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High-Resolution Melting (HRM) is a sensitive polymerase chain reaction-based molecular assay used to detect, single nuclear polymorphisms, mutations, and
variations in genotypes of pathogens. HRM analysis is more convenient than other detection and discrimination approaches since it is a closed-tube method, that
is the polymerase chain reaction amplification and subsequent analysis are carried out sequentially in the well. It finds application in various veterinary diagnoses
and discrimination of genotypes of the microorganisms. Numerous public health organizations have recommended increased monitoring activities to support current
surveillance programs in response to the threat of bioterrorism and emerging infectious diseases. HRM assay will be an efficient, cost-effective disease diagnostic and
genotype of circulating pathogen identification method thereby aiding in disease surveillance which is important for monitoring the spread of infectious diseases. This
review emphasizes the application of HRM in livestock, poultry, and companion animals in recent times carried out all over the world for determining the genotype, strain,

and breed differentiation including pathogens classification.

Introduction

High-resolution melting of DNA is a simple solution for
genotyping, mutation scanning, and sequence matching. A PCR
product’s melting profile can be best observed using saturating
dyes that glow when double-stranded DNA is present. This
profile is dependent on the product’s length, heterozygosity,
GC content, and sequencing. While all variations can be
genotyped using unlabelled probes, the majority of variants
can be genotyped based on the melting temperature of the
PCR products. The hetero-duplexes produced by sequence
variations that alter the melting curve’s shape are necessary
for both mutation scanning and sequence matching. Compared
to alternative genotyping and scanning techniques, high-
resolution DNA melting offers several benefits, including a
low-cost, fast, accurate, and homogenous closed tube format

[1]. High-Resolution Melting analysis (HRM) is a method that
measures the decrease in fluorescence of an intercalating dye
during the process of double-stranded DNA dissociation. In
recent years, this method has become increasingly popular
due to its simplicity, flexibility, non-destructiveness, and
excellent sensitivity and specificity [2]. HRM analysis is based
on the generation of sequence-related melting profiles. It can
identify differences in the genotype at the level of a single
nucleotide [3]. The numerous advantages of this approach
have led to a wide range of applications in genetic analysis,
including microbiological ones like yeast identification,
mycobacterial species differentiation, quick identification
of bacterial species, and even food analysis. However, the
primary emphasis is concentrated on the analysis of the
human genome and the hunt for mutations linked to genetic
disorders and cancer susceptibility, as well as the screening of
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other clinically intriguing genes [4]. This method’s widespread
use demonstrates both its benefits and potential.

High-Resolution Melt Curve Analysis (HRM) holds
significant importance in the veterinary field for several
reasons.

* Precision diagnostics: HRM allows for the detection of
genetic variations with high sensitivity and specificity.
This precision is crucial in veterinary medicine for
accurate diagnosis of diseases, genetic disorders, and
pathogen identification.

* Speed and efficiency: Compared to traditional methods,
HRM offers rapid results, enabling veterinarians to
make timely decisions regarding treatment plans or
disease management.

* Cost-effectiveness: HRM can often be more cost-
effective than other molecular diagnostic techniques,
making it accessible for veterinary clinics and research
laboratories with limited budgets.

e Versatility: HRM can be applied across various
veterinary disciplines, including infectious disease
surveillance, genetic screening, pathogen identification,
and pharmacogenomics.

* Research advancements: HRM contributes to
advancements in veterinary research by facilitating
the study of genetic diversity, population genetics, and
evolutionary biology in animals.

* Tailored treatment: By providing insights into genetic
variations, HRM assists veterinarians in tailoring
treatment plans and interventions for individual
animals based on their genetic profiles.

* Disease surveillance: HRM plays a crucial role in disease
surveillance programs, helping veterinarians monitor
the spread of infectious diseases and identify emerging
pathogens in animal populations.

