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Polymerase chain reaction

Kary B. Mullis, Cetus, 1985, 1993
http://www.nobel.se/chemistry/laureates/1993/mullis-lecture.html

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

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).

http://www.pcrlinks.com/

A http://www.gene-quantification.de/ras- -pCr-

application-manual-3rd-ed.pdf
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For a given number of cycles 'n' we make 2".T, total possible
duplexes

For a given number of cycles there will be 2n.T, duplexes which
are formed from either the original template, or a fragment of
iIndeterminate 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" 1 2n). T,

(where T, is the concentration of the original duplex)



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



Different forms of PCR
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Reaction Buffer
Recommended buffers generally contain :
10-50mM Tris-HCI pH 8.3,
up to 50mM KCI, 1.5mM or higher MgCly,
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
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Ammonium sulfate [(NH4),SO4] b

Additives

5-30 mM

Facilitates DNA strand separation

Bovine serum albumin *

50 - 500 ng per
50 pl reaction

Binds many PCR inhibitors found in tissue samples

Dimethylsulfoxide (DMSO)P

2 - 10% v/v

Lowers T, of target DNA to enhance annealing

Dimethylformamide (DMF)

<10% v/v ©

Lowers T,,, of target DNA to enhance annealing

Betain

Lowers T,,, of target DNA to enhance annealing

Formamide 1.25 - 10% v/v © Changes T,,, of primer-template hybridization
to increase specificity and yield
Stabilizes Taq DNA Polymerase

Gelatin P 0.01- 0.10% w/v Stabilizes Taq DNA Polymerase

Glycerol b 5 - 15% v/v Stabilizes Taqg DNA Polymerase

PEG 6000 5 - 15% v/v Stabilizes Taq DNA Polymerase

SDS less than 0.01% w/v © Prevents aggregation of polymerase

Spermidine Reduces nonspecific binding of polymerase

to template DNA

T4 Gene 32 protein * 0.05 - 0.1 nmol Changes T, of primer-template hybridization to
per 50 pl reaction increase specificity and yield

Triton X-100 0.01% v/v Prevents aggregation of polymerase

Urea 1-15M° Lowers T,,, of target DNA to enhance annealing




Contamination

A Sources of contamination
I Accidental
I Cross-contamination from earlier experiments
I 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
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Handling contamination problem

A Disposable, room-specific, trustable reagents,
plasticware

A Discard left over (and safely)
A Wipe pipette and banch ethanol soaked tissue

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

A Water

A Autoclaving facilities must be separated (esp. steam)

A Gloves, lab clothing

A DNA sample and oligo storage must be separate

A Using uracil-DNA N-glycosylase (UNG) in PCR reactions



bp M i 2 3 4 5 6 7
50X
400
3(X)

2(X)

17TA

Y

First round

igure 1. First-r ound ampl i f i castinitaoget with vartohseratibs of dUTP to
dTTP.
To assess the ability of GoTagE DNA Polymerase to incorporate dUTP
ratios of dUTP and dTTP at a final tot al concentration of 2000M (T
cycles of denaturation at 95AC for 30 seconds, annealing at 55AC for 30 seconds and extension at 72AC for 30
seconds. After PCR was completed, 501 of product was run on a 0.8%
(Cat.# G3161) ; |l ane 1, 0OM dUTP: 2000M dTTP; |l ane 2, 100: 100; |l ane 3, 125

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

igure 2. Second amplification of the 1750M dUTP: 250M dTTP PC

To test the ability of UNG to degrade the uracil-c ont ai ni ngm@biTag&d PCR product in the Green G
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 manufacturero6s recommendati ons: P @R ncuotned i stti eopn swiwtehr el Gro da ff i WENIG b
incubated at 37AC and a final 72/AC 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 w

aliquot of 50l was run on a 0. 8 Zat#a@3a6d)plane 1, godemplateLcantrad;, M, PCR Il6r kers
lane 2, amplification without UNG treatment; lane 3, amplification with UNG treatment.


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/

Temperature (°C)

Minutes
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Primer design

A simple set of rules for primer sequence design

. primers should be 17-28 bases in length;

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

. primers should end (3") in a G or C, or CG or GC.: this prevents
"breathing" of ends and increases efficiency of priming;

. Tms between 55-80°C are preferred;

. 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° structures such as

hairpins) should be avoided.

w N

o1 bH
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DNA Polymerase Natural or recombmant Source

Tag Natural Thermius aguaticus
Amplitaq® R.ecombinant T. aguaticus

Amplitaq (Stoffel fragment)® | Recombinant T. aguaticus

Hot Tub™ Natural Thermus flavis
Pyrostage™ Natural T, flavis

Vent™ Recombinant Thermococcus litoralis
Deep Vent™ R.ecombinant Pyrococcus GB-D

Tth R.ecombmant Thermus thermophilus
Pfit Natural Pyrococcus furiosus
ULTma™ F.ecombmant Thermotoga maritima

|
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e Properties of DNA polymerases used in PCR

