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Animal genomics is the scientific study of structure, function and 
interrelationships of both individual genes and the genome in its 
entirety. Utilization of genomic information in breeding is often 
referred to as genomic selection (GS).

Animal biotechnology is the application of modern molecular 
techniques to animals.  Genetic engineering (GE) and cloning are two 
older forms of animal biotechnology, and genome editing (GnEd) is a 
more recent entrant. 

In my view these two fields – genomics and biotechnology - face 
entirely different public acceptance issues. 

Definition of Animal Genomics and      
Animal Biotechnology
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Van Eenennaam, A.L. et al. 2021. Genetic Engineering of Livestock:  The Opportunity Cost of Regulatory Delay. Ann Review of Animal Biosciences.
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Three things that trigger whether a 
breeding method will become controversial

1. There is an extra (often lengthy and expensive) regulatory step 
uniquely associated with commercializing products developed 
using that breeding method above and beyond that associated 
with conventional/traditional breeding and selection programs

2. There is/are a competing business interests that can spread 
misinformation and monetarize fear to extract value (rent seeking) 
for their product that avoids that breeding method

3. There is some way to track/differentiate products produced with 
or without that breeding method to enable value-added marketing



The narrative around genomic selection

Audio: http://civileats.com/2015/02/19/no-scrubs-breeding-a-better-bull-audio Van Eenennaam 9/13/2022



I predict there will be no public acceptance issues 
with genomic selection (GS) 
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• There is no money to be made opposing GS. 
• There is no GS labeling required from the products from GS bulls. 

• The is no additional regulatory layer to the use of genomic testing
• There are no large multinational companies controlling its use that 

can serve as a proxy for evil (e.g. Monsanto). 

GENOMIC 
SELECTION
PROJECT
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Public Attitudes Towards Specific “Animal 
Biotechnologies” (IFIC, 2005)



The Center for Food Safety was founded by Andrew Kimbrell -
spun out of Jeremy Rifkin's Foundation on Economic Trends  
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“The Center for Food Safety” IS NOT THE U.S. FDA’s 
Center for Food Safety and Applied Nutrition (CFSAN)
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Cloning – on CFS radar
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Cloning – effectively banned in the 
European Union
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Does food from cloned animals and their offspring have to be labeled?
In January 2008, the FDA released their Final Risk Assessment that stated that the
products from cloned animals and their offspring are safe, that there is no
difference in food produced from cloned animals and their offspring, thus there is
no reason to require labeling on all products. The offspring of cloned animals are
conventionally bred and are not cloned animals themselves.

Cloning – happening routinely in the 
United States for those with money

• Cattle
• Sheep
• Pigs 
• Goats

https://transova.com/service/cloning-services/


Cloning has been able to proceed in 
countries where:  
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• Clones are not regulated differently to conventional breeding
• Products from clones are not required to be labeled (as they are in 

impossible to differentiate from products from non-cloned animals)
• Lacking mandatory labeling requirements and in the absence of a 

plausible path to harm, it was just not possible to create a cost-
effective “absence-labeling” campaign as was done with rBST

• If there is a direct benefit, at least in the mind of the person cloning 
their pet dog or bucking bull or 4-H club lamb, then people are 
willing to overcome their hesitations regarding cloning despite low 
(15%) approval rating.
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Genetic Engineering – on CFS radar
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FRANKENFOOD

http://drleonardcoldwell.com/wp-content/uploads/2013/11/1150911_431142040332575_1846747044_n.jpg


911 CONTROL

Retrieved from “AquAdvantage” image 
search on web



Approx. 70% of 
female Sprague–
Dawley rats get 
mammary tumors 
by 2 years of age.
Control image 
downloaded from

http://www.ratfanclub.org/
mamtumpics.html  

911 CONTROL

Séralini et al. (2012) Two year study on rats given NK603 
genetically engineered corn (GMO) and/or Roundup (R) 
(retracted; then republished in Environmental Sciences Europe)



Title

http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society/pi_2015-01-29_science-and-society-00-01/

Image from http://news.nationalgeographic.com/news/2014/06/150129-public-opinion-aaas-health-education-science/



Improvement in efficiencies have been associated with 
inflection points enabled by new breeding methods
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Genetically engineering salmon for fast growth 
– founder fish produced in 1989
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AquAdvantage salmon: Transgenic and conventional sibling at the same age 

