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Method Validation of a High Resolution Melting Analysis
of a Candidate Genetic Marker of Hypertension
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Abstract

Objectives. The study aimed to validate a high resolution melting (HRM) — polymerase chain reaction (PCR) based
method for analysis of ATP2B1 rs2681472, a candidate genetic marker for hypertension. Specifically, the study aimed
to establish method accuracy, inter- and intra-day precision, instrument detection limits (IDL) and linearity.

Methodology. DNA samples from whole blood of selected respondents of the 2008 National Nutrition Survey (NNS)
were analyzed for ATP2B1 rs2681472, following the HRM-PCR method. Analytical validation parameters such as
method accuracy, inter- and intra-day precision, IDL and assay linearity were evaluated.

Results. The data obtained using HRM conformed to data obtained from the current gold standard, which is direct DNA
sequence analysis. Precision of the method is shown in the low intra-day and inter-day coefficients of variation of
0.11% and 0.14% respectively. The IDL was found at 1x1072 ng DNA. Correlation coefficient using the method has met
the acceptance criteria for linearity that is equal to 0.98.

Conclusion. HRM-PCR was successfully applied for analysis of ATP2B1 rs2681472. HRM is a highly commendable
tool that can identify existence of polymorphisms in a genome which may be related to or which may cause

hypertension. The method was found to be accurate and precise.
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INTRODUCTION

Molecular tests to detect disease-related genes are now
widely used in many clinical laboratories worldwide.'?
Direct sequencing technique is considered as the gold-
standard approach for genotyping analysis. However, its
limitations include low throughput and high cost, making
genetic analysis Many
techniques have been developed to minimize the use of
direct sequencing and control costs while maintaining
accuracy and efficiency. Early methods, such as single-
stranded conformation polymorphism analysis (SSCP) and
denaturing gradient gel electrophoresis (DGGE), are labor

laborious and expensive.*

intensive and require considerable technical skills.5¢
Denaturing high performance liquid chromatography
(DHPLC) is highly reliable only when gene targeting
strategies are well-designed and analysis temperatures are
optimized.” More recently, pyrosequencing, fluorescently
labeled hybridization probes
genetic analyses have become popular methodologies,
however, they are still considered costly because of highly
technical post-data processing and analysis.®

and microarray-based
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High (HRM) using
applications of real-time PCR assays, is a well-established,
closed tube, rapid, and cost-effective genotyping technique
that is based on the analysis of the melting profile of PCR
products, using intercalating fluorescent dyes to monitor

resolution  melting analysis,

the transition during heating.’ This real-time PCR analysis
method scans entire DNA and detects sequence variations
and single base changes (SNPs) via monitoring of the
change from gradual
temperature-dependent release of intercalating fluorescent
dyes. Discrimination between homozygous genotypes is
represented by a slight shift in the melting temperature
(Tm), while heterozygous genotypes by a change of the
melting curve profile.’® In comparison with other real-time
PCR methods, low-cost fluorescent dyes are used in HRM
technique, which requires less optimization rather than
other methods such as TagMan, Fluorescence Resonance
Energy Transfer and molecular beacons.!"'* Many recent
publications have documented the successful use of HRM
on several platforms for mutation scanning/genotyping,
scanning and genotyping,
methylation profiling and genotyping with unlabeled
probes. 1418

in fluorescence that results

simultaneous mutation
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Hypertension belongs to the alarming category of complex
human diseases that cause significant morbidity and
mortality worldwide. Unfortunately, despite
advances in understanding and treating hypertension, its
prevalence continues to rise.’*?! Hypertension may result
from the combined effects of poor lifestyle choices and
genetics.  While modest lifestyle and  dietary
recommendations can prevent high blood pressure, inter-
individual response indicates that the etiology of
hypertension likely varies considerably among patients.
Indeed, studies of ambulatory blood pressure
measurements in twins suggest that essential hypertension
has a strong genetic component.?? In fact, large-scale
genome-wide association studies (GWAS) have shown
great success in identifying candidate genetic markers
associated with blood pressure and hypertension.?> The
HRM is a simple and cost effective post PCR technique,
enabling researchers to analyze genetic variations (i.e.,
SNPs) which may contribute to the development of
hypertension. However, it requires method validation
before it can be used for routine diagnostic applications.

