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Nested Primers for PCR

PCR is a powerful method to amplify specific sequences of DNA from a large
complex mixture of DNA. For example, you can design PCR primers to amplify a 
single locus from an entire genome. From a single template molecule, you can
produce over 1 billion copies of the PCR product very quickly. However, the
capacity to amplify over one billion fold also increases the possibility of amplifying
the wrong DNA sequence over one billion times. 
The specificity of PCR is determined by the specificity of the PCR primers. For
example, if your primers bind to more than one locus , then more than one
segment of DNA will be amplified. To control for these possibilities, investigators
often employ nested primers to ensure specificity.

Nested PCR means that two pairs of PCR primers were used for a single locus
(figure 1). The first pair amplified the locus as seen in any PCR experiment. The
second pair of primers (nested primers) bind within the first PCR product (figure
4) and produce a second PCR product that will be shorter than the first one
(figure 5).
The logic behind this strategy is that if the wrong locus were amplified by
mistake, the probability is very low that it would also be amplified a second time
by a second pair of primers. 



. Figure 1. Nested PCR strategy. Segment of DNA with dots representing
nondiscript DNA sequence of unspecified length. The double lines represent a 
large distance between the portion of DNA illustrated in this figure. The portions
of DNA shown with four bases in a row represent PCR primer binding sites, 
though real primers would be longer. 

. 

Figure 2. The first pair of PCR primers (blue with arrows) bind to the outer pair
of primer binding sites and amplify all the DNA in between these two sites. 



. Figure 3. PCR product after the first round of amplificaiton. Notice that the bases
outside the PCR primer pair are not present in the product. 

. 

Figure 4. Second pair of nested primers (red with arrows) bind to the first PCR 
product. The binding sites for the second pair of primers are a few bases "internal" to
the first primer binding sites



. 

Figure 5. Final PCR product after second round of PCR. The length of the product is
defined by the location of the internal primer binding sites. 

When a complete genome sequence is known, it is easier to be sure you will not
amplify the wrong locus but since very few of the world's genomes have been

sequenced completely, nested primers will continue to be an important control for
many experiments. 

















cDNA Production
Central dogma states that biological information goes from DNA to RNA to
protein (figure 1). However, there are times when information goes from RNA to
DNA. Viruses such as HIV have RNA genomes that can be converted into DNA by
an enzyme called reverse transcriptase. Molecular biologists realized that they
could use reverse transcriptase to convert mRNA into complementary DNA and
thus was born the term cDNA



. 

Figure 1. Central dogma: DNA to RNA to mRNA to protein. Coding sequence (purple) 
exons are spliced together and the 5' cap and 3' polyA tail is added to produce a mature
mRNA molecule from the primary transcript. The mRNA is translated into protein.



cDNA is a more convenient way to work with the coding sequence than mRNA
because RNA is very easily degraded by omnipresent RNases. This the main
reason cDNA is sequenced rather than mRNA. Likewise, investigators conducting
DNA microarrays often convert the mRNA into cDNA in order to produce their
probes. Let's see what is required to produce cDNA.
By definition, cDNA is double-stranded DNA that was derived from mRNA which
can be obtained from prokaryotes or eukaryotes. Once the mRNA is isolated, you
need a few more reagents: dNTPs (dGTP, dCTP, dATP and dTTP), primers, and
reverse transcriptase which is a DNA polymerase (figure 2). Mix the mRNA with
the other reagents and allow the polymerase to make a complementary strand of
DNA (first strand synthesis). Next, the mRNA must be removed and the second
strand of DNA synthesized. There are many technical details in these steps, but we
do not need to focus on them at this time. 

. 

Figure 2. Four basic reagents needed to produce cDNA: mRNA as template, dNTPs, 
reverse transcriptase and primers. 



The only issue worth mentioning now is that three different types of primers can
be used (figure 3). 1) If the mRNA has a poly-A 3' tail, then an oligo-dT primer
can be used to prime all mRNAs simultaneously. 2) If you only wanted to produce
cDNA from a subset of all mRNA, then a sequence-specific primer could be used
that will only bind to one mRNA sequence. 3) If you wanted to produce pieces of
cDNA that were scattered all over the mRNA, then you could use a random
primer cocktail that would produce cDNA from all mRNAs but the cDNAs would
not be full length. The major benefits to random priming are the production of
shorter cDNA fragments and increasing the probability that 5' ends of the mRNA
would be converted to cDNA. Because reverse transcriptase does not usually reach
the 5' end of long mRNAs, random primers can be beneficial

. 

Figure 3. Three ways to prime the production of cDNA: oligo-dT primer (red), 
sequence-specific primer (green), random primer (blue). 

http://www.bio.davidson.edu/courses/genomics/method/randompriming.html
http://www.bio.davidson.edu/courses/genomics/method/randompriming.html
http://www.bio.davidson.edu/courses/genomics/method/randompriming.html


Random Priming Technique

How can you produce a complementary strand of DNA when you don't know the
sequence or you want to produce many short DNA copies of every section of DNA 
in a complex mixture?
The solution is the random primer which is so simple . Random primers are short
segments of single-stranded DNA (ssDNA) called oligonucleotides, or oligos for
short. These oligos are only 6, 8, 9 nucleotides long and they consist of every
possible combination of bases which means there must be for a octamer 48 = 
65,536 different combinations in the mixture. Because every possible -amer is
present, these primers can bind to any section of DNA. 

http://www.bio.davidson.edu/courses/genomics/method/cDNAproduction.html


. 

