
PCR Primers Design 

 

 

Dr Murtakab Y Al-Hejjaj 

PhD Molecular Biology and Biotechnology  

 



What are primers? 



Primers 

• Primers are short pieces of DNA or RNA 

• Serves as a starting point for DNA synthesis. 

• They are required for DNA replication, because the enzymes that catalyse 

this process, DNA polymerases, can only add new nucleotides to an 

existing strand of DNA. 

• In vivo DNA replication utilises short strands of RNA called RNA primers 

to initiate DNA synthesis on both the leading and lagging strands. 

 



PCR primers usage  

•DNA detection  

•Cloning  

•Making a cDNA 

•  etc 
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Primer characterisation (properties) 

• Single strand of DNA or RNA 

• They are always specified 5' to 3', left to right 

• Generally, about 18 to 24-30 bp in length. 

• Should have a GC content between 40 and 60%. 

• It is better to start with G or C and end by two Gs, Cs or GC/CG 

• It is better not to contain more than three repeats of a single base or 
dinucleotide repeats (for example, ACCCC or ATATATAT) as this can 
cause primer mispriming. 

•  Annealing temperature (Ta) should range between 55°C and 65°C. 

• Primer pairs should have similar Tm with a maximum difference of 
5°C and should not be complementary to each other. 

 



Examples  

GCTAGAACTGATCGAGTCAG GCTAAAACTGATCGAGTCAT 

GCTACTACTACTACGAGTCAG GCTAGAACTGATCGAGTCAG 

5’                       3 ’ 

Length        Base(s) repeats        start and end bases 
Tm= 60-70˚C   Ta = 50-65 ˚C     Primer dimers  GC% 40-60%  



What do good primers 
look like? 



Primer types (as detectors)  

•Universal primers  

•Genus specific primers  

•Species specific primers  



Choosing Primers 

•An existing primers (designed by someone else)  

•Your own primers (designed by your self) 



How to: Design PCR 
primers and check them 

for specificity 
 



Getting the target DNA sequence  

• Obtain the sequence of the gene of interest from the database. 

Which is available for free in National Center for Biotechnology 

Information (NCBI) GenBank.   













Select all the gene nucleotides sequence and copy them 



primer-blast 

Using new web site, Go to primer blast web site  





Here you have three choices  

• You try to make primers for a known DNA sequence region  

• You already have your primers and would like to check their 

specificity  

• You have your primers and the sequence of DNA, you would like 

to check the fitting of this primer onto the DNA.  





 Paste the selected sequence in the FASTA sequence field 

 Insert the require size of the PCR product 

 Click the Get Primers button 





Check the newly designed primers   

• The primers themselves (such as Tm, dimers and hairpin) 

• Useful for the purpose they are designed for  

• They do not miss match their target (inside: in the same gene, out side: 

in other gene or intergenic space) 

 

 



Checking the primers themselves 



Copy and paste the forward and 

The reverse primers in the right field 

 

Click on Analyse button    



Checking the results 



Delta G value  

• ΔG is the energy required to break the secondary structure, and larger 

negative values indicate stable, undesirable structures, that can 

adversely affect the reaction. 

 

 



In general  

• Delta G value for self-dimer and hetero-dimer  

• Between -5.00 kcal/mol to -7.00 kcal/mol: refers to a good primer 

• Below -5.00 kcal/mol: refers to a better primer 

• Above -7.00 kcal/mol: refers to an unsuitable primer, it would be 

better to change it (them).  

 

 







Notes  

• Enter one or both primer sequences in the Primer Parameters section of 

the form. If only one primer is available, a template sequence is also 

required. See "A Target Template Sequence" 

• In the Primer Pair Specificity Checking Parameters section, select the 

appropriate source Organism and the smallest Database that is likely to 

contain the target sequence. These settings give the most precise results. 

For broadest coverage, choose the nr database and do not specify an 

organism 





In summary  

1. Go to the Primer BLAST submission form. 

2. Enter the target sequence in FASTA format or an accession number of an NCBI 
nucleotide sequence in the PCR Template section of the form. 

3. If one or both primer sequences are to be used in the search, enter these in the 
Primer Parameters section of the form.  

4. Primer BLAST performs only a specificity check when a target template and both 
primers are provided. 

5. In the Primer Pair Specificity Checking Parameters section, select the appropriate 
source Organism and the smallest Database that is likely to contain the target 
sequence.  

6. For broadest coverage, choose the nr database and do not specify an organism. 

7. Click the "Get Primers" button to submit the search and retrieve specific primer 
pairs. 

 


