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Animal Genetics 107 (1986) 

ANG107 – 11/3/2011 



Animal Biotechnology and Genomics Education  ANG107 – 11/3/2011 



Animal Biotechnology and Genomics Education  

US Public Attitude Surveys    

How much have you heard about  
animal biotechnology ? (IFIC, 2005) 

http://ific.org/research/upload/2005BiotechSurvey.pdf 
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"I know it when I see it"  

Of the people who say they know nothing 
about biotechnology, genetic 
engineering or genetic modification; 
almost half (46%) disapprove of the 
use of genetic modification to create 
plant-based foods, and 66% disapprove 
of animal-based genetic modification. 
Hallman, W. K., Hebden, W. C., Aquino, H.L., Cuite, C.L. and Lang, J.T. 2003. Public 

Perceptions of Genetically Modified Foods: A National Study of American 
Knowledge and Opinion. Rutgers - The State University of New Jersey. 
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I am not going to be talking about 
genetic modifications made by 
traditional animal breeders today……….  
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But rather genetic modifications made by 
the process of cloning and genetic 
engineering…….  

http://www.ars.usda.gov/is/graphics/photos/jan01/k9314-2.htm
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Even though the popular media likes to 

suggest genetically engineered animals look 

more like this! 
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Animal biotechnology 

 

 Artificial selection (breeding programs) 

 Artificial Insemination  

 Hormone use  

 Using DNA information for the marker-
assisted selection of superior animals  

 Genomics 

 Cloning  

 Genetic engineering 
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Cloning by embryo splitting 
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Cloning by embryo splitting 
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Dolly (1996), the first 

adult SCNT clone 
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Dolly rapidly became entangled  
with the debate over human cloning 

 Ensuing discussion failed to elaborate on the 
reasons as to why cloning was developed 
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Many animal species have been  
since been cloned from adult cells 
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ΔG =  intensity of selection  X 
 

     accuracy of selection  X 
 

(√genetic variance in population     / 
 

                 generation interval) 

 

Where does cloning come into the 
breeders equation?  
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Regancrest Emory Derry died unexpectedly. 

Who’s Buying?   
$20,000 
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Specialty Cattle Producers  

Starlight: record 77 inches ‘tip to tip’ 

   
Who’s Buying?   
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http://www.viagen.com http://www.cyagra.com 

 In 2008 the FDA determined clones are as safe 
to eat as food from conventionally bred animals  

 The USDA currently has a voluntary moratorium 
on marketing products from adult SCNT clones. 

Are the milk and meat from SCNT clones 
safe for human consumption? 
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GENETIC 
ENGINEERNG 
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“A genetically engineered animal 
carries heterologous DNA stably 
integrated into its genome.” 
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ΔG =  intensity of selection  X 
 

     accuracy of selection  X 
 

(√genetic variance in population     / 
 

                 generation interval) 

 

Where does genetic engineering 
come into the breeders equation?  
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SCNT cloning of genetically engineered cells 

Polly – clotting 
factor IX milk 
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Pharma and industrial applications of 
animal biotechnology  

(cloning and genetic engineering) 
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http://www.hematech.com 
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Plasmapheresis to extract polyclonal antibodies 

from the blood of cloned, transchromosomic, 

knockout cattle carrying human immunoglobulin 
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www.revivicor.com 
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http://www.origen.com 



Animal Biotechnology and Genomics Education  

                www.gtc-bio.com 
 ANG107 – 11/3/2011 
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Genetically engineered 
food animals  
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Fast growing salmon 
The founder female was generated in 1989 – 21 years ago 

Nature Biotechnology 10:176 – 181. 1992  
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What is the AquAdvantage 
salmon? 
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Fish reach adult size in 16 to 18 
months instead of 30 months 
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Aqua bounty growth-enhanced salmon 
http://www.aquabounty.com/ 
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Retrieved from “AquAdvantage” image search 
on web 
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EnviropigTM (Low-phosphorus manure) 

 

“reduces fecal phosphorus 
output by up to 75%”  

 

