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ABSTRACT

OligoArrayDb is a comprehensive database contain-
ing pangenomic oligonucleotide microarray probe
sets designed for most of the sequenced genomes
that are not covered by commercial catalog arrays.
The availability of probe sequences, associated with
custom microarray fabrication services offered by
many companies and cores presents the unequalled
possibility to perform microarray experiments on
most of the sequenced organisms. OligoArrayDb
contains more than 2.8 probes per gene in average
for more than 600 organisms, mostly archaea and
bacteria strains available from public database. On
average, 98% of the annotated genes have at least
one probe which is predicted to be specific to its
intended target in >94% of the cases. OligoArrayDb
is weekly updated as new sequenced genomes
become available. Probe sequences, in addition to
a comprehensive set of annotations can be down-
loaded from this database. OligoArrayDb is publicly
accessible online at http://berry.engin.umich.edu/
oligoarraydb.

INTRODUCTION

Biology’s entry into the genomic era during the past
decade has led to new scientific challenges concerning
not only the characterization of organism’s genomes, but
also their expression levels. Among the various types of
investigations supported by DNA microarray technolo-
gies (1-7), transcriptome analyses are the most popular (8).
One can monitor the expression levels of thousands of
genes in parallel, and for eukaryotes, the expression level
of splicing variants (9). The availability of flexible techni-
ques for oligonucleotide synthesis in situ on microarrays
(10-13) and commercial custom microarray fabrication
service offers the unprecedented possibility to perform
gene-expression studies on organisms not represented on
catalog arrays from major manufacturers. This is the case
for the vast majority of all sequenced bacteria.

The ensuing challenge for researchers is to determine
the oligonucleotide probe sequences to be synthesized or
spotted on the microarray. We and others have developed
software to design probes for transcriptome analysis
(14-21) but probe design can be a cumbersome task for
inexperienced researchers. Probe design is the initial step
in a microarray experiment and its quality will impact the
final results thus many will prefer to use predesigned probe
sets rather than taking the risk of doing a suboptimal
design by themselves.

Several hundreds of organisms from archaea to eukary-
otes have been sequenced so far and their genomes are
available on public databases. If an organism proved to
be of sufficient interest to be sequenced, then there is a
chance that one may want to perform gene-expression
studies on that particular organism. Thus, we have
designed pangenomic oligonucleotide microarray probe
sets for most of the sequenced genomes especially the
ones not covered by commercial catalog arrays, and com-
piled them into a unique database.

Here, we present OligoArrayDb, a database containing
oligonucleotide microarray probe sequences that allows,
in conjunction with custom oligonucleotide microarray
fabrication, to envisage any transcriptome analysis on
sequenced organisms. The database is freely available
online from http://berry.engin.umich.edu/oligoarraydb.

MICROARRAY PROBES DESIGN

Bacterial genomic sequences were obtained from the
Genbank database (22). These sequences include plasmids
when available. For eukaryotes, transcript sequences from
chromosomes and organelle genomes were downloaded
from Genbank (22), ENSEMBL (23) or TIGR-JCVI (24).

The probe design was done using the latest version of
OligoArray (20) (v3.1, Rouillard, J.-M. unpublished data).
Briefly, this program searches for specific probes at the
genomic scale. The probe sequence is compared to all
other expressed sequences from the same organism and
the thermodynamic parameters (free energy and melt-
ing temperature) are computed for all possible hybrid-
izations between the probe and perfect or nonperfect

*To whom correspondence should be addressed. Tel: +1 734 763 4722; Fax: +1 734 763 0459; Email: jmrouill@umich.edu

© 2008 The Author(s)

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/2.0/uk/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



complementary sequences. If all of these values fall below
a predetermined threshold, the probe is considered to be
specific to its target. Probes are also selected to be unable
to fold into stable secondary structures that may interfere
with hybridization. Any probes with low sequence com-
plexity or long stretches of the same base are rejected.

