Designing PCR Primers

Important Considerations:

1) Primers must be long enough to bind to the template with high specificity and a sufficiently high melting temperature (Tm).  Optimal length is from 22-30 bp of homology, and if there is any flexibility, choose areas with a greater than 50% GC content to enhance Tm (also keep in mind that smaller oligos cost less…).  Designing the primer with several Gs or Cs at the 3’ end can also be helpful for anchoring the primer onto the template for efficient priming (referred to as a ‘GC clamp’).  The primer Tm should be appropriately tuned for particular applications.  When amplifying a single template from a large mix of DNA, such as genomic or cDNA, choose a Tm ~ 65C.  When amplifying from a single plasmid, a melting temperature as low as 50C is sufficient.  Making primers too long with Tm >72C, however, yields diminishing returns.  Primer pairs should be designed to have sufficiently close Tm’s.  The DNA polymerase amplification temperature sets a lower limit on the PCR annealing temperature, and increasing the primer length beyond this point can increase chances of mispriming.  As different calculators can give you different estimates for Tm, as a standard our lab will use that of Sigma-Genosys (http://www.sigma-genosys.com/calc/DNACalc.asp ).
2) Check that your primers do not have significant homology with other regions of the template DNA.  When the template sequence is known, always use a program such as Vector NTI to assist in primer design and avoid mispriming with other homologous regions.  When amplifying from genomic or cDNA, perform a BLAST search on your candidate primers to make sure they have no significant homology to any known sequences besides your template.

3) Avoid palindromic sequences at the 3’ ends of your primers.  These sequences can cause “primer dimers” to form, where the primers bind to each other rather than your template.  You should check for homodimers (a primer dimerizing with itself) and heterodimers (between two primers) with the aid of resources such as IDT Oligoanalyzer (http://www.idtdna.com/ANALYZER/Applications/OligoAnalyzer/Default.aspx ).
4) When introducing restriction sites or other sequences into nonhomologous overhangs in the primers, take several considerations into account.  First, 3-4 extra bases should be added to the 5’ ends of the primers, before the restriction sites, to help the enzyme cut the linear amplified DNA.  Making these extra bases Gs or Cs will help anchor the ends of the PCR product together for efficient cutting, but will greatly increase the Tm.  As and Ts will keep the Tm low.  A good approach is to use the mirror of the sequence on the 5’ tail before the restriction site (to avoid extending the palindrome length).  To get information of the efficiencies of individual enzymes cutting close to ends, check the Appendix of the NEB catalog (or online at www.neb.com ).  Added restriction sites should not be included in the overall Tm calculation.  Furthermore, as these are inherently palindromes, the prediction of homodimer formation from such interactions should be discounted. 

If your amplification is giving you trouble, it may be necessary to use perfectly homologous primers first, clone the product into a T-overhang or other vector, then introduce overhangs when amplifying from the resulting plasmid.  As this takes more time and money, it is not advised for routine work. 

If you have designed the homologous regions of your primer correctly, then relatively long overhangs can be added, even greater than 40 bases (for a restriction site or sites, protein tags, etc.).  Be sure to design the homologous regions first, then make sure your overhangs don’t introduce any mispriming.
5) Modifying the sequence of the Ribosome Binding Site (RBS).  Between an introduced restriction site and the start codon, you may wish to modify the RBS sequence to be more consistent with the expression host organism.  This can be particularly important when expressing heterologous genes.  Changes made should no longer be considered as part of the homologous region and should be removed from Tm calculations.
