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ABSTRACT

The SYSTERS (short for SYSTEmatic Re-Searching)
protein sequence cluster set consists of the classifi-
cation of all sequences from SWISS-PROT and PIR
into disjoint protein family clusters and hierarchically
into superfamily and subfamily clusters. The cluster
set can be searched with a sequence using the
SSMAL search tool or a traditional database search
tool like BLAST or FASTA. Additionally a multiple
alignment is generated for each cluster and annotated
with domain information from the Pfam database of
protein domain families. A taxonomic overview of the
organisms covered by a cluster is given based on the
NCBI taxonomy. The cluster set is available for
querying and browsing at http://www.dkfz-heidelberg.
de/tbi/services/cluster/systersform

INTRODUCTION

The increasing size of protein sequence databases makes
grouping of the sequences into families useful for studying an
understanding their functionality. For example, searching

sequence database with a query sequence looking for hom
logues has become a routine operation in molecular biologf‘.

using gapped BLAST down to a weak E-value of 0.05. Since
database searches behave asymmetrically (the score and E-value
of sequence A finding sequence B in the database and those of
sequence B finding sequence A can differ significantly), the
results of the database searches are not directly used for the
clustering step, but taken as a hint for potential similarity of the
sequences. For each entry in the resulting list of potential database
hits a pairwise local alignment of the current query sequence
and the database hit is re-computed using LALIGN (6). On the
basis of the resulting symmetric score an E-value for each pair
of sequences is re-calculated, employing the corresponding
routines implemented in BLAST (7).

Based on these E-values a single-linkage clustering (8) of the
whole data set is done at a conservative cutoff E-value of,
e.g., 1040 Depending on the connectivity within the resulting
clusters, the clusters themselves are classified as perfect (each
sequence identifies every other sequence of the cluster in a
database search at this cutoff), nested (at least one sequence
detects all others) or overlapping (no sequence identifies all
other sequences in the cluster when used as a query).

Since a static cutoff E-value allows only a restricted view of

gﬁe layer of the protein space, we constructed for the new

YSTERS release a hierarchical view to generate a further
GJassification of the clusters into superfamilies and of the
equences within a cluster into subclusters.

The usual strategy is to perform a database search with BLAST N the resulting SYSTERS tree, theoretically the leaves

(1,2) or FASTA (3), the result of which is a list of Sequencescorrespond to single-sequence clusters, while the cluster
from the database, ordered according to the similarity to théPcated at the root of the tree includes the whole sequence
query sequence. While hits of high significance usually corresporigP@ce. In reality the whole data set splits into several trees,
to correctly determined, related proteins, it is well known thatVhile the leaves of these trees sometimes contain a small
many related sequences are statistically indistinguishable froffimber of nearly identical sequences.

unrelated sequences. Stepping down in the hierarchy from a static cluster usually

An alternative approach is to preprocess the protein databa8glits off one sequence after another, but does not lead to a
into clusters of homologous sequences, and to use the informatigteaningful partitioning into subfamilies. For this purpose we
derived from all the sequences for further analysis. used a variation of a method presented by Haefiad. (9). The

Such a clustering can help in compressing the outpugraph built by the sequences in a cluster and the pairwise E-values
produced by database search programs, can aid in the autom&hnecting these sequences is iteratively split into subclusters
derivation of multiple alignments and profiles, and can providedt & minimal cut (10,11) site until a disjoint set of highly
data for evolutionary analysis. connected (non-single-sequence) subclusters is reached.

The determination of superfamilies is based solely on the
branching structure of the SYSTERS tree. Close neighboring
CLASSIFICATION clusters in the tree are collected together to build a super-
The classification of the sequences of a protein sequence databé@ily. We have observed that in most cases our automatic
into the SYSTERS (4,5) cluster set is mainly based on a tradsuperfamily annotation corresponds surprisingly well to what
tional database search tool and done in two steps, a similarigne would define as a superfamily by hand.
searching step and a clustering step. First, each sequence in th&ince the clustering step and the construction of the
database is searched against the whole sequence datab83&STERS tree are based on symmetric database search results,
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Nucleotide Cluster Size
Keywords

