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ABSTRACT. Randomly amplified polymorphic DNA (RAPD) has
been widely used for epidemiological and phylogenetic purposes ow-
ing to its rapidity and efficiency. The aim of this study was to perform
genome typing of Salmonella samples isolated from different sources
by RAPD profiling. Thirty-three Sa/monella samples from the bacterial
collection of the Laboratério de Virologia Comparada, Departamento de
Morfologia, Universidade Federal de Sergipe, Brazil, and two standard
samples were used. RAPD profiling was conducted using six primers of
the Ready-To-Go RAPD system. The amplified products were electro-
phoresed on 5% polyacrylamide gel and silver-stained. RAPD analysis
resulted in reproducible and stable banding patterns and showed high
genetic diversity among the isolated strains. The Primer P1-generated
dendrogram showed an epidemiologic relationship between the human
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and poultry isolated samples, highlighting the usefulness of RAPD for
molecular typing and epidemiological studies.
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INTRODUCTION

Members of the genus Salmonella, of the family Enterobacteriaceae, are important
foodborne pathogens. They are among the most important causes of enteric pathologies in the
world, and are therefore relevant to public health owing to their high rates of endemicity and
morbidity (Chansiripornchai et al., 2000; Ruiz et al., 2003).

The Salmonella genome is characterized by the presence of a large number of genetic
elements (Salmonella pathogenicity islands) that can be acquired by horizontal transmission.
These pathogenicity islands allow bacteria to rapidly gain complex virulence and enable the
emergence of new antibiotic-resistant epidemic strains (Yan et al. 2004), resulting in great
genetic diversity.

With the advent of molecular biology, many DNA-based methods have emerged that
allow for the detection of genetic variations present in isolated samples, as well as inter- and
intra-serotype differentiation (Lin et al., 1996; Soto et al., 1999; Nath et al., 2010). Molecular
typing of Salmonella is very important in epidemiological studies because it reflects the ge-
netic link between samples, which can be used to identify the sources of microorganisms, trace
the transmission and environment diffusion chain, and monitor the tendency to antimicrobial
resistance. Use of these modern molecular typing methods could thus lead to the establishment
of more efficient public health policies, permitting better sanitary control of the products of-
fered to the population, and could even serve as a complement to the conventional techniques
used for biotyping (Laconcha et al., 1998; De Cesare et al., 2001).

Randomly amplified polymorphic DNA (RAPD), also known as arbitrarily primed-
polymerase chain reaction (PCR), amplifies DNA fragments through random primers. It does
not require any previous knowledge of the DNA sequence of the target organisms, and results
in simpler, low-cost, and rapid detection of the genetic variations present in isolated samples
(Colauto et al., 2002; Ruiz et al., 2003; Santos and Baumler, 2004). RAPD has been used as
a tool to trace Salmonella epidemiologically, to distinguish Salmonella strains from different
geographical origins, and for complementing serotyping and phage typing methods (Soto et
al., 1999; De Cesare et al., 2001; Quintaes et al., 2002; Lim et al., 2005; Smith et al., 2011;
Rezk et al., 2012).

The aim of the present study was to assess the inter- and intra-serotype diversity of
Salmonella spp and verify a possible epidemiologic relationship using the RAPD technique.

MATERIAL AND METHODS
Bacterial strains
Thirty-three Salmonella spp strains isolated from different sources (poultry, oysters,

environmental water, human feces, and human blood, Table 1) from the state of Sergipe,
Northeastern Brazil, were utilized in this study. These epidemiologically unrelated sporadic
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isolates belonged to ten different serotypes: nine Salmonella enterica serotype Agona; three S.
enterica subsp enterica (8,20:24,223:-); one S. enterica subsp enterica (068:24,723:-); nine
S. Enteritidis; two S. Houtenae; one S. Newport; three S. Panama; two S. Schwarzengrund; one
S. Tennessee; and two S. Typhimurium. Two international standard strains, ATCC 13076 and
ATCC 13311, were also included.

Table 1. Randomly amplified polymorphic DNA (RAPD) profile of Sal/monella spp samples isolated from
different sources in the state of Sergipe, Brazil.

No. of type  Serotype Source Primer P1 Primer P2 Primer P3 Primer P4 Primer P5  Primer P6
7 S. Enteritidis ATCC 13 076 Al Bl Cl D1 El F1
5 S. Enteritidis Human feces Al B2 C2 D2 E2 F2
9 S. Enteritidis Human feces A2 B3 C3 D3 E3 F3

