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Genetic engineering in aquaculture

John Buchanan, Center of Aquaculture Technologies

The first significant reports on the application of genetic
engineering in animals appeared in the 1980s. The
description of techniques for the creation of transgenic
mice by microinjection of DNA launched the field of
genetic engineering by providing a practical, if labor
intensive, method for delivery of specific, exogenous
DNA into the genome (Palmiter et al, 1982). Work in
earnest in other species followed soon thereafter. The
first reports of transgenic fish appeared in 1984 and
1985, using microinjection of exogenous DNA into the
cytoplasm of fertilized eggs (Maclean and Talwar, 1984;
Zhu et al, 1985). Fish and shellfish make appealing
targets for genetic manipulation as they produce large
numbers of eggs that are typically easily manipulated,
and fertilization can typically be accomplished
externally. Accordingly, successful creation of transgenic
lines has been reported for over 40 species of finfish
and shellfish.

The AquAdvantage salmon

AquaBounty Technologies was one of the first
companies to attempt to commercially deploy a
transgenic food animal, the AquAdvantage Salmon.
The salmon line was created as part of experiments in
1989 to add an additional transgenic growth hormone
gene into the salmon genome. A salmon with an
incredibly rapid growth phenotype was identified

as part of those experiments (Fletcher et al, 1992).
This salmon line descends from that original founder
animal, and the company moved forward through the
regulatory review process with the aim of bringing the
fish to commercial aquaculture.

After decades of regulatory review from the US Food
and Drug Administration, in 2015 the salmon received
regulatory approval as safe to eat as any other food
with no difference from conventionally grown salmon.
This genetically engineered salmon is required to be
grown in secure, land-based facilities reviewed by US
FDA, and as a sterile and all-female population for
containment purposes. This line has a demonstrated
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Figure 1. Transgenic and non-transgenic Atlantic salmon at same age.
Picture courtesy of AquaBounty Technologies.

accelerated growth rate (Fig. 1) compared to non-
transgenic siblings, reaching market size 10 to 12
months faster, and also has an estimated 20% better
feed efficiency. With the salmon finally approved,
AquaBounty has added a focus on farming and grow-
out to the company, leveraging their experience in
operation of recirculating aquaculture systems (RAS) to
take advantage of the growth rate and feed conversion
benefits in the salmon. The first cohort of genetically
engineered salmon are currently in grow-out in the
United States and are expected to enter into commerce
in 2020.

Genome editing
With this commercialization of the first genetically
engineered food animal, the aquaculture industry
has entered a new era in genetic engineering. In the
ensuing decades since this salmon line was founded in
1989, advances in methods for DNA delivery, control of
transgene expression, and precise engineering of the
genome have been substantial. These technologies are
currently being used to address pressing problems in
aquaculture and to improve productivity.

Foremost among these new technologies is use of
the CRISPR/Cas9 system (and related technologies) to



Figure 2. Dissected gonads of sibling Nile tilapia without (fertile)
and with (sterile) genome edited changes in a gene involved in
egg development.

create “genome editing” (Jinek et al, 2012). Genome
editing works by creating a targeted and predictable
modification to the DNA of an organism. Specific
enzymes are used to induce these changes, and if
these changes are made to the genome of a newly
fertilized embryo, then the changes are heritable.
This technique can be used to create precise changes
in DNA that could have occurred naturally. Breeding
programs are designed to select for natural changes in
DNA associated with improved performance and enrich
them in a population. Genome editing allows for the
beneficial specific changes to be directly created in a
breeding population, saving significant time and money.
In contrast to transgenic approaches where
exogenous DNA is added to the genome of an organism
to beneficial effect, with some genome editing
approaches no new DNA is added to the cell or taken
up in the genome. Whether this new technology
falls under regulations for transgenic organisms is an
interesting question for regulatory bodies. This is an
important point, as research on new technologies to
improve food productivity is dramatically impacted
by the regulatory palatability of such approaches.
Governments around the world are currently assessing
whether such genome edited products will be regulated
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Breeding programs are designed
to select for natural changes in
DNA associated with improved

performance and enrich them in

a population. Genome editing
allows for the beneficial specific
changes to be directly created
in a breeding population, saving
significant time and money.

under existing frameworks for products produced
with transgenesis, through existing frameworks for
conventional products, or with new regulations.

