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Abstract:
PCR is a very sensitive technique that gainedgtsificance through the high contribution on
a variety of bioscience fields. It is not surprgsithat the most cited scientific paper in
biosciences is related to the PCR programme. Thengation of the PCR is very important
to achieve amplification with reliable results. Vanles like Mg* concentration, template
DNA dilution, annealing temperature, and primershaentration were optimized using
classical and touchdown amplification methods. ©tR€R methods like hot-start can
improve the quality and the quantity of the PCRdyi@ he utilization of mathematical and
statistical ways in designing a PCR programme Tilkguchi or chessboarding methods can
efficiently enhance the PCR reaction. Also the esaigvery pure reagents and the utilization
of a suitable kind of th&aq polymerase would highly improve future experimeiitsis work
was performed to find the optimal reaction condisiofor the utilized standard PCR
programme.
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Introduction:

It has been proved that the polymerase chain tra¢BCR) is a laboratory tool that has a
high impact on the progress of the molecular biglagd related disciplines. This technique
encompasses the amplification of a very tiny amairDNA templates (could be even one
DNA template). The amplification can be performgdtbe implementation of the thermal

cycling processes that involves the melting of Iid¢A (separation of the DNA strands) and

the DNA replication with the ease of heat stabtedgical catalysts".

Therewith, the setup of a basic PCR has been medead it involves the usage of many
chemicals, which are: 1) The template (the temptatdd be either DNA or cDNA that has

been copied from an RNA; in such case it necesditett involvement of reverse transcriptase
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to produce the cDNA from its parent RNA. 2) Thenpers. 3) Specific heat-stable DNA
polymerases. 4) Deoxynucleotide triphosphatess RE)TS5) Buffers containing singly and
doubly charged cations (potassium and magnesiumtdqol less extent manganese)
respectively)?.

Also, PCR process is widely employed in differeattdratory experiments to create a high-
throughput of a required DNA sequence. Unforturyatilere is no single optimal condition
to be used to generate such high-yield productliféerent templates. This can be explained
as that the usage of different templates meansighge of other primers. The latest usually
requires changing the annealing temperature, cabmcentration and or other factors (will
be explained later on in details). Such changesvandtions must be done for any new PCR.
Not only to ensure that this particular PCR willndut also it is very important to get pure
and high yield PCR. Such changes in the PCR vasadle called PCR-optimisatith®. To
elucidate the effect of such variables on the igfficy of a PCR, each one of the following
variables will be explained briefly. These variabége: 1) Magnesium concentration variation.
2) The influence of the DNA template concentrati®nAnnealing temperature effect. And 4)
Using different programmed annealing temperatwsch is called “touch down” process.

1. Magnesium Titration:

It has been stated that Magnesium ions have a fmgtenle of a range of cellular functions.
For instance they are responsible for sustainingyntd proteins, lipid bilayers membranes
and nucleic acids structures. This is achievedutjinahe binding of the divalent cation to a
specific binding site on the macromolecule. Thigcddjic binding is capable to give the
macromolecule its particular structure or catalgtitivity. In the case of the DNA polymerase
(which is responsible for repairing and replicatthg DNA), the roles of magnesium ions are
studied by scientists to be: The production of’fMgsubstrate complex to which the enzyme
Is attached; the alteration of the enzyme structaethe direct binding to them. Moreover,
each DNA polymerase molecule requires two-bounklgdt cations, one of them act as
nucleotide binding and the other play a catalytie &s illustrated in figure 1 below:

Asp190

Figure 1. A general DNA polymerases-nucleotide biridg (labeled as A) and catalytic (labeled as B) sis,
which shows the coordination of the nucleotide- biing Mg2+ to the oxygen molecules of alpha, beta and
gamma phosphate molecules of the dCTP also to Asf,9Asp190, and lastly to a single ¥ molecule;
and, the coordination of the catalytic Mé+ to the oxygen molecule of the alpha phosphate grougf the
dCTP, aI?S()) coordinates with the primer P10:03 the same previous aspartates, Asp256, and anothdsO
molecule®.
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Mg?* has a crucial role in the PCR amplification procasd it affects the fidelity and the
specificity of any individual PCR reaction. This [slieved to be dependent on the
magnesium concentration due to its function dugrimer-binding process. Moreover, Kfg
cations could influence the dissociation tempegatfrfor the PCR output, which in turn is
capable to produce a primer-dimer artefact. Low*¥gncentrations may result in no
reaction because of the inadequate performandeeoDNA polymerase; also it might result
in preventing any annealing process. In contragh Ng*? concentrations are capable of push
the DNA polymerase to be over-reactive and thissequently leads to non-specific
unwanted PCR products that might appear in theyelif: ”.

