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- Why Are Primers Important? i

@ PCR buffer
@ dANTP Mix

PCR Reagents . @ Taq DNA polymerase
@ Primers
@ Template
@ DDW

#®Primers are what gives PCR its

SPECIFICITY!!

# Good primer design: PCR works great.
# Bad primer design: PCR works terrible.
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What is a primer?

A primer is a short synthetic oligonucleotide which is used
In many molecular techniques from PCR to DNA
seqguencing. These primers are designed to have a
sequence which is the reverse complement of a region of
template or target DNA to which we wish the primer to
anneal.
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http://bioweb.uwlax.edu/GenWeb/Molecular/Theory/PCR/pcr.htm
http://bioweb.uwlax.edu/GenWeb/Molecular/Theory/DNA_sequencing/dna_sequencing.htm

Primer length

5.

. TCAACTTAGCATGATCGGGTAGTAGCTTGACTGTACAACTC

A

18-24 bp for general applications
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@~  General rules for primer design

“* Primer length determines the specificity and
significantly affect its annealing to the template
Too short -- low specificity, resulting in non-specific
amplification

Too long -- decrease the template-binding efficiency at
normal annealing temperature due to the higher

probability of forming secondary structures such as
hairpins.

TeO short-==-less specific
TEO JoNg--~Wasting Money
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Base Composition

e Usually, average (G+C) content around 50-60% will give
us the right melting/annealing temperature for ordinary PCR
reactions, and will give appropriate hybridization stability.

5 GTGGATGTGGTGTCGATGGC 3
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Max 3’end stability

It's critical that the stability at 3’ end be high

5 GTGGATGTGGTGTCGATGGC 3
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Primer Pair Matching

Primers work in pairs — forward primer and reverse
primer. Since they are used in the same PCR reaction, it
shall be ensured that the PCR condition is suitable for

both of them.

One critical feature is their annealing temperatures,
which shall be compatible with each other. The
maximum difference allowed is 3 °C. The closer their

Tanneal are, the better.

5> CTGATCAAGTCGATGGCTTG 3 Fw 59 C
5> GATGGAGAGGCTTGACTGC 3 Rv 58 C
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The melting temperature (Tm) is the most important
factor in determining the optimal PCR annealing
temperature (Ta).

Melting Tm between 50-70 °C are preferred

5'-OH

3'OH




+ Wallace rule:

Im=4*(G+C)+2*(A+T)

+ Bolton and McCarthy:

Tm = 81.5 + 16.6 * Log [1] + 0.41 * (%GC) —
600/L

+ The nearest neighbor method (Santalucia et.al,
1998):

Im, =

A 57315+16.6-log(K")

A5'+R-1n(£)
4
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Melting Temperature

Olign zequence

| CGELACT TLLAACAACL LTI

Length |2III GE?:;|55.D MW[kD]| f.98
Melting Temperature [PC):
Thermo |5!EI.4 Huybrid |52.5 GC+AT |B2.0
[DHA] [nkd] 150 DMa/RMa (DD
[Ma+][mbd] |50 Formarmide[%] |0
tizmatch(bp]

Shaow Tm

Report |

0
Cancel |

Melting Temperature

Oligo zequence

|.-'l'-.-'l'-.E.-“-'-.-“-'-.EI:ETTEI:G CACT TECAACAACCCT TCACAACCCTTC

Length |5EI GEfélE-ﬂf.El MW[kD]lM.E#
Melting Temperature [FC):
ThermnlED.E H_I,II:uriu:Il?'El.El GC+4AT |154.0
[DMA] [nkd] 150 DMAFME (D:D
[Ma+][mkd] |50 FormarnideX] 10
Mizrnatchlbp] 10
Show T | Repot | Cancel |