Organism

Accession Number
Identifier

Cluster List

Y
Database search result: Cluster 097 contains 17 sequences:
Cluster| E-value |[Description Most commonly used SWISS-PROT Keywords:
SIGNAL IMMUNOGLOBULIN FOLD GLYCOPROTEIN
interleukin-1 receptor precursor Function suggested by EUCLID:
097 3.3e-76 {interleukin-1 receptor I precursor L Transport and binding proteins
interleukin-1 receptor type I precursor PIR superfamilies:
interleukin-1 receptor type I
conserved hypothetical protein MTH1814
P4381 0.013 coxL 3'-region hypothetical protein (sequences) (taxopomy) (superfamily) (set-membership matrix) (alignment)
hypothetical protein Rv2426c (mview) (consepéus) (tree) domams) {related single sequence clusters)
NAD-DEPENDENT METHANOL DEHYDROGENASE (MEDH) 2 Subfamili,
0254 0.022 |HYPOTHETICAL OXIDOREDUCTASE IN METC-SUFI INTERGENIC REGION
SUCCINATE-SEMIALDEHYDE DEHYDROGENASE (NAD(P)+) Acc  [jdent oB [Lapq Organism \ [Description
Subfdmily 1: mvie
30444 PIR/[328 Homo sapiehs ST2 protein
Tree for SYSTERS Cluster 097: $29498 PIR |567 Mus musculls ST2L protein
. 233541 BAR [337] Mus musculds ST2 protein precursor
* Amniota (32524, subtree) 542632 IR [336] Rattus norvegicus [Fit-1S protein precursor
o sauropsida (8457, subtree) 542633 PIR [247| Rattus norvégicus [Fit-1M protein
+ Sauria (32561, subtree) 001638} ST2_HUI SPR [328] HOMO SAPIEN. ST2 PROTEIN PRECURSOR
+ class: Archosauria (8492, subtree) P14719} ST2_MOUSE |SER |337| MUS MUSCULU: ST2 PROTEIN PRECURSOR (T1 PROTEIN}
+ class: Aves (8782, subtree)
+ superorder: Neognathae (8825, subtree) Subfamily 2: pview \
+ order: Galliformes (8976, subtree)
+ family: Phasianidae (9005, subtree) A32604 PIR |576] Mus musculus interleukin-1 receptor precursor
+ subfamily: Phasianinae (9072, subtree) JQ1526 PIR [555 Gallus gallus interleukin-1 receptor I precursor
+ genus: Gallus (9030, subtree) A36187 PIR [569| Homo sapiens interleukin-1 receptor type I precursor
X + species: Gallus gallus (9031, subtree) 151903 PIR [169] Rattus sp. type I interleukin-1 receptor
o class: Mammalia (40674, subtree) 156526 PIR [590| Rattus norvegilus [interleukin 1 receptor type I
+ Theria (32525, subtree) G02426 PIR [562| Homo sapiens interleukin-1 receptor-related protein
+ Eutheria (9347, subtree) a5753 PIR |570| Mus musculus interleukin 1 receptor accessory protein
+ order: Primates (9443, subtree) P14774| IL1R_HUMAN [SPR [569| HOMO SAPIENS INTERLEUKIN-1 RECEPTOR, TYPE I PRECURSOR
+ suborder: Catarrhini (9526, subtree) P13564| TL1R MOUSE |SPR [576| MUS MUSCULUS INTERLEUKIN-1 RECEPTOR, TYPE I PRECURSOR
+ family: Hominidae (9604, subtree) Q02§55 ILIR_RAT [SPR [576] RATTUS NORVEGICYS |INTERLEUKIN-1 RECEPTOR, TYPE I PRECURSOR
+ genus: Homo (9605, subtree) ~
+ species: Homo sapiens (9606, subtree)
+ order: Rodentia (9989, subtree)
+ suborder: Sciurognathi (33553, subtree)
+ family: Muridae (10066, subtree)
+ subfamily: Murinae (39107, subtree)
+ genus: Mus (10088, subtree)
+ species: Mus musculus (10090, subtree)
+ genus: Rattus (10114, subtree)
+ species: Rattus norvegicus (10116, subtree) PROSITE
+ species: Rattus sp. (10118, subtree N
2 = : Domains/ ENZYME
Cluster SWISS-PROT PDB
The Superfamily of Cluster 097 contains 5 Clusters: List —> PIR EMBL
Cluster [size [Description
510839 1 [B1SR protein
513456 1 [B17R protein
INTERLEUKIN-1 BINDING PROTEIN PRECURSOR
P5056 5 |INTERLEUKIN-1 BINDING PROTEIN PRECURSOR
INTERLEUKIN-1 BINDING PROTEIN PRECURSOR LMIVRCPRQGKPSYW‘DMYSQMSIMQERNRVFASGQLLKPLPAEVADSGHTCIVRS
B DI
interleukin-1 receptor type 2 LB\IEALIVRCPQRGGAINPVENYYSNTNERIP'I‘QKRNRIFVSRDRLKFLPAKVEDSGIYTCVIRS
P8250 5 linterleukin-1 receptor t
INTERLEUKIN-1 RECEPTOR, 'I'YPE n PRECURSOR - LB\IEALIVRCPRQGKPSYTVDWYYSQTNKSIP’“QERNRVFAQGQLLKFLPAEVADSGIY&CIVRS
List of pon ISR
interleukin-1 receptor precursor LEI»IEALIVRCPQRGRSTYPVEWYYSD’!NESIPTQKRNRIFVERDRLKFLPAR\/EDSGIYACVIRS
097 17 Jinterleukin-1 receptor I precursor Pfam
linterleukin-1 receptor type I precursor Domains LENEALIVRCPQRGRSTYPVEWYYSDTNESIPTQKRNRIFVSRDRLKFLPARVEDSGIYACVIRS
ig

