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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.


mailto:m.pilaghaee@modares.ac.ir
mailto:shobbar@abrii.ac.ir
mailto:s.pourdad@abrii.ac.ir
https://orcid.org/0009-0000-4031-8863
https://orcid.org/0000-0002-7011-5415
https://orcid.org/0000-0002-7032-0988

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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Table 1. A practical guide for users of the HRM method (Slomka et al. 2017)
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e  Proper storage of samples s ]
NP I ol R DNA ¢l oslel
DNA sladiges (s (gilosd) g 3)lulil oxuw CueS Diff 53
. . . o 1tterent
e Standard quantification and uniform dilution of DNA samples isolation DNA,
s . L e reparation
ulio (aadsd LSy (ilubiz gy b adiges plojen s g ajos @ methods and prep
WS o e |y rdiges guyeo g samplq
e Parallel analysis of samples with the same isolation method composition
. .. . make parallel
ensures appropriate and explicit clustering of samples .
analysis
difficult
@S5kl aen (lp alie Cod (slod) bS5kl il 3kl oylgs @
Bl Ale 4gil glaylisle Il Kle a3 60 905 digy ok
(290 Ll Layoolag im b Lo joslgen
e Standard primer design rules (same melting temperature for all
primers, such as around 60°C; avoid secondary structures such
as hairpins, homodimers or heterodimers)
b SNP & 055 Kl ao byl o )S51eT 38 omweiois sl @
Lgd
e For accurate genotyping, primers should be designed as close to
the SNP as possible
i 100-80) wiso oo dgat |y (64 ddgs Vgono (yoSulual ojluil jzals @
295 o dvog 05 oSl (gl Sk iy 250-150 5 oucadsil sl b e Cund z 9y
(59 Sl aSulyal S5 )3 0gd 03> i Jl) it 5 o9
e Reducing amplicon size usually improves clustering (80-100 PCR
bp is recommended for genotyping and 150-250 bp for gene Poor melting
scanning (avoid multiple melting domains in one amplicon)) curve resolution
o> (b3l 5 LPCR (gjludings oad oyl oo S5lel b [iiSly 9051 @ and PCR
39 s0 dog ] optimization
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 pelad |) M w50 (ygn CLle gl g0 5 @
If necessary, adjust the concentration of magnesium ion Mg?*

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

If possible, test the differentiation of melting curves for selected
samples with known genotypes

Primer design
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. . .. . . . primer Sl bk
e Redesigned primers or additional primer pairs flanking the SNP . .
o . . sequence and Primer design
position (located in the primer complementary sequence) should incorrect
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clustering
Sy olaid] e Y anme Bis L Hot-Start slajley DNA o
e Hot-Start DNA polymerases improve reaction specificity by
eliminating nonspecific products
kg s yo5 4 olus (sl 423 93 DNA 4 08558 Jate slaSS; @
Bgas culadles o5
e dsDNA binding dyes are photosensitive and should be protected
from light
5 o bl 35 ojlul 4 (iSly el plos a5 S Jobs plyabl @
Cuolodds Soas yiilo @595 51 L Juols balore s o b b oMo
o  Ensure that all reaction components are adequately mixed and SRS RS Sl
the resulting mixture is centrifuged before dispensing wbrl> Technical
B cumes )l Blas glacudy 4 PCR saw glacly @ Reagents, issues with
e  White PCR plates are preferable to clear plates egm;g?ent, reproducibility
e et o 1 o a e andlin
69 Bld G G 95 Sge JWl 5l liabl g s jl S sl sl @ s
Sl culy ) 1)
e To prevent evaporation and ensure effective light transmission,
apply a transparent optical seal on the plate
u.uln)];gu).) Ltbd;}o.:t\.c,&:‘_;l)) gblsab)bd)xabulaol Jo9l.’>md.~@e o
e  Preparation of master mix with fresh and uniform reagent for all
samples in a single experiment
sl cly (SNP by 5 Jlop)aiges 3,8 bgle (Sal jgo 3 @
S9d e dpog 093 Job ) (pShigdg yia
e If possible, mixing samples (normal and SNP) to create
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e = 2 g5 dgrg Jlais) 2 ol a2
355 o3l HRM gl sl (slyy 5,0kl S5 gt 4y by Lol Iy @ . e iss
e The original sequence should be used as a standard to verify 2 05 T Multiple
HRM results Probability of .
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Each unknown sample that shows a unique melting curve

should be confirmed by sequencing
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5 oSl 5, o> (Solis Biodyne) cs,s HOT FIREPoI® EvaGreen® HRM Mix pba, calises

b o3l )8 ol S5y (sgls olS s <Syi Sina Green HS-QPCR MiX S e

13,5 o, ROChe diagnostics |l5sls 5 5l eolatul b gl o iolejl plesl 51 o i aziliS Jgun b 3olae PCR 4ol
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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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300bp
250bp
150bp
100bp

C- ol 0 155 5 6Y 13 Bogis oU) 5 3,90 caighy i (5l By 6T o . ) IS
Job & (slashd &) HRML,S5LET g1y 55939 501 J5 s (W1 (uwl DNA (9 (s (o a2l
YUY Jgb 4 shankd 5) HRM2 551 sl 5,585,500 J5 s (0 (455 0 59 3l i 11V
(WS o0 Mg 5L >

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

iy (¥ US5) sl )8 ka5 390 SNIP Laid ond 1S5 JIgs )5 ) i SuSis FAD2-1 5 0SS 4l 5
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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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