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Yusuf A.M sensitivity by investigating the effects of DNA template dilutions, magnesium

chloride (MgCl,) titration concentrations, annealing temperatures and primer
dimer formation. Real-Time PCR (RT-PCR) assays were conducted and agarose
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observed, affecting amplification specificity, with the lower peak denaturing
at a higher temperature indicative of primer dimerisation. Optimization
strategies such as HotStart PCR and the use of monoclonal antibodies for
Taq polymerase inhibition were discussed for improved specificity. Overall,
systematic optimization of PCR conditions is crucial for achieving reliable and
reproducible results, with considerations for DNA template concentration,
MgCl, titration, annealing temperature and primer dimer formation essential
for enhancing PCR performance.
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Introduction conducted in PCR Thermocycler (programmed) (Rychlik et
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temperatures (95 °C, 60 °C and 72 °C) for set periods, are generally applied to identify diverse genetic sequences
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(Deepachandi et al., 2019). Cobb and Clarkson (1994)
described classical PCR as comprising three key steps:
denaturation (where DNA melts and hydrogen bonds are
disrupted, yielding two single-stranded DNAs), annealing
(where primers bind to the DNA template) and elongation
(where new double-stranded DNA is synthesized). According
to Kwok et al. (1990), PCR mastermixes typically contain two
short single-stranded primers specific to the target region, a
heat-resistant DNA polymerase like Taq polymerase with a
reaction buffer with magnesium and dNTPs. The amplified
product or amplicon, can originate from various template
sources, including synthetic, genomic, mitochondrial or
plasmid DNA, as well as RNA sources like mRNA, miRNA or
total RNA (Rychlik et al., 1990). In Reverse Transcription-
PCR (RT-PCR), RNA is copied using reverse transcriptase to
produce cDNA; complimentary DNA, which subsequently
acts as the template for the amplification process in PCR.
This technique is essential for detecting RNA and for studies
examining gene expression and the effects of mutations
on mRNA stability. Standard PCR typically need post PCR
amplification investigation, likes of agarose/ polyacrylamide
gel-electrophoresis to evaluate the results (Stift et al., 2003).

gPCR stand for the method that allows for the monitoring
of PCR progression in real time, recording the accumulation
of the product throughout the entire process within the
PCR tube, eliminating the need for post-PCR analysis. This
approach fundamentally changes how some may conduct
gPCR for RNA and DNA (Maeda et al., 2003; Rajalakshmi,
2017). During gPCR, the accumulation of the product
is tracked by a rising fluorescent signal and two main
chemistries are employed for detecting the PCR product:
TagMan, which uses the fluorogenic 5’ nuclease activity and
SYBR Green dye, a fluorescence molecule that binds to DNA
(Paul et al., 2010). Fluorescence is recorded at each cycle
and the cycle at which the initial detectable signal emerges
is termed the ‘cycle threshold’ (CT-value). The CT-value is the
key for data analysis; a lower CT-value signifies a higher initial
concentration of the template, whereas a higher CT-value
indicates a lower starting concentration. The quantitative
assessment of the PCR product is obtained from the CT-
value, which is established using a standard curve (Toz et
al., 2013; Chen et al., 2022).

SYBR Green dye is employed as a double-stranded DNA
binding dye for detecting the accumulation of PCR products
during cycles. It has an affinity for detecting dsDNA as well
as nonspecific reactions within PCR products, yielding
accurate results with properly optimized reactions. SYBR
Green dye binds to both specific and nonspecific DNA
products, producing amplification signals for all bound
products (Salam et al., 2010; Yehia et al., 2012; Toz et al.,
2013; Mohammadiha et al., 2017; Teimouri et al., 2018).