The existence of divalent cationic chelators likeykene diamine tetra acetic acid (EDTA)
and /or citrate can directly affect the level adrMd? which in turn influence the activity of
the DNA polymerases as explain earlier. Also theceatration of the DNA template; dNTPs
concentration; and the presence of impurities (@apg¢ proteins), all could affect the
apparent free Mg level, which is available to be utilized in the ¢tan buffer. Also the type
of the DNA polymerase utilized in the reaction tii§erent requirements of the free Kg
concentrations. For instandéfu DNA polymerases are more sensitive to the freeldeot
Mg*?cations than the Taq polymerase and hence reausiseMig? concentration in the buffer
solution. Thus, the optimal M§ concentrations must be experimentally obtainedefach
single reaction. The Md targets are that associated with the highest &icgilon and lowest
non-specific PCR products. The classic concentraticthe free M cations usually used is
scaled between 1-4 mM; nevertheless, it is nokegeatsy to decide which is the best unless a
serial solutions are made with small differencéatween to reach the best concentration of
the magnesium cations for this specific PCR reacti®.

2. The quality and the quantity of the DNA templateinfluences the PCR reaction:

PCR amplification also depends not only on the eatration of the DNA template available
but also on the purity of such template. The angalifon on the PCR can be performed over
a wide range of template concentration. Tiny cotregions of the DNA template might not
be able to deliver PCR product. In contrast, vegh ltoncentration of the DNA template may
result in steric hindrance for the reaction, asdbive site of the polymerase enzyme would
be over-crowded that would result in decreasingréte of amplification. Hence, the DNA
template optimization is critical for observing timait of detection (LoD).

In addition to the quantity of the DNA templatee thuality of the used template is also very
significantly affects the PCR output. There coull dhemical reagents and impurities that
might exist within the DNA template and have a ptitd¢ inhibitory effect on the DNA
polymerases. Almost all the impurities are chemrealgents that have been used to extract
and purify the DNA. For example sodium dodecyl bale (SDS) and the organic solvents
are the most frequently encounter@€d Accordingly, it is highly recommended to run a
positive control (well-recognised PCR template ttfzracterised to deliver a positive result
using the same reaction environments) with thercthmples’ 19,

Since PCR is a quite sensitive exponential throughpchnique, therefore, single DNA
template that might contaminate the reaction coeklilt in a very large amount (could be
millions). That is why a negative control (a blamixture of the whole components but not
the target DNA template), is highly required to.riéxs a result if there is positive signal with



the negative control then it means that there cbeld contamination in at least one of the
used PCR components and the results obtained uéthRCR are untrusted anymé&ré?).

3. The annealing temperature of the primers:

The annealing temperature used with the primerdighly dependent on the melting
temperature (Tm) of the target. The melting temioeeaalso relying on the concentration,
nucleotide bases contents and the length of thecteel primers. It is believed to apply
annealing temperatures that are less than thenge#timperature with about (3-5) €&.

Many studies demonstrated that the annealing teatyreris obtained between (55-72) °C;
however it is critical to optimise the annealinghfeerature for each PCR procedure. This can
be explained as if the temperature is low a higiidycould be obtained with a loss in the
specificity of the polymerase enzyme resulting ighler non-specific product as well. On the
other hand, if the annealing temperature is highan the melting temperature, then the
specificity is highly enhanced as a firmer bindiogn be obtained. However, very high
annealing temperatures should be avoided as tlaseeduce the stability of target DNA-
primer binding, which can significantly reduce ®€R output” %)

4. Forward and reverse primers’ concentration:

The optimisation of the utilized concentration etk one of the primers is one of the most
important parameters in the PCR process. Usu&ilgy/farward and the reverse primers have
different level of activity. This recommends theags of different primers’ concentrations to
get the maximum activity. The optimisation can b&f@rmed using the chessboarding
method®?. This method can be revealed by getting 5 diffedeuble dilutions of the forward
and the reverse primers and put them in a tabtdikesthe chessboarding one. For example if
the concentration of the primer was 200 pmol/pInttiee concentrations that would be made
can be seen in table 1 below:

