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Question: What is a genetically engineered animal? 
Answer: A genetically engineered or ñtransgenicò animal is an animal that carries a known 

sequence of recombinant DNA in its cells, and which passes that DNA onto its offspring. 

Recombinant DNA refers to DNA fragments that have been joined together in a laboratory.  

The resultant recombinant DNA ñconstructò is usually designed to express the protein(s) that are 

encoded by the gene(s) included in the construct, when present in the genome of a transgenic 

animal. Because the genetic code for all organisms is made up of the same four deoxynucleotide 

building blocks, this means that a gene makes the same protein whether it is made in an animal,  

a plant, or a microbe. 

 

Transgenic animals look and behave normally, and differ from their non-modified counterparts 

only in the expression of an additional protein. Some examples of proteins that have been 

expressed in transgenic animals include therapeutic proteins for the treatment of human 

diseases
1-4

, proteins that enable animals to better resist disease
5-7

, and proteins that result in the 

production of more healthful animal products (milk, eggs, or meat) for consumers
8,9

.  

 

Question: Are there any genetically engineered animals on the market?  
Answer: As of June 2008, no genetically engineered food animals had been approved for sale  

in the United States. Growth-enhanced fish are the transgenic animal application closest to 

commercialization for food purposes, and several different species are currently going through 

regulatory review in three different countries. Since 1999, Aqua Bounty (Aqua Bounty 

Technologies Inc., Waltham, Mass.) has been seeking U.S. regulatory approval for the 

commercialization of its growth-enhanced AquAdvantage
TM 

Atlantic salmon. This transgenic 

salmon is capable of growing faster, but not larger, than standard salmon grown under the same 

conditions
10,11

, and thus more environmentally friendly by requiring less food and producing less 

waste. Transgenic lines of growth-enhanced tilapia and carp are also under regulatory review in 

Cuba and China, respectively
12

. 

 

The only genetically engineered animal to reach the market in the United States is an ornamental 

fluorescent zebrafish (Danio rerio) called GloFish (Yorktown Technologies, Austin, Tex..  

The U.S. Food and Drug Administration (FDA) determined not to formally regulate GloFish on 

the basis that tropical zebrafish pose no threat to the food supply, and the fact that there is no 

evidence that these genetically engineered zebrafish pose any greater threat to the environment 

than their widely sold unmodified counterparts 
13

. 
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Question: Are any products from genetic engineering being used in animal 
agriculture? 
Answer: One product of genetic engineering that is currently being used in animal agriculture  

is recombinant bovine somatotropin (rBST) derived from genetically engineered bacteria.  

This protein, which results in an increase in milk production when administered to lactating 

cows, is widely used throughout the U.S. dairy industry. rBST was approved by the FDA in 1993 

because extensive testing had revealed no concerns regarding the safety of milk derived from 

cows treated with rBST 
14

. 

 

It should be noted that administering this protein does not modify the DNA of the cow, and they 

do not become genetically engineered. People with diabetes similarly administer themselves with 

insulin derived from genetically engineered bacteria, and the genetic makeup of these patients is 

likewise unaltered by the administration of a recombinant protein. 

 

Question: Why are animals being genetically engineered?  
Answer: Genetic engineering is a useful technology because it enables animals to produce novel 

proteins. Conventional animal breeding is constrained to selection based on naturally-occurring 

variations in the proteins that are present in a species, and this limits the range and extent of 

genetic improvement. Genetically-engineered animals are being produced for two distinct 

applications: human medicine and agriculture. 

 

Most commercial transgenic animal research is in the field of human medicine. Many therapeutic 

proteins for the treatment of human disease require animal-cell specific modifications to be 

effective, and at the present time they are almost all produced in mammalian cell-based 

bioreactors. A new cell culture-based manufacturing facility for one therapeutic protein can cost 

upwards of US$500 million, and the resulting drug impossibly expensive for many patients.  

The manufacturing capacity for therapeutic proteins cannot keep pace with the rapid progress in 

drug discovery and development, and this has resulted in unmet needs and dramatically rising 

costs. Genetically engineered animals may provide an important source of these protein drugs in 

the future, because the production of recombinant proteins in the milk, blood, or eggs of 

transgenic animals presents a much less-expensive approach to producing therapeutic proteins  

in animal cells. 

 

In 2006, the first human therapeutic protein, Antithrombin III (ATryn®, GTC Biotherapeutics, 

Framingham, Mass.), derived from the milk of genetically engineered goats was approved by the 

European Commission for the treatment of patients with hereditary antithrombin deficiency
15,16

. 

