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Introduction to High Resolution Melting (HRM) and Gene Scanning
High Resolution Melting (HRM) is a novel, homogeneous, close-tube, post-PCR method, enabling genomic researchers to analyze genetic variations (SNPs, mutations, methylations) in PCR amplicons. It goes beyond the power of classical melting curve analysis by allowing to study the thermal denaturation of a double-stranded DNA in much more detail and with much higher information yield than before.
 
One key application of HRM is gene scanning - the search for the presence of unknown variations in PCR amplicons prior to or as an alternative to sequencing. Mutations in PCR products are detectable by HRM because they change the shape of DNA melting curves. A combination of new-generation DNA dyes, high-end instrumentation and sophisticated analysis software allows to detect these changes and to derive information about the underlying sequence constellation.
 
By adding a HRM PCR Master and a special gene scanning analysis software to the highly versatile LightCycler® 480 System, Roche Applied Science offers the first fully integrated, real-time PCR-based gene scanning solution in multiwell plates. 

Advantages of HRM as a Method for Gene Scanning
High Resolution Melting provides high specificity and sensitivity and allows to process high sample numbers more conveniently and at much lower cost than traditional, non-homogeneous (gel-based) mutation screening methods (e.g., dHPLC) that require amplicons to be screened for variants on a separate instrument after PCR.
 
With HRM, any amplicon can be screened for unknown sequence variants with a single high-resolution dye. Allele-specific primers or probes to target specfic variants are not needed, and variants can be detected regardless of their position within the fragment.
 
Amplification reactions can be checked online for performance to make sure that analysis is based on samples with comparable DNA amount (similar Cp values). 

The LightCycler® 480 Gene Scanning Workflow
Gene Scanning by High Resolution Melting Curve Analysis generally requires the use of 

· a special generic DNA dye that works at high, saturating concentrations without inhibiting PCR and therefore leads to homogeneous staining of homo-or heteroduplex DNA
 

· an instrument with suitable excitation/emmission wavelengths, high data acquisition rates, and outstanding temperature homogeneity
 

· a software algorithm that analyzes the shape of the melting curves and groups those that are similar.

All these prerequisites are met by the LightCycler® 480 HRM/Gene Scanning products.
 
In a LightCycler® 480 Gene Scanning experiment, sample DNA is first amplified via real-time PCR in the presence of a proprietary saturating DNA dye contained in the LightCycler® 480 High Resolution Melting Master. A melting curve is then performed using high data acquisition rates, and data are finally analyzed using the LightCycler® 480 Gene Scanning Software Module.
 
The LightCycler® 480 Gene Scanning Software has been developed specifically to provide the most accurate analysis of High Resolution Melting curves. The analysis is done in three basic steps (see Fig. 1): 

1. Normalization: the pre-melt (initial fluorescence) and post-melt (final fluorescence) signals of all samples are set to uniform, relative values from 100% to 0%.
 

2. Temperature shifting: the temperature axis of the normalized melting curves is shifted to the point where the entire double-stranded DNA is completely denatured. Samples with heterozygous SNPs can then be easily be distinguished from the wild type by the different shapes of their melting curves. 
 

3. Difference Plot: the differences in melting curve shape are further analyzed by subtracting the curves from a reference curve. This helps cluster samples automatically into groups that have similar melting curves (e.g., those who are heterozygote as opposed to homozygotes). 

When a mutant sample is compared to a reference, changes in the melting curves due to mutations are visible. In principle, High Resolution Melting experiment can detect both homozygous and heterozygous allelic variants in a sample. Most importantly, DNA from heterozygous human samples forms heteroduplices that begin to separate into single strands at a lower temperatur and with a different curve shape than homozygote DNA. Depending on the individual sequence, the different homozygotes give distinguishable melting curves in certain cases, too. Rather than being different in shape, their melting curves are displaced along the temperature axis (x-axis) relative to the "wild type" (see "Application Examples", Fig. 3; below).
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Fig. 1 Steps used by the LightCycler® 480 Gene Scanning Software algorithm to separate heterozygote from homozygote (wild-type and/or mutant) samples. A known SNP (C→T) in the human MDR1 gene was chosen as a model to demonstrate the analysis of 106bp PCR products obtained with the LightCycler® 480 High Resolution Melting Master. See text for details on each calculation step. 