High-resolution melting analysis in the detection
and discrimination of poultry infectious diseases

Some of the common poultry diseases that affect all farming
systems include Salmonella, Infectious Coryza, Pullorum,
Newcastle, Infectious Bronchitis, Infectious Bursal Disease,
and Coccidiosis. During the diagnosis of zoonosis disease,
techniques like HRM assay are warranted for early disease
identification which can able to reduce the spread and enhance
bird health. The diagnosis of Newcastle disease, Coccidiosis,
and Salmonella are obtained using laboratory methods utilizing
fecal samples, and turnaround periods are 3 - 4 days [5]. This
raises the need for cost-effective and rapid disease diagnosis
methods. High-Resolution Melting analysis (HRM) has been
applied to various avian viruses, such as New Castle Disease,
infectious bursal disease, infectious bronchitis virus, and avian
mycoplasma [6]. The numerous advantages of this approach
have led to a wide range of applications in genetic analysis.
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Genotyping of Newcastle Disease Virus (NDV) using HRM
analysis: One of the deadliest avian viruses in the poultry
industry is Newcastle Disease Virus (NDV), especially large
and genetically varied genotype VIL. It’s connected to recurrent
epidemics both globally and in the Middle East [7]. Alghizzawi,
et al. [6] carried out research intending to create a reliable HRM
assay, targeting the fusion (F) gene, that can precisely classify
NDV genotype VII and the sub-genotypes that correspond
to it. Subsequently, a comparison was made between the
HRM data and the F gene sequencing results. Primers were
specifically designed to discriminate the NDV genotype VII
and its associated sub-genotypes. These primers were then
thoroughly evaluated using 14 of the 24 clinical samples and
positive controls. Notably, the HRM assay revealed that every
evaluated clinical sample had a genotype VII profile, which is
defined by a melting temperature of 77.95 + 0.04 °C. A unique
melting temperature of 82.41 + 0.02 °C was observed for sub-
genotype 1.1, 81.8 + 0.02 °C for sub-genotype 1.2, 80.28 + 0.02
°C for sub-genotype 2, and 79.39 + 0.06 °C for sub-genotype
1.1L. Thus, they effectively created a new PCR-HRM test to
precisely identify and genotype NDV sub-genotype VII and
its corresponding sub-genotypes in clinical specimens. The
findings of their HRM assay were verified via the use of F gene
partial sequencing.

Genotype detection of Duck circovirus (DuCV) using
HRM analysis: Numerous techniques for identifying the two
distinct DuCV genotypes have been devised. Based on the
conserved sequences of the DuCV-1 and DuCV-2 Cap genes,
a dual PCR detection method was developed by Li, et al. [8],
to simultaneously detect these two genotypes. Wan, et al.
[9] developed a technique to differentiate between DuCV-
1 and DuCV-2 using polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP). However, when
compared to all the existing detection techniques, PCR-HRM
analysis was found to have more advantages when it comes
to eliminating the risk of contamination, reducing expenses,
good specificity, sensitivity, and reproducibility [10]. Following
ORF3 characterization, a PCR-HRM assay was developed by Fu,
et al. [10] for the simultaneous detection and discrimination
of DuCV-1 and DuCV-2. Its ability to simultaneously enhance
DuCV-1 and DuCV-2 infection had another benefit: sensitivity.
The PCR-HRM results’ melting curve showed that the
amplification product was single and did not cross-react with
common infections of waterfowl origin, including MDPV,
GPV, N-GPV, DHAV-1, DHAV-3, AIV, ATmV, APMV-1, MDRY,
or N-DRV. This highlighted the benefits of specificity. The
benefits of repeatability were demonstrated by low coefficients
of variation and values less than 1.50% in both intra- and inter-
batch repeated experiments. Their findings suggested that the
PCR-HRM test exhibited higher sensitivity in comparison to
the PCR-RFLP assay.