After polymerization, PCR reactions are manually transferred
onto polyacrylamide or agarose electrophoresis gels blotted
with either SYBR green or an ethidium bromide dyes. This
process allows the identification of the target products
based on their sizes, which are then viewed under UV light,
a method that has seen significant advancements (Erlich
et al., 1991). The DNA amplification as well as examination

can be performed concurrently using SYBR Green as DNA
binding dye, which specifically binds to double stranded
DNA (dsDNA). These dyes are incorporated into mastermix
to quantify the template during amplification. Fluorescence
accumulates and is recorded in each cycle during the
elongation phase, crossing the threshold line depending
on the initial template concentrations (Gibson et al., 1996).
As SYBR Green fluorescence is tracked from start to finish
during the temperature cycles, the rapid loss of fluorescence
near the DNA’s dissociation temperature indicates
denaturation (Wittwer et al., 1997). This occurs because the
melting curves of DNA products are influenced by their AT/
GC content, sequences, lengths and can be differentiated
by these unique melting curves observed during PCR cycles
as the temperature progresses through the denaturation
step, affecting dsDNA fluorescence (Roux, 1995).

Due to SYBR Green’s ability to attach to every dsDNA
product inside reactions, issues such as the detection
of weak signals, multiple bands or missing bands on the
gel frequently arise. Several factors contribute to these
problems, including DNA template dilutions, the materials
or sources of DNA extraction, annealing-temperature,
hydrogen bonding, dNTPs, The quantity and nature of
primers utilized, enhancers and the concentrations of
MgCl, (Roux, 1995; Wittwer et al., 1997). These disparities
necessitate PCR optimizations tailored to entity variables
(Hecker and Roux, 1996).

DNA template dilutions play a crucial role in PCR as they form
the starting amplification templates. Using higher amounts
or dilutions of DNA can result in nonspecific products,
reducing reaction specificity (Cha and Thilly, 1993). Excessive
DNA dilutions also affect primer annealing by binding to
magnesium, thereby inhibiting polymerase activity. Thus,
optimizing DNA dilutions is essential, as DNA concentrations
depend on the extraction materials and the source of the
DNA (Harris and Jones, 1997).

Low annealing temperatures can lead to the detection of
non-specific bands, while high temperatures may result in
weak or absent primer annealing to single-stranded DNA
(ssDNA) templates, causing reduced performance. The
optimal temperature for primer annealing is typically 3-5
°C less than melting temperature of primers that are less
stable (Rychlik et al., 1990). Although various formulas
exist to calculate T_, none provide a universally reliable
temperature for PCR, necessitating experimentation at
different temperatures to determine the best annealing
temperature (Hecker and Roux, 1996). Thus, optimizing the
annealing temperature is crucial.

Magnesium acts as a coenzyme for Tag DNA polymerase
and is required in substantial amounts. the DNA template,
primers, dNTP and taq polymerase all interact with
magnesium, diminishing the pool of free magnesium
accessible for the enzyme (Innis and Gelfand, 1990).
Chelating agents present in the DNA template and primers,
such as EDTA, can also combine with magnesium (Lam et
al., 2004). Excess magnesium stabilizes dsDNA, hindering
the denaturation step and decreasing performance, while
high magnesium concentrations can cause primers to
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anneal to incorrect ssDNA templates. Conversely, low
magnesium concentrations reduce Taq polymerase activity
(Markoulatos et al., 2002). Therefore, optimizing magnesium
concentration is essential to ensure enough free magnesium
is available for Taq polymerase function despite the binding
of other reaction components.

Hot start techniques are used to eliminate non-specific PCR
products synthesized at lower environmental temperatures
before amplification begins (Salam et al., 2010; Yehia et al.,
2012; Tozetal.,2013; Mohammadiha et al., 2017; Teimouri
et al., 2018). These techniques prevent Taq polymerase
extension at low temperatures by targeting key reaction
components such as primers, dNTPs, Tag polymerase
and magnesium (D’Aquila et al., 1991; Paul et al., 2010).
Current hot start methods include using wax barriers to
separate reaction components before activation, accessory
proteins, thermolabile modified chemicals, antagonistic DNA
polymerase antibodies to obstruct the enzymatic activity
and dNTPs (Paul et al., 2010; Mohammadiha et al., 2017).

