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ABSTRACT
Motivation: Any development of new methods for automatic functional
annotation of proteins according to their sequences requires high-
quality data (as benchmark) as well as tedious preparatory work to
generate sequence parameters required as input data for the machine
learning methods. Different program settings and incompatible proto-
cols make a comparison of the analyzed methods difficult.
Results: The MIPS Bacterial Functional Annotation Benchmark data-
set (MIPS-BFAB) is a new, high-quality resource comprising four bac-
terial genomes manually annotated according to the MIPS functional
catalogue (FunCat). These resources include precalculated sequence
parameters, such as sequence similarity scores, InterPro domain
composition and other parameters that could be used to develop
and benchmark methods for functional annotation of bacterial protein
sequences. These data are provided in XML format and can be used
by scientists who are not necessarily experts in genome annotation.
Availability: BFAB is available at http://mips.gsf.de/proj/bfab
Contact: i.tetko@gsf.de

Numerous genome-sequencing projects have caused a rapid growth
of protein databases. In contrast to the pregenomic era, when the
selection of sequences was highly biased toward known and charac-
terized genes, the systematic exploration of genomes now allows
to assign more and precise functional properties in the majority
of cases. However, a manual annotation of sequences is laborious
and expensive. Thus the development of methods for reliable func-
tional annotation of bacterial genomes is of great importance for the
bioinformatic community.

The annotation of protein sequences is a classification task.
The problem is to build a classifier that can predict the function
of new proteins based on the annotation of previously annotated
sequences. One can always separate three stages: (1) preparation
of the data for analysis using molecular indices, (2) develop-
ment of a classifier and (3) validation (testing) of the developed
model. All three steps are important when considering and com-
paring the performance of different annotation methods. The pre-
diction performance of the annotation depends on a combination
of the first two steps. However, a proper comparison of differ-
ent models also depends on the validation protocol used. The
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use of different protocols or non-comparable statistical paramet-
ers makes a straightforward comparison of different procedures
impossible.

A lot of functional annotation studies in the bioinformatics
field were performed for one organism only using cross-validation
approaches. However, the annotation within one species may not
provide a proper test of the developed scheme. The performance of
the annotation procedures in such analysis is usually limited to the
classification of duplicated paralogous genes, which have similar or
even identical function. At the same time, such methods could not
be appropriate to annotate conserved genes that are not abundant in
the organisms, even if they were conserved across different organ-
isms. Thus, such analysis may provide a biased performance for
the estimation of its prediction ability in cross-genome annotation
settings.

At the same time, the evaluation of annotation across genomes
may also meet some difficulties. Despite the existence of data for a
number of genomes, there is a possibility that annotations performed
by different teams of scientists could be inconsistent. For example,
annotations of Drosophila melanogaster were performed independ-
ently by two groups, both using Gene Ontology (GO) (Mi et al.,
2003). The result for the ontology ‘biological process’ was that only
1156 proteins were annotated consistently by both groups, but the
GO assignments for 4137 proteins were different. If such annota-
tions would be performed for similar but still different genomes, the
observed difference could be interpreted as differences in the pro-
tein functions of both genomes. Thus, the inconsistent annotation
may complicate development and testing of methods for automatic
assignment of protein function.

Recently, we re-annotated four bacterial genomes, Bacil-
lus subtilis, Helicobacter pylori, Listeria innocua and Listeria
monocytogenes (in total, 11 502 sequences), previously annotated
at different times according to the MIPS FunCat (Ruepp et al.,
2004). The FunCat is a well established annotation scheme for
the functional description of proteins from prokaryotes, unicellu-
lar eukaryotes, plants and animals, which has been intensively used
in bioinformatics and machine learning studies (see Cai and Doig,
2004; Clare and King, 2003; Mateos et al., 2002). A detailed com-
parison of the new version of FunCat 2.0, GO and other schemes
was recently published elsewhere (Ruepp et al., 2004). The joint
efforts enabled us to achieve a consistent manual annotation of
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the genomes as it is exemplified in the sample benchmark study
provided at our site that was performed using the sequence similar-
ity scores only. Thus, the annotation of these genomes proved to be
consistent and is therefore perfectly suitable for benchmarking any
functional annotation approach. A use of more sophisticated methods
of data analysis and/or different input data may provide even better
results.

In order to facilitate the development of new annotation schemata
for scientists from other fields of science, particularly the machine
learning specialists, we precalculated most widely used and import-
ant parameters of the gene sequences. The parameters calculated
include pairwise sequence similarity scores, namely BLAST, PSI-
BLAST (Altschul et al., 1997) and FASTA (Pearson, 1996) as well
as InterPro (Mulder et al., 2005) domain composition, similarit-
ies to COGs and SCOP domains, sequence localization (Nakai and
Kanehisa, 1991) and amino acid composition were derived from the
Pedant and SIMAP databases (Mewes et al., 2004).

All these data, as well as functional annotations of sequences are
available for free download at http://mips.gsf.de/proj/bfab. The use
of the same input datasets allows a direct comparison of different
classification approaches. On the other hand, the use of different
input parameters within a method allows to estimate the influence
of molecule representation on the quality of the annotation and to
propose new sets of indices that can be used in the annotation process.
The input parameters are stored in XML. All XML files have the same
structure. The text files can be derived from the XML file using a Perl
script. This facilitates an easy conversion of files to different input
files required by the users.

We invite all users to report their annotation performance for
these data with leave-one-out genome schema, i.e. to predict the
test target genome using the annotation information from the other
genomes. Notice, that L.innocua and L.monocytogenes are very
similar and they should not be used to predict one another. The
schema provides a realistic scenario for the annotation of complete
prokaryotic genomes.

We encourage authors to submit their preprints and upon publica-
tion, links to the published articles with analysis of MIPS-BFAB

dataset to be included on our site for comparison purposes. The
annotation data provide many different ways to estimate the perform-
ance of methods. For example, the performance can be estimated in
terms of specificity, sensitivity, coverage, Receiver Operator Curve
on different levels of annotation, e.g. the most general or the most
fine level. Each measure can be more suitable for one or another pur-
pose. That is why we invite users to submit their prediction results as
a standard XML file with all results and also provide software tools
to evaluate the performance of methods according to their favorite
measure. This makes it possible for new users to compare all results
in terms of their preferred performance measure(s).
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