
James P. Collins
Arizona State University
School of Life Sciences

Gene drives in our future: 
Challenges of and opportunities for 

using a self-sustaining technology in 
pest and vector management

OECD Co-Operative Research Program Conference 
on Environmental release of engineered pests: 

Building an international governance framework

North Carolina State University
5-6 October 2016 



“Site-specific selfish genes exploit host 
functions to copy themselves into a 
defined target DNA sequence….If such 
genes can be engineered to target new 
host sequences, then they can be used 
to manipulate natural populations....”

(2003)



(2006) 

A gene drive is a process of 
inheritance by which a gene 
is guaranteed to pass from 
one generation to the next, 
and ultimately throughout a 
population.

Gene drives are an example 
of a new technology with 
uncertain benefits and risks, 
raising compelling questions 
at the intersection of 
science and society.  

http://www.google.com/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiW3OG4_MXLAhVL52MKHUMPCy8QjRwIBw&url=http://books.google.com/books/about/Genes_in_Conflict.html?id%3D8e8xLbmtuMcC%26source%3Dkp_cover&psig=AFQjCNH8DYO3YrFHdk5XQq3hC5AFuaxbQA&ust=1458244021831647


1) Defining characteristics of gene drives?

2) Potential examples of gene drive applications? 

3) Task of the National Academy of Sciences 

committee that authored the gene drives report?

4) Major report recommendations relevant for pest 

control?

5) Report recommendations with implications for 

international coordination of regulatory and risk 

assessment frameworks?

Questions to discuss



What are gene drives?
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Gene drives are systems of biased inheritance in which the 
ability of a genetic element to pass from a parent to its 
offspring through sexual reproduction is enhanced.



Basic facts about gene drives
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• Occur in nature in many species

• Work through various mechanisms 

• Earliest proposals to develop gene drives 
were mid-20th century, but until now the 
technology was unavailable to design 
one to spread a specific trait throughout 
a population





“In organisms that inherit one drive-containing and one wild-
type chromosome, the drive cuts the wild-type chromosome, 
causing the cell to copy the drive when it uses the drive-
containing chromosome as a template to repair the damage….all 
of the organism’s offspring will inherit a drive-containing 
chromosome to repeat the process (Esvelt et al. 2014).”



Criteria for choosing a species to 
develop a gene drive

• Sexual reproduction

• Short generation time

• Stability of the driving genetic elements

• Population structure that facilitates 
spread of the gene drive
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“Gene drives may be capable of addressing ecological 

problems by altering entire populations of wild organisms, 

but their use has remained largely theoretical due to 

technical constraints. Here we consider the potential for 

RNA-guided gene drives based on the CRISPR…nuclease 

Cas9 to serve as a general method for spreading altered 

traits through wild populations….”

(2014)



Recent increase in pace of the field

11Cumulative number of gene drive research publications (1960 – 2015)

Use of homing 
endonucleases to develop 
a gene drive  (Burt, 2003)

First use of CRISPR/Cas9 for 
genome editing (Jinek et al., 
2012; Cong et al., 2013)

Scientists propose to use CRISPR 
to develop a gene drive  (Esvelt, 
2014)

Gene-drive modified organisms 
first developed (DiCarlos et al., 
2015; Gantz and Bier, 2015; 
Gantz et al., 2015; Hammond et 
al., 2016)

Use of transposable elements 
to develop a gene drive 
(Kidwell & Robiero, 1992)Use of breeding program to 

develop a male-producing 
factor in mosquitoes 
(Craig et al., 1960)

First mathematical model  to 
demonstrate a gene drive 
(Curtis, 1968)
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Key features and potential uses of 
gene drives 

• Defining features:

– Spread and persistence

– Potential to cause irreversible ecological 
change

• Two potential uses:

– Population suppression: Decrease numbers

– Population replacement: Change genetic 
characteristic(s)
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Many proposals to use gene drives for 
various challenging issues
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“…RNA-guided gene 
drives could 
potentially prevent 
the spread of disease, 
support agriculture 
by reversing pesticide 
and herbicide 
resistance in insects 
and weeds, and 
control damaging 
invasive species…” 

(From Esvelt et al. 2014)



A woman in Tanzania under a mosquito tent with a 
relative who was being treated for malaria. 



