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PREFACE

I SOFTWARE FEATURE OFFERINGS AND INTENDED AUDIENCE

This manual is about the MassChroQ proteomics quantification software project.

MassChroQ has the following features:

® Load an XML file mainly describing the precursor peptidic ions that were fragmented to produce tandem

mass spectra that allowed to identify proteins.

® Compute extracted ion current (XIC) chromatograms for the precursor ions by looking into the mass

spectrometry data files;

® Perform under-the-curve calculations to provide intensity values for the precursor ions.

2 FEEDBACK FROM THE USERS

We are always grateful to any constructive feedback from the users.
The PAPPSO software team might be contacted viz the following contact page:

HTTP://PAPPSO.INRAE.FR/EN/TRAVAILLER_AVEC_NOUS/CONTACT/# (search for team members having the

“Bioinformatics” specialty mentioned, like Olivier Langella or Filippo Rusconi).

3 PROGRAM AND DOCUMENTATION AVAILABILITY AND

LICENSE

The programs and all the documentation that are shipped along with the MuassChroQ software suite are available
ACHTTP://PAPPSO.INRAE.FR/EN/BIOINFO/MASSCHROQ/ 71 . Most of the time, a new version is published as source,

and as binary install packages for MS-Windows (64-bit systems only).

For GNU/Linux, binary packages are created locally (see HTTP://PAPPSO.INRAE.FR/EN/BIOINFO/MASS-
CHROQ/DOWNLOAD/ ) but are also built in the Debian' autobuilders and are uploaded to the distribution
servers. These packages are available using the system's software management infrastructure (like using the De-

bian's apt command, for example, or the graphical application).

1 HTTP://WWW.DEBIAN.ORG/ #
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The software and all the documentation are all provided under the Free Software license GNU General Public
License, Version 3, or later, at your option. For an in-depth study of the Free Software philosphy, the reader is

kindly urged to visit HTTP://WWW.GNU.ORG/PHILOSOPHY .

% Program and Documentation Availability and License MassChroQ 2.4.33


http://www.gnu.org/philosophy

I

GENERALITIES

In this chapter, some general concepts around the MassChroQ program and the reference to be used to cite the

software in publications will be introduced.

I.1

GENERAL CONCEPTS AND TERMINOLOGIES

This section describes the general concepts at the basis of the analysis of quantitative proteomics data that one

needs to grok in order to properly assimilate the workings of the MassChroQ software.

I.I.I

SPECTRAL COUNTS OR AREA UNDER THE CURVE?

MassChroQ is a program to perform quantitative mass spectrometry experiments in the context of proteomics

projects. Quantitative proteomics projects can be handled in various ways, depending on the data that are used

to actually quantify the identified peptides and proteins.

There are two main methods to peform quantitative assessments starting from proteomics data: spectral count-

ing computations and area under the curve computations, as described below.

® Spectral counts quantitation: this variant is based on the counting of the mass spectra that have allowed

the identification of a given protein. It has the advantage of being a label-free quantitative technique, but

it is also too rough to be considered a “robust and precise” technique.

Area under the curve quantitation: this variant is based on the integration of the ion current that can
be extracted from the mass data (“extracted ion current”, or XIC) for the precursors ions that, upon frag-
mentation, led to the protein identification. By integrating the XICs for all the peptide precursors that
identified a given protein, the software can estimate the abundance of that specific protein. The software
thus needs to be able to extract the ion current for all the precursor ions in the MS spectra, when these
ions were fragmented and allowed identifying peptides that in turn identified proteins. This is the process
that MassChroQ implements, which is why it is called Mass Chromarogram Quantification, with Chro-
matogram referring to the extracted ion current (XIC) chromatogram used to assign an intensity value to

the peptide ion that was fragmented.

@ NOTE

It should be noted that MassChroQ does not know anything about proteins. Instead, it does know about

alist of peptidic precursor ions' m/z values, which is all it needs to perform these XIC extractions.

General concepts and terminologies MassChroQ 2.4.33



1.2 OUTLINE OF A MassChroQ wORKING SESSION

The very first step is to produce the masschroqgm file that lists all the peptides that need a XIC extraction.

There are two possibilities for this:

® X!TandemPipeline can produce that file and has a AassChroQ configuration interface that is well docu-
mented in the user manual. The masschrogm file contains all the data required for the MassChroQ

operation.

® For scientists not using X/Tandem Pipeline for their proteomics projects, it is possible to craft the mass-
chrogml file starting from a rudimentary file and by pointing MassChroQ toa t sv file (a tab-separated
values file) containing the data required by MassChroQ. A typical file is shown in FIGURE 1.1, “THE PEPTIDE

LIST FILE IN{ SV FORMAT”.

