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Overview 

• Timeline of genetically-engineered animals 

• How are GE animals being regulated? 

• What are GE animals being used for? 

• 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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Timeline of genetically 

engineered (GE) animals in US 

Year Event 

1980 • Genetically engineered (GE) mice 

1985 • GE livestock and fish first created 

1997 • Hello Dolly – Adult somatic cell nuclear (SCNT) cloning  

2008 • FDA issues risk assessment on clones in the food supply 

2009 
 

• FDA guidance on how GE animals will be regulated using new 
animal drug approach 

• FDA approval of first GE animal pharmaceutical 
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Research 

- disease 

models 

Biomedical 
- pharmaceuticals 

- xenotransplantation 

 

 

Agriculture 
- none on 

market to date 

 

Industrial 
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Pharma and industrial applications of 

GE (or a combination of cloning & GE) 
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 February 2009, First GE Animal Product   www.gtc-bio.com  
 Van Eenennaam 9/27/2012 

The first product from a transgenic 
farm animal to become a registered 
drug was Antithrombin III from 
GTC-Biotherapeutics, USA, 
produced in the mammary gland of 
transgenic goats for heparin resist-
ant patients to prevent blood clots 

http://www.gtc-bio.com/
http://www.gtc-bio.com/
http://www.gtc-bio.com/
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www.hematech.com  
Van Eenennaam 9/27/2012 

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.  

http://www.hematech.com/
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www.revivicor.com  
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Pigs as organ donors 

http://www.revivicor.com/
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Genetically engineered animals 

for agricultural applications 
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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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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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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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“New Animal Drug” approach 

 “Drugs are …articles…intended to affect 
the structure or function of the body of man 
or other animals” 

 The expression product of the new 
construct (e.g. growth hormone) is also 
considered to be the new animal drug 

 Application process requires that the 
developer demonstrate that no harm 
comes to individuals who use the drug 
under prescribed conditions 

PEW 2003. Future Fish: Issues in Science and Regulation of Transgenic Fish  Animal Biotechnology and Genomics Education 
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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 

AVMA 8/05/2012 



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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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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Less than 2 weeks after the VMAC meeting, 
more than 40 members of Congress signed 
letters requesting FDA halt the approval of the 
Aqua Bounty transgenic salmon.  

 
"The FDA's hastily completed approval process 
puts American consumers and the environment at 
risk. GE salmon could be devastating to fishing 
and coastal communities, our food source, and 
already depleted wild salmon populations. The 
FDA should put the interests and safety of 
American families and our ocean resources above 
special interests"  
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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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“. . 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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Current Situation of AquAdvantage 

Application – 2 years after VMAC 
• During 2011, an Environmental Assessment for the 

AquAdvantage salmon was reviewed by U.S. Fish and Wildlife , 

NMFS, and the USDA, all of whom found it to be acceptable 

• Procedurally, the next step is for the FDA to release an 

Environmental Assessment (EA) given the proposed conditions 

of use which will either be associated with a “finding of no 

significant impact” (FONSI), or a finding of significant 

environmental impact. 

• This would trigger a 60 day comment period following the 

release of the FDA’s Environmental Assessment (EA) 

•  There has been no formal comment or response from FDA or 

any other government body on the status of the application, or 

why it has not been acted upon in the 2 years following 

September 2010 VMAC meeting and VMAC report 
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Timeline of GE animals for 

agricultural applications in US 
Year Event 

1985 • GE livestock and fish first created 

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   

2008 • FDA issues risk assessment on clones in the food supply 

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 prevent FDA from regulating GE salmon 

2012 • GE animals for non-food purposes growing industry and jobs 

• Still waiting for regulatory decision on AquAdvantage salmon  
• Delayed approvals decreasing investment in ag applications  

• Use of GE animals for food actively pursued in other countries 

2
5
+

…
 y

e
a
rs fro

m
 d

isco
v
e
ry

 to
 a

p
p
lica

tio
n
 

Van Eenennaam 9/27/2012 



Animal Biotechnology and Genomics Education  

Sites working on GE livestock for food – 1985 

 North America, Europe and Australasia  
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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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