Transgenic animals are also being used to produce serum biopharmaceutical products, such as 

antibodies that can be used for the treatment of infections, cancer, organ transplant rejections, 

and autoimmune diseases such as rheumatoid arthritis
17-19

. The current production system for 

such blood products is donated human blood, and this is limiting because of disease concerns 

(e.g., HIV/AIDS), lack of qualified donors, and regulatory issues. Genetically engineered 

animals, such as cattle carrying human antibody genes which are able to produce human 

polyclonal antibodies
17

, have the potential to provide a steady supply of polyclonal antibodies  

for the treatment of a variety of infectious and other diseases (Figure 1).  

 

Transgenic mice have also become increasingly important for biological and biomedical research 

and have generated a vast amount of vital information about human diseases. Other transgenic 

animals, including livestock species, are being produced specifically as biomedical research  
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models for various human afflictions including Alzheimerôs disease, eye disease, and the 

possible xenotransplantation of cells, tissues, and organs from genetically engineered animals 

into human organ-transplantation patients 
20,21

. Transgenic animals are also being used to study 

animal diseases such as ñmad cowò disease (BSE, bovine spongiform encephalopathy)
6,22

, and 

infection of the udder (mastitis)
5,7

.  

 

Although researchers have developed transgenic livestock for agricultural applications, including 

some with enhanced production traits 
23,24

, environmental benefits 
25

, and disease resistance 

attributes
5-7

, no company, with the exception of Aqua Bounty and its growth-enhanced salmon, 

has announced its intent to pursue the commercialization of these agricultural applications.  

There is a much higher economic incentive associated with the production of genetically 

engineered animals for human medicine applications than for agricultural applications. 

Commercialization of agricultural applications is being hindered by concerns about the cost and 

timelines associated with the regulatory process, and consumer acceptance issues. Potential 

investors are wary because public acceptance of agricultural applications of genetic engineering 

has generally been lower than that associated with medical applications of this technology  

(e.g., recombinant insulin), and public acceptance may be even more of an issue when 

considering animal agricultural applications of this technology. 

 

Question: How is the genetic engineering of animals regulated?  
Answer: The U.S. Food and Drug Administration (FDA) is the lead agency responsible for the 

regulation of genetically engineered food animals, and it plans to regulate transgenic animals 

under the ñnew animal drugò provisions of the Food, Drug, and Cosmetic Act (FDCA). The 

fundamental focus of the new animal drug rubric is 1) Is the new animal drug safe for the 

animal? 2) Is the new animal drug effective, and 3) If the drug is for a food-producing animal,  

is the resulting food safe to eat? Although pre-market regulatory review of genetically 

engineered animals is mandatory, the FDA has not yet issued a formal guidance detailing what 

information will be required for this regulatory review and, at the current time, the regulatory 

path to commercialization of genetically engineered animals remains ill-defined
26

.  

 

However, transgenic animal research is subject to existing regulations governing animal 

research. All entities receiving or applying for federal funding to carry out research using 

animals are required by The Animal Welfare Act, a federal law which was passed in 1966,  

to have a program overseen by a committee identified as the Institutional Animal Care and Use 

Committee (IACUC) to review research protocols involving dogs, cats, rabbits, guinea pigs, 

hamsters, gerbils, nonhuman primates, marine mammals, captive wildlife, and domestic 

livestock species used in nonagricultural research and teaching. The Animal Welfare Act also 

requires that research institutions 1) have a veterinary care program in place, 2) all personnel 

using or caring for live animals are qualified to do so, and 3) a mechanism be in place for 

reporting of concerns regarding animal care and use at the institution. 

 

The Animal Welfare Act is administered through the United States Department of Agriculture 

(USDA) and is enforced through unannounced inspections by a USDA Veterinary Medical 

Officer. On an international level, the Association for Assessment and Accreditation of 

Laboratory Animal Care (AAALAC), oversees the voluntary accreditation and assessment  

of research institutions committed to responsible animal care and use. 
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Question: Does genetic engineering hurt animals?  
Answer: A variety of techniques have been used to produce transgenic livestock with varying 

degrees of success 
17,27-29

. Microinjection of foreign DNA into newly fertilized eggs has been the 

predominant method used for the generation of transgenic livestock over the past 20 years. This 

technology is inefficient (3-5 percent of animals born carry the transgene) and this results in an 

animal welfare concern because it requires the use of many more animals than would be needed 

if success rates were higher. Additionally, this technique results in random integration and 

variable expression levels of the target gene in the transgenic offspring. This poorly controlled 

expression of the introduced gene can result in animal welfare concerns. For example, various 

growth abnormalities have been observed in genetically engineered animals expressing growth 

hormone transgenes at varying levels
30,31

. 

