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In the present study, distinctive RAPD fingerprints were generated for 12 Lactobacillus-probiotic strains 
from 5 Lactobacillus species (L. brevis, L. reuteri, L. gallinarium, L. salivarius and L. panis) after 
optimization of the RAPD parameters such as MgCl2, Taq polymerase, primer concentration and type of 
primer. The strains were differentiated under the same PCR protocol but different concentration of 
primer OPM-05 (50 pmole to differentiate the 5 L. brevis strains and 75 pmole to differentiate 2 strains of 
L. gallinarium, 3 strains of L. reuteri, a strain of L. panis and L. salivarius). The RAPD fingerprints 
generated could be differentiated by visual comparison of the profiles, without being analysed by 
relevant software. This allows specific, rapid, immediate and convenient identification of the 
Lactobacillus strains.  
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INTRODUCTION 
 
The random amplified polymorphic DNA (RAPD) techni-
que represents an efficient tool for the study of genetic 
polymorphism of DNA. The amplification occurs at low 
stringency, allowing primers to anneal at several loca-
tions of the two strands of the DNA, thus, generate 
unique banding profiles. Several previous reports have 
indicated that the reproducibility of RAPD fingerprints 
involved many factors (Gzyl and Augustynowicz, 1999; 
Tyler et al., 1997). Although RAPD requires only small 
amounts of template DNA which need not be double 
stranded or highly purified (Wang et al., 1993), it needs a 
robust polymerase chain reaction (PCR) protocol as the 
technique can be sensitive to changes in reaction condi-
tions e.g. concentration of DNA polymerase, primers, 
MgCl2, template and etc. (Hilton et al., 1997). Several 
studies have demonstrated that these experimental para-
meters can affect the amplification profiles causing false 
bands and non-reproducibility of  assay  (Quintaes et  al.,  
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2004). Results from different laboratories may also vary if 
there is a lack of standardisation (Deplano et al., 2006). 
Optimization of the reaction is imperative to eliminate 
most of the variations that are sometimes observed in du-
plicate DNA profiles (Quintaes et al., 2004). It is neces-
sary to standardise the PCR parameters as it may lead to 
a more robust and reliable reaction capable of recogni-
zing related strains and discriminating between unrelated 
strains (Hilton et al., 1996). Reproducibility of RAPD 
results could be achieved by appropriate optimisation of 
the RAPD protocol (Blixt et al., 2003). In addition, in order 
to investigate the polymorphism in closely related strains, 
the highest possible complexity of the RAPD patterns is 
required and this can be obtained by optimising the 
RAPD conditions. As RAPD is easy and rapid to perform, 
the applicability of this technique to differentiate 12 Lacto-
bacillus-probiotic strains, which were made up of 5 
species, under optimised RAPD conditions was eva-
luated. Several parameters such as concentration of 
primer, MgCl2 and Taq DNA polymerase were examined 
to increase pattern complexity to allow visual discrimina-
tion of the RAPD profiles of the 12 Lactobacillus strains. 
The most suitable  condition  for  RAPD  differentiation  of  



 
 
 
 

Table 1. Primers used in the present study. 
 

Primer Sequence (5’ ���� 3’) Source 
OPA-02 CAGCACCCAC Roy et al. (2000) 
OPA-18 AGGTGACCGT Roy et al. (2000) 
OPL- 07 AGGCGGGAAC Roy et al. (2000) 
OPL-16 AGGTTGCAGG Roy et al. (2000) 
OPM-05 GGGAACGTGT Roy et al. (2000) 

 
 
 

Table 2.  Lactobacillus strains used in present study. 
 

S/N Strain 
1 L. brevis I12                                      
2 L. brevis 123                                      
3 L. brevis I25                                       
4 L. brevis I211                                     
5 L. brevis I128                                     
6 L. gallinarum I16                                  
7 L. gallinarums I26                                   
8 L. reuteri C1                                      
9 L. reuteri C10                                    

10 L. reuteri C16                                   
11 L. panis C17                                     
12 L. salivarius subsp. salivarius I24             

 
 
 
the 12 Lactobacillus strains was also determined. 
 
