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per capita  6 hectáreas

 4 vacas

 2 ovejas

Uruguay

- Inocuidad

- Bienestar animal

- Impacto ambiental
Cambio climático?

- Trazabilidad total

- Salud animal

- Productividad



Livestock transformation



• The CRISPR/Cas system.

• How to produce edited animals.

• CRISPR for livestock improvement.

Que?
Como se faz?
Para que?

CRISPR in livestock



Genética clásica

Fenotipo

Genotipo

• Selección natural “Darwinismo”

• Cruzamiento y selección “Mendelismo”

• Selección genómica



Genética 
clásica

Darwin
El origen de las especies

1859

Mendel
Leyes de la herencia

1866

Watson & Crick
La doble hélice del ADN

1953





Genética 
inversa



Genética inversa

Genotipo

Fenotipo

Agregar una
función

Transgénesis

Suprimir, corregir, 
agregar

Edición Génica

ADN

ARN

Proteína

Función

Con la Edición Génica (GE) podemos alterar el 

ADN en la célula y cambiar el fenotipo
en el animal.

Desde la biología molecular a la 
biotecnología



Transgénesis
Wild type Transgenic lambs



Genética clásica

Fenotipo

Genotipo

Selección natural
“Darwinismo”

Cruzamiento y selección
“Mendelismo”

Selección genómica

Genética inversa

Genotipo

Fenotipo

Agregar una
función

Transgénesis

Suprimir, corregir, 
agregar

Edición Génica





CRISPR/Cas: 

from 

prokaryotes…

Mammalian cells
Mammalian embryos

…to cells

…to 

animals



The CRISPR tool: 2 elements

1 2

Homologue 

sequence

Double-strand 

breaks

DNA

Slide: Lluis Montoliu

1 - gRNA 2 – CAS9

It is possible to change a single specific base in 
the genome, without adding DNA from other species. 



ZFNs TALENs CRISPR/Cas

Target genomic sequence

Double DNA strand breaks

Precise repair (user–defined)

Targeted integration

nucleotides

Non-Homologous End 

Joining

(NHEJ) 

Gene disruption in 70 % out of 

frame deletions = STOP codon

Targeted Knockout

Homology-directed repair

(homologous recombination)

several kbDNA donors

Precise repair (user–defined)

Targeted integration

expression cassette

Homology-directed repair

(single-strand annealing)

ssODNs

DNA-repair 

mechanisms

DNA

analyses
PCR+sequence

T7 endonuclease I

look for frame shift mutations

PCR+sequence

look for specific mutations

PCR+sequence

Southern blot

look for specific mutations

Nucleases

Genome editing



• The CRISPR/Cas system.

• How to produce edited animals.

• CRISPR for livestock improvement.

Que?
Como se faz?
Para que?

CRISPR in livestock



Genética clásica

Fenotipo

Genotipo

Selección natural
“Darwinismo”
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“Mendelismo”

Selección genómica

Genética inversa

Genotipo

Fenotipo

Agregar una
función

Transgénesis

Suprimir, corregir, 
agregar

Edición Génica

Advanced Reproductive
Technologies (ARTs)



Não há como trabalhar com 

CRISPR se não tivermos sucesso 

absoluto nas técnicas de 

reprodução assistida.



Genetic engineering (GE)
basic pipeline

MICROMANIPULATION

GE FOUNDERS

EMBRYO PRODUCTION



Oocytes from live animals:
US-guided folicular aspiration (cattle) 
Laparoscopic Ovum Pick Up (sheep and goats)



Ovarian 

follicle

Ovary

Follicular aspiration: Laparoscopic ovum pick-up (LOPU)



• Nuclear, cytoplasmic and CC maturation.

• During 22h, 39°C, 5% CO2.

• TCM 199, FSH, LH, estrus sheep serum, ATB, cysteamine.

• pH 7.2 – 7.4; 280 mOsm/kg.

• 90% success (maturation rate).

Grade A

B

C

In vitro MATURATION



• 18-22h in co-incubation.

• SOF + heparin + hypotaurine 
+ estrus sheep serum + ATB.

• 1x106 spz in 100 µl drops 
with 20-30 COCs.

• 80-90% cleavage rate.

Matured COCs

Sperm selection

Swim-up Percoll

In vitro FERTILIZATION



• 6 days (sheep) and 7 days (goats) in culture.

• SOFaa + BSA.
• 5% O2, 5% CO2, 90% N2; pH 7.2-7.4; 280 mOsm/kg.

• 30-40% development rate 
(blastocysts/COCs).

