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Abstract

Summary: Data visualization plays critical roles in proteomics studies, ranging from quality control
of MS/MS data to validation of peptide identification results. Herein, we present PDV, an integrative
proteomics data viewer that can be used to visualize a wide range of proteomics data, including
database search results, de novo sequencing results, proteogenomics files, MS/MS data in mzML/
mzXML format and data from public proteomics repositories. PDV is a lightweight visualization
tool that enables intuitive and fast exploration of diverse, large-scale proteomics datasets on stand-
ard desktop computers in both graphical user interface and command line modes.

Availability and implementation: PDV software and the user manual are freely available at http://
pdv.zhang-lab.org. The source code is available at https:/github.com/wenbostar/PDV and is

released under the GPL-3 license.
Contact: bo.wen@bcm.edu or reny@genomics.cn

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Liquid chromatography-coupled tandem mass spectrometry (LC-
MS/MS) is the leading technique in proteomics, and it generates
large volumes of data. Analyzing the raw data requires many differ-
ent tools that produce additional data in various formats. These for-
mats include open format MS/MS data (such as mzML and
mzXML) converted from raw MS/MS data, protein identification
results from database searching or de novo sequencing and prote-
omic data from public databases such as PRIDE (Jones, 2006) or
spectral libraries such as PeptideAtlas (Desiere et al., 2006).
Visualization at each stage of the analysis is critical in exploiting
and understanding the information derived from these data
(Oveland et al., 2015).

Currently, several tools are available to visualize proteomics
data, such as TOPPView (Sturm and Kohlbacher, 2009), PRIDE
Inspector (Wang et al., 2012), MS-Viewer (Baker and Chalkley,
2014) and BatMass (Avtonomov et al., 2016). TOPPView provides
a graphical user interface (GUI) for visualizing MS/MS data. PRIDE
Inspector is a Java-based tool for visualizing MS/MS data and

protein identification results in PRIDE XML or mzldentML for-
mats. MS-Viewer is a web-based tool for visualizing protein identifi-
cation results from database searching. However, MS-Viewer
cannot handle de novo sequencing results and cannot visualize MS/
MS data in mzML or mzXML format. BatMass is a recently pub-
lished tool for visualizing MS/MS data in mzML or mzXML format.
All of these tools are originally designed for the visualization of a
specific data type. However, a proteomics study commonly requires
visualizing data at different stages and in multiple formats, requiring
researchers to use multiple tools. Furthermore, most tools are only
available as a GUI and do not feature a batch mode. This makes the
efficient generation of high quality figures for large scale datasets
and implementation in other pipelines difficult.

Here, we propose PDV, a standalone software programmed in
Java that can be used to visualize different kinds of proteomics data
in both GUI and command line modes. The functions of PDV in-
clude visualization of open format MS/MS data, database search
results, de novo sequencing results, proteogenomics files and data
from public databases such as PRIDE and PeptideAtlas. In addition,
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PDV provides an interface for using proteoQC to generate various
quality control figures and tables for assessing proteomic data
quality.

2 Features and implementation

PDV is platform independent and written in Java 1.8. It can be run
in GUI or command-line mode. The functions of PDV can be div-
ided into the following modules as illustrated in Figure 1.

2.1 MS/MS data visualization module

PDV supports input of MS/MS data in mzML or mzXML format
for visualization. It supports visualizing multiple files at once. PDV
displays a table that includes meta information about the MS/MS
data and a panel with the total ion current (TIC) chromatogram
enabling the assessment of the chromatographic performance by
visualizing the intensity distribution over the retention time
(Supplementary Fig. S1). The MSDK library (https://github.com/
msdk/msdk) is used to quickly extract TIC data from mzML or
mzXML files.

