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ABSTRACT

Peptidome is a public repository that archives and
freely distributes tandem mass spectrometry
peptide and protein identification data generated
by the scientific community. Data from all stages
of a mass spectrometry experiment are captured,
including original mass spectra files, experimental
metadata and conclusion-level results. The sub-
mission process is facilitated through acceptance
of data in commonly used open formats, and all
submissions undergo syntactic validation and
curation in an effort to uphold data integrity
and quality. Peptidome is not restricted to specific
organisms, instruments or experiment types; data
from any tandem mass spectrometry experiment
from any species are accepted. In addition to
data storage, web-based interfaces are available
to help users query, browse and explore individual
peptides, proteins or entire Samples and Studies.
Results are integrated and linked with other NCBI
resources to ensure dissemination of the informa-
tion beyond the mass spectroscopy proteomics
community. Peptidome is freely accessible at
http://www.ncbi.nim.nih.gov/peptidome.

INTRODUCTION

With the abundance of DNA sequence information
currently available, researchers are now looking to
comprehensively identify and characterize the proteomic
products of the genetic blueprint. The most widespread
and high-throughput methodology being used to address
this goal is mass spectrometry (MS). Using MS to perform
large-scale experiments generates substantial amounts of
peptide and protein mass spectra. The informatics issues
involved in dealing with these volumes of data can be

overwhelming even within an individual laboratory.
This matter, together with a lack of open standard
formats, has contributed towards the general shortage of
publicly available MS-based proteomic data. However,
there is increasing recognition within the community,
granting bodies and publishing agencies (1) that published
proteomic data can, and should, be fully accessible.
Open access policies such as these allow the community
to review and comprehensively re-examine the data upon
which experimental conclusions are based. From
the researcher’s perspective, the long-term archiving of
proteomic data at a centralized repository not only
increases the data usability and wisibility but also
decreases the risk of data loss. In addition, the availability
of large collections of MS data can benefit the field in a
wider sense, for example, by enabling informaticians to
develop better algorithms or construct spectral libraries.

Several databases already exist to store and disseminate
proteomic data including PRIDE (2), PeptideAtlas (3),
Tranche (4), The GPM (5), and Human Proteinpedia
(6). Peptidome (7) aims to complement these resources;
the major goals of the Peptidome project are to:

(i) build and maintain a robust database in which to
efficiently store tandem MS data at a level of detail
appropriate for both MS professionals and the
wider biological community,

(i1) develop simple deposit procedures that minimize
the burden of submission while supporting well-
annotated data deposits from the research
community,

(iii) exchange data with established MS repositories,

(iv) offer user-friendly tools that enable users to query,
locate, analyze and review the data of interest.

ORGANIZATION OF THE DATABASE

The information captured in the online database is
designed to represent the final results based upon the
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submitter’s interpretation of the raw MS/MS spectra. This
is intended to provide a quick overview for mass
spectrometrists and accessibility for other non-specialists.
The original submitted files are the true record, and will
always be available for download. A graphical sketch of
the database schema is shown in Figure 1.

The two major components of Peptidome are Studies
and Samples. A Study is a collection of related Samples
and provides a focal point for, and description of, the
whole experiment. A Sample contains all the data
related to the biological material, which may be derived
from one or more MS instrument runs. Each Sample
record contains a list of identified proteins and a list of
identified peptides. Each protein points to a sublist of
peptides by which it was identified, and each peptide
is linked to the protein(s) that it is a member of.
Each peptide contains a set of peptide identifications
(pepldents). These pepldents denote any post-

SUBMISSION PROCEDURES

Our goal is to make data submission procedures as
straightforward as possible, while encouraging a high
level of experimental annotation. To minimize the
burden of data submission, Peptidome accepts native file
formats from which required information is extracted.

There are four components that are required for a
complete submission:

(1) A metadata file that describes the overall experi-
ment, each associated biological sample, the
instruments and protocols used to generate the
data and the relationship of the corresponding
data files. This information is provided by
completing a metadata spreadsheet; templates and
example spreadsheets are provided within the
Peptidome submission guidelines from a link on
the Petidome homepage.

