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Established pests in Australia

Since the 1960s, 
Australia has spent or 
incurred losses of a 
total of at least 
US$298.58 billion 
from invasive species.

Bradshaw et al., 2021, 
NeoBiota



Managing established pests & weeds……..



Why Australia loves biological controls….

Contiguous US: 7.66 million km2  

2022 population: 42.9/ km2

Australia: 7.66 million km2  

2022 population: 3.4/ km2



Example for successful landscape-scale biocontrol: rabbits

Rabbit Distribution

• Myxoma virus (1950) 
• Rabbit calicivirus(es) 1996 onwards



Example for successful landscape-scale biocontrol: rabbits

• Rabbit biological control delivered 
>$70 billion AUD economic benefits 
over 60 years 

• Self-disseminating, incl. insect 
transmission over distances

• Once established causes repeated 
outbreaks

• NOT a silver bullet: Virus will not 
eradicate the host 

• ongoing host-pathogen co-evolution
• Repeated adjustments required to 

maintain gains



Environmental benefits of RHDV: Large Scale 
Landscape recovery

Dusky hopping-mouse 
(Notomys fuscus) 

Plains mouse 
(Pseudomys australis)

➢ Suppression of rabbits -> suppression of foxes and cats!

➢ Recovery of 3 mammalian species through 20 years of 
sustained rabbit suppression from RHDV

➢ Removal from the IUCN red list

Crest-tailed mulgara (Dasycercus
cristicauda)
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Genetic biocontrol for pest animal population control – new hope?

• Combining precision engineering using 
CRISPT/Cas9 and cellular repair 
mechanisms to create a selfish gene from 
scratch

Esvelt et al 2014



Also:  meiotic drives, ‘selfish genes’

Natural drives:
• sd in drosophila
• t complex in mice 
• Homing endonucleases (HEGs)

What are “Gene Drives” ?

Gregor Mendel

=> break the laws of Mendelian 
inheritance (>50% inheritance of certain 
alleles)



Genome engineering tool derived from bacterial “immunity” system

CRISPR – clustered regularly interspaced short palindromic repeat

Cas9 - CRISPR associated protein 9 nuclease - cuts DNA 

Guide RNA – tells Cas9 where to cut

How often will this cut a piece of DNA (at 
random)

Frequency of a 20 nt sequence = 

420 = 1012 =  1 in 1000 billion 

(human genome has approx. 6 billion nt)

Combining  ‘precision engineering’ component: CRISPR-Cas9 with 
natural repair mechanisms to create a new form of gene drive



Cas9 enzyme
sgRNAs (highly 
specific cutting)

The components of a gene drive system:

Payload (e.g. all-
male, sterile 
female)

Mark Tizard CSIRO



Cas9 enzyme
sgRNAs (highly 
specific cutting)

The components of a gene drive system:

Payload (e.g. all-
male, sterile 
female)

Cas9 enzyme
sgRNAs (highly 
specific cutting)

Payload (e.g. all-
male, sterile 
female)

100% of offspring inherit desired trait (s)



Cas9-based gene drives – biasing sex ratios? 

• 100% homing efficiency would lead to all offspring inheriting the trait (data from 
insects and nematodes show the real efficiency is between 60%-95%)   

• In theory enables the drive to spread until it is present in all members of the 
population – even if it is mildly deleterious to the organism

• If trait was gene that turned all offspring into phenotypic males – population 
collapse
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• Humane 
• Species specific
• Self-disseminating

• NOT CONTAGIOUS (spreads by sexual 
reproduction only)

• Does not require the repeated release 
of large numbers of animals

• Hope ?
• Dare we use the “E”- word again?

Excitement

• Uncontrollable
• Irresponsible
• GM
• Won’t work anyway
• Regulatory nightmare
• International implications 
• Ecological and trade risk? 
• Humans playing god

Panic





Guiding Principles for the Sponsors of Gene Drive Research
- Advance quality science to promote the public good
- Promote stewardship and good governance
- Demonstrate transparency and accountability
- Engage thoughtfully with communities, stakeholders and 

publics
- Foster opportunities to strengthen capacity and education

Transparency beats a 
moratorium anytime…

www.science.org.a
u/gene-drives



Exploring Natural and Engineered Gene Drives for 

Eradications  of Invasive Rodent Populations

1. Proceed cautiously, with deliberate 
stepwise methods and measurable 
outcomes. 

2. Engage early and often with the 
research community, regulators, 
communities, and other stakeholders. 

3. Maintain an uncompromising 
commitment to biosafety, existing 
regulations, and protocols as minimum 
standards (e.g. NASEM, 2016; AAS, 
2017). 