The purpose of this research was to investigate how different
dilutions of DNA templates impact PCR amplification through
gPCR and agarose gel electrophoresis analysis. Furthermore,
it aimed to assess the effectiveness of various magnesium
concentrations and annealing temperatures in optimizing
PCR through polyacrylamide gel electrophoresis, with the
goal of gathering data to determine the most suitable
dilution and concentration conditions for amplifying P.
falciparum genes.

Materials and Methods

Optimized PCR Master Mixes for Amplification of DNA
Template Dilutions

The PCR amplification strategy was used for amplification
of P. falciparum DNA, in which specific primers pairs (rFAL1-
rFAL2) was used of the reactions. The PCR assay was carried
out utilising a PCR Systems 97000 Applied Biosystems
(RT-PCR and classical Thermocycler. The method used by
Carbonara et al. (2012) was adapted. In the amplification
process, 1 plL volume of the extracted DNA obtained from
blood containing P. falciparum parasite was used. An
optimized PCR reaction was prepared for five reactions.
Each reaction tube, labeled 1 through 5, contained 9.5
uL of water, 12.5 plL of 2x SYBR PCR master mix and 1 pL
each of forward and reverse primers, resulting in a total
volume of 24 uL of master mix per tube. Tubes 1, 2, 3 and
4 were then supplemented with 1 uL each of undiluted
DNA, DNA diluted 1/10, DNA diluted 1/100 and water,
respectively. The amplification of rPLU for genus-specific
and rFAL for species-specific sequences was carried out
using an Applied Biosystems thermocycler (PE 97000) in a
one-step gPCR block. The PCR tubes were subjected to an
initial denaturation at 94 °C for 2 minutes, followed by an
amplification process consisting of 40 cycles at 94 °C for 30
seconds, 55 °C for 30 seconds and 72 °C for 1 minute. A final
elongation step at 72 °Cfor 3 minutes was performed at the
end of the reaction.

The gPCR protocol was carried out as previously outlined.
After completing 40 cycles, 15 plL from each PCR reaction -
containing undiluted DNA, 1/10 and 1/100 DNA dilutions and

a water control - were taken for analysis using 2% agarose
gel electrophoresis. The gel was stained with ethidium
bromide and run for 45 minutes at 80 volts in a 1X TAE buffer.
Visualization and image capture were conducted using a gel
documentation system (Samal et al., 2022).

PCR Annealing Temperatures Optimisation

In a 1.5 ml Eppendorf tube, a mixture was prepared for
six reactions, comprising 106.5 uL of water, 15 pL of 10x
reaction buffer, 4.5 pL of 50 mM MgCl,, 3 pL of dNTPs,
6 puL each of forward and reverse primers, 3 uL of Taq
polymerase and 6 pL of DNA template. A final volume of 25
pL was then pipetted into five PCR reaction tubes. These
tubes were placed on a PCR gradient block and subjected
to annealing temperatures ranging from 46 °C to 65 °C.
The protocol included an initial denaturation at 94 °C for
2 minutes, followed by an amplification cycle consisting of
40 cycles at 94 °C for 30 seconds, 55 °C for 30 seconds and
72 °C for 1 minute. A final elongation step at 72 °C for 3
minutes was included at the end of the reaction. Following
this, polyacrylamide gel electrophoresis analysis was carried
out as previously described.

