Mechanisms of RNA-mediated regulation

CRISPR revisited: structure prediction of CRISPR repeats B
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Biological function CRISPR mechanism Summary

Spacers

Prokaryotes are known to acquire immunity LN\ We apply two approaches to characterise

against phages and viruses through a widely r o N S the sequence-structure motif to which the
conserved RNA-based gene silencing CA> genes reader NI Cas protein binds.

pathway. This mechanism involves the non-
coding RNA, called Clustered Regularly = (1) Large-scale clustering of all CRISPR
Interspaced Short Palindromic  Repeats - { /j repeats into sequence-structure families.
(CRISPRs), illustrated to the right. |

Phage proliferation, cell death

(2) Analysis of the repeat structure in the
context of the spacer sequences.

Phage suppressed, viable cell

The CRISPR transcripts consist of a leader
sequence followed by an array of alternating
-+repeat and spacer sequences. The spacer
sequences have been found to match foreign lewspacerfomphage —
virus or plasmid DNA.

We compare our results from structure-

based clustering to previously published

sequence-based clusters. We have already

Transcription identified 4 novel structured classes and
expect to detect more.
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A set of CRISPR-associated (Cas) proteins is —_
often located in close vicinity of the CRISPR Processing by Cas proteins A substantial effect on the repeat structure

array. These proteins guide the targetin . . L
mecxflwanism anpd ac uirg additional sgacegr ety 's visible when considering the context
segquences from newqinvaders p _L durlng StrUCture predlCthﬂ. We h|gh||ght

g - Phage mRNA or DNA that the minimal free energy structure is not

One Cas protein (endonuclease) binds to the e A or DA always the most dominant. We further
propose a hypothetical processing order by

CRISPR array at a stem-loop motif in the . L
repeats and cleaves the precursor into small investigating the accuracy of structure
mature crRNAs, ready for targeting. Sorek et al., Nature Reviews Microbiology 2008 candidates at each repeat position.

Classes of sequence-structure families

pluster 2 o Cluster 6. Left: A modified figure from Kunin et al.
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Unfolded Unfolded which no common structure have been
Bacterial v. AaR rchaea
— /. = reported.

Cluster 3: '1."'::':_-" " i N | ; ,\Cc e -
E‘;ﬂi‘i’m '"'}ZEZ:::E.’:'}.° N .. ¢ Right: We re-clustered the same
i « ‘ CRISPR repeats with LocaRNA and find
structures for 4 of the previously 6 clusters

X
Cluster 11 BN A 2l p e/ unstructured classes. clsterd GF==
Unfolded . L= ¥ g’ L Ir:lusterS %_
\&rchaeal o T for 6 out of 12 clusters: X cluster6 ==

o

O

In many cases, the consensus structure cluster7 52—
NO structure found . ’
only includes a subset of the CRISPR

cluster9

bl bl f{ﬁﬁmm repeats found in the original classes. chsterlo
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Archaeal Cluster 4: In future clustering approaches we will justucued %
! A Unfolded ﬁh”fiﬁﬁédg Bacterial 4 consider the orientation and include the ™™ =

Unfolded
Bacterial influence of the precursor context on ‘imerdrde: .
the repeat structure (see below). (Kunin et a1

Outer circle:
LocaRNA detected structured classes

Archaeal

Kunin et al., Genome Biology 2007 LocaRNA: Will et al., PLOS Computational Biology 2007

CRISPR structure prediction: the influence of context sequences

Right: The dotplots efficiently il Right: We see a section of the dotplot
illustrate the influence of the con- ¢ - . « ¢ from the local folding with RNAplfold Folding the direct repeats within the context of their spacers using a local approach
text on the repeat structure. Each and 3 candidate CRISPR structures. To L s

dot in the lower triangle represents identify the most likely structure motif
a base-pair in the minimum free we analyze the accuracy profile of the
energy (MFE) structure. The dots in CRISPR array below. Each bar presents g
the upper triangle present: the mean base-pair probability of a .:._;,L“

, candidate. This profile may help In 4
A) Base-pair probabilities ot the determining a prcl)ocessing or>cller ofthe 3'5::”:""“:: MFE stermrloop 5" stem-loop

structure ensemble of the direct mature crRNA, i.e. the order of RNA

repeat folded by RNAfOId Bf}:\‘:r‘;“;‘;;S‘i“;‘:‘3:ﬂﬂbﬁ;k;:izi:;;ﬁ:f;&“ﬂ;igﬁnz Base-pair accuracy profile accross the entire CRISPR array gives us a more detailed insight
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MFE stem-loop
We see clearly that the MFE structure 081  3'stem-loop
nearly disappears when folded within
the context. Instead, the 5bp stem-

loop at the 5'-end of the repeat ;04
becomes more dominant in the con- 0y
text of the spacers. In addition, its t‘ I‘ l “ & | I

shape fits best to previously published . — —— — o
CRISPR Stem-lOOp StrU CtU res. Position in CRISPR array
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B) Average base-pair probabilities
over all repeat positions in the
entire CRISPR array, folded locally
with RNAplfold.
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Base-pair accuracy

RNAfold: Hofacker et al., Monatshefte fur
Chemie 1994

RNAplfold: Bernhart et al., Bioinformatics 2006

oYY YD ONNY2NNYYNNYYYEY2R2YNEIONIV¥Y2oNanD

[ .
OYYYDONNYONNYYNNYYYEYDR2YNEONIVIONaND

GUCUCCACUCGUAGGAGAAALUAAUUGAUUGGAAAC

gefordert durch die:

GEFORDERT VOM A C §

Bundesministerium
35" FORSYS
und Forschung b I o S S

4
2% zbsa
. 3- -~
4 biosystemanalyse

Research Units for Systems Biology



	Slide 1

