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Overview … 

•  Why sharing proteomics data? 

•  Introduction to existing proteomics repositories 

•  Proteomics data bottlenecks 

•  PRIDE in detail… 

•  ProteomeXchange consortium 
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A ONE-SLIDE INTRODUCTION 

TO MASS SPEC PROTEOMICS 
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MS proteomics: overall workflow 

MS analysis 

MS/MS analysis 

fragmentation 
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Cut with a protease (trypsin) 
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MS proteomics: overall workflow 
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THE RATIONALE BEHIND 

SHARING PROTEOMICS DATA 



BSPR/EBI Educational Workshop 

Hinxton, 16 July 2010 
Juan A. Vizcaíno 

juan@ebi.ac.uk 

Need of data sharing in the proteomics field 

NATURE BIOTECHNOLOGY   VOLUME 27   NUMBER 7   JULY 2009 579

Credit where credit is overdue
A universal tagging system that links data sets with the author(s) that generated them is essential to promote data 

sharing within the proteomics and other research communities.

S
cience progresses most rapidly when researchers provide access 
to their data. This is not only good scientific practice. It facilitates 

the confirmation of original results. It provides others with a starting 
point to explore new or related hypotheses. It speeds the identifica-
tion of errors and discourages fraud. And it minimizes inefficient use 
of funding in duplicating experiments. And yet, full data disclosure 
in proteomics, and many other fields, remains a work in progress. If 
practicing scientists are to be truly incentivized to spend time and 
effort on sharing data, funders and publishers need to develop a uni-
versally recognized tagging system that would link investigators to their 
deposited data. In this way, publicly disclosed data sets would become 
part of a researcher’s publication record, allowing such efforts to be 
recognized by employers and funders alike.

Next month marks the two-year anniversary of the publication of 
guidelines specifying the minimum reporting requirements for papers 
describing proteomics and molecular interaction experiments (Nat. 

Biotechnol. 25, 887–893, 894–898, 2007). Both sets of standards encour-
age deposition of data in public repositories, a practice that at the time 
was not universally adopted in proteomics.

We have carried out an informal survey of all manuscripts published 
in the year following publication of the two guidelines by the 68 authors 
of those two papers. The analysis reveals that a majority of the guide-
line authors published at least one manuscript last year for which no 
accompanying data were archived. If the proponents of data-reporting 
guidelines—most of whom are better resourced than other researchers 
in the field—are not depositing all of their data in a public repository, it 
is unlikely that the wider community is doing so either.

One issue that inhibits openness is the perception that full data disclo-
sure may result in the loss of an edge over competing research groups. 
Occasionally, data are withheld while intellectual property is secured. More 
often, though, a failure to share simply reflects the considerable time and 
effort associated with formatting, documenting, annotating and releasing 
data. In this regard, the availability of new tools, such as an application 
(p. 598) to facilitate deposition of data in PRIDE (a public archive for mass 
spectrometry and protein identification data) should prove helpful.

For proteomics, the rapidly evolving technology and the complexity 
of the data itself pose particular challenges. Concerns about the quality 
of proteomics data generated by mass spectrometry have long plagued 
the field, raising the issue of whether peers have sufficient faith in 
other groups’ work to not only value the data lodged in public reposi-
tories but also make the effort to deposit their own. Here too, though, 
progress is being made. A study reported in this issue (p. 633) demon-
strates the high reproducibility of a targeted proteomic approach for 
biomarker discovery from plasma among several laboratories. Such a 
result would have been difficult to achieve using the technology and 
approaches of a few years ago.

But data quality is only part of the problem in overcoming the com-
munity’s reticence about disclosure. For many researchers, the software 
provided by the public repositories for searching and analyzing proteom-
ics data is not as efficient and user friendly as it could be. An analysis 
published last month by the Human Proteomics Organization cited the 
misassignment of peptides to ambiguously annotated proteins by data-
base search engines as one of the major hindrances to researchers in the 
field (Nat. Methods 6, 423–430, 2009). What’s more, despite the recent 
launch of yet another archive for mass spectrometry and protein identi-
fication data—the US National Center for Biotechnology Information’s 
Peptidome repository (p. 600)—the various proteomics databases have 
yet to introduce a standardized data format that would allow the seam-
less exchange of data. Contrast this with the genome databanks, where 
the pooling of nucleotide sequence data in a common format has been 
integral to consistency, accessibility and, above all, utility of sequence 
data for reanalysis.