Figure 1. Overview of the SYSTERS Web server. As an example, the cluster set aahed with a query sequence (top left). A more detailed insight o t
overlapping cluster O97 containing 17 sequences sorted into two subfamilies is given (ngddleAdditionally, the taxonomic overview of the ganisms
covered by the cluster (middle left), the list of clusters contained in the correspongiedamily (bottom left), and the domain composition of tfequences in
the cluster (bottom right) is shown.

the insertion of a new or updated sequence can be done inicluded to the cluster set when completed. As a feature of the
consistent way using the same methods described above. new SYSTERS release every single-sequence cluster is, if
possible, linked to at least one other cluster based on percent
sequence identity and overlap length, but independently of the
UNDERLYING DATA E-value, to give a hint on potential relationships to other clusters.
The data set underlying the current SYSTERS release contains
all sequences from the SWISS-PROT (12) and PIR (13) databa%B SERVER
satisfying a minimal sequence Iength of 10 amino acids for a
complete sequence, resp. 50 amino acids for a sequence annotalted cluster set is available for querying and browsing at http://
as fragmental. www.dkfz-heidelberg.de/thi/services/cluster/systersform
Typically, single domain proteins form perfect clusters, Clusters can be selected by cluster number, cluster size,
while multi-domain proteins containing, e.g., an ATP bindingorganism, accession number [SWISS-PROT, PIR, PDB (14),
site, can be found in overlapping clusters. ENZYME (15), PROSITE (16) or EMBL (17)], identifier
Sequences annotated as fragmental mostly end up in singléSWISS-PROT or PIR), or by searching the sequence annotations
sequence and overlapping clusters and can be successfulty keywords.
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The sequences in every cluster have been multiply alignekierarchical structure of the clustering. This will in the future
using Clustalw 1.7 (18) and the alignments are collectedllow to navigate through a large tree of protein sequences
together. A new sequence can be searched against this dathere the current version of SYSTERS is just one level.

using the similarity searching tool SSMAL (Shuffling Similarities
with Multiple Alignments) (19) which uses features of the
BLAST algorithm for scanning a database of multiple alignments.
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clusters can be selected directly from the list of all Pfam
domains.

Additionally the clusters are linked to an unrooted tree
computed with neighbor-joining (21), a set-membership 1.
matrix containing information about the density of the cluster,
and the sequences in Fasta format.

New features of the SYSTERS web server include the taxonomic;
overview of the organisms covered by a cluster based on the
NCBI taxonomy (22) and the annotation of a cluster with a 4.
function suggested by EUCLID (23), if possible. S.

Additionally, for each cluster and subcluster an MView (24)
output is now generated and of the resulting partial multiple
alignment a majority consensus sequence is calculated. Allg,
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