
High resolution DNA melting analysis is a versatile
technique for genotyping, variant scanning, sequence
identity, and methylation analysis. Microfluidics allows
precise and rapid control of temperature during melting.
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Using a microfluidic platform for serial PCR and melting
analysis, four targets containing single nucleotide variants
were amplified and then melted at different rates from
0.13-32°C/s, a 250-fold range. Genotypes (n=1728) were
determined manually by visual inspection after
background removal, normalization, and conversion to
negative derivative plots. Differences between genotypes
were quantified by a genotype discrimination ratio, based
on inter- and intra-genotype differences using the
absolute value of the maximum vertical difference
between curves as a metric.
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Ramp Rate (°C/s) Melting Time (s) Number of Points/°C
0.13 231 226
0.25 120 118
0.5 60 59.0
1 30 29.6
2 15 14.8
4 7.5 7.45
8 3.75 3.78
16 1.88 1.96
32 0.94 1.10

a Time to acquire a 30°C temperature span.

The effect of melting rate on PCR product melting curves containing a single nucleotide variant.

A 46 bp PCR product encompassing the MTHFR c.1286A>C locus was amplified and repeatedly melted at different rates along with
an internal temperature control. Melting data were processed by exponential background removal, normalization, and linear
temperature adjustment to the internal temperature control to compensate for any temperature variation between channels.
Negative derivative plots at each melting rate show 2 wild type samples as black lines, 2 homozygous variants as blue lines and 2
heterozygotes as red lines. The internal temperature control melts higher, around 83°C to 87°C. Apparent melting temperatures
increase with the melting rate. The duplicate genotypes cluster distinctly and the lower temperature heteroduplex peaks of the
heterzygotes become more pronounced as the melting rate increases.

Example melting curves of 4 SNV loci studied at slow 
(0.13°C/s, fast (8°C/s), and very fast (32°C/s) melting rates.

The normalized negative derivative melting curves are displayed at three
melting rates after background removal, normalization, and temperature
adjustment to the internal temperature control (internal control not
shown). Each panel includes duplicates of the 3 genotypes with wild
type (black), homozygous variant (blue), and the heterozygote (red).
Small heteroduplex peaks at 0.13°C/s become larger and similar in
height to the homoduplex peaks at 8°C/s, while homozygous peaks
become taller and narrower. At 32°C/s, heterozygous duplex peaks
merge into a single broad peak, while acquisition rates limit homozygous
peak sharpness, but all genotypes remain easily distinguishable.
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As expected, heterozygotes were identified by differences
in curve shape and homozygous curves were separated by
melting temperature (Tm). Technical artifacts preventing
analysis (0.3%), incorrect (0.06%) and indeterminate
(0.4%) results were minimal, occurring mostly at low
melting rates (0.13-0.5°C/s). Genotype discrimination was
maximal at 8°C/s and no genotyping errors were made at
rates greater than 0.5°C/s. PCR was completed in 10-12.2
minutes and melting acquisition required from 4 min down
to 1 s. Equivalent results were obtained with human
genomic and synthetic DNA.

Results

Conclusions
Microfluidics enables genotyping by DNA melting analysis
at rates up to 32°C/s, requiring less than 1 s to acquire an
entire melting curve. High speed melting not only reduces
the time for melting analysis, but decreases errors and
improves genotype discrimination. Combined with extreme
PCR, high speed melting analysis promises nucleic acid
amplification and analysis in less than one minute. Melting rate dependence of genotype discrimination.

Genotype discrimination ratios of interclass to intraclass
differences were used to quantify the ease of distinguishing
between genotypes. Wild type vs homozygous variant (dashed
line with triangles), and wild type vs heterozygous (solid line with
squares) are shown. Each point in the figure displays the mean
(nondimensional) discrimination ratio obtained from 2 user
analyses of the 4 loci in 8 cartridge runs for each melting rate.
Both genotype discrimination ratios grow as the ramp rate
increases in exponential steps from 0.13°C/s to a peak around
8°C/s, before decreasing slightly at 16°C/s and further at 32°C/s.
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Manual genotyping accuracy vs melting rate. 

For each of the 9 melting rates, two analyzers visually genotyped 192
melting curves or decided that they were not able to call the genotype
(indeterminate). The percentage of indeterminate and incorrect
genotype calls for the Utah (UT) and Virginia (VA) analyzers at each
melting rate are shown. All combined, there were 13 (0.4%)
indeterminate and 2 (0.06%) incorrect genotype calls. In general
agreement with the genotyping discrimination ratio analysis, all
genotyping calls at melting ramp rates between 2°C/s and 8°C/s were
correct, both incorrect calls and 10 of 13 indeterminate calls occurred
at rates between 0.13°C and 1°C/s and the 3 remaining indeterminate
calls occurred at rates of 16°C/s and 32°C/s, where data density could
be a leading contributor to genotyping difficulty.
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Correlation between the 9 ramp rates, 
melting time a, and data density.  
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