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Abstract

Real-Time PCR (qPCR) has become a foundational tool in molecular diagnostics, enabling accurate DNA quantification and detection.
The decision between probe-based and non-probe-based gPCR assays is crucial, influenced by diagnostic goals and sample
characteristics. This review provides an in-depth evaluation of these two assay types, analyzing their principles, strengths, drawbacks,
and applications. A thorough review of the literature, primarily sourced from PubMed, was undertaken to explore prominent assay
systems, including TagMan, KASP, rhAmp, HRM, and SYBR Green. Probe-based qPCR assays, exemplified by TagMan and rhAmp,
are distinguished by their high specificity, aptitude for multiplex analysis, and reduced risk of false positives, making them highly
suitable for SNP genotyping and pathogen detection. However, their elevated costs and intricate design requirements remain
significant challenges. Conversely, non-probe-based assays, such as SYBR Green and HRM, present cost-effective alternatives
with straightforward designs. HRM, in particular, is effective in identifying genetic variations like SNPs with remarkable sensitivity.
Nonetheless, these methods are susceptible to non-specific amplifications, requiring careful optimization to maintain reliability. The
selection of a suitable gPCR assay depends on various factors, including precision, affordability, and multiplexing capabilities, with
applications spanning infectious disease detection and genetic disorder analysis. This review emphasizes the indispensable role of
gPCR in molecular diagnostics while showcasing recent technological advances that aim to mitigate existing constraints and enhance
diagnostic precision and accessibility.
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1. INTRODUCTION

Molecular diagnostics has redefined the detection and manage-
ment of diseases by enabling precise identification of genetic
mutations and biomarkers. Despite its potential to enhance
early diagnosis and personalized treatment, its implementation
remains constrained in numerous regions. For instance, in
Indonesia, financial limitations, insufficient infrastructure, and
a lack of skilled personnel create significant obstacles to inte-
grating molecular diagnostics into healthcare systems (Dwivedi
etal., 2017; Macklin et al., 2019). As a field, molecular diag-
nostics leverages molecular biology techniques to examine bio-
logical markers in the genome and proteome, offering essential

insights into disease mechanisms and supporting data-driven
clinical decisions (Nazha et al., 2015; Schmidt et al., 2016;
Sokolenko and Imyanitov, 2018).

In addition to detecting infectious agents and genetic alter-
ations, molecular diagnostics plays a vital role in unraveling
the complexities of diseases such as cancer by clarifying critical
pathogenetic processes. By accurately assessing biomarkers,
healthcare professionals can develop individualized therapeutic
strategies and forecast disease progression, resulting in im-
proved patient care outcomes (Fanshawe and Vazquez-Montes,
2021; Rao et al., 2018; Vetter et al., 2018). Reliable diagnostic
and prognostic tools are indispensable in advancing precision
medicine, enabling clinicians to implement timely and targeted
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interventions (Lim, 2020; Moons et al., 2015; Thomas and
Fried, 2018).

Beyond healthcare, molecular diagnostics has made signifi-
cant inroads into agriculture, where it enhances crop quality,
boosts food security, and promotes higher yields. By analyzing
plant genomes, this technology identifies desirable character-
istics such as resistance to diseases and drought, which con-
tribute to the development of robust crop varieties. Further-
more, molecular diagnostics underpins sustainable agricultural
practices by reducing dependency on chemical treatments and
fostering innovative solutions to global food challenges (Azizi
et al., 2022; Edwards et al., 2018; Fenibo et al., 2022; Hariha-
ran and Prasannath, 2021; Paudel et al., 2020; Travella et al.,
2019).

Central to molecular diagnostics is the Polymerase Chain
Reaction based (PCR), a widely used method for amplifying
DNA sequences with remarkable sensitivity and specificity.
This process involves three key stages—denaturation, anneal-
ing, and elongation—that enable the exponential replication of
target DNA fragments (Green et al., 2015; Riet et al., 2017;
Sridhar et al., 2019). PCR has proven indispensable in identi-
fying pathogens, diagnosing genetic conditions, halal authenti-
cation and monitoring gene expression (Makrigiorgos, 2019;
Miiller et al., 2021; Gina et al., 2024).

Real-Time PCR (qPCR) represents a substantial advance-
ment in this field, as it permits real-time tracking of DNA am-
plification using fluorescence-based detection methods (Hwang
et al., 2019; Koo et al., 2022; Shi et al., 2020). By provid-
ing semi-quantitative data, qPCR offers enhanced precision,
although its reliability is dependent on the incorporation of
external controls during analysis (Baebler et al., 2017; Debski
et al., 2017). These assays are broadly categorized into probe-
based and non-probe-based technologies. Non-probe-based
assays, such as SYBR Green, employ intercalating dyes that
bind to double-stranded DNA during amplification. A varia-
tion of this approach, High-Resolution Melting (HRM), excels
in identifying genetic variations like Single Nucleotide Poly-
morphisms (SNPs) without requiring sequence-specific probes
(Kralik and Ricchi, 2017; Stomka et al., 2017). Meanwhile,
probe-based technologies, including TagMan and Kompetitive
Allele Specific PCR (KASP), enhance specificity through the
use of sequence-specific probes, making them suitable for SNP
genotyping and pathogen detection.

This review critically evaluates probe-based and non-probe-
based qPCR assays, examining their principles, strengths, weak-
nesses, and diagnostic utility. By synthesizing recent develop-
ments, it aims to provide an in-depth understanding of these
methodologies and their potential to address existing challenges
in molecular diagnostics.

2. METHODS

This study adopted a literature review approach, using PubMed
as the primary database for sourcing information. A focused
search was conducted with specific keywords, including “HRM,”
“TagMan,” “KASP,” “rhAmp,” and “molecular diagnostic,” to
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ensure a thorough and targeted examination of relevant studies.
The inclusion criteria were limited to primary research articles
published within the past decade (2015-2025) that directly
addressed these topics. To provide additional context and con-
tinuity, earlier publications (beyond ten years) were selectively
included through a trace-back method. This involved trac-
ing citations from recent studies to incorporate foundational
research where necessary. The review emphasized primary
research articles for their direct insights into advancements in
molecular diagnostic technologies, particularly in qPCR assays.
Secondary sources, such as review and systematic review arti-
cles, were excluded to maintain a sharp focus on original empir-
ical data. By employing a stringent selection process, the study
ensured the integration of accurate, current, and contextually
relevant information regarding the principles, applications, and
challenges of probe-based and non-probe-based qPCR assays.
This methodological approach offers a solid and dependable
basis for evaluating technological progress in Real-Time PCR
diagnostics.

3. RESULT'S AND DISCUSSION

3.1 Fundamental Principles of Real-Time PCR

qPCR builds upon conventional PCR by introducing the ability
to quantify DNA amplification in real time. Unlike standard
PCR, which relies on post-amplification detection, gPCR uti-
lizes fluorescent dyes or probes that emit signals during DNA
synthesis. The fluorescence intensity is measured at each am-
plification cycle, providing quantitative information about the
DNA concentration in the sample (Singh and Roy-Chowdhuri,
2016; Zhang et al., 2021). This capability enhances both the
accuracy and sensitivity of qPCR, making it a critical tool in
molecular diagnostics (Zheng et al., 2019).

The versatility of qPCR is evident in its extensive appli-
cations, which include analyzing gene expression, detecting
pathogens, and studying genetic variations. By continuously
monitoring fluorescence throughout the amplification process,
qPCR enables real-time tracking of DNA synthesis, generating
precise quantitative data essential for these purposes (Moniri
etal., 2019; Moreau et al., 2017). While qPCR shares funda-
mental components with conventional PCR-such as template
DNA, primers, DNA polymerase, dNTPs, buffer, and mag-
nesium ions (Mg2*) it incorporates fluorescent dyes or probes
alongside a detection system to measure fluorescence, provid-
ing enhanced precision and functionality (Butz and Patdcs,
2019).

The qPCR workflow follows a sequential process, starting
with sample collection, followed by DNA extraction to ob-
tain purified genetic material. The reaction mixture is then
assembled by combining the extracted DNA with primers, poly-
merase, and fluorophores, ensuring both test samples and con-
trols are included. PCR amplification is performed in a thermal
cycler, where repeated cycles of denaturation, annealing, and
extension facilitate DNA synthesis. Real-time fluorescence
detection tracks amplification in progress, enabling accurate
identification of target sequences (Figure 1).
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Figure 1. The Key Stages of qPCR-Based Molecular Diagnostics

The process begins with sample collection, followed by DNA extraction to isolate genetic material. The reaction mixture is then
prepared by combining extracted DNA with primers, polymerase, and fluorophores, ensuring both test samples and controls are
included. PCR amplification is performed in a thermal cycler, enabling DNA replication through cycles of denaturation,
annealing, and extension. Real-time fluorescence detection indicates successful amplification, distinguishing positive from
negative samples (Created with Biorender . com)

3.2 Probe-Based Real-Time PCR Assays
Probe-based assays in qPCR utilize specialized probes designed
to hybridize with target DNA sequences during the annealing
phase of the PCR cycle (Curk et al., 2020; Pelt-Verkuil et al.,
2019). Each probe is equipped with a fluorescent reporter dye
at one end and a quencher molecule at the opposite end (Hien
et al., 2020). When the probe binds to its target, the quencher
suppresses fluorescence by remaining in close proximity to
the reporter dye (Shahmuradyan and Krull, 2016). As DNA
polymerase extends the primers during amplification, its exonu-
clease activity degrades the probe, separating the reporter from
the quencher, thereby generating a detectable fluorescence sig-
nal. This real-time increase in fluorescence is measured by the
qPCR instrument, allowing for precise quantification of DNA
amplification (Luthra et al., 1998; Nagy et al., 2017). Figure
2B provides a detailed mechanism probe-based qPCR assays.
One of the most commonly used probe-based assays is
the TagMan assay, which features a reporter dye at the 5’ end
and a quencher molecule at the 8’ end of the probe (Nagy
etal., 2017). During the amplification process, the Taq poly-
merase cleaves the probe, releasing the reporter dye from the
quencher and producing a fluorescence signal. This mecha-
nism ensures high specificity, as fluorescence occurs only when
the probe binds correctly to its target sequence, thereby reduc-
ing false-positive results (Barnes et al., 2021). TagMan assays
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are particularly advantageous for multiplexing, as they can uti-
lize distinct fluorophores to target multiple DNA sequences
within a single reaction, facilitating the simultaneous analy-
sis of multiple genes or loci (Botezatu et al., 2017). Despite
these advantages, TagMan assays are relatively expensive due
to the need for sequence-specific probe design, which requires
rigorous optimization, particularly for multiplex applications
(Alblalaihid et al., 2016; Jani et al., 2016).

