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ABSTRACT

The European ribosomal RNA database aims to compile all complete or nearly complete ribosomal RNA sequences from both the small (SSU) and large (LSU) ribosomal subunits. All sequences are available in aligned format. Sequence alignment is based on the secondary structure of the molecules, as determined by comparative sequence analysis. Additional information about the sequences, such as taxonomic classi®cation of the organism from which they have been obtained, and literature references are also provided. In order to identify the closest relatives to newly determined sequences, BLAST searches can be performed, after which the best matching sequences are aligned and a phylogenetic tree is inferred. As of 2003, the European ribosomal RNA database is maintained at Ghent University (Belgium). The database can be consulted at http://www.psb.ugent.be/rRNA/.

THE RIBOSOMAL RNA MOLECULES

Like most functional non-coding RNA molecules, rRNA molecules fold into a well-de®ned and evolutionarily conserved secondary structure. The structure of the complete bacterial ribosome, determined by X-ray crystallography, largely con®rms the secondary structure models that were determined by comparative analysis (1,2). In the case of large subunit (LSU) rRNA, the secondary structure consists of one large multi-branched loop from which 10 substructures branch off. These individual substructures are lettered A±J. In the small subunit (SSU) molecule, an RNA pseudoknot forms the center of the molecule. To facilitate the discussion of individual helices or groups of helices we have de®ned four core structures with respect to which insertions and deletions can be observed [START_REF] Wuyts | Distribution of substitution rates and location of insertion sites in the tertiary structure of ribosomal RNA[END_REF]. These core structures are the common core, the Bacterial core, the Archaeal core and the Eukaryotic core. The common core consists of those helices that are found in Bacteria, Archaea and Eukarya, although not necessarily in all organisms of these kingdoms. On the secondary structure models of the molecules these helices have been given separate numbers in the case of SSU or a letter±number combination in the case of LSU. Additional helices that are speci®c to one or two kingdoms are given the suf®x a (for archaeal), b (for bacterial), e (for eukaryotic), ab, ae or be, corresponding to the kingdom(s) in which they are found. These helices are also given a sub-number to differentiate between the many helices that are sometimes inserted at one position in the common core. For example, helix G5/e1 is a eukaryote-speci®c helix that is inserted after helix G5 in the secondary structure model. One more uncertainty remains in this convention: a helix inserted after helix G5 could be inserted directly after the 5¢ strand of helix G5 or directly after the 3¢ strand. To differentiate these two cases the number and sub-number of the helix are separated by a slash (/) in the former case and a backslash (\) in the latter.

Overall, the secondary structure pattern of the rRNA molecules is well determined. However, some of the variable areas or expansion segments (4) show too little sequence conservation to infer a reliable alignment. Consequently, the secondary structure model of these areas is often not well determined. Fortunately, these areas of unknown secondary structure and questionable alignment are mostly restricted to sequences that are present in a limited number of organisms [START_REF] Wuyts | Distribution of substitution rates and location of insertion sites in the tertiary structure of ribosomal RNA[END_REF].

CONTENTS OF THE DATABASE

The European ribosomal RNA database is regularly updated by collecting all SSU and LSU rRNA database entries from the EMBL database (5) and now contains more than 13500/ 1100 prokaryotic (including plastids and mitochondria) and more than 6500/150 eukaryotic sequences for SSU/LSU, respectively. When adding new sequences to the database, the total length of the molecule is estimated by comparing it with the length of the rRNA of a close relative. If the rRNA of the new sequence is >70% of this length, the newly obtained sequence is added to the database. New and updated sequences are automatically aligned to the sequence of its closest relative. Afterwards, the secondary structure of the sequence of a close relative is superimposed on the newly determined sequence and corrected where necessary. Where appropriate, the primary structure alignment is adjusted to comply with the secondary structure.