recent

Method validation is a standard procedure used to
confirm that the analytical procedure employed for a
specific test is suitable for its intended use.? It involves
establishing performance characteristics and limitations of
a proposed method and the identification of factors and
variables which may change these characteristics and to
what extent. Validation can be seen as a process to
determine whether the laboratory is performing the
correct or high quality test. According to the Organization
for Economic Cooperation and Development (OECD)
guidelines for Quality Assurance in Molecular Genetic
Testing (2007), there is an obligation for laboratories to
provide high quality results.?> Therefore, all methods
implemented within a routine setting must be duly
validated prior to their intended use.

In this study, the researchers evaluated an HRM-based
method for molecular analysis of ATP2B1 rs2681472, a
candidate genetic marker of hypertension using blood
samples extracted from selected Filipino respondents of
the 2008 National Nutrition Survey (NNS).20%” Specifically,
the study aimed to establish method accuracy, inter- and
intra-day precision, instrument detection limits and
linearity.

METHODOLOGY
DNA template preparation

Extracted anonymized DNA samples from whole blood of
selected respondents of the 2008 NNS were used for the
study. The 2008 NNS employed the stratified multi-stage
sampling frame of the Labor Force Survey (LFS) of the
National Statistics Office (NSO). For this study, a total of
seventy (70) participants, aged 20 years and over, were
enrolled particularly those who met one of the following
inclusion criteria: high blood pressure (SBP 2130 mm Hg,

Vol. 30 No. 1 May 2015

Mark Pretzel Zumaraga, etal 19

DBP 285 mm Hg), impaired or elevated fasting blood
sugar (110 - 2126 mg/dL), and abnormal blood lipid profile
(total cholesterol>200 mg/dL; LDL -c 2130 mg/dL; HDL-c
<40 mg/dL; triglyceride 2150 mg/dL). All the respondents
signed an informed consent prior to conduct of DNA
extraction from their whole blood specimens, following
the Dried Blood Spot protocol of the QIAmp® DNA Mini
Kit. The informed consent stated that the researchers will
use  the  participants’  blood
DNA/genotyping applications. The research protocol was

specimens  for

approved and cleared for implementation by the FNRI
Institutional Ethics Review Committee with Registry No.
2012-05-10-0005-2.

The quality of DNA was assessed based on amplification
of GAPDH gene, a human endogenous control (size = 256
bp). The GAPDH products were visualized in 2% agarose
gel, ran in parallel with DNA positive control (Roche®
Human Genomic DNA). The ability to amplify large (>200
bp) PCR products is predictive of high quality DNA. DNA
amplification of DNA extracts remains a useful means of
determining DNA quality.?*? DNA was properly stored in
AE buffer (Qiagen) solution and kept frozen at -40°C until
further use.

Primer design and test for specificity in silico

Primer set specific for human ATP2B1 rs2681472 was
designed using Primer3'™ software.’® Forward and reverse
primers targeted the region flanking SNP rs2681472 at
chr12:90008959 (GRCh37/hg19). To ensure specificity of
the chosen primer set sequences to the target gene,
National Center for Biotechnology Information-Basic Local
Alignment Search Tool (NCBI-BLAST) database was
accessed. A 100% homology was obtained corresponding
to a highly similar sequence to that of the target SNP with
amplicon size of 121 base pairs.

Forward sequence:5 GCTACTTTTCTCACTTTCACTTGC 3
Reverse sequence: 5 TTCTGAGGATGTGGCATTTG 3

The oligonucleotide sequences were submitted to Life
Technologies (Invitrogen) for synthesis using standard
cyano-ethyl phosphoramidite chemistry.

