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Abstract:
The advancements of proteomics technologies have
led to a rapid increase in the number, size and rate
at which datasets are generated. Managing and
extracting valuable information from such datasets
requires the use of data management platforms and
computational approaches.
We have developed the MAss SPECTRometry
Analysis System (MASPECTRAS) [1], a platform for
management and analysis of proteomics LC-MS/MS
data. It is a web-based database application fulfilling
the Minimum Information About a Proteomics
Experiment (MIAPE) standard [2]. The platform is
scalable
and
enables
the
distribution
of
computationally intensive tasks to a computing
cluster. MASPECTRAS analysis modules include
(Fig. 1): 1) import and parsing of the results from
several search engines; 2) peptide validation, 3)
grouping of proteins; and 4) relative quantification.
Unique features of the system are the merging of
results originating from different search engines, a
chromatogram viewer and export to the PRoteomics
IDEntifications public repository (PRIDE) [3] via
PRIDE-XML. The platform is freely available at
http://genome.tugraz.at/maspectras.

Methods and Results:
MASPECTRAS is based on a 3-tier architecture
using the Java 2 Enterprise Edition (J2EE). A
relational database (Oracle, PostgreSQL or MySQL)
builds the data- or Enterprise Information System
tier. The business logic is hosted by the application
server JBoss. The system is accessible by web
browser and it is
embedded in a multi-user
environment providing controlled user access to the
data. It is a comprehensive, web-based data
repository which has been developed on the basis
of the Proteome Experimental Data Repository
(PEDRo) [4] relational database and has been
adapted to fulfill the MIAPE standard provided by
the Proteomics Standards Initiative (PSI) [2] .

It allows the storage and comparison of results of
different
search
engines
(Sequest,
Mascot,
SpectrumMill, X! Tandem and OMSSA) in a single
view (Fig. 2).

Figure 3: The spectrum viewer offers the selection of the
displayable ion series, selection of the peptide hit to display,
zooming- and printing possibilities.

Figure 2: Combined view of the results from 5 search engines
(Sequest, Mascot, SpectrumMill, X! Tandem and OMSSA). The
colored top line displays the name of the search results.
Peptides identified only in one of the searches have the
corresponding color whereas peptides identified by multiple
searches are colored red. In the last table the found peptides are
listed.

A sophisticated query system allows data filtering as
well as comparison of data from different searches.
Validation of the data is achieved by the integration
of the Peptide Prophet scoring algorithm [5] and a
customizable spectrum viewer for manual verification
(Fig. 3).
The protein grouping is based on Markov clustering
[6] and multiple alignments [7].
For the relative quantification of the data the
Automated Statistical Analysis of Protein Abundance
Ratios algorithm (ASAPRatio) [8] has been
integrated. The peptides are quantified automatically
when the data is uploaded. The results can be
checked and updated with the integrated
chromatogram viewer (Fig. 4).

Figure 4: Chromatogram viewer for the relative quantification. The
first view offers a 3D view on the raw data used for the
chromatogram calculation, the second one shows the
chromatogram in 2D. The range used for the 2D view is colored in
dark yellow. The region used for the quantification is displayed in
red. Additional peaks (regions) can be added, and stored ones
can be removed manually. The chromatogram viewer allows
changing the m/z step-size for a chromatogram, m/z range to be
displayed next to the chromatogram of interest and the charge
state, and has several zooming abilities.

Discussion:

Figure 1: MASPECTRAS analysis pipeline. Search results from Sequest, Mascot, Spectrum Mill, X! Tandem, and OMSSA are imported
and parsed. In the next steps peptides are validated using PeptideProphet [5] and the corresponding proteins are clustered based on
Markov clustering using BLAST[6], the sequences are aligned with CLUSTAL W [7]. The peptides are quantified using the ASAPRatio
algorithm [8], results are stored in the database and exported to the public repository PRIDE [3].

MASPECTRAS has been evaluated using large-scale
proteomics data and quantitative data from a
controlled experiment [1]. In these studies the platform
proved to be an efficient environment for the rapid
analysis of large-scale proteomics experiments in a
MIAPE compliant manner. It features an automated
analysis pipeline and unique analysis tools, and
provides an easy export functionality for the
submission of data to public repositories. Due to its
modular design and flexibility, the future requirements
in proteomics data management and analysis can be
easily accommodated.
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