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DNA Structure

e DNA consists of two molecules that are arranged

into a ladder-like structure called a Double
Helix.

e A molecule of DNA is made up of millions of

tiny subunits called Nucleg#

e Each nucleotide consists of:
Phosphate group
Pentose sugar
Nitrogenous base



Nucleotides

Nitrogenous
/ Base




Nucleotides

® The phosphate and sugar form the backbone
of the DNA molecule, whereas the bases
form the “rungs’.

ARNANARNE

* There are four types of nitrogenous bases.



Nucleotides

Adenine Thymlne

Cytosine Guanine



DNA Structure

Because of this complementary base pairing,
the order of the bases in one strand
determines the order of the bases in the
other strand.
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An introduction to PCR

v’ 30 years ago “Recombinant DNA
Technology” depended on replication
of DNA plasmids during the cell
division.

v PCR works like a copying machine to
produce large quantities of a specific
DNA from a complex DNA template in
an enzymatic reaction.




Advantages of PCR

Sensitivity
Specificity
Speed

Ease of use

Robustness

Template DNA from any kind of
specimen

Dried blood

Semen stains

Egyptian mummies

Single hair
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= History of PCR

1983, PCR, the invention of
American biochemist “Kary Mullis”
revolutionized genetic science and

engineering Rt

* 1993, Mullis was awarded the Nobel
prize in chemistry

Karry Mullis
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1. DNA polymerase

2. PCR buffer or 10x PCR buffer (pH & ionic *
strength):

v" 500 mM KCl; 100 mM Tris-HCl

v 15 mM MgCl2 (enzyme co-factor)
2. dNTPs (dATP + dTTP + dCTP + dGTP)

3.Template (purified genomic or Plasmid
DNA)

4. Forward and reverse primers



PCR primers

A primer is a short strand of nucleic acid
complementary to the bases at start of region to be
copied.

A primer for each target sequence on the end of
your DNA is needed. This allows both strands to
be copied simultaneously in both forward and
reverse directions.
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Steps in PCR reaction (1)

1- Denaturation

PCR : Polymerase Chain Reaction

' Separate parent strands ST AN DTN oty (T A/ St ¢ deraibral

I Yl -' I|. - "I r'.

in preparation new strand [JiEERaT = ,‘w i S
. i .
SYchESlS L= g g S g g gty

mmyal Ug




- Steps in PCR reaction (2)

2- Annealing

» “Stick” primers to the

parent strands to prime
DNA SynthESiS i "'t" Ty \",T"’?T"“ ."T":—T T Swep2: anncaling

* DNA synthesis
requires

a primer to start DNA
synthesis



~Steps in PCR reaction (3)

3- Extension

» Addition of
nucleotides,

to the growing end of
the DNA strand (3’ end) | |REAESNERE BN RS TR
using the parent strand y ,
as the Template, by DNA T PR .
polymerase ———— e

% Addition of E. coli
DNA polymerase in each

cycle (25-35 cycles)




PCR Machines —

(the 2Md revolution)




Major disadvantages in eaﬂy
PCR technique

1- Time-consuming due to the inactivation of Klenow
enzyme in 94 °C and thermo-cycling

2- Low specificity due to the annealing at 37 °C

3- Low efficiency due to the enzyme processivity (400
nt)
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- Taq DNA polymerase, the most
important development in PCR method

* 1976, Bacillus Thermus
aquaticus was isolated by Dr.
Brock from Yellowstone hot
springs

* 1988, the application of Taq
DNA polymerase in PCR
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PCR thermal cycling profile

Initial Denaturation

2

minutes | Denature
94°C | 94°C | >-10
30-60 sec Extension minutes
72° 72°C
30-60 sec Final

Extension
(Polishing)

30-60 sec

— 2040




PCR Animation
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- Primer melting temperature
(Tm)

v Tm °C = Temperature at which half
possible H bonds are formed

v Tm °C = 2(A/T) + 4(G/C)
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PCR product analysis

* Electrophoresis
* Sequencing

* Restriction enzyme
analysis

* Southern-blotting
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Electrophoresis
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Nested PCR |

TWO Pairs Of PCR primers are y Sequence

used to amplify a fragment. Tanpit

DHA
Tamplats

The first pair of PCR primers

amplify a fragment similar to Copyright PCR Station
a standard PCR. However, a

second pair of primers called T“Ji‘.;i

nested primers bind inside

the first PCR product
fragment to allow
amplification of a second
PCR product which is shorter
than the first one.

