
CRISPR systems: the advent of a new 
scenario in biological research

Francisco J. M. Mojica



Components of the CRISPR systems 



Genome (DNA) 

CRISPR
(Clustered Regularly Interspaced Short Palindromic Repeats)

Spacers

Spacers

C R I S P R

Spacers



cas (CRISPR associated) genes 

Cas proteins



CRISPR 
System



Seminal Developments





1990’s: Haloadaptation in Archaea

Haloarchaea
(Salt-lovers)

Haloferax spp.

Salt marshes. Santa Pola (Alicante. SPAIN)



Mojica et al. Molecular Microbiology (1993)

Haloferax spp.

Boán, I.F. Universidad de Alicante

1993: Tandem Repeats in Archaea

Mojica. FJM. PhD. Thesis, 1993
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1993-1995: TREPs’ Activity

Haloferax mediterranei

Mojica, FJM.; PhD Thesis. 1993
(Mojica & Rodriguez-Valera, FEBS J. 2016) Mojica et al. Mol. Microbiol. (1993)

“Northern blot hybridization, 
using a Hindlll-Pstl fragment 
containing the last 12 repeats, 
revealed a long smear….with 
several differently sized 
blurred bands, resembling a 
highly processed RNA…”

TREPs



Mojica et al. Molecular Microbiology (1995)

The enigmatic role of TREPs



Ishino et al., J. Bacteriol. 1987

Jan D.A. van Embden

Hermans et al., Infect. Immun. 1991

Regularly spaced repeats in Bacteria



Francisco J.M. Mojica et al. Molecular Microbiology (2000)

2000: A new family of DNA repeats



Clustered

Regularly

Interspaced

Short

Palindromic

Repeats

Jansen et al. Mol. Microbiol. 2002

“to avoid confusing nomenclature, Mojica et al. and
our research group have agreed to use in this
report and future publication the acronym CRISPR”

Mojica & Garrett. CRISPR-Cas Systems 2013



2002: The cas genes
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DNA repeats as constituents of a 
prokaryotic immune system

We have identified mobile DNA elements (bacteriophages and conjugative 
plasmids) as the origin for spacers of the Clustered Regularly Interspaced 

Short Palindromic Repeats (CRISPR) of prokaryotes... to propose a 
relationship between the CRISPRs and the 
immunity to foreign DNA…, i.e. simply by deleting or inserting 
a spacer in a CRISPR loci would produce specific susceptibility or immunity 
respectively. Immunity against these transmissible 
elements has a tremendous repercussion in 
biological, biotechnological and clinical sciences.

Submitted to Nature, 2003



2005: The origin of spacers



Mobile Genetic Elements



Spacer
Protospacer

Table 3. Features of the most similar sequences to CRISPR-spacers from S. pyogenes. 
 
 
Spacer  
 

 
Gene 

 
Prophagea 

 
Activity 
 

 
Alignmentb 

 
 
4-1 

 
 
spyM3_1239 

 
 
315.4  

 
 
Unknown 

 
gctgtgacattgcgggatgtaatcaaagtaaaaa 
||||||||||||||| |||||||||||| ||||| 
gctgtgacattgcggaatgtaatcaaagcaaaaa 
 

 
4-2 

 
spyM3_0941 

 
315.2  

  
Capside protein 

taaagcaaacctagcagaagcagaaaatgac 
|||||| ||||||| |||||||||||| ||| 
taaagcgaacctagtagaagcagaaaacgac 
 

 
4-3 

 
spyM18_0741 

 
FspeC 

 
Methyltransferase 
 

ctgatgtaattggtgattttcgtgatatgcttt 
|||||||||||||||||||||||||||||| || 
ctgatgtaattggtgattttcgtgatatgcctt 
 

 
7-1 

 
spyM3_1215 

 
315.4  
 

 
Endopeptidase  

gcgctggttgatttcttcttgcgcttttt 
||||||||||||||||||||||||||||| 
gcgctggttgatttcttcttgcgcttttt 
 

 
7-2 

 
speM  

 
FspeLM  

 
Exotoxin  
 

tatatgaacataactcaatttgtaaaaaa 
||||||||||||||||||||||||||||| 
tatatgaacataactcaatttgtaaaaaa 
 

 
7-3 

 
spyM18_0742  

 
FspeC  

 
Methyltransferase 
 

aggaatatccgcaataattaattgcgctct 
|||||||||||||||||||||||||||||| 
aggaatatccgcaataattaattgcgctct  
 

