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We present a new proteomics open-source project, InSilicoSpectro, aimed at implementing recurrent
computations that are necessary for proteomics data analysis. Illustrative examples are mass list file
format conversions, protein sequence digestion, theoretical peptide and fragment mass computations,
graphical display, matching with experimental data, isoelectric point estimation, and peptide retention
time prediction. The project library is written in Perl, a widely used scripting language in bioinformatics,
and it offers a unique framework of integrated objects to implement complex proteomics data analyses.
For instance, only a few lines of code are required to digest a protein with fixed and variable
modifications, label peptides with 18O, compute the fragmentation spectra and display their match with
experimental spectra. We believe that InSilicoSpectro will be of great help to bioinformaticians, without
detailed knowledge of proteomics specifics, and to mass spectrometrists with computer programming
interest as well.
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1. Introduction

The processing of proteomics mass spectrometry (MS) data
requires special computations that are out of the scope of
classical software developed in bioinformatics or regular
software industry. Typical MS data processing tasks comprise
raw spectra analysis, file format conversions, mass list-based
computations, and storage of raw data and analysis results.

We believe that there is a need for a program library dealing
with MS-dedicated computations that would simplify the
development of computer programs for proteomics. This would
allow computer specialists, or bioinformatics specialists, with-
out in-depth knowledge of proteomics specifics, to support
their life science colleagues more efficiently. In particular, the
availability of a reliable and comprehensive MS library should
allow them to focus on the functionalities of new software and
to ignore the details of certain (tedious) algorithms.

Moreover, a simple to use MS library would also make mass
spectrometry specialists, with minimal training in computer
programming, able to implement useful tools by their own. This
is certainly useful in laboratories without sufficient access to
bioinformatics specialists.

InSilicoSpectro is a new proteomics open-source project
intended to cover common operations in file format conver-
sions, protein sequence digestion, theoretical mass spectra
computations and comparisons, text/graphic display, stable
isotope labeling1,2 (SIL) and tagging,3 peptide retention time
predictions in reverse phase high-pressure liquid chromatog-
raphy (RP-HPLC) columns, low-quality spectra filtering, and a
few other related topics. The problems of raw data processing,
storage, and database searching are not addressed by the
InSilicoSpectro project. See Figure 1 for a schematic view of
InSilicoSpectro scope. InSilicoSpectro is released under the
LGPL license and it is available from a dedicated web site at
http://insilicospectro.vital-it.ch. The LGPL license allows for
free reuse of the code, including in commercial programs such
as Phenyx (http://www.phenyx-ms.com/) that uses the library
for its Perl computations.

The scope of InSilicoSpectro matches a domain where the
functionalities of available programs can be regarded as
insufficient. Raw spectra processing and database searching/
peptide de novo sequencing are classical problems addressed
by several commercial and free programs. Nonetheless, tech-
niques such as SIL and tagging, or the development of site-
specific tools for displaying or further analyzing data, requires
computations that are not, or partially only, supported by
available programs. Given the huge diversity of needs and
sample processing technologies, it is very difficultsif not
impossiblesto develop fully generic programs that would
handle all possible tasks. Consequently, we decided to develop
a library of software modules and to let users combine them
to suit their specific needs. By hiding the complicated com-
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putations in the library code, we are convincedsand we
actually experiencedsthat relatively complex data processing
tasks can be implemented rapidly, safely, and easily.

To reach a large audience of potential users and to limit the
required computer programming skills, we decided to use a
scripting language, namely Perl, as the main programming
language and interface to the library. Perl is widely used in
bioinformatics and this should facilitate the integration with
existing bioinformatics infrastructures. Moreover, Perl is an
extraordinary tool for rapid software development and our
professional activities learned us that life science research often
imposes short dead-lines. Perl is a stable language on many
platforms, notably Linux, Microsoft Windows, and Mac OS X.
In addition, the development of the future Perl 6 compiler, i.e.,
Parrot (http://www.parrotcode.org/), should allow the Python
community to use InSilicoSpectro Perl modules quite transpar-
ently, which would make us able to support almost all bioin-
formatics scripting language developers.

The current version of InSilicoSpectro includes modules for
MS data management, essentially mass list file format conver-
sions, protein sequence digestion, fixed and variable protein
modifications representation, theoretical mass computations
for peptide mass fingerprinting (PMF) and tandem mass
spectrometry (MS/MS), graphic display, peptide retention time
predictions, and protein isoelectric point (pI) estimations.
Partial support for SIL is already implemented although it is
still an ongoing part of the project as well as low-quality spectra
filtering and further graphical outputs. InSilicoSpectro com-
prises several examples and simple tools to illustrate library
use including a file format converter, a simple web site to digest
protein sequences and compute peptide theoretical fragmenta-
tion spectra, a program to extract statistics about fragment peak
intensities, and many short examples that directly illustrate

specific functionalities of the libraries. We plan to maintain and
develop InSilicoSpectro over the coming years and, hopefully,
users feedback and comments will also influence its evolution.

