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ABSTRACT

Mass spectrometry (MS) is by far the most used ex-
perimental approach in high-throughput proteomics.
The ProteomeXchange (PX) consortium of pro-
teomics resources (http://www.proteomexchange.
org) was originally set up to standardize data sub-
mission and dissemination of public MS proteomics
data. It is now 10 years since the initial data workflow
was implemented. In this manuscript, we describe
the main developments in PX since the previous
update manuscript in Nucleic Acids Research was
published in 2020. The six members of the Consor-
tium are PRIDE, PeptideAtlas (including PASSEL),
MassIVE, jPOST, iProX and Panorama Public. We re-
port the current data submission statistics, show-
casing that the number of datasets submitted to PX
resources has continued to increase every year. As
of June 2022, more than 34 233 datasets had been
submitted to PX resources, and from those, 20 062
(58.6%) just in the last three years. We also report the

development of the Universal Spectrum Identifiers
and the improvements in capturing the experimen-
tal metadata annotations. In parallel, we highlight
that data re-use activities of public datasets continue
to increase, enabling connections between PX re-
sources and other popular bioinformatics resources,
novel research and also new data resources. Finally,
we summarise the current state-of-the-art in data
management practices for sensitive human (clinical)
proteomics data.

INTRODUCTION

Mass spectrometry (MS)-based proteomics approaches are
increasingly used as a highly-valuable tool in biomedical
research. Key applications of proteomics are the study of
baseline or differential protein expression, characterization
of protein primary structures and their post-translational
modifications (PTMs, e.g. phosphorylation), the elucida-
tion of protein structures and the study of protein-protein
interactions, among others. Proteomics often complements
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other omics technologies such as genomics, transcriptomics,
lipidomics, glycomics and metabolomics.

The ProteomeXchange (PX) consortium of proteomics
resources (1–3) (http://www.proteomexchange.org) aims to
standardize data submission and dissemination of public
MS proteomics data worldwide. PX resources are commit-
ted to comply with the FAIR (Findable, Accessible, Interop-
erable, Re-usable) principles (4) for biological data, support
reproducible research and represent the state-of-the-art in
proteomics with regards to open data practices. The per-
ceived reliability of PX resources has enabled an unprece-
dented increase in the amount of proteomics data in the
public domain.

The first implementation of the PX consortium data
workflow took place in 2012. At the time, it involved
only two resources: the PRIDE database (5) (European
Bioinformatics Institute, EMBL-EBI, Hinxton, UK) and
the PASSEL (6) resource within PeptideAtlas (Institute
for Systems Biology, Seattle, USA). Additionally, Pep-
tideAtlas (7) participated by reanalysing public submit-
ted datasets. Four additional resources have joined PX
over the years, which are listed next in chronological or-
der: MassIVE (University of California San Diego, USA,
in 2014), jPOST (8) (the jPOST project, Japan, in 2016),
iProX (9) (National Center for Protein Sciences, Bei-
jing, China, in 2017), and Panorama Public (10) (Univer-
sity of Washington, Seattle, USA, in 2018). A common
portal called ProteomeCentral (http://proteomecentral.
proteomexchange.org) provides search capabilities for pub-
lic datasets in all participating PX resources, since it con-
tains a summary of metadata information for each public
dataset.

As a key point, the work of PX is very closely aligned
with the activities of the Proteomics Standards Initiative
(PSI, https://www.psidev.info/), the organization which de-
velops community-based open data standards in the field
(11,12). PX resources support and implement the main MS
related PSI open data formats and the relevant controlled
vocabularies. Additionally, they develop and maintain sev-
eral open-source parser libraries and tools to support these
data standards, e.g. (13).

During these first 10 years, thanks to the perceived reli-
ability of PX resources and the data policies established by
scientific journals and funding agencies, and also because
of the fact that public data sharing is now widely consid-
ered to be a good scientific practice, the proteomics field
has embraced open data practices. This has been a tremen-
dously positive development for the field for multiple rea-
sons. Foremost is that multiple types of data re-use activi-
ties are increasingly contributing to the field, as is described
in detail below.