Nature Biotechnology 2001 

www.uoguelph.ca/enviropig 

http://www.google.com/imgres?imgurl=http://unexplainedmysteriesoftheworld.com/wp-content/uploads/2010/02/Enviropigs-300x300.jpg&imgrefurl=http://unexplainedmysteriesoftheworld.com/archives/canada-on-the-verge-of-approving-enviropigs-millions-of-canadians-will-soon-be-eating-mousepig-hybrids&usg=__rWgEmaGqhq0d3Bvk-B7d_I1rf9Q=&h=300&w=300&sz=25&hl=en&start=36&itbs=1&tbnid=nryXnkF3st_7iM:&tbnh=116&tbnw=116&prev=/images?q=enviropig&start=18&hl=en&sa=N&gbv=2&ndsp=18&tbs=isch:1


Animal Biotechnology and Genomics Education  

Nature Biotechnology 2007 
  

PNAS 2006 
 

“Mad cow”-resistant cows 
(bovine spongiform encephalopathy (BSE))  
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GE Chickens That Don't 
Transmit Bird Flu 

Breakthrough could prevent future bird flu epidemics 

http://www.roslin.ed.ac.uk/public-interest/gm-chickens 

Science 331:223-226. 2011 
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 “Would there be general acceptance of transgenic technology if 
it could be applied to engineering resistance to influenza in 
poultry and therefore lessen the risk of an influenza epidemic, 
such as the one in 1918 that killed more than 20 million people?” 

  

Clark,J. & Whitelaw,B. 2003. A future for transgenic livestock.  
             Nature Reviews Genetics 4, 825-833 
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 Is it possible that “playing it safe” by not pursuing research and 
development in genetically engineered animals might deny us a 
technique or products which could prevent an environmental or 
public health disaster in fifty years time, or could prove invaluable 
in the treatment of some livestock disease? 

 $ 3.5 to $6 billion lost, Numerous producer suicides 
 Millions of animals slaughtered from 10,000 farms 

2001 foot-and-mouth outbreak in UK 
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• Animal “integrity” 
• Animal welfare  

• related to breeding goals 
• related to biotechnology 

• Environmental issues 
with regard to gene   
flow from GE animals    
to native populations. 

GE animals raise unique moral,  
ethical, and cultural questions 
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18%

53% 10%

9%

10%Not Sure

2. Science only

1. Morals / Ethics

and Science

1. Government regulators should include ethical and moral 

     considerations, in addition to scientific evaluation of risks 

and benefits, when making regulatory decisions about 

cloning or genetically modifying animals. 

 

2. Though ethical and moral considerations are important, 

government regulators should consider only scientific 

evaluation of risks and benefits when making regulatory 

decisions about cloning and genetically modifying animals. 

27% 

63% 

Feel that way strongly  10% 

http://pewagbiotech.org/research/2005update/2005summary.pdf 
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How to incorporate social and ethical 

issues into regulatory decisions ?   

 American consumers (75%) and scientists (70%) 
agree that cloning and genetic engineering of animals 
raise some moral and ethical issues 

 However public is much less likely to approve (21-
25%) of these technologies than scientists (60-68%) 

 How to reach a societal consensus on which set of 
values will ultimately be applied to decide the 
acceptable uses of animal biotechnology ?  

 
Keystone Research Center (2004) – Biotechnology and ethics: a national survey of consumers and 
scientists. Report to the Biotechnology Industry Organization. KRC Research, Washington DC, 29pp.  
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“…genetic engineering is a key technology, which 
will be vital for meeting the world’s future food 

needs. While animal genetics alone will not solve 
the world’s future food problems, to fail to apply 
the best available technologies to the solution of 

contemporary and future food shortages would be 
morally reprehensible.” 

 

Fahrenkrug et al. 2010. Precision Genetics for Complex Objectives in 
Animal Agriculture. J. Anim Sci. Jul;88(7):2530-9 
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        SUMMARY 

 No GE or SCNT cloned food animals are currently 
on the U.S. market 

 FDA regulates GE/cloned food animals in U.S. 

 The future of Pharma and industrial applications of 
animal biotechnology looks promising  

 Future of agricultural applications is less certain and 
regulatory process is not clear or predictable 

 Yet to see if the expense of the technology and 
regulatory process is commercially viable 

 Animal biotechnology faces some ethical questions 
that were not part of plant biotechnology debate 
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Chinese work on transgenic animals 