Molecular beacons represent another type of probe-based
assay and are characterized by their hairpin structure, which
contains a fluorescent reporter dye at one end and a quencher
at the other. In solution, the hairpin configuration keeps the re-
porter and quencher in close proximity, effectively suppressing
fluorescence. When the beacon binds to its target DNA se-
quence, the hairpin structure unfolds, separating the quencher
from the reporter and enabling fluorescence emission (Dempsey
et al., 2018). This design offers high specificity, as fluorescence
is only generated when the probe binds perfectly to its target se-
quence, minimizing non-specific signals (Del Bonis-O’Donnell
et al., 20106; Roth and Seitz, 2021). Molecular beacons can
also be labeled with multiple fluorophores, enabling multiplex
detection within a single reaction tube, which is especially use-
ful for complex diagnostic assays (Chandrasekaran et al., 2021).
However, the cost of designing and synthesizing molecular bea-
cons is a limitation, as the hairpin structure requires careful
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Figure 2. [llustrates the Principles of Different gPCR Detection Methods: (A) SYBR® Green (Non-Probe-Based), (B) Tagman®
(Probe-Based), and (C) Melt Curve Analysis For Evaluating Primer Specificity

In SYBR® Green detection (A), fluorescence is emitted when the dye intercalates into double-stranded DNA (dsDNA) during
PCR amplification. However, because SYBR Green binds indiscriminately to all dsDNA, including non-specific products like
primer dimers, careful primer design and post-PCR melt curve analysis are necessary to ensure specificity. In TagMan®
detection (B), a sequence-specific probe containing a fluorophore and quencher hybridizes to the target DNA. During primer
extension, DNA polymerase cleaves the probe, separating the fluorophore from the quencher and generating a fluorescence
signal. This method provides higher specificity than SYBR Green, as fluorescence is only emitted upon probe degradation. Melt
curve analysis (C) evaluates amplicon specificity by monitoring fluorescence changes as dsDNA dissociates with increasing
temperature. A single peak (black line) represents a specific product, whereas multiple peaks (purple lines) indicate non-specific
amplification or primer-dimer formation. This analysis is particularly critical in SYBR Green assays to confirm target specificity
and improve data accuracy Adopted from (Adams, 2020)
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engineering to ensure stability and functionality (Guberman
etal., 2022).

KASP is another widely used probe-based assay, developed
by LGC Genomics, and is designed to detect genetic variations
such as SNPs and insertions/deletions (InDels) (Dipta et al.,
2024). This method employs allele-specific forward primers
and a common reverse primer, with the forward primers con-
taining unique tail sequences complementary to FRET cas-
settes. KASP is particularly valued for its cost-effectiveness, as
it eliminates the need for labeled probes or primers, making it
an economical choice in large-scale genotyping projects, such
as plant breeding programs (Dipta et al., 2024). While KASP
supports customization and multiplexing, it is most efficient for
analyzing a limited number of SNPs (<100 SNPs) and is gen-
erally restricted to samples from diploid or haploid genomes
(Dipta et al., 2024).

Similarly, rhAmp is a probe-based technology developed
by IDT that integrates a thermostable RNase H2 enzyme and
a mutant Taq DNA polymerase to enhance allelic discrimina-
tion (Beltz et al., 2018). The primers used in rhAmp assays
contain a single RNA base and are 8’-end blocked, with allele-
specific primers including tails complementary to universal
probe-based reporter sequences. The RNase H2 enzyme ac-
tivates the primers by removing the 8’-end block when they
form a perfectly matched heteroduplex with the DNA target,
enabling allele-specific PCR (Beltz et al.,, 2018). A signifi-
cant advantage of rhAmp is its ability to work efficiently with
low DNA input, making it ideal for applications with limited
sample availability (Ayalew et al., 2019; Beltz et al., 2018).
However, similar to KASP, rhAmp requires meticulous opti-
mization of probe design, which may increase costs. Figure
3 provides an overview of the mechanisms underlying vari-
ous probe-based qPCR assays, including TagMan, Molecular
Beacons, KASP, and rhAmp technologies. These assays em-
ploy sequence-specific probes to improve detection precision
by reducing non-specific amplification. Each method utilizes
a distinct probe design and fluorescence activation strategy,
resulting in differences in sensitivity, specificity, and overall
cost-efliciency.

3.3 Non-Probe-Based Real-Time PCR Assays

Non-probe-based qPCR assays differ fundamentally from prob
e-based methods by employing intercalating dyes, such as
SYBR Green (Figure 2A), which bind to double-stranded DNA
and emit fluorescence upon intercalation (Bhatia et al., 2015;
Debnath et al., 2025). The workflow for these assays follows the
standard DNA amplification steps of denaturation, annealing,
and extension, after which fluorescence is detected and moni-
tored in real time (Saarnio et al., 2021). SYBR Green-based
assays are widely recognized for their cost-effectiveness, mak-
ing them particularly advantageous in resource-constrained
settings (Pereira-Gomez et al., 2021; Traore et al., 2015). How-
ever, a key drawback of SYBR Green is its non-specific binding,
as it intercalates with all double-stranded DNA, including un-
intended products such as primer-dimers. This non-specific
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fluorescence can lead to false-positive results due to the lack of
sequence-specific probes (Peyrard, 2015; Schreier et al., 2019).

HRM analysis is another non-probe-based technique that
builds on the use of intercalating dyes, such as Cyto9 and Eva-
green (Figure 4), offering greater specificity than SYBR Green
(Martini et al., 2015; Stomka et al., 2017). HRM involves a
post-PCR analysis of DNA melting curves to differentiate DNA
sequences based on their melting behavior. This method is
highly sensitive and specific, enabling the detection of muta-
tions, polymorphisms, and epigenetic changes. HRM is capable
of distinguishing sequences with single nucleotide differences,
providing detailed insights into genetic variations (Qiao et al.,
2020; Stomka et al., 2017; Wang et al., 2016). Another no-
table advantage is its cost-efliciency, as HRM relies on standard
qPCR reagents and intercalating dyes, eliminating the need for
costly sequence-specific probes (Stomka et al., 2017).

Despite its strengths, HRM has certain limitations. It is
less effective in identifying subtle genetic variations and may
produce ambiguous results when analyzing samples containing
closely related variants. In addition, poorly designed primers
can cause non-specific amplification, complicating the inter-
pretation of melting curves and reducing the reliability of the
analysis (Zappe et al., 2021). These challenges underscore
the necessity of meticulous primer design and rigorous assay
optimization to maximize the accuracy and reproducibility of
HRM-based methods.

3.4 Application in Molecular Diagnostics

Probe-based assays are fundamental in the diagnosis of in-
fectious diseases and genetic disorders. TagMan probes, for
instance, are extensively utilized to detect and quantify viral
and bacterial DNA or RNA and to identify specific genetic mu-
tations and SNPs associated with various diseases. Molecular
beacons, another probe-based approach, provide exceptional
specificity and sensitivity, enabling precise detection of target
sequences in diverse diagnostic applications (Tang et al., 2019).

Non-probe-based assays, such as those utilizing SYBR
Green, also play an important role in molecular diagnostics.
These assays are commonly used to amplify and quantify viral
and bacterial DNA, detect gene expression levels, and identify
mutations through melt curve analysis (Edwards et al., 2018;
Sinha et al., 2018). Similarly, HRM analysis is widely applied
to screen for mutations and SNPs linked to genetic disorders.
HRM’s ability to differentiate DNA sequences based on their
melting profiles makes it a cost-effective and powerful tool for
analyzing genetic variations (Terisjirvi et al., 2017; Wang et al.,
2016).

Both probe-based and non-probe-based assays offer dis-
tinct benefits and limitations, making them suitable for dif-
ferent diagnostic contexts. In infectious disease diagnostics,
probe-based methods such as TagMan and molecular beacons
exhibit superior specificity, enabling accurate pathogen identi-
fication. These assays also allow for multiplexing, facilitating
the simultaneous analysis of multiple targets, which is essential
for monitoring disease progression and detecting co-infections
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Figures Tagman, molecular beacons, were sourced from Bio-Rad Lab’s Introduction to PCR Primer & Probe Chemistries. The
KASP figure was obtained from LGC Bioresearch’s KASP Genotyping Explained, and the rhAmp figure is from IDTs
rhAmp™ SNP Genotyping System

(Grigorenko et al., 2017; Kikuchi et al., 2016; Liu et al., 2020
Onyango et al., 2017). However, probe-based assays can be
expensive and require complex probe designs, making them
less accessible in resource-limited settings. Non-probe-based
assays, such as SYBR Green, offer simplicity and affordabil-
ity, making them suitable for initial screenings and detecting a
broad range of pathogens. Nevertheless, their lack of specificity
and susceptibility to false positives due to non-specific binding
are notable drawbacks (Marinowic et al., 2021; Sturza et al.,
2021).

In the context of genetic disorders, probe-based assays are
particularly effective for detecting specific mutations, such as
those linked to breast cancer, offering high specificity and pre-
cise quantification (Xue et al., 2021). Conversely, non-probe-
based methods like HRM are more cost-efficient and advan-
tageous for broad mutation screening. However, HRM lacks
the specificity of probe-based methods and requires skilled
interpretation to ensure accurate results (Mbelele et al., 2018).

Table 1 highlights recent studies of probe-based and non-
probe-based assays in molecular diagnostics. This comparison
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Figure 4. [llustrates the Mechanism of HRM qPCR Assays, Which Identify Genetic Variations by Analyzing Differences in DNA

Melting Profiles

Following PCR amplification with a fluorescent dye such as EvaGreen, the temperature is gradually increased, leading to the
denaturation of double-stranded DNA (dsDNA). As the DNA strands separate, fluorescence diminishes, producing a melt curve
that represents sequence variations. Differences in melting temperature (Tm) enable the distinction of SNPs, mutations, and
epigenetic modifications. Normalized melt curves and difference plots further improve resolution, allowing for highly accurate
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genotyping Adopted from (Rahma et al., 2025; Slomka et al., 2017)
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underscores the importance of selecting an assay based on
diagnostic requirements, available resources, and the need to
balance cost and specificity. Probe-based assays are generally
preferred for high-precision applications, while non-probe-
based assays are better suited for cost-sensitive or large-scale
screenings, particularly in resource-limited environments.