2. Materials and Methods

InSilicoSpectro Perl library modules are organized according
to their functions. At the more general level there is a module
named InSilicoSpectro.pm that provides general functionalities
for initializing all the other modules (lecture of configuration
files). More specialized modules are grouped in three folders:
“Spectra” for mass list-related modules, “InSilico” for compu-
tational modules, and “Utils” for a few utility modules. We plan
to implement in the future some computation intensive
routines in C++ but they will always be wrapped by a Perl
interface.

The general design of the modules follows the object oriented
programming (OOP) model and most of the modules are class
definitions actually. The module that implements most of the
theoretical mass computation routines supports a dual OOP
and procedural programming model. Functions in this module
are more susceptible to be strongly integrated into proprietary
software using InSilicoSpectro and we decided not to force
users to adhere to a specific model. Other modules functions
should be used in a standard and simple way thus limiting the
complexity of the interface with proprietary developments.
Hence, we believe that procedural programming developers
should not be disturbed too much if they have to use them via
(elementary) objects.

InSilicoSpectro modules make use of some Perl modules that
are not part of the standard Perl distribution, such as Statistics:
Regression, XML:Twig, GD, and IA:NNFlex. These modules are
available from CPAN, the Comprehensive Perl Archive Network,
and constitute de facto an extension of the language that
increases the stability and reliability of the overall InSilicoSpec-
tro project Perl code. InSilicoSpectro requires GD and Zlib, two
libraries for graphics plot and data compression that must be
installed from rpms or similar precompiled packages (or source
code alternatively).

We have developed a simple and minimal class hierarchy
to represent protein sequences and peptides (as digestion
product) in a way that, on one hand, fits the needs of the
computations we perform and, on the other hand, stays
relatively neutral in its design. Thus, it should be possible to
combine the latter classes with existing projects at users sites,
e.g., via multiple inheritance, or to use them as the basis of
more sophisticated objects. The protein sequence class has
some compatibility with BioPerl4 objects in the sense that it
has a constructor that accepts an object of class Bio::Seq as
parameter. This eventually gives access to some nice BioPerl
functionalities such as sequence query over the Internet,
without forcing InSilicoSpectro users to use BioPerl. All other
InSilicoSpectro objects are rather specific to the field or
proteomics computations and they are not especially designed
to be compatible with other class hierarchies, though their
design follows the usual good practice rules.

InSilicoSpectro Perl code is documented mainly via pod and
a collection of simple and focused examples. A few tools
illustrate the usage of the modules to realize simple tasks. The
web site will features a news area to report evolution of the
library and new versions, and a bug tracking system is in place
for users to inform us about abnormalities.

Figure 1. Schematic overview of mass spectrometry data
generation and processing. The steps covered by InSilicoSpectro
are colored.



3. Results

In this section, we show how some illustrative and relatively
complex computations can be made easy by using InSili-
coSpectro modules. More examples are provided with the
library itself.

File Format Conversion. Existing formats, generally defined
by instrument manufacturers, export at least basic data: mass
over charge and intensity. Historically, some of these file
formats have been extended to include supplementary data
such as charge state, signal-to-noise ratio, peak width, etc. In
certain cases, supplementary data appear in comment lines
since the original format was not made to be extended.
Community-wide efforts try to define standards covering most
needs: mzData, from the HUPO-PSI consortium (http://
psidev.sourceforge.net/ms/#mzdata), or mzXML (http://
sashi-mi.sourceforge.net/software_glossolalia.html).

Until these undergoing normalization projects converge to
a unique format that would be supported by all instruments
proprietary software, there is a need to manage the existing
peak list formats and their most common extensions. InSili-
coSpectro offers a framework to deal with extracted peak lists
in a unified manner by means of a generic Perl classsand its
specialized descendentssable to represent mass lists with a
description of the data coming with each peak. Perl objects of
this class can be given handlers responsible for reading and
writing mass lists an many formats. If necessary, InSilicoSpectro
library users can write their own handlers.

The unifying Perl object for mass lists not only stores data
and converts from/into various file formats, it tries to “reduce”
redundant MS/MS spectra as well. For example, in the dta file
format, a MS/MS spectrum acquired from a parent ion, whose
charge could not be uniquely determined, is typically stored
several times in several files as dta does not allow multi-charges.
Such a classical case is an uncertainty between double and
triple charges. When reading the data, the handler checks for
redundancy (compatible parent masses, same fragment masses)
and merges the spectra in a single multi-charged spectra object
in computer memory. When such an object is written into a
file, an intelligent conversion is performed: if the file format
does not allow multi-charges, as dta, then several spectra are
written, one per charge state, otherwise the flexibility of the
file format is exploited as when writing in the mgf format. A
mass list format converter comes with InSilicoSpectro modules
both as a useful tool and an example. File format conversion
tools usually convert one format to another but they do not
let the user specify input and output formats freely.

