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Polymerase chain reaction 

Å Kary B. Mullis, Cetus, 1985, 1993 

Å http://www.nobel.se/chemistry/laureates/1993/mullis-lecture.html 

Å In 1989 Science named the molecule used in PCR, Taq Polymerase, its first 
"Molecule of the Year". 

Å In 1992 Cetus, who own the intellectual property rights for the technique 
(granted in 1989), underwent a corporate reorganisation and sold the patent 
for PCR and Taq polymerase to Hoffmann-La Roche for $300 million (The 
USA patent for PCR is a national right and therefore requires that all 
American universities who wish to use PCR must obtain a licence. 
Universities and research environments in Europe are exempt from this 
patent and are allowed to use the technique without a licence). 

 

Å http://www.pcrlinks.com/ 

Åhttp://www.gene-quantification.de/ras-pcr-
application-manual-3rd-ed.pdf 
 
 

 

 

 

http://www.nobel.se/chemistry/laureates/1993/mullis-lecture.html
http://www.nobel.se/chemistry/laureates/1993/mullis-lecture.html
http://www.nobel.se/chemistry/laureates/1993/mullis-lecture.html
http://www.pcrlinks.com/
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf
http://www.gene-quantification.de/ras-pcr-application-manual-3rd-ed.pdf


2 

PCR 

Template, primer, amplikon 



3 

PCR 

Template, primer, amplikon 



4 

PCR 

Template, primer, amplikon 



5 

PCR 

Template, primer, amplikon 



6 

PCR 

Template, primer, amplikon 



7 

PCR 

Template, primer, amplikon 



8 

 

For a given number of cycles 'n' we make 2n
 *T0  total possible 

duplexes  

 

For a given number of cycles there will be 2n*T0  duplexes which 

are formed from either the original template, or a fragment of 

indeterminate length, along with a fragment of defined length (and 

represent an undesired product)  

 

Thus, the total concentration of desired product (duplexes with a 

length defined by the PCR primers) will be (2
n
 ï 2n)* T0   

(where T0 is the concentration of the original duplex)  
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The theoretical amplification value is never achieved in practice. Several 

factors prevent this from occurring, including:  

 

Competition of complementary daughter strands with primers for reannealing 

(i.e. two daughter strands reannealing results in no amplification).  

 

Loss of enzyme activity due to thermal denaturation, especially in the later 

cycles  

 

Even without thermal denaturation, the amount of enzyme becomes limiting due 

to molar target excess in later cycles (i.e. after 25 - 30 cycles too many primers 

need extending)  

 

Possible second site primer annealing and non-productive priming  
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Different forms of PCR 
Å Asymmertic 

Å Degenerate 

Å Hot-start 

Å In-situ 

Å Inverse 

Å LA- 

Å Multiplex 

Å Nested 

Å RACE 

Å Real-time 

Å RT- 

Å Touchdown 

 

Å one oligo in high excess  

Å base on a.a. sequence 

Å to increase specificity 

Å in tissue sections 

Å what is outside? 

Å long and accurate 

Å several oligo pairs 

Å 2 oligo pairs 

Å rapid amplification of cDNA ends 

Å continuous detection of products 

Å coupled to reverse transcription 

Å continuous decrease of annaeling 
temperature  
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Reaction Buffer  

Recommended buffers generally contain :  

 10-50mM Tris-HCl pH 8.3,  

 up to 50mM KCl, 1.5mM or higher MgCl2,  

 0.2 - 1uM each primer,  

 50 - 200uM each dNTP,  

 gelatin or BSA to 100ug/ml,  

 and/or non-ionic detergents such as Tween-20 or Nonidet P-40 

               or Triton X-100 (0.05 - 0.10% v/v)  

               

              additive reagents for special applications: 

  DMSO 

  betaine 

  formamide 

 

 



Additives 



Contamination 

Å Sources of contamination 
ï Accidental 

ï Cross-contamination from earlier experiments 

ï End product contamination 

Most probable reasons: storage, handling, processing 
of samles between PCR exps.  