There are now genetic 
technologies that, at 
least in theory, are 
environmentally 
benign, but could wipe 
out the mosquitoes 
that have decimated 
the birds of Hawaii… 
That has many 
conservation 
ecologists 
tremendously excited.



(2014)

“…[gene] drives may present 
environmental and security challenges 
as well as benefits.”
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Motivations for the study
Many questions about science, ethics, and governance
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• Could gene drives have unintended consequences for 
public health and the environment? 

• Do we know enough to consider releasing gene-drive 
modified organisms into the environment?

• Should a gene drive be used to suppress or eliminate a 
pest species?

• How do we decide where gene-drive modified organisms 
could be released? What should be governments’ role? 



“Anticipatory governance is a broad-based capacity extended 
through society that can act on a variety of inputs to manage 
emerging knowledge-based technologies while such 
management is still possible.”

Anticipatory governance



Committee on gene drive research (by expertise)

Biosafety and Biosecurity
Stephen Higgs, Kansas State University

Developmental Biology
Lisa A. Taneyhill, University of Maryland

Ecological Risk Assessment
Wayne Landis, Western Washington
University

Entomology and Vector-Borne Diseases
Nicole L. Achee, University of Notre Dame
Lynn Riddiford, Howard Hughes Medical
Institute

Ethics and Scientific Integrity in Research
Elizabeth Heitman, Co-Chair, Vanderbilt
University Medical Center

Gregory E. Kaebnick, The Hastings Center

Plant Biology and Ecology
Vicki Chandler, Minerva Schools at Keck Graduate
Institute 

Brandon S. Gaut, University of California, Irvine

Population Ecology
James P. Collins, Co-Chair, Arizona State University
Joseph Travis, Florida State University
Paul E. Turner, Yale University

Public Interfaces with Controversial Science
Jason A. Delborne, North Carolina State University

Science and Technology Policy and Law 
Ann Kingiri, African Centre for Technology Studies
Joyce Tait, University of Edinburgh
David E. Winickoff, University of California,
Berkeley
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Gene Drives on the Horizon: 
Advancing Science, Navigating Uncertainty, 

and Aligning Research with Public Values

June 8, 2016

Public Release Event

BOARD ON LIFE SCIENCES
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Join the conversation: 
#GeneDriveStudy nas-sites.org/gene-drives
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Responsible
Science 

A responsible science 
approach calls for 
continuous evaluation, 
assessment, and 
education relative to the 
social, environmental, 
regulatory, and ethical 
considerations of gene 
drives.

Responsible science to develop
gene drive technologies
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Responsible science rests on values: 
deeply held, complicated, sometimes 
evolving beliefs about what kinds of 
things – in humans’ lives and the world 
at large – should be fostered, protected, 
or avoided. 

Values are important at every step
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State of the science

 Insufficient evidence to support the release of 

gene-drive modified organisms into the 

environment.

 Benefits of gene drives for basic and applied 

research are significant and justify proceeding with 

laboratory research and controlled field trials.

Recommendation: Funders should coordinate, and if 

feasible collaborate, to reduce gaps in knowledge.



Phased testing: 
A precautionary approach
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Confinement: use ecological conditions or biological methods to 
prevent unintended or uncontrolled persistence of an organism in the 
environment (e.g., climatic isolation).

Containment: use human-made or natural physical restrictions to 
prevent unintended or uncontrolled release of an organism into the 
environment (e.g., large cages, greenhouses, and aquaculture pens; 
geographic isolation). 

Recommendations:

• Researchers, regulators, and other decision-makers should not rely 
on a “reversal” gene drive as the sole means for mitigating the 
effects of another gene drive.

