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Abstract: In the polymerase chain reaction (PCR) technique, DNA is amplified in vitro by a series of
polymerization cycles consisting of three temperature-dependent steps: DNA denturation, primer-template
annealing and DNA synthesis by a thermostable DNA polymerase. The purity and yield of the reaction
products depend on several parameters. In this article we experimentally optimized the PCR thermal cycling
parameters (primer/template annealing time and temperature, T ) and PCR reaction components (primera

OPT

combination and concentration, DNA polymerase and its concentration, concentration of polymerase buffer,
template DNA concentration, dNTPs concentration and Mg ) for DNA amplification of Xanthomonas++

campestris 13551. It was found that 46°C suitable as T  for maximum PCR amplification. Effect of annealinga
OPT

time on PCR amplification revealed that 30 seconds was ideal. Further, the effects of different concentrations
of reaction components were seen on the amplification. It was found that 2mM dNTPs, 20µM primer
concentrations of XcFwd2 and XcMMPE (0.356 kb) primer pair, X10 buffer and 2.5U of KOD Dash DNA
polymerase and 10mM of Mg  per 25 µl of reaction mixture yielded maximum product with no artifacts. Before++

applying any PCR based test, it is necessary to optimize the thermal cycling parameters and reaction conditions
in individual laboratories.
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INTRODUCTION produce the necessary single-stranded DNA template for

The polymerase chain reaction (PCR) is the most the temperature is reduced to 40-60°C. At this
powerful technique that has been developed recently in temperature, the oligonucleotide primers anneal with the
the area of recombinant DNA research and is having an separated target DNA strands and serve as primers for
impact on many areas of molecular cloning and genetics. DNA synthesis by a thermostable DNA polymerase. This
With this technique a target sequence of DNA can be step lasts approximately 30-60 seconds. The synthesis of
amplified a billion fold in several hours. The PCR new DNA begins when the reaction temperature is raised
process  is an in vitro method for enzymatically to the optimum for the thermostable DNA polymerase .[1,2]

synthesizing and amplifying defined DNA sequences. A For most thermostable DNA polymerases this temperature
typical amplification reaction includes the target DNA, a is approximately 72°C. Extension of the primer by the
thermostable DNA polymerase, two oligonucleotide thermostable polymerase lasts approximately 1-2 minutes.
primers, deoxynucleotide triphosphates (dNTPs), reaction This step completes one cycle, and the next cycle begins
buffer and magnesium. The components of the reaction with a return to 95°C for denaturation. Since the primer
are mixed and the reaction is placed into a thermal cycler. extension product synthesized in a given cycle can serve
The thermal cycler takes the reaction through a series of as a template in the next cycle, the number of target DNA
different temperatures for varying amounts of time. This copies (amplicons) approximately doubles every cycle.
series of temperature and time adjustments is referred to Ten cycles can multiply the amplicon by a factor of about
as one cycle of amplification. The initial step in a cycle one thousand; 20 cycles, by a factor of more than a million
denatures the target DNA by heating it to 95°C or higher in a matter of hours. After 20-40 cycles, the amplified
for 15 seconds to 2 minutes. In the denaturation process, nucleic acid may then be analyzed for size, quantity,
the two strands of DNA separate from each other and sequence, etc., or used in further experimental procedures

the thermostable polymerase. In the next step of a cycle,

[2-4]
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(e.g., cloning). Under optimal conditions the PCR reaction and grown at 30°C following the protocol supplied. X.
extension - DNA polymerase extends the primer by its campestris was cultivated using specific cultivation media
polymerase activity; this is done at a temperature optimal with the following composition: Polypepton 10 g , Yeast
for the particular polymerase that is used . Ordinarily, extract 2 g, MgSO .7H O 1 g , Distilled water 1 L and Agar[2]

several experiments are required to achieve optimal 15 g; pH 7. Chemicals were reagent grade and collected
conditions for PCR, even if good primers are chosen, i.e., from Wako Pure Chemicals Ind. Ltd., Osaka, Japan. Cells
those  that  do  not  form  dimmers  by  annealing of their were allowed to grown to the log phase before cultivation.
3'-termini and that are specific to one sequence in the Lypholization of the cultivated cells was done by
substrate DNA. Optimization of PCR involves testing a transferring 1.0 ml overnight freshly growing cells to 0.2ml
number of variables . of glycerol into a screw-cap sterile test tube and stored[3-4]

