Use of DNA thermodynamics for low-abundance
mutation detection by DNA hybridization
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Introduction

Duplex formation via hybridization provides a
detection technique where one of the strands
is designed to match a mutant sequence and
probe its presence. In a majority wild-type
background consisting of single-nucleotide
variations, the probe is however subject to
cross-hybridization, lowering the detection
sensitivity of low-abundant mutants. We use
thermodynamics-based probe design and
Langmuir theory to increase sensitivity and
quantify the amount of mutant in a sample.

Results and Discussion

Figure 1 shows a hybridization-based sensor
which uses three probe sequences: a wild-type
matching probe, a mutant matching probe and
a reference probe, the latter designed to have
equal affinity to wild-type target as the mutant-
matching probe. Single-stranded sample DNA
is fluorescently labelled and allowed to bind to
the probes. The detection signal is defined as

IPmut

s log IPref
A mixture of wild-type and mutant target will
result in Ip,,,. > Ipyer, signalling the presence
of mutant DNA. To limit the amount of cross-
hybridization, a large number of wild-type
probes are introduced to deplete wild-type
target. This enhances the effective mutant to
wild-type ratio. The Langmuir adsorption
theory provides the theoretical framework and
was used in the linear regime to characterize
the signal [1]. Using synthetic samples at a
low mutant ratio, Van Hoof et al. showed that
depletion of wild-type target achieves an order
of magnitude improvement in the limit of
detection [2]. However, clinical samples
suggest a non-linear description is needed at
higher mutant ratios, which we have been able
to obtain. To characterise the dose-response
S(r) in terms of mutant to wild-type ratio r, a
calibration experiment needs to be performed.
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Figure 1: Experimental design and readout
using reference probes for mutant detection.

Subsequently, by inverting the theory, a signal
measurement allows accurate determination of
the amount of mutant in a sample.

Conclusions

We are currently exploring other methods to
selectively deplete wild-type targets and
extend the model for use with solution-based
hybridization sensors [3], which promise a
cost-effective biosensing technique usable at
room temperature.
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