With all of these impediments, it’s not surprising that proteomics 
researchers have been slow to embrace data disclosure. It is equally clear 
that disclosure edicts and recommendations from funding agencies and 
scientific journals have been insufficient to ensure widespread proteomics 
data release, despite evidence that the papers of researchers who share 
their data have an increased citation rate (PLoS ONE 2, e308, 2007). 
Clearly, other incentives are needed.

One option would be to provide researchers who release data to public 
repositories with a means of accreditation. This would take the form of 
a universally standardized tag for data that could be searched and rec-
ognized by both funding agencies and employers. An ability to search 
the literature for all online papers that used a particular data set would 
enable appropriate attribution for those who share. In essence, the tag 
would be a digital object identifier (DOI), currently best known for its 
use in unambiguously identifying papers online.

Similar to citation information about publications, citation informa-
tion about a researcher’s data DOIs could be gathered by funders assess-
ing future support and used by institutions in performance evaluation. 
Researchers who disclose data sets that subsequently prove particularly 
useful to the community would end up with highly cited data DOIs, and 
could thereby be rewarded accordingly.

Such a system would not solve all the problems slowing data disclo-
sure in proteomics and elsewhere. But it would provide greater incen-
tive than the present system of evaluation, which is skewed almost 
exclusively to publications in high-profile journals and citation met-
rics. Data DOIs would not only enhance a researcher’s reputation but 
also establish priority of data generation. Most important of all, they 
would provide a way to acknowledge the time and effort individuals 
must invest in sharing data, which ultimately benefits the scientific 
community as a whole. 
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Proteomics data sharing: why?  

• 1) Data producers are not always the best data analysts 
 Sharing of data allows analysts access to real data, and in turn allows 
 better analysis tools to be developed 

• 2) Meta-analysis of data can recycle previous findings for new 
tasks 
 Putting findings in the context of other findings increases their scope 

• 3) Sharing data allows independent review of the findings 
 When actual replication of an experiment is often impossible, a re-
analysis or spot checks on the obtained data become vitally important 

• 4) Direct benefit for the field: fragmentation models, spectral 
libraries, ... 
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Simply sharing data is not enough… 
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A nuance: available data vs. accessible data 

•  Source data are not made available 
o   No peer review validation possible 
o   Very little raw materials for testing innovative 

in silico techniques are available 
o   Traceability of data is lost quickly in downstream results 

•  Automated (re-)processing of the results (e.g., identifications) 
is impossible 

•  Data producers do not actually feed their results and knowledge 
back to the community 

When data is only made available as arbitrarily formatted tables, 
it carries important limitations 
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Community standards for proteomics 

The Human Proteome Organisation (HUPO) 
Proteomics Standards Initiative (PSI) 

• Creates minimal requirements, standard formats, and 
CV’s and ontologies 

• Composed of several workgroups 

Molecular Interactions  (MI)  PSI-MI format v2.5 
Mass Spectrometry  (MS)  mzData, mzML format 
Protein Separation  (PS)  GelML format 
Proteomics Informatics  (PI)  mzIdentML format 
Protein Modifications  (Mod)  PSI-MOD ontology 

http://www.psidev.info 
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How do we make this all happen? 
•  Journal guidelines 
 Journal guidelines heavily influence the decisions taken by authors; by 
first requesting and subsequently mandating data submission to 
established repositories, they provide an important stick. 

• Funder support and guidelines 
 Funders contribute both sticks and carrots. The sticks lie in the grant 
application guidelines; they can require a plan for data management and 
dissemination. The carrot is in providing specific funding for this aspect of 
science. 

• Data repositories 
 The availability of reliable, freely available repositories is key; submission 
thresholds should be kept low and added value needs to be provided. 
Furthermore, feedback loops need to be established in order to ensure 
that accumulated data flows back to the user community. Repositories 
thus provide mostly carrots. 
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PROTEOMICS DATA REPOSITORIES 

AVAILABLE TODAY 
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Existing proteomics repositories  
• Main public repositories: 
 - PROteomics IDEntifications database (PRIDE) 
 - Global Proteome Machine (GPMDB) 
 - Peptide Atlas 
 - Tranche 
 - NCBI Peptidome 

• Smaller scale repositories, more specialized: 
 Among others: Human Proteinpedia, Genome Annotation Proteomics 
Pipeline (GAPP), MAPU, SwedCAD, PepSeeker, Open Proteomics 
Database, … 

• Very diverse: different aims, functionalities, … 
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A comprehensive view on existing systems 

From: Mead et al., Proteomics, 2009 
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Types of information stored 

• 1) Original experimental data recorded by the mass 
spectrometer (primary data) 
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Primary data 