The application of gene technology to industrial the lyophilized cells at -20°C freezer  for future use. It may
enzyme is proceeding at a rapid pace. Genetic engineering be mentioned here that bacterial strains can be stored
and protein engineering will gain importance in applied indefinitely at low temperatures (- 20°C and -80°C) in 15 to
enzymology and will be especially valuable when coupled 40% glycerol. 
with selective, non-random screening technology for new
strains and novel biocatalysts . In the case of DNA isolation from X. Campestris 13551: A procedure[2]

homologous recombination, where DNA sequences
having nearly the same nucleotide sequence and
involving Rec A proteins, DNA sequences are exchanged
by means of molecules called Rec A proteins. This
involves breakage and reunion of paired DNA segments.
DNase inserts a nick in one strand of the donor DNA,
molecules of single-stranded binding protein then bind.
Rec A protein then binds to the single-strand fragment
and promotes annealing of donor and recipient DNA and
cross strand exchange . In our ongoing study for the[5]

preparation of chimeric enzyme by DNA shufling, X.
campestris 13551 has been selected to know the enzyme
activity. In order to know the enzyme activity, it is
required to clone the gene from Xanthomonas sp., express
the gene in a suitable vector like E. coli and study the
over express enzyme with non clone enzyme to
understand its enzymatic (phosphorylitic) activity  and[5]

prepare the chimeric enzyme which can be done by DNA
shuffling. The first step to study the enzyme activity is
the isolation and amplification the template DNA by PCR.
Any variation observed in the PCR results is a critical
factor hampering the consecutive step towards gene
cloning. It is therefore essential to optimize the PCR
protocol before taking it to DNA shuffling setting. The
present study is the first part of our ongoing research for
the preparation of chimeric enzyme from X. campestris
13551. In this study, evidence is offered to document the
effect of different variables on the efficiency and
specificity of amplification of X. campestris 13551 gene by
PCR.

MATERIALS AND METHODS

Cultivation of  X. Campestris 13551: The microbial cells
were collected from Japan Collection of Microorganisms
(JCM) in a freeze-dried state and the cells were revived

 

4 2

[6]

was used for bacterial template DNA isolation as
described in the BIO-RAD Catalog (InstaGene™ Matrix
Catalog # 732-6030) and Protocol. A small amount
(isolated bacterial colony) of cultivated cells were taken
from the fresh grown of Xanthomonas plate and
resuspended it in 1 ml autoclaved water in a microfuge
tube after growing in the above mentioned specific
medium for 1 days at 30°C. Water was removed after
centrifugation (10,000-12,000 rpm for 1 min at 4°C) and the
pellet was resuspended in 200µl of InstaGene matrix and
incubate at 56°C for 15-30 min. After incubation, the
sample was vortexes at high speed for 10 sec and placed
in a 100°C heat block for 8 min and vortex afterward at
high speed for 10 sec. Finally the sample was spinned at
10,000-12,000 rpm for 2-3 min and stored the resultant
supernatant at -20°C, which was the genomic DNA .[7]

Choosing primers: The sequences of the nine different
primers were selected for the study, collected from
Hokkaido System Science Co., Ltd., Japan. Among them
four are forward and five are reverse primers. The primers
are:

Forward primers:
1.  XcFwd 1: 5' ACA GCG CCG ACT ACA CCG AAT

GGA GCA 3' (T : 67.8°C)m

2. XcFwd 2: 5' CTG GAC CAT GCG TTT TTA CCC
GCT GGA CGA 3' (T : 66.4°C)m

3. XcPHTD: 5' CCG CAT ACC GAC CAC TGC GTC
GTG TGG CTG CCG 3' (T :71.8°C)m

4. XcWNDP: 5' TGG AAC GAC CCG ATG AAC ATG
GTG GGC TGG 3' (T : 68.7°C)m

Reverse primers:
1.  XcVMLA: 5' CAT GTG CGT GTA CGC CGG CGC

CAG CAT CAC 3' (T : 71.5°C)m
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2. XcRev 1: 5' AGT GGG GTC GGA AAT CGG GAA
TCG GGA ATC 3' (T : 67.4°C)m

3. XcRev 2: 5' GCC GTA GAA GGT CCA CGA CGA
GCA GTA CAC 3' (T : 68.7°C)m

4. XcMMPE: 5' ATG CGC GTA GTA CGG CTG CTC
AGG CAT CAT 3 '(T : 67.4°C)m

5. XcRev 3: 5' CAC CAG GAA CCC CAT CGC GCA
CCT CAA TCC 3' (T : 70.1°C)m

PCR reaction mixture: Considering the above
parameters, the PCR reaction mix (25 µl) was designed. All
reactions are run for 30 cycles. The PCR reaction
components are: autoclaved ultra-filtered water (pH 7.0)
13.5µl; PCR buffer 2.5µl; dNTPs 2.5µl; primer mix 0.5µl;
DNA polymerase 0.5µl and template DNA 5.0µl/ 10.0µl.
The conditions for the amplification of the template DNA
were standardized in the laboratory. The cycling
parameters, optimal primer and dNTPs concentrations and
the amount of DNA polymerase to be used in each
reaction were optimized one at a time and the remaining
was kept constant.