@ NOTE

It is important that the mh column be filled-in with the calculated [M+H]" ion mass. The charge

column (z column) represents the actual charge of the precursor peptide ion.

2 Outline of a MassChroQ working session MassChroQ 2.4.33



2 peptide_example_tsv_file.txt + (~/de...schri

File Edit View Bookmarks Settings Help

manual : vim o e

scan sequence mh z proteins mods

778 CCTKPESER 1166.4934 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

839 NYQEAK 752.3585 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

1136 TCVADESHAGCEK 1463.5852 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

f585 SHCIAEVEK 1072.5111 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

1935 NECFLSHK 1034.4729 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

1960 ECCDKPLLEK 1291.6019 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

1980 LCVLHEK 898.48236 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

2089 CCTESLVNR 1138.4973 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

2237 YICDNQDTISSK 1443.6373 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR.

2241 (QNCDQFEK 1051.4155 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

2278 ETYGDMADCCEK 1478.5223 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

2702 QEPERNECFLSHK 1656.7439 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

2713 EYEATLEECCAK 1502.61 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

2753 ECCHGDLLECADDR 1749.6615 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

2867 CCAADDKEACFAVEGPK 1927.797 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

2910 EACFAVEGPK 1107.5137 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

3267 DDPHACYSTVFDK 1554.6533 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

3494 YLYEIAR 927.49396 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

3629 RHPEYAVSVLLR 1439.8123 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

3818 LKPDPNTLCDEFK 1576.7699 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

3821 KVPQVSTPTLVEVSR 1639.9381 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

3870 KQTALVELLK 1142.715 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

4082 RHPEYAVSVLLR 1439.8177 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

4236 RPCFSALTPDETYVPK 1880.9225 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

4253 SLHTLFGDELCK 1419.6945 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

4460 LVNELTEFAK 1163.6317 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

4499 SLHTLFGDELCK 1419.6956 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

4972 RHPYFYAPELLYYANK 2045.0253 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

5084 LFTFHADICTLPDTEK 1907.9092 3 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."

5308 LGEYGFQNALIVR 1479.807 2 "P02769|ALBU_BOVIN SERUM ALBUMIN PRECURSOR."
[Gitlmaster)]-~buf:1--tab: 1S EECTCEEY VAN

unix : zsh masschroq : zsh manual : vim @

This file documents the peptides that led to the identification of proteins. It needs to be provided to MassChroQ

in case the identification process has been carried over outside of X/Tandem Pipeline.
FIGURE 1.1: THE PEPTIDE LIST FILE IN t sv FORMAT

FIXME: brief description of the steps of the quantification analysis.

® Then do this: FIXME

1.2 CitiNnG THE MassChroQ soFTWARE.

Please, cite the software using the following reference:

Benoit Valot, Olivier Langella, Edlira Nano, Michel Zivy. 2011. MassChroQ: A versatile tool for mass spectrom-

etry quantification. Proteomics, 11: 3572-3577. https://doi.org/10.1002/pmic.201100120.

1.3 INSTALLATION OF THE SOFTWARE

The installation material is available at HTTP://PAPPSO.INRAE.FR/EN/BIOINFO/MASSCHROQ/DOWNLOAD/ A,
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1.3.1 INSTALLATION ON MS WiNnDOWS

The installation of the software is extremely easy on the MS-Windows platform: the installation program is

standard and requires no explanation.

1.3.2 INSTALLATION ON DEBIAN- AND UBUNTU-BASED SYSTEMS

The installation on Debian- and Ubuntu-based GNU/Linux platforms is also extremely easy (even more than
in the above situations). MassChroQ is indeed packaged and released in the official distribution repositories of

these distributions and the only command to run to install it is:

$ 'sudo apt install <package_nanme> [RETURN]

In the command above, the typical package _name is in the form masschroq for the program package and

masschr og- doc for the user manual package.

Once the package has been installed, the program shows up in the Science menu. It can also be launched from

the shell using the following command:

$ masschr og [RETURN]

1 The prompt character might be % in some shells, like zsh.

4 Installation on MS Windows MassChroQ 2.4.33



2. USAGE

In this chapter, the usage of MassChroQ will be introduced.

2.1 RUNNING MAssCHROQ

There are more than one ways to run the MassChroQ software, that will be described in the following sections.

211 RUNNING MAsSCHROQ FROM THE TERMINAL

MassChroQ can be run from the terminal. To get a review of the different options, run the following command

at the prompt:

$ masschroq --help

The output of the command above is described in FIGURE 2.1, “PRINTING THE HELP MESSAGE IN THE TERMINAL”.

