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Transgenic Animals

• These are animals that have had their DNA manipulated to express an additional 
(foreign) gene. 

• Gordon et al. (1980) were the first to accomplish this in mice by direct 
microinjection of a DNA construct into the pronuclei of fertilized eggs. 

• Transgenic technology is typically used to 
• (1) overexpress a normal gene, 
• (2) rescue an ablated gene, 
• (3) ectopically express a gene, or 
• (4) express a mutant gene.

• Although more than 95% of transgenic animals are mice; there also exist 
transgenic rats, sheep, rabbits, pigs, cow, and fish. 



…Transgenic Animals
• Several terms are used to describe genetically engineered animals: genetically modified, genetically altered, 

genetically manipulated, transgenic, and biotechnology-derived, amongst others. 
• In the early stages of genetic engineering, the primary technology used was transgenesis, literally meaning 

the transfer of genetic material from one organism to another. 
• However, with advances in the field, new technology emerged that did not necessarily require transgenesis: 

recent applications allow for the creation of genetically engineered animals via the deletion of genes, or the 
manipulation of genes already present. 

• To reflect this progress and to include those animals that are not strictly transgenic, the umbrella term 
“genetically engineered” has been adopted into the guidelines developed by the Canadian Council on Animal 
Care (CCAC). 

• For clarity, in the new CCAC guidelines on: genetically-engineered animals used in science (currently in 
preparation) the CCAC offers the following definition of a genetically engineered animal: “an animal that has 
had a change in its nuclear or mitochondrial DNA (addition, deletion, or substitution of some part of the 
animal’s genetic material or insertion of foreign DNA) achieved through a deliberate human technological 
intervention.” 

• Those animals that have undergone induced mutations (for example, by chemicals or radiation — as distinct 
from spontaneous mutations that naturally occur in populations) and cloned animals are also considered to 
be genetically engineered due to the direct intervention and planning involved in creation of these animals.



• Genetic engineering technology has numerous applications involving companion, wild, and farm 
animals, and animal models used in scientific research. 

• The majority of genetically engineered animals are still in the research phase, rather than actually 
in use for their intended applications, or commercially available.

• Companion animals
• By inserting genes from sea anemone and jellyfish, zebrafish have been genetically engineered to 

express fluorescent proteins — hence the commonly termed “GloFish.” 
• GloFish began to be marketed in the United States in 2003 as ornamental pet fish; however, their 

sale sparked controversial ethical debates in California — the only US state to prohibit the sale of 
GloFish as pets.

• Wild animals
• The primary application of genetic engineering to wild species involves cloning. 
• This technology could be applied to either extinct or endangered species; for example, there have 

been plans to clone the extinct thylacine and the woolly mammoth.
•  



Farm animals

• Productivity of farm animal species can be increased using genetic engineering. 
• Examples include transgenic pigs and sheep that have been genetically altered to express higher 

levels of growth hormone.
• Genetically engineered farm animals can be created to enhance food quality. 
• For example, pigs have been genetically engineered to express the Δ12 fatty acid desaturase gene 

(from spinach) for higher levels of omega-3, and goats have been genetically engineered to 
express human lysozyme in their milk.

• Effort has also been made to generate genetically engineered farm species such as cows, goats, 
and sheep that express medically important proteins in their milk.

• In 2006, ATryn® became the first therapeutic protein produced by genetically engineered animals 
to be approved by the Food and Drug Administration (FDA) of the United States. 

• This product is used as a prophylactic treatment for patients that have hereditary antithrombin 
deficiency and are undergoing surgical procedures.



Research animals

• iomedical applications of genetically engineered animals are 
numerous, and include understanding of gene function, modeling of 
human disease to either understand disease mechanisms or to aid 
drug development, and xenotransplantation.

• The use of genetically engineered animals has also become routine 
within the pharmaceutical industry, for drug discovery, drug 
development, and risk assessment.

• “Transgenic and knock out mouse models are extremely useful in 
drug discovery, especially when defining potential therapeutic targets 
for modifying immune and inflammatory responses.



Concerns

• During the development of the CCAC guidelines on: genetically- 
engineered animals used in science, some key ethical issues, including 
animal welfare concerns, were identified: 

• 1) invasiveness of procedures; 
• 2) large numbers of animals required; 
• 3) unanticipated welfare concerns; and 
• 4) how to establish ethical limits to genetic engineering 














