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ABSTRACT

SNPbox is a modular software package that auto-
mates the design of PCR primers for large-scale
amplification and sequencing projects in a standar-
dizedmanner resulting inhigh-qualityPCRamplicons
with a low failure rate. Here, we present the SNPbox
web server at http://www.SNPbox.org, which hosts
the SNPbox web service as well as the data from
SNPbox analysis of all Ensembl exons. The data of
this genome-wide SNPbox application can be
visualized in Ensembl’s ContigView through a DAS
(distributed annotation system) annotation server.

INTRODUCTION

Designing primers has become an everyday routine in life
science laboratories. Hereto, numerous primer design tools
are available as web applications or as stand-alone programs
(1–6). Although the efficiency of these programs is beyond
dispute, most of these programs can design only one primer set
at a time and are therefore less suited for large-scale primer
design projects. Given that current laboratory equipment
allows high-throughput PCR sample preparation and analysis,
the primer design step has become a major bottleneck in the
workflow, especially in large-scale projects that involve tem-
plates in the kb to Mb range. Therefore, a high-throughput
approach towards automated primer design became essential.
Here the designed primers should amplify under uniform con-
ditions resulting in high-quality PCR amplicons with a low
failure rate.

SNPbox was designed with these specific criteria in mind
and allows automated primer design for large template
sequences in a highly standardized way taking repeat regions
into account (Weckx et al., submitted). SNPbox consists of
three modules: an SNP module, an exon module and a satura-
tion module. In short, primers are designed for a well-defined
target sequence which can contain either known SNPs from
public databases for validation (SNP module), coding regions
indicated by aligning cDNA/EST sequences to the genomic

DNA (exon module), or promoter or whole genomic regions
(saturation module). Coding regions are extended with 50 bp
of intronic sequence 50 and 30 to optimize for inclusion of the
branch point and splice sites in the target. Non-polymorphic
repeats less then 300 bp can be included in the target.
Polymorphic repeats cannot be included and primers can
never be selected in any kind of repeat sequences (Weckx
et al., submitted). Of the 2500 primer sets we designed
using SNPbox, 95% successfully amplified genomic DNA
resulting in one specific amplicon of expected size using
the built-in PCR conditions without further need for PCR
optimization. The overall success rate also depended on the
quality of the oligonucleotide synthesis.

Here, we introduce the SNPbox web server at http://
www.SNPbox.org containing three components: a web service
for primer design, a distributed annotation system (DAS)
annotation server providing information of the genome-
wide application of SNPbox and an interface to a local
database where primer information of the genome-wide
application can be retrieved.

SNPbox WEB SERVICE

A web interface, based on the CGI-Tcl library (http://expect.
nist.gov/cgi.tcl/), guides the visitor in three steps through the
process of job submission: in the first step, the user selects a
module: SNP, exon or saturation module. In the second step,
required and optional input is requested. For all modules, a
genomic sequence is required, either as a sequence file in
FASTA format or as a GenBank accession number or gi num-
ber, in which case the server will retrieve the sequence directly
from GenBank. Optionally, the user can provide an email
address so that a notification message can be sent when the
SNPbox job is finished. The default primer conditions, such as
melting temperature and primer length ranges, as well as the
optimal target length, can be defined by the user.

For the SNP module, no further input is required. The
genomic sequence is aligned to a local copy of HGVbase
(7,8) using the BLAST algorithm (9) to determine the posi-
tions of public SNPs. For the exon module, cDNA/EST
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sequences are required that will be aligned to the genomic
sequence using Spidey (10). The cDNA sequences can be
uploaded as a FASTA file, or can be provided as GenBank
accession or gi numbers. For the saturation module, a start and
end position in the genomic sequence is required in order to
define the genomic region for amplicon coverage. In the third
step, the input is checked for inconsistencies before submis-
sion. In case of nonconformities, the user is asked to change
the input according to the guidelines.

The output of SNPbox is visualized as a web page; the URL
is displayed directly after job submission allowing immediate
opening or bookmarking of the result web page. The URL
incorporates an eight-digit random-generated code ensuring
data confidentiality to the users. Once SNPbox has finished,
the output can be viewed on the web page. Furthermore, a tab-
delimited text file containing all information about the primers
and amplicons can be downloaded, as well as a compressed file
containing the experiment folder. The directory containing the
web page, as well as the database entries of an experiment, will
be removed automatically after one week or can be deleted
sooner by providing the experiment ID number and eight-
digit code.

For server performance, there is a limit on the length
of genomic sequence to be analyzed, which is currently set
to 200 kb, and is thus within the size range of most genes.

