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Chapter

Introduction

We propose a web user interface to explore the CRISPR’s database at various levels, a Blast interface
to extract information from this database and the possibility to find CRISPR structures in a personal
sequence.



Chapter 1. Introduction
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Main page

The main page of CRISPI contains three search forms divided into two sections: search parameters
on the left and help messages on the right. Help messages are hidden until some values are typed in
form’s fields or the mouse is over the field or the question mark. Three search forms are available : the
first one to consult the CRISPR database, the second to run BLAST on a personal sequence against
the CRISPR database and the third to find CRISPR in a personal sequence.

Figure 2-1. The CRISPI main page.

The World of CRISPR

User Manuel

User Parameter

Consult CRISPR Database

Database Summary

G [+ found G without CRISPR Units found | Spacers found Putatifs genes CAS
Archasa 53 291 4 5855 5664 948
Bacteria 731 1990 134 23123 21133 1]
Last Update = 2008-11-04 11:41:16
Genome selection
 Namo I
%" Select genome Select a genome j
- Taxonomy browser
Display Crisprs.
Blast a personal sequence against CRISPR database
s Sequence type f°-DNAf_.F'rote|n
=
& Paste your sequence
(fasta format)
I Or give your sequence file name : l Parcourir..

N againstdatabank spacers database j
s Modify Blast parameters

Blast

2.1. User Parameters

Help

Upload your sequence file.

In this area, you can enter an email address. It will be used by CRISPI to send you a message at the
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Chapter 2. Main page

end of the job. The email message contains a reference to a confidential result file that can be accessed
for 10 days before deletion. Note that this option is only available for the BLAST and Find CRISPR func-
tions : consulting the CRISPR database requires no computation and results are immediately available
through the interactive viewer. Entering an email address is optional, but is recommended. Providing
your email address ensures that CRISPI will always inform you on job termination.

2.2. Consult the CRISPR Database

Microbial genomes have been pre-processed for an efficient search of particular CRISPRs structures.

2.2.1. Database summary

This table summarizes the statistics of the database and provides a global overview of CRISPRs
present in the database.

Figure 2-2. The database summary

Database Summary

Genomes analysed CRISPRs found Genomes without CRISPR Units found | Spacers found Putatifs genes CAS

Archaesa 53 291 4 5355 G664 948

Bacteria 73 1990 134 23123 21133 o

Last Update =2008-11-04 11:41:16

2.2.2. Genome selection

Microbial genomes can be selected in four ways :

- By entering the accession number.

By entering the genome name (or a part of it).

By selecting a genome in the genome list (lexicographically sorted).

By selecting a genome in the taxonomy browser.

Figure 2-3. Select a genome

Genome selection

" Accession number

" Name

|
|
% Select genome I Selecta genome j

(o Taxonomy browser

Once all parameters have been edited, click on the [Display Crisprs] button to go to the next page.
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2.3. BLAST a personal sequence against the CRISPR
database

2.3.1. BLAST parameter selection

The query sequence must be in Fasta format (DNA or Protein). One can either paste the query se-
quence into the input field or upload it from a file on the local machine (files with multiple sequences are
allowed). BLAST can be launched against units or spacers. For protein sequence, a preferred substitu-
tion matrix must be specified. Default BLAST parameters have been optimized, be careful if you modify
them.

Figure 2-4. BLAST parameters

Blast a personal sequence against CRISPR database

&Y Sequence type O pMa @ Protein

&7 Paste vour sequence :
(fasta format)

&7 Or give your seguence file name

&7 against databank |spacers database v |

A Matrix V|
&7 Modify Blast parameters
= eValue: 0.1

= Word size :

= Gap open cost :
@ Gap extension cost :
= Low complexity :

“ Blast again with new data

sBBIE 2
i
3
[
=
(=
[

2.3.2. BLAST results
The BLAST result page is cross-linked with the CRISPR database.
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Figure 2-5. BLAST results

BLAST results BLASTH 2.2.15 [0ct-15-2006]

[Your parameters : Reference:

Altschul, Stephen F., Thomas L. Madden, ALlejandro L. Schaffer,

Jinghui Zhang, Zheng Zhang, Uekhb Miller, and David J. Lipwan (1897),
"Gapped BLAST and P3I-BLA3T: a new generation of protein datshase search
programs'™, Nucleic Acids Res. 25:3389-3402.