 
7-4 

 
hylP  

 
315.3  

 
Hyaluronidase  

agtgccgaggaaaaattaggtgcgcttggc 
|||||||||||||||||||||||||||||| 
agtgccgaggaaaaattaggtgcgcttggc 
 

 
7-5 

 
spyM3_1347  

 
315.5  

 
Unknown 

aaatttgtttagcaggtaaaccgtgcttt 
||||||||||||||||||||||||||||| 
aaatttgtttagcaggtaaaccgtgcttt 
 

 
a. Prophages 315.2-5 are integrated into S. pyogenes MGAS315.  FspeC and FspeLM are integrated into S. 

pyogenes MGAS8232 
b. CRISPR-spacer sequence (top line) and best-match homologous sequence (bottom line). 

Streptococcus pyogenes



Spacer/Protospacer Incompatibility !!

• Strains with spacers are resistant to infection by the protospacer-carriers

• Absence of protospacer in the spacer-carrier strains

n immunity

n guided by CRISPR-RNA

Mojica et al. J. Mol. Evol. 2005



Acquired Immunity Against Viruses

Fig. 1. Streptococcus thermophilus CRISPR1 locus overview, newly acquired 
spacers in phage-resistant mutants, and corresponding phage sensitivity. 

Rodolphe Barrangou et al. Science 2007;315:1709-1712

R. Barrangou

S. Moineau P. HorvathD. Romero



RNA-guided

S. Brouns J. van der OostE. Koonin



DNA Targeting



Protospacer Adjacent Motifs (PAMs)

“PAMs will have to be considered in the development of 
the expected applications of the CRISPR system as an 
innovative molecular biology tool”



Immunity = Target Cleavage

Nature (2010) 

J. Garneau

S. Moineau





The CRISPR Mechanism
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Applications of CRISPR



…in the natural host



• Viruses
• Resistant strains

• Plasmids
• Prevention of antibiotic-resistance dissemination

Programmable Immunity







…in heterologous hosts



R. Barrangou       P. Horvath       V. Siksnys

J. DoudnaE. Charpentier
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CRISPR-Cas9
Technology

Guilli Freire & Laura López. EncuentrosconlaCiencia.es



Prokaryotic chromosome targeting

Bikard et al. (2014). Exploiting CRISPR-Cas nucleases to produce
sequence-specific antimicrobials. Nature Biotechnology

Adapted by permission from Macmillan Publishers Ltd: Nature Biotechnology
(Bikard et al., Exploiting CRISPR-Cas nucleases to produce sequence-specific antimicrobials 32, 1146–1150) copyright (2014)

D. Bikard L. Marraffini
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F. Zhang

G. Church

Eukaryotic chromosome targeting

L. Marraffini
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Yue Mei,  et al. Journal of Genetics and Genomics, Volume 43, Issue 2, 2016

Genome Editing
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Genome Editing

CRISPR TALEN ZFN



CRISPR-edited organisms

• Bacteria

• Protozoa: Leishmania, Toxoplasma, Plasmodium, Trypanosoma…

• Fungi: yeasts, molds, mushroom

• Plants:

Rice Orange Wheat

Soybean Corn Potato

Tomato Tobacco Arabidopsis

Grapefruit Petunia Cotton

Lettuce Cucumber Sorghum



• Tastier

• Stress tolerant

• Promote productivity

• Composition (oil content, gluten free..

• Resistant to diseases, herbicides…



•Worms

•Insects

•Reptiles

•Amphibians

•Molluscs

•Fish

•Birds

•Mammals: mouse, rabbit, goat, rat, dog, pig, primate…

CRISPR-edited organisms



Mojica & Montoliu, Trends Microbiol. 2016

CRISPR-editing in animals 









Targeting Genetic Diseases

Cancer
Malaria
Albinism
Cataracts

Hemophilia
Cystic fibrosis
β-thalassemia

Retinitis Pigmentosa
Hypercholestorolemia

Neurodegenerative disorders 
Amyotrophic Lateral Sclerosis
Duchenne Muscular Dystrophy



Towards Gene Therapy



Editing Human Embryos



Clinical Trials in Humans
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Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Neuroscience, advance online publication, 10 Dec 2015 (doi: 
10.1038/nrn.2015.2)

dCas9

Much more than an editing tool



dCas9



dCas9



http://www.biology.emory.edu/r
esearch/Corces/Research2.html

dCas9



dCas9



Nature Rev. Microbiol. 2017



Feng Zhang



Molecular diagnostics
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