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Genome(Gene) Editing

• What is gene editing?

• How is gene editing performed?

• Gene editing and Advanced Reproductive 
Technologies (ARTs)

• Examples of livestock gene editing

• Regulation of gene edited animals



Genome(Gene) Editing

• The use of modern molecular biology 
technologies to precisely change the DNA or 
“genetic blueprint” of an organism

• Advances in the precision of targeting versus 
previous technologies

• Higher efficiency of successful edits

• Amenable to direct editing in germ cells and 
embryos



Genome-Editing Technologies
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The presence of DSBs in a cell initiate a response from the cell’s own 
repair mechanisms to assist in performing the edit
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Gene Editing and ARTs

• In what cells do you perform gene editing?

• Somatic cells (e.g., fibroblasts)
• In vitro culture of cells during editing

• Allows preselection of edit prior to producing live offspring

• Requires somatic cell nuclear transfer (SCNT) or cloning to 
produce a living edited animal

• Gametes, Embryos or Embryonic Stem Cells (ESCs)
• Higher “success” rate than SCNT produced animals

• Little opportunity to select for specific edits
• Some animals will not have edits

• Potential for the production of chimeric animals (embryos)

















https://www.fda.gov/animal-veterinary/biotechnology-products-cvm-animals-and-animal-food/intentional-
genomic-alterations-igas-animals

• Animal Drugs, Devices and Animal Foods are regulated by 
the Food and Drug Administration (FDA) under the Federal 
Food, Drug and Cosmetic Act (FFDCA)







https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cvm-gfi-187b-heritable-
intentional-genomic-alterations-animals-approval-process





Vaccinology

• Current topics in vaccine development 
(mRNA vaccines)

• Why do we vaccinate?

• Types of vaccines

• The Central Dogma of Molecular Biology

• What is an mRNA vaccine?







Why do we vaccinate?
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Types of vaccines
• Vaccines are not new

• Modified Live
• Mostly viral

• Non-pathogenic or 
weakened form

• Killed
• Most bacteria, some viruses

• Only one mRNA vaccine 
for livestock
• SEQUIVITY, Merck Animal 

Health
• Prescription vaccine for 

several viral pathogens

Pollard, A.J., Bijker, E.M. A guide to vaccinology: from basic principles to new developments. Nat Rev Immunol 21, 83–100 (2021). 
https://doi.org/10.1038/s41577-020-00479-7



Pollard, A.J., Bijker, E.M. A guide to vaccinology: from basic principles to new developments. Nat Rev Immunol 21, 83–100 (2021). 
https://doi.org/10.1038/s41577-020-00479-7

Response to vaccination
• Mediated by immune 

cells

• Detection of “foreign” 
material
• antigen

• majority are proteins

• Activation of several 
cell types
• leads to antibody 

production

• “memory”



Central Dogma of Molecular Biology

BioRenderhttps://www.wikidoc.org/index.php/Central_dogma_of_molecular_biology



• Synthetic RNA molecule with specific 
properties
• Modified ribonucleotides (stability)

• 5’ cap, protein coding sequence, polyA 
tail for recognition of cellular 
machinery

• Encapsulated in a lipid “membrane”

What is an mRNA vaccine?
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https://www.vumc.org/viiii/infographics/how-does-mrna-vaccine-compare-traditional-vaccine



Questions?
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