Optimization of reaction components: While optimizing,
all the reaction components were kept constant except
one variable at a time. After optimizing the cycling
parameters, the effect of template DNA concentration (X1,
X5, X10, and X100 of 5 or 10 µl each); effect of MgCl ,2

MgSO  and NH SO  (10mM of 2 µl); effect of different4  4 4

Mg  conc. (0 to 25mM of 2 µl each) were seen. In++

addition, the other parameters optimized were primer
combination and conc. (1.0 to 20µM of 0.5 µl each);
suitable DNA polymerase (KOD Dash, KOD Plus and
Taq); KOD Dash polymerase conc. (0.5 to 2.5U of 0.5 µl
each); KOD Dash buffer conc. (X10 to X100) and dNTPs
conc. (0.25 to 2 mM of 2.5 µl each). KOD Dash DNA
polymerase (Lot # 242300), KOD Plus DNA polymerase
(Lot # 145300) and dNTPs were collected from Toyobo
Chemical Co., Japan, and Taq DNA polymerase (Lot #
EP0402) was collected from MBI Fermentas Ltd., Japan.
The PCR were carried out in different conditions for each
of this PCR reaction mixture, which is as follows:

KOD Dash DNA Polymerase:   94°C - 94°C - 46°C - 74°C - 74°C - 4°C
(30 cycles)  5' 30'' 30'' 1' 7' 8

KOD Plus DNA Polymerase: 94°C - 94°C - 46°C - 68°C - 74°C - 4°C
(30 cycles)  5' 30'' 30'' 1' 7' 8

Taq DNA Polymerase: 94°C - 94°C - 46°C - 74°C - 74°C - 4°C
(30 cycles)  5' 30'' 30'' 3' 7' 8

Different possible combinations of forward and
reverse primers were designed to detect and amplify
template DNA. The combinations are as follows:

Combination 1  XcPHTD (f ) and XcVMLA (r) (0.6 kbp size).
Combination 2  XcFwd 1 (f) and XcMMPE (r)  (0.585 kbp size).
Combination 3 XcFwd 2 (f) and XcMMPE (r) (0.356 kbp size).
Combination 4 XcWNDP (f ) and XcVMLA (r) (0.402 kbp size).
Combination 5 XcWNDP (f) and XcRev 3 (r) (1.024 kbp size).

Optimization of thermal cycling parameters: Among the
cycling parameters, annealing temperature (40-50°C) was
the first condition which was optimized. After the optimal
annealing temperature was determined, the annealing time
was varied from 90, 60, 45 to 30s. Amplification was
performed for 30 cycles and a final extension of 7 min at
74°C given after completion of last cycle. The
amplification was done in a thermal cycler (Perkin Elmer,
GeneAmp PCR system 2400). Designing of the PCR
program are shown below:

Steps Temperature Time
First denaturing 94 ° C 5 min
Denaturing 94 ° C 30 sec
Annealing 40° C, 42°C, 90s, 60s,

44° C, 46° C, 45s, 30s,
48° C, 50°C

Extension 74 ° C 1 min
Last extension 74 ° C 7 min

Gel electrophoresis: Electrophoresis is a technique used
in the laboratory that results in the separation of charged
molecules . DNA is a negatively charged molecule and[7,8]

is moved by electric current through a matrix of agarose.
Amplifications of desired DNA segment from PCR
product were analyzed on 1% agarose gel by using gel
electrophoresis. 1% agarose gel was prepared by adding
1.5 g agarose into 150 ml 1X TAE buffer (Tris-Acetate-
EDTA buffer; containing: Tris 48.46 g/l (0.4 M), EDTA-
Na -salt 3.72 g/l (0.01 M), acetic acid 12.01 g/l (0.2 M)). To2

prepare samples for electrophoresis, 1 µl of 6x gel loading
dye (15% Ficoll-400, 0.25% xylene cyanol FF, 0.25%
bromophenol blue) for every 5 µl of DNA solution was
mixed well, loaded on the well of the gel and
electrophorese at 100 volts for 25 min until dye markers
have migrated an appropriate distance (depending on the
size of DNA to be visualized) to achieve good separation
of required DNA from impurities along with a standard
marker named Smart Ladder (Lot # 08004H; 0.2-10.0 kbp).
Smart ladder was collected from Wako Nippon Gene Ltd.,
Japan. The gel was then stained in 0.5µg/ml ethidium
bromide (EthBr) solution (in TAE buffer) for 30 min until
the DNA has taken up the dye and was visible under
short wave UV light. 

RESULTS AND DISCUSSIONS

In this present study, every attempt was made to
optimize the PCR condition for maximum amplification of
DNA from X. campestris 13551. The results and detailed
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Fig. 1: Effect of primer/template annealing temperature temperature was decreased to 46°C for 30s, a sharp PCR
on PCR amplification. Among the cycling product was observed. On further decreasing the
parameters, annealing temperature (40, 42, 44, 46, temperature to 42°C, a positive PCR product was
48 and 50°C) was varied and all the reaction observed but however, in addition to this, artifact was
components were kept constant. SL: Smart also observed. Given that the best amplification was
Ladder. observed at 46°C without any additional artifacts, this

