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Abstract
Background: In moderate-throughput SNP genotyping there was a gap in the workflow, between
choosing a set of SNPs and submitting their sequences to proprietary assay design software, which
was not met by existing software. Retrieval and formatting of sequences flanking each SNP, prior
to assay design, becomes rate-limiting for more than about ten SNPs, especially if annotated for
repetitive regions and adjacent variations. We routinely process up to 50 SNPs at once.
Implementation: We created Seq4SNPs, a web-based, walk-away software that can process one
to several hundred SNPs given rs numbers as input. It outputs a file of fully annotated sequences
formatted for one of three proprietary design softwares: TaqMan's Primer-By-Design FileBuilder,
Sequenom's iPLEX or SNPstream's Autoprimer, as well as unannotated fasta sequences. We found
genotyping assays to be inhibited by repetitive sequences or the presence of additional variations
flanking the SNP under test, and in multiplexes, repetitive sequence flanking one SNP adversely
affects multiple assays. Assay design software programs avoid such regions if the input sequences
are appropriately annotated, so we used Seq4SNPs to provide suitably annotated input sequences,
and improved our genotyping success rate. Adjacent SNPs can also be avoided, by annotating
sequences used as input for primer design.
Conclusion: The accuracy of annotation by Seq4SNPs is significantly better than manual annotation
(P < 1e-5).
Using Seq4SNPs to incorporate all annotation for additional SNPs and repetitive elements into
sequences, for genotyping assay designer software, minimizes assay failure at the design stage,
reducing the cost of genotyping. Seq4SNPs provides a rapid route for replacement of poor test SNP
sequences. We routinely use this software for assay sequence preparation.
Seq4SNPs is available as a service at http://moya.srl.cam.ac.uk/oncology/bio/s4shome.html and
http://moya.srl.cam.ac.uk/cgi-bin/oncology/srl/ncbi/seq4snp1.pl, currently for human SNPs, but
easily extended to include any species in dbSNP.
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Background
A survey of single nucleotide polymorphism (SNP) and
primer design software reveals several packages that align
EST or genome sequences to discover SNPs [1-6]. SNPVISTA visualizes SNPs from aligned genome sequences
[7]. Other packages take a chromosome region then use
recorded SNP genotypes, and additional information, to
reduce the set of SNPs that need genotyping [[8,9] and references therein]. SNP information packages collect data
on a SNP, given a Reference SNP ID (rs number) or chromosome position, and may predict protein disruption,
and are presented as searchable database resources [10].
These include LS-SNP, an annotated database of human
SNPs within genes, and CASCAD, a rat/zebrafish database
of candidate developmental SNPs [11,12]. The Functional
Element SNPs Database (FESD) lists human SNPs in promoters and UTRs, CpG islands, transcription start sites,
polyAdenylation signals elements of genes, and provides
fasta output of SNPs with flanking sequences [13].
Several web tools output fasta sequences for SNPs. The
dbSNP website outputs multiple fasta sequences flanking
SNPs, given the rs numbers, after a time [10]. SNPper outputs flanking sequences annotated for adjacent SNPs [14].
SNP-Flankplus takes one or more rs numbers as input,
with sequence length (like Seq4SNPs) [15]. SNP500 Cancer is a resequencing project focusing on identified SNPs
associated with cancer, so displays potentially novel SNPs
in flanking sequences [16]. Repeat Masker takes a fasta
DNA sequence and masks it for repetitive elements, while
SNPmasker takes as input a chromosome position
(region) or sequence and outputs a fasta sequence masked
for adjacent dbSNP SNPs and repeat sequences [17,18].
Primer design programs, like Primer3, take standard fasta
DNA sequences and output PCR primer pairs with pertinent information like melting temperatures [19].
BatchPrimer3 will design both PCR and genotyping allele
detection primers [20]. SNPbox is a primer designer for
uniform PCR amplification across multiple regions, utilizing Primer 3 and incorporating sequence masking: input
is fasta sequence and annotation with SNPs in flanking
sequences is not included [21]. Genotyping assay design
software outputs PCR as well as genotyping primers.
These include Taqman®'s Assay-By-Design FileBuilder
http://www.appliedbiosystems.com/filebuilder; SNP-IT,
used in SNPstream®'s Autoprimer, and iPLEX (Sequenom)
also optimize PCR primers for multiplexing [22-24]. The
standard fasta format is not a suitable input for these proprietary genotyping assay design software packages, so
reformatting is required (Table 1).
Genotyping assay design software packages require as
input a file containing specifically formatted DNA
sequences, one line per assay (Table 1 and legend). To our
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knowledge, the only software (other than Seq4SNPs) that
delivers sequences in genotyping assay designer format is
Multiple SNP Query Tool (MSQT), used for Arabidopsis –
but MSQT does not annotate the sequences for variations
and repeats [4]. Seq4SNPs is unique in providing annotation of flanking sequences with adjacent SNPs from
dbSNP, in assay designer formats. Successful genotyping
assays avoid placing PCR or allele detection primers
across a variation [25]. The performance of multiplexed
genotyping assays decreases as the proportion of SNP
sequences having repetitive elements increases (Fig. 1)
[26]. Assay design software packages all utilize the information on variations and repetitive elements, if provided
as annotation of the input sequences (Table 1). We identified the reformatting of the text and annotation of the
flanking sequences for repetitive elements and variations
as a rate-limiting step.
We required a sequence collection and formatting software which could take multiple inputs of one to fifty or
more SNPs as rs numbers. When we began, ~300 SNP
sequences were the required input for multiplex assay
design software, which output optimally multiplexed
groups of 48 SNPs, partly based on allele [23,26]. More
flexible genotyping assay protocols now require fewer
sequences. We also needed alternative inputs for newly
identified SNPs without an rs number, i.e. chromosome
position and allele.
We created Seq4SNPs for human SNP assay sequence
preparation, to improve our medium-throughput genotyping workflow on SNPstream® (Fig. 2). In our current
workflow, about 48 sequences are prepared at a time, submitting fasta output of unannotated sequences to Repeat
Masker http://www.repeatmasker.org. Repeat Masker outputs fasta sequence that is masked for repetitive regions.
Seq4SNPs combines the masking from that file into the
final formatted output, and adds additional variations
(SNPs). A file containing all the sequences is submitted to
the multiplex assay designer, which rejects SNPs with too
much repetitive sequence. The user replaces rejected SNPs
with alternatives having less repetitive sequence. One to
three rounds of assay design are required per 48-plex.
Thus, problematic assays are dealt with bioinformatically,
before primers are ordered.
Automation of the sequence collection/annotation/reformatting process facilitates multiplex design iteration and
dramatically reduces the time/cost involved in assay
design (~10 seconds compared to 5–30 minutes per SNP).
We have increased the success of assays and reduced the
genotyping cost (Fig. 1). This paper describes the
Seq4SNPs software, and the algorithms which collect,
annotate and format SNP sequences.
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Table 1: Formatting comparison for three medium-throughput genotyping platforms

