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A gene drive is a gene drive: the debate over
lumping or splitting definitions
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We address a controversy over use of the term
“gene drive” to include both natural and syn-
thetic genetic elements that promote their own
transmission within a population, arguing that
this broad definition is both practical and has
advantages for risk analysis.

Gene drive technologies are being considered as a new approach to
address a variety of currently intractable global problems, including to
prevent disease transmission, reduce crop loss, and preserve
biodiversity1. There are someoutside the genetics research community
who argue that wide use of the term “gene drive” to encompass selfish
genetic elements found either in extant organisms (natural gene
drives) or assembled in the laboratory (synthetic gene drives) will
discourage the necessary scrutiny of risks that may be associated with
the introduction of synthetic gene drives into free-living populations
of target organisms2,3. Herewe argue that the current definition is both
scientifically sound and promotes good governance.

The current definition of gene drive
Researchers studying selfishgenetic elements have coinedmany terms
to describe specific phenomena and systems that result in asymmetric
inheritance1. Many of the original terms describing selfish genetic
elements found in nature had mechanistic connotations, including
preferential segregation, transmission ratio distortion, meiotic drive,
genic meiotic drive, chromosomal meiotic drive, mitotic drive, neo-
centromere drive, centromere drive, B-chromosome drive, sex-
chromosome drive, transposable elements, homing endonucleases,
and genetic drive4. Today, biotechnology enables researchers to create
genetic assemblies in the laboratory thatmimicmany of these types of
natural drives. However, these synthetic, or engineered, drive systems
can be purposefully designed to address particular goals, such as to
reduce the prevalence of a target pest population or reduce the
capacity of the target organisms todoharm.Drivemechanisms suchas
over-replication systems (e.g. homing), truemeiotic drive systems (e.g.
some toxin-antidote systems), and post-meiotic drive systems (e.g.
cytoplasmic incompatibility) are currently a major focus of such
research and development efforts4. The expression “gene drive” has
emerged among applied geneticists as a useful generic term to refer to
any type of transmission advantage2, encompassing a broad array of
mechanisms utilized by both natural and synthetic selfish elements5,6.

The perception that synthetic drive systems are different
There is ongoingdebate about thenovelty of synthetic genedrives1,3,7,8,
particularly with regard to regulatory policies and the ability to ade-
quately assess potential risks. In this context, it has been argued that
naturally occurring selfish elements and natural drive systems should

not be included in the definition of gene drive3,9. To a great extent, the
semantics are already established in that the term gene drive is cur-
rently in wide usage among the genetics research community. How-
ever, the concerns that have been raised are largely directed not to the
scientific community but to the general public’s perception of syn-
thetic gene drive technologies and to the ability of decision-makers to
adequately evaluate them. Here we propose that an artificial distinc-
tion between natural and synthetic drive systems is not warranted, and
indeed can be counterproductive to the common goal of effective risk
assessment and informed decision-making about new synthetic gene
drive technologies.

The scientific perspective
Research advances make it increasingly less plausible to make any
meaningful distinction between natural and synthetic drives. Many
synthetic genedrive systems intentionally recapitulate themechanisms
used by naturally occurring selfish elements and thus are functionally
the same or similar. For example, the first efforts to create synthetic
gene drives using cloning technologies involved repurposing naturally
occurring transposable elements andcreating chimeric assemblieswith
drive characteristics similar to the original transposable elements4. The
synthetic MEDEA gene drive system (Maternal Effect Dominant
Embryonic Arrest) simulates some ‘toxin-antidote’-type gene drive
systems foundwidely in nature.Wolbachia (wPip) genes responsible for
cytoplasmic incompatibility and asymmetric inheritance in Culex
pipienshave been introduced into the genomeofAnopheles gambiae as
the potential basis for an engineered gene drive system in this
mosquito10. Many Cas9-based synthetic gene drives configure the
sequence-specific Cas9 DNA endonuclease in the same way as
sequence-specific DNA-endonucleases referred to as homing endonu-
cleases found in some pro- and eukaryotes. Not only does this config-
uration result in gene drive identical to that associated with homing
endonucleases in nature but both gene drive systems rely on identical
endogenous DNA repair mechanisms (homology directed repair) to
achieve their transmission advantages. Another cogent example of the
futility of any technical argument that natural and synthetic genedrives
can be functionally distinguished is the recent success of a gene drive
engineered to reduce the reproductive capacity of mice by using the
naturally occurring t haplotype to spread inactivating mutations in a
haplosufficient female fertility gene, thus effectively combining both
natural and synthetic components within the same system11.