translational modifications as well as any identification (i) Raw data files contain the original MS and MS/MS
scores for the match between a given spectrum and a information from the instrument. All spectra should
peptide. Note that this allows a spectrum to have more be submitted, irrespective of whether they are
than one peptide associated with it. A Sample also identified or not. Peptidome currently accepts any
contains descriptive information about the biological of the standard XML formats (mzData, mzXML or
material, protocols used to generate the data, instrumen- mzML) that contain both the MS and MS/MS data
tation and informatics parameters. from a single fraction. In addition, text formats
Both Studies and Samples are accessioned objects; each (.mgf, .pkl, .sqt, .dta) are also accepted, but not
record is assigned a unique and stable Peptidome preferred. Proprietary binary data directly from
accession number that may be cited in a manuscript the manufacturers (e.g. .raw or .wiff) are not
describing the data. The accession consists of a number accepted.
and a letter prefix indicating whether the record is a (i) Output files from any peptide identification
Peptidome Study (PSExxx) or Peptidome Sample program. These files contain matches of the
(PSMxxxX). MS/MS scans to the peptides. Currently,
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Figure 1. A schematic overview of Peptidome. The main logical entity is a ‘Study’ which contains a set of related ‘Samples’. Each Sample contains
a list of both identified ‘proteins’ and ‘peptides’. Proteins contain links to their member peptides, and peptides know which proteins they are members
of. Furthermore, peptides are linked to individual ‘spectra’ through peptide identifications (pepldents), thus allowing more than one interpretation
of a spectrum, and providing storage for post-translational modifications and identification scores.



Peptidome supports DAT files from Mascot, ASN.1
or XML formatted files from OMSSA, and any
search engine output files that have been converted
to PepXML format (e.g. X!Tandem or Sequest). If
manual identification was used to interpret the
spectra, or the search engine output formats are
not supported by Peptidome, the submitted results
table must include references to spectrum files and
additional information that is usually extracted
from the search engine output files, e.g. charge
state and identification scores.

(iv) Results tables that describe the submitter’s view of
the final, processed results according to whatever
criteria they use to determine acceptability. Results
tables list the proteins discovered in each Sample in
the Study. For each protein, the peptides should be
listed, and for each peptide, the matching spectrum
files should be listed. Any natural or artificial post-
translational modifications can also be specified.
If the matching spectrum file list is omitted, then
every spectrum matched to that peptide/protein in
the Peptide identification output files is assumed to
be correct. Similarly, if the Results table contains
only proteins, then all associated peptides and
spectra will be gleaned from the Peptide identifica-
tion output files.

Peptidome supports post-translational modification
annotations in the UNIMOD ID (8) format. Fixed
modifications for given residues are listed separately and
are assumed to apply to all residues of that type. Each
modified peptide string is given for each applicable
spectrum. In the modified peptide strings, each residue is
followed by a UNIMOD ID in parenthesis if it is modified
and fixed modifications need not be listed.

There are many different methods for MS quantifica-
tion, with new ones being invented all the time. Therefore,
for peptide and protein quantification, each quantification
value with a single number per protein, peptide and/or
spectrum per Sample is denoted, where the units (if appli-
cable) and methodology used to quantify the sample are
required in the Metadata annotation. More complete
information about the quantification method used may
be submitted in Ssupplementary Data.

When all submission files are assembled, they can be
transferred to Peptidome via FTP. A curator will collect
the files and manually curate and validate them before
depositing in the database. Work on more automated
methods for depositing records is currently in progress.

Some journals require accession numbers for MS
proteomic data before acceptance of a paper for publica-
tion. Thus, ideally, data should be deposited in Peptidome
before a manuscript describing the data is sent to a journal
for review. Authors can cite the Peptidome accession
number(s) in their manuscripts. The submission may
remain private until a manuscript describing the data
is published. A reviewer URL can be generated and
disclosed to journal editors; this URL grants anonymous,
confidential access to private data during the manuscript
review period.
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BUILDING THE DATABASE

All submissions undergo both syntactic validation and
manual review by a curator before being uploaded to
the Peptidome database, thus enforcing good quality
data deposits. When any issues, such as mangled
formats or missing components, are identified, a curator
will work with the submitter until the problems are
resolved. Early exemplar submissions in Peptidome were
gathered from selected data in PeptideAtlas (3), with the
metadata manually enriched from publications associated
with those experiments.

Submissions are processed using custom software
to upload the metadata and results into the database.
The spectra files are not loaded into the database,
instead they are converted to a custom format, based
upon HDF5 (available from http://www.hdfgroup
.org/HDF5/), that is both more compact and allows
faster retrieval of individual spectra than the original
XML format.

Proteins are linked with the corresponding entries in
NCBI Entrez in a best effort fashion. This flexibility
allows submitters to reference novel proteins that are
not yet in the mainstream databases, and to use custom
protein databases. Peptidome protein links are updated in
an ongoing process, in order that they remain up-to-date.