Here we provide an update of the activities of the PX con-
sortium and its individual resources since the previous up-
date paper was published in Nucleic Acids Research (NAR)
three years ago (5). We also describe updated submission
statistics to demonstrate the continuous growth of pro-
teomics datasets in the public domain and the wide adop-
tion of PX. As a key point we highlight data re-use activities
in the context of the PX resources but also by third parties,
and discuss future developments. Please see the latest up-
date manuscripts of the individual PX resources for more

comprehensive information about each of them separately
(5,9,10,14).

CURRENT PX DATA WORKFLOW AND IMPLEMEN-
TATION OF PSI DATA STANDARDS

PRIDE, MassIVE, jPOST and iProX are universal archival
resources, while PASSEL and Panorama Public are focused
resources aimed at targeted proteomics approaches. All PX
resources store MS proteomics data providing private ac-
cess for reviewers and journal editors during the manuscript
review process. See Table 1 for information about how to
access each resource. Additionally, Table 2 provides a sum-
mary of the main functionality offered by the PX resources.
PX dataset (PXD) identifiers are persistent and unique, and
are used as the main dataset identifier for all originally
submitted datasets compliant with PX requirements (https:
//registry.identifiers.org/registry/px). RPXD identifiers are
issued in some cases for reanalysed datasets. Additionally,
some PX resources have their own identifiers for datasets,
that can also be used in parallel to the PXD identifiers. Fur-
thermore, Digital Object Identifiers (DOIs) can also be is-
sued for ‘Complete’ submissions (see below for more details
about submission types) and PXD identifiers are resolved
by the identifier resolution services identifiers.org (15) and
Bioregistry (16). In terms of data license, all PX resources
moved to a default Creative Commons CC0 license as the
basis in 2020. However, Panorama Public and iProX assign
a CC-BY license, which requires attribution, as the default,
with CC0 available as an option to data submitters.

The overall data workflow has not changed in the last
three years. First, researchers submit data to one of the PX
data resources. Second, the data remains private during
the manuscript review process. Third, once the accepted
manuscript is published, the corresponding dataset(s) are
made publicly available and disseminated to ProteomeCen-
tral. At that point, the datasets become available to every-
one in the community and can be re-used. There are two
data submission workflows, called ‘Complete’ and ‘Partial’.
For both submission types, a set of common experimental
metadata at the level of each dataset must be included
(encoded in the shared PX XML format used by Proteome-
Central, http://proteomecentral.proteomexchange.org/
schemas/proteomeXchange-1.4.0.xsd), together with the
raw mass spectra and the processed results (identification
and/or quantification data).

The key difference between both submission types is that
in the case of a ‘Complete’ dataset, it is required that the
receiving PX resource is able to parse, process and directly
connect all individual results with the submitted MS data,
making data visualization possible. This can only be usually
done if the processed results are available in supported PSI
open standard data formats. PX resources fully support the
main open PSI data standards for MS, namely mzML (for
MS data) (17), mzIdentML (18) and mzTab (tab-delimited
file for peptide and protein identification and quantifica-
tion) (19). Additionally, there are other open formats pro-
duced by the Skyline software (20) that are supported by
Panorama Public for ‘Complete’ submissions.

In contrast, ‘Partial’ datasets contain processed result
files that are not in open standard formats that can be
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Table 1. Overview information of the current PX resources

Resource
name Institution, country URL Contact Documentation pages

PRIDE European Bioinformatics
Institute (EMBL-EBI),
Cambridge, UK

http://www.ebi.ac.uk/pride pride-support@ebi.ac.uk https://www.ebi.ac.uk/
pride/markdownpage/
submitdatapage

