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Overview 

• The livestock revolution (bigger than the Green revolution!)  

• What have animal breeders been up to? 

• Genetically modified (GE) animal pipeline 

• The AquAdvantage GE salmon story 

• Effect of regulatory gridlock on investment, 

US competiveness, geographical location of 

research and application of GE technology for 

animal agricultural applications 
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World Animal Protein Production Per 

Person, 1961-2009 
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The livestock revolution 

 By 2050 nearly twice as much meat will be produced as today 

 Unlike the supply-led Green Revolution, the “Livestock Revolution” is 

driven by demand resulting from population growth, rising affluence 

in developing countries and urbanization  

 From the early 1970s to the mid-1990s, the volume of meat 

consumed in developing countries grew almost three times as much 

as it did in the developed countries 

 For more than a decade, the strongest increases in animal protein 

production have been in the developing world 

 Since 1995 developing countries produce more meat and dairy 

products than are produced in developed countries 

 Demand for livestock products is expected to continue growing 

strongly through the middle of this century 
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Delgado, C. L. 2003. Rising consumption of meat and milk in developing countries has created a 
new food revolution. Journal of Nutrition 133:3907S-3910S 
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Global livestock populations are 

major consumers of GE feed  

• 70-90% of harvested GE biomass is fed to food producing animals  
 

• 80% of all feed fed to livestock in the EU is imported 
 

• 98% of EU soybean meal is imported from Brazil, the USA, and 
Argentina; ~ 2/3 of this imported soybean meal animal feed is GE 
 

• If the EU were not able to import soybean protein from outside the 
EU it would only be able to replace 10-20% of imports by high 
protein substitutes, resulting in a substantial reduction in animal 
protein production, exports and consumption, and a very significant 
increase in animal protein imports and cost* 

  

 

• The proportion of GE in animal feed is likely higher in the US where 
93% of soy and 88% of corn grown were GE varieties in 2012 

* Directorate-General for Agriculture and Rural Development. 2007.  Economic impact of unapproved GMOs on EU 
feed imports and livestock production. http://ec.europa.eu/agriculture/envir/gmo/economic_impactGMOs_en.pdf 

Van Eenennaam 7/16/2013 



Animal Biotechnology and Genomics Education  

52 billion chickens 
• 59 million tons eggs 
• 90 million tons meat 

2.6 billion ducks 

1.3 billion pigs 

We are vastly 
outnumbered 
by chickens !! 

# animals killed 
for food 2009 
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The 8-week old body weight of broiler (meat) chickens 
has increased from 0.81 kg to 3.14 kg over the period 
1957 to 2001, and approximately 80% of this four-fold 
increase has been the result of genetic selection. 

Havenstein, G., Ferket, P. and Qureshi, M. (2003). Growth, livability, and feed conversion of 1957 versus 2001 
broilers when fed representative 1957 and 2001 broiler diets. Poultry Science 82, 1500-1508. 
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Animal breeders have been 

contributing to sustainability 

 Advanced breeding and feeding technology has spurred significant 

productivity growth, especially in the poultry, pork and dairy sectors  

 Genetic advances are much faster in short-cycle animals, such as 

poultry and pigs, than in species with a longer generation interval, 

such as cattle 

 In all species, feed conversion and related parameters, such as 

growth rate, milk yield and reproductive efficiency, have been major 

targets for breeding efforts 

 The speed and precision with which breeding goals can be 

achieved has increased considerably over recent decades due to 

the adoption of technology 

 The use of technologies like hybridization and artificial insemination 

has accelerated the process of genetic improvement 
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US DAIRY INDUSTRY: 1944: 25.6 million cows; 53.1 billion kg milk annually  
                     1997:   9.2 million cows; 84.2 billion kg milk annually  

 

About half of this 369% increase in production efficiency is  

attributable to genetic improvement enabled by Artificial Insemination 

VandeHaar, M.J. and St-Pierre, N. (2006). Major Advances in Nutrition: Relevance to the Sustainability of the 
Dairy Industry. Journal of Dairy Science 89, 1280-1291. 
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Resource use and waste outputs from modern US dairy 
production systems typical of the year 2007, compared with 
historical US dairying (characteristic of the year 1944).  