Infectious bronchitis virus strain differentiation using
HRM analysis: Ababneh, et al. [11], developed a high-resolution
melting curve analysis for infectious bronchitis virus strain
differentiation. Belonging to the Coronaviridae family,
avian infectious bronchitis virus (IBV) causes respiratory,
reproductive, and renal diseases in poultry. Preventative
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measures lie mainly in vaccination, while the gold standard
for IBV classification and differentiation is based on the
sequence analysis of the spike 1 (S1) gene. They tested a new
assay for IBV strain classification that was less expensive and
required reduced time and effort to perform. They carried out
a quantitative real-time polymerase chain reaction followed by
high-resolution melting (QRT-PCR/HRM) curve analysis. qRT-
PCR was conducted on a partial fragment S1 gene followed by
a high resolution melting curve analysis (QRT-PCR/HRM) on
23 IBV-positive samples in Jordan. For this assay, they utilized
the most common IBV vaccine strains (Mass and 4/91) as a
reference in the HRM assay. To evaluate the discrimination
power of the qRT-PCR/HRM, they did the sequencing of the
partial S1 gene. It was shown that HRM was able to classify
IBV samples into four clusters based on the degree of similarity
between their melting points. Their developed qRT-PCR/HRM
curve analysis was able to detect and rapidly identify novel and
vaccine-related IBV strains as confirmed by S1 gene nucleotide
sequences, making it a rapid and cost-effective tool.

Differentiation of Eimeria species by HRM analysis:
Coccidiosis is a serious illness affecting chicken, which is
brought on by various Eimeria species. In a study conducted
by Kirkpatrick, et al. [12], seven pathogenic Eimeria species
of chickens were distinguished from one another using high-
resolution melting (HRM) curve analysis of the amplicons
generated from the second internal transcribed spacer of nuclear
ribosomal DNA (ITS-2).HRM curve analysis was demonstrated
to be able to differentiate between Eimeria acervulina, Eimeria
brunetti, Eimeria maxima, Eimeria mitis, Eimeria necatrix, Eimeria
praecox, and Eimeria tenella using a set of known monospecific
lines of Eimeria species. Several specimens with varying ratios
of E. necatrix and E. maxima as well as E. tenella and E. acervulina
may have their dominant species identified by computerized
analysis of the HRM curves. All of the combinations were
recognized by the HRM curve analysis as “variations” from
the reference species, and in certain blends, the minor species
were also identified. Additionally, contaminants were found
in 21 potential combinations among the seven Eimeria species
according to computerized HRM curve analysis. The HRM curve
analysis of the ITS-2, which was based on PCR, was a potent
method for identifying and finding pure Eimeria species. To
verify the purity of the monospecific cell lines and aid in quality
assurance throughout the development of the Eimeria vaccine,
the HRM curve analysis could also be utilized quickly. In less
than three hours, the HRM curve analysis could be completed
quickly and reliably.

Fowl adenoviruses (FAdVs) strain differentiation using
HRM analysis: In a study conducted by Steer, et al. [13], the
presence and genotype of FAdVs were screened in clinical
samples of Inclusion Body Hepatitis (IBH) from Australian
broiler flocks. In 26 outbreaks reported in different poultry
farms, the viral microneutralization and hexon loop 1 (Hex L1)
gene nucleotide sequence analysis was also used to evaluate
field isolates. FAdV-8b and FAdV-11 were identified in 13
cases each. In one case, FAdV-1 was also identified. Cross-
neutralization was observed between the FAdV-11 field strain
and the reference FAdV-2 and 11 antisera, a result also seen with
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the type 2 and 11 reference FAdVs. Field strains 1 and 8b were
neutralized only by their respective type of antisera. The FAdV-
8b field strain was identical to the Australian FAdV vaccine
strain (type 8b) in the Hex L1 region. The Hex L1 sequence of
the FAdV-11 field strain had the highest identity to FAdV-11
(93.2%) and FAdV-2 (92.7%) reference strains. Neither CAV
nor IBDV was found in any of the five cases that were tested for
them. According to these findings, PCR/HRM genotyping was a
quicker and more accurate diagnostic technique for identifying
FAdV than virus neutralization and direct sequence analysis.
Moreover, they proposed that two distinct FAdV strains from
distinct species were the principal cause of IBH in Australian
broiler flocks.

