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Aim 

• How biotechnologies can work together in order to 
enhance livestock production 

 

– Reproductive biotechnologies 
• In vitro embryo production (in vitro fertilization) and associated 

technologies 

 

– Genome editing 

Image source: https://www.genomicseducation.hee.nhs.uk/news/item/336-how-genome-editing-could-enter-mainstream-medicine/ 



The in vitro embryo 
production (IVEP) 

Source: JHM Viana 



IVEP - multiplication power 

X = 

Conventional (In vivo) embryo transfer (ET) 

IVEP 

X = 

Image Source: LS Camargo 



IVEP + sex-sorted semen 
• Sex-sorting semen: straws 3-4x more expensive than 

conventional semen 
– IVEP: one straws can be used for >3 cows – and produce several 

female embryos per cow/ovum pick up session -  reasonable 
pregnancy rates 

• 35-45% pregnancy rate 

 



IVEP in the world – 1997-2015 
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  Africa 

  Asia 

  Europa 

  North America 

  Oceania 

  South America 

  Total 

Country IVEP % 

Brazil 353,539 52.7 

USA 198,618 29.6 

Total 552,157 82.3 

Source: JHM Viana 



IVEP + prepubertal heifers 

• Young heifers (or even calves) can be used as oocyte donors: 
– Important for breeds that reach puberty later in life (zebu breeds) 

– Reduce generation interval 

 



IVEP + embryo biopsy + genomic selection 

• In vitro produced embryos (blastocysts) can be biopsied and 
samples submitted to genomic evaluation 
– Genomic estimated breeding value (GEBV) of every embryo can be 

calculated before transferring to recipients 

– No significant effect on pregnancy rate 

 
 

 

 

 

 

 

 

 

 

 

• Save cost with recipients 
• Only calves with high GEBV are born 

- Reduction of culling rate 



In short 

• With IVEP and associated technologies we can now: 
– Produce a large amount of female (or male) embryos of a cow (or 

prepubertal heifer) with high genetic merit 

– Select the best embryos based on the GEBV 

 

• Generate calves with high potential to produce meat or milk 
from cows or heifers: 
– increase the intensity of selection; 

– reduce the generation interval 

• New opportunity: 
 

 

 

 

 

IVEP + Genome editing 
 



Genome editing 

• Allow a more precise genome manipulation: 
– DNA sequence can be deleted, inserted or modified; mutations can be 

induced 
– Nucleases break the DNA double strand in a specific site of the genome. Broken strands 

can be repaired by non-homologous-end-joining (NHEJ) that promote Indels or by 
homologous recombination (homology-directed repair – HDR) 

 

 

 



Potential issues that can be addressed 
by genome editing in livestock 

• Heat stress  - increase the frequency of alleles/mutations that promote 

heat tolerance  

 

 

 

• Diseases and parasite infestations  - Screwworm, horn flies, ticks 

and ticks born-diseases, foot-and-mouth disease, etc. 
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Increase the thermotolerance 

• Mutations in prolactin receptor (PRLR) – genetic effect on hair 
length and coat structure: smooth coats, short hair (slick hair)  

 

 

 

 

 

 

 

 

– Found in some taurine breeds in the Americas (Senepol, Carora,  
Limonero) 



PRLR mutations 

• Slick hair: different mutations according to the breed 

Littlejohn et al. Nat. Comm. 2014 



Brazil: Caracu breed 

• Data from few Caracu cows showed mutation on PRLR – 
similar to other breeds originated from Iberian peninsula  
– Some animals with slick hair phenotype 

GLTCR1: T/T   GLTCR2: C/T 

GLTCR3: T/T   GLTCR4: C/T 

GLTCR5: C/T    GLTCR10: T/T 

GLTCR15: C/C  GLTCR19: T/T 

GLTCR33: T/T  GLTCR46: T/T 

--------------------- 

T: Slick variant, frequency= 0.75 

C: Reference, frequency  = 0.25 

Source data: Tad Sonstegard 
Image Source: LS Camargo 



Introgression of  PRLR mutation in thermo-
sensitive breeds 

• It can by done by different platforms: TALENs or 
CRISPR/Cas9 systems 

 

• Requirement:  
– Zygotes produced by IVEP 

» Injection of gRNA/Cas9 or TALENs mRNA into 
cytoplasm of zygotes 

 

– Somatic cell nuclear transfer (SCNT) 

» Enucleated oocytes reconstructed with 
transfected somatic cells  



IVEP + genome editing + genomic selection 

• IVEP to produce female (or male) zygotes; 
– Zygotes injected for genome editing (to promote a specific trait) 

 

 

 

– Blastocysts are biopsied  

 

 

 

– Mutation is detected and GEBV is calculated for every embryo 

– Only embryos with the target mutation and with high GEBV are 
transferred to recipients  

 

Image Source: LS Camargo 



SCNT + genome editing 

• Somatic cells from high genetic merit sires are transfected 
with CRISPR/Cas9 (gRNA/Cas9) or TALENs systems (mRNA or 
vectors); 
– Cells can be selected and propagated during in vitro culture: only 

genome edited cells are used as nucleus donor for cloning; 

– The SCNT embryos will keep the genetic modification  

 

 

Image Source: LS Camargo 



IVEP # SCNT 

 
• IVEP: 

– not all embryos will have the genetic modification (20-30%) 

» But delivery rate of viable offspring is between 30-40% 

– Several commercial IVEP labs around the world (>50 labs in Brazil) 

• SCNT:  
– all offspring will have the genetic modification 

» But the procedure is inefficient: delivery rate of viable offspring 
is <5% 

» Animal welfare concerns: higher abortion and stillbirth rate 

– Only few companies are able to produce cloning animals (only 2 in 
Brazil)  - costly procedure 

Image Source: LS Camargo 



Challenges 

• Increase the genome editing efficiency 
– Increase the rate of HDR: about 10% of DNA double breaks are 

repaired by homologous recombination only; 

– Increase the efficiency zygote transfection: news procedures to 
replace cytoplasm injection 

 

• Control or avoid (functional) off-targets modifications 
– Concerns (contested) about in vivo off-targets and theirs effects on 

animals 

• May require improvements of gRNA design and/or use of new 
high fidelity nucleases  



Concerns 

• International trade of IVEP embryos 
– Need a well established sanitary protocol among countries 

• GM Animals regulation: 
– Clear and reasonable regulations by governmental agencies 

• Should the regulatory requirements for crops and livestock not be the same? 

• Public perception and acceptance of animals with an 
edited genome for food production 
– Public concern: Is there any health risks for consumers? 

–  Animal welfare: is there any animal suffering?  
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