3.5 Comparative Analysis of Probe-Based and Non-Probe-
Based Assays

Probe-based and non-probe-based qPCR assays each offer
distinct advantages and limitations, making them critical for
various molecular diagnostic applications. HRM, a widely
used non-probe-based technology, is particularly valued for
its simplicity, speed, sensitivity, and cost-effectiveness. Yu
et al. (2015) demonstrated that HRM reduces analysis time by
nearly an hour while minimizing contamination risks and low-
ering overal costs, making it especially effective for applications
such as identifying PPV. Similarly, Zhang et al. (2015) high-
lighted HRM’s precision in ALDH2 genotyping, showcasing
its capability to differentiate rs671 genotypes (GG, GA, and
AA). Its straightforward setup and reliability in SNP genotyping
establish HRM as an essential tool in molecular diagnostics.

In contrast, TagMan assays, a commonly used probe-based
technology, leverage Minor Groove Binder (MGB) modifi-
cations to improve specificity (Zhang et al., 2015). While
TagMan assays provide comparable accuracy and speed to
HRM, their reliance on sequence-specific probes increases
costs (Lamien-Meda et al., 2021). Although less expensive
than FRET-based systems, TagMan has limitations in SNP
detection, including potential hybridization at multiple regions
with minor sequence differences (Filippis et al., 2023). Fur-
thermore, HRM'’s challenges in detecting certain transversions
Pholwat et al. (2015), and its struggles with identifying mu-
tations such as PIK3CA in CNS metastases is highlight the
importance of selecting assays based on specific diagnostic re-
quirements (Nicos et al., 2016). Table 2 summarizes the critical
differences between non-probe-based and probe-based qPCR
assays.

When comparing HRM to KASP, HRM demonstrates no-
table advantages. Unlike KASP, which requires three primers
(two allele-specific forward primers and one reverse primer),
HRM needs only a single primer pair, simplifying the assay de-
sign and reducing costs (Kaur et al., 2023). HRM also supports
multiplexing and offers more precise curve analysis, making
it a superior option in many cases. However, KASP remains
a practical alternative due to its simplicity in design, valida-
tion, and affordability compared to probe-based methods like
TagMan (Nunziata et al., 2020). KASP’s cost-effectiveness
makes it popular for large-scale genotyping projects, especially
in resource-limited settings, despite HRM offering higher pre-
cision and flexibility.

Among the three probe-based assays—TaqMan, rhAmp,
and KASP—rhAmp is the most cost-effective while maintain-
ing high specificity. According to Ayalew et al. (2019), rhAmp
had the lowest non-specific amplification error rate (3%) com-
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pared to KASP (6.5%) and TagMan (7%). In terms of speed,
rhAmp was also the fastest, completing analysis in 110 minutes,
followed by KASP (115 minutes) and TagMan (125 minutes).
While TagMan demonstrated higher sensitivity (detecting as
low as 0.2 ng of DNA per reaction) than KASP (0.9 ng) (Broc-
canello et al., 2018), KASP remains significantly more afford-
able—approximately five times less expensive than TagMan.
However, KASP’s longer protocols and higher false-positive
rates can pose challenges (LLandoulsi et al., 2017; Li et al.,
2021). Table 3 provides a detailed comparison of key parame-
ters across these probe-based qPCR assays.

Hybrid technologies are increasingly being developed to
bridge the strengths of probe-based and non-probe-based meth-
ods. For example, HRM-RTqPCR combines qPCR with HRM
analysis, reducing reagent costs compared to traditional probe-
based methods. However, this hybrid technology requires more
time (approximately 2.5 hours), making it less eflicient than
TagMan-based methods (Ferreira et al., 2021). Another inno-
vation, TAC-HRM, addresses HRM’s limitations in detecting
transversions, although it remains reliant on a real-time PCR
platform (Pholwat et al., 2015).

ASQ (Allele-Specific gPCR), a FRET-based technology,
provides significant cost savings—up to 10 times lower than
KASP—while maintaining flexibility in SNP genotyping (Kalen-
dar et al., 2022). Its streamlined design eliminates the hair-
pin loop, simplifying assay setup and further reducing costs,
making it ideal for budget-conscious laboratories. Finally, Uni-
versal Probe-Based and Intermediate Primer-triggered qPCR
(UPIP-qPCR) has emerged as a highly accurate and rapid SNP
genotyping method. With a calling base ratio exceeding 99.1%
and accuracy greater than 99.9%, UPIP-qPCR surpasses Taq-
Man and KASP in sensitivity, requiring as little as 0.01 ng of
DNA per reaction (Li et al., 2021).

This analysis underscores the importance of carefully se-
lecting assays based on diagnostic needs, financial constraints,
and desired levels of specificity and efliciency. Both probe-
based and non-probe-based technologies offer unique benefits,
making them well-suited for diverse molecular diagnostic ap-
plications. To further clarify the selection process, Table 4 pro-
vides a structured comparison of widely used gPCR methods,
summarizing their advantages and limitations. This compari-
son serves as a quick reference for selecting the most suitable
method based on specificity, cost, multiplexing capability, and
suitability for high-throughput applications. The information
presented highlights key trade-offs that researchers and clin-
icians should consider when designing molecular diagnostic
assays.

3.6 Cost Levels of Probe-Based and Non-Probe-Based As-
says

Evaluating the cost implications of qPCR assays is essential

for selecting the most appropriate technology, especially in

resource-limited settings or large-scale projects. The cost of

these assays is influenced by factors such as their reliance on

sequence-specific probes, reagent complexity, and sensitivity
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Table 1. Current Studies on Probe-Based and Non-Probe-Based Assays in Molecular Diagnostics

Origin of

Assay Type Study Object Summary References
Bangladesh, .TaqM.an pr.obes were utilized to detect Plasmodium spp., (Lamien-
. Human incurring higher costs than SYBR Green but lower than ,
Probe-based Malaysia, o o iy . . Meda et al.,
T blood spots FRET. Specificity issues in identifying Plasmodium species o
Ethiopia 2021)
were noted
Peripheral KASP was five times cheaper than TagMan, offering flexible .
. blood from . . ) > (Landoulsi
Probe-based Tunisia ) , primer design and higher success rates for genotyping rare onTm
Parkinson’s : , . etal., 2017)
. Alzheimer’s-related variants
patients
p?r?pth?al The UPIP-qPCR method showed sensitivity at 0.01 ng with (Li et al
Probe-based China whole blood  2€curacy greater than 99.9% 1:niN P genotyping of the rs671 92021)
samples 8
- KASP showed high reproducibility with an error rate below o
Lyophilized 0 . . . - (Nunziata
Probe-based Italy 0.5% during SNP detection, providing cost-effective onc
leaves . . .. . et al., 2020)
solutions for managing European chestnut biodiversity
Wheat rhAmp technology was more cost-eflicient and required less (Ayalew
Probe-based USA tissue DNA template than TagMan and KASP for SNP genotyping, o ';1 }(é((,)] 9)
samples with failure rates of 8%, 7%, and 6.5%, respectively oo ’
Sugar beet rhAmp showed lower costs (€0.10/sample) and faster (Broccanell
Probe-based Italy tissue runtime (110 minutes) than TagMan (€0.29/sample) and N %(])( (;(l)] T‘%())
samples KASP (115 minutes), making it suitable for SNP genotyping el (
Russia Frozen ASQ technology for SNP genotyping of barley genes (Kalendar
Probe-based Lith n; barley demonstrated high flexibility and cost reduction, requiring et al., 2099)
huana leaves 2-10 times lower cost than KASP o
saljnl\pl)lAes The TagMan SARS-CoV-2 mutation panel detected and (Neopane
Probe-based USA from SARS- genotyped varlant(; (e.g.,tDelta, Alp'ha) with high etal, 2021)
CoV-9 concordance to sequencing
SARS-CoV- An in-house TagMan RT-qPCR assay identified the N501Y
Hong 2 . . T . . (Chan et al.,
Probe-based . mutation with a detection limit of 1.5 copies uL, enabling onoc
Kong respiratory . . 2022)
. high-throughput screening
specimens
Cgreil()irors]%mal TagMan was rapid and accurate for meningitis detection but (Filippis
Probe-based Brazil cliiniéclal expensive, while gPCR-HRM offered cost savings with ot ‘111 1;)(});(})
reagent costs 20% of TagMan’s o ‘
samples
SARS-CoV-  HRM successfully differentiated Omicron BA.1 and BA.2 (I/\O?l:(];awa
Non-probe-based Japan 2 Omicron variants through melting temperature analysis of spike I\[lfl\'orshi
variants protein mutations 9 (‘)22)
saljnl\pl)lAes RT-qPCR-HRM detected the D614G mutation in (Gazali
Non-probe-based  Indonesia from SARS- SARS-CoV-2 splkse protein, w1th.results confirmed by etal, 2021)
CoV-9 anger sequencing
Na;o phar}:ingeal, HRM-RT-qPCR reduced reagent costs compared to (Ferreir:
Non-probe-based Brazil saliva, an TagMan and was cost-effective despite requiring an hour " lﬂ ;;1;1)
serm longer for analysis el
samples
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Human
) . HRM proved simple, affordable, and time-eflicient for (Zhang
Non-probe-based China s:rlr(l);))l(el-s ALDH2 genotyping, with minimal DNA contamination risks et al., 2015)
Whole HRM was fast and reproducible, taking 5 hours for (Langace
Non-probe-based USA blood completion, and was suitable for clinical and research o '11‘ ;E) 19)
samples applications in personalized medicine o )
Lung
:?or?r(l)qrasl, MS-HRM for gene methylation analysis was cost-effective (Liu et al
Non-probe-based USA . and convenient but lacked sensitivity and quantification P
tissue, and capabilities 2017)
blood P ‘
plasma
o HRM offered a rapid, sensitive, and specific alternative for :
. Pig tissue . . . . (Yu et al.,
Non-probe-based China detecting PPV mutations, reducing analysis time by almost on -
samples . L o . 2015)
an hour while minimizing contamination risks
Blood MS-HRM faced challenges with primer competition in (Bialek
Non-probe-based Poland samples CpG-rich sequences, requiring additional non-CpG sites to e
.. S . . etal, 2021)
from rats maintain assay accuracy for TGFB gene methylation analysis
Formalin-
jr);efgn- HRM-PCR was applied for PIKSCA mutation detection in (Nicos et al
Non-probe-based Poland P CNS metastases but lacked specificity compared to TagMan > . © 7
embedded . e . . 2016)
. for identifying specific mutations
tissue
samples
Barlgladesh, M. . TAC-HRM provided an affordable approach for detecting -
Thailand, tuberculosis . ) S .. . (Pholwat
Non-probe-based . mutations, but its cost-effectiveness was limited by the high on -
Russia, culture . . etal., 2015)
] price of HRM-compatible PCR platforms
Tanzania samples
Wheat HRM was more cost-effective and multiplex-capable than (Kaur et al
Non-probe-based USA tissue KASP for SNP genotyping in Triticum aestivum, while ‘202‘3)‘ K
samples KASP showed limitations in detecting heterozygous alleles ‘

