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Abstract. In recent years, it has become obvious that mRNA expression does not always correlate with protein expression. It seems that
a full understanding of the complexity of life can only be obtained by
examining abundances of proteins under varying conditions. Accurate
measurements of these expression values is crucial. This field of research
also requires new computational efforts since the data, often from mass
spectrometry experiments, is very complex. We present two academic
software platforms that offer means to reduce, analyse and compare protein expression data gained from liquid chromatography coupled with
mass spectrometry. We outline their methodology and compare them to
our own project, OpenMS, which is currently developed in our research
group at the Free University Berlin in collaboration with the Kohlbacher
group at Tuebingen University.
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Introduction

Liquid chromatography coupled with mass spectrometry (LC-MS) has been used
extensively to identify and quantify proteins in a sample [1]. Recently, the development of software tools for the quantitative analysis of data from mass spectrometry experiments has aroused much interest. Many different tools are now
available that implement various pre-processing such as denoising and peak picking and finally allow to detect the proteins that were contained in the sample
together with an estimate of their abundance. However, these tools differ in approach and scope. Some focus on the management and annotation of proteomics
data, others also offer means to further process and analyse the data sets.
In general, the challenge of proteomic data mining is that the data is very complex and noisy. Currently, many projects rely on rather heuristic techniques that
do not have a sound theoretical foundation.
Our aim is to give a brief review of two programs representing the current stateof-the-art in the development of proteomics software tools. They both implement
a workflow starting from the mass spectrometer that ends with quantitation and
identification of the peptides contained in the sample. Nevertheless they are very
different in their approach and the assumptions they make.
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The Trans-Proteomic Pipeline

The Trans-Proteomic Pipeline (TPP) [2] is a project of the Proteome Center at
the Institute for Systems Biology in Seattle. This pipeline makes use of open
XML file formats for storage of data at the raw spectral data, peptide, and protein levels. The TPP integrates other tools developed at the ISB into a coherent
framework. Among these tools are PeptideProphet [3] which validates peptides
assigned to MS/MS spectra, XPRESS [4] and ASAPRatio [5] that quantify peptides and proteins in differentially labelled samples, Pep3D [6] enables a view of
the raw spectral data, and ProteinProphet [7] infers sample proteins.
An example workflow would consist of the computation of probabilities provided
by PeptideProphet and ProteinProphet serving as guides for interpretation of
peptide and protein identifications, respectively. These probabilities can be used
to predict the false positive error rates. The error rates can be used to compare
the results from different peptide identification algorithms but also for the comparison of data sets generated by different researchers. Following this refinement
of the results of standard identification algorithms, quantification on the peptide and protein level can be performed by ASAPRatio or XPRESS. Results at
each step can visualised by Pep3D. The software SeachCombiner implements a
voting scheme which takes the results from several peptide search engines into
consideration. It assigns a score to each search result reflecting whether the corresponding peptide was also contained in the result lists of other search engines.
Figure 1 (left) shows the accuracy of PeptideProphet-computed peptide probabilities for an example data set in sliding window of 50 search results. The results
show that for all three search engines, the probabilities estimated by PeptideProphet represent accurate estimates of the likelihood that search results in the
data set are correct. The right plot shows the numbers of search results for an
example data set filtered at a minimum PeptideProphet probability to achieve
a predicted 2.5% error rate. The inset shows the numbers using Mascot results
with probabilities adjusted by SearchCombiner to take into account the results
of SEQUEST and COMET applied to the same data set. We can see that the
application of SearchCombiner increased the number of peptides that were predicted by all three engines but also the number of peptides passing the error
threshold of 2.5%. A major obstacle to the uniform proteomic analysis is the
great heterogeneity of data formats. The TPP tries to deal with this problem by
converting the data from different mass spectrometry instruments into a common data exchange format called mzXML. This XML implementation can deal
with raw data but also picked peak data sets.
To summarize, the Trans-Proteomic Pipeline is a software platform that integrates several independent tools into a common framework. It implements visualisation tools and data exchange formats for each level of analysis. Nevertheless,
the main emphasis of this project is on peptide identification and quantification.
No pre-processing steps of the data are implemented but the software deals only
with the data as it leaves the mass spectrometer.
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Fig. 1. Accuracy of the PeptideProphet algorithm (left) and PeptideProphet
results using the estimates from several peptide identification algorithms (right).
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Informatics platform for global biomarker discovery

In contrast to the Trans-Proteomic Pipeline, this software does implement the
whole workflow from feature detection to quantification and identification of
peptides [8]. First, the peaks are rounded to the nearest integer and grouped
into bins of (± 0.5 Thompson). Smoothing is performed using moving averages.
A threshold-based feature detection is performed by declaring peaks as features
that have a intensity higher than a threshold. This threshold depends on the
median of the intensity on the whole data set. To be declared as feature, the
intensities of the neighbouring peaks need to be higher than a certain threshold
as well.
In the next step, neighbouring peaks are grouped and assigned the same ID.
Alignment of peaks is performed by searching for a linear transformation that
maximises the number of overlapping peaks between two data sets. To find this
transformation, an accelerated random search is performed. A certain ”wobble”
between the peaks is allowed i.e. a peak is allowed to move (1−2% of total
scan headers) in order to find the nearest adjacent peak. Finally, identification
of peptides in the sample is performed using the SEQUEST algorithm [9] and
quantification is performed by summing the intensities of peaks grouped in the
feature detection step. According to Professor Radulovic (personal communication), no public release of this software is planned but a commercial version
might be released in the near future.
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Summary and conclusions

Both software platforms that were presented in this extended abstract are of
high quality and can be considered to represent the current state-of-the-art. We
noticed that it is very difficult to make comprehensive statements of the performance of different computational methods since every researcher evaluates his
or her results on a different data set. Currently, there no gold standard in Computational Proteomics, no reproducible data that is available to everyone and
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that could be used to compare different algorithms under the same conditions
and on the same data.
If we compare the projects presented here to our own software, OpenMS, we can
state that even if the overall aim is similar, the quantification and identification
of peptides in a sample, the approaches chosen to achieve this aim are very different. OpenMS implements a hierarchical concept similar to [8] which includes all
necessary pre-processing steps such as peak picking and feature detection. But in
contrast to their work, OpenMS is available for free and published under an Open
Source software licence. The main emphasis of the Trans-Proteomic Pipeline is
on quantification and the refinement of results from peptide identification algorithm. It does not perform any feature detection or peak alignment of its own
and is therefore not directly comparable to our own work. With OpenMS, we
intend to fill a gap between commercial software and software that does not offer
the whole workflow such as the Trans-Proteomic Pipeline. We expect that the
importance of reliable and flexible software tools for research on proteomics will
even increase and that free tools will have a advantage over their competitors.
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