 

Newer methods of making transgenic animals have been developed that employ somatic cell 

nuclear transfer cloning
24,32,33

, the cloning process first made famous by Dolly the sheep 
34

. 

Cloning offers the opportunity to produce 100 percent transgenic offspring from cell lines that 

are known to contain the transgene, and further also allows gene targeting whereby researchers 

are able to integrate the foreign DNA at a specific location in the genome, and thereby have more 

control over the expression level of the transgene.  

 

Animal welfare concerns may also be associated with the breeding objectives underlying the 

reasons behind making a given genetically engineered animal in the first place
35

. For example,  

if genetic engineering makes farm animals more productive, this may have the effect of boosting 

productivity to a level that results in a welfare concern. This concern depends upon the effect of 

the specific transgene that is being investigated, and is not a concern that is unique to genetic 

engineering. 

 

Any genetic improvement program directed exclusively towards high production efficiency has 

the potential to cause animal welfare concerns, irrespective of the techniques used to obtain that 

goal. Conversely, it might also be that genetic engineering could be used to improve traits such 

as disease resistance, which could have the effect of decreasing animal suffering or mortality 

(Figure 2). As a result of varying personal belief systems, some people oppose the human use of 

animals for any purpose, and these people are unlikely to accept transgenic livestock production 

systems, irrespective of any potential benefits they may provide to the animals. 

 

Question: What about the ethical aspects of genetically engineering animals?  
Answer: Public opinion surveys have reported that some people are ethically uncomfortable 

with the idea of genetically engineering animals. There are two central ethical concerns 

associated with the genetic engineering of animals. The first has to do with breaching species 

barriers or ñplaying God.ò Proponents of this view suggest that life should not be regarded solely 

as if it were a chemical product subject to genetic alteration and patentable for economic benefit. 

The second major ethical concern is that the genetic engineering of animals interferes with the 

integrity or telos of the animal. Telos is defined as ñthe set of needs and interests which are 

genetically based, and environmentally expressed, and which collectively constitute or define the 

form of life or way of living exhibited by that animal, and whose fulfillment or thwarting matter 

to that animalò
36

. 

 

It has been argued that such concerns are not unique to genetic engineering, and that traditional 

breeding and selection practices can change animals in similar ways
37

. For example, cows from  
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the Belgian Blue cattle breed require the systematic use of Caesarean sections to deliver their 

calves, as a result of selection for increased birth weight resulting from the naturally-occurring 

ñdouble-muscleò trait, and reduced width of the cowôs pelvic passageway
38

. 

 

There is no obvious setting for addressing ethical concerns relating to genetically engineered 

animals in the United States
37

. A 2005 survey found that the majority (63 percent) of Americans 

believe governmental agencies should consider moral and ethical factors, in addition to scientific 

evaluation of risks and benefits, when making regulatory decisions about cloning or genetically 

modifying animals (http://pewagbiotech.org/research/2005update/2005summary.pdf). However, 

the FDAôs risk-based regulatory approach focuses on science-based questions related to health 

and safety
26

. As such social, ethical, religious, and trade issues are outside the scope of the 

FDAôs mandate, and regulatory decisions cannot be based on ethical grounds if no health or 

safety considerations exist. 

 

Presently, it is unclear how, or in what venue, these ethical concerns should be addressed.  

Even in the absence of incorporating ethical concerns into regulations governing genetically 

engineered animals, some may argue because of this absence, no products of genetically 

engineered food animals are currently on the U.S. market. It is yet to be seen whether the 

development and associated regulatory costs, and the market acceptance issues associated with 

this technology ultimately result in a commercially viable industry for products derived from 

genetically engineered animals. 

 

References 
 

 1.  van Berkel, P.H., Welling, M.M., Geerts, M., van Veen, H.A., Ravensbergen, B., 

Salaheddine, M., Pauwels, E.K., Pieper, F., Nuijens, J.H., and Nibbering, P.H. Large scale 

production of recombinant human lactoferrin in the milk of transgenic cows. Nat 

Biotechnol. 20, 484-487 (2002). 