@roma:~/devel/masschrog/build

File Edit View Bookmarks Settings Help

unix : zsh =1

% src/masschroq --help

Usage: src/masschroq [options] MassChrogML

Perform Mass Chromatogram Quantification as indicated in the XML input FILE. For addition
al information, see the MassChroQ Homepage : http://pappso.inra.fr/bioinfo/masschroq/

Options:

-h, --help Displays help on commandline options.

--help-all Displays help including Qt specific options.

-v, --version Displays version information.

--validate check xml input file validity without running
MassChroQ

-c, --cpus <number> sets the number of cpus you want to use

, —-tmpdir <directory> use DIRECTORY as temporary working direcory for
masschroq : temporary files generated by masschroq
during execution time (one file or several slices at
a time per xml data file being analysed) will go
there. By default DIRECTORY is the current working
directory of masschroq. Use this option if you want
to set another one.

--ondisk Use the temporary directory to store detected peaks
on disk. MassChroQ requires less memory to run on
huge datasets, but is a little bit slower due to
disk performance

-p, --parse-peptides perform peptide text file parsing only, no
quantification. If the identified peptides are given
to masschroq via peptide text files (defined in
FILE), he parses them, creates a new file called
parsed-peptides_FILE which contains the FILE content
(minus the lines relative to thr peptide text files
to parse) plus the parsed peptides information. By
default masschroq continues analysis and
quantification on this new file. Use this option if
you want masschroq only to parse the petide files
but not to continue quantification on them. This
allows you to check the parsed peptides and to add
trace information on specific peptides before
quantification.

Arguments:
MassChrogML MassChroQ XML input file to execute.

s 1

unix : zsh @ masschroq : zsh manual : vim

This is the help message that prints out in the terminal when the program is run with the - - hel p option.

FIGURE 2.1: PRINTING THE HELP MESSAGE IN THE TERMINAL
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There are two possibilities, either using the - - par se- pept i des option or not.

® Without the - - par se- pept i des option. In this case, the masschroqm file provided as parameter

to the command is fully auto-sufficient: it contains both the AassChroQ configuration bits, the list of
identified proteins and the list of identifying peptide precursor ions that need their ion current extracted

(XIC).

® With the - - par se- pepti des option. In this case, the masschrogni file provided as parameter to

the command is a partially empty shell: the list of peptide precursor ions is not provided as part of the
file. The user must have crafted the peptide list file as described in FIGURE 1.1, “THE PEPTIDE LIST FILE IN
t sv FormaT”. The name of that peptide list file must be provided in the masschroqm file provided

as parameter to the command.

212 RUNNING MASSCHROQ FROM THE GRAPHICAL USER INTERFACE

MassChroQ can be run from a graphical user interface. To this end, start the following command at the prompt:

$ masschrog_gui

The window that opens up is shown in FIGURE 2.2, “THE MAIN WINDOW”.

w 2 MassChroQ GUI v~
File  Help

Parameters Running MassChroQ 2.4.8 with XML file ‘/home/rusconi/devel/xtpcpp/doc-data/proteomics/masschrog/proteomics.masschrogml’

validating MassChrogML file fhome/rusconi/devel/xtpcpp/doc-data/proteomics/masschrog/proteomics.masschrogml...

MassChrogML file selection Parsing XML input file ‘/home/rusconi/devel/xtpcpp/doc-data/proteomics/masschrog/proteomics.masschrogml’
reading 5 msruns
proteomics.masschrogml Select MS run 'msruna5' from file /home/rusconi/devel/xtpcpp/doc-data/proteomics/20120906_proteomics_extract_1_B05_urnb-5.mzML: added
MS run'msruna4’ from file /home/rusconi/devel/xtpcpp/doc-data/proteomics/20120906_proteomics_extract_1_B01_urnb-4.mzML: added
Only parse peptide file MS run 'msruna2’ from file /home/rusconi/devel/xtpcpp/doc-data/proteomics/20120906_proteomics_extract_1_A05_urnb-2.mzML: added
MS run'msruna3' from file /home/rusconi/devel/xtpcpp/doc-data/pr 5/20120906_proteomics_extract_1_A09_urnb-3.mzML: added
Temporary directory MS run'msrunal’ from file /home/rusconi/devel/xtpcpp/doc-data/proteomics/20120906_proteomics_extract_1_A01_urnb-1.mzML: added
MS run group ‘All_samples' = (msruna1, msruna2, msruna3, msruna4, msruna5) : defined
/home/rusconiftmp Select Alignment method 'my_ms2' : added
_ MS run group ‘All_samples': alignment method 'my_ms2', reference msrun 'msruna1': alignment begin
on disk Starting alignment of group All_samples containing 5 msruns

MS2 alignment parameters :
ms2_tendency_halfwindow = 10
ms2_smoothing_halfwindow = 15
ms1_smoothing_halfwindow = 0
MS run group ‘All_samples' : alignment method 'my_ms2', reference msrun 'msruna1’: alignment finished
Quantification method 'quant1’ : added
Stop MassChroQ preparing peptide quantification (8259 peptides)
computing retention time references
computing XIC coordinates
0% 10% 209% 309 40% 50% 609 70%

Number of CPUs

CPUs 8

<>

The main window allows the user to easily configure the AassChroQ run. The output of the program in dis-

played in the text widget on the right hand side of the window.

