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With the growing amount of experimental data produced in proteomics experiments and the requirements/
recommendations of journals in the proteomics field to publicly make available data described in papers, a
need for long-term storage of proteomics data in public repositories arises. For such an upload one needs prote-
omics data in a standardized format. Therefore, it is desirable, that the proprietary vendor's software will inte-
grate in the future such an export functionality using the standard formats for proteomics results defined by
the HUPO-PSI group. Currently not all search engines and analysis tools support these standard formats. In the

Keywords: . X . X 8 X
Proteomics meantime there is a need to provide user-friendly free-to-use conversion tools that can convert the data into
Conversion tool such standard formats in order to support wet-lab scientists in creating proteomics data files ready for upload
ProCon into the public repositories. ProCon is such a conversion tool written in Java for conversion of proteomics identi-
mzldentML fication data into standard formats mzldentML and Pride XML. It allows the conversion of Sequest™/Comet .out
PRIDE files, of search results from the popular and often used ProteomeDiscoverer® 1.x (x = versions 1.1 to1.4) soft-
ProteomeXchange ware and search results stored in the LIMS systems ProteinScape® 1.3 and 2.1 into mzldentML and PRIDE XML.
© 2015 Published by Elsevier B.V.
1. Introduction PRIDE |5] or PeptideAtlas 6] for reproducing and reanalyzing the results

In proteomics one has traditionally a plentitude of proprietary, ven-
dor specific file formats [1]. In order to allow interoperability and to pro-
mote the development of sophisticated new software for reanalyzing
proteomics search and quantitation results, the proteomics community
lead by the HUPO-PSI (HUPO-Proteomics Standards Initiative) consor-
tium developed modern and open XML-based standard formats togeth-
er with software to process them [2]. These standard formats allow the
storage of proteomics data in public repositories [3,4] like for instance

Abbreviations: AP, Application Programming Interface; CID, Collision Induced
Dissociation; CSV, Comma Separated Values; CV, Controlled Vocabulary; EBI, European
Bioinformatics Institute; ECD, Electron Capture Dissociation; ETD, Electron Transfer
Dissociation; GUI, Graphical User Interface; GUID, Globally Unique Identifier; HUPO,
Human Proteome Organization; JAXB, Java Architecture for XML Binding; JDBC, Java
DataBase Connectivity; JRE, Java Runtime Environment; LC/MS, Liquid Chromatography/
Mass Spectrometry; LIMS, Laboratory Information Management System; MSF, Mass Spec
Format/Magellan Storage File; NEWT, NEW Taxonomy database of the Swiss-Prot group;
PD, ProteomeDiscoverer®; PFF, Peptide Fragment Fingerprint; ProCon, Proteomics
Conversion Tool; ProDac, Proteomics Data Collection; PS, ProteinScape®; PSI, Proteomics
Standards Initiative; PURE, Protein Unit for Research in Europe; SAX, Simple API for
XML; TSV, Tab Separated Values.
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by other groups or with new or updated software tools or algorithms.
Therefore it should be mandatory to store all the results of proteomics
experiments into public repositories [7]. Furthermore, the assessment
of the performance of newly developed software algorithms analyzing
the data is made easier by having access to the data in such data repos-
itories. These XML-based formats defined by the HUPO-PSI working
group [8,9] incorporate also semantic annotations of the data by the
use of controlled vocabulary terms from a set of ontologies [10,11].
The use of these ontology terms ensures that standardized terms are
used and thereby avoids problems resulting from the usage of syno-
nyms, the use of capital and small initial letters and misspellings. Fur-
thermore the use of such standardized CV (Controlled Vocabulary)
terms allows additional semantic correctness checks by validator soft-
ware [12] and makes the file formats more flexible and thereby more
stable, because it suffices to add new CV annotations, so that one must
not always change the underlying XML schema in order to support
new upcoming technologies or MS instruments.

To augment the adoption of these standard formats [13-16], some
converter tools [17], libraries for Java [18-23] and other programming
languages [24,25] for accessing data stored in these standard formats,
and upload tools [26] have been developed and described in detail
in [2,27]. There are also already some tools available, which read
in such standard formats. For the identification results standard
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mzldentML [13] these are for instance the converter ProteoWizard
[25], PeptideShaker [28] for the reanalysis of data sets and PRIDE
Inspector [29], a program, which can be used for quality checking
and viewing proteome identifications.

