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Identification of spacers associated with pathogenic or predominant strains

Touchon et al. 2010: 85% of spacers are present in a single genome
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Specific detection of the Top7 EHEC serotypes using the CRISPR array

Use of Clustered Regularly Interspaced Short Palindromic Repeat
Sequence Polymorphisms for Specific Detection of Enterohemorrhagic
Escherichia coli Strains of Serotypes O26:H11, O45:H2, 0O103:H2,
O111:H8, O121:H19, 0145:H28, and O157:H7 by Real-Time PCR

Sabine Dulannioy,” Lothar Bautin® amd Pairick Fach?
Arre ifench Agency for Fand, Ervimnmentel snd Decupational Heslth and Sakesy, Food Sty Leboraiong. Waiom- o=, France* and Blationad Rceseros Labonsiory
For Exchesichia-rodl, Divinion of Wiezchial Towim, Federl lntiue o Bk Saseorment (B8], Berdin "ur-rrl'

We explored the genetic diversity of the dustered regularfy interspaced short palimdromac repeat (CRISPR) regions of emterohe-
muorrhaglc Escherichia colf (EHEC) to design simgplex real-time FCR assays for each of the sevem most imporiamt EHEC serobypes
workdwide. A panel of 358 E colt stratns investigated for thetr CRISPR loct by high-throughget real-time PCH shiowed that
CRISPR polymorphisms im E cofi strongly correfated with both OdH serotypes and the presence of EHEC virbence fachors (s
amd eme genes). The CRISPR sequences chosen for stmplex real-time PCR amgplification of EHEC straims belonging to the top 7
EHEC serogronps differentiated clearly between EHEC amd non-EHEC strains. Specificity estimates for the CRISPR PCR assays

varied from 9753 to 1005%. Scn.ﬂnﬂtruﬂrnlhu:fwﬁruuprlngﬂl from 35.7% bo 1043, The assays targeting EHEC 01452
Hzs, Di03:HE and (45:H2 displayed 100% sensitivity. The combined nsage of two simiplex PCR assays targeting different se-
quences of the (126 CRISPR looas allowed detection of EHEC 02&:H 11 with 100% sensitivity. By combining two simplex PCR
assays Erpetng differest sequences of the EHEC 0157 CRISPR bocos, EHEC 00157:H7 was detected with 5%.56% semsitivity.
EHEC 011 1:H8 and EHEC On21:H1s were detected with 95.5% and 95. 7% sensigvity, respectively. This study demonsirates that
MWMHEHECWGJMWBWWMHHMIkMWHWW
seqmences, as 1s wsed im oarrent FCR profocels for detection of EHEC strains.

higa toxin-prodizcing Ercherickia colt (STEC) straims are a di-

werse groap of E olf strains belonging bo over 400 E ool (-H
sarotypes, some of witkch cuse catbreaks and sporadic cases of
food-borne llinesses ranging from darrhea to hemorrhagic colitls
{HC} and the hemaolytkc-aremk syndrome (HUS) (11, 15, 161
According to thelr pathogenicty for humans, the latter stains
were abio designaied emerchemorrhagic E. ealt (EHEC) (17, 18).
Numerous cases of HC and HUS have been attribated 1o EHEC
D157:H7 strains (25], but 1 has now been recognized that cther
ETEC serotypes belong to the EHEC group (2, 24). Cummulative
evidence from samerous counstriss Indicates that up (o 30 1o 605%
of haman EHEC infecttons are cansed by non-0157 EHEC strains
{7). There are seven “pricrty” EHEC sarotypes most frequently
implicated in outbreaks and sporadic cases of HC and HUS (8,
24). These compeise srotypes O2&HIL, O4scHz, Qrm:Hz,
O 11:He, 01z e, 0145:Hzs, and 0157-H7 and thetr noamo-
tle dertvatives,

