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Motivation

The advent of next-generation sequencing (NGS) platforms has given an amazing
burst to Metagenomics, a new rampant discipline addressing the analysis of the
genetic complexity of environmental samples, allowing for the first time the
identification and functional characterization of the huge amount of so far unknown
microorganisms which cannot cultured in the lab. Indeed, metagenomic analyses
make now possible the full exploitation of the products of the evolution of life in
different environments and conditions with unprecedented impacts in several
biotechnological and medical areas. However, the large size of NGS data and the
complexity of their analyses involve computational workloads requiring high-
performance computing systems.

Methods

A high-throughput pipeline has been developed to provide high-performance
computing to automate the taxonomic and functional assignments of short reads
obtained by the pyrosequencing technology through extensive similarity searches
against both protein and nucleotide databases. The pipeline is implemented in PHP
and involves three main open source components: NCBI BLAST [1], MySQL [2],
and Apache [3]. The server takes a multi-fasta format as input and performs an
optimized pipeline of customizable BLAST searches on daily updated databases of
microbial and eukaryotic species. The BLAST searches incrementally add data to a
"job directory" that contains all job-relevant data in XML files. PHP scripts parse the
results files, classify hit reads based on a configurable threshold given by the user
(e-value, identity, read overlapping, maximum residual read length) collecting
results into a MySQL database. For what concerns the alignment tasks, the
workflow dispatches several parallelized BLAST searches on different computing
nodes in order to achieve an overall high-performance computing time.

Results
The web server offers a full view of all the analyzed data by querying the results
database through some specific search forms. Specifically, the pipeline is
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structured in three different phases: 1) detection of host reads (this phase is
necessary in the case of metagenomic analyses of clinical samples); 2) detection
of reads unambiguously assignable to known species; 3) assignment of residual
reads to higher taxomic ranks. This latter phase may be accomplished by available
software like MEGAN [4] using as input the BLAST output. The web service
provides: i) an alignment view of each identified read, including the organism
description, taxonomy ID and relative taxonomic tree recognition; ii) a taxonomic
map of the unidentified reads, showing a wide-range taxonomic tree and
highlighting the lowest common ancestor for reads that have been aligned on
multiple organisms; iii) global statistics of species and organisms distribution
among the samples, including the identification of the host reads for samples
extracted from animal environments or tissues.
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