11 S. Enteritidis Human feces A3 B4 C4 D4 E3 F4

12 S. Enteritidis Human feces A3 B3 C3 D1 E4 F3

17 S. Enteritidis Human feces A2 B5 Cs D5 ES F5

31 S. Enteritidis Human feces A4 B6 Co D6 E6 Fo

32 S. Enteritidis Human feces A5 B7 C7 D7 E7 F7

37 S. Enteritidis Human blood A6 B8 C8 D7 ES8 F8

18 S. Enteritidis Poultry A7 B9 C8 D1 E9 F3

24 S. Agona Poultry A8 B10 9 D8 E10 F9

25 S. Agona Poultry A9 Bl1 C10 D9 Ell F9

26 S. Agona Poultry Al0 Bl11 C10 D10 E12 F9

27 S. Agona Poultry All B12 C10 D11 E13 F10

28 S. Agona Poultry Al2 B13 C10 D12 El13 F11
4 S. Agona Env. water} Al3 B14 Cl11 D13 El4 F12
6 S. Agona Env. water} Al4 BI5 C12 D14 E15 F13
8 S. Agona Env. water] AlS B16 C13 D15 El6 F14

22 S. Agona Env. water} Al6 B17 Cl4 D16 El7 F15

10 S. Typhimurium ATCC 13311 Al7 BI18 Cl15 D17 E18 Fl6

16 S. Typhimurium Human blood Al8 BI19 Cl6 D17 E19 F17

36 S. Typhimurium Human blood Al9 B20 C17 D18 E20 F18

34 S. enterica subsp enterica®* ~ Human blood A6 B21 C18 D19 E21 F19

35 S. enterica subsp enterica* ~ Human blood A20 B22 C19 D20 E22 F19

19 S. enterica subsp enterica*  Poultry A7 B23 C20 D21 E23 F20

23 S. enterica subsp entericat  Poultry A6 B22 C21 D22 E24 F19

33 S. Panama Poultry A21 B24 C10 D7 E25 F21

20 S. Panama Env. water} A21 B25 Cl18 D23 E26 F21

21 S. Panama Env. water} A22 B26 CI8 D24 E27 F21

29 S. Schwarzengrund Poultry A23 B27 Cc22 D25 E28 F22

30 S. Schwarzengrund Poultry A23 B28 c23 D25 E28 F22
2 S. Houtenae Env. water} A24 B29 C24 D26 E29 F23
3 S. Houtenae Env. water] A24 B30 Cll1 D26 E29 F12

13 S. Newport Human feces A25 B31 C25 D27 E30 F24
1 S. Tennessee Oysters A26 B32 C26 D28 E31 F25

Al1-A26,B1-B32, C1-C26, D1-D28, E1-E31, F1-F25 represent the different RAPD profiles relating to each primer
*S. enterica subsp enterica (8,20:64,723:-); 'S. enterica subsp. enterica (068:64,723:-); ‘Environmental water.

DNA extraction

DNA extraction was carried out according to Sambrook et al. (2001). Samples were
grown in 1L of Luria-Bertani broth, at 37°C with agitation (120 rpm) for 12 h and then cen-
trifuged at 5000 g for 20 min at 4°C. Pellets were resuspended in phosphate-buffered saline
(PBS, pH 7.2). To extract total DNA, bacterial suspensions in PBS were centrifuged at 8000
g for 10 min and resuspended in 450 pL Tris-ethylenediaminetetraacetic acid, pH 8.0, and in-
cubated at 56°C for 3 h together with 20 uL 20 mg/mL Proteinase K, 2 pL 10 mg/mL RNAse,
and 30 pL 10% sodium dodecyl sulfate. They were then inactivated at 70°C for 10 min and
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centrifuged at 3000 g for 5 min. The supernatant was transferred to a new tube and extracted
with 1:1 phenol:chloroform four times at 3000 g for 15 min. Later, the samples were precipi-
tated with 95% ethanol after addition of 1/10 (v/v) potassium acetate. Samples were then left
at -20°C for 20 min and centrifuged at 11,000 g for 20 min. The DNA pellet was dried at room
temperature and resuspended in 50 pL ultra-pure water.

RAPD

Six Ready-To-Go system (Amersham Biosciences, NJ, USA) primers were used
to carry out the RAPD-PCR: P1 (5'-GGTGCGGGAA-3"), P2 (5'-GTTTCGCTCC-3"), P3
(5'-GTAGACCCGT-3"), P4 (5'-AAGAGCCCGT-3"), P5 (5'-AACGCGCAAC-3"), and P6
(5'-CCCGTCAGCA-3"). The mix consisted of 2.5 uL. PCR buffer (30 mM KCI and 10 mM
Tris-HCI, pH 8.3), 0.75 uL MgCl, (3 mM), 16.9 uL diethylpyrocarbonate-treated water, 3 pL
primer (15 pmol), 0.6 pL dNTPs (0.4 mM), 0.25 pL Taq DNA polymerase (0.25 U), and 1 uL.
DNA. Tubes were heated at 95°C in a thermo cycle (Thermo Hybaid PCR Sprint) for 5 min,
before the addition of 0.25 uL. Tag DNA polymerase, followed by 40 cycles at 94°C for 30
s, 35°C for 1 min, and 72°C for 2 min. After 40 cycles, a final extension at 72°C was carried
out for 5 min. The amplified products were separated by electrophoresis on a 5% polyacryl-
amide gel at 112 V for 3 h and visualized according to the PlusOne DNA Silver Staining Kit™
(Amersham Biosciences). PCR and gel electrophoresis were repeated at least three times in
independent experiments to verify the reproducibility of the results. Optimization of the am-
plification conditions for PCR was carried out by varying the amounts of primer (3-5 pL)
and the annealing temperatures (35-40°C), using the references Escherichia coli BL21, Cla,
ATCC 13 076, and ATCC 13 311.

