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1. Introduction
A fast, accurate, and cost-effective mutation screening 
technique is important, especially for clinical settings. 
Familial Mediterranean fever (FMF) is an autoinflammatory 
and autosomal recessive disorder that is common in the 
eastern Mediterranean region and particularly affects 
people of Armenian, Turkish, Arab, and non-Ashkenazi 
Jewish ancestry (1,2). The prevalence of the disease is 
1/1000 in Turkey (3). FMF is characterized by recurrent 
fever attacks and is often caused by mutations in the MEFV 
gene, which encodes a protein called pyrin. (4). To date, 
around 30 mutations associated with FMF have been 
reported. Out of these mutations, E148Q, M680I, M694V, 
and V726A are the most common mutations routinely 
screened for FMF diagnosis (5–7).

Meanwhile, thrombophilia is a multifactorial disease 
with significant morbidity and mortality (8,9). Factor V 
Leiden, a mutation in the F5 gene at position 1691, and 
factor II G20210A, a mutation in the 3’ untranslated region 
of the prothrombin gene at position 20210, are the most 
common and routinely screened mutations in hereditary 
thrombophilia (10–12).

A sensitive, accurate, and cost-effective mutation 
screening method is indispensable for routine diagnostic 

screening. There are several different methods for the 
analysis of DNA sequence variations, such as single-strand 
conformation polymorphism (SSCP) (13), restriction 
fragment length polymorphism (RFLP) (14), denaturing 
gradient gel electrophoresis (DGCE) (15), temperature 
gradient capillary electrophoresis (16), denaturing high-
performance liquid chromatography (DHPLC) (17), and 
DNA sequencing. The sensitivity and specificity of these 
methods vary.

DHPLC is one of the most reliable techniques in 
the detection of point mutations. In the presence of 
heterozygote mutations, it detects changes in the melting 
profile of amplified DNA fragment (18). Certainly, DNA 
sequencing is widely accepted as the golden standard 
in mutation detection. However, these 2 techniques are 
expensive and time-consuming.

In 2002, high-resolution melting (HRM) was introduced 
to mutation analysis research. Many applications of HRM 
analysis have been described, including methylation, 
small amplicon genotyping, mutation scanning, and 
unlabeled probe genotyping. This method is based on the 
characterization of DNA sequence variations through the 
analysis of the melting profile of a DNA sample (19). The 
thermal stability and melting behavior of a PCR product 
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depend on its base sequence, GC content, and length. 
HRM does not require post-PCR processing, unlike gel 
electrophoresis or chromatographic separation. Following 
PCR, the melting profiles of the amplicons are monitored 
through fluorescence signal analysis. The melting profile of 
the amplicon bearing a sequence alteration deviates from 
the melting profile of the wild-type sample (20,21).

In this study, the efficiency and sensitivity of HRM 
and DHPLC for the detection of MEFV (E148Q, M680I, 
M694V, and V726A), F51691G>A, and F220210G>A gene 
mutations were evaluated. 

2. Materials and methods
2.1. Samples 
Peripheral blood samples were collected from 34 
patients and 5 healthy controls genotyped for MEFV 
(E148Q, M680I, M694V, and V726A), F51691G>A, and 
F220210G>A mutations. The details of the samples are 
listed in Table 1.
2.2. DNA isolation 
Genomic DNA was isolated from peripheral blood samples 
with phenol/chloroform extraction followed by ethanol 
precipitation. Following DNA isolation, the quantity and 

the quality of samples were assessed with a NanoDrop 
ND-1000 spectrophotometer (NanoDrop Technologies).
2.3. HRM analysis 
Primers were designed using Primer3 software. Primer 
sequences are listed in Table 2.

HRM analysis consists of 3 steps: PCR reaction, DNA 
melting, and data analysis. These analyses were performed 
using the LightCycler 480 High-Resolution Melting 
Master Kit according to the manufacturer’s instructions. 
PCR amplification and HRM analysis were carried out in a 
LightCycler 480 real-time PCR system (Roche Diagnostics, 
Germany) with a 384-well plate.