In terms of sensitivity, and specificity, the optimal size
for an oligonucleotide grown directly on a microarray and
used for gene-expression analysis is comprised between
50- and 60-mers (12,25). However, the 10nt closest to
the chip’s surface seem to be not involved in hybridization
due to steric interference (26); therefore, there is no reason
to consider these nucleotides during the design process
and specially during the specificity computation, as long
as the corresponding sequence or any other kind of
spacers with a sufficient length will be inserted between
the target sequence and the chip surface during fabrica-
tion. According to these data, we have chosen to design
probes with a size comprised between 45 and 47nt. By
using a range of length, the program can fit a narrower
melting temperature (77,) range in order to achieve better
hybridization uniformity. The mean GC content was com-
puted for each input sequence and the 5% extreme values
on each side were filtered out. The remaining lower and
higher values were selected to set the GC content range
used during design. These values were also used to deter-
mine the optimal 7y,. This approach allows us to design
probes with consistent thermodynamic properties for all
genes. Since hybridizations are usually carried out at or
below 65°C, we use this temperature as a threshold to start
considering non specific hybridization, but when a genome
is highly GC rich, this value is slightly increased. In some
cases, gene family members are so closely related that
there is no way to discriminate between pairs of them. If
no specific probe is found without cross-hybridization
above the threshold, then all possible nonspecific hybridi-
zations are reported in the output. Messenger RNAs from
cukaryotes are polyadenylated and since this feature is
used to anchor reverse transcription during probe label-
ing, we have limited the search space for probes to the
last 1500 nt of the input sequences for eukaryotes. This
limit is to prevent picking probes in a region that would
eventually not be reverse transcribed in suboptimum
experimental conditions. The input sequence is searched
in a 3’ to 5’ direction to give preference to probe located as
closely as possible to the messenger 3’-end. For archaea
and bacteria where the mRNAs are not polyadenylated,
the reverse transcription is usually primed with short
random primers. This will lead to a better represen-
tation of the 5-end of the mRNAs into the cDNA
population. Thus, the input sequence is searched in a
5" to 3 direction to preferentially pick probes close to
the messengers 5'-end.

Specific probes are ranked according to their position.
For prokaryotes, the probe closest to the RNA 5-end gets
the highest rank, while for eukaryotes, the probe closest to
the polyA tail gets the highest rank. If no specific probe
exists for a given gene, then the probe with the lowest
number of nonspecific targets is ranked first.

The specificity of the probes designed for this database
was assessed as follow. Briefly, probes were designed for
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two different genomes, yeast and a bacteria ensuring
that the probe specificity was computed against both
genomes. Yeast total RNAs were labeled and hybridized to
a microarray containing probes for both of these genomes.
After hybridization, <0.3% of the bacterial probes (18 out
of 6984) showed a signal above twice the background
signal. Experimental details and results are reported on
the OligoArrayDb homepage.

DATABASE CONTENT

In a first run, we have attempted to design up to three
probes per transcript. In order to avoid any overlap
between probes, we have chosen to impose a distance
between probes at least equal to half the length of the
mean probe length (23 nt). This implies that for relatively
short sequences, it is not possible to design more than
one or two probes. At the end, we have an average
number of 2.82 probes per transcript successfully pro-
cessed (n =2051956 transcripts with probe(s) as of 1
September 2008). We have successfully designed at least
one probe for >98% of all transcripts from all organ-
isms processed (98.3%, n = 2087378 transcripts from
639 organisms). More than 94% of all transcripts with
probe(s) have at least one specific probe (94.7%,
n = 1944066 transcripts with specific probes). These per-
centages are 84% and 72% for transcripts with 2 and 3
specific probes, respectively. In the very few cases where
the design failed, it is mostly due to input sequences
shorter than the probe length or to monotonous sequences
containing long stretches of the same nucleotide. Overall,
OligoArrayDb contains 5778 195 microarray probes
representing 2051 956 transcripts from 639 organisms or
strains as of 1 September 2008. This database is regularly
updated as new sequenced genomes are released.