Here we describe the free to use ProCon software tool, which allows
the conversion of Sequest®.out result files (Thermo Fisher Scientific
Inc., Waltham, MA, USA), Proteome Discoverer®.msf (Thermo Scientif-
ic, Waltham, MA, USA) (Mass Spec Format) files, and of identification
results obtained from the ProteinScape® 2.1 (Bruker Daltonik GmbH,
Bremen, Germany) LIMS system into the mzldentML standard format
for peptide and protein identifications. In addition the conversion of
the LIMS database contents of ProteinScape® 1.3 into PRIDE XML is
possible.

The ProCon software is freely available from the MPC
(Medizinisches Proteom Center, Bochum, Germany) website at
http://www.medizinisches-proteom-center.de/ProCon.

2. Materials and methods

ProCon is a proteomics conversion tool written in the platform inde-
pendent Java SE (Standard Edition) 7 programming language. The Soft-
ware comprises a GUI (Graphical User Interface), which is intended to
allow laboratory personnel without access to a supporting bioinformat-
ics unit to convert their peptide and protein identification results of pro-
teomics experiments into formats suitable for submitting them to data
repositories like for instance PRIDE [5] and PeptideAtlas [6]. The upload
of these converted files can then be done by the standardized data sub-
mission pipeline developed by the ProteomeXchange [26] consortium
(http://www.proteomexchange.org) for initial upload and automatic
data exchange between the main proteomics data repositories. For the
GUI of ProCon the Swing classes of the Java standard edition (http://
docs.oracle.com/javase/tutorial/uiswing/) were used. The ProCon
development was started in the Proteomics Data Collection (ProDaC)
project [30] and continued as part of the ProteomeXchange project
[26] (http://www.proteomexchange.org).

2.1. ProCon functionality

ProCon itself is implemented in Java 7, tested with Java 7 and 8
and possesses a modular structure consisting of 8 jar files: Some
basic constants and functionality used by the other .jar files are de-
fined within the BaseLib.jar, CvtBaseLib.jar and CvtLib.jar libraries.
Access to ProteinScape® 2.1 is implemented in the PSLibrary.jar file
and functionality for accessing the ProteomeDiscoverer® database
is encapsulated in the PDLibrary.jar file. The converters for
ProteinScape® 2.1 and ProteomeDiscoverer® results are contained in
the ConvertPS2Mzldent1.1.jar resp. ConvertProt2Mzldent1.1 jar files.
The converters for Sequest/Comet.out files and ProteinScape® 1.3 are
contained in the ProCon.jar file, which also implements the GUI of the
ProCon application. This modular structure eases the further develop-
ment and modification of the software. Besides that ProCon can also
be started from the command line as described in the user manual,
which resides in the documentation folder. By this command line
interface ProCon can be called by batch processes, e.g. from cron jobs.
Furthermore the command line support is a prerequisite for integration
into workflow environments like KNIME [31] in the future.

The PSLibrary.jar and PDLibrary.jar can also be used independently
from ProCon, for instance for implementing viewers or other converters,
e.g. for mzQuantML or other analysis software accessing the results
contained in ProteinScape® 2.1 resp. ProteomeDiscoverer®.

2.1.1. Conversion of Sequest/Comet .out files into mzldentML

For converting the Sequest.out files [32] ProCon parses the result
files of a Sequest search run from the resulting HTML web pages using
the HTML parser library (http://htmlparser.sourceforge.net) and con-
verts the information about the found peptides and proteins into the

mzldentML format. At first, a folder, which contains all the Sequest.out
files intended for conversion, has to be selected. Then all the Sequest pa-
rameters are read in from the sequest.params parameter file, and all the
.out files found under the folder tree of the specified folder are parsed.
After specifying the name and the location of the mzldentML output
file to be generated, the conversion process is started.