Producing sterile fish

At least partly due to these perceived regulatory
advantages, application of genome editing in
aquaculture in aquaculture has been the primary

focus for research efforts in fish and shellfish genetic
engineering in recent years. In 2018, a group at the
Center for Aquaculture Technologies announced patent
filings around genome editing approaches for producing
sterile fish and shellfish for aquaculture grow-out. The
goal of this approach is to allow biological containment
and minimize environmental impact of escapee fish,
while also improving productivity by preventing

energy lost to sexual maturation during grow-out.

Using genome editing to address this goal has proven
successful (Fig. 2). The ability to culture sterile fish

and shellfish with equivalent or better performance
compared to fertile stocks solves many of the problems
in the aquaculture industry. As no DNA was used in the
genome editing process, the sterile lines contain no new
or added DNA.

Progress towards commercialization

As another example, Intrexon Corporation and
AquaBounty Technologies successfully collaborated on
the creation of a line of tilapia using genome editing.
Changes were created in a gene controlling mussel
growth. The resulting line of tilapia, designated FLT 01,
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is reported to boast an improved filet yield of 70%, and
improved growth and FCR of greater than 10%. The FLT
01 line was developed using genome editing with no
foreign DNA or new combinations of genetic material.
Importantly, in December 2018, the regulatory agencies
in Argentina ruled that the genome editing changes
made in the tilapia genome to produce the FLT 01 line of
tilapia would not be regulated as a genetically modified
food product. In September 2019, Brazil similarly ruled
that the FLT 01 line of tilapia would not be regulated
under their genetically modified food regulations. The
regulators found that the regulations did not apply as
the fish contained no exogenous DNA, exogenous DNA
was not used to engineer the fish, and the changes
engineered could have occurred naturally. Both of these
decisions provide significant optimism that regulatory
pathways to applying this technology to aquaculture
applications are reasonable.

On a final note, selective breeding, broadly defined
as the selection of broodstock for improvement in
traits across time and generations, is sometimes
thought of as alternative approach to genetic
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engineering. Genetic engineering provides the potential
for rapid and abrupt improvement in a trait. However,
selective breeding is an important tool in combination
with genetic engineering, with potential to both
improve the overall background of the genetically
engineered organism and also to select for an improved,
consistent response to the engineered genetic change.
With the advances in genome editing in recent
years, exciting new possibilities in both genetic
engineering and the regulatory process are upon us.
Genome editing is increasingly considered as “precision
breeding” and as part of the toolbox for genetic
improvement in aquatic species.
References available on request
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Industry Events

Send your meeting details to:
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OCTOBER

7-10: Aquaculture Europe 2019 aquaeas.eu

16-19: Aquaculture Vietnam 2019 aquafisheriesexpo.com
21-24: GOAL Conference 2019, Chennai, India aquaculturealliance.org
31-Nov 2: Aquaculture Taiwan Expo & Forum, Taipei, Taiwan aquaculturetaiwan.com
NOVEMBER

4-6: Aquafeed Extrusion Technology, Temuco, Chile fie.com.au

4-8: larvi 2019, Bangkok, Thailand aquaculture.ugent.be
13- 15: International Symposium on Aquaculture Nutrition, Yucatan, Mexico sisal.unam.mx

19-22: Latin American & Caribbean Aquaculture 2019, San José, Costa Rica was.org/lacqual9
DECEMBER

3-5: AlgaEurope 2019 International Conference, Paris, France algaeurope.org
2020

FEBRUARY

9-12: Aquaculture America 2020 Was.org

MARCH

24 - 26: VICTAM and Animal Health and Nutrition Asia, Bangkok, Thailand victamasia.com

MAY

19-21: Aquaculture UK, Scotland, UK aquacultureuk.com
JUNE

8-12: World Aquaculture 2020, Singapore was.org

AUGUST

August 30 -

September 2 Aquaculture Canada and WAS North America, Newfoundland, Canada  was.org
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