Genotyping method

Taqman [22]

SNPstream [23,26]

Sequenom [24]

Assay design software

File Builder Assay-by-Design

Autoprimer

iPLEX

URL

https://www2.appliedbiosystems.com/
support/software/assaysbydesign/

http://www.autoprimer.com/

http://www.sequenom.com

Assay name

Letters, numbers, – (hyphen) only

Letters, numbers, – only

Letters, number, – only

Space

Tab

Space

Space

No. bases each side

200–600

200

200

Allele [A/G]

Common first

-

-

Additional information <other> 1 = 201 (assay position)

Masked sequence

-

Adjacent SNPs

N

IUPAC

Lower case

Masking

N

N

Lower case

Masked sequence

First sequence

Second sequence, not 25 bases either
side of SNP

First sequence

The low-medium genotyping platforms Taqman®, Beckman SNPstream® and Sequenom iPlex™ come with assay design software packages that have
different input requirements: each takes a file containing multiple SNP sequences, one per line; each line begins with a name and is followed by a
sequence, separated by a space or tab, succeeded by either the position of the assay SNP (Taqman®) or any masked sequence (SNPstream®) or
nothing (iPLEX™). Additional SNPs flanking the SNP to be assayed can also cause suboptimal assay performance if designed into an oligonucleotide
binding site. Proprietary assay design software avoids additional variations, if the input sequences are suitably annotated by changing the variant
nucleotide in the sequence to N, to the IUPAC code or to lower case. Basic sequence formats are summarised in the table, and follow the
convention:
Name <space> sequence [SNP]sequence <space> <other>.
Examples for annotation of a synthetic SNP where the flanking sequence contains a masked sequence (repetitive element shown as NNNNNN/
catgga distal to allele) and one adjacent SNP (N/Y/c before allele):
e.g. for Taqman:
SNP-01_rs14352008 ATGCANCAGG [A/G]ATGNNNNNNCAGG 1=11
e.g. for SNPstream:
SNP-01_rs14352008 ATGCAYCAGG [A/G]ATGCATGGACAGG ATGCAYCAGG [A/G]ATGNNNNNNCAGG
e.g. for Sequenom:
SNP-01_rs14352008 ATGCAcCAGG [A/G]ATGcatggaCAGG