Table 2. Summarises the Key Differences Between Non-Probe-Based Real Time PCR Assays with Probe-Based Real-Time PCR
Assays

Feature Non-Probe-Based Real-Time PCR Probe-Based Real-Time PCR
Uses intercalating dyes (e.g., SYBR Green or Utilizes sequence-specific fluorescent probes
Detection Method Evagreen with HRM analysis) that bind to (e.g., TagMan, Molecular Beacons, FRET,
double-stranded DNA KASP, rhAmp)
Specificit Lower specificity as dyes bind to any High specificity due to the sequence-specific
I Y double-stranded DNA. binding of probes
Simpler design: no need to design or optimize Requires careful design and optimization of
Ease of Use o
probes. sequence-specific probes
Cost Generally lower as it (()ir;lg/ requires primers and Higher due to the cost of probes
Quantification . . . Provides more accurate quantification due to
Accuracy Can be affected by nonspecific amplification. . Py
. high specificity
(Sensitivity)
Multiplexing Limited; challenging to distinguish multiple Excellent; different fluorescent dyes can label
Capability targets. different probes
o Suitable for general DNA detection and less Ideal for detecting specific DNA sequences and
Application .
complex assays. multiplex assays
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Table 3. Highlights the Comparison of Key Parameters Across Various Probed-Based Real-Time PCR Assays

Parameters TagMan Molecular Beacons FRET KASP rhAmp
Common Taq Common Taq Common Taq Common Taq Mutated Taq
Enzyme(s) Polymerase and RNase
Polymerase Polymerase Polymerase Polymerase o
One One target-specific Two . .
. o . Two universal Two universal
Probe target-specific hairpin-shaped target-specific
fluorescence probes fluorescence probes
probe probe probes
Two allele-specific
Two allele-specific forward primers, each
One pair of One pair of One pair of forward primers labeled ~ with 5’ ends containing
Primers forward and forward and forward and at the 5’ ends, along allele-specific tail

reverse primer

reverse primer

reverse primer

primer.

with one regular reverse

sequences and 3 ends
blocked, along with one
regular reverse primer.

Table 4. Comparative Overview of Probe-Based and Non-Probe-Based gPCR Assays

Assay
Type

Advantages

Limitations

References

TagMan
Assay

Molecular
Beacons

KASP
Assay

rhAmp
Assay

SYBR

Green

HRM

High specificity, minimizes false-positive
results, suitable for detecting specific
targets, supports multiplexing

Very high specificity, allows precise
detection of target sequences, effective in
complex samples, supports multiplexing

Cost-effective for SNP genotyping, does
not require fluorescent probes, suitable
for large-scale genotyping projects

High specificity and sensitivity for SNP
detection, efficient with low DNA input,
reduces non-specific amplification errors

Simple, cost-effective, widely available,
suitable for basic gene expression and
pathogen detection

Low-cost alternative for mutation
screening, useful for SNP genotyping and
methylation analysis, does not require
labeled probes

High cost, requires carefully
designed sequence-specific probes,
limited flexibility for broad
screenings
Expensive due to complex probe
synthesis, requires extensive
optimization, challenging probe
design
Limited to analyzing a moderate
number of SNPs, less suitable for
highly complex genomic
structures
Requires specific enzyme and
probe optimization, relatively
higher cost compared to KASP
Less specific due to non-target
DNA binding, requires careful
primer design to avoid
non-specific amplification
Requires high-quality DNA and
precise temperature control, less
effective for complex sequence
variations

(Alblalaihid et al., 2016;
Barnes et al., 2021; Fang
etal., 2025; Yang et al.,
2025)
(Chandrasekaran et al., 2021;
Del Bonis-O’Donnell et al.,
2016; Roth and Seitz, 2021;
Yang et al., 2024)

(Dipta et al., 2024; Shen
et al., 2025; Steele et al.,
2025)

(Ayalew et al., 2019; Beltz
etal., 2018; Broccanello
etal., 2018)

(Cao et al., 2025; Ranaweera
et al., 2025; Schreier et al.,

2019; Traore et al., 2015)

(Jiang et al., 2025; Qiao et al.,
2020; Taryma-Lesniak et al.,
2025; Wang et al., 2016)

requirements. Table 5 provides a comprehensive ranking of
qPCR assay types based on cost, ranging from high to very low,
alongside their typical applications and diagnostic capabilities.
TagMan (Probe-Based) assays represent the highest cost
among qPCR technologies due to their dependence on sequence-
specific probes and MGB modifications, which enhance assay
specificity but significantly increase costs. These assays are
extensively used in applications that demand high accuracy,
such as the detection of Plasmodium spp, SARS-CoV-2 muta-

© 2025 The Authors.

Lamien-Meda et al., 2021).

tions, and diagnosing meningitis. Their precision and reliability
justify their higher cost in settings where precise pathogen iden-
tification is critical (Chan et al., 2022; Filippis et al., 2028;

A more cost-effective alternative is the rhAmp (Probe-
Based) assay, which falls into the moderate-to-high cost cate-
gory. It balances specificity and cost, making it a viable alter-
native to TaqMan, particularly for SNP genotyping in wheat
and sugar beet tissue samples. With shorter analysis times and
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Table 5. Cost Levels of Probe-Based and Non-Probe-Based Assays

Rank Assay Type fe(z:l Example Applications References
TagMan . Detecting Plasmodium spp., SARS-CoV-2 (1\1_(/‘”: r(;x ()I‘.H.l" %()Z:); (”1“”(‘
1 (Probe-based) High mutations, meningitis, and HPV DNA etal,, 2023; Filippis ctal,, 2023;
) ’ ” SIS, Lamien-Meda et al., 2021)
rhAmp Moderate- SNP genotyping in wheat, sugar beet tissue (Alcaraz—(;()n(zalcz ctal., 2025;
2 . . Ayalew et al., 2019; Broccanello
(Probe-based) High samples, and Friesian horses etal., 2018)
Alzheimer’s-related variants, biodiversity in (Landoulsi et al., 2017,
KASP . . . . . .
3 Moderate  chestnut, fomesafen resistance in Amaranthus Nunziata et al., 2020; Zhang
(Probe-based) o i
retroflexus etal., 2025)
MS-HRM (Non- Methylation analysis of TGFB, CNS metastases, (E:)MICI\{ (l al., 2()21;,\1(‘05 ctal,
4 Moderate . . . 2016; Taryma-Lesniak et al.,
probe-based) and BRCA1 epimutation screening 9025)
Variant differentiation (SARS-CoV-2 Omicron, (Gazali et al., 2021; Kaur et al.,
5 HRM (Non- L D614G mutation), ALDH2 genotyping, SNP 2023; Koshikawa and Miyoshi,
probe-based) ow genotyping in wheat, NX-2 chemotype 2022; Singh et al., 2025; Zhang
detection in Fusarium graminearum etal., 2015)
SYBR Green Affordable alternative for detecting Pl.asmo.dzum (Sanganagouda et al., 2025;
spp. DNA, broad pathogen screening in . ) A
6 (Non-probe- Very Low L . D Lamien-Meda et al., 2021; Ota
resource-limited settings, LSDV detection in ono r
based) et al., 2025)

cattle, and ToBRFV detection in tomato seeds

reduced reagent consumption, rhAmp is a practical choice for
both research and diagnostic applications. Despite being more
affordable than TagMan, it remains pricier than KASP (Ayalew
etal., 2019; Broccanello et al., 2018).

KASP (Probe-Based) assays further reduce costs and fall
into the moderate-cost range, offering a flexible and econom-
ical solution for genotyping applications such as Alzheimer’s
variant research, biodiversity studies, and SNP authentication
in olives. Compared to TagMan and rhAmp, KASP is signifi-
cantly cheaper; however, its longer protocols and higher false-
positive rates may limit its effectiveness in high-throughput
environments (Landoulsi et al., 2017; Nunziata et al., 2020).

Moving into non-probe-based methods, MS-HRM (Methyl
ation-Sensitive High-Resolution Melting) assays offer a mod-
erately priced option for methylation studies, particularly for
genes such as TGFB and in CNS metastases. While it is an
economical choice for methylation analysis, MS-HRM’s com-
plexity can limit its efficiency in high-throughput screenings,
requiring careful optimization to maintain accuracy (Bialek
etal., 2021; Nicos et al., 2016).

HRM is an even more cost-effective non-probe-based meth
od, classified as low-cost, with broad applications in SNP geno-
typing and mutation detection. It has demonstrated effective-
ness in differentiating SARS-CoV-2 variants, such as Omicron
BA.1 and BA.2, and in genotyping ALDH2 mutations. Its
affordability, coupled with its ability to detect genetic variations
based on melting profiles, makes it particularly suitable for
resource-constrained settings (Gazali et al., 2021; Kaur et al.,

2023; Koshikawa and Miyoshi, 2022; Zhang et al., 2015).

© 2025 The Authors.

The most economical qPCR assay type is SYBR Green
(Non-Probe-Based), classified as very low-cost. This method
is widely used for pathogen detection and preliminary screen-
ings in resource-limited settings due to its simplicity and lack
of sequence-specific probes. However, its specificity is lower
compared to HRM, making it better suited for general appli-
cations rather than high-precision diagnostics (LLamien-Meda
etal., 2021). The cost hierarchy of these assays reflects a bal-
ance between specificity, sensitivity, and application demands.
TagMan remains the most expensive due to its precision and re-
liance on advanced probe designs, while SYBR Green provides
the most affordable option for basic diagnostic needs. HRM
represents an intermediate solution, combining affordability
with robust accuracy, while rhAmp and KASP offer moderately
priced alternatives with varying levels of flexibility and perfor-
mance. This cost breakdown helps researchers and clinicians
choose the most suitable qPCR assay based on their diagnostic
objectives and budgetary considerations.

3.7 Recent Advances and Future Perspectives

The field of molecular diagnostics continues to evolve, with
innovative technologies improving accuracy, efliciency, and ac-
cessibility in genetic testing. Emerging approaches such as ASQ
and UPIP-gPCR exemplify this progress. While primarily ap-
plied to non-human samples, such as plant genotyping, these
methods show significant potential for human applications, par-
ticularly in detecting disease-associated genetic variants. Their
precision and cost-efliciency position them as valuable tools
for expanding diagnostic capabilities in clinical settings.