Roche Applied Science products for High Resolution Melting
To offer an integrated HRM solution, Roche Applied Science now introduces the follwing products:
 

	 Product name
	 Cat.No.
	 Description

	LightCycler® 480 High Resolution Melting Master
	04 909 631 001
	optimized 2x conc. PCR master mix containing a novel proprietary HRM dye

	LightCycler® 480 Gene Scanning Software
	04 980 336 001
	New optional analysis module provided as part of the LightCycler® 480 1.3 Software Update



 
The 2x concentrated LightCycler® 480 High Resolution Melting Master contains FastStart Taq DNA Polymerase and a novel High Resolution Melting Dye in a reaction buffer that contains no MgCl2. The Master is compatible with additives (e.g., DMSO) that enhance amplification of GC-rich sequences. A separate 25 mM MgCl2 stock solution, supplied together with the Master, allows to easily optimize the Mg2+ concentration if required. 

Why use the LightCycler® 480 System as Gene Scanning platform?
The LightCycler® 480 System is currently the only available platform offering HRM-based gene scanning as an integrated solution on a plate-based Real-Time PCR Instrument. Hardware, software and dye-containing HRM master mix have been developed in a concerted manner and are optimally designed to work together to support this novel application. The entire gene scanning experiment can be done on the same instrument for throughputs of up to 384 samples, and post-PCR analysis does not require a separate device.  
As for the benefits of the individual products,
 
The LightCycler® 480 High Resolution Master 

· contains a novel dye that is not toxic to amplification enzymes and doesn't interfere with PCR performance when added during reaction set-up

· is stable and robust in handling, e.g., when used in automated workflows

The LightCycler® 480 Gene Scanning Software 

· includes various sensitivity options to make sure no variant goes undetected

· allows easy access to other LightCycler® 480 analysis functions (e.g., Tm analysis to check PCR specificity, Cp calling to check PCR efficiency)

Application examples
All experiments shown below were performed on the LightCycler® 480 Instrument using the LightCycler® 480 High Resolution Melting Master and analyzed using the LightCycler® 480 Gene Scanning Software.
 
In general, human genomic DNA was purified from independent blood donors and PCR run in triplicates. Analysis was done by normalization and temperature-shifting of fluorescence data, followed by plotting of the difference in fluorescence between each sample and a sample known to be wild-type. 

· Example 1: Amplicon melting to screen for heterozygotes

· Example 2: Homozygote differentiation by amplicon melting

· Example 3: HRM analysis resolves complex patterns of genetic variation
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· Example 5: Diplotyping of adjacent SNPs using an unlabled probe
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Example 1: Amplicon melting to screen for heterozygotes
Fig. 2 High resolution melting curve analysis reveals differences between homozygous and heterozygous samples: (A) A 163bp fragment of the human ADD1 gene containing a G → T mutation was amplified from 96 independent blood samples in the presence of HRM dye. Difference plot analysis allowed to differentiate between homozygous (wild-type or mutant, blue) and heterozygous (red) samples.
  
· Example 2: Homozygote differentiation by amplicon melting
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Fig. 3 High resolution melting curve analysis reveals differences between wild-type and variant sequences: (A) A 163bp fragment of the human LPLH3 gene containing a G to T mutation was amplified from 96 independent blood samples in the presence of HRM dye. Difference plot analysis allowed to differentiate between wild-type (green), homozygous mutant (red) and heterozygous (blue) samples.
  
· Example 3: HRM analysis resolves complex patterns of genetic variation
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 Fig. 4 A HRM analysis done on a 219 bp human MBL-2 gene fragment (384 samples) revealed a total of four main genetic subgroups (blue, red, green and olive) as well as a few samples of two additional genotypes (orange and magenta).
  

· Example 4: Probe-free diplotyping of two adjacent SNPs
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Fig. 5 Segregation of haplotypes (combinations of adjacent SNPs) by High Resolution Melting: (A) A 136bp fragment of the human TNF alpha gene containing SNP-1: rs10489266 (A to G) and SNP-2: rs1234315 (C to T) was investigated. Analysis with the LightCycler® 480 Gene Scanning Software allowed to differentiate samples homozygous at both loci (green, red), heterozygous at only one (blue, cyan) or at both (pink) loci.
  

· Example 5: Diplotyping of adjacent SNPs using an unlabled probe
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Fig. 6 Diplotyping of adjacent SNPs using an unlabeled probe. The same samples as in Fig. 5 were melted in the presence of the depicted unlabeled 29bp-oligonucleotide. Analysis was done using the LightCycler® 480 Tm calling module to study the pattern of resulting melting peaks. Note that the analysis was done at much lower temperature than the amplicon melting in Fig. 5. Allowing to make further distinctions within the groups of homo- or heterozygotes, respectively, the result obtained in presence of the probe goes beyond the one obtained with amplicon melting alone.
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