Polymerase chain Polymerase

PCR objective:  PCR is an artificial way of doing DNA replication 

Why PCR

Less amount of pathogens are difficult to detect by conventional methods

High contagious and zoonotic pathogens DNA can be amplified by with minimal risk.

Double stranded DNA Each strand is made up of polynucleotides 

Purines: Adenine and Guanine

Pyrimidines: Cytosine and Thymine (Uracil in RNA) 
A = T  C ≡ G

Denaturing: The process of separating double stranded DNA into single strands by breaking the hydrogen bonds. This is most often accomplished by heating the DNA solution to temperatures greater than 90ºC.

Primer: Short sequences of DNA (oligonucleotides) that are complementary to sequences of the template DNA. A molecule that initiates the synthesis of a larger molecule. They are usually between 15 and 30 bases in length.

Annealing: binding of the primer to the template or test DNA.

DNA Polymerase: An enzyme that can synthesize new complementary DNA strands using a DNA template and primer. Taq DNA polymerase is commonly used for PCR reactions 

Elongation or extension: Phase of PCR cycle following annealing of primer during which the Taq polymerase synthesizes a strand of DNA. The optimum temperature depends on the enzyme used but is usually between 68-72o C.

Taq polymerase: Thermus aquaticus DNA polymerase used in PCR reaction to synthesize DNA is stable at higher temperatures than other DNA polymerases. Taq polymerase was first isolate from Thermus Aquaticus, a bacteria that lives in hot springs at temperatures up to 75ºC. The DNA polymerase purified from this bacteria can survive temperatures over 90ºC.

5' and 3': The orientation of nucleic acids is indicated by the terms 3' or 5'. These refer to structures within the phosphate/sugar backbone of the molecules. The 5' end has a phosphate group whereas the hydroxyl (OH) end of the molecule is designated 3'. 
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Steps Of PCR


DNA denaturation (94 oC)





Components of PCR 
Set up  a 100ul reaction in a 0.5 ml tube, 
Template DNA from samples

Taq DNA polymerase 1-5 units 

Primers 20 pmoles

KCl 25 mM (facilitate primer annealing  KCL above 50m|M inhibit Taq polymerase.)

Tris HCL 20 mM at pH 8.3

MgCl 1.5 mM (primer annealing, product specificity, formation of primer-dimer artifacts, and Taq pol.activity) 

dNTP (deoxynucleotide triphosphate) 20 uM  of each dNTP (dATP, dCTP, dGTP, dTTP)
Optional: BSA(stabilize the Taq Pol.), DMSO, Formamide

Mix and overlay with 75ul of mineral oil (increase the yield of the amplified products and ensure prevent non specific products by withholding an essential component until the first denaturing cycle )

	Name
	Temperature
	Time
	 
	 

	First denaturing
	94 o C
	3-5min
	 
	 

	Denaturing
	94 o C
	30-60 sec
	 
	 

	Annealing
	54o C
	30-60 sec
	 
	 

	Extension
	72 o C
	30-90 sec

1 min/kb
	 
	 

	Last extension
	72 o C
	5 min
	 
	 


Mg2+ concentration

Mg2+ ions  form a soluble complex with dNTP's which is essential for dNTP incorporation 

Mg+ ions are essential for polymerase activity  increase the Tm (melting temperature) of primer/template interaction (i.e. it serves to stabilize the duplex interaction 

For longer template more Mg+ are required 

Low Mg2+ leads to low yields (or no yield) high Mg2+ leads to accumulation of nonspecific products (mispriming ).

Annealing temperature

The annealing temperature is a function of:
 a)the length and base composition of the primer 

 
b)the ionic strength of the reaction buffer. 

These calculated annealing temperatures; Tm = (A+T)2 + (G+C)4 * 

* Applicable only for primer of about 20bases in length

· Example: 

(a) Forward primer 5' TTC AGG GCG CAA GGG CTG CT 3' 

· A= 3, T=4, C=5, G=8 

· Tm = (A+T) 2+(G+C) 4

· (3+4) 2+(5+8)4= (7) 2+(13) 4= 66oC

· Annealing temperature = 66C –2C= 64oC

 (b) Reverse primer 5’ TC AGA AGA ACT CGT CAA GAA 3'

· A= 9, T=3, C=4, G=4

· Tm = (A+T) 2+(G+C) 4

· (9+3) 2+(4+4) 4=

· (12) 2+(8)4= 56oC

· Annealing temperature = 56oC –2oC= 54oC

· Compare the forward and reverse primer annealing temperature and the lowest annealing temperature for PCR 54oC

Primer extension:

· Primer extension is usually performed at 72 °C, or the optimum temperature of theTaq DNA polymerase.