Page 671 of 677



Malau et. al.

Multiplex PCR platforms, including Seegene’s high-through
put diagnostic systems, represent another leap forward in molec-
ular diagnostics. These systems can simultaneously detect six
to seven targets in a single reaction, offering significant time
and cost savings, especially for syndromic testing (Bodiybadu
et al., 2023; Lim et al., 2023). The integration of such multi-
plex technologies in clinical workflows enhances diagnostic effi-
ciency while conserving resources, making them highly advan-
tageous for applications requiring the simultaneous detection
of multiple pathogens or genetic markers. Future innovations
in real-time PCR platforms are expected to further increase
multiplexing capacities, enabling the detection of even more
targets within a single reaction. These advancements are antici-
pated to reduce costs and expand the accessibility of molecular
diagnostics, particularly in resource-constrained environments
(Bodiybadu et al., 2023).

HRM technology also plays a key role in shaping the future
of molecular diagnostics. Renowned for its ability to identify
genetic variants, mutations, and epigenetic changes based on
DNA melting profiles, HRM provides a cost-effective alterna-
tive to probe-based methods. Its affordability, coupled with
its adaptability for mutation screening and SNP genotyping,
makes HRM particularly valuable for resource-limited settings
(Koshikawa and Miyoshi, 2022; Zhang et al., 2015). However,
limitations such as reduced effectiveness in analyzing complex
or heterogeneous samples need to be addressed. Research
aimed at improving HRM’s resolution to detect subtle genetic
variations and expanding its multiplexing capabilities could
significantly enhance its utility. Combining HRM with ad-
vanced multiplex PCR platforms may result in hybrid systems
that deliver cost savings alongside high-throughput capabili-
ties, thereby broadening their applicability in both clinical and
research settings.

Looking forward, further advancements in molecular diag-
nostics should prioritize versatility and affordability, ensuring
these technologies are adaptable to diverse sample types, in-
cluding RNA and methylated DNA. Additionally, increasing
the accessibility of these systems in resource-limited regions is
critical for equitable healthcare outcomes. The ongoing refine-
ment of technologies such as HRM, ASQ, UPIP-qPCR, and
multiplex PCR platforms will continue to drive innovation, ex-
panding the role of molecular diagnostics in fields ranging from
human healthcare to agricultural genomics. These develop-
ments promise to revolutionize diagnostic strategies, ensuring
improved outcomes across a wide array of applications.

4. CONCLUSIONS

qPCR technologies have profoundly transformed molecular
diagnostics, delivering exceptional precision and efficiency in
pathogen detection, SNP genotyping, and genetic variant anal-
ysis. This review presents a detailed evaluation of probe-based
assays, including TagMan, KASP, and rhAmp, alongside non-
probe-based methods such as SYBR Green and HRM. Probe-
based systems offer superior specificity and multiplexing ca-
pabilities, making them optimal for applications demanding

© 2025 The Authors.
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high accuracy; however, their higher costs and complex probe
design limit their applicability in resource-limited settings. In
contrast, non-probe-based technologies like HRM provide cost-
effective alternatives with extensive utility in SNP detection and
mutation analysis, though they are prone to non-specific am-
plification and require expert interpretation. Emerging hybrid
technologies, such as HRM-RTqPCR and UPIP-qPCR, illus-
trate the potential to combine the strengths of both approaches,
offering enhanced accuracy, cost-efliciency, and scalability. Ad-
ditionally, advancements in multiplex PCR platforms high-
light the increasing capacity for high-throughput diagnostics,
allowing simultaneous detection of multiple targets and stream-
lining diagnostic workflows. Future research must focus on
creating more accessible and adaptable qPCR systems, with an
emphasis on expanding multiplexing capacities and ensuring
affordability. Improving the specificity and resolution of cost-
effective methods like HRM will also be essential in overcoming
current challenges. The integration of these innovations into
clinical and agricultural workflows will significantly extend the
impact of molecular diagnostics, promoting advancements in
precision medicine and sustainable agriculture. By comparing
existing methodologies and exploring emerging technologies,
this review underscores the transformative potential of gPCR
technologies in driving more inclusive, eflicient, and impactful
diagnostic solutions.

5. ACKNOWLEDGMENT

We gratefully acknowledge Universitas Singaperbangsa Karawang
for their financial support provided through the collaborative

research grant (Grant No. 421/SP2H/UNG4.10/LL/2024).

REFERENCES

Adams, G. (2020). A Beginner’s Guide to RT-PCR, qPCR
and RT-qPCR. The Biochemist, 42(3); 48-53

Al-Ziara, M. M. M., Z. A. Al-Khafaji, and N. M. Al-Hilli
(2025). Molecular Detection of HPV E7 Gene Using Taq-
Man Probe-Based RT-PCR: A Case-Control Study in Hilla
City, Iraq. Al-Rafidain Journal of Medical Sciences, 8(1); 106—
111

Alblalaihid, K., P. Kinnell, S. Lawes, D. Desgaches, and
R. Leach (2016). Performance Assessment of a New Vari-
able Stiffness Probing System for Micro-CMMs. Sensors,
16(4); 492

Alcaraz-Gonzilez, K. M., ]J. R. Borbolla-Herndndez, C. E.
Aragon-Lépez, J. R. Gonzdlez-Galaviz, J. R. Reyna-
Granados, and P. Luna-Nevdrez (2025). Implementa-
tion of rhAmp SNP Genotyping for the Detection of the
B3GALNT2 Gene Mutation Associated with Congenital Hy-
drocephalus in Friesian Horses in Southern Sonora. Biotec-
nia, 27; 2276

Ayalew, H., P. W. Tsang, C. Chu, J. Wang, S. Liu, C. Chen,
and X.-F. Ma (2019). Comparison of TagMan, KASP and
rhAmp SNP Genotyping Platforms in Hexaploid Wheat.
PLOS ONE, 14(5); 0217222

Page 672 of 677



Malau et. al.

Azizi, M. M. F., N. H. Mardhiah, and H. Y. Lau (2022). Cur-
rent and Emerging Molecular Technologies for the Diagnosis
of Plant Diseases — An Overview. Journal of Experimental
Biology and Agricultural Sciences, 10(2); 294-305

Baebler, S., M. Svalina, M. Petek, K. Stare, A. Rotter,
M. Pompe-Novak, and K. Gruden (2017). quantGenius:
Implementation of a Decision Support System for qPCR-
Based Gene Quantification. BMC Bioinformatics, 18(1); 276

Barnes, W. M., Z. Zhang, and M. B. Kermekchiev (2021).
A Single Amino Acid Change to Taq DNA Polymerase
Enables Faster PCR, Reverse Transcription and Strand-
Displacement. Frontiers in Bioengineering and Biotechnology,
8; 553474

Beltz, K., D. Tsang, J. Wang, S. Rose, Y. Bao, Y. Wang,
K. Larkin, S. Rupp, D. Schrepfer, K. Datta, K. Gunder-
son, C. Sailor, S. Hansen, J. Dobosy, L. Lewis, A. Menezes,
J. Walder, M. Behlke, and C. Chen (2018). A High-
Performing and Cost-Effective SNP Genotyping Method
Using rhPCR and Universal Reporters. Advances in Bioscience
and Biotechnology, 9(9); 497-512

Bhatia, R., A. Gautam, S. K. Gautam, D. Mehta, V. Kumar,
G. P. S. Raghava, and G. C. Varshney (2015). Assessment of
SYBR Green I Dye-Based Fluorescence Assay for Screening
Antimalarial Activity of Cationic Peptides and DNA Interca-
lating Agents. Antimicrobial Agents and Chemotherapy, 59(5);
2886-2889

Bialek, K., P. Czarny, P. Wigner, E. Synowiec,
G. Barszczewska, M. Bijak, ]. Szemraj, M. Niem-
czyk, K. Tota-Glowczyk, M. Papp, and T. Sliwinski (2021).
Chronic Mild Stress and Venlafaxine Treatment Were
Associated with Altered Expression Level and Methylation
Status of New Candidate Inflammatory Genes in PBMCs
and Brain Structures of Wistar Rats. Genes, 12(5); 667

Bodiybadu, K., J. Danielewski, E. Plummer, C. S. Bradshaw,
D. A. Machalek, S. M. Garland, L. A. Vodstrcil, and G. L.
Murray (2023). Comparison of Seegene AnyPlexTM II STI-
7e with Standard-of-Care Diagnostic Methods for the De-
tection of Mycoplasma Genitalium, Chlamydia Trachomatis,
Neisseria Gonorrhoeae, and Trichomonas Vaginalis. Letters
in Applied Microbiology, 76(1); 2

Botezatu, 1. V., 1. O. Panchuk, A. M. Stroganova, A. I.
Senderovich, V. N. Kondratova, V. P. Shelepov, and A. V.
Lichtenstein (2017). Tagman Probes as Blocking Agents for
Enriched PCR Amplification and DNA Melting Analysis of
Mutant Genes. BioTechniques, 62(2); 62—-68

Broccanello, C., C. Chiodi, A. Funk, J. M. McGrath, L. Panella,
and P. Stevanato (2018). Comparison of Three PCR-Based
Assays for SNP Genotyping in Plants. Plant Methods, 14(1);
28

Butz, H. and A. Patécs (2019). Brief Summary of the Most
Important Molecular Genetic Methods (PCR, gPCR, Mi-
croarray, Next-Generation Sequencing, etc.). In Molecular
Genetics. pages 33-52

Cao, L., W. Lv, A. Li, L. Yang, F. Zhou, F. Wen, S. Yuan,
S. Huang, Z. Li, and J. Guo (2025). A SYBR Green [-Based

© 2025 The Authors.

