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Introduction
DNA  Polymerase  is  a  naturally  occurring  enzyme,  a  biological
macromolecule  that  catalyzes  the  formation  and  repair  of  DNA.  It
works  by  binding  to  a  single  DNA  strand  and  synthesizing  a
complimentary  strand.  The  accurate  replication  of  all  living  matter
depends on this activity,  where it  functions to duplicate DNA when
cells divide.

PCR is a technique used in molecular biology.  It derives its
name from one of its key components, a DNA polymerase used to
amplify a piece of DNA by in vitro enzymatic replication. This sets in
motion a chain reaction in which the DNA template is exponentially
amplified. With PCR it is possible to amplify a single or few copies of
a  piece  of  DNA across  several  orders  of  magnitude,  generating
millions of copies of the DNA piece.

The technique was first developed and used by Kary Mullis
(Mullis, 1990) in 1983 for which he received the Nobel Prize a decade
later. He successfully amplified a 110 base pair DNA fragment of the
human b-globin gene using the Eschericea coli DNA polymerase and
synthetic  oligonucleotides  sequencing  unique  genes  to  diagnose
common  human  disease  mutations.  PCR  has  subsequently
developed  into  a  powerful  tool  used  in  all  branches  of  molecular
biology.  In  AM  fungal  research  the  technique  has  considerably
clarified  the  phylogeny  of  Glomeromycota  (Helgason  et  al.,  1998;
Redecker,  2002). The technique is now sensitive to the extent that
DNA from a single AM fungal spore can be clearly identified (Gadkar
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and Rillig, 2006; Settings, 2005; Schüßler et al., 2001), a new species
classified (Chelius and Triplett, 1999) and a mix of AM propagules in
soil  (Rani  et  al., 2004;  Harrier,  2001)  or  colonization  in  roots
(Helgason  et  al., 1998;  Redecker,  2000;  Redecker  et  al.,  2003)
qualified.

An oligonucleotide is a defined non-biological short sequence
of  nucleic  acids  chemically  synthesized from single  stranded DNA
molecules,  usually  15-20  base  pairs  in  length.  In  PCR,  the
oligonucleotide is referred to as a primer, allowing DNA polymerase to
extend the oligonucleotide and replicate the complimentary strand.
The primer is designed to mimic as closely as possible the targeted
unique DNA strand of the organism being investigated.

The Procedure
In simplified terms, the procedure entails:

1. The extraction of DNA from the sample and denaturation of
the helix  into single strands by heating to >92oC for  20-30
seconds, 

2. Annealing of the specifically designed primers to the ends of
the required length of the single strand at lower temperatures,
typically 50-65oC for 20-40 seconds, 

3. Elongation  or  amplification of  those specific  lengths  by the
addition of the polymerase, the temperature raised to within a
few  degrees  of  the  optimum  activity  temperature  of  the
polymerase. 

Taq,  a commonly added heat resistant polymerase, is optimal at
75-80oC and usually a temperature of 72oC is used. 

The cycle is repeated a further 19-39 times. There may be an
initialization step prior to the first cycle and a final elongation after the
last cycle at a temperature of 70-74oC for 5-15 minutes to ensure any
remaining single-stranded DNA is fully extended. 
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Agarose gel  electrophoresis  is employed for  size separation of
the PCR products, determined by comparison with a DNA ladder run
on the gel alongside which contains DNA fragments of known size.    

Much of the procedure is now automated,  e.g. DNA extraction,
micro-array technology,  high-throughput  PCR cycle  instrumentation
(thermal  cyclers),  sequence  analysers  (Crow  et  al.,  2006;
http://www.bio-rad.com,  http://www.laboratorytalk.com/news/)  or,
enhanced by sophisticated software as in primer design (Alkan et al.,
2006; Estruch,  2008; http://www.idtdna.com/).  Gene base pair  and
primer sequences are readily available in the public domain for easy
reference  (http://www.invam.caf.wvu.edu/;
http://www.ncbi.nlm.nih.gov/ GenBank  and/Basic  Local  Alignment
Research  Tool,   http://www.kent.ac.uk/bio/beg/;
http://www.bio.ukc.ac.uk/IIBMIRCEN/,
http://www.ncbi.nlm.nih.gov/;http://www.ebi.ac.uk/embl European
Molecular  Biology Laboratory (EMBL) ).

[NOTE: There  are  many  errors  in  the  databases,  particularly
contaminants (Schüßler et al., 2003; http://www.amf-phylogeny.com)].

The  search  for  more  efficient  heat  stable  polymerases  is
under  way  (http://www.freepatentsonline.com/6673585.html &
/EP0547359.html). 

