
7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

NUCLEAR TRANSFER AND GENETIC MODIFICATION IN FARM ANIMALS : 
PROGRESS AND PROSPECTS 

 
 

E.J. Forsberg and M.D. Bishop 
 

Infigen, Inc., 1825 Infinity Drive, DeForest, WI 53532 USA 
 
INTRODUCTION 
The emergence of animal cloning as a means to replicate and preserve genetics has provided 
scientists with the even more profound capability to alter the genetics of animals being cloned. 
Genetic engineering techniques once reserved for plant and mice geneticists can now be 
applied to any animal that can be cloned by nuclear transfer. While the scope of genetic 
modifications that can be accomplished via cloning are nearly limitless, a complex balance 
between public acceptance, commercial viability, and regulatory control will ultimately 
determine which genetic modifications are actually made.  
 
THERAPEUTIC PROTEIN PRODUCTION IN TRANSGENIC LIVESTOCK 
The discovery of thousands of proteins and their function that has resulted from the recent 
explosion in genomics and proteomics research has led to the identification of many attractive 
targets for therapeutic intervention. Since the development of effective and safe small 
molecules that can interact with these targets to produce an acceptable therapeutic result is 
extremely time consuming and expensive, most biotechnology and some pharmaceutical 
companies have shifted their focus to known proteins, or have made extensive efforts to 
discover new proteins, that interact with these targets with high specificity and efficacy. A 
major barrier that has impeded the use of such proteins is their limited supply or the inability to 
either produce the proteins or to produce them in sufficient quantities or in a timely manner. 
Transgenic cloned animals represent an attractive alternative to traditional cell culture protein 
production methods since animals require less capital investment to develop and they are 
capable of producing large and complex proteins in large quantity. 
Technology to produce transgenic animals existed prior to development of mammalian cloning.  
For example, transgenic farm animals have been produced by injecting heterologous DNA 
vectors into zygotes (Wolf et al., 2000). Most of the resulting offspring are not transgenic and 
those that are contain transgene in some tissues, and in some cases gametes, but typically not 
all tissues. This mosaicism of transgene content in the offspring’s tissues requires breeding and 
germ line transmission to achieve uniform transgene distribution in subsequent generations. 
Another transgenesis technology that preceded cloning was based on targeted genetic 
modifications produced via homologous recombination in mouse embryonic stem (ES) cells 
(Ledermann, 2000). However, this technology has failed in species other than mice and if it 
could be expanded to other species it would still require breeding schemes since mice produced 
using these methods are chimeric. In contrast, the ability to prescreen donor cells for transgene 
content prior to nuclear transfer obviates the need for breeding. Thus, it was not until 
mammalian cloning was developed that it became possible to efficiently produce either 
transgenic or gene-targeted mammals other than mice. 
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A feature of cloning that allows for genetic modification is the ability to culture cells through 
many cell doublings prior to transfer of their nuclei into enucleated oocytes (Forsberg et al., 
2002 ; Pace et al., 2002). It is also the ability to extensively culture mouse ES cells prior to 
their placement in early embryos that allows genetic modification using this technology 
(Ledermann, 2000). Virtually all of the technologies that have been developed to genetically 
modify mouse ES cells have been applied to cultured cells destined for nuclear transfer. These 
technologies include random insertion of transgenes, targeted replacement of wild type 
sequence via homologous recombination, and targeted insertion of new DNA sequences 
(Cibelli et al., 1998 ; McCreath et al., 2000). In addition, the introduction of entirely new 
chromosomes into cultured cells destined for nuclear transfer has been achieved (unpublished 
results). In general, the successful incorporation of new DNA sequences requires selection 
strategies that typically involve introducing one or more toxin-resistance genes to permit the 
removal of non-transgenic cells by exposure to the toxin(s). The culture of colonies from single 
cells is also necessary to isolate homogenous populations of cells with proper DNA insertions. 
Screening of these colonies is achieved using various technologies such as PCR, RT-PCR, 
Southern analysis and/or fluorescence in-situ hybridization (FISH). Such cells are generally 
cultured through many doublings (typically more than 20) under harsh selection conditions at 
very low density prior to nuclear transfer. 
 