Uses of Seq4SNPs software may be extended to other bioinformatics, as, given a list of rs numbers the software will
retrieve new rs numbers, create fasta sequences, find the
most common European allele, and find the gene and heterozygosity information, writing the data to output files
designed for use in Excel, or to simple fasta text files with
multiple sequences.

flanking sequences, and with masked sequence regions (if
supplied). The annotated sequence is then formatted for
assay designers. Completed sequences are saved to a file of
sequences, formatted for submission to the genotype
assay design software via the appropriate webpage (Table
1) [22,24,26]. A single SNP can be processed, also a SNP
without an rs number. Data sources are listed (Table 2). A
detailed description follows.

Implementation
Briefly, Seq4SNPs takes a file of rs numbers, retrieves DNA
sequences around the SNPs, from dbSNP, and formats
them as a single file of fasta sequences, each with the allele
in the fasta header. This fasta file is optionally submitted
to Repeat Masker which outputs a masked fasta file. The
original fasta file is automatically used for the Seq4SNPs
annotation step, with the masked file (if submitted to
Seq4SNPs). In the annotation step, the sequence is annotated with any dbSNP SNP or indel falling within the

To begin, Seq4SNPs takes each SNP input as an rs number
with a laboratory name. For batch processing it takes a set
of assay SNPs in a plain text file, containing one SNP per
line (e.g. 'TOX3-A1, rs12443621'). An intuitive user interface is provided for Seq4SNPs: the information or input
file is submitted via a web page, where the user chooses
the size of the flanking sequence (e.g. 200 for a 401 nucleotide sequence, with a minimum of 20 and a maximum
of 600 nucleotides either side). Alternative starting points
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Figure 1 of the cost of genotyping by reducing the number of sequences in a multiplex having repetitive elements
Reduction
Reduction of the cost of genotyping by reducing the number of sequences in a multiplex having repetitive elements. The cost of genotyping using SNPstream 48-plex assays was calculated for a 100% pass rate (1 on y-axis): this cost
increases non-linearly, as the pass rate decreases. Here we show how the cost increases with the number of assays containing
repetitive sequences, per multiplex. Some repetitive sequences clearly affect the pass rate in the whole multiplex. We now use
Seq4SNPs with Repeat Masker output, put masked sequences output from Seq4SNPs into SNP-IT primer design software for
SNPstream, and replace SNPs rejected by SNP-IT. This improves assay success and reduces the cost of genotyping significantly.

are: submitted SNP assay IDs (dbSNP ss numbers) instead
of rs numbers; for a single SNP without an rs number, a
sequence may be submitted, with chromosome, position
and alleles, so that any sequence may be annotated [9].
Two other options are available: selection of 'major allele
first' (e.g. [G/A] where G is the common allele) asks
Seq4SNPs to retrieve the major Caucasian human alleles
and to compile a report containing the heterozygosity
data from the cluster pages; 'gene report' will retrieve gene
name and description from each dbSNP cluster page.
European common allele is selected from the data given
on dbSNP cluster pages for AFD_EUR, or, if unavailable,
from HAPMAP CEU. (For non-human species the allele is
reported as given by the cluster page).
For each rs, Seq4SNPs automatically retrieves the flanking
sequences and alleles from the NCBI cluster pages and creates one output file containing multiple fasta sequences
with specialized headers for the annotation step. The
sequence is taken from the HTML source code of the web
page retrieved with a GET query (perl CGI). If a sequence
is too short, it is retrieved from the NCBI contig sequence
referenced by the dbSNP rs cluster page – the contig used
is referenced by the first link listed under 'GeneView' if

