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Introduction
To understand how PCR works, we are going to model a PCR reaction. All PCR reactions require certain materials for the reaction to take place: DNA Polymerase, Nucleotides, Primers, and a DNA template.

DNA polymerase is an enzyme that can take a nucleotide and add it to the 3’ end of DNA. For PCR reactions, typically the DNA Polymerase Taq is used. Taq was discovered in bacteria living in hot springs and it can work at high temperatures. In our model, we will be acting as the DNA polymerase.
 
Nucleotides are the units of DNA. In a normal PCR reaction, you would have an equal concentration of adenine, cytosine, guanine and thymine. They are the colored components of your model. Notice how only certain pieces fit together and they only fit together in certain directions. 
 
The DNA template is the region of DNA we want to copy. This is usually a short unique sequence of between 100 – 500bp. While shorter or longer pieces of DNA can be made, when working within the genome it is easier to get both specificity and efficiency within that range. The DNA template for the model is already made:

3’ GTGGACTGAGGACTCCTCTTCAGA5’
5’ CACCTGACTCCTGAGGAGAAGTCT 3’

Primers are short stretches of DNA that are designed to bind to either side of the section of DNA you want to copy. PCR requires both a 5’ and a 3’ primer. This means that they bind to different strands of the double helix. This is because PCR always works in a 5’ to 3’ direction. Primers are also specific for the region of DNA you want to copy. The primers are in grey:
Primer 1: 5’TGAC3’
Primer 2: 5’TTCT3’


The PCR reaction occurs by running through multiple cycles of denaturation, annealing, and extension. For this activity, we are going to model what occurs during the first three cycles of PCR.




Procedure
Cycle 1 

1. Slowly denature the DNA by using your hands to unzip the two strands
Step 1: Denaturation- 95°C 
PCR requires DNA strands to separate. This is done by heating up the strands to 95C. This causes the hydrogen bonds between the nucleotides to break but does not break the phosphate backbone. 








2. Take the primers and attach it to the complementary sequence in the target DNA. Pay attention to the 5’ and 3’ ends and remember that DNA strands bind antiparallel to each other
Step 2: Annealing- Primer Specific Temperature 
During annealing, the primers bind the template DNA sequence. The temperature for annealing is dependent on the nucleotide composition of the primer but is optimally between 54°C and 60°C.   








3. Extend the DNA sequences from the primer by adding the complementary nucleotide to the strand. Continue until all target DNA has been copied.
Step 3: Extension 72°C 
During this step, the DNA polymerase is activated and can take free nucleotides and add them to the 3’ ends of DNA strands. The sequence is dependent on the DNA template sequence. 


 


 



How many DNA products have you made? ________




Cycle 2

1. Denaturation: Denature both dsDNAs produced in cycle One by pulling apart the foam strands. 

2. Annealing: This time, you will need two of each primer. Find a binding site for all four primers on the separated DNA strands. 

3. Extension: Elongate all the DNA strands. Working one strand at a time, add the complementary dNTPs to the 3’ end of the growing nucleotide chain. 


How many DNA products have you made? ________

Cycle 3:

1. Denaturation: Denature all the dsDNAs produced in cycle two by unzipping the DNA strands. 

2. Annealing: This time, you will need four of each primer. Find a binding site for all primers on the separated DNA strands. 

3. Extension: Elongate all the DNA strands. Working one strand at a time, add the complementary dNTPs to the 3’ end of the growing nucleotide chain.

How many DNA products have you made? ________
 

· [bookmark: _Hlk218854884]How many products would you have after 4 cycles? 10 cycles? Hint: We are doubling our amplicon with each cycle. 


· What are the limiting factors in your reaction?
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