 2.  Lillico,  S.G., McGrew, M., Sherman, A., and Sang, H.M. Transgenic chickens as 

bioreactors for protein-based drugs. Drug Discovery Today 10, 191-196 (2005). 

 3.  Lillico,  S.G., Sherman, A., McGrew, M.J., Robertson, C.D., Smith, J., Haslam, C., 

Barnard, P., Radcliffe, P.A., Mitrophanous, K.A., Elliot, E.A., and Sang, H.M. Oviduct-

specific expression of two therapeutic proteins in transgenic hens. Proc Natl. Acad. Sci. 

U.S.A. 104, 1771-1776 (2007). 

 4.  Echelard, Y., Ziomek, C.A., and Meade, H.M. Procduction of recombinant therapeutic 

proteins in the milk of transgenic animals. Biopharm International 19, 36-+ (2006). 

 5.  Maga, E.A., Cullor, J.S., Smith, W., Anderson, G.B., and Murray, J.D. Human lysozyme 

expressed in the mammary gland of transgenic dairy goats can inhibit the growth of 

bacteria that cause mastitis and the cold-spoilage of milk. Foodborne Pathog. Dis. 3, 384-

392 (2006). 

 6.  Richt, J.A., Kasinathan, P., Hamir, A.N., Castilla, J., Sathiyaseelan, T., Vargas, F., 

Sathiyaseelan, J., Wu, H., Matsushita, H., Koster, J., Kato, S., Ishida, I., Soto, C., Robl, 

J.M., and Kuroiwa, Y. Production of cattle lacking prion protein. Nature Biotechnology 25, 

132-138 (2007). 

http://pewagbiotech.org/research/2005update/2005summary.pdf


  6              Updated June 22, 2008     

 

 7.  Wall, R.J., Powell, A.M., Paape, M.J., Kerr, D.E., Bannerman, D.D., Pursel, V.G., Wells, 

K.D., Talbot, N., and Hawk, H.W. Genetically enhanced cows resist intramammary 

Staphylococcus aureus infection. Nature Biotechnology 23, 445-451 (2005). 

 8.  Saeki, K., Matsumoto, K., Kinoshita, M., Suzuki, I., Tasaka, Y., Kano, K., Taguchi, Y., 

Mikami, K., Hirabayashi, M., Kashiwazaki, N., Hosoi, Y., Murata, N., and Iritani, A. 

Functional expression of a Delta12 fatty acid desaturase gene from spinach in transgenic 

pigs. Proc Natl. Acad. Sci. U.S.A. 101, 6361-6366 (2004). 

 9.  Lai, L.X., Kang, J.X., Li, R.F., Wang, J.D., Witt, W.T., Yong, H.Y., Hao, Y.H., Wax, 

D.M., Murphy, C.N., Rieke, A., Samuel, M., Linville, M.L., Korte, S.W., Evans, R.W., 

Starzl, T.E., Prather, R.S., and Dai, Y.F. Generation of cloned transgenic pigs rich in 

omega-3 fatty acids. Nature Biotechnology 24, 435-436 (2006). 

 10.  Cook, J.T., McNiven, M.A., Richardson, G.F., and Sutterlin, A.M. Growth rate, body 

composition and feed digestibility/conversion of growth-enhanced transgenic Atlantic 

salmon (Salmo salar). Aquaculture 188, 15-32 (2000). 

 11.  Du, S.J., Gong, Z., Fletcher, G.L., Shears, M.A., King, M.J., Idler, D.R., and Hew, C.L. 

Growth enhancement in transgenic Atlantic salmon by the use of an "all fish" chimeric 

growth hormone gene construct. Nat. Biotech. 10, 176-181 (1992). 

 12.  Pew Initiative on Food and Biotechnology Future Fish: Issues in Science and Regulation of 

Transgenic Fish. (Pew Initiative on Food and Biotechnology, Washington, DC; 2003). 

 13.  U.S. Food and Drug Administration. FDA Statement Regarding Glofish. 

http://www.fda.gov/bbs/topics/NEWS/2003/NEW00994.html . 2003.  

 

 14.  Bauman, D.E. Bovine somatotropin and lactation: from basic science to commercial 

application. Domest Anim Endocrinol 17, 101-116 (1999). 

