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Reverse transcript ion polymerase chain react ion (RT-PCR) is a process where 
DNA is f i rst reverse transcr ibed from r ibonucleic acid (RNA) to complementary 
DNA (cDNA) and is subsequently amplified by PCR. RNA and cDNA are essential 
in molecular biology 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 RNA (mRNA, rRNA, tRNA etc.). 
R T - P C R h a s b e e n e m p l o y e d i n v a r i o u s t y p e s o f a p p l i c a t i o n s , f o r e x a m p l e 
generat ion of h igh f idel i ty cDNA products for c loning, probe synthesis, l ibrary 
construct ion and sequencing, quant i f icat ion of gene expression, detect ion and 
quant i f icat ion of infect ious micro-organisms, ident i f icat ion of cancer cel ls and 
genetic disorders in clinical diagnostics. Changes in cellular activities concerning 
surv iva l , g rowth and d i f fe ren t ia t ion a re re f lec ted in a l te red pa t te rns o f 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 medic ine has resul ted in the increased use of techniques able to 
quantify levels of RNA in clinical diagnostics.

Figure 1 i l lustrates the f lowchart of conventional RT-PCR. Two-step RT-PCR is 
popular and useful for detecting multiple targets from the same sample, whereas 
one-step RT-PCR is more advantageous for multiple samples, as it minimizes the 
carryover contamination.  Generally, it is more efficient to use a two-step reaction 
rather than a one-step react ion as the two-step RT-PCR protocol may be more 
sensi t ive compared to the one-step protocol for ampl i fy ing cDNA targets. Gel 
electrophoresis is commonly used to confirm the identity of the PCR products, but 
some t imes Sou the rn b l o t t i ng and DNA sequenc ing o r bo th me thods may be 
required. The final step involves manual or automated analysis for quantifying the 
bands on the gel.

Real-t ime RT-PCR is a highly sensit ive and versati le technique for amplif ication 
and quan t i f i ca t i on o f RNA. The bene f i t o f rea l - t ime PCR i s tha t i t a l l ows the 
d e t e r m i n a t i o n o f t h e a m o u n t o f s t a r t i n g D N A i n t h e s a m p l e b e f o r e P C R 
amplification starts. Present day real-time methods generally involve fluorogenic 
probes tha t emi t l igh t to ind ica te the amount o f DNA present a t each cyc le o f 
PCR.  Several types of probes exist , including DNA-binding dyes l ike ethidium 
bromide (EtBr ) o r SYBR green I , hydro lys is p robes (5 ’ -nuc lease probes) l i ke 
TaqMan probe, hybridizat ion probes, molecular beacons, sunrise and scorpion 
primers, and peptide nucleic acid (PNA) l ight-up probes. Each type of probe has 
its own unique characteristics, but al l of them wil l generate the same outcome – 
fluorescence when DNA is amplified.

RT-PCR requires speci f ic instrumentat ion to detect the f luorescent s ignal and 
record the progress, a thermocycler to carry out PCR and appropriate computer 
hardware and data-acquisition and analysis software. RT-PCR is able to quantify 
nucleic acids over a wide dynamic range, giving it i ts extreme sensit ivity for the 
de tec t ion o f less than f i ve cop ies o f a ta rge t sequence, mak ing i t poss ib le to 
analyze small samples.

Types of RT-PCR
There a re th ree common types o f RT-PCR: conven t iona l RT-PCR, rea l - t ime 
RT-PCR and competitive RT-PCR. The initial step in conventional RT-PCR is the 
production of a single-strand cDNA copy of the RNA using reverse transcriptase 
followed by exponential amplif ication by PCR. The reaction can be performed in 
e i t he r one -s tep o r two -s tep reac t i ons . I n t he one -s tep reac t i on t he reve rse 
transcription reaction and PCR takes place sequentially in a single tube, whereas 
i n t he two -s tep reac t i on each s tep i s pe r fo rmed under op t ima l cond i t i ons i n 
sepa ra te t ubes , whe re 10% o f t he reve rse t r ansc r i p t i on reac t i on p roduc t i s 
subjected to PCR cycling. 

