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Applications of CRISPR systems
analysis Iin the context of
metagenomics



Components of the CRISPR-Cas systems
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The CRISPR-Cas pathway
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Multiple systems in a genome

CRISPR-Cas I-E
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Intraspecific diversity
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Origin of Protospacers

Spacers Phages Plasmids Other
(4500) (46) (10) (31)
Chlorobium tepidumTLS 62 1
Clostridium tetani Massachusetts E88 62 1 6
Corynebacterium efficiensYS-314T 22 1
Escherichia colif ECOR42 14 1
Escherichia coli ECOR44 10 1
Escherichia coli ECOR47 17 1
Escherichia coli ECOR49 11 1
Listeria innocuaClip11262 9 3
Listeria monocytogenes EGD-e 4 1
Methanothermobacter thermoautotrophicus AH 169 9
Mycoplasma gallisepticumR 71 1
Neisseria meningitidisZ2491 (serogroup A) 16 4
Photorhabdus luminescens laumondiiTT01 65 7 3
Porphyromonas gingivalisW83 44 4
Pyrobaculum aerophilurmIM2 129 1
Salmonella typhimurium|T2 SGSC1412 57 1
Shigella sonnei 53G 3
Streptococcus agalactiaeNEM316 13 1 1
Streptococcus agalactiae2603V/R 25 1 1 3
Streptococcus pyogenes M1 GAS SF370 9 8
Sulfolobus solfataricus P2 424 6 3
Sulfolobus tokodaii 7 471 2 2
Thermoanaerobacter tengcongensisMB4T 306 5
Yersinia pestis CO-92 (Biovar Orientalis) 16 4

Mojica et al. J. Mol. Evol. 2005




Origin of Protospacers

CRISPR-Cas I-F
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Origin of Protospacers

CRISPR-Cas I-E
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Incidence of spacer donors

Genetic Element > 90% Identity | % Spacers (950)

Enterophages 67 7%
Prophage SE11-6 42 63%
Other phages 25 37%
Plasmids 29 3%
Other 16 2%
Total 112 12%
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Preference for spacer donors

High-copy

Low-copy
number

Diez-Villasenor et al. RNA Biology 2013



Activity

Silencing of I-E

ENEREDEE.

CRISPR

H-NS Binding site H-NS Binding site

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

Constitutive expression of I-F

CRISPRA4.1 array cas-F genes CRISPR4.2 array
Leader casl-cas2/cas3 csyl-csy2-csy3-cas6f Leader

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



The Protospacer Motifs
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CRISPR-Cas publications
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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

Metagenomic l Information

Host and transmisible elements diversity

Host-virus interactions



General process

Environment
(Hotsprings)

Sample
(Microbial mat)

Host Cells

Samples collected from

+A single population
«Across temporal dimensions
-Across spatial dimensions
-Biogeographically defined
areas

Microbial
community

Disruption/Centrifugation/Enrichment

Viral Particles

Metagenome

Virome

Analysis

Identification of

Cas

CRISPR
Spacers
Protospacers
PAMs



CRISPRFinder: a web tool to identify clustered regularly inters

CRISPRS dotabase
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Grissa et al. Nucleic Acids Res. 2007
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Crass: identification and reconstruction of CRISPR from unassembled

metagenomic data.

Skennerton et al. Nucleic Acids Res. 2013
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Skenneron, C. T, melton, M. & 6. Tysn. (2013)
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Crass: The CRISPR Assembler

Crass is a program that searches through raw metagenomic reads for Clustered Requiarty Interspersed Short

Palindromic Repeats

News
Version 0.3.6 has been released with two bug fixes

Read more »

Viewon Github | Download

Publication

Crass nas been published in NUCeic Acids

Research

Read the paper here

The CRISPR File

Format

Crass OUIULS & standard xm file tat gescribes al
of the CRISPRS that it discavers. This file format is

open source and Is being developed to faciliate the

interchange of CRISPR data between oiferent

research graups

Find out more »



CRISPR and Metagenomics

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. Garcia-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



“Low-abundance viruses are targeted

by
conserved spacers”

$

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

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

Emerson et al. Archaea, 2013



Newer

Older

| | ol | | [ee] 2] 0 82
| 1 | 8c
£ JCEl ) 0B 82
I Rl acr
£a1
acl
| | 2 P S B 2
L 111
L1
8ct




Newer Older

LI | SiI
1L 1 1 (AT
LI SIL
LiL
ELL § TIK | SIK
ELL 111
IS EIL LI
QL0 § RSf | MK | AL
Rl BLI | 1K § 0o L |
L dELL Ik Ll
| 2
2L |y
Tel |l dELL [ 44
[} BLL
I=]wle=] 1 | w | @ D & 52 | e % | e
TT | BEL | TEL J4RER] AT R 0| Bl o B - 153
e Qeer | Ter | LL] A = 2
or Jeer | rer | e |8 o2l ; T =1 e
=l e
1 | | | | 5
C I 11T 1T 1T =N 1T T 1 11
LRl | Ief | ool . TEL | &L 18l
| | | | T It
gn | e Tl 3
K w2
T3 i L L]
i 1 (40 § =9 § L] Il L ]
IEL TTl Tl I ITI L1
[ Tl I T i

0 o A o D



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.