For specifying information not contained in the Sequest .out files,
but required for the .mzid files, e.g. the contact information for the
‘AuditCollection’ element of mzldentIVIL, there are XML templates resid-
ing inside the /config folder, which can be edited by the user in order to
specify the ‘ContactRole’, the ‘Person’ and ‘Organization’ information of
the researcher generating the mzldentML file.

Since Comet [33] is an open-source implementation that can also
export .out files like Sequest and has a similar .params file, we built in
aradio button, which allows one also to convert such .out output folders
from the Comet search engine.

2.1.2. Conversion of ProteinScape® 1.3 search results into PRIDE XML

For the conversion of ProteinScape® 1.3 data, the PFF (Peptide
Fragment Fingerprint) and PMF (Peptide Mass Fingerprint) search
results are converted into the PRIDE XML format, which is specified by
the XML Schema definition file obtained from http://code.google.com/
p/ebi-pride/source/browse/trunk/pride-web/src/main/webapp/help_
resources/pride.xsd. The converter can be used either to convert the
results of a single search event of ProteinScape® 1.3, i.e. the results of
one search engine run, or the conversion of all search events of a com-
plete gel into PRIDE XML. In the latter case, the program loops over all
spots of the gel. During this conversion process results obtained from
the SloMo tool [34] can be used for integration of additional information
extracted from ETD/ECD or CID mass spectra about phosphorylation
modifications (localization and confidence scores) into the PRIDE XML
file. To this end specially formatted CSV (Comma Separated Values)
columns are loaded during the ProteinScape® 1.3 conversion.

For consideration of modifications used by ProteinScape® 1.3 and
Sequest two .obo (Open Biomedical Ontologies) [35] files were created
and stored in the /config folder. The access to these .obo files is
implemented in the ‘OBOMapper’ class, which makes use of the
functionality provided by the org.geneontology.jar library. These modi-
fications of definitions are then mapped to the corresponding PRIDE
resp. PSI-MS CV [9] (Controlled Vocabulary) terms.

The conversion to the PRIDE XML format is done by instantiating ob-
jects from the PRIDE_core_2_5_4.jar library from the EBI (European Bio-
informatics Institute). This library contains implementations for all the
elements of a PRIDE XML file. For instance the object Experimentimpl
stands at the top of the PRIDE XML hierarchy and can be used to instan-
tiate an experiment, which in turn contains further elements subordi-
nated to it, describing among others the ‘Protocol’, the ‘mzData’, the
‘GelFreeldentifications’ and the ‘TwoDimensionalldentifications’ ele-
ments of PRIDE XML.

For the instrument description of mzData an own object
‘mzData_instrumentImpl’ was defined together with a JAXB (http://
docs.oracle.com/javase/6/docs/api/javax/xml/bind/JAXB.html, Java Ar-
chitecture for XML Binding) unmarshaller. This unmarshaller allows
reading in the information describing the used instruments from
preconfigured XML files contained in the /instruments folder into
main memory. This template can be used for defining own instrument
files, describing the MS instrument of the user. These instrument files
are loaded by ProCon and then integrated into the generated PRIDE
XML file. By using these instrument files the application is held flexible
for the incorporation of information describing emerging new and
future instrument developments.

Also other information not contained in ProteinScape® 1.3 can be
added during the conversion process by using a file based approach,
for instance for adding the bibliographic references: the user can edit
the references.properties template in the /config folder and add all his
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bibliographic references there. This .properties file is read in and the
information from there is added to the generated PRIDE XML file.

2.1.3. Conversion of ProteinScape® 2.1 search results into mzldentML

For conversion of the ProteinScape® 2.1 [36,37] search results we
developed a Java API for accessing the stored results.

Furthermore, there is information about possible Unimod (http://
www.unimod.org/obo/unimod.obo) modifications and for instance
data about protocols and parameters used by the ProteinExtractor algo-
rithm [36,37] for combining the search engine scores of Mascot [38],
Phenyx [39], Sequest [32,40], ProteinSolver [41], ProFound [42], MS-Fit
[43] and Sonar [44] into a meta-score for the peptide identifications.
With respect to protein inference, ProteinExtractor combines the results
of the search engines Mascot, Phenyx, Sequest and ProteinSolver into a
meta-score [41].

