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Abstract

Clustered Regularly Interspersed Palindromic Repeats (CRISPRs) are

repetitive structures in Bacteria and Archaea comprised of exact repeat

sequences of approximately 21 to 48 bases long separated by unique

spacers of similar length. Multiple genes appear in conjunction with these

repeats, and are called CRISPR-associated sequences (CAS). The

spacers are often highly similar to fragments of extrachromosomal DNA,

such as phage or plasmid DNA. It was therefore suggested that the

CRISPR/CAS system participates in an antiviral response probably by

an RNAi-like mechanism. The gene composition of CAS systems was

studied extensively, and it was proposed that they could be divided into

types, according to their operon organization and gene composition.

However, the nature of the repeat sequences was not examined closely.

Here we analyze repeats from 267 organisms and demonstrate that there

are distinct families of CRISPR repeats, which occur preferentially with

specific CAS subsystems. While some CRISPR repeat families do not

form stable RNA secondary structures, many fold into distinct stem-and-

loop patterns, as confirmed by compensatory mutations in the stem

region. Finally, we find that similar CRISPR repeats can appear not only in

similar species, but also in organisms of different phyla and even different

domains of life, indicating an extensive horizontal gene transfer. Our

results suggest that secondary structures of CRISPR repeats have

functional importance, and that functionally different CAS systems co-exist

in the same cells.

Introduction
Clustered Regularly Interspersed Palindromic Repeats (CRISPRs)

are repetitive structures in Bacteria and Archaea comprised of exact

repeats of approximately 21 to 48 bases long separated by unique

spacers of similar length.

Results

Clusters

CRISPR repeats can be divided into clusters based on

their sequence similarity

GTTTGCCGCCGTGATGGCGGCTTAGAAATCGATGATCATCGACAGGAGCAGATCGCCCAC

GTTTGCCGCCGTGATGGCGGCTTAGAAACAGTGTCGCTCAGTCCGCCGACCAGATTCTTC

GTTTGCCGCCGTGATGGCGGCTTAGAAATCAACCGGAATCGCGTCTGCTTGTTCGAGGTC

GTTTGCCGCCGTGATGGCGGCTTAGAAATCGACGTGCCGAGCGACGACAGTTGCGATGCG

GTTTGCCGCCGTGATGGCGGCTTAGAAAACATCGTGGCGCGCCTTGATGAGCGCCTGCTC

GTTTGCCGCCGTGATGGCGGCTTAGAAATGCGCAGGCACCGCAGCGCCCAGGCCACCGAC

GTTTGCCGCCGTGATGGCGGCTTAGAAAGTGCAGGGCGAGGCGGCACGTGAATATCCCGA

GTTTGCCGCCGTGATGGCGGCTTAGAAAACGAATCTGGTCTGGCCCAGGCTGCAAGTCCT

GTTTGCCGCCGTGATGGCGGCTTAGAAATATCATGACCACCAATCGGTATACATGATCCT

Cluster 2

Cluster 3

Cluster 4

Cluster 5

Cluster 6

Cluster 1

Cluster 7
Cluster 8

Cluster 12

Cluster 9

Cluster 10

Cl 11

Cluster 1:

Unfolded

Mainly in Bacteria

Cluster 6:

Unfolded

Mainly in Archaea

Cluster 7:

Unfolded, short (25bp)

Mainly in Archaea

Cluster 2:

Folded, 6-7 bp stem

Mainly in Bacteria

Cluster 3:

Folded, 7-8 bp stem

Mainly in Bacteria Cluster 12:

Unfolded, long

Cluster 8:

Unfolded, long

Cluster 4:

Folded, 5bp stem Mainly

in Bacteria

Cluster 9:

Unfolded

Mainly in Archaea

Cluster 11:

Unfolded, short (24 bp)

Mainly in Archaea

Cluster 5:

Unfolded

Bacteria, Archaea

Cluster 10:

Unfolded, mainly Streptococci

Cluster 3

Cluster 4

Cluster 5

Cluster 6

Cluster 1

Cluster 7
Cluster 8

Cluster 12

Cluster 9

Cluster 10

C 11

Cluster 4

Cluster 3 
stem-loop 
structure

Cluster 2

Folding

CRISPR repeats have non-random RNA folding scores,

with a subset having highly stable structures. No difference

from random observed in folding patterns of spacers.

Sequence and structure conservation

Some clusters have strong sequence conservation

patterns, as well as compensatory mutations, indicating

conserved secondary structure.

Structures

Conserved stem-loop structure is present in some clusters,

while not in others. Not all CRISPR repeats have

palindromic signal.
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Protein Machinery

Preliminary results

indicate that each repeat

type is associated with a

protein machinery of a

distinct composition.

The tree is constructed

based on composition of

CAS genes near each

CRISPR array.

Clustering by CRISPR

type and not phylogeny is

observed.

Summary

Our results suggest that CRISPR repeats can be divided to

types, that differ by their sequence, folding patterns and

associated protein machinery.CRISPR repeats are associated with a collection of up to 45 gene

families called CRISPR-associated sequences (CAS)
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The spacers are derived from extrachromosomal elements such as

plasmids or phages. This lead to a hypothesis that CRISPRs are a

form of ‘Prokaryotic Immune System’, a mechanism to

sample, maintain the record of and destroy invasive DNA that the

cell has encountered.
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