4. Use, and participate in developing, best 
practices. 

5. Operate only in countries with 
appropriate regulatory capacity.

6. Be transparent with research, 
assessments, findings, and conclusions. 
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Developing a prioritisation and investment decision framework for 
vertebrate Genetic Biocontrol 

Centre for Invasive Species Solutions (CISS) project 2018-2021

Desirability

Acceptability Feasibility

• Can we do it?
• Should we do it?
• Who decides
• Who pays?



Path forward for a coordinated development of genetic biocontrol 
technologies for vertebrates, considering: 

• Elicit Stakeholder ‘push and pull-factors’: differences in priorities and 
investment appetite from various key private and public organisations 
involved in pest species management. 

• Develop framework to aid decisions if, when and how to invest

Proof of concept in mammals not yet 
achieved at the time



Rural R&D 
Corporations

Animal rights

Anti GMO
lobbies

Pet Owners

Media

State 
Governments

EnvironmentAgriculture

Science:
Universities

Research Institutes

Pesticides & Vete-
rinary Medicines

REGULATORS

Gene 
TechnologyCentre for 

Invasive 
Species 

Solutions

CSIRO

Policy

Funders

Risk

Trojan
Mouse

Industry
OECD

International Policy

Health

Indigenous 
communities

Public acceptance

General Public

Animal welfare 
organisations

(RSPCA)

Federal Government

Farmers
Ag-Industries

NGOs (GBIRd)

A very 
messy and 
incomplete 
stakeholder 
map



Input: 

• Two stakeholder workshops

• Offline survey (subset of participants)

Workshop 1 (in person)

• 36 participants

• Broader pest and invasive species 
research community, state and federal 
agencies, NGOs incl. RSPCA

• Share perspectives, highlight risks and 
species-specific discussions

• Relevant published literature

• Team’s expert knowledge

• Interdisciplinary Team 
(genetics/ecology/biocontrol), social science, 
government representatives

Workshop 2 (virtual)

• 18 participants

• Potential investors and industry reps, 
government decision makers, NGOs

• Present knowledge and ideas on 
broader decision-making environment, 
appetite for investment and enabling 
factors



Carter et al., 2022

=> Proof of concept needed in mammals

Workshop 1



Coherent 
governance 

system

Competing  
priorities

Range of 
decision-
making 

processes

Current investment 
and management 
environment

Conditions for investment in genetic control biotechnologies 

Enabling factors for investment in genetic biocontrol 
technologies

Diverse 
investment 

drivers
Established 
safety and  

efficacy

Alignment with 
funding, program, 
political priorities

Stakeholder 
and public 

engagement

Trade 
security

Clear drivers 
for 

development

Meeting 
sustainability 

and other goals 
(e.g. animal 

welfare)

Multiple 
jurisdictions

Carter et al. 2021

Workshop 2



Recommendations

• Early comprehensive stakeholder research and engagement strategy: 

• Seek multiple-stakeholder support, address social risks, cultural and 
ethical factors

• Governance structure with clear oversight and national coordination

• Trade risk analysis and post-deployment monitoring 

• Pipeline from animal laboratory studies to field implementation (staged 
proof of concept needed!)



Pipeline

1. Proof of concept in a model animal species
2. Acquisition of essential background data/closing of knowledge gaps for target species
3. Transfer of the technology from model organism to the target species, and
4. Implementation and rollout in target species. 
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Essential background data:

• Population structure/dynamics
• Gene flow/migration
• Social structure
• Behaviour
• Genetics/genomics: identify target sequences unique 

to target population 
• Reproductive biology/genetic engineering

• -> useful in non-gene drive contexts too







CSIRO Synthetic Biology 
Future Science Platform
Aditi Mankad & Team, CSIRO Synthetic 
Biology Future Science PLatform

- Perception of pest animals as a major 
problem in Australia

- Basic education on genetic control 
technology (incl. YouTube Video)

- Attitudes towards genetic control 
technology





Feral Cats

- Kill an estimated 
- 3.2 million mammals, 1.2 million birds, 1.9 million reptiles 

and 250,000 frogs per day, the majority are native species. 
- 1.8 billion native animals/year

- Inhabit >90% of continent 

- Broadscale controls can be ineffective



What do Australians know about synthetic biology and would 
they support its use? 