Tag/Amplitaq® g;;ﬁ;:m Vent™ E’;?t::m Prit Tth ULTma™
05 °C half-life  ~ 40min =~ 80min 400 min 1380 min =120 min 20 min =50 min
5'3' exo | + | | | | T+ |
35" exo | | | + | + | + | | +
Extension rate - e
(nt/zec)
RT activity =~  Weak | Weak 2 | 2 | 2 [Yes] ?
Resulting ends. | 3' A | 3 A | >05% blunt >95% blunt, blunt | 3' A |  blunt
_S!]_mm | | | + | + | |
digplacement
MW. (kDa) 04 61 2 E; 02 04 70
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i\‘..Novagen' KOD pol | mer 8§ z

DNA Polymerase
KOD DNA Polymerases Overnview Pfu T:a-q

We offer a complete selection IIIT'NIII'-.-'EIQEFI@

engymes and kits for PCR, featuring KOD S . Thetmococols [Py racacc s Ther.;w_ws
DrA Polymerase. This unigue proofreading Pecies kociakaraensls | fURNDSLS aqrﬁrfus

endyme, isolated from the extreme - -
thermophile Thermococeus kodakaraensis |Fidelity” 0.0035 0.0039 0.013

KOD1, possesses superior processivity and Elongation rate

fidelity that enahles faster and more accurate 106-138 20 1
PCR amplification than can be achieved with |(Paseslsecond)

canventional enzymes, including A DMNA - |Processivity

polymerase (1) KOD DMA Polymerase is : =300 =70 not
also available in a hat start version for high (nucleotide determined

specificity and increased read length (7). and|PaSes)
as a blend (KOD XL DMA Polvmerase) *Fidelity was measured by the authors as mutation frequency
recammended forvery long templates (3). in PCR products using a sensitive hluefwhite phenotypic
Aassay using a 5.2 kbp facs plasmid as template (1),

GC=rich PCR
Enzyme s basefs Specificity  Fidelity  Templates  Yield  Product Ends
KOD DNA Pobymerase < B 130 i [ = blunt
[formerdy KOD HiFi DMAPobymerase)
KOD Hot Szart DMA Polymerase < 2 140 [ u blunt
nhid Mixed
KOD XL DMA Polymerase =< 30 120 n i u u (bluntand 3°-dA)

# Satisfactory a Qoo = Excellent Best



Figure 1. The schematic structure of Phusion™ High-Fidelity DNA Polymerase.
The double-strand DNA-binding domain (purple) is fused to a novel Pyrococcus
like enzyme (green) forming a unigue high-performance polymerase - Phusion DNA,

Pl wemvmme

2,B0E-6

4,40E-7

Thermes  Thermococcus  Pypococcs modified Plvssion
aquaticus  koddakaraensis  furiosus P furiosis

Figure 2. Error rates of different DMA polymerases. Fidelty assays were done
uzing fad-based method modified from Frey & Suppmann, 1995,

Phusi on pol 1 me

Pyrococeus mordified
furivsis Pyrococeus furiosis Phusion

Figure 3. & 3.5 kb human beta globin gene was amplified according to supplier's
recommendations using varving extension times.

Cycling protocols and enzyme amounts:

Pyrococcus micdified Phusion DHA
furiosus P.furiosus Polymerase
Enzyme amournt SUss0pl 250 r50pl 1Ur50p
Initial densturation | 95 °C 45 =5 93 °C 2 min 85 °C 30 =
Crenaturation 95°C 45 = 95 *C 30 = 95 *C 10 =
Annealing B0 °C 45 = BO°C30s -
Exension 802 | 725¢ x min 72 °C % min 72 °C % min
and o
Cyvele number 30 30 30
*Extenszion times: a1 1 min, b1 min 30 =, ) 3 min 50 2 and d) 7 min 40 =. 22
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Herculase Il Fusion

Herculase® |l Fusion DNA Polymerase from Stratagene

Cur new Herculase® |l Fusion DMA Palymerase 15 a high-fidelity enzyme
formulated for routine PCR applications that demand high yield and reliability.
The Herculase Il enzyme produces unrivaled amplicon yield using fast cycling
time. lts great performance is a result of the highly processive Herculase ||
enzyme fused to a proprietary DNA-binding domain, our exclusive
ArchaeMaxxE Palymerase Enhancing Factar, and the optimized Herculase |l
buffer. The 12-fold improved processivity means that the averall PCR run time
15 reduced by B0 to 80%. In addition, its fidelity is comparable to Pfu DA,
palymerase. Cur Herculase || enzyme alzo helps you overcome challenging
FCR with successful amplification of complex and GC-rich templates.
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Nested PCR

First Set of Prlmers Target DNA First Set of Primers

{Outer) / {Outer)

t First Amplicon 5

Second Set of Primers Second Set of Primers

{Innen \A * / {Innerj

E*E

Specific Amplification of the Target DNA

IVP gag HTLV-2 PCR System Titration

Dilution of Positive HTLV-2 DNA Control
First 105 10€ 107 10 10° 1017 1011 10-12 1013
Primers

468 bp

Second 105 10 107 10 109 1010 10-11 10-12 1013

Primers
{Nested)

206 bp

800 bp
600 bp

400 bp

200 bp

800 bp
600 bp

400 bp

200 bp



Multiplex PCR

Fig. 42. Comparative multiplex PCR using
mixtures Ato D with 5% DMSO (superscript
D) and without DMSQO, 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.
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