In vitro CULTURE

No change

Day 3

Day 2 & Day 4



Embryo development of CRISPR/Cas microinjected sheep zygotes subjected to in vitro culture.  

  
n Cleavage rate Development rate Developed/cleaved 

Microinjected 

zygotes 

7,819 69.1 % (5,400/7,819) 20.0 % (1,560/7,819) 28.9 % (1,560/5,400) 

Control 

zygotes* 

701 84.0 % (589/701) 44.9 % (315/701) 53.4 % (315/589) 

P-value  <0.01  <0.01  <0.01 

 
 

Embryo survival after zygote CRISPR/Cas microinjection in large 

scale programs (n= 8,520; in four GE programs).

*Each session includes about 10% of non-microinjected zygotes serving as control group. 

dos Santos-Neto et al., in preparation.



Genetic engineering (GE)
basic pipeline

MICROMANIPULATION

GE FOUNDERS

EMBRYO PRODUCTION



Laboratory of micromanipulation



Embryo micromanipulation

Cytoplasmic injection of  CRISPR/Cas



CRISPR/Cas9 microinjection into zygotes and embryo development.

CRISPR/Cas9 system is a highly efficient method to produce mutant lambs.

Efficiency of  CRISPR/Cas system

in KO lambs produced by NHEJ

mechanism.



Efficiency of  CRISPR/Cas system

induced to Homology Directed Repair

(HDR) mechanism.

Menchaca et al., 

2020.



CRISPR in Biomedicine: Deafness lambs





CRISPR/Cas design and in vitro analysis (in 

cells and embryos), and then to the Program.

In vitro embryo production

Recipient preparation for embryo transfer, pregnancy and parturition

Beyond CRISPR and embryo manipulation, let’s go to the field.



Embryo transfer:
CRYOPRESERVATION?

Can any embryo survive? 
in vitro produced + 
Microinjected zygotes

TE Ovinos.wmv
TE Ovinos.wmv


Pregnancy rate
in vivo vs. in vitro embryos

For different letters, P<0.05.

n= 437 embryos
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Santos-Neto et al., Cryobiology (2015).
Santos-Neto et al., Cryobiology (2017).



VITRIFICATION protocol for minimum volume methods

Santos-Neto et al., 2015; Cryobiology.
Santos-Neto et al., 2017; Cryobiology.

Meikle et al., 2018; Cryobiology.
Barrera et al., 2018; Plos One.

Menchaca et al., 2018; Anim Reprod.

Arav, 2014.



Vitrification by the minimum volume
Cryotop method in CRISPR/Cas embryos

dos Santos-Neto et al., in preparation.

                                 Pregnancy outcomes obtained with vitrified blastocysts produced by CRISPR/Cas microinjected zygotes.  

  

  No. of recipients 
No. of transferred    

embryos 

Pregnant/transferred 

recipients 

Embryo 

survival/transferred 

embryos 

Birth/pregnant 

embryos 

       

 Vitrified embryos 159 474 30.8% (49/159) 14.8% (70/474)a 85.7% (60/70)a 

       

 Fresh embryos 25 75 48.0% (12/25) 21.3% (16/75)a 75.0% (12/16)a 

 P-value     0.09 0.15  0.30 

 *Each embryo transfer (ET) session includes 10-20% fresh embryos serving as control group. Data from 5 ET sessions (replicates).



Can we transfer 2-day embryos into
the uterine horn?

TE corto.wmv
TE corto.wmv


Can we transfer 2-day embryos into
the uterine horn?

Why?
- To avoid oviductal ET.

- To avoid in vitro culture.

Sheep, 

goats, cattle

Sheep & 

goats

Why not?

TE corto.wmv
TE corto.wmv


Embryo transfer in sheep (CRISPR microinjected zygotes)

INTO THE OVIDUCT

2-day embryos



Embryo transfer in sheep (CRISPR microinjected zygotes)

INTO THE OVIDUCT

2-day embryos

UTERINE HORN 

6-day blastocysts

• Faster

• Easier

• Less invasive

• Pregnancy rate?

What happen if  we 

transfer 2-day embryos 

into the uterine horn?



Embryo transfer of  2-day embryos into the
uterine horn (n= 538 embryos).

dos Santos-Neto et al., in preparation.

P= NS

Embryo development of CRISPR/Cas microinjected sheep zygotes subjected to in vitro culture.  

  
n Cleavage rate Development rate Developed/cleaved 

Microinjected 

zygotes 

7,819 69.1 % (5,400/7,819) 20.0 % (1,560/7,819) 28.9 % (1,560/5,400) 

Control 

zygotes* 

701 84.0 % (589/701) 44.9 % (315/701) 53.4 % (315/589) 

P-value  <0.01  <0.01  <0.01 

 
 

 

 

Effect of the site of embryo transfer (i.e., oviduct vs. uterine horn) on Day 2 after in vitro fertilization of ovine zygotes 

microinjected with CRISPR/Cas system.  