Science and Technology Indonesia, 10 (2025) 660-677

Multiplex Real-Time PCR for Simultaneous Detection of
Pseudorabies Virus, Porcine Circovirus 8 and Porcine Par-
vovirus. BMC Veterinary Research, 21(1); 10

Chan, C. T.-M., ]J. S.-L. Leung, L.-K. Lee, H. W.-H. Lo,
E. Y.-K. Wong, D. S.-H. Wong, T. T.-L.. Ng, H.-Y. Lao,
K. K. Ly, S. H.-C. Jim, M. C.-Y. Yau, J. Y.-W. Lam, A. Y.-
M. Ho, K. S. Luk, K.-T. Yip, T.-L. Que, K. K.-W. To, and
G. K.-H. Siu (2022). A Low-Cost TagMan Minor Groove
Binder Probe-Based One-Step RT-qPCR Assay for Rapid
Identification of N501Y Variants of SARS-CoV-2. Journal
of Virological Methods, 299; 114333

Chandrasekaran, A. R., M. Maclsaac, J. Vilcapoma, C. H.
Hansen, D. Yang, W. P. Wong, and K. Halvorsen (2021).
DNA Nanoswitch Barcodes for Multiplexed Biomarker Pro-
filing. Nano Letters, 21(1); 469-475

Curk, T., C. A. Brackley, J. D. Farrell, Z. Xing, D. Joshi, S. Di-
reito, U. Bren, S. Angioletti-Uberti, ]. Dobnikar, E. Eiser,
D. Frenkel, and R. J. Allen (2020). Computational Design
of Probes to Detect Bacterial Genomes by Multivalent Bind-
ing. Proceedings of the National Academy of Sciences, 117(16);
8719-8726

Debnath, P. P., N. Pirarat, K. D. Thompson, and C. Rodkhum
(2025). Disease Diagnosis for Tilapia Pathogens. In Tilapia.
CABI, pages 520-597

Debski, P. R., K. Gewartowski, S. Bajer, and P. Garstecki
(2017). Calibration-Free Assays on Standard Real-Time
PCR Devices. Scientific Reports, 7(1); 44854

Del Bonis-O’Donnell, J. T., D. Vong, S. Pennathur, and D. K.
Fygenson (2016). A Universal Design for a DNA Probe Pro-
viding Ratiometric Fluorescence Detection by Generation
of Silver Nanoclusters. Nanoscale, 8(30); 14489-14496

Dempsey, M. E., H. D. Marble, T.-L. Shen, N. L. Fawzi, and
E. M. Darling (2018). Synthesis and Characterization of
a Magnetically Active 19F Molecular Beacon. Bioconjugate
Chemistry, 29(2); 3356-342

Dipta, B., S. Sood, V. Mangal, V. Bhardwaj, A. K. Thakur,
V. Kumar, and B. Singh (2024). KASP: A High-Throughput
Genotyping System and Its Applications in Major Crop
Plants for Biotic and Abiotic Stress Tolerance. Molecular
Biology Reports, 51(1); 508

Dwivedi, S., P. Purohit, R. Misra, P. Pareek, A. Goel, S. Khattri,
K. K. Pant, S. Misra, and P. Sharma (2017). Diseases and
Molecular Diagnostics: A Step Closer to Precision Medicine.
Indian Journal of Clinical Biochemistry, 82(4); 374-398

Edwards, T., S. Sasaki, C. Williams, G. Hobbs, N. A. Feasey,
K. Evans, and E. R. Adams (2018). Speciation of Common
Gram-Negative Pathogens Using a Highly Multiplexed High
Resolution Melt Curve Assay. Scientific Reports, 8(1); 1114

Fang, T., L. Peng, T. Yang, Q. Cai, H. Li, H. Li, and L. Cai
(2025). Development and Evaluation of Multiplex Real-
Time PCR for Rapid Identifying Major Pathogenic Mycobac-
teria from Pulmonary and Extrapulmonary Clinical Samples
in Eastern China. Heliyon, 11(1); e41384

Fanshawe, T. R. and M. Vazquez-Montes (2021). How to
Reduce Diagnostic Error: ‘Neutral Zone’ Approach. BMJ

Page 673 of 677



Malau et. al.

Evidence-Based Medicine, 26(2); 71-72

Fenibo, E. O., G. N. Ijoma, W. Nurmahomed, and
T. Matambo (2022). The Potential and Green Chemistry
Attributes of Biopesticides for Sustainable Agriculture. Sus-
tainability, 14(21); 14417

Ferreira, B. I. d. S., N. L. da Silva-Gomes, W. L. d. C. N. P.
Coelho, V. D. da Costa, V. C. d. S. Carneiro, R. L. Kader,
M. P. Amaro, L. M. Villar, F. Miyajima, S. V. Alves-Leon,
V. S. de Paula, L. A. A. Leon, and O. C. Moreira (2021).
Validation of a Novel Molecular Assay to the Diagnostic of
COVID-19 Based on Real Time PCR with High Resolution
Melting. PLOS ONE, 16(11); ¢0260087

Filippis, 1. d., A. C. de Azevedo, I. de Oliveira Lima, N. F. L.
Ramos, C. F. de Andrade, and A. E. de Almeida (2023).
Accurate, Fast and Cost-Effective Simultaneous Detection
of Bacterial Meningitis by Qualitative PCR with High-
Resolution Melting. BioTechniques, 74(2); 101-106

Gazali, F. M., M. Nuhamunada, R. Nabilla, E. Supriyati, M. S.
Hakim, E. Arguni, E. W. Daniwijaya, T. Nuryastuti, S. M.
Haryana, T. Wibawa, and N. Wijayanti (2021). Detection
of SARS-CoV-2 Spike Protein D614G Mutation by qPCR-
HRM Analysis. Heliyon, 7(9); e07936

Gina, S., C. Rahmagiarti, I. M. Ummah, C. Sumantri, I. H.
Suparto, and N. Darmawan (2024). Assessment of Com-
mercial DNA Extraction Kits for Porcine Gelatin Detection
Using RT-PCR and ddPCR. Science and Technology Indonesia,
9(3); 605-612

Green, S. J., R. Venkatramanan, and A. Naqib (2015). De-
constructing the Polymerase Chain Reaction: Understand-
ing and Correcting Bias Associated with Primer Degenera-
cies and Primer-Template Mismatches. PLOS ONE, 10(5);
e0128122

Grigorenko, E., C. Fisher, S. Patel, V. Winkelman,
P. Williamson, C. Chancey, G. Afiez, M. Rios, V. Majam,
S. Kumar, and R. Duncan (2017). Highly Multiplex Real-
Time PCR-Based Screening for Blood-Borne Pathogens on
an OpenArray Platform. The Journal of Molecular Diagnostics,
19(4); 549-560

Guberman, M., M. Kosar, A. Omran, E. M. Carreira,
M. Nazaré, and U. Grether (2022). Reverse-Design toward
Optimized Labeled Chemical Probes — Examples from the
Endocannabinoid System. CHIMIA, 76(5); 425

Hariharan, G. and K. Prasannath (2021). Recent Advances in
Molecular Diagnostics of Fungal Plant Pathogens: A Mini
Review. Frontiers in Cellular and Infection Microbiology, 10

Hien, N. K., M. V. Bay, N. C. Bao, Q. V. Vo, N. D. Cuong, T. V.
Thien, N. T. A. Nhung, D. U. Van, P. C. Nam, and D. T.
Quang (2020). Coumarin-Based Dual Chemosensor for
Colorimetric and Fluorescent Detection of Cu2+ in Water
Media. ACS Omega, 5(33); 21241-21249

Hwang, J.-S., C.-Y. Park, H.-]. Song, Y.-S. Kim, J. Kim, and
J.-D. Kim (2019). Real-time Polymerase Chain Reaction
System Using a Camera for Open Platform. Sensors and
Materials, 31(5); 1647

Jani, D., ]J. Allinson, F. Berisha, K. J. Cowan, V. Devanarayan,

© 2025 The Authors.

Science and Technology Indonesia, 10 (2025) 660-677

C. Gleason, A. Jeromin, S. Keller, M. U. Khan, B. Nowatzke,
P. Rhyne, and L. Stephen (2016). Recommendations for
Use and Fit-for-Purpose Validation of Biomarker Multiplex
Ligand Binding Assays in Drug Development. The AAPS
Journal, 18(1); 1-14

Jiang, Y., S. Wei, H. Ge, Y. Zhang, H. Wang, X. Wen, C. Guo,
S. Wang, Z. Chen, and P. Li (2025). Advances in the Iden-
tification Methods of Food-Medicine Homologous Herbal
Materials. Foods, 14(4); 608

Kalendar, R., A. Baidyussen, D. Serikbay, L.. Zotova, G. Khas-
sanova, M. Kuzbakova, S. Jatayev, Y.-G. Hu, C. Schramm,
P. A. Anderson, C. L. D. Jenkins, K. L. Soole, and
Y. Shavrukov (2022). Modified “Allele-Specific qPCR”
Method for SNP Genotyping Based on FRET. Frontiers
in Plant Science, 12; 747886

Kaur, S., T. Pennington, E. J. Conley, A. Green, J. Kolmer,
J. Anderson, R. Gupta, and U. Gill (2023). High-Resolution
Melting-Based Marker Development for Wheat Leaf Rust
Resistance Gene Lr34. Phytopathology, 113(3); 508-515

Kikuchi, H., A. Reiman, ]J. Nyoni, K. Lloyd, R. Savage,
T. Wotherspoon, L. Berry, D. Snead, and 1. A. Cree (2016).
Development and validation of a TagMan Array for cancer
mutation analysis. Pathogenesis, 3(1); 1-8

Koo, S. B. N., Y. S. Kim, C. Y. Park, and D. J. Lee (2022).
Compact Camera Fluorescence Detector for Parallel-Light
Lens-Based Real-Time PCR System. Sensors, 22(21); 3390

Koshikawa, T. and H. Miyoshi (2022). High-resolution melting
analysis to discriminate between the SARS-CoV-2 Omicron
variants BA.1 and BA.2. Biochemistry and Biophysics Reports,
31; 101306

Kralik, P. and M. Ricchi (2017). A Basic Guide to Real Time
PCR in Microbial Diagnostics: Definitions, Parameters, and
Everything. Frontiers in Microbiology, 8; 108

Lamien-Meda, A., H.-P. Fuehrer, D. Leitsch, and H. Noedl
(2021). A Powerful PCR-High Resolution Melting Assay
with Tagman Probe in Plasmodium Species Differentiation.
Malaria Journal, 20(1); 121

Landoulsi, Z., S. Benromdhan, M. Ben Djebara, M. Damak,
H. Dallali, R. Kefi, S. Abdelhak, A. Gargouri-Berrechid,
C. Mhiri, and R. Gouider (2017). Using KASP Technique
to Screen LRRK2 G2019S Mutation in a Large Tunisian
Cohort. BMC Medical Genetics, 18(1); 70

Langaee, T., N. El Rouby, L. Stauffer, C. Galloway, and L. H.
Cavallari (2019). Development and Cross-Validation of
High-Resolution Melting Analysis-Based Cardiovascular
Pharmacogenetics Genotyping Panel. Genetic Testing and
Molecular Biomarkers, 28(3); 209-214

Li, B., Y. Liu, X. Hao, J. Dong, L. Chen, H. Li, W. Wu, Y. Liu,
J. Wang, Y. Wang, and P. Li (2021). Universal Probe-Based
Intermediate Primer-Triggered qPCR (UPIP-qPCR) for
SNP Genotyping. BMC Genomics, 22(1); 850

Lim, C. T. (2020). Future of Health Diagnostics. VIEW, 1(1)

Lim, H.-]., J.-Y. Lee, Y.-H. Baek, M.-Y. Park, D.-]. Youm,
I. Kim, M.-]. Kim, J. Choi, Y.-H. Sohn, ]J.-E. Park, and
Y.-]. Yang (2023). Evaluation of Multiplex Rapid Antigen

Page 674 of 677



Malau et. al.

