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Primer Designing 

 

A primer is a short synthetic oligonucleotide which is used in many molecular techniques 

from Polymerase chain reaction (PCR)  to DNA sequencing.  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.    

 

There are many points to keep in mind before designing primers. 

1. Primer Length: It is generally accepted that the optimal length of PCR primers is 18-22 

bp. This length is long enough for adequate specificity and short enough for primers to 

bind easily to the template at the annealing temperature. 

2. Primer Melting Temperature: Primer Melting Temperature (Tm) is the temperature at 

which one half of the DNA duplex will dissociate to become single stranded and 

indicates the duplex stability. Primers with melting temperatures in the range of 52-58 
o
C 

generally produce the best results. Primers with melting temperatures above 65
o
C have a 

tendency for secondary annealing. The GC content of the sequence gives a fair indication 

of the primer Tm. 

3. Primer annealing temperature: The primer melting temperature is the estimate of the 

DNA-DNA hybrid stability and critical in determining the annealing temperature. Too 

high Ta will produce insufficient primer-template hybridization resulting in low PCR 

product yield. Too low Ta may possibly lead to non-specific products caused by a high 

number of base pair mismatches,. Mismatch tolerance is found to have the strongest 

influence on PCR specificity. 

Ta = 0.3 x Tm(primer) + 0.7 Tm (product) – 14.9 

where, 
 

Tm(primer) = Melting Temperature of the primers 

Tm(product) = Melting temperature of the product 
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4. GC Content: The GC content (the number of G's and C's in the primer as a percentage 

of the total bases) of primer should be 40-60%. 

5. GC Clamp: The presence of G or C bases within the last five bases from the 3' end of 

primers (GC clamp) helps promote specific binding at the 3' end due to the stronger 

bonding of G and C bases. More than 3 G's or C's should be avoided in the last 5 bases at 

the 3' end of the primer. 

6. Primer Secondary Structures: Presence of the primer secondary structures produced by 

intermolecular or intramolecular interactions can lead to poor or no yield of the product. 

They adversely affect primer template annealing and thus the amplification. They greatly 

reduce the availability of primers to the reaction. 

(i) Hairpins: It is formed by intramolecular interaction within the primer and should be 

avoided. Optimally a 3' end hairpin with a ΔG of -2 kcal/mol and an internal hairpin with 

a ΔG of -3 kcal/mol is tolerated generally. 

 

ΔG definition : The Gibbs Free Energy G is the measure of the amount of work that can 

be extracted from a process operating at a constant pressure. It is the measure of the 

spontaneity of the reaction. The stability of hairpin is commonly represented by its ΔG 

value, the energy required to break the secondary structure. Larger negative value for ΔG 

indicates stable, undesirable hairpins. Presence of hairpins at the 3' end most adversely 

affects the reaction. 

ΔG = ΔH – TΔS 

(ii) Self Dimer: A primer self-dimer is formed by intermolecular interactions between the 

two (same sense) primers, where the primer is homologous to itself. Generally a large 

amount of primers are used in PCR compared to the amount of target gene. When primers 

form intermolecular dimers much more readily than hybridizing to target DNA, they 

reduce the product yield. Optimally a 3' end self dimer with a ΔG of -5 kcal/mol and an 

internal self dimer with a ΔG of -6 kcal/mol is tolerated generally. 

(iii) Cross Dimer: Primer cross dimers are formed by intermolecular interaction between 

sense and antisense primers, where they are homologous. Optimally a 3' end cross dimer 

with a ΔG of -5 kcal/mol and an internal cross dimer with a ΔG of -6 kcal/mol is tolerated 

generally.  
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7. Repeats: A repeat is a di-nucleotide occurring many times consecutively and should be 

avoided because they can misprime. For example: ATATATAT. A maximum number of 

di-nucleotide repeats acceptable in an oligo is 4 di-nucleotides. 

8. Runs: Primers with long runs of a single base should generally be avoided as they can 

misprime. For example, AGCGGGGGATGGGG has runs of base 'G' of value 5 and 4. A 

maximum number of runs accepted is 4bp. 

9. 3' End Stability: It is the maximum ΔG value of the five bases from the 3' end. An 

unstable 3' end (less negative ΔG) will result in less false priming. 

10. Avoid Template secondary structure: A single stranded Nucleic acid sequences is 

highly unstable and fold into conformations (secondary structures). The stability of these 

template secondary structures depends largely on their free energy and melting 

temperatures(Tm). Consideration of template secondary structures is important in 

designing primers, especially in qPCR. If primers are designed on a secondary structures 

which is stable even above the annealing temperatures, the primers are unable to bind to 

the template and the yield of PCR product is significantly affected. Hence, it is important 

to design primers in the regions of the templates that do not form stable secondary 

structures during the PCR reaction. Our products determine the secondary structures of 

the template and design primers avoiding them. 

11. Avoid Cross homology: To improve specificity of the primers it is necessary to avoid 

regions of homology. Primers designed for a sequence must not amplify other genes in 

the mixture. Commonly, primers are designed and then BLASTed to test the specificity. 

Our products offer a better alternative. You can avoid regions of cross homology while 

designing primers. You can BLAST the templates against the appropriate non-redundant 

database and the software will interpret the results. It will identify regions significant 

cross homologies in each template and avoid them during primer search. 