PCR Optimization for Determining the Optimal Magnesium
Concentration

In a 1.5 ml Eppendorf tube, a mixture was prepared for
six reactions, consisting of 95 uL of water, 15 pL of 10x
reaction buffer, 3 pL of dNTPs, 6 uL each of forward and
reverse primers, 3 uL of Taq polymerase and 6 pL of DNA
template. The prepared master mix, 22.5 plL per reaction,
was then dispensed into five separate reaction tubes labeled
1through5.Tubes 1, 2,3, 4 and 5 received 2.5 pL of MgCl, at
concentrations ranging from 0.5 mM to 5 mM, respectively.
The tubes were placed on a gradient PCR block and subjected
to aninitial denaturation step at 94 °C for 2 minutes. This was
followed by an amplification cycle of 40 iterations, including
steps at 94 °C for 30 seconds, 55 °C for 30 seconds and 72 °C
for 1 minute. The reaction concluded with a final elongation
step at 72 °C for 3 minutes. Following this, polyacrylamide
gel electrophoresis analysis was performed as previously
described.

Results and Discussion
Impact of Different DNA Template Concentrations

Figure 1(a) shows the CT-values derived from real-time PCR
analysis using SYBR Green dye for various DNA template
dilutions. These values corresponded to 17.82 for undiluted
DNA, 19.54 for a 1/10 dilution, 22.56 for a 1/100 dilution
and 34.18 for water. The plateau stage, indicating no further
difference in CT-values after 40 cycles when all primers had
been utilized, was also depicted.

Figure 1(b) indicates a single peak, this suggests that the
template DNA is derived from a singular species. The
temperature at which all DNA template dilutions underwent
denaturation (i.e., undiluted DNA, 1/10, 1/100 dilutions and
water dilutions) is 74.83 °C, as shown by the blue vertical
line.

The impacts of different dilutions of DNA template
observed on agarose gel and gPCR fluorescence results
provide valuable insights into the PCR assay specificity and
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Figure 1(a): Real-time fluorescence detection by SYBR
green showing CT-values of various dilutions of the DNA
template (undiluted DNA, 1/10 dilution, 1/100 dilution and
PCR-grade water as negative control)
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Figure 1(b): Melt curve of amplified DNA Templates
dilutions and water as negative control

sensitivity. The CT-values obtained from RT-PCR, along
with the melting curve analysis, indicate the efficiency of
amplification and the homogeneity of the DNA template.
Additionally, agarose gel electrophoresis results provide
visual confirmation of PCR product specificity and the
presence of non-specific amplification products.

The decrease in CT-values with increasing DNA template
concentration (undiluted DNA, 1/10, 1/100 dilutions) in
RT-PCR suggests a higher initial number of copy of the
targeted DNA in the undiluted DNA sample, leading to
earlier detection of fluorescence. This trend is consistent
with the expected relationship between DNA template
concentration and CT-value in PCR assays (Bustin et al.,
2009; Liu et al., 2021). The plateau observed after 40 cycles
indicates that the PCR reaction has reached its maximum
efficiency, where further cycles do not result in a significant
increase in fluorescence.

The single peak observed in the melting curve analysis at
74.83 °C confirms the specificity of the PCR amplification,
indicating that the DNA template is derived from a single
species. This finding is essential for ensuring the accuracy
and reliability of the PCR assay, as it confirms that the
amplified product corresponds to the target sequence of
interest (Deepak et al., 2007; Zang et al., 2024).

Agarose gel electrophoresis results further validate the
specificity of PCR amplification, with stronger bands
observed in undiluted DNA and decreasing band intensity
in 1/10 and 1/100 dilutions, consistent with the trends
observed in RT-PCR CT-values. The presence of lower
resolution nonspecific products in all samples indicates
the potential for nonspecific amplification, which may
be exacerbated at lower DNA template concentrations
which substantiate with Fraga et al. (2014). The absence of
signal from the water sample serves as a negative control,
confirming that the observed bands are specific to DNA
amplification and not due to contamination or artifacts.

Overall, the integration of RT-PCR, melting curve analysis
and agarose gel electrophoresis provides a comprehensive
assessment of PCR assay performance, including sensitivity,
specificity and the potential for nonspecific amplification.