Theoretical Mass Computations and Digestions. The
“simple” operation of digesting a protein sequence becomes
complicated when supporting special enzymes, protein modi-
fications, and SIL. InSilicoSpectro comes with a configuration
file that contains enzyme definitions. This XML file can be
extended at will by the users. Enzyme definitions can be created
with a lot of flexibility as illustrated by a special trypsin
definition intended to analyze data obtained from a 18O
labeling5,6 pipeline:

We see that we can define the enzyme specificity by means
of a cleavage site and a constraint on the next amino acid
(cleaves at K or R when not followed by P). The enzyme can
be defined as cleaving at the N- or C-terminus of the cleavage
site. The enzyme specificity can be alternatively specified as a
Perl regular expression. The CTermGain and NTermGain tags
can be used to define atom gains/losses (negative numbers are

possible) at peptide termini. The example above is the standard
case but special enzymes might require such a flexibility in
order that we can compute peptide masses, atomic composi-
tion and fragmentation spectra correctly. Finally, CTermModif
(and NTermModif) allow us to define enzymes that introduce
modifications in the peptides. In the example above, we define
a 18O modification (not shown), with mass shift +4 Da, and
we use the CTermModif tag to declare that this special version
of trypsin causes this modification at the C-Terminus. Alter-
natively, we could introduce no modification and use the
CTermGain tag to introduce supplementary isotopes.

Digestions can be performed with an enzyme, with possible
missed cleavages, or without enzyme (all possible peptides),
or with an enzyme but by generating half-enzymatic peptides.
All the peptides generated come with a precise description of
the modifications they carry as well as the atoms at their
termini (see explanation above). In particular, it is possible to
define modifications on a protein and to digest it by having
the modifications correctly transferred to the peptides. There-
fore, the digestion procedures are fully compatible with sub-
sequent PMF and MS/MS mass computations. In case variable
modifications are defined, all possible combinations (MS/MS)
or numbers (PMF) are generated. For an example, see Figure
2.

Fragment mass computations can be configured via an XML
file and comprise all sorts of fragments,7 charge states and
losses, including multiple and combined ones. For instance,
we can define y fragments with variable number of H3PO4

losses, which are of interest for phosphopeptides,8 as follows:

So far, the only supported internal fragments are immonium
ions but we designed the library such that it will be a limited
effort to include more general internal fragments. Fragmenta-
tion spectra can be exported in HTML, text, or LATEX format
to assist in document preparation or web site development.

All enzymes, post-translational modifications, and fragment
types can be configured through XML files or dynamically
added at run-time by calling appropriate functions or methods.

It is possible to match experimental masses with theoretical
spectra with variable precision and to manipulate the resulting
matches in Perl. Moreover, the matches can be exported in text



or graphical format; the graphical format comes with a flexible
scheme to normalize peak intensities and define color scales,
see Figure 3.

Peptide RP-HPLC Retention Times and Protein pIs. Several
authors already published methods aimed at predicting peptide
retention times in a RP-HPLC column. The main motivation

of doing such predictions is to help in the validation of peptide
identification since, provided the predictions are precise
enough, strong discrepancies between experimental and pre-
dicted times may indicate spurious identifications. The predic-
tion of protein pI serves the same goal in the context of
electrophoretic gels. Obviously, the ability to predict retention
times and pIs has additional applications.

InSilicoSpectro contains two modules implementing pub-
lished methods of RP-HPLC predictions: Hodges and co-
workers9-11 based their predictions on the sum of hydropho-
bicity contributions from every residue (coefficient sets
empirically determined by several other authors available from
the module); Petritis et al.12 used a neural network to infer the
retention time on the basis on the amino acid composition.
Refer to the original publications for more details and an
estimation of each method performance and see Figure 4 for
an example of how the InSilicoSpectro code is called.

For the three proposed methods, the user can recompute
and save her/his own parameters, by using the ad hoc
algorithm, provided sufficient training data are available. In
case not enough data are available, it is possible to re-calibrate
predicted times only by using a small set of validated retension
times (every method predicts normalized retention times as
actual times depend on laboratory specific settings).

Concerning pI estimations, they are computed by an iterative
algorithm or by a theoretical approximation using the regressed
dissociation constants.13 Several other authors later published
different sets of parameters to weight acidic and basic residues

Figure 2. (A) An example of the digestion of a short protein sequence, with modifications, by trypsin such that tryptic peptides are
modified with two 18O at their C-Terminus (see text); a default minimum mass of 500 Da is imposed. Modifications are indicated in
a special string with one position per amino acid plus two extra position for terminal modifications; (*) indicates a variable modification.
Computations are made in view of MS/MS and hence the modifications are localized, a simple count for PMF is another option of the
library. Note that C-Terminal peptides have no 18O. (B) The short Perl code necessary to compute this example.

