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Abstract In this study, randomly amplified polymorphic
DNA-PCR (RAPD-PCR) was employed to investigate the
genetic diversity of 308 wild isolates of Listeria
monocytogenes. These isolates were taken from 1288 samples
isolated from six food sources obtained within the Baoding
and Shijiazhuang areas of Hebei province, China. Genetic
distant coefficient analysis of the band profiles was carried
out using unweighted pair-group method analysis (UPGMA)
and cluster analysis. The oligomer RP1 was used as a primer
to type 308 isolates of foodborne L. monocytogenes and 228
different RAPD-PCR fingerprinting patterns were obtained.
The clustering analysis showed that the 308 isolates of
L. monocytogenes could be grouped into six genetic clusters.
Among them, Clusters I and II were the dominant species
from this region. Also, many differences between genetic
clusters from different foods, sampling times, and regions
were found. The differences in RAPD-PCR fingerprinting
patterns obtained from the six food types sampled indicate
that the L. monocytogenes subtypes isolated were genetically
diverse.
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Introduction

Listeria monocytogenes is an important foodborne pathogen
due to its widespread distribution (Ryser and Marth 2007).
Consumption of food contaminated with this pathogen can
lead to listeriosis. This condition has high rates of morbidity
and mortality (25-30 % overall) (EFSA 2010; Scallan et al.
2011). The organism can endure adverse conditions such as
freezing, drying, mild heat, and anaerobic conditions. It can
also grow at temperatures used in refrigeration (from —1.5 to
4 °C) (Gandhi and Chikindas 2007). Because of these charac-
teristics, L. monocytogenes is a great concern for food safety.

Frequent reports of foodborne disease associated with
L. monocytogenes are reported globally each year (Mead
et al. 2000). L. monocytogenes contributes significantly to
foodborne illness and death in the U.S., with approximately
2500 cases of foodborne listeriosis in 2010, with an estimated
cost of about $2.04 billion (Scallan et al. 2011; Schraff 2012).
Prepared food plays an important role in foodborne disease
(Aurora et al. 2009). These products have gained widespread
acceptance due their convenience and are popular in products
such as meat, cheeses, milk, and instant noodles. The threat of
L. monocytogenes to human health becomes more severe with
an increase in the consumption of prepared food. Because the
incubation period of L. monocytogenes is long (McLauchlin
et al. 2004), contaminated food has usually been discarded
leaving few contaminated samples for examination once in-
fection has been established. Thus, it is very difficult to trace
sources of L. monocytogenes contamination. This makes the
investigation of the genetic background of L. monocytogenes
important for molecular epidemiological analysis, detection,
control, and tracking of this pathogen.

To trace the vehicles of infection and carry out an epidemi-
ological investigation, various methods have been applied to
type L. monocytogenes strains, including serotyping, phage
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Fig. 1 Agarose (1.0 %) gel electrophoresis of RAPD-PCR products from some L. monocytogenes isolates. Lanes: 1 kb, 1 kb ladder; DL2000, 2000 bp
DNA marker; CK, negative control containing ddH,O in place of the DNA template; numbered lanes indicate different isolates of L. monocytogenes

typing, and molecular typing. Randomly amplified polymor-
phic DNA-PCR (RAPD-PCR) is another molecular typing
method that can be used to characterize L. monocytogenes
strains. This technique detects DNA polymorphisms and is
based on the common technique of PCR (Welsh and
McClelland 1990). RAPD-PCR employs short (9—-10 bp)
primers with sequences chosen at random, removing the re-
quirement for prior knowledge of the template DNA se-
quence. Purified DNA, a single colony, or a cell lysate can
be used as the PCR template. Compared with other methods
of molecular typing, RAPD-PCR is quick and relatively sim-
ple. Several studies have shown RAPD-PCR to be a highly
discriminative method for rapid subtyping of
L. monocytogenes (Boerlin et al. 1995). This technique has
also been widely used in epidemiological studies and investi-
gations of contamination events (Giovannacci et al. 1999).
However, the relatively poor reproducibility of the method is
often criticized by people.

The objective of this study was to investigate the genetic
diversity L. monocytogenes from food samples. To accomplish
this, we used 308 isolates taken from 1288 samples. Our sam-
ples were taken from six different food products and were typed
using RAPD-PCR. From this we constructed RAPD-PCR fin-
gerprint databases for L. monocytogenes strains.