Tests for the Simultaneous Detection of SARS-CoV-2 and
Influenza A/B Viruses. Biomedicines, 11(12); 3267

Liu, K., H. Jing, Y. Chen, X. Zheng, H. Jiang, D. Kong,
Y. Zheng, S. Chen, P. Liu, and Y. Jiang (2020). Evalua-
tion of TagMan Array Card (TAC) for the Detection of 28
Respiratory Pathogens. BMC Infectious Diseases, 20(1); 820

Liu, Y., C. Song, 1. Ladas, M. Fitarelli-Kiehl, and G. M. Makri-
giorgos (2017). Methylation-Sensitive Enrichment of Minor
DNA Alleles Using a Double-Strand DNA-Specific Nuclease.
Nucleic Acids Research, 45(6); e39-e39

Luthra, R., J. A. McBride, F. Cabanillas, and A. Sarris (1998).
Novel 5’ Exonuclease-Based Real-Time PCR Assay for the
Detection of t(14;18)(q32;q21) in Patients with Follicular
Lymphoma. The American Journal of Pathology, 153(1); 63—
68

Macklin, P. S., N. Pillay, J. L. Lee, H. Pitman, S. Scott, J]. Wang,
C. Craig, J. L. Jones, K. A. Oien, R. Colling, S. E. Coup-
land, and C. Verrill (2019). CM-Path Molecular Diagnostics
Forum—Consensus Statement on the Development and Im-
plementation of Molecular Diagnostic Tests in the United
Kingdom. British Journal of Cancer, 121(9); 738-743

Makrigiorgos, G. M. (2019). Extreme PCR Meets High-Speed
Melting: A Step Closer to Molecular Diagnostics "While You
Wait.". Clinical Chemistry, 65(2); 217-219

Marinowic, D. R., G. Zanirati, F. V. F. Rodrigues, M. V. C.
Grahl, A. M. Alcard, D. C. Machado, and J. C. Da Costa
(2021). A New SYBR Green Real-Time PCR to Detect
SARS-CoV-2. Scientific Reports, 11(1); 2224

Martini, M., S. Moruzzi, P. Ermacora, N. Loi, and G. Firrao
(2015). Quantitative Real-Time PCR and High-Resolution
Melting (HRM) Analysis for Strain-Specific Monitoring
of Fluorescent Pseudomonads Used as Biocontrol Agents
Against Soil-Borne Pathogens of Food Crops. Trends in Food
Science & Technology, 46(2); 277-285

Mbelele, P., S. Mohamed, E. Sauli, E. Mpolya, S. Mfinanga,
K. Addo, S. Heysell, and S. Mpagama (2018). Meta-
Narrative Review of Molecular Methods for Diagnosis and
Monitoring of Multidrug-Resistant Tuberculosis Treatment
in Adults. International Journal of Mycobacteriology, 7(4); 299

Moniri, A., J. Rodriguez-Manzano, K. Malpartida-Cardenas,
L.-S. Yu, X. Didelot, A. Holmes, and P. Georgiou (2019).
Framework for DNA Quantification and Outlier Detection
Using Multidimensional Standard Curves. Analytical Chem-
istry, 91(11); 7426-7434

Moons, K. G. M., D. G. Altman, J. B. Reitsma, J. P. A. loan-
nidis, P. Macaskill, E. W. Steyerberg, A. J. Vickers, D. F.
Ransohoff, and G. S. Collins (2015). Transparent Reporting
of a Multivariable Prediction Model for Individual Progno-
sis or Diagnosis (TRIPOD): Explanation and Elaboration.
Annals of Internal Medicine, 162(1); W1-W73

Moreau, M., S. Delile, A. Sharma, C. Fave, A. Perrier, B. Limo-
ges, and D. Marchal (2017). Detection of a Few DNA Copies
by Real-Time Electrochemical Polymerase Chain Reaction.
The Analyst, 142(18); 3432-3440

Miiller, K., S. DaBen, S. Holowachuk, K. Zwirglmaier, J. Stehr,

© 2025 The Authors.

Science and Technology Indonesia, 10 (2025) 660-677

F. Buersgens, L. Ullerich, and K. Stoecker (2021). Pulse-
Controlled Amplification—A New Powerful Tool for On-Site
Diagnostics Under Resource Limited Conditions. PLOS
Neglected Tropical Diseases, 15(1); 0009114

Nagy, A., E. Vitiskovd, L. Cernikovd, V. K¥ivda, H. Jifincovd,
K. Sedldk, J. Hornickovd, and M. Havlickovd (2017). Evalu-
ation of TagMan qPCR System Integrating Two Identically
Labelled Hydrolysis Probes in Single Assay. Scientific Reports,
7(1); 41392

Nazha, A., M. A. Sekeres, S. D. Gore, and A. M. Zeidan (2015).
Molecular Testing in Myelodysplastic Syndromes for the
Practicing Oncologist: Will the Progress Fulfill the Promise?
The Oncologist, 20(9); 1069-1076

Neopane, P., J. Nypaver, R. Shrestha, and S. S. Beqaj (2021).
SARS-CoV-2 Variants Detection Using TagMan SARS-
CoV-2 Mutation Panel Molecular Genotyping Assays. Infec-
tion and Drug Resistance, 14; 4471-4479

Nicos, M., P. Krawczyk, T. Powrézek, P. Szudy, B. Jarosz,
M. Sawicki, J. Szumilo, T. Trojanowski, and J. Milanowski
(2016). PIK3CA Mutations Detected in Patients with Central
Nervous System Metastases of Non-small Cell Lung Cancer.
Anticancer Research, 36(5); 2243-2249

Nunziata, A., V. Ruggieri, M. Petriccione, and L. De Masi
(2020). Single Nucleotide Polymorphisms as Practical
Molecular Tools to Support European Chestnut Agrobio-
diversity Management. International Journal of Molecular
Sciences, 21(13); 4805

Onyango, C. O., V. Loparev, S. Lidechi, V. Bhullar, D. S.
Schmid, K. Radford, M. K. Lo, P. Rota, B. W. Johnson,
J. Munoz, M. Oneko, D. Burton, C. M. Black, J. Neatherlin,
J. M. Montgomery, and B. Fields (2017). Evaluation of
a TagMan Array Card for Detection of Central Nervous
System Infections. Journal of Clinical Microbiology, 55(7);
2035-2044

Ota, E., H. Shinosaka, K. Ishibashi, S. Takeyama, M. Mat-
suyama, Y. Tomitaka, Y. Matsushita, K. Osaki, and K. Kub-
ota (2025). Development and Evaluation of a SYBR Green-
based RT-qPCR Assay with a Specific Primer Set for Tomato
Seed Testing Against Tomato Brown Rugose Fruit Virus.
Journal of General Plant Pathology

Paudel, M., K. Parajuli, S. Parajuli, and S. Regmi (2020).
Molecular Diagnostic Approaches for Plant Pathogens De-
tection and Disease Management. Science Heritage Journal,
4(1); 27-30

Pelt-Verkuil, E. V., W. B. V. Leeuwen, and R. T. Witt (2019).
Primers and Probes. In E. van Pelt-Verkuil, W. B. van
Leeuwen, and R. T. Witt, editors, Molecular Diagnostics: Part
1: Technical Backgrounds and Quality Aspects. Springer Nature
Singapore Pte Ltd, pages 51-95

Pereira-Gomez, M., A. Fajardo, N. Echeverria, F. Lépez-Tort,
P. Perbolianachis, A. Costdbile, F. Aldunate, P. Moreno, and
G. Moratorio (2021). Evaluation of SYBR Green Real Time
PCR for Detecting SARS-CoV-2 from Clinical Samples.
Journal of Virological Methods, 289; 114035

Peyrard, T. (2015). Molecular Tools for Investigating Im-

Page 675 of 677



Malau et. al.

munohaematology Problems. ISBT Science Series, 10(S1);
31-38

Pholwat, S., J. Liu, S. Stroup, J. Gratz, S. Banu, S. M. M.
Rahman, S. S. Ferdous, S. Foongladda, D. Boonlert, O. Og-
arkov, S. Zhdanova, G. Kibiki, S. Heysell, and E. Houpt
(2015). Integrated Microfluidic Card with TagMan Probes
and High-Resolution Melt Analysis To Detect Tuberculosis
Drug Resistance Mutations across 10 Genes. MBio, 6(2)

Qiao, J., X. Zhang, B. Chen, F. Huang, K. Xu, Q. Huang,
Y. Huang, Q. Hu, and X. Wu (2020). Comparison of the
Cytoplastic Genomes by Resequencing: Insights into the
Genetic Diversity and the Phylogeny of the Agriculturally
Important Genus Brassica. BMC Genomics, 21(1); 480

Rahma, A. A., N. D. Meilani, Sulistiawati, A. S. Ainaputri, D. S.
Damara, and J. Malau (2025). Development of a Gelatin-
Based Genomic Reference Material for Halal Authentication
Using Real-Time PCR. Science and Technology Indonesia,
10(1); 27-42

Ranaweera, D. M., D. C. de Silva, D. Samarasinghe, S. Per-
era, N. Kugalingam, S. R. Samarasinghe, W. Y. Madushani,
H. H. E. Jayaweera, S. Gunewardene, K. Muneeswaran, V. S.
Gnanam, and N. V. Chandrasekharan (2025). Development
of a TagMan-Based Dosage Analysis PCR Assay for the
Molecular Diagnosis of 22q11.2 Deletion Syndrome. Genes
& Genetic Systems; 24-00142

Rao, M. V. R., S. Bala, T. S. Pallavi, M. K. Sowmya, M. Kumar,
R. Fathe, S. Fatteh, and A. S. Babu (2018). Trends and
Outlook for Clinical Diagnostic Testing. Journal of Biomedical
Engineering and Medical Imaging; 3—10