ATGTCCARTGACRARCGRARGTACCTGGTTCCATGETTATTGTCGCACAAGETCCAGACGATCARTACGCATACGAGGTTCCCCCTATCGATAGCGCEECCE
ITTGCCEEEAATATGT T TGGCGACTTAATTCARRAGRAGALALTATATCTACAGAALA LA TTTATTATCCAGTCCGATCTATTTTTGARCRAR GERARCADD RGN
AL AGALGEAGATCAR CARGAL L GTATCTGATCARGTCGATGGCTTGCTARAGCAGATCACTCAAGEALL AL GEEAGECCACAAGGCARGRAGCGAGTCGAT
GTCATGTCGGCAGTCCTGCACAAGATGGAATCTGATCTTGAAGGATACARAALGACCTTTACCARALGGCCCATTCATTGACTACGARR A GCAGTCARGTC
TCTCCATCTATGAGGCCTGGETCAAGAT CTGEGAGRAAGALRCTCTTGEGARAGALAGAMAGRAGTACCCTTTTCAGCAGCTTGTTAGAGATGRARCTGEAGCTG
GECGETTECCTACTACARRCANGATTCACTCTCTGAAGCGETARRRGTGCTALGACAGGAGCTCARCALGCAR R R A GCGCTALLGEAR R R RGRAGEACCTC
TCTCARCTGGAGCGGGACTACAGAACCCGARRGGCGAATCTCGAGATGARAGTACAATCCGAGCTTGATCARGCGGEAAGTGCTTTGCCTCCATTGETCA
GTCCRARCGCCAGAGCARTGECTTGARCGTGCCACAAGACTGEGTTACGCAAGCALRTTGCTGATARALLGCAGCTGCAGRCCACALLCARATACTCTTATCAR
GRATTCCCCALCCCCTCTAGRAAAGCAGRARGCCATCTACAATGETGAGCTACTTGTGGATGAGATAGCCAGTCTACAGECCCGCTTAGTTARGCTGALC
GCCGRARLCGACACGACGCAGGACAGALGCAGRACGCALAGECGECCEAGGARCALGCGTTGCARGATGCTATTAR A TTTACTGCCGACTTTTATARGEALG
TRACTGAGARAATTTGGCGCACGAACATCGEAGATGECGCGCCARCTGECCEAAGECGCCAGGGEGARAMATATCAGGAGTTCGGCGEARGCARTCAAGTC
GITTGARRLGCACARAGEGATGCETTAALATARRARRRACTTAGCCTTARRGATAGGCALGCCATTGCCARLGCCTTTGATTCTCTAGACARGCAGATGATGECGE
ALGAGCCTTGAGRA A TTTAGCALAGGCTTTGEAGTTCTAGGC AR RGO TATTGACGCCGCCAGCCTGTACCARGRAGTTCARGATATCTACGGRARACCGEEE
ACTGEAARLCCATTCTTTGTARAAATTGRARRCACTAGCTGCTGETGCGECCECCAGTTGGCTTGTGEETATTGCATTTGCOCACGGCARCAGCCACTCCTAT
AGGCATTCTGGGGTTCGCACTGGTAATGGCAGTTACCGGGECGATGATTGACGAAGACCTTCTAGRARAL A GCRAR A CARTCTTGTALATATCCATTTAR

s’ Gene 3>
ATCG TAA
5’ Primer 3 Primer

Template 50
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A. Avoid hairpin and stem-loop formation

Hairpin: 2G = -0.7 kcal/mol, Loop = 8 nt, Tm = 41°

5'" CCAGTCGTT™
11| A
3" ACAGTCAAACA




& Avoid complementary at 3° end of primers

Primer dimer formation

9 Primer, the arrow indicates the elongation side, i.e_, the 3' end,
-— - DNA elongated from the 3' end of the primer

R Hydrogen bonds between two complementary bases

Step |: the primers are attached in their 3' end

il

Step |l: the primers are elongateg_by DNA Polymerase

3 5
Step lIl: in the following cycle the elongated primer binds its complem entary
primer with high affinity

5 3
For red primer
_lllﬁll;ll_ll_lll }I
3 5
g 3’
T T T
For blue primer 3_{ 5
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when is a "primer” a primer?
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*~ PCR primers are designed to:

— For Cloning a special sequence

— Gene of interest

Gene expression ( mMRNA)

Microbial agents detection
Mutation Detection
Quantification

Allelic discrimination

For Detection—

Disease

“—

— Random




Universal Primers

Primers can be designed to amplify only one product.