 
MATERIALS AND METHODS 
 
Preparation of genomic DNA 
 
Genomic DNA was extracted from overnight culture by using 
DNeasy tissue kit (Qiagen), according to the manufacturer’s 
protocol. 
 
 
RAPD optimization 
 
Primers used in the present study are as listed in Table 1. Primer 
OPL-07 was used to optimise the RAPD condition of the 12 Lacto-
bacillus strains (Table 2).  The Lactobacillus strains were previously 
isolated from the gastrointestinal tract of chickens (Jin et al., 1996) 
and identified based on 16S rRNA gene and 16S-23S rRNA gene 
intergenic spacer region (ISR) analysis (Lee et al., 2008).   

The amplification was carried out with the 2400 GeneAmp PCR 
thermal cycler (Perkin Elmer, USA) using the following protocol:  
preincubation at 94oC for 2 min, followed by a 40-cycle amplification 
at 94oC for 1 min, 30oC for 1 min and 72oC for 1.5 min and a single 
cycle of primer extension at 74oC for 5 min. The amplification was 
performed in a final volume of 25 µl containing 1 x PCR reaction 
buffer (Promega, USA), 200 mM of each dNTP (Promega, USA), 50 
pmole of template DNA, 2.5 mM MgCl2, 1.75 U Taq polymerase 
(Promega, USA) and 50 pmole primer (Invitrogen, USA). Different 
concentrations of MgCl2 (1.5, 2.0, 2.5, 3.0, 3.5 mM), Taq DNA 
polymerase (2.0, 2.5, 3.0 U) and primer (75, 100, 125 pmole) were 
used to optimised the protocol. One parameter was optimised at a 
time and the optimised condition was used for subsequent optimi-
sation   process. The  amplification was  carried  out twice  for  each  
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parameter tested. Amplified products were separated by electro-
phoresis in 2% agarose gel (Seakem LE, UK) in 1 x TAE buffer. 
The gel was visualized and imaged using AlphaImager TM1220 gel 
documentation system (CA, United States) after staining with 0.5 
mgl-1 ethidium bromide. RAPD condition which produced more 
bands was considered as the optimised condition. 

After each parameter was optimised, the condition was used for 
the amplification of random DNA markers to reveal genetic diversity 
among the 12 Lactobacillus strains using primers OPA-02, OPA-18, 
OPL-16, OPL-07 and OPM-05 (Table 1). 
 
 
RESULTS 
 
Optimisation of magnesium chloride concentration 
 
The RAPD profiles of the Lactobacillus strains were 
affected by different concentrations of MgCl2. More bands 
were generated at higher concentration of MgCl2. The 
optimum concentration of MgCl2 was 1.5 mM for L. 
salivarius I24; 2.0 mM for L. brevis I12, I25 and I218, L. 
gallinarum I16 and I26 and L. panis C17; 2.5 mM for L. 
brevis I23 and I211 and 3.0 mM for L. reuteri C1, C10 
and C16. As constant banding profiles were generated 
with the optimum or higher concentrations of MgCl2, 3.0 
mM MgCl2 was selected for amplification of all strains in 
sub-sequent studies. 
 
