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Abstract

Objective

High-resolution melting (HRM) analysis is an affordable, specific, and rapid tool for analyzing
various sequences, screening, and genotyping. This method detects small nucleotide changes
based on the melting properties of double-stranded DNA. This study aimed to optimize the HRM
assay for safflower genotyping concerning oleic acid content. The FAD2-1 gene introduces a
double bond into the oleic acid substrate, converting it into linoleic acid. In high-oleic acid
varieties, a single nucleotide polymorphism (SNP) in this gene has been reported to introduce a
premature stop codon, leading to enzyme inactivation. Therefore, accurately detecting genotypes
carrying this SNP in the FAD2-1 gene could be a reliable method for identifying safflower
genotypes with high oleic acid content.

Materials and Methods

HRM analysis was performed using two fluorescent dyes (EvaGreen and SYBR Green), three
different concentrations of template genomic DNA, and two pairs of primers (HRM1 and HRMZ2,
producing amplicons of 117 bp and 265 bp, respectively) on eight safflower genotypes. The aim
was to determine the optimal conditions for distinguishing genotypes based on the presence or

absence of the target SNP in the melting curves.
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Results

Between the two primer sets, HRM1, which amplified a smaller 117 bp fragment, provided better

differentiation among genotypes than HRM2, which amplified a larger 265 bp fragment. In

comparing fluorescent dyes, EvaGreen enabled more apparent discrimination of genotypes in a

single reaction than SYBR Green. Furthermore, genomic DNA concentration did not significantly

affect the melting curve distinction within the tested range.

Conclusion

This study confirms and extends previous findings, demonstrating that smaller amplicons yield

better melting curve distinction. EvaGreen fluorescent dye is also a suitable alternative to SYBR

Green, providing improved genotyping efficiency.

Keywords: EvaGreen, Genotyping, Melting curve, Real-Time PCR, Single nucleotide

polymorphism.
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e Reaction test with designed primers: PCR optimization with Skl sk

annealing temperature gradient is recommended

ojlul S5l g olasl PCR Joasxe ;b Sl 5l Jools aes @

amd o i |y oyl Y guame 3439 pae g eSuliel izl 590
The result of PCR product electrophoresis shows the specificity
of the primer, the expected amplicon size, and the absence of

foreign products

395 pad ME™ it g Clals pg3) Cpg0 13 @
If necessary, adjust the concentration of magnesium ion Mg?*

b cowe laaises clp 1) @9 Gl plad (el ©pgo > o
KWLY u,wLo)—l ol dinlids (slacadss

If possible, test the differentiation of melting curves for selected
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Primer design
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Table 2. Real-time PCR and HRM program for amplification of the desired fragment

Le> oles
Temperature Time
95°C 720 s
95°C 15s
60° C 20s
72°C 20s
95°C 60 s
40° C 60 s
65°C ls
97°C s

sd9,Su0 V0 s ;3 Real-Time PCR 3 s3lu! 3,90 dlg0 (4150 ¥ Jgia

Table 4. The reagent quantities used in Real-Time PCR for a 15 pL reaction volume

S s Torie 1 Yoyt S5 JelS'g 486 ]
Master mix Reverse primer Forward DNA Nuclease-free
primer water
osS ple 7.5 u 0.7l 0.7 wl 1 ul (30 ng) 5.1l
SybrGreen
2SNl 3ul 0.7 ul 0.7 ul 1 pl (30 ng) 9.6 ul
EvaGreen
" Reverse
2 Forward
R
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Figure 1. Primer screening for eight target genotypes (Genotype names are labeled above
the gel lanes. C- indicates the negative control without DNA template). a) Electrophoresis

gel results for primer HRM1, amplifying a 117 bp fragment. b) Electrophoresis gel results
for primer HRM2, amplifying a 267 bp fragment.

elbashd i ga a8 S5kl g opl i sl HRM2 3 HRM1 (¢la S5l L HRM ool ¢ islejl aals] )

5590 SNP 3439 pie 93935 Lwlol 1) Cudeif Cutids wyda cunily Jol S5l .00, o Wg 5L cdn VY 9 VY Jgboay
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Figure 2. HRM assay results with three different template DNA concentrations (10, 30,
and 50 ng/pL): Genotype 162 (carrying SNP, shown in red) is distinguished from the
normal genotype (Faraman, shown in blue) across all three concentrations. A) Melting
curve B) Normalized melting curve C) Normalized melting peak D) Difference plot.
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Figure 3. Effect of amplicon length on HRM assay results
a) HRM analysis using primer HRM1 (amplifying a 117-bp fragment) correctly distinguished
between normal and SNP-carrying genotypes in the normalized melting curve.
b) Primer HRM2 (amplifying a 256-bp fragment) introduced additional sequence variations led to
the inclusion of changes, other than the desired SNP within the amplicon, leading to distorted

melting profiles and impaired genotype discrimination.
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Figure 4. Comparison of EvaGreen and SYBR Green dyes in HRM analysis
a) Using EvaGreen, all eight genotypes were accurately distinguished in the normalized
melting curve.

b) With SybrGreen, genotypes Goldasht (green) and Omid (yellow) exhibited aberrant
melting profiles, resulting in their misclassification as SNP-carrying genotypes despite

being normal variants.
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