Although repolations are disparate thromghont the world,
many food Imspection programs atm 2t detecting STEC strains
that pose 2 sigmifiant threat 1o haman health in foods that are the
maost lkey o disseeninate EHEC and to be consamed raw or
undercocked. Some beef prodads ares thas of paritoolar interest n
that aspect. The U5, regralations have precissly beaen revised to add
& additional serogroups (026, Ono3, Oas, 001, Qz1, and
0145) to the extsting 01 57-H7 regulation { 22, 23). This regalation
imposes testing of specified meat prodods (Le.. groand beef, beef
wcraps, and machine-tendertred steaks) for these 7 EHEC sero-
groups. However, detection of non-0157 EHEC strains Is partic-
ularly challenging because they have no phenotypical characterts-

Demamizer BT Vohers 30 Hombs 13

tics that distingaish them fom the large member of non-5TEC
strains that share the same habitats.

The carrent approach for detecting EHEC In food 15 1o screen
first for the prezence of the so sy genes and the sae gene (the
latter is brvedved in the attaching and = facieg phenctype) tn DINA
made from bactertal enrichment cultures. The CERMS0 TS 13136
(%) and MLG 5B.m (23] standard methods require the presemce of
boith the sy /st and eae genes for further Investigation of a ss-
pected EHEC contamination. Por this, specific ssquesces derived
from the O-amtigen genes assodated with the seven prionty s=ro-
groups are searched. However, the sequences dertved from the
O-antigen penes of the top 7 EHEC serogroups not oaly are pres-
ent tm EHEC stratns but cam be detected tn a brge mumber of
Stx-megative E coll strains as well {1). This ssquential approach
reqaires additional time and does mot prove that EHEC strains are
jpresent ina sample, as multiple E ool strains reacting with each of
the PCHs will gererate ermmeous resalis. This s of particelar in-
tesest Im complex samples suich as food, feral, and esvironmental
spacimens (5, 9, 190, As a comsaqoence, the CENVIS0 TS 13136
and MLG 5B.01 standard methods demand EHEC tolation from
the sample to coafirm that all the detected genes are asociated
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Development of CRISPR based PCR assays for specific detection
of new virulent clones :

aJCM
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Specific Detection of Enteroaggregative Hemorrhagic Escherichia coli
0104:H4 Strains by Use of the CRISPR Locus as a Target for a
Diagnostic Real-Time PCR

Sabine Delannoy,” Lothar Beutin,” Ylanna Burgos,” and Patrick Fach®

Anses (Franch Agency for Food, Environmental and Oocupational Health and Safiaty), Food Safety Laboratory, Matsons-Alfort, France,* and National Reference Laboratory
for Escherichiz coll, Division of Microbial Toxns, Federal Institute for Rlsk Assessment (B, Berlin, Germany™

In 2011, a large outbreak of an unusual bacterial strain occurred in Europe. This strain was characterized as a hybrid of an en-
teroaggregative Escherichia coli (EAEC) and a Shiga toxin-producing E. coli (STEC) strain of the serotype 0104:H4. Here, we
present a single PCR targeting the clustered regularly interspaced short palindromic repeats locus of E. coli O104:H4

(CRISPR,, 5.y,) fOT specific detection of EAEC STEC O104:H4 strains from different geographical locations and time periods.
The specificity of the CRISPR, ., PCR was investigated using 1,321 E. coli strains, including reference strains for E. coli O
serogroups O1 to 0186 and flagellar (H) types H1 to H56. The assay was compared for specificity using PCR assays targeting dif-
ferent 0104 antigen-encoding genes (wbwC,, . WZX, . and wzy,, . .). The PCR assays reacted with all types of E. coli 0104
strains (0104:H2, 0104:H4, 0104:H7, and 0104:H21) and with E. coli O8 and 09 strains carrying the K9 capsular antigen and
were therefore not specific for detection of the EAEC STEC 0104:H4 type. A single PCR developed for the CRISPR,, . ., target
was sufficient for specific identification and detection of the 48 tested EAEC STEC 0104:H4 strains. The 35 E. coli 0104 strains
expressing H types other than H4 as well as 8 E. coli strains carrying a K9 capsular antigen tested all negative for the

CRISPR 1g.6454 locus. Only 12 (0.94%) of the 1,273 non-O104:H4 E. coli strains (serotypes Ont:H2, 043:H2, 0141:H2, and O174:
H2) reacted positive in the CRISPRg 414 PCR (99.06% specificity).