Therapeutic protein production in cow’s milk : an example.  Biologically active human 
proteins have been produced in the milk of goats, sheep, pigs and cattle made transgenic via the 
microinjection of DNA into zygotes (Gordon et al., 1993 ; Wolf et al., 2000). This success has 
led to extensive efforts to apply transgenesis technology to the cloning process since cloning 
has the distinct advantage of allowing more rapid production of multiple animals with known 
transgene copy number and integration sites (Brink et al., 2000). In collaboration with 
Pharming B.V. of The Netherlands, Infigen in 1998 embarked on several projects to produce 
therapeutic proteins in the milk of cloned cows. A product of particular interest was human 
fibrinogen since it already had applications in surgery and trauma although the safety and 
supply of blood-derived fibrinogen was not adequate for wide use. 
DNA constructs provided through a collaboration between Pharming and the American Red 
Cross were used at Infigen to transfect fetal bovine cells. Three constructs, one for each of the 
α, β, and γ subunits of the human fibrinogen protein, had the basic design of the bovine α-S1-
casein promoter linked to the human fibrinogen subunit gene. All three subunit constructs, plus 
the aminoglycoside phosphotransferase (neo) coding sequence, were co-transfected into 
cultured genital ridge cells. G418-resistant (G418 is a neomycin analog) cell colonies were 
tested for transgene integration by PCR and colonies that contained all three human fibrinogen 
genes were further tested using fiber-FISH analysis to obtain an estimate of transgene copy 
number. Cell colonies with at least 2 copies of each fibrinogen subunit gene were used in 
nuclear transfer using methods described elsewhere (Forsberg et al., 2002). Cows from four 
genetically unique cell lines were produced that express between 0.2 to 3 g/l of human 
fibrinogen in their milk. Preliminary experiments indicate that the human fibrinogen produced 
in the milk of these cows is biologically active. Based on an average 8,000 liters of milk 
produced per cow per year, one cow expressing 3 g/l could produce 24 kg of human 
fibrinogen/year. Human fibrinogen is a good candidate for production in transgenic animals 
because its complexity precludes production in traditional cell culture reactors. In addition, the 
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estimated demand for highly pure and safe human fibrinogen for surgical and trauma 
applications exceeds the capacity of existing blood sources. 
 
Therapeutic proteins production in other tissues. Although therapeutic protein production in 
milk has the advantages of easy accessibility and large quantity, therapeutic protein production 
from other animal sources such as semen, urine and blood has been proposed. For example, it 
has been demonstrated that human growth hormone can be produced in the seminal fluid of 
transgenic boars (Dyck et al., 1999). A Canadian company, TGN Biotech of Quebec, is 
attempting to commercialize this technology using seminal fluid specific promoters. Potential 
advantages to production of proteins in seminal fluid, particularly boars in TGN Biotech’s 
case, include the relative ease of protein purification, the short gestation and multiple offspring 
from pig pregnancies, the continuous production of semen, and the blood-testicular barrier 
which could reduce leakage of potentially harmful proteins into the general circulation. 
Production of human polyclonal antibodies in the blood of cattle is the goal of Hematech of 
Westport, Connecticut/Sioux Falls, South Dakota. Their goal is to ablate the cow's 
immunoglobulin genes and replace them with human immunoglobulin genes. Based on their 
patent filing (Goldsby and Robl, 2002), they plan to produce IgM, Igα, E2A, EBF, BSAP, rag-
1 and/or rag-2 knockout calves and then transplant human hematopoietic stem cells into the 
imuno-compromised cattle. The expectation is that polyclonal antibodies produced from these 
cattle could be used to treat human immune deficiencies, infectious diseases, autoimmune 
diseases and cancer. 
 
