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Affinity purification coupled with mass spectrometry (AP-MS) is a powerful technique for the identification and
quantification of physical interactions. AP-MS requires careful experimental design, appropriate control selection
and quantitativeworkflows to successfully identify bona fide interactors amongst a large background of contam-
inants. We previously introduced ProHits, a Laboratory Information Management System for interaction proteo-
mics, which tracks all samples in a mass spectrometry facility, initiates database searches and provides
visualization tools for spectral counting-based AP-MS approaches. More recently, we implemented Significance
Analysis of INTeractome (SAINT) within ProHits to provide scoring of interactions based on spectral counts.
Here, we provide an update to ProHits to support Data Independent Acquisition (DIA) with identification soft-
ware (DIA-Umpire andMSPLIT-DIA), quantification tools (throughDIA-Umpire, or externally via targeted extrac-
tion), and assessment of quantitative enrichment (throughmapDIA) and scoring of interactions (through SAINT-
intensity). With additional improvements, notably support of the iProphet pipeline, facilitated deposition into
ProteomeXchange repositories and enhanced export and viewing functions, ProHits 4.0 offers a comprehensive
suite of tools to facilitate affinity proteomics studies.
Significance: It remains challenging to score, annotate and analyze proteomics data in a transparent manner.
ProHits was previously introduced as a LIMS to enable storing, tracking and analysis of standard AP-MS data.
In this revised version, we expand ProHits to include integration with a number of identification and quantifica-
tion tools based onData-Independent Acquisition (DIA). ProHits 4.0 also facilitates data deposition into public re-
positories, and the transfer of data to new visualization tools.
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Mass spectrometry (MS) data can be a challenge to manage, analyze
and subsequently present to an audience in simple, intuitive ways. MS
data must be archived, searched, scored, compared and visualized,
often requiring a variety of unconnected, non-standardized software
tools. These challenges are now compounded by the growing use of
data-independent acquisition (DIA) methods [1–9], and more special-
ized applications such as interaction proteomics [10–14].

In 2010,we introduced anopen source Laboratory InformationMan-
agement System (LIMS) called ProHits [15,16], designed to handle data
generated in a proteomics facility, but which also provided specialized
tools for the analysis of AP-MS, a popular proteomics application.
ProHits is installed on a LINUX server (behind a firewall); via a web in-
terface, authorized users can access search engines, analysis tools and
multiple data visualization options. Through itsDataManagementmod-
ule, ProHits automatically backs-up all data acquired in a mass spec-
trometry facility, converts vendor specific files to common formats
(through ProteoWizard [17] or vendor software) and facilitates data-
base searching using both free, open source tools (Comet [18],
MSGF+ [19], X!Tandem [20]) and the commercial search engine

Journal of Proteomics xxx (2016) xxx–xxx

⁎ Corresponding author at: Lunenfeld-Tanenbaum Research Institute at Mount Sinai
Hospital, 600 University Ave, Rm 992A, Toronto, ON, M5G 1X5, Canada.

E-mail address: gingras@lunenfeld.ca (A.-C. Gingras).

JPROT-02531; No of Pages 5

http://dx.doi.org/10.1016/j.jprot.2016.04.042
1874-3919/© 2016 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Journal of Proteomics

j ourna l homepage: www.e lsev ie r .com/ locate / jp rot

Please cite this article as: G. Liu, et al., Data Independent Acquisition analysis in ProHits 4.0, J Prot (2016), http://dx.doi.org/10.1016/j.
jprot.2016.04.042

http://dx.doi.org/10.1016/j.jprot.2016.04.042
mailto:gingras@lunenfeld.ca
http://dx.doi.org/10.1016/j.jprot.2016.04.042
http://www.sciencedirect.com/science/journal/18743919
www.elsevier.com/locate/jprot
http://dx.doi.org/10.1016/j.jprot.2016.04.042
http://dx.doi.org/10.1016/j.jprot.2016.04.042


Mascot [21]. Search results can be evaluated using the PeptideProphet
[22] and ProteinProphet [23] components of the Trans Proteomics Pipe-
line (TPP [24]). The current version of ProHits also enables the use of
iProphet [25] for combining the identification results from multiple
search engines into a single output (Fig. 1a; green boxes).

To enable sample tracking, an “Analyst”module helps users organize
their data into projects to which different user permissions can be
assigned (Fig. 1a). Due to the strong focus of our team on affinity proteo-
mics, the flow within each project is organized according to a “bait” pro-
tein. The bait is defined by its gene name, species, protein accession
number and epitope tag(s), as appropriate. Note however, that the

system can be used for any type of enrichment approach (e.g. with a
nucleic acid or chemical compound as a bait), or even for more generic
profiling by simply considering the “bait” level as part of an organizational
hierarchy (there are 4 layers:
“project”→ “bait”→ “experiment”→ “sample”). Once a “bait” is entered,
“experiments” can be associated to it, and annotatedwith text-based pro-
tocols (accessible via drop-down menus), controlled vocabularies, and
free text notes. Under the “experiment” hierarchy, “samples” can be cre-
ated (Fig. 1a; orange boxes). Each sample is associated with a unique
identifier: creating “samples” first in the Analyst module and naming
the files on the mass spectrometry acquisition computer following this

Fig. 1. ProHits organization and protein interaction scoring. A) The ProHits system consists of two principal modules, a Data Management module and an Analyst module. All mass
spectrometers in a facility can be connected to ProHits: scheduled backups of the mass spectrometry data are performed followed by file conversion and database searches. DIA
identification is supported by DIA-Umpire and the spectral matching tool MSPLIT-DIA. Peptide and protein identification results are parsed to a Sample defined in the Analyst module.
The Samples are defined in a Project→ Bait→ Experiment → Sample hierarchy. Permissions for different projects are assigned to users in an Admin section. B) Schematic workflow for
protein interaction analysis using SAINT through ProHits. Within a project, a user defines which samples should be analyzed and specifies which of those are the controls. The SAINT
version (SAINTexpress or standard SAINT) is selected, alongside optional parameters and sample compression level. SAINT uses the quantitative matrix to derive the probability of
interactions. Post analysis with SAINT, the data can be visualized or deposited in repositories from ProHits itself.
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