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Abstract

jPOST (https://jpostdb.org/) comprises jPOSTrepo (https://repository.jpostdb.org/) (over 2000 projects), a repository for proteome mass spec-
trometry data, the reanalysis of raw proteome data based on a standardised protocol using UniScore, and jPOSTdb (https://globe.jpostdb.org/)
(over 600 datasets), a database that integrates the reanalysed data. The jPOST reanalysis protocol rescores MS/MS spectra using a new scale,
UniScore, to evaluate the extent to which the spectral peaks correspond to the amino acid sequences identified by search engines. However,
the metadata registered in the repository database is insufficient for conducting the reanalysis. To address this issue, the Japanese Proteomics
Society launched a data journal, the Journal of Proteome Data and Methods (JPDM), which accepts data descriptor articles detailing metadata
that can be reanalysed. Within jPOST, raw proteome data is reanalysed based on the metadata described in the JPDM data descriptor arti-
cles, utilising UniScore. The reanalysed data is deposited in jPOSTdb, and a link to the JPDM articles is added to jPOSTrepo. These reanalysis
accelerations within the jPOST environment will promote FAIR data principles and open science.
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Introduction

In recent years, research involving DNA and RNA using
next-generation sequencing has become increasingly common,
generating large amounts of data for researchers. Addition-
ally, rapid advances in mass spectrometry have facilitated
the acquisition