Target SNP amplification and HRM analysis

The method for HRM-PCR SNP analysis was adapted
from Biorad™ Precision Melt Supermix Application Note
No. 10022094 with minor modification.’! Briefly, the real-
time PCR (20 pL) reaction was composed of 10 uL 2X
SsoFast™ EvaGreen® Supermixes (Bio-Rad Laboratories,
Hercules, CA), forward and reverse primer solution (3 uL)
specifically targeting the 121 bp DNA fragment, nuclease-
free water (3 uL) and DNA extracted from clinical and
DNA positive control (4 puL). The reactions were set up in
triplicates, in 96 well PCR plate and run on a CFX96®
Real-Time PCR system (Bio-Rad). The CFX Manager™
software (Bio-Rad) was used to set up the sample
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arrangement on the PCR plate, to define PCR conditions,
to monitor the amplification in real time and to view
melting curves. The cycling parameters of PCR were as
follows: 95°C for 2 min followed by 35 cycles of 95°C for
10's, 60°C for 30 s, 72°C for 30 s, and then a hetero-duplex
formation step including 95°C for 10 s and 60°C for 1 min.
After the PCR amplification steps, melt curves for the
products were generated by heating in 0.2°C increments at
a rate of 10 s/step for temperature range 65-95°C.

Post-PCR HRM analyses

Analysis of melt curves were performed using Precision
Melt Analysis™ software (Bio-Rad) by normalization and
temperature-shifting of fluorescence data, followed by
plotting of the difference in fluorescence. Data that are
similar to each other were ‘clustered” by the software and
assigned a cluster number. The melt curves corresponding
to each cluster were color coded for easy visualization. The
cluster detection settings include melt curve shape
sensitivity (default value of 50% clustering) and melting
temperature (Tm) difference threshold (default of 0.15
degrees).

Analysis of SNPs using human blood samples and
Determination of Method Accuracy

A total of 70 anonymized extracted DNA samples were
analyzed for SNPs detection of ATP2BI, following the
HRM-PCR method. Of these, eight different samples
coming from each HRM curve were sent to DNA
sequencing services laboratory to confirm identity of
the sequences grouping on every curve. The sequences
were  identified  using the nucleotide  Basic
Local Alignment Search Tool (nucleotide BLAST,
http://blast.ncbi.nlm.nih.gov/Blast.cgi) and aligned
using MultAlin software (http://multalin.toulouse.inra.fr/
multalin/). Concordance between the melting analysis and
sequencing was and presented in %
concordance. The higher the concordance with the known
gold standard of measurement generally indicated higher
accuracy of SNP genotype calls.

determined

Determination of inter- and intra-day precision

To assess the repeatability of the real-time PCR protocol,
the intra-assay and inter-assay coefficients of variation
(CV) were evaluated, based on the measured Tm, as
derived from the HRM curve. The precision of a
laboratory procedure is conveniently expressed as
coefficient of variation of a series of measurements. For
intra-day-assay CV calculation, standard DNA samples
were prepared in five replicates at one concentration level
in one trial run. For interday-assay CV calculation, the
same DNA samples were analyzed in three different trial
runs performed on five different days using freshly
prepared reagents.

www.asean-endocrinejournal.org
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Determination of Instrument Detection Limit (IDL) and
Limit of Quantification (LOQ)

The IDL was detected using a very low concentration of
DNA template containing the SNP of interest. Five
containing equal of DNA
template were prepared to establish IDL and LOQ of the
assay. The Cq values of each solution were noted and IDL
and LOQ were calculated according to the following
formulas:

solutions concentrations

LOD= x» + 3SD; xv =mean value; SD = standard deviation
LOQ= x» + 10SD; x» =mean value; SD = standard deviation

Determination of linearity and PCR efficiency

Freshly prepared serial dilutions (ten-fold) of amplified
DNA samples were prepared. The dynamic range covered
at least 5 orders of magnitude or level of DNA
concentrations. Linearity of the protocol was assessed by
graphically plotting the amplification of the DNA
template (in relative fluorescence unit) versus different
concentrations (in Cq values) of the DNA template.