Fig. 2: Demonstration of the effect of primer/template experiments, DNA isolated from X. campestris 13551 was
annealing time on PCR amplification. The amplified with different concentrations of XcFwd2 and
annealing temperature was kept at 46°C, but the XcMMPE primers ranging from 1.0 to 20 µM, in separate
time of amplification was varied from 90 to 30s, in reactions. Rest of the reaction ingredients were kept the
different reactions and all the reaction same (Fig. 4). A 10-0.2 kbp Smart ladder was run as a
components were kept constant. Agarose gel marker (lane SL). As is evident from the figure, no
electrophoresis revealed no significant substantial differences were observed in the band
differences in the intensity of products amplified intensities of the PCR products with samples amplified
for different times excepts 90s. SL: Smart Ladder. with 5, 10 and 20 µM conc. of primers, whereas the

analysis presented in this study clearly show the containing 1 µM of primers. Therefore, for all subsequent
limitation and advantages of these methods and establish amplification, 20 µM conc. of primers were used.
that the availability of molecular method like PCR could be Effect of DNA polymerase and KOD Dash
a useful for amplification of target DNA for further study concentration:Once primer combination and conc. were
to clone and sequence the target DNA for determining the optimized, the effect of different DNA polymerase and 

enzyme. The suitable time required to migrate the DNA in
gel electrophoresis was determined in different time range
(from 20-35 min) and it was observed (data not shown)
that 25 min was suitable for electrophoresis of all these
tested DNA samples.

Optimization of thermal cycling parameters:
Effect of primer/ template annealing temperature: The
results of PCR amplification at varying annealing
temperatures are given in Fig. 1. This figure shows the
agarose gel electrophoresis of the PCR products of the
DNA with different annealing temperatures. The
annealing temperature of 50°C for 30s revealed a faint
amplified product. However, when the annealing

temperature was selected for all further amplification.
Effect of primer/template annealing time The X.

campestris DNA isolated from pure culture was amplified
for 30 cycles. The annealing temperature was kept at 46°C,
but the time of amplification was varied from 90 to 30 s, in
different reactions. Agarose gel electrophoresis revealed
no substantial differences in the intensity of products
amplified for different times except 90 s (Fig. 2); hence, the
annealing temperature of 46°C for 30 s was taken for all
further amplifications.

Optimization of Reaction Components:
Effect of primer combination and concentration: In primer
combination, among the primers, the combination of
XcFwd2 and XcMMPE (0.356 kb size) primers was found
suitable for PCR amplification (Fig. 3) where a DNA
segment was found using these primers. In this

intensity of band decreased substantially in reaction
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Fig. 3: PCR reactions with different primer combination.
WNDP-Rev3: 1.024kbp; WNDP-VMLA: 0.402
kbp; Fwd2-MMPE:    0.356    kbp;    Fwd1-MMPE:
0.585   kbp; PHTD-VMLA: 0.6 kbp and SL: Smart
Ladder.

Fig. 4: Effect of primer concentrations on amplification of
DNA. Primers (Fwd2 and MMPE: 0.356 kbp) were
taken at different concentration (1.0-20.0µM) and
SL: Smart Ladder.

different of their concentrations on the amplification of
the template DNA was evaluated. KOD Dash, KOD Plus
and Taq DNA polymerase were taken for study and
among these, KOD Dash DNA polymerase was found
suitable for PCR reaction (Fig. 5). The amount of KOD
Dash polymerase varied from 0.5 to 2.5 U per 25µl
reaction. The 1% agarose gel electrophoresis revealed
PCR products of faint intensity in reactions amplified with
0.5, 1 and 2 U of the enzyme. However, 2.5 concentration
gave a band of high intensity (Fig. 6). Hence, 2.5 U of
KOD Dash enzyme was used in all subsequent
amplification reactions. A 10-0.2 kbp Smart ladder (lane
SL) was run as a marker. 

Effect of buffer, template DNA, Deoxynucleoside tri-
phosphates (dNTPs) and Magnesium ion (Mg )++

concentrations: To determine the optimal concentration

Fig. 5: Demonstration of the effects of different DNA
polymerase on PCR amplification. Reaction
mixtures were different for different DNA
polymerases in PCR reaction while all other
reaction component were kept constant; Taq
DNA polymerase (0.5µl in 2.5µl X10 buffer for Taq
polymerase, annealing temperature was 46°C for
30'' and extension temperature was 74°C for 3'),
KOD Plus DNA polymerase (0.5µl in 2.5µl X10
buffer for KOD Plus polymerase, annealing
temperature was 46°C for 30'' and extension
temperature was 68°C for 1'), KOD Dash DNA
polymerase (0.5µl in 2.5µl X10 buffer for KOD
Dash polymerase, annealing temperature was
46°C for 30'' and extension temperature was 74°C
for 1'), and SL: Smart Ladder.

Fig. 6: Effect of kod dash DNA polymerase
concentration on PCR amplification. In the
reaction mixture, all the reaction components were
kept constant except concentration of KOD Dash
enzyme. The amount of KOD Dash polymerase
varied from 0.5 to 2.5 U per 25 µl reaction. The 1%
agarose gel electrophoresis only revealed PCR
product  of  intensity  in reaction amplified with
2.5 U of the enzyme.
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Fig. 7: Demonstration of the effect of concentration of were kept constant except the concentration of
kod dash buffer on PCR amplification. In the dNTPs. The dNTPs concentrations varied from
reaction mixture, all the reaction components were 0.25 mM to 2.0 mM per 25 µl reaction; SL: Smart
kept constant except concentration of KOD Dash Ladder.
buffer. The amount of KOD Dash buffer varied
from X10 to X100 per 25µl reaction; SL: Smart
Ladder.