Figure 1. Three examples of hexamers from the mixture of all possible hexamers
in random primers. These three particular primers could bind to three
overlapping portions of this mRNA to prime the production of cDNA. The primer
that arrives first will bind and the other two will have to find another segment of
DNA (either another copy of the same mRNA or from a different locus) to bind.  



The only other point to consider is that their short length means that they do no
bind to a segment of ssDNA with much force since there are very few hydrogen
bonds holding the two strands together (template and oligo). Nevertheless, the
method works amazingly well and is still in use to produce random pieces of DNA 
for probe production. These probes can be used on blots or DNA microarrays. 











Multiplexing primer pairs

First step in designing a multiplex PCR is choosing the primer pairs
which can be combined. One important requirement is to find a 
PCR program allowing optimal amplification of all loci when taken
individually . This is achieved by adjusting the annealing and
extension time and temperature. 

Multiplexing equimolar primer mixtures. The next step is combining
the desired primer pairs in multiplex mixture(s), using equimolar
amounts of each primer. PCR amplification of the multiplex
mixtures can be performed, first using exactly the same PCR 
program as with individual primer pairs. Very often, this will results
in preferential amplification of some loci. Such a situation will
require further adjustment in cycling conditions and primer
concentration. 



Fig. 7 (duplicate). Single locus PCR and
multiplex PCR with equimolar amounts
of primers from mixture K, performed
in the same cycling conditions. In Some
products of mixture K become weak or
invisible, requiring further adjustment
of primer amount(s) and of cycling
conditions. Primers used in mixture K 
amplify polymorphic loci, explaining the
appearence of multiple bands on a 
nondenaturing agarose gel.



Fig. 10. Equimolar amounts of the
same primers used for mixture K 
(see also Fig. 7 above), where
amplified in pairs. In lanes 1, 2 and
4, one locus was amplified less
efficiently than the other one
(arrows). As mentioned before, 
amplification of the "weaker" loci
can be improved increasing the
amount of primers or adjusting the
reaction conditions



Adjustment of cycling conditions
•annealing time and temperature
•extension time and temperature

For example, figure 11 illustrates the influence of the extension
temperature. Equimolar primer mixtures A-D were amplified using
two different PCR programs, one at 65o C (yellow lanes) and the
other at 72o C (green lanes) extension temperature. In general, there
is a higher yield of PCR products for A, B and D when program A 
was used. This shows that the 72o C extension temperature, 
negatively influenced amplification of some loci (pink arrows),while
also making some unspecific products visible (yellow arrows). 



Fig. 11. Example of the influence of
extension temperature. Multiplex
PCR with mixtrues A-B using two
different PCR programs. Reactions
on the right side (green) were
performed in identical cycling
conditions with Fig. 9, whereas
reactions on the left side (yellow) 
were performed using cycling
conditions in which extension
temperature was dropped from 72 o
C to 65 o C. Reaction worked more
efficiently with the lower extension
temperature (pink arrow show
missing products, yellow arrows 
show unspecific products).



Primer amount and buffer concentration. To improve the
amplification of some of the DNA products from Fig. 11 above, the
amount of primers was increased 2-5x for those loci. At the same
time, the PCR buffer concentration was increased to 2x. These
modifications allowed a much more efficient and reproducible
amplification, with no unspecific products. 

Fig. 12. Multiplex PCR with
mixtures A-D, in cycling
conditions similar to the ones on
the left side of Fig. 11 above
(annealing at 65 o C), but using 2x 
PCR buffer. The amount of
primer pairs was increased for
some of the weak products from
Fig. 11. Cleaner and more efficient
amplifications were obtained.













PCR PRIMER DESIGN AND REACTION 
OPTIMISATION 

Factors Affecting the PCR: 
Denaturing Temperature and time

The specific complementary association due to hydrogen bonding of
single-stranded nucleic acids is referred to as "annealing": two

complementary sequences will form hydrogen bonds between their
complementary bases (G to C, and A to T or U) and form a stable double-

stranded, anti-parallel "hybrid" molecule. One may make nucleic acid (NA) 
single-stranded for the purpose of annealing by heating it to a point
above the "melting temperature" of the double- or partially-double-

stranded form, and then flash-cooling it: this ensures the "denatured" or
separated strands do not re-anneal. 

Additionally, if the NA is heated in buffers of ionic strength lower than
150mM NaCl, the melting temperature is generally less than 100oC 

- which is why PCR works with denaturing temperatures of 94-96 oC. 



Taq polymerase is given as having a half-life of 30 min at 95oC, which is
partly why one should not do more than about 30 amplification cycles: 

however, it is possible to reduce the denaturation temperature which means
one may do as many as 40 cycles without much decrease in enzyme

efficiency.
"Time at temperature" is the main reason for denaturation / loss of activity of

Taq: thus, if one reduces this, one will increase the number of cycles that are
possible, whether the temperature is reduced or not. Normally the denaturation

time is 1 min at 94oC: it is possible, for short template sequences, to reduce
this to 30 sec or less. Increase in denaturation temperature and decrease in

time may also work:  96oC for 15 sec. 