SNPbox AND THE GENOME: GENOME-WIDE,
EXON-BASED PCR AMPLICONS

Ensembl, a joint project of the Wellcome Trust Sanger Insti-
tute and the European Molecular Biology Laboratory (EMBL)
European Bioinformatics Institute, has become a reliable
source of annotation information for the human genome.
Gene prediction is an important part of the automated annota-
tion pipeline behind Ensembl and the combination of all gen-
erated evidence based on different gene prediction strategies
and sequence database homology searches results in the
Ensembl genes (11–13). This gene annotation can be used
for identifying potential disease genes in a candidate region
under investigation. Since many scientists are searching for
polymorphisms and mutations in candidate genes using rese-
quencing, all are frequently designing primers for PCR and
sequencing. To facilitate this process, we used the exon mode
of SNPbox to design primer pairs for all exons of the Ensembl
genes. Hereto, the tables contig, assembly, exon, exon_
stable_id, exon_transcript, transcript_stable_id, transcript
and gene_stable_id of the Ensembl’s homo_sapiens_core
MySQL database version 18.34.1 were installed locally; the
annotation in this release is based on the NCBI assembly 34.
SNPbox was run in parallel on a cluster with 15 nodes and one
server, communicating over AFS, and the data were stored in a
SQLite database (http://www.sqlite.org). SQLite was chosen
because it requires a low overhead. The use of a client–server
database management system would have caused a large over-
head on the cluster head and would have slowed the whole
process. The contig sequences were retrieved from the
Ensembl FTP server (ftp://ftp.ensembl.org) and saved on
the cluster head. The dna_id of each contig was retrieved
from the Ensembl database and incorporated into the file
names for easy access of the sequences.

We used the RepeatMasker (http://repeatmasker.genome.
washington.edu/cgi-bin/RepeatMasker) annotation provided
in the repeat_consensus and the repeat_ feature tables.
Instead of using the ‘dust’ repeat annotation, the output of an
adopted version of Sputnik (http://rast.abajian.com/sputnik/)
was used to annotate micro-satellite repeats and single base
stretches. Comparison of the ‘dust’ repeats with the output of
Sputnik showed that both annotations were very similar.
Although the integration of an adapted Sputnik version
resulted in additional computational steps, we preferred to
use Sputnik because the repeats are classified by SNPbox in
three classes with different consequences for the decision-
making in SNPbox (Weckx et al., submitted): small micro-
satellite repeats with <8 repeat units, moderate micro-satellite
repeats with >8 repeat units, and the single base stretches with
>8 equal bases. Overall, moderate micro-satellite repeats and
single base stretches cause problems in subsequent sequencing
reactions and can therefore not be included in the PCR
amplicons.

To provide the results of the genome-wide application of
SNPbox on the Ensembl genes, we have set up a Lightweight
DAS annotation server (LDAS), based on the DAS (14),
following the guidelines on the DAS website (http://www.
biodas.org). The results can easily be added to Ensembl’s
ContigView. Detailed instructions are available on the SNPbox
web server. The SNPbox LDAS annotation server is at http://
www.snpbox.org/cgi-bin/das/; the corresponding reference
server is at http://servlet.sanger.ac.uk:8080/das/. The results
of SNPbox can best be evaluated when displaying only the
Ensembl Transcripts and repeats. By clicking on the SNPbox
annotation feature, the browser will redirect to the SNPbox
server and will show additional information such as primer
sequences, annealing temperatures and amplicon length. Addi-
tionally, by providing the Ensembl gene ID to a search tool on
the SNPbox web server, primer information for all exons of the
specified gene can be obtained.

The overall success rate of the in silico primer design by
SNPbox on the Ensembl exons was 97.17%. For the 208 202
exons, 227 187 objects were initially indicated and a target
sequence could be defined for 98.62% of them. The remaining
3176 objects had a significant overlap with repeats not suitable
for inclusion in a target. SNPbox was able to design primer sets
for 223 844 targets. For 3343 targets, the primer design failed
mainly because of an unfavorable base composition in the
regions where the primers should be picked. The success
rate for primer design was 98.53%.

CONCLUSION

Primer design has become a time-determining step in the
workflow of high-throughput projects in life science labora-
tories. SNPbox allows highly standardized primer design in an
automated way. With the SNPbox web service and the appli-
cation of SNPbox to the Ensembl genes, we aim to make
SNPbox known and available to a broad group of interested
scientists. They can use the SNPbox software on-line to facil-
itate their primer design for projects up to 200 kb of genomic
sequence, or can use the preprocessed primer sets designed for
the Ensembl exons. To use SNPbox in projects beyond the
scope of the server, the authors can be contacted for informa-
tion about a standalone version of the software.
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