The RT-PCR protocol conducted is in accordance to an
established described method. After completing 40 cycles,
10 pl of PCR reactions containing undiluted DNA, DNA diluted
1/10, DNA diluted 1/100 and a water control were subjected
to analysis by means of 2% agarose gel electrophoresis. The
gel was then stained with ethidium bromide. The figure 1(c)
illustrates the outcomes of the gel electrophoresis, wherein
undiluted DNA displayed a distinct and robust band, while
1/10 and 1/100 dilutions exhibited progressively weaker
bands with decreasing DNA concentrations. Additionally,
lower resolution nonspecific products were observed
across all samples. The analyzed products were observed
to fragment at 223 bp on the agarose gel, with no signal
detected from the water sample.

Legend:

1 2 3 4 5
Lanel=Neat DNA
Lane2=1/10
«—300bj
Lane3=1/100 & — zoobE 223bp
“—100bp

Lane4 = Water

Lane5 = Ladder

Figure 1(c): Various DNA templates (neat, 1/10, 10/100
and water as negative control) amplified using agarose
electrophoresis gel

Effects of Magnesium Chloride Titration Concentrations

Various Magnesium chloride concentrations were tested
using polyacrylamide gel electrophoresis (40%) with
ethidium bromide added to stain the gel in order to ascertain
their optimal efficacy in PCR. Figure 2 illustrates that 1.5
mMol and 2 mMol exhibited the most robust amplifications,
albeit with the presence of additional nonspecific products
across all concentrations. Conversely, 0.5 mMol and 3 mMol
displayed slightly stronger amplifications, while 5 mMol
demonstrated weaker amplifications.
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Legend;
Lane 1= ladder
Lane 2= 0.5mMol
Lane 3= 1.5mMol
Lane 4= 2mMol
Lane 5= 3mMol
Lane 6= Smbol

Figure 2: The Polyacrylamide gel bands fluorescence for
varying Magnesium chloride concentration

The observed effects of different magnesium chloride (MgCl,)
titration concentrations on PCR efficiency, as determined by
40% polyacrylamide gel-electrophoresis and stained with
ethidium bromide; figure 2 presents a crucial aspect of
PCR optimization. The presence of nonspecific products
in all concentrations except 2 mMol and 3 mMol (lanes 4
and 5) suggests an optimal range for MgCl, concentration
in PCR reactions, with deviations leading to suboptimal or
undesirable outcomes.

The amplification strength observed in the gel electrophoresis
results can be attributed to the role of magnesiumionsin PCR.
Magnesium ions are essential cofactors for DNA polymerase
activity, facilitating primer annealing, template binding and
nucleotide incorporation during PCR amplification (Orddfiez
and Redrejo-Rodriguez, 2023). However, the concentration
of magnesium ions must be carefully titrated to balance their
positive effects on PCR efficiency with the risk of nonspecific
amplification.

The strongest amplifications observed at 2 mMol and 3
mMol MgCl, concentrations indicate an optimal range,
where DNA polymerase activity is maximized without
excessive nonspecific amplification. Here it corroborates
with the findings of earlier studies demonstrating the MgCl,
concentration importance in PCR optimization (Lundberg
et al., 1991; Zarlenga and Higgins, 2001; Kipf et al., 2022).

Conversely, the weaker amplifications observed at 5 mMol
MgCl, suggest an excess of magnesium ions, which can
inhibit PCR efficiency by interfering with primer annealing
and template binding. This phenomenon is well-documented
in the literature, highlighting the need for careful MgCl,
titration to avoid suboptimal PCR conditions (Hsiang et al.,
2010; Haanshuus et al., 2019).

The slight amplifications observed at 0.5 mMol MgCl,
concentration may indicate suboptimal conditions where
the magnesium ion concentration is insufficient to support
robust PCR amplification but not low enough to inhibit the
reaction entirely. Fraga et al. (2014) and Kipf et al. (2022)
suggested that further optimization experiments could
explore narrower concentration ranges around these values
to pinpoint the optimal MgCl, concentration for the specific
PCR assay.