RESULTS AND DISCUSSION

One approach to the detection of DNA variation is
through HRM technology. The technique requires the use
of standard PCR reagents with incorporation of saturating
dsDNA binding dye. This closed tube method has
advantages over current mutation scanning techniques
since it requires no post-PCR handling and no separation
step, which improves analysis time.” Hence, more
analysis can be done in a short time with minimal risk of
cross-contamination. HRM analysis starts with PCR
amplification of the region of interest in the presence of a
dsDNA binding dye. Amplification is followed by a high
resolution melting step using instrumentation capable of
capturing a large number of fluorescent data points per
change in temperature. Melting temperature differences of
PCR products are not always useful for genotype
discrimination. However, high-resolution melting of PCR
products with dsDNA dyes has been shown to identify a
single base pair change in amplicons as large as 544 bp.%
Utility of this application was validated in-house to
identify SNPs residing within ATP2B1 gene, particularly
rs2681472, a candidate genetic marker of hypertension,
using selected DNA samples collected from the 2008 NNS.
Figure 1 shows the results of the HRM analysis (n=70). The
HRM data were analyzed using the Precision Melt
Analysis Software generating melt curve (fluorescence vs
temperature). The software allows automated clustering of
related sequences based on Tm shifts and melting curve
shape. Figure 1A shows that there exists three SNP
genotypes among the 70 analyzed samples. In HRM, melt
curves formed from two different homozygous genotypes
are discriminated against by Tm shifts. Whereas the
heterozygous genotype is readily distinguished by
formation of four duplexes following PCR: two
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Table 1. Comparison between genotypes determined using HRM analysis and Sanger direct sequencing of 8 samples

collected from 2008 NNS.

Sample Code 8047672 7328134 8047655 8028421 7328120 7317634 8028325 7317509 Concordance CI?:::as
HRM CT CcC CC TT CC TT CT TT 100% 1.00
Direct sequencing CT cC cc 1T cc TT CT 1T ° :

heteroduplexes and two homoduplexes, giving a skewed
composite melting curve. To visualize the three genotypes
(CC, CT and the TT risk genotype) clearly, melt curves
were then converted to negative first derivative melting
plots/ temperature-shifted difference curve (Figure 1B)
that revealed melting transitions of the hybrids as peaks.
The assignment of the peaks, generally, followed that
single peaks corresponded to homozygous genotype and
two peaks for genotype.
homozygous genotypes, identification of peaks was
performed based on hydrogen bond pairing: G-C base
pairing that have three hydrogen bonds between them is
expected to have a higher melting temperature than DNA
with A-T base pairing with only two hydrogen bonds.
Hence, comparison between homozygous genotypes will
produce higher melt behavior (stronger H bonding) on CC
genotype than TT genotype.

heterozygous Between

Normalized, Temperature-Shifted Melt Curve

Normalized RFU

75 76 if 78 79 80 81
Shifted Temperature

(a)

Temperature-Shified Diflerence Curve

Difference RFU

1 Legend:

st Red-CC
1 Blue-TT

20+ Green-CT

Shifted Temperature
(b)

Figure 1. (a) CFX96 HRM normalized graph. Genotypes
were readily distinguished from the graph. The plot
demonstrates the sharp decrease in fluorescence when
the double-stranded DNA melts into its single-stranded
form (b) CFX96 HRM temperature-shifted difference curve.
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Accuracy of the method was evaluated by comparing
results generated from HRM profiles to that of direct DNA
sequencing (Figure 2). In direct DNA sequencing, since
humans are diploid species, a single peak position within a
trace of DNA sequencing electropherogram may have two
peaks of different colors, corresponding to two different
bases, instead of just one (heterozygous genotype behavior).
Hence inspection of actual electropherogram using Bioedit®
software was necessary to detect the base present in the
polymorphic region. For example, sample 8047672 was
called as TT genotype by the auto base caller of the
sequencing machine, but looking at the electropherogram, a
clear heterozygous SNP was observed, thus, the call was
given to the actual sample as CT genotype (Figure 2a). The
rest of the samples which had no existence of double peaks
were called either as homozygote CC (Figure 2b) or TT
(Figure 2c). Notably, from the samples that were subjected
for sequencing, results were concordant (100%, Cohen’s
kappa = 1.00) with data from HRM analysis, thus, implying
the method is accurate (Table 1). Several molecular methods
for analyzing genetic markers may be used to establish
ATP2B1 SNP typing accuracy aside from DNA direct
sequencing. The earliest studies were based on methods
such as denaturing gradient gel electrophoresis and
restricion enzyme digestion of PCR products.>® More
pyrosequencing, labeled
hybridization probes, and microarrays, however considered
costly methodologies, are equally advisable to be used as
reference technology to assess accuracy of HRM.#