The tree control of the PS 2.1 client software shows the data and
methods supported by PS 2.1. The data is hierarchically organized into
projects and each project can include several samples. Each sample in-
cludes different examination methods e.g. fractions, digestions, gels,
spots, and LC/MS analyses. The identified spectra and search events con-
taining the results of the database searches in turn reside below these
examination methods. The inheritance structure of our API classes
(Fig. 1) reflects the tree control hierarchy as depicted by PS 2.1. By
using the Java API the tree of the selected project is traversed and the
user can interactively choose a sample and a single search event belong-
ing to the chosen project (Fig. 2). If the user wants to convert all search
events belonging to a gel, he can instead select the radio button “Con-
vert gels” and choose a gel for the selected project-sample combination.
Then all search events are automatically listed in the search events table
and included in the conversion process.

The corresponding classes of our API that depict different MS exam-
ination methods inherit from the ‘AnalyteBaseClass’ and implement the
‘Analytable’ interface (see Fig. 1). All the 8 classes corresponding to the
elements of the tree control shown on the left side of the PS 2.1 client
software implement the ‘Navigatable’ interface. Such ‘Navigatable’ clas-
ses are for instance the different kinds of spectra, compounds (spectra
packets) and the so called search events. A PS search event contains
the protein and peptide identification results of a single search engine
run. These search events are located under the corresponding spectrum
in the GUI tree. In addition, under ‘Analyte’ classes there may be
search events for the resulting protein result lists resulting from
ProteinExtractor [34,35] runs (combining the results of the Mascot
[38], Phenyx [39], Sequest [32,40] and ProteinSolver [41] algorithms).

The Java class ‘PS2ProgramParams’ contains program parameters
and information entered by the user via the ProCon GUI (e.g. the param-
eter set used for isoelectric point calculation, the location of the output
.mzid file and the contact data about the research organization). By
using this information the results from ProteinScape® are enriched in
order to include data not contained in PS, but which can be included
into the resulting mzldentML file. During conversion the conversion
progress is shown to the user by a progress bar.

The class ‘MzldentMLRefs’ contains hash tables for storing all
elements, which are cross-referenced in the mzldentML file under con-
struction, accessible via their unique IDs. By this a duplicated read from
the conversion results is avoided in order to improve the performance.
After the whole mzldentML object is build up, it is ultimately written
out in the ‘MzldentMLParts’ class, by making use of the JAXB marshaller
functionality.

During the conversion process the needed information of the CV
terms for semantic annotation of the mzidentML data [13] and the
NEWT (NEW Taxonomy database) [45] taxonomy identifiers used are

Class hierarchy of the ProteinScape ® 2.1 API (PSLibrary) classes

PSBaseClass

Navigatable -.__

| NavigatabIeBaseCIass

Analytable |

’ Ana|vte;8aseCIass

BaseClass

Other derived classes

Other classes which are not Navigatables

10 other concrete Navigatable classes

TopAnalyteBaseClass u

different
classes for
quantification
information

| GelSpot I data*

| c | | Band |
Digestion Target
| Digestion |

TargetSpot

* Only in quantification workflows

Fig. 1. Class hierarchy of the PSLibrary API classes of ProCon: This API reflects the class hierarchy of the PS 2.1 client software and contains 16 Analytable classes, 24 Navigatable classes and

in total counts 226 classes.
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-
% Conversion of ProteinScape2.1 --> mzldentML1.1

C il inScape 2.1 -->
Connection data
Server: ps-bochum - Connect
User: sa v | DBOwner: |dbo
Password: ssseseee [] DB structure log
Organization data
Researcher Name: Gerhard Mayer

Organization Name:  Medizinisches Proteom Center (MPC)

