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Abstract

Introduction: Determination of the molecular relationship among Salmonella isolates is
important for epidemiological surveillance and control of infections caused by this bacterium.
This study aimed to evaluate the discriminatory power of random amplification of enterobacterial
repetitive intergenic consensus-polymerase chain reaction (ERIC-PCR) and random amplified
polymorphic deoxyribonucleic acid-PCR (RAPD-PCR) methods for molecular typing of
Salmonella Typhimurium.

Methods: Twenty-two S. Typhimurium strains isolated from bovine fecal samples were assessed
using ERIC-1 and ERIC -2 primers in ERIC-PCR and 23L, P1254, and OPL12 primers in RAPD-
PCR methods.

Results: Overall, 9 electrophoretic patterns were observed in the ERIC-PCR of 22 S. Typhimurium,
whereas 4, 8, and 13 patterns were obtained for 23L, P1254, and OPL12 primers in RAPD-PCR,
respectively. For ERIC-PCR, the dendrogram drawn based on these patterns clustered the isolates
in 3 main clusters A, B, and C at 80% similarity with the discrimination index (DI) of 0.982, while
the representative values for 3 RAPD-PCR primers were 0.925, 0.936, and 0.955, respectively.
Conclusion: Our findings indicated that ERIC-PCR and RAPD-PCR are reliable, rapid, and
powerful techniques for the epidemiological investigations of S. Typhimurium genotypes.
However, ERIC-PCR DI was higher than all of the separately performed RAPD-PCR assays as
well as DI calculated for cumulative RAPD-PCR results. Hence, ERIC-PCR can be used for the
genotyping of S. Typhimurium isolates instead of RAPD-PCR. Nonetheless, composite analysis
revealed that by simultaneous applying of both PCR methods, the DI can reach to 0.998, which
was the highest DI among the evaluated approaches.
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Introduction

survive in a prolonged manner in the environment and

Salmonella is among well-known foodborne pathogens
that, in addition to its adverse effects on livestock
production, can seriously endanger human health. Hence,
these infections are considered major illnesses worldwide
(1). In the last decades, over 2,500 different Salmonella
serotypes have been identified, most of which belong to
Salmonella enterica subspecies. Notably, Typhimurium
and Enteritidis serotypes account for more than half of the
isolates in most regions among various serotypes of this
subspecies (2, 3).

Salmonella enterica serovar Typhimurium, which is
known as the most common Salmonella serotype in the
world, causes enteritis in a wide range of species (1) One
of the important features of this serovar is its ability to

food products and to transmit to humans (4). Salmonellae
is usually transmitted through fecal-oral route but
infections may also transfer via the mucous membranes of
the conjunctiva or the upper respiratory tract (5).

Consequently, typing of Salmonella isolates can be
valuable to determine the probable source(s) of infections
in human populations and/or animal herds. This, in turn,
will be useful to prevent and control S. enterica infections.
Several molecular methods, including restriction fragment
length polymorphism, pulsed-field gel electrophoresis,
random amplified polymorphic  deoxyribonucleic
acid (RAPD), and enterobacterial repetitive intergenic
consensus (ERIC), have been introduced in this case to
type Salmonella strains (6-8).
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Polymerase chain reaction (PCR)-based methods
are easy, fast, and economically affordable for the
epidemiological investigations of genus Salmonella,
and random whole genome analysis by RAPD-PCR
and ERIC-PCR has been reported with extremely good
discriminatory indices (9, 10). Accordingly, the present
study aims to compare the discrimination powers of
ERIC-PCR and RAPD-PCR methods and investigate the
clonal relatedness of S. Typhimurium isolates.

Materials and Methods

Bacterial Strains

Totally, 22 S. Typhimurium strains previously isolated
from calves’ fecal samples (from 3 industrial dairy farms
in Hamedan province, west of Iran) were included in this
study. The identity of these strains had been confirmed
using common biochemical tests and a serotype specific
PCR assay (11).