Hot Start activation strategies are being developed (Lebedev
et al., 2008), as are nested-PCR techniques (van Tuinen et al., 2002;
Reddy et al.,  2005), reverse transcription PCR (RT–PCR) (Xu et al.,
2008),  intersequence-specific  PCR (ISSR) (Pawlowska,  2005)  and
quantitative PCR (Redecker, 2000, Alkan et al., 2004).  

Still,  however,  there  remain  variables  which  must  be
addressed on each occasion: the  length of the target  DNA template;
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reaction  volumes  of  extract,  polymerase,  buffer  components,
manganese or  magnesium divalent  cations,  monovalent  potassium
ions and deoxynucleoside triphosphates; temperatures  of  each of
the  three  steps  i.e.  denaturation,  annealing  and elongation,  in  the
thermal cycles and the amount of time applied; the number of cycles
and, perhaps the most critical of all, primer specificity.

Some Problems in PCR
Each and every step of the procedure and allocation of the

variables listed above may give rise to discrepancies. 

Contamination  of  the  DNA extracted  from  the  sample  is
probably the most common cause.  The contaminants may include
bacterial  DNA from a spore surface, a mycobiont  within the spore,
host  plant  DNA  and  even  human  DNA  from  handling.  As  new
approaches to specificity develop, there is increment in the exclusion
of the amplification of contaminant DNA, but care should be taken to
follow  prescribed  laboratory  protocols
(http://www.clarku.edu.faculty/dhibbett/protocols folder/Lab
protocols/.pdf, http://www.wheat.pw.usda.gov/~lazlo/methods/).
 

Cycle temperatures affect the outcome. The most critical are
those for denaturation and annealing. Denaturation temperatures too
low (<90oC) result in lower yields or non-specific products: too high
they may damage the enzyme reducing, even eliminating, yield. 

Annealing temperature too low results in non-specific amplification:
too high, then low or even no yield. 

Small  fragments  of  DNA are  usually  easily  amplified  but
longer templates will  exponentially amplify any inherent error in the
DNA. Typically 0.1 – 5 kilo base pair (kb) size range sequences are
used, often at the lower end.
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Taq polymerase is the enzyme most commonly used in PCR,
a heat resistant polymerase derived from the thermophilic bacterium
Thermus aquaticus (Taq), its purification and commercial   distribution
contributing considerably to automation of the procedure. However,
because it has no 3’ to 5’ error-proofreading activity, error rate is high,
approximately 1 in 6,000 bases. If misincorporations occur during the
first  few  cycles  of  amplification,  in  a  1  kb  sequence  that  has
undergone 20 effective cycles of  duplication approximately  40% of
the  new  DNA  strands  synthesized  may  contain  an  incorrect
nucleotide resulting from a copying error,  as the effect tends to be
cumulative (van Pelt-Verkuil et al., 2008).

Non-specific binding of primers frequently occurs and can be
due to repeat sequences in the DNA template, non-specific binding
between primer and template, and incomplete primer binding, leaving
the  5'  end  of  the  primer  unattached  to  the  template.  Non-specific
binding is also often increased when degenerate primers are used in
the PCR.

Primer Design
10 tips for primer design:

1. Design your PCR primers to be 18-30 oligonucleotides in length.
The longer end of this range allows higher specificity and gives you
space to add restriction enzyme sites to the primer end for cloning.

2. Make sure the melting temperatures (Tm) of the primers used are
not more than 5°C different from each other. You can calculate Tm
with this formula: Tm = 4(G + C) + 2(A + T)°C.

3. Aim for a Tm between 65 and 70°C for each primer over the region
of hybridization.
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4. Use an annealing temperature (Ta) of 10 to 15°C lower than the
Tm.

5. The GC content of each primer should be in the range of 40-60%
for optimum   PCR efficiency.

6. Try to have uniform distribution of G and C nucleotides, as clusters
of G’s or C’s can cause non-specific priming.

7. Avoid long runs of the same nucleotide.

8. Check that primers are not self-complementary or complementary
to the other primer in the reaction mixture as this will  encourage
formation of hairpins and primer-dimers and will compete with the
template for the use of primer and reagent.

9. If you can, make the 3′ end terminate in C or A, as the 3′ is the end
which extends and neither the C nor A nucleotide wobbles. This will
increase the specificity.

10. You can help avoid mis-priming by making the 3′ end slightly AT
rich.

PCR/Traditional Morphological Techniques
There is no doubt PCR has revolutionized, just as in all other

applications  of  the  technique,  research  in  AM  fungi.  Where
morphological techniques may be applied to identify AM fungi from
spore description and, to some extent hyphal characteristics, to the
species  level,  the  phylogeny  of  Glomeromycota,  the  detection  of
species which are neither sporulating nor staining, the number and
identification  of  different  species  colonizing  the  root  and  the
description of propagules in soil, may be assessed by PCR. PCR is
rapidly  becoming  an  essential  laboratory  technique  in  the  field  of
mycorrhizal research.
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