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With the overwhelming growth of
biological sequence databases comes the
question of how to effectively handle these
amounts of data. Protein sequences constitute
one such data type for which the databases
have grown to an impressive size.
A protein family contains evolutionarily
related sequences. Generally, this is reflected
by sequence similarity. Therefore, one aims
at organizing the set of all protein sequences
into family clusters based on their sequence
similarity.
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Clustering a large set of sequences as
opposed to dealing only with the individual
sequences offers several advantages. A
frequent problem is the identification of
sequences that are similar to a new query
sequence. This task can be executed much
faster when only one comparison to an
entire cluster has to be performed rather
than one comparison per database sequence.
Another important application lies in the
possibility of analyzing evolutionary
relationships among the sequences in a
cluster and the species they come from.
Additionally, a clustered protein sequence
database can be used for selecting candidates
for protein structure analysis.
SYSTERS [1] is a method for grouping
protein sequences hierarchically into
superfamily and family clusters. The
classification is based on an all-against-all
database search using gapped BLAST [4].
The graph-based algorithms take into
account the topology of the sequence space
induced by the data itself.
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We have applied our algorithms to a set of
395,089 non-redundant sequences from the
Swiss-Prot [6], TrEMBL [6], and PIR [8]
databases. The data splits into 64,282
superfamilies, which are further divided into
82,450 family clusters with an overall
number of 55,182 single sequence clusters.
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So far our hierarchy consists of two layers
representing protein superfamilies and
families. For the third layer located at the
domain level we currently rely on the Pfam
domain database [5].
In the SYSTERS web server, information
of the original data set are recorded as well as
cross-references to the databases concerning
protein structure (PDB, IMB), nucleotide
sequence (EMBL), protein function
(ENZYME), and protein domains (PROSITE).

Phylogenetic Tree

The sequences in every family cluster have
been multiply aligned using ClustalW [7],
and for each cluster an unrooted phylogenetic
tree is available. For each family cluster a
MView [3] output is generated, and a
majority consensus sequence is calculated
from the resulting partial multiple alignment.

Partial Multiple Alignment

The SYSTERS consensus sequences and/or
the original sequences build a searchable
database. The result of a BLAST search is
visualised as a sequence alignment.
SYSTERS protein families can be selected
by the sequence accession number of the
original as well as the cross-linked
databases, any keyword, a Pfam domain, or
a taxon (based on the NCBI taxonomy [9]).
The taxonomic selection cannot only be
entered on the species level but also at any
other taxonomic rank.
SYSTERS is integrated into a database
framework of mRNA/EST consensus
sequences, GeneNest [2],
http://genenest.molgen.mpg.de
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and genomic DNA, SpliceNest,
http://splicenest.molgen.mpg.de.

Links from SYSTERS to GeneNest and vice
versa permit an over-all exploration of the
whole sequence space.
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