Therapeutic protein production : the market. Producing therapeutic proteins in mammary 
glands of livestock species can significantly decrease the cost of production and increase 
product yield to levels required by the market. For example, it is estimated that the cost of 
building a cell culture production facility is $150-250 M and requires 4-5 years for 
development (Mynahan and Andersson, 2001). In contrast, to generate an initial transgenic 
founder animal using microinjection techniques costs $500,000 to $1.5 M and less than $1 M 
additional to construct a moderately sized dairy operation to house the animals (Rittner and 
Cummings, 1999). Additional benefits are realized when cloning technology rather than 
microinjection is used to produce the transgenic animals. For example, a period of 
approximately 60 months is required to obtain 100 kg of a therapeutic protein from 5 
transgenic cows using microinjection techniques but only 40 months is required to produce the 
same amount of protein using cloning techniques (Brink et al., 2000). Moreover, 5 times fewer 
recipient heifers are required to produce the cloned animals as compared to animals produced 
by microinjection. These and other studies indicate that the production of therapeutic proteins 
in transgenic cloned animals would be greater than 10 times more economical than current cell 
culture production methods. These economics and the shortage in traditional cell culture 
production capacity have induced pharmaceutical companies to seek alternative production 
sources. The 1998 annual market for recombinant therapeutic proteins - a key application for 
transgenic cloned animals - was estimated at $12 B/year (Jasuja, 2000) with forward growth 
projections of 15% annually through 2006. More dramatic is monoclonal antibody production, 
which has grown from $900 M in 1999 to an estimated $3.5 B in 2001 based on only 10 
marketed monoclonal antibodies (Mynahan and Andersson, 2001). With at least 270 additional 
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monoclonal antibody products in the pipeline, the need for monoclonal antibody production 
capacity is expected to increase 5-6 fold over the next 7 years. 

 
ANIMAL MODELS OF DISEASE 
Animal models of disease based on genetic modifications have generally been limited to mice 
produced using ES cell technology. With the advent of cloning, genetic modifications that 
create disease models can theoretically be generated in any animal that can be cloned from 
cultured cells. The ability to genetically engineer cultured cells prior to nuclear transfer allows 
the production of new disease models in species that exhibit human-like phenotypes that are 
not exhibited in mice. 
 
Alzheimer’s disease. Transgenic and gene-targeted mouse models of Alzheimer’s disease 
have been developed to test experimental therapies. For example, there are at least 35 U.S. 
patents describing genetically modified mice for developing and testing drugs for Alzheimer’s 
disease. However, mice are not ideal models for the cognitive deficits characteristic of the 
human disease (Janus and Westaway, 2001). Genetic modifications used to produce mouse 
models of Alzheimer’s disease could be applied to other species via cloning methodologies 
with the goal of producing specific symptoms that resemble the human disease. 

 
Cystic fibrosis. Cystic fibrosis is another human disease that would be more appropriate to 
model in species other than mice. Mutations that produce cystic fibrosis in humans when made 
in mice produce few of the debilitating pathologies associated with the human disease 
(Rozmahel et al., 1996). A strong case has been made for the use of sheep to generate a cystic 
fibrosis model (Harris, 1997). For example, lung anatomy and physiology are very similar in 
sheep and humans. In addition, the gene mutated in human cystic fibrosis, CFTR, has high 
homology to sheep CFTR, and the expression of CFTR occurs at similar locations and at 
similar points of development in sheep and humans. 