Primers can also be designed to amplify multiple products. We call
such primers “universal primers”. For example, design primers to
amplify all HPV genes.

Strategy:

Align groups of sequences you want to amplify.

Find the most conservative regions at 5" end and at 3’ end.
Design forward primer at the 5’ conservative region.
Design reverse primer at the 3’ conservative regions.
Matching forward and reverse primers to find the best pair.
Ensure uniqueness in all template sequences.

Ensure uniqueness in possible contaminant sources.

B Y




|CLT.TSTAL wultiple sequence aligniment

WD
WI-TAI
Wwins-F
WDJ-E
WDV -3WE
WDV-ENE
WIV-EBAR

WD
WDW-TAT
WS -F
WInS-E
WDV-SWE
WDV-ENE
WDV-BEAR

WD
WDW-TAT
Wiy -F
WInS-E
WDV -SWE
WDV-EME
WDV-BEAR

ACCCCGCGTEGTGGCCCCCGACGCGCACTCGGCTTTTCGTGAGTGCGEGGAGGCTTTT GG
ACCCCGOETGE TGO CCCCGACGCGC AC TC GG TTTTCGTGAGTGC GUGGAGGCTTTT G
ACCCCGCETGE TGO CCCCGACGCGC AC TCGGC TTTTCGTGAGTGC GUGGAGGCTTTT G
ACCCCGCGTOGTGGCCCCCGACGCGCACTCGGCTTTTCGTGAGTGCGEGGAGECTTTTGE
ACCCCGCGTEGTGGCCCCCGACGCGCACTCGGCTTTTCGTGAGTGCGEGGAGGCTTTT GG
ACCCCGCETEG TG CCCCGACGCGCACTCGGC TTTTC G TGAGTGC GCGGAGECTTT TG
ACCC TGO TGE TG TCCCGAGGCGC AC TC GG TTTTCGTGAGTGC GUCGAGGCTTTT G

FHEESF O FAXTFEAETFELS FHEEFTF FTFFAIFFIAIFFLATIFATIAFAAAFAIAASTANSSS FHESFESTEATS

ACCACATCTTTTCTG-ATCACTTTCGTOGARGATGTTGATTTATCACACTTTTGACTT GG
ACCACATCTTT T T G- ATCAC TTTC G TGAARGAT GG TGATTTATCACAC TTTTGATGT GG
A A AT TTT T T G- AG AR TT TG TG ALGAT GG TGATTTATCACAC TTTTGACGCG
A A AT TTTTC TG—AGAAC TT TG TG ALAGAT GG TGATTTATCAC A TTTTGACTC GG
ACCACATCTTTTCTG-ATCACTTTCGTOGARGATGTTGATTTATCACACTTTTGAC GGG
ACCACATCTTTTCTG-ATCAC TTTCGTOGALRGATGTTGATTTATCACACTTTTGACTT GG
ARG T T TTATGTTATCAC TCCARTAR T TAGAGG TGAGTCATCACTCTTTGCACZC TG

FEEEET AT EEE + *EF * T S S i e i ) * *

AAATCTGTGCCATGCC TTAGC TTATAAGGARGTGCGCGGTAGCCCATCTCGATGGAGC A
AARTGTGTGCCATGCC TTAGC TTATAAGGARGTGCGTGGGAGCCCATCTCGATGGAGZ AG
AAATGTG T AT G e TTAGC TTATAAGGALG TGO G TGGTAGCCCATC TCGATGGAGCAG
AAAT TG T AT GO C TTAGC TTATAAGGALGTGCGTGGTAGCCCATC TCGATGGAGCAG
AARTCTGTGCCATGCC TTAGC TTATAAGGARGTGCGTGGTAGCCCATCTCGATGGAGC AG
AAATCTGTGCCATGCC TTAGC TTATAAGGARGTGCGCGGTAGCCCATCTCGATGGAGC A
AATTATGTGGCATCGC TTAGC TTATALAGGARGTGTCGEGEAAGATATCTCGATGGATC AG