   GHG = Greenhouse gas 
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Average annual milk yield and carbon footprint per kg 

milk -  across global regions. Data adapted from FAO., 
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Recombinant rDNA  

gene construct 

transgenic animal 

embryo 

Research 

- disease 

models 

Biomedical 
- pharmaceuticals 

- xenotransplantation 

 

 

Agriculture 
- none on 

market to date 

 

Industrial 
- spider silk 
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http://www.ars.usda.gov/is/graphics/photos/jan01/k9314-2.htm
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Pharma and industrial applications of 

GE (or a combination of cloning & GE) 

have proven less controversial 
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 February 2009, First GE Animal Product   www.gtc-bio.com  
 Van Eenennaam 7/16/2013 

The first product from a transgenic 
farm animal to become a registered 
drug was Antithrombin III from 
rEVO Biologics , USA, produced in 
the mammary gland of transgenic 
goats for heparin resistant patients 
to prevent blood clots 

http://www.gtc-bio.com/
http://www.gtc-bio.com/
http://www.gtc-bio.com/
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http://www.sanfordresearch.org 
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Transchromosomal cattle 
carry a human artificial 
chromosome harboring 
the entire sequence of 
the human major 
histocompatability 
complex . These animals 
were cloned from bovine 
fibroblasts after 
transfection with the 
additional chromosome.  

Nature Biotechnology 20:889-894.  2002 
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www.revivicor.com  
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Pigs as organ donors - xenotransplantation 

http://www.revivicor.com/
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Agricultural applications of GE  
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Mastitis-resistant cows 
(inflammation of mammary gland)  

Nature Biotechnology 23:445-451.  2005 

www.ars.usda.gov  
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EnviropigTM (Low-phosphorus manure) 

 

“reduces fecal phosphorus 
output by up to 75%”  

 

www.uoguelph.ca/enviropig 

Nature Biotechnology 10:176 – 181. 1992  
Nature Biotechnology 19, 741–745 . 2001 
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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
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Omega-3 Pigs 
(Pigs cloned after genetically engineering cell)  

Nature Biotechnology 24:435-436.  2006 

University of Missouri/Massachusetts General Hospital and Harvard Medical School 
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GE Chickens That Don't 

Transmit Bird Flu 
Breakthrough could prevent future bird flu epidemics 

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

Science 331:223-226. 2011 
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http://www.roslin.ed.ac.uk/public-interest/gm-chickens
http://www.roslin.ed.ac.uk/public-interest/gm-chickens
http://www.roslin.ed.ac.uk/public-interest/gm-chickens
http://www.roslin.ed.ac.uk/public-interest/gm-chickens
http://www.roslin.ed.ac.uk/public-interest/gm-chickens


Animal Biotechnology and Genomics Education  

Fast growing salmon 
The founder female was generated in 1989 – 24 years ago 

Nature Biotechnology 10:176 – 181. 1992  

University of Toronto/Memorial University of Newfoundland, Canada 
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Fish reach adult size in 16 to 18 
months instead of 30 months 
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In a letter to the FDA dated April 26, 1993, AquaBounty 

Technologies (then A/F Protein) initiated discussions with 

the FDA seeking regulatory guidance for development 

and approval of a GE Atlantic salmon intended to grow 

faster than conventionally bred Atlantic salmon.  

● In January 2009, the Food and Drug Administration issued a 

final guidance for industry on the regulation of genetically 

engineered (GE) animals (had 28,000 comments on draft!!)  

● FDA plans to regulate GE animals under the new animal drug 

provisions of the Federal Food, Drug, and Cosmetic Act 

(FFDCA), and the National Environmental Policy Act (NEPA) 

. 

 
 

 

 
 

 

 

 

 

http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/UCM113903.pdf 
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• The FDA considers the recombinant DNA (rDNA) construct to be a 

“new animal drug” because it is “an article intended to alter the 

structure or function” of the animal.  

• As with all new drug applications, the sponsor is responsible for 

conducting [and paying for] the studies required in order to obtain 

regulatory compliance data on food safety and drug efficacy.  

• Sponsors must receive formal approval before GE animals (or any 

new animal drug) can be introduced into commerce.  

• Conversely, the United States has no specific legislation 

expressly regulating animal breeding so fast growing or more 

productive animals produced using other technologies like AI 

and hybridization are not subject to regulatory review.  

Animal Biotechnology and Genomics Education 

Basis for FDA regulatory 

oversight is use of rDNA process 

Council for Agricultural Science and Technology (CAST). 2011. The Science and Regulation of 
Food from Genetically Engineered Animals. CAST Commentary QTA2011-2. CAST, Ames, Iowa. 
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Date  Event 

September 
1995 

AquaBounty submits Investigational New Animal Drug (INAD) 
application with FDA for fast-growing salmon with intent to 
commercialize  

September 
2010 

Public Veterinary Medicine Advisory Committee (VMAC) meeting 
to consider data on safety and efficacy of AquAdvantage salmon 
Held in Washington DC 
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Product Definition for the 

AquAdvantage Salmon  

Product Identity  

Triploid hemizygous, all-female Atlantic salmon (Salmo salar) 

bearing a single copy of the transgene.  
 

