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ABSTRACT

Bottom-up proteomics analyses have been proved
over the last years to be a powerful tool in the
characterization of the proteome and are crucial
for understanding cellular and organism behaviour.
Through differential proteomic analysis researchers
can shed light on groups of proteins or individual
proteins that play key roles in certain, normal or
pathological conditions. However, several tools for
the analysis of such complex datasets are power-
ful, but hard-to-use with steep learning curves. In
addition, some other tools are easy to use, but are
weak in terms of analytical power. Previously, we
have introduced ProteoSign, a powerful, yet user-
friendly open-source online platform for protein dif-
ferential expression/abundance analysis designed
with the end-proteomics user in mind. Part of Pro-
teosign’s power stems from the utilization of the
well-established Linear Models For Microarray Data
(LIMMA) methodology. Here, we present a substan-
tial upgrade of this computational resource, called
ProteoSign v2, where we introduce major improve-
ments, also based on user feedback. The new version
offers more plot options, supports additional experi-
mental designs, analyzes updated input datasets and
performs a gene enrichment analysis of the differ-

entially expressed proteins. We also introduce the
deployment of the Docker technology and signifi-
cantly increase the speed of a full analysis. Pro-
teoSign v2 is available at http://bioinformatics.med.
uoc.gr/ProteoSign.
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INTRODUCTION

Mass spectrometry (MS)-based quantitative proteomics is a
powerful approach to study the global proteome dynamics
in a cell, a tissue or an organism (1). The latest technologi-
cal advances in bioanalytical chemistry, mass spectrometry
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and bioinformatics, allow the detection, relative quantita-
tion and functional annotation of thousands of proteins in
a single experiment in an hour using the so-called bottom-
up proteomics approach (2,3). In contrast to the still de-
veloping top-down proteomics approach where intact pro-
teins are analyzed by MS, in the widely used bottom-up ap-
proach, proteins are proteolytically digested into peptides
and then separated and analysed. The peptides are anal-
ysed with MS techniques so that their accurate mass, ab-
solute or relative abundance and amino acid sequence are
determined. This information is used to deduce the abun-
dance and primary structure of the peptides’ parent pro-
teins. A significant drawback of the bottom-up approach is
its inability to unequivocally identify the different isoforms
of the proteins, in contrast to the top-down proteomics ap-
proaches. However, the bottom-up approach provides bet-
ter separation of peptides in both nLC and MS level re-
sulting in a much higher coverage of the predicted pro-
teome. Thus, the bottom-up approach is the most com-
monly used one in high-throughput proteomics (4). There
are many available proteomic differential expression analy-
sis tools, such as Perseus (probably the most popular one)
(5), DanTE (6), Prostar (7), MsqRob (8), ProteoSign (9),
MSstats (10), Rover (11), HiQuant (12), PIQMIe (13), Scaf-
fold Q+S, ProtExA (14), StatQuant (15) etc. These tools dis-
play differences in terms of features, such as filtering, nor-
malization, aggregation, statistical methods, types of anal-
yses, data import/export formats, plots offered etc. They
also have different user requirements (need of statistical and
programming skills), experimental and software restrictions
(for comparison, see (9)).

Previously, we published ProteoSign, a web tool for dif-
ferential and statistical analysis on quantification datasets
which was published in the 2017 Nucleic Acids Research web
server issue (8). It uses Linear Models for Microarray Data
(LIMMA) methodology in order to statistically assess the
difference in abundance of proteins between two or more
proteome states. It provides descriptive statistics, plots, au-
tomated data reformatting and offers the minimum cus-
tomizability in order to keep its interface simple. ProteoSign
had no restriction regarding the experimental methods used
as input which gives the opportunity to analyze both label-
free and labeled experiments. It accepts as input proteomics
quantification data produced by either MaxQuant (MQ)
(16) or Proteome Discoverer PD (Thermo Scientific). The
data can derive from label-free or labeled experiments, cur-
rently supporting SILAC (17), pulsed SILAC (18), iTRAQ
(19), TMTs (20) and dimethyl labeling (21) whereas label-
swap replication is also supported.