FF O OFERE TEE o o ol o ol ol el ol o & FHEEEFTFRTFAEE TS




Cloning Overview

Four main steps in cloning:
®[nsert synthesis
®Restriction enzyme digest
®| igation

®Transformation

Insert
(your gene)
+
Plasmid @ Functional

(vector)

construct
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®| igation covalently attaches the vector and the insert via
a phosphodiester bond (5‘phosphate and 3’ hydroxyl of the
next base)
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Restriction enzymes (NEB)
oligo % cleavage
sequence 2h 20h
BamHI C G 10 25
CG CG >90 >90
CcGC GCG >90 >90
EcoRI G C >90 >90
CcG CG >90 >90
CCG CGG >90 >90
HindIII C G 0 0
eC GG 0 0
ccc GGG 10 75
NcoI C G 0 0
CATG CATG 50 75
NdeI GGGTTT AAACCC 0] 0]

GGAATTC GAATTCC 743) >90
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Extension PCR

4

Overlap PCR

9

Purification PCR
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Site-directed mutagenesis

Step 1
Plasmid Preparotion =
Amplification using
mutagenic primers
Step 2 PCR
Temperature Cycling @ ‘L
: /ZI3s pP
o L' -
. :_fn? Mutogenic ,1’ \':1 _ ) Dpnl
; primers [| Template 11 Synthesize Digestion of
LAY 1

) ; ol
NF

— 5 . .GATC.. .53
_ 3. CTAG...§
Step 3

|
CH
E]
Digestion
Transformation
I._-F,f'-lj"' Mutaled plosmic l
lcanhans ricksd

circidor strands)
Step 4

Trneformation ¥ E 3
O l

; Colonies With Mutated Gene

T late DNA
/__ _ W emplate




Excess of this primer

S

¢ “Asymmetric” PCR

5’ ) 3’
Use as a “‘megaprimer’
for second PCR reaction
-—

S

Gene with desired mmsertion




Web-based Softwares

Tool name URL
CODEHOP http://blocks.fhcrc.org/codehop.html
Gene Fisher http://bibiserv.techfak.uni-bielefeld.de/genefisher/
DoPrimer http://doprimer.interactiva.de/
Primer3 http://frodo.wi.mit.edu/primer3/

Primer Selection

Http://alces.med.umn.edu/rawprimer.html

Web Primer

http://genome.wwwz2.stanford.edu/cgi.bin/SGD/web.primer

PCR designer

http://cedar.genetics.ston.ac.uk/public_html/primer.html

Primo pro 3.4

http://www.changbioscience.com/primo.html

Primo Degenerate
3.4

http://www.changbioscience.com/primo/primod.html

PCR Primer Design

http://pga.mgh.harvard.edu/serviet/org.mgh.proteome.primer

The Primer http://www.med.jhu.edu/medcenter/primer/primer.cgi
Generator

EPRIMERS http://bioweb.pasteur.fr/seganal/interfaces/eprimer3.html
PRIMO http://bioweb.pasteur.fr/seganal/interfaces/eprimo.htmi3
PrimerQuest http://www.idtdna.com/biotools/primer_quest/primer_quest.asp
MethPrimer http://itsa.uscf/~uralab/methprimer/index1.html

Rawprimer http://alces.med.umn.edu/rawprimer.html

MEDUSA http://www.cgr.ki.se/cgr/MEDUSA/

The Primer Prim’er

Project

http://www.nmr.cabm.rutgers.edu/bioinformatics/primer_primer_proj

ect/primer.html

GAP

http://promoter-.ics.uci.edu/primers/




s % Software name Description
olod

Primerselect Analyses a template DNA sequence and chooses primer pairs for PCR and

primers for DNA sequencing

DANSIS Max DANASIS Max is a fully integrated program that includes a wide range of
standard sequence analysis features.