Claim  

Significantly more of these Atlantic salmon grow to at least 100 g 

within 2700 deg C days than their comparators.  
 

Limitations for Use  

These Atlantic salmon are produced as eyed-eggs for grow-out only 

in the FDA-approved physically-contained fresh water culture facility. 
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Food and Drug Administration (FDA). 2010. 2010 VMAC Briefing Packet, 
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCom
mittee/UCM224762.pdf. 

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf
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The public VMAC meeting held in Washington, DC was 
intended to increase transparency, clarity, and public 
confidence in the GE animal regulatory process 
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Paradoxically it often seems that the 

arguments for and against GE 

animals for food purposes overlap 

● Groups opposed to the technology argue that the 

risks GE animals pose to food safety, animal health, 

and the environment are too great to allow the 

technology to move forward.  

 

● Proponents of the technology see the potential 

benefits for GE animals to produce safer food, 

improve animal health, and reduced environmental 

impact as too great to forgo the use of this 

technology in animal agriculture production systems. 
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Timeline of AquAdvantage 

regulatory process 
Year Event 

1989 • Founder AquAdvantage fish produced in Canada 

1995 • FDA review of AquAdvantage salmon begins 

2001  • First regulatory study submitted by Aqua Bounty Technologies 
to U.S. FDA for a New Animal Drug Applications (NADA)  

2009 
 

• FDA guidance on how GE animals will be regulated 
• FDA approval of first GE animal pharmaceutical 
• Final AquAdvantage regulatory study submitted to FDA  

2010 • FDA VMAC meeting on AquAdvantage salmon (9/20/10) 

2011 • Political efforts to defund FDA, ban fish, delay approval 

2012 • FDA released “FONSI” finding of environmental assessment 

2013 • AquaBounty has expended over $60 million to bring 
the AquAdvantage salmon through the regulatory 
approval process thus far  (D. Frank, CFO, AquaBounty, pers. comm.) 

• Still waiting for regulatory decision on AquAdvantage salmon  
• Development of GE animal technology moving to other 

countries with more predictable policy environments 
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It is time to reconnect the GE 

regulatory framework to the best 

available science  

Is this level of scrutiny aligned to science-based risks 

associated with this technology, or is this level of 

regulatory oversight and associated regulatory 

compliance costs making the deployment of this 

valuable technology unworkable, and providing an 

opportunity for unwarranted political interference to 

the detriment  of food security globally?  
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How can $60+ million be warranted to bring a fast-growing 
fish to market, when conventional fish (and other animal) 
breeders routinely develop all manner of fast-growing 
animals that are associated with the same set of risks? 
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“. . It is not this particular fish that is at stake. It is the principle 

behind the amendment (to prohibit use of FDA funds to 

evaluate any application for approval of genetically 

engineered salmon) and its wider ramifications. It sends the 

message to the rest of the world that the science-based 

regulatory oversight as embodied in the FDA review process 

is subject to political intervention.  
 

Furthermore, it signals to the world that the United States 

may cede its leadership position in the agricultural use of 

biotechnology. . . I believe it is imperative that the United 

States stay the course it has set in not letting politics interfere 

with its science-based regulatory system that is truly the envy 

of the world.” 

Dr. Calestous Juma, Harvard’s Kennedy School of Government, at a 
6/23/11 hearing to examine the benefits of agricultural biotechnology 
held by the House Agriculture Committee’s Subcommittee on Rural 
Development, Research, Biotechnology, and Foreign Agriculture 
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Sites working on GE livestock for food – 1985 

 North America, Europe and Australasia  
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Graphic developed by Dr. J. Murray, UC Davis 
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Sites working on GE livestock for food - 2012  

Asia and South America are moving forward 

with this technology in their animal agriculture 
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Graphic developed by Dr. J. Murray, UC Davis 
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• Regulatory processes should be consistent across products that have 
equivalent levels of risk. Regulations based on how products are made 
are inconsistent with science-based risk assessment unless there is 
something inherently risky about the process, as compared to existing 
methods 
 

• The trigger for regulatory review should be the novelty of the introduced 
trait (regardless of how or when it was derived), and not the process 
used to introduce the trait 

 

• GE animal regulatory burdens are disproportionately high and are 
associated with unaccountable delay and considerable uncertainty. These 
regulatory burdens are not justified by scientific evidence or experience  
 

• While regulation to ensure the safety of new technologies is necessary, 
in a world facing burgeoning demands on agriculture from population 
growth, economic growth, and climate change, overregulation is an 
indulgence that global food security can ill afford 
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Parting thoughts 
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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. Journal of Animal Science 88:2530-9 
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