Generally, the observed effects of MgCl, titration
concentrations on PCR efficiency underscore the importance
of systematic optimization in molecular biology protocols to
achieve reliable and reproducible results.

Effects of Annealing Temperatures

The PCR optimal annealing-temperature was explored in
assessing the impact of various PCR annealing-temperatures
efficiency. The figure 3 illustrates that nothing was observed
at 65 °C, while weaker amplification was detected at 46 °C

and 62 °C. The strongest amplifications were observed at
58 °C and 55 °C; however, additional nonspecific products
were evident across all temperature bands.

1

Legend;
Lane 1= 65°C
Lane 2= 62°C
Lane 3= 58°C
Lane 4= 55°C
Lane 5= 46°C
Lane 6= ladder

Figure 3: The results of five (5) different annealing
temperatures amplified on Polyacrylamide gel in PCR
optimisation

The observed effects of different annealing temperatures
on PCR efficiency highlight the critical role of temperature
optimization in achieving robust and specific amplification.
Annealing temperature directly influences primer annealing
to the template DNA during PCR, affecting both specificity
and efficiency of amplification.

The lack of amplification at 65 °C suggests that this
temperature is too high for efficient primer binding to
the template DNA, leading to inadequate amplification.
Conversely, the less strong amplification observed at 46 °C
indicates that this temperature may be too low for optimal
primer annealing, resulting in reduced PCR efficiency. These
findings are consistent with the known dependence of PCR
efficiency on annealing temperature, where temperatures
too high or too low can compromise primer-template
binding and subsequent amplification (Mamedov et al.,
2008; Karunanathie et al., 2022).

The strongest amplifications observed at 58 °C and 55 °C
suggest an optimal annealing temperature range where
primer annealing is maximized, leading to efficient and
specific amplification of the target sequence. However,
the presence of additional nonspecific products at these
temperatures indicates the importance of balancing PCR
efficiency with specificity. These nonspecific products may
arise from primer dimer formation or nonspecific primer
binding, highlighting the need for careful optimization of PCR
conditions to minimize nonspecific amplification (Taylor et
al., 2015; Sathyanarayana and Wainman, 2024).

Overall, the observed effects of annealing temperature on
PCR efficiency underscore the importance of systematic
temperature optimization to achieve optimal amplification
conditions and minimize nonspecific products, ultimately
ensuring the accuracy and reliability of PCR assays.

The Impact of Primer Dimerisation

At Figure 4, two peaks were observed, where the lesser
peak corresponds to denature DNA templates at 92.73 °C
(very high temperature). This goes along with the findings
of Zheng et al. (2024) which outline that the effect of
primer dimers on PCR efficiency and specificity underscores
the importance of annealing temperature optimization,
including ensuring appropriate melting temperatures and
avoiding complementarily between primers, can help
minimize the formation of primer dimmers.

The investigation into the optimal annealing temperature
for PCR revealed notable trends. Figure 3 demonstrates
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Figure 4: Showed the real-time PCR primer dimer curve

that stronger and cleaner amplification occurred at higher
temperatures, particularly at 58 °C, with 55 °C showing
slightly weaker results. Conversely, no amplification signal
was detected at the highest temperature of 65 °C; while at
62 °C, strong amplification alongside additional nonspecific
products was observed. At the lowest temperature of 46 °C,
weak amplification relative to 58 °C was evident. This finding
suggests that lower temperatures are directly correlated
with reduced amplification and the presence of nonspecific
bands. Conversely, temperatures higher than optimal may
lead to decreased vyield rates, likely influenced by primers
annealing to nonspecific sites and the GC content of the
primers (Rychlik et al., 1990; Fraga et al., 2014).

