TaqMan Fluorescence Dyes

TaqMan Principle
The principle of TaqMan assays relies on fluorescence (or Förster) resonance energy transfer (FRET). Fluorescence is the mode of detection and occurs as a result of a change in proximity of the reporter dye and quencher dye. These dyes are known as fluorophores. TaqMan probes consist of these two dyes, which are attached to 5' end and the 3' end of the probe. The probe is a short linear oligonucleotide that is complementary to one of the strands which allows the probe anneal to the target sequence between forward and reverse primers. The dyes remain in proximity of each other until the probe is hydrolysed and this occurs via the 5' exonuclease activity of the Taq polymerase. However background fluorescence is observed when the reporter and quencher are in proximity of each other because the reporter dye transfers its fluorescence to the quencher dye rather than fluorescing. When the dyes are hydrolysed, the reporter dye is removed from the probe and an increase in fluorescence is observed. Fluorescence increases in each cycle because this increase in fluorescence is proportional to the amount of amplicon produced.

The main advantage of this detection chemistry over others is it binds to the DNA of interest only. Signals from primer-dimers are not detected. Also TaqMan probes can be labelled with different fluorophores to simultaneously detect various DNA targets.

3.2.2 TaqMan Reaction

During amplification, Denaturation is the first step to take place where the double-stranded DNA helix is melted and the DNA opens and separates into single stranded DNA template. As the reaction cools towards the end of denaturation in preparation for the polymerisation phase, the probe binds to a complementary template sequence at a higher temperature than the primer on the same strand. It is essential that the probe anneals to the target strand sequence prior to the primers to ensure that signal can potentially be generated from every newly synthesized amplicon (Gregory L. Shipley). The probe only binds if the target sequence is present.

Taq DNA polymerase binds to the primer and causes the primer to extend; the extension phase. The probe is cleaved and degraded by the 5' nuclease present in the Taq DNA polymerase and this allows primer extension to continue to the end of the template strand. Cleavage of the probe separates the dyes and FRET no longer occurs and the fluorescent signal of the reporter dye increases.

3.2.3 Design of TaqMan Primers and Probes

3.2.4 Threshold cycle

The threshold cycle (Ct) is the fractional number of cycles needed to reach a fluorescent signal that is statistically significant above background signals and inversely correlated with the amount of RNA present in the reaction. This is a crucial stage in data analysis and always occurs during the exponential phase of amplification. It is only during this exponential phase of the PCR reaction that it is possible to extrapolate back to determine the starting amount of template (David G. Ginzinger 2002). Therefore, quantification is not affected by any reaction components becoming limited in the plateau phase (S.A Bustin 2000). The background signals determine the baseline fluorescence across the entire reaction. There is little change in fluorescent signal in the initial stages of PCR and therefore the Ct value is a point above the baseline where sufficient amounts of amplicons have accumulated yielding accurate measurement of fluorescence.
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