B JCM

Characteristics of Emerging Human-Pathogenic Escherichia coli O26:
H11 Strains Isolated in France between 2010 and 2013 and Carrying
the stx,, Gene Only

Sabing * Fatrida Marian} =4 Sipptane Bonacors ™= Sandrina Liguor®® Patrick Fach®
French Aagenary e foodd, | rersrmmenisl aval Drcuptan ealth, arsd Saicty | oo Sy Laboratony Plckerm ety Mance 4
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Seraines of Escherdohia coll 026:H 11 that wers positive for six; alone (n = 23, which were not epldemislogically related or part of
am oulbreak, were isolaled from pediatric patients im France between 3010 and 201 3. We were interested Im comparing these
stralns with the mew highly virbent sovy, -posifive E coll (126 clane seqoence type 19 IS'I'IQI HlﬂhumﬂgadrmﬂrmF_Irnpe
amd we tested them by svol8locns ssquence typing (MLST ), stx, subtyping, chostered reg d short pals
repeat (CRISPR) sequencing, and plasmad (ghyd, karP, sspl, and eqplD) amd chromasomal IZNN, spl' amd arl"] virlence
gene profilieg. We showed that 16 of the 23 strains appeared (o correspond o this mew done, buf the characieristios of 12 strains
differed significantly from the previously described characteristics, with negative results For both plasmid and chromesomal
genetic markers. These 12 strains exhibbied o 5T gemotype and refated CRISPR arrays (CRISPR 2a alleles 67 or 71), suggesting
that they evolved I a commeon envircmment. This fimdisg was corroborated by the pressnce of six, I 7 of the 12 5T29 strains.
This 1s the Grst tme that E cell 026:H1 1 carrying sy, bas been isolated from bomans. This 1s addiional evidence of the con-
evobation of virnlent Shiga inxs.-producing E coft (STEC) 026 stratns. & mew OzécH 11 CRISPR PCR assay, SP_026_E,
lhas beem developed for detection of these 12 particular $T29 strains of £ colf (:26:H 11 This test s wsefal io befter characientze
e stz posittee (1263 1 1 clindcl solates, which are assoclated with severe climical outcomess sach as bloody diarriea and hemo-

ore than 400 serotypes of Shiga toxin (Stx)-producing

Escherichia coli (STEC) strains have been described as
agents of disease in humans, and some of these have been
shown to be associated with severe diseases, such as hemor-
rhagic colitis (HC) and hemolytic-uremic syndrome (HUS).
These strains were called enterchemorrhagic E. coli (EHEC)
and were found to carry additional virulence markers besides
Stx, such as effectors encoded by the locus of enterocyte efface-
ment ( LEE) and various non-LEE-encoded effectors. A concept
of molecular risk (MRA) was developed by Karmali
etal. (13) and Coombes et al. (%) that employs PCR for identi-
fication of human-pathogenic EHEC. Using the MRA ap-
proach for screening STEC collections (6, ), an increasing
number of emerging EHEC types was detected.