Contact address: Universitaetsstrasse 150, D-44801 Bochum

Contact email: mayerg97@rub.de
[¥] Use MPC data

Conversion parameters
[¥] Calculate theoretical m/z values for the peptide sequences
[¥] Calculate isoelectric point for the peptide sequences

pK value set for pI calculation: Consensus. -

@ Convert Gels

Gel ID Gel Name Creation date Note Sample name  Project name

2814749767... Gel 11 2

dentML 1.1
Project ID Project name Creatio... Note
2814749767... demo_2D-Gel 2008-03-05 2D Gel of a cell lysate of Coryneb... [P
2814749767... [demo_LC-MALDI 2008-03-05 |5y
2814749767...|demo_2D-LC 2008-03-05
2814749767.../demo_Import 2008-07-10 [Test
2814749767...|ZAP CD 2008-07-31
2814749767... Methodenoptimierung MSMS 2008-07-31
2814749767...|ZAP CD 2008-08-04 i
Sample ID Sample name Creatio... Note
28147497671... Corynebacterium 2005-09-26
SearchE... SearchEvent name Proc... Algorithm name  Analyte ... Spekt...
28147497... |Lift_Bacteria - Nov 7 2005 4:07PM [2005-... [Unknown (Coryneba...
28147497... Lift_Bacteria - Nov 7 2005 4:07PM |2005-... [Unknown ICoryneba...
28147497... Lift_Bacteria -Nov 7 2005 4:07PM |2005-... [Unknown (Coryneba...
28147497... Lift_Bacteria - Nov 7 2005 4:07PM |2005-... [Unknown (Coryneba...
28147497... Lift_Bacteria - Nov 7 2005 4:07PM |2005-... [Unknown ICoryneba...
28147497... Lift_Bacteria -Nov 7 2005 4:07PM |2005-... [Unknown (Coryneba...
28147497... |Lift_Bacteria - Nov 7 2005 4:07PM |2005-... Unknown Coryneba...
28147497... [Lift Bacteria - Nov_7 2005 4:07PM_|2005-... [Unknown ICoryneba...

FileName (*.mzid): |rynebacterium__Corynebacterium__281474976710674_ Gel_II 2
Convert ... No of SearchEvents found: 27

L

A

Fig. 2. The GUI of the converter is implemented in the class ‘PS_mzIdentML_Dialog’. After entering the connection information, the organization data and the conversion parameters on the
left side one can connect to the information stored in ProteinScape® 2.1 and then first select a project, then a sample and at last a search event, i.e. the identification result of a search event
run on the right side. Then a file name for the location of the resulting .mzid file is proposed, which the user can alter if needed. After that the user can start the conversion process.

obtained from the corresponding .obo files via the internet. If there is no
internet access to the ontology resource available, the CV terms are
acquired instead by parsing in the needed information from local ontol-
ogy files contained in the resources folder. To improve performance we
use hash tables to accelerate the access to already read-in CV term infor-
mation, so that the ontology files must be read in only once.

The isolectric point calculation is done by iteratively solving the
Henderson-Hasselbalch equation [46]. The algorithm calculates the
partial charges for each of the charged residues (C, D, E, H, K, R, and
Y) and the terminal carboxyl and amino group and adds them up. The
isoelectric point is defined as the pH value at which this total charge is
zero. Due to the monotone dependence of the charges on the pH value
one can determine the zero point by an efficient linear interpolation
algorithm, so that the result is found after about 7-8 iterations. Due to
the dependency of the calculated pl value from the used pKa value set
we also compute an averaged pl over the different pKa value sets as a
consensus pl value. This algorithm is also used in the standalone Peptide
Property Calculator, which is integrated into the Tools menu of ProCon
and which allows one to calculate the isoelectric point (pl value) and
the molecular weight for an entered (uncharged) peptide.

2.1.4. Conversion of ProteomeDiscoverer® 1.x (x = 1,2, 3,4) search results
into mzldentML

The ProteomeDiscoverer® (PD) result files are given as SQLite
(http://www.sqlite.org) flat file databases [47].

The PD converter GUI allows one to specify information not
contained in PD e.g. the researchers' affiliation information and the sam-
ple name (Fig. 3) and to set parameters for the conversion. Analogous to
the ProteinScape® converter the PD converter contains two classes
‘PDProgrammParameters’ and ‘ConversionProgress’ for exchanging
parameters resp. conversion progress information with the GUI.

