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•  The CRISPR structure carries the memory of past 
encounters with foreign, non-self DNA: the 
spacers 

•  Upon re-invasion by phages or plasmid 
sequences, an interference system attacks and 
destroys the invader 

•  Autoimmunity is prevented by a specific 
recognition signal in the protospacer, the 
Protospacer Adjacent Motif (PAM) 

The CRISPR-Cas system: a 
prokaryotic immune system 



Structure of a CRISPR–Cas locus 

•  Repeat size: 24bp to 50bp 
•  Repeat+ spacer size: 60-75bp 
•  Present in the majority of archaea and 50% of bacteria 
•  When several CRISPRs with the same DR are present, only one group of 

cas genes is associated to a CRISPR 
•  CRISPR-Cas diversity inside a species 

–  Repeat sequence 
–  Number and variety of spacers 
–  Number and variety of CRISPR-Cas systems 
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Assessing the presence and polymorphism 
of CRISPR-Cas systems in sequenced 

genomes 

•  Dedicated programs to identify CRISPRs 
–  CRT 
–  Piler CR 
–  CRISPRfinder 
–  Pygram  

•  Databases 
–  CRISPRdb 
–  CRISPI 

 



CRISPRs web-server 
Université Paris-Sud 

 
http://crispr.u-psud.fr/ 

•  CRISPRfinder: a software and tools to identify CRISPR 
and analyse their components 

•  CRISPRdb: a database of CRISPRs from published 
genome sequences 

•  CRISPRcompar: tools to compare CRISPRs in different 
genomes and create a dictionary of spacers 

 



CRISPRfinder Workflow 
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CRISPRfinder 

http://crispr.u-psud.fr/Server/CRISPRfinder.php 





1   AGGTTTTGCTGCCTTTTCGGCGGGTAT C   TCAAAGTCAACTTGTAAATGACGATTTTCACG     32   
2   ATTTTCAGCTGCCTATTCGGCAGGTCA C   AGTTTGGGGCTGAGTTTGCCATTTTCCTAAAT     32   
3   ATTTTCAGCTGCCTATTCGGCAGGTCA C   GATGAAGCAGACCACCTCGATTACCCCACGCT     32   
4   ATTTTCAGCTGCCTATTCGGCAGGTCA C   ACTATTTATCAAGACCTTCTTTAAAATCAAAC     32   
5   ATTTTCAGCTGCCTATTCGGCAGGTCA C   AGTTTGGGGCTGAGTTTGCCATTTTCCTAAAC     32   
6   ATTTTCAGCTGCCTATTCGGCAGGTCA C       

(4626121) 

(4626448) 

 **  **       *      *   ** 

Shewanella sp. ANA-3 (CRISPR_2) 
 

Sulfolobus tokodaii str. 7 (CRISPR_2) 
 

    

7   GATGAATCCCAAAAGGAATTGAAAG   TGATTGATCACAATGAGAAGACTGTAAAGCTGATAAAC    38   
8   GATGAATCCCAAAAGGAATTGAAAG   TGTTGAGGCATAAATTAATCTATCCTTAATGAAAAAT    37   
9   GATGAATCCCAAAAGGAATTGAAAG   TTCTTCCTCAGCCTCCATTTTGTTTATGATTTGTAGTGCC    40   
10   GATGAATCCCAAAAGGAATTGAAAG   TTCAATAATCTCTATCTTTCCAAAATCTGTAAATGAAGAC    40   
        
        109   GATGAATCCCAAAAGGAATTGAAAG   AAAGCACAGTCAATAACGTTATCTGGTATCATATTATCAAA    41   
110   GATGAATCCCAAAAGGAATTGAAAG   CTTTCT CCTTCCCTCTGATCTCTCGCTGAATTGAAAAGA    39   
111   GATGAATCCCAAAAGGAATTGAAAG   GTAAGTATTGATGCTAACATTGACTTCGCTGTCCCAGGGGC    41   
112   GATGAATCCCAAAAGGAATTGAAGG   AAGTATAATAACGATAGTACTAAAATTAATTGATCC    36   
113   GATGATTCTCAAAAGGAATTGATAA            *  *             ***    

(32702) 

(39896) 

Confirmed CRISPRs 

23-55pb 0,6-2,5 X DR 



False CRISPR looking true 

Ice nucleated protein InaA 
Xanthomonas campestris 
Pantoea ananatis 



True CRISPR looking false? 

Type I-E system 
cas1 and cas2 missing 



  The CRISPRs database (CRISPRdb): 
CRISPR, DR, spacer repertoire from published 

genomes 
 



Identification of CRISPRs  using the CRISPRfinder  program 

Searching Genbank  
annotations for cas genes   



Searching for Cas genes by BLAST 



Accuracy of the database 

•  The parameters used to define CRISPRs 
are essential 

•  An examination of each CRISPR is 
necessary to eliminate false structures 

•  Short CRISPRs (1 or 2 spacers) cannot be 
easily confirmed 
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Characteristics of the DRs and spacers in 
CRISPRdb 



Classification of DRs 

Phylogenetic relationships 



The private database 



CRISPRtionary and CRISPRcompar 



The CRISPR webservice 
perspectives 

•  Improvements  
– database update 
– automatic quality tests 
– CRISPRfinder download 
– Access to data in the database 
–  Increase the capacity of MyCRISPRdb 

•  New developments 
– Analysis of metagenomic data 
–  Identification of protospacers 



Past and future of the 
CRISPRwebsite 

•  Created by a PhD student, Ibtissem Grissa 
(2006-2008) on a GPMS’ team server 

•  Transferred to a server at eBio by Christine 
Drevet in 2010-2011 

•  Regularly updated, maintained and improved 
until now by C. Drevet 

•  GPMS team cannot further maintain/develop the 
site due to lack of specific funding  

•  Help needed to keep the resource working 



•  Update 
–  ftp://ftp.ncbi.nih.gov/genomes/Bacteria/ 

 



A single family of DR >40bp, all associated to type II system (cas9/csn1) 

The majority are bacteria of the Bacteroidetes phylum 

Alignment with shorter DRs associated to type II system 

S. pyogenes 


