
PRIMEASIA                                                           REVIEW  
 

https://doi.org/10.25163/primeasia.6110167                                                                                                     1–11 | PRIMEASIA | Published online Mar 22, 2025 
 

Emerging Alternatives to PCR for Efficient Nucleic 
Acid Amplification 
 
Asim Debnath1*, Md Abu Bakar Siddique1, Nabil Deb Nath1, Md Abdur Rahman Biswash2, Tufael2 
 
 
Abstract 
Nucleic acid amplification is a vital part of molecular biology and 
biotechnology, and it serves a wide range of purposes, including 
clinical diagnostics, infectious disease detection, gene cloning, and 
quality control. While the polymerase chain reaction (PCR) has 
been the traditional go-to method for quite some time, it does come 
with some limitations. For instance, it requires thermal cycling, can 
be tricky with certain inhibitors, and relies on pricey equipment. To 
tackle these challenges, scientists have been excitedly working on 
alternative methods that can amplify nucleic acids without the need 
for complicated temperature changes. These isothermal techniques 
are not only easier and more cost-effective but also speed up the 
detection process. Some popular options include loop-mediated 
isothermal amplification (LAMP), nucleic acid sequence-based 
amplification (NASBA), strand displacement amplification (SDA), 
multiple displacement amplification (MDA), rolling circle 
amplification (RCA), and ligase chain reaction (LCR). Each of these 
methods brings something special to the table! For instance, LAMP 
is known for its awesome ability to provide visual results, while 
NASBA shines when it comes to detecting RNA. SDA and MDA are 
fantastic for amplifying small amounts of DNA, with MDA being 
particularly great for whole-genome amplification. RCA is super 
specific and resistant to contamination, and LCR is a go-to for 
spotting single-nucleotide variations. Even though these innovative  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

methods have a lot of potential, many are still being fine-tuned for 
broader use in clinical and industrial settings. Luckily, 
advancements in real-time detection technologies, like molecular 
beacons and electrochemiluminescence (ECL), are making these 
methods even more reliable. As research continues to progress, 
these alternatives are set to complement or even take the place of 
PCR, offering faster, simpler, and more accessible solutions for a 
wide range of applications. 
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Introduction 

Nucleic acid amplification is an important technique in the fields of 
biotechnology and molecular biology, with a wide range of 
applications in research, medicine, agriculture, and forensics. The 
polymerase chain reaction (PCR), invented by Kary Mullis in the 
1980s, has become the go-to method for amplifying DNA and RNA 
because it's straightforward, reliable, and comes with well-
established protocols (Mullis et al.,1990). Its popularity is due in 
part to the easy availability of the necessary reagents and 
equipment, along with its effectiveness in diagnosing infectious 
diseases, identifying genetic mutations, and allowing for gene 
cloning. However, PCR is not without its challenges. It requires 
expensive thermal cyclers, can easily be contaminated, and is 
sensitive to various inhibitors found in biological samples 
(Fakruddin et al.,2011). Moreover, the thermal cycling process can 
be slow and consume a lot of energy. To tackle these issues, 
researchers have been exploring alternative methods for nucleic 
acid amplification, many of which work at a constant temperature 
eliminating   the   need   for  the  thermal  cycling   that   makes  PCR 
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cumbersome. These isothermal methods offer quicker, simpler, and 
more cost-effective workflows (Notomi et al.,2000). Some of the 
notable techniques include loop-mediated isothermal amplification 
(LAMP), nucleic acid sequence-based amplification (NASBA), 
strand displacement amplification (SDA), rolling circle 
amplification (RCA), multiple displacement amplification (MDA), 
and ligase chain reaction (LCR) (Guatelli et al.,1990). Each has its 
own strengths, like enhanced sensitivity, rapid results, lower 
equipment costs, and better suitability for point-of-care testing. 
LAMP, in particular, stands out due to its fast amplification, high 
specificity, and the ability to visually detect results, making it ideal 
for settings with limited resources (Compton et al.,1991). NASBA, 
originally focused on amplifying RNA, is excellent at detecting live 
pathogens while correctly identifying non-viable ones, improving 
diagnostic accuracy. SDA and MDA are effective at amplifying 
small DNA samples, with MDA being beneficial for whole-genome 
amplification from very little starting material (Walker et al.,1993). 
RCA is renowned for its specificity and low risk of contamination, 
making it suitable for detecting specific genetic markers, while LCR 
is exceptional for identifying single-nucleotide polymorphisms 
(SNPs) and genetic mutations (Lizardi et al.,1998). Despite their 
potential, many of these alternative amplification methods are still 
being validated to ensure they are reliable, reproducible, and 
scalable for clinical and industrial use (Wiedmann et al.,1994). As 
research continues to improve their performance, reduce costs, and 
simplify the processes, we can expect their use to grow. Coupling 
these methods with real-time detection technologies, such as 
molecular beacons and electrochemiluminescence (ECL), will 
enhance their diagnostic capabilities even further. 
This review focuses on understanding the principles, benefits, and 
applications of these promising alternatives to PCR, showcasing 
how they could address the limitations of traditional PCR and 
transform nucleic acid amplification in both laboratory 
environments and point-of-care situations. 
 
