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Abstract 
This paper presents several common molecular typing methods, Pulsed-Field Gel Electrophoresis 
(PFGE), Restriction Fragment Length Polymorphisma (RFLP), Random Amplified Polymorphic 
DNA (RAPD), Automatic Ribotyping, rep-PCR, Multi-Locus Sequence Typing (MLST), in which the 
application and progress of molecular typing of pathgens for these methods are described. These 
methods played an important role in pathgens source tracking, knowing the source(s) of bacteria 
in pharmaceutical, preventing and controlling the diarrhea and food-poisoning outbreaks, which 
have great value in the remediation and prevention of further bacterial contamination. 
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1. Introduction 
Pathogens are a major pollutant of pharmaceutical according to many reports. Various sources contribute pa-
thogens to contaminated pharmaceutical, including fecal pollution from humans, wildlife, and livestock. The 
presence of any fecal bacteria in pharmaceutical is considered as a health hazard. Knowing the source(s) of bac-
teria in pharmaceutical is of great value in the remediation and prevention of further bacterial contamination. 
Phenotypic methods and molecular-based techniques were used to determine the source of fecal pathogen con-
tamination in environmental samples. 

Phenotypic methods play an important role in identification of genus level. Serotyping, based on the Kauff-
mann-White scheme, remains the standard for classification of Salmonella isolates in outbreak investigations but 
now has been supplemented by a range of molecular genotyping methods [1] [2]. 

In recent years, molecular-based techniques, such as Pulsed-Field Gel Electrophoresis (PFGE), Restriction 
Fragment Length Polymorphisma (RFLP), Random Amplified Polymorphic DNA (RAPD), Automatic Ribo-
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typing, rep-PCR, Multi-Locus Sequence Typing (MLST) have been shown to be useful methods for discrimina-
tion among isolates of pathogens [3] [4]. 

2. The Progress and Application of PFGE 
PFGE is a valuable tool for assessing pathogens interrelatedness. It is based on the study of total bacterial DNA 
restriction patterns, which was first developed by Schwartz and Cantor at Columbia University in 1984 [5]. It 
has made a tremendous impact in the field of molecular biology by making possible the separation of large DNA 
fragments. In conventional agarose gel electrophoresis, DNA molecules bigger than 40 - 50 kb in size fail to 
migrate efficiently and appear in the gel as a single large diffuse band due to their size-independent co-migration, 
known as reptation [6] [7]. By periodically applying changes in the direction of the electrical field in which large 
DNA molecules are suspended, PFGE allows the separation of DNA molecules over 1000 kb. 

Fujino found that the PFGE patterns of 56 Staphylococcus aureus isolates were classified into nine types: type 
A, its subtypes, A1 and A2, and types B through to G. And the predominant strain of methicillin-resistant S. 
aureus isolates in the pediatric ward was a certain strain that may be originated from the one clone [8].  

In another case, Thirty eight strains of V. parahaemolyticus were isolated from seafood in Hebei province of 
China. These strains were typed by PFGE technique and 38 strains were grouped into 5 types with 71% pattern 
similarity. All the type E were isolated from Shijiazhuang, Baoding and Langfang and simultaneously resistant 
to ampicillin, sulfisoxazole, streptonigrin and vancomycin, suggesting a relationship between these strains. The 
data of antimicrobial susceptibility test and PFGE profiles in this study showed a good correlation among anti-
microbial susceptibility test, PFGE profiles and geographic distribution. 

Ji Hui-Ling indicated that the genomic DNA in different Salmonella strains was isolated and separated on 
PFGE after digesting with Xba I. The electrophoresis patterns were analyzed using the Freeview software. DNA 
isolated from 13 strains was classified into 10 different subtypes according to the PFGE patterns. PFGE tech-
nique can be used for molecular typing of Salmonella subtypes and typing result is of stability [9]. 

Zhao Jin indicated that five PFGE patterns were found among 12 strains of S. typhimurium. The results of 
PFGE typing and molecular epidemiology indicated that the outbreaks of S. typhiurium caused by preserved egg 
occurred in Sichuan province in 2007. It is evident that PFGE typing, along with epidemiological data, can en-
hance the source-tracing of S. typhimurium and give early warning of food-borne diseases [10]. 

3. The Progress and Application of RFLP 
The basic technique for detecting RFLPs involves fragmenting a sample of DNA by a restriction enzyme that 
can recognize and cut DNA wherever a specific short sequence occurs in a process known as a restriction digest. 
The resulting DNA fragments are then separated by length by agarose gel electrophoresis and transferred to a 
membrane via the Southern blot procedure. Hybridization of the membrane to a labeled DNA probe determines 
the length of the fragments that are complementary to the probe. A RFLP occurs when the length of a detected 
fragment varies between individuals. Each profile is considered an allele and can be used in genetic analysis. 

