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The use of high-resolution melting analysis for
Salmonella spp. CRISPR sequence genotyping
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Background. Clustered Regularly Interspaced Short Palindromic Repeats (CRISPRs) of
Salmonella spp. and of other bacteria continuously evolve due to the rearrangements of
fragments. This phenomenon forms a high degree of strain polymorphism. Real-time PCR
and high-resolution DNA melting (HRM) analysis of CRISPR regions provide a possibility
for a rapid evaluation of strain polymorphism. Our intent was to apply the HRM technique
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for Salmonella spp. genotyping.
Materials and methods. Salmonella spp. strains DNA were amplified and analyzed

with HRM using Rotor-Gene 65H0-100.

Results. Forty-nine Salmonella spp. strains were analyzed, and 23 genotypes were
identified for each CRISPR (CRISPR1 and CRISPR2). We have found the genotypes of both
CRISPRs to be related to the same Salmonella spp. serotypes.

Conclusions. The CRISPRs HRM method is a valuable tool for Salmonella spp. geno-

typing.
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INTRODUCTION

Salmonellosis is one of the most common and widely spread
foodborne diseases. It is caused by the Salmonella bacterium.

Today, there are over 2500 known Salmonella spp. sero-
types. All serotypes are defined by O and H antigens. These
antigens are determined by some genomic areas that oc-
cupy a relatively small part of the Salmonella spp. genome.
Thus, we can suspect that other genome sequences for the
same serotype can be different. There are many genotyping
methods for genome study. The results obtained are called
genovars.

One of the most interesting areas for bacterial genotyp-
ing is Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPRs). The CASS system (a CRISPR and several
cas genes) has been identified in a broad range of prokary-
otic species in almost all archaea and in 40% of bacteria. A
CRISPR is a succession of 21-47 bp sequences, called Direct
Repeat (DR), separated by unique sequences of a similar
length (spacers). The nature of the unique sequences is still
largely unknown, but several recent studies have identified
some of them as fragments of foreign DNA, mostly of viral
origin (1-3). Sometimes, at one end of the CRISPR, the DR is
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not totally conserved: it is called degenerate DR. The CRISPR
locus is generally flanked on one side by a common AT-rich
leader sequence of 200-350 bp. Different observations sug-
gest that CRISPR loci are transcribed into small RNA possibly
from the leader acting as a promoter, and that these might
play a role of siRNA to block the entry of foreign sequences
(4, 5). CRISPR-associated genes are cas genes always found
closely linked to the repetitive sequences. In a given strain,
several CRISPRs can be found with a single or different DR
sequences, but only one is associated with a group of four to
six cas genes (6).

The CRISPR structure is continuously evolving, either
through the addition of new motifs (a DR and a spacer) or
by interstitial deletion of one or several motifs through re-
combination between two DRs. New motifs are added to the
CRISPR in a polarized manner by duplicating the DR next to
the leader and adding a new fragment of DNA (3, 7). Those
CRISPRs rearrangements form a high degree of polymor-
phism from strain to strain.

In the CRISPRs Database (http://crispr.u-psud.fr/crispr/)
there are a lot of bacterial strains already discovered for
CRISPRs. All Salmonella spp. serotypes included in this da-
tabase contain 1, 2 or 3 CRISPRs motives. They are formed
of 31 bp, 30 bp, 29 bp, 28 bp or 27 bp long repeats. The se-
quence of those repeats is the same and only differs in the
length. Developing a new CRISPR typing scheme may thus be
a good addition to the classical typing techniques applicable
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for strain differentiation, epidemiological investigations, and
phylogenetic reconstruction.

A recent development in real-time PCR technology is
high-resolution DNA melting (HRM) analysis (8, 9). Melt
curves are predominantly used to determine the melting
temperature (Tm) of amplified double-stranded DNA. The
basis of HRM analysis is to discriminate melt curve shape,
irrespective of whether amplicons share the same Tm. Accu-
rate melting curves are derived using very small temperature
increments (as low as 0.01 °C). Normalization and compari-
son of melting curves allow the user to determine whether
two similar melt curves differ from one another (8). Follow-
ing these advantages, the potential resolving power of this ap-
proach is much greater than the conventional melting curve
analysis.

Generally, HRM is applied to a wide range mutation
screening within small DNA fragments. Usually, it is about
one hundred base length. Nevertheless, this method is imple-
mented for differentiation of larger DNA fragments. Recently,
for the first time, HRM has been used for CRISPRs fragment
differentiation of Campylobacter jejuni (10) and spa Repeat
Region of Staphylococcus aureus (11). The aim of the present
investigation was to evaluate the possibility to use the HRM
method for genotyping two separate CRISPR regions of the
Salmonella spp. Also, we tried to compare the variability of
targeted sequences.

MATERIALS AND METHODS

Salmonella spp. isolates. All Salmonella spp. strains were
isolated and differentiated to serotype at the National Public
Health Surveillance Laboratory.

