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Abstract

The classical method for protein identification of LC-MS/MS data uses database searching and matching,
as it is the case in Mascot, Sequest or X!Tandem softwares. However, these identifications are possible only
if the protein being searched is present in the database. To address this problem the de novo interpretation
strategy can be used instead. There exist softwares that use this strategy, but they are often difficult to use
in a direct, automated way.

The De Novo Pipeline uses the de novo technique to perform identification on data collected from ion
trap mass spectrometers. It performs automated analysis by connection of two applications :

1. PepNovo : automated interpretation of MS/MS spectra in a possible peptide sequence,

2. Fasts : homology search in an iterative mode, to identify proteins from peptides sequences.

The De Novo Pipeline is complementary to X!Tandem : it allows you to remove spectra previously
identified by X!Tandem and perform analysis on the remaining ones. The results can be graphically viewed
and/or exported into tabulated files.
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1 INSTALLATION

1 Installation

1.1 Requirements

The De Novo Pipeline works both on Linux and Windows platforms. Java 1.6 is required and can be found
here : link. Also, the PepNovo and Fasta softwares must be installed on the system as described below.

1.2 Third party softwares for Windows

1. Download the De Novo pipeline archive and unzip it.

2. Create a folder ”Benperl/” directly in the C:/ directory.

3. Move the folders ”Fasta” and ”PepNovo bin”, from the archive to the new folder ”C:/Benperl/”.

1.3 Third party softwares for Linux

Ubuntu

• Add this software repository to your system.

• Install the pepnovo and fasta packages.

Other distributions

• Download the sources of PepNovo and Fasts included in this archive and followed the instruction of
compilation.

1.4 Run De Novo Pipeline

To run De Novo Pipeline :

• open De Novo Pipeline by using this link;

• allow the program to be executed;

• the main window will appear. (Fig 1)

Figure 1: Principal window
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https://cds.sun.com/is-bin/INTERSHOP.enfinity/WFS/CDS-CDS_Developer-Site/en_US/-/USD/ViewProductDetail-Start?ProductRef=jre-6u14-oth-JPR@CDS-CDS_Developer
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1.5 License 1 INSTALLATION

1.5 License

Copyright (C) 2010 Valot Benôıt
This program is free software : you can redistribute it and/or modify it under the terms of the GNU General
Public License as published by the Free Software Foundation, either version 3 of the License, or (at your option)
any later version.
This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without
even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.
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2 PROCESSING

2 Processing

2.1 DeNovo sequencing

The PepNovo software (version 3.1, site) interprets every MS/MS spectrum of good quality in order to obtain
the best sequence possible. For each LC-MS/MS file :

1. the spectra are transformed from mzXML to mgf format;

2. a quality score is performed by PepNovo in order to remove poor spectra;

3. the spectra, previously identified by X!Tandem and filtered using our X!Tandem pipeline, are removed;

4. for the remaining spectra, a possible sequence was determined by PepNovo.

2.1.1 Utilization

The processing is split as follows :

1. define the search parameters (Fig 2);

2. select the mzXML files to analyze (no other file format than mzXML is supported);

3. select the folder where to put the PepNovo result files (.pepnovo files);

4. you can watch the processing in progress (Fig 3).

2.1.2 Search parameters

Number of CPUs
Defines how many mzXML files are processed in parallel. For the best performance, you must use less than the
maximum number of processors of your PC.

Quality score
This score represents the quality of the spectra. It lies between 0 (poorest quality) and 1 (best quality). This score
is used for the filtering of the spectra : a quality score between 0.01 to 0.05 is sufficient to filter more than half of
all spectra without loosing valid peptides.

X!Tandem filter
If you have performed previous identifications using X!Tandem software, you can remove identified peptides using
our X!Tandem pipeline ( pepnovo.xml file).

Figure 2: Parameter window

2.1.3 PepNovo calculation

During the PepNovo calculation, you can overview the progression state of the analysis.
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http://proteomics.ucsd.edu/Software/PepNovo.html
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2.2 Homology search 2 PROCESSING

Figure 3: Progress window

2.2 Homology search

Every good interpretation obtained from DeNovo sequencing, is submitted to homology search using Fasts
software (version 36.2.6, site), in an iterative process as follows :

1. sequences determined by PepNovo are filtered according to a filter score;

2. an homology search is run against 2 or 3 databases sequentially :

• the contaminants database;

• the proteins previously identified by X!Tandem;

• the selected database.