• Whenever possible include a gene drive that spreads a visible marker 
to distinguish modified organisms.
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Phased testing: Safety



Phased testing: 
Selecting sites for field tests

Site selection criteria should include:

• Scientific and technical considerations (e.g., presence of the 
target species, methods for containment and confinement)

• Values of relevant publics 

• Capabilities of local, regional, and national governance bodies

• Ability of researchers to engage with local communities

Recommendation: Give preference to locations in countries 
with the existing scientific capacity and governance frameworks 
to conduct and oversee the safe investigation of gene drives.

29
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Risk assessment 

The probability of an effect on one or more 
specific endpoints due to a specific stressor or 
stressors.

In other words, how often a specific change or 
changes in the environment will affect 
something of value to society, such as human 
health, outdoor recreation, or the survival of 
an endangered species.
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Risk assessment: Precaution 

The uncertain benefits and risks of gene 
drives calls for governance by a measured 
version of precaution. This conclusion reflects 
a conviction that precaution is advisable 
under some conditions, yet that precaution 
can be developed in a way that does not 
easily succumb to the common objections to 
it. Precaution can be consistent with support 
for science.



Steps to assess risk due to a gene drive:

–Trace cause-and-effect pathways

–Identify sources of uncertainty

–Quantify the probability of the outcomes

–Incorporate concerns of relevant publics

–Compare benefits and harms

–Compare alternative approaches

32

Ecological risk assessment 
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Outcomes of engagement may be 
as crucial as scientific outcomes.

Recommendation: Governing 
authorities, including research 
institutions, funders, and 
regulators, should develop and 
maintain clear policies and 
mechanisms for how public 
engagement will factor into 
research, ecological risk 
assessments, and public policy. 34

Public engagement is needed in research, 
risk assessment, and governance

Communities
Groups of people 

who live in or near 
candidate release 

sites for gene drive 
organisms

Stakeholders
People with direct 

professional or personal 
interests in gene drives

Publics
Groups of people who contribute to 

democratic decision-making, but may lack 
direct connection to gene drives



Existing  governance mechanisms may be 
inadequate because they: 

• Do not consider gene drives’ intentional spread 
and potential irreversible effects on ecosystems 

• Lack clarity in jurisdiction of oversight

• Provide insufficient means for public engagement

• Do not address potential for misuse

• Lack policies for collaborating with other 
countries with divergent systems of governance

35

Challenges to governance of gene drive 
research and development (Part 1)



There are overlaps and gaps in U.S. regulation of 
organisms in which gene drives might be deployed.

Recommendation: The U.S. government should 
clarify the assignment of regulatory responsibilities 
for field releases of gene-drive modified organisms, 
including the roles of agencies that are not 
currently included in the Coordinated Framework 
for the Regulation of Biotechnology.
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Challenges to governance of gene drive 
research and development (Part 2)



After release, a gene-drive modified organism is not 
limited by political boundaries, but regulation of GMOs 
under the US Coordinated Framework for the Regulation 
of Biotechnology and United Nations Convention on 
Biological Diversity is predicated on containment.

Recommendation: Research institutions, regulators, and 
funders should revisit international regulatory 
frameworks, national laws, non-government policy, and 
professional codes of conduct to determine whether and 
how they may be applied to gene drive research. 37

Challenges to governance of gene drive 
research and development (Part 3)



On the other hand….

Open Letter, September, 2016

http://www.synbiowatch.org/wp-content/uploads/2016/08/ETC_letter_vs_genedrives_v5.pdf



(2016)

On the other hand….
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Conclusion: 
Scholarship unlimited by borders—sustaining

disciplines while blurring their boundaries



As we think about moving gene drive 
research into the future, the challenge we 
face is integrating the scientific freedom that

 allows research to move ahead

with acting responsibly and
 conducting research that embraces 
ethical, legal, and larger societal values. 

Conclusion:
Scientific freedom and responsibility
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