Table 1: primer optimisation using chessboarding mihod. This table explains the use of the chesshoarding
method for the primers optimisation. As shown belwalf the volume (10ul) comes from the forward m@im
and another half comes from the reverse for opiigithe PCR reaction using primer chessboardindnoakt®-

Forward pmol/pL
A B C D E F
200 100 50 25 12.5 6.25
1| 200 | 20ul 20 ul | 10 ul 10 ul 10 ul 10 ul
wo=|2]| 100 | 20 ul 20ul | 10 ul 10 ul 10 ul 10 ul
£</3] 50 | 10ul | 10Ul
3 g[4] 25 | 10ul | 10ul
® al5|125] 10ul | 10ul
6| 6.25| 10 ul 10 ul
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5. Touch down reaction:

It has been referred to the “Touchdown” PCR asaalggl reduction of the PCR annealing
temperature during the PCR cycling period to rediheerandom PCR products by starting
with a temperature that is higher the melting terapee by few degrees and ending with a
temperature which is lower the melting temperatalsp few degrees. This can be explained
as the high temperatures can afford more specifiditg for the primer while the low
temperatures can efficiently amplify the high spegproducts resulted from the previous
cycles.The story behind the touchdown can be illustratethat the existence of non-specific
bands in the PCR products is one of the major problthat has been encountered with the
standard PCR. This has been reported as a resutispiiming of the forward and/or the
reverse primer to the target DNA segment. Thesespewgific products could be formed
because of the less length of the misprimed segmaeffer to be attached to the required
PCR bands through the reaction period. This casobeed by using a step down “touchdown”
in the annealing temperature to be reduced witagheycle to reduce the non-specific band
by significant exponential folds, which in genecalild be 5-folds for each degree Celsids
Scientists stated that the “touch down” PCR-angaiion method is use when it is difficult to
amplify some kinds of the tissue specific genes #na rich with GC bases. Touchdown was
reported to be successful, rapid, and low coshénamplification of more than 70% contents
of the GC base$®).

The analysis of the PCR bands is performed usingrogg or polyacrylamide gel
electrophoresis. While for the visualization, Etbid bromide or SYBR Safe DNA Gel
Stain maybe employedf). The size of the resulted PCR output can be estiiay the usage
of a known molecular weight DNA ladder that ha®¢orun alongside with the PCR products.
The ladder will give bands with already known malec weights which then to be compared
with the PCR products to estimate their weigHts

The aim of this work is to find the optimal reacti@onditions for the standard PCR
programme

Materials and methods:* 1"

Sectionl: optimal PCR mastermix reaction:

The amplification of the target DNA pieces was agbd using an already made PCR
mastermix. The optimization process included thHeeliag of three 0.2ml-PCR tubes; the
content of each tube was5ulH20, 12.5ul 2xPCR mastermix and 1 ul of each of trevérd
and reverse primers. In contrast, 1ul of neat DidfAgle, 1 ul of 1/10 diluted DNA sample
and 1 ul of HO were pipetted into the tubes 1, 2, and 3 respsyti

These three PCR tubes were allocated in a prestidard PCR programme” as 2 minutes at
94° C fordenaturation (i.e. separation of the double strand DNA into tsingle strands).
Then theamplification step was performed for 30 seconds for both 944€ dénaturation)
and 55°C (for annealing), and 1 minute at 72° @ éxtension). This step of amplification
was repeated 35 cycles. Last step was the finaneixin step that was performed for 3
minutes at 72° C.




The PCR outputs besides the molecular weight mavkee then run on freshly made agarose
gel (2% gel for PCR analysis) and seen in the Vigerausing the Ethidium bromide staining.
The agarose gel was prepared by carefully weighimgygram of agarose powder and placed
in a 50-ml conical flask. Then a freshly preparéinb of 1XTBE buffer was added (by
diluting down 10xTBE to 1xTBE). The conical flasken placed in a steamer for a 30-
minutes. The completely dissolved agarose was doahil the flask is touchable by hands
without sensation of any overwarming and a 2ul tfiltum bromide was added and was
poured in agarose gel tray in which a comb wasatkd and was left for the lunchtime. Then
the comb and the rubbers were removed and the L)BUBEr was added to the mark on the
casting tray.