Dwuring spring 2011, Europe faced its largest STEC outbreak
involving an emerging enterohemorrhagic Escherichia coli
O104:H4 strain (1). This EHEC strain presents an unusual viru-
lence pattern that combines the production of Stx2a with entero-
aggregative adherence which is encoded by genes of the pAA plas-
mid and chromosomally carried genes of enteroaggregative E. coli
(EAEC) strains (1, 10). This new type of EHEC was designated
enteroaggregative hemorrhagic E. coli since it shares virulence
markers of both EHEC and EAEC strains. On the genome level (5,
17), the strain was found to be most closely related to an EAEC
O104:H4 strain, strain 55989, that was isolated in Central Africa in
1595 (11). This hybrid EAEC STEC O104:H4 strain was found to
be negative for the LEE-encoded effector and non-LEE-encoded
effector (nle), both of which are presently being used by the cur-
rent MRA approach to define human virulent EHEC types. There-
fore, new diagnostic approaches needed to be developed for de-
tection of EAEC STEC O104:H4 strains. The lack of unique
biochemical traits of the hybrid EAEC STEC O104:H4 strains
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makes their detection with cultural and phenotypical tests difficult
and time-consuming. Therefore, rapid molecular testing methods
allowing for timely detection of these strains are deemed highly
desirable.

During the course of the O104:H4 outbreak investigation,
multitarget PCR assays have been used for rapid screening of sam-
plesi however, all of these assays require cultural isolation of the
bacteria to confirm that all gene targets are present in the same
strain. The used PCR assays (4, 12,21, 26) combine multiple pairs
of primers targeting, for example, genes encoding Shiga toxin 2
(st ), 0104 (rfboyyp) and H4 (fliC,,, ) antigens, tellurite resistance
(terD)), and AggR (aggR), which is the master regulator of EAEC
plasmid, as well as chromosomally inherited virulence genes { 18).
However, none of these gene targets was unique to the O104:H4
outbreak strain. Therefore, samples containing a mixed flora of
bacteria, such as those collected from environmental and food
sources, did not allow prediction that all targets were present in
the same bacterial strain. Hence, these assays were suitable only for
bacterial isolates and have limited use with clinical, food, or envi-
ronmental samples.

Based on nucleotide sequence analysis of the genome of EAEC
STEC O104:H4, we identified in the custered regularly inter-
spaced short palindromic repeats (CRISPR) locus of the epidemic
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lytic mremic symdrome.

nterohemaorrhagic Esdherichia coli (EHEC) 15 responsible for

gastrointestinal diseases sach as diarthea or bloody diarthea
and can lead to hemolytic uremic syndmme (HUS). The meast
common EHEC serotype associated with tuman disease bs 0157
H7. However, a growing mumiber of human EHEC infections are
cased by non 0157 EHEC straies [1-4). Amaong nan-0157
EHEC strains, {r25:H11 has emerged as the most common sero-
type assoclated with severe diarrhea and HUS workdwide | 1-6].

EHEL 02%:H11 straims are very dynamis they cn andergn
frequent genetic r in thetr chr wiralence
jplasmids, l.nd_p\:.lJngmtlLT Islands. They als have the abihty to
raplidly bose and acquite sx-cumrying phages (7], which makes
them highly adaptable and may accoant for thelr global spread.
Until recemtly, EHEC O2&:H11 stratms 1solated from bumans
muostly harhored Shiga toxin | (3ix1) (Stxla subtypel omly or,
mose rardy, Stxla asociaied with the 5tx2a subtype. In the mid-
dle 1990, however, 2 pew EHEC 026:H11 clone carrying the
Shiga toxin Stx?a sobdype alone emerged tn Fnrope (8-12). This
new chone has ale been observed tn Scath America {15) and in the
Untted States {1). Shiga toxim-prodocing £ oot (STEC) strains
carrying the cor; gens aneuamally ssociated with more sevare out-
comaes [ 20). Indeed, thes new 0263 11 done appears highly vir-
lent and 1s significantly assodated with HUS {8, 9.