Annealing Temperature and Primer Design
Primer length and sequence are of critical importance in designing the

parameters of a successful amplification: the melting temperature of a NA 
duplex increases both with its length, and with increasing (G+C) content: a 

simple formula for calculation of the Tm is
Tm = 4(G + C) + 2(A + T)oC. 

Thus, the annealing temperature chosen for a PCR depends directly on
length and composition of the primer(s). One should aim at using an

annealing temperature (Ta) about 5oC below the lowest Tm of ther pair of
primers to be used; however, it can lead to "non-specific" amplification



and consequent reduction in yield of the desired product.

Annealing does not take long: most primers will anneal efficiently in 30 sec
or less,  

An illustration of the effect of annealing temperature on the specificity and on
the yield of amplification of Human papillomavirus type 16 (HPV-16) is given

below

Plasmid and biopsy sample DNA templates were amplified at different
annealing temperatures as shown: note that while plasmid is amplified from 37 

to 55oC, HPV DNA is only specifically amplified at 50oC. 



Primer Length
The optimum length of a primer depends upon its (A+T) and ( G+C) content, 

and so the Tm .A prime consideration is that the primers should be
complex enough so that the likelihood of annealing to sequences other

than the chosen target is very low.
For example, there is a ¼ chance of finding an A, G, C or T in any given DNA 
sequence; there is a 1/16 chance of finding any dinucleotide sequence (eg. 

AG); a 1/256 chance of finding a given 4-base sequence. Thus, a sixteen base
sequence will statistically be present only once in every 4 294 967 296, or

4 billion bases ): this is about the size of the human or maize genome, and
1000x greater than the genome size of E. coli. Thus, the association of a 

greater-than-17-base oligonucleotide with its target sequence is an extremely
sequence-specific process.Consequently, 17-mer or longer primers are

routinely used for amplification from genomic DNA of animals and plants.

Degenerate Primers
For amplification of cognate sequences from different organisms, or for

"evolutionary PCR", one may increase the chances of getting product by
designing "degenerate" primers: these would in fact be a set of primers

which have a number of options at several positions in the sequence so
as to allow annealing to and amplification of a variety of related

sequences. 



For example, Compton (1990) describes using 14-mer primer sets with 4 and 5 
degeneracies as forward and reverse primers, respectively, for the amplification
of glycoprotein B (gB) from related herpesviruses. The reverse primer
sequence was as follows: 
TCGAATTCNCCYAAYTGNCCNT

where Y = T + C, and N = A + G + C + T, and the 8-base 5'-terminal extension
comprises a EcoRI site (underlined) and flanking spacer to ensure the
restriction enzyme can cut the product . Degeneracies obviously reduce
the specificity of the primer(s), meaning mismatch opportunities are greater, 
and background noise increases; also, increased degeneracy means
concentration of the individual primers decreases;



). 

Primer sequences were derived from multiple sequence alignments; the
mismatch positions were used as 4-base degeneracies for the primers (shown
as stars; 5 in F and 4 in R), as shown above. Despite their degeneracy, the
primers could be used to amplify a 250 bp sequence from viruses differing in
sequence by as much as 50% over the target sequence, and 60% overall.



They could also be used to very sensitively detect the presence of Maize streak
virus DNA against a background of maize genomic DNA, at dilutions as low as

1/109 infected sap / healthy sap (see below). 

Some groups use deoxyinosine (dI) at degenerate positions rather than
use mixed oligos: this base-pairs with any other base, effectively giving a four-
fold degeneracy at any postion in the oligo where it is present. This lessens
problems to do with depletion of specific single oligos in a highly degenerate
mixture, but may result in too high a degeneracy where there are 4 or more dIs
in an oligo. 







Degenerate Primer Design

1. Sequence alignment
The aa sequences of similar or homologous proteins can be retrieved from a 
database such as GenBank . These sequences are then aligned. At least 2 
blocks of conserved amino acids should be present to enable the design of
PCR primers. A further alignment can be done at nucleotide level if desired. 
Should a base be conserved throughout the alignment then it can be
'guessed' that this particular base will also be the same in the case of interest. 
The primers should be 20-30 mer in length (min 20 mer). The sequence
alignment will also give the expected size of the PCR product.

2. Terminal aa sequence information
Should this data be available then it can also be used as a starting point for
primer design other than using the alignmnet method above. 

3. Primer degeneracy
Τhe degeneracy can be lowered with the use of inosines for substituting 4 
base instead of using all 4 base substiutions. Another factor that must also
be taken into consideration is that as the degeneracy of the primers increase, 
the concentration of a specific primer will decrease. 



The PCR Reaction

1. Template consideration
It is recommended that a cDNA template be used for eukaryotes. 

2. The PCR cocktail
A concentration increase may be necessary to compensate for the degeneracy.

If the primers used are quite degenerate, 50 pmoles could be used as a starting
point and optimised from there. 

3. The PCR cycles (thermocycling)
A lot of experimentation and optimisation is required here. As always, start
with the standard conditions, then proceed by optimising the primer annealing
temperature. Start with about 35 cycles and increase to 40 if necessary. 
Remember to consider Taq viability for 40 cycles!