(7] Datsbank : Spacers Database
(@ Sequence type : DNA
@ evalue ;1

(7] Word size : 6

(@ B=p open cost ; 1

(@ Gap extension cost © 2
[Fl Lowr complexity : F Query= gi|51980126|ref|NC_006268.1] Sulfolohus virus 3TAV1,
complete genome

[Your results : (75,294 letters)

Results BLAST (html for m=at

Results BLAST (text for mat)

Databhase:

/homwe/ genouest/bioinfo/ Serveur-

GPO/outils/repeatsinalysis/CRISPR/ spacersDEL
5817 sequences; 233,100 total letters

= o T 1 T done
Score E
Zequences producing significant alignments: ibits) WValue
NC 009440 etallosphasra sedula DSM 5348|CRISPR no 2 spacer 25 from 1098879 to 1098922 38 o0.045
NC 754 Sulfolobus solfataricus PZ|CRISPR no 4 spacer 13 from 1306414 to 1306455 35 0.045
S fnofrr  crcvbetae P e £ Ferwe 594055 es ssinon R
List of Crispr for genome Metallosphaera sedula DSM 5348
Genome info
Metallosphaera sedula DSM 5348 Kingdom : Archaea
RefSeq : NC_009440 Graphical view of genome
Sequence size 1 2191517
4 CRISPR 20 putatives genes CAS
Genomic region arround CRISPR 1
Select all Clear all Download selected genes
[ CONSENSUS NB
BEGIN END NAME STRAND SUBTYPE = eVALUE
| sequence size|[ UNITS
| ‘1073299 |1 074216||Msed_1137 hypothetical protein ‘ g'f;ﬁ'a“”“ate” protein Gass | | ‘1 1e-07
Msed_1140 CRISPR-associated HD domain- CRISPR-associated HD domain protein
O ‘m?ﬁ% |1D?7943 containing protein ‘ (Casd) | ‘2 Te-ld
Msed_1141 CRISPR-associated helicase Cas3 CRISPR-associated helicase Cas3
] ‘mngm |m?9413 2 mily protein pratein ‘ (cas3) | | ‘1 fie-41
Msed_1142 CRISPR-associated Casa family CRISPR-associated protein Cass, Apetn
O ‘10?9402 |1I]BD127 protein ‘ subtype (Apetn) | ‘1 fe-36
Msed_1143 CRISPR-associated autoregulator CRISPR-associated regulatory protein,
— -
O ‘msm & |1 OB1098 |0y Tarmily pratein protein ‘ a2 family (apern | | ‘5 2130
Msed_1144 CRISPR-associated RAMP Csasd CRISPR-associated protein, Csad family
— -
O ‘1081125|WDBNBD 73 mily protein ‘ |(Apern) | | ‘B 4e-17
1 [ lit=ad 1144 nRISPR-A=nriatad NbA-hindinn [ [RRISPR InFuia-relatan MA-hindina [ [ [

2.4. Find CRISPR in personal sequence

The query sequence must be in Fasta format (only DNA sequences are allowed). One can either paste
the query sequence into the input field or upload it from a file on the local machine (multiple sequences
files are not allowed). Results are summarized in a table. Results can be notified by email (optional).
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Figure 2-6. Find out CRISPRs

Find CRISPR in personnal sequence

&7 Paste your sequence :
(fasta format)

&7 Or give your seguence file name |[ Parcourir...

Find CRISPR.
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3.1. CRISPR list

Once a genome has been selected, results are summarized inside tables. Each CRISPR is highlighted
and all CAS genes found in its vicinity are displayed. Annotations contain various elements such as
positions, consensus unit, link to external NCBI information, link to genomic graphical circular view.