 15.  Avidan, M.S., Levy, J.H., van Aken, H., Feneck, R.O., Latimer, R.D., Ott, E., Martin, E., 

Birnbaum, D.E., Bonfiglio, L.J., Kajdasz, D.K., and Despotis, G.J. Recombinant human 

antithrombin III restores heparin responsiveness and decreases activation of coagulation in 

heparin-resistant patients during cardiopulmonary bypass. Journal of Thoracic and 

Cardiovascular Surgery 130, 107-113 (2005). 

 16.  Avidan, M.S., Levy, J.H., Scholz, J., Delphin, E., Rosseel, P.M.J., Howie, M.B., Gratz, I., 

Bush, C.R., Skubas, N., Aldea, G.S., Licina, M., Bonfiglio, L.J., Kajdasz, D.K., Ott, E., and 

Despotis, G.J. A phase III, double-blind, placebo-controlled, multicenter study on the 

efficacy of recombinant human antithrombin in heparin-resistant patients scheduled to 

undergo cardiac surgery necessitating cardiopulmonary bypass. Anesthesiology 102, 276-

284 (2005). 

 17.  Kuroiwa, Y., Kasinathan, P., Choi, Y.J., Naeem, R., Tomizuka, K., Sullivan, E.J., Knott, 

J.G., Duteau, A., Goldsby, R.A., Osborne, B.A., Ishida, I., and Robl, J.M. Cloned 

transchromosomic calves producing human immunoglobulin. Nature Biotechnology 20, 

889-894 (2002). 

http://www.fda.gov/bbs/topics/NEWS/2003/NEW00994.html


  7              Updated June 22, 2008     

 

 18.  Patel, T.B., Pequignot, E., Parker, S.H., Leavitt, M.C., Greenberg, H.E., and Kraft, W.K. 

Transgenic avian-derived recombinant human interferon-alpha 2b (AVI-005) in healthy 

subjects: an open-label, single dose, controlled study. International Journal of Clinical 

Pharmacology and Therapeutics 45, 161-168 (2007). 

 19.  Zhu, L., van de Lavoir, M.C., Albanese, J., Beenhouwer, D.O., Cardarelli, P.M., Cuison, 

S., Deng, D.F., Deshpande, S., Diamond, J.H., Green, L., Halk, E.L., Heyer, B.S., Kay, 

R.M., Kerchner, A., Leighton, P.A., Mather, C.M., Morrison, S.L., Nikolov, Z.L., 

Passmore, D.B., Pradas-Monne, A., Preston, B.T., Rangan, V.S., Shi, M.X., Srinivasan, M., 

White, S.G., Winters-Digiacinto, P., Wong, S., Zhou, W., and Etches, R.J. Production of 

human monoclonal antibody in eggs of chimeric chickens. Nature Biotechnology 23, 1159-

1169 (2005). 

 20.  Forsberg, E.J. Commercial applications of nuclear transfer cloning: three examples. Reprod 

Fertil. Dev. 17, 59-68 (2005). 

 21.  Petters, R.M., Alexander, C.A., Wells, K.D., Collins, E.B., Sommer, J.R., Blanton, M.R., 

Rojas, G., Hao, Y., Flowers, W.L., Banin, E., Cideciyan, A.V., Jacobson, S.G., and Wong, 

F. Genetically engineered large animal model for studying cone photoreceptor survival and 

degeneration in retinitis pigmentosa. Nat Biotechnol. 15, 965-970 (1997). 

 22.  Richt, J.A., Kasinathan, P., Hamir, A.N., Castilla, J., Sathiyaseelan, T., Vargas, F., 

Sathiyaseelan, J., Wu, H., Matsushita, H., Koster, J., Kato, S., Ishida, I., Soto, C., Robl, 

J.M., and Kuroiwa, Y. Production and characterization of prion protein-deficient cattle. 

Transgenic Research 16, 842-843 (2007). 

 23.  Wheeler, M.B., Bleck, G.T., and Donovan, S.M. Transgenic alteration of sow milk to 

improve piglet growth and health. Reprod Suppl 58, 313-324 (2001). 

 24.  Brophy, B., Smolenski, G., Wheeler, T., Wells, D., L'Huillier, P., and Laible, G. Cloned 

transgenic cattle produce milk with higher levels of beta-casein and kappa-casein. Nature 

Biotechnology 21, 157-162 (2003). 

 25.  Golovan, S.P., Meidinger, R.G., Ajakaiye, A., Cottrill, M., Wiederkehr, M.Z., Barney, D.J., 

Plante, C., Pollard, J.W., Fan, M.Z., Hayes, M.A., Laursen, J., Hjorth, J.P., Hacker, R.R., 

Phillips, J.R., and Forsberg, C.W. Pigs expressing salivary phytase produce low-

phosphorus manure. Nature Biotechnology 19, 741-745 (2001). 

