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Breeders have selected for desired changes to companion 
animal populations based on naturally-occurring variation



An abbreviated schematic history of 35+ years 
of genetically modified food animals for agriculture
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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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GENETIC ENGINEERING (aka GMO) GENE EDITING (GnEd)
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Gene editing (GnEd) allows the introduction of 
targeted double-stranded breaks in the genome

Van Eenennaam 8/19/2024Sander JD, Joung JK. CRISPR-Cas systems for editing, regulating and targeting genomes. Nat Biotech 2014;32:347-355.
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Gene editing (GnEd)  involves introducing a double-strand 
break in the DNA at a targeted location in the genome
https://youtu.be/bM31E_LRszc

https://youtu.be/bM31E_LRszc
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Introducing useful genetic variation into the germline of                        
selected parents such that genetic improvement is inherited                         
by the next generation is the ultimate goal of animal breeding.
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Cloning efficiency low

Use of a single cell line

Not all cell lines clone well
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Bishop and Van Eenennaam. 2020. 
Genome editing approaches to 
augment livestock breeding programs.
JEB doi:10.1242/jeb.207159 



Graphical summary of primordial germ cell (PGC)-
mediated method for genome editing in the chicken

Van Eenennaam  8/19/2024Lee J et al. 2020. Current Approaches and Applications in Avian Genome Editing. Int J Mol Sci. 21:3937. doi: 10.3390/ijms21113937. 
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Classification of GnEd categories 
relevant to regulatory considerations
SDN-1 involves the unguided repair of a specific double strand break (DSB) by non-homologous 
end joining (NHEJ). Spontaneous repair of this break may result in a mutation that modifies a 
gene's activity, or causes gene silencing or knock-out (KO). Efficient method, with many 
applications already.

SDN-2 involves a nucleic acid sequence donor, usually short single-stranded DNA, to direct the 
repair of a specific DSB. The donor is identified as a repair template, enabling the insertion of 
the mutation(s) at the target site, because it carries one or more minor mutations surrounded 
by two homology sequences that match sequences either side of the DSB.

SDN-3 involves a sequence donor, usually double-stranded DNA carrying a gene or an even 
longer genetic element, to direct the repair of a targeted DSB. Given that the donor's two ends 
are homologous to the DSB ends (often more than 800 bp each), the donor can be introduced 
at the target site as a repair template since it is recognized by the DSB ends.

Friedrichs, Steffi, et al. An overview of regulatory approaches to genome editing in agriculture. Biotechnology 
Research and Innovation 3.2 (2019): 208-220. https://doi.org/10.1016/j.biori.2019.07.001

https://doi.org/10.1016/j.biori.2019.07.001


What might we knock-out? (SDN-1)

Genes associated with:
• Allergens (e.g. galactose-alpha-1,3-galactose )

• Thermo tolerance (e.g. SLICK Prolactin receptor)

• Sex ratio skew (e.g. all-female pigs SRY KO)

• Unwanted development (e.g. boar taint)

• Increased yield (e.g. Myostatin KO)

• Disease susceptibility (e.g. PRRS virus CD163)

• Surrogate Germline/Broodstock (e.g. NANOS)
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What might we knock-in?(SDN -2/3) 

Genes associated with 
• Disease susceptibility (e.g. Tuberculosis (TB)) 

• Unwanted development (e.g. horns)

• Thermo tolerance (e.g. lighter coat color)

• Improved food quality/nutrition (e.g. high 
omega-3 pigs)

• Sex ratio skew (e.g. all-female layer chicken)
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NGTs used in the animal applications identified in the database 
(n=195)

Van Eenennaam. 2023. EFSA supporting publication 2023: 20(9):EN-8311. 82 pp. 

• There were 59 applications 
(30%) where the editing was 
done in cell lines followed by 
cloning to produce an animal, 
all in mammals; 

• 118 publications (61%) that 
edited developing embryos, 

• 18 “other” approaches (9%) to 
editing, the majority of which 
were publications with avian 
species where editing was done 
in primordial germ cells

• The majority ~ 75% of these 
applications were SDN-1 (147) 
aka knockouts; with 18 SDN-2, 
and 30 SDN-3  applications. 
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Trait category Description 
Abiotic stress tolerance Resistance to abiotic stressors such as high or low temperature

Biotic stress tolerance Resistance to biotic stressors such as bacteria, viruses and other pathogens

Color Altered fur, hair, or skin color

Hypoallergenic Reduced production or elimination of allergens in food products

Multiple Applications that target more than a single trait category due to multiple target

genes, or target genes with pleiotropic effects

Reproductive characteristics Including changes in sexual characteristics such as sterility or the ratio of male to

female offspring

Quality Altered meat quality

Yield Improved meat and fiber yield

Other traits (e.g. welfare) Traits not classified in the above categories, including welfare traits such as

hornlessness and hypogonadotropic hypogonadism as a castration free trait.

Trait purpose categories used for NGT
animal products in the database 

Van Eenennaam LIC 2023
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Ledesma, A.V., and A.L. Van Eenennaam.  2024. Global status of gene edited animals for agricultural applications. 
The Veterinary Journal. https://doi.org/10.1016/j.tvjl.2024.106142.

Trait targeted in animal gene editing applications

https://doi.org/10.1016/j.tvjl.2024.106142
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Gene-edited Animal Database
https://www.isaaa.org/animalbiotechdatabase/default.asp
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Gene-edited Animal Database
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Animal category breakdown X country of  peer-reviewed 
publications producing gene edited food animals for agriculture

Van Eenennaam, A.L. 2023. New Genomic 
Techniques (NGTs) Animals and their 
Agri/food/feed products. USDAsupporting
publication 2023: 20(9):EN-8311. 82 pp. 
doi:10.2903/sp.efsa.2023.EN-8311

https://doi.org/10.2903/sp.efsa.2023.EN-8311
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Gene-edited Animal Database

https://www.isaaa.org/
animalbiotechdatabase/default.asp
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Gene-edited Animal Database



Gene editing to obtain myostatin KO (Bream)        
and leptin receptor KO (Puffer, Flounder) fish

Puffer fish

Red Sea Bream

``22nd Century Flounder‘’ - flounder that might be 
common on dinner tables in the 22nd century

https://regional.fish/en/
Van Eenennaam 8/19/2024



Summary
• Genome editing offers an approach to introduce useful genetic variation and 

alleles for large effect loci such as PRRS virus disease resistance and welfare 
traits like polled into breeding programs

• The way that NGTs are introduced into different species depends upon the 
biology of that species, and differs markedly between different classes of 
animals (i.e. mammals, birds, fish and insects),

• There were 59 applications (30%) where the editing was done in cell lines 
followed by cloning to produce an animal, all in mammals; 118 publications 
(61%) that edited developing embryos, and 18 “other” approaches (9%) to 
editing, the majority of which were publications with avian species where 
editing was done in primordial germ cells.

• CRISPR/Cas 9 and SDN-1 edits are the most commonly reported types of edits

• Database https://www.isaaa.org/animalbiotechdatabase/default.asp
Van Eenennaam  8/19/2024
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