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Genetic Engineering and
Animal Agriculture

ALISON L. VAN EENENNAAM, Extension Specialist, Animal Genomics and Biotechnology,
Department of Animal Science, University of California, Davis

Have | ever eaten a genetically engineered animal?

No. Genetically engineered (also known as transgenic) animals are those that carry
and transmit one or more copies of a recombinant DNA sequence (i.e., a DNA
sequence produced in a laboratory using in vitro techniques). Usually this DNA
directs the production of a novel protein in the animal. Although many food ani-

mal species have been genetically engineered in research settings (e.g., cows, sheep,
chickens, pigs, fish), no genetically engineered animals have been approved for use as
human food in the United States.

The Food and Drug Administration’s Center for Veterinary Medicine (CVM)
asserts primary jurisdiction over genetically engineered animals as they are federally
regulated under the Food, Drug, and Cosmetics Act. Developers of genetically engi-
neered animals file investigational applications requesting approval for gene-based
modifications. After providing adequate safety data, the sponsor may request approval
for these animals to be used for food or for processing into animal feed components.
Since 1995, a company called AquaBounty has been working to generate the data
required for the approval of genetically engineered growth-enhanced Atlantic salmon
that is capable of growing 4 to 6 times faster (but not larger) than standard salmon
grown under the same conditions (Cook et al. 2000).

In addition to ensuring food safety, the FDA also evaluates environmental risks
posed by transgenic animals, as directed by the National Environmental Policy Act
(NEPA). Under NEPA, federal agencies are obligated to cooperate with other involved
federal agencies. In the case of the AquaBounty transgenic salmon, this cooperation
includes involvement of the U.S. Fish and Wildlife Service and the National Marine
Fisheries Service in the development of a scientifically based environmental risk
assessment.

What about GloFish?

One genetically engineered animal, a fluorescent red zebrafish called GloFish, is com-
mercially available in the United States. The FDA decided not to regulate GloFish
because tropical fish pose no threat to the food supply and there is no evidence that
GloFish pose any greater threat to the environment than their widely sold unmodified
counterparts. However, California’s Fish and Game Commission decided to prevent
the sale of these transgenic zebrafish to aquarium hobbyists in the state. A permit is
required to import, transport, possess, rear, or conduct research on genetically engi-
neered fish in California. Such fish must be kept in closed-water systems or in a sys-
tem that prevents the inadvertent release of live fish, and access to facilities contain-
ing genetically engineered fish must be restricted.

The California Fish and Game Commission holds a public hearing for each
permit application to ensure that any permit granted is in the public’s best interest.
The decision to ban GloFish was not based on evidence of environmental risk, since
the zebrafish is a tropical species that cannot tolerate cold well enough to reproduce
in California waters. Instead, the decision was based on ethical grounds. In reaching
this decision one of the commissioners stated that he did not consider it to be right
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to produce a new genetically engineered organism “just to be a pet” (Thompson 2003).
A unique aspect of the genetic engineering of animals is that animals hold a special
place in our society. They are sentient living beings and are often treasured members of
families. As a result of personal beliefs, some people oppose the human use of animals
for any purpose, while others have specific concerns about the impacts of genetic engi-
neering on animal health and welfare, and still others object to the use of terminology
such as “transgenic animal bioreactors” to describe genetically engineered animals that
produce human therapeutic or industrial proteins.

What is the greatest science-based concern associated with the genetic engineer-
ing of animals?

A recent report by the National Academy of Sciences stated that environmental issues
were the greatest science-based concern associated with the genetic engineering of ani-
mals (National Research Council 2002). Of high concern is the possibility that geneti-
cally engineered organisms, particularly fish and insects, may escape confinement and
become feral. The actual environmental risk posed by each species-transgene combina-
tion depends on a number of factors, including the containment strategy, species mobil-
ity, ability to become feral, genotype by environmental interactions, and the stability

of the receiving community. For example, it is much easier to contain a genetically
engineered cow than a fish. Food safety concerns about transgenic animals are similarly
case-specific, depending on the attributes of the recombinant protein and whether the
animal is intended to be used as food or to be a producer of recombinant protein for a
pharmaceutical or industrial application.

Does recombinant bovine somatotropin (rBST) make cows genetically
engineered?

One product of genetic engineering that is currently being used in animal agriculture

is recombinant bovine somatotropin (rBST) derived from genetically engineered bacte-
ria. When administered to lactating cows, this protein increases milk production. It is
widely used throughout the U.S. dairy industry and was approved by the FDA in 1993
following extensive safety testing by numerous medical associations and scientific soci-
eties (Bauman 1999). Cows that are administered rBST are being treated with a protein,
and this does not modify the DNA of cows in any way.

Why genetically engineer animals?

Although to date the only genetically engineered animal available on the market
(except in California, where it is banned) is a glowing red aquarium fish, genetic engi-
neering has the potential to address other more vital societal interests. The University
of Guelph has developed a genetically engineered pig, coined the Enviropig, that can
better utilize feed phosphorus and thus generate “low-phosphorus manure” (Golovan
et al. 2001); phosphorus from animal manure can contribute to surface water pollution.
Genetic engineering technology is also being tested as a means to improve the disease
and parasite resistance of domestic livestock. For example, scientists are currently
working on producing cattle resistant to bovine spongiform encephalopathy (BSE)
(Kuroiwa et al. 2004).

At this point it seems unlikely that genetically engineered animals will find wide-
spread use for the improvement of most livestock production traits. One of the reasons
for this is that agriculturally relevant traits such as growth tend to be controlled by
many genes, making it difficult to select or predict how the expression of one or two
recombinant proteins might influence these complex performance traits. Additionally,
traditional genetic selection techniques achieve reliable and consistent rates of genetic
improvement for most livestock species and do not require the investment, risk, and
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time involved with the production and regulatory approval of genetically engineered
organisms. In the short term it seems more likely that genetic engineering will be
used mostly for biomedical applications. Genetically engineered proteins have been
made and secreted in milk, blood, eggs, urine, and semen of livestock, although to
date most commercial production favors the mammary gland (Houdebine 2000).
“Transplantation-friendly” genetically engineered pigs are currently being developed
to help alleviate the critical shortage of organs for human transplantation (Takahagi
et al. 2005).

PERSPECTIVE

There are currently no genetically engineered food animals on the market in the
United States. Before such animals are approved for sale, they will have to pass a
human and environmental safety evaluation as a part of the FDA regulatory approval
process. The risks and benefits associated with this technology depend on several fac-
tors, including the species under consideration and the genetically engineered protein
that is being expressed. The animal biotechnology industry faces a variety of scientific,
regulatory, ethical, and public acceptance issues, and it remains to be seen whether
any of the potential benefits are great enough to outweigh the risks and costs involved
in the development and approval of genetically engineered animals.
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