RFLP was used by Suthienkul to analysis the molecular typing of V. parahaemolyticus. The TDH and TRH 
genes of 137 V. parahaemolyticus were analyzed, which showed that TDH can divide into 5 types while TRH 4 
types after digestion by Hind III [11]. Another researcher used RFLP to distinguish two related species A. flavus 
and A. oryzae and to analyze their phylogenetic relationships [12]. 

Although, complex RFLP patterns can be difficult to interpret, RFLP remains a reproducible and high discri-
minatory system. 

4. The Progress and Application of RAPD 
Using random primers of approximately 10 bases, amplicons throughout the genome are targeted and amplified. 
Amplified products are subsequently separated on an agarose gel and stained with ethidium bromide. The ge-
netic variation analysis based on RAPD allows proper genetic diversity due to its capacity to generate random 
markers from the entire genome. 

Diaz-Guerra TM et al. have used RAPD with three primers (R-108, R-151 and AP12 h) for typing 11 A. fla-
vus isolates and they have found a satisfactory discriminatory power [13]. And Hara Kudo et al. have used 
RAPD to analysis the molecular typing of V. parahaemolyticus. And the results indicated that most O3:K6 tdh- 
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positive strains belonged to the pandemic 03:K6 clone and suggested that serovariation took place in the Japa-
nese environment [14]. 

In another case, eighteen samples of the O3:K6 and O3:KUT serotypes of V. parahaemolyticus were analyzed 
by multiplex polymerase chain reaction (m-PCR) for detection of the tl, tdh and trh genes, by RAPD using two 
primers, and by amplification of the rDNA 16S - 23S region. RAPD produced two amplification patterns allow-
ing grouping two tdh-Kanagawa-negatives isolates [15]. 

Cetinkaya indicated that RAPD analysis revealed that this mini-MRSA outbreak was caused by contamination 
of surgical dressing container with MRSA and nasal MRSA carriage in ward staff. And RAPD seems to be a 
valuable typing method for analysis of nosocomial MRSA outbreaks because of its simplicity and rapidity [16]. 

5. The Progress and Application of Ribotyping 
Ribotyping is a method that can identify and classify bacteria based upon differences in rRNA (16S and 23S 
rRNA). DNA is extracted from a colony of bacteria and then restricted into discrete-sized fragments. The DNA 
is then transferred to a membrane and probed with a region of the rRNA operon to receal the pattern of rRNA 
genes. The pattern is recorded, digitized and stored in a database. It is variations that exist among bacteria in 
both the position and intensity of rRNA bands that can be used for their classification and identification.  

The Riboprinter carried out cell lysis, DNA digestion, gel electrophoresis, DNA transfer to a hybridization 
membrane, and Southern hybridization using a chemiluminescent ribosomal probe [17]. The resulting riboprint 
patterns were recorded and analyzed using the software supplied with the Riboprinter system. The riboprint pat-
tern for each isolate was compared with the patterns produced for all other isolates using the same restriction 
enzyme. The sample number of the first pattern in each group became the label used to identify that group. The 
analysis software derived a single average pattern for each ribogroup, as well as information on the similarity 
between each pattern within the group and the group average pattern. 

Gendel et al. reported the existence of at least 12 different ribotype patterns among O3:K6 strains from the 
United States and Asia by using three restriction enzymes, and they found that most of the strains from the 1998 
Galveston Bay outbreak were different than those from New York or Asia [18]. 

Recently, the phenotypic and genotypic of V. parahaemolyticus in seawater and seaweed samples from three 
areas of Kii Channel, Japan during June 2003 to May 2004 were determined. Isolates were obtained by selective 
enrichment of samples and detection of by colony hybridization with a species-specific probe. Twenty and 17 
serotypes were found among the selected seaweed and seawater isolates, respectively. Cluster analysis revealed 
19, 11, 7 and 9 ribotypes during summer, autumn, winter and spring, respectively [19]. 

6. The Progress and Application of REP-PCR 
ERIC and REP-PCR methods respectively utilize primers complementary to specific sequences in the bacterial 
genome. ERIC sequences are 126 bp long and appear to be restricted to transcribed regions of the genome; 
whereas the REP sequences consist of a highly conserved 33 bp inverted repeat sequence [20]. 

In recent years, REP-PCR technique has been used for the typing of V. parahaemolyticus, a 22-mer pri-
mer-specific enterobacterial repetitive intergenic consensus sequence (ERIC)-based PCR [21], variations in the 
sequence of the highly conserved ribosomal gene spacer (RS) sequence [22] and a 38-bp repetitive intergenic 
palindromic sequence [23].  

Wong et al. evaluated three rapid PCR typing methods using primers designed on the basis of the following 
specific sequences: conserved ribosomal gene spacer sequence (RS), repetitive extragenic palindromic sequence 
(REP), and enterobacterial repetitive intergenic consensus sequence (ERIC). Forty domestic strains of V. para-
haemolyticus, representing a wide range of PFGE patterns, were grouped into 15, 27, and 27 patterns, with dis-
crimination indexes of 0.91, 0.97, and 0.98, by RS-, REP-, and ERIC-PCR, respectively. The discriminative ab-
ilities of these PCR methods closely approached or even exceeded those of PFGE and ribotyping. REP-PCR is 
preferable to ERIC-PCR because of the greater reproducibility of its fingerprints, while RS-PCR may be a prac-
tical method because it generates fewer amplification bands and patterns than the alternatives [24]. 

