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 Most important factor affecting PCR: Choosing appropriate 
primers 

 To amplify exactly the intended target and avoiding 
undesired amplification 

 Primers should not have matches to other targets in certain 
orientations and within certain distances 

 
Process of designing specific primers: 
 Generating primers flanking the target  region (manually or 

using software tools) 
 Searching primers against an appropriate nucleotide 

sequence database 
◦ to examine the potential targets 
◦ to examine many details between primers and targets, such as: 

 number and the positions of matched bases 

 primer orientations and distance between forward and reverse primers 

 Target specificity: critical primer property 



Primers dictate the successfulness of a PCR 

Specificity?  

Proper 

annealing to 

the template?  



 Mismatches towards the 3’ end affect target 

amplification much more than mismatches towards the 

5’ end 

 a two base mismatch at the 3’ end generally prevents 

amplification 

 A single base mismatch (even at the very 3’ end), as 

well as a few mismatches in the middle or toward the 5’ 

end, still allows amplification, though at a reduced 

efficiency for some cases 
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Basic Local Alignment Search Tools 



 Searching primers against an appropriate nucleotide 

sequence database 

◦ potential targets 

◦ number and the positions of matched bases 

◦ primer orientations and distance between forward and reverse 

primers 

 time-consuming and very difficult task for users, especially 

when the primers have a large number of hits 

 Similarity Searching using BLAST program has been widely 

used for primer target detection 
◦ to compare a query sequence against a sequence database 



 to design target-specific primers for PCR 

 

 In-Silico PCR and Reverse ePCR vs Primer Blast: 

◦Do not design primers 

◦Not sensitive enough 

 to detect targets with a significant number 

of mismatches (potentially amplifiable) 

 



 incorporates BLAST with a global alignment algorithm 

 a full primer-target alignment 

 sensitive enough to detect targets that have a significant 

number of mismatches to primers 

 design new target-specific primers in one step 

 check the specificity of pre-existing primers 

 very sensitive in detecting potential amplification targets 

 capability to place primers based on exon/intron boundaries 

 and excluding SNP sites in primers 

http://www.ncbi.nlm.nih.gov/tools/primer-blast 
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 Detect a target with up to 35% mismatches to the primer 
sequence 

 default BLAST expect value cutoff is 30,000 for the primer-
only case (3000 times higher than the standard BLAST 
program default) 

 the higher the expect value cutoff, the more sensitive the 
search 

 word size of seven (standard BLAST uses 11), 

 50,000 for the maximum number of database sequences 
(standard BLAST uses 250) 

 1 for match reward to mismatch penalty ratio (standard 
BLAST uses 1.5) 

 



 Go to the Primer BLAST submission form. 

 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 

 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. 

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

organism. 

 Click the "Get Primers" button to submit the search and 

retrieve template and specificity information. 

http://www.ncbi.nlm.nih.gov/tools/primer-blast/


Click the "Get Primers" button to 

submit the search and retrieve 

template and specificity information 

Primer BLAST submission form. 

 

Enter one or both primer 

sequences in the Primer 

Parameters section of the form 

 
Primer Pair Specificity 

Checking Parameters 

section 

Selecting the appropriate source 

Organism and the smallest Database 

that is likely to contain the target 

sequence. 
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 Default specificity parameters 
 Perfect matches to the ZNF419 gene 

transcript variant 5 and would 
generate a 444 base amplicon. 

 Some other potential amplicons: 
◦ 780 base amplicon: in ZNF419 transcript 
◦ 444 base amplicon:  a different gene (i.e., 

human zinc finger protein 773, Genbank 
accession NM_198542.1) 

◦ However, there are up to 5 mismatches 
between at least one of the primers and 
the targets, which is probably sufficient 
to prevent amplification interference or 
non-specific amplification 

 Users can analyze this result and 
make judgment based on their own 
experimental experiences. 



 offers the ability to specify the number of mismatches that a specific 

primer pair must have to unintended targets 

 custom 3’ end region: number of mismatches must be present 

 the specificity of a primer is typically judged by the number of mismatches 

it has to unintended targets 

◦ higher number of mismatches offer more specificity 

◦ the locations of such mismatches (mismatches closer to 3’ end offer 

more specificity) 

 place primers on different exons (i.e., to span an intron) to avoid 

amplification of genomic DNA 

 customization of the number of nucleotide matches on either side of an 

exon/exon junction 

 Primer-BLAST presents detailed alignments between the primers and 

targets found 

 



 high detection sensitivity 

 capable of detecting potential amplification targets that have up to 5 
mismatches to a primer 

 by using highly sensitive BLAST parameters 

 Primer-BLAST (with default parameters) will miss any targets that 
have 6 or fewer consecutive matches to a primer (since Primer-BLAST 
uses a word size of 7 by default). 
◦ For example, if a target has mismatches to a primer of 20 bases at positions 7 

and 14 (assuming the 5’ end is position one), the target will be missed by Primer-
BLAST (with default parameters) even though it has only 2 mismatches.  

◦ Assuming a random distribution of mismatch locations, it is possible to calculate 
the number of possible arrangements of 18 matches and 2 mismatches. 

◦ There are 20*19 different ways to place the 2 mismatches among the 18 
matches, but only 2 of these result in a word size shorter than 7, so the 
probability of missing a target with 2 mismatches to a primer of 20 bases is 
2/(20*19) or about 0.5%. 





































Testing Primer Specificity 



 Select genome 

 Enter primers 

 Minimum 15 bases 

 Flip reverse primer? 

 Submit 

(note: the tool does not handle ambiguous bases at this time—don’t use Ns) 



http://genome.ucsc.edu/cgi-bin/hgPcr?db=mm9  
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 In-Silico PCR searches a sequence database with a pair of 
PCR primers, using an indexing strategy for fast 
performance. 

 Configuration Options 
◦ Genome and Assembly: The sequence database to search 
◦ Forward Primer: Must be at least 15 bases in length 
◦ Reverse Primer: On the opposite strand from the forward primer. 

Minimum length of 15 bases. 
◦ Max Product Size 
◦ Min Perfect Match: Number of bases that match exactly on 3' end 

of primers. Minimum match size is 15. 
◦ Min Good Match: Number of bases on 3' end of primers where at 

least 2 out of 3 bases match. 
◦ Flip Reverse Primer - Invert the sequence order of the reverse 

primer and complement it. 



 When successful, the search returns a sequence output 

file in fasta format containing all sequence in the 

database that lie between and include the primer pair. 

 The fasta header describes the region in the database 

and the primers. 

 The fasta body is capitalized in areas where the primer 

sequence matches the database sequence and in lower-

case elsewhere. 

 The + between the coordinates in the fasta header 

indicates this is on the positive strand. 
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 Genomic location shown, links to Genome Viewer 

 

location your primers 

 

 Your primers displayed, flipped if necessary 

 Predicted genomic sequence shown 

Tm for primers 

 

 Primer melting temperatures provided 

size 

 Product size shown 



Melting temperature 

Match in uppercase 

Mismatch in lowercase 

Forward primer Reverse primer 




