Common Problems

Competitive inhibition due to high primer degeneracy .Primers anneal to the
correct template but are not extended by the polymerase due to unstable 3' ends
resulting in the first few PCR cycles being highly inefficient - can be overcome by
increasing PCR cycles or running a standard 25-30 cycles followed by another
reaction of 30-35 cycles using the product of the first as the new template.

Low specific primer concentration due to high degeneracy - can easily be
corrected by increasing primer concentration

DNA polymerase with 3'--->5' exonuclease activity should not be used as they
degrade the primers (Taq polymerase will work fine) 

False priming / unspecific smearing due to highly degenerate primers or your
template containing many annealing sites - try annealing temperature optimization
or redesign primers



Sequencing

After the band of the expected size have been excised from the agarose gel, the
product can be directly sequenced or cloned first prior to sequencing. Even
though degenerate primers can be used directly for sequencing, it may result in
unspecific priming for sequencing depending on the template. Cloning of the
products first enable the use of the primer sites usually situated on the flanks of
the vector MCS. 

Controls

If you're fishing for your gene using primers designed from an alignment - it
would be wise to do a simple dot blot consisting of a positive control, your
template DNA, a few related gDNA and a distant gDNA to check for possible
contamination. This should be done after sequencing and having ensured that
you have the sequence you want by doing a database searxh (eg. BLASTX). 
Check that the BLASTX results are in frame to the aa seq of your degenerate
primers. 



Elongation Temperature and Time
This is normally 70 - 72oC, for 0.5 - 3 min. Taq actually has a specific activity
at 37oC At around 70oC the activity is optimal, and primer extension occurs
at up to 100 bases/sec. About 1 min is sufficient for reliable amplification
of 2kb sequences (Innis and Gelfand, 1990). Longer products require longer
times: 3 min is a good bet for 3kb and longer products. Longer times may
also be helpful in later cycles when product concentration exceeds enzyme

concentration (>1nM), and when dNTP and / or primer depletion may become
limiting. 

Reaction Buffer
Recommended buffers generally contain :

10-50mM Tris-HCl pH 8.3,
up to 50mM KCl, 1.5mM or higher MgCl2,

primers 0.2 – 1μM each primer,
50 – 200μM each dNTP,

gelatin or BSA to 100μg/ml,
and/or non-ionic detergents such as Tween-20 or Nonidet P-40 or Triton X-

100 (0.05 - 0.10% v/v) 
Higher than 50mM KCl or NaCl inhibits Taq.



[Mg2+] affects primer annealing; Tm of template, product and primer-
template associations; product specificity; enzyme activity and fidelity. Taq
requires free Mg2+, so allowances should be made for dNTPs, primers and

template, all of which chelate and sequester the cation; of these, dNTPs are the
most concentrated, so [Mg2+] should be 0.5 - 2.5mM greater than [dNTP]. A 
titration should be performed with varying [Mg2+] with all new template-

primer combinations, as these can differ markedly in their requirements, even
under the same conditions of concentrations and cycling times/temperatures. 

Some enzymes do not need added protein, others are dependent on it. 
Some enzymes work markedly better in the presence of detergent, probably

because it prevents the natural tendency of the enzyme to aggregate. 
Primer concentrations should not go above 1μM unless there is a high

degree of degeneracy; 0.2 μM is sufficient for homologous primers. 



Cycle Number
The number of amplification cycles necessary to produce a band visible
on a gel depends largely on the starting concentration of the target DNA:
40 - 45 cycles to amplify 50 target molecules, and 25 – 30cycles to amplify
300.000 molecules to the same concentration. This non-proportionality is due
to a so-called plateau effect, which is the attenuation in the exponential rate of
product accumulation in late stages of a PCR, when product reaches 0.3 - 1.0 

nM. This may be caused by degradation of reactants (dNTPs, enzyme); 
reactant depletion (primers, dNTPs ); end-product inhibition ; competition for

reactants by non-specific products; competition for primer binding by re-
annealing of concentrated (10nM) product . 



If desired product is not made in 30 cycles, take a small sample (1ul) of the
amplified mix and re-amplify 20-30x in a new reaction mix rather than

extending the run to more cycles: in some cases where template concentration
is limiting, this can give good product where extension of cycling to 40x or more

does not. 

A variant of this is nested primer PCR: PCR amplification is performed with
one set of primers, then some product is taken - with or without removal of

reagents - for re-amplification with an internally-situated, "nested" set of
primers. This process adds another level of specificity, meaning that all

products non-specifically amplified in the first round will not be amplified in the
second.



This is illustrated below: 

This gel photo shows the effect of nested PCR amplification on the detectability
of Chicken anaemia virus (CAV) DNA in a dilution series: the PCR1 just detects
1000 template molecules; PCR2 amplifies 1 template molecule



Helix Destabilisers / Additives
With NAs of high (G+C) content, it may be necessary to use “denaturation”

conditions. For example, one may incorporate up to 10% (w or v/v) :
dimethyl sulphoxide (DMSO),
dimethyl formamide (DMF),

urea
or formamide

in the reaction mix: these additives are presumed to lower the Tm of the
target NA, although DMSO at 10% and higher is known to decrease the

activity of Taq by up to 50% 

Additives may also be necessary in the amplification of long target
sequences: DMSO often helps in amplifying products of >1kb. Formamide

can apparently dramatically improve the specificity of PCR (Sarkar et al., 1990), 
while glycerol improves the amplification of high (G+C) templates (Smith et al., 

1990).

