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ABSTRACT

Aim: A mathematical approach was employed to optimize and observe the interactive effects of
Random Amplified Polymorphic DNA-PCR (RAPD-PCR) master mix with a view to resolving its
limited reproducibility for reliable diagnostic and biomarker discovery for Salmonella Typhi.
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polymerase.

efficient of variation (CV) value of 2.19%.

Methodology: A gradient PCR for RAPD primer annealing temperature was performed, and a
rotatable centred central composite design (RCCCD) using Design Expert® software was used to
generate 82 experiments with six replicated centre points. Master mix components optimized
include concentrations of DNA template, PCR buffer, MgCl,, RAPD primer, dNTPs and Taqg DNA

Results: The result of this study showed that significant interactions that yielded higher numbers of
amplified DNA bands existed between PCR buffer and MgCl,; dNTPs and MgCl,; and RAPD
primer and MgCl,. Although not statistically significant, good interactive relationships that recorded
higher numbers of bands were recorded between Taq with MgCl,, and between RAPD primers and
dNTPs. Reproducible RAPD-PCR results were obtained following the optimization with a co-

Conclusion: It was concluded that stringent and interactive master mix optimization is necessary if
the simplicity and cost effectiveness of RAPD-PCR is to be utilized, and RSM offers a rapid and
cost effective solution to this potentially tedious task.
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1. INTRODUCTION

Typhoid fever is an acute systemic infection of
humans of all ages caused by Salmonella
enterica subspecies enterica serovar Typhi
(S. Typhi). Only humans are carriers of the
disease, causing about 21.6 million new cases
and 200,000 deaths each year [1,2]. It is very
difficult to get a true estimate of typhoid fever
prevalence because only severe cases are
reported and current diagnostic tests take 4-7
days [3]. An important strategy to curtail this
persistent disease is to make available a fast and
cost effective molecular tool for detection and
epidemiological study of S. Typhi. One of the
fundamental aspects in many molecular
techniques is the amplification of specific DNA
segments from the whole genome sequence
using polymerase chain reaction (PCR). Random
amplified polymorphic DNA-PCR (RAPD-PCR) is
a type of DNA-based PCR method that is widely
used as a DNA fingerprinting tool in various
sectors of biomedical sciences including
molecular epidemiology since the last two
decades [4-6]. The method is simple, fast, cost-
effective, and requires limited technical expertise.
However, a major drawback of this method is its
lack of reproducibility, from one laboratory to
another, due to its inherent sensitivity to
temperature and reagent variations; thus limiting
its use in routine genotyping assays [7-10].
Therefore, resolving the lack of reproducibility of
RAPD-PCR will ensure that this cost-effective
technique will be a reliable diagnostic and
biomarker  discovery tool for molecular
epidemiology of S. Typhi as well as for other
diagnostic applications.

Even though the optimization of PCR is long
practiced, there is, however, no single PCR

protocol for all microbial species [11]. In RAPD-
PCR, individual components have to be
stringently optimized [12-17], suggesting the
unsuitability of conventional PCR optimization
method for RAPD-PCR. Previous studies have
reported different optimization protocols by
sequential  variation of individual PCR
parameters while keeping other parameters
constant [7,18-23]. However, this method cannot
resolve the lack of reproducibility nature of
RAPD-PCR since multiple factors, including
components of the PCR master mix, annealing
temperatures, and PCR machine influence the
outcome of the assay. In addition, there is limited
literature describing the interactions between
these master mix components. Design of
Experiment is a systematic series of tests in
which purposeful changes are made to input
factors so that causes of significant changes in
the output responses are clearly identified [24].
Response surface methodology (RSM) is a
collection of mathematical techniques that are
used for developing, improving, and optimizing
experimental protocols [25].

The objective of this study was to address
the problem of RAPD-PCR reproducibility by
optimizing the assay components using central
composite design (CCD) of the RSM to
develop a tool for biomarker (DNA) discovery for
S. Typhi.

2. MATERIALS AND METHODS
2.1 Bacterial Isolates

S. Typhi isolates, previously differentiated by
pulsed-field gel electrophoresis (PFGE) and
differing in district and year of isolation were



obtained from Hospital Universiti Sains Malaysia
(HUSM), Kelantan, Malaysia.

