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ADDING A GENE DELETING A GENE 

Modifying the Mammalian Genome  

Pronuclear microinjection  ES / iPS cells  
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The most relevant and distinctive feature 

among all gene modifying methods is  

Random  versus Targeted  genetic modification  

Slides from 1991 



Genomic Editing Tools : 2 elements  

to precisely target  a gene modification  
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Genomic Editing Tools: 2 pathways  

to fix the Double Strand Break (DSB)  

NHEJ HDR 

INDELs ï Gene disruption  Gene repair / edit  



Genomic Editing Tools: 3 flavours  

Type Sequence Homology  Double Strand Break  

Zinc-Finger Nuclease 

(ZFN) 

PROTEIN 

1 Zinc finger (3 AA) Ą 3 bp 

PROTEIN 

FokI 

TALEN PROTEIN 

2 AA Ą 1 bp 

PROTEIN 

FokI 

CRISPR-Cas9 RNA 

1 ribonucleotide Ą 1 bp 

PROTEIN 

Cas9 

The Watson&Crick base pairing champions CRISPRs  



The CRISPR-Cas 

system 



CRISPR arrays discovered by Mojica et al. (1993) Molecular Microbiology, in archeas 

1993 

Francis J.M. Mojica 
University of Alicante 

Spain 
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Scheme by Francis Mojica 

The CRISPR-Cas system in prokaryotes 

Repeats  (CRISPR) 
identical 

Spacers  (?) 
variable 



CRISPR-Cas system first suggested by Mojica et al. as immunity system (2005) J. Mol. Evol. 

2005 



CRISPR-Cas System 
 

(adaptive immunological 
system in archaeas and 

bacterias) 

Horvath & Barrangou (Science, 2010) 
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Jinek et al. (2012) Science 
Doudna & Charpentier (2014) Science 

Jennifer Doudna 

Emmanuelle Charpentier 

 The CRISPR-Cas System: targeting nucleases to specific DNA sequences 
a binary system: Cas9 protein and sgRNA 





CRISPR-Cas9 tools  & Animal Models  

Deletions , Inversions , Disruptions , Editions, Knockins  



We use the Tyrosinase gene ( Tyr ) in mice as experimental 

model to study mammalian gene regulation and é  

éas animal models of albinism, a human rare disease  



DNA coding sequences represent 2% genome  

DNA non -coding sequences represent 98% genome  

DNA non -coding sequences contain mainly:  

DNA repetitive elements, mobile elements and  

DNA regulatory elements  

The non -coding genome  



The known DNA regulatory elements at the mouse Tyr  locus  
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Deleting mouse Tyr  intergenic regions is challenging  

due to the presence of repetitive DNA elements  

5ôINS 3ôINS 