 
Cancer and cardiovascular diseases. Transgenic/knockout mouse models of cancer have also 
been the focus of intensive research and have been used to test candidate drugs for cancer 
treatment (DePinho and Jacks, 2001 ; Wu and Pandolfi, 2001). However, information gathered 
from mouse models of cancer does not always apply to human cancer and therapies that are 
effective in these mouse models are often not safe or effective in humans (Hann and Balmain, 
2001 ; Resor et al., 2001). Similarly, genetically modified mouse models of cardiovascular 
disease often do not exhibit similar patterns of pathologies as human cardiovascular disease 
(Carmeliet et al., 1999 ; Fan and Watanabe, 2000). Attractive alternatives to mice as models of 
human diseases include genetically modified rats. However, successful rat cloning has not been 
reported and the ES cell method of producing genetically modified mice has not worked in rats. 
Nevertheless, several groups are attempting to clone rats, presumably to expand the usefulness 
of rats as research and disease models through genetic modification. 

 
Pigs. Pigs are also attractive for the development of disease models. The physiology and 
pathophysiology of the porcine cardiovascular system, for example, is remarkably close to that 
of humans and much research has focused on pigs as a model of atherosclerosis, vasospasm, 
and ischemia/reperfusion tissue damage (Tumbleson and Schook, 1996). Pigs are also used as 
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models for skin, enteric, and immunological diseases, aging, osteopenia, digestion, 
metabolism, and xenotransplantation. However, genetic modifications in pigs designed to 
model human diseases have heretofore been limited to random transgene insertions generated 
by zygote microinjection of DNA, a limitation that is overcome using cloning technology. 

 
XENOTRANSPLANTATION 
Perhaps the greatest potential for animals to alleviate human disease is the use of their organs, 
tissues and cells for xenotransplantation. Pigs are the animal of choice for xenotransplantation 
based on their similar size and physiology to humans, availability, low cost, and reduce risk, 
relative to primates, of transmitting diseases (French et al., 1998). However, hyperacute 
rejection of pig organs precludes their use in xenotransplantation into humans (Logan, 2000). 
The major cause of hyperacute rejection is the presence of antibodies in humans that attack pig 
tissue within minutes of transplantation. The antibodies are directed against a major 
carbohydrate group absent in humans, galactose-α-1,3-galactose (Gal), that exists on 
glycosylated proteins and lipids in pigs. Eliminating or blocking the Gal epitopes in pigs has 
been the major focus of xenotransplantation research. 
Prior to cloning, genetic modifications designed to attenuate Gal epitopes in pigs were limited 
to the random integration of transgenes via microinjection of DNA into zygotes. One approach 
was to introduce human genes whose products inhibited compliment activation such as decay 
accelerating factor (CD55) (Vial et al., 2000), membrane inhibitor of reactive lysis (CD59) 
(Kulick et al., 2000 ; Chen et al., 2001) and/or membrane co-factor protein (CD46) (Diamond 
et al., 2001). Another approach has been to introduce genes such as human H-transferase 
whose products compete with the enzyme responsible for the Gal epitopes, α-1,3-
galactosyltransferase (GGTA1) (Logan, 2000). However, despite the production of pigs 
containing one or more of these transgenes, the transplanted tissues still faced rejection and 
irreparable damage within a period of time too short for use in humans. 
The most attractive approach to preventing hyperacute rejection is to inactivate or “knockout” 
GGTA1 in pigs. Although targeting GGTA1 in mouse ES cells has yielded GGTA1 null mice 
(Tearle et al., 1996), only one allele of GGTA1 has been inactivated in pigs (Dai et al., 2002 ; 
Lai et al., 2002). The Lai et al. report illustrates both the power and limitations of targeting 
genes in somatic cells destined for nuclear transfer. The targeting vector used in this study was 
based on the promoter trap strategy whereby expression of the selection gene, neo, was 
dependent upon incorporation of the vector downstream and in the same reading frame of the 
endogenous GGTA1 promoter. Random insertion downstream of any active promoter in the 
correct reading frame could also drive neo expression since the vector contained an internal 
ribosomal entry site (IRES) cassette. This may account for the 20-fold higher stable integration 
rate compared to the number of colonies that were targeted at one allele (Lai et al., 2002). 
Colonies targeted at one allele were low in number relative to the number of transfected cells 
(1.6 x 10-7) and the targeted colonies rapidly senesced, allowing only limited use in nuclear 
transfer. This illustrates a current limitation of using somatic cells in targeting experiments, 
namely, that targeting the second allele in these colonies would not be possible. A plausible 
route to achieve GGTA1 null cells would be to use the heterozygous GGTA1 knockout cells in 
nuclear transfer to produce cloned fetuses. “Rejuvenated” cells from the cloned heterozygous 
fetuses could be used for second allele targeting. In addition, extending the life and population 
doublings of cultured cells by incorporating an active telomerase gene (Gonzalez-Suarez et al., 
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2001) has also been proposed as a way to allow for genetic modifications of cells for nuclear 
transfer (Wilmut et al., 2000). 
 
