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INTRODUCTION
High resolution melting (HRM) is a set of widely used 
genetic screening tools enabling investigators to 
rapidly screen or scan samples for the detection of any 
sequence variants before proceeding to sequencing. In 
addition, HRM provides straightforward genotyping of 
known mutations such as SNPs at a medium to high 
throughput scale. 

CONCLUSIONS
In this study HRM proved to be a fast, accurate, and cost effective genotyping 
method that can be used to identify disease resistance and cultivar identifi-
cation. HRM greatly improves turnaround time, increases sample throughput 
capabilities and reduces the running cost in comparison to capillary electro-
phoresis. This example demonstrates the utility of integrating HRM techniques 
into a plant diagnostics or research laboratory, which can decrease costs and 
improve results.

RESULTS
Each Lunaprobe assay was challenged by testing at least 50 samples of 
DNA isolated from resistant, susceptible and heterozygous samples which 
had previously been genotyped using a current crop screening meth-
od, sequence characterized amplified region (SCAR) marker method 
which uses strain specific PCR primers. The samples and the strain spe-
cific primers are amplified using PCR. Then the amplified products are the 
run on a gel. The different strains are identified by having a specific band 
signature on the gel (interpreted results reported, gel data not shown). 

In each case all assays could differentiate the resistant, susceptible, and 
heterozygous samples and showed 100% concordance with the current gel-
based genotyping practices (See table 1).  An advantage of HRM over aga-
rose gel electrophoresis for mutation genotyping is that HRM does not require 
post PCR manipulation of the sample, reducing the risk of contamination and 
sample mix-ups. In addition, a type of within-sample multiplexing is achieved 
with LunaProbe chemistry and analysis. In general, the smaller (14-50 base 
pairs) unlabeled probe will melt first and create a probe signal at a lower Tm, 
than the larger (100-300 base pair) amplicon, which will melt at the higher Tm. 
In Figure 2A the two homozygous samples and the heterozygous samples are 
differentiable in both the LunaProbe peaks as well as the higher temperature 
amplicon peaks. However, in Figure 2B, 2C and 2D the homozygote samples 
are not clearly separated by amplicon melting but are clearly differentiated us-
ing LunaProbe analysis.

MATERIALS AND METHODS
In this study we used an HRM technique using LunaProbes® (unlabeled probe) chemistry (See figure 1).  LunaProbe assays were designed to genotype a variety of SNPs in 
different crops:  the Tm2 locus for tomato mosaic virus resistance, the Ve1 locus for verticilium wilt disease resistance, the Mi locus for nematode resistance in Solanum lycop-
ersicum (tomato), and the Cor locus for corky root resistance in Lactuca sativa (lettuce) (see figure 2). LunaProbe assays use three oligonucleotides, the forward and reverse 
primers and the probe. The forward and reverse primers are usually designed to produce an amplicon of 100-300 base pairs in size and the probe needs to be blocked on the 
3’ end so that the polymerase cannot extend it. For optimal probe signal LunaProbe assays require asymmetric PCR in which the forward and reverse primers are present in 
unequal concentrations. In most cases a primer ratio between 1:5 or 1:10 works well. The asymmetric primer concentrations produce an excess of the target strand allowing the 
unlabeled probe to hybridize to its target. After PCR the 96 or 384 well plates were transferred to the LightScanner® instrument for a 5-7 minute HRM protocol. Melting curves 
are produced from the probe: amplicon duplex formation as well as the double stranded amplicon duplex. Genotypes were determined by comparing melting curve shapes of 
the Lunaprobe: amplicon duplexes. The assays used LightScanner® Master Mix that contains the double stranded DNA dye LCGreen®Plus (Idaho Technology, Inc.).  

Table 1: Mi LunaProbe assay vs. SCAR Results

SCAR marker data Luna probe data
HR R S HR R S

39 6 5 39 6 5

HR - Heterozygous resistant
R - Resistant
S - Susceptible

Figure 2: LunaProbes Genotyping

TM2 Resistant sample
TM2 Susceptible sample
TM2 Heterozygous resistant sample

Figure 2A: High resolution melting data from the TM2 LunaProbe assay 
performed on a Lightscanner 96 instrument. Each sample was run in 
quadruplicate. The homozygous resistant (Tm= 59°C), homozygous 
susceptible (Tm= 66°C) and heterozygous resistant (Tm= 59°C and 66°C) 
genotypes are easily distinguishable.

Figure 2A: Tm2 LunaProbe Assay High Resolution DNA Melting Results

Figure 2C: Mi LunaProbe assay High Resolution DNA Melting Results
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Figure 2C: High resolution melting data from the Mi LunaProbe assay 
performed on a Lightscanner 96 instrument. Each sample was run in 
quadruplicate. The homozygous resistant (Tm= 67°C), homozygous 
susceptible (Tm= 71°C) and heterozygous resistant (Tm= 67°C and 71°C) 
genotypes are easily distinguishable.

Figure 2B: Ve1 LunaProbe Assay High Resolution DNA Melting Results
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Figure 2B: High resolution melting data from the Ve1 LunaProbe assay 
performed on a Lightscanner 384 instrument. Each sample was run 
with 7 replicates. The homozygous resistant (Tm= 53°C), homozygous 
susceptible (Tm= 59°C) and heterozygous resistant (Tm= 53°C and 
59°C) genotypes are easily distinguishable.

Figure 2D: Cor LunaProbe Assay High Resolution DNA Melting Results

Cor Resistant sample
Cor Susceptible sample
Cor Heterozgous resistant sample

Figure 2D: High resolution melting data from the Cor LunaProbe assay 
performed on a Lightscanner 96 instrument. Each sample was run in 
triplicate. The homozygous resistant (Tm= 67°C), homozygous sensitive 
(Tm= 60°C) and heterozygous resistant (Tm= 60°C and 67°C) genotypes 
are easily distinguishable.

Figure 1: LunaProbes Assay Design

LunaProbe 

 = Forward Primer   = Reverse Primer

 = Probe Element  X = SNP

- Advantages:
• Amplicon size ranges from   

75-300bp
• Gives a probe peak (for 

genotyping) and an amplicon 
peak (for scanning)

• Can detect mutant allele 
fractions down to 5%

- Disadvantages:
•  Requires Asymmetric PCR
•  Requires 3 oligos (2 primers 

and a probe)
• The probe must be blocked 

(costs more to synthesize)