Here, we present a significantly updated second version of
ProteoSign (v2), guided by feedback from actual users and
the broader proteomics community. In this update, we have
implemented new features, while still preserving the user
friendliness of the tool. The new features and improvements
include acceptance of updated input datasets, much faster
analysis performance, support of new experimental designs,
user-customised and reproduced plots, easy installation in
a local server, improved documentation, deployment of the
Docker technology and gene enrichment analysis of differ-
entially expressed proteins.

NEW FEATURES AND UPDATES
General design and input data

The pipeline of ProteoSign v2 is shown in Figure 1. The
frontend is written in HTML and JavaScript and consists
of a welcome page, an analytical help page with examples
and relevant pictures describing the whole process, and a
detailed documentation. ProteoSign’s backend is written in
PHP and R and manages the data uploading and analysis
processes, as well as the results visualization and download-
ing processes. It is platform independent and is fully com-
patible with all major browsers (Mozilla Firefox, Google
Chrome, Apple Safari, Opera, etc). In its first version, Pro-
teoSign accepted quantified differential proteomics data,
produced by either Proteome Discoverer (PD) 1.3+ or
MaxQuant (MQ) 1.3.0.5+. The updated version now ac-
cepts datasets also produced by Proteome Discoverer (PD)
2.4. Apart from the previous support of experimental de-
signs, many users required support for Replication Multi-
plexing, i.e. experiments where biological/technical repli-
cates or conditions are represented either as different tags
or as different MS runs, a feature that was integrated in
the new version of ProteoSign. Additionally, the User-
Interface, help pages and documentation files have inte-
grated user-suggested changes towards a more user-friendly
environment and learning experience.

Performance

There has been an extensive rewriting and optimization
of the source code, in order to increase the performance
(in terms of speed) of ProteoSign. Moreover, data ta-
bles (in R; package data.table) are now employed instead
of dataframes. This new feature is better suited for large
datasets and facilitates ProteoSign v2 to increase its running
speed by 2- or 3-fold. Specifically, the features are fast ag-
gregation of large data (e.g. 100GB in RAM), fast ordered
joins, fast additions/modifications/deletions of columns by
group without the use of temporary copies, column listings
and faster text reading/writing. As a case study, we con-
ducted the same analysis as in the first version of ProteoSign
using the same demonstration datasets and calculated its
running time. Speed improvements are presented in Table 1.

User intervention

By adopting a visual analytics approach, in its current ver-
sion, users can manually adjust several parameters and af-
fect output results. For example, users can initially define
the adjusted P-value threshold for differentially expressed
proteins at any time. In addition, they have the option to
disqualify proteins which were not quantified with at least a
user defined number of different peptides, in at least a user
defined number of biological replicates. Finally, users can
load or save the parameter set of each run and quickly re-
run the analysis without the need to re-enter every parame-
ter. The latter is especially useful when planning, setting and
defining an experimental design. In addition, the users can
customize and reproduce any of the offered plots. The rele-
vant R script is included and there is an extended help file
describing how to run the processes in the command line.



Nucleic Acids Research, 2021, Vol. 49, Web Server issue WS575

Figure 1. ProteoSign’s v2 pipeline.