2.2 RAPD Primers

All 20 decamer RAPD primers from Kit D,
procured from Biospencer Malaysia, were used
in this study. Seven primers have a melting
temperature (Tm) of 32°C with 60% GC content,
and the remaining 13 primers have a Tm of 34°C
with 70% GC content.

2.3 Genomic DNA Extraction

This was carried out using QIAGEN® DNA
extraction kit (DNeasy® Blood and Tissue Kit,
USA), by following the manufacturer’s guidelines.
Briefly, one microlitre (ul) of overnight bacteria
culture was pelleted and re-suspended in 180 pl
ATL lysis buffer and 20 pl of proteinase K.
Following incubation at 56°C for an hour in a
water bath (Memmert, Germany), 200 pl AL lysis
buffer was added, vortexed and incubated at
70°C for 10 min. The suspension was transferred
into a QIAamp® spin column and centrifuged at
8,000 rpm for 1 min. The filtrate was discarded
and 500 pl AW1 wash buffer was then added to
the spin column and centrifuged at 8,000 rpm for
1 min. The filtrate was again discarded and a
second wash and centrifugation step using AW2
wash buffer was done at 13,000 rpm for 5 min.
Two hundred microlitres of AE elution buffer was
added into the column to elute the bound DNA.
Finally, the DNA concentration was measured

spectrophotometrically using Nanodrop
(NANODROP 2000c, USA).
2.4 Gradient PCR for RAPD Primer

Annealing Temperature (Ta)

The RAPD-PCR method previously described
was adopted [26]. The reaction was performed in
a 25 pl total volume containing at a final
concentration; 25 ng DNA template, 1X PCR
buffer, 4 mM MgCl,, 0.4 mM dNTP mix, 0.6 yM
RAPD primer and 2.5 U Taqg DNA polymerase
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(Taq). Distilled water was used to make up the
final volume to 25 pl. The amplification was
carried out in a programmable thermal cycler
(MyCycler = BIO-RAD, USA) with the following
conditions: initial denaturation set at 94°C for 5
min; 45 cycles of 94°C for 30 sec, 38.5°C for 1
min and 74°C for 1 min; final extension at 74°C
for 10 min. Fifteen microlitres of each PCR
product was resolved in a 1.2% agarose gel and
visualised in a UV fluorescence box
(FIuorChem®FC2, Alpha Innotech Corp, USA).

Following the screening, two primers, SBSD02
and SBSDO05, representing other primers with Tm
of 34°C and 32°C, respectively were used for the
gradient PCR. For the initial round of gradient
RAPD-PCR, a £5°C from the individual primer’s
Tm was used [12]. Following agarose gel
electrophoresis and resolution of the first PCR
product, a new range of narrow temperatures
was set based on the clarity and number of
the PCR bands reproduced. A second gradient
PCR was run and following agarose gel
electrophoresis a new narrower range of
temperatures was set. This cycle was repeated
until the optimum Ta was obtained for both
representative RAPD primers. The optimum Ta
was used for optimizing the RAPD-PCR
reactions.

2.5 Optimization of RAPD-PCR Master
Mix

To determine the relationship and interaction
between RAPD-PCR parameters systematically
and experimentally, a mathematical approach
using  Design Expert® (Stat-Ease  Inc,,
Minneapolis) was employed. A rotatable centred
central composite design (RCCCD) of the RSM
with five levels (-2, -1, 0, +1 and +2) was used to
generate the experimental design. Independent
variables optimized include DNA template, PCR
buffer, MgCl,, dNTPs, RAPD primers and Taq
concentrations (Table 1). A set of 82 experiments
with six replicated centre points was generated.
All experiments were carried out in a final volume

Table 1. RAPD-PCR master mix concentrations and factorial levels

Parameters Units -2 -1 0 +1 +2
DNA template ng 8.00 24.00 32.00 40.00 56.00
PCR buffer X 0.40 1.00 1.20 1.50 2.00
MgCl, mM 0.30 1.20 1.70 2.20 3.10
dNTP mM 0.08 0.26 0.36 0.46 0.64
RAPD primer UM 0.20 0.39 0.50 0.60 0.80
Taq U 0.50 1.00 1.25 1.50 2.00




of 25 ul each using distilled water to adjust the
final volumes. The number of RAPD bands
obtained for each experiment was considered as
the response (y). Prior to the use of the RAPD-
PCR assay for further primer screening, the
assay’s reproducibility was performed as
described previously for S. Enteritidis [27].