recently, fluorescently

Determination of method precision was conducted in two
ways: determination of within day repeatability and on-
different day reproducibility using amplicon Tm as
reference value. Tm is the temperature at which one-half of
a particular DNA duplex dissociates and becomes single
strand DNA. To visualize the Tm more clearly, the negative
first derivatives may also be applied, as seen in Figure 3.
The Tm can be used for assay repeatability since the values
vary depending on factors such as the concentration of
standard PCR reagents, dsDNA binding dye, DNA, and
the rate of transition melting. Figure 3 revealed the within-
day repeatability of the method analyzed five times by a
single analyst. Values obtained for melting point per assay
were very close as shown in the figure and confirmed by
computed coefficient of variation (CV) of 0.11% indicating
that within-day repeatability of the method was precise
(Table 2). The within-day precision includes the
contributions from any part of the procedure that varies
within a run, including contributions from the pipetting
(20 ul),
heterogeneity of the test material, and variation in the

errors due to small mastermix volume

chemical treatment stages of the analysis.
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8047672 (CT)

£
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(a)

8047655 (CC)

{
|
(b)

Ll < R

7317634 (TT)

f\ & Y

(c)
30 40 50 60

0

8047672 GTTGCARTCTGATGGTTCATAGTGGETC TRLCATGTAA
1326134 GryGCARTCTGATGETTCATAGTGGGTCTGCCATGTA
8047655  GTTGCARTCTGATGGTTCATAGTGGGTCTGCCATGTA
8028421  GTTGCARTCTGATGETTCATAGTGGGTCTGCCATGTA
7328120 GTTGCARTCTGATGGTTCATAGTGGETCTGCCATGTA
1317634 GTTGCARTCTGATGGTTCATAGTGGGTCTGCCATGTA
8028325 GTTGCARTCTGATGGTTCATAGTGGGTCTGCCATGTA
7317509  GTTGCARTCTGATGGTTCATAGTGGGTCTGCCATGTA
rs2681472 GGTTCATAGTGGETCTGCCATGTA
Consensus  gttgcaatctgatGGTTCATAGTGEGTCTGCCATGTAR

(d)

Figure 2. Sequencing data of representative for each
genotype (a) CT genotype (b) CC genotype (c) TT genotype
(d) Base calls were aligned using MultAlin software
(http://multalin.toulouse.inra.fr/multalin/), accessed in
November, 2012. Sequencing was conducted by Macrogen,
Inc. in Seoul, South Korea.
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Figure 3. Results of within-day precision of ATP2B1
amplification assay (sample 8047655 (CC genotype)). The
peak is the point where 50% of the PCR products in the
sample are denatured.

Table 2. Within-day assay repeatability using the sample
8047655 (CC genotype), ran five times by a single analyst.

Parameters cc
8047655
Number of trials 5
Mean Tm 78.44
Standard Deviation 0.089
CV (%) 0.11
Similarly, result for inter-day or on-different day

reproducibility was found to have a very low %RSD of
0.14% (Table 3). This showed that method for ATP2B1 SNP
typing was precise when analyzed on different days under
a single analyst and analytical conditions. The inter-day
precision measures precision variation with time. The
variation accounts for additional day-to-day modifications
in the analytical system, [e.g. changes of batches of
reagents, recalibration of instruments, and the laboratory
environment (e.g. temperature changes)].

Table 3. Inter-day assay using the sample 8047655 (CC
genotype), ran on different days by a single analyst.

