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A new tool for DNA cutting

Beyond Restriction Enzymes
A very specific way to cut DNA



CRISPR (clustered regularly interspaced short 
palindromic repeats).

40% Bacteria Genome and 90% Archea genomes

Immune Adaptative System



Immune Adaptative System

Cas1

cas
2

1. Acquisition: Invasive Virus or Plasmid DNA  is cleaved by Cas proteins and it is 
inserted in the CRISPR array between crispr repeats. This cut is made before a 
sequence named PAM that is naturally present Viral or Plasmid DNA.

Cas9           Cas2          Cas1  



Immune Adaptative System

2. Expression: CRISPR array is transcripted and the single molecule of RNA (Pre-
crRNA) maturated in different crRNA that are specific for target sequences 
present in Virus or Plasmidic DNA from the first contact. 



Immune Adaptative System

3) Interference: The crRNA
recognizes the target of a
second infection of the
pathogen and Cas9 degradate
the Viral or Plasmidic DNA after
recognition



Inside the mechanism:

Viral DNA from previous infections



Inside the mechanism:

Mature complex



Inside the mechanism:



Protospacer Adjacent Motif

Protospacer adjacent motif (PAM)
PAM is a component of the invading virus or plasmid, but is not a component
of the bacterial CRISPR locus.

Is an essential targeting component which distinguishes bacterial self from non-
self DNA, thereby preventing the CRISPR locus from being targeted and
destroyed by nuclease.
The canonical PAM of S. Pyogenes is the sequence 5’-NGG-3’.

PAM
PAM



Engineered system 

Doudna  et al., 2014

All in one RNA crRNA+tracrRNA 



Genome Knockout using CRISPR/Cas9: TERRA example 

8,1 KB



Genome Knockout using CRISPR/Cas9: TERRA example 
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TERRA Knockout using CRISPR/Cas9: Effects



TERRA Knockout using CRISPR/Cas9: Effects



But…The big trend is to insert specific sequences

Taking advantage of the double strand break resulting from the 
CRISPR/Cas9 Cutting  there is the possibility to insert 

specifically a mutation or a bigger portion of DNA.

This mechanism is permitted by the Homologous Direct 
Repair pathway, giving a «Donor» sequence.



Disease type Nuclease platform Therapeutic strategy

Hemophilia B ZFN HDR-mediated insertion of correct 
gene sequence

HIV ZFN and CRISPR NHEJ-mediated inactivation of CCR5

Duchenne muscular dystrophy 
(DMD)

CRISPR and TALEN
NHEJ-mediated removal of stop 
codon, and HDR-mediated gene 
correction

Hepatitis B virus (HBV) TALEN and CRISPR NHEJ-mediated depletion of viral 
DNA

SCID ZFN HDR-mediated insertion of correct 
gene sequence

Cataracts CRISPR HDR-mediated correction of 
mutation in mouse zygote

Cystic fibrosis CRISPR HDR-mediated correction of CFTR in 
intestinal stem cell organoid

Hereditary tyrosinemia CRISPR HDR-mediated correction of 
mutation in liver

Genome Engeneering and Disease

Cox, Platt and Zhang, 2015



Cas9 can also be engeneered:  

To be able to create
nicks in a single strand

Can be fused to a Transcriptional
Activator Domain





A fun explanation

https://videopress.com/v/2gVkUyqq