Materials and methods
Sample collection

From January 2007 to April 2008, a total of 1288 food sam-
ples were purchased randomly from supermarkets in Baoding,
Shijiazhuang and the surrounding areas of Hebei Province,
China. These samples included: 500 pieces of raw meat, 338
frozen foods, 162 seafood products, 144 fruits or vegetables,
59 cooked meat products, and 25 dairy products. Samples
were transported to the laboratory on ice and analyzed in a
timely manner.

Isolation and identification of L. monocytogenes

Isolation and identification of L. monocytogenes was carried
out according to a standard procedure (National Food Safety
Standard, Food Microbiological Examination: Listeria
monocytogenes, GB 4789.30-2010, China). Briefly, 25-g
samples were aseptically added to 225 mL of enrichment
broth (EB) and homogenized in a flask. The homogenized
samples were incubated at 30 °C for 4 h, and selective agents
(acridine flavin and nalidixic acid) were added following in-
cubation. After incubating for an additional 48 h, aliquots

Table 1  The distribution of band sizes of 650 bp and 1.5 kb in 308 isolates
Gel bands features Raw meat Cooked meat  Seafood products Fruits & Vegetables Quick-frozen foods Dairy products Sum
No PCT (%) No PCT (%) No PCT (%) PCT (%) No PCT (%) No PCT (%) No PCT (%)

a 161 79.31 12 80.00 24 63.16 70.59 29 87.88 0 0.00 238 77.27

b 141 6946 10 66.67 23 60.53 58.82 22 66.67 0 0.00 206 66.88

c 37 1823 4 26.67 7 18.42 17.65 9 27.27 0 0.00 60 19.48

d 17 837 2 13.33 15.79 5.88 2 6.06 0 0.00 28 9.09

e 124 61.08 8 53.33 17 44.74 52.94 20 60.61 0 0.00 178  57.79

f 25 12.32 1 6.67 8 21.05 23.53 2 6.06 2 100.00 42 13.64
Sum 203 100.00 15 100.00 38 100.00 100.00 33 100.00 2 100.00 308 100.00

(No Number, PCT Percentage (%); a, the isolates contained the gel band size of 650 bp; b, the isolates contained the gel band size of 1.5 kb; c, the isolates
contained the gel band size of 650 bp, but not 1.5 kb; d, the isolates contained the gel band size of 1.5 kb, but not 650 bp; e, the isolates contained gel band
sizes of both 650 bp and 1.5 kb; f, the isolates contained gel band sizes of neither 650 bp nor 1.5 kb.)
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Table 2 The categories of 137 isolates with identical RAPD-PCR patterns

Total number Group i Group ii Group iii Group iv
Number Percentage (%) Number Percentage (%) Number Percentage (%) Number Percentage (%)
137 65 47.45 47 3431 16 11.68 9 6.57

(Group i: The isolates taken from the same food type, sampling time, and sampling area; Group ii: The isolates taken from different food types, but with
the same sampling time and area; Group iii: The isolates taken from the same food type, but with different sampling times and areas; Group iv: The

isolates taken from different food types, sampling times, and sampling areas.)

from these EB-innoculated samples were streaked onto
Oxford and PALCAM media. Typical Listeria-like colonies
grown on Oxford and PALCAM media were purified on TSA-
YE and verified using the biochemical and (3-hemolysis as-
says. These isolates could be confirmed as L. monocytogenes
based on the above results.

Fig. 2 The clustering
dendrogram of 228

DNA extraction

DNA was prepared using the following methods. A col-
ony was picked from the TSA culture and inoculated
into 5 mL of TSB-YE. The culture was grown for
12 h with shaking at 120 rpm at 37 °C. One milliliter

L. monocytogenes isolates based
on RAPD-PCR analysis
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Table 3  The distribution of foodborne L. monocytogenes isolates
among each genetic cluster

Table 5 Comparison of L. monocytogenes gene clustering between
two batches of raw meat from Baoding

Genetic clusters The number of isolates Percentage in total (%)