Reverse Transcriptase
The emergence of RT-PCR is due to a shortcoming in PCR.  A major l imitation in 
conventional PCR is that it amplif ies DNA templates only. It cannot amplify RNA 
in a similar manner. This problem can be overcome in RT-PCR by using a reverse 
t r a n s c r i p t a s e , w h i c h g e n e r a t e s c D N A f r o m R N A t e m p l a t e s f o r s u b s e q u e n t 
ampl i f i ca t ion . Reverse t ranscr ip tases are enzymes synthes ized natura l l y by 
re t rov i ruses, fo r example the human immunodef ic iency v i rus . The ro le o f the 
reverse transcriptase is to generate DNA from viral RNA. The virus-derived DNA 
c a n t h e n b e i n s e r t e d i n t o t h e h o s t ’ s g e n o m e . I n t h e l a b o r a t o r y , r e v e r s e 
transcriptase is used to convert RNA to cDNA that can then be used for multiple 
applications. There are several commonly used reverse transcriptases, including 
A v i a n M y e l o b l a s t o s i s V i r u s ( A M V ) r e v e r s e t r a n s c r i p t a s e , M o l o n e y M u r i n e 
Leukemia Virus (M-MuLV) reverse transcriptase or engineered enzymes that are 
able to enhance polymerase activity or decrease unwanted nuclease activities. 

AMV reverse transcriptase is more robust than M-MuLV reverse transcriptase as 
it can retain significant polymerization activity up to 65°C. This is important if the 
template RNA has s igni f icant secondary structures. Cloned M-MuLV has been 
engineered to produce reverse transcriptase that is RNase H (Ribonuclease H) 
negative. RNase H is an enzyme that competes with the DNA polymerase for the 
hyb r id f o rmed be tween the RNA temp la te and the g row ing cDNA s t rand and 
degrades the RNA strand. AMV has stronger intrinsic RNase H activity that makes 
i t unsui table for synthesiz ing long cDNAs (e.g. more than 5kb) . Thus M-MuLV 
revere transcriptase is suitable for generating longer cDNAs while AMV reverse 
transcriptase is suitable for synthesis of short cDNAs.

F i g u r e 1 : F l o w c h a r t o f c o n v e n t i o n a l R T - P C R . C o n v e n t i o n a l R T - P C R c a n                            
be either performed as a one step or two-step reaction. The resulting RT-PCR product 
is subjected to gel electrophoresis for identity confirmation.
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The relative amount of a cDNA generated by reverse transcription is proportional 
t o t h e r e l a t i v e a m o u n t o f i t s R N A t e m p l a t e u n d e r t h e a p p r o p r i a t e r e a c t i o n 
c o n d i t i o n s . T h e c D N A c a n t h e n b e u s e d a s r a w m a t e r i a l f o r r e a l - t i m e P C R , 
thereby determining changes in gene expression (e.g. RNA levels) based on its 
precision and sensit ivi ty. RT-PCR is used frequently for two reasons: f irst, as a 
primary investigative tool to determine gene expression; second as a secondary 
tool to validate the results of DNA microarray. Slight changes in gene expression 
can be detected by real- t ime RT-PCR due to i ts precision and sensit iv i ty. Thus 
r e a l - t i m e P C R c a n b e u s e d t o a s s e s s b o t h D N A a n d R N A l e v e l s w i t h g r e a t 
sensitivity and precision.

I n c o m p e t i t i v e R T - P C R , a d i l u t i o n s e r i e s o f a D N A o r R N A c o m p e t i t o r i s 
co-amplified with known amounts of total RNA or cDNA in the same reaction tube. 
The competitor has the same primer binding sites as the target sequence but is 
u s u a l l y m o d i f i e d b y i n t r o d u c i n g a s m a l l d e l e t i o n , i n s e r t i o n , o r m u t a t i o n t o 
dist inguish i t dur ing electrophoresis. The compet i tor competes wi th the nat ive 
sequence o f the gene o f in te res t fo r p r imers , deoxynuc leo t ide t r iphosphates 
(dNTPs), enzyme, and other reagents, thus reducing the signal of the native gene 
when the amount o f compet i to r i s in excess . As the amount o f the compet i to r 
i n c r e a s e s , t h e s i g n a l o f t h e n a t i v e g e n e d e c r e a s e s . C o - a m p l i f y i n g a D N A 
competitor provides an efficient method of relating the product yield to the initial 
amount of transcript. Since both the competitor and target sequence of interest 
a re p resumed t o be amp l i f i ed w i t h a lmos t equa l e f f i c i ency , t he p roduc t w i l l 
accumulate with approximately the same kinetics, even when the PCR reagents 
are l imi t ing. In environmental microbiology, compet i t ive RT-PCR is especial ly 
a d v a n t a g e o u s a s s o m e e n v i r o n m e n t a l s a m p l e s m a y c o n t a i n c o n t a m i n a n t s 
including organic solvents and humic acids that will inhibit PCR amplification. 