Alternative Methods of Polymerase Chain Reaction 
Over the years, researchers have come up with various alternative 
methods to amplify genetic material (Nagamine et al.,2002). Some 
of these include LAMP (Loop-Mediated Isothermal Amplification), 
3SR (Self-Sustained Sequence Replication), NASBA (Nucleic Acid 
Sequence-Based Amplification), SDA (Strand Displacement 
Amplification), RCA (Rolling Circle Amplification), and LCR 
(Ligase Chain Reaction) (Fakruddin et al.,2012). Each of these 
methods has its own unique approach and advantages, and here’s a 
brief overview of how they work. 
 
Loop-Mediated Isothermal Amplification 
LAMP, which stands for Loop-Mediated Isothermal Amplification, 
is a straightforward and efficient method for rapidly amplifying 

nucleic acids (Figure 1). What sets LAMP apart is its easy-to-use 
detection system for visualizing the results (Fakruddin et al.,2012). 
The process takes place at a steady temperature of 60-65°C for about 
45-60 minutes and uses a special enzyme from the bacteria Bacillus 
stearothermophilus, along with specific primers and the target 
DNA (Gill et al.,2008). The method involves a unique approach 
where four specially designed primers two inner and two outer 
target six specific sequences in the DNA to ensure precise 
amplification. The LAMP reaction progresses through three main 
steps: producing the starting material, cycling to amplify the DNA, 
and elongating the DNA strands (Sooknanan et al.,1995). One of 
the great advantages of LAMP is that it can achieve high accuracy 
without the need for expensive equipment. Compared to traditional 
PCR methods, LAMP simplifies sample preparation and makes it 
easier to visualize changes in fluorescence in the reaction tube 
without requiring specialized tools since the detection system is 
very sensitive (Deiman et al.,2002). It’s a quick one-step process that 
takes only 30-60 minutes, and it handles various inhibitors 
commonly found in clinical samples better than PCR, which means 
you won't have to go through extensive DNA purification 
(Sergentet et al.,2008). 
Additionally, when combined with reverse transcription, LAMP 
can efficiently amplify RNA sequences as well. It’s highly sensitive 
and capable of detecting as few as six copies of DNA in the mixture 
(Manojkumar et al.,2006). This makes LAMP a promising tool not 
just in medical and pharmaceutical research, but also in areas like 
environmental hygiene, point-of-care testing, and cost-effective 
diagnosis of infectious diseases. Finally, LAMP can be used for 
DNA sequencing similarly to PCR, whether you're looking at 
Sanger sequencing or Pyrosequencing. 
 
Nucleic Acid Sequence Based Amplification  
NASBA, which stands for Nucleic Acid Sequence Based 
Amplification, is a specialized tool used for detecting RNA 
(Fakruddin et al.,2012). It works best at a steady temperature of 
41°C, ensuring that every step of the amplification process happens 
smoothly as new RNA copies are formed (Walker et al.,1992). 
Unlike traditional DNA amplification methods that only double the 
amount of DNA each cycle, NASBA can produce multiple RNA 
copies from a single DNA template, making it a more efficient 
choice (Figure 2). The system relies on a combination of three key 
enzymes: avian myeloblastosis virus reverse transcriptase, RNase H, 
and a specific RNA polymerase (McHugh et al.,2004). This unique 
setup primarily generates single-stranded RNA products. One of 
the appealing aspects of NASBA is that it doesn't require costly 
equipment to achieve high precision in amplifying RNA sequences, 
typically between 100 and 250 nucleotides in length (Nadeau et 
al.,1999). 
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Figure 1. Schematic description of loop mediated isothermal amplification assay (Courtesy of image from Fakruddin et al., 2013).  
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Over the years, the detection methods for NASBA products have 
advanced significantly. New techniques like enzyme-linked gel 
assays, enzymatic bead-based detection, electrochemiluminescent 
(ECL) detection, molecular beacon technology, and fluorescent 
correlation spectroscopy have all enhanced the way we can identify 
NASBA amplicons. In clinical settings, NASBA is becoming an 
established diagnostic tool, especially in pathogen detection. It has 
the potential to offer greater sensitivity compared to traditional 
reverse transcription-polymerase chain reaction (RT-PCR) 
methods (Hawkins et al.,2002). This makes it particularly useful for 
detecting and differentiating viable cells by amplifying messenger 
RNA, all while effectively distinguishing it from genomic DNA. 
 
