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With tools like CRISPR, can genome
editing deliver more resilience for
aquaculture?

1 August 2022
By Bonnie Waycott

The technology is gaining ground but consumer
acceptance of gene-edited seafood remains to be seen

(https://www.globalseafood.org)
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In 2021, a new variety of red sea bream hit markets in Japan, the result of a trial by the Regional Fish
Institute (https://regional.�sh/en/) in Kyoto. It was the continuation of research
(https://www.sciencedirect.com/science/article/abs/pii/S0044848617324705) published in 2018,
when scientists at Kyoto and Kindai Universities manipulated fertilized �sh eggs to knock out the
myostatin gene that restricts muscle growth. With a meat content of around 1.2 to 1.6 times that of
conventional sea bream (https://prtimes.jp/main/html/rd/p/000000008.000060432.html), the new
line of �sh could be a huge boost for farmers, who would be able to grow meatier animals using less
feed.

Japan’s work involves a genome-editing technology called Clustered Regularly Interspaced Short
Palindromic Repeats, or CRISPR, which modi�es genes by snipping out or adding in new segments of
DNA. In aquaculture, CRISPR is being used to produce lines of �sh boasting targeted traits such as
disease resistance and fast growth.

“CRISPR is part of an immune-defense mechanism that bacteria use to defend against viruses,”
Professor Ximing Guo at Rutgers University in New Brunswick, N.J., told the Advocate. “The bacteria
contain enzymes, such as Cas-9, that can cut DNA at speci�c positions. For genome editing, a guide-
RNA is also required to guide the Cas-9 enzyme so it can cut the DNA in the region you want and create
a mutation that would either knock out a particular gene or replace that gene with a new, more effective
copy.”

Guo breeds oysters for resistance against the diseases MSX and Dermo, which have devastated oyster
�sheries along the U.S. Atlantic coast and in Maritime Canada
(https://www.globalseafood.org/advocate/could-�oating-cages-revitalize-an-oyster-farming-industry-

Research in Japan shows genome editing can improve muscle growth
in farmed �sh, resulting in less feed, as well as boost disease
resistance. Photo courtesy of The Center for Aquaculture
Technologies.
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decimated-by-the-msx-parasite/). Going forward, he and his team are interested in using CRISPR to
study gene function and possibly knock out the myostatin gene in scallops to produce bigger, meatier
adductor muscles.

(https://register.globalseafood.org)

Guo says that Japan’s work is a solid example of how CRISPR can transform the genetic improvement
of aquaculture species.

“It’s a very effective way of producing �sh with more edible �esh while feeding them the conventional
amount of feed, and it could potentially help to lower production costs or make production more
effective,” he said. “It may be important to test the �sh, however, to ensure that there is no signi�cant
impact on nutrient content and meat quality and demonstrate this to the public. If you are producing a
type of �sh that is more muscular, what would be the effect on nutrient content and how would that
impact consumers? This needs to be made clear.”

Genome editing refers to technologies used to change an organism’s genetic code. This can involve
adding, removing and even slightly changing the sequence of an organism’s DNA. Effects of this can
range from increasing, reducing or stopping a gene’s activity to introducing new genes altogether.

Dr. Tim Regan of the Roslin Institute, University of Edinburgh (UK), says that genome editing can be
done in a very precise way to produce animals that are indistinguishable from those bred by
conventional means, and without relying on chance to produce a desired trait.

The Center for Aquaculture Technologies (CAT) works with more than
15 �sh breeders and producers around the world to develop
customized breeding programs for established and emerging species,
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Genome editing is regarded differently than genetic manipulation, such as transgenesis, which enables
the addition of genetic material that is foreign to an organism; for example, adding a gene from a
different species to enable disease resistance, better feed conversion e�ciency or faster growth.
Improving these traits can reduce time to market, overall food consumption and disease treatments, all
of which lower the cost of production and increase e�ciency in aquaculture.