Sources of cont.:  

1. Working environment 

2. Reagents (oligos, media of sample collection and 
transport, plasticware 

3. Lab staff and wor habits (skin, hair, gloves, aerosols 
of pipetting etc.) 

 



Preventing contamination 

ÅPhysical separation of labs for sample 

preparation, DNA extraction, amplification, 

post-PCR analysis 

ÅMinimizing the number of sample 

manipulation 

Misleading concepts: 

-Sterile 

-Commercial reagents 
Do not mean DNA-free 



Handling contamination problem 

ÅAlways: Negative and positive controls!!!!!!!!!!!!!!!!!!  

ÅDisposable, room-specific, trustable reagents, 
plasticware  

ÅDiscard left over (and safely) 

ÅWipe pipette and banch ethanol soaked tissue 

ÅClean lab, decontaminating reagents (DNA Remover 
etc) and/or UV irradiation (254nm) 

ÅWater 

ÅAutoclaving facilities must be separated (esp. steam) 

ÅGloves, lab clothing 

ÅDNA sample and oligo storage must be separate 

ÅUsing uracil-DNA N-glycosylase (UNG) in PCR reactions 
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  Figure 2. Second amplification of the 175ÕM dUTP:25ÕM dTTP PCR product.  

To test the ability of UNG to degrade the uracil-containing GoTaqÈ-amplified PCR product in the Green GoTaqÈ 

Reaction Buffer, we performed a second round of amplification using UNG treatment and a trace amount of 

product from the first round of PCR. Uracil DNA Glycosylase (Invitrogen, Cat.# 18054-015) was used according to 

the manufacturerôs recommendations: PCR conditions were modified by an initial 10-minute step with 1Õl of UNG 

incubated at 37ÁC and a final 72ÁC soak after thermal cycling (see Figure 1). A volume of the first PCR was chosen 

to ensure the amount of genomic DNA template from the first reaction would be below the limit of detection for the 

conditions used in the second reaction (data not shown). The PCR was performed in a volume of 50Õl, and an 

aliquot of 5Õl was run on a 0.8% agarose gel. Lane M, PCR Markers (Cat.# G3161); lane 1, no-template control; 

lane 2, amplification without UNG treatment; lane 3, amplification with UNG treatment. 

 

  Figure 1. First-round amplification of the ɓ-actin target with various ratios of dUTP to 

dTTP.  

To assess the ability of GoTaqÈ DNA Polymerase to incorporate dUTP, reactions were set up with varying 

ratios of dUTP and dTTP at a final total concentration of 200ÕM (Table 1). Thermal cycling conditions were: 35 

cycles of denaturation at 95ÁC for 30 seconds, annealing at 55ÁC for 30 seconds and extension at 72ÁC for 30 

seconds. After PCR was completed, 5Õl of product was run on a 0.8% agarose gel. Lane M, PCR Markers 

(Cat.# G3161); lane 1, 0ÕM dUTP:200ÕM dTTP; lane 2, 100:100; lane 3, 125:75; lane 4, 150:50; lane 5, 

175:25; lane 6, 200:0; lane 7, no-template control 

 

First round 

Second round 

http://worldwide.promega.com/products/cloning-and-dna-markers/molecular-weight-markers/dna-ladders/
http://worldwide.promega.com/products/cloning-and-dna-markers/molecular-weight-markers/dna-ladders/
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A simple set of rules for primer sequence design  

 

1. primers should be 17-28 bases in length;  

2. base composition should be 50-60% (G+C);  

3. primers should end (3') in a G or C, or CG or GC: this prevents 

    "breathing" of ends and increases efficiency of priming;  

4. Tms between 55-80
o
C are preferred;  

5. runs of three or more Cs or Gs at the 3'-ends of primers may  

    promote mispriming at G or C-rich sequences (because of stability 

    of annealing), and should be avoided;  

6. primer self-complementarity (ability to form 2
o
 structures such as 

    hairpins) should be avoided.  

 

Primer design 
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KOD polimer§z 
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Phusion polimer§z 
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Herculase II Fusion 
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Nested PCR 



26 

Fig. 42. Comparative multiplex PCR using 

mixtures A to D with 5% DMSO (superscript 

D) and without DMSO, in 1x buffer. Some 

loci from mixture A (blue arrows) are 

stronger when no DMSO is used. However, 

DMSO helps amplify (magenta arrows) one 

locus in mix B and one locus in mixture D. 

Amplification of PCR products of mixture C* 

were unaffected by DMSO. 

Multiplex PCR 
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Hot start PCR ï inaktiv§lt emzim 

 