present, or under 'Integrated Maps', and the contig position utilized to request a sequence of appropriate length
(URLS are listed on the webpage report, see example in
Table 2 legend). If an ss is given or the rs is out of date, the
new rs is first retrieved (Table 2 legend). Seq4SNPs outputs
a text file containing fasta sequences (with customised
fasta headers), which is used for the next stage, and may
be saved. For identifying repetitive sequences this file can
be submitted to the Repeat Masker server http://
www.repeatmasker.org which produces another fasta file
containing the same sequences masked for repetitive
sequences, homologous regions and transposon elements.
The final stage of Seq4SNPs is sequence annotation and
formatting for genotyping assay design software. Inputs
are: the fasta file generated above (automatic) and, if
repeat masking is required, the masked file from repeat
masker is uploaded via the webpage. The assay format is
selected as Taqman, SNPstream or Sequenom. A fasta file
may be submitted as the primary input, here, provided
that headers are compatible (see Fig. 3 for example).
Seq4SNPs will generate an appropriate fasta header for
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Figure 2 (see legend on next page)

Page 5 of 10
(page number not for citation purposes)

BMC Bioinformatics 2009, 10:180

http://www.biomedcentral.com/1471-2105/10/180

Figure
Using Seq4SNPs
2 (see previous
software
page)
as part of the Workflow in SNPstream genotyping sequence preparation
Using Seq4SNPs software as part of the Workflow in SNPstream genotyping sequence preparation. After
choosing 48 or more SNPs to assay (START), input to Seq4SNPs software (grey box) is a text file (white, top) containing a list
of rs numbers and assay names and the desired assay size (e.g. 200 nucleotides each side of the assay SNP). The first process
(blue box, top) outputs a file of sequences in fasta format (white, centre). The user submits this to Repeat Masker which
quickly produces a masked fasta file (white, right); at this point the user might reject some assays and start again if insufficient
assays remain. In the second process (blue box, bottom) the Seq4SNPs fasta file is automatically used to annotate and reformat.
The user inputs the masked file for this step. Final outputs (white, bottom) are a formatted sequence file for assay design software, and a report for Excel, containing warnings, error flags, minisequences for adjacent SNPs and links to dbSNP and is used
for assisted error checking. User time is mainly confined to the delay points (green). The formatted assays are submitted to the
SNP-IT at Autoprimer (Assay Designer), which rejects sequences that are insufficiently repeat-free, when the user may choose
alternatives again (upward arrows). Legend: Seq4SNPs (grey box): times (sec ") are per SNP and are improving. Start and end
points (circles); processes (blue rectangles); file/stored output (white rectangles); additional software decision aids (yellow diamonds).

Table 2: Data sources

Datum

Source

SNP rs or ss number*
Trivial name
Size of assay sequence

User input
User input
User input

New rs number
Fasta sequence, allele,
Major allele, validation of assay, heterozygosity
Fasta sequence (second attempt)
Gene, chromosome
Masked sequences
Platform
Chromosome position, adjacent SNP list, with
21 nucleotide sequence etc.
Validation, heterozygosity
SNP assay sequences

Notes

Step

File or text input
Same file as above
e.g. 200 specifies 200 nucleotides each side of
assay SNP (401 altogether)
NCBI dbSNP cluster page*
New rs retrieved when rs no longer in use** or if
ss number submitted***
ditto
Fasta output with allele in header
(major allele first)
ditto
'Allele' report.
NCBI contig fasta sequence****
If sequence in cluster page too short: contig
reference from cluster page*
NCBI cluster page*
'Gene' report
RepeatMasker (see text)
Takes fasta output above and produces fasta for
next step.
User input
Choose TaqMan, SNPstream or Sequenom
Mysql local database with dbSNP data Annotation of assay sequence using Seq4SNP
algorithm
Ditto
Part of Adjacent SNP Report (Fig 3) detailing
each SNP and flagging placement mismatches
Final output compatible with assay designers