RETRIEVING PEPTIDOME DATA

The data in Peptidome may be browsed by Studies or
Samples, and the individual Samples may be examined
from the identified proteins and peptides down to the indi-
vidual spectra as shown in Figure 2.

Metadata for all public Studies and Samples, and the
associated proteins for each Sample, are loaded into
NCBI's powerful Entrez search and linking system (9).
This facilitates cross-linkage with other NCBI resources
like Entrez Protein, PubMed and Taxonomy. The Entrez
interface also allows users to search Peptidome using
simple free text or complex fielded queries.

Additionally, all original data, including spectra files,
output results and Supplementary Data are available for
bulk download via anonymous FTP at ftp://ftp.ncbi.nih
.gov/pub/peptidome;/.

CONCLUSIONS AND FUTURE DEVELOPMENT

Peptidome was recently established at NCBI with the
goal to enhance proteomic research by providing a high-
quality mass spectra repository. We are now accepting
submissions and invite researchers to deposit their
tandem MS data sets with us so that we can disseminate
them to the wider community.

Currently, the Peptidome team is working to expand
and improve existing indexing, linking, searching,
exploring and retrieving functionalities. Additional
advanced data mining and visualization tools for the con-
venience of proteomic researchers are under design and
development.



D734 Nucleic Acids Research, 2010, Vol. 38, Database issue

peptidome

NCBI Peptice Data Resource

Study PSE104
Feicr | sanvies

sccesson &
& pmnons
& rewioe
@ pamnonn
& pominn
& e

Sanple e
Serun rsctonded by N I
e rotiredod by e

Crgenisn
=

Pt
Esion TRA
EsHOnTRAY

Seun fractored by
Seun cten by e A1 depieton

oA
EsHoTRA?

omo segens

1210
2008
2010

Puens  peies | Specta

Fateuary s, 2009
Fateuary, 2000
Feteuary 52009
Feteuarys, 2009
Fetmuanys, i

[ynca

reksse it

[ Poots e sctdeabysze ETEY

ey 509 |

& paions Serun ractored by ks sty BTN TRAS

B rowine Unfetenstod sour EsHOnTRAY

H

Fateuary 5,500

pepfridome

NCBI Peptide Dot Resource

Specha petine

112 ez gyscprcten o sapens)
=L e

O R L Estou TR
Pageli o
Spoctrd
sample PSM1013
| | renicis | proteins | ropsics
[
e i o e o g s i el of o g 5 ues s T Fe
v o o Fe| |8 TRRAG
\ pss oo [ vz
B G sae mem Fe || O POORE
1 tE sm imE Feof | M0NSED
. | D Aoy
o amm awm mam = pooseress s
& rsrim = o P o | @ nowposter
- ) B - W e Ep— szl
@] e \ N o poowraces e
& oz s ae e 9 moowrozen cangznng
© perna 1 = s e s T —
& pseie e 2o s
& s 2w som 1 T
& psets = ame sms vy 21,2008
& psee arving. LT w1 u
& e - i ses s s
U el ot Diplayng shuds

4 TREDICTED sinio to popidpra scmeraas & boforn

-]

Peptide Identifications associated wifh Protein BAA92189.1

Sequenca SsarchEnaine seors Chags  Exprses P Specm

HIFUGVSLGSFSGEVSHER StmirasT [ 3 aws 1 o215 LraI0M01 16 24272

[T pe—— spormast Foepes sssas 2 awa 1 A ot v o

HIRNGHA/SLASPSOEVSHBR SpectrasT Feeprent 3 mmim xers 1 atoan_1a_2425

HIRNO/SLGSPSGEVSHBR SpacirasT reprent 3 amon e .
Spostrast repren 3 o

[Syeomm 021505 LTQI0A018_2475 3575
a5 0123
Bkt Tz YTIZ74635

1T A/SLGRSOLYS P
HIRUGVSLGSFSGEVSHER

Fepieb 032 1o e

1 o213 LraIoI I8 24391

e e o ww  nwee 1
0 DR G
o R
I 2 e 5
- ) s mmm
[Fiensssrsarvsen St o FR
s s Tt e 20311 to S|
eceves
o o 72185125 B

am

[oecin 21535 11040118 269174575

et Tene PTITIZZS

e @

il L Al Jl‘l L

i cieb v pnpe

L

’,.‘ L ,.ll \Iuh le| ”l

w

Figure 2. A series of screenshots showing navigation from a top level list of Studies (1), to its list of Samples (2), to the protein list for a Sample (3),
to the list of peptide identifications for that protein (4) and finally to three individual spectra for different peptide identifications (5).
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