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ABSTRACT

All the protein sequences from plants (including
Arabidopsis thaliana) available from SwissProt/
TrEMBL have been the subject of an all-by-all sys-
tematic comparison and grouped into clusters of
related proteins. Within each cluster, the sequences
have been submitted to pyramidal classi®cation; in
the case where two or several subfamilies have
been grouped together, the pyramidal tree helps in
®nding which sequences make the links between
subfamilies. In addition, the `domains' that are
common to two or more sequences within a cluster
were determined and displayed aÁ la ProDom. The
resulting graphical representations proved to be
quite ef®cient in pinpointing those protein sequen-
ces suffering from a probable error in the annotation
of their genes. The clusters can be searched
through various criteria and their pyramidal classi-
®cations and their domain representations can
be displayed by querying http://genoplante-info.
infobiogen.fr/phytoprot. The user can also launch a
BLAST search of a query sequence against all the
clusters.

INTRODUCTION

Just as the number of completely sequenced genomes
maintains its exhausting pace of growth, the number of
(mostly putative) protein sequences increases regularly. This
has prompted various projects based on massive all-by-all
sequence comparisons, aimed, for example, at predicting
functions of proteins, delineating characteristic subsequences,
differentiating orthologues from paralogues, building phylo-
genetic reconstructions (1±9). While functional annotation by
homology of protein sequences is certainly ef®cientÐeven if
not error free, such comparisons and clusterings can also help
in pinpointing those conceptual protein sequences that result
from probably erroneous genomic annotations. A former study
based on ~14 000 proteins from plants (10) indeed showed that
artifactual gene fusions or sequencing errors resulting in
frameshifts and premature stop codons could easily be
detected by mere inspection of the ProDom-like (6)

representation of domain arrangements of proteins within
the clusters. We present here an extension of this study, where
the complete proteome of Arabidopsis thaliana and all the
available sequences from other plants have been compared
and grouped into clusters. The resulting database of
clusters, called PHYTOPROT, can be queried at http://
genoplante-info.infobiogen.fr/phytoprot.

CONSTRUCTION OF PHYTOPROT

The protein sequences from A.thaliana were retrieved from
the EMBL proteome site (http://www.ebi.ac.uk/proteome) and
those from other plants from the Swiss-Prot (release 40) and
TrEMBL (release 20) data banks (11). All the entries
annotated as `fragment' were discarded. Indeed, as shown
below, we think that the main interest of PHYTOPROT lies in
its ability to track erroneous genomic annotations. This makes
sense only when full-length proteinsÐhence full-length
genesÐare compared. The resulting 43 754 sequences were
submitted to an all-by-all comparison with the Biofacet
software from Gene-IT (12) on a Sun E10000 computer
with 48 processors, located at Infobiogen (http://www.
infobiogen.fr). All the pairwise comparisons were performed
using the Smith±Waterman algorithm (13) with the Z-value
being used as the index of similarity (14). The reason for this
choice as compared with a more classical BLAST comparison
(15) is 4-fold: (i) the Z-value associated with a pair of
sequences is totally independent of the size of the data bank,
which is not the case for the BLAST E-values; (ii) Z-values
are less dependent on the lengths of the sequences than
alignment scores (14); (iii) as shown by Comet et al. (14)
Z-values >8 most probably point to related sequences, thus
providing a conservative estimation of the cut-off between
`random' and `real' sequences; (iv) local Smith±Waterman
alignments (13) were preferred to global Needleman±Wunsch
alignments (16) because the latter are too often grossly
erroneous when the overall similarity between sequences is
weak, thus missing the biologically signi®cant short segments
of higher similarity. Obviously, however, this is much more
demanding in CPU resources than BLAST comparisons. The
clusters were built from pairs of sequences with Z > 14 using a
locally developed algorithm based on the search of maximal
cliques (17) that prevents the chain effect resulting from
multidomain proteins (a consequence of this algorithm is that
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a given sequence may belong to two or more clusters). This
resulted in 4053 clusters containing from 2 to 1788 proteins
and 5185 singletons. As already noted (18) the largest
cluster(s) are built up mainly by kinases. For each of the
3982 clusters comprising <500 members, the `domains' of
similarity shared by two or more sequences were calculated
and displayed with the program XDOM (19). For each of the
3913 clusters comprising <255 members, a pyramidal classi-
®cation was calculated and displayed. As shown by Aude et al.
(20) the pyramidal representation can prove to be useful in
delineating subfamilies and in pinpointing those sequences
that make the link between subfamilies. The XDOM and
pyramidal representations were not calculated for the largest
clusters for two reasons: (i) the CPU requirements become

