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Population expected to grow to 10 billion by 
2050 
•Food production must double 
•Meat production must double 

70% of gains in food production must 
come from innovative agricultural 
technologies 
United Nations Food & Agricultural Organization 

 

Agriculture: The Real “Hunger Game” 



A Growing Demand for Meat & Milk 

Projected growth in milk production 2009 - 2018 
North America 

8% 
Europe 

7% 

Other 
4% 
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Caribbean 
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Asia and Pacific 
56% 

Projected growth in meat  
demand to 2020 

Source: 
OECD 



Traditional 
 Selection 

• Phenotypes have been collected for more than a century 
• Estimate genetic merit for animals in a population 
• Select superior animals as parents of future generations 

Phenotype 

Pedigree 

Statistical 
Methodology 

Predicted Genetic Merit 



Selection Works 
In 2007 U.S. Produced 34% more milk with 48% fewer dairy 

cows than in 1960 



Inbreeding Increases Frequency of Deleterious 
Mutations 

Name Chr Loc Freq Earliest Known Ancestors Gene 

BTA Mbase % 

HH1 5 62-68 4.5 Pawnee Farm Arlinda Chief APAF1/stop gain 
HH2 1 93-98 4.6 Willowholme Mark Anthony ND 
HH3 8 92-97 4.7 Glendell Arlinda Chief, 

Gray View Skyliner 
SMC2/non-
synonymous 

JH1 15 11-16 23.4 Observer Chocolate Soldier CWC15/stop gain 
BH1 7 42-47 14.0 West Lawn Stretch Improver 

VanRaden, P.M., et al. Reporting of haplotypes with recessive effects on fertility. Proc. 
Interbull Mtg., Stavanger, Norway, Aug. 26–28, 4 pp. 2011. 

More mutations on the horizon as selection continues 

Deleterious Fertility Alleles 



Crossbreeding to Introgress Superior Performance 
Also Dilutes Congenital Mutations 



Crossbreeding Dilutes Traits of Local Adaptation 



Non-Meiotic Allele Introgression 
 

Sustainability 

Reduced environmental impact 

More efficient feed conversion 

Enhanced reproduction 

 

Product Quality 

Food safety 

Healthfulness 

Palatability 

  

Animal Welfare 
Humane production 
Gender selection 
Disease resilience 
Disease gene repair  
 



Tools for Enhancing Valuable Variation 



Gene Editing Platforms 



Gene Editing Platforms 

Kim & Kim (2014). A guide to genome engineering with programmable nucleases.  
Nature Rev. Genet. 15: 321-334 
 

<10-4 



Rates of De Novo mutation in germline 

Risk of mutation 

Gene editing De Novo (sex)



Deployment of Gene Editing in Livestock 



Double Muscling to Decrease  
Time-to-Market and Increase RPY 

• At least 7 Spontaneous Mutations of 
Myostatin are known in cattle 

• Results in 7% and 30% Increased RPY in 
European Breeds (+/mh; mh/mh) 

• Mutation not found in some breeds 
• Heterozygotes come to market weight 

on less feed/time. 
• Can introduce by cross-breeding but 

changes genetics 



WT 

282 
Frame 
Shift 

Premature 
Stop 

 

844Del1 

• More Meat- Less Time, Same Feed 
• Old Trait in a New Breed 
• Centuries of Safe Consumption 

 



Wild-typ  

Edited 

Cut site 

• TGT-CGT-TAC (Cys-Arg-Tyr) 
 

– Cut site 2  TGT-CGT-TAC → TGT-TAC (Cys-Tyr) 
 

Deletion of arginine 283 

Deleted nucleotides 

Myostatin KO in sheep 



African Swine Fever 

S531P 



Truncation of RELA in pigs by embryo 
injection with TALENs 

Parturition in 4 of 7 recipients 
resulting in 39 piglets, 8 of which 
carried editing events (21%).  

Live pigs produced from genome edited zygotes. 
Lillico et al, Nature Sci Rep. 2013 Oct 10;3:2847 



Livestock Gene Conversion with TALENs 



Lead U.S. Product:  
Genetic Dehorning of dairy cows 

• Horns are hazardous to people & cattle 

• Most U.S. dairy animals are dehorned (USD$5-20 each) 

• Polled at VERY low frequency in Dairy breeds (<1%) 

• Breeding into Holstein would take >20 years & destroy dairy 
performance. 

• Polled mitigates regulatory risk- NATURAL trait, NOT GMO 

• Polled mitigates CONSUMER acceptance risk- STRONG market 
demand for animal welfare 

 

http://www.google.com/url?sa=i&rct=j&q=dehorning+cattle&source=images&cd=&cad=rja&docid=-u2ZLJlyZdOeYM&tbnid=Ts-lcs7X4XrFEM:&ved=0CAUQjRw&url=http://nzdairy.webs.com/thelifeofadairycow.htm&ei=LqdgUcCxDqakiQKdy4DoDg&psig=AFQjCNF_UR2AgKeqtSGRy0IJ0rfQvy4c_g&ust=1365375098668317


Medugorac, et al., (2012) Bovine 
Polledness – An Autosomal 
Dominant Trait with Allelic 
Heterogeneity. PLoS One 7 (6) 

PC, Celtic origin (212 bp, 1,705,834–1,706,045 bp) is duplicated (and 
replaces a sequence of 10 bp (1,706,051–1,706,060 bp). Angus, 
Galloway, Fleckvieh, Gelbvieh and Murnau-Werdenfelser 
 
PF, Friesian origin. P5ID (replace 7 bp (cgcatca with ttctcagaatag; 
1,649,163–1,649,169) and 80,128 bp duplication (1,909,352–1,989,480 
bp P80kbID, plus five point mutations at the positions (G1654405A, 
C1655463T, T1671849G, T1680646C, C1768587A) 

Polled is a Target for Introgression 



Percentage of clones homozygous for introgression = 1-5% 

b c 

Polled Allele Introgression into Holstein 





Livestock Gene Conversion with TALENs 



Tan, Carlson, Walton, Fahrenkrug, Hackett (2012) Advances in Genetics 80:37-97 



Horizontal Allele Introgression 

Tan, Carlson, Walton, Fahrenkrug, Hackett (2012) Advances in Genetics 80:37-97 



Gene Editing is Breeding 
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