ACCESSIBILITY

The European ribosomal RNA database was originally founded at the University of Antwerp (Belgium) in 1983 [START_REF] Erdmann | Collection of published 5S and 5.8S ribosomal RNA sequences[END_REF]. From 2003 onwards, the database will be maintained at Ghent University (also in Belgium) and can be accessed at http:// *To whom correspondence should be addressed. Tel: +32 9 264 8756; Fax: +32 9 264 5349; Email: yves.vandepeer@psb.ugent.be www.psb.ugent.be/rRNA/. All sequences in the database are stored in individual text ®les that contain both primary and secondary structure information as well as other information about the sequences such as literature references and taxonomic data. By user request, this format will automatically be translated into a number of other formats. Supported formats are: NBRF/PIR, a modi®ed EMBL-based format, TREECON [START_REF] Van De Peer | TREECON for Windows: a software package for the construction and drawing of evolutionary trees for the Microsoft Windows environment[END_REF], DCSE [START_REF] De Rijk | DCSE, an interactive tool for sequence alignment and secondary structure research[END_REF], aligned FASTA and a printable (interleaved) alignment format. More formats will be added in the near future. To facilitate the retrieval of relevant sequences, three different interfaces are available to browse for sequences. Additionally, a BLAST (9) search can be performed after which matching sequences can be downloaded from the database.

A new service has been implemented for the identi®cation of close relatives of a species for which the rRNA sequence is determined. The analysis of a newly determined sequence proceeds automatically and involves (i) a homology search for similar sequences by BLAST ( 9), (ii) sequence extraction and parsing, (iii) multiple sequence alignment by CLUSTALW ( 10) and (iv) tree construction by neighbor joining [START_REF] Saitou | The neighbor-joining method: a new method for reconstructing phylogenetic trees[END_REF]. In order to gain a signi®cant increase in speed when aligning sequences, ClustalW starts from pre-aligned sequences that were produced by BLAST. Phylogenetic trees and alignments are displayed by the use of two Java applets, namely ATV [START_REF] Zmasek | ATV: display and manipulation of annotated phylogenetic trees[END_REF] and Jalview (http://www2.ebi.ac.uk/~michele/jalview/). An example is shown in Figure 1. This option can be accessed from the main page by clicking `Quick phylogeny' in the index column. Users can also browse the BLAST output in order to detect possible anomalies in the identi®cation process.

Additional information available on the rRNA server includes:

(i) Detailed secondary structure models of prokaryotic, eukaryotic, mitochondrial and plastidial rRNA sequences.

(ii) Secondary structure variability maps of bacterial and eukaryotic rRNA sequences. The variabilities of individual nucleotides are calculated using the substitution rate calibration methods described previously [START_REF] Van De Peer | Reconstructing evolution from eukaryotic small-ribosomal-subunit RNA sequences: calibration of the molecular clock[END_REF][START_REF] Van De Peer | The evolution of stramenopiles and alveolates as derived by `substitution rate calibration' of small ribosomal subunit RNA[END_REF].

(iii) Tertiary structure variability maps of bacterial rRNAs (3).

(iv) Software for sequence alignment (8), phylogenetic tree construction [START_REF] Van De Peer | TREECON for Windows: a software package for the construction and drawing of evolutionary trees for the Microsoft Windows environment[END_REF] and alignment format conversion [START_REF] Raes | ForCon: a software tool for the conversion of sequence alignments[END_REF]. Example of the newly implemented tool to compare newly determined sequences with other sequences available in the rRNA databases. In this case, the LSU rRNA sequence of Arabidopsis thaliana (EMBL acc. no. AC006837) was BLAST-ed to the complete LSU rRNA database. Next, the 24 best scoring sequences were selected and an alignment was constructed and displayed in the Jalview applet (back). From this alignment, a neighbor-joining tree [START_REF] Saitou | The neighbor-joining method: a new method for reconstructing phylogenetic trees[END_REF] was constructed and displayed by the use of the ATV applet [front [START_REF] Zmasek | ATV: display and manipulation of annotated phylogenetic trees[END_REF]].

(v) A database with information on PCR and sequencing primers.

Figure 1 .

 1 Figure1. Example of the newly implemented tool to compare newly determined sequences with other sequences available in the rRNA databases. In this case, the LSU rRNA sequence of Arabidopsis thaliana (EMBL acc. no. AC006837) was BLAST-ed to the complete LSU rRNA database. Next, the 24 best scoring sequences were selected and an alignment was constructed and displayed in the Jalview applet (back). From this alignment, a neighbor-joining tree[START_REF] Saitou | The neighbor-joining method: a new method for reconstructing phylogenetic trees[END_REF] was constructed and displayed by the use of the ATV applet [front[START_REF] Zmasek | ATV: display and manipulation of annotated phylogenetic trees[END_REF]].
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