I 96 31.17
I 153 49.68
I 19 6.17
v 5 1.62
v 19 6.17
VI 16 5.19

was removed from the TSB-YE culture and spun at 10,
000 rpm for 5 min. The supernatant was discarded, and
the pellet was washed in 1| mL of sterile distilled water
two times. The suspension was centrifuged at 10,
000 rpm for 5 min in a microcentrifuge to obtain the
cell pellet. The pellet was resuspended in 250 pL lyso-
zyme (1 mg/mL, Sigma, USA) and incubated in a water
bath at 37 °C for 2 h. Two hundred microliters TE
buffer (1 mM EDTA, 10 mM Tris—HCI, pH 8.0),
100 uL 10 % SDS (sodium dodecyl sulfate), 3 puL
Proteinase K (20 mg/mL, Sigma, USA), and 60 puL
NaCl (5 M) were then added to the tube with gentle
agitation. To lyse the cells, the tube was then incubated
in a 60 °C water bath for 20 min, or until the solution
mixture became clear. Following lysis, 500 nL PCI mix
(phenol-chloroform-isoamylalcohol, at a volume ratio of
25:24:1) was added to the lysate and mixed gently. The
mixture was centrifuged at 12,000 rpm for 10 min. The
upper aqueous layer (clear layer) was carefully trans-
ferred into a new sterile tube. Two hundred microliters
CI mix (chloroform-isoamylalcohol, at a volume ratio of
24:1) was then added to the aqueous layer and mixed
gently. This tube was centrifuged at 12,000 rpm for
10 min. The upper aqueous layer was transferred into
a new sterile tube, and 20 pL potassium acetate and
400 pL cold ethanol (100 %) were added. The tube

Genetic clusters Isolates sampling Isolates sampling

in July 2007 in April 2008

No PCT (%) No PCT (%)
I 23 56.10 8 17.02
I 13 31.71 31 65.96
I 2 4.88 2 426
v 0 0.00 1 2.13
\% 0 0.00 3 6.38
VI 3 7.32 1 2.13
Sum 41 100.00 47 100.00

No Number, PCT Percentage (%)

was incubated at —20 °C for 30 min and then centri-
fuged at 12,000 rpm for 10 min. The supernatant was
discarded, and the pellet was washed twice with 500 uL
of cold 70 % ethanol. After centrifugation at 12,
000 rpm for 10 min, the ethanol solution was discarded
and the pellet was air-dried and dissolved in 30 pL
sterile distilled water. The DNA (1 pnL) was used for
the RAPD-PCR analysis.

RAPD and gel electrophoresis

PCR amplification was performed with a T-Gradient
Thermocycler (Biometra, Germany) in a 25 uL reaction mix-
ture containing: 2.5 uL 10 x PCR buffer, 2 uL. MgCl,, 1 uL
dNTP mix, 1 uL 7ag polymerase, 2.5 pL of a random primer
RP1 (5’GGTGTGCTGT 3’), 0.5 uL of DNA template, and
15.5 uL ddH,0. The DNA amplification procedure was as
follows: one cycle, 4 min at 94 °C for initial denaturation ,
45 cycles of 1 min at 94 °C (denaturation), 1 min at 35 °C
(annealing), and 1 min at 72 °C (elongation), followed by a
final extension of 10 min at 72 °C. Following PCR, 7 uL of
each PCR product was loaded into the wells of a 1.0 %

Table 4 The gene clustering

statistics of L. monocytogenes Genetic Raw meat Quick-frozen Seafood Cooked meat Fruits and

from different food sources taken clusters food products Vegetables

from Baoding in July 2007

No PCT(%) No PCT(%) No PCT(%) No PCT(%) No PCT (%)

I 23 56.10 2 20.00 4 28.57 0 0.00 2 3333
I 13 31.71 3 30.00 10 71.43 7 100.00 1 16.67
I 2 4.88 5 50.00 0 0.00 0 0.00 0 0.00
v 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
\% 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
VI 3 7.32 0 0.00 0 0.00 0 0.00 3 50.00
Sum 41 100.00 10 100.00 14 100.00 7 100.00 6 100.00

No Number, PCT Percentage (%)
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Table 6 Comparison of L. monocytogenes gene clustering between
two batches of raw meat sampled in April 2008

Genetic clusters  Isolates from Shijiazhuang  Isolates from Baoding

No PCT (%) No PCT (%)
I 8 47.06 8 17.02
I 6 35.30 31 65.96
I 1 5.88 2 426
Y% 0 0.00 1 2.13
v 2 1176 3 6.38
VI 0 0.00 1 2.13
Sum 17 100.00 47 100.00

No Number, PCT Percentage (%)

agarose gel, electrophoresed at 100 V for 1 h, and stained with
ethidium bromide. A 1 kb ladder and the DL2000 (TaKaRa,
Japan) marker were used for reference and the gel was viewed
with a BINTA 2020D (UVIT EC, UK). The experiments were
repeated independently three times.