Strand Displacement Amplification 
SDA, or Strand Displacement Amplification, was first introduced 
in 1992 (). It’s a method that allows for the rapid amplification of 
DNA using four different primers. One of these primers includes a 
specific restriction site that is recognized by the HincII exonuclease 
(Hughes et al.,2005). The process begins with the primer binding to 
a specific section of the DNA template. Then, an exonuclease- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
deficient version of the E. coli DNA polymerase 1, known as exo-
Klenow, extends this primer (Figure 3). Each cycle of the SDA 
process involves several steps. First, the primer binds to the target 
DNA fragment (Dean et al.,2001). Next, exo-Klenow extends this 
primer/target complex. After that, a nick is created at the 
hemiphosphothioate HincII site, leading to the dissociation of 
HincII from the nicked area (Morisset et al.,2008). Finally, exo-
Klenow extends the nick, causing the downstream strand to be 
displaced. This method can work efficiently at higher temperatures 
and can produce up to 100 million copies of target DNA in less than 
an hour (Lasken et al.,2003). However, like other amplification 
methods such as PCR and LCR, SDA only allows for semi-
quantitative analysis. One notable drawback is its difficulty in 
amplifying longer DNA sequences effectively (Dean et al.,2002). 
SDA is the foundation for several commercial tests, like 
BDProbeTec from Becton Dickinson, and is currently being 
evaluated for its ability to identify Mycobacterium tuberculosis in 
clinical samples (Schweitzer et al.,2000). Despite its promise, 
further research and large-scale studies are needed to confirm its 
efficiency and reliability. Recent advancements have also led to real- 

 
 
Figure 2. Principles of nucleic acid sequence-based amplification (Courtesy of image from Fakruddin et al., 2013).  
 

 
 
Figure 3. Target generation scheme for strand displacement amplification (Courtesy of image from Fakruddin et al., 2013).  
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Figure 4. Schematic representation of multiple displacement amplification mechanism (Courtesy of image from Fakruddin et al., 
2013).  

 
 

 
Figure 5. Scheme for multiply-primed rolling circle amplification (Courtesy of image from Fakruddin et al., 2013).  

 

 
Figure 6. Ligase chain reaction (Courtesy of image from Fakruddin et al., 2013). 

 



PRIMEASIA                                                           REVIEW  
 

https://doi.org/10.25163/primeasia.6110167                                                                                                     1–11 | PRIMEASIA | Published online Mar 22, 2025 
 

time detection of specific DNA targets using fluorogenic reporter 
probes (Wiltshire et al.,2000). 
 
Multiple displacement amplification 
The MDA (Multiple Displacement Amplification) technique is a 
powerful method for amplifying DNA, particularly useful when 
working with very small samples (Schweitzer et al.,2001). It relies 
on a special enzyme from the bacteriophage Ø29, which is known 
for its ability to efficiently create copies of DNA strands (Figure 4). 
During the process, random primers are introduced along with the 
DNA and essential building blocks called dNTPs to amplify the 
entire genome with impressive accuracy (Cho et al.,2005). The 
procedure involves mixing these components and incubating them 
at a warm temperature of 30°C for about 16 to 18 hours. After this 
period, the enzyme is inactivated by heating it to 65°C for 10 
minutes, and the resulting DNA can be used in various applications 
right away (Demidov et al.,2002). Unlike traditional PCR methods 
that require multiple cycles of heating and cooling, MDA just needs 
a brief initial step to separate the DNA strands followed by the long 
amplification step. This makes it particularly streamlined (Zhong et 
al.,2001). This technique is great for generating DNA for 
microarrays or for obtaining highly pure samples, and it shines in 
situations where you only have a limited amount of starting 
material. Remarkably, you can extract around 20 to 30 micrograms 
of DNA from just 1 to 10 copies of human genomic DNA 
(Mothershed et al.,2006). Moreover, MDA works directly with 
biological samples, including fresh whole blood and cultured cells. 
Its unique characteristics make it an exciting option for applications 
like multiplex detection and identification in microarrays (). 
However, its effectiveness in areas such as forensics, sample 
archiving, and single-cell clinical diagnostics is still being explored 
(Lievens et al.,2005). Overall, MDA offers a promising and versatile 
approach to DNA amplification. 
 