Binary data 

mzData 

mzXML 
mzML XML-based 

files 

.dta, .pkl, .mgf, 
.ms2 Peak lists 
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Types of information stored 

• 1) Original experimental data recorded by the mass 
spectrometer (primary data) 

• 2) Identification results inferred from the original primary 
data 
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Peptide and Protein Identifications 

mzIdentML, 
mascot .dat, 
sequest .out, 

SpectrumMill .spo 
pep.xml, prot.xml  

Only qualitative data! 
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MS proteomics: overall workflow 

MS analysis 

MS/MS analysis 

fragmentation 
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Intermezzo: Protein inference 
The minimal and maximal explanatory sets 

peptide   a  b  c  d 

proteins 
 prot X  x   x   
 prot Y  x     
 prot Z   x  x  x 

Minimal set 
Occam { 

peptide   a  b  c  d 

proteins 
 prot X  x   x   
 prot Y  x     
 prot Z   x  x  x 

Maximal set 
anti-Occam { 

The Truth 
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An additional layer of complexity… 
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Protein inference 
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Protein inference 
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Unambiguous 
peptide 
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Types of information stored 

• 1) Original experimental data recorded by the mass 
spectrometer (primary data) 

• 2) Identification results inferred from the original primary 
data 

• 3) Experimental and technical metadata 
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100173 

TOF T.O.F. 

time of flight 

time-of-flight 

Controlled Vocabularies (CVs) 

Term 
Synonyms 
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is-a  100123 
mass analyzer 

part-of 
100101 
mass  

spectrometer 100173 

TOF T.O.F. 

time of flight 

time-of-flight 

Relationships between CV terms 
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CVs, ontologies (here: PSI-MOD) 
http://www.ebi.ac.uk/ols 
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Types of information stored 

• 1) Original experimental data recorded by the mass 
spectrometer (primary data) 

• 2) Identification results inferred from the original primary 
data 

• 3) Experimental and technical metadata 

• 4) Quantitation information 
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Wide variety of quantitative techniques… 
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Quantitation techniques 

Label free 

Gel-based quantitation 
approaches 

- Different philosophies 
- Very heterogeneous data formats 
- Techniques not very well established 

Very problematic data for proteomics repositories  
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PRIDE 
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MS proteomics: overall workflow 

MS analysis 

MS/MS analysis 

fragmentation 
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PRIDE database (www.ebi.ac.uk/pride) 

MS analysis 

MS/MS analysis 

fragmentation 

peptides 

proteins 

sequence 
database 

PRIDE stores: 

1) Peptide IDs 
2) Protein IDs 
3) Mass spectra as peak lists 
4) Valuable additional metadata 
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PRIDE: why is it there?  

• Repository to support publications (proteomics MS derived 
data) 
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PRIDE: why is it there?  

• Repository to support publications (proteomics MS derived 
data) 

• Source of proteomics data for other data resources 

PRIDE: reliable 
source of MS 

proteomics data 
for other 

resources 
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THE LOOK OF PRIDE 
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PRIDE web interface – overview 

PART_OF 
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PRIDE web interface – experiment and protein 
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PRIDE web interface – mass spectra 
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PRIDE BioMart 
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The spectacular bit: across-BioMart queries! 
Question: “Which proteins, identified in PRIDE, in blood plasma, 

  are transcribed from genes located in chromosome 11” 
PRIDE 

Ensembl 

www.biomart.org 
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DATA SUBMISSION TO PRIDE 
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Journals recommend PRIDE as submission point 
•  Journal guidelines recommend now submission to proteomics 

repositories: 

 - Proteomics 
 - Nature Biotechnology 
 - Nature Methods 
 - Molecular and Cellular Proteomics 

• Closer collaboration between Proteomics and PRIDE: 

-  “Deposition of supporting data in a public, open access database like PRIDE or 
World-2DPAGE is strongly recommended, and mandatory for Dataset Briefs”  
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New guidelines from MCP for data deposition: 

For all proteins identified on the basis of ONE OR TWO unique peptide 
spectra, the ability to view annotated spectra for these identifications must be 
made available. This can be achieved in one of three ways:  

1)  Submission of spectra and search results to a public results repository 
that is equipped with a spectral viewer (e.g. PRIDE, Peptidome etc). This 
information will appear as a hyperlink in the published article… 

2)  Submission (with the manuscript) of spectra and search results in a file 
format that allows visualization of the spectra using a freely-available 
viewer. 

3)  Submission (with the manuscript) of annotated spectra in an ‘office’ or PDF 
format.  

