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The use of the world’s I* structured database, SynaBASE™, that efficiently stores biological
sequence patterns has seen the completion of a hyper-fast and accurate microarray probe
design application: SynaProbe™. SynaProbe was designed to accommodate the entire
genome as a reference for designing probe sequences in addition to conventional references
and parameters. Comparison of SynaProbe with current technologies using a breast cancer
biomarker revealed that SynaProbe is able to find accurate probes thirty-six thousand times
faster than published work. Probe specificity and sensitivity were verified using the Affymetrix
HG-UI33 Plus 2™ sequences and annotations as a control set. A separate analysis of the
human genome showed that SynaProbe can be used to design probe sets for all known human
genes in under 6 hours, this compares to the previous best benchmark which would take over
3 months. Furthermore, we were able to indicate that SynaProbe and SynaBASE technology
can detect the same microarray probes in silico that have been experimentally validated by
tissue-specific gene expression analyses. With unrivalled speed and scalability of SynaBASE
technology the system can be applied to enhance the quality of probe design through enabling
iteration and optimization for scientific researchers, which was previously improbable at
whole or multiple genome scales.

Introduction
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An organism’s genome contains the central genetic
blueprint outlining its architecture in terms of cellular
structure, tissue organization and system biology.
However, complexities lie in answering where, how
and why genes are expressed as well as identifying
factors that influence this process. DNA microarray
technology addresses these questions by probing
gene expression at the messenger RNA (mRNA)
level [1]. By enabling the possibility of monitoring
gene expression across an entire genome, both
commercial and academic institutions are investing
massive resources into implementing, validating and
optimizing this technology. However, the promise
of microarray-based discovery is plagued with
inconsistencies centred on reproducibility, reliability
and validity. In this paper we address one of the key
variables that may affect some of the issues described
above: microarray probe design.

Microarray probes are either synthetic DNA
oligonucleotides or complementary DNA (cDNAs)
routinely immobilized as a regular lattice network
on a glass slide. These immobilized probes are gene

specific sequences that hybridize via Watson-Crick
base pairing, to a solution containing a sample
mRNA population. Quantitative and gene specific
hybridization is usually detected via a fluorescent
chemical reaction that is readily detected and
quantified by laser excitation of the flourophores.
Therefore the activity of thousands of genes within
an organism’s genome can be measured in a single
experiment to construct complex expression profiles.
These techniques form the basis for understanding
patterns in gene expression and protein function
relating the molecular basis of diseases [2] e.g.
detection of prostate cancer biomarkers for
diagnostics [3].

There are inherent inefficiencies with microarray
procedures encountered at most steps of
experimental design, including, but not limited to,
inaccurate reference sequence information; poor
probe sensitivity; experimental reproducibility and
statistical significance of expression results. Probes
on the array need to be sufficiently sensitive yet
specific to the gene for which they are designed [4].
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The aim of designing accurate, high quality probes
that are specific to their target genes has seen
the development of a variety of computational
algorithms for probe design [4]. Probe sequences
need to be unique to enable specificity; display
minimal or no secondary structure at hybridization
temperatures and reside near the 3’ terminal end of
a gene. In this work we describe an ultra fast and
highly accurate alternative approach to designing
microarray probes based on structured pattern data
stored in SynaBASE. The nature of SynaBASE’s
proprietary architecture allows comparison of a
query sequence against all unique patterns derived
from the reference database. An application of this
concept in microarray probe selection would be the
identification of the most unique and hence specific
patterns from a gene by referencing against its
entire genomic complement. We have successfully
applied a new algorithm, SynaProbe, which accesses
SynaBASE to design microarray probes for human
genes and have assessed its accuracy by comparison
to known standards from previously published
benchmark studies [5].

Materials and Methods

Oligonucleotide Probes were designed using the
Homo sapiens homeobox A9 (HOXA9) mRNA as
input. This gene is located on Chromosome 7 and
plays a role in breast cancer progression [4]. Probes
were designed using two different tools; SynaProbe
and Find Probe [4]. Both sets of probes were analysed
and compared in parallel using the same metrics
wherever possible. Affymetrix HG-U133 Plus 2
probe sets were also used as a control to verify probe
specificity. To verify accuracy and probe uniqueness,
SynaProbe and FindProbe probes were searched
against SynaBASE versions of the human genome
(NCBI33), Refseq mRNA and Affymetrix HG-U133
Plus 2 array probes. SynaSearch™ results display

Results and Discussion

In Silico Validation

SynaProbe finds the best probe candidates by
selecting those patterns that are most unique within
a SynaBASE of the human genome. Patterns may
also be screened against other types of SynaBASE
databases for SynaProbe e.g. human mRNA,
expressed sequence tags (EST), all predicted open
reading frames (ORFs), etc, depending on the aim
and objectives of the user. We chose the human
genome SynaBASE because it contains all possible
unique sequence patterns that can be derived from
the human genome, rather than focusing on the
known transcriptome. Therefore our approach is
unique in that any reference sequence database
may be used for screening and selecting the best
microarray probe set.

In addition to screening patterns for uniqueness and
significance, SynaProbe calculates the weights from
different parameters that are commonly used for
probe selection thereby increasing specificity e.g.
secondary structure, 3’ position discrimination, low
complexity, melting temperature, etc. (see Figure 1B
on the next page) [4].