Multiloows saquence typing (MLST) analysic shows that the
5ty -harboring E coli 026:H1 | strains are mostly divided Inio 2
related phylogenetic gromps, Le., saquence type 21 (3T21) (which
also contalns the EHEC 00! H:I:I straims harboring s, alone ar
In combination with sex,,) and 3729 (which contatne the new
highly pathogenic done carmying st cmly) (9. The large EHEC
plismids ancoding enterohemalysin (shed ), ctalase peroxtdase

A crunmog
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(s, serine prodemse (ep), and type 1l effector (zpl) can be
found im most EHEC 0263H 11 strains (2, 9), and the presznce of
thise spectiic plasmid vinilence determinants can beusad 1o dis-
tinguish the 2 domes. 5T21 15 characterized by the plasmid gene
combimation shed +/kat+lepP+lapD—, while 5T exhibits
the distincive combination efued + fkarP— feepl —fep D4 (90
Chromosomally enooded vimlence factors such as the boous of
enterncyte efacement (LEE) sffectors and same type 111 sscrefion
sysiem effecions were abs foand to be conserved in the phrplogenetic
groap ST21 (211 [n the comtext of a molemnlar risk asessment strat-
gy, we previously described 2 combination of molenlar markess for
spetfic identification of EHEC and EHEC-Hke O26H 11 srams. As-
says for these markers Inchided wexg,, 15, . sae- P, wx, =pil, and
arcA single-mideotide polymorphisn (SN gemotyping (21), a5 well
as 2 se of PCR tess (5P_O2e_Cand 3F_006_1) argeting the dus-
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CRISPR typing of Escherichia coli :
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ENVIRONMENTAL ISSUES FACING CHEMICAL, BIOLOGICAL, RADIOLOGICAL AND NUCLEAR RISKS

Improved traceability of Shiga-toxin-producing Escherichia
coli using CRISPRs for detection and typing

Sahine De]annny' - Lothar Beutin® - Patrick Fach'
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Abstract Among strains of Shiga-toxin-producing
Escherichia coli (STEC), seven serogroups (026, 045,
0103, 0111, 0121, 0145, and O157) are frequently associ=
ated with severe clinical illness in humans. The development
of methods for their reliable detection from complex samples
such as food has been challenging thus far, and is currently
based on the PCR detection of the major virulence genes sitx/,
six2, and eae, and O-serogroup-specific genes. However, this
approach lacks resolution. Moreover, new STEC serotypes are
continuously emerging worldwide. For example, in
May 2011, strains belongng to the hitherto rarely detected
STEC serotype O104:H4 were identified as causative agents
of one of the world’s largest outbreak of disease with a hagh
incidence of hemorrhagic colitis and hemolytic uremic syn-
drome in the infected patients. Discriminant typing of patho-
gens is crucial for epidemiological surveillance and investiga-
tions of outbreaks, and especially for tracking and tracing in
case of accidental and deliberate contamination of food and
water samples. Clustered regularly interspaced short palin-
dromic repeats (CRISPRs) are composed of short, ighly con-
served DNA repeats separated by unique sequences of similar
length. This distinctive sequence signature of CRISPRs can be
used for strain typing in several bactenal species including
STEC. This review discusses how CRISPRs have recently
been used for STEC identification and typing.