PeptideAtlas Institute for Systems
Biology, Seattle, WA, USA

http://www.peptideatlas.org/ http://www.peptideatlas.
org/feedback.php

http://www.peptideatlas.
org/software.php

PASSEL Institute for Systems
Biology, Seattle, WA, USA

http://www.peptideatlas.org/
passel/

http://www.peptideatlas.
org/feedback.php

http://www.peptideatlas.
org/passel/

MassIVE University of California,
San Diego, CA, USA

https://massive.ucsd.edu/ ccms-web@cs.ucsd.edu https://ccms-ucsd.github.io/
MassIVEDocumentation/

jPOST The jPOST project, Japan https://jpostdb.org/ https://repository.jpostdb.
org/contact

https://repository.jpostdb.
org/help

iProX National Center for
Protein Sciences, Beijing,
China

https://www.iprox.org/ iprox@iprox.org https://www.iprox.org/page/
helpEn.html

Panorama
Public

University of Washington,
Seattle, WA, USA

https://panoramaweb.org/
public.url

panorama@proteinms.net https://panoramaweb.org/
public docs.url

Table 2. Main functionality offered by the PX resources

Functionality PRIDE PASSEL MassIVE jPOST iProX
Panorama
Public PeptideAtlas

Types of data access
Web interface Yes Yes Yes Yes Yes Yes Yes
Application Programming
Interface

Yes Yes Yes Yes Yes Yes Yes

Protocol for file transfer
(download/ upload)

FTP, Aspera FTP FTP FTP,
HTTPS,
TripleStore

HTTP,
Aspera

WebDAV,
HTTPS

FTP

Reviewer private access File
download

File
download

File
download,
web
interface

File
download

File
download,
web
interface

File
download,
web interface

N/A

General functionality/web
visualization
Dataset centric view Yes Yes Yes Yes Yes Yes Yes
Protein centric view across
resource

No Yes Yes No Yes Yes Yes

Annotated mass spectra Yes Yes Yes Yes Yes Yes Yes
USIs Yes Yes Yes Yes Yes No Yes
Chromatograms No Yes Yes No No Yes No
Data license CC0 CC0 CC0 CC0 CC-BY (de-

fault) CC0
(optional)

CC-BY (de-
fault) CC0
(optional)

CC0

Abbreviations: API: Application Programming Interface; EGA: European Genotype-phenome Archive; DDA: Data Dependent Acquisition; DIA: Data
Independent Acquisition; DL: Deep Learning; DOI: Digital Object Identifier; FAIR: Findable, Accessible, Interoperable, Re-usable; GDPR: General Data
Protection Regulation; HPP: Human Proteome Project; HUPO: Human Proteome Organization; IDF: Investigation Description Format; JGA: Japanese
Genotype-phenotype Archive; JPDM: Journal of Proteome Data and Methods; ML: Machine Learning; MS: Mass Spectrometry; OmicsDI: Omics Dis-
covery Index; ORF: Open Reading Frame; PDB: Protein Data Bank; PSI: Proteomics Standards Initiative; PTM: Post-Translational Modification; PX:
ProteomeXchange; RSS: Rich Site Summary; SDRF: Sample and Data Relationship Format; UCSC: University of California, Santa Cruz; UniProtKB:
UniProt KnowledgeBase; USI: Universal Spectrum Identifier.

parsed and thus ingested by the receiving repository. Any
analysis output file is then allowed. This mode is required
to support datasets analysed using dozens of analysis tools
not supporting open data standards and generated coming
from so many different experimental approaches. Such ‘Par-
tial’ datasets can be downloaded and re-used if the end user
has suitable software to parse or visualize the files. Or more
often, the data may be reprocessed and reinterpreted using
the raw data as the basis.

In the context of the FAIR data principles, all re-
sources in PX apart from PanoramaPublic now support
PSI’s Universal Spectrum Identifiers (USIs) for mass spec-
tra (21), formalized in 2021. USIs provide a standard-

ized mechanism for encoding a virtual path to any mass
spectrum contained in datasets deposited to PX (https:
//registry.identifiers.org/registry/mzspec). Therefore, USIs
enable greater transparency of spectral evidence making it
more ‘FAIR’. ProteomeCentral implements a single end-
point at http://proteomecentral.proteomexchange.org/usi/
that reaches out to all participating partners to fetch spec-
tra for a provided USI if available at any resource. Spec-
trum interpretations are also supported as part of the USI
using the ProForma 2.0 (22) notation for peptidoforms. In
addition to PX resources supporting the original submitted
spectra interpretations, a subset of them (e.g. ProteomeCen-
tral, MassIVE and PeptideAtlas) allow users to experiment
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with alternative interpretations of the same spectra, thus fa-
cilitating interactive assessment of the quality of spectrum
identifications. For instance, MassIVE USI query tools also
allow users to consider additional information to support or
dispute the reported identifications: (i) by enabling search-
ing for alternative identifications for the same USI spec-
trum (possibly from datasets reanalyses), and (ii) by en-
abling looking for reference spectra for the same USI pep-
tide (e.g. from reference spectral libraries such as MassIVE-
KB (23)).