FUTURE PROSPECTS 
Public acceptance of genetically modified organisms has been slow, particularly outside of the 
United States. However, public acceptance of genetically modified animals for use in human 
health care may be more rapid since the benefits of these genetic modifications accrue 
primarily to the consumer. In contrast, the benefits of genetically modified plants have accrued 
primarily to the producer and not the consumer. In the case of Golden rice, the benefits of 
which would apply primarily to the consumer in the form of improved health, Western politics 
and an uninformed user population have prevented its widespread use (Potrykus, 2001). 
Another drawback to genetically modified plants is that when grown in most agricultural 
settings, transfer of the genetic modifications via pollen to neighboring plants is possible. In the 
case of genetically modified animals restricted for use in producing health care products, it is 
easier and in fact desirable to isolate these animals from other agricultural animals. The 
benefits of genetically modified animals for food and nutraceutical products could accrue to 
both the consumer and producer ; however public acceptance is questionable which probably 
accounts for the reluctance of producers to fund efforts to produce such animals. Acceptance of 
genetically modified animals for food products may be accelerated by the development of 
animals that do not transmit diseases to humans, for example prion-free cattle that are 
incapable of transmitting spongiform encephalopathies to humans. 
 
Agricultural applications. Cultured cell nuclear transfer cloning is an exciting new 
technology for the animal breeder’s tool kit. Some obvious uses include preservation of 
valuable or endangered genetics, propagation of high genetic merit animals for specific 
marketable traits and as a risk management tool against functional or total loss of valuable 
genetics. Cloning can unite several new technologies that will allow achievement of breeding 
goals only dreamed of a few years ago. In the future, animal breeders will utilize all of the 
information available to them by combining statistical and molecular selection methodologies 
to identify and clone animals that enhance livestock production. The animal breeder will select 
the indigenous animal with the “best genetics” for the geographical region and then introduce a 
selected gene(s) into the genome of that animal through sequential steps involving cell culture, 
molecular biology and, finally, cloning. These animals might be capable of producing offspring 
with greater disease resistance, parasite resistance or a host of other economically important 
traits important for their own survival. Additionally, animals might be genetically enhanced to 
interact with their environment in a way that protects or enhances the environment, or to 
provide valuable therapeutic or nutraceutical products for either animals or humans.  
Another intriguing use of cloning technology will come from the distribution of cloned 
embryos specifically catalogued for economically important traits, for example, preservation of 
F1 genetics unique to a specific animal. If that animal has improved expression of an 
economically important trait desired in an end product then it can be “photocopied” and the 
unique genetic combination produced over and over again for production of that desired 
product rather than being lost through meiotic recombination during traditional breeding 
methodologies. As the efficiency of the cloning process improves and freezing technologies are 
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developed to mass distribute the cloned embryo products, a whole new market may be 
available for sales and marketing of food products worldwide. 
These are just a few of the opportunities that are provided by the genetic/reproductive tool 
known as nuclear transfer cloning. There are many more clever uses that will present 
themselves as the need arises. Cloning as a research tool for the animal breeder can be used to 
reach greater understanding of genotype x environment interactions, for instance. Whatever 
lies ahead for improvement and acceptance of the technology will most likely be realized in the 
next few years. Now that cloning has been achieved for all of the major farm animal species its 
impact can be realized by animal breeding technologists.  
 