1
1
1
2
2

2
2
3
3
4
4
4

Data used by Seq4SNPs is drawn from various sources, listed here: Seq4SNPs inputs (italics), outputs (bold). Some items are taken from web pages
accessed by the universal resource locator (URL), or FTP download sites, shown below.
Example URLs:
*dbSNP rs cluster page: http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=123
**New rs number: http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp&cmd=search&term=rs840 (if cluster page not available)
***rs number for ss:
http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp&cmd=search&term=ss19333593
****NCBI contig download:
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucletide&val=NT_007819.16&dopt=fasta&from=24454804&to=24456004
dbSNP downloads (human): fasta sequences and chromosome positions respectively from
ftp://ftp.ncbi.nih.gov/snp/organisms/human_9606/rs_fasta
ftp://ftp.ncbi.nih.gov/snp/organisms/human_9606/chr_rpts
Note that to extend Seq4SNPs adjacent SNP addition to other species, data from other species may be downloaded from the
organisms folder and put into the MySQL database with the human SNPs
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any sequence input, here http://moya.srl.cam.ac.uk/cgibin/oncology/srl/ncbi/seq4snp5.pl.
Seq4SNPs locates the chromosome position from the rs
number, finds all SNPs within the assay flanking
sequences, annotates the sequence text for these adjacent
SNPs, adds the repeat/masked regions (optional), formats
the sequence and creates an output text file, containing all
annotated assay sequences, that is compatible with assay
design software. Also, an 'adjacent SNPs' report file is supplied for Excel (and also shown as a web page), contain-
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ing: links to dbSNP for all assay and adjacent SNPs; 21 bp
sequence around every SNP or indel for checking; validation information; IUPAC code, chromosome position and
position relative to the start of the assay sequence*
[21,27]. GC content is calculated for SNPstream® format.
Warnings are given about SNPs (and repeats) very close to
the assay position, or short sequences (Fig. 3).
Adjacent SNPs are most efficiently retrieved from a local
MySQL database currently containing only human SNPs.
(This dataset may easily be extended to other species by

Figure
Final
output:
3 web page from Seq4SNPs after processing one SNP, showing report
Final output: web page from Seq4SNPs after processing one SNP, showing report. (1) Link to file containing the formatted, linear assay sequence (not shown, as Table 1 legend). (2) Link to the fasta file (not shown, 50 nucleotides per line). (3)
Report of SNPs for this assay, showing rs number, chromosome and name (if given): for each adjacent/assay SNP: (4) rs with
link to dbSNP (NCBI); (5) chromosome position (and relative position in the assay sequence, numbered 1 – 401); (6) allele,
IUPAC code for the allele and 21 nucleotide sequence; validation, heterozygosity and standard error. (7) Flag indicating how
SNP sequences were matched, indicating that both adjacent and assay SNP sequences were reversed. Flags indicate complications in sequence matching, reporting both of the sequences which it attempted to match. (8) When a single SNP is requested,
the assay sequence sequence is shown in a format useful for checking positions. (9) GC content is given.
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downloading the relevant data files: scripts and file locations are provided.) The database is updated periodically,
providing the latest dbSNP output (currently 130). More
frequent updates do not provide additional SNPs (Alternative sources of adjacent SNPs were unsatisfactory: querying the Ensembl MySQL database proved unreliable due
to frequent down times; dbSNP cluster pages linked to
adjacent SNPs only within genes.) Adjacent SNPs are
retrieved by first obtaining the chromosome position for
that rs number, then retrieving all SNPs within the flanking sequence by chromosome position plus and minus
the assay 'size'. Orientation and exact position are checked
by sequence matching across 21 bp (to ensure the correct
IUPAC code is used for SNPstream®). Sequence matching
tests for an exact match at two relative positions either
side of the assay SNP, and in both orientations. If no
match is found then the SNPs are displaced by one nucleotide either side of these positions, then by a second
nucleotide, which resulted in correct placement for all
SNPs we have tested. All unusual placements are flagged
and the actual match sequences shown for manual checking. Flags indicate whether the SNP sequence (shown in
the same sense as in dbSNP) is reverse complemented, or
awkward placement due to: the adjacent SNP sequence
being in opposite orientation to the assay sequence; chromosome positions apparently displaced by 1 or 2 nucleotides in repetitive regions; indels where one dbSNP
sequence does not include the extra nucleotide(s), e.g.
rs884013. Indels (e.g. [-/T] or [A/-]) are annotated by
either replacing a nucleotide or added to the sequence
(indicated by + in the report, at *). A flag for unsuccessful
placement can be text-searched for (FUDGE or ERROR).
For multiple sequences, links to the output files are always
given before processing, so that the user can watch
progress, and recover the completed files. Every finished
sequence is printed to the output file as soon as it is ready.
Thus it is possible to process jobs containing more than
300 sequences: if a process does not complete then the
input files can be truncated, and the remaining sequences
completed. The 'adjacent SNPs' report can be recovered
and opened in Excel, for assisted placement checking (21
mer sequences and links to dbSNP provided).

