
What is gene flow?

Gene drive technology, designed to propagate specific genetic modifications through a target population 
at a rate faster than that of traditional inheritance, offers promising solutions for controlling disease vectors, 
eradicating invasive populations of pest species, or even saving endangered species from extinction (see 
“What’s a gene drive?”).

In addition to considering how to best design gene drive systems, researchers are also investigating the possible 
impacts of these technologies. These questions include gene flow (also known as gene transfer or gene migration), the 
transfer of genetic information from one population to another.  

Understanding the potential and likelihood of gene flow is crucial for assessing the risks and benefits of gene drives. 
Gene drives are a vehicle for spreading desired modifications, but scientists are investigating whether they could 
also be a potential pathway for unintended genetic interactions between the modified organisms and others. When 
considering the use of this technology, researchers need to be able to answer questions such as whether the proposed 
genetic modification can be passed on beyond its target population and, if so, whether that can cause undesirable 
impacts. 
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CONCEPTS FREQUENTLY USED WHEN 
TALKING ABOUT GENE FLOW

Transfer: The transfer of genetic material from 
one population to another. 

Persistence: The transferred genetic material 
sustained within the new population. 

Dispersal: The movement of genes or organisms 
carrying specific genetic material from one 
population or area to another population or area. 

Spread: The expansion of a specific gene or 
genetic trait through a population over time. 

Resistance: The genetic ability of an organism or 
population to withstand or overcome the effects 
of a specific external selective pressure, such as a 
drug or a genetic modification.

VERTICAL   
GENE FLOW

Vertical gene flow occurs through mating, 
transferring genetic traits from one generation to 
another within a given species and, sometimes, 
between very closely related species. It is the 
primary mechanism by which gene drives function 
– through the transfer of modified genes within and 
across populations. This is the dominant mode of 
reproduction in multicellular, “complex” organisms.

Gene flow is essential to the very functioning 
of gene drives: without reproduction, there 
can be no genetic inheritance.

Gene flow occurs naturally in the environment through two main dynamics: vertical and horizontal gene flow.
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Horizontal gene flow, also called horizontal gene transfer or 
lateral gene transfer, involves the transfer of genes through 
non-sexual routes to other unrelated organisms and may occur 
over evolutionary timescales. Although it can be common 
in bacteria, it is much less frequent in complex organisms. 
Critically, however, once genes are acquired by horizontal 
gene flow, the genes must have a selective advantage in order 

to spread through the population and be sustained 
in a new species. This represents a different and 
complex layer of gene exchange, happening 
through mechanisms such as bacterial conjugation, 
virus-mediated gene transfer, or the uptake of 
free DNA from the environment. This common 
occurrence between bacteria is a major factor of the 
spread of antibiotic resistance genes, for example.

As gene drives are being introduced into 
complex organisms, horizontal gene transfer 
has a very low probability of occurrence.   

HORIZONTAL   
GENE FLOW

Human interventions and 
changes in environmental 

conditions may affect 
species interaction, 

enabling vertical gene 
flow between organisms 
of the same species that 
previously did not meet.
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The transfer of genetic material from parent to offspring can 
also occur between different groups of the same species that 
do not often interact due to different geographies or habitats. 

When closely related species such as Anopheles gambiae 
and Anopheles coluzzii mosquitoes interact, they are likely to 
reproduce and share genetic material. This could also happen 
between species of the same complex that usually live in 
different environments, with the same implications.  Human 
activities and environmental shifts can mix these groups 
more than before, overriding common barriers to contact. 
For example, slight increases in temperature can make new 
areas hospitable for a species, leading them to migrate and 
potentially mix genetic material in new ways.

WHY
DOES IT 
MATTER?  

The potential implications of gene flow 
for gene drive research vary depending 
on specific circumstances. In the case of 
malaria elimination, gene drive technology 
aims to spread beneficial traits that would 
contribute to reducing the population of 
malaria-transmitting mosquitoes. Enabling 
modified mosquitoes of one species, in 
one or more locations, to pass their trait to 
another species that also transmits malaria 
could potentially help reduce occurrences 
of the disease more widely - an overall 
positive outcome.  

However, there also exists a possibility of 
gene flow leading to unwanted outcomes. 
For example, scientists are considering 
the use of genetically modified rodents to 
control invasive alien rodent populations 
on islands. If such rodents were brought 
off the targeted island to another location, 
they could inadvertently transfer their 
modifications to other, non-invasive rodent 
populations on the mainland where these 
may be native species, leading to negative 
ecological consequences.

Resistance adds a layer of complexity to the impact 
of gene flow. Individual organisms can become 
resistant to a certain trait promoted by a gene 
drive. When they reproduce, this resistance can 
spread across populations, introducing new genetic 
variations which can potentially undermine the 
gene drive’s efficacy in the long term.   

In sum, gene flow is a natural phenomenon 
which happens either directly through vertical 
gene transfer between closely related species 
or, less commonly, through horizontal gene 
transfer of non-sexual means to distantly 
related or unrelated species. Understanding 
these interactions and their risks and benefits 
is an integral part of gene drive research.
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HOW
TO MITIGATE RISKS?

To ensure the careful and beneficial application of gene drive 
technology, researchers are constantly striving to develop a 
better understanding of gene flow mechanisms, identifying 
potential risks, and formulating strategies to minimize them. 
Synthetic gene drive systems could be engineered with diverse 
designs to control how far and fast they spread, adjusting to 
what are called different “thresholds” for activation. Each 
system can consider specific potential risks, and tailored 
strategies could be formulated to mitigate these concerns effectively. 

For instance, in situations where genetic modifications 
are beneficial in some places but not others, 
scientists are exploring ways to limit a gene drive’s 
effects to specific species or genetic sequences. One 
such strategy is to develop gene drives that only 
recognize certain genetic patterns within a species. 
This ensures the drive only affects the intended 
population, similar to how a door only opens with the 
correct key. Another strategy being researched is to 
design a gene drive with two necessary components, 
where the drive only activates if both parts are 
present, keeping the gene modifications confined to 
a specific area. 
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