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What Are Gene Drives?
Gene drives are systems of biased inheritance in which the
ability of a genetic element to pass from a parent organism to
its offspring through sexual reproduction is enhanced.
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Basic Facts About Gene Drives
• Occur in nature in many species
• Work through various mechanisms
• Earliest proposals to develop gene drives came in the
mid-20th century, but until now the technology was
not available to design a gene drive to spread a
specific trait throughout a population
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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 trait(s)
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Motivations for the Study
Many proposals for a wide variety of challenging issues
Public Health

Conservation

Agriculture

Basic Research
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Motivations for the Study
Many questions about science, ethics, and governance
• 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?
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Statement of Task
• Review the state of the science of gene drive research, identifying the key
scientific techniques for reducing ecological and other risks, and characterize
and assess environmental and other hazards to target and non-target
organisms.
• Examine the oversight mechanisms for organisms containing gene drives in the
laboratory, for use in field releases within the US and in LMIC.
• Determine the adequacy of this existing oversight mechanisms and risk
assessment guidance.
• Discuss relevant legal, social or ethical considerations in selecting sites for field
releases and engaging those living in or near potential release sites.
• Provide general principles that will guide responsible practices in gene drive
research
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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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The Bottom Line
There is insufficient evidence available at this time to support the release
of gene-drive modified organisms into the environment. However, the
potential benefits of gene drives for basic and applied research are
significant and justify proceeding with laboratory research and highlycontrolled field trials.
There are considerable gaps in knowledge, particularly in regard to
ecological and evolutionary considerations for the organism and its
ecosystem that in turn affect risk assessments, public engagement, and
governance.
Recommendation: Funders of gene drive research should coordinate, and
if feasible collaborate, to reduce the gaps in knowledge.
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“Aligning Research with Human Values”

• Values do and should guide research on gene drives “at
every step”
• The values that should guide research concerns are diverse
and rich
• A moderate understanding of precaution is possible and
may guide research (rather than prevent it)
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Values Are Important at Every Step
Questions about responsible science, from why and how research should
be conducted to whether, when, and where a gene-drive modified
organism could be released into the environment rest on values at every
step.
Widely-shared commitments to supporting science, improving public
health, fair treatment of people who may be exposed to risk of harm in
research, protecting human welfare and the environment , democratic
deliberation about controversial issues
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A Dynamic Values Framework
An enumeration and discussion of particularly important values,
under the familiar labels of benefits, harms, and justice.
But a sociological understanding of values
And a claim that relevant publics should have a say in decisions
affecting their welfare
Making the enumeration open-textured and open-ended—subject
to specification and revision through public engagement
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A Diverse and Rich Set of Values
• Familiar utilitarian points about potential benefits and harms,
but with a stipulation that public engagement is necessary to
understand the meanings of harm and benefit
• Concerns about justice/fairness—e.g., about where and how
the benefits and harms will be distributed, about scientific
liberty, and about the locus of control over the decisions
• Acquiring knowledge and advancing human capacities

• The environment, potentially viewed as valuable in itself
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Gene Drives and Conservationism
Gene drives highlight a tension within the conservationist goal
of finding a balance between altering nature to accommodate
human demands and adjusting human demands to
accommodate nature:
• Some regard gene drives as alterations to nature, to be
limited
• Some see gene drives as tools that could affect the balance
between altering and accommodating nature

14

Reframing Precaution
(Kaebnick et al., “Precaution and Governance of Emerging
Technologies,” Science 354, 11 Nov 2016)

The usual view: precaution = prevention because it erects
epistemological barricades (it allows action only if uncertainty is
removed, which is impossible)
Precaution is, in fact, often used to erect practical barricades
(moratoria and other requirements that would effectively
prevent research)
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Reframing Precaution (cont’d)
As reframed, precaution is part of a spectrum of stances toward
governance:
Prevention — precaution— neutrality — promotion
(Charo 2015)

If [the triggering condition] and [the uncertainty condition], then
[a precautionary directive]
(Parke and Bedau 2004; Gardiner 2006)
The restrictiveness depends on how the conditions and
directives are described. For example, the directives could call
for multi-party decision-making and incremental research, i.e.,
checkpoints and flashing red lights, not barricades.
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Reframing Precaution (cont’d)
• Not a principle of action, but a “stance” or “approach” that
must developed in context, by studying the technology in
question
(Stirling 2007, Wolf 2014)
• “Risk panics” (Sunstein 2005) vs. “innovation thrills” (Kaebnick
et al. 2016)
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Address the Values Questions

For example:

• How serious is the problem that the technology is meant to
solve?
• Are there other, less risky ways of addressing the problem?
• Will the potential benefits go to some people while the
potential harms affect others?
• Who will be able to participate in decisions about the
technology?
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Phased Testing
Because gene drives are intended to
spread and persist in the environment, it
is crucial to:
• Understand the target organism, its
role in the environment, and potential
for unintended consequences such as
off and non-target effects
• Develop confinement and
containment strategies to minimize
unintended persistence or release
• Develop mechanisms to detect and
monitor gene-drive modified
organisms
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Ecological Risk Assessment
It is possible to estimate risk due to gene drives using current methodologies.
Advantages of ecological risk assessment:
– Quantify the probability of specific outcomes
– Trace cause-and-effect pathways
– Identify sources of uncertainty
– Incorporate concerns of relevant publics
– Compare benefits and harms
– Compare alternative strategies
– Inform research and public policy decisions

Relevant U.S. guidelines and technical documents are not yet sufficient on
their own to guide ecological risk assessment for gene drive technology.
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Public Engagement

Publics
Groups of people who contribute to
democratic decision-making, but may lack
direct connection to gene drives

Stakeholders
People with direct
professional or personal
interests in gene drives

Communities
Groups of people
who live in or near
candidate release
sites for gene drive
organisms

Needed in research, risk assessment, and
governance.
The outcomes of engagement may be as
crucial as the scientific outcomes to decisions
about whether to release a gene-drive
modified organism into the environment.
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
decisions about gene drives.
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Thank You!
Visit nas-sites.org/gene-drives to
find:
• PDF of the report for free
download
• Report in Brief (4-page lay
summary)
• Briefing slides and archived
webcast of public release
Join the conversation:
#GeneDriveStudy
BOARD ON LIFE SCIENCES
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