 
RAPD profilling at optimised magnesium chloride 
concentration 
 
The RAPD profiles of the 12 Lactobacillus strains were 
obtained at optimised MgCl2 concentration (3.0 mM), 1.75 
U Taq polymerase and 50 pmole different primers. It was 
observed that different banding profiles were generated 
for different species of Lactobacillus, regardless of type of 
primer used. However, the banding profiles were similar 
or highly similar among some strains of similar species. 
Among the 5 primers, primer OPA-02 generated the most 
number of unique profiles (Figure 1). Under this PCR 
condition, profiles of L. brevis I12, I23 and I218, L. 
gallinarum I16 and I26, L. reuteri C1, C10 and C16, L. 
panis C17 and L. salivarius I24 could be differentiated 
from the other strains. In fact, banding patterns for L. 
panis C17 and L. salivarius I24 were always unique re-
gardless of primer used. Primer OPM-05 fail to generate 
any unique profiles to differentiate the Lactobacillus 
strains except L. panis C17 and L. salivarius I24. Primers 
OPL-07 only produced unique profile for L. reuteri C16, 
apart from L. panis C17 and L. salivarius I24. Different 
banding profiles were generated for L. brevis I12, L. 
reuteri C10 and C16, L. panis C17 and L. salivarius I24 
when primer OPA-18 was used. As for primer OPL-16, 
three types of banding patterns were generated for the 5 
L. brevis strains. L. brevis I12 and I23 and L. brevis I25 
and I211 shared similar profiles whereas L. brevis I218 
profile was slightly different from the others. A unique 
RAPD profile was also observed for L. reuteri C10 when 
this primer was used. 
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Figure 1. RAPD profiles of Lactobacillus strains generated from primer OPA-02 at optimized 
MgCI2 concentration (3.0 mM).  Lanes M; 1 kb DNA ladder; 1:  L. brevis I12, 2: L. brevis I23; 
3: L. brevis I25; 4: L. brevis I211; 5: L. brevis I218, 6: L. gallinarium I16; 7: L. gallinarium I26; 
8: L. reuteri C1; 9: L. reuteri C10; 10: L. reuteri C16; 11: L. panis C17 and 12: L. salivarius 
I24. 
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Figure 2. RAPD profiles of Lactobacillus strains generated from primer OPM-05 at 
optimized MgCI2 (3.0 mM) and Taq polymerase (2.0 U) concentrations. Lanes M; 1 kb 
DNA ladder; 1: L. brevis I12, 2: L. brevis I23; 3: L. brevis I25; 4: L. brevis I211; 5: L. 
brevis I218, 6: L. gallinarium I16; 7: L. gallinarium I26; 8: L. reuteri C1; 9: L. reuteri C10; 
10: L. reuteri C16; 11: L. panis C17 and 12: L. salivarius I24. 

 
 
 
Optimisation of Taq polymerase concentration 
 
The RAPD profiles of the 12 Lactobacillus strains which 
were amplified at 3.0 mM MgCl2 and various concen-
trations of Taq polymerase were not affected by different 
concentrations (2.0, 2.5 and 3.0 U) of Taq polymerase.  
Thus, the lowest concentration (2.0 U) was used in sub-
sequent studies. 
 
 
RAPD profilling at optimised magnesium chloride 
and Taq polymerase concentrations 
 
RAPD profiles of the 12 Lactobacillus strains were obtain-
ed at optimised MgCl2 (3.0 mM) and Taq polymerase (2.0 
U) concentrations and 50 pmole of different primers.  

Under this PCR condition, unique profiles were always 
generated for L. panis C17 and L. salivarius I24, regard-
less of primer used. Results also revealed that L. brevis 
strains produced highly similar profile when primers OPA-
02 and OPL-07 were used. Slight variation in the banding 
patterns could be observed for L. brevis strains when pri-
mer OPA-18 was used in which 3 types of profiles were 
generated for the 5 L. brevis strains. L. brevis I25, I211 
and I218 shared the same profile but L. brevis I12 and 
I23 generated unique profiles. As for the profiles genera-
ted by primer OPM-05, unique banding patterns were 
produced for the five L. brevis strains (Figure 2). L. reuteri 
C16, L. panis C17 and L. salivarius I24 were also dif-
ferentiated from the others by using this primer. 

The L. gallinarium strains could only be differentiated 
by using  primers  OPA-02,  OPA-18  and  OPL-07  under  
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Figure 3. RAPD profiles of Lactobacillus strains generated from primer OPM-05 at optimized 
MgCI2 (3.0 mM), Taq polymerase (2.0 U) and primer (75 pmole) concentrations. Lanes M; 1 kb 
DNA ladder; 1:  L. brevis I12, 2: L. brevis I23; 3: L. brevis I25; 4: L. brevis I211; 5: L. brevis I218, 
6: L. gallinarium I16; 7: L. gallinarium I26; 8: L. reuteri C1; 9: L. reuteri C10; 10: L. reuteri C16; 11: 
L. panis C17 and 12: L. salivarius I24. 