Polyethylene glycol (PEG) may be a useful additive when DNA template
concentration is very low: it promotes macromolecular association by solvent

exclusion, meaning the pol can find the DNA. 



A simple set of rules for primer sequence design is as follows : 

primers should be 19-25 bases in length; 
base composition should be 50-60% (G+C); 

primers should end (3') in a G or C, or CG or GC: this prevents
"breathing" of ends and increases efficiency of priming; 

Tms between 55-60oC are preferred; 
runs of three or more Cs or Gs at the 3'-ends of primers may promote

mispriming at G or C-rich sequences (because of stability of annealing), 
and should be avoided; 

3'-ends of primers should not be complementary (ie. base pair), as
otherwise primer dimers will be synthesised preferentially to any other

product; 

primer self-complementarity (ability to form secondary structures such
as hairpins) should be avoided. 



Examples of inter- and intra-primer complementarity which would result
in problems:



Recommended Reagent Concentrations: 

Primers: 0.2 - 1.0 μM
Nucleotides: 50 - 200 μM EACH dNTP

Dimethyl sulphoxide (DMSO): 0 - 10% (v/v) 
Taq polymerase: 0.5 - 2.0 Units/50ul rxn

Target DNA: 1 ng - 1 μg (NB: higher concentration for total genomic DNA; 
lower for plasmid / purified DNA / virus DNA target) 

Buffer: use proprietary or home-made 10x rxn mix. This should contain: 
minimum of 1.5mM Mg2+, usually some detergent, perhaps some gelatin

or BSA. 
25mM MgCl2, may be used to allow user-specified [Mg2+] for reaction

optimisation with different combinations of primers and targets. 
MAKE POOLED MASTER MIX OF REAGENTS IN ABSENCE OF DNA using

DNA-free pipette, then dispense to individual tubes (using DNA-free
pipette), and add DNA to individual reactions USING PLUGGED TIPS. 

OVERLAY REACTIONS WITH 50UL OF HIGH-QUALITY LIQUID PARAFFIN 
OR MINERAL OIL to ensure no evaporation occurs:



USE PLUGGED PIPETTE TIPS: prevents aerosol contamination of pipettes. 
Use of detergents is recommended only for some Taq Polymerases (up to 0.1% v/v, 

Triton X-100 or Tween-20). 
DMSO apparently allows better denaturation of longer target sequences (>1kb) and

more product. 
DO NOT USE SAME PIPETTE FOR DISPENSING NUCLEIC ACIDS AS YOU USE 

FOR DISPENSING REAGENTS

Remember sample volume should not exceed 1/10th reaction volume, and sample
DNA/NTP/primer concentrations should not be too high as otherwise all available Mg2+ 
is chelated out of solution and enzyme reactivity is adversely affected. Any increase in

dNTPs over 200μM means [Mg2+] should be re-optimised. 
AVOID USING EDTA-CONTAINING BUFFERS AS EDTA CHELATES Mg2+

Recommended Reaction Conditions: 
Initial Conditions: 

Initial denaturation at start: 94 - 96oC for 3 - 5 min. If you denature at 96oC, denature
sample only; add rest of mix after reaction cools to annealing temperature (prevents

premature denaturation of enzyme). 
Initial annealing temperature: as high as feasible for 1 min (eg: 50 - 65oC). Stringent

initial conditions mean less non-specific product, especially when amplifying from
eukaryotic genomic DNA. 

Initial elongation temperature: 72oC for 1-2 min. This allows complete elongation of
product on rare templates. 



Temperature Cycling: 
94 - 95oC for 30 - 60 sec (denature) 
37 - 65oC for 30 - 60 sec (anneal) 

72oC for 30 - 60 sec (elongate) (60 sec per kb target sequence length) 
30 - 40 cycles only (otherwise enzyme decay causes artifacts) 

72oC for 5-15  min at end to allow complete elongation of all product DNA 

NOTE: 
"Quickie" PCR is quite feasible: eg, [94oC 10 sec / 45oC 10 sec / 72oC 10 

sec] x 30, for short products (200 - 300 bp). 
DON'T RUN TOO MANY CYCLES: if you don't see a band with 30 cycles you

probably won't after 40; rather take an aliquot from the reaction mix and re-PCR 
with fresh reagents.

"Hot Start" PCR: 
In certain circumstances one wishes to avoid mixing primers and target DNA 
at low temperatures in the presence of Taq polymerase: Taq pol is almost

as efficient as Klenow pol at 37oC; consequently, if primers mis-anneal at low
temperature prior to initial template denaturation, "non-specific" amplification

may occur. This may be avoided by only adding enzyme after the initial
denaturation, before the reaction cools to the chosen annealing temperature. 



This is most conveniently done by putting wax "gems"TM into the reaction
tube after addition of everything except enzyme, then putting enzyme on top of
the gem: the wax melts when the temperature reaches +/-80oC, and the
enzyme mixes with the rest of the reaction mix while the molten wax floats on
top and seals the mix, taking the place of mineral oil. 