“Genome editing can improve the sustainability of aquaculture in many ways, and the red sea bream in
Japan is one such example,” said Regan. “Myostatin is a negative regulator of muscle growth, so
removing this gene or reducing its activity will increase muscle mass, weight and �llet yield. To date,
this has been successfully achieved by genome editing in red sea bream, tiger puffer and Nile tilapia.
Due to current regulations surrounding these technologies, I am unsure about the commercial impact
these achievements have had on aquaculture, but the potential is obviously huge.”

Yet the commercial success of genome-edited species could hinge on public acceptance. Concerns
remain over food and environmental safety risks, why such a species was reared and producers’
objectives, all of which can impact the acceptability of genome-edited seafood. Meanwhile, some
consumers may simply not want to eat such seafood, even if it is safe and good for the environment,
says Guo. He believes that aquaculture must be transparent in its research and openly address any
safety and environmental concerns.

In Japan, tiger puffers find themselves in
hot water

A technique to farm tiger puffers in hot spring water was invented to
revitalize the town of Nasu-karasuyama and is now spreading to other
areas of Japan.

Global Seafood Alliance

from Atlantic salmon to shrimp and oysters. Photo courtesy of The
Center for Aquaculture Technologies.
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Dr. Alan Tinch, a geneticist at The Center for Aquaculture Technologies (https://aquatechcenter.com)
(CAT) in San Diego, Calif., agrees. Tinch and his colleagues are working with more than 15 �sh breeders
and producers around the world to develop customized breeding programs for established and
emerging species, from Atlantic salmon to shrimp and oysters. Each program involves selecting for
traits speci�c to each species to improve e�ciency, growth, health and welfare using panels of genetic
markers. CAT is researching genome editing to make simple, targeted changes within a species to
improve traits that are conventionally di�cult to improve. Future populations will carry these edited
genes and exhibit the desired trait.

“At CAT, we have developed the technology to deliver genome editing in performance traits combined
with edits that make the resulting �sh infertile, for example,” said Tinch. “This prevents any �sh that
may escape from a farm from interbreeding with wild counterparts, improving the sustainability of �sh
farming and addressing public concerns about the effect of novel gene variants in wild populations.”

But are we ready for this type of genetic manipulation in our seafood?

“Consumers are not wrong to be wary of new technologies used in their food, but the fears I’ve heard of
are based on misunderstanding the technology, so further engagement and publishing of reports is
crucial to keep the public informed and up-to-date,” said Regan.

“Aquaculture needs to explain things in practical terms. Why do we need this technology? What is the
right thing to do?” said Tinch. “We must help people understand that we are doing something to make a
difference. We must have an environment where consumers �nd the outcomes acceptable and
legislation allows us to use the technology. We need to make sure that the welfare of animals is
optimal and breed sustainably using technologies that enable high health and welfare and use

Professor Ximing Guo at Rutgers University breeds Eastern oysters
(pictured) for resistance against the diseases MSX and Dermo, which
have devastated oyster �sheries along the U.S. Atlantic coast and in
Maritime Canada. Photo courtesy of Dr. Ximing Guo.
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infertility to prevent the release of new gene variants into the wild. We should see genome editing as a
means of managing animal populations to control health and other characteristics and explain clearly
why we are doing this.”

Today, researchers are mindful of the challenges. Genome editing is complicated, expensive and
requires great skill. Selecting a trait to enhance or edit is one thing, but knowing which genetic
sequences are responsible for a given trait can take a long time and cost a lot of money. But as the
example in Japan shows, improving speci�c traits may result in a variety of seafood that not only
makes aquaculture more sustainable but also satis�es consumers.

“The Japanese work is an interesting example of a gene that has been changed to produce higher
yields,” said Tinch. “It brings something quickly identi�able to the market, which bene�ts both farmer
and consumer, and there is more meat available for sale per �sh, which is a huge economic and
sustainability advantage.”

Follow the Advocate on Twitter @GSA_Advocate (https://twitter.com/GSA_Advocate)
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2011 Great East Japan Earthquake and Tsunami.
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