REFERENCES 
Brink, M.F., Bishop, M.D. and Pieper, F.R. (2000) Theriogenology 53 : 139-148. 
Carmeliet, P., Ng, Y.S., Nuyens, D., Theilmeier, G., Brusselmans, K., Cornelissen, I., Ehler, 

E., Kakkar, V.V., Stalmans, I., Mattot, V., Perriard, J.C., Dewerchin, M., Flameng, W., 
Nagy, A., Lupu, F., Moons, L., Collen, D., D'Amore, P.A. and Shima, D.T. (1999) Nat. 
Med. 5 : 495-502. 

Chen, S., Chen, G., Cai, C.C., Wang, X.M., Guo, H., Shen, S.Q., Wang, H., Wu, Y., Li, G.X., 
Huang, J., Li, W.X., Wei, Q.X. and Sun, F.Z. (2001) Transplant. Proc. 33 : 3851-3852. 

Cibelli, J.B., Stice, S.L., Golueke, P.J., Kane, J.J., Jerry, J., Blackwell, C., Ponce de Leon, F.A. 
and Robl, J.M. (1998) Science 280 : 1256-1258. 

Dai, Y., Vaught, T.D., Boone, J., Chen, S.H., Phelps, C.J., Ball, S., Monahan, J.A., Jobst, P.M., 
McCreath, K.J., Lamborn, A.E., Cowell-Lucero, J.L., Wells, K.D., Colman, A., 
Polejaeva, I.A. and Ayares, D.L. (2002) Nat. Biotechnol. 20 : 251-255. 

DePinho, R.A. and Jacks, T. (2001) Semin. Cancer Biol. 11 : 175-176. 
Diamond, L.E., Quinn, C.M., Martin, M.J., Lawson, J., Platt, J.L. and Logan, J.S. (2001) 

Transplantation 71 : 132-142. 
Dyck, M.K., Gagne, D., Ouellet, M., Senechal, J.F., Belanger, E., Lacroix, D., Sirard, M.A. 

and Pothier, F. (1999) Nat. Biotechnol. 17 : 1087-1090. 
Fan, J. and Watanabe, T. (2000) J. Atheroscler. Thromb. 7 : 8-13. 
Forsberg, E., Strelchenko, N., Augenstein, M., Betthauser, J., Childs, L., Eiltertsen, K., Enos, 

J., Forsythe, T., Golueke, P., Jurgella, G., Koppang, R., Lesmeister, T., Mallon, K., 
Mell, G., Misica, P., Pace, M., Pfister-Genskow, M., Voelker, G., Watt, S. and Bishop, 
M.D. (2002) Biol. Reprod. in press. 

French, A.J., Greenstein, J.L., Loveland, B.E. and Mountford, P.S. (1998) Reprod. Fertil. Dev. 
10 : 683-696. 

Goldsby, R.A. and Robl, J. (2002) Production of ungulates, preferably bovines, that produce 
humnan immunoglobulins. In WIPO PCT Publications. Pat. app. #0135735, World 
Intellectual Property Organization, Geneva, Switzerland. 

Gonzalez-Suarez, E., Samper, E., Ramirez, A., Flores, J.M., Martin-Caballero, J., Jorcano, J.L. 
and Blasco, M.A. (2001) Embo. J. 20 : 2619-2630. 

Gordon, J.W., Harold, G. and Leila, Y. (1993) Hum Cell 6 : 161-169. 
Hann, B. and Balmain, A. (2001) Curr. Opin. Cell Biol. 13 : 778-784. 
Harris, A. (1997) Hum. Mol. Genet. 6 : 2191-2194. 
Janus, C. and Westaway, D. (2001) Physiol. Behav. 73 : 873-886. 