The implications of intentionality
Another proposed rationale for distinguishing synthetic from natural
gene drives is that synthetic drives are explicitly intended to serve
human intentions, and therefore should not be considered as repur-
posed natural processes3,9. Here, however, it is important to remember
that natural gene drives also can be used to serve human intentions.
Among the earliest envisioned uses of natural gene drives employing
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transposable elements,meiotic drive or underdominancemechanisms
was to serve human purposes by reducing transmission of vector-
borne diseases12. For example, Craig et al. clearly recognized the
potential of periodic releases of Aedes aegypti containing sex-ratio
distorting genes in urban areas to reduce the number of females below
a level required for efficient disease transmission. Similarly, Curtis
proposed the use of chromosome translocations to fix desirable genes
in insect pest populations. While largely unsuccessful, these early
attempts to harness natural gene drive systems inspired the develop-
ment of synthetic gene drive technologies as new tools for vector
control. More recently, a natural gene drive has intentionally been
incorporated in a population suppression strategy for mice11.

The implications for good governance
Concerns also have been raised that application of the term gene drive
to natural systems will result in a false sense of safety that will confuse
regulatory and political discussions about synthetic gene drive tech-
nologies and undermine appropriate governance of these new bio-
technology applications3. This presupposes that regulators will
somehow equate naturalnesswith safety, amisconception that has been
refuted elsewhere (e.g.13) and for which a multitude of obvious coun-
terexamples exist (includingmycotoxins, lectins, cyanogenic glycosides,
aquatic biotoxins etc.), and therefore will not apply the same stringency
of process. This supposition ignores the basic principles of methodo-
logic rigor of risk analysis, which require case-by-case assessment of
regulated biotechnology products whatever their composition.
According to law, policy and/or regulation14, the testing and possibly the
eventual use of synthetic gene drive systems is expected to be preceded
by assessments of health risks, environmental risks, environmental and
socioeconomic impacts, which will underpin decision-making at the
various levels of societal organization.

Informed decision-making will be best served by taking full
advantage of the science, scholarship and knowledge related to both
natural and synthetic gene drives. Because synthetic gene drive sys-
temshave yet to bedeployed in natural settings, empiricalfielddata on
their fate in, and impact on, the receiving environment is lacking.
However, the dynamics and evolutionary fate of many natural gene
drive systems have been well studied and can provide an important
knowledge base for predicting the behavior of similar synthetic drive
systems. In the case of homing-based synthetic gene drives, for
example, except for the use of a distinct but equally sequence-specific
DNA endonuclease (Cas9/sgRNA), these systems are identical to and
use the same cellular machinery to achieve drive as homing endonu-
cleases found in nature. Exclusionary semantics in this casewouldhave
the unhelpful consequences of discouraging those engaged in tech-
nology development, assessment, and governance from using some
50 years of research on natural gene drives to support discussions and
decision-making. As an example of such a comparative approach,
experience with a self-sustaining Wolbachia-mediated strategy for
reducing transmission of arboviruses by Aedes mosquitoes is being
studied as a means to predict the monitoring requirements for syn-
thetic gene drive systems that similarly aim to reduce transmission of
mosquito-borne pathogens15, which could contribute to more
informed risk assessment and management.

The rationale for lumping
We agree with the proposition, originating in the basic genetics
research community, that understanding how synthetic drives might

spread and be altered over evolutionary time will be enhanced by
studying howmechanistically similar naturally occurring drive systems
behave in nature16. Creating an artificial barrier between natural and
synthetic gene drives is not only difficult to justify scientifically, but
could actively undermine good governance by discouraging the con-
sideration of important information that will inform the modeling of
long-term effects, enhance risk analysis, and reduce the possibility of
unintended adverse consequences of new gene drive technologies.

Stephanie L. James 1, David A. O’Brochta1, Filippo Randazzo2 &
Omar S. Akbari 3

1Foundation for the National Institutes of Health, North Bethesda, MD
20852, USA. 2Leverage Science, LLC, Berkeley, CA 94705, USA.
3University of California San Diego, La Jolla, CA 92093, USA.

e-mail: oakbari@ucsd.edu

Received: 8 February 2023; Accepted: 20 March 2023;

References
1. National Academies of Science, Engineering, and Medicine. Gene Drives on the Horizon:

Advancing Science, Navigating Uncertainty, and Aligning Research with Public Values (The
National Academies Press, Washington, DC, 2016).

2. Alphey, A. S., Crisanti, A., Randazzo, F. & Akbari, O. S. Standardizing the definition of gene
drive. Proc. Natl Acad. Sci. USA 117, 30864–30867 (2020).

3. Wells, M. A. & Steinbrecher, R. A. Natural selfish genetic elements should not be defined as
gene drives. Proc. Natl Acad. Sci. USA 119, e2201142119 (2022).

4. Vergara, M. M., Labbe, J. & Tannous, J. Reflection on the challenges, accomplishments, and
new frontiers of gene drives. BioDesign Res. 2022, 9853416 (2022).

5. Wedell, N., Price, T. A. R. & Lindholm, A. K.Gene drive: progress and prospects. Proc. R. Soc.
B 286, 20192709 (2019).

6. Price, T. A. R. et al. Resistance to natural and synthetic gene drive systems. J. Evol. Biol. 33,
1345–1360 (2020).

7. Simon, S., Otto, M. & Engelhard, M. Synthetic gene drive: between continuity and novelty.
EMBO Rep. 19, e45760 (2018).