Figure 3. Example of the tabular graphic representation of the
match between theoretical and experimental MS/MS masses. The
color code indicates experimental peak intensities after normal-
ization. The graphical output code allows various intensities
normalizations (no, log, relative, rank) and lets the user employ
a default color scale or define her/his own (variable colors and
number of bins). In the graphic output, it is also possible to
display the color scale itself as well as a count of the number of
peaks matched in each intensity bin versus the total number of
experimental peaks in the same bin. Note that it happens that
certain peaks match more than one theoretical masses but the
counts are always correct, i.e., it may have more color disks than
the total count. The choice of the character font automatically
adjusts the image size. There are fonts for screen display as well
as for printed documents (TrueType(TM) fonts).



for pI estimations, they are available from the module. See
Figure 4 for an example. As for the retention time prediction
methods, it is possible to re-calibrate predicted pIs to better
fit one’s own data.

Comparison with Previously Existing Systems. As we
mentioned in the Introductionsand to our best knowledges
there exists no other software package with a similar scope as
InSilicoSpectro. Tools accessible over the Internet propose
functionalities that are part of InSilicoSpectro: PeptideMass,
PeptideCutter, and ProtParam available from expasy;14 Pro-
teinProspector.15 Nonetheless, their scope is more limited and,
most important, it is not possible to modify these tools to
integrate them with other tools to meet specific needs.

Open source database search engines OMSSA16 and XTan-
dem17 certainly contain code to represent and digest protein
sequences, and to compute theoretical spectra as well, but to
use this code requires to “extract” it from its original context
and to use it as a library. Although this is obviously feasible
and not necessarily difficult, given the code is properly
designed, it requires more advanced technical skills. Moreover,
this would not cover everything we propose. The same is true
concerning GNU polyxmass,18 an open source program for
mass spectrometry computations (mainly masses).

ProteomeCommons.org proposes a Java program to perform
mass list file format conversions between several formats and
some manipulations such as merging mass lists. The Institute

for Systems Biology open-source tools comprise a program
(mzXML2Other) to convert mzXML into other formats (http://
www.systemsbiology.org/).

A commercial program that runs under Microsoft Windows
only, GPMAW (http://welcome.to/gpmaw), offers a rich set of
functionalities for manipulating proteins sequences and inter-
facing with sequence databases and common bioinformatics
tools such as Blast or ClustalW. GPMAW functionalities related
to mass calculations and sequence digestion overlap with most
of InSilicoSpectro functionalities in this domain, though we
cover more extensively what concerns the match with experi-
mental data. GPMAW is not a library and it is not open-source.
Hence, GPMAW does not allow its users to integrate it with
their own programs or to modify it.

We also mention OpenMS (http://open-ms.sourceforge.net/
), an open-source project in C++ that has a rather comple-
mentary focus compared to InSilicoSpectro. OpenMS covers
many issues related to peak detection in raw spectra, data
storage in a relatioanl database, raw data visualization and
compression, as well as MS profile comparisons.

4. Conclusions

We have developed a novel open-source Perl library covering
many common needs in proteomics computations. The current
version includes file format conversions, protein digestion,
post-translational modifications management, theoretical mass

Figure 4. (A) An example of RP-HPLC retention time computation for peptides stored in a file with the parameters published by Guo
et al.9 Here, we call a small Perl script that makes use of the generic module available from InSilicoSpectro. (B) An example where we
compute the optimal parameters for a given data set and save them into a file. C. The code in the Perl script to learn, calibrate and
save.



computations, graphical display, and peptide retention time
prediction. The library will be extended over the coming years
to include even more functionalities. Other existing projects
either have a more limited scope and/or do not come as a
library of reusable functions and objects.

InSilicoSpectro design is intended to make its use as simple
as possible including by non proteomics specialists or by non
professional programmers. We believe it is a key feature of the
project to provide help to a community as large as possible
since people in proteomics data analysis have very diverse
backgrounds. The choice of Perl as a programming language
is motivated by its large acceptance in bioinformatics and its
potential to support rapid tool development, which is exactly
one of InSilicoSpectro ambitions.

In addition, InSilicoSpectro can be used for teaching pur-
poses by hiding details of computations and thus giving
students the opportunity to rapidly produce interesting tools
and gaining direct experience in proteomics data handling.
Moreover, the code itself could be used to illustrate the
mechanics of certain computations at a later stage.

The InSilicoSpectro web site is located at http://
insilicospectro.vital-it.ch. Additional information and links to
download the library can be found there.
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