. Here, we describe DOMO, a new database containing 8877 multiple sequence alignments, including 99 058 protein domains as well as repeating-sequence regions extracted from 83 054 non-redundant amino acid sequences from the SWISS-PROT 7 and PIR 8 databases. The domain boundaries and alignments were generated by a fully automated analysis process that involves the detection and clustering of amino acid sequence similarities and, subsequently, delineation of the domain boundaries and multiple sequence alignment of related protein segments 9,10 . The domain boundaries were not inferred from three-dimensional data. Instead, the relative positions of homologous segment pairs within the same protein (for repeats) or within homologous proteins with regard to each protein's N-or C-terminus were used to define the domain boundaries. The completeness and accuracy of the protein classifications, the correctness of the domain boundaries, and the quality of the multiple sequence alignments are greatly improved in DOMO, in comparison to other databases 9,10 .

The database format

Each entry in the database corresponds to one family of homologous domains. Fields provide information about related proteins, functions of members of each family, decomposition of each protein into constituent domains, multiple sequence alignment, conserved residues and phylogenetic tree. The multiple alignment shown in Fig. 1 includes 16 apple domains from four homologous serine proteases (four apple domains are present in each protein). It should be noted that the aligned fragments were delineated automatically and spliced from the complete sequences before multiple alignment.

Accessing DOMO through the World Wide Web

DOMO can be accessed through the sequence retrieval system SRS 11 at http://www.infobiogen.fr/services/domo/ which provides a form-based query manager allowing retrieval of famillial domain alignments by identifiers, sequence accession numbers, or keywords. Furthermore, the query results can be linked to other sequence databases to collect additional information on the relevant proteins. Domain families can also be translated to the standard MSF or FASTA formats so that they can be processed by other sequence-analysis tools. If the three-dimensional structure of a domain is known, DOMO provides direct links to the corresponding atomic coordinates, RASMOL display 12 , and complementary structural databases. If the domain structure is not known, the entry points to a composite prediction obtained by different techniques such as PREDATOR 13 , SIMPA96 14 , DSC 15 , MAP123D 16 , COILS 17 , or TMAP 18 . Moreover, a fast search for homologous domains can be performed using BLAST2 19 , as can multiple sequence alignment using Clustal W 20 . The SRS steps in such an analysis are described below.

(1) From the SRS 'Select Libraries' page, select SWISSPROT or any other protein sequence database (but not DOMO).

(2) From the 'Query Form' page, formulate a sequence query.

(3) From the 'Query Result' page, launch BLAST2. (4) From the 'BLAST2 options' page, select DOMO as the searched databank (and edit the sequence in query box if desired).

(5) From the 'BLAST2 Query Result' page, push the 'selected' button, select some hits, and launch Clustal W. (6) From the 'Clustal W options' page, push the 'Align the selected hits with the query' button if desired. (7) If the protein has multiple domains, return to 'BLAST2 Query Result' page, and reiterate steps ( 5) and ( 6) with hits from not already aligned DOMO families.

Concluding remarks

The DOMO sequence-analysis environment (domain database, query manager, homology search and multiple-sequence-alignment tools) provides a simple tool for determining domain arrangements, evolutionary relationships, and key amino acid residues in a query protein sequence.

Figure 1

Example of a DOMO database entry : the apple domain. The consensus sequence generated shows residues as lowercase characters if the conservation level is above 85% and below 100%, and as uppercase characters if the position is absolutely conserved. Physico-chemical properties are also shown (e.g. positions that are mainly hydrophobic or hydrophilic residues are indicated by the signs = and #, respectively). 

]-------------------------------------------------------------------------390 al P26262 4 385 TKINAR]-------------------------------------------------------------------------390 al P03952 4 385 TKTSTRI]------------------------------------------------------------------------391 al P03951 4 382 TKIKPRI]------------------------------------------------------------------------388 al P03952 2 203 MNIFQHLAFS DVD]------------------------------------------------------------------215 al P14272 2 203 MDIFQHFAFA DLN]------------------------------------------------------------------215 al P26262 2 203 MDIFQHSAFA DLN]------------------------------------------------------------------215 al P03951 2 202 RDIFPNTVFA DSN]------------------------------------------------------------------214 al P03951 1 112 KDIYVDLDMK GIN]------------------------------------------------------------------124 al P26262
1 113 RDIYKGLDMR GSN]------------------------------------------------------------------125 al P14272

1 113 QDIYEGLDMR GSN]------------------------------------------------------------------125 al P03952

1 113 RDIYKGVDMR GVN]------------------------------------------------------------------125 al P03951

3 293 SSFYHDTDFL GEE]------------------------------------------------------------------305 al P03952

3 294 SKIYPGVDFG GEE]------------------------------------------------------------------306 al P26262

3 294 SKIYSGVDFE GEE]------------------------------------------------------------------306 al P14272

3 294 FKIYSGVAFE GEE]------------------------------------------------------------------306 co 81 ##i@##=.f. #.# 93