   

 
Site of embryo 

transfer 

No. of 

recipients 

No. of 

transferred    

embryos 

Pregnant/transferred 

recipients 

Embryo 

survival/transferred 

embryos 

Birth/pregnant 

embryos 

 Oviduct 50 262 24.0% (12/50) 6.9% (18/262) 72.2% (13/18) 

 Uterine horn 52 276 25.0% (13/52) 6.2% (17/276) 100.0% (17/17) 

             

P= NS 
 

Effect of the site of embryo transfer (i.e., Oviduct vs. Uterine horn) on Day 2 after in vitro fertilization. 

Ovine zygotes were subjected to CRISPR/Cas microinjection.



EMBRYO PRODUCTION

MICROMANIPULATION

GE FOUNDERS

Vitrification

Genetic engineering (GE)
basic pipeline



• The CRISPR/Cas system.

• How to produce edited animals.

• CRISPR for livestock improvement.

Que?
Como se faz?
Para que?

CRISPR in livestock



2021

Potential contribution

of  Genome editing in 

Livestock



Double purpose animals

Sheep producing more 

meat and high quality 

wool



Superfine wool
e.g., Australian Merino sheep

vs. Meat breeds
e.g., Texel sheep



Corderos de 30 días comparando un animal Wild Type (WT) con uno producido mediante la 
técnica CRISPR (KO). 



Similar yearling wool production (10 months old lambs). 

Yearling fleece
weight

Fiber diameter Clean fleece
yielding

Fiber
length

Colour

Mean 
diameter

CV >30 microns
fibers

Y º of 
brightness

Y-Z 
yellowness

WT (n=9) 2,4 kg 19,8 µm 19,7% 1,3% 71,9% 9,1 cm 70,7 -0,5

KO (n=4) 1,8 kg 18,0 µm 20,4% 0,8% 74,8% 8,5 cm 69,8 -0,1

P:NS

Knock out
female

Wild type
female

Wool production
Menchaca et al., 2020.



Superfine Merino wool Meat breeds

More 
meat

More 
wool

Classical 
genetics
10,000 years

CRISPR
few months

PlosOne, 2015.



https://recombinetics.com/acceligen/

Genome editing 

beyond research

https://recombinetics.com/acceligen/


2016



Tropical slick-haired cattle breeds. 

Criollo composite cattle breeds (A) Senepol, (B) Carora, and (C) Romosinuano, exhibit the slick hair coat which has been associated with thermo-tolerance in tropical 

and sub-tropical climates.The slick phenotype is characterized as a fine, sleek hair coat with fewer hair follicles, shorter hair length, and larger sweat glands.

Huson et al., 2014; Frontiers in Genetics.

https://www.fda.gov/media/155706/download

https://www.fda.gov/media/155706/download


PRRSV 

resistant pigs

Annual losses:

>600 million USD in USA 

>1,500 millon € in Europe



Pest management in 

livestock/agriculture

CRISPR-based

Gene drive



CRISPR para controlar plagas:

Gene drive



CRIPSR/Cas-based Gene drive

Global efforts: 

B&M Gates Foundation supports 

11 projects in Gene drive 

Malaria

Africa



Big problem in 

South America

Mosca de la bichera (Screwworm)
Cochliomyia hominivorax

https://upload.wikimedia.org/wikipedia/commons/7/7d/Cochliomyia_hominivorax_%28Coquerel%2C_1858%29.jpg

https://upload.wikimedia.org/wikipedia/commons/7/7d/Cochliomyia_hominivorax_(Coquerel,_1858).jpg


Mosca de la bichera (Screwworm)
Cochliomyia hominivorax

Sustainability?
Pesticides: 6 Million tons/yr

Bernhardt et al., 2017

$$$
Losses in South America US$ 3.5 bill/year

Animal welfare?

Also in humans





Natural breeding Gene drive by CRISPR

Allele 1

Allele 2

Paste
Allele 1

Allele 2

Breeding

The genetic trait is lost in the wild population The trait is always inherited in all the progeny



Herencia normal Herencia por Gene drive

Alelo 1

Alelo 2

Sitio de corte
Alelo 1

Alelo 2

Reparación
Alelo 1

Alelo 2

Alelo 1

Alelo 2

Cruzamiento

CRISPR

The genetic trait is lost in the wild population The trait is always inherited in all the progeny

Mosca de la bichera (Screwworm)
Cochliomyia hominivorax

Only males



CRISPR/Cas system, fly rearing, and embryo microinjection:



Herencia normal Herencia por Gene drive

El gen de interés se pierde en la población El gen de interés siempre se hereda

Alelo 1

Alelo 2

Sitio de corte
Alelo 1

Alelo 2

Reparación
Alelo 1

Alelo 2

Alelo 1

Alelo 2

Cruzamiento

CRISPR
Garrapata?



Que?
Como?
Para que?

CRISPR in livestock

Preguntas y 

nuevas ideas??



Ignacio Anegón’s Lab

Martina Crispo’s Lab

Max Scott’s Lab



El límite está en 
nuestra imaginación…

Obrigado. 