Nested PCR is a very specific
PCR amplification.




Multiplex-PCR
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Hot-start PCR
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Hot Start PCR :

Profile of a Hot Start PCR Reaction
Addition of polymerase at g5 °C

Irtizl
Danaluralicon

* Specialized enzymes: Slep Stpi  Slep2

AmpliTag® Gold

10°-tokd
Heat amplilication

\ denaturation of targe!
DMA tragmint

Platinum® Taq

tﬂﬂ_‘)l&ﬂﬁl‘llﬁ‘j‘
Primear chal
annealing

Denaturation of
Tag Antibody

O
@
=
=
id
o
)
=
@
=

e Hot Start PCR significantly
improves specificity,
sensitivity and yield of PCR.

Tirne (min)

Non-specific annealing When Tag antibody is included,

eq. Mispriming of primers to Taq Polymerase actvity is inhibited
template DNA, andior and primer extansion does not
formation of primer dimers, proceed before PCR thermal cycling.



http://bioinformatics.weizmann.ac.il/mb/bioguide/pcr/PCRHot-start.html

Touchdown PCRES

a9 @IS J peana (Al (x50 4S Cuu) PCR ) 48 il ¢ g8 o @
D gd oo yanld

S 248 23 8 oa aljha ) 48 4 PCR 4alis Glig) ol )0 @
Al e (LS (Annealing step) duail Ala je (slad g pai ¢ I sia sla
oYL Aaa ;00 Y a5 jo L Alab) sl JSaw 0 4aS cud p
b da )3 O UV agaa o Al sl S 3 5 el 0 T O

Db oa bl el 2 T )



Touch-down PCR

Touch-down increases the PCR specificity



Reverse Transcriptase-PCR

Making cDNA

Reverse

@ Translation
DNA | S &i—;, Protein |

Central Dogma

Replication

Target Region
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Random Hexamers
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Real-Time PCR |l
IQuantitative PCR
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PCR optimization (1)

Always start with a stand ard PCR

* Template concentration:
»500 ng human genomic DNA
»1-10 ng bacterial DNA
»0.1-1 ng plasmid DNA

* Mg++ concentration (1-4 mM)

* Primer concentration

* ANTP (200 uM for each)

» Extension time (1 min/1 kbp Taq, 2 min/1 kbp
proofreader)

» Taq polymerase (1-2 U/50 pl reaction)



PCR optimization (2)

If the specific product was not achieved, go as follow:

 Changing concentrations:
Mg?*, dNTP, template, polymerase, primers

* Changing temperatures:
denaturation,
Touchdown
Hot-start

* Cycling number

* Nested-PCR

* Primer re-design



Limitations of PCR

* Need for target DNA sequence information
Boundary regions of DNA to be amplified must be
known
» Infidelity of DNA replication
Tag Pol — no Proof reading — Error rate 104
» Short size and limiting amounts of PCR product
Up to 5kb can be easily amplified
Up to 20kb can be amplified with some modifications
Cannot amplify gene >100kb
» Primer mismatch, False positive and false negative results



- High fidelity DNA polymerases

Pwo (Pyrococcus woesei)

Pfu (Pyrococcus furiosus)

Tli (Thermococcus litoralis)
3’ to 5’ exonuclease activity (proof reading)
* Lower extension rate and processivity
» Require more dNTPs (= 200 uM)

* Require more primers with lower annealing Temp.



—

Enzyme selection

* Routine amplification

— Taqg DNA Polymerase (work horse of PCR)
- High fidelity (Do you really need it?)

— Pfu, Pwo DNA polymerases

* Long PCR (>3-4 kb)

— Mixture of non-proofreader (e.g. Taq) and a proofreader (e.g.,
Pfu)
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