
 

The polymerase chain reaction (PCR) is a very important tool in molecular biology because it 
enables a sequence of DNA to be replicated across several orders of magnitude, generating 
millions to billions of copies by cycling the reagents (DNA, Primers, dNTPs, enzymes, etc.) 
through the prescribed temperature regimes. The idea is very simple: DNA, which is double 
stranded helix of nucleotides (DNA building blocks), is heated to ~ 95°C where it unwinds into 
two single DNA strands. The temperature is then lowered to ~ 50 – 60 °C, where target specific 
DNA primers anneal themselves onto the two single stranded template DNA molecules. Finally 
the temperature is again raised to ~72 °C where DNA polymerase enzyme assembles a new 
double stranded DNA from nucleotides, by using the single stranded DNA as a template. After 
one cycle (see fig a. below), two DNA molecules are produced and in subsequent cycles the 
number of DNA molecules doubles in a geometric progression (2N after N cycles), exponentially 
increasing the concentration of target DNA. 

The process of heating and cooling the PCR solution is known as thermal cycling. 
Conventionally thermal cycling is performed by programmed heating and cooling of heavy 
metallic blocks containing the PCR reaction mixture in thermo-cyclers. These are not very 
efficient as they consume large reaction time, sample volume and energy. Our lab has 
developed a novel technique to perform PCR in microfluidic convective cells. It is a simple 
design where the PCR mixture is confined in a cylindrical enclosure whose bottom temperature 
is maintained at a higher temperature than the top. This causes the fluid to circulate through the 
cell; shuffling the PCR reagents through the optimum temperature regimes (see fig b. below).  
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