Identification of genetically different Avian Nephritis Virus
(ANV) by HRM analysis: The Avian Nephritis Virus (ANV) has
beenlinked tolow growth and kidney damage in young chickens.
The setup of a reverse-transcriptase polymerase chain reaction
and the application of high-resolution melt curves to identify
genetically distinct ANVs were both discussed in this research
by Chamings, et al. [14], as methods for detecting ANV in
commercial meat chickens. ANV was detected in pooled cloacal
swabs from commercial chicken broiler flocks that were both
healthy and sick using molecular cloning, high-resolution melt
curve analysis, sequencing, and polymerase chain reaction.
Every specimen, except one, had two genetically distinct ANVs.
The nucleotide sequences of the capsid, 3' untranslated region,
and incomplete polymerase, when analyzed phylogenetically,
showed that the ANV virus isolates’ genes had distinct ancestry.
These findings showed that it was typical for chicken flocks to
be infected with several ANV isolates. This should be taken into
account for molecular diagnosis of ANV as well as for upcoming
epidemiological studies.

Infectious Bursal Disease virus (IBDVs) strain
differentiation using HRM analysis: A TagMan qRT-PCR and
melting curve analysis could be used to trace mutations in the
HVP2 region [15]. This method allowed comparing sequences
between field and vaccinal strains [16,17]. TagMan qRT-PCR
was able to determine a single nucleotide polymorphism in VP2
[18]. Ghorashi, et al. [19] combined real-time RT-PCR and high
resolution melt (HRM) curve analysis (Figure 1) to differentiate
between classical vaccines/isolates and variant IBDV strains,
which was developed into a robust technique for genotyping
IBDV isolates/strains.

Nagoya Breed Differentiation using HRM assay: Native to
Japan, the Nagoya breed of chicken is also known as the Nagoya
Cochin. Given the seriousness of mislabelling chickens and
the financial harm it does to the Nagoya breed’s production,
a straightforward assay with high accuracy was needed to
identify the Nagoya breed. Using a High-Resolution Melting
(HRM) test, a unique screening assay was effectively developed
to distinguish between the Nagoya breed. The ABRO0417
microsatellite marker’s CA repeat was amplified using a primer
set intended for HRM analysis. Using four differential chickens
of the Nagoya breed and twelve other breeds, the applicability
of the HRM-based technique was examined by comparing the
results of the HRM analysis with those of the DNA sequence
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Figure 1: (a) Conventional and (b) normalized melt curves analysis of real-time RT-PCR products of the VP2 gene region from nine different IBDV strains. (c) Conventional

melt-curve and (d) normalized HRM curve analysis of real-time RT-PCR products of the VP2 gene region from V877-V and Bursavac strain [19].

analysis. The melting curve and peak plots of the 16 chickens
from the Nagoya breed were different from those of the other
chickens, according to the HRM study of the birds. These
findings showed that the HRM-based approach, which used
the ABR0417 marker to identify the Nagoya breed, was a
straightforward genetic test [20].

High-resolution melting analysis in the detection and
discrimination of livestock infectious diseases

Mycoplasma phenotyping using HRM analysis: Numerous
infectious diseases that affect both humans and animals are
caused by Mycoplasma species. Ahani, et al. [21] evaluated the
efficacy of a High-Resolution Melting curve assay (HRM) and
real-time polymerase chain reaction (RT-PCR) for the quick
identification of Mycoplasma species isolated from clinical
cases of respiratory illness in cattle and pigs. Samples of lung
from cows and pigs suspected of having respiratory infections
were cultivated on a particular medium, and the extracted DNA
was examined for Mycoplasma using standard polymerase
chain reaction (PCR) techniques. For RT-PCR and HRM, a set of
universal primers specific for the 16S ribosomal RNA gene was
designed for five detection of distinct species of Mycoplasmas,
including M. hyopneumoniae, M. bovis, M. hyorhinis, M.
hyosynoviae, and additional uncultured Mycoplasma, could
be distinguished using the HRM analysis. 16S rRNA gene
sequencing was used to validate all findings. This quick and
accurate test distinguished between bovine and porcine
mycoplasmas at the species level, providing a straightforward
substitute for PCR and sequencing (Figure 2) [22].