FIGURE 2.2: THE MAIN WINDOW
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The following configuration elements have to be set by the user:

® MassChroQML file selection: use the Select button to open a file selection dialog window. Choose the

masschroqm file that specifies all the data required to run MassChroQ. This is the input file.

® Only parse peptide file: check this check box widget if the file set above does not contain the full list of
peptide ion precursors that identified the proteins. Checking this widget is analogous to using the - -

par se- pept i des option on the command line (see SECTION 2.1.1, “RUNNING MASSCHROQ FROM THE

TERMINAL”).

® Temporary directory: use the Select button to open a directory selection dialog window. Choose the direc-

tory where MassChroQ will write the temporary data it needs to carry over its work.

® On disk: check this check box widget to write on disk the detected peaks to alleviate the consumption of
random access memory. The program is slower because read/write operations on disk are considerably

slower than their equivalent in memory.

® Number of CPUs: Enter the number of execution threads that MassChroQ is allowed to use when paral-

lelizing its tasks.

® Start MassChroQ: click onto this button to start the program. When the program has started the label of
this button changes to Stop MassChrog.
When the program is running, the output is printed in the text widget on the right hand side of the win-

dow.

2.2 MAssCHrROQ OuTrUT FILE

The output of MassChroQ is stored in a file named according to the results_<input_file_name>.ods scheme,
where the masschr ogm extension is removed. The file is written inside of the directory that contains the input

masschr oqnl file.

The format of the output file is the Libreoffice spreadsheet format (Open Document Spreadsheet, ODS). That

file contains three tabs, described below:

® MassChrog informations - <id>: the <id> suftix identifies the quantification set. This tab contains the

configuration bits of the MassChroQ run.
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@ NOTE

The <id> suffix is not currently of use, actually. MassChroQ was designed to be able to perform
multiple quantification runs with different settings on the same set of associated samples. How-

ever, this is not currently available in the X/TandemPipeline interface.

® <Sample association group>_proteins: the <Sample association group> prefix identifies the group in which
samples were associated. There can be one or more such groups. If there is only one group, it has the default
AIll_samples name. If there are more than one group, then they are named according to the configuration

set by the user. This tab contains the peptide, protein and protein_description columns, all self-explanatory.

® peptides_<id>_<Sample association group>: the <id> and <Sample association group> suftixes were de-
scribed above. This tab contains the actual XIC data for each peptide precursor ion that was quantified.

There are a large number of columns, described below.

The peptides tab in the results spreadsheet file contains a large number of columns that are described in the
paragraphs below. Each row of the spreadsheet is related to a given peptide precursor ion that was fragmented

and that allowed identifying a peptide, which in turn contributed to the identification of a protein.

® guantification: this is the <id> mentioned above. At the time of writing this identification bit is not sig-

nificant.
® group: this is the name of the group of associated samples.
® msrun: automatically-assigned name that is unambiguously attached to the mass spectrometry file.
® msrunfile: mass spectrometry data file name for the current sample.
® mz: calculated (FIXME) m/z value.

® yr: retention time at which the peptide precursor ion was eluted (in seconds). FIXME (the rt for the most

intense ion current, that is, the top of the curve or what ? see rtbegin below)
® maxintensity: maximum ion current intensity. FIXME
® area: are under the XIC chromatogram curve. FIXME
® peak quality: assessment on the quality of the peak. The more 'a’ characters, the higher the quality. FIXME

® 7t begin: the retention time at the beginning of the the precursor ion XIC chromatogram peak. FIXME

cestvrai ?

® 7t end: the retention time at the end of the the precursor ion XIC chromatogram peak. FIXME c'est vrai ?

8 MassChroq Output File MassChroQ 2.4.33



® peptide: the peptide id as set by the dabase search engine.

label: 1abel that might be attached to the peptide in labelling-based quantification. FIXME
sequence: the sequence of the peptide precursor ion.
z: the charge of the peptide percursor ion.

mods: the chemical modifications encountered on the peptide. The formatislike /C 37 Hss O 10 N 10 S

ninumber: the isotopologue (o for monoisotopic, 1 for 1 heavy isotope, 2 for 2 heavy isotopes).
nirank: rank of the peak in the previous column in the isotopic cluster. FIXME

niratio: ratio

MassChroq Output File MassChroQ 2.4.33



A GNU GENERAL PUBLIC LICENSE VERSION 3

Version 3, 29 June 2007
Copyright © 2007 Free Software Foundation, Inc. urTps://Fsr.orG/ 7

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not

allowed.

