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PCR Review



Lets define some terminologies

Primer

Template sequence

Melting Temperature (Tm)
Annealing Temperature (Ta)
PCR

Others?



The Kary Mullis’ DNA Photocopy Machine




Many variations of PCR available

Standard PCR < This is our focus for this workshop
Nested PCR

Touch down PCR

Sequencing PCR

Intersequence-specific PCR (ISSR)
Many others



The Template sequence



Origin of the Template Sequence

e Self-generated
 Obtained from a sequence database e.g. NCBI’s GenBank



Template origin: Self generated

* Ensure all the QC steps mentioned earlier are followed:
* Check the chromatogram peaks to ensure your primer lies on
'clean’ and ‘high quality' sections of the template



Template origin: From a Database

Retrieve the right sequence from the database.

Blast the candidate sequence against the DB and try to align
other similar sequences from the same region in the study
organism as a proxy QC.



The Primer sequence



Typical primers are 18-28 nucleotides in length
50-60% GC composition
Have a balanced distribution of G/C and A/T domains

No long strings of a single base (<4)

Good

5" ATGCACTCAGACGTACAACGTGAC 3’
24 bases

AT: 12

GC: 12 (50% GC)

Balanced distribution

Ta = 65°C

Bad

5" AAAACAAACGATTTTTIT 3’
17 bases

AT: 14

GC: 3 (18 % GC)

Unbalanced distribution
Ta= 38°C



Unique
* Unique (Lack of secondary priming sites). Only one target site
in the template DNA where the primer binds, which means the

primer sequence shall be unique in the template DNA.

e Unigueness can be determined by BLAST (Bioinformatics)



Length

Primer length has effects on uniqueness and melting/
annealing temperature.

The longer the primer, the more chance that it’s unique;
the longer the primer, the higher melting/annealing
temperature.

The length of primer has to be at least 18 bases to ensure
uniqueness.

Usually primers of 18-28 bases long are used for PCR.



Melting temperature

Melting Temperature, Tm — the temperature at which half
the DNA strands are single stranded and half are double-
stranded. Tm is characteristics of the DNA composition;
Higher G+C content DNA has a higher Tm due to more H
bonds.

Calculation ****
Shorter than 13: Tm= (A+T) X2 + (G+C) X 4
Longer than 13: Tm= 64.9 +41(G+C-16.4)/(A+T+G+C)

(Formulae are from
http://www.basic.northwestern.edu/biotools/oligocalc.html)




Annealing Temperature

Annealing Temperature, Ta is the temperature at which
primers anneal to the template DNA. It can be
calculated from Tm.

T =T _+/- 5°C

Primers with Tm between 55-70°C are preferred

Ta is usually within 5°C of the Tm



Secondary structures

If primers can anneal to themselves, or anneal to each other rather than
anneal to the template, the PCR efficiency will be decreased dramatically.

They shall be avoided.

Self-Dimer

Hairpin

3 GGGAAA
TR
5 TATCTAGGACCTTA-

3' GGGAA—
e

8 hp

3" GGGAAAATTCCAGGATCTAT
FErr 1

5' TATCTAGGACCTTAARAGGG 3!

4 bp

3' GGGAALATTCCAGGATCTAT S5'
[T

5' TATCTAGGACCTTAAAAGGG  3'

SI

Dimer

forward primer

5 TATCTAGGACCTTAAAAGGG 3

[T
3 CATGGAAACGTAGGAGAC 9

reverse primer

5 TATCTAGGACCTTA—

However, sometimes these 2° structures are harmless when the

annealing temperature does not allow them to take form. For example,
some dimers or hairpins form at 30°C while during PCR cycle, the lowest

temperature only drops to 60°C.



Primer compatibility

Primers work in pairs — forward primer and reverse
primer.

Since they are used in the same PCR reaction, the PCR
conditions should be suitable for both.

One critical feature is their annealing temperatures,
which shall be compatible with each other.

You should aim for a maximum difference of 3 °C. The
closer their Ta are, the better.
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Summary

Uniqueness: ensure correct priming site
Length: 18-28 bases
Base composition: average (G+C) content approx. 50-60%

Avoid long (A+T) and (G+C) rich regions if possible (balanced
base composition)

Annealing temp (Ta) between 50-65°C are preferred

Ensure that primers as a set have annealing Ta within 3 °C of
each other

Minimize internal secondary structure: hairpins and dimers
should be avoided



Primer Design Tools



Resources for Primer Design
CLC Workbench < our focus
Primer3
Primer3 Plus
Primer’Z
PerlPrimer

Many others (Google)



Sophisticated Primers



Examples of Sophisticated Primers
Multiplex PCR primers e.g. Degenerate primers
Allele specific PCR
Long range PCR primers
Primers for DNA Methylation mapping
Many others (Google)
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Freely accessible Primer Design Book

Explains the design of complex primers blow by blow

http://vetbiotech.um.ac.ir/parameters/vetbiotech/filemanager/
new_ admin/books/PCR%20Primer%20Design.pdf




Degenerate Primers (DPs)



Why Degenerate Primers?

 Only know the protein sequence of a gene?

* Need to isolate similar genes from a variety of
species?



Template for Degenerate Primers

DPs are designed to match an amino acid sequence.

Amino acid: P F T K
Nucleotide: CCn TTy ACn Aar

n=ACGorT y=CTr=A,G

A six or seven residue peptide sequence which
corresponds to an oligo of about 20 nucleotides



Template for Degenerate Primers

 Need to amplify several similar protein
sequences?

-> Work with the most conserved regions of
the proteins.

QN: How do | arrive at the most conserved regions?

 Avoid amino acids with lots of codons e.g. Leucine
(L), Arginine (R) and Serine (S)

* Aim for regions that are rich in AAs with one or
two possible codons e.g. MWCDEFHKNQY



Template for Degenerate Primers

* Inosine (l) residues can pair with any nucleotide.
Meaning it can be used at sites where there is
complete degeneracy

 Try and avoid degeneracy at the 3’ end of the
oligo, especially avoid ending in Inosine.
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