Mycoplasma mastitis is becoming more and more prevalent
globally, and it has a big financial impact on the dairy sector.
Early Mycoplasma mastitis diagnosis is crucial for disease
management initiatives. Therefore, to screen for mycoplasma
in dairy herds, a quick and precise diagnostic test is needed.
Recently, High Resolution Melting curve analysis (HRM)
was designed and is now frequently utilized for mycoplasma
phenotyping at the strain or species level, among other
organisms. This approach hasn’t been used to evaluate field
isolates of mycoplasmas linked to mastitis or other milk
environmental mollicutes. This study, conducted by Al-Farha,
et al. [23] to develop a real-time, diagnostic polymerase
chain reaction-High Resolution Melting curve analysis (PCR-
HRM) method that would be appropriate for identifying and
differentiating between five distinct mollicutes that were
isolated at the cow level from a single commercial dairy farm
in South Australia. An examination using real-time PCR-HRM
analysis allowed for the identification and differentiation of
five distinct mollicutes: A. laidlawii, M. arginini, M. bovirhinis,
M. bovis, and uncultured Mycoplasma. Sequencing was used
to validate the results. The test was designed to screen for
Mycoplasma mastitis quickly and accurately.

High-resolution melting analysis in the detection and
discrimination of companion animal infectious diseases

Bingga, et al. [24] developed a high-resolution melting
(HRM) curve method to identify canine parvovirus type 2
(CPV2) strains by nested PCR. The viral VP2 capsid gene
was used to create two sets of primers, CPV-426F/426R and
CPV-87R/87F, which amplified a 52 bp and 53 bp product,
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respectively. The CPV-2a, CPV-2b, and CPV-2c A4062G and
T4064A mutations were part of the region amplified by CPV-
4,26F/ 426R. The A3045T mutation in the vaccination strains
of CPV-2 and CPV-2a, CPV-2b, and CPV-2c was part of the
region amplified by CPV-87F/87R. Using CPV-426F/426R,
the PCR-HRM test was able to differentiate between CPV-2a,
CPV-2b, and CPV-2c single nucleotide polymorphisms (Figure
3). The melting temperatures of CPV-2a, CPV-2b, and CPV-
2c were different from one another (Table 1). After producing
heteroduplexes using a CPV-2b reference sample, CPV-2b, and
CPV-2c could be discriminated against based on the form of
the melting curve. Using CPV-87F/87R, the vaccine strains of
CPV-2 were recognized. This PCR-based HRM technique might
be a good alternative to traditional, labor-intensive, expensive,
or time-consuming CPV strain genotyping methods.

To detect and differentiate between Mycoplasma species that
are often isolated from canine, avian, and ruminant samples,
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a real-time polymerase chain reaction assay called PCR-HRM
was developed. One pair of universal primers specific for the
spacer region between the 16S and 23S ribosomal RNA genes was
utilized in the real-time PCR; a high-resolution melt fluorescent
dye was employed to analyze the PCR product’s melting curve.
The reference strains of M. arginini, M. bovigenitalium, M. bovis,

Table 1: The mean T_ and GCP values for each reference sample following PCR-HRM
analysis [24].