PREAMBLE

The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and
change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share
and change all versions of a program—to make sure it remains free software for all its users. We, the Free Software
Foundation, use the GNU General Public License for most of our software; it applies also to any other work

released this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed
to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish),
that you receive source code or can get it if you want it, that you can change the software or use pieces of it in

new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the
rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it:

responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the
recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source

code. And you must show them these terms so they know their rights.
Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and
(2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free soft-
ware. For both users’ and authors' sake, the GPL requires that modified versions be marked as changed, so that

their problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them,
although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' free-

dom to change the software. The systematic pattern of such abuse occurs in the area of products for individuals
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to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to
prohibit the practice for those products. If such problems arise substantially in other domains, we stand ready to

extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict
development and use of software on general-purpose computers, but in those that do, we wish to avoid the
special danger that patents applied to a free program could make it effectively proprietary. To prevent this, the

GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.

TERMS AND CONDITIONS

o. DEFINITIONS.

“This License” refers to version 3 of the GNU General Public License.
“Copyright” also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this License. Each licensee is addressed as “you”.

“Licensees” and “recipients” may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work in a fashion requiring copyright per-
mission, other than the making of an exact copy. The resulting work is called a “modified version” of the earlier

work or a work “based on” the earlier work.
A “covered work” means either the unmodified Program or a work based on the Program.

To “propagate” a work means to do anything with it that, without permission, would make you directly or sec-
ondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying
a private copy. Propagation includes copying, distribution (with or without modification), making available to

the public, and in some countries other activities as well.

To “convey” a work means any kind of propagation that enables other parties to make or receive copies. Mere

interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to the extent that it includes a convenient and
prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is
no warranty for the work (except to the extent that warranties are provided), that licensees may convey the work
under this License, and how to view a copy of this License. If the interface presents a list of user commands or

options, such as a menu, a prominent item in the list meets this criterion.
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1. SOURCE CODE.

The “source code” for a work means the preferred form of the work for making modifications to it. “Object

code” means any non-source form of a work.

A “Standard Interface” means an interface that either is an official standard defined by a recognized standards
body, or, in the case of interfaces specified for a particular programming language, one that is widely used among

developers working in that language.

The “System Libraries” of an executable work include anything, other than the work as a whole, that (a) is in-
cluded in the normal form of packaging a Major Component, but which is not part of that Major Component,
and (b) serves only to enable use of the work with that Major Component, or to implement a Standard Interface
for which an implementation is available to the public in source code form. A “Major Component”, in this con-
text, means a major essential component (kernel, window system, and so on) of the specific operating system (if
any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter

used to run it.

The “Corresponding Source” for a work in object code form means all the source code needed to generate, install,
and (for an executable work) run the object code and to modify the work, including scripts to control those ac-
tivities. However, it does not include the work's System Libraries, or general-purpose tools or generally available
free programs which are used unmodified in performing those activities but which are not part of the work. For
example, Corresponding Source includes interface definition files associated with source files for the work, and
the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to
require, such as by intimate data communication or control flow between those subprograms and other parts

of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts

of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.

2. BASIC PERMISSIONS.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable
provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the un-
modified Program. The output from running a covered work is covered by this License only if the output, given
its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent,

as provided by copyright law.

You may make, run and propagate covered works that you do not convey, without conditions so long as your
license otherwise remains in force. You may convey covered works to others for the sole purpose of having them

make modifications exclusively for you, or provide you with facilities for running those works, provided that you
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comply with the terms of this License in conveying all material for which you do not control copyright. Those
thus making or running the covered works for you must do so exclusively on your behalf, under your direction
and control, on terms that prohibit them from making any copies of your copyrighted material outside their

relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is

not allowed; section 10 makes it unnecessary.

3. PROTECTING USERS' LEGAL RIGHTS FROM ANTI-
CIRCUMVENTION LAW.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling
obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws pro-

hibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid circumvention of technological measures
to the extent such circumvention is effected by exercising rights under this License with respect to the covered
work, and you disclaim any intention to limit operation or modification of the work as a means of enforcing,

against the work's users, your or third parties’ legal rights to forbid circumvention of technological measures.

4. CONVEYING VERBATIM COPIES.

You may convey verbatim copies of the Program's source code as you receive it, in any medium, provided that you
conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices
stating that this License and any non-permissive terms added in accord with section 7 apply to the code; keep
intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the

Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty

protection for a fee.
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5. CONVEYING MODIFIED SOURCE VERSIONS.

