






cases because their respective templates were not present
or present in very low amounts in the source of DNA
template used and not because of poor primer design.
Specific tissues may be used as sources of cDNA templates
where expression of the genes of interest is known, for
increased amplification success. Furthermore, we deter-
mined the uniformity of amplification using fully validated
PrimerBank primer pairs i.e. primer pairs that had been
successful in all steps of the validation procedure and
found that amplification using PrimerBank primers was
relatively uniform (30).

WEB INTERFACE

Search tools

The PrimerBank database can be searched for primers
for a gene of interest using any of the following search

terms: GenBank accession number, NCBI protein acces-
sion number, NCBI gene ID, PrimerBank ID, NCBI gene
symbol or keyword (gene description). Search results
show the primer sequences and some information on the
primers, such as the expected amplicon size and Tm.
The cDNA and amplicon sequences as well as the exper-
imental validation data can be viewed from the
PrimerBank search result web pages, by clicking on the
appropriate links. All validation data can be retrieved
from the PrimerBank web site, since the criteria of the
users for success or fail may be different from our valida-
tion criteria. In addition, users can use a BLAST tool that
can be found on the PrimerBank homepage, to find any
primers contained in the PrimerBank database that would
amplify their sequence of interest. Users can also BLAST
analyze the sequence obtained from the PCR product
generated during the high-throughput experimental

Figure 1. PrimerBank search results for beta-actin primers. The primer search function can be found on the PrimerBank homepage. The database
was searched for mouse beta-actin primer pairs by PrimerBank ID (6671509a1) and the search results obtained are shown here. The primer
sequences, lengths, Tms, location of primers on the amplicon and expected amplicon size can be seen.
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Figure 2. cDNA and amplicon sequence for beta-actin primers. The full cDNA and amplicon sequences as well as the highlighted location of
primers on the amplicon are seen here and can be viewed from PrimerBank by clicking on the cDNA and amplicon sequence link found on the
primer information web page (seen in Figure 1).
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validation procedure by using a BLAST tool to query the
NCBI database, which can be found on the validation
data web page.

Sample search results

The results obtained from a primer pair search (mouse
beta-actin primer pair; PrimerBank ID: 6671509a1) can
be seen in Figures 1–3, as an example. Primer sequences
for mouse beta-actin can be viewed together with infor-
mation on the primer Tms and expected amplicon size
(Figure 1). Users can click on the cDNA and amplicon
sequence link shown on the primer information web page
to view the full cDNA sequence and highlighted location
of primers on this (Figure 2). In order to view the exper-
imental validation data, users can click on the validation
results link shown on the primer information web page
and on the cDNA and amplicon sequence web page. On
the experimental validation web page, the QPCR amplifi-
cation plot, followed by the dissociation curve and agarose
gel data can be seen (Figure 3). The sequence obtained
follows and it is possible for users to scroll through this
to view it in its entirety. A summary of the BLAST results
obtained is shown below the sequencing result, including
the percent (%) identity of the sequence obtained to the
expected sequence, the match length of the two sequences
and the match position of the expected sequence out of the
total number of sequences to which the queried sequence
matched to (Figure 3).

Primer statistics

Users can click on the ‘Primer Statistics’ tab found on the
PrimerBank homepage to view some statistics of the
primers currently contained in the database.

Protocols

The QPCR and reverse transcription protocols used
for the high-throughput primer validation procedure
can be found on the PrimerBank web site, as well as a
troubleshooting guide, under the ‘PCR Protocol’ tab.
These protocols may be used with all PrimerBank
primer pairs, unless specific protocols are required.

Comments

Users can provide their comments on the PrimerBank web
site or primer design by clicking on the ‘Comments’ tab
seen on the homepage and filling out the ‘Comments’ box.
Also, users can input information regarding their experi-
mental use of the validated primer pairs and add any
comments in a feedback table that can be seen on the
validation data web page.

Primer submission

Users can recommend their own primer pairs for human
and mouse genes by clicking on the ‘Primer submission’Figure 3. Experimental validation data for beta-actin primers. All exper-

imental validation data are seen here and can be viewed from
PrimerBank by clicking on the validation results links found on the
primer information web page (seen in Figure 1) and on the cDNA and
amplicon sequence web page (seen in Figure 2). The QPCR amplification
plot, the dissociation curve and agarose gel data can be seen followed by
the sequence obtained, which users can scroll through. A summary of the

BLAST results obtained can be seen below the sequencing result. A
BLAST tool can be seen below the BLAST results, which can be used
to directly BLAST the sequence obtained against the NCBI database.
Also, a feedback table can be seen, where users can provide information
about their experimental data using the primers.
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tab seen on the homepage. In order to do this, users must
provide their name, name of institution, email address
and a password (optionally) the first time when they
submit primers. If the submitted primers conform to the
PrimerBank standards they will be added to the database.

DISCUSSION

A large number of tools and resources are available that
can be used for designing PCR primers for various
applications (56–67). In addition, databases exist that
contain primers for PCR and QPCR, which have been
submitted by researchers, but only a few thousand of
these primer pairs have been experimentally validated
(68,69). Also, primers contained in these databases have
not been designed to work under the same PCR
conditions. Therefore, it would be required to validate
the primers for the gene(s) of interest and optimize the
PCR conditions in order to use these primers. The
PrimerBank database contains experimentally validated
primers for most known mouse genes (17 483 primer
pairs were successful based on all validation criteria) and
all primers work under the same PCR conditions.
PrimerBank thus provides a resource for researchers
who are interested in validating DNA microarray data
or high-throughput QPCR.
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