Asymmetric PCR for ssDNA Production: 
Simply use a 100:1 molar ratio of the two primers (eg: primer 1 at 0.5uM, primer

2 at 0.005uM). This allows production of mainly ssDNA of the sense of the
more abundant primer, which is useful for sequencing purposes or making

ssDNA probes. 

Detecting Products: 
Take 1/10th - 1/3rd of the reaction mix CAREFULLY from under the oil or from

under the Vaseline or solidified wax, using a micropipette with plugged tip, 
IN AN AREA AWAY FROM YOUR PCR PREPARATION AREA!

Mix this with some gel loading buffer(1:1 - 1:5 mix:loading buffer): this is TBE 
containing 10 - 20% glycerol or sucrose and a dash of bromophenol blue (BPB) 

tracking dye.
Load 5 - 30ul of sample into wells of 0.8 - 3.0% submarine agarose gel made

up in TBE, preferably containing 50ng/ml ethidium bromide.
Run at 80 -120 volts (not too slow or small products diffuse; not too fast or



bands smear) until BPB reaches end of gel
Use DNA markers going from 2kb down to 100 bp or less

View on UV light box at 254 - 300 nm, photo 1 - 5 sec. 

Small products are best seen on 3% agarose gels that have been run fast
(eg: 100 volts), with BPB run to ½ - 2/3 down the gel. It is best to include

EthBr in the gel AND in the gel buffer, as post-electrophoresis staining can
result in band smearing due to diffusion, and if there is no EthBr in the buffer
the dye runs backwards out of the gel, and smaller bands are stripped of dye

and are not visible. 
NUSIEVE TM gel (FMC Corp) can also be used for small products - better

resolution than agarose. 
Polyacrylamide gels can be silver stained by simple protocols for extreme

sensitivity of detection. 
Gels can be blotted directly after soaking in 0.5M NaOH / 1.5M NaCl for 10-20 

min: "dry blotting" works well (eg: gel is over- and under-layered with paper
towel stacks and pressed; bands transfer up and down), as does classic

"Southern" blotting. Bands blotted in this way are already covalently fixed onto
nylon membranes, and simply need a rinse in 5xSSPE before prehybridisation. 



Στο τέλος κάθε κύκλου ο στόχος πολλαπλασιάζεται 2n όπου n ο αριθμός των
κύκλων .Π.χ. στο τέλος του 3ου κύκλου ο στόχος έχει πολλαπλασιασθεί 8 φορές
, στο τέλος του 4ου 16 κ.ο.κ.





1 mole = 6,02X 1023 μόρια ή αντίγραφα πολλαπλασιασθέντων
DNA αλληλουχιών .

Η απόδοση του συστήματος δίνεται από τον τύπο:
Y= ( 1+X)n

Y=φορές πολλαπλασιασμού του στόχου
n = αριθμός των κύκλων PCR

X = μέση απόδοση για τον κάθε κύκλο
ΠΑΡΑΔΕΙΓΜΑ ΥΠΟΛΟΓΙΣΜΟΥ

Πόσοι κύκλοι απαιτούνται ώστε ένα αντίγραφο του στόχου να
πολλαπλασιασθεί και να δώσει ένα τελικό προϊόν PCR 200ng;
Τα αποτελέσματα για ένα προϊόν PCR 240 ζεύγη βάσεων (bp) 
παρουσιάζεται κατωτέρω όταν η απόδοση του συστήματος

είναι: 
100% ( Χ=1) και

80% (Χ=0,8).







Τα δείγματα PCR τα οποία πρόκειται να υποβληθούν σε ηλεκτροφόρηση
αναμειγνύονται πριν την ηλεκτροφόρηση με 2-5 μl “Gel loading buffer” το

οποίο περιέχει :  
0,25% bromophenol blue 

0,25% xylene cyanol
και οι δυο αυτές χρωστικές μας βοηθούν να παρακολουθήσουμε την
εξέλιξη της ηλεκτροφόρησης μια που για μια δεδομένη συγκέντρωση

αγαρόζης «ταξιδεύουν» μαζί με τον αντίστοιχο αριθμό ζευγών βάσεων του
προιόντος PCR  , όπως παρουσιάζεται στον κατωτέρω πίνακα.

25% Ficoll 400  ή 50%  σουκρόζη .Οι ουσίες αυτές βοηθούν ώστε το DNA να
«κάθεται» στις οπές οι οποίες δημιουργούνται μετά την αφαίρεση της

«κτένας» από το πήκτωμα αγαρόζης.



Στο πήκτωμα αγαρόζης ενσωματώνουμε βρωμιούχο αιθίδιο ( φθορίζουσα
χρωστική )  σε συγκέντρωση 1μg/ml το οποίο ενσωματώνεται στο δίκλωνο μόριο
του προιόντος της PCR  και τοποθετώντας το πήκτωμα αγαρόζης σε συσκευή UV 
( με μέγιστο απορρόφησης μεταξύ 270-320 nm) εντοπίζουμε τα προιόντα PCR με
την βοήθεια 1-2 μαρτύρων μοριακού βάρους ( γραμμές 1 & 2 στην κατωτέρω
φωτογραφία) και τέλος φωτογραφίζουμε το πήκτωμα ώστε να υπάρχει στο
αρχείο μας.