3. RESULTS

3.1 Optimization of
Temperature (Ta)

Annealing

To determine the optimum Ta for the RAPD
primers, three rounds of gradient PCR using two
representative RAPD primers, SBSD02 and
SBSDO05 with melting temperatures (Tm) of 34°C
and 32°C, respectively, were performed. For the
initial gradient RAPD-PCR, the Ta range was 30-
39°C for primer SBSD02, and 30-37°C for primer
SBSDO05. Following resolution of the RAPD-PCR
product in agarose gel, the second Ta range was
narrowed to 35-37°C for primer SBSD02, and
34-36°C for primer SBSD05. A third Ta range
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that yielded the optimum was set at 36-37°C for
primer SBSD02, and 34-35°C for primer
SBSD05. Based on the maximum number of
reproducible and sharp DNA bands obtained, the
optimum Ta for primers SBSD02 and SBSD05
were determined to be 36.8°C and 34.8°C,
respectively (Fig. 1). Hence, these Ta values
were used in all subsequent RAPD-PCR
experiments.

3.2 Optimization of RAPD-PCR Master
Mix

To determine the optimum RAPD-PCR master
mix, Design Expert® software was used to design
the experiments. Independent factors: DNA
template, PCR buffer, MgCl,, dNTPs, RAPD
primers and Taq concentrations, varied at five
levels generated 82 experiments with six
replicated centre points. The experimental results
for all runs generated bands in the range of 2—
23. The following second-order polynomial
equation derived explains the relationship
between dependent and independent variables.
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Fig. 1. Gel images showing the final gradient Ta results for primers SBSD02 and SBSD05.
(a) Best Ta for primer SBSD02 was 36.8°C; gel image is shown in contrast to show the clarity
of the DNA bands; (b) Best Ta for primer SBSD05 was 34.8°C

7=BBrBrBABAABIBABIABABA
BXXABAX BIXBIXABAXPIAXPIX. (1)

where vy is the predicted dependent variable (number of bands); 3, is the intercept that measures the
average response in the experiment; x1, X2, X3 X4 X5 and xs are independent variables (DNA
template, PCR buffer, MgCl,, dNTPs, RAPD primers and Taqg DNA polymerase concentrations,
respectively). Furthermore, B84, B2, B3, B4 Bsand Bs are linear coefficients; B+, B23, B34 B3s Bss Bss and

Bs¢ are interaction coefficients; and B,, B33 and B4 are quadratic coefficients.

In addition, the

statistical model representing the predicted number of bands as a function of the independent
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variables within the region under investigation is expressed by the following quadratic equation in

coded form:

No.of Bands =3.03+0.0164 —0.858 +0.22C —0.22D + 0.047E + 0.089F —0.083B° —

0.13C* -0.18D* =0.124F —0.21BC + 0.26CD — 0.15CE + 0.12CF — 0.095DF — 0.10EF

where A, B, C, D, E and F are the coded
variables for DNA template, PCR buffer, MgCl,,
dNTPs, RAPD primers and Taqg DNA polymerase
concentrations, respectively. Furthermore, the
model evaluation was performed through
analysis of variance (ANOVA) and coefficient of
determination (R?, which measures the
goodness of fit of the regression model (Table 2).
Similarly, the coefficient of variation (CV), which
signifies the degree of precision with which the
treatments were compared, was calculated.

The relationship between the response and the
experimental levels of variables in the study were
expressed in the form of three dimensional (3D)
response surface plots (Fig. 2). Statistically
significant interactions (p<0.05) were observed
between PCR buffer and MgCl,; dNTPs and
MgCl,; and RAPD primer and MgCl,
concentrations. Fig. 2a showed that higher
number of bands was obtained when 2.20 mM
MgCl, and 1X PCR buffer were used. In addition,
higher number of bands was obtained with 0.39
MM of RAPD primer and 2.20 mM of MgCl,
(Fig. 2b). However, with dNTP, a low
concentration of MgCl, at 1.70 mM was
adequate for a significant interaction effect (Fig.
2c). Varying MgCl, concentration between 1.50
and 1.70 mM increased the number of bands, but
a decreased effect ensued when the
concentration exceeded 1.70 mM (Fig. 2c).