Results
This software has been used in our Taqman and
SNPstream workflow for four years, with incremental
refinement. Approximate usage is currently about 40
SNPs per day. We routinely process more than 300 SNPs
to fasta stage from a single input file. For a file of 327 fasta
sequences, up to 227 were annotated in one go: the
remainder were processed separately from a portion of the
fasta file, for SNPstream Autoprimer. We have also generated large numbers of sequences for iPLEX. Single SNPs
and multiples of less than 50 rs numbers are routinely
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processed for sequence preparation for Taqman and
SNPstream. We also use Seq4SNPs for fasta retrieval for
other bioinformatics tests and to determine the chromosome and position of a SNP given the rs number, or the
latest rs for an old rs or ss number.
For 327 sequences submitted as a single batch, fasta
retrieval took 4 seconds per SNP (6 minutes/100 rs numbers), with fast network and internet connections. Annotation with adjacent SNPs also took 4 seconds per SNP.
Only a couple of seconds is hands-on time, which compares with manual sequence preparation at 5–20 minutes
per sequence, excluding time taken to find adjacent SNPs
outside of genes. User time was limited to seconds during
processing, and afterwards a few minutes, checking the
'adjacent SNPs' report for the word 'ERROR' (in Excel or
by HTML search) – which, if arising, might result in some
manual edits; the 'adjacent SNPs' report also indicates any
sequences that are 'TOO SHORT' and single-side matches
(usually for indels) where the final sequence may be
checked for correct placement against the 21 mer
sequences given in the report.
To test the accuracy of annotation with adjacent SNPs, the
assay designer sequence output from Seq4SNPs was compared, character by character, with a file containing correctly annotated and masked sequences for 327 assays.
The test file of formatted sequences was generated for
SNPstream by an earlier version of Seq4SNPs: the
SNPstream format contains all the IUPAC codes for each
SNP so that match orientation could be tested. We
checked the sequences against dbSNP cluster pages and
manually corrected for every adjacent SNP, verifying the
correct IUPAC code and placement by sequence. (The
original test file was submitted to Autoprimer and used in
genotyping.)
We found that the automated placement gave a significant
improvement over sequences corrected manually (P = 2e6 by Fishers exact 2-sided test). This is based on a two by
two table of correctly annotated vs. incorrectly annotated
adjacent SNPs in 507 adjacent SNPs in 327 sequences prepared for the test batch: after manual correction, 20 adjacent SNPs were still misannotated, usually by use of the
opposite IUPAC code and once by missing a SNP placed
on the wrong side, while none were incorrect when done
with Seq4SNPs. We also noted that since dbSNP had been
updated from version 128 to 129, 73 additional SNPs,
mostly indels, were now correctly placed into our
sequences. Retrospective assessment of assay sequences
delivering poor genotyping results with Seq4SNPs may
rapidly reveal new variations not previously known to be
in the flanking sequences.
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The latest version of the software (September 2008) contained 0 error flags, indicating correct placement of 507
adjacent SNPs in 327 sequences. 380 sequences were correct for major European allele assignment. There were 177
flags for 327 sequences, of which 111 were reverse complement, 40 were single side matches and 12 were new
placements 1 base from the given chromosome position
(indels). The flags were confined to 96 SNPs, but none
had placement errors.

Conclusion
Thorough testing has shown that Seq4SNPs delivers multiple sequences suited to genotyping assay designers, that
are accurately annotated with adjacent SNPs. Repeat
masking annotation and Caucasian major allele recovery
are also completed correctly. Automated annotation by
Seq4SNPs is significantly more accurate even than manual
verification over large numbers of sequences, and by using
Seq4SNPs with Repeat Masker to eliminate poor test SNPs,
we have improved our SNPstream genotyping efficiency
from a 70% pass rate to greater than 80%.