AVAILABILITY

OligoArrayDb is publicly available with no restriction on
its usage. It can be accessed online at http://berry.engin.
umich.edu/oligoarraydb. For local implementation, data
flat files and a building script (postgreSQL) are also avail-
able from the home page.

RETREIVING DATA FROM OLIGOARRAYDB

The home page gives a brief description of the database
purpose, including the current counts on the number of
genomes, transcripts and probes. More importantly, the
home page lists the available genomes, separated in three
columns according to their domain of origin, archaea,
bacteria and eukaryote. Within each domain, strain or
species are alphabetically sorted and linked to a probe
set information page.

The probe set page gives details on the input sequence
source, i.e. a link to the sequence file(s) used as input as
well as relevant data on the sequence composition and
number of transcripts. It also gives a link to the design
parameters used to generate this particular probe set.
Probe set composition is described in words and visually
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Figure 1. Number of transcripts with probes for Aeropyrum pernix KI.
This genome contains 2746 genes. OligoArrayDB contains 2060 genes
with three specific probes (75%, green), 393 genes with two specific
probes (14.3%, yellow), 184 genes with one specific probe (6.7%,
blue) and 39 genes with probes that are not specific (1.4%, red). The
database does not contain any probes for 70 genes (2.5%, black).

represented as a pie chart (see Figure 1 for a typical exam-
ple). Lists of genes lacking probes or specific probes are
also accessible from here. Finally, this page gives a link to
the probe retrieval page.

The probe page offers the possibility to choose between
retrieving the full data set or a customized one. One can
choose between getting all the available probes (2.8 probes
per gene on average; see above) or just one or two probes
per gene. In this case, output probes will be selected
according to their rank (see the probe design section
above), highest rank first. Then one can choose the anno-
tations to retrieve along with the probe sequence. Possible
data are gene name, function, product and locus tag if
available from the input sequence file. The probe size as
well as its position on the input sequence is available.
Position refers to the distance between the 5-end of
the probe and either 5'- or 3’-end (the later being mostly
relevant to eukaryotes) of the target. One can choose also
to report predicted thermodynamic data on hybridiza-
tion of the probe to its intended target (free energy of
hybridization, enthalpy, entropy and melting temperature
of the hybrid). Finally, one can choose to report potential
cross-hybridization targets if existing. From this column,
users can tell whether a probe is specific to its target or
not. The probe sequence comes with different options.
One can choose between getting the probe alone (45- to
47-mer) or get it flanked by up to 15nt either on the 5'- or
3’-end of the probe. The purpose of this sequence is to be
used as a spacer to increase the distance between the
surface and the sequence involved in the hybridization
process. The user can choose ecither the real sequence
contiguous to the probe sequence in the input sequence
or a common artificial sequence like a polyT as recom-
mend by Guo et al. (27). The data will be retrieved as
a <TAB> delimited file ready to import into any text
editing or spreadsheet software.

DISCUSSION

We have mainly focused our database on organism
of medical, agronomical and industrial interest, leaving
aside for now genomes well covered by commercial

arrays, including the human genome. All organisms
present in OligoArrayDb have been of enough interest
to be covered by a sequencing project. But due to limited
market, many of them will never be covered by commer-
cial catalog microarrays. In situ synthesis technologies
using digital photolithography (11,13) or inkjet printing
(12) provide the ultimate flexibility in microarray fabrica-
tion as these processes rely only on probe sequence files.
With OligoArrayDb, we provide probes for most of the
organisms for which the genome sequence is known. The
availability of a full set of probe sequences, associated
with in situ synthesis offers now the unequalled possibility
to perform custom microarray experiments on these
organisms. The current database contains probe sets for
more than 600 organisms as of 1 September 2008 and is
weekly updated as new sequenced genomes are made
available.
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