Figure 3-1. CRISPR consultation list

The World of CRISPR page 2 - List of CRISPR

List of Crispr for genome Pyrococcus furiosus DSM 3638

Genome info

Pyrococcus furiosus DSM 3638 Kingdom : Archasa
RefSeq : NC_003413 Graphical view of genome
Sequence size : 1908256
6 CRISFR 30 putatives genes CAS
Genomic region arround CRISPR 3
Sekectall Clearall Downlad selected genes
CONSENSUS NB
BEGIN ( END NAME [STRAND SUBTYPE — eVALUE
sequence lsize | UNITS
FF0592 ATP-dependent RNA CRISPR-associated helicase, Cyano-type
|'_ 11563||614166 P — ¥ P 6.1e-05
helicase, putative (Unaffiliated)
623118 (625176 |CRISFR repeat region CTTTCAATTCTA GGTCTTATTGTAAC (30 ||31
CRISPR-associated protein, Csa4 famil
|'_ 650200||651246||PFO0637 hypothetical protein — P Y 2.8e-218
(Apern)
CRISPR-associated protein, Csad famil,
I |651243 (852391 |[PF0638 hypothetical protein -— P Y 19e-236
(Apern)
I'_ 652404||653117||PFO639 hypothetical protein ~#— ||[CRISPR-associated HD domain protein (Cas3) 1.6e-51
FF0640 ATP-dependent RNA
I ||s53114/|855090, F #—— ||CRISPR-associated HD domain protein (Cas3) 0.029
helicase, putative
CRISPR-associated protein Casb, Apern
|'_ 655060||655851||PFO641 hypothetical protein - P P 1.7e-34
subtype (Apern)
CRISPR-associated regulatory protein, Csa2
|'_ 655852||656877||PF0642 hypothetical protein — 9 R 3.5e-185
family (Apern)
CRISPR locus-relaled DMA-binding protein
I 657364 (658026 [PFO644 hypothetical protein —_— 9p 7.6e-13
(Apern)
select a line for more details
Genomic region arround CRISPR 4
Select all Clear all Downlcad selected genes
CONSENSUS
BEGIN END NAME STRAND SUBTYPE NBE UNITS [eVALUE
sequence size
I ||676584 ||677936 |PFOBET adenylosuccinate lyase ~+—— ||CRISPR-asscciated protein Casé (Casé) 0.029
|'_ 686783 688945 [PFOB77 ski2-like helicase ~—— ||CRISPR-asscciated helicase Cas3 (Cas3) 0.00034




Chapter 3. CRISPR database consultation
Figure 3-2. Link to NCBI

The World of CRISPR page 2 - List of CRISPR

List of Crispr for genome Pyrococcus furiosus DSM 3638
Genome info

Pyrococcus DSM 3638 Kingdom : Archaea

Aefsed Graphical view of genome

Sequence size : 1908256

J

6 CRISPR 30 putatives genes CAS
— oz
Genomic ’ S 7
Rl > NCBI FERa™ ae™ g SNucleotide
P
NB
BEGI i —————— eVALUE
Searchll\luclectlde v| for Go Clear — oizel| UNITS
[ | Display |GenBank ~| Show|5  v|[Sendto | Hide: /| sequence [~ all but gene, CDS and mRNA fea ]
™ ||s1154 5.1e-05
Range: from |begin o Iend | Reverse complemented strand ~ Features:  ~+ Refresh
62311 TGGTCTTATTGTAAC (30 ||31
This record may be shown in a reduced form. Use 'Hide' checkboxes for control.
I ||ss02 280218
=l [T 1: NC _003413. Reports Pyrococcus furios...[gi:18976372] L
F185124  Gomment Features 18e-236
T les2ad 1oeus NC_003413 1908256 bp  DNA  circular BCT 23-JUL-2008 1-6e51
DEFINITION Pyrococcus furiosus DSM 3638, complete genome.
I""||65311] accesstow  Nc_o03413 0.029
VERSION NC_003413.1 GI:18976372
PROJECT GenomeProject : 287
I ||essod xeyworns . 1.7e-34
b SOURCE Pyrococcus furiosus DSM 3638 L
— ORGANISM Pvrococcus furiosus DSM 3638
65585 Archaea; Euryarchaeota; Thermococci; Thermococcales; 3.5¢-185
e Thermococcaceae; Pyrococcus. E—
lad REFERENCE 1 (bases 1 to 1908256)
65758 AUTHORS  Robb,E.T., Maeder,D.L., Brown,J.R., DiRuggiero,J., Stump,M.D., 76013
Yeh,R.K., Weiss,R.B. and Dunn,D.M.
TITLE Genomic sequence of hyperthermophile, Pyrococcus furiosus:
Genomic implications for physiology and enzymology
JOURNAL ~ Meth. Enzymol. 330, 134-157 (2001)
Selectal PUBMED 11210495
] REFERENCE 2 (bases 1 to 1908256) N
BEG AUTHORS Diruggiero,J., Dunn,D., Maeder ,‘D.L. N H‘ulley—Shanks,R. . Chatard,J., ENSUS NE UNITS [eVALUE
Horlacher,R., Robb,F.T., Boos,W. and Weiss,R.B. be e
| TITLE Evidence of recent lateral gene transfer among hyperthermophilic
I ||s78s archaea 0.029
F_ JOURNAL ~ Mol. Microbiol. 38 (4), 684-693 (2000) ’_
5867 PUEMED 11115105 000034
REFERENCE 3 (bases 1 to 1908256)
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Figure 3-3. Graphical circular view of a genome.