The PCR conditions for the MEFV (exon 10), F5, and 
F2 genes were: 20 ng of genomic DNA, 10 µL of LightCycler 
480 High-Resolution Melting Master (Roche Diagnostics; 
Taq polymerase, nucleotides, and HRM dye), 0.25 µM of 
each primer, and 2.0 mM MgCl2. The final volume of the 
reaction was 20 µL. The PCR conditions for MEFV (exon 
2) were: 20 ng of genomic DNA, 10 µL of LightCycler 480 
High-Resolution Melting Master (Roche Diagnostics; Taq 
polymerase, nucleotides, and HRM dye), 0.25 µM of each 
primer, 1.2 mM MgCl2, and 5% DMSO. The final volume 
of the reaction was 20 µL.

PCR amplification started with a preincubation step at 
95 °C for 10 min, which included activation of FastStart 
Taq DNA polymerase and denaturation of DNA, followed 
by a 45-cycle program (denaturation at 95 °C for 15 s, 
annealing primer pair-dependent, and elongation at 72 
°C for 15 s, with a single acquisition mode) and finally 
melting with continuous fluorescence measurement 
from 60 to 90 °C (25 acquisitions/°C) and rapid cooling 
at 40 °C. LightCycler and HRM data were analyzed with 
LightCycler software. 
2.4. DHPLC analysis 
PCR for MEFV (exon 10), F5, and F2 genes was performed 
in 25 µL with the following conditions: 2.5 µL of 10X Taq 

Table 1. Samples analyzed in the study.

Mutations Number of samples and genotype

MEFV E148Q 2 (heterozygous)

MEFV M680I 5 (heterozygous)

MEFV M694V 3 (heterozygous) and 1 (homozygous)

MEFV V726A 4 (heterozygous)

F51691G>A 4 (heterozygous) and 3 (homozygous)

F220210G>A 6 (heterozygous) and 6 (homozygous)

Table 2. Primers used for HRM and DHPLC analysis.

Gene Primer Amplicon size

MEFV (exon 2) F: AGCCTGAAGACTCCAGACC
R: AGGCCTTCTCTCTGCGTT 148 bp

MEFV (exon 10) F: TGGGAGCCTGCAAGACATC
R: AAAGAGCAGCTGGCGAATG 244 bp

F5 F:CAGAAAATGATGCCCAGTGC 
R:GCCCCATTATTTAGCCAGGA 218 bp

F2 F: TTCCGCCTGAAGAAGTGGA
R: TCCTGAGCCCAGAGAGCTG 197 bp
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buffer (NH4)2SO4, 1 U of Taq DNA polymerase (5 U/µL), 
25 mM MgCl2, 5 pmol of each primer, 10 mM dNTPs, and 
100 ng of DNA. MEFV (exon 2) PCR was performed in 25 
µL with the following conditions: 2.5 µL of 10X Taq buffer 
(NH4)2SO4, 2 U of Taq DNA polymerase (5 U/µL), 25 mM 
MgCl2, 5 pmol of each primer, 10 mM dNTPs, and 100 ng 
of DNA.

PCR products of the wild-type control and 
homozygous samples were mixed for heteroduplex 
formation. The mixed PCR products were denatured at 95 
°C for 5 min and cooled to 40 °C to produce heteroduplex 
formations. DHPLC analysis was performed with a 
Transgenomic Wave Nucleic Acid Fragment Analysis 
System (Transgenomic). DHPLC melt software was used 
for the optimum temperature for separation heteroduplex 
formations (http://insertion.stanford.edu/melt.html). 
Temperatures were as follows: F5, 57.6 and 59.1 °C; F2, 
58.6 and 59.8 °C; MEFV (exon 2), 64.8 and 68.5 °C; and 
MEFV (exon 10), 59.3 and 60.9 °C. In the same running, 
standards and samples were analyzed. Analysis of samples 
took about 7–8 min.

3. Results 
In this study, MEFV (E148Q, M680I, M694V, and V726A), 
F51691G>A, and F220210G>A mutations were analyzed 
by HRM and DHPLC. The melting curves and DHPLC 
traces of samples were compared with wild-type samples 
to assess the sensitivity and specificity of each method. All 
of the point mutations were detected by HRM, while only 
4 of 6 mutations (MEFV E148Q and M680I, F51691G>A, 
and F220210G>A) were detected by DHPLC. The results 
of the HRM and DHPLC analysis are listed in Table 3 and 
shown in Figures 1–7.