8. Convention on Biological Diversity, Subsidiary Body on Scientific Technical and Techno-
logical Advice. Risk assessment and risk management. https://www.cbd.int/doc/c/754e/
c1db/243b475d941af2423ff555fe/sbstta-24-l-06-en.pdf (2021).

9. Stop Gene Drives. What are gene drive organisms? https://www.stop-genedrives.eu/en/
what-are-gene-drive-organisms/ (2022).

10. Adams, K. L. et al. Wolbachia cifB induces cytoplasmic incompatibility in the malaria mos-
quito vector. Nat. Microbiol. 6, 1575–1582 (2021).

11. Gierus, L. et al. Leveraging a natural murine meiotic drive to suppress invasive populations.
Proc. Natl Acad. Sci. USA 119, e2213308119 (2022).

12. Macias, V. M., Ohm, J. R. & Rasgon, J. L. Gene drive for mosquito control: where did it come
from and where are we headed? Int. J. Environ. Res. Public Health 14, 1006 (2017).

13. Afonne, O. J. & Ifediba, E. C. Natural does not mean safe.Med Plants. https://doi.org/10.
5772/intechopen.104732 (2022).

14. World Health Organization. Guidance Framework for Testing of Genetically Modified Mos-
quitoes, Secondnd Edition. https://www.who.int/publications/i/item/
9789240025233 (2021).

15. Rasic, G., Lobo, N. F., Gutierrez, E. H. J., Sanchez C, H.M. &Marshall, J. M.Monitoring needs
for gene drive mosquito projects: lessons from vector control field trials and invasive
species. Front. Genet. 12, 780327 (2022).

16. Wedell, N., Lindholm,A.K.& Price, T. A. R.Natural andsyntheticgenedrives – a Proceedings
B special feature. Overview. https://royalsociety.org/blog/2020/01/natural-and-synthetic-
gene-drives/ (2020).

Acknowledgements
S.L.J., F.R. and D.O.B. are supported by grant OPP1210762 from the Bill & Melinda Gates Foun-
dation. We thank Aaron Roberts for helpful discussions on perceptions about naturalness and
safety. O.S.A was supported by funding from an NIH award (R01AI151004), EPA STAR award
(RD84020401), and an Open Philanthropy award (309937-0001) awarded to O.S.A. The views,
opinions, and/or findings expressed are those of the authors and should not be interpreted as
representing the official views or policies of the U.S. government. This publication was devel-
oped under Assistance Agreement No. RD84020401 awarded by the U.S. Environmental Pro-
tection Agency to O.S.A. It has not been formally reviewed by EPA. The views expressed in this
document are solely thoseof the authors anddonot necessarily reflect those of theAgency. EPA
does not endorse any products or commercial services mentioned in this publication.

Comment

nature communications         (2023) 14:1749 | 2

http://orcid.org/0000-0001-9764-5435
http://orcid.org/0000-0001-9764-5435
http://orcid.org/0000-0001-9764-5435
http://orcid.org/0000-0001-9764-5435
http://orcid.org/0000-0001-9764-5435
http://orcid.org/0000-0002-6853-9884
http://orcid.org/0000-0002-6853-9884
http://orcid.org/0000-0002-6853-9884
http://orcid.org/0000-0002-6853-9884
http://orcid.org/0000-0002-6853-9884
mailto:oakbari@ucsd.edu
https://www.cbd.int/doc/c/754e/c1db/243b475d941af2423ff555fe/sbstta-24-l-06-en.pdf
https://www.cbd.int/doc/c/754e/c1db/243b475d941af2423ff555fe/sbstta-24-l-06-en.pdf
https://www.stop-genedrives.eu/en/what-are-gene-drive-organisms/
https://www.stop-genedrives.eu/en/what-are-gene-drive-organisms/
https://doi.org/10.5772/intechopen.104732
https://doi.org/10.5772/intechopen.104732
https://www.who.int/publications/i/item/9789240025233
https://www.who.int/publications/i/item/9789240025233
https://royalsociety.org/blog/2020/01/natural-and-synthetic-gene-drives/
https://royalsociety.org/blog/2020/01/natural-and-synthetic-gene-drives/


Author contributions
S.L.J, D.A.O, F.R., O.S.A all contributed to the writing and approved the final manuscript.

Competing interests
O.S.A is a founder of Agragene, Inc. and Synvect, Inc. with equity interest. The terms of this
arrangement have been reviewed and approved by the University of California, San Diego in
accordance with its conflict of interest policies. All other authors declare no competing
interests.

Additional information
Correspondence and requests for materials should be addressed to Omar S. Akbari.

Peer review information Nature Communications thanks Paul Thomas and the other, anon-
ymous, reviewer(s) for their contribution to the peer review of this work.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in anymediumor
format, as long as you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were made. The images or other
third party material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons license and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Comment

nature communications         (2023) 14:1749 | 3

http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A gene drive is a gene drive: the debate over lumping or splitting definitions
	The current definition of gene drive
	The perception that synthetic drive systems are different
	The scientific perspective
	The implications of intentionality
	The implications for good governance
	The rationale for lumping
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