Responsible editor: Phalippe Garngues

Keywords STEC - E. coli - CRISPR. - Detection - Typing

Introduction
Shiga-toxin-producing Escherichia coli

Shiga-toxin=producing E. cofi (STEC) are food-bome patho-
gens which can cause various symptoms ranging from mild
watery diarthea to bloody diarrhea, hemorrhagic colitis, and
the hemolytic uremic syndrome (HUS) (Nataro and Kaper
1998). Some strains, including the O104:H4 strain that cansed
the large 2011 epidemic, can also cause central nervous system
complications with lasting neurological symptoms (Magnus
et al. 2012; Ullnch et al. 2013). Among STEC strains, seven
serogroups (0157, 026, 045, 0103, 0111, 0145, and O121)
are frequently associated with severe clinical illness in humans
worldwide. Regulations for targeting STEC belonging to these
serogroups in food have therefore been established in the
European Union and the USA (EC 2013; FSIS 2013). Cattle
are the main reservoir of STEC, and many human infections are
caused by consumption of undercooked ground beef or unpas-
teurized mulk and cheeses. However, contaminated water and
sprouted seeds were implicated in some of the biggest outbreaks
with STEC worldwide (e.g.. O157:H7 in alfalfa sprouts m the
USA (CDC 1997), O157:H7 in radish sprouts in Sakai, Japan
(Michino et al. 1999; Watanabe et al. 1999), O157:H7 in spin-
ach in the USA (CDC 2006), and O104:H4 in fenugreek
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Development of a CRISPR sequences database for EHEC-top7
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CRISPy Application

CGCGCTTACGTGGACGGCTCGCAATCTGGCTACTGGAAGTGCGTGCCGGTGTGTA
TGTTGGTGATACATCAAAACGTATTCGGGAGATGATCTGGCAGCAAATTACCCAAC
TGGCTGGTTGCGGAAATGTGGTGATGGCCTGGGCGACCAATACCGAGTCGGGTTT
TGAATTTCAGACCTGGGGAGAAAACAGACGTATTCCGGTGGATTTGGATGGGTTA
CGT [TCTTTTCTTCCTGTTGATAATCAATAGGTTATGTGTTCTTTAAAAATAA
GG@ TG GTTGGTAGATTGTTGATGTGGAATAAATTTGTTTAAAAAC
AGATATGTATGHTGTTCCCCGCGCCAGCGGGGATAAACCGTCACCAAAAC
AGTGACAAAAACTGTCAC GTGTTCCCCGCGCCAGCGGGGATAAACCGCTCA
TATTCGGATTGATCGTGTGTTTCC

GCCCAGGGATTTGTTCAATCCA (€]¢
GCGCACTGGATGCGATGATGGATAT @ AATTCCCCGCCCCTGC

GGTAGAACACCCAGCTCCCATTTTCCAACCCATCAAGATGCCTTCGCCAACTCCCT
TCACCAA

Upstream Seq - 1

S S |

Allelic Code Data base CRISPR Allele



CRISPy Application
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CRISPy Application

Data outputs and Graphics

I

e Strains- Allelic code-Allele number -Timestamp

J" file:///C:f Users/...

put/outputhtml |+

= @ filest//C:Usersfa fleiss/Desktop/ CRISPR script_16/Pythan/output/outputhtm| ¢ || B~ Google

03/06/2014 15:27:41 top

>FRIK2000
CGCGCTTACGTGGACGGCTCGCAATCTGGCTACTGGAAGTGCGTGCCGGTGTGTATGTTGGTGATACATC
AAAACGTATTCGGGAGATGATCTGGCAGCAAATTACCCAACTGGCTGGTTGCGGAAATGTGGTGATGGCC
TGGGCGACCAATACCGAGTCGGGTTTTGAATTTCAGACCTGGGGAGAAAACAGACGTATTCCGGTGGATT
TGGATGGGTTACGTTTGGTTTCTTTTCTTCCTGTTGATAATCAATAGGTTATGTGTTCTTTAAAAATAAGGAA
ATGTTTGAATTTAGTTGGTAGATTGTTGATGTGGAATAAATTTGTTTAAAAACAGATATGTAT GC"I'I‘AG"I-
'CACCAAAACAGTGACAAAAACTGTCACC.
TCATATTCGGATTGATCGTGTGTTTCGG
'CCAGGGATTTGTTCAATCCAGCGTGCCGC