Table 1. Running time comparison between ProteoSign and ProteoSign v2

Running time Running time

Data size Biological Technical ProteoSign vl ProteoSign v2
Data set and PRIDE ID (MB) Conditions replicates replicates Fractionation Samples (min) (min)
SILAC 2-plex (MQ) 122 2 3 2 Y 72 <1 035(21s)
PXD001909 (23)
SILAC 2-plex (MQ) large 787 2 4 6 Y 240 6 2
PXD000778 (24)
SILAC 2-plex (PD) large 1100 2 4 6 Y 40 4 <2
PXDO000778 (24)
Label-Free (MQ) large 1070 2 2 3 Y 108 7 <4
PXD004124 (25)
TMT (MQ) PXD002622 (26) 62 2 5 0 Y 50 2 <1
TMT (PD) PXD002622 (26) 109 2 5 0 Y 50 2 <1
iTRAQ (PD) PXD004869 684 4 2 0 Y 4 12 <5
PSILAC 3-plex (MQ) 336 2 6 0 Y 120 3 <2
PXD001976 (27)
PSILAC 3-plex (PD) 831 2 6 0 Y 120 7 <4
PXD001976 (27)
Dimethyl 2-plex (PD) large 1505 2 3 0 Y 36 9 <5
PXD002073 (28)
Table 2. ProteoSign version 1 versus version 2 Docker
Feature ProteoSign vl ProteoSign v2 All of ProteoSign v2 components along with the necessary
Aggregation X X dependencies are packed in a docker image. The docker im-
Filtering X X age allows running ProteoSign v2 without installing any
Normalization X X mandatory external libraries. This way, one can run Pro-
Ellg/fﬁlgal analysis (based on X X teoSign v2 locally on any operating system and access it via
Generation of various data plots X X (plus Venn her/hls local web browser, overcoming network bandwidth

diagrams) issues.

Enrichment analysis X
Docker image X
(S;)l]g}))ozrzt1 of Proteome Discoverer X Gene enrichment analysis
Ability to install to Local Server X A new feature of ProteoSign v2 is its ability to perform
i&‘gﬁ&g‘i’éﬁephcamn X gene enrichment analysis to functionally annotate signifi-
User defined parameters X cantly enriched groups consisting of d1ffer§nt1a}ly expressed
Higher speed performance X proteins. Methods applied to the analysis originate from

g:Profiler2 (22), an R package providing an R interface to
g:Profiler, a web server for functional interpretation of gene
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lists. The query set of proteins consists of Uniprot Acces-
sion Numbers used to characterize each one of the proteins
found to be expressed differentially. Incorporating an ex-
ternal server such as g:Profiler, analysis can be extended to
a plethora of different organisms and enriched terms from
several databases. The significance threshold for the detec-
tion of enriched terms and the correction method for multi-
ple testing, are set by default values to 0.05 and Set Counts
and Sizes (gSCS) respectively. Results can be viewed in an
interactive table and are exported in a csv format. Detailed
instructions are provided in the help pages.

Local server installation

The source code of ProteoSign v2 has been rewritten so
that in its new form, it can be installed in a local server fol-
lowing a few simple steps (see new documentation page).
Regardless of the server’s system, ProteoSign can now be
downloaded, installed and configured easily even from non-
experts. A local server installation will provide much higher
data transmission speeds, laboratory specific configuration
and also the ability to incorporate ProteoSign as part of a
custom pipeline.

DISCUSSION

Proteosign v2 is an updated user-friendly web server ap-
plication for automated differential and statistical analy-
sis on high-throughput proteomic quantification datasets.
Novel features enable users to submit additional experimen-
tal designs (replication multiplexing), analyze various input
datasets and perform gene enrichment analysis to extract
differentially expressed proteins. Finally, the deployment of
Docker technology along with a much faster performance
(2-3x) due to significant code improvements are of great
importance. Main differences between ProteoSign vl and
v2 are summarized in Table 2.

SERVER INFORMATION

ProteoSign v2 is a web application that runs on Apache 2
web server hosted on a Dell PowerEdge R720xd server ma-
chine. The server runs Ubuntu (kernel 3.2) and has 128 GB
RAM and comes with two Intel Xeon E5-2650 processors
clocked at 2GHz.

DATA AVAILABILITY

ProteoSign v2 is freely available at http://bioinformatics.
med.uoc.gr/ProteoSign and the source at https:/github.
com/ananasl4/ProteoSign. The docker image can be
pulled for docker github https://hub.docker.com/r/mpaltsai/
proteosign (command: docker pull mpaltsai/proteosign).
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