Availability and Requirements
The software is currently a web service available with adjacent SNP addition for human SNPs. Source code will be
made available on request.
Software was written in Perl CGI and accessed on a server
via internet web pages. It was deployed on a dual-processor server with Intel Pentium 4 chips (3.4 GHz each with
1024 Kb cache) and 1 GB RAM running Debian 4 OS4
linux http://www.debian.org and Apache 2 http://
www.apache.org, and is now on an HP Proliant ML115
server with dual core G5 Opteron 1214 2.2 GHz chips, 2
G RAM, running Ubuntu 5.0.51a-3ubuntu5.1 server
http://www.ubuntu.com with Perl v5.8.8 and MySQL 5.
Client-side (user) testing was done using the Firefox web
browser http://www.mozilla.com or Safari v. 3 or Explorer
(version 6 but NOT version 7) on PCs running Mac OSX
Jaguar and Windows XP/2000. To obtain data for all SNPs
quickly, the dbSNP tables (Table 2 legend) detailing SNP
chromosome positions, alleles and reference sequences
were placed into two tables in a MySQL database http://
www.mysql.com on the server, using Perl scripts.

Abbreviations
SNP: Single Nucleotide Polymorphism; rs: Reference SNP
ID (dbSNP); ss: NCBI Assay ID (dbSNP); CGI: Common
Gateway Interface; URL: universal resource locator or web
address; IUPAC: International Union of Pure and Applied
Chemistry.
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format of the manuscript and figures. AD corrected the
flow of the manuscript and provided information on
SNPstream workflow. SS provided the data on improvement of genotyping and the file of manually checked test
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software and testing its output. CB tested the software
within the genotyping workflow and taught other testers
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DFE is essential for continuing maintenance of the
project. All authors read and approved the final manuscript.

Authors' information
HIF is a DPhil (PhD) in biochemistry and an MSc in information technology and has held the post of Senior
Research Associate within the genotyping group of the
Department of Oncology, funded by Cancer Research UK,
since 2005. DFE is a Principal Research Fellow and PDPP
is Senior Clinical research Fellow of Cancer Research UK.
AD holds the post of Senior Research Associate at the
Department of Oncology, CL is a Chief Technical Officer.

Acknowledgements
The authors thank Jonathan Tyrer for assistance with statistics, Ed Dicks for
critical reading of the manuscript, Mark Harrison and Bruce Daniels for
technical and logistical assistance, and Honglin Song, Karen Pooley, Shahana
Ahmed, Mel Maranian and Patricia Harrington for programme testing and
suggestions for development. Honglin Song also tested SNPstream genotyping with assay design assisted by this software which resulted in the
improved assay pass rate. This work was funded by Cancer Research UK.
Strangeways Research Laboratory provided the original server for
Seq4SNPs.

References
1.

2.

3.
4.
5.
6.
7.

Authors' contributions
HIF created and tested the software and wrote and revised
the manuscript. PP provided substantial input into the

8.

Panitz F, Stengaard H, Hornshøj H, Gorodkin J, Hedegaard J, Cirera
S, Thomsen B, Madsen LB, Høj A, Vingborg RK, Zahn B, Wang X,
Wang X, Wernersson R, Jørgensen CB, Scheibye-Knudsen K, Arvin
T, Lumholdt S, Sawera M, Green T, Nielsen BJ, Havgaard JH, Brunak
S, Fredholm M, Bendixen C: SNP mining porcine ESTs with
MAVIANT, a novel tool for SNP evaluation and annotation.
Bioinformatics 2005, 21:2814-20.
Navratil V, Penel S, Delmotte S, Mouchiroud D, Gautier C, Aouacheria A: DigiPINS: a database for vertebrate exonic single
nucleotide polymorphisms and its application to cancer
association studies. Biochimie 2008, 90:563-9.
Tang J, Leunissen J, Voorrips RE, Linden CG van der, Vosman B: HaploSNPer: a web-based allele and SNP detection tool. BMC
Genetics 2008, 9:23.
Warthmann N, Fitz J, Weigel D: MSQT for choosing SNP assays
from multiple DNA alignments. Bioinformatics 2007, 23:2784-7.
Unneberg P, Strömberg M, Sterky F: SNP discovery using
advanced algorithms and neural networks. Bioinformatics 2005,
21:2528-30.
Huntley D, Baldo A, Johri S, Sergot M: SEAN: SNP prediction and
display program utilizing EST sequence clusters. Bioinformatics 2006, 22:495-6.
Shah N, Teplitsky MV, Minovitsky S, Pennacchio LA, Hugenholtz P,
Hamann B, Dubchak IL: SNP-VISTA: An interactive SNP visualization tool. BMC Bioinformatics 2005, 6:292.
Ao SI, Yip K, Ng M, Cheung D, Fong PY, Melhado I, Sham PC: CLUSTAG: hierarchical clustering and graph methods for selecting tag SNPs. Bioinformatics 2005, 21:1735-6.

