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Abstract

We have developed a method for quantifying allele frequencies in samples by analyzing melting curves generated by
the LightCycler. The method is designed to discriminate between alleles that have single nucleotide polymorphisms and
combines mutation detection with end-point quantification. Mixtures of two alleles differing in concentration by as little
as 1.5 fold to as much as 100 fold can be quantified. The sensitivity and reliability of this method is greatest for samples
that show 1.5 to 5 fold differences in concentration, a range where fluorescence cycle threshold quantification methods
show the poorest discrimination. End-point quantification by melting curve analysis has a wide variety of applications
including quantification of alleles in pooled samples, relative quantification of allele expression, competitive quantitative
PCR and quantification of residual tumor cells in tissue margins.

Data Analyses
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determine the ratio of the alleles prior to PCR amplification. The algorithm
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thermodynamic model to calculate the mass fractions of material in a PCR

mixture. The digital signal processing is performed using Fast Fourier

Transformations and by associating small amplitude Fourier modes with Perfect Match

noise in the signal. The thermodynamic modeling is based on the Gibbs

free energy of a mixture, and assumes that there are no chemical

interactions between melted materials. This model forms the basis of a
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curves. The method defines an objective function that is minimized when RNA was used to differentiate two alleles. Probes were designed to lie over the

the data best fits the model, and when the objective function is numerically polymorphism and the alleles distinguished from each other based on melting
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homozygous standards for each of the two alleles. The algorithm also
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COnCIUSIOn Cycling Conditions:[]
We present a method for allele quantification that can distinguish differences 95°C - 0 sec : 20°C per secl |
in allele frequency ranging from 1.5 fold to 50 fold using the LightCycler 56°C - 5 sec : 20°C per sec - Single fluorescencel |
with currently available chemistries. 74°C - 7 sec : 2°C per sec
This method has a wide variety of potential applications including Melt Conditions:L]
—[Allele frequency in pooled samples 94°C - 0 sec : 20°C per secl
—[Relative quantification of allele expression 40°C - 3 min : 20°C per secl
—[Quantification of residual tumor cells in tissue margins 94°C - 0 sec : 0.2°C per sec - Continuous fluorescence

Results

Initially, melting profiles for each allele were generated using artificial
oligonucleotide templates complementary to the probe sequences. One allele
contains a G residue at the polymorphic site, the reporter probe was perfectly
matched to this sequence and the probe Tm was determined to be 69°C. The
other allele has a T at the polymorphic site and therefore has a single base
mismatch when hybridized to the reporter probe and shows a Tm of 61°C.

Expected fraction of wild type allele in a mixed population*

LCDA melting Improved Melting
Expected Result peak analysis curve analysis
0.02 - 0.030
0.05 - 0.070
0.10 0.07 0.14
0.20 0.16 0.24
0.50 0.47 0.52
0.80 - 0.80
0.90 - 0.87
0.95 - 0.92
0.98 - 0.95

When the ratios of allele mixtures were extended beyond the limitations of the
LCDA method, it was apparent that the new analysis method was able to produce
reliable data that matched expected results.
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When the data is plotted as a graph representing the expected outcome versus
the obtained outcome for allele frequency, the results generate straight lines
with slopes of 0.99 in both directions. This shows that the method is not
preferentially biased against discrimination of either allele. A perfect result
would show a slope of 1.0.

August 2001