GGCGCACTGGATGCGATGAT GGATATCACTTAGAATTCCCCGCCCCTGCGGTAGARCACCCAGCTCCCATT

TTCCAACCCATCAAGACGCCTTCGCCAACTCCCTTCACCAA

Upstream-A 1 A 2 A 3 B 4 C-Downstream
Allele : 1

Finished sequence analysis. Complete analysis duration was 0:00:01. 5 repeats were found among which 5 were within the
upstream/downstream borders. 0 new repeat(s) were identified.
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>PA2
CCTCCGCGCTTACGTGGACGGCTCGCAATCTGGCTACTGGAAGTGCGTGCCGGTGTGTATGTTGGTGATA
CATCAAAACGTATTCGGGAGATGATCTGGCAGCAAATTACCCAACTGGCTGGTTGCGGAAATGTGGTGATG
GCCTGGGCGACCAATACCGAGTCGGGTTTTGAATTTCAGACCTGGGGAGAAAACAGACGTATTCCGGTGG
ATTTGGATGGGTTACGTTTGGTTTCTTTTCTTCCTGTTGATAATCAATAGGTTATGTGTTCTTTAAAAATAAG
GAAATGTTTGAATTTAGTTGGTAGATTGTTGATGTGGAATAAATTTGTTTAAAAACAGATATGTATGCTTAGT
CACCAAAACAGTGACAAAAACTGTCACCAAAGTGTTCCE
TCATATTCGGATTGATCGTGTGTTTCGG
CCAGGGATTTGTTCAATCCAGCGTGCCGC

LECGGGCGCACTGOATGCGATGATGGATATCACT TAGAATTCCCCGCCCCTGCGGTAGARCACCCAGCTCC

CATTTTCCAACCCATCAAGACGCCTTCGCCAACT

Upstream-A 1 A 2 A 3 B 4 C-Downstream
Allele : 1

Finished sequence analysis. Complete analysis duration was 0:00:01. 5 repeats were found among which 5 were within the
upstream/downstream borders. 0 new repeat(s) were identified.
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Conclusions & Perspectives

« The data base of the CRISPR sequences has been transferred
to ISS

« CRISPy works with short sequences (PCR products = CRISPR
array amplified by PCR)

* For Whole Genome Sequences the CRISPR array should be
manually extracted (time consuming) and then analyzed by
CRISPy

Work is in progress with ISS to use CRISPy directly after
Whole Genome Sequencing.

« Collaboration between Anses and ISS to improve CRISPY and
make it available from the ARIES platform.

anses .}
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alimentation, environnement, travail

Thanks!

Anses,
Laboratoire de Sécurité des Aliments

plateforme IdentyPath

14 Rue Piere Curie,
94700 Maisons-Alfort, France
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Bio-informatical tools

* On-line (Université Paris-Sud)
— Truncated loci
— Incomplete detection
— No nomenclature

R Script (Yin et al. 2013)
— No database
— Interpretation biais
— Not easy to use
— Nomenclature will change with each dataset

* Need a better bioinformatic tool:
— Fast
— Obijective
— Stable nomenclature

python
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CRISPR sequence diversity and applications

Strain MLST CRISPR type

CBoo99 223

CBE531 223

CBE578 223 . . .

£c253/02 223 CRISPR typing is more resolutive than other
Ec585,/05 223 .

Ec254/01 23 typing methods:

CBo6110 223

MDPOS-27 223

M DPO9-47 223 M LST

MNW254 223 . .

Ec226/04 223 — Vlrulo—typlng

188,/06-28 223

226/99 223

O7HMPASO3 223

CB5250 223

571/05 223 Exemple : CRISPR-type
1112/06 223 . o i

289/06 23 diversity in a single ST.
997/01 223

1108/01 223

CBS070 223

CB7612 223 NLST CRISPR type

CB7561 223 CB7267

FP-054 223 33 EH41

Ec734 223 39 GEMNEZ

258/04 223 39 2261

FP-120 223 44

MDPL0-35 223 46 CB7960 846 Source : Feng et al., 2014
T842 223 a8 CB2125 346

TWo1391 223 49 Ec596,/05 3460 17