You may convey a work based on the Program, or the modifications to produce it from the Program, in the form

of source code under the terms of section 4, provided that you also meet all of these conditions:

a. The work must carry prominent notices stating that you modified it, and giving a relevant date.

b. The work must carry prominent notices stating that it is released under this License and any conditions

added under section 7. This requirement modifies the requirement in section 4 to “keep intact all notices”.

c. You must license the entire work, as a whole, under this License to anyone who comes into possession
of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the
whole of the work, and all its parts, regardless of how they are packaged. This License gives no permission
to license the work in any other way, but it does not invalidate such permission if you have separately

received it.

d. If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the
Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not

make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature
extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a
volume of a storage or distribution medium, is called an “aggregate” if the compilation and its resulting copyright
are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit.

Inclusion of a covered work in an aggregate does not cause this License to apply to the other parts of the aggregate.

6. CONVEYING NON-SOURCE FORMS.

You may convey a covered work in object code form under the terms of sections 4 and s, provided that you also

convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

a. Convey the object code in, or embodied in, a physical product (including a physical distribution medium),
accompanied by the Corresponding Source fixed on a durable physical medium customarily used for soft-

ware interchange.

b. Convey the object code in, or embodied in, a physical product (including a physical distribution medium),
accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or
customer support for that product model, to give anyone who possesses the object code either (1) a copy of

the Corresponding Source for all the software in the product that is covered by this License, on a durable
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physical medium customarily used for software interchange, for a price no more than your reasonable cost
of physically performing this conveying of source, or (2) access to copy the Corresponding Source from

a network server at no charge.

c. Convey individual copies of the object code with a copy of the written offer to provide the Corresponding
Source. This alternative is allowed only occasionally and noncommercially, and only if you received the

object code with such an offer, in accord with subsection 6b.

d. Convey the object code by offering access from a designated place (gratis or for a charge), and offer equiv-
alentaccess to the Corresponding Source in the same way through the same place at no further charge. You
need not require recipients to copy the Corresponding Source along with the object code. If the place to
copy the object code is a network server, the Corresponding Source may be on a different server (operated
by you or a third party) that supports equivalent copying facilities, provided you maintain clear directions
next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the
Corresponding Source, you remain obligated to ensure that it is available for as long as needed to satisfy

these requirements.

e. Convey the object code using peer-to-peer transmission, provided you inform other peers where the object
code and Corresponding Source of the work are being offered to the general public at no charge under

subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System

Library, need not be included in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any tangible personal property which is nor-
mally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into
a dwelling. In determining whether a product is a consumer product, doubtful cases shall be resolved in favor of
coverage. For a particular product received by a particular user, “normally used” refers to a typical or common
use of that class of product, regardless of the status of the particular user or of the way in which the particular
user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of
whether the product has substantial commercial, industrial or non-consumer uses, unless such uses represent the

only significant mode of use of the product.

“Installation Information” for a User Product means any methods, procedures, authorization keys, or other in-
formation required to install and execute modified versions of a covered work in that User Product from a modi-
fied version of its Corresponding Source. The information must suffice to ensure that the continued functioning

of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and
the conveying occurs as part of a transaction in which the right of possession and use of the User Product is

transferred to the recipient in perpetuity or for a fixed term (regardless of how the transaction is characterized),
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the Corresponding Source conveyed under this section must be accompanied by the Installation Information.
But this requirement does not apply if neither you nor any third party retains the ability to install modified object

code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide
support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the
User Product in which it has been modified or installed. Access to a network may be denied when the modifi-
cation itself materially and adversely affects the operation of the network or violates the rules and protocols for

communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in
aformat that is publicly documented (and with an implementation available to the public in source code form),

and must require no special password or key for unpacking, reading or copying.

7. ADDITIONAL TERMS.

“Additional permissions” are terms that supplement the terms of this License by making exceptions from one
or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as
though they were included in this License, to the extent that they are valid under applicable law. If additional
permissions apply only to part of the Program, that part may be used separately under those permissions, but

the entire Program remains governed by this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option remove any additional permissions from
that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain
cases when you modify the work.) You may place additional permissions on material, added by you to a covered

work, for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add to a covered work, you may (if autho-

rized by the copyright holders of that material) supplement the terms of this License with terms:

a. Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or

b. Requiring preservation of specified reasonable legal notices or author attributions in that material or in

the Appropriate Legal Notices displayed by works containing it; or

c. Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such

material be marked in reasonable ways as different from the original version; or

d. Limiting the use for publicity purposes of names of licensors or authors of the material; or
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e. Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or

f. Requiring indemnification of licensors and authors of that material by anyone who conveys the material
(or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that

these contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restrictions” within the meaning of section
10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License
along with a term that is a further restriction, you may remove that term. If a license document contains a fur-
ther restriction but permits relicensing or conveying under this License, you may add to a covered work mater-
ial governed by the terms of that license document, provided that the further restriction does not survive such

relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a
statement of the additional terms that apply to those files, or a notice indicating where to find the applicable

terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or

stated as exceptions; the above requirements apply either way.