Since result files from ProteomeDiscoverer® versions 1.1 and 1.2
contain no protein inference information, e.g. no information about
the assignment of the proteins to the protein ambiguity groups, one
has to specify also the .prot.xml file in order to obtain the missing infor-
mation. After entering the .msf file, ProCon reads in the PD version and
disables the input field for the .prot.xml file for versions 1.3 and above.
For reading in the .prot.xml file the converter contains the class
‘ProtXMLHandler’ in the package de.mpc.PD.XML, which implements a
SAX (Simple API for XML, http://docs.oracle.com/javase/tutorial/jaxp/
sax/) parser for retrieval of information contained in the .prot.xml file.
Besides that the PDLibrary.jar implements also a parser for .pep.xml
files in the class ‘PepXMLHandler’. Because the PD result files may
sometimes contain XML files stored inside text fields. Therefore the
PDLibary.jar contains also XML Handlers (‘FDRSettingsHandler’,
‘PDWorkflowHandler’, and ‘ResultFilterSetHandler’) for reading these
embedded XML files via JAXB. For instance the ‘PDWorkflow’ is an
XML description of the used ProteomeDiscoverer workflow.

The current ProteomeDiscoverer® (PD) converter has the advantage
that it works with the versions 1.1, 1.2, 1.3 and 1.4 of PD, although the
information about ProteinDetectionLists are not contained in the PD
1.1 and 1.2 result files. Regarding conversions of very large PD 1.1 and
1.2 result files, resulting e.g. from the use of large search databases,
the conversion process can be very slow, because the matching of the
information from the .prot.xml file with the information contained in
the PD result file is computationally very demanding: internally there
are sequences matched with SQL string matching procedures in order
to find the peptides in the identified proteins. This technique shows a
very poor performance. Another drawback is that in the .prot.xml file
the matches of decoys are not reported, so that the resulting mzldentML
files from PD versions 1.1 and 1.2 remains incomplete with respect to
matching so called decoy sequences. This decoy information is used to
control the rate of incorrect peptide and protein identifications [48] by
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% Conversion parameters for PD --> mM_

Proteome Discoverer *.msf file:

Proteome Discoverer *.prot.xml file:

Conversion parameters

Calculate theoretical m/z values for the peptide sequences

Calculate isoelectric point for the peptide sequences

Use JDBC

Parameters for the Proteome Discoverer (*.msf + *.prot.xml) --> mzIdentML1.1 conversion

rs\mayerg97\MyUNI\de.NBI_CUS\PD1.x\Oscar\Test2\2012_310_MCH_Banda2_03.msf

Name of mzIdentML1. 1 file to generate: | s\mayerg97\MyUNI\de.NBI_CUS\PD 1.x\Oscar\Test2\2012_310_MCH_Banda2_03.mzid

Organization data
Name: Medizinisches Proteom Center (MPC)
Contact address: Universitaetsstrasse 150, D-44801 Bochum
Contact email: mayerg37@rub.de
Use MPC data
Sample data
Sample name: SAMPLE NAME

Export the ProteinDetectionList

pK value set for pI calculation:

Resolve TaxID

Browse...

Consensus v

)

[§

V.

Fig. 3. The GUI of the ProteomeDiscoverer® converter asks the user first for the locations of the input and output files, the users contact data and the conversion parameters. After that the

conversion into the mzldentML file can be started by pressing the ‘OK’ button.

taking matches between spectra and shuffled, random or reverse decoy
sequences [49] into account, which can be used to filter the results
according to a specified false discovery rate. In order to prevent these
disadvantages it is strongly recommended to use version 1.3 of PD or
above.

Because the mzldentML format makes extensive use of internal ref-
erences to avoid information redundancy, the converter for PD versions
1.3 and later internally uses a ‘MzldentMLRefs’ class for all cross-
referenced elements of the assembled mzldentML file analogously to
the PS converter. This class eases the administration of the references
inside the mzldentML file under construction so that the number of re-
sult files accesses is kept at a minimum, what enhances the performance
of the converter. The marshalling of the created mzIdentML file via JAXB
is again implemented in the ‘MzldentMLParts’ class.

There are currently no plans to support also conversions for the out-
put obtained from the older PD version 1.0, but the support for newly
upcoming versions of PD would be of course desirable and is planned
as far as the general data result file format is not changed and remains
non-proprietary and therefore accessible.