The agarose gel was run by the addition of 5 glualis of the gel-loading buffer to each tube
of the three PCR tubes after finishing the PCR mwgne. Then a 10 ul of each sample
alongside with the molecular weight marker wereeatdtb the wells of the gel and the gel
was run for 45 minutes and then an extra 30 minotestotal of 75 minutes at 79-81 volts.

Section2: PCR optimization of the reaction-variables:

The optimization that was performed to get the besiction handled the following
parameters: the magnesium titration, the temperatfithe annealing process, primers and
template concentrations. In addition to the “toddwn” PCR methods that were performed
that will be explained below.

Each amplification process of the PCR had the epagparation steps of: 0.5 ul of Taq
polymerase; 0.5 ul of dNTPs and 2.5ul 10x reachaffer, to which the remaining of PCR
contents were inserted in regarding to the requopdnization step.

For the optimization of the annealing temperatthie,following volumes were multiplied by
6 with careful mathematical calculations and mixedether; 17.75 ul of ¥D; 0.75 ul of
MgCl> (50mMol); 1ul for both of the primers (For. andwReand 1 ul of DNA template were
mixed with previous prepared solution. 25ul aligquatere allocated in a five PCR tubes and
run on a programmed gradient PCR block. The anmgédimperatures were as follows: 46°C,
52°C, 55°C, 58°C and 65°C. The PCR programme wasasl 2 minutes at 94° C for
denaturation. Then the amplification step was paréml for 30 seconds at 94°C
(denaturation) and 30 seconds for stepped incraasgg of temperatures from 45°C to 65°C
(annealing), and 1 minute at 72° C (extension)sTtep of amplification was repeated 35
cycles. Final extension step was performed for Buteis at 72° C.

While for the optimisation of the Mg&koncentration, 6 times the following volumes were
mixed together, providing special attention to itiethematical calculations that were double-
checked; 16 ul of kD; 1ul of each of the forward and reverse primerd & ul of DNA
template were mixed with the previous preparedtsmiuFive 22.5ul aliquots were inserted
into the PCR tubes and mixed with 2.5ul aliquotshef following MgC# concentrations (0.0,
0.5, 1.5, 2.5 and 5 mMol) and run on a PCR block agctionl.

However, for the optimization of the primer congation, it is a bit differs even the same
principal was used the diluted concentrations a grimers was slightly different. As
mentioned above 6 times the following volumes waaeefully prepared; 17.75 ul of.B;
0.75 ul of MgCt (50mMol); and 1 ul of DNA template were pipettedthe freshly prepared
solution. Five aliquots of a 23ul were poured ie RCR tubes and mixed with 2ul of the

6



Kerbala Journal of Pharmaceutical Sciences. No. (30 2015 (D0s3a) A areal) a glall £30 S Alaa

following combinations; (1ul of the forward plusllaf the reverse with exact concentrations
that were representing (forward: reverse) as ligtegiat: neat), (1/3: 1/3), (1/10: 1/10), (neat:
1/10), and (1/10: neat). These five tubes wereorua PCR block as in sectionl.

Moreover, the optimisation was performed for the Didmplate, the following volumes
were multiplied with a factor of six; 13.75 ul ob®; 0.75 ul of MgCl (50mMol); and1ul of
both of the utilized primers (forward and reversere added to the previous preparation.
From the final volume of 120ul, five aliquots ofi#@vere taken and poured in 5 PCR tubes
and mixed with 5ul of the DNA templates with thelldaing volume-mixtures;(DNA
template ul: PCR grade water ul): (5: 0), (2: 3), 4), (0.1: 4.9), and (0.01: 4.99), the five
0.2mI-PCR tubes were put on a PCR block as in@&Lti

Lastly, the same steps used to prepare the five taGés for that of the template optimization
were used to prepare other five tubes those wer@mua touchdown PCR block, which was
programmed as 3 minutes at 94° C for denaturatiengeparation of the double strand DNA
into two single strands). Then the amplificatioepsivas performed as for denaturation at
94°C for 30 seconds and for annealing at 64°C fbrs8conds, and extension 1 minute at
72°C. This step of amplification was repeated fory8les. This three cycles amplification
step was repeated for three more times with changty the annealing temperature as 61°C,
58°C, and 55°C. The last amplification part wasdeyaturation at 94°C for 30 seconds and
for annealing at 53°C for 30 seconds, and extensiamnute at 72°C but this time repeated
for 30 cycles. Last step was the final extensiep shat was run for 3 minutes at 72° C.