Rolling Circle Amplification 
RCA, or Rolling Circle Amplification, is an innovative method for 
amplifying nucleic acids under isothermal conditions, meaning it 
operates at a constant temperature (Gusev et al.,2001). This 
technology can boost the amount of specific DNA sequences by 
over a billion times, whether in a solution or attached to a solid 
surface (Wu et al.,1989). One of its standout features is its 
remarkable sensitivity, allowing it to detect even a few specialized 
circular probes within a sample (Figure 5). In the RCA process, an 
enzyme called Ø29 DNA polymerase plays a key role. It works by 
continuously extending a primer that has attached to a circular 
DNA probe, effectively replicating the DNA sequence multiple 
times. This method has several advantages compared to traditional 
techniques like PCR. For instance, RCA is less susceptible to 

contamination and typically requires minimal optimization of the 
assay conditions (Barany et al.,1991).  
Additionally, RCA yields products that can remain bound to the 
target molecules, making it particularly useful for in situ 
applications or microarray assays. It's especially effective for 
analyzing cells and tissues, enabling researchers to track multiple 
markers at once while preserving important morphological details 
(Lisby et al.,1999). The technique allows for precise localization of 
signals, which is valuable for identifying specific genetic traits or 
biochemical characteristics. RCA also stands out for its excellent 
sequence specificity, which is crucial for accurately identifying 
DNA markers and conducting tasks like genotyping or mutation 
detection (oCsak et al.,2006). Compared to PCR, RCA can handle a 
greater number of targets simultaneously and reduces the 
likelihood of amplification errors, making it a robust choice for 
contamination-free detection in various testing scenarios. The 
simplicity and efficiency of RCA make it a strong candidate for 
miniaturization and automation, particularly in high-throughput 
analyses (Barany et al.,1991). 
 
Ligase Chain Reaction 
LCR (Ligation Chain Reaction) is an innovative way to amplify 
DNA using a cyclic template. While it shares some similarities with 
PCR (Polymerase Chain Reaction), LCR stands out because it 
focuses on amplifying probe molecules instead of creating 
amplicons through nucleotide polymerization (Khanna et al.,1999). 
This method employs both a DNA polymerase and a DNA ligase to 
facilitate the reaction (Figure 6). In LCR, two pairs of 
complementary oligonucleotides come together near the target 
DNA fragment (Gerry et al.,1999). When these oligonucleotides 
precisely attach to the target sequence, a DNA ligase then links them 
by sealing the gap between them, effectively generating a new 
fragment that combines the sequences of both oligonucleotides 
(Dean et al.,1998). This ligated product can then serve as a template 
for further rounds of annealing and ligation. Like PCR, LCR 
requires a thermal cycler to regulate the temperature, with each 
cycle doubling the amount of target nucleic acid (Prasad et 
al.,2009). 
One of the notable advantages of LCR is its greater specificity 
compared to PCR. This makes it an excellent choice for multiplex 
reactions, allowing simultaneous detection of various targets, 
especially in microarray applications. However, LCR does have 
some limitations. Its specificity is mainly tied to the ligation 
junction, which can restrict detection (Kolbehdari et al.,2007). 
Additionally, LCR has the drawback of being able to detect DNA 
from deceased organisms, which can lead to misleading results. 
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There's also a risk of contamination and limited sensitivity, 
particularly in situations where rare target DNA needs to be 
distinguished from a large background of wild-type DNA (Andras 
et al.,2001). LCR has proven effective in diagnosing various 
pathogens, such as Neisseria gonorrhoeae, Chlamydia trachomatis, 
and M. tuberculosis, in human samples. It is also useful for 
identifying point mutations in various DNA sequences (Vincent et 
al.,2004). On the other hand, there's HDA (Helicase Dependent 
Amplification), which works at a constant temperature, using the 
natural replication mechanisms of DNA. The technique capitalizes 
on the unwinding activity of DNA helicase, which separates the two 
strands of DNA, creating single-stranded templates necessary for 
amplification. Specific primers then bind to these templates, and 
specialized DNA polymerases extend the primers to generate 
double-stranded DNA. One impressive aspect of HDA is that it 
enables multiple cycles of amplification at a single temperature, 
making traditional thermal cycling equipment unnecessary.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Detection of HDA amplicons can be done using methods like gel 
electrophoresis, real-time monitoring, or ELISA (An et al.,2005). 
HDA boasts several benefits, such as rapid amplification rates and 
the ability to produce high yields with relatively simple procedures. 
Its straightforward approach allows it to be implemented in 
portable DNA diagnostic devices, which can be incredibly valuable 
for field applications and point-of-care testing. 
 
Ramification amplification method 
RAM is an innovative method for amplifying nucleic acids at a 
constant temperature, which is why it's called "isothermal 
amplification." The name RAM stands for the way it boosts 
amplification through a combination of primer extension, strand 
displacement, and branching points (Eisenstein et al.,2004). In this 
technique, a special circular probe known as a C-probe is used. It’s 
designed so that its two ends can come together by binding to a 
target DNA sequence, creating a closed circle. This closure is 
achieved with a specific ligase that connects the ends in a way that  

 
 
 

Figure 7. Helicase-dependent amplification process. (1) Unwinding dsDNA by helicase and stabilization of ssDNA by SSB; (2) 
annealing of primers, and (3) elongation of primers by DNA polymerase (Courtesy of image from 

 

 
Figure 8.  Schematic representation of ramification amplification of ligated circular probe (Courtesy of image from Fakruddin et al., 