Although not statistically significant (p>0.05),
good interaction effects were observed between
MgCl, and Taq; ANTP and Taq; and RAPD

)

primer and Taq (Fig. 2). Increased number of
bands was observed with both high MgCl, and
Tag concentrations (Fig. 2d). Low RAPD primer
and high Tag concentrations were required to
produce higher number of bands (Fig. 2e).
Similarly, low dNTP and high Taq concentrations
yielded higher number of DNA bands (Fig. 2f).

Based on the results, a ten-optimized numeric
solution of different combinations of the master
mix was generated. Fig. 3 shows the resolution
of the RAPD-PCR products in 1.2% agarose gel
when optimized concentrations of PCR master
mix was used. For subsequent RAPD-PCR tests,
a 25 pl reaction containing 40 ng DNA template,
1X PCR buffer, 2.2 mM MgCl,, 0.4 mM dNTPs,
0.4 pM RAPD primer, and 1.25 U Taqg DNA
polymerase were used. Nuclease-free distilled
water was used to adjust the final volume to 25
pl. Furthermore, a reproducibility test using the
above master mix was performed by running
three independent repeats of the RAPD-PCR
assay using a single S. Typhi isolate (Fig. 3).

4. DISCUSSION

In an effort to improve the reproducibility of
RAPD-PCR so that the advantages associated
with it could be utilized for development of a tool
for biomarker discovery in S. Typhi, we used
RCCCD of the RSM to optimize the
concentration of individual components of the
master mix, and a gradient PCR to determine the
optimum RAPD primer annealing temperature
(Ta).

Table 2. ANOVA results for response surface quadratic model

Sum of squares DF* Mean square F value  **Prob>F
Quadratic model 82.25 16 5.14 15.29 <.0001
Lack of Fit 21.29 60 0.35 3.17 .0979
R® = 0.7901

Adequate precision = 18.109
Adjusted R® = 0.7384
Predicted R? = 0.5764
PRESS = 44.10

CV =2.19%

*Degrees of freedom; **P<.05



Ja'afar et al.; JSRR, 11(1): 1-9, 2016; Article no.JSRR.25029
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Fig. 2. Response surface plots showing the interactions of different master mix components in
relation to the number of bands
(a) Effect of PCR buffer and MgCl, concentrations; (b) Effect of RAPD primer and MgCl,
concentrations; (c) Effect of dNTP and MgCl, concentrations; (d) Effect of Tag and MgCl,
concentrations; (e) Effect of Tag and RAPD primer concentrations; (f) Effect of Tag and dNTP
concentrations
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Fig. 3. Gel electrophoresis picture showing the results of the reproducibility test of the RAPD-
PCR assay following optimization. (a) Result of RAPD-PCR assay using ten optimal conditions.
(b)Three independent RAPD-PCR runs were carried out separately in triplicates

Due to the stringent nature of RAPD-PCR [28],
this study started by optimizing the primer Ta of
two primer categories viz: those having a melting
temperature (Tm) of 32°C, represented by primer
SBSD05, and those having a Tm of 34°C,
represented by primer SBSD02. The optimum Ta
obtained in this study were 36.8°C for primer

SBSD02 and 34.8°C for primer SBSDO05 (Fig. 1).
It was observed that a 1°C change in Ta yielded
a different band pattern, consistent with the
sensitive nature of RAPD-PCR (Fig. 1a). Tingy et
al. [29] have reported similar observations
whereby a 1°C change in Ta affected DNA
amplification significantly. More so, temperature



variations among thermal cyclers have been
reported to affect PCR product amplifications
[10,30,31]. Previous studies have reported
varying RAPD primer Ta from as high as 42°C
[32] to as low as 28°C [23]. Similarly, RAPD
primer annealing times were varied from as long
as 2 min [33] to as short as 30 sec [23]. In this
study, 1 min annealing time was used for both
RAPD primer categories. In contrast, the
research findings of Innis and Gelfand [17]
suggested that at a primer concentration of 0.2
MM, only a few seconds were needed for primer
annealing. Similarly, Gelfand and White [34]
showed optimum activity of Tag DNA polymerase
even at very low primer Ta of 22°C.