The PCR throughput of each single optimized step ma alongside with the known MWT
ladder on another polyacrylamide gel. These weepgred relying on the standard operating
procedure (SOP) listed in the lab handbook of $#ldfHallam University (2012) and can be
illustrated as the freshly well-cleaned plates auodber were constructed together and
examined for leaking with deionised water. Then patyacrylamide gels were prepared by
gently swirling the following volumes; 13.8ml, 2mgnd 4ml of water, 10xTBE, and
polyacrylamide/ bisacrylimide (40% w/v) respectiudmmediately after that a 200ul of 20%
w/v of prepared ammonium persulphate was addedtlzen swirled with 10ul of 10ul of
TEMED. Afterward a careful and quick pipetting waerformed into the prepared gel-plates
and a plastic-cleaned comb was placed at the tbjwhwvas removed after the gel setting in
approx. 30 minutes period. The gel plates werediin the plate jar that was filled to the
mark with 1xTBE buffer.

After that the gel was performed by pipetting of btithe gel-loading buffer within each
prepared PCR tube. 5ul of the final mixture besidesul of the DNA ladder was pipetted
into the wells of the gel and run a101-103 volts 460 minutes and then the voltage was
increased to 116 volts for further 15 minutes tmpose a total running time of 55 minutes.
Then the gel was carefully removed and placed haatic boat rich with 1XTBE buffer to
which a 5ul of Ethidium bromide was placed and lyeswirled and left for 10 minutes to be
ready for visualization with the gel-visualizer wehe gel pictures were printed.



Results:

PCR master mix positive control:

Three different template-DNA concentrations alodgsvith DNA ladder were run in agarose
gel electrophoresis. The utilized DNA ladder stariih 100 base pair (bp) with a consistence
increments of 100bp. The 223 bp neat template-DHlWvered an intense band while it is not
very clear (although it is still there) in the 1/ditution and as expected it is absent in the non-
template addition sample (blank) as shown in figurelow:
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Figure 2: A visualized agarose-gel photograph of #8nPCR positive control In this representative photograph
the first and the last lanes show the DNA laddeheY&as, the™ 5", and the 8 lanes 2 shows the blank (only

PCR grade kD was added), 1/10 of the DNA template, and thé te@aplate DNA of the 223bp that was added
to the mastermix. the gel was visualized by thdtamdof Ethidium bromide.

The second and onward gels used were polyacrylagmtieelectrophoresis (PAGE). This
PAGE utilizes the effect of Mg on the amplification of the PCR. Different MgCl
concentrations were used starting with the blankceatration till reaching a maximum
concentration of 5mM (0.0, 0.5, 1.5, 2.5, and 5 mfWgClz). The best amplification within
the given conditions was observed with the 0.5 niligCl. as can be seen in figure 3 below:
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Figure 3. Effect of altering the concentration of Magnesium o PCR amplification. This photograph
represents a polyacrylamide gel, which shows tliecebf changing the Md* concentration on the utilized
223bp DNA sample. The titration was from 0.0 to 5naf¥IMgCl, as clearly labelled above. This gel was
visualized with the addition of Ethidium bromide.

Magnesium titration was performed also using toogird method of the PCR. In this part of
the PCR different magnesium cations concentratwwese used at the same time using

different annealing temperatures as can be sekguire 4.
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Figure 4: Effect of altering the concentration of Magnesium using the touchdown PCR amplificationThis

representative PAGE photograph was visualized usthglium bromide and reveals the effect of usingtiple

Mg** concentrations (from 0.0 to 5mM as assigned abdki);was performed alongside with the utilizatmn
the touchdown PCR reaction using different anngakmperatures from 65 to %&



Altering the annealing temperature has an effedheramplification of the PCR. Using high
annealing temperature (e.g.°6% resulted in high specific PCR product (where tion-
specific band associated with the other temperstuemes is absent in the & lane),
however this decreases the PCR throughput. In @sintusing relatively low annealing
temperatures resulted in high throughput, whiclalgo associated with low specificity as
shown in figure 5 below:

Upper non-specific bands

300bp
223bp ;
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Figure 5: The effect of utilizing different annealng temperatures on PCR amplification. This
polyacrylamide gel shows the influence of incregdine annealing temperature from 45 t6@&%n the PCR
product. As can be seen with increasing the ammgakmperature, the amplification decreases wihike t
specificity increases. The wired shape on théC6Band is related to the well-malformation whichni®st
probably due to air bubble. Ethidium bromide wasdu® facilitate visualization.