2013). 
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Table 1. Comparison of nucleic acid amplification methods (Courtesy of table from Fakruddin et al., 2013).  
Parameter PCR LAMP 3SR SDA LCR NASBA RCA 

High 
sensitivity 

<10 <10 10 10 <10 10 <10 

High 
specificity 

+ + + + + + + 

Allow + + ± ± — ± — 
quantification        

Live versus 
dead 

+ + + — — ± — 

microorganism
s 

       

Commercial + — ± ± — — — 
availability        

Linear 
dynamic 

6‑7 6 7 ND ND 7 ND 

range        

Multiplexity + — + — + + + 
No. of 
enzymes 

1 1 2‑3 2 2 2‑3 1 

Primer design Simple Complex Simple Complex Simple Simple Complex 
Tolerance to — + — — — — — 
biological        

compounds        

Need to + — + + + + — 
template        

denaturation        

Denaturing Heat Betaine Rnase H Restriction Helicase Rnase H Ø29 DNA 
agents    enzymes;   polymerase 
    bumper primers    

Product Gel Gel Gel 
electrophoresis, 

Gel Gel Gel electrophoresis, Gel 

detection electrophoresis, electrophoresis, ELISA, real time, electrophoresis, electrophoresis, ELISA, real time, electrophoresis, 
method ELISA, real time turbidity, real time ECL real time real time ECL real time 

PCR – Polymerase Chain Reaction, LAMP – Loop-Mediated Isothermal Amplification, SR – Sequence Replication, SDA – Strand 
Displacement Amplification, LCR – Ligase Chain Reaction, NASBA – Nucleic Acid Sequence-Based Amplification, RCA – Rolling 
Circle Amplification, DNA – Deoxyribonucleic Acid, ELISA – Enzyme-Linked Immunosorbent Assay, ECL – 
Electrochemiluminescence.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
depends on the target. Once this circle is formed, an abundant 
amount of forward and reverse primers is added (Gill et al.,2007). 
A unique enzyme called bacteriophage Ø29 DNA polymerase then 
extends the forward primer, displacing the downstream strand and 
effectively rolling over the circular DNA. This process produces 
long strands of single-stranded DNA (ssDNA) similar to how 
certain viruses replicate. As the amplification continues, multiple 
reverse primers attach to the ssDNA, extending and displacing  
more downstream strands, resulting in a complex web of branched 
DNA (Figure 7). This branching continues until all the ssDNA is 
converted into double-stranded DNA, leading to exponential 
amplification a notable distinction from older methods that amplify 
just in a linear fashion (Jeong et al.,2009). Thanks to the high 
efficiency of Ø29 DNA polymerase, significant amplification can 
happen quickly, within just an hour at 35°C. Because RAM operates 
at a constant temperature and creates large DNA products, it 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
preserves the morphology of cells while providing targeted 
amplification, making it especially useful for in situ applications 
(Zhang et al.,1998). 
The RAM assay brings several key benefits over traditional 
amplification techniques (Figure 8). First, it allows primers to easily 
attach to the displaced ssDNA, meaning it doesn’t require the 
complex cycling temperatures of thermocyclers (Beals et al.,2010). 
The generic nature of the primers means they amplify various 
probes equally well, enhancing multiplexing capabilities compared 
to conventional PCR methods. Furthermore, both ends of the probe 
can be connected regardless of whether the target is DNA or RNA,  
which streamlines the detection process and does not necessitate 
reverse transcription for RNA detection (Hsuih et al.,1996). It also 
uniquely ensures that both ends of the probe must perfectly match 
the target for ligation to occur, allowing for the detection of subtle 
genetic differences, such as a single-nucleotide polymorphism 
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(Zhang et al.,2001). Overall, RAM has great potential for use in 
clinical laboratories for identifying genes and infectious agents 
across various fields including hematology, oncology, infectious 
diseases, pathology, forensics, blood banking, and genetic 
disorders. Its straightforward and isothermal format also makes it 
suitable for use in field testing and at doctor’s offices. 
 
Comparison of nucleic acid amplification methods 
Each nucleic acid amplification method has its own unique features, 
while also sharing some common characteristics (Fakruddin et 
al.,2013). A brief comparison of these key properties can be found 
in Table 1. 
 
Conclusion 
The future of nucleic acid amplification lies in the development of 
rapid, accurate, and accessible alternatives to traditional PCR. 
Emerging isothermal techniques such as LAMP, NASBA, and RCA 
offer promising advantages operating without thermal cycling, 
reducing costs, and enhancing usability in diverse settings. With 
improved sensitivity and specificity, these methods are especially 
valuable for point-of-care diagnostics and use in low-resource 
environments. While further validation is needed, advances in 
detection technologies are accelerating their adoption. Continued 
innovation could see these techniques not only complementing but 
potentially surpassing PCR in diagnostics, research, and clinical 
applications worldwide.  
 