Extraction of Deoxyribonucleic Acid Samples

Bacterial DNA was extracted from an overnight culture
of each isolate in tryptic soy broth. Briefly, 5 mL of the
cultured medium was centrifuged at 8,000 rpm for 3
minutes, and the pellet was resuspended in tuberculosis
buffer (10 mM Tris and 1 mM ethylenediaminetetraacetic
acid). Then, the bacterial DNA was extracted by the
boiling method (12), and DNA samples were stored at
-20°C until use.
Enterobacterial ~ Repetitive Consensus-
Polymerase Chain Reaction

DNA samples were replicated with the previously described
ERIC primers: ERIC-1 and ERIC-2 (Table 1) to perform
ERIC-PCR (13). The ERIC-PCR (20 pL) contained 10 pL
of a commercial PCR Master Mix, 3 uL of template DNA,
0.5 pL of each of the primers, and 6 pL distilled water. The
amplification was performed in a thermal cycler (Astec,
Japan) using the following protocol: Pre-denaturation at
95°C for 5 minutes, denaturation at 95°C for 30 seconds,
annealing at 49°C for 1 minute and extension at 72°C for
5 minutes. Steps 2-4 were repeated for 34 cycles, followed
by a final extension at 72°C for 10 minutes. Eventually, 10
uL of the PCR products were electrophoresed on a 1%
agarose gel and photographed under UV light in a gel
documentation system.

Intergenic

Random Amplified Polymorphic Deoxyribonucleic Acid-
Polymerase Chain Reaction

In brief, 3 single primers, including 23L, P1254 and
OPL12, with the sequences given in Table 1, were used
to conduct RAPD-PCR (14, 15). Each RAPD-PCR (20
uL) contained the same materials as the previous ERIC-
PCR, except that only one primer was utilized in every
run of PCR. The reactions were performed under thermal
conditions (pre-denaturation at 94°C for 5 minutes, 32
cycles of denaturation at 94°C for 1 minute, annealing at
35°C for 1 minute, and extension at 72°C for 80 seconds
with a final extension at 72°C for 8 minutes).

Najafi Asl et al

Table 1. Primer sequences Used in ERIC-PCR and RAPD-PCR

Primer Sequence 5’-3’ PCR Reference
ERIC-1 ATGTAAGCTCCTGGGGATTCAC ERIC 13
ERIC-2 AAGTAAGTGACTGGGGTGAGCG ERIC 13
23L CCGAAGCTGC RAPD 14
P1254 CCGCAGCCAA RAPD 14
OPL12 GGGCGGTACT RAPD 15

Note. ERIC-PCR: Enterobacterial repetitive intergenic consensus-polymerase
chain reaction; RAPD: Random amplified polymorphic deoxyribonucleic acid.

Reproducibility of Enterobacterial Repetitive Intergenic
Consensus-Polymerase Chain Reaction and Random
Amplified  Polymorphic  Deoxyribonucleic  Acid-
Polymerase Chain Reaction Assays

The reproducibility of both PCR methods was confirmed
by comparing the fingerprint patterns obtained from
duplicate reactions. Meanwhile, a negative control
containing no DNA sample was included in each PCR run.

Analysis  of Enterobacterial Repetitive Intergenic
Consensus-Polymerase Chain Reaction and Random
Amplified  Polymorphic  Deoxyribonucleic  Acid-
Polymerase Chain Reaction Data

The DNA fingerprints obtained from both ERIC-
PCR and RAPD-PCR were visually analyzed, and the
presence or absence of each DNA band was scored as 1
and 0, respectively. Next, the scores were merged to make
electrophoretic profiles, which were then analyzed by
NTSYSpc software (version 2.1, USA). Moreover, cluster
analysis and construction of dendrograms were performed
using the unweighted pair group method with arithmetic
averages to determine the relatedness of Salmonella
isolates collected from various dairy herds (16).

Power of Discrimination

The numerical index of the discriminatory capability
of ERIC-PCR and RAPD-PCR typing methods was
calculated by applying Simpsons index of diversity
equation, which is expressed as follows:

D :—N(I\II—I) jZ;:nj(nj—l)

N = Total number of isolates
S=Total number of types
Nj = Number of strains belonging to the j* type (17).

Results
Enterobacterial  Repetitive
Polymerase Chain Reaction
In general, 9 electrophoretic patterns were observed of
all 22 S. Typhimurium isolates subjected to ERIC-PCR
(Figure 1). In total, 5-10 DNA bands were generated
by ERIC primers with a molecular size ranging from
100 <to>1500 bp. The discriminatory index (DI) of this
method considering 22 isolates was 0.982.

At 80% similarity, the dendrogram drawn based on

Intergenic  Consensus-
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the electrophoretic patterns indicated 3 main clusters
(designated as clusters A, B, and C). The results of ERIC-
PCR demonstrated that 64% of the isolates were placed in
cluster A (Figure 2).