The template DNA used in the PCR programme alsoopéisnised. The wide range of the
template concentrations were utilized shows a Bamt impact on the PCR product. This
can be fluctuated from inhibitory effect on the P@Rplification observed with the 5 ul
template DNA till reaching the non-detectable OWlof the template DNA as shown in
figure 6.
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Figure 6: The template DNA optimisation.This polyacrylamide gel reveals the effect of udgilifferent DNA
template concentrations on the PCR amplificatiodpct. Also it can provide an approximate detectionit,
which is in this case is the 0.1 ul DNA templat¢hiium bromide was used for visualization.
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In addition, the used primers in this PCR programveee also optimised and were proven to
have different activities. The forward primer isdeactive than the reverse one (c.a. 10 folds
less active). This can be clearly seen in the datibk in figure 7 where neat forward used with
1/10 of the reverse primer.
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Figure 7: The effect of using different concentratins of the forward and reverse primes on PCR optimisain.
This polyacrylamide gel was visualized using Ethidibromide and reveals the process of PCR optirpisatsing the
shown combinations of the forward (F) and the revéRjeprimers. The graph clearly shows that the featard
primer used with 1/10 of the reverse primer was #& bombination within the given condition.

Discussion:

The sensitivity of the PCR technique requires thgliaation of control to be run alongside
with the amplified sample. Few strands of a contemi (or could be even single DNA
contamination) can result in thousands or milliohsnwanted products. The PCR performed
using the agarose gel in figure 2 shows that the p@gram was successful in producing the
expected band (i.e. the 223 bp) with no non-spetifinds. The circled 223bp band for the
neat DNA was very clear and intense than the 1@ Milution, which is very sensible and
the absence of any signal within the blank laneicatds the reaction was free from
contaminations and it is quite true to say the Itasti band is due to the expected PCR
product not something else, otherwise it would appe the blank lane. Accordingly, it is so
important/ easy to run a blank/control sample tiobtrusted resulté®).

There are few differences between the utilized sypkgels. For the agarose gel it is easy
prepared and relatively cheap, however agarosénagellow-resolution power as compared
with the polyacrylamide gel. In contrast the goedalution of the polyacrylamide gel besides
the different types can be prepared of the PAGEedeipg on the percentage of the
bisacrylimide content make it more favorable desphe fact that polyacrylamide has
potential carcinogenicit$?.

The reason behind using more than one DNA laddiaissometimes due to the utilization of
high voltage (due to the shortage in time) or mightother reasons the shape of the gel can
be curved or irregular, in such case it is verydharallocate the resultant band in respect to
the utilized ladder, while if two or more laddergn& used then simply a virtual line can be
drawn and the resulted band can be confidentlyalém(*®,

The optimal observed condition is that with anmse brightness of the expected band (in this
case the 223bp band) and of course the absente ofoh-specific bands. The non-specific
bands can be classified into two major types: thygeu and the lower bands regarding to the
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target PCR product. The lower bands might resathfdimer formation due to primer-primer
binding when the 3’ termini express partial compemary or due to relatively low annealing
temperature or even to the existence of high cdreteons of the utilized primers. On the
other hand, While the upper unwanted segments & properly because of the non-specific
binding of the products ends or the mispriming gerfed by the polymerase enzyme due to
high Mg concentration or relatively the usage of low afingaemperatures. Accordingly,
the presence of upper non-specific bands has diwegapact on the quality of the observed
PCR product® 18

To achieve an optimal PCR product each single P@Rponent has to be optimized.
Optimization of Mg** concentration:

