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Introduction
This new approach can scan for sequence variations in genes 
quickly and inexpensively; it is ideal for high throughput screening.

Established methods for genotyping involve template amplification 
by PCR and detection of a defined point mutation with allele-
specific probes. Methods for scanning whole amplicons for 
unknown mutations (e.g., SSCP, dHPLC or sequencing) are 
laborious, time-consuming and expensive. 

This new application of the LightCycler® 480 system requires only 
PCR reagents for amplification, a simple primer pair for the gene of 
interest, and a special fluorescent dye. After PCR, the amplicons 
are analyzed by high-resolution melting. Amplicons with sequence 
variations can be differentiated due to the different shape of their 
melting curves. 

With the LightCycler® 480 Instrument, the LightCycler® 480 High 
Resolution Melting Master (PCR reagents and dye) and the Gene 
Scanning module of the LightCycler® 480 Software, this technique 
can analyze up to 384 samples for sequence variations within 1 - 2 
hours.

Principle
Prerequisites for this technique are

- LightCycler® 480 Instrument, which makes high-resolution 
melting curve analysis possible because it has precise temperature 
control and high-resolution fluorescence acquisition.

- LightCycler® 480 High Resolution Melting Master, a PCR reagent 
mix that includes a special intercalating fluorescent dye 
(LightCycler® 480 High Resolution Melting Dye) that can be used at 
saturating concentrations without inhibiting PCR. 

- LightCycler® 480 Data Analysis Software, which includes the 
necessary algorithms in the Gene Scanning module.

To screen a number of samples for sequence variations, the DNA 
region of interest is amplified by PCR and analyzed by high-
resolution melting. The LightCycler® 480 High Resolution Melting 
Dye in the reaction mix strongly fluoresces when bound to double-
stranded DNA. Therefore, changes in fluorescence can be used to 
monitor both DNA amplification during PCR and dissociation of the 
double-stranded amplicon during the steadily increasing 
temperatures of the high-resolution melting. 

Sequence variations can be detected by analysis of differences in 
the melting curves. With heterozygous DNA, heat denaturation and
subsequent cooling generates some heteroduplex strands with 
mismatches; these begin to separate into single strands at a lower 
temperature and produce a differently shaped curve than 
homozygous DNA. Depending on their sequences, most of the 
different homozygotes will produce distinctive melting curves, too.

To analyze a defined polymorphism and simultaneously scan for 
further mutations, the amplicon melting method can be combined 
with probe melting. This technique requires addition of an 
unlabeled probe (oligo without an extra dye label) to the reaction 
mixture.
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Data Analysis
In whole amplicon melting, curve differences occur within a very small 
temperature range, so data need to be analyzed with higher resolution 
than is usually required in probe melting assays. Therefore, new
algorithms for data evaluation have been developed. 

To accentuate these small differences, the melting curves are 
normalized for the regions preceding and following the melting 
domains, and the end points of the melting domains are brought 
together. Then the differences between each curve and a reference 
(e.g., a wild type standard) are displayed on a difference plot, which 
clearly shows the different sequence-dependent types of curves.  

The following comparison shows analysis of a SNP C →T in the MDR1 
gene with both dye-labeled probe melting and amplicon melting.

Probe melting curve analysis (SimpleProbe):

Amplicon high-resolution melting (106 bp amplicon):

Amplicon Melting
The following experiments demonstrate mutation scanning by 
amplicon melting:

a) SNP G →T in the LPLH3 gene (96 samples, 163 bp amplicon)

b)  Sequence variations in the MBL2 gene (384 samples, 219 bp 
amplicon): differentiation of the four most frequent genotypes into four 
main groups; a few samples show three additional genetic variants. 

Combination of Amplicon and 
Probe Melting
If samples need to be reliably screened for a specific 
polymorphism and simultaneously examined for 
additional unknown mutations, the fluorescent dye and 
an unlabeled probe can be added to the reaction mix. 

The sequence recognized by the probe can be specifically analyzed 
for the polymorphism by probe melting; the whole amplicon can be 
simultaneously scanned for other mutations.

Example: Scanning of a section of the TNFα gene (136 bp) 
for two known SNP’s A→G and C →T (detected with same oligo)
and additional mutations.

alleles  (SNP1 - SNP 2)
G-T A-T A-C

↓ ↓ ↓

Screening results of 384 samples:

Conclusion
Compared to other methods, high resolution amplicon melting 
allows much faster and easier screening of sequence variations in 
defined genes, especially when the number of samples is high. 

After analyzed samples are grouped according to the shapes of 
their melting curves, only one sample of each group needs to be 
characterized by sequencing; the sequences of the other samples 
in the group can be inferred. Known samples can be used as 
standards to define the groups.

For amplicons up to 500 bp, a clear separation of variants can 
usually be achieved. Longer genes can be divided into several 
amplicons.

For specific detection of expected SNPs, melting curve analysis 
with probes is more robust (broader shift of melting temperature).
By combining probe melting with amplicon melting, a single 
technique can both detect a specific SNP and scan the whole 
amplicon for additional mutations.

Scanning for genetic variations by high-resolution melting has 
many applications, including polymorphism screening, searching 
for new mutations, determining taxonomy of microbiological 
samples, and methylation analysis.
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