A single unique probe matching the NCBI33-Human
Genome SynaBASE confirmed specificity, whilst
matches with the correct gene from human Refseq
mRNA SynaBASE showed probe sensitivity [6-7].
Searching Affymetrix HG-U133 Plus 2 SynaBASE
with top-scoring probes was also used to confirm
probe accuracy by referring to the corresponding
gene details using the NetAffx Analysis Center at
www.affymetrix.com [8]. SynaProbe found accurate
and equivalent probe sets thirty-six thousand times
faster than the computation time taken by FindProbe
[4] (see Table 1 below).

sequence alignment —
matches as database Probe Start SynaProbe SynaSearch Matches
frequency coloured Sequence Position Rank for Probe Query - Elapsed Time
. Human RefSeq | Affymetrix
patterns ranging from low Genome | mRNA | HG-U133
to high frequency. BLAST Plus 2
was also used to conduct SynaProbe | ccGCCAT 1890 1 1(Chr7) 2(HOXA9) | 5(209905_at) | 531 milliseconds
TGGGCTA
comparative analyses CTGTAGA
TTTGTAT
(data not shown). CCTTGAT
GAATCTG
GGGTTTC
- . CATCAGA
SynaProbe,  which s CTGAACT
4 TM TACACTG
part Of. the S nasulte FindProbe TGAAAC 1885 — 1(Chr7) 2(HOXA9) 5(209905_at) 5 hours
of applications, was run | [ CGCCAT
. TGGGCT
on Linux HP® Intel ACTGTAG
. . ATTTGTA
Itanium™ architecture TCCTTGA
. . TGAATCT
using a single 1.3 GHz GGGGTTT
CPU accessing 64GB ComToas
RAM. T

Table 1.
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SynaProbe and FindProbe result summary for the HOXA9 breast cancer progression gene.
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Figure 1. SynaProbe results for the HOXAO breast cancer progression gene. The red highlighted regions correspond to probe
locations on the sequence. Probes for the NM 152739 mRNA sequence are ranked (C) and scored according to the weighted
parameters in B. Parameter weights run from a scale of 0 (no weight) to 5 (most weight). The highest ranking 70mer probe
highlighted in A is the best probe that meets the criteria in B. SynaSearch may be launched from the SynaProbe results page to find

unique genes, genome sequences or known probes.

SynaProbe typically finds a probe set with mean
processing time ranging between 500 and 800
milliseconds. Therefore the technology permits
researchers the ability to design, verify and
parameterize the SynaProbe algorithm in matters
of seconds per query. The advantages are that the
process allows for iteration and refinement of probe
quality for microarray expression experiments for
all types of biological datasets where sequence
information is available.

Single or multiple query sequences may be screened
against all SynaBASE patterns for a genome,
transcriptome or proteome. Probes were designed
for an 11Kbp ubiquitin thiolesterase transcript,
the largest characterized human cDNA according
to the H-Invitational human cDNA database [9].
SynaProbe constructed a candidate probe set in
3.45 seconds. Using this example as the upper limit
and the HOXA9 2Kbp gene as a further reference
point (500ms), we extrapolate that at an average
of 1 second per query SynaProbe would be able
to construct probe sets for all 21037 human genes
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in 5-6 hours of processing time on a single server.
Therefore such scalability also permits probe
quality optimization in a production environment
for pharmaceutical and agricultural applications
and new genomes.

Comparison to Probe

Validation Methods

Further tests were conducted on an experimentally
validated example to determine whether SynaProbe
probes correlated with results from an actual
microarray experiment. Shoemaker et al. devised
a method for verifying gene prediction using
microarray expression of genome-derived tiling
arrays [10]. Based on their findings a novel
transcript involved in testis specific expression on
Chromosome 22 was discovered, EMBL AF324466
[10-11]. The transcript sequence corresponds to
the Ensembl gene ENSG00000128346 and has
the HG-U133 Plus 2 223706 at mapped to it [12].
SynaProbe selected a 25mer oligonucleotide for this
transcript and a subsequent SynaSearch against the

Experimental
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Figure 2.

SynaSearch results showing the exact match of a SynaProbe sequence to the Affymetrix HG-U133 Plus 2 probe

223706 at [8]. The SynaProbe query and result header are highlighted in the red box. A SynaProbe result was searched against
all Affymetrix HG-U133 Plus 2 sequences built in SynaBASE [8]. The database pattern frequencies are an indication of pattern
uniqueness and can be used to guide analysis of results within SynaSuite.

HG-U133 Plus 2 SynaBASE revealed an exact match
to HG-U133 Plus 2 223706 _at (see Figure 2 above).
Therefore SynaProbe finds probes that have been
both experimentally validated and also incorporated
into one of the world’s most widely used microarray
expression platforms.

Conclusions

The ability to store raw sequence information
ranging from genomes to all human transcripts
in SynaBASE provides a fast and accurate means
to enhancing the quality of microarray probes.
Although SynaBASE is able to filter low quality
data it is still necessary to have a well curated
reference set of genes and genomes for probe
design. We have demonstrated that experimental
evidence such as curated cDNA and existing probe
annotations may be combined within SynaBASE for
quality assessment of microarray probes. Pattern
information derived from a whole genome version
of SynaBASE is used as a reference to ensure probe
specificity calculated by proprietary algorithms
housed within the SynaBASE architecture.

The work presented in this paper shows that
SynaProbe is a microarray probe design tool that
produces results consistent with published in silico
and experimental microarray benchmarks. With the
added value of referencing patterns from multiple
whole-genome databases and unrivalled speed,
SynaProbe is an ideal tool to leverage design and
optimization of probes for whole genome arrays, for
both well validated and new genomes.
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