3. After the homology search :

• if a result with an Evalue less than 0.0001 is found, the proteins are conserved. Peptides use for
the alignment are removed from the peptide sequence list. A new search is performed in the same
database.

• If no valid result is found, a new search is performed in the next database.

4. When all databases are searched, a complete export in tabulated files (see 3.1) is produced, containing
the total result.

2.2.1 Utilization

The processing are split as follows :

1. define the search parameters (Fig 4);

2. select the pepnovo files to analyze (these files are created by the previous process);

3. select the protein database (.fasta) against whom homology search will be performed;

4. define the name of the tabulated result files (*.txt format). Fasts result files will be saved in the same
folder.

5. You can view the processing in progress (Fig 5).

2.2.2 Search parameters

Number of CPUs
Defines how many .pepnovo files are processed in parallel. For the best performance, you must use less than the
maximum number of processors of your PC.
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2.2 Homology search 2 PROCESSING

PepNovo score
This score represents the confidence of de novo interpretation of the spectrum in a peptide sequence performed by
PepNovo. Classical values lie from 50 to 100.

Contaminants database
You can select a contaminants database to remove peptides from keratins, trypsin, . . . This way, they are not
reported into the results.

Figure 4: Parameter window

2.2.3 Fasts calculation

During the Fasts calculation, you can overview the progression state of the analysis.

Figure 5: Progress window
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3 RESULTS

3 Results

3.1 Tabulated files

Warning The results of homology search contain redundancy which must be filtered manually. In fact, a
protein or homologous proteins may be reported more than once with different peptides and thus, appear in
the results with different protein numbers.

The tabulated files contain sequentially every sample result (MS/MS file).

3.1.1 File *protein.txt

This file contains the proteins identified for each sample (Fig 6).

Number
Protein number representing the Nst homology search. In this example, a protein is identified twice (P08926 and
P14226). In the second result, the protein number begins at 2, because one contaminant protein identified has not
been reported.

Description
Description of the identified protein.

Evalue
Evalue of the homology result.

Peptides
Number of spectra used for the homology result.

Databases
Database used for this identification. If the database is X!Tandem :

Number
Protein number indicated in the X!Tandem result.

Peptides
Number of spectra identified for this protein in the previous X!Tandem search.

Figure 6: Protein result

3.1.2 File *peptide.txt

This file contains the details of the peptides identified in each sample (Fig 7).

Number
Protein number representing the Nst homology search. In this example, the protein number begins at 2, because
one contaminant protein identified has not been reported.

Description
Description of the identified protein.

Scan
Scan number of the MS/MS spectrum.

Sequence
Sequence of the peptide determined by PepNovo. N- or C-ter of the peptide may have not been determined, in
that case they are indicated by a mass in N- or C-gap.
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3.1 Tabulated files 3 RESULTS

Charge
Charge of the MS/MS spectrum

MH+theo
Monoisotopic calculated mass for the peptide + one proton (MH+). If N or C-gap are present, this value is
estimated.

MH+obs
Monoisotopic observed mass for the peptide + one proton (MH+)

DeltaMH+
Error in the precursor mass between observed and theoretical data (Da). If N or C-gap, this value is not determined
(ND).

N-gap
Monoisotopic mass not interpreted in the N-ter of the peptide.

C-gap
Monoisotopic mass not interpreted in the C-ter of the peptide.

Sequence score
Sequence score determined by PepNovo.

Filter score
Quality score of the spectrum, lies between 0 and 1.

Figure 7: Peptide result

3.1.3 File *alignment.txt

For each homology result, an *alignment.txt file containing the alignment is created (Fig 8).
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Figure 8: Alignment result

3.2 Graphical view of the results

For each sample, you can watch the Fasts results. The application’s graphical window is divided in three (Fig 9)
:

• the list of the identified proteins and the expandable list of the peptides used for the homology;

• the alignment of the homology (click on a protein or a peptide to view it);

• the annotated MS/MS spectrum with b/y ions (click on a peptide to view it).
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Figure 9: View result

3.3 Export

3.3.1 PepNovo sequences

You can export the sequence determined by PepNovo for each spectrum.
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