IMPROVEMENTS IN PROVISION OF EXPERIMENTAL
METADATA ENABLES DATA REANALYSIS

An additional recent development in the PX data work-
flow is the development of the file format MAGE-TAB-
Proteomics to enable an improved metadata annotation of
PX datasets (24). The lack of appropriate structured meta-
data at the sample level, including the experimental design,
can prevent a more streamlined re-use of the available public
datasets in PX resources, especially in the case of reanaly-
ses of quantitative proteomics datasets. The MAGE-TAB-
Proteomics format is an extension of the original MAGE-
TAB format used in transcriptomics and has two main
components: the Investigation Description Format (IDF)
and the Sample and Data Relationship Format (SDRF-
Proteomics). First, the IDF contains the general descrip-
tion of the study (PX users do not need to provide it be-
cause the file can be generated by the resources based on
the current information provided by the submitters). Sec-
ond, the SDRF-Proteomics format includes the representa-
tion of the experimental design, and the mappings between
the samples in the experiment and the raw files. SDRF-
Proteomics is a tab-delimited format where each column is
a property of the sample or the data file (https://github.com/
bigbio/proteomics-metadata-standard). SDRF-Proteomics
files can now be created using a spreadsheet software
(e.g. Excel®) and be added by submitters to each sub-
mitted dataset to PRIDE. As of September 2022, ap-
proximately 450 PRIDE datasets had associated SDRF-
Proteomics files, which were provided either by the submit-
ters or by third parties that reannotated the datasets, see
the list of public datasets at: https://www.ebi.ac.uk/pride/
archive?keyword=sdrf.tsv).

Before the development of MAGE-TAB-Proteomics,
MassIVE introduced the MassIVE.quant resource (25) (in
collaboration with Northeastern University) for the sharing
of quantitative proteomics datasets, metadata and reanaly-
ses. Compatible with all major MS data acquisition types
and computational analysis tools, MassIVE.quant system-
atically stores the raw data, the experimental design, the
scripts (or descriptions) of every step of the quantitative
analysis workflow, and the intermediate input and output
files. MassIVE.quant annotation of quantitative datasets
now covers 128 915 spectrum files in public datasets corre-
sponding to 33 314 samples in thousands of study groups.

jPOST have also focused as well in developing work-
flows to reanalyze submitted data in a unified procedure.
To enable that, several methods had to be implemented to
improve the collection of experimental metadata. In addi-
tion to extracting the metadata from scientific articles by

manual curation, a data journal called Journal of Proteome
Data and Methods (JPDM, https://www.jhupo.org/jpdm/)
was launched. This journal gives incentives for data con-
tributors to provide detailed metadata in the form of ar-
ticles [https://doi.org/10.14889/jpdm.2019.0001]. Based on
the metadata collected in this way, more than 100 datasets
have been reanalysed, assigned RPXD identifiers, and pub-
lished from jPOSTrepo. Reanalysed datasets have also been
made available from jPOSTdb (14), which is equipped with
a protein viewer. The jPOST team will continue to reanalyse
submitted datasets based on the collected available meta-
data. The current plan is also to develop a mechanism to au-
tomatically collect metadata from papers through machine
learning (ML), based on the relationship between the sub-
mitted data and the metadata collected.