Primer Primer 5 Primer design for windows and power macintosh.

Primer Primer: Comprehensive primer design for windows and Power Macintosh.

NetPrimer Comprehensive analysis of individual primers and primer pairs.

Array Designer 2 For fast, effective design of specific oligos or PCR primer pairs for microarrays.

AllelelD 7 Design molecular beacons and TagMan probes for robust amplification and

fluorescence in real time PCR.

GenomePRIDE 1.0 Primer design for DNA-arrays/chips.

Fast PCR Software for Microsoft Windows has specific. Ready-to-use template for many
PCR and sequencing applications; standard and long PCR inverse PCR.

Degenerate PCR directly on amino acid sequence. Multiplex PCR.

OLIGO 7 Primer Analysis Software for Mac and Windows.

Primer Designer 4 Will find optimal primers in target regions of DNA or protein molecules, amplify
leatures in molecules, or create products of a specified length.

GPRIME Software for primer design.

Sarani Gold Genome Oligo Designer is a Software for automatic large scale design of optimal
oligonucleotide probes for microarray experiments.

PCR Help Primer and template design and analysis.

Genorama chip Design  Genorama Chip Design Software is a complete set of programs required for

Installable Softwares

Software genotyping chip design.The programs can also be bought separately.

Primer Designer The Primer Designer features a powerful, yet extremely simple, real-time interface
to allow the rapid identification of theoretical ideal primers for your PCR
reactions.

Primer Primer Automatic design tools for PCR. Sequencing or hybridization probes, degenerate
primer design, restriction, Nested/Multiplex primer design, restriction enzyme

analysis and more.

PreimerDesign DOS-program to choose primer for PCR or oligonucleotide p7b7
&7




Primer3

P B A Primer3plus interface IMore primerfolize tools disclaimer Primer3 Home
TIMECTDY v 0.4.0) Pick primers from a DINA sequence. Old (0.3.0) interface cautions FAOWiki

Paste source sequence below (9'-=3", string of ACGTNacgtn -- other letters treated as M -- numbers and blanks ignored). FASTA format ol Pleazse HM-out undesirable sequence (vector, ATTTz, LTNEs,
etc.) or use a Mispriming Library (repeat library), | NONE v

Pick left primer, or use left primer below: | [ Pick hybridization probe (internal oligo), or use oligo below: Pick right primer, or use night primer below (3" to 3' on opposite strand):

l Pick Primers ” Reset Form

=Zequence Id; A stning to identify your output.
Targets E g 50,2 requires primers to surround the 2 baszes at posttions 50 and 51, Or mark the zource sequence with [ and | eg. . ATCT[CCCCITCAT.. means that

primers must flank the central COCC,

Excluded E g 4017 68,2 forbids selection of primers in the 7 bases starting at 401 and the 3 bases at 68, Or mark the source sequence with < and > e g
Eegons: VATCT<CCCC>TCAT. . forbuds primers m the central COCC.

Product Size Ranges |150-250 100-300 301-400 401-500 501-600 601-700 701-850 851-1000

MNumber To Beturn |5 Wlam 5' Stabiity (9.0
Max Repeat Misprirung [12.00 Pair Wa Eepeat Misprining |24.00

Mec Template Mispriming |12.00 Pair Max Template MWispriring (24.00

Pick Primers Reset Form
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GTCTAMGFAGC TG ATAGAGACTTAC A G TRAA T TCAGTRAGC G TCTCGTTC A TATETC A MG A
Ab 480 AT TCCATTTCGGGECGCCTTTCCACC AGTATGGAA TCOCCATTGCATATTTGGAT TACAATASTC