Page 9 of 10
(page number not for citation purposes)

BMC Bioinformatics 2009, 10:180

9.
10.
11.

12.
13.
14.
15.
16.

17.
18.
19.

20.

21.
22.
23.

24.
25.
26.

27.

http://www.biomedcentral.com/1471-2105/10/180

Edlund CK, Lee WH, Li D, Berg DJ van den, Conti DV: Snagger: a
user-friendly program for incorporating additional information for tagSNP selection. BMC Bioinformatics 2008, 9:174.
Sherry ST, Ward M-H, Kholodov M, Baker J, Phan L, Smigielski EM,
Sirotkin K: dbSNP: the NCBI database of genetic variation.
Nucleic Acids Res 2001, 29:308-311.
Karchin R, Deikhans M, Kelly L, Thomas DJ, Pieper U, Eswar N, Haussler D, Sali A: LS-SNP: large-scale annotation of coding nonsynonymous SNPs based on multiple information sources.
Bioinformatics 2005, 21:2814-20.
Guryev V, Berezikov E, Cuppen E: CASCAD: a database of annotated candidate single nucleotide polymorphisms associated
with expressed sequences. BMC Genomics 2005, 6:10.
Kang HJ, Choi KO, Kim BD, Kim S, Kim YJ: FESD: a Functional
Element SNPs Database in human. Nucleic Acids Res 2005,
33:D518-D522.
Riva A, Kohane IS: SNPper: retrieval and analysis of human
SNPs. Bioinformatics 2002, 18:1681-5.
Yang C-H, Cheng Y-H, Chuang L-Y, Chang H-W: SNP-Flankplus:
SNP ID-centric retrieval for SNP flanking sequences. Bioinformation 2008, 3:147-149.
Packer BR, Yeager M, Staats B, Welch R, Crenshaw A, Kiley M, Eckert
A, Beerman M, Miller E, Bergen A, Rothman N, Strausberg R,
Chanock SJ: SNP500Cancer: a public resource for sequence
validation and assay development for genetic variation in
candidate genes. Nucleic Acids Res 2004, 32:D528-D532.
Smit AFA, Hubley R, Green P: RepeatMasker Open-3.0. 1996
[http://www.repeatmasker.org].
Andreson R, Puuran T, Remm M: SNPmasker: automatic masking of SNPs and repeats across eukaryotic genomes. Nucleic
Acids Res 2006, 34:W651-W655.
Rozen S, Skaletsky HJ: Primer3 on the WWW for general users
and for biologist programmers. In Bioinformatics Methods and Protocols: Methods in Molecular Biology Humana Press, Totowa NJ;
2000:365-386.
You FM, Huo N, Gu YQ, Luo MC, Ma Y, Hane D, Lazo GR, Dvorak
J, Anderson OD: BatchPrimer3: a high throughput web application for PCR and sequencing primer design. BMC Bioinformatics 2008, 9:253.
Weckx S, De Rijk P, Van Broeckhoven C, Del-Favero J: SNPbox: a
modular software package for large-scale primer design. Bioinformatics 2005, 21:385-387.
Custom TaqMan genotyping assays protocol
[http://
docs.appliedbiosystems.com/pebiodocs/04334431.pdf]
Yuryev A, Huang J, Scott KE, Kuebler J, Donaldson M, Phillips MS,
Pohl M, Boyce-Jacino MT: Primer design and marker clustering
for multiplex SNP-IT primer extension genotyping assay
using statistical modeling. Bioinformatics 2004, 20:3526-32.
iPLEX [http://www.sequenom.com]
Pompanon F, Bonin A, Bellemain E, Taberlet P: Genotyping errors:
causes, consequences and solutions. Nat Rev Genet 2005,
6:847-59.
Oda RM, Jiang Z, Chi H-C, Clark DJ, Boyer SK: Rapid, Robust and
Cost-Effective SNP Analysis with the 48-plex GenomeLab™
SNPstream® Genotyping System. 2006 [http://www.beckman
coulter.com/Literature/BioResearch/T-2050A.pdf].
Nomenclature for incompletely specified bases in nucleotide
sequences. Eur J Biochem 1985, 150:1-5.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10
(page number not for citation purposes)

