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REVERSE TRANSCRIPTION
-POLYMERASE CHAIN REACTION (RT-PCR)

General Information

Reverse franscription polymerase chain reaction (RT-PCR) is a process where
OMA is first reverse transcribed from ribonucleic acid (RMA) to complementary
ONA (cONA) and is subsequently amplified by PCR. RNA and cDNA are essential
in molecular biolagy studies because they have the same coding genes (exons)
as DNA but they do not contain introns that usually consist of house-keeping and
non-coding genes.

RT-PCR amplifies minute amounts of all types of RMNA (mRNA, rRNA, tRNA ete.).
RT-PCR has been employed in various types of applications, for example
generation of high fidelity cONA praducts for cloning, probe synthesis, library
construction and sequencing, quantification of gene expression, detection and
quantification of infectious micro-arganisms, identification of cancer cells and
genelic disorders in clinical diagnostics. Changes in cellular activities concarning
survival, growth and differentiation are reflected in altered patterns of gene
expression. Hence, the quantification of transcription levels of specific genes has
always been vital to any gene function related research. Recently, the emergence
of molecular medicing has resulted in the increased use of techniques able to
quantify levels of RMA in clinical diagnostics.

Reverse Transcriptase

The emergence of RT-FCR is due 1o a shortcoming in PCR. A major limitation in
conventional PCR is that il amplifies DNA templates only. It cannol amplify RNA
in & similar manner, This problem can be overcome in RT-PCR by using a reverse
transcriptase, which generales cDNA from RNA templates for subsequent
amplification. Reverse transcriplases are enzymes synthesized naturally by
retroviruses, for example the human immunodeficiency virus. The role of the
reverse iranscripiase is to generate DA from viral RMA. The virus-derived DNA
can then be inserted into the host's genome. In the labaratory, reverse
transcriptase is used to convert RNA to cOMA that can then be used for multiple
applications. There are several commaonly used reverse transcriptases, including
Avian Myeloblastosis Virus (AMY) reverse transcriptase, Molonay Murine
Leukemia Virus (M-MuLV) reverse transcriptase or engineered enzymes that are
able to enhance palymerase activity or decrease unwanted nuclease activities

AMVY reverse transcriptase is more robust than M-MulV reverse transcriptase as
it can retain significant palymarization activity up to 65*C. This is important if the
template RNA has significant secondary structures. Cloned M-MuLV has been
engineered io produce reverse transcriptaze that is RNase H (Ribonuclease H)
negative. RMase H is an enzyme that competes with the ONA polymerase for the
hybrid formed between the RNA template and the growing cOMA strand and
degrades the RNA strand. AMV has stronger intrinsic RNase H activity that makes
it unsuitable for synthesizing leng cOMAS (2.9. more than 5kb). Thus M-MulV
ravere transcriptase |5 suitable for generating longer cOMAS while AMY reverse
transcriptase is suitable for synthesis of short cOMAS

Types of RT-PCR

There are three comman types of RT-PCR: conventional RT-PCR, real-time RT-
PCR and competitive RT-PCR. The initial step in conventional RT-PCR is the
production of a single-strand cOMA copy of the RMA using reverse transcriplase
followed by exponential amplification by PCR. The reaction can be performed in
either one-step or two-step reactions. In the one-step reaction the reverse
transcription reaction and PCR takes place sequentially in a single tube, whereas
in the two-step reaction each step is performed under optimal conditions in
separate tubes, where 10% of the reverse transcription reaction product is
subjected 1o PCR cycling.

Figure 1 illusirates the flowchart of conventional RT-PCR. Two-step RT-PCR is
popular and vseful for detecting multiple fargets from the same sample, whereas
one-step RT-PCR is more advantageous for multiple samples, s it minimizes the
carryover contamination. Generally, it is more efficient to use a two-step reaction
rather than a one-step reaction as the two-step RT-PCR protocol may be more
sensitive compared to the one-slep protecal for amplifying cONA targets. Gel
electropharesis is commonly used to confirm the identity of the PCR products, but
sometimes Southern blotting and DNA sequencing or both methods may be
required. The final step involves manual or automated analysis for quantifying the
bands on the gal.
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Figure 1: Flow chart ef conventional RT-PCR. Conventional RT-FCR can
be either performed as a one step or two-step reaction. The resulting RT-PCR product
is subjected to gel electrophoresis for identity confirmation.

Real-time RT-PCR is a highly sensitive and versatile technigue for amplification
and guantification of RNA. The benefit of real-time PCR is that it allows the
determination of the amount of starting DNA in the sample before PCR
amplification starts. Present day real-time methods generally invalve fluosrogenic
probes that emit light o indicate the amount of ONA present at each cycle of
PCR. Zeveral types of probes exist, including DMA-binding dyes like ethidium
bromide (EtBr) or SYBR green |, hydralysis probes (5-nuclaase probes) like
TagMan probe, hybridization probes, molecular beacons, sunrise and scorpion
primers, and peptide nucleic acid (PMA) light-up prabes. Each type of probe has
its own unigue characterislics, but all of them will generate the same outcome -
fluorescence when DNA is amplified.

RT-PCR requires specific instrumentation {o detect the fluorascent signal and
record the progress, a thermocycler to carry out PCR and appropriate computer
nardware and data-acquisition and analysis software. RT-PCR is able to quantify
nucleic acids over a wide dynamic range, giving it its extreme sensitivity for the
detection of less than five copies of a target sequence, making il possible to
analyze small samples.
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