8. TERMINATION.

You may not propagate or modify a covered work except as expressly provided under this License. Any attempt
otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (in-

cluding any patent licenses granted under the third paragraph of section 1r).

However, if you cease all violation of this License, then your license from a particular copyright holder is rein-
stated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and
(b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to

6o days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder no-
tifies you of the violation by some reasonable means, this is the first time you have received notice of violation
of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your

receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies
or rights from you under this License. If your rights have been terminated and not permanently reinstated, you

do not qualify to receive new licenses for the same material under section 10.
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9. ACCEPTANCE NOT REQUIRED FOR HAVING COPIES.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propaga-
tion of a covered work occurring solely as a consequence of using peer-to-peer transmission to receive a copy
likewise does not require acceptance. However, nothing other than this License grants you permission to prop-
agate or modify any covered work. These actions infringe copyright if you do not accept this License. Therefore,

by modifying or propagating a covered work, you indicate your acceptance of this License to do so.

10. AUTOMATIC LICENSING OF DOWNSTREAM RECIPIENTS.

Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to
run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance

by third parties with this License.

An “entity transaction” is a transaction transferring control of an organization, or substantially all assets of one,
or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity
transaction, each party to that transaction who receives a copy of the work also receives whatever licenses to the
work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession
of the Corresponding Source of the work from the predecessor in interest, if the predecessor has it or can get it

with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License.
For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this
License, and you may not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any

patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.

11. PATENTS.

A “contributor” is a copyright holder who authorizes use under this License of the Program or a work on which

the Program is based. The work thus licensed is called the contributor’s “contributor version”.

A contributor’s “essential patent claims” are all patent claims owned or controlled by the contributor, whether
already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License,
of making, using, or selling its contributor version, but do not include claims that would be infringed only as
a consequence of further modification of the contributor version. For purposes of this definition, “control”

includes the right to grant patent sublicenses in a manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor’s es-
sential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the con-

tents of its contributor version.
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In the following three paragraphs, a “patent license” is any express agreement or commitment, however denomi-
nated, not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent
infringement). To “grant” such a patent license to a party means to make such an agreement or commitment not

to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work
is notavailable for anyone to copy, free of charge and under the terms of this License, through a publicly available
network server or other readily accessible means, then you must either (1) cause the Corresponding Source to be
so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3)
arrange, in a manner consistent with the requirements of this License, to extend the patentlicense to downstream
recipients. “Knowingly relying” means you have actual knowledge that, but for the patentlicense, your conveying
the covered work in a country, or your recipient’s use of the covered work in a country, would infringe one or

more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring
conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work
authorizing them to use, propagate, modify or convey a specific copy of the covered work, then the patent license

you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is “discriminatory” if it does not include within the scope of its coverage, prohibits the exercise
of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this
License. You may not convey a covered work if you are a party to an arrangement with a third party that is in
the business of distributing software, under which you make payment to the third party based on the extent of
your activity of conveying the work, and under which the third party grants, to any of the parties who would
receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered
work conveyed by you (or copies made from those copies), or (b) primarily for and in connection with specific
products or compilations that contain the covered work, unless you entered into that arrangement, or that patent

license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to in-

fringement that may otherwise be available to you under applicable patent law.

12. NO SURRENDER OF OTHERS' FREEDOM.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions
of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work
s0 as to satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a
consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty
for further conveying from those to whom you convey the Program, the only way you could satisty both those

terms and this License would be to refrain entirely from conveying the Program.
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13. USE wITH THE GNU AFFERO GENERAL PUBLIC LICENSE.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work
with a work licensed under version 3 of the GNU Affero General Public License into a single combined work,
and to convey the resulting work. The terms of this License will continue to apply to the part which is the covered
work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction

through a network will apply to the combination as such.

14. REVISED VERSIONS OF THIS LICENSE.

The Free Software Foundation may publish revised and/or new versions of the GNU General Public License
from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to

address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version
of the GNU General Public License “or any later version” applies to it, you have the option of following the
terms and conditions either of that numbered version or of any later version published by the Free Software
Foundation. If the Program does not specify a version number of the GNU General Public License, you may

choose any version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be
used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version

for the Program.