By returning to figure 3, the exclusion of the der# cations (i.e. M) in the blank lane
resulted in the diminishing of the amplificationhie as expected the bands’ intensities were
increased parallel to the increase in the"Mmpncentration, also there were increases in both
upper- and lower- unwanted bands. In this speg#idn figure 3 the best result was achieved
with the 0.5 mM Mg concentration, even it is too hard to explain viythe third lane
where the 0.5 mM concentration was used, why thEeupon-specific band is more intense
than the others in lanes 6, 7, and 8 respectivébyvever, in my opinion, the 0.5 mM of the
Mg™™ concentration is the best especially the absehtieedower non-specific band whereas
it is present on the other lanes and more impdytdiné appearance ovo (instead of one in
lane 3) upper non-specific bands that shows inedkastensities with the increased Mg
concentration in lanes 6, 7, and 8 respectivelywbuld do the same protocol in future, then
| would use more lower concentration ranges andamgp too high i.e. 0.0 mM Mg cations
(control, very important), 0.1, 0.3, 0.5, ..., 1.5 nNl§™*. Unfortunately, the photograph that
represents the touchdown method used with variog& kbncentrations is not quite clear to
make a confident comparison with the previous marciidown one. Generally speaking there
iIs no big difference between these two gels acteptupper unwanted band in figure 4
supposed to be gradually decreased until absente thie reduction of the Mg
concentrations. Even it is not quite clear buteaist it is logic and it is the case that can be
seen in the 5 and 0.5 mM Mg

Annealing temperature optimization:

The annealing temperature optimisation is constl@® one of the significant factors to
achieve a successful PCR product. As can be sdeguine 5, different PCR bands in terms of
fidelity and strength were observed when the ammgabmperature was changed. As the
temperature was increased from°@5to 55°C then 58°C, the 223bp band shows increasing
in strength, while it starts to decrease at ta» be its minimum at 6%. This is logic and
already expected and can be justified as whenetin@earature is low (e.g. 46 and 55C), a
loss in the specificity of the polymerase enzymsuiteng in higher non-specific product. In
contrast, when the annealing temperature becongg®than the melting temperature (e.g.
58°C and 62C), the specificity will be magnified and a strondpnding can be observed.
Neverthelessyery high annealing temperatures should be avoided as these can reduce the
stability of target DNA-primer binding, which cargsificantly reduce the PCR output (e.g.
6500) (7, 11)_

Many complicated equations were utilized to esterthe optimised annealing temperature of
a corresponding PCR programme for example,=¥B1.5+16.6(log [Ng)- 0.41(%G+ %C) +
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675/(probe length in bases) -1.0 (Yomismatch - (%6%ormamide)™®),

Or," Tm "o 81 5+0.41(%G+ %C)+ 16.6log[k675/1* 9. Moreover, freely accessed
online biomath-tools can be utilized to calculate tannealing temperature required for a
particular PCR reactiof%.

The DNA template optimisation:

The DNA template concentration has to be within lihear region of the detection limit.
Very low concentrations resulted in significantgducing or even losing the amplification so
that the PCR-target band cannot be detected. Binigvide an explanation for the absence
of the 223bp band in the 0.01 ul DNA template usedigure 6. The band intensity was
increased as the volume of the DNA template in@@a&dl reach its maximum on 2 ul and the
intensity decreased again at the utilized 5 ul Dtd¢Aplate. This can be explained as the
usage of too high DNA template volumes can neghtisfect the PCR amplification as the
access of the template can significantly reduceetheiency of the polymerase enzyme. This
could be due to the overcrowded substrate thatdviakle a spatial non-favorable location in
respect to the tag-polymerase.

Optimisation of the forward and reverse primers’ caxcentrations:

Usually, the used primers in the PCR programme ldgféerent efficiencies at a given/fixed
temperature. To apply a balanced reaction the fahaad reverse primers’ concentrations
have to be optimised also. This can be seen vesgrlgl in figure 7 where the best
combination was the usage of the neat forward primiéh the 1/10 of the reverse one.
Generally speaking this can be discussed, as tlegse primer is 10-folds more active than
the forward primer so that 1/10 dilution of the eese primer was enough to produce good
intensity PCR product. In this case the rate limgitconcentration would be the concentration
of the forward primer as shown in figure 7 the reegorimer can produce PCR product in the
tree used concentrations (i.e. neat, 1/3 dilutiorg 1/10 dilution; in the'§ 4", and &' lanes
respectively), while the forward primer can prodpceduct in neat and the 1/3 dilution only
and it is absent in the 1/10 dilutiort(&nd 7" lanes).

Other contents of the PCR reaction such like th&R¥Nare important to obtain a successful
PCR by maintain their concentration equipoised amore than the expected Km (the
substrate concentration at which the maximum vgtaxi the reaction is at its half value) of
any one of therft?.