Author contributions 

A.D and T. conceptualized the research idea, designed the study 
framework, and supervised the overall project. M.B.S. conducted 
the literature review, analyzed the digital marketing strategies, and 
drafted major sections of the manuscript. N.D.N.  and M.A.R.B.   
performed data collection, interpreted artificial intelligence 
applications in healthcare, and contributed to manuscript editing 
and reviewed related studies, visualized data, and assisted in 
refining the final draft. All authors read and approved the final 
manuscript.  
 

Acknowledgment  

Not declared.  
 

Competing financial interests  

The authors have no conflict of interest. 
 

References 

An, L., Tang, W., Ranalli, T. A., Kim, H. J., Wytiaz, J., & Kong, H. (2005). Characterization of a 

thermostable UvrD helicase and its participation in helicase-dependent 

amplification. Journal of Biological Chemistry, 280(34), 28952–28958. 

Andras, S. C., Power, J. B., Cocking, E. C., & Davey, M. R. (2001). Strategies for signal 

amplification in nucleic acid detection. Molecular Biotechnology, 19(1), 29–44. 

Beals, T. P., Smith, J. H., Nietupski, R. M., & Lane, D. J. (2010). A mechanism for ramified 

rolling circle amplification. BMC Molecular Biology, 11, 94. 

Barany, F. (1991). Genetic disease detection and DNA amplification using cloned 

thermostable ligase. Proceedings of the National Academy of Sciences of the 

United States of America, 88(1), 189–193.  

Barany, F. (1991). The ligase chain reaction in a PCR world. PCR Methods and Applications, 

1(1), 5–16.  

Compton, J. (1991). Nucleic acid sequence-based amplification. Nature, 350, 91–92. 

Cho, E. J., Yang, L., Levy, M., & Ellington, A. D. (2005). Using a deoxyribozyme ligase and 

rolling circle amplification to detect a non-nucleic acid analyte, ATP. Journal of 

the American Chemical Society, 127(6), 2022–2023.  

Dean, D., Ferrero, D., & McCarthy, M. (1998). Comparison of performance and cost-

effectiveness of direct fluorescent-antibody, ligase chain reaction, and PCR 

assays for verification of chlamydial enzyme immunoassay results for 

populations with a low to moderate prevalence of Chlamydia trachomatis 

infection. Journal of Clinical Microbiology, 36(1), 94–99.  

Dean, F. B., Nelson, J. R., Giesler, T. L., & Lasken, R. S. (2001). Rapid amplification of plasmid 

and phage DNA using Phi 29 DNA polymerase and multiply-primed rolling circle 

amplification. Genome Research, 11(6), 1095–1099.  

Deiman, B., van Aarle, P., & Sillekens, P. (2002). Characteristics and applications of nucleic 

acid sequence-based amplification (NASBA). Molecular Biotechnology, 20, 

163–179. 

Demidov, V. V. (2002). Rolling-circle amplification in DNA diagnostics: The power of 

simplicity. Expert Review of Molecular Diagnostics, 2(5), 542–548.  

Dean, F. B., Hosono, S., Fang, L., Wu, X., Faruqi, A. F., Bray-Ward, P., et al. (2002). 

Comprehensive human genome amplification using multiple displacement 

amplification. Proceedings of the National Academy of Sciences of the United 

States of America, 99(8), 5261–5266.  

Eisenstein, M. (2004). DNA cloning and amplification: Breaking the cycle. Nature Methods, 

1(1), 1–2. 

Fakruddin, M., Mazumdar, R. M., Chowdhury, A., & Mannan, K. S. B. (2012). Nucleic acid 

sequence-based amplification (NASBA)—Prospects and applications. 

International Journal of Life Science and Pharma Research, 2, 106–121 

Fakruddin, M., Mannan, K. S. B., Chowdhury, A., Mazumdar, R. M., Hossain, M. N., Islam, S., 

& Chowdhury, M. A. (2013). Nucleic acid amplification: Alternative methods of 

polymerase chain reaction. Journal of Pharmacy and Bioallied Sciences, 5(4), 

245-252. 

Fakruddin, M. (2011). Loop-mediated isothermal amplification—An alternative to 

polymerase chain reaction (PCR). Bangladesh Research Publications Journal, 5, 

425–439. 

Fakruddin, M., Chowdhury, A., & Hossain, Z. (2013). Competitiveness of PCR to alternate 

amplification methods. American Journal of Biochemistry and Molecular 

Biology, 3(2), 71–80. 

Fakruddin, M., & Chowdhury, A. (2012). Pyrosequencing: An alternative to traditional Sanger 

sequencing. American Journal of Bio and Biotechnology, 8, 14–20. 



