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Abstract: Polymerase chain reaction (PCR) is essentially a selective DNA amplification
technique commonlyapplied for genetic testing and molecular diagnosis because of its high
specificity and sensitivity. PCR technologies as the key of molecular biology, has realized that
the qualitative detection of absolute quantitative has been changed. It has produced a variety of
new PCR technologies, such as extreme PCR, photonic PCR, o- amplification at lower
denaturation temperature PCR, nanoparticle PCR and so on. In this paper, the principle and
application of PCR technologies are reviewed, and its development is prospected too.

1. Introduction

PCR (polymerase chain reaction, PCR) that is polymerase chain reaction, is a method of in vitro
enzymatic synthesis and amplification of specific DNA fragments. In 1985, the American Karray and
other scholars pioneered the PCR technology, and developed by the United States Cetus company!'’.
With the development and breakthrough of science and technology, PCR technology has been widely
used in many fields, such as microbial detection, veterinary medicine, aquaculture and so on. This
technique has strong sensitivity, accuracy and specificity, And it can be detected quickly, so its
application field is extending continuously **. With the development of PCR technology, many new
technologies, such as extreme PCR, photonic PCR, o- amplification at lower denaturation temperature
PCR, nanoparticle PCR and so on. They have been developed on the basis of conventional PCR
technologies, and many new PCR technologies have been developed.

PCR technology is based on the known DNA sequence, to be amplified with the synthetic DNA
two chain end complementary two oligonucleotide primers, in vitro to be detected DNA sequences
(template) were amplified in enzymatic action. The whole technical process of PCR by several cycles,
one cycle consists of 3 steps: the first step is the continuous DNA template degeneration under high
temperature conditions, namely the template DNA at 93~94 °C under the condition of denaturation
chain; the second step is that annealing 2 synthetic oligonucleotide primer and template DNA chain 3.
By the end of the cooling to 55 °C annealing; the third step is to extend, which exist at the same time
in 4 kinds of d NTP substrate, with the help of Taqg DNA polymerase, primers chain along the 5'-3'
direction and new chain of complementary template. After this cycle, a new chain is synthesized that
can be continued as a DNA template and thus recycled. During the cycle, the amount of amplified
products increased exponentially, and the single copy gene was 25~30 times!*!, and DNA could
amplify 100 million times. The steps of the PCR reaction are simple, but the specific operations are
complex, such as the determination of the annealing temperature, the length of the extension and the
number of cycles. Therefore, different reaction systems should determine appropriate reaction
conditions to avoid false negatives or false positives.
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2. Classification of new PCR technologies

2.1 Extreme PCR

Conventional PCR process usually takes time to 1.5-2h because of the metal plate heating. In order to
improve the test speed of PCR, the Swiss company Roche (Fast/Rapid) proposed the concept of PCR,
and developed by Lightcycler PCR quartz capillary instrument air heating and rapid heat conduction,
the instrument temperature rise speed (about 5°C/s), and solve the temperature uniformity of the
sample, the whole experiment the process is shortened to 40 min. Subsequently, Farrar™ found that
the concentration of primers and polymerase 10-20 times increased, the amplification rate of
instrument reaches about 0.4-2.0 s/; when the concentration of more than 10 mol/L primers,
polymerase concentration is 1 mol/L, 28s only need to complete 35 cycles, will shorten the reaction
time of PCR to the limit, was born the limit of PCR (Ex-treme PCR). Extreme PCR is suitable for
rapid detection of virulent infectious and bioterrorism pathogens.

2.2 Photonic PCR

Photonic PCR is proposed by the Luke Lee team, whose basic principle is to achieve fast heating
based on energy conversion, thus shortening the PCR timel®. The specific process is caused by the
electronic resonance light emitting diode irradiation on the surface of the gold film quickly converted
to heat to DNA degeneration; then, close the light emitting diode, gold film cooling fast, complete
annealing and extension. Because the energy conversion process is more rapid than the conventional
cooling process, the amplification of target DNA can be achieved within 5 min. Optical PCR is a
breakthrough in traditional PCR heating mode, which makes PCR detection more convenient and fast.

2.3 Cold-PCR

Low denatured temperature PCR (co-amplification at lowerdenaturation temperature PCR, Cold-PCR)
is a new PCR technique for enriching mutant genes by reducing the reactive temperature of PCR. The
principle is that the base mismatch in any strand of DNA affects the denaturation temperature, so the
denaturation temperature of mutant DNA is often lower than that of wild type DNA. The denaturation
temperature of PCR reaction can be reduced, and the mutant DNA can be denatured, broken and
amplified further, while wild type DNA can not amplify!”), and the mutant gene can be enriched at the
denatured temperature. The assay is often used for viral gene mutations *! detection, cancer associated
gene mutations (p53°'% EGFR, KRAS, etc.), and beta globulin (HBB) mutations that cause beta
thalassemia ' etc.

2.4 Nanoparticle PCR

PCR nanoparticles (nanoparticle PCR) proposed by Li, the gold nanoparticles as a new additive high
(G+C) template amplification, amplification of PCR can significantly improve the specificity,
sensitivity and reaction efficiency. Gold nanoparticles have superior electrical, optical, thermal and
catalytic activity, and have the same properties as SSB proteins (single stranded binding proteins),
which bind to single stranded DNA and do not interact with double stranded DNA !, In addition, it
can interact with many components such as primers in PCR reaction system, d NTP and DNA
polymerase. In addition, gold nanoparticles also have excellent heat dissipation capability. In the
absence of gold nanoparticles, non-specific amplification is very serious, and the yield of target bands
is very low. But by adding appropriate amount of gold nanoparticles, it can inhibit non-specific
amplification, but too much gold nanoparticles can also inhibit the amplification reaction. Therefore,
the amplification effect of high GC template can be significantly improved by adding gold
nanoparticles as additives to Slowdown, PCR or Touchdown PCR reaction systems.

2.5 HPE-PCR
Pulsed PCR (heat pulse extension-PCR, HPE-PCR) !"*! is an amplification technique for templates
with long DNA chains and large numbers of CTG repeats. Because it contains a lot of CTG repeats
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(G+C) content is high, easy to form the complex structure of the two level (or two hairpin dimer etc.),
often due to degeneration of template is not sufficient as a result of PCR amplification failure, is a big
problem in PCR technology. HPE-PCR by increasing the denaturation temperature of PCR to solve
this problem, two level degeneration in the pre degeneration, when the temperature rises to 98°C, two
level structure can denature solution chain, to solve the problem of high content of DNA (G+C)
template degeneration is not sufficient; then, the temperature dropped to 68 °C for primer in the
process of annealing; extension extension temperature gradually increased from 76 °C to 83 °C pulse
by heat, then quickly cooled to 76 °C, cycle, a total of 21 times Heat pulses complete the extension of
the new chain. After the amplification, the PCR products were separated on 1% agarose gel, using
ethidium bromide staining in micro gel imaging system for imaging. Therefore, HPE-PCR has a
significant advantage over the amplification of high (G+C) content DNA templates ',

3. Summary

In the context of modern accurate diagnosis, how to improve the technology, ensure high sensitivity
and specificity while improving And the ease of use of the repeatability of PCR detection, will become
the new direction of the future development of PCR technology; PCR technology and sequencing
technology integrated automation will likely become the new requirements of clinical molecular
diagnosis and public health emergencies nucleic acid detection.
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