Buffers:

Some of the salts (e.g. KCI) and buffers (e.g. Tvldch is widely used in TBE buffer)
concentrations are kept constant. For instancastdeen reported that KCl was found to be
optimal at 50mM®3), In contrast scientists have stated that the dsirg in the [K] by 10-

40 per cent can result in more efficient amplificat?®,

PCR reaction-enhancers:

The use of certain additives such as betaine (12 fegkrmamide (1.25%-10%) and
dimethylsulfoxide (DMSO, 1%-10%) promotes similaeltiimg temperature for both G@nd

AT -rich segments and enhance the optimization of @ & 262427 Some agents are used
to stabilize the DNA polymerase and reduce theelosd the reagents by sticking to the walls
of the used tubes. For example, non-ionic detesg¢dt0.5%), gelatin (0.1-1.0%) and

Bovine serum albumin (BSA, 10-1@@/mL) may overcome the amplification failure in ssm
cased?” 28

13



Hot-start PCR:
Besides the already discussed touchdown PCR (TD}RI@&Ruse of théwot-start PCR can

significantly enhance the fidelity of the PCR réact®® 2”) The problem ariseshen PCR
reaction components are exposed to temperatures kxanT even for a short period

it can produce unwanted bands especially for tiragyrdimer ones. Hot-start method
can provide a solution for this by preventing oignicant component from sharing
in the reaction until it is assured that the terapee exceeds thE of the reactants.

This can be performed by different ways. For exangptrop of oil can be added as a
layer to prevent a component (usually Trag polymerase enzyme) from reacting with
the other components. Finally the whole componeatsbe mixed together when the
temperature reach the required value above thand the oil camo longer prevent
mixing due to the high temperature. Other methdayneg on the utilization of waxes
separating the reactants and also the wax will blech at the required temperature
and the components will be mixed through the heawectors. Alternatively, a kind
of Tag polymerase antibody can used to inhibit the pohase from its activity;
eventually the antibody will be denaturized at thquired high temperature leaving
the Tag polymerase to perform its activity.

Taq polymerases types utilized in PCR amplification:

Different types of taq polymerases can be useaharce the reaction conditions and
obtain a good quality/quantity PCR amplificatioror example the AmpliTaq Gold®
DNA Polymerase is highly purified polymerases tisainactive at low temperatures
which can provide an effect similar to that of start reaction. Whereas AmpliTag®
DNA Polymerase, Stoffel Fragment is more thermdstg@mlymerase which can be
used with wider range of Mg cations (2-10mM) aslwEhe most important type of
the polymerases is thdth DNA Polymerase “Recombinafthermus thermophilus
(rTth) DNA Polymerase” in addition to the ultrapuritycathe thermostability of this
enzyme its significance is due to that besidests/ity as DNA polymerase, it can
act like reverse transcriptase in the existencahef M cations. This makes it
suitable to be utilized in the RNA-PCR by revergefinscribing the RNA to cDNAY,
The optimized variable can affect the performanicanmther variable for example changing
the Magnesium concentration might alter the anngakmperature. To resolve this Taguchi
method can be used. The core of this method islleabbservation of each variable effect on
the process bearing in account the intra-variabteraction or in other words what is the

effect of a particular component on the whole psscand on each other component as well
(30)

The use of stepwise variable-optimization was stldin regarding to what is required to be
enhanced; the specificity (good fidelity) or thensiévity (more product). To enhance the
PCR specificity all the following variables havelie optimized and the steps have to be in
this order: perform the hot start-PCR, touchdowrRPQise optimal primer design,
magnesium concentration, dNTPs, gidg polymerase, cycle segment lengths, cycle number,
annealing temperature, inhibitors, enhancers, psffie3?)
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Conclusion:

The optimization of any new PCR reaction is quitgortant because there is no magical
protocol to be used directly everywhere and deditke best results from the first run.

The use of stepwise PCR-components optimizatidrerahan random selection will produce
faster and more robust results. For instance teeoti3aguchi or chessboarding methods can
perform easier and more trusted statistical prasess

For the performed PCR reaction in this work andoesiog to what has been achieved the
optimized conditions were as follows: O.5mM of NMgneat forward primer; and 1/10 diluted
reverse primer concentrations, 1ul DNA templateceottration at the annealing temperature
of 58 ° C.

Based on what has been achieved/ studied, in futurgvould be requested to do similar
work and if it is feasible, | would use the Hotsstmethod or at least stick to the Touchdown
PCR, as | believe these methods can improve boglitguand quantity of the resulted
product. Also if there is a good budget, then ugifiga-pure reagents (especially féaq
polymerase) will highly improve such sensitive teiciue product.
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