Name T (mean:SD) GCP (mean * SD) SNP
CPV-gd3 (CPV-2a) 71.43 +£0.03 99.63 +0.25° A4062G or T4064A
CPV -gd1 (CPV-2b) 71.88 £0.03 36.11+2.03
CPV-js4 (CPV-2c) 71.73 £0.03 64.27 +0.97

CPVpf (Pfizer vacc”ine) 67.65+0 99.95 + 0.04° A304ST
CP\Cztcé'i:f)met 68.59 +0.03 1.0240.21
CPV-gd3 (CPV-2a) 68.18 +£0.02 18.31+1.76

aCPV-gd3 was the genotype control; "CPVpf was the genotype control.
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Figure 2: Normalised and high-resolution melting curves of bovine and porcine Mycoplasma species determined by real-time polymerase chain reaction (PCR) coupled
with HRM curve analysis (real-time PCR-HRM): red—M. hyorhinis, light green—Mycoplasma hyosynoviae, blue—M. hyopneumoniae, dark green—M. bovis, purple—

uncultured Mycoplasma spp [21].
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(KJ754511), CPV-2b: CPV-gd1 (KJ754509), CPV-2c: CPV-js4 (KJ754515). (C) Normalized and (D) conventional melting curves analysis of nested PCR products amplified by
primer CPV-87F/87R. Reference strains e CPV-2a: CPV-gd3 (KJ754511), Intervet: CPVint (FJ197846), Pfizer: CPVpf (FJ197846) [24].
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M. bovirhinis, M. canadense, M. cynos, M. spumans, M. iowae, M.
meleagridis, and M. agalactiae could all be distinguished using
the real-time PCR-HRM assay. Testing field isolates of M.
bovis, M. arginini, M. bovirhinis, M. bovigenitalium, M. iowae, and
M. spumans allowed for the evaluation of the real-time PCR-
HRM assay, and the results were in line with the fluorescent
antibody test [25]. Real-time PCR-HRM was quicker and less
expensive (1 - 2 hours) than the current gold standard IFAT and
16S rRNA gene sequence analysis, but it could only identify pure
cultures. Although it could function on mixed-species colonies
and takes around 6 hours to identify 6-10 isolates, the IFAT
was technically challenging and prone to false positives due
to autofluorescence and cross-reactions. The 16S rRNA gene
could only be sequenced in pure cultures, was costly, and took
two to three days to get results. The results of the investigation
showed that the real-time PCR-HRM method was an efficient
and quick assay for differentiating Mycoplasma species in pure
cultures [25].

Canine Parvovirus (CPV) and Feline Parvovirus (FPV) are
causative agents of diarrhea in dogs and cats, which in young
animals shows up as diarrhea, vomiting, fever, appetite loss,
leucopenia, and depression. Cats can become ill from single or
combined CPV and FPV infections. An efficient virus diagnostic
and genome typing technique with high sensitivity and
specificity was needed to properly diagnose sick animals. Real-
time PCR amplification was carried out by Sun, et al. [26], using
a conserved region of the parvovirus that included one SNP,
A4408C. Then, using Applied Biosystems® High-Resolution
Melt Software v3.1, data were automatically analyzed and
displayed. The outcomes demonstrated that both FPV and
CPV could be found in the same PCR test. Canine adenovirus,
canine coronavirus, and canine distemper virus did not cause
any cross-reactions. The assay’s CPV and FPV genome copy
count was limited to 4.2. The assay’s percentage of agreement
with other methods was high. Thus, to accurately identify
and differentiate between FPV and CPV in fecal samples, they
created a diagnostic test that was also reasonably priced.