Riet, J., L. R. V. Ramos, R. V. Lewis, and L. F. Marins (2017).
Improving the PCR Protocol to Amplify a Repetitive DNA
Sequence. Genetics and Molecular Research, 16(3)

Roth, M. and O. Seitz (2021). A Self-Immolative Molecular
Beacon for Amplified Nucleic Acid Detection. Chemistry —
A European Journal, 27(57); 14189-14194

Saarnio, V. K., J. M. Alaranta, and T. M. Lahtinen (2021). Sys-
tematic Study of SYBR Green Chromophore Reveals Major
Improvement with One Heteroatom Difference. Journal of
Materials Chemistry B, 9(16); 3484-3488

Sanganagouda, K., S. Kounin, K. Nagaraja, B. Sajjanar, A. R.
Gomes, B. Pavithra, S. Murag, B. Sumathi, B. Shankar,
and B. Shivashankar (2025). Development of a Single-Step
SYBR Green-Based Real-Time PCR Assay for Detection
and Quantification of Lumpy Skin Disease Virus in Cattle.
Gene Reports; 102172

Schmidt, K. T., C. H. Chau, D. K. Price, and W. D. Figg
(2016). Precision Oncology Medicine: The Clinical Rele-
vance of Patient-Specific Biomarkers Used to Optimize Can-
cer Treatment. The Journal of Clinical Pharmacology, 56(12);
1484-1499

Schreier, S., B. P. Petla, T. Lin, S. Chakravarty, and S. Subra-
manian (2019). A Simple and Sensitive SYBR Gold-Based
Assay to Quantify DNA-Protein Interactions. Plant Molecu-
lar Biology, 101(4-5); 499-506

Shahmuradyan, A. and U. J. Krull (2016). Intrinsically La-

© 2025 The Authors.

Science and Technology Indonesia, 10 (2025) 660-677

beled Fluorescent Oligonucleotide Probes on Quantum Dots
for Transduction of Nucleic Acid Hybridization. Analytical
Chemistry, 88(6); 3186-3193

Shen, B., A. Shen, Y. Tan, L. Liu, S. Li, and Z. Tan (2025).
Development of KASP Markers, SNP Fingerprinting and
Population Genetic Analysis of Cymbidium Ensifolium (L.)
Sw. Germplasm Resources in China. Frontiers in Plant Science,
15; 1460603

Shi, B., Y. Li, D. Wu, and W. Wu (2020). A Handheld
Continuous-Flow Real-Time Fluorescence qPCR System
with a PVC Microreactor. The Analyst, 145(7); 2767-2773

Singh, C. and S. Roy-Chowdhuri (2016). Quantitative Real-
Time PCR: Recent Advances. In Quantitative Real-Time
PCR: Recent Advances. page 161-176

Singh, L., M. T. Drott, and J. M. Elmore (2025). Identification
and Differentiation of the Fusarium Graminearum NX-2
Chemotype Using High-Resolution Melting (HRM). Plant
Disease, 109(2); 435-444

Sinha, M., H. Mack, T. P. Coleman, and S. 1. Fraley (2018). A
High-Resolution Digital DNA Melting Platform for Robust
Sequence Profiling and Enhanced Genotype Discrimination.
SLAS Technology, 23(6); 580-591

Sokolenko, A. P. and E. N. Imyanitov (2018). Molecular Diag-
nostics in Clinical Oncology. Frontiers in Molecular Biosciences,
5,76

Sridhar, K., A. Singh, A. Butzmann, D. Jangam, and R. S.
Ohgami (2019). Molecular Genetic Testing Methodolo-
gies in Hematopoietic Diseases: Current and Future Meth-
ods. International Journal of Laboratory Hematology, 41(S1);
102-116

Steele, K., M. Quinton-Tulloch, D. Vyas, and ]J. Witcombe
(2025). Thousands of Trait-Specific KASP Markers De-
signed for Diverse Breeding Applications in Rice (Oryza
Sativa). G8: Genes, Genomes, Genetics, 15(1); jkae251

Sturza, R., V. Mitin, 1. Mitina, A. Buga, D. Zgardan, and
E. Behta (2021). Development and Validation of SYBR
Green-Based qPCR Technique of Detection and Quantifi-
cation of Salmonella Enterica. Food and Nutrition Sciences,
12(11); 997-1007

Stomka, M., M. Sobalska-Kwapis, M. Wachulec, G. Bar-
tosz, and D. Strapagiel (2017). High Resolution Melting
(HRM) for High-Throughput Genotyping—Limitations
and Caveats in Practical Case Studies. International Jour-
nal of Molecular Sciences, 18(11); 2316

Tang, Y., C. Shi, Z. Wu, N. Fan, X. Xu, Z. Kang, X. Zhang,
W. Ma, and M. Guan (2019). A Triplex Probe-Based Taq-
Man qPCR Assay for Calreticulin Type I and 11 Mutation
Detection. Hematology, 24(1); 26-31

Taryma-Lesniak, O., K. E. Sokolowska, M. Liput, and T. K.
Wojdacz (2025). High-Sensitivity Epimutations Testing
with MS-HRM. Current Protocols, 5(2); e70094

Teridsjarvi, J., A. Hakanen, M. Korppi, K. Nuolivirta,
K. Grondahl-Yli-Hannuksela, J. Mertsola, V. Peltola, and
Q. He (2017). Rapid Detection of Functional Gene Polymor-
phisms of TLRs and IL-17 Using High Resolution Melting

Page 676 of 677



Malau et. al.

Analysis. Scientific Reports, 7(1); 41522

Thomas, J. M. and T. R. Fried (2018). Defining the Scope of
Prognosis: Primary Care Clinicians’ Perspectives on Predict-
ing the Future Health of Older Adults. Journal of Pain and
Symptom Management, 55(5); 1269-1275.e1

Traore, K., A. Lavoignat, G. Bonnot, F. Sow, G. C. Bess,
M. Chavant, F. Gay, O. Doumbo, and S. Picot (2015). Dry-
ing Anti-Malarial Drugs In Vitro Tests to Outsource SYBR
Green Assays. Malaria Journal, 14(1); 90

Travella, S., D. De Oliveira, S. De Buck, F. Lambein, D. D.
Ngudi, V. De Bauw, G. Gheysen, M. Van Montagu, and
M. Heijde (2019). Scientific Innovation for the Sustainable
Development of African Agriculture. Afrika Focus, 32(2)

Vetter, T. R., P. Schober, and E. J. Mascha (2018). Diagnostic
Testing and Decision-Making: Beauty Is Not Just in the Eye
of the Beholder. Anesthesia and Analgesia, 127(4); 1085—
1091

Wang, J., X. Pan, and X. Liang (2016). Assessment for Melt-
ing Temperature Measurement of Nucleic Acid by HRM.
Journal of Analytical Methods in Chemistry, 2016; 1-8

Xue, Z., M. You, P. Peng, H. Tong, W. He, A. Li, P. Mao,
T. Xu, F. Xu, and C. Yao (2021). Tagman-MGB NanoPCR
for Highly Specific Detection of Single-Base Mutations. In-
ternational Journal of Nanomedicine, 16; 3695-3705

Yang, D., L. Ma, Z. Yang, X. Yang, J. Wang, H. Ju, C. Lu,
Y. Weng, H. Zhao, H. Shen, X. Li, F. Ge, X. Wang, X. Wu,
M. Xiang, G. Feng, C. Tang, S. Huang, and H. Zhao (2025).
Development of a One-Step Multiplex RT-qPCR Method
for Rapid Detection of Bovine Diarrhea Viruses. Frontiers
in Cellular and Infection Microbiology, 14; 1540710

Yang, S., F. G. Berto, J. Denstedt, H. Tang, and J. Zhang
(2024). Point-of-Care Urinary Tract Infection (UTI) Di-

agnosis Enhanced by Nanostructured Biosensors: Review

© 2025 The Authors.

Science and Technology Indonesia, 10 (2025) 660-677

Paper. Advanced Sensor Research, 3(10)

Yu, H.-Q., X.-Q. Cai, Z.-X. Lin, X.-L. Li, Q.-Y. Yue, R. Li,
and X.-Q. Zhu (2015). Rapid and Specific Detection of
Porcine Parvovirus Using Real-Time PCR and High Reso-
lution Melting (HRM) Analysis. BMC Veterinary Research,
11(1); 46

Zappe, K., C. Pirker, H. Miedl, M. Schreiber, P. Heffeter,
G. Pfeiler, S. Hacker, W. Haslik, S. Spiegl-Kreinecker, and
M. Cichna-Markl (2021). Discrimination Between 34 of
86 Possible Combinations of Three C>T SNP Genotypes in
the MGMT Promoter by High Resolution Melting Analysis
Coupled with Pyrosequencing Using a Single Primer Set.
International Journal of Molecular Sciences, 22(22); 12527

Zhang, H., 7Z. Yan, X. Wang, M. Garov4, H. Chang,
S. Lassdkovd, M. Korabecna, and P. Neuzil (2021). De-
termination of Advantages and Limitations of gPCR Du-
plexing in a Single Fluorescent Channel. ACS Omega, 6(34);
22292-22300

Zhang, L., J. Zhao, G. Cui, H. Wang, and D. W. Wang (2015).
Genotyping on ALDHZ2: Comparison of Four Different
Technologies. PLOS ONE, 10(3); e0122745

Zhang, Z.., Y. Ban, J. Wei, Q. Wy, L. Dong, and Z. Feng (2025).
Rapid Resistance Detection of Amaranthus retroflexus to
Fomesafen via Kompetitive Allele-Specific PCR (KASP).
Plants, 14(4); 515

Zheng, W., L. Jiang, Q. Lei, J. Yang, X. Gao, W. Wang,
Y. Zhang, T. Kong, Q. Chen, and G. Li (2019). Develop-
ment and Validation of Quantitative Real-Time PCR for the
Detection of Residual CHO Host Cell DNA and Optimiza-
tion of Sample Pretreatment Method in Biopharmaceutical
Products. Biological Procedures Online, 21(1); 17

Page 677 of 677



	INTRODUCTION
	METHODS
	RESULTS AND DISCUSSION
	Fundamental Principles of Real-Time PCR
	Probe-Based Real-Time PCR Assays
	Non-Probe-Based Real-Time PCR Assays
	Application in Molecular Diagnostics
	Comparative Analysis of Probe-Based and Non-Probe-Based Assays
	Cost Levels of Probe-Based and Non-Probe-Based Assays
	Recent Advances and Future Perspectives

	CONCLUSIONS
	ACKNOWLEDGMENT

