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ABSTRACT

Ribosomal RNA-(rRNA)-targeted oligonucleotide
probes are widely used for culture-independent
identification of microorganisms in environmental
and clinical samples. ProbeBase is a comprehensive
database containing more than 700 published rRNA-
targeted oligonucleotide probe sequences (status
August 2002) with supporting bibliographic and
biological annotation that can be accessed through
the internet at http://www.probebase.net. Each oli-
gonucleotide probe entry contains information on
target organisms, target molecule (small- or large-
subunit rBRNA) and position, G + C content, pre-
dicted melting temperature, molecular weight,
necessity of competitor probes, and the reference
that originally described the oligonucleotide probe,
including a link to the respective abstract at PubMed.
In addition, probes successfully used for fluores-
cence in situ hybridization (FISH) are highlighted
and the recommended hybridization conditions are
listed. ProbeBase also offers difference alignments
for 16S rRNA-targeted probes by using the probe
match tool of the ARB software and the latest small-
subunit rRNA ARB database (release June 2002). The
option to directly submit probe sequences to
the probe match tool of the Ribosomal Database
Project Il (RDP-Il) further allows one to extract
supplementary information on probe specificities.
The two main features of probeBase, ‘search
probeBase’ and ‘find probe set’, help researchers
to find suitable, published oligonucleotide probes
for microorganisms of interest or for rRNA gene
sequences submitted by the user. Furthermore, the
‘search target site’ option provides guidance for the
development of new FISH probes.

INTRODUCTION

Comparative sequence analysis of ribosomal RNA (rRNA)
gene sequences has become the gold standard to infer
prokaryotic phylogeny and is widely used in microbial

ecology. For example, the application of rRNA-targeted
oligonucleotide probes in different hybridization formats such
as dot blot (1) and fluorescence in sifu hybridization (FISH)
(2) allows one to identify uncultured prokaryotes and to
quantitatively determine the composition of complex microbial
communities (3). Several recent studies also demonstrated the
applicability of FISH to routine diagnostic purposes in the
clinical laboratory (4—6). In addition, a suite of new techniques
circling around rRNA-targeted probes has been developed.
rRNA-based phylogenetic DNA microarrays (so-called
‘PhyloChips’) (7-11) consisting of collections of oligonucleo-
tide probes that detect the target microorganisms at multiple
taxonomic levels of specificity are now increasingly being
developed and applied for diagnostics and environmental
microbiology. Furthermore, the combination of FISH and
microautoradiography can be used to determine the ecophy-
siology of microorganisms by visualizing in situ uptake and
subsequent incorporation of a radioactively labelled substrate
into individual microbial cells (12). As a consequence of the
apparent increase in interest in rRNA-targeted oligonucleotide
probes during the past years, several hundred ready-to-use
domain-, phylum-, genus-, and species-specific probes are
already available. However, an overview over published probe
sequences can only be obtained by a time-consuming, tedious
literature search. Additionally, one has to keep in mind that
with the increasing amounts of rRNA sequence data stored in
public databases (13,14) (Strunk,O. and Ludwig,W., 1993—
2002, ARB—a software environment for sequence data, http:/
www.arb-home.de) the recognized specificity range for a probe
might change. Thus, prior to the application of a rRNA-
targeted oligonucleotide probe, researchers are obliged to
ascertain that the specificity proposed for this probe in the
original publication is still valid. Probe match tools as
implemented in the ARB program package (Strunk,O. and
Ludwig,W., 1993-2002, ARB—a software environment for
sequence data, http://www.arb-home.de) or provided by the
Ribosomal Database Project II (RDP-II) (13) offer an option to
check for up-to-date specificity of a probe when used in
combination with the latest rRNA databases. The pronounced
interest of the scientific community in rRNA-targeted oligo-
nucleotide probes is documented by the average 742 user
sessions (347 different users) per month recorded for the
probe match tool of RDP-II in 2001, making this tool one of
the most frequently used software features of the RDP-II
website (James R. Cole, personal communication). While
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oligonucleotide databases for, for example, viral (VirOligo)
(15) or human genes (Molecular Probe Data Base) (16) are
available, an up-to-date resource for rRNA-targeted oligonu-
cleotide probe sequences for the identification of prokaryotes
is currently lacking. In 1996, Alm and coworkers compiled the
Oligonucleotide Probe Database (OPD) that listed 96 PCR
primers and probes mainly targeting small-subunit (SSU) and
large-subunit (LSU) rRNA (17). However, OPD has not been
updated since 1997 and is now no longer available through the
internet. ProbeBase closes this gap by providing a user-friendly
web-interface to search for published oligonucleotide probe
sequences and annotated information. Using probeBase, it is
possible to search for suitable probes by submitting the name
of a target organism or by indicating a certain probe target site.
In addition, the ‘find probe set’ tool can be used to rapidly
retrieve all published probes perfectly matching rRNA gene
query sequences.

