal, 

or plant health.

Executive Order 13751
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Health Impacts
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• Cause genes to be inherited 

more frequently than normal –

up to 100%

• Sexual reproduction 

• Ability to modify wild populations 

by design

– Insert new, modify or 

delete genes

• CRISPR-Cas9

Gene Drives
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Environmental Impacts

Invasive rodents

• 4 species impact 88% of 

critically endangered & 

endangered vertebrate species 

on islands

• Linked to 30% of all extinctions 

in last 500 years

• Cascading effects

• Ecosystem services

DIISE 2015, Doherty et al. 20168



Food Security Impacts

• US suffers >$19bn in 

agricultural losses from 

invasive rodents

• Globally, 280 million 

undernourished people could 

benefit if pre- and post-harvest 

losses by rodents were 

reduced

Meerburg et al. 2009, Pimentel et al. 20059



Conventional rodent control

• Usually involves lethal control 

techniques (poisoning, trapping)

• Issues:

• Cost of repeat application

• Limited effectiveness at low density

• Environmental contamination

• Animal welfare

• Non-target effects on other species

• Inaccessible to low income families
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Gene Drive

T-Complex – natural

93.6%   n = 1178

CRISPR/Cas9 - manufactured
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Mammalian Sex 

Determination

Eggers et al. 2014

• Sry

• Sox9

Bias sex ratio
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Technical approach -

Start with mice

• Model vertebrate for genetics

• Short generation-time

• Are small and husbandry is 

straight-forward

• Invasive in many countries

Technology platform
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Doesn’t drive; unstable, not target specific

• Multiple approaches underway

• Biosecure trials and modelling

Unwanted geographic spread

• Target private alleles not present in native 

populations

Socio-political unacceptance

• Proactive inclusive approach underway

No deal breakers identified yet

Risks – actively looking 

for deal-breakers

NASEM 2016; Kaebnick et al. 201614



Leverage biology

• Population ~1000 house mice

• Released 42 male & 35 female 

mice from Eday Island

• After 18 months, all mice 

trapped were hybrids (n=70)

• Males were disproportionately 

responsible for ‘invasion’

• Leverage biology and 

promiscuity

Berry et al. 1991; Jones et al. 1995; Scriven 1992

Isle of May (57ha)
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Application Domains

Integrative 

Biological Modelling

Assembling 

Innovative 

Biosystems

Engineering Novel 

Biobricks

Maximising societal 

benefit

Ecological Impact 

Modelling

Risk Assessment

Ensuring appropriate social 

licence to operate

SynBio Future Science Platform

Environment  & Biocontrol
Remediation                    Invasives

Synthetic Ecology         Agricultural Pests

Disease Vectors

Materials, Chemicals and 

Ag Products

Organelles and Symbionts
Novel production systems

Novel biocontrol methods

Resilience mechanisms
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Consultation with Australian Regulators
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Gene drive regulation in Australia

FSANZ APVMA

DAWR

NICNAS

TGA

OGTR
live and 

viable

GMOs

Biosecurity, 

biologicals, 

Import RAs

Human 

therapeutics

Industrial 

chemicals

Food

Ag chemicals

Vet therapeutics

(EPBC Act)

Environment 

MinisterGene 

Drive

Biological Control Act, S/T 

legislation
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Risk Assessment (led by Keith Hayes)
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Risk Assessment (led by Keith Hayes)
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Community Engagement

 To assist with community engagement, we are building on 

what we learned from previous experience with the Eliminate 

Dengue project
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WA

NT

SA

QLD

NSW

Vic

Tas
Dryland and Irrigated Agriculture

Mouse Plague Prone Area

Mouse plagues in Australia

• Cause significant damage ($M100s 

per plague)

• Occur in grain-growing regions of 

Australia (since 1904)

• Occur irregularly (1 year in 2 in Qld)

• Concurrent, widespread increase in 

densities (>1000 mice/ha)

• After crash, very low densities (< 5 

mice/ha)
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Modelling unexpected 

ecological consequences
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Variables are 1: Algae, 2: Herbivorous snails, 3: Limpets, 4: Tunicates, 5: Barnacles, 6: Oyster 

Catchers, 7: Gulls, 8: Rats
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Targets for gene drive in Australia?

Flying foxes

Insect 

vectors

Cane Toad

Crown of Thorns 

Starfish

Invasive 

Species

Arboviruses    

/ Emerging 

Infectious 

Diseases

Mouse

Agricultural 

Pests

Cotton 

bollworm
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Nor t h Queensl and

Yogyakar t a

Ri o de Janei r o

Ho CHi  Mi n Ci t y

DARWI N 15/ 11/ 2015

PERTH 02/ 12/ 2015 I D: 59322

Kamphaeng Phet  Pr ov i nce

ADELAI DE 03/ 2014 

ADELAI DE 03/ 2014 

PERTH 15/ 12/ 2015

PERTH 13/ 12/ 2015

PERTH 08/ 12/ 2015 I D: 59325

PERTH 15/ 11/ 2015 I D: 59318

PCA1

PC
A2

Genome SNP analyses on Aedes mosquito 

interceptions at Australian airports

Vietnam

Indonesia

Thailand

Rio de 

Janeiro

Australia 

(N. Qld)

Darwin

Perth

Perth

Perth
Perth

Perth

Adelaide

Adelaide
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https://research.csiro.au/tappas/
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Pre-human settlement

• only 3 native mammals

Terrestrial 

mammals in

New Zealand
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Polynesian settlers 

(10th century AD onwards)

• 2 mammals introduced

Terrestrial 

mammals in

New Zealand
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Captain Cook / whalers 

(18th century AD)

• 5 more mammals 

introduced

Terrestrial 

mammals in

New Zealand
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Terrestrial 

mammals in

New Zealand

European settlers 

(19th century AD onwards)

• 25 more mammals introduced 

(and accompanying diseases)
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The government estimates the cost of introduced 

species to the New Zealand economy and primary 

sector to be NZ$3.3bn a year (or US$2.4bn)

Most ‘extinction-

prone’ avifauna in 

the world

Primary reservoir 

for bovine TB and 

other diseases

Susceptibility to 

incursions e.g. 

FMD, theileriosis

Cost of invasive mammals in New Zealand
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• COP13 / COP-MOP8 / COP-MOP2 – New Zealand took a firm stand on opposing the global moratorium on 

gene drives and the attempt to equate gene drives with synthetic biology

• Ngā Matapopore (The Watchful Ones) – keen for international discussion of gene drives

Social licence to operate in NZ
• The New Zealand public is historically anti-GMO

• The Treaty of Waitangi recognizes Māori ownership of lands and 

forests, and their kaitiakitanga (guardianship)

•

• 2014 focus groups – general support for research into new tools (including genetic)

• 2012 national survey – 50% believed not enough is being done (increased since)
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Gene drive modelling needs

Blues skies fundamental (proof of concept)

• relatively simple; very conceptual

• deterministic or simulation

Product specifications (guide R&D)
• complex simulation models

• combined genetic, evolutionary and 

ecological factors

• multiple scale

• scenario exploration

• non-spatial, quasi-spatial (e.g. meta-

population) and fully spatial models

• increasing intensity of computing

Application strategies

• complex simulation models (including 

individual-based models)

• fully spatial and location/context tailored 

(integration with GIS layers)

• realistic target species life-history dynamics 

(including compensatory effects) and 

dispersal dynamics

• very computer intensive

Identifying risks and hurdles

• more complexity (evolutionary dynamics, 

spatial, stochastic, biotic interactions)
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