DATA SUBMISSION AND DATA ACCESS STATISTICS

As of the end of June 2022, a total of 34 233 datasets had
been submitted to PX resources. Of those, 22 675 datasets
(66.2%) were already publicly available, whereas the rest
were still unreleased (11 558 datasets, 33.8%). The number
of submitted datasets has increased year after year, a trend
that has not stopped yet (Figure 1). Since the previous PX
update paper (3), 20 064 datasets have been submitted to PX
resources, meaning that 58.6% of PX datasets were submit-
ted within just the last three years. This again showcases the
very significant increase of proteomics datasets in the pub-
lic domain. During 2021 alone, a record number of 7333
datasets were submitted to PX resources (611 datasets per
month on average). During the first 6 months of 2022, this
number has been 3935 datasets.

In terms of distribution of datasets submitted across
individual PX resources, 28 473 datasets (83.2%), had
been submitted to PRIDE, followed by MassIVE (2360
datasets, 6.9%), iProX (1893 datasets, 5.5%), jPOST (1086
datasets, 3.2%), Panorama Public (277 datasets, 0.81%) and
PeptideAtlas/PASSEL (144 datasets, 0.42%). As of August
2022, datasets came from at least 76 different countries,
demonstrating further the global reach of PX. Additionally,
datasets came from more than 3818 taxonomy IDs. As of
the end of December 2021, the combined file size of all PX
resources was ∼2.63 petabytes. Detailed download statis-
tics for all PX resources during 2019, 2020 and 2021 can be
accessed at Supplementary Table S1.

DATA RE-USE ACTIVITIES

Enabled by PX resources, data re-use activities, including
the reanalysis of public proteomics datasets, are increasing
dramatically, as summarized in Figure 2. Systematic repro-
cessing of public PX datasets by PX resources is a core ac-
tivity towards making proteomics data more FAIR: Find-
able (e.g. indexing standardized search results), Accessible
(e.g. online data exploration tools that do not require full
dataset downloads), Re-usable (e.g. results reported in stan-
dard open formats) and Interoperable (e.g. search results re-
ported using standard protein identifiers). At the level of the
PX data resources, many of these data re-use efforts aim to
make proteomics data more accessible to life scientists, es-
pecially to those non-experts in proteomics. These activities
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Figure 1. Number of submitted datasets per month to PX resources, ranging from May 2012 to June 2022. Publicly released datasets are colored in green,
unreleased datasets are colored in yellow.

involve different data types generated from proteomics ex-
periments:

1) Peptide and protein sequences and PTM data. MassIVE
has developed freely several accessible open-source work-
flows for systematic dataset reanalysis including e.g. the
MODa open-modification search for the detection of un-
expected modifications (26). Altogether, MassIVE has re-
analysed over 2.2 billion mass spectra from 392 datasets
to derive over 1.1 billion new peptide identifications.
To facilitate data re-use, MassIVE provides automated
workflows to convert submitted MS raw data into mzML
and has already used these to release billions of spectra in
tens of thousands of converted raw files. Repository-scale
integration of proteomics data requires specialized work-
flows to avoid accumulation of false discoveries across
datasets. MassIVE addressed this problem by develop-
ing the MassIVE-KB workflow (23) for the construction
of spectral libraries with globally controlled false discov-
ery rates (FDR) at the spectrum, peptide and protein lev-
els. The current release of the human MassIVE-KB spec-
tral library (https://massive.ucsd.edu/ProteoSAFe/static/
massive-kb-libraries.jsp) was constructed from 326 mil-
lion identifications derived from over 1.2 billion spectra,
with the resulting library containing over 6 million refer-
ence spectra for 19 855 (>97% of all) canonical human
proteins.

Using similar workflows, PeptideAtlas has also re-
leased species-specific builds based on PX data, including
builds for human, Arabidopsis (27), yeast, rohu (28) and
Pseudomonas aeruginosa (29). SWATHAtlas (http://www.
swathatlas.org/) provides spectral libraries suitable for DIA
(Data Independent Acquisition) analysis for over a dozen
different species, all validated for quality with DIALib-
QC (30). These efforts by PX resources were then inte-

grated with the Human Proteome Organization (HUPO)
flagship initiative on the Human Proteome Project (HPP)
to constitute the largest-ever community-scale data reanal-
ysis project to construct the human proteome blueprint (31)
establishing the protein-level existence of gene products for
∼90% of the human genome––a flagship achievement of
the whole proteomics community that would not have been
possible without the data sharing infrastructure provided
by PX resources.