Khan designed two PCR primers to specifically amplify the unique sequences from O3:K6 isolates, while the 
primers were tested with other Vibrio spp. and other closely related species and no amplification of the 327-bp 
PCR product was found. The PCR method can be used to specifically identify O3:K6 V. parahaemolyticus iso-
lates in less than 6 h [25]. 
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7. The Progress and Application of MLST 
MLST was a DNA sequence-based method, which developed by Chan et al. and Maiden et al. [26] [27]. MLST 
is a highly discriminatory method of characterizing bacterial isolates on the basis of the sequences of 450-bp in-
ternal fragments of seven housekeeping genes [28]. For each gene fragment, the different sequences are assigned 
as distinct alleles, and each isolate is defined by the alleles at each of the seven housekeeping loci (the allelic 
profile or sequence type [ST]). As there are many alleles at each of seven loci, isolates are highly unlikely to 
have identical allelic profiles by chance, and isolates with the same allelic profile can be assigned as members of 
the same clone [29]. Sequence data are readily compared between laboratories and a major advantage of MLST 
is the ability to compare the results obtained in different studies via the Internet. In addition, the data obtained by 
MLST can be used to address basic questions about the evolutionary and population biology of bacterial species 
[29]. MLST provides unambiguous DNA sequence data that can be easily exchanged and compared via world-
wide web databases, and combines PCR and automated DNA sequencing to reduce labor and analysis time, so 
provided discriminatory power comparable to or higher than that provided by fragment-based methods [27] 
[30].  

In one case, nine housekeeping genes in L. monocytogenes were analyzed by MLST [31]. Most of these gene 
fragments showed relatively lower nucleotide polymorphism levels, e.g., abcZ (6.1%), bglA (5.0%), cat (7.8%), 
dapE (8.3%), ldh (4.3%), lhkA (3.5%), pgm (4.4%), and sod (2.9%). In addition, MLST was unable to differen-
tiate epidemiologically unrelated strains, especially for the disease related serotype 4b strains. 

In another study, seven housekeeping genes (dnaE, gyrB, recA, dtdS, pntA, pyrC, tnaA) in V. parahaemolyti-
cus isolates, were analyzed by MLST, and the results were uploaded to the Public Database.  

The sequences of internal fragments of seven housekeeping genes were obtained for 155 S. aureus isolates 
from patients with community-acquired and hospital-acquired invasive disease in the Oxford, United Kingdom. 
Fifty-three different allelic profiles were identified, and 17 of these were represented by at least two isolates. 
The MLST scheme was highly discriminatory and was validated by showing that pairs of isolates with the same 
allelic profile produced very similar SmaI restriction fragment patterns by PFGE. 

A concern with typing methods that rely on DNA sequence information, such as MLST, appear to be sus-
ceptible to the genetic mixing of populations as a consequence of frequent recombination and somewhat less 
frequent mutation [32] [33]. 

8. Discussion 
In conclusion, PFGE has been successful for the detection of clusters that could represent outbreaks in a few in-
stances and has been of use in outbreak investigations. However, the diversity of PFGE patterns is thought to 
limit the usefulness of PFGE for outbreak detection [34]. In addition to being highly discriminatory, perhaps too 
much so, we found novel data in this work that PFGE, on occasion, inappropriately groups Campylobacter iso-
lates that appear to be genetically widely divergent by producing an indistinguishable banding pattern. 

Both RAPD and ERIC-PCR, which were PCR-based methods, have a potential discriminative ability and can 
therefore be used as rapid methods for molecular epidemiological typing of pathogens. REP-PCR is inferior to 
RAPD and ERIC-PCR owing to the facts that it was less reproducible and yielded a relatively small number of 
products and ERIC-PCR was less reproducible and yielded a relatively smaller number of fingerprints compared 
to RAPD, while the major problem in RAPD typing is a lack of reproducibility of patterns (variation of number, 
size, and intensity of bands) [35] and the interlaboratory reproducibility. 

Although, complex RFLP patterns can be difficult to interpret, RFLP remains a reproducible and high discri-
minatory system. This approach is generally suitable for discriminating among different species, but has insuffi-
cient discriminatory power to distinguish among unrelated isolates within a species. MLST provides a reliable 
predictor of clonality, and correlates closely with the results from multilocus enzyme electrophoresis, and has 
been considered relatively stable [36]. 

 All typing methods were ultimately useful. The challenge is to find out what methods are useful for specific 
purposes. In this work, the application and progress of molecular typing of pathgens for these methods were de-
scribed and evaluated. Furthermore, as has been seen in work by other researchers [37], the comparison of a 
number of methods has allowed the evaluation of the relative strengths and weaknesses of each method in 
grouping isolates within the bacteria in pharmaceutical. 
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