Furthermore, the absence of amplification at the highest
annealing temperature of 65 °C aligns with earlier findings
of Fraga et al. (2014) and Maruf et al. (2023), which suggest
that amplification may be compromised at excessively high
temperatures, resulting in reduced product yield (Fraga et
al., 2014; Zheng et al., 2024).

In figure 4, double peaks indicate primer dimer formation,
having the smaller peak indicating denaturation of DNA
template at 92.73 °C; a very high temperature. This
phenomenon is consistent with findings by Fraga et al.
(2014), results from primer dimerization altering the
sequence, leading to the presence of double-stranded DNA
and multiple peaks.

Regarding MgCl, titration concentrations, figure 2 illustrates
that 1.5 mMol and 2 mMol exhibited the strongest
amplifications, while 0.5 mMol and 3-5 mMol resulted in
reduced product yield. Although 1.5 mMol and 2 mMol
displayed similar bands, 1.5 mMol produced the best results.
The reduction in MgCl, concentrations could affect the
kinetics of primer-template interactions at amplification
temperatures or diminish the activity of the polymerase
enzyme, aligning with the observations of Markoulatos et
al. (2002), who noted a decrease in Tag polymerase activity
with lower concentrations. Moreover, the occurrence of
nonspecific products across all concentrations is attributed
to the stabilization of double-stranded DNA in the presence

of surplus magnesium, resulting in incorrect primer
annealing, in agreement with the observations of Cobb and
Clarkson (1994).

Furthermore, the inclusion of organic solvents such as
dimethylsulfoxide and glycerol to enhance specificity
and product yield, as well as the optimization of dNTPs,
Taqg polymerase and primer concentrations, should be
considered (Pomp and Medrano, 1991; Roux, 1995).

The HotStart technique is recommended for preventing
Taqg polymerase activity at lower temperatures, thereby
minimizing nonspecific product formation and primer
dimerization (Salam et al., 2010; Yehia et al., 2012; Toz et
al., 2013; Mohammadiha et al., 2017; Teimouri et al., 2018;
Asifetal., 2021). This approach involves incubating essential
components, such as Taq polymerase, at room temperature
until the initial cycle temperature surpasses the reactant
melting temperature, effectively preventing nonspecific and
primer dimer formation (Akbari et al., 2005; Karunanathie et
al., 2022). Currently, the utilization of monoclonal antibodies
(MAbs) to purify Tag DNA polymerase is gaining traction
due to its ability to temporarily block enzyme activity
(Sathyanarayana and Wainman, 2024). According to Zheng
etal. (2024), when MAbs and Taq polymerase are combined
and added to PCR tubes at room temperature, they produce
specific DNA products during higher temperature cycles,
even when dealing with complex DNA containing lower
copy numbers. This method allows for master mixes to be
prepared at room temperature without the need for tube
opening or the use of mineral oil or waxes (Paul et al., 2010;
Zheng et al., 2024).

Recommendations

Thorough extraction of DNA templates, precise adjustment
of MgCl, concentrations and meticulous control of annealing
temperature is crucial for optimizing PCR efficiency and
specificity. Consideration of strategies such as HotStart
PCR and the use of monoclonal antibodies can enhance
specificity and sensitivity, particularly in the presence of
primer dimerisation. Further optimization experiments
should explore narrower concentration ranges and
alternative PCR techniques, such as nested PCR, to further
refine assay performance.

Conclusion

Optimization of PCR conditions is essential for achieving
reliable and reproducible results in molecular biology
experiments. This study highlights the importance of
systematic experimentation to identify optimal conditions
for PCR assays. By carefully titrating DNA template
concentration, MgCl, concentration and annealing
temperature, researchers can enhance amplification
efficiency and specificity while minimizing nonspecific
products. Additionally, strategies such as HotStart PCR
and the use of monoclonal antibodies offer promising
approaches to improve assay performance. Overall,
systematic optimization of PCR conditions is critical for
advancing molecular biology research and ensuring the
accuracy of experimental findings.
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