 26.  Pew Initiative on Food and Biotechnology Exploring the regulatory and commercialization 

issues related to genetically engineered animals. (Pew Initiative on Food and 

Biotechnology, Washington, DC; 2005). 

 27.  Hofmann, A., Kessler, B., Ewerling, S., Weppert, M., Vogg, B., Ludwig, H., Stojkovic, M., 

Boelhauve, M., Brem, G., Wolf, E., and Pfeifer, A. Efficient transgenesis in farm animals 

by lentiviral vectors. Embo Reports 4, 1054-1060 (2003). 

 28.  Whitelaw, C.B.A., Radcliffe, P.A., Ritchie, W.A., Carlisle, A., Ellard, F.M., Pena, R.N., 

Rowe, J., Clark, A.J., King, T.J., and Mitrophanous, K.A. Efficient generation of transgenic 

pigs using equine infectious anaemia virus (EIAV) derived vector. Febs Letters 571, 233-

236 (2004). 



  8              Updated June 22, 2008     

 

 29.  Montoliu, L. Gene transfer strategies in animal transgenesis. Cloning Stem Cells 4, 39-46 

(2002). 

 30.  Devlin, R.H., Yesaki, T.Y., Donaldson, E.M., and Hew, C.L. Transmission and phenotypic 

effects of an antifreeze GH gene construct in coho salmon (Oncorhynchus kisutch). 

Aquaculture 137, 161-169 (1995). 

 31.  Pursel, V.G., Pinkert, C.A., Miller, K.F., Bolt, D.J., Campbell, R.G., Palmiter, R.D., 

Brinster, R.L., and Hammer, R.E. Genetic-Engineering of Livestock. Science 244, 1281-

1288 (1989). 

 32.  Kuroiwa, Y., Kasinathan, P., Matsushita, H., Sathiyaselan, J., Sullivan, E.J., Kakitani, M., 

Tomizuka, K., Ishida, I., and Robl, J.M. Sequential targeting of the genes encoding 

immunoglobulin-mu and prion protein in cattle. Nat. Genet. 36, 775-780 (2004). 

 33.  Grosse-Hovest, L., Muller, S., Minoia, R., Wolf, E., Zakhartchenko, V., Wenigerkind, H., 

Lassnig, C., Besenfelder, U., Muller, M., Lytton, S.D., Jung, G., and Brem, G. Cloned 

transgenic farm animals produce a bispecific antibody for T cell-mediated tumor cell 

killing. Proc Natl. Acad. Sci. U.S.A. 101, 6858-6863 (2004). 

 34.  Wilmut, I., Schnieke, A.E., McWhir, J., Kind, A.J., and Campbell, K.H. Viable offspring 

derived from fetal and adult mammalian cells. Nature 385, 810-813 (1997). 

 35.  National Research Council Animal biotechnology: Science-based concerns. (National 

Academies Press, Washington, D.C.; 2002). 

 36.  Holland, A. and Johnson, A. Animal biotechnology and ethics. (Chapman and Hall, 

London; 1998). 

 37.  Pew Initiative on Food and Biotechnology Exploring the moral and ethical aspects of 

genetically engineered and cloned animals. (Pew Initiative on Food and Biotechnology, 

Washington, DC; 2005). 

 38.  Vandenheede, M., Nicks, B., Desiron, A., and Canart, B. Mother-young relationships in 

Belgian Blue cattle after a Caesarean section: characterisation and effects of parity. Applied 

Animal Behaviour Science 72, 281-292 (2001). 

 

 



  9              Updated June 22, 2008     

 

Figure 1. Genetically engineered cows producing human immunoglobulins (Hematech, Sioux 

Falls, S.D.) may provide an important source of polyclonal antibodies for the treatment of a 

variety of medical conditions including organ transplant rejection, cancer, and autoimmune 

diseases, such as rheumatoid arthritis
17

. (Photo by Alison Van Eenennaam / University of 

California, Davis.) 
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Figure 2. Dr. Jim Murray, a researcher at UC Davis, is pictured with a transgenic goat that 

expresses a protein which improves udder health and produces milk with a longer shelf life
5
. 

(Photo by Alison Van Eenennaam / University of California, Davis.) 

 