Infectious canine hepatitis (ICH) and Infectious
Tracheobronchitis (ITB) are respectively caused by canine
adenovirus types 1 (CAdV-1) and 2 (CAdV-2). A significant
proportion of the canine population infected with CAdV-1 is
asymptomatic, as evidenced by recent surveys and cases of
ICH. An assay that is quick, highly sensitive, and specific was
needed for the diagnosis of CAdV infection and differentiation
between CAdV-1 and CAdV-2 because both CAdV types are
detectable in the same biological matrices and viral coinfection
with CAdV-1 and CAdV-2 is reported frequently. Melting curve
analysis was used to optimize a SYBR Green real-time PCR
assay to quickly differentiate between CAdV-1 and CAdV-2, and
for detecting canine adenovirus in biological materials. The test
that was designed demonstrated a high degree of sensitivity,
repeatability, efficiency, and specificity in differentiating
between the two kinds of CAdV. For simultaneous CAdV type
identification, this dependable and quick method could offer
a straightforward, practical, and affordable choice. It would
be appealing to all diagnostic labs for both clinical and
epidemiological research, and it would be practicable [27].
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Babesia gibsoni and Babesia canis are the causative agents
of canine babesiosis, a protozoal hemolytic illness. Serological
testing and microscopic identification were used to diagnose
the illness. To identify infections in dog breeds, a quantitative
Fluorescence Resonance Energy Transfer (FRET)-PCR was
developed. Melting curve analysis used the fluorescent probes’
disassociation temperature to distinguish between B. gibsoni,
and B. canis canis/B. canis vogeli, and B. canis rossi. The occurrence
of canine babesiosis is determined by environmental factors
instead of hereditary predisposition, according to the study. B.
gibsoni was eradicated by atovaquone and tilmicosin therapy,
but not by doxcycline or berenil. This implied that real-
time, high-resolution PCR analysis could enhance treatment
monitoring and diagnosis [28].

Limitations of HRM analysis

HRM analysis is easy, quick, and affordable, but it is heavily
dependent on high-quality PCR, tools and dyes. The type of
single base substitution or the location of the variant within
the PCR product are not relevant factors in heterozygote
detection. It could be a little harder to find small insertions
and deletions than substitutions. Critically, accuracy depends
on the instrument’s resolution [29]. Instruments for high-
resolution DNA melting can explain the discrepancies between
expected and observed outcomes. The instrument employed
had a significant impact on the apparent temperature
variance within a genotype [30]. A review of this technology’s
applicability for SSR genotyping by Yang, et al. [31] found
significant drawbacks. These included the possibility of
missing or incorrectly classifying genotypes when there were
few alleles, as animals have a much smaller number of SSR
loci than plants, making it difficult to select enough loci with
low levels of polymorphism to be similar to those found in
other species. The melting pattern may be impacted by the
quality and quantity of DNA used in the experiment, which is
another drawback of the HRM technique. Poor reproducibility
was observed in the HRM curve analysis when amplicons that
were not pre-amplified were used, either on different days
or with different templates created from individual samples.
The reference DNA templates, unknown samples acquired in
the field, or DNA obtained using various extraction techniques
must be pre-amplified by PCR for ensuing HRM analysis to get
repeatable results using HRM [24]. It is expected that these
restrictions will be overcome shortly as technology advances.

Future directions

Higher resolution and throughput could be possible with
future advancements, opening up new applications. The
efficiency of genetic analysis pipelines can be improved by
integration with NGS procedures. HRM could be used often
in clinical laboratories for diagnosis and mutation screening,
as the technology develops and validation studies are carried
out. HRM is going to be a big part of epigenetic research as
it becomes more and more popular. With ongoing technical
developments, broader applications in other domains, and
integration with other molecular biology methods propelling
its growth and significance, the future of HRM is bright.

[ ]
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Conclusion

HRM is a near-perfect assay for testing in the clinical
laboratory, requiring less money and effort to design the assays.
As discussed, HRM analysis is a practical analytical technique
for identifying gene mutations in a wide range of pathogens.
The constraint of HRM analysis for mutation and genotype
screening is that it requires thorough validation studies before
its implementation in clinical settings. Overall, HRM serves as
a valuable tool in the veterinary arsenal, enhancing diagnostic
accuracy, speeding up workflows, and contributing to improved
animal health and welfare. All things considered, HRM has
the potential to completely transform nucleic acid profiling in
clinical and research contexts by getting beyond limitations
about sensitivity and facilitating thorough examination of
genetically varied materials. As a result of its influence on
biomarker research and clinical microbiology, more precise
and trustworthy diagnostic assays may be created, ultimately
improving our understanding of disease mechanisms.
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