ORGANIZATION OF probeBase

A schematic overview of the structure and organization of
probeBase is shown in Figure 1. ProbeBase currently comprises
more than 700 published rRNA-targeted oligonucleotide
probes (status August 2002). Each probe entry contains
information on the probe sequence, target organisms, target
molecule (SSU or LSU rRNA), target site, G + C content,
melting temperature, molecular weight, and the reference that
originally described the oligonucleotide probe. In order to
facilitate database searches, each probe entry includes addi-
tional hidden information on the taxonomic context of the
probe target organisms. If a probe has been successfully
applied for FISH, the probe name is highlighted, and the
recommended formamide concentration in the hybridization
buffer required for specific hybridization is provided. For each
probe, probeBase offers direct links to the probe match tool at
the RDP-II web site and to the respective reference abstract at
PubMed (18). Difference alignments for SSU rRNA-targeted
probes are available that were generated using the probe match
tool of the ARB software and the ARB database (release June
2002) (Strunk,O. and Ludwig,W., 1993-2002, ARB—a software
environment for sequence data, http://www.arb-home.de).
Probe entries can also contain supplementary information,
such as remarks on the application of the probe or the sequence
of a possible competitor probe that has to be used together with
the probe to ensure its specificity. In addition, probeBase
offers a comprehensive and interactive list ‘Coverage of
group-specific probes’ [modified from (19)] showing the
coverage of the main prokaryotic lines of descent by general
group-specific probes.

Search probeBase

ProbeBase can either be searched for probe target organisms,
for probe names, or for probe target sites. If probeBase is
searched for oligonucleotide probes specific for certain target
organisms, it returns a list of all oligonucleotide probes specific
for the searched target organisms as well as probes targeting
higher taxonomic levels. This list of probes supports resear-
chers in the choice of an appropriate set of nested probes
according to the ‘multiple probe concept’ (20). This approach
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Figure 1. Concept and structure of probeBase.

Probe sequence
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takes advantage of the option to design and apply rRNA-
targeted probes for phylogenetic groups at different taxonomic
levels (e.g. phylum-, order-, family-, genus-, or species-specific
probes). The simultaneous application of a set of hierarchical
probes enhances the reliability of the detection of a particular
microorganism.

The option to search for a given probe target site assists in the
development of new oligonucleotide probes for FISH
by providing information on whether a searched target site
has previously been found accessible for oligonucleotide
probes in other microorganisms. Studies by Fuchs and
coworkers have demonstrated that some regions on the 16S
and 23S rRNA of Escherichia coli are virtually inaccessible for
oligonucleotide probes if used for FISH (21,22). Un-
fortunately, these results can only be extrapolated to distantly
related microorganisms within certain limits. However, if
different probes targeting microorganisms affiliated with
different evolutionary lineages but sharing the same target site
on the respective TRNA molecule have been successfully
applied for FISH, it is very likely that the respective target site
is generally accessible for oligonucleotide probes.

Find probe set

The “find probe set’ tool of probeBase can be used to rapidly
retrieve all published probes targeting one or several query
rRNA gene sequences without prior comparative sequence
analysis. A set of up to 150 sequences, provided by the
researcher as TRNA or DNA sense strand sequence in 53’
orientation (FastA format) can be searched simultaneously for
the presence of the perfect match target sites of all probes
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deposited at probeBase. The output is a table sequentially
listing (i) each single query sequence with all perfectly
matching probes found in probeBase and (ii) each possible
probe with all perfectly matching query sequences. Using this
probeBase feature researchers will, for example, easily be able
to determine a set of already published probes that target
the microbial sequences in a certain environmental rRNA gene
clone library. This probe set might then be used in subsequent
hybridization experiments to confirm the presence of the
organisms detected in the rRNA gene clone library in situ and
to gain insight into the actual abundance of these microorgan-
isms in the investigated environment.

AVAILABILITY

ProbeBase is maintained and updated by the Microbial Ecology
Group staff at the Lehrstuhl fiir Mikrobiologie of the Technische
Universitit Miinchen, Bavaria, Germany. Free access to
probeBase is provided via the world wide web at http:/
www.probebase.net. Researchers are kindly invited and encour-
aged to deposit their newly designed probe sequences and
supplementary information at probeBase. Submission might
either be performed through the probe submission form ‘submit
a probe’ accessible at the main page or by Email. For queries
concerning probeBase and for alternative probe submission
contact probebase@microbial-ecology.net.

CITING probeBase

If you use probeBase as a tool in your published research or if
you have deposited your newly designed rRNA-targeted
oligonucleotide probes at probeBase, we ask that this paper
be cited.
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