jPOST also reanalyzes human, mouse, Escherichia coli,
SARS-CoV-2, and other datasets from submitted raw data
and provides them via jPOSTdb (14). It is important to
highlight that PX resources already integrate peptide and
protein sequence data into protein knowledge-bases such as
UniProtKB (UniProt KnowledgeBase) (32) and neXtProt
(33). Additionally, we are working in developing data
pipelines, file formats and guidelines to provide PTM data
(starting with phosphorylation) to UniProtKB, in the con-
text of the ‘PTMeXchange’ project. So far, we have devoted
efforts to the benchmarking of a method to accurately re-
port PTMs with a global false localisation rate (34) and
have started working in the reanalysis and integration of
phospho-enriched datasets coming from rice, Plasmodium
falciparum and mouse. Future work will be devoted to hu-
man PTM data, including other protein modifications as
well. Outside the members of the PX consortium, other
bioinformatics resources for providing PTM reanalyses of
PX datasets have also been started in recent years, includ-
ing Scop3P (35). Additionally, GPMDB (36) has been pro-
viding to the community re-analysed peptide, protein and
PTM identification data for >15 years.

2) Data coming from proteogenomics approaches (also in-
cluding immunopeptidomics and metaproteomics ap-
proaches). On one hand, it should be highlighted that
peptide sequence data can be integrated in resources
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Figure 2. Overview figure including the current PX resources and the main efforts devoted to data re-use of public proteomics datasets. Different data
types are listed, including protein quantitative expression, integration of genomics and proteomics data (proteogenomics), including metagenomics and
metaproteomics, peptide and protein sequences, and PTMs. For each data type, the corresponding data resources where these data can be accessed are
highlighted. Additional data re-use activities are also indicated, e.g. the efforts in the context of the Human Proteome Project, software benchmarking,
machine learning approaches and the creation of spectral libraries. Finally, other bioinformatics resources re-using proteomics data are also indicated
(ProteomeHD, MatrisomeDB and GPMDB).

such as Ensembl (37), Ensembl Genomes or the UCSC
genome browser (38) by using proteomics data ‘hubs’.
Additionally, public PX datasets can be reanalysed us-
ing sequence databases constructed by e.g. using ge-
nomics, transcriptomics or Ribo-seq data, among other
DNA/RNA sequencing approaches. The original appli-
cation of these proteogenomics approaches is to improve
genome annotation efforts. Some recent efforts involving
PeptideAtlas involve the reanalysis of some datasets to
provide experimental evidence of the expression of ORFs
(Open Reading Frames) detected using Ribo-seq (39).

Outside the work of PX partners, some bioinformatics
resources have been set up to provide proteomics evidence
for some genomics events, e.g. LNCipedia (40) (for long-
non-coding RNAs), sORF.org (41) (for short ORFs) and
OpenProt (42) (proteogenomics resource supporting a poly-
cistronic annotation model for eukaryotic genomes). Addi-
tionally, in a wider context of proteogenomics approaches,
some pilot work has been performed by PRIDE to link and
integrate metaproteomics datasets with the corresponding
metagenomics and metatranscriptomics data in the EMBL-
EBI’s resource MGnify (43). Furthermore, the amount of
inmunopeptidomics datasets in the public domain is also
increasing. The resource SysteMHC Atlas (44) was set-up
to represent this data type, linking to the original pub-
lic datasets in PX resources. The resource is at present no

longer available in the public domain, although there are
ongoing plans to re-develop it in a new infrastructure.

3) Protein quantitative expression information. There are
different efforts to provide consistently reanalysed quan-
titative proteomics data. PRIDE is integrating protein ex-
pression information in the EMBL-EBI’s resource Ex-
pression Atlas (45), enabling the access and visualiza-
tion of gene and protein expression (abundance) data
in the same web interface. Different groups of datasets
have been reanalysed and integrated so far, mainly Data
Dependent Acquisition (DDA) data coming from cell
lines and tumour tissues (46), human (47), mouse and
rat tissues (48), and also a pilot study involving DIA
datasets coming from different origins (49). Expression
Atlas could also provide a future way to integrate single-
cell proteomics data via the single-cell Expression Atlas.

