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This combined theoretical and experimental study conclusively demonstrates that
annealing times play a crucial role in the PCR amplification of GC-rich templates. To
assist with the DNA amplification of GC-rich targets, a theory has been developed that
evaluates the fraction of annealed primer/polymerase complex at the correct binding site
as a function of annealing temperature and annealing period. Optimum annealing times
lie in the range of 3 to 6 s, and annealing times greater than 10 s yield smeared PCR
amplified products. The theory has been applied to the PCR amplification of the
following human cDNA templates: ARX gene (78.2%, 660 bp), LMX1B (66.6%, 1039 bp),
FOXL2 (72.2%, 1100 bp), and POU3F3 (73.92%, 1503 bp). The model has been applied to
the ARX gene and the results are in excellent agreement with the experimental findings
(Figs. 1 and 2). The most important conclusions that can be drawn from the study are: (a)
the theoretical model predicts that, in the absence of competitive binding, the efficiency
of annealing is a monotone function of annealing time. Thus the theory suggests that
prolonged annealing improves yield—a strategy that is followed by conventional PCR
protocols, (b) there are alternative sites on the template where primers may bind, then
the annealing time has a local optimum. The annealing time must be sufficiently long to
form the ternary complexes at the correct template site, but too long annealing time
creates the opportunity for ternary complexes to form at incorrect binding sites. Thus,
PCR protocols must adopt shortened annealing times to optimize the efficiency of
annealing and (c) the optimum position of the efficiency can be adjusted on the
temperature-time plane within limits by changes in the primer and polymerase
concentrations. But for typical primer concentrations (e.g. 10 picomole per 25 pl) and
polymerase concentrations (0.5-1 EU per 25 pl), the optimum annealing time is in the
order of 3 to 6 s.
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