Primers
Priming of RNA template for cDNA synthesis can be carr ied out us ing random 
primers, oligo(dT), a mixture of both or target-specific primers. 

i) Random primers
This method yields the most cDNA, more than one cDNA transcript is produced 
per target since the cDNAs originate from multiple locations along the messenger 
RNA (mRNA).  The major benefi ts of using random primers are the synthesis of 
shorter cDNA fragments and increased probabi l i ty of the convers ion of mRNA 
5 ’ -ends to cDNA.  Howeve r , t he reve rse t ransc r i p tase i s no t usua l l y ab le t o 
reverse transcribe the 5'- end of long mRNAs especially when RNase H activity is 
p resen t . Fu r the rmore , the ma jo r i t y o f cDNA syn thes ized f rom to ta l RNA w i l l 
mainly derive from ribosomal RNA (rRNA) and may compete with a target that is 
present at very low levels. As the annealing temperature (Tm) of random primers 
is low, they cannot be used with thermostable reverse transcriptases. 

Two-step RT-PCR protocol 

Factors affecting RT-PCR

1.  Prepare reaction mixture A in a clean and sterile PCR tube.

2.  Heat mixture A at 65ºC in a water bath or thermocycler for 5 minutes and chill  
     on ice immediately for 1-2 minutes.

3.  Centrifuge briefly and add reaction mixture B. 

4.  Mix everything gently and incubate at 42ºC for 45 minutes in  a PCR machine.

5.  Stop the reaction by heating at 85ºC for 10 minutes.

6.  Proceed with PCR reaction. The cDNA can be stored up to one week at -20ºC.   
     It is recommended to perform PCR right after the reverse transcription.

7.  Use 2-4µl of cDNA to perform PCR.

Components   VolumeFinal  Concentration
Mixture A:
Total RNA or mRNA   variable  0.1-5.0µg

Primer:
Specific primer    variable  15-20pmol
or   
Random primer   variable  0.2µg  
or
Oligo(dT)    variable  0.5µg

10mM dNTP mix   2µl  1mM of each dNTP
Nuclease free deionized water  up to 14.5µl -

Mixture B:
5X AMV-RT buffer   4µl  1X
RNase Inhibitor (50u/µl)  1µl  50 units
AMV-RT (35u/µl)   0.5µl  17.5 units           

Total Volume   20.0µl                    

Reverse transcript ion protocol using Vivantis AMV reverse transcriptase 
(ME2301 -04):

1.  Prepare reaction mixture A in a clean and sterile PCR tube.

2.  Heat the mixture at 65ºC for 5 minutes in a water bath or a thermocycler and 
     chill on ice immediately for 1-2 minutes.

3.  Centrifuge briefly and add reaction mixture B without adding M-MuLV-RT.

4.  Incubate the reaction mixture at 37ºC for 5 minutes in a PCR machine. If 
     random primers are used, incubate at 25ºC for 5 minutes. Do not remove the 
     tube from PCR machine at the end of incubation.

5.  Add 1µl of M-MuLV-RT into the tube which is in the PCR machine.

6.  Incubate the mixture at 37ºC for 60 minutes (for both oligo(dT) primers or  
     specific primers). If using random primers, incubate at 25ºC for 10 minutes 
     and follow by 37ºC for 60 minutes.

7.  Stop the reaction by heating at 70ºC for 10 minutes.

8.  Proceed with PCR reaction. The cDNA can be stored up to one week at -20ºC. 
     It is recommended to perform PCR right after the reverse transcription.

9.  Use 2-4µl of cDNA to perform PCR.

Components   VolumeFinal  Concentration
Mixture A:
Total RNA or mRNA   variable  0.1-5.0µg

Primer:
Specific primer   variable  15-20pmol
or
Random primer   variable  0.2µg
or
Oligo(dT)    variable  0.5µg

Nuclease free deionized water  up to 14µl  -

Mixture B:
10X M-MuLV-RT buffer  2µl  1X
RNase Inhibitor (50u/µl)  1µl  50 units
10mM dNTP mix   2µl  1mM of each dNTP          