Later license versions may give you additional or different permissions. However, no additional obligations are

imposed on any author or copyright holder as a result of your choosing to follow a later version.

15. DISCLAIMER OF WARRANTY.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLI-
CABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS
AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY
KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE
ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU.
SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY
SERVICING, REPAIR OR CORRECTION.
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16. LIMITATION OF LIABILITY.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL
ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE
PROGRAM AS PERMITTED ABOVE, BELIABLE TO YOU FOR DAMAGES, INCLUDING ANY GEN-
ERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THEUSE OR
INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR
DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES
OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAM-
AGES.

17. INTERPRETATION OF SECTIONS 15 AND 16.

If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according
to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil
liability in connection with the Program, unless a warranty or assumption of liability accompanies a copy of the

Program in return for a fee.

END OF TERMS AND CONDITIONS

How 1o ArrrLYy THESE TERMS TO YOUR NEW PROGRAMS

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to

achieve this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file
to most effectively state the exclusion of warranty; and each file should have at least the “copyright” line and a

pointer to where the full notice is found.

one line to give the progranis name and a brief idea of what it does.
Copyright (C) year name of author

This programis free software: you can redistribute it and/or nodify
it under the terns of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any |ater version.
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This programis distributed in the hope that it will be useful,
but W THOUT ANY WARRANTY; without even the inplied warranty of
MERCHANTABI LI TY or FI TNESS FOR A PARTI CULAR PURPOSE. See the

G\U General Public License for nore details.

You shoul d have received a copy of the GNU General Public License

along with this program |f not, see HTTPS://WWW.GNU.ORG/LICENSES/ /.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like this when it starts in an interactive

mode:

program Copyright (C) year nanme of author

Thi s program cones with ABSOLUTELY NO WARRANTY; for details type ‘show w .
This is free software, and you are welcone to redistribute it

under certain conditions; type ‘showc’ for details.

The hypothetical commands ‘ show w’and  show ¢’ should show the appropriate parts of the General Public

License. Of course, your program'’s commands might be different; for a GUI interface, you would use an “about

»

box”.

You should also get your employer (if you work as a programmer) or school, if any, to sign a “copyright disclaimer”
for the program, if necessary. For more information on this, and how to apply and follow the GNU GPL, see

HTTPS://WWW.GNU.ORG/LICENSES/ @ .

The GNU General Public License does not permit incorporating your program into proprietary programs. If
your program is a subroutine library, you may consider it more useful to permit linking proprietary applications
with thelibrary. If this is what you want to do, use the GNU Lesser General Public License instead of this License.

But first, please read HTTPS://WWW.GNU.ORG/LICENSES/WHY-NOT-LGPL.HTML 7.
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COLOPHON

Aboutthe authors. Filippo Rusconiisasenior research scientist at the French national research council (Centre
national de la Recherche scientifique, CNRS). Filippo has a background in biochemistry and organic chemistry
and was trained during his Ph.D. as a bioanalytical chemist. He has extensive knowledge of analytical techniques

involved in the study of biopolymers.

Filippo Rusconi is the author of a handbook about mass spectrometry for biochemists (French). The book was

published by the French sci/tech publisher LAvoIsiEr (HTTPs://WWW.LAVOISIER.FR) 7.

Colophon. The look of this book (PDF file) is the result of me having read many books from the O'Reilly
publisher.

The frog on the book title page is a frog from Papua. This frog is able to hover when performing downwards

leaps. This picture is courtesy HTTP://WWW.PAPUAWEB.ORG !

The typesetting of the book has been done on a Debian GNU/Linux computer using only Free Software. Use of
the DocBook Authoring and Publishing Suite (DAPS (rT1Ps://GrTHUB.cOM/0PENSUSE/DAPS) ) from SUSE

was key in the process.

The layout adopted for this book is an adaptation of the SUSE stylesheets. I would like to thank Frank Sunder-
meyer <fsundermeyer@opensuse.org> and Stefan Knorr <sknorr@suse.de> for being helpful with all my ques-

tions.

The main font used was EBGARAMOND (HTTPS://GITHUB.COM/GEORGD/EB-GARAMOND) 7 and the sym-

bol/mathematical font was from the STIX projeCT (HTTPS://WWW.STIXFONTS.ORG/) @ (font: STIX2Math).

The screen shots were taken with Spectacle, the screen capture program shipped along with my KDE (xa1TPs://
WwWw.KDE.ORG/) 71 desktop environment and resampled using The GNU image manipulation program THE
Gimr (aTTes://www.ciMr.0rRG/) A, Illustrations were done in INKSCAPE (HTTPS://INKSCAPE.ORG/) @, 4 Vecto-

rial drawing software.
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