 
 
 
this PCR condition. Profiles generated by primers OPA-
02 and OPL-07 were more clearly distinguished as com-
pared to those generated by primers OPA-18.   

Primers OPA-02, OPA-18 and OPL-07 successfully dif-
ferentiated the 3 L. reuteri strains. Unique profiles which 
clearly discriminated L. reuteri C1, C10 and C16 could be 
observed. Primer OPL-16 and OPM-05 could only dif-
ferentiate L. reuteri C10 and L. reuteri C16, respectively, 
from the other L. reuteri strains.   
 
 
Optimisation of primer concentration 
 
Different concentrations of primer (75, 100 and 125 
pmole) have no effect on the banding profiles of all the 
strains. Thus, the lowest concentration (75 pmole) was 
selected as the optimum concentration of primer.   
 
 
RAPD profilling at optimised MgCl2, Taq polymerase 
and primer concentrations 
 
As shown in Figure 3, after optimisation of MgCl2 (3.0 
mM), Taq polymerase (2.0 U) and primer (75 pmole) con-
centrations, nine unique profiles for L. brevis I211 and 
I218, L. gallinarium I16 and I26, L. reuteri C1, C10 and 
C16, L. panis C17 and L. salivarius I24 were generated 
when primer OPM-05 was used. However, L. brevis I12, 
I23 and I25 shared similar profile.  

The other 4 primers (OPA-02, OPA-18, OPL-16 and 
OPL-07) were less effective in discriminating the 
Lactobacillus strains under this PCR condition.  Although 
L. panis C17 and L. salivarius I24 could always be dif-
ferentiated regardless of primers, only selected strains 
were differentiated by these primers under this PCR 
condition. The three L. reuteri strains were differentiated 
by primer OPL-16. Unique  profile  was  generated  for  L.  

reuteri C10 with primer OPA-02 and OPA 18. With primer 
OPL-07, L. reuteri C16 could be distinctively distingui-
shed from the other strains.   

The other 4 primers (OPA-02, OPA-18, OPL-16 and 
OPL-07) could not differentiate L. gallinarium I16 and I26. 
Similar profiles were observed for these two strains 
regardless of primers used. Similarly, none of the primers 
could differentiate the 5 L. brevis strains under this PCR 
condition. 
 
 
DISCUSSION 
 
In this study, the optimum RAPD-PCR condition to gene-
rate constant and distinctive banding patterns for 12 
Lactobacillus strains was determined. Precise optimi-
sation of the RAPD-PCR procedure could overcome 
problem with reproducibility and increase its discrimina-
tory power (Perry et al., 2003; Gzyl and Augustynowicz, 
1999). The optimisation process is also necessary in 
order to reveal limited polymorphism in closely related 
strains (Diakou and Dovas, 2001).  Some of the critical 
parameters that have been reported to affect RAPD 
profiles are concentrations of MgCl2, Taq polymerase, 
primer and template DNA, the annealing temperature and 
thermal cycling profile (Fraga et al., 2005; Quintaes et al., 
2004). Thus, in the present study, a few of these para-
meters were examined in an effort to increase pattern 
complexity sufficient for visual differentiation of the pro-
files to ease future identification of the strains. In many 
cases, RAPD profiles needs to be processed with soft-
ware such as TDI software (Technologia para el Diag-
nóstico y la investigació S. A., Madrid, Spain). Similari-
ties between strains were then estimated using the Dice 
co-efficient, follow by cluster analysis of the pairwise 
distance matrix among molecular  profiles  using  the  un- 
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weighted pair group method with average linkage 
(UPGMA) (Callado and Hernández, 2007). This makes 
the protocol cumbersome and inconvenient especially 
when the fingerprint is used for rapid and specific identi-
fication of the strains. 

Various concentrations of MgCl2 (1.5, 2.0, 2.5, 3.0, 3.5 
mM), Taq DNA polymerase (2.0, 2.5, 3.0 U) and primer 
(75, 100, 125 pmole) were used to optimise the RAPD-
PCR condition. Among the 3 parameters evaluated, the 
concentration of MgCl2 has the highest effect on the 
banding profiles, whereas in the range of concentration 
tested for Taq polymerase and primer, no differences in 
RAPD fingerprint profiles were observed.   