MCP new guidelines 
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PRIDE data content 

Protein IDs Peptide IDs 
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Why? Submission made easier: PRIDE Converter 
http://code.google.com/p/pride-converter 

Barsnes et al., 2009            
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PRIDE Converter – interface details 
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From PRIDE Converter to PRIDE FTP 
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Data access privileges in PRIDE 

Data 

submitter 

Data 

submitter 

auto-generated 
reviewer account 
(editors, referees) 

Submitter-defined 
collaborations 

Data 

submitter 

auto-generated 
reviewer account 
(editors, referees) 

public 
data 

PRIDE relies on a simple but very powerful group-based access system that can 
accommodate even more complex data release schemes than pictured here 

P
aper accepted / grant finalized 
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OTHER PROTEOMICS REPOSITORIES 
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Existing proteomics repositories  
• Main public repositories: 
 - PROteomics IDEntifications database (PRIDE) 
 - Global Proteome Machine (GPMDB) 
 - Peptide Atlas 
 - Tranche 
 - NCBI Peptidome 

• Smaller scale repositories, more specialized: 
 Among others: Human Proteinpedia, Genome Annotation Proteomics 
Pipeline (GAPP), MAPU, SwedCAD, PepSeeker, Open Proteomics 
Database, … 

• Very diverse: different aims, functionalities, … 
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Reprocesses data Reprocesses data No reprocessing No reprocessing 

Editorial control Editorial control No editorial control No editorial control 

Limited annotation Limited annotation Detailed annotation Limited annotation 

?? 170 million peptides 96 million spectra ?? 

?? 22.3 million protein IDs 3.7 million protein IDs ?? 

Other MS proteomics repositories 

No reprocessing 

No editorial control 

Detailed annotation 

3.8 million spectra 

60,000 protein IDs 

Tranche 
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http://www.peptideatlas.org 

PeptideAtlas 

-  Peptide identifications from MS/MS 

- Data are reprocessed using the 
popular Trans Proteomic Pipeline 
(TPP) 

- Uses PeptideProphet to derive a 
probability for the correct 
identification for all contained 
peptides 
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• All peptides mapped to Ensembl 
using ProteinProphet (for human) 

• Built by the Aebersold lab to help them 
find proteotypic peptides 

• Provides proteotypic peptide 
predictions 

•  Limited metadata 

• Great support for targeted 
proteomics approaches (SRM/MRM) 

PeptideAtlas 

http://www.peptideatlas.org 
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GPMDB 
• End point of the GPM 

proteomics pipeline, to aid in 
the process of validating 
peptide MS/MS spectra and 
protein coverage patterns. 

http://gpmdb.thegpm.org/ 
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GPMDB 
• End point of the GPM 

proteomics pipeline, to aid in 
the process of validating 
peptide MS/MS spectra and 
protein coverage patterns. 

• Data are reprocessed using 
the popular X!Tandem or X!
Hunter spectral searching 
algorithm  

• Also provides proteotypic 
peptides 

http://gpmdb.thegpm.org/ 
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GPMDB 

• Powerful visualization 
features 

• Provides very limited  
annotation with GO, BTO 

• Some support to targeted 
approaches is available 

http://gpmdb.thegpm.org/ 
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Tranche 

http://tranche.proteomecommons.org 

• Peer-to-peer distributed 
filesystem (original name: 
the DFS) 

• Meant to securely store, 
and conveniently deliver 
large amounts of data 

• Provides a highly 
specialized, but much 
needed niche service 

• Has already been used by 
PRIDE to store certain 
large files 

• Very limited annotation 
(metadata is not 
mandatory) 
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NCBI Peptidome 

http://www.ncbi.nlm.nih.gov/peptidome/ 

• No reprocessing  

• Detailed 
annotation (no 
CVs) 

• Review system 

• Sibling resource 
to PRIDE 
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Reprocesses data Reprocesses data No reprocessing No reprocessing 

Editorial control Editorial control No editorial control No editorial control 

Limited annotation Limited annotation Detailed annotation Limited annotation 

?? 162 million peptides 92 million spectra ?? 

?? 21.5 million protein IDs 3.5 million protein IDs ?? 