A systematic analysis that explains the
relationship between number of bands and
master mix components, which was derived
through mathematical modelling and analysis of
variance (ANOVA) within the Design Expert®
software, generated a second-order polynomial
equation (expressed in both quadratic and coded
forms) (Table 2 and Equations 1 and 2).
Afterwards, model 3D graphs (Fig. 2) were
plotted to examine the interactions and optima of
the master mix. Results clearly suggest that
higher number of bands can be obtained by
using low buffer and high MgCl, concentrations
(1X and 2.2 mM, respectively) (Fig. 2a). Increase
in buffer or decrease in MgCl, concentrations led
to less number of band amplification (Fig. 2a).
Similarly, high concentrations of both MgCl, (2.2
mM) and RAPD primer (0.6 uM) (Fig. 2b) led to
increased number of band amplification. These
observations suggest that the concentration of
MgCl, in the PCR reaction was at its optimum
when the RAPD primer concentration was at 0.6
MM; increase or decrease of which can affect
both DNA-DNA and DNA-protein interactions [15]
leading to suboptimal DNA amplification. Devos
and Gale [30] have demonstrated decreased
primer annealing at higher magnesium ion
concentrations. In  contrast, Welsh and
McClelland [4] showed that a higher level of
magnesium ion was needed to stabilize primer
and DNA-template interactions. It is pertinent to
note that the requirement of magnesium ion,
enzyme and primer concentrations in PCR
amplifications vary from one microbial species to
another [15, 17, 35]. Furthermore, sub-optimal
magnesium ion concentration has been reported
to affect primer annealing, PCR product
specificity, primer-primer dimerization and Taq
DNA polymerase activity [17]. Conversely,
moderate MgCl, (1.7 mM) and dNTP (0.26 mM)
concentrations used in this study recorded higher
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number of bands (Fig. 2c¢). This finding was in
agreement with an earlier proposal by Innis and
Gelfand [17] that in performing PCR, the total
MgCl, concentration should be 0.5 to 2.5 mM
greater than the total dNTP concentration. For
example, a reaction should contain 0.9 to 2.9 mM
MgCl, when 0.4 mM dNTP is used.

To illustrate further, even though not statistically
significant, good interactions were observed
between Taq and MgCl,, and between dNTP and
RAPD primer concentrations (Fig. 2). Using 1.5
U of Taqg DNA polymerase, a higher number of
bands were achieved with moderate MgCl, (1.7
mM), high RAPD primer (0.6 uM) and low dNTP
(0.26 mM) concentrations, respectively. Ellsworth
et al. [14] had recommended that to avoid
artefact band patterns in RAPD-PCR
fingerprinting, DNA template standardization is
of critical importance. Similarly, Welsh and
McClelland [13] had observed that a lack of
reproducibility of RAPD-PCR fingerprinting was
due to inadequate preparation of the DNA
template. Despite the use of commercial kits
for DNA extraction, varying DNA template
concentrations in this study did not produce any
significant result (not shown). Our observations
were similar to the work of Shangkuan and Lin
[36] who reported that DNA template
concentrations over a wide range had no effect
to RAPD-PCR band profiles.

5. CONCLUSION

In conclusion, the present study shows that
improved reproducibility (CV =2.19%) of RAPD-
PCR was observed following stringent master
mix optimization, which was achievable through
a mathematical approach. In addition, interactive
optimization provides a clearer picture of the
effects of individual PCR component on the
number of bands produced rather than one factor
at a time optimization, which has been the status
quo in most laboratories. Additional genotyping
studies on non-clinical isolates of S. Typhi using
this optimized master mix might help to
understand the exact significance of the
mathematical approach in improving RAPD-PCR
for discovery of biomarkers useful in diagnosis of
S. Typhi infections, and perhaps permit the use
of RAPD-PCR in the identification of new
epidemiological markers for typhoid fever.
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