THTGEAGTAC AATAGAT AT ATHGGGAAGGATATTCC AGCTRATGC ACCC TGO AGGCTC AMC ATGE TG
CASSTOHGEAC A0 & ATCGACT AT b ACAGETC AT TCAT A6 4 TCTHCTEHTAC AL AGACTRC TAGGCGETTT

GUTTATCTTTTIGTGAATATC A4 TETRACCTCTRAGCCTC ACGA M TEFTC TGCCCTETGE TICTTGTGET

AT S AT GGG AT AC TCGGA TAT T T TETC ACC A8 T TG C AGTAAC A AT TTTGT L
L]
Fick Fick Fick
left hybridization right
primer probe primer
o {internal o
use oligo) use
left o right
primer use primer
kelowr. oligo kelow
kelow. {5'-
=3
on
opposite
strand).

[ Fick Primers H Reset Form

sequence [d:  |maca

Targets:

Excluded
Eesions:

Mew Product Size Rangeg SO0-400

& string to identify wour output.

E.z. 50,2 requires primers to surround the 2 bases at positions 50 and 51. Cr mark the source sequence with [ and 1
ef. LATCT[CCCCITCAT.. means that primers must flank the central CCCC,

E.g. 401,77 68,3 forbids selection of primers in the 7 bases starting at 401 and the 3 bases at 68, Or mark the source
sequence with < and = e.g, LATCT<CCCC>TCAT.. forbids primers in the central CCCC.

Click here to specify the min, opt, and mazx product sizes only if vou absolutely must. Using them is too slow (nd too computationally intensive for our




General Primer Picking Conditions

Primer Size Min:[18  |opt:[20  |Max

Primer Tm  Min: 55 (Opt: (580 |Max: |51 Max Tm Difference; 2

Product Tm Min: | Opt: | Max:| |

Primer GC% Min: 45 | Opt:| Max:

Max Self Max 3" Self

Complementarity: Complementarity:

Max #N's: 0 |MaxPoly-X:
Inside Target Penalty: | |Outside Target Penalty: [0 | Set Inside Target Penalty to allow primers ingide a target.
First Bage Index: CG Clamp: o]

; ) ) Amealing Oligo {Not the concentration of ohgog m the reaction nux but of
Salt Concentration: 50.0 ; . _ .
Concentration: those ammealing to template.)

Liberal Base [] Show Debugmme Info [#] Do not treat ambiguity codes m hbranes as consensus
[ Fick Primers ] [ Reset Form ]




Deirniars OLtolf
rirners Outout
PRODUCT RIZE: 354, PAIR ANY COMPL: 7.00, PAIR 3' COMPL: 3.00
| GTOTAMGHASC TR ATAGATAC TTAC A A TEAS TETC AGTOASC G TCTOGTTCASTA

61 TOTCAAGGIGALALCATATCCATTTCGIGGCGICTTTOCACC AGTATEGAATCCCATTHC

121 ATATTTOGATTACAATAATCTETIGAGGAC AL TAGATAAC A THGGAAGGAGATTCC A4

181 TOATGIACCC AGGCTCASCATICTGACAS A TIOGAC AL 4 ATGACC ATGASAGAGCT
e e e e e e e e

241 CATTRAC A8 TOTGC TOGAT &4 SR AC T TARICGITT T  TTATC TTTT THTGALTAT

301 CAATETIACCTCTRAGCCTC ACGAAG TOTC THCCC TETOGTTC TG TGITATOTOAAG A

361 GTOCHHIGGHACCACTCGIATATTC TCTGTC ACC A T THHIC AGTALCHIAAGTTTGT

421 AGETEGATCTOETC AMSTGAGCGAACGTATAATGEACC TCC TCGAGACT A M TGAMGET

481 GAACCATCCTOTCAC TCACSTTRACC ASTC AAGTGAC ALCATC ATC ATRGAGACGC T L

e

540 CCATHAAC A TTATEASTOC AAATACGTAATTAATOCGATCCC TCCGACC TTHAC T C A4
S

EEYS (1n order of precedence):
wewwse left primer
e right primer