By increasing the concentration of MgCl2, a higher 
number of bands and a better fingerprinting pattern were 
observed. The optimum MgCl2 concentration for all the 
Lactobacillus strains was determined as 3.0 mM. Several 
strains produced the highest number of constant bands at 
a concentration below 3.0 mM. For instance, L. salivarius 
I24 produced highest complexity pattern at 1.5 mM; L. 
brevis I12, I25 and I218, L. gallinarum I16 and I26 and L. 
panis C17 at 2.0 mM and L. brevis I211 and I23 at 2.5 
mM.  Nevertheless, a concentration of 3.0 mM was selec-
ted as the optimum concentration in order to standardise 
the PCR condition for all the strains. At this concen-
tration, the patterns produced for all the Lactobacillus 
were constant (not changing with increasing concen-
tration of MgCl2). As reported by Hopkins and Hilton 
(2001), the function of MgCl2 is to stabilise primer anneal-
ing. The concentration of MgCl2 could affect specificity 
and yield of the reaction. Too little Mg2+ would decrease 
the yield whilst excess Mg2+ resulted in non-specific 
amplification and reduced enzyme fidelity (Cobb and 
Clarkson, 1994).  Riedel et al. (1992) and Benter et al. 
(1995) showed in their studies that alteration of MgCl2 
concentration from lower to higher concentration 
produced more bands and dramatically reduced non-
specific priming and enhanced the specificity. Drastic 
alterations in fingerprinting profiles produced by 
variations of MgCl2 were also described by Ellsworth et 
al. (1993). Benter et al. (1995) recommended lower 
MgCl2 concentration to avoid undesired annealing. The 
optimum concentration of MgCl2 also seemed to be spe-
cies dependent. For instance, the best RAPD perfor-
mance observed for Yersinia enterocolitica strains was at 
2.0 mM MgCl2. In contrast, for S. enteritica serovar 
enteritidis, no difference in RAPD fingerprint profiles was 
obtained when the concentration varied from 2.0 to 4.0 
mM (Quintaes et al., 2004).   

The concentrations of Taq polymerase and primer 
which have been reported to be critical parameters in 
determining the RAPD profiles (Sansinforiano et al., 
2001) were found to have no effect in the present study. 
The RAPD profiles did not change within the range of 
concentration tested (2.0, 2.5, 3.0 U for Taq polymerase and 
75, 100, 125 pmole for primer). Thus, the optimum 
concentration was determined as 2.0 U and 75 pmole for 
Taq polymerase and primer, respectively.   

 
 
 
 

An optimal concentration of Taq polymerase is required 
to avoid poor amplification and non-reproducibility of ban-
ding profiles (Benter et al., 1995). A recommended con-
centration range for Taq polymerase is between 1 and 
2.5 U per 100 µl reaction when other parameters are opti-
mum. However, enzyme requirements may vary with 
respect to individual target templates or primers (Landre 
et al., 1995). Quintaes et al. (2004) reported that the 
amplification profiles of Salmonella enterica serovar 
Typhi obtained with primer 784 were affected markedly 
with varying concentrations of Taq polymerase. The opti-
mum concentration of Taq polymerase in their study was 
5 U/25 µl. Loss of fragments in the profiles was observed 
when 1 U/25 µl was used. On contrary, Fraga et al. (2005) 
observed a general increase in both the number and 
intensity of detectable bands with increasing Taq DNA 
polymerase up to 2 U/25 µl. Taq polymerase affects the 
reproducibility and fidelity of RAPD patterns. If the enzyme 
concentration is too high, non-specific background product 
may accumulate and if too low, an insufficient amount of 
desired product is made.   