Other MS proteomics repositories 

No reprocessing 

No editorial control 

Detailed annotation 

3.8 million spectra 

60,000 protein IDs 

Tranche 
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PRIDE AND OTHER REPOSITORIES: 
ProteomeXchange 
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For sharing, superstructures must be built 

sequence databases 
(INSDC) 

EMBL 

DDBJ 
NCBI 

interactions 
IMEx 

IntAct 

BIND 

DIP 

MINT 

… 

mass spec 
ProteomeXchange 

PRIDE 

PeptideAtlas 

GPMDB 

Tranche 

… 

Often, multiple repositories will emerge more or less simultaneously 
in a particular field. By exchanging data, and by collaborating on data 
acquisition an increase in coverage as well as a more comprehensive 
dataset is obtained by each individual resource. 
Such superstructures do require additional infrastructure, however. 
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ProteomeXchange consortium 
•  Sharing proteomics data between 

 existing proteomics repositories 

•  Includes PeptideAtlas, GPMDB, 
 NCBI Peptidome and PRIDE, with 
 data sharing infrastructure provided 
 by Tranche 

•  Submission guidelines document 
 finalized, it was proven on three 
 different datasets 

•  ProteomeXchange is primarily 
 user-oriented: the idea is to provide 
 a single point of submission, but 
 multiple points of data visualization 
 and analysis www.proteomexchange.org 
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ProteomeXchange Consortium 

PeptideAtlas 

EBI 
PRIDE 

Tranche Users 

GPMDB 

Individual 
submission 

NCBI 
Peptidome 

Large-scale 
submissions 

Large-scale 
submissions 

Other DB’s 
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ProteomeXchange Consortium 

PeptideAtlas 

EBI 
PRIDE 

Tranche Users 

GPMDB 

Individual 
submission 

NCBI 
Peptidome 

Large-scale 
submissions 

Large-scale 
submissions 

Other DB’s 

- Protein IDs 
- Peptide IDs 
- Peak lists 
- Metadata 
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ProteomeXchange Consortium 

PeptideAtlas 

EBI 
PRIDE 

Tranche Users 

GPMDB 

Individual 
submission 

NCBI 
Peptidome 

Large-scale 
submissions 

Large-scale 
submissions 

Other DB’s 

- Protein IDs 
- Peptide IDs 
- Peak lists 
- Metadata 

- Instrument 
output files 
(raw data, …) 



BSPR/EBI Educational Workshop 

Hinxton, 16 July 2010 
Juan A. Vizcaíno 

juan@ebi.ac.uk 

ProteomeXchange Consortium 

PeptideAtlas 

EBI 
PRIDE 

Tranche Users 

GPMDB 

Individual 
submission 

NCBI 
Peptidome 

Large-scale 
submissions 

Large-scale 
submissions 

Other DB’s 

- Protein IDs 
- Peptide IDs 
- Peak lists 
- Metadata 

- Instrument 
output files 
(raw data, …) 



BSPR/EBI Educational Workshop 

Hinxton, 16 July 2010 
Juan A. Vizcaíno 

juan@ebi.ac.uk 

PRIDE: why is it there?  

• Repository to support publications (proteomics MS derived 
data) 

• Source of proteomics data for other data resources 

PRIDE: reliable 
source of MS 

proteomics data 
for other 

resources 
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Distributed Annotation System 

 (http://www.ebi.ac.uk/dasty/) 



BSPR/EBI Educational Workshop 

Hinxton, 16 July 2010 
Juan A. Vizcaíno 

juan@ebi.ac.uk 

PRIDE DAS server: Dasty example (1) 
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PRIDE DAS server: Dasty example (2) 
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Data sharing requires proper infrastructure 

• Community supported, standardized data formats 
 Necessary to allow efficient access to the data 

• Controlled vocabularies (CVs) and ontologies 
 To provide unambiguous context and metadata to the actual data, as 
 well as enabling powerful queries to be performed on the data 

• Minimal reporting requirements for specific data types 
 Ensures the presence of certain bits of information without which 
interpretation is ambiguous, hampered or impossible 

• Publicly available, online repositories 
 Bioinformatics grew up along side the internet, and this is reflected in the 
successful online data sharing mechanism already in place in the life 
sciences. The repositories should implement the standards, use the CV’s 
and ontologies, and adhere to the minimal requirements. 
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Coming soon… support for quantitative data 
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Do you want to know a bit more…? 
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The PRIDE Team 

Rui Wang Henning Hermjakob 

Richard Côté Florian Reisinger 

Joe Foster 
(Ph.D. student) 

Andreas Schonegger 
(Trainee) 

Daniel Ríos Attila Csordas 
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PRIDE collaborators 

http://www.ebi.ac.uk/ols 
http://www.ebi.ac.uk/pride 

juan@ebi.ac.uk 
pride-support@ebi.ac.uk 

http://www.psidev.info 

Links, collaborations and funding 

http://www.ebi.ac.uk/tools/picr 

Funding 

http://www.ebi.ac.uk/pride/dod 
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Thank you! 

Questions? 