The World of CRISPR page 2 - List of CRISPR

List of Crispr for genome Pyrococcus furiosus DSM 3638
Genome info
Pyrococcus furiosus DSM 3638
RefSeq : NC_003413

Sequence size : 1908256

& CRISPR
Genomic region arround CRISPR 3 ( ‘ @‘7 | )
Sekectall Clear all Download sekected genes

W rorward gene
W Reverse gene
B CRISFR Region
W Forward gene CA5
W PReverse gene CAS

BEGIN | END NAME STRAND

L

CG¥iew - Circular Cename Viewer

|
PROO03 PFgg;Uﬂsz

& [« [ & [ 5 [ ¢ [ 6 [ & e |

P~

_PRO0SS
FrLL58 PrI14E _ N :
FF1156 PrI153 PFILAT W orward gene A I ; .z;lfwuzﬁ/
miss [/ W Reverse gene \ f/pm‘tgfruzn
W CRISPR Region //PFUFBZBT .
W forward gene C25 . /F: -

W Reverse gene CAS %

SpRO284
\PRO2ES
- \PFO2BE

JPROSET
/R3S
P
]

N[mem

PFLOST
| eL0gs

FFi13L
o FLLAT o s o/
“139?PF1_}-=FF.UU
b op ¢/PFLIZ3 PRI 082
i - .
3 P2

Pyrococcus furiosus DSM 3638 PFOT33

PFLOIS
PFI093In

e test version of the Jsva Plug-n. See the Java Plug-in hame page for mom information

3.2. CRISPR details

Clicking on tha consensus link takes the user to the corresponding CRISPR’s details. Various informa-

tions are displayed such as unit and spacer coordinates, unit and spacer sequences, Pygram image
and consensus WebLogo image.
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Figure 3-4. CRISPR details

Crispr detail
Select all units Select allspacers Clearall Down kad selected data Extract flanking sequences | | Extract CRISPR sequence

I— BEGIN END SEQUENCE SEZE
Ir_— unit 260714 260743 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
Ir_— spacer 260744 260782 TGTTCATCGCACTTCTTCTTCTGACTCTGCTCCACTTAG 39
lr_— unit 260783 260812 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
lr_— spacer 260813 260848 GCGTTAATGAACAATAAGCCTGACACGAACATAAACA a7
lr_— unit 260850 260879 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
lr_— spacer 260880 260916 TTTCAATAAGGAGTTTCAAATGGCTCGATGGAATTAT 37
Ir__ unit 260917 260946 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
lr_— |spacer |26094? 260988 AGAACCTCCGCAATCTCCTTTGGAGAAAGGCCCTTCTTGAGA 42
lr_— unit 260989 261018 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
lr_— spacer 261019 261056 CTTCTTCGAAGTCGTAGTTTAGTGTGTCAAGATATTCT 38
Ir_— unit 261057 261086 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
Ir_— spacer 261087 261123 TTCTAGAAGTTCTCTTGCGAGAGCCAAGAGCGCGGCT 37
Ir_— unit 261124 261153 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
Ir_— spacer 261154 261190 GTGTACTTAAGAATTTCTTTCATAACTTITTICTGAAGA 37
lr_— unit 261181 261220 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
lr_— spacer 261221 261258 ACATAAGAGACGGAGAGCTTGTTATCTGGAAAGCAAAT 38
lr_— unit 261259 261288 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
lr_— spacer 261289 261331 AGTTATAACAAACCAGCATGACCCGCTCTCGGCTGAGTGGCAG 43
Ir__ unit 261332 261361 GTTCCAATAAGACTACAAAAGAATTGAAAG 30
lr_— |spacer |26] 362 |261 398 |CTAC CATGGCCATCACCAATAATTAATTGTAAGTTAG |3?
lr_— |unit |261 399 |261428 |GWCCAATAAGACTACAAAAGAAWGAAAG |30

The World of CRISPR page 3 - Crispr's details

Pyrococcus furiosus DSM 3638 (from 260714 to 262113)

Pygram view
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Figure 3-5. Pygram image
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Figure 3-6. Genome information view

Crispr info

Pyrococcus furiosus DSM 3638

Kingdom : Archaea
RefSeq: NC_003413
Consensus : GTTCCAATAAGACTACAAAAGAATTGAAAG (30 bp) 21 units
Begin position 260714

End position 262113

Figure 3-7. Consensus weblogo image

Consensus view
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