
CRISPR SYSTEM
Applications of CRISPR systems 

analysis in the context of 
metagenomics



Components of the CRISPR-Cas systems 
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1. Acquisition

crRNA

Invader genomeImmunity
Acquired

2. Expression

3. Interference

Protospacer

The CRISPR-Cas pathway
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Multiple systems in a genome
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Almendros  et al. mBIO.  In press



Origin of Protospacers

Mojica et al. J. Mol. Evol. 2005



CRISPR-Cas  I-F

Origin of Protospacers



Origin of Protospacers

CRISPR-Cas I-E
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Incidence of spacer donors
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Preference for spacer donors

Díez-Villaseñor et al. RNA Biology 2013
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Silencing of I-E

Constitutive expression of I-F

Target motifs affecting natural immunity by a constitutive CRISPR-Cas system in E. coli
Almendros, et al.  PLoS ONE 2012

CRISPR4.1  array                      cas-F  genes                                                        CRISPR4.2 array

Leader cas1-cas2/cas3     csy1-csy2-csy3-cas6f  Leader

The on-off switch of CRISPR immunity against phages in E. coli . Mojica and Díez-Villaseñor. Mol Microbiol. 2010

Activity



The Protospacer Motifs

Required for Spacer Acquisition: SAM

Recognized during Target Interference: TIM

PAM

Mojica et al. Microbiology. 2009



CRISPR-Cas publications



Applications

 Molecular markers for Typing
 Epidemiology

 Generation of virus-resistant strains
 Targeting specific viruses

 Increase chromosomal stability and integrity
 Targeting transposons

 Reduce the harmful potential of pathogens
 Vaccination against antibiotic resistance uptake

 Regulation of gene expression
 RNA-targeting

 Genome engineering: specific programmable cleavage of genomic DNA
 Gene disruption, replacement.

 Insights into microbial population diversity and dynamics
 Metagenomes



Metagenome/CRISPR analysis

• Diversity of CRISPR-Cas elements

• Fast evolution of spacer content
• Snapshots of invaders
• Chronological record
• Adaptation to resistant mutants

Host and transmisible elements diversity

Host-virus interactions

Metagenomic Information



General process

Identification of 
• Cas
• CRISPR
• Spacers
• Protospacers
• PAMs



Crass: identification and reconstruction of CRISPR from unassembled 
metagenomic data.

Skennerton et al. Nucleic Acids Res. 2013

CRISPRFinder: a web tool to identify clustered regularly interspaced 
short palindromic repeats.

Grissa et al. Nucleic Acids Res. 2007



 Biogeographic and temporal diversity: “Strains from different locations are distinct” “Hosts and viruses evolve rapidly”
 Rapidly evolving CRISPRs implicated in acquired resistance of microorganisms to viruses. Tyson GW, Banfield JF. Environ Microbiol. 2008
 Diverse CRISPRs evolving in human microbiomes. Rho M, Wu YW et al. PLoS Genet. 2012
 Analysis of streptococcal CRISPRs from human saliva reveals substantial sequence diversity within and between subjects over time. Pride DT et al. . Genome Res. 2011

 Evidence for epidemic infections by a single virus: “independently acquired spacers from a virus”
 CRISPR associated diversity within a population of Sulfolobus islandicus. Held NL et al. PLoS One. 2010
 Virus population dynamics and acquired virus resistance in natural microbial communities. Andersson AF, Banfield JF. Science. 2008

 Identification of novel mobile genetic elements
 Metagenomic analyses of novel viruses and plasmids from a cultured environmental sample of hyperthermophilic neutrophiles. Garrett RA et al. . Environ Microbiol.

2010
 Use of cellular CRISPR (clusters of regularly interspaced short palindromic repeats) spacer-based microarrays for detection of viruses in environmental samples. Snyder

et al. Appl. Environ. Microbiol. 2010

 Identify virus-host pairs
 Using CRISPRs as a metagenomic tool to identify microbial hosts of a diffuse flow hydrothermal vent viral assemblage. Anderson RE et al. FEMS Microbiol Ecol. 2011
 Reconstructing viral genomes from the environment using fosmid clones: the case of haloviruses. García-Heredia et al. PLoS One. 2012

 Virus-host interactions
 Germ warfare in a microbial mat community: CRISPRs provide insights into the co-evolution of host and viral genomes. Heidelberg JF, et al. PLoS One. 2009
 Rapidly evolving CRISPRs implicated in acquired resistance of microorganisms to viruses. Tyson GW, Banfield JF. Environ Microbiol. 2008
 Evolutionary dynamics of clustered irregularly interspaced short palindromic repeat systems in the ocean metagenome. Sorokin VA et al. Appl Environ Microbiol. 2010

CRISPR and Metagenomics



Emerson et al. Archaea, 2013

Virus-host and CRISPR dynamics in Archaea-dominated hypersaline
Lake Tyrrell, Victoria, Australia.

“Low-abundance viruses are targeted
by

conserved spacers”

“They are more stable than
(highly dynamic) higher abundance viruses”
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CONCLUDING REMARKS

 CRISPR reveal relevant features about host and virus communities.

 They have contributed to shed light on host–viral interactions.

 These studies will be enhanced by metagenomic and virome data:
 from a variety of environments
 across spatial scales
 over time

 Environments with low microbial complexity are ideal.

 The missive that CRISPR-Cas are a defence system against viruses is 
an oversimplification. 