3. Comparison with the M2Lite converter

There is another converter (M2Lite, https://bitbucket.org/paiyetan/
m2lite) for ProteomeDiscoverer.msf files already published. The publi-
cation in [50] mentions one big advantage of M2Lite over ProCon:
much better performance and a lower memory footprint. We converted
an example file (test_completeSet_MK.mysf, see the Supplementary ma-
terial) with both converters in order to compare the two converter
programs according their runtime behavior, their outcome and the

ease of handling for the end user. We used ProCon 0.9.571 and the latest
version of M2Lite3 (M2Lite3.2015.01.27.zip) for this comparison.

In fact, ProCon was much slower than M2Lite3 (15:29 min for
ProCon against 4:39 min for M2Lite on an Intel Core™2Duo PC ES8600
@3.33 GHz with 8 GB RAM under Windows 7, 64 Bit with Java
1.7.0_75). This means the runtime factor of 3.3 (resp. 3.5 after replacing
the outdated sqlitejdbc-v056.jar of M2Lite3 by the newest sqlite-jdbc-
3.8.7jar) clearly favors M2Lite. In [50] it is mentioned that M2Lite was
designed to retrieve the information via delegation to R, which is
much more performant for SQL calls than the Java JDBC. Furthermore
M2Lite uses a special swap directory for minimizing the memory
footprint.

On the other hand several shortcomings of M2Lite compared with
ProCon became obvious. We got the test_completeSet_MK.mzid
output file from the M2Lite conversion and compared it with the
corresponding output from ProCon. One drawback of M2Lite is for
example that it can convert only PD 1.3 and 1.4 files. Disadvanta-
geous is also the requirement to have the .fasta file at hand. The
PRIDE database [5] at the moment contains lot of .msf files, but most-
ly the used .fasta file is not stored there. M2Lite does not process re-
sults obtained from multiple search engines and supports only
search databases in the deprecated IPIv387 (International Protein
Index) and the REFSEQ [51] formats. In addition it doesn't calculate
the isoelectric point information for the peptides and at the moment
does not support the generation of a ProteinDetectionList. Another
drawback of M2Lite is that it is much more difficult to configure for
the end user and has no GUI interface available. A summary of all
identified shortcomings of M2Lite compared to ProCon is given in
Table 1.
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4. Results and discussion

Besides the ongoing enhancements concerning stability and perfor-
mance improvements, a couple of additional functionalities which can
be added in future to the ProCon program are conceivable.

Because both PD and PS support also quantification workflows, an-
other important feature of future ProCon versions would be the integra-
tion of conversions into the mzQuantML [14] and/or mzTab [52]
formats. Also the integration of a converter for spectral counting [53,
54] information represented in Excel files into mzQuantML is a possible
feature to be considered for integration into ProCon in the future. At the
moment a prototypical converter for such a CSV (Comma Separated
Values) or TSV (Tab Separated Values) spectral counting file into
mzQuantML conversion is available at the https://code.google.com/p/
tsv-or-csv-mzquantml-converter web site.

Another point currently not well addressed is performance optimi-
zation of the used SQL queries, which can drastically reduce the runtime
of a conversion, especially for the conversion of very large .msf files,
which e.g. result from the use of large search databases. We made
some performance statistics of the ProteomeDiscoverer converter
in order to see how the conversion time depends on different factors
e.g. file size, number of spectra, number of peptides and number of
proteins. As shown in the file ProCon_paper_bar_charts.xlsx in the Sup-
plementary material, there is no clear evidence for a single factor to
which the run time can be attributed. The time for conversion without
including the ProteinDetectionList is nearly the same as with
ProteinDetectionList. The reason for this behavior is that our algorithm
was optimized for generating a complete .mzid file including the
ProteinDetectionList. In case the user doesn't want to include this list
in the output file, then only the list output is omitted.

We tested the conversion of some large files on both the dual core
desktop PC with 8 GByte RAM and a virtual dual core machine with
comparable compute power with 32 GByte RAM. According to our
tests the conversion performance was not memory-bound, even when
the memory usage on the virtual machine was beyond the 8 GByte
limit. So we conclude that the conversion performance is not primarily
memory bound.

