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Abstract

In recent years, there has been a tremendous evolution in the high-throughput, tan-
dem mass spectrometry-based analysis of intact proteins, also known as top-down
proteomics (TDP). Both hardware and software have developed to the point that
the technique has largely entered the mainstream, and large-scale, ambitious, multi-
laboratory initiatives have started to make their appearance in the literature. For this,
however, more convenient and robust data sharing and reuse will be required. Walzer
et al. have created TopDownApp, a customisable, open platform for visualisation and
analysis of TDP data, which they hope will be a step in this direction. As they point
out, other benefits of such data sharing and interoperability would include reanaly-
sis of published datasets, as well as the prospect of using large amounts of data to
train machine learning algorithms. In time, this work could prove to be a valuable

resource in the move towards a future of greater TDP data findability, accessibility,
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In this issue of PROTEOMICS, Walzer et al. [1] present TopDownApp,
an open-source platform for analysis and visualisation of top-down
proteomics (TDP) data. In addition to the tool itself, they make the case
that increased data sharing—for which they propose TopDownApp can
play a role—is crucial for the future of the field.

TDP was first highlighted as a method to watch in Nature Methods
in 2008 [2]. At the time, it was pointed out that the field was still rather
focussed on the analysis of individual, purified proteins—something
arguably more accurately referred to as top-down protein mass spec-
trometry (MS) rather than true TDP [3]. Another issue that was pointed
out in 2008 was the relative lack of robust software tools [2]. In sub-
sequent years, significant improvements were made to all aspects of
the top-down experiment, crucially including separation. This led to
the analysis of more complex, biologically relevant samples, including
a landmark study in 2011 in which top-down MS was applied on a

proteome scale to human cells [4].

interoperability and reusability.

FAIR data, mass spectrometry, open science, top-down proteomics

As separation, fragmentation and mass analyser performance
improved over the years, there was a greater need for reliable soft-
ware for TDP. As such, bioinformatics tools evolved, and currently
there exists a wide array of vendor-specific or -neutral software pack-
ages, with some being freely available and others being commercial in
nature. Some of the more prominent options were presented in Refer-
ences [5-11], and Schaffer et al. recently reviewed the field [12]. The
Consortium for TDP maintains a list of useful software packages at
https://www.topdownproteomics.org/resources/software/. The vast
improvements in both hardware and software in recent years have led
to anever-increasing number of studies applying top-down MS to study
both primary and higher-order protein structure [13, 14].

As individual laboratories have become more experienced and
leveraged the aforementioned technological improvements to become
more efficient at carrying out top-down studies, there has been an

increasing trend towards collaboration. The Consortium for TDP was
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founded in 2012, and was a key driving force behind the introduc-
tion of the now widely adopted term ‘proteoform’ [15]. In 2014, an
inter-laboratory pilot project was carried out for the top-down charac-
terisation of histone proteoforms[16]. More recently, the same consor-
tium has published guidelines for intact protein mass measurements
and top-down analysis [17], and also carried out an inter-laboratory
study for the top- and middle-down characterisation of monoclonal
antibodies [18].

The field is evolving towards increased collaboration, which will be
essential to tackle some of the ambitious projects that have recently
been proposed, for example the development of tissue- and pathology-
specific proteoform atlases [19-21]. The recently proposed Human
Proteoform Project should be highlighted in particular, as it has the
ambition to ultimately rival the scope of the Human Genome Project
[22]. As such, seamless collaboration and communication between lab-
oratories across institutes, nations and continents will be essential.
As much of the data in the TDP field currently exists in workflow-
and vendor-specific ‘silos’, a more profound development of vendor-
neutral, ideally open-source software will therefore be needed, as will
a shift (both technological and cultural) towards sharing data accord-
ing to FAIR principles [23]. The work by Walzer et al. [1] in this issue
attempts to provide a step in this direction. The TopDownApp pre-
sented in this work makes heavy use of open formats like mzML and
mzTab, including for the reporting of outputs.

One interesting aspect of TopDownApp is the emphasis on deconvo-
lution. Knowledge of the intact mass of a protein is a key benefit of TDP;
therefore, high-quality deconvolution of precursor spectrais especially
critical [24]. Walzer et al. [1] have developed a convenient visualisa-
tion in which observed isotope clusters at different charge states are
aligned on a common mass (not m/z) axis, which allows a user to rapidly
assess the quality of the deconvolution result. In another section of the
study, the authors use several different proteoform identification soft-
ware methods to reanalyse a publicly available dataset associated with
the original Blood Proteoform Atlas publication [19], and note that the
choice of method has a significant effect on the number of identified
proteoforms [24].

One limitation of TopDownApp is that currently, only one vendor-
specific format can be read, specifically Thermo RAW files, while for
other vendors, users have to convert the data to mzML first. While
conversion tools are available, this introduces a (small) obstacle for
potential users. It can be hoped that this limitation will be remedied in
the future, and the authors explicitly anticipate plugging in converters
for other vendor-specific formats if and when they become available
[1]. In general, some experimentalists might perceive a barrier to entry
inthe fairly substantial degree of bioinformatics proficiency that seems
to be required to make full use of TopDownApp. Alternatively, this
could be interpreted as merely a sign that closer collaboration with
bioinformaticians might be an intrinsic part of the future of the TDP
field. Possibly, more user-friendly iterations of this or other software
packages might arise and could lead to improved adoption, although
one could imagine that there might be trade-offs in flexibility and

capability of such versions.
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The work by Walzer et al. [ 1] highlights the need for a cultural shift in
the TDP field, as they point out that only a few hundred TDP datasets
are available in the PRIDE repository (out of a total of more than
35,000 datasets) [25, 26]. This discrepancy cannot be fully attributed
to the greater number of bottom-up studies that have been performed
compared to top-down, and certainly many more than a few hundred
datasets have been acquired over the years associated with published
studies. Clearly, as practitioners of TDP, there is scope for us to do bet-
ter. In this context, only time will tell whether or not TopDownApp will
turn out to be a critical tool that the TDP community has been wait-
ing for. Zooming out though, this work should be seen foremost as a
potentially important step and call to action to make TDP more open
and FAIR, in order to tackle the monumentally ambitious projects that

are envisioned to be undertaken by this community in the coming years.
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