Parameters cc
8047655

Number of days analyzed 5

Mean Tm 78.45

Standard Deviation 0.108

CV (%) 0.14

The LOD and LOQ were determined using a very low
concentration of DNA template containing the SNP of
interest as shown in Figure 4. It is useful to state or
establish a concentration value limit at which reliable
quantification can be made. The values obtained for LOQ
(Table 4) represents the value at which the laboratory has
demonstrated the ability to measure within the prescribed
performance establishes  the
concentration at which data may be reported with

criteria. It lowest

confidence in the quantitative accuracy of the data.

Table 4. LOD and LOQ of the assay.

Parameters Cq value Template concentration (ng)
LOD (x, + 3SD) 30.12 1x10°
LOQ (x, + 10SD) 25.05 1x10™
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Amplification
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Figure 4. lllustration of LOD of the assay (>30 Ct), LOQ
can be readily computed from results of LOQ.

Linearity and PCR efficiency of the method were
determined using high concentration of DNA amplicon.
Serial dilutions were performed covering five standard
points from the highest concentration to the instrument
detection limit. Serial dilution per concentration was
performed thrice per sample. The instrumental responses
in terms of number of cycles, Cq (y-axis) were plotted
versus starting DNA concentration (x-axis). Figure 5
shows the linear plot, equation of the line of the generated
curve, slope of the line and the linearity coefficient (r) of
the assay. A linear relationship exists between the Cq and
RFU signal since correlation coefficient has met the
acceptance criteria for linearity of calibration curve which
is equal to 0.981. A slope (m) smaller than one indicates a
decreasing instrument response with increasing DNA
concentrations and vice versa (m=-3.77). In addition,
linearity of the assay was able to estimate the PCR
amplification efficiency from the slope of the log-linear
portion of the calibration curve. The theoretical maximum
of 1.00 (or 100%) indicates that the amount of product
doubles with each cycle, our assay showed a PCR
efficiency value of 85%. The acceptable PCR efficiency
range is 85-115%.3 Efficiency close to 100% is the best
indicator of a robust, reproducible assay.3*

Standard Curve

30 -

25 y=-3.771x + 15.687

R?=0.981
§ 2
15 -
-3 2 -1 0 1

Log Starting Quantity

Figure 5. Establishment of linear plot of the assay. The
instrumental responses in terms of number of PCR cycles,
Cq (y-axis) were plotted versus starting DNA concentration
(x-axis).
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Finally, the rapidity and simplicity of HRM analysis for
establishing genotypic ATP2B1 rs2681472 identity has
been shown to be rather attractive. Particularly, the
method was shown to be “closed-tube,” with the melting
curve acquired in the
amplification, and there were no sample processing nor
separation steps. However, since the method relied on
detection of dye, it is important to note that changing the
reagents indicated in this study can lead to poor results.
The dsDNA dye is an especially crucial factor and should
always be saturating. Saturating dyes should provide the
detailed information of melting behavior of an amplicon
and the Tm of amplified target should not be altered. In
addition, they should not be bound preferentially to
purine or pyrimidine bases and inhibit DNA amplification
ideally.” Although it has been shown in multiple
literatures that dyes give rise to good
reproducibility for detection of specific known variants, so
far their performance for mutation scanning analysis has
not been verified nor validated.® Clearly when a
different fluorescent dye is found to be more practical in
the future, it shall demand showcase of performance
quality similar to establishing of critical validation
parameters and tests conducted in this paper.

same container used for

several

CONCLUSION

The HRM is a method that can be used for SNP analysis of
ATP2B1 1s2681472, a candidate genetic marker for
hypertension. The method was found to be accurate and
precise, and can be used to identify polymorphisms which
may be related to or which may cause hypertension.

Investigating the correlation between different ATP2B1
rs2681472, diseases and phenotypes is now feasible
applying the method. Moreover, most disorders are
ethnicity-dependent, hence a high throughput, efficient,
accurate and rapid method to scan the target locus in
population may be deemed economical in investigating
the correlation of specific lifestyle diseases with genetic
factors in different geographical populations, including
ASEAN countries. It is therefore recommended to assess
assay sensitivity and specificity for best results.
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