An option to optimize the runtime performance and minimize the
memory footprint of ProCon would be surely an approach making use
of R and a swap directory in analogy to the M2Lite strategy [50], but
this would mean that the ease of use would be lost due to additional
configuration required by the end user.

A medium-term goal is to make ProCon available as a KNIME [31]
(Konstanz Information Miner) workflow system (http://www.knime.
org) node, so that it can easily integrated into proteomics workflows.

Table 1
Identified shortcomings of M2Lite [50] compared with ProCon.

M2Lite is more complicated to use for end-users, because:

- It needs the search database (.fasta file)

- It has no Graphical User Interface (GUI)

- It requires the R statistics system http://www.r-project.org (and the RSQLite
package, http://cran.r-project.org/web/packages/RSQLite/RSQLite.pdf) and is
therefore more complicated to configure

M2Lite missing features/functionalites:

- Supports only the databases in IPIv387 (deprecated, http://www.ebi.ac.uk/IPI) and
REFSEQ [51] format, whereas ProCon supports .fasta files from any database

- Supports only PD versions 1.3 and 1.4

- Does not support multiple search engines

- No calculated isoelectric point in <Spectrumldentificationltem> elements

- No amino acid sequences in <DBSequence> elements

- Less CV annotations; often uses <userParam> elements instead of <cvParam>
elements

- The <ProteinDetectionList> element is missing (still commented out in the source
code)

- References not the latest version of the psi-ms.obo ontology

- No platform independent newline support (only Linux style \n)

A first step towards this direction was already done by integrating
batch processing support into ProCon. In this batch mode the special
command line parameter —conv specifies the converter program and
must be one of the values PD1x, PS13, PS21, or SEQO for selecting the
appropriate converter program. The other information normally speci-
fied in the GUI, can be specified via command-line parameters. The
names of these command line parameters are specified in the ProCon
user manual. There are mandatory and optional command line parame-
ters and if an optional parameter is not specified, then the given default
value is used. The GUI of ProCon is made invisible in batch mode and the
values of the command line parameters are set programmatically in this
invisible GUI and then the conversion is started, so both the GUI mode
and the batch mode can share the same code for the conversion. If an
error occurs, the error message is handled by an overwritten
MessageBox, which in case of batch mode logs the message to the con-
sole instead of showing the MessageBox. In contrast to ProCon M2Lite
works only in batch mode and has no GUI capabilities [50].

Another future plan is to convert partial ProteomeXchange submis-
sions of ProteomeDiscoverer.msf files already contained in the PRIDE
[5] database into complete submissions. For this we started cooperating
with the PRIDE team from the EBI.

5. Conclusions

ProCon is a conversion tool which complements other converters
e.g. PRIDE Converter 2 [17] and ProteoWizard [25]. But these tools
don't support the conversion of ProteomeDiscoverer® and
ProteinScape® result at the moment and also the M2Lite converter
[50] has still its weaknesses. ProCon makes the conversion of proteomics
data of PD and PS into the standard formats mzidentML [11] resp. PRIDE
XML easy even for laboratories without access to specialized bioinfor-
matics expertise. Thereby ProCon can assist in preparing data submis-
sion to public repositories as recommended in the paper publication
guidelines of major proteomics journals (http://www.mcponline.org/
site/misc/ParisReport_Final.xhtml) [55,56]. By supporting the conver-
sion of data into such standard formats, ProCon can help to ease the
public and free community data access to proteomics data stored in
public repositories, connected with a plethora of benefits for the scientif-
ic community. For instance this allows the reproduction of results for
critical assessment, the reanalysis of data with new methods, algorithms
and/or software and addressing new upcoming research questions, so
that comparisons of the results of different methods/algorithms are
possible. Thus meta-analyses of proteomics data and the integration of
these data with data from other ‘-omics’ fields (transcriptomics, meta-
bolomics, interactomics, glycomics, lipidomics, ...) [57] are alleviated
and it can be expected that this will lead to new insights regarding sig-
naling cascades, functional disease mechanisms and the identification
of new biomarkers and/or therapeutic drug targets [58].
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