PRIMEASIA                                                           REVIEW  
 

https://doi.org/10.25163/primeasia.6110167                                                                                                     1–11 | PRIMEASIA | Published online Mar 22, 2025 
 

Fakruddin, M., Mazumdar, R. M., Chowdhury, A., Hossain, M. N., & Mannan, K. S. (2012). 

Pyrosequencing—Prospects and applications. International Journal of Life 

Science and Pharma Research, 2, 65–76. 

Guatelli, J. C., Whitfield, K. M., Kwoh, D. Y., Barringer, K. JRich., man, D. D., & Gingeras, T. R. 

(1990). Isothermal, in vitro amplification of nucleic acids by a multienzyme 

reaction modeled after retroviral replication. Proceedings of the National 

Academy of Sciences of the United States of America, 87, 7797. 

Gill, P., Abdul-Tehrani, H., Ghaemi, A., Hashempour, T., & Amiri, V. P. (2007). Molecular 

detection of Mycobacterium tuberculosis by tHDA-ELISA DIG detection system. 

International Journal of Antimicrobial Agents, 29(6), 570–571. 

Gerry, N. P., Witowski, N. E., Day, J., Hammer, R. P., Barany, G., & Barany, F. (1999). 

Universal DNA microarray method for multiplex detection of low abundance 

point mutations. Journal of Molecular Biology, 292(2), 251–262.  

Gusev, Y., Sparkowski, J., Raghunathan, A., Ferguson, H. Jr., Montano, J., Bogdan, N., et al. 

(2001). Rolling circle amplification: A new approach to increase sensitivity for 

immunohistochemistry and flow cytometry. The American Journal of Pathology, 

159(1), 63–69.  

Gill, P., & Ghaemi, A. (2008). Nucleic acid isothermal amplification technologies: A review. 

Nucleosides, Nucleotides, and Nucleic Acids, 27, 224–243. 

Hsuih, T. C., Park, Y. N., Zaretsky, C., Wu, F., Tyagi, S., Kramer, F. R., et al. (1996). Novel, 

ligation-dependent PCR assay for detection of hepatitis C in serum. Journal of 

Clinical Microbiology, 34(3), 501–507. 

Hawkins, T. L., Detter, J. C., & Richardson, P. M. (2002). Whole genome amplification: 

Applications and advances. Current Opinion in Biotechnology, 13(1), 65–67.  

Hughes, S., Arneson, N., Done, S., & Squire, J. (2005). The use of whole genome amplification 

in the study of human disease. Progress in Biophysics and Molecular Biology, 

88(2), 173–189.  

Jeong, Y. J., Park, K., & Kim, D. E. (2009). Isothermal DNA amplification in vitro: The helicase-

dependent amplification system. Cellular and Molecular Life Sciences, 66(20), 

3325–3336. 

Khanna, M., Cao, W., Zirvi, M., Paty, P., & Barany, F. (1999). Ligase detection reaction for 

identification of low abundance mutations. Clinical Biochemistry, 32(4), 287–

290.  

 

Kolbehdari, D., & Robinson, J. A. (2007). QTL mapping using multiple markers 

simultaneously. American Journal of Agricultural and Biological Sciences, 2(4), 

195–201. 

Lizardi, P. M., Huang, X., Zhu, Z., Bray-Ward, P., Thomas, D. C., & Ward, D. C. (1998). 

Mutation detection and single-molecule counting using isothermal rolling-circle 

amplification. Nature Genetics, 19, 225–232. 

Lisby, G. (1999). Application of nucleic acid amplification in clinical microbiology. Molecular 

Biotechnology, 12(1), 75–99.  

Lievens, B., Grauwet, T. J., Cammue, B. P., & Thomma, P. H. (2005). Recent developments 

in diagnostics of plant pathogens: A review. Recent Research Developments in 

Microbiology, 9, 1–23. 

Lasken, R. S., & Egholm, M. (2003). Whole genome amplification: Abundant supplies of DNA 

from precious samples or clinical specimens. Trends in Biotechnology, 21(12), 

531–535. 

laboratories for the diagnosis of human diseases. American Journal of Infectious Diseases, 2, 

204–209 

Mullis, K. B. (1990). The unusual origin of the polymerase chain reaction. Scientific American, 

262, 56–61, 64. 

Mothershed, E. A., & Whitney, A. M. (2006). Nucleic acid-based methods for the detection of 

bacterial pathogens: Present and future considerations for the clinical 

laboratory. Clinica Chimica Acta, 363(1-2), 206–220.  

Morisset, D., Stebih, D., Cankar, K., Zel, J., & Gruden, K. (2008). Alternative DNA amplification 

methods to PCR and their application in GMO detection: Review. European Food 

Research and Technology, 227(5), 1287–1297.  