Data analysis

The RAPD patterns of individual strains were scored as discrete variables in a binary
manner based on band presence or absence: 1 was used to indicate presence and 0 to indicate
absence of a band in the profile. Diversity and genetic relationship among the strains were
obtained using unweighted pair-group method with arithmetic average (UPGMA) and the
NTSYS-pc 1.7 program (Rohlf, 1992). The discrimination index was calculated using Simp-
son’s index of diversity (Hunter and Gaston, 1988).

RESULTS AND DISCUSSION

PCR-based fingerprinting using RAPD has been used widely for genome identifica-
tion, and the RAPD technique using up to six primers has been reported to be a good tool for
molecular typing, permitting the execution of public health measures necessary to control infec-
tion (Chansiripornchai et al., 2000; De Cesare et al., 2001; Khoodoo et al., 2002; Quintaes et
al., 2002). During this study, we found that the best amplification conditions for RAPD-PCR
were an annealing temperature of 35°C with 3 pL primer. No loss in band numbers or shift in the
position of PCR bands was observed in the reproducibility tests. Also, no PCR products were
observed in reactions performed in the absence of primer or in the absence of DNA template.

The six primers utilized in this study showed different discriminatory powers, pro-
ducing a variety of PCR profiles (Table 1). It was possible to discriminate all 35 samples of
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Salmonella, showing that they were all genetically different. No primer alone was able to dis-
criminate all isolates. However, the use of any two primers was enough to differentiate all 35
samples (Table 2). The samples that showed at least one polymorphic band were considered
sufficiently divergent. Primer P2 produced the maximum number of RAPD profiles and thus
has better discriminatory power than the others. The six RAPD-PCR 10-mer primers gener-
ated a total of 178 distinct RAPD profiles (Table 1), and proved to be useful for differentiating
all the isolated samples, as mentioned above.

Table 2. Discrimination indices for different primers.

Primer No. of types Discrimination index
RAPD analysis P1 26 0.983
RAPD analysis P2 32 0.995
RAPD analysis P3 26 0.973
RAPD analysis P4 28 0.985
RAPD analysis P5 31 0.993
RAPD analysis P6 25 0.977

RAPD = randomly amplified polymorphic DNA.

Using these primers, a good Simpson’s index of discrimination was obtained for Sal-
monella isolates. These high index values indicate the potential ability of the technique to dif-
ferentiate between different isolates (Table 2). The discriminatory power is determined by the
number of types defined and their relative frequencies. Thus, despite the fact that both primers
P1 and P3 can differentiate 26 types, P1 is more discriminatory than P3 (Table 2). The above
results show the presence of a great genetic diversity within the samples found in the state of
Sergipe, Brazil. Such diversity may determine new genetic combinations, consequently im-
proving virulence factors and resistant genes present in different samples.

Seven different RAPD profiles from 10 samples of S. Enteritidis were obtained with
primer P1 (Table 1). Samples 5 and 7, samples 9 and 17, and samples 11 and 12 showed
identical profiles (Table 1), all from human feces. Samples 18, 31, 32, and 37 produced in-
dividual profiles. Similarly, samples 37 (S. Enteritidis) and 34 [S. enterica subsp enterica
(8,20:64,723:-)], both isolated from human blood, presented the same profile as sample 23
[S. enterica subsp enterica (068:64,723:-)], isolated from poultry; moreover, sample 19 [S.
enterica subsp enterica (8,20:64,723:-)] was identical to sample 18 (S. Enteritidis).

A dendrogram using the RAPD results produced by primer P1 grouped together En-
teritidis and enterica isolated from human blood, human feces, and poultry, showing a possi-
ble epidemiological relationship between these samples (Figure 1). The samples isolated from
human feces and human blood were collected from patients showing diarrhea and septicemia
symptoms. The poultry for sample isolation were obtained from a street market, probably with
unhygienic conditions. The grouping of these samples close together indicates that the infec-
tion in humans probably began with ingestion of the contaminated poultry. Poultry are an im-
portant source of protein in the Brazilian diet and are often bought in open street markets. The
results of this study reinforce the need for better sanitary control measures for this product.

As the RAPD technique is simple, rapid, and rather cheap, we suggest that it can serve
as an additional tool for studying the genetic diversity and molecular epidemiology of Salmo-
nella species, both inter- and intra-serovars. The isolation of various serovars of Salmonella
from different sources indicates the presence and the wide distribution of Sa/monella in the
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state of Sergipe, Northeastern Brazil. Knowledge of genetic variability of subtypes of differ-
ent serovars and the sources of Sa/monella may provide valuable additional information for
research, risk management, and public health strategies.
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Figure 1. Dendrogram of randomly amplified polymorphic DNA (RAPD) profiles using primer P1. Salmonella
Enteritidis and S. enferica isolates are marked in green and red, respectively.
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