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ABSTRACT
PCR has become one of the most valuable techniques currently used in bioscience, diagnostics and forensic science. Here we review the history
of PCR development and the technologies that have evolved from the original PCR method. Currently, there are two main areas of PCR utilization
in bioscience: high-throughput PCR systems and microfluidics-based PCR devices for point-of-care (POC) applications. We also discuss the
commercialization of these techniques and conclude with a look into theirmodifications and use in innovative areas of biomedicine. For example,
real-time reverse transcription PCR is the gold standard for SARS-CoV-2 diagnoses. It could also be used for POC applications, being a key
component of the sample-to-answer system.
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A brief history of PCR discovery
There are very few inventions that can compete with the importance of PCR over the past 100 years as it revolutionized biological and
genetic research. Mullis noticed that the Sanger sequencing method [1] yielded weak signals while sequencing a single copy gene due
to insufficient concentration of DNA. Adding a denaturation step to split each dsDNA molecule into two ssDNAs, and a reverse primer to
define the total amplicon length, resulted in the amplification of the DNA copies by two [2,3]. Unfortunately, the polymerase was destroyed
in each denaturation step and had to be added for each PCR cycle, making the method implementation tedious; this was resolved by an
automated system called 'Baby Blue' (Figure 1A).

Utilization of polymerase from the bacteria Thermophilus aquaticus (Taq polymerase) [8], capable of surviving temperatures of 94°C,
eliminated the necessary addition of fresh polymerase. An automated time domain temperature cycler with a stationary sample was
also assembled [9], with Southern blotting used to detect the PCR product [10]. Another cycler with three zones, each with a different
temperature and the sample being moved between, is called the 'space-domain system' (Figure 1B). Currently, the time domain systems
are more common (Figure 1C).

The history of PCR application in bioscience
Originally, PCR was developed for the detection of mutations in the HBB gene that causes sickle cell anemia. The hybridization of
radioactive-labeled oligonucleotides and the subsequent restriction analysis were used in this project to search for such inherited mu-

tations. Therefore, the sequences of the B-globin gene were selected as the first for enzymatic amplification [3,11].

The knowledge gained during this work on the HBB gene [12] was utilized in the analysis of alleles of HLA-DQ (Figure 1D) and re-

sulted in the development of a genotyping method for this multiallelic locus using the hybridization of amplicons with allele-specific
oligonucleotides [13]. The technique was applied in transplantology and forensic science. Numerous clinical applications of PCR fol-

lowed especially in the field of clinical genetics [14,15] and in microbiology for the detection of viral and bacterial infections [16-18]. The
usefulness of PCR as a tool for infectious disease diagnosis was first demonstrated in detection [19] in 1987 and further elaborated in

later years [20,211.
The finding that amplicons of different lengths determined by different primer pairs might be produced simultaneously in one PCR

tube represented an important milestone in the development of PCR diagnostic approaches. This is the so-called multiplex PCR, which
was used during early PCR development for the detection of deletions in DMD - one of the largest human genes (Figure 1E) [5]. This
gene is localized on the X-chromosome and its mutations are responsible for Duchenne-Becker muscular dystrophy in males. Until
recently, numerous diagnostic approaches were based on this principle, such as the simultaneous detection of F2 polymorphism and
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