ΘΕΣΕΙΣ 1&2 ΜΑΡΤΥΡΑΣ ΜΟΡΙΑΚΟΥ ΒΑΡΟΥΣ
ΘΕΣΗ 3 ΑΡΝΗΤΙΚΟ ΔΕΙΓΜΑ

ΘΕΣΕΙΣ 4-10 ΘΕΤΙΚΑ ΔΕΙΓΜΑΤΑ
ΓΥΡΩ ΣΤΙΣ 40 bp ΕΝΤΟΠΙΖΟΝΤΑΙ ΤΑ ΔΙΜΕΡΗ ΤΩΝ ΕΚΚΙΝΗΤΩΝ

Η ΗΛΕΚΤΡΟΦΟΡΗΣΗ ΕΓΙΝΕ ΣΕ ΑΓΑΡΟΖΗ NuSieve 3:1 ΚΑΙ ΣΥΓΚΕΝΤΡΩΣΗΣ 4%



The example shown is of detection of Human papillomavirus type 16 (HPV-16) 
DNA amplified from cervical biopsy samples Detection of genital human
papillomaviruses by polymerase chain reaction amplification with degenerate
nested primers. The left panel is a photo of an EthBR-stained 2% agarose gel; 
the right is an autoradiograph of a Southern blot probed with 32P-labelled HPV-
16 DNA. Note how much more sensitive blotting is, and how much more
specific the detection is. 



Labelling PCR Products with Digoxigenin
PCR products may be very conveniently labelled with digoxigenin-11-dUTP (Boehringer-
Mannheim) by incorporating the reagent to 10-35% final effective dTTP concentration in
a nucleotide mix of final concentration 50-100μM dNTPs . This allows substitution to a 
known extent of probes of exactly defined length, which in turn allows exactly defined

bybridisation conditions. It is also the most effective means of labelling PCR products, as
it is potentially unsafe and VERY expensive to attempt to do similarly with 32P-dNTPs, 
and nick-translation or random primed label incorporation are unsuitable because the

templates are often too small for efficient labelling. 
Make a DIG-dNTP mix for PCR as follows:
DIG NUCLEOTIDE MIX CONCENTRATIONS

Dig-11-dUTP 350 μM
dTTP 650 μM
dATP 1 mM
dCTP 1 mM
dGTP 1 mM

For each 50 ul of probe synthesized, a 1/10 dilution is made of the DIG-nucleotide mix
when added to the other reagents as described above. The products may be analyzed

by agarose gel electrophoresis - NOTE: PRODUCTS ARE LARGER THAN NON-
SUBSTITUTED PRODUCT - and detected directly on blots immunologically. Probes can

be used as 5-10 ul aliquots directly from PCR product mixes, mixed with hybridisation
mix and denatured. Probes can be re-used up to 10 times, stored frozen in between

experiments and boiled to denature. 



AND ALWAYS REMEMBER: 

•WORK CLEAN
•TITRATE MAGNESIUM

•DON'T USE TOO MUCH TEMPLATE DNA
•DON'T USE PCR PRODUCTS IN PCR PREPARATION AREAS
•ALWAYS INCLUDE ΜΑΝΥ NEGATIVE CONTROLS AND VERY 

DILUTE POSITIVE CONTROLS IN EVERY EXPERIMENT
•WEAR GLOVES

•USE PLUGGED TIPS



















The use of T7-P1-P3 generated a cDNA differing from the wild-
type cDNA by having  a deletion.The T7 promoter sequence 
incorporated into the 5’-end of the 5’-primers was necessary for 
the in vitro transcription with T7 RNA polymerase.Oligo (dT)-
P5 leads to a poly (dA) tail at the 3’-end.The mimic-PCR 
product will be purified  from agarose gel and will be used for 
in vitro transcription , to produce the mimic RNA.















Ως μόρια ανταποκριτές μπορούν να χρησιμοποιηθούν οι 4,7,2΄,4΄,5΄,7΄-
εξαχλωρο-6-καρβοξυφλουορεσκεϊνη (ΗΕΧ), οι 4,7,2’,7΄-τετραχλωρο-6-
καρβοξυφλουορεσκεϊνη (ΤΕΤ) ή 6-καρβοξυφλουορεσκεϊνη (FAM), ενώ ως μόριο
αποσβέστης μπορεί να χρησιμοποιηθεί η ροδαμίνη ανάλογα με τα φίλτρα
διέγερσης και εκπομπής που διαθέτει η συσκευή ποσοτικής PCR.



ΣΥΣΚΕΥΗ ΠΟΣΟΤΙΚΗΣ PCR 96 ΘΕΣΕΩΝ Η ΟΠΟΙΑ ΔΙΑΘΕΤΕΙ
ΦΩΤΟΠΟΛΛΑΠΛΑΣΙΑΣΤΗ ΚΑΙ ΚΑΤΑΛΛΗΛΟ ΛΟΓΙΣΜΙΚΟ ΕΧΟΝΤΑΣ ΤΗΝ

ΔΥΝΑΤΟΤΗΤΑ ΝΑ ΠΑΡΑΚΟΛΟΥΘΗΣΕΙ ΤΗΝ ΑΝΤΙΔΡΑΣΗ ΣΕ ΚΑΘΕ
ΦΡΕΑΤΙΟ/ΑΝΑ ΚΥΚΛΟ , ΝΑ ΤΗΝ ΚΑΤΑΓΡΑΨΕΙ ΚΑΙ ΜΑΛΙΣΤΑ ΔΥΝΑΤΑΙ
ΝΑ ΧΡΗΣΙΜΟΠΟΙΗΣΕΙ ΜΕΧΡΙ ΚΑΙ 5  ΔΙΑΦΟΡΕΤΙΚΕΣ ΧΡΩΣΤΙΚΕΣ ΔΗΛ. 
ΝΑ ΠΡΑΓΜΑΤΟΠΟΙΕΙ ΑΝΑ ΦΡΕΑΤΙΟ ΜΕΧΡΙ ΚΑΙ 5  ΔΙΑΦΟΡΕΤΙΚΕΣ