Session 27. Use of biotechnology in animal breeding Communication N° 27-01 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

Jasuja, R. (2000) Business Communications Company, Inc., 
http://www.buscom.com/biotech/B114R.html . 

Kulick, D.M., Salerno, C.T., Dalmasso, A.P., Park, S.J., Paz, M.G., Fodor, W.L. and Bolman, 
R.M., 3rd. (2000) J. Thorac. Cardiovasc. Surg. 119 : 690-699. 

Lai, L., Kolber-Simonds, D., Park, K.W., Cheong, H.T., Greenstein, J.L., Im, G.S., Samuel, 
M., Bonk, A., Rieke, A., Day, B.N., Murphy, C.N., Carter, D.B., Hawley, R.J. and 
Prather, R.S. (2002) Science. 

Ledermann, B. (2000) Exp. Physiol. 85 : 603-613. 
Logan, J.S. (2000) Curr. Opin. Immunol. 12 : 563-568. 
McCreath, K.J., Howcroft, J., Campbell, K.H., Colman, A., Schnieke, A.E. and Kind, A.J. 

(2000) Nature 405 : 1066-1069. 
Mynahan, R. and Andersson, R. (2001) In Vivo: The Business and Medicine Report. 

Windhover Information Inc., www.windhover.com 15 : 72. 
Pace, M., Augenstein, M., Betthauser, J., Childs, L., Eilertsen, K., Enos, J., Forsberg, E., 

Golueke, P., Graber, D., Kemper, J., Koppang, R., Lange, G., Lesmeister, T., Mallon, 
K., Mell, G., Misica, P., Pfister-Genskow, M., Strelchenko, N., Voelker, G., Watt, S. 
and Bishop, M.D. (2002) Biol. Reprod. in press. 

Potrykus, I. (2001) Plant Physiol. 125 : 1157-1161. 
Resor, L., Bowen, T.J. and Wynshaw-Boris, A. (2001) Hum. Mol. Genet. 10 : 669-675. 
Rittner, M. and Cummings, D. (1999) US Department of Agriculture, Centers for 

Epidemiology & Animal Health, Center for Emerging Issues 
http://www.aphis.usda.gov/vs/ceah/cei/animal_pharming.htm . 

Rozmahel, R., Wilschanski, M., Matin, A., Plyte, S., Oliver, M., Auerbach, W., Moore, A., 
Forstner, J., Durie, P., Nadeau, J., Bear, C. and Tsui, L.C. (1996) Nat. Genet. 12 : 280-
287. 

Tearle, R.G., Tange, M.J., Zannettino, Z.L., Katerelos, M., Shinkel, T.A., Van Denderen, B.J., 
Lonie, A.J., Lyons, I., Nottle, M.B., Cox, T., Becker, C., Peura, A.M., Wigley, P.L., 
Crawford, R.J., Robins, A.J., Pearse, M.J. and d'Apice, A.J. (1996) Transplantation 61 : 
13-19. 

Tumbleson, M.E. and Schook, L.B. (1996) "Advances in swine in biomedical research". 
Plenum Press, New York. 

Vial, C.M., Ostlie, D.J., Bhatti, F.N., Cozzi, E., Goddard, M., Chavez, G.P., Wallwork, J., 
White, D.J. and Dunning, J.J. (2000) J. Heart Lung Transplant. 19 : 224-229. 

Wilmut, I., Clark, J. and Harley, C.B. (2000) Nat. Biotechnol. 18 : 599-600. 
Wolf, E., Schernthaner, W., Zakhartchenko, V., Prelle, K., Stojkovic, M. and Brem, G. (2000) 

Exp. Physiol. 85 : 615-625. 
Wu, X. and Pandolfi, P.P. (2001) Trends Cell Biol. 11 : S2-9. 

Session 27. Use of biotechnology in animal breeding Communication N° 27-01 

http://www.buscom.com/biotech/B114R.html
http://www.windhover.com/
http://www.aphis.usda.gov/vs/ceah/cei/animal_pharming.htm