Also in the context of quantitative proteomics, as men-
tioned above, MassIVE.quant (25) is a data resource for
reproducible quantitative MS-based proteomics. As of
September 2022, MassIVE.quant supports the dissemina-
tion of 209 quantitative reanalyses including the metadata,
provenance records and all intermediate files required for
reproducing the statistical analyses of 605 496 protein mea-
surements resulting in 114 262 statistically-significant dif-
ferential abundance events.
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Outside the PX consortium, proteomicsDB (50) is a re-
source providing protein and gene expression data coming
from human, mouse, Arabidopsis and rice at present. Many
of the datasets used in proteomicsDB are generated locally
at the group at the Technical University of Munich, but oth-
ers are taken from PX resources.

Additionally, new data resources that re-used public PX
datasets have also been set up in recent years, such as Matri-
someDB (51), providing an updated view of the human and
mouse extracellular matrix, and ProteomeHD (52), a re-
source providing information about co-expressed proteins,
among others.

In the community as a whole, public datasets are being
re-used for other purposes in addition to the topics cited
above. Benchmarking of software remains one of the most
popular types of data re-use. Additionally, one key use case
is the re-use of datasets in the application of popular ‘big
data’ approaches involving proteomics data, such as ML
and deep learning (DL) studies. Most studies make use of
public datasets (e.g. for training purposes) in the develop-
ment of ML/DL approaches, including e.g. the prediction
of protein digestion, peptide retention time, peptide frag-
mentation, collision cross-section for ion mobility and/or
improvements in algorithms for peptide and protein iden-
tification and quantification (for a recent review, see (53)),
among other applications. In this context, PRIDE partic-
ipated in a study using ML approaches to create a func-
tional score for human phosphosites (54), where 112 human
phospho-enriched datasets were reanalysed.

In order to facilitate access for data re-use purposes, pub-
lic datasets in PX resources are also accessible through
the OmicsDI (Omics Discovery Index) portal (http://
www.omicsdi.org) (55). Among other functionality avail-
able, OmicsDI enables to link where possible, proteomics
datasets included in multi-omics studies to the corre-
sponding public datasets coming from other omics ap-
proaches (e.g. studies where both proteomics and transcrip-
tomics datasets have been generated).

SUPPORT FOR SENSITIVE HUMAN PROTEOMICS
DATASETS

Led by some of the PX partners and members of the
ELIXIR Proteomics community in Europe (https://elixir-
europe.org/communities/proteomics), a community-driven
white paper was published last year describing the current
state of affairs in data management practices for sensitive
human (clinical) proteomics datasets (56). Addressing eth-
ical issues for genomics and transcriptomics data has led
to data management processes to control who may access
the data in so-called ‘controlled access’ repositories. This
means that scientists wanting to obtain access to certain
datasets need to write an application, which then must be
approved by e.g. a Data Access Committee. Resources sup-
porting the storage and dissemination of controlled access
DNA/RNA sequencing datasets include the EGA (Euro-
pean Genome-phenome Archive) (57), dbGAP (USA) (58)
and the Japanese Genotype-phenotype Archive (JGA) (59).

Currently all data in PX is open and publicly accessi-
ble. The necessity of similar controlled access options for
proteomics data depends first of all, on whether these data

can potentially be used to identify research participants.
In proteomics, although a small number of studies in this
topic have been published, especially in the context of foren-
sic studies, more research is required for answering this
question for the different experimental workflows and pro-
teomics data types (56). In addition to issues related to
the identifiability of individuals, controlled access to pro-
teomics data may become necessary because of require-
ments related to patient consent and/or due to personal
data regulations like GDPR (General Data Protection Reg-
ulation) in Europe, or any other relevant legislation.