Random Amplified Polymorphic Deoxyribonucleic Acid-
Polymerase Chain Reaction

RAPD-PCR was used to assess the relative genetic
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Figure 1. DNA Fragments Obtained From ERIC-PCR for Salmonella Isolates
Note. DNA: Deoxyribonucleic acid; ERIC-PCR: Enterobacterial repetitive
intergenic  consensus-polymerase chain reaction; S. Typhimurium:
Salmonella Typhimurium. Lanes 1-22: S. Typhimurium isolates. Lane L: a
100 bp DNA ladder

ERIC-PCR vs. RAPD-PCR for S. typhimurium genotyping

relationship of S. Typhimurium strains isolated from
3 dairy farms. Various DNA fragments were produced
from all of the 22 isolates in RAPD-PCR using 3 primers.
RAPD-PCRs conducted with 3 primers yielded 3-8 DNA
bands per isolate, revealing DNA bands ranging from
100 < to>1500 bp (Figure 3).

Most RAPD profiles (13 electrophoretic patterns) were
characterized using the OPL12 primer. However, 8 and 4
RAPD patterns were observed for P1254 and 23L primers,
respectively. Dendrograms drawn for each of these
RAPD-PCR primers revealed that at 80% similarity, only
primer OPL12 had relatively sufficient discriminatory
power to genetically differentiate the S. Typhimurium
isolates among 3 RAPD-PCR primers. Three main
clusters were found for this primer, while the other
two primers (P1254 and 23L primers) displayed only 1
cluster at 80% similarity in their dendrograms (separate
dendrograms for each RAPD-PCR primer are not shown).
Consequently, another dendrogram was drawn based on
the combined results of all 3 RAPD-PCR primers which,
in turn, indicated two main clusters designated as clusters
A and B (Figure 4). The calculated DI for 23L, P1254 and
OPL12 primers were 0.925, 0.936, and 0.955, respectively.
Conversely, the combination of electrophoretic patterns
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Figure 2. Dendrogram of Genetic Relationship Among 22 S. Typhimurium Strains Based on the Results of ERIC-PCR
Note. ERIC-PCR: Enterobacterial repetitive intergenic consensus-polymerase chain reaction; S. Typhimurium: Salmonella Typhimurium. Isolates numbers: 1-22;

dairy farms: A, B, and C
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Figure 3. Electrophoretic Patterns of RAPD-PCR Obtained for Salmonella
Typhimurium Isolates

Note. ERIC-PCR: Enterobacterial repetitive intergenic consensus-polymerase
chain reaction; S. Typhimurium: Salmonella Typhimurium. A: Primer 23L,
B: Primer P1254, C: Primer OPL12. Lanes 1-22: S. Typhimurium isolates.
Lane L: a 100 bp DNA ladder
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obtained by these primers could increase DI to 0.972.

Composite Analysis of Enterobacterial Repetitive
Intergenic Consensus-Polymerase Chain Reaction and
Random Amplified Polymorphic Deoxyribonucleic Acid-
Polymerase Chain Reaction Results

The RAPD-PCR method produced 3-7 DNA bands,
whereas ERIC-PCR could produce 3-10 DNA bands.
When composite analysis was performed by considering
the DNA fragments obtained from ERIC-PCR and RAPD-
PCR methods using NTSYSpc software, 21 patterns
were totally obtained for 22 strains. Figure 5 depicts the
dendrogram drawn based on the results of both ERIC-
PCR and RAPD-PCR assays. By composite analysis, the
DI increased to 0.998. At a dissimilarity coefficient of
80%, 4 major clusters (A, B, C, and D) were observed, each
of which was further divided into more subclusters.

Discussion

In the present study, ERIC-PCR and RAPD-PCR
were evaluated as molecular techniques to determine
Salmonella genotypes isolated from bovine fecal samples
since both assays are efficient, simple, and relatively
inexpensive methods and have been employed in many
epidemiological studies for this purpose (14). Complex
DNA fingerprint patterns were recognized by applying
these PCR assays, resulting in good discrimination of
Salmonella isolates. Based on the generated ERIC-PCR
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Figure 4. Dendrogram of Genetic Relationship Among 22 S. Typhimurium Strains Based on the Results of RAPD-PCR
Note. ERIC-PCR: Enterobacterial repetitive intergenic consensus-polymerase chain reaction; S. Typhimurium: Salmonella Typhimurium. Isolates numbers: 1-22;

dairy farms: A-C
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Figure 5. Dendrogram for 22 S. Typhimurium Isolates Based on the ERIC-PCR and RAPD-PCR
Note. ERIC-PCR: Enterobacterial repetitive intergenic consensus-polymerase chain reaction; S. Typhimurium: Salmonella Typhimurium. Isolates numbers: 1-22;

dairy farms: A-C

and RAPD-PCR dendrograms, at 80% similarity, the
isolates were grouped into 3 and 2 clusters, respectively,
implying that the genetic differences of S. Typhimurium
isolates were enough to be clustered separately. However,
most isolates belonged to cluster A for both PCR assays.
Meanwhile, the genotypes were distributed among various
dairy farms. Nevertheless, there were also some isolates
from different dairy farms that shared the same genetic
profiles, which may indicate the circulation of those
isolates among the dairy farms.

