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Overview:
@ CRISPR Repeat Structure
@ Analysis of Leader Sequences
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Cluster Analysis of CRISPR Repeats

Cluster 2;  o~o_ o
Folded  § = 59588280% 4 | Gﬁ Onfolded. GA
Bacterial > MV W !!..MU»AL] A,‘LA, Archaeal

1

Cluster 7:
G Unfolded

,,::::!:: xxxxxxxxxxxx Archaeal

Cluster 3

grial
. -_...'_ .-..-- N\ 54 I - . )
Folded L | N - TNGZ £ %
Bacterial ~ e O ate Cenr T
i % =< Cluster 12: eb‘&x
TS TR BRAEL B
S Lt - Jezefeel o © o ogfeadial . X Bacterial

T b (e

Cluster 11:

Uil SRy o AR P
:caauﬂu,_.megeu;eeane,. Lt T NE )
ume s Yo it § o
Folded % MAA% f : e e s,

ot ) e L3
Whosbihll ghme < gEm S

RO T e T )



Cluster Analysis of CRISPR Repeats £
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Cluster Analysis of CRISPR Repeats
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What is the Structure of a Repeat?

@ example: 3 repeats
of CRISPR array

@ problem: sub-optimal
structures

[Will et al: PLoS Comp. Bio 07]
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GUCUCCACUCGUAGGAGAAAUUAAUUGAUUGGARAC

[Will et al: PLoS Comp. Bio 07]
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What is the Structure of a Repeat?

@ example: 3 repeats
of CRISPR array

@ problem: sub-optimal
structures

@ LocaRNA: alignment
of dotplots

[Will et al: PLoS Comp. Bio 07]
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Seq.-Struct. Clustering of CRISPR loci £

CRIPSR: SE

@ archaeal and bacterial genomes
from CRISPI and CRISPdb

e CRT tool and CRISPRfinder

e total: 2020 crispr arrays in 670
genomes

o clustering with LocaRNA

Cas-Genes:
e 45 CAS gene families (Haft et

al.)
o search 20kb flanking regions

Results:

@ Archaea and Bacteria in separa-
ted subtrees.

@ perfect match with cas subty-

ping ﬁ
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Seq.-Struct. Clustering of CRISPR loci £
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CRISPR3 from Synechocystis

e MFE structure as well as 5'/3" alternative structures
@ 5' structure more dominant when folded in context of spacers

A) Base-pair probabilities of repeat without context B) Average base-pair probabilities over ALL positions
GUCUCCACUCGUAGGAGAAAUUAAUUGAUUGGAAAC GUGUGGAGUGCGUAGGAGAAAUUARUUGAUUGGARAG
.

VY YEONNYONNYYANYYYOYODYNOONOYION NS
OVVY9ONNYONNYYANVYY2YD2YNDONOY00oNaND
OYYYOONNY¥ONNYYANYYYOYSOYNDINIYOON N
DYYYOONNVYONNYVYANVYYIYIDYNDONOYOONOND

GUCUCCACUCGUAGGAGAAAUUAAUUGAUUGGAAAC GUCUCCACUCGUAGGAGAAAUUAAUUGAUUGGAAAC
0

@ resulting structure: agreement
with conserved structure in
cluster tree




Which Structure is Correct?

@ observation: different qualities =-different processing order?
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Which Structure is Correct?
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@ observation: different qualities =different processing order?
expected accuracy

Aocuracies of  selecton o repeats for CRISPRS

Structure 2:
low quality high quality high quality low quality Ropest sartog osiion

Structure 1: Structure 2: Structure 1:
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Which Structure is Correct? §
o

@ observation: different qualities =different processing order?
expected accuracy

uuuuuuuu selecton of repeats for CRISPR

Ropeat on

Structure 1: Structure 2: Structure 1: Structure 2:
low quality high quality high quality low quality

@ comparison with deep sequencing data

(Sulfolobus solfataricus)

1234 000 bp 1235 000 bp
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Problems so Far

@ nice to find peaks

@ required for statistical significance:
correlation structure quality <> sequence reads

@ However: processing order makes troubles
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Quantification and Processing Order
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Quantification and Processing Order

BU

-
@ question: how to correlate structure quality with sequencing reads? =%

number of reads
relates to structure
quality of which + ﬁ ﬁ
structure?
?W
N+ T+

@ could be measured with correlation
@ now: correlation between what? ﬁ




Example of Read Pattern
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What Can be Done?