Preparation of genomic DNA. DNA template was ex-
tracted using the DNeasy Blood and Tissue kit (Qiagen) ac-
cording to the manufacturer’s instructions from an overnight
culture. Extracted DNA concentrations were measured with
the Rotor-Gene 6000 5-plex HRM model (Corbett research).
Extracted DNA samples were stored at —20 °C until use.

Primer pairs. Two primer pairs were designed. One pair
was designed for the first and another pair for the second
CRISPR region. All Salmonella sequences were obtained from
the National Center for Biotechnology Information data base
and aligned with Vector NTI Advance™ (Invitrogen). The se-
lected primers were blasted using the nucleotide blast pro-
gram for mispriming at the National Center for Biotechnol-
ogy Information.

Real-time PCR and HRM. Real-time PCR and HRM as-
says were performed using the Rotor-Gene 6000 5-plex HRM
model (Corbett research). Rotor-Gene 1.7.87 software ver-
sion was used for the process and data analysis. Each 15 pl
of reaction contained 200 nM of each primer (Integrated
DNA technologies), 2-10 ng Salmonella spp. DNA, 200 uM
dNTP (Fermentas), 3 mM MgCl, (Fermentas), 1.5 uM Syto9
(Invitrogen-Molecular Probes) and 0.04 U/pl TrueStart™ Taq
DNA Polymerase and TrueStart™ Taq buffer (Fermentas). Cy-

cle conditions were the following: 95 °C for 4 min, followed
by 35 cycles of 95 °C for 20 s; annealing at 45 °C for 60 s and
extension at 72 °C for 120 s) and 50 °C for 1 minute. HRM
dissociation curves spanning at 75-95 °C by 0.1 °C wait for
4 s for each step. CRISPRs HRM data were normalized by
two linear normalization regions. For the first CRISPR they
were within 82.28-82.67 °C and 94-95 °C, and for the sec-
ond CRISPR they were within 87-87.5 °C and 93-93.5 °C
regions. All samples were tested in duplicate to ensure the re-
producibility of the melt curves and to determine appropri-
ate cutoffs for the “same” and “different” genotypes. CRISPR
HRM genotypes were determined as the same by a cutoft of
< +4Uin the difference graph relative to a control sample of
interest and did not display reproducible differences such as
double peaks or crossing the x-axis more than twice in both
replicates.

RESULTS

In the National Center for Biotechnology Information
(NCBI) data base we found 15 sequences of different Sal-
monella strains for two CRISPRs motives (Table 1). Primers
were taken from flanked conservative CRISPRs sequences.
For these strains, the first CRISPR (CRISPR1) amplifi-
cation product from 318 bp to 1830 bp and the second
CRISPR (CRISPR2) amplification product from 293 bp to
2185 bp. Following the alignment data, we determined that
CRISPRI was more variable than CRISPR2. This sequence
variability excludes the S. Paratyphi B SPB7 strain. It was
not possible to select the common reverse primer for it.

Table 1. Clustered regularly interspaced short palindromic repeat primers
and amplicon size for the 15 sequences of different Salmonella spp. strains
taken from NCBI data base

Primer pairs | Amplicon length (bp)
F_CR1 GCTGGTGAAACGTGTTTATCC CRISPR 1
R_CR1 ATTCCGGTAGATYTKGATGGAC
F_CR2 AACGCCATGGCCTTCTCCTG CRISPR
R_CR2 CAAAATCAGYAAATTAGCTGTTC 2
Salmonella spp. strains from NCBI data
base
Enteritidis str. P125109 684 844
Typhimurium str. LT2 1692 2185
Choleraesuis str. SC-B67 440 1974
Heidelberg str. SL476 1830 1330
Agona str. SL483 1294 720
Gallinarum str. 287/91 318 844
Dublin str. CT_02021853 318 538
Newport str. SL254 1770 1390
Paratyphi A str. AKU_12601 611 415
Paratyphi A str. ATCC 9150 489 415
Typhi CT18 541 293
Typhi Ty2 576 293
Schwarzengrund str. CVM19633 916 1269
Paratyphi C str. RKS4594 806 2096
Paratyphi B str. SPB7 - 537
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Table 2. Salmonella spp. genotyping data

Chosen Salmonella spp. Number of Number of different genotypes
serotypes serotypes CRISPR T Y
S. enteritidis 12 4 5
S. typhimurium 8 5 5
S.agona 6 1 1
S.infantis 7 5 5
S.London 2 1 1
S. Glostrup 3 1 3
S. Abony 2 1 1
S. Hadar 3 1 S('S?;’;;;?Z;?f 2 S(SZ r;;;«‘;l; ;;)r
S. Dublin 2 1 1
S. Mbandaka 2 2 5
S. Chester 2 2 5
Total 49 23 23
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Fig. 1. High-resolution melting normalized graphs for Clustered Regularly Interspaced Short Palin-
dromic Repeats

Another interesting fact is connected with
the CRISPR2. As is shown in the CRISPRs
Database (http://crispr.u-psud.fr/crispr/),
S.typhi Ty2 and S. typhi CT18 serovars have
no CPISPR2, but the flanked conservative
sequences are present. Hence, the chosen
primers must work to amplify small frag-
ments.