ANTΙΔΡΑΣΕΙΣ PCR
( MULTIPLEX QUANTITATIVE PCR )





ΧΡΗΣΙΜΟΠΟΙΩΝΤΑΣ STANDARDS ΓΝΩΣΤΩΝ ΑΝΤΙΓΡΑΦΩΝ ΤΟΥ DNA ΣΤΟΧΟΥ
ΚΑΤΑΣΚΕΥΑΖΕΤΑΙ Η ΠΡΟΤΥΠΗ ΚΑΜΠΥΛΗ ΣΤΗΝ ΟΠΟΙΑ ΑΝΑΦΕΡΟΜΑΣΤΕ ΓΙΑ
ΤΟΝ ΠΡΟΣΔΙΟΡΙΣΜΟ ΤΩΝ ΑΝΤΙΓΡΑΦΩΝ ΤΟΥ ΠΡΟΣ ΕΞΕΤΑΣΗ ΔΕΙΓΜΑΤΟΣ

ΠΡΟΤΥΠΕΣ ΚΑΜΠΥΛΕΣ ΧΡΗΣΙΜΟΠΟΙΩΝΤΑΣ 5 ΔΙΑΦΟΡΕΤΙΚΕΣ ΧΡΩΣΤΙΚΕΣ ΣΕ
ΚΑΘΕ ΦΡΕΑΤΙΟ ( MULTIPLEX QUANTITATIVE PCR )







Sample A yields only 1 peak resulting from the specific amplification product
(primer-dimers not coamplified). Sample B shows a peak from the specific product
and a peak at a lower temperature from amplification of primer-dimers.



Real-Time PCR Method

Real-time PCR is able to detect sequence-specific PCR products as they
accumulate in "real-time" during the PCR amplification process. As the PCR 
product of interest is produced, real-time PCR can detect their accumulation and
quantify the number of substrates present in the initial PCR mixture before
amplification began.
There are a few different variations of the procedure, but the one illustrated here
is called molecular beacon <www.molecular-beacons.org/>. Molecular beacons are
short segments of single-stranded DNA (Figure 1). 
The sequence of each molecular beacon must be customized to detect the PCR 
product of interest. In figure one, you can see there are nine bases on one end of
the molecular beacon that can base pair with nine bases on the other end of the
beacon. This complementation permits the molecular beacon to form a hairpin
structure. The loop portion of the molecular beacon is composed of bases (shown
as pink lines) that are complementary to one strand of the PCR product the
investigator wants to detect and quantify. 

http://www.molecular-beacons.org/


Attached to opposite ends of the beacon are a fluorescent reporter dye and a 
quencher dye. When the molecular beacon is in the hairpin conformation, any
fluorescence emitted by the reporter is absorbed by the quencher dye and no
fluorescence is detected. 

Figure 1. Diagram of molecular beacon. This beacon is 33 nucleotides long with a reporter
dye attached to the 5' end and a quencher attached to the 3' end. The nine 5' bases are able
to form base pairs with the nine 3' bases which brings the reporter and quencher in very
close proximity. Therefore, when the reporter is excited by the appropriate light, its
emission is absorbed by the quencher and no fluorescence is detected. The pink lines
represent nucleotides that can form base pairs with the PCR product under investigation. 



The PCR portion of real-time PCR is standard. Two PCR primers are used to
amplify a segment of DNA (Figure 2). 

Figure 2. PCR product of interest. The two primers are show as purple arrows
and the base pairing between the two strands are shown in pink. 

As the PCR continues, the newly synthesized PCR products are denatured by high
temperatures. As each strand of the product are separated, the molecular beacon
also is denatured so the hairpin structure is disrupted. As the temperatures cool
for the next round of primer annealing, the molecular beacon is capable of
forming base pairs with the appropriate strand of the PCR product (Figure 3). 
Any molecular beacons that do not bind to PCR product reform the hairpin
structures and thus are unable to fluoresce. However, molecular beacons that bind
to PCR product remove the ability for the quencher to block fluorescence from the
reporter dye. Therefore, as PCR product accumulates, there is a linear increase in
fluorescence. 



. 

Figure 3. Detection of PCR product by molecular beacon. When the beacon binds
to the PCR product, it is able to fluoresce when excited by the appropriate
wavelength of light. The amount of fluorescence is directly proportional to the
amount of PCR product amplified. 
Real-time PCR can be performed in a "multiplex" format which means that more
than one PCR product can be detected in a single reaction tube. For each
sequence, there is a unique color of fluorescent dye and therefore, each PCR 
product is associated with its own color which is detected by the real-time PCR 
machine. 
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