Parameters for Primer Pair Design 

1. Amplicon Length: The amplicon length is dictated by the experimental goals. For 

qPCR, the target length is closer to 100 bp and for standard PCR, it is near 500 bp. If you 

know the positions of each primer with respect to the template, the product is calculated 

as: Product length = (Position of antisense primer-Position of sense primer) + 1. 

2. Product position: Primer can be located near the 5' end, the 3' end or any where within 

specified length. Generally, the sequence close to the 3' end is known with greater 

confidence and hence preferred most frequently.  

3. Tm of Product: Melting Temperature (Tm) is the temperature at which one half of the 

DNA duplex will dissociate and become single stranded. The stability of the primer-

template DNA duplex can be measured by the melting temperature (Tm). 
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4. Optimum Annealing temperature (Ta Opt): The formula of Rychlik is most respected. 

Our products use this formula to calculate it and thousands of our customers have 

reported good results using it for the annealing step of the PCR cycle. It usually results in 

good PCR product yield with minimum false product production. 

Ta Opt = 0.3 x(Tm of primer) + 0.7 x(Tm of product) - 14.9  

where 

Tm of primer is the melting temperature of the less stable primer-template 

pair 

Tm of product is the melting temperature of the PCR product.  

5. Primer Pair Tm Mismatch Calculation: The two primers of a primer pair should have 

closely matched melting temperatures for maximizing PCR product yield. The difference 

of 5
o
C or more can lead no amplification.  

PCR (Polymerase Chain Reaction):  
Polymerase Chain Reaction is widely held as one of the most important inventions of the 

20th century in molecular biology. Small amounts of the genetic material can now be 

amplified to be able to a identify, manipulate DNA, detect infectious organisms, 

including the viruses that cause AIDS, hepatitis, tuberculosis, detect genetic variations, 

including mutations, in human genes and numerous other tasks.  

Steps of PCR:  

1) Denaturation  

2) Annealing and  

3) Extension.  

First, the genetic material is denatured, converting the double stranded DNA molecules to 

single strands. The primers are then annealed to the complementary regions of the single 

stranded molecules. In the third step, they are extended by the action of the DNA 

polymerase. All these steps are temperature sensitive and the common choice of 

temperatures is 94
o
C, 60

o
C and 70

o
C respectively. Good primer design is essential for 

successful reactions.  

Primer designing is the most important step in the PCR. There are number of online tools 

are available for designing primers. 

 

Software for using Primer Design  

A number of web-based primer design tools are available that can assist in PCR primer 

design for new and experienced users alike. These tools may reduce the cost and time 

involved in experimentation by lowering the chances of failed experimentation.                                                         
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1. PRIMERTM (Designs end primers based on a minimum Tm) by Biology workbench 

The Biology WorkBench is a online and open source software> It allows biologists to 

search many popular protein and nucleic acid sequence databases. Database searching is 

integrated with access to a wide variety of analysis and modeling tools, all within a point 

and click interface that eliminates file format compatibility problems. 

 

 

Biology workbench can only be used after registration. After filling up its registration 

form it provide a username and a password for the user. 

BASIC STRUCTURE of the WorkBench: 

1) Tool Sets,    2) Sequences and  3) Tools 

 

The Tool Sets currently include: 

 

 Session Tools 

 Protein Tools 

 Nucleic Tools 

 Alignment Tools and  

 Report Bugs 

 

The Sequences are the sequences that have to be imported into the WorkBench either 

through an upload process from the machine, or by searching the databases that is 

provide. 

The Tools are the various tools that are provided by the workbench environment. These 

tools are selectable from a scrolling list of tools. The contents of the scrolling list are 

defined by the Tool Set that you are currently in. 

Steps to perform PRIMERTM 

1. Click on the nucleic tools, and then add a new sequence. 
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2. Add a particular sequence for which we have to calculate primers. 

 

3. Select the sequence and click on the PRIMERTM followed by RUN. 

 

4. It will show the following window to set the parameters like: 

 Salt Concentration 

 Oligo Concentration and, 

 Desired Minimum melting temperature and then submit the job etc. 
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5. After choosing all the parameters and submitting we will get the output as shown 

below: 

 

2. PRIMER3 (Pick primers from a DNA sequence): Primer3 is a widely used program 

for designing PCR primers. PCR is an essential and ubiquitous tool in genetics and 

molecular biology. Primer3 can also design hybridization probes and sequencing primers. 

PCR is used for many different goals. Consequently, primer3 has many different input 

parameters based on the characteristics to make good primers. There are several available 

versions of the Primer3 web interface: Primer3-web and Primer3Plus 

(a) Primer3-Web (Primer3-web 0.4.0): Primer3-web is the original web-interface to 

Primer3. Primer3-web was developed by Steve Rozen and Helen Skaletsky. Primer3-web 

is maintained by Steve Rozen. 

(b) Primer3Plus (Primer3Plus Web Interface): Primer3Plus is an updated, task-oriented 

web-interface to Primer3. Primer3Plus is developed and maintained by Andreas 

Untergasser and Harm Nijveen 

 

http://frodo.wi.mit.edu/primer3/input.htm
http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi
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Steps to perform: 

1. Paste the sequence in the space provided 

 

2.  Select General Primer Picking Conditions  

 

The output will be as shown as below: 
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