Eleven different Salmonella spp. sero-
types were taken for amplification and HRM
(Table 2). Each serotype was represented by
more than one strain. In total, 49 Salmonel-
la spp. strains were analyzed.

After HRM data normalization we found
very wideand robust differences between and
within the chosen serotypes by discriminate
melt curve shapes (Fig. 1). The total number
of different genotypes for both CRISPRs is
the same and equals to 23 for each of them,
or 46 genotypes overall (Table 2). Some se-
rotypes were differentiated within them, but
others were not. It is not possible to differ-
entiate between the taken S. Glostrup and
S. Hadar because they have the same geno-
types for both CRISPRs (Fig. 2).

All 8 samples of the S. typhimurium se-
rotype were split into 5 genotypes according
to CRISPRI and 5 genotypes according to
CRISPR2. We have found that the genotypes
of both CRISPRs are related: each genotype
of CRISPR1 is linked to a particular geno-
type of CRISPR2. The same kind of relation
was found between CRISPRs for S. enteri-
tidis in samples 2,3, 5,7,9, 10 and 20 and for
S. infantis samples in 37 and 72.

DISCUSSION

In the recent study of Campylobacter jejuni
CRISPR fragments, the researchers encoun-
tered difficulties in interpreting results ob-
tained with Platinum Taq DNA polymerase
(Invitrogen), 1.5 mM MgCl, and 2.5 uM
Syto9 dye (Invitrogen) due to large dif-
ferences between the replicates (10). For
further reactions they chose SYBR green I
dye chemistry. However, it is not a suitable
dye for HRM. It has been shown that SYBR
green I translocates between amplicons
during melt curve analysis to a higher-Tm
product (12-14) and has a much higher in-
hibition to PCR than that of Syto9 (12, 15),
thus suggesting not careful HRM data. The
replicates obtained in our study with Syto9
dye are highly reproducible (Fig. 3), and our
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reaction mix can be used for CRISPRs DNA fragment HRM
analysis.

In this investigation, the HRM method for Salmonel-
la spp. CRISPRs region genotyping and comparison was used
for the first time. The differences obtained between samples
demonstrate a high degree of polymorphism for CRISPRs.
This CRISPR typing scheme is very quick, robust, single-step,
closed-tube and cost-effective and can be a good addition to
classical Salmonella spp. typing techniques.

We did not find differences within S. Agona, S. London,
A. Abony and S. Dublin serotypes, possibly for the following
reasons: the number of samples taken for analysis was too
small, and there was a probability that samples have been ex-
tracted from the related sources. The latter may also be true
for the relation found among the S. Typhimurium, S. Enteri-
tidis and S. Infantis genotypes.

Sequence alignment from the NCBI gene bank allowed
us to assume quite a high variability of CRISPR1. Neverthe-
less, our data obtained from CRISPR1 and CRISPR2 HRM
analysis didn’t reveal any significant differences between
them. For our samples, we discriminated the same number
of genotypes for each region in the total figure. Thus, the
variability comparison of CRISPR1 and CRISPR2 largely
depends on sample serotype and the number of samples
taken.

Further investigations in this field would enable compil-
ing the databases of CRISPRs HRM genotypes.

CONCLUSIONS

The implementation of this method as additional to the
classic typing method is acceptable and not complicated
for all laboratories working with PCR. We may assume that
both CRISPRs are equally useful for Salmonella spp. strain
differentiation.
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AUKSTOS REZOLIUCIJOS LYDYMOSI
TEMPERATURA NUSTATANCIO METODO PRITAI-
KYMAS SALMONELLA SPP. CRISPR SEKU GENOTI-
PAVIMUI

Santrauka
Prielaidos ir tikslas. Salmonella spp. ir kity bakterijy CRISPR
seky sudétiniai fragmentai nuolat persitvarko ir suformuoja didelj
prokariotiniy mikroorganizmy polimorfizmg. Realy laika PGR ir
aukstos rezoliucijos lydymosi temperatirg nustatantis (ARLTN)
metodas leidZia per trumpesnj laikg istirti kamieny polimorfizma.
Masy darbo tikslas — pritaikyti $ia metodika Salmonella spp. ge-
notipavimui.

Medziagos ir metodai. Salmonella spp. kamieny DNR buvo
pagausinta ir i$analizuota Rotor-Gene 65H0-100 prietaisu.

Rezultatai. Buvo i$analizuoti 49 Salmonella spp. kamienai ir
nustatyti 23 genotipai kiekvienam CRISPR regionui (CRISPRI ir
CRISPR2). I$siaiskinome, kad kai kuriy istirty Salmonella spp. se-
rotipy abiejy CRISPR regiony genotipai yra sukibe tarpusavyje.

I$vados. CRISPR seky ARLTN metodas yra vertingas jrankis
Salmonella spp. genotipavimui

Raktazodziai: CRISPR, ARLTN, Salmonella spp., genotipavi-
mas, Rotor-Gene 6000, Syto9
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