4. Discussion
The detection of clinically important mutations for 
inherited disorder studies is crucial for the diagnosis and 
prognosis of disease. However, the choice of the method 
for mutation screening is not always straightforward. 
To date, several mutation detection techniques, such as 
RFLP, SSCP, HA, DGCE, DHPLC, and DNA sequencing, 
have been developed. DHPLC is one of the most reliable 
techniques for identifying sequence variations and it was 
used for mutation screening in several studies to date 

Table 3. High-resolution melting and denaturing high-performance liquid 
chromatography analysis of samples.

Mutation HRM analysis DHPLC analysis

MEFV gene E148Q + +

MEFV gene M680I + +

MEFV gene M694V + -

MEFV gene V726A + -

F51691G>A + +

F220210G>A + +

                                                   91           

Wild type

Heterozygous

Figure 1. Normalized and temperature-shifted high-resolution melting curves, 
MEFV E148Q.



716

SÜMER ÇELEBİ and ÖZDAĞ / Turk J Med Sci

78              0      1       87           88

Wild type

Heterozygous

2       3      4     5    6     

 100.000

Re
la

tiv
e s

ig
na

l (
%

)

0.000

Wild type

Heterozygous

Homozygous

   
100.000

   0.000

Re
la

tiv
e s

ig
na

l (
%

)

Heterozygous

Temperature (°C)
80 81 82 83 84 85 86 87 88

Figure 2. Normalized and temperature-shifted high-resolution melting curves, 
MEFV M680I.

Figure 3. Normalized and temperature-shifted high-resolution melting curves, 
MEFV M694V.

Figure 4. Normalized and temperature-shifted high-resolution melting curves, 
MEFV V726A.
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Figure 7. A representative DHPLC profile obtained from heterozygous sample 
as compared with the wild type.

Figure 5. Normalized and temperature-shifted high-resolution melting curves, 
F51691G>A.

Figure 6. Normalized and temperature-shifted high-resolution melting curves, 
F220210G>A.
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(22,23). Meanwhile, HRM is another mutation screening 
method that was introduced in the early 2000s. HRM, 
although newer compared to DHPLC, is a well-established 
technique. 

To evaluate the use of a mutation screening method 
in a clinical setting, different mutations should be tested 
with the method of choice. BRCA1, BRCA2, BRAF 
(V600E) c-KIT, and PDGFRA gene mutations were shown 
to be effectively detected by DHPLC (24–26). For HRM, 
a closed-tube method with no need for postprocessing 
has been used in several studies, including detection 
of the KRAS mutations, MYD88 L265P mutation, RET 
protooncogene, and CDKL5 gene mutations (27–30).

In this study, we investigated the effectiveness of 
HRM in the detection of MEFV (E148Q, M680I, M694V, 
and V726A), F51691G>A, and F220210G>A mutations 
and compared the sensitivity of the technique with 
DHPLC. All point mutations were successfully detected 
by HRM  analysis and only 4 of the 6 were detected by 
DHPLC. 

There are several studies comparing HRM with DHPLC. 
The detection of BRAFV600E mutations by DHPLC and 
HRM was evaluated and the results of that study showed 
that DHPLC and HRM can both be reliably used for 
the detection of this mutation (31). In another study, all 
coding exons of TSC1 and TSC2 were analyzed using 
DHPLC and HRM. The sensitivities of HRM and DHPLC 

were estimated as 95% and 75% and the specificities were 
assessed as 91% and 98%, respectively. Based on these 
results, the authors concluded that their HRM protocol 
can be used for TSC gene mutation screening for clinical 
applications (32).

To evaluate the efficiency and sensitivity of HRM 
compared with DHPLC for the detection of genetic 
variations, different investigations including LMNA, 
SCN5A, and ABCA4 gene mutations were conducted 
(33–35). In those studies, HRM was found to be faster 
compared with DHPLC; moreover, HRM showed better 
sensitivity and specificity than DHPLC.

In the present study, HRM detected all of the point 
mutations, whereas DHPLC could detect only 4 out of 6 
mutations. Our results indicated that HRM is the more 
sensitive technique in the detection of MEFV M694V and 
V726A mutations.

HRM is an accurate, cost-effective, fast, and high-
throughput technique. The technique has considerable 
potential for the detection of DNA sequence variations for 
both research and diagnostic applications.
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