Analysis of RAPD-PCR fingerprinting

The bands on the RAPD-PCR fingerprint were measured
in comparison to DNA standards (1 kb ladder and
DL2000). The banding pattern obtained from the gel
was scored in a binary data format. The scoring was based
on the presence or absence of the band. A score of 0
indicated the absence of the band, whereas 1 indicated
the presence of a particular band. The distance calculation
for the different band profiles was carried out by an un-
weighted pair-group method analysis (UPGMA) and clus-
ter analysis using statistical data software (NTSYS-PC
version 2.1).

Fig. 3 Agarose (1.0 %) gel
electrophoresis of representative

RAPD-PCR patterns from 20000
replicate experiments. a and b: 1000bp
two completely independent, 750bp
repeated trials. Lanes: M, 2000 bp 500bp

DNA marker; CK, negative
control, containing ddH,O in
place of the DNA template; 100bp
numbered lanes indicate different

isolates of L. monocytogenes

250bp

2000bp

1000bp
750bp
500bp

250bp
100bp

Results

In this study, 308 isolates were analyzed using a RAPD-PCR
assay with a single primer (RP1). The RAPD-PCR patterns
from these isolates were compared, characterizing a total of
228 different patterns. This indicates that the
L. monocytogenes isolates were genetically diverse. Analysis
of the RAPD-PCR patterns (Fig. 1) revealed a high degree of
polymorphism between L. monocytogenes isolates with gel
band sizes from 0.1 to 3 kb. The gel bands were mostly dis-
tributed from 0.5 to 2 kb. By comparing the different gel
bands, we found that the band sizes of 650 bp and 1.5 kb
appeared with high frequency and were found within 77.27
and 66.88 % of total isolates, respectively. In addition, the
isolates containing both 650 bp and 1.5 kb bands accounted
for 57.79 % of total isolates (Table 1). Our analysis found that
the 650 bp and 1.5 kb bands were widely distributed in most
of the foodborne L. monocytogenes isolates. Importantly, iso-
lates taken from dairy products were exceptions to this pattern
and neither the 650 bp nor 1.5 kb bands were observed for
these samples.

Since the isolates with identical gel patterns were classified
into the same category, a total of 228 different patterns were
observed. Specifically, among the 308 isolates, 171 had indi-
vidual patterns and the remaining 137 isolates shared the other
57 patterns. This indicates that there were two or more isolates
with the same RAPD-PCR pattern among these 137 isolates.
The main classification of the 137 isolates with shared patterns
is summarized in Table 2. The results show that isolates de-
rived from the same food product, sampling time, and sam-
pling area (Group 1) accounted for 47.45 % of the isolates.
Those from different food sources, but the same sampling time
and the same sampling area (Group ii) accounted for 34.31 %
of the isolates. Isolates that originated from the same food
type, but had different sampling times and sampling areas
(Group iii) accounted for 11.68 % of the isolates. The samples
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taken from different food types, with different sampling times
and areas (Group iv) accounted for 6.57 % of the isolates.
These results indicate that the isolates derived from the same
food source, the same sampling time or the same sampling
area, were more closely related genetically.

The gel patterns were analyzed using statistical software
(NTSYS-PC version 2.1) to generate a clustering dendrogram.
The isolates were clustered into six genetic clusters (Fig. 2).
Table 3 shows the statistical distribution of the 308 isolates in
each genetic cluster. Table 3 shows that Cluster I contained 96
isolates, accounting for 31.17 % of the 308 isolates. Cluster II
contained 153 isolates, accounting for 49.68 % of the total
isolates. Other clusters were much smaller, suggesting that
Clusters I and II were the dominant clusters in the regions
sampled.

To investigate the changes in foodborne L. monocytogenes
distribution among different food types, we analyzed 78
L. monocytogenes isolates obtained in July 2007 from
Baoding. Table 4 shows that these isolates, taken from differ-
ent food types, were distributed within the clusters named
above, including isolates from: raw meat (I), quick-frozen
food (III), seafood products (II), cooked meat (1), and fruits
and vegetables (VI). These results suggest that genotype of
L. monocytogenes differed between these different food types
and foodborne L. monocytogenes prefers a particular host,
although all samples were taken at the same sampling time
and sampling area.

To investigate the change of foodborne L. monocytogenes
distribution with time, we analyzed two batches of
L. monocytogenes samples obtained from raw meat from
Baoding. Table 5 shows that the samples taken in July 2007
were mainly distributed in Cluster I (56.10 %), and the sam-
ples taken in April 2008 were mainly distributed in Cluster II
(65.96 %). This suggests that the L. monocytogenes genotype
changed between the two sampling times, despite the fact that
all samples were derived from the same food type and sam-
pling area.