prohibitive, and (ii) the graphical representations become so
large that they are of very limited practical use. Finally, the
composition of the clusters, their pyramidal classi®cations and
their decompositions into domains were stored in a relational
database (Oracle).

THE PHYTOPROT WEBSITE

Any protein (or group of proteins) can be searched through its
Swiss-Prot/TrEMBL ID or AC, or through words that appear
in the description line (DE) such as cytochrome P450 or
lactate dehydrogenase. The result of the query consists in the
list of the cluster(s) containing one or more proteins that
matched the query, the size of the cluster(s) and their

Figure 1. Part of the XDOM output for cluster 435 (edited for the purpose of clarity). The cluster was retrieved by using the word `leucyl' as query. The top
six proteins are aminoacyl-tRNA synthetases belonging to the class-I subfamily, namely leucyl-, isoleucyl- and valyl-tRNA synthetases. In the same cluster
are found much shorter proteins such as dehydroascorbate reductases and glutathione S-transferases, which is surprising. Examination of the drawing shows
that protein Q9LFE6 (arrow) is responsible for this grouping: it possesses one domain shared by the ®ve other tRNA synthetases, and other domains shared
by the shorter proteins. In this particular case, it is highly probable that the `gene' corresponding to Q9LFE6 results in fact from an arti®cial and erroneous
fusion between one gene encoding a dehydroascorbate reductase and one gene encoding an aminoacyl-tRNA synthetase. It is clear also that some predicted
genes encoding certain putative dehydroascorbate reductases (Q9LN37, Q9LN39, etc.) are worth re-examination.
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identi®ers. This ®rst step prevents the involuntary display of
the largest clusters. The content of one particular cluster is
then displayed by selecting its identi®er [an alternative way to
obtain the content of one cluster (or family) is to enter its
number directly in the query form]. All the proteins belonging
to the selected cluster are displayed with their ID/AC, the
description and keyword lines in their entry and the organism
they come from. Any Swiss-Prot/TrEMBL entry can be
retrieved through a wgetz (SRS) call by selecting its AC. Two
buttons are of particular interest here: `View Pyramid' and
`View XDOM'. The ®rst enables the display of the pyramidal
classi®cation of the proteins within the cluster while the
second gives access to the graphical representation of the
domain arrangements in the family. An example of an XDOM
display is depicted in Figure 1, which shows how some
probably erroneous genomic annotations can be easily
detected. Finally, the PHYTOPROT interface allows the
launch of a BLAST search of a query sequence against all
those in the database. Upon completion, the program will
return the cluster(s) where one or more hits were observed
(E-value < 10±6), the sequence alignments and the pyramidal
classi®cation of the cluster(s) to which the query sequence was
added (due to CPU constraints, the pyramidal classi®cation is
recalculated only for those clusters containing <250 proteins).

UPDATES OF PHYTOPROT

Before the end of 2003 a new set of comparisons will be added
to PHYTOPROT. It will consist of the A.thaliana proteome
(released by the TIGR Institute in July 2002) compared
against itself, which should be useful for the study of the
numerous multigenic families in this plant. Another all-by-all
comparison of all the proteins from plants, comprising the
A.thaliana proteome and more than 32 000 sequences from
other plants is well under way.
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