METAFUNCTIONS:
Environmental- and meta-genomics –
a bioinformatics system to detect and assign
functions to habitat-specific gene patterns

Turning Data into Knowledge
Scientists are becoming increasingly interested in environmental
genomes and metagenomes –
the collection of genes from all
microorganisms living in a particular environment.
The METAFUNCTIONS project,
fun-ded within the European Com
mission’s FP6 NEST Adventure
programme, has pooled expertise in bioinformatics, computer
science, geographical information systems and marine sciences
and has developed a data-mining
system that correlates genetic
patterns in marine genomes and
metagenomes with contextual
environmental data.
This innovative system provides
scientists with hints towards the
functions of hypothetical genes.
Such insight provides a wealth of
information pertaining to niche
adaptations, as well as substances with potential medical and
industrial use.

Recent large scale sequencing projects
have provided a wealth of genome and
metagenome data – however, the tools
to analyse them are seriously lacking.
Consequently, METAFUNCTIONS has
developed a novel integrative database
and data-mining system to identify relationships between sequenced genes and
their ecological context.
This system helps to determine the functions of genes that could not be predicted
using classical annotation technology.
Currently, the project database, “Meta
Storage,” hosts three types of data:
u contextual data from the scientific
literature extracted via the Poseidon
pipeline

u genome and metagenome sequen-
ces of marine microorganisms
u global data layers from marine re-
mote sensing observations and profile
data.
Visualisation and access to the data is
provided by the Genomes Mapserver.
The project partner, Poznan University
of Technology (PUT), has developed
an innovative and unique text mining
pipeline called Poseidon. Thousands
of accessible scientific publications are
regularly screened for relevant information. The analysis includes text classification and information retrieval and
extraction. A variety of natural language processing algorithms are applied

www.megx.net/gms

Background layer: Full screenshot of Genomes Mapserver version 3.0 with new features
accessible via the tabs along the top, and navigational tools (right), including available
“Geophysical and Biological” data layers; the layer displayed represents a map of average
surface chlorophyll measurements in June from 1997 – 2006 [mg/m3]. Red dots indicate
genomic sampling sites. The following data layers are based on WOA long term averages:
Middle layer: Phosphate concentrations in June at 100 m depth [µmol/l].
Top layer: Percent oxygen saturation concentrations in June at 100 m depth [ml/l].

to extract relevant
information from texts
to collate and store
marine metagenomics
data in the MetaSto
rage database.
In detail, the Poseidon
system consists of several modules combined into one processing pipeline:

Data acquisition is the main goal of the Poseidon
system developed within the MetaFunctions project
by Poznan University of Technology. Poseidon consists of various modules which retrieve and extract
information and automatically feed it into the project
database, MetaStorage. The final decision of whe
ther to add new information to this database is left
to the curator.
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1) Hermes and Augeas
for automated updating of the system with
new papers published
in selected scientific
journals available
through the Internet.

2) Cerberus to classify
which of the articles
likely contain information about “marine
metagenomes”. This provides a significant
reduction in the number of papers that requires time-consuming manual information
retrieval.

3) Whatizit for the analysis of “regular expressions” within scientific texts, an
adapted version of a tool which was originally developed by EBI, the European Bioin
formatics Institute.
4) Trident for information extraction and pre
sentation of the processed papers to the
curator for further analysis and final acceptance. The curator module is designed as a
user friendly and intuitive web interface guid-

ing the curator through all the steps of text
analysis to ease the extraction process.
The Technology Transfer Centre Bremerhaven
(ttz) developed “MetaMine,” an interactive
data mining tool enabling the detection of
gene patterns in an environmental context.
Based on prior biological knowledge, the
user selects a so-called key gene of interest, which is used as a seed to search for
gene patterns in genomic and metagenomic
sequences. A gene pattern is a set of neighbouring genes which occur frequently in different genomes and share similar functions.
Using a selected key gene, the gene pattern
search starts with a BLAST search against
marine genomic and metagenomic sequen
ces from the MetaStorage database. Next, all
neighbouring genes within a given distance
are found, and functionally equivalent genes
are searched for. In the final step, a set of
common genes frequently present in distinct
genomes is determined. The discovered gene
patterns are associated with their individual
pattern instances, which describe gene order
and direction, and are presented with information on the sample and habitat from which
the genes were obtained.
MetaMine is provided as a clientserver application with an intuitive graphical user interface, which allows a quick overview of the
computed gene patterns for further inspection in an ecological context. Prevailing biological processes associated with a selected
key gene can be used to infer new annotations and shape hypotheses to guide further
analyses. The system has been evaluated
with environmentally relevant genes related
to the methane cycle and carbon monoxide
oxidation.
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MetaMine screenshot of the pattern panel for genes potentially related to the key gene in coding for methyl coenzyme reductase, mcr