The number and intensity of bands could also be affec-
ted by the primer. At lower concentration, the number and 
intensity of bands drop. If primer concentration is too low, 
no amplification or low product yields were observed. But, 
when the primer concentration is too high, mispriming 
may occur more frequently and produce greater non-spe-
cific amplification (Tyler et al., 1997). Under this condi-
tion, intensity of large bands will decrease whereas the 
intensity of smaller bands will increase (Fraga et al., 
2005). Ronimus et al. (1997) found that increasing the 
concentration of primer from 0.2 to 2.0 µM resulted in 
increasing number of amplification products which could 
be used to discriminate or identify thermophilic and 
mesophilic Bacillus species. In general, such differences 
in amplification may occur because as more primer is 
available, it binds to more locations on the DNA. Thus, 
smaller fragments become more prominent compare to 
larger fragments. On contrary, at low concentrations, the 
primer may be exhausted before the reaction is com-
pleted, resulting in lower yields of amplification bands 
(Ramírez et al., 2005). The ideal concentration of the primer 
could be closely related to the species being examined 
and some bacterial species are more sensitive to 
changes. As in the present study, varying concentrations 
of primer (75, 100 and 125 pmole) have no effect on the 
amplification profiles of the Lactobacillus strains. Some 
primers interact differently with various DNA templates 
and a primer that works well for one species may be less 
suited for use with another (Tyler et al., 1997). Alos et al. 
(1993) suggested that due to the distribution of binding 
sites, certain primers may amplify regions of the genome 
that overlap and therefore, amplify from only a small 
section of the genome, thus possibly not reflecting the 
true heterogeneity between strains. This explains why 
some of the primers can be used to differentiate between 
strains and some primers are not discriminating. There-
fore, it is important to try many  set  of  primers  in  RAPD  



 
 
 
 
analysis. Quintaes et al. (2004) found only one primer 
applicable from the 16 arbitrary primers used in their 
study.  From the 5 primers examined for suitability in the 
present study, primer OPM-05 was found to generate the 
best fingerprint patterns to differentiate the Lactobacillus 
strains. Thus, the following condition was determined for 
the discrimination of the 12 Lactobacillus strains: Preincu-
bation at 94oC for 2 min, followed by a 40-cycle amplify-
cation at 94oC for 1 min, 30oC for 1 min, and 72oC for 1.5 
min and a single cycle of primer extension at 74oC for 5 
min. The amplification was performed in a final volume of 
25 µl containing 1 x PCR reaction buffer (Promega, 
USA), 200 mM of each dNTP (Promega, USA), 50 pmole 
of template DNA, 3.0 mM MgCl2, 2.0 U Taq polymerase 
(Promega, USA) and 50 pmole of primer OPM-05 to 
differentiate the L. brevis strains or 75 pmole of primer 
OPM-05 to differentiate strains of L. gallinarium, L. reu-
teri, L. panis and L. salivarius. Although unique profiles 
were also produced for L. brevis I12, I23 and I218, L. 
gallinarium I16 and I26, L. reuteri C1, 10 and C16, L. 
panis C17 and L. salivarius I24 with 50 pmole primer 
OPA-02, 30 mM MgCl2 and 1.75 U Taq polymerase 
(Figure 1), the profiles for L. reuteri strains were less 
distinctive. In addition, this protocol also successfully 
differentiated the identity of two strains of L. gallinarium 
(I16 and 26), in which its identity were initially unable to 
be resolved by 16S rRNA gene sequencing but later 
identified by 16S-23S rRNA gene ISR analysis (Lee et 
al., 2008). 

In conclusion, optimization of the RAPD condition and 
the primer are important to successfully produce profiles 
to differentiate the strains. In the present study, the 12 
Lactobacillus strains could be differentiated by visual 
comparison of the profiles produced at optimised condi-
tion by using primer OPM-05 at 2 different concentrations 
(50 or 75 pmole). In fact, the identity of L. gallinarium I16 
and I26 which were initially unable to be resolved by 16S 
rRNA gene sequencing but later identified by 16S-23S 
rRNA gene ISR analysis (Lee et al., 2008), were suc-
cessfully differentiated by this protocol. These profiles 
could be used as a fingerprint for the strains and are use-
ful for specific, rapid, immediate and convenient identify-
cation of the strains. 
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