Totally, the RAPD-PCR results obtained from 3 primers
revealed that the OPL12 primer had the highest DI
(0.955), suggesting the application of this primer in the
case of S. Typhimurium typing using the RAPD-PCR
method. Nevertheless, none of the RAPD-PCR assays
had advantage over ERIC-PCR since the DI calculated for
ERIC-PCR (0.982) was higher than the DIs obtained for
RAPD-PCRs. The ERIC-PCR DI was even higher than
DI calculated for the cumulative results of all 3 RAPD-
PCR primers (0.982>0.972), indicating that considering
the studied primers, ERIC-PCR is a more appropriate
technique for the genotyping of S. Typhimurium isolates
compared to RAPD-PCR. Furthermore, if the researchers
look for more discrimination power, it is recommended
that they apply both methods and combine the results,
because the highest discriminatory power (0.998) was
achieved by the composite analysis of ERIC-PCR and
RAPD-PCR results.

In fact, each of these two methods has its own advantages
and drawbacks. While RAPD-PCR hashigh discriminatory
power and usually covers whole-genome length, it is also
considered a cheap and fast technique that benefits from a
simple setup and does not require prior knowledge about

template sequence. Therefore, many comparative studies
have reported higher polymorphism indices for RAPD
than for ERIC (18, 19). However, RAPD-PCR results
are sensitive to PCR conditions, polymerase, and DNA
concentration, causing poor reproducibility across runs
and inter-lab variability. Multiple studies flag this as the
main drawback for this method (20). On the other hand,
ERIC-PCR targets conserved repetitive elements that may
lead to better standardization potential. In addition, ERIC
primers amplify specific repetitive intergenic consensus
sequences, producing electrophoretic patterns that are
often easier to reproduce than RAPD under certain
conditions (21). Additionally, ERIC-PCR is an appropriate
method to group related isolates since it frequently
shows clearer grouping for closely related isolates (22).
However, this method occasionally indicates lower
discriminatory power. In some cases, ERIC produces
fewer DNA fragments than RAPD, and, therefore, it may
fail to discriminate closely related strains that RAPD can
separate (23).

Several studies have evaluated such molecular methods
in the genotyping of bacterial isolates. Chmielewski et al
examined 31 S. enteritidis isolates from poultry samples in
Poland by ERIC-PCR and reported a DI of 0.985 (24). In
another study, 70 Salmonella strains isolated from poultry
samples were analyzed by RAPD-PCR to determine
their genetic relationship. The similarity coefficient
among the isolates varied from 0.60 to 0.86, and all
Salmonella isolates were classified into 7 groups based
on dendrogram analysis (16). Likewise, Madadgar et al
showed the application of primers 23L and P1254 in the
RAPD-PCR of 30 S. Typhimurium isolates. They further
found that the discriminatory power of RAPD-PCR for
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S. Typhimurium was low but the combination of this
method with other methods could be useful for the typing
of S. Typhimurium isolates (3). In a study performed by
Albufera et al, in Mauritius, the ERIC-PCR and RAPD-
PCR typing of Salmonella isolates from human and
food sources yielded acceptable discriminatory power.
Moreover, these researchers discriminated the Salmonella
isolates of the same serogroups by generating different
profiles (25). Similarly, Nath et al analyzed 113 S. enterica
serotype Typhi isolated from typhoid patients’ samples by
ERIC-PCR and RAPD-PCR methods. They concluded
that ERIC-PCR is a highly efficient method with a DI of
0.982 (10). Despite its satisfactory discrimination, RAPD-
PCR showed a DI of 0.897, which is in agreement with
our results. Nevertheless, in other studies performed by
Pourshafie et al and Millemann et al, poor discriminatory
indices were reported for the ERIC-PCR-based analysis of
56 S. Typhimurium and 14 S. enteritidis strains isolated
from poultry samples (26, 27).

Conclusion

In this study, two molecular epidemiological methods
were used to type S. Typhimurium isolated from bovine
fecal samples based on their whole genome. The results
confirmed that the ERIC-PCR had higher discriminatory
power in comparison to cumulative RAPD-PCR results.
Consequently, it is recommended that epidemiological
studies use ERIC-PCR for the genotyping of S.
Typhimurium isolates instead of RAPD-PCR. However,
composite analysis revealed that by the simultaneous
applying of both PCR methods, the DI could reach 0.998,
which was the highest achieved DI.
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