2.2 Database searching result visualization module

PDV accepts identification result files in the mzldentML standard for-
mat (Jones et al., 2012), the pepXML format, or a tab-delimited text
format. The tab-delimited text file requires four columns: spectrum
index, peptide sequence, charge state and modification information.
In order to generate a spectrum annotation figure, an MS/MS data
file in MGF, mzXML, or mzML format is also needed. The identifica-
tion result from the widely used MaxQuant (Cox and Mann, 2008)
software is also supported. In order to quickly visualize the results,
multithreading technology and SQL database technology are used.
In addition, if a user has an MS/MS spectrum from a synthetic peptide
which is also identified by a spectrum in the input identification file,
PDV provides a function to support direct visual comparison of the
two spectra matching to the same peptide (Supplementary Fig. S2).
The spectrum visualization and annotation in PDV is mainly based
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on the compomics-utilities library (Barsnes et al., 2011). Both MSDK
(https://github.com/msdk/msdk) and MSFTBX (https://github.com/
chhh/MSFTBX) libraries were used to access spectra data in mzML
or mzXML file.

2.3 De novo sequencing result visualization module

De novo sequencing is a popular technique in proteomics for identi-
fying peptides from tandem mass spectra without relying on a pro-
tein sequence database. PDV can import the identification results
from PepNovo (Frank and Pevzner, 2005), pNovo+ (Chi et al.,
2013), Novor (Ma, 2015) and DeepNovo (Tran et al., 2017). The
basic module of this function is developed based on DeNovoGUI
(Muth ef al., 2014). The result visualization panel includes a table
presenting the result for each spectrum and a panel to present the
spectrum annotation figure (Supplementary Fig. S3).

2.4 Single PSM visualization module

In order to visualize a single PSM, PDV provides a separate panel
allowing users to input a peptide sequence and an MS/MS spectrum
in the MGF format (Supplementary Fig. S4). In this panel, users can
manually set modifications that occurred in the peptide sequence. All
modifications from Unimod are available (Supplementary Fig. SS5).
In addition, the user can tune the spectrum annotation by changing
the peptide spectrum matching parameters.

2.5 Proteogenomics data visualization module

Two new standard formats, proBAM and proBed, were recently
released to facilitate the integration of genomics, transcriptomics, and
protoemics data in proteogenomics studies (Menschaert et al., 2018).
PDV supports input of proBAM and proBed files thanks to the Htsjdk
library (https://github.com/samtools/htsjdk) (Supplementary Fig. S6).

2.6 Public proteomics data visualization module
Proteomics data from the PRIDE repository in the PRIDE XML
format and PeptideAtlas in sptxt format are supported. The visualization
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panel is similar to the database searching visualization panel
(Supplementary Fig. S7).

2.7 Data quality analysis module

PDV provides an interface for using proteoQC (bioconductor.org/
packages/proteoQC) for proteomics data quality assessment
(Supplementary Fig. S8). It accepts MS/MS data (MGF, mzML or
mzXML) and a protein database and generates an HTML-based re-
port that includes (ID-free)
identification-based (ID-based) metrics within a single experiment,

identification-free metrics and

as well as across multiple experiments.

2.8 Batch spectrum annotation module

PDV provides a command line module to produce figures of annotated
spectra or TIC in batch mode. It can be used to generate figures accord-
ing to a list of peptide sequences or a list of spectrum indexes. This
function is especially useful when requiring the generation of a large
number of high quality figures for publication (Wang et al., 2018).

3 Results and discussion

We have developed a fast and easy-to-use software named PDV for
visualization of different kinds of proteomics data. The PDV GUI
enables users lacking programing experience to visualize proteomics
data interactively while the command line interface allows users to
generate annotated spectra or TIC figures in batch mode for large-
scale datasets. Furthermore, the use of multi-threading and SQL
database technologies in PDV enables efficient processing of large
datasets. For example, loading a 2 GB mzldentML file takes less
than 15's and loading 20 raw files (20 GB) takes about 30s with a
Windows computer (Intel Core i3-7100, 8 GB of RAM and 256 GB
of SanDisk X400 SSD). We anticipate that researchers from the pro-
teomics community will benefit from PDV for the interpretation and
validation of proteomics data.
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