
 

 

Amplifying DNA- PCR (Polymerase Chain Reaction) 

Basic Principles 
 Requires 

o dNTPs 

o Right buffer and temperature 

o 2 different primers (oligonucleotides) for the top and bottom stran 

o Taq DNA polymerase 

 Pros 

 Heat stable ( does not denature when the 

double stranded DNA is melted at about 94oC,  

does not need to be replaced with each cycle.) 

 Highly stringent for primer binding (allows few 

mismatches) 

 Cheap and robust 

 Cons 

 Has no proof reading 3’  5’ exonuclease activity to remove misincorporated 

bases. Therefore can allow errors which are multiplied in future cycles. 

 Only good for relatively short stretches (Under 5kb (5000bp)) 

 Three steps determined by different temperatures 

o Denaturation- Melting of DNA strands 

o Annealing- Binding of primer to DNA 

o Extension- Addition of dNTPs to primer by taq DNA polymerase 

 Amplification approaches exponential for the first ~20 cycles, then plateaus (slows) as the reaction is 

exhausted 

o Can run out of primers or dNTPs 

o Newly synthesised DNA strands can compete with primers for annealing to DNA (after 

denaturation) 

o Lifetime of Taq polymerase 

 

 Visualising the Results 

o Separate the products with agarose gel electrophoresis, stain with ethidium bromide and view 

on a UV lightbox 

 Controls 

o Contamination can be a big issue in diagnostic and forensic applications 

 Separate rooms can be used for DNA extraction, reaction, preparation and analysis 

o ‘Water’ control- A negative control 



 

 

 Do the PCR process, but add water instead of template DNA. If anything is amplified in 

the water control, contamination has occurred. 

 A negative control that allows us to detect contamination of PCR and reagents with DNA 

from templates or previously amplified products. 

 If this PCR results in a product, all other PCR products are unreliable and the experiment 

should be repeated. 

Parameters of PCR (things that affect the result) 
Primer Choice 

 Length ~17-25bp 

o Too short = lack specificity 

o Too long = annealing temp is too high, are more likely to have errors and are expensive 

 Tm (affected by length) 

o Should be about 55-65oC 

o More important than G+C content 

 Avoid runs of the same nucleotide 

 Avoid self-complementary primers 

 Naming 

o Written 5’  3’ (like all DNA) 

o Named with respect to the top strand (has the same sequence as the sense/5’/forward primer) 

 There are 2 primers 

o Sense/5’/forward primer 

 Binds to bottom strand 

 Has same sequence as top strand 

o Anti-sense/3’/reverse primer 

 Binds to top strand 

 Is the complement of the top strand 

Annealing Temperature- Temperature at which the primers anneal to the DNA strand 

 Too low = Inaccurate binding 

 Too high = No primer binding 

 Calculation 

o Annealing Tempearture = 4 × (# 𝑜𝑓 𝐺 + 𝐶) + 2 × (# 𝑜𝑓 𝐴 + 𝑇) 

Ways to Refine PCR 
To Increase fidelity/specificity 

 To increase fidelity/specificity 

o Raise the annealing temperature 

o Have a hot-start 

 Add taq when reaction reaches 94oC in the first cycle 

 Reduces mispriming in early cycles 

 To get more product from one round of PCR 

o Have nested primer sites 

 Use primers for the second PCR that are nested within the set used in the first PCR 



 

 

 Second primers must be inside the first primers (no overlapping sequences for the 

different primers) 

Amplifying Smaller Fragments 
 Use a higher agarose concentration (~2%) so that the smaller segments do not move all the way to the 

end. 

 Use a polyacrylamide gel 

Amplifying mRNA with PCR- RT-PCR 
1. Reverse transcribe mRNA into cDNA 

2. PCR the cDNA 

 Produces cDNA (complementary DNA) copies 

 Can use a polyT primer- binds to the polyA tail of mRNA (but will bind to any mRNA so is problematic) 

Real Time PCR (qPCR)- A way to measure the amount of produce being produced by PCR 
 Measures how much of a particular nucleic acid sequence (e.g. the one being amplified) is present in a 

sample 

 Remember, DNA amplification is not exponential 

o It approaches exponential for the first ~20 cycles then plateaus as the reaction is exhausted 

 Monitors product build-up in ‘real time’ using a specially modified thermocycler 

o Measures accumulation of a fluorescent signal during amplification 

 How the fluorescence is created (to be detected) 

o Hybridisation of fluorescent probes to a sequence between primers 

o TaqMan is commonly used 

 Attaches to the DNA and is then removed by Taq polymerase’s 5’  3’ activity, releasing 

a fluorescent reporter which is detected by the modified thermocycler. 

 As the cycle progresses, more and more reporters are released and the fluorescence 

signal gets brighter 

 Ct (Threshold Cycle) 

o Before conducting real-time PCR, the modified thermocycler sets a threshold level on the y-axis, 

representing the background fluorescence that is not measured 

o The point on the x-axis where the reaction curve intersects the threshold line is CT (the 

threshold cycle) 

o Represents the number of cycles taken to detect a signal from the sample 

 



 

 

o Is inversely proportional to the log of the concentration of input DNA 

 

 