To investigate changes in the distribution of foodborne
L. monocytogenes with respect to geographic location, we
analyzed two batches of L. monocytogenes samples obtained
in April 2008 from raw meat. Table 6 shows that most of the
isolates from Shijiazhuang were found in Cluster I (47.06 %).
In contrast, most of the isolates from Baoding were found in
Cluster II (65.96 %). These results suggest that the genotype
of L. monocytogenes differed between these different sam-
pling locations.

In summary, this study indicates that foodborne
L. monocytogenes prefers a particular food reservoir. Also,
we found that the spread of foodborne L. monocytogenes
can be characterized as regional and temporary.

To test the reproducibility of our experimental results, we
repeated the experiments in our study three times.
Representative RAPD-PCR patterns of replicate experiments
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are shown in Fig. 3. Figure 3 shows similar gel patterns both in
Fig. 3a and b, results obtained from two completely indepen-
dent, repeated trials. These results show strong reproducibility
within our experiments.

Discussion

Traditional serotyping has been widely used in epidemiolog-
ical and contamination investigations. However, compared
with molecular typing, its discriminatory power is relatively
low, and this limits the usefulness of this technique (Schraff
2012). Many molecular typing methods have been applied to
L. monocytogenes, such as ribotyping (RT) (Gendel and
Ulaszek 2000; Nadon et al. 2001; Suihko et al. 2002), restric-
tion enzyme analysis (REA) (Giovannacci et al. 1999;
Unnerstad et al. 1999; Jeffers et al. 2001), pulsed-field gel
electrophoresis (PFGE) (Dauphin et al. 2001; Graves and
Swaminathan 2001; Lundén et al. 2002), amplified fragment
length polymorphism (AFLP) (Aarts et al. 1999; Guerra et al.
2002; Keto-Timonen et al. 2003), multi-locus sequence typing
(MLST) (Chan et al. 2001; Cai et al. 2002), and RAPD-PCR.
Each method has its advantages and disadvantages. The
choice of method mainly depends on the method’s perfor-
mance characteristics, such as discriminatory power, repro-
ducibility, rapidity, ease of use, and the purpose of the
subtyping experiment (Struelens 1996). The advantage of
RAPD-PCR typing over other methods lies in its relative sim-
plicity, speed, cost effectiveness, and high degree of discrim-
ination between subtypes.

With a lack of prior knowledge of template DNA se-
quences, it is tedious and difficult to select an appropriate
primer and optimize PCR conditions. A suitable primer is
essential to RAPD-PCR analysis (Blixt et al. 2003) and can
generate RAPD-PCR fingerprinting patterns with rich bands
and good discrimination. To enhance the discrimination, a
larger number of primers have been used in some studies
(Yoshida et al. 1999; Samuel et al. 2011; Lee et al. 2011). In
the present study, only one oligomer (RP1) was used as a
primer in typing 308 strains of foodborne L. monocytogenes
and 228 different RAPD-PCR fingerprinting patterns were
observed. Obtaining such a great diversity of RAPD-PCR
patterns shows that the RP1 primer discriminates well, and
was able to distinguish isolates of L. monocytogenes.

The main limitation of RAPD-PCR is its poor reproduc-
ibility (Allerberger et al. 1997; Wagner et al. 1999; Malak
et al. 2001). However, in this study, the experimental results
were reproducible through the three replicate experiments.
This suggests that as long as the reagents, laboratory equip-
ment and test procedure are consistent, good reproducibility
can be achieved. We also found that the quality of template
was directly related to experimental consistency and that, pu-
rified DNA is more suitable for the RAPD-PCR template than
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a cell lysate or a single colony. Our results show that RAPD-
PCR is a simple, rapid, and reliable method for use with
L. monocytogenes in both epidemiological studies and inves-
tigations of bacterial contamination.

Conclusion

In this study, a RAPD-PCR fingerprint database of Listeria
monocytogenes isolates was constructed using only one olig-
omer (RP1) as the primer. A dendrogram showing the genetic
relationship of the 308 foodborne L. monocytogenes isolates
was created. The results of our clustering analysis show that
the 308 isolates of L. monocytogenes could be grouped into
six genetic clusters. Among them, Clusters I and II were the
dominant groups in the Baoding and Shijiazhuang areas of
Hebei Province, China. It was also found that there were many
differences between each cluster that were related to the food
type, sampling time and region. The great diversity found
within the RAPD-PCR fingerprinting patterns obtained from
the six food types sampled indicates that the
L. monocytogenes isolates are highly diverse.
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