The current policy in PX (as it is the case for other open
resources storing other types of omics data) is that the sub-
mitter is responsible for guaranteeing that the data can be
hosted legally by the corresponding PX resource they are
submitting to. We anticipate that there will be an increas-
ing number of sensitive (clinical) human datasets that can-
not be made available via a fully open PX resource due to
ethical-related issues (60). We recommend to users that if
there are any potential legal issues of this type, they should
submit their data to an alternative repository outside PX.
However, existing controlled access resources such as those
mentioned above (EGA, dbGaP and JGA) are not ideal
for proteomics datasets. Their data model is based on the
Sequence Read Archive data model, which is tailored for
sequencing-based assays and cannot appropriately repre-
sent proteomics datasets.

To address this problem, some of the PX members will
be working in developing a tailored infrastructure for stor-
ing and accessing sensitive human proteomics data, and in
parallel, in all the related data policies. At the time of writ-
ing, PRIDE has started the design of such system, in col-
laboration with the EGA team at EMBL-EBI. MassIVE
has also designed a platform for controlled access datasets
but implementation is currently contingent on pending sup-
port for further developments. In China, the ‘Regulations of
the People’s Republic of China on the Management of Hu-
man Genetic Resources’ were implemented on 1 July 2019.
Since their formal promulgation, the Beijing Proteome Re-
search Center’s Genetic Information Preservation Database
(dbPDPM) and the Chinese National Population Health
Data Center have been authorized to collect, preserve, uti-
lize and provide the Chinese human genetics resource. It is
planned that dbPDPM, which will be an extension of iProX
to support multi-omics data, and is planned to be launched
at the end of 2022.

DISCUSSION AND FUTURE PLANS

PX continues to support the open data culture in the pro-
teomics field by promoting and enabling the sharing of pro-
teomics data. An increasing number of scientific journals
(including the main proteomics ones) and funding agencies
are mandating the submission of the generated datasets ac-
companying the submitted manuscripts. This is of course
one of the main reasons behind the continuous growth in
submitted datasets.

PX resources continue to evolve in parallel to the needs
of the field. In the context of data archiving activities, in ad-
dition to the already-covered topic of sensitive proteomics
datasets, improved support will be provided for structural
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proteomics datasets, including linking submissions of dif-
ferent structural data to the Protein Data Bank (PDB) (61).
Support for DIA approaches would ideally need to be im-
proved in different ways, since the original PX data sub-
mission workflows were developed having DDA approaches
in mind. We plan to provide a better support for the sub-
mission of spectral libraries in DIA datasets (which is cur-
rently optional), by making deposition mandatory, and by
promoting the use of PSI’s mzSpecLib (https://github.com/
HUPO-PSI/mzSpecLib) open data standard for spectral li-
braries, which is currently under development (62).

In the context of data re-use activities, we plan to con-
tinue with the activities mentioned above, for different pur-
poses (e.g. quantitative protein expression, proteogenomics,
peptide and protein sequence data and PTMs, creation of
spectral libraries, etc). We think these data re-use and data
integration efforts (as part of the existing wider trend in the
field) are key for making proteomics data vastly more ac-
cessible and re-usable in the life sciences.

Another topic that we will follow closely is the fur-
ther development of non-MS-based proteomics technolo-
gies such as the use of affinity reagents (e.g. SomaLogic®

and Olink® assays). Tailored repositories for these data
types are still lacking and may be needed. One possibility
in the medium term is that future extensions of the exist-
ing PX resources, together with guidelines for metadata and
dedicated software tools, will have to be developed to sup-
port these non-MS experiments. However, it is important
to highlight that a large proportion of the studies generated
to date from non-MS approaches are generated from hu-
man clinical samples, and then the data may be considered
sensitive so that controlled access mechanisms may have to
apply.

It is important to note that the consortium remains
open to accept new members, provided that they adhere
to the consortium requirements set out in the updated
ProteomeXchange Membership Agreement (http://www.
proteomexchange.org/pxcollaborativeagreement.pdf). For
regular announcements of all the new publicly available
datasets, users can follow our Twitter account (@pro-
teomexchange) or subscribe to the following Rich Site Sum-
mary (RSS) feed (https://groups.google.com/forum/feed/
proteomexchange/msgs/rss v2 0.xml).
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