possible solution 1: different protocoll
@ new sequencing data from Wolfgang Hess
@ only longer sequences, longer than one repeat
@ probably better reflection of first cleavage site

possible solution 2: different question
@ what happens to fully processed spacers

= investigation of degradation

possible solution 3: design experiments (Lennart Randau)



Solution 1: Different Protocol
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CRISPR3 of Synechocystis sp. PCC 6803
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Solution 1: Different Protocol

CRISPRS of Synechocystis sp. PCC 6803

93,000bp

10-0.00]
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Spearman’s correlation coefficient 0.58, p-value=0.011
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Solution 1: Different Protocol

CRISPRS of Synechocystis sp. PCC 6803

93,000bp

10-0.00]

L
EREEERENREEERREEEEER

1 3 56 8 10 L 1 16 1
>

EEEEEEENEREEEEEEERERE
20 2 24 26 28 30 R 334 36 30

Spearman’s correlation coefficient 0.58, p-value=0.011

@ why only correlation in first eighteen?
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Solution 2: Different Question
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@ observation found read pattern for processed spacers

e some always full length, others only part = degradation?

e hence: look only on reads that cover at most one spacer

e question: what is the fraction of full length/degraded spacers
B ! o ! e
(BT

T IlIIlI-l.I..III-II-I-I-.-l.llll-.--ll.

[0-1547]
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Solution 2: Different Question
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@ observation found read pattern for processed spacers

e some always full length, others only part = degradation?
e hence: look only on reads that cover at most one spacer
e question: what is the fraction of full length/degraded spacers

90,0007 91,000bp 92,000 bp
| | | | |

[o-21]

T IlIIlI-l.I..III-II-I-I-.-l.llll-.--ll.
S I T T 1 P e W ]|
T0-1547]

EEEEFEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEE
135 5 7 % 11 13 15 17 1% 21 23 25 2T 28 31 3 % 37 39

e found: high correlation to structured-ness of spacer
stuctured-ness = low overall ensemble energy
@ Pearson's correlation coefficient r=0.56 (p-value=0.00025). ﬁ



Solution 3: Combinatorial Library
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@ idea: get rid of position effects and precursor problems
@ hence: look always at the first two spacers

leader ﬁspaceﬂ 13 spacer2 E? spacer3 S? spacer4

PN

...... leader ﬁspaceﬂ spacer2 leader

______ spacer2 spacer1

leader || spacer1 S‘?spacerS leader ﬁ spacer3€?spacer1

leader E? spacer3 E?spacem leader spacer4 E? spacer3
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CRISPR Leader

@ 24 leader sequences (Crenarchaeal CRISPR - S.solfataricus and
S.islandicus strains) with 200 nt (Shah et al.,2010)}

@ Cluster based on sequence similarity (Blastclust)

e Goal

Ssol98_127
—{{ssowz,«)s
SsolP2. 32

SisIM164_80

SisIM164_61
SisIM1627_99
SisIM1627_67
SisIM14_28
SisIM14_117

SislYG_30

SisILD_115
SisILS_124

e Looking for secondary structure motifs.

1Shah SA, Garrett RA. CRISPR/Cas and Cmr modules, mobility and evolution of adaptive immune systems,Res

Microbiol. 2011 Jan;162(1):27-38. Epub 2010 Sep 21
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CRISPR Leader

o RNAMOTID: accuracy-based detection of local RNA elements
@ 30 structure motifs are found.

o Cluster based on sequence structure similarity (LocaRNA).
i [l Com o oo s 000 )

cluster
cluster2
Inner circle:

LocaRNA detected structured classes
Quter circle:
Cas subtype
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CRISPR Leader

o RNAMOTID: accuracy-based detection of local RNA elements

@ 30 structure motifs are found.
o Cluster based on sequence structure similarity (LocaRNA).
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CRISPR Leader 5
z

o RNAMOTID: accuracy-based detection of local RNA elements
@ 30 structure motifs are found.
o Cluster based on sequence structure similarity (LocaRNA).
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@ validation: via covariance model using INFERNAL.
@ it is specific for leader sequences ﬁ



Conclusion
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e structural clustering: evolutionary conserved structure
@ structure quality and correlation of spacer reads
e surprise: correlation of (putative) degradation and spacer structure

e structural motif in leader sequences
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