· The length of time of the primer extension steps can be increased if the region of DNA to be amplified is long. 

· The rule of the thumb is one minute extension time per kb of DNA

Number of cycles

· The number of cycles is usually between 25 and 35.

· More cycles mean a greater yield of product. However, with increasing number of cycles the greater the probability of generating various artifacts (e.g. mispriming products) .

· It is unusual to find procedures which have more than 40 cycles. 

Types of PCR

· Hot-start PCR– During PCR reaction setup at room temperature primers can nonspecifically anneal to the template and can produce non-specific PCR product. This kind of problem can be prevented by Withholding one key component in PCR until first denaturation step: Example: Oil overlay Mg2+ containing or taq polymerases containing wax beads. Taq neutralized with antitaq antibody

· Nested PCR - use to synthesize more reliable product - PCR using an outer set of primers and the product of this PCR is used for further PCR reaction using an inner set of primers. 

· RT-PCR (reverse transcriptase) PCR (reverse transcriptase) - using -directed DNA polymerase to directed DNA polymerase to synthesize cDNAs which is then used for PCR and is extremely sensitive for detecting the expression of a specific sequence in a tissue or detecting the expression of a specific sequence in a tissue or cells. 
· Touchdown PCR. It is a method where you program your thermocycler to deliver slightly lower annealing temperatures in each subsequent cycle. In the first few cycles, nothing works because the annealing temperature is too high. At some point however, the reactions will work because an appropriate temperature will have been reached. It is more likely that the first reaction that works will be specific, because it will take place at a relatively high temperature. Therefore, the specific reactions get a bit of a headstart on the nonspecific reactions, which may not get underway until the annealing temperature drops still further.

· Real time PCR. The real-time PCR system is based on the detection and quantitation of a fluorescent reporter. This signal increases in direct proportion to the amount of PCR product in a reaction. The higher the starting copy number of the nucleic acid target, the sooner a significant increase in fluorescence is observed. 
Primer Design
1-Primer Length: 
Oligonucleotides between 18-24 bases tend to be very sequence specific.

The shorter the primer the more quickly it anneals to target DNA.

Long primer 28-35bp is necessary in amplifying closely related molecules or viruses (HIV, IBV).
Tm of primers shorter than 20 bases, can be calculated Tm = 4(C+G) + 2(A+T) but longer primer, thermodynamic parameters should be taken into account (available by computer based programs).
2-Both primers are designed around the conserved sequence (motif). A simple rule for non computer based selection is to chose regions that are deficient in  a single nucleotide.
3-Perfect base pairing between the primer's 3' end and the template is essential for amplification otherwise; no product is produced even by lowering annealing temp.
4-Primers must not be complementary to each other particularly at the 3' ends otherwise; primer dimmer phenomenon occurs in which the obtained PCR products are the result of the amplification of primers themselves.

5-Reasonable GC content and Tm

Oligonucleotides of 20 bases long with a 50% G+C generally have Tm value in the range of 56-62(C.
6- Inclusion of G/C residue at the 3'end (G/C clamp) help to ensure correct annealing due to strong hydrogen bonding utilized by G/C base pair.

Degenerate primer:
The degenerate primers are designed as a pool of all possible combinations of nucleotides that code for a given amino acid sequence.

Degenerate oligonucleotides can either be synthesized individually then pooled or multiple bases can be programmed at one position in the DNA synthesizer 
e.x. codon degeneracy for Ala = 4, Asn = 2, Ile =3 Meth = 1, Lys +2 Degree of degeneracy of primer pool for AlaAsnIleMethLys = 4*2*3*1*2=64  .
Inclusion of deoxy-inosine (inosine present  naturally in anticodon of some tRNA and known to base pair with A, C, and U) seems neither to disrupt nor destabilize DNA duplex.

Examples of symbols represent degenerate primer include:

 N = G, A, T, or C          R =A or G           S = C or G        Y =C or T
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Primer annealing (50oC)





Cycle is repeated for 25-40 cycles





PriPrimer extension by Taq polymerase (72-74 oC)