Add Seperately:
M-MuLV-RT (250u/µl)  1µl  250 units

Total Volume   20.0µl                    

Reverse transcription protocol using Vivantis M-MuLV reverse transcriptase: 
(ME2305 - 06):
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ii) Oligo(dT) primers
cDNA synthesis using ol igo(dT) is more specif ic than random priming, as i t wi l l 
not result in the priming from rRNAs. It is the best method to use when the aim is 
to obtain cDNAs reverse transcribed from mRNAs, although it wil l not prime any 
RNAs tha t lack a po lyadeny la ted (po ly -A) ta i l . In add i t ion , o l igo (dT) p r im ing 
requires very high-quality RNA that is in full length, and hence is not suitable for 
priming from fragmented RNAs. Furthermore, the reverse transcription may fail to 
r e a c h t h e p r i m e r / p r o b e - b i n d i n g s i t e i f s e c o n d a r y s t r u c t u r e s e x i s t o r i f t h e 
primer/probe-binding site is at the extreme 5’-end of a long mRNA. It is possible 
to mix random primers and oligo(dT). However, if applied in mRNA quantification, 
th is may a f fec t accura te quant i f i ca t ion as the var iab le pr iming o f the random 
oligonucleotides is likely to introduce variability.

iii) Target-specific primers
Target-speci f ic pr imers synthesize the most speci f ic cDNAs and i t is the most 
sensit ive method available. The main disadvantage of these primers is that they 
require separate priming reactions for each target, which can be a disadvantage 
when limited amounts of RNA are available.  

iv)RNA quality and RT-PCR inhibitors
Naked RNA is extremely susceptible to degradation by endogenous RNases that 
are present in al l l iving cells. Moreover, there are inhibitors present during RNA 
p r e p a r a t i o n t h a t c a n i n h i b i t R T - P C R . C o m m o n i n h i b i t o r s i n c l u d e v a r i o u s 
components of body fluids and reagents present in clinical and forensic samples 
( e . g . h a e m o g l o b i n a n d u r e a ) , f o o d c o n s t i t u e n t s ( e . g . o r g a n i c a n d p h e n o l i c 
compounds, and fats) and environmental compounds (e.g. humic acids and heavy 
metals). Factors such as DNA fragmentation will negatively affect PCR efficiency. 
Furthermore, traces of chemical from laboratory plasticware have been identified 
as one potential source of PCR inhibitors. Different polymerases display variable 
sensitivity to the presence of inhibitors such as blood, ions or biological samples. 
Thus the PCR-inhibit ing effect of various components in biological samples can, 
to some extent , be el iminated by the use of the appropr iate thermostable DNA 
polymerase.

v)Magnesium concentration
Magnes ium ion (Mg 2+) i s a d i va len t ca t i on tha t i s requ i red fo r the enzymat i c 
activity of AMV and M-MuLV reverse transcriptases and DNA polymerases. Mg2+ 
c o n c e n t r a t i o n a f f e c t s p r o d u c t s p e c i f i c i t y , p r i m e r a n n e a l i n g , f o r m a t i o n o f 
pr imer-dimer artefacts, melt ing temperature, and DNA polymerase act iv i ty and 
fidelity. The sensitivity of the amplification reaction to Mg2+ concentration may be 
d i f fe rent depend ing on the nature and abundance o f the ta rget as we l l as the 
concentration of other reaction components.

vi)dNTP concentration
dNTPs are required for reverse transcriptase and Taq DNA polymerase-mediated 
amplification. The final concentration of the dNTPs is important, low concentration 
may result in ineff ic ient ampli f icat ion whereas high concentrat ion may result in 
dilution of other components in the PCR reaction mixture such as Mg2+ .

2.Reverse transcriptase selection
AMV is sui table for synthesis of short cDNAs as i t has strong RNase H act iv i ty   
that degrades RNA in RNA:cDNA hybrids before the polymerizat ion of the long 
c D N A s t r a n d  i s c o m p l e t e t o a l l o w p r i m e r b i n d i n g a n d  s e c o n d - s t r a n d D N A 
synthesis. AMV is also suitable for reverse transcript ion of RNA templates that 
exhibit significant secondary structure and high GC-content as it displays  optimal 
activity at high temperature, up to 65°C. M-MuLV is suitable for synthesis of long 
cDNA as it lacks of RNase H activity.

3.Effects of Mg2+ and dNTP concentration
Mg2+ and dNTPs can af fec t the PCR sens i t iv i ty and spec i f ic i ty . Stud ies  have 
shown tha t there is a re la t ionsh ip be tween the Mg 2+ concent ra t ion and dNTP 
concentration. DNA polymerase requires free Mg2+ as cofactor for its activity, high 
concentration of dNTP will result in binding of most of the Mg2+ to dNTPs, causing 
the decrease of free Mg2+ and this may affect the DNA  polymerase activity thus 
inhibiting PCR reaction. RT-PCR specificity can be increased by performing a hot 
start PCR. The DNA polymerase for hot start PCR performs its polymerization at 
very high temperature that will decrease the amplification of non specific products 
and primer-dimer formation.  
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1.Primer selection
There are two alternatives in performing RT-PCR: one-step or two-step reaction. 
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