Levels of support for the local implementation of gene drive 
technology and conventional control methods, % of total responses
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Technical Developments in genetic biocontrol–
What else is going on in Australia?
….may not be a complete list…. Grey = planned/about to start

Target gene validation
(all male, female infertile, 

non-toxic etc)

Improved gene editing 
methods

Drive mechanism

CSIRO: zebra fish, 
toads, rabbits
UoM: carp, foxes, 
cats, rabbits?

UoA: mice
MU: zebra fish
UoM: zebra fish, carp, toads, 
cats, foxes, rabbits
UTas: Gambusia
CSIRO: rabbits

UoA: mice
MU: zebra fish
UoM: zebra fish
UTas: Gambusia
CSIRO: rabbits
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Mice!
Vertebrate model 
systems AND
significant pest  
(agricultural and 
environmental)

Rat pic



Homing not particularly effective in mice!

Homing inefficient in 
mice!



Esvelt et al., 2014



Recent break through in mice !

• Non-homing drive (natural t-complex)
• Combining T-allel (drive)+ female infertile target
• 95% of offspring inherited female infertile 

marker
• Split gene drive 



Drive: T-haplotype in mice - ~ 40 Mb arm of Chromosome 17

Charron Y, Willert J, Lipkowitz B, Kusecek B, Herrmann BG, et al. (2019)



Simple version:
Shared distorters and non-shared responders selectively 
interfere with sperm motility

T-allel

Plasma 
bridge

WT

T-allel

Plasma 
bridge

WTShared transcript:
Distorter(s) of sperm motility

NOT shared:
Responder = 
Antidote

Actually gets 
there!

Swims in 
circles….



Split Gene drive design:

Adding Cas9 to different chromosomeAdding gRNA into t-locus (Chr 17)
(targeting prolactin-> female infertility)

Prolactin is cut in the male germline – transmitted to 95% of offspring of 
heterozygous males
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Mice on islands – the locally fixed allele advantage?

Potentially suitable locally fixed 
target alleles exist on Islands!
(e.g. zar1 on Thevenard Island, zygote arrest 1, 
female sterility, multiplexing potential)

Drive becomes ineffective pretty 
quickly once the frequency drops



Current proposals under development:

Next stage proof of concept: development and 
contained pen trials of gene drive mice with an 
Australian  island-specific gene drive



Plans to progress mouse GBC work in Australia 
(CSIRO & Uni Adelaide)
- Clarify regulatory and policy pathways (funded, planned workshop 1st half 2023)

Phase I (current proposal development):
- All-in-one mouse (Paul Thomas), no split gene drive
- Guide RNA for Thevenard-specific female infertility allele 
- Cage trials-> pen trials
- More island genomics, trial-site genomics (frequency of target allele)
- Island selection review (is there another more suitable Island with a private allele)
- Review of Indigenous stakeholder considerations and implications for field testing
- Social perception component (GBC for mice in environmental and agricultural contexts)
Phase II:
- finalise mouse design, more pen trials, site specific risk assessment, release plan



Rabbits 
– keystone species with top-down and bottom up effects



Investigating the theoretical feasibility of 
genetic biocontrol for Australian wild rabbits

Know your genetics!

➢ Whole genome sequencing 
of ~300 individual Australian 
rabbits

➢ + ~180 from European 
collaborators

Joel Alves
Frank Jiggins

Miguel Carneiro



Key questions the dataset can answer:
Safety & efficacy:

• Understand genetic diversity of 
Australia’s wild rabbits

• Look for locally fixed alleles

• Based on the genetic structure of the 
population, the spread of a theoretical 
genetic biocontrol can be modelled
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Can we transfer the functionality of the mouse proof of 
concept into rabbits?

Are there unequally shared transcripts during spermatogenesis leading to unequal 
inheritance of certain alleles?

• SS- transcriptomics on developing rabbit sperm

• Unequally shared alleles = selfish genes?

=>  prospects for synthetic t-mechanism?

• Transfer Sperm assisted genetic modification 
technology to rabbits 

• Validate target genes in rabbits 



We’re hiring!
Transfer genetic control technologies to rabbits

- Genome engineer 
- Veterinary scientist

Canberra, Australia



Thank You