Du SJ, Gong ZY, Fletcher GL, Shears MA, King MJ, et al. 1991. Growth Enhancement in Transgenic Atlantic 
Salmon by the Use of an All Fish Chimeric Growth-Hormone Gene Construct. Bio-Technology 10: 176-81



The same anti-GMO groups that targeted genetically engineered crops 
such as Center for Food Safety, GM Watch, Consumer Reports go after 

Impossible Burger due to GE leghemoglobin and soy
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Thirty Years in the Making
YouTube: https://youtu.be/vrAkajpHGPI
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https://youtu.be/vrAkajpHGPI


Gene editing offered new hope for animal breeders, 
especially if knocking-out a gene via targeted mutagenesis

Van Eenennaam 9/13/2022Sander JD, Joung JK. CRISPR-Cas systems for editing, regulating and targeting genomes. Nat Biotech 2014;32:347-355.

CRISPR/Cas9

Guide RNA

“Knock-out”



Van Eenennaam 9/13/2022

Genome Editing – on CFS radar
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Genome Editing – NON GMO project

The Non-GMO 
Project is committed 
to preventing these 
new GMOs from 
entering the non-
GMO supply chain.



Gene Edited Polled Calves
Naturally-occurring bovine allele at polled locus
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NOVEMBER 2015



Gene Edited Polled Calves
Naturally-occurring bovine allele at polled gene

10 base pairs (p)

212 base pairs (P)

POLLED GENE
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3/31/2016



Picnic Day
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Princess



Surveyed public audience on gene editing

Van Eenennaam 9/13/2022Photo credit Maci Mueller/UC Davis

Princess



What percentage of animal products like milk, meat, and 
eggs currently come from animals that have been 

produced using genetic engineering?
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Surveyed audience on gene editingSurveyed audience on gene editing

Animal Genomics and Biotechnology Education 



Van Eenennaam 9/13/2022Animal Genomics and Biotechnology Education 

How do you feel about the use of gene editing 
to address an animal welfare concern?

88% of respondents at this event were strongly 
or moderately supportive of using gene editing to 
address an animal welfare concern (i.e. polled)



We analyzed these six polled calves 
and horned controls for several years
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Young, A.E. et al. 2020. Genomic and phenotypic analyses of six offspring of a genome-edited hornless bull.
Nature Biotechnology 38, 225–232

Princess
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Biotechnology Risk Assessment Grant 
#2017-33522-27097 

The growth & health, and the milk and meat composition 
of the 6 heterozygous hornless offspring of the genome 
edited bull were equivalent to contemporary controls

Trott, J. et al.  2022. Animal health and food safety analyses of six offspring of a genome-edited 
hornless bull.  GEN Biotechnology. 1:2, 192-206



If the proposed regulatory pathway makes it so that only large 
companies are able to afford high regulatory and IP costs of 

bringing a genome edited animal product then…..
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• I predict that there will be a targeted activist campaign against agricultural  
genome editing IRRESPECTIVE of the societal value of the traits

• Small companies and even academic research laboratories will be unable to 
make use of a technology that originally resulted from public research funds

• Activist groups funded by the natural and organic food industry are mobilizing 
to run a campaign of misinformation conflating gene editing and genetic 
engineering and to sell a value-added ($$$) “absence-labelled” alternative

• Public sector scientists will be reticent to stick their neck out doing science 
communication and public outreach around a technology they cannot use. 
Especially when doing so will likely result in hostile freedom-of-information act 
requests, and reputational defamation by front groups financed by the natural 
and organic food industry such as U.S. Right To Know (as happened with 
genetic engineering).



Conclusions
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• If products people want (market demand) are allowed to reach the 
market, they will buy them e.g. GloFish, Impossible Burger, AquAdvantage

• The narrative that the public will not accept the products produced by 
animal biotechnology has not really ever been put to the test – as until 
recently such food products have not been available

• The three strikes of death for a new breeding method are:

- a lengthy and expensive regulatory step uniquely associated with 
commercializing products developed using that breeding method

- competing business interests that can monetarize fear around the 
method to extract value (rent seeking) and selling their value-added 
(more expensive) product that avoids that breeding method

- There is some way to track/differentiate products produced with or 
without that breeding method to enable value-added marketing
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