Manojkumar, R., & Mrudula, V. (2006). Applications of real-time reverse transcription 

polymerase chain reaction in clinical virology 

McHugh, T. D., Pope, C. F., Ling, C. L., Patel, S., Billington, O. J., Gosling, R. D., et al. (2004). 

Prospective evaluation of BDProbeTec strand displacement amplification (SDA) 

system for diagnosis of tuberculosis in non-respiratory and respiratory samples. 

Journal of Medical Microbiology, 53, 1215–1219. 

Nadeau, J. G., Pitner, J. B., Linn, C. P., Schram, J. L., Dean, C. H., & Nycz, C. M. (1999). Real-

time, sequence-specific detection of nucleic acids during strand displacement 

amplification. Analytical Biochemistry, 276, 177–187. 

Notomi, T., Okayama, H., Masubuchi, H., Yonekawa, T., Watanabe, K., Amino, N., et al. 

(2000). Loop-mediated isothermal amplification of DNA. Nucleic Acids 

Research, 28, E63. 

Nagamine, K., Hase, T., & Notomi, T. (2002). Accelerated reaction by loop-mediated 

isothermal amplification using loop primers. Molecular and Cellular Probes, 16, 

223–229. 

oCsak, G. (2006). Present and future of rapid and/or high-throughput methods for nucleic acid 

testing. Clinica Chimica Acta, 363(1-2), 6–31.  

Prasad, D., & Vidyarthi, A. S. (2009). DNA-based methods used for characterization and 

detection of foodborne bacterial pathogens with special consideration to recent 

rapid methods. African Journal of Biotechnology, 8(9), 1768–1775. 

Schweitzer, B., Wiltshire, S., Lambert, J., O’Malley, S., Kukanskis, K., Zhu, Z., et al. (2000). 

Immunoassays with rolling circle DNA amplification: A versatile platform for 

ultrasensitive antigen detection. Proceedings of the National Academy of 

Sciences of the United States of America, 97(18), 10113–10119.  

Schweitzer, B., & Kingsmore, S. (2001). Combining nucleic acid amplification and detection. 

Current Opinion in Biotechnology, 12(1), 21–27.  

Sooknanan, R., & Malek, L. T. (1995). NASBA: A detection and amplification system uniquely 

suited for RNA. BioTechnology, 13, 563–564. 

Sergentet, T. D., Montet, M. P., & Vernozy-Rozand, C. (2008). Challenges to developing 

nucleic acid sequence-based amplification technology for the detection of 

microbial pathogens in food. Revue de Médecine Vétérinaire, 159, 514–527. 

 

Vincent, M., Xu, Y., & Kong, H. (2004). Helicase-dependent isothermal DNA amplification. 

EMBO Reports, 5(8), 795–800 

Walker, G. T. (1993). Empirical aspects of strand displacement amplification. PCR Methods 

and Applications, 3, 1–6. 

Wiedmann, M., Wilson, W. J., Czajka, J., Luo, J., Barany, F., & Batt, C. A. (1994). Ligase chain 

reaction (LCR)—Overview and applications. PCR Methods and Applications, 3, 

S51–64. 



PRIMEASIA                                                           REVIEW  
 

https://doi.org/10.25163/primeasia.6110167                                                                                                     1–11 | PRIMEASIA | Published online Mar 22, 2025 
 

Walker, G. T., Fraiser, M. S., Schram, J. L., Little, M. C., Nadeau, J. G., & Malinowski, D. P. 

(1992). Strand displacement amplification—An isothermal, in vitro DNA 

amplification technique. Nucleic Acids Research, 20, 1691–1696. 

Wiltshire, S., O’Malley, S., Lambert, J., Kukanskis, K., Edgar, D., Kingsmore, S. F., et al. 

(2000). Detection of multiple allergen-specific IgEs on microarrays by 

immunoassay with rolling circle amplification. Clinical Chemistry, 46(12), 1990–

1993.  

Wu, D. Y., & Wallace, R. B. (1989). The ligation amplification reaction (LAR): Amplification of 

specific DNA sequences using sequential rounds of template-dependent 

ligation. Genomics, 4(4), 560–569.  

Zhong, X. B., Lizardi, P. M., Huang, X. H., Bray-Ward, P. L., & Ward, D. C. (2001). Visualization 

of oligonucleotide probes and point mutations in interphase nuclei and DNA 

fibers using rolling circle DNA amplification. Proceedings of the National 

Academy of Sciences of the United States of America, 98(7), 3940–3945.  

Zhang, D. Y., Brandwein, M., Hsuih, T. C., & Li, H. (1998). Amplification of target-specific, 

ligation-dependent circular probe. Gene, 211(2), 277–285. 

Zhang, D. Y., Brandwein, M., Hsuih, T., & Li, H. B. (2001). Ramification amplification: A novel 

isothermal DNA amplification method. Molecular Diagnosis, 6(2), 141–150 

 

 

 

 

 

 

 

 

 

 

 

 


