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nucleic acid purification, PCR primers and probes). Consequently,
two different PCRs may not have identical efficiencies.

A choice of relative quantification methods

For precise relative quantification, the most recent generation of
LightCycler Systems (the LightCycler® 2.0 Instrument and the
LightCycler® 480 Instrument) offers a choice of different meth-
ods of data analysis, such as the C; Method and the E-Method,
each of which handles the problem of efficiency differently Eig. 2).
Furthermore, these software modules allow fast-tracking research
activities based on a highly flexible design.

The C;Method was the method used in early relative quantifica-
tion experiments, and it can still provide fast, easy analysis of gene
expressior?. This method, however, only provides reliable quantita-
tive data if certain assumptions inherent in the method are met: the
efficiency of the PCR assays for both target and reference genes must
be optimal and/or identical. For the  C; calculation, the efficiency
of both PCRs is assumed to be 2, which represents a doubling of mol-
ecules in each cycle. But if target and reference PCR efficiencies are
neither identical nor optimal, the ~ C; Method may produce incor-
rect gene expression data. In such cases, methods that are based on
true efficiency values, such as Roche Applied Science’s E-Method, can
provide more accurate data.

The E-Method can produce more accurate relative quantification
data because it can compensate for differences in target and reference
gene amplification efficiency either within an experiment or between
experiments. The E-Method analyzes the amplification efficiency of
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Figure 2| Two different relative quantification analyses of the sameanA(
typical target and reference run, with unknowns (red and blue) and calibrg
samples (green), is analyzed via either ti@; Method &) or the E-Method
(b). Whereas the dataarare based on an assumption that efficiency (E) = 2
the E-Method data are based on the true efficiency of each reaction, whic|
derived from serial dilutions of the target (light red; E = 2.021) and referen
genes (light blue; E = 1.966) The final results frooare automatically

calculated from the crossing point (Cp) values of the target (unknowns an
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target and reference genes by using so-called relative standards. These
standards are serial dilutions of a single sample (for example, undi-
luted, 1:10, 1:100 and so on), where concentration is expressed in rela-
tive units (for example, 1, 0.1, 0.01 and so on). By using such dilutions
to generate a standard curve, the E-Method avoids the time-consuming
preparation of artificial or cloned standards, and the determination of
their absolute values. Additionally, as the relative standards contain
normal sample material, their amplification efficiencies are very similar

to those of all the unknown samples.

Furthermore, the E-Method can normalize for run-to-run differences,
such as those caused by variations in reagent chemistry. For such nor-
malization, one sample (for example, one of the relative standards)
must be designated a calibrator for the target and for the reference
gene. These calibrators are then used repeatedly in subsequent runs
during the entire study to guarantee a common reference point and
allow comparison of all experiments within the series.

Conclusion

The relative quantification software of the LightCycler Systems provides
several highly accurate algorithms for relative quantification. Reliable
gene-expression data can be generated with either the C; Method
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calibrator) and the reference (unknowns and calibrator). /

or the Roche Applied Science E-Method, depending on the PCR effi-
ciency of a particular experimental system.

Additional information about the LightCycler Systems and the
described gene expression approaches is available on the Roche
Applied Science Special Interest Page (http://www.lightcycler.
com).

LIGHTCYCLER is a trademark of Roche. Patent and license dis-
claimer information is available online (http://www.lightcycler.
com).
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