Fig. 8: Demonstration of the effect of template DNA reaction components in PCR were kept constant
concentration for maximum amplification in PCR and additionally, 2.0 µl of MgCl  MgSO  and
Reaction. All the reaction components were kept NH SO  was added per each 25 µl reaction; SL:
constant except the concentration of template. Smart Ladder.
Two sets of template DNA volume (5.00 and 10.00
µl) were taken for each concentration of template. were taken for each conc. and all other reaction
The template concentration varied from X1 to components were kept constant; X1 (10 µl) template
X100 per 25 µl reaction; SL: Smart Ladder. demonstrated high intensity of band on agarose gel

of buffer to be used in the amplification reaction, different amplification of gene, varying conc. (0.25 to 2.0 mM) of
concentrations of KOD Dash buffer were used (Fig. 7). All dNTPs were used in the PCR reactions keeping all other
other constituents of the PCR were kept the same. component the same (Fig. 9). As is evident from the
Reactions containing X10 and X20 buffer conc. amplified figure, the conc. of 0.25, 0.5 and 1 mM dNTPs revealed
PCR product with equal intensity and hence, X10 buffer some additional smear and artifacts with low intensity of
conc. was used in all subsequent amplification reactions. desired band, while 2 mM conc. of dNTPs containing PCR
DNA isolated from X. campestris culture was amplified in product showed only the desired band. Therefore, for all
the presence of varying conc. (X1 to X100) of template the subsequent amplifications, 2mM conc. of dNTPs were
(Fig. 8). Two sets of template DNA volume (5 and 10 µl) used. To check the optimal concentration of Mg  to be 

Fig. 9: Effect of varying dntps concentrations on PCR
amplification. All the reaction components in PCR

Fig. 10: Demonstration of the effect of MgCl  MgSO2, 4

and NH SO  on PCR amplification. All the4 4

2, 4

4 4

electrophoresis. To optimize the dNTPs conc. on the

++
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Fig. 11: Demonstration of effect of Mg  concentration parameter to be optimized became the template/primer++

on amplification of DNA. 2.0 µl of different annealing temperature. It was observed that as the
concentrations (0 to 25 mM) of MgCl  was reaction temperature was increased; there was a gradual2

added per each 25 µl reaction and all other decrease in the number of artifacts and a specific
constituents of the PCR were Kept the same; SL: amplification was observed at 46°C (Fig. 1) which is
Smart Ladder. reflected by the PCR product in ethidium bromide stained

used in the amplification reaction, at first effect of MgCl , reaction template/primer-annealing temperature of 46°C2

MgSO  and NH SO  on PCR reaction were tested (Fig. 10) was used. The significance of this observation could be4  4 4

where 10mM of (2 µl of each) was taken in the PCR appreciated by taking into consideration the fact that at
reaction and all other reaction components were kept higher annealing temperature, the efficiency of
constant. It was found that only MgCl  demonstrated amplification will decrease and thus samples with minute2

intensity    of    band    in    agarose   gel.  Different  conc. amount of template DNA would be reveal variable results.
(0 to 25 mM) of MgCl  were then used to optimize the It is also pertinent to mention that annealing temperature2

conc. on the amplification of DNA in PCR (Fig. 11). All can change with change in other ingredients of the PCR
other constituents of the PCR were kept the same. mixture . The flexibility of annealing temperature (T )
Reaction containing 10 and 20 mM MgCl  amplified PCR allows optimization of the PCR reaction in the presence of2

product with equal intensity. The only difference variable amounts of other ingredients (especially template
observed was the strong streaking pattern in reactions DNA). If the T  is too low, non-specific DNA fragments
containing 20 mM. The optimum conc. of MgCl  in the are amplified, causing the appearance of multiple bands2

amplification  of  DNA  appeared  to  be  10  mM. The low on agarose gels. If the T  is too high, the yield of the
(0 and 5 mM) and high (25 mM) conc. of MgCl  resulted desired product, and sometimes the purity is reduced due2

in reduced or no product yield. Lanes SL corresponds to to poor annealing of primers . At both sub- and super-
10-0.2 kbp Smart ladder. optimal T  values, non-specific products may be formed

Although the PCR concept is simple, successful and the yield of products is reduced. Optimizing the T  is
performance of a PCR reaction depends on a number of especially critical when long products are synthesized or
factors. There is obviously no single set of conditions when genomic DNA totals is the substrate for PCR . The
that can be applied to all PCR amplifications. For example, requirement of an optimal PCR reaction is to amplify a
depending on the length and sequence of primer used, the specific locus in relatively large amounts without any
annealing temperatures of the PCR’s can differ from each unspecific by-products. Therefore, annealing needs to
other. Finding the optimal or the most stringent annealing take place at a sufficiently high temperature to allow only
temperature is a prerequisite for reliable results and the  perfect  DNA-DNA matches to occur in the
efficient amplification of a specific target. Initial studies reaction . 
with the described protocol resulted in non-specific In PCR reaction, first denaturing step was kept at
nature of amplification. Such variations are frequently 94°C for 5 min before the actual cycling starts. This is
reported in literature and are usually ascribed to any supposed to help denaturing the target DNA better and
variation in reaction component and/ or the equipment a final last extension time, of 7 minutes, was kept at 74°C
used for amplification. Hence, the amplification conditions supposedly to help finish the elongation of many or most
for this gene were optimized, using the reagents and PCR products initiated during the last cycle. Primer
equipment available in the laboratory. Standard PCR extension, in most applications, occurs effectively at a
should yield a product of defined size, dictated by the temperature of 72°C and seldom needs optimization. The

position of the selected primers. However, numerous
variations are often seen while performing PCR
amplifications. Broadly, the variations can be classified in
2 categories: (i) reducing the PCR product yield and (ii)
altering the PCR specificity. Inefficient amplification is
commonly observed by weak intensity of fluorescence of
amplified products visualized in ethidium bromide stained
agarose gels. Moreover, the non-specificity of the
amplified products is reflected by having either additional
products of higher/lower size than the expected ones or
the presence of a background smear along with the
expected PCR product . [4, 9-11]

Since amplified products could be visualized using
the original protocol, the logical choice for the first

agarose gel. Hence, in all the subsequent amplification

[11-14]
a

a

a

[12-14]

a

a

[13]

[3,7, 11]
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optimal annealing temperature is found to be a function of primers also show one hybridization site only throughout
the melting temperatures of the less stable primer-template the entire gene. From the nine different primers used
pair and of the product. Annealing temperature is during this work, Fwd2 and MMPE primer pair was found
important in finding and documenting polymorphisms . suitable for PCR amplification (Fig. 3) and to see the[7, 15]

Slight mismatches, (even 1 base-pair mutations) in one of optimum primer concentration to be used in each
sequences bound by the two primers used to amplify a amplification    reaction,    different   concentrations
DNA locus, can be detected by slight variations in (0.5µM -20µM) were used (Fig. 4). It was found that 20µM
annealing temperature and/or by multiplex PCR . primer concentration amplified the PCR products with[11]

The annealing time of 30-60 seconds is sufficient for high efficiency and specificity, whereas lower
most primer pairs. Increase in annealing time up to 2-3 concentration resulted in non-specific amplification. Thus,
minutes did not appreciably influence the outcome of the this optimal concentration of 20 µM was kept in all
PCR reactions. However, as the polymerase has some subsequent amplification experiments for this target.
reduced activity between 45 and 65°C (interval in which Conventionally, the primer concentration used in PCR
most annealing temperature are chosen), longer annealing reaction varies between 10-500 µM and it has been
times may increase the likelihood of unspecific observed that higher concentrations often result in the
amplification products. An effort was made to evaluate formation of primer dimmers thus leading to less efficient
the effect of different annealing timings (from 90 to 30 s) amplification and could also facilitate non-specific
for the amplification of genomic DNA at 46°C. It was amplification . The general recommendation for primer
observed that no substantial difference in the amplified pair design are: i) individual primers should be between
products could be seen by varying annealing time (Fig 2). 18-24 bases. Longer primers (30-35 bp) seem to work in
Therefore, 30 s was chosen as the optimum annealing time similar cycling conditions compared with shorter primers,
for this target in all further amplification experiments. As ii) each primer should bind to only one of the two template
a first step in the PCR cycle, the DNA template must be strands, iii) the optimum distance between primer
denatured. A denaturing time of 30-60 seconds at 94ºC is annealing sites is generally 100-1000 base pairs, iv) The
sufficient to achieve good PCR products. Too long a GC content of the primers should be between 40-60%, v)
denaturing time will increase the time the DNA ideally, both primers should anneal at the same
polymerase is subjected to high temperatures and temperature. The optimal annealing temperature is
increases the percentage of polymerase molecules that dependent upon the primer with the lowest melting
lose their activity. A 2-5 minute initial denaturing step temperature. If T  difference between the two primers is
before the actual cycling starts may be used. This helps high, the lower T  can be increased by increasing the
denature the target DNA better (especially the hard to length of that primer at the 3' end (this keeps the size of
denature templates) . Some researchers omit this step, the amplified locus constant) or the 5' end, vi) primer[11, 13]

since they have found that this step does not change the sequence should start and end with 1-2 purine bases, vii)
outcome of the PCR reaction. The subsequent PCR the placement of the 3' end is critical for success; Perfect
annealing and elongation steps are selected on the basis base pairing between the primer 3' end and template is
of the composition (GC content) of both the primers and optimal, and viii) there should be minimal mismatch within
PCR product and of the length of the expected PCR the last 5-6 nucleotides at the 3' end. Regardless of primer
product [16]. In general, 30 cycles should be sufficient for choice, the final concentration of the primer in the reaction
a usual PCR reaction. An increased number of cycles in must be optimized . The sequences of the primers are
most cases will not dramatically change the amount of a major consideration in determining the temperature of
product. Beside the cycling parameters, PCR reaction the PCR amplification cycles. For primers with a high T ,
components could also lead to non-specific amplification it may be advantageous to increase the annealing
for other parameters like PCR reaction components . temperature. The higher temperature minimizes[3, 12, 11]

The key to successful PCRs lies in the design of nonspecific primer annealing, increasing the amount of
appropriate primers. There are many factors that influence specific product produced and reducing the amount of
the success of a pair of primers . Some of the properties primer-dimer formation . [12]

of primers which can affect the outcome of PCR include: Several choices are available for selection of
the GC / AT ratio, length, melting temperature (T ) and the thermostable DNA polymerase for PCR reaction. Them

extent of annealing between primers. It is normal for the choice of the correct enzyme(s) to use in the PCR reaction
two primers to have T s within 5ºC. The location of a is determined by several factors . When high fidelity ism

primer also heavily influences its usefulness. The primers required, it is always wise to select an enzyme that has
for PCR determine the size of the product, the sequence 3´?5´ exonuclease ("proofreading") activity. Enzymes with
location of the PCR product and the T  of the amplified proofreading capabilities are recommended to ensurem

region. Well-designed primers avoid generation of accurate amplification of the PCR product. These enzymes
background and non-specific products. The chosen normally generate blunt-ended PCR products. In this

[11,17]

m

m

[7,18]

m

[3]

[9]
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study, in contrast to KOD Dash DNA polymerases, the complexity of the DNA sample. The complexity is the
conventional DNA polymerases used gave no PCR sum of the nucleotide pairs that occur in single-copy
product (Fig. 5). Marie et al  reported a similar study sequences and those that occur in one copy of each[19]

where they optimize Taq polymerase and PCR conditions repeated sequence. 
for DNA amplification using transcriptionally active PCR The variable, which is reported to greatly influence
(TAP™) technology. Chakrabarti and Schutt  studied on the specificity of the PCR reaction, is dNTPs[20]

the G-C rich template amplification. Similarly, Alka et al concentration . As is evident from Fig. 9, 2mM[11]

optimized 38 kda based PCR assay for detection of concentration of dNTPs yielded discrete PCR products
Mycobacterium tuberculosis. KOD Dash DNA with no artifacts. However, lower concentration leads to
polymerase can accept triphosphates of new deoxyuridine the amplification of PCR products with reduced product
derivatives bearing a C5-substituent group via an a- yield and artifacts. Similar results have been reported by
methylene linker as a substrate in the PCR yielding the Zhang and Deisseroth . Beside that magnesium ion
corresponding functionalized DNA effectively, while (Mg ) conc. was also optimized. In the absence of
other conventional DNA polymerases cannot tolerate the adequate free Mg , DNA polymerase is sometimes
modification of the substrate . The finding that KOD inactive. So, magnesium concentration is a crucial factor[21]

Dash DNA polymerase may be useful for the synthesis of affecting the performance PCR. Therefore, optimal MgCl
modified DNA libraries, which will be useful for in vitro concentration for each set of reactions was determined
selection of functionalized DNA . On the other hand, and it was observed that 10mM Mg  is sufficient for PCR[22]

Taq DNA polymerase, the first thermostable enzyme used amplification (Fig. 10 & 11). Many of the reaction
for PCR, possesses relatively high processivity and is the components, including template DNA, chelating agents
least expensive thermostable. However, Taq DNA present in the sample (e.g., EDTA or citrate), dNTPs and
polymerase   generates   single   dA   overhangs  on the proteins, bind magnesium and as a result can affect the
3´-ends of the PCR product. Yet, these overhangs allow amount of free magnesium present in the reaction. On the
easy cloning into vectors that contain "T" overhangs other hand, excess free magnesium decreases enzyme
complementary to those on the PCR product. In addition fidelity and may increase the level of nonspecific
to the above, the optimum amount of KOD Dash enzyme amplification . For these reasons, it is important to
required to amplify this gene was worked out. For most empirically determine the optimal MgCl  concentration for
applications, enzyme excess does not significantly each reaction. Some scientists prefer to use reaction
increase product yield. However, increased amounts of buffers that already contain MgCl  at a final concentration
enzyme and excessively long extension times may of 1.5 mM. It should be noted, however, that Innis et al
increase the frequency of artifacts. These degradation reported performance variability of reaction buffer
artifacts are generated by the endogenous 5´-3´ solutions containing magnesium. The free magnesium
exonuclease activity associated with DNA polymerase, changes of 0.6mM observed in their experiments
which results in smearing of the PCR products in agarose dramatically affected amplification yields in an allele-
gel. Figure 6 shows the effect of KOD Dash polymerase specific manner. The authors found that heating the
concentration where 2.5U/µl showed suitable for DNA buffer at 90°C for 10 minutes restored the homogeneity of
amplification lead to better product yield. Therefore, 2.5 U the solution. They postulated that MgCl  precipitates as
of KOD Dash was used as the optimum concentration a result of multiple freeze/thaw cycles. Certain unwanted
required for specific amplification of this product. Lawyer side reactions (such as nonspecific amplification and
et al [17] also did a similar experiment. primer-dimer formation) can occur in PCR and these

Successful amplification of the region of interest is usually begin at room temperature once all reaction
dependent upon the amount and quality of the template components are mixed. It is important to take great care to
DNA. The template DNA should be free of potent minimize the potential for cross-contamination between
inhibitors of DNA polymerases. Frequently inhibitors are samples and when optimizing Mg  concentration, the
carryover of reagents commonly used to purify nucleic MgCl  stock should be thoroughly thawed and vortexed.
acids. These include salts, guanidine, proteases, organic Since magnesium solutions form a concentration gradient
solvents and SDS. InstraGene Matrix (also sold as a dry when frozen, vortexing will insure a uniform solution.
powder under the brand name of “Chelex”), used in Also, there have been reports that pre-made reaction
present study for DNA extraction and purification, binds buffers containing 1.5 mM final concentration MgCl  have
impurities allowing the DNA to be separated and purified. shown performance variability . It can be conclude that
The heat changes and vortex steps in the protocol break it is utmost necessary to optimize the PCR amplification
the nuclei allowing the DNA to be extracted . Figure 8 conditions in individual laboratory before applying in to[23]

illustrated that X1 (10µl) is the optimal amount of template gene cloning setting to have reliable and reproducible
DNA required for amplification. The amount of template results.
required for successful amplification is dependent upon In agarose gel electrophoresis, TAE buffer was used
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for the electrophoresis of nucleic acids . TAE has a 2. Kingman, S.M. and A.J. Kingman, 1988. Genetic[14]

lower buffer capacity than TBE, however linear dsDNA Engineering: An introduction to gene analysis and
tends to run faster in TAE than in TBE. TAE buffer is exploitation in eukaryotes. Blackwell Scientific
prepared to exacting specifications ensuring consistent Publications, pp 86-89.
electrophoresis results from run to run . For visualizing 3. Innis, M.A. and D.H. Gelfland, 1990. Optimization of[27]

the DNA, EthBr was used which is a solubilize and PCR’s. In PCR protocols: A guide to methods and
binding buffer (with buffer indicator, pH =7.5) containing applications; Eds. Innis, M.A. Gelfland, D.H. Sninsky,
guanidine thiocyanate. EthBr is commonly use stain for D.J. and White, T.J. pp 3-12. Academic Press, New
the visualization of nucleic acid in agarose gels. The exact York. 
distance between bands is influenced by percentage of 4. Eeles, R.A. and A.C. Stamps, 1993. Managing the
agarose, time of electrophoresis, concentration of EthBr, method. In Polymerase Chain Reaction (PCR)- The
degree of supercoiling and the size and complexity of the Technique  and  its  Application.  Eds.  R.A. Eeles
DNA. and A.C. Stamps, R.G. Landes Company, Austin.

As we know that many species of bacteria synthesize pp12-26.
and secrete acidic polysaccharides if supplied with a 5. Struhl, K., 1985. A rapid method for creating
readily convertible carbon source such as glucose (Glc) recombinant    DNA    molecules.    BioTechniques. 

and with adequate oxygen. X. campestris, a plant 3: 452-453. 

pathogen secrete acidic exopolysaccharides (EPS), 6. Starr, M., 1981. The genus Xanthomonas. In: The 

xanthan gum, which promote plant-microbe Prokaryotes. Vol. 1. M. Starr, H. Stolp, G. H. Truper,
interactions . Xanthan gum is also valuable for A. Balows, and G. H. Schelegel, eds. Springer-Verlag,[6,27]

controlling the viscosity of aqueous solutions in diverse Berlin. pp 742-763. 

food and industrial applications . The detection of the 7. Ausubel, F.M., R. Brent, R.E. Kingston, D.D. Moore,[28-30]

enzymes from this microbe poses several interesting J.G. Seidmanand and J.A. Smith (eds.),  1997. Current
challenges. Many attempts were taken to know the Protocols in Molecular Biology, John Wiley & Sons,
homology of gene of their enzyme  and it was reported Inc., Vol. 1-3.[31-34]

that there is a homology of this enzyme with cellobiose 8. Trebaol, G., L. Gardan, C. Manceau, J.L. Tanguy, Y.
phosphorylase (CBP) (~60% homology) and chitobiose Tirilly and S. Boury, 2000. Genomic and phenotypic
phosphorylase (ChBP) (~80% homology). Therefore, it characterization of Xanthomonas cynarae sp. nov., a
may suppose that there would be an enzyme related to the new species that causes bacterial bract spot of
phosphorylitic activity of CBP or ChBP. But until now, the artichoke (Cynara scolymus). International Journal of
enzymatic activity of Xanthomonas sp. has not been Systematic Evolution of Microbiology 4:1471-8.
studied in this area. Therefore, based on the data 9. Bej, A.K., M.H. Mahbubani and R.M. Atlas, 1991.
furnished in this study, we choose to use the KOD Dash Amplification of nucleic acids by polymerase chain
DNA polymerase with KOD Dash buffer for the highest reaction (PCR) and other methods and their
yields of the cleanest, correct- sized PCR products for applications. Critical Review in Biochemistry and
further studies to prepare chimeric enzyme from X. Molecular Biology 26: 301.
campestris by DNA shuffling such as TOPO cloning, 10. Innis, M.A., D.H. Gelfand and J.J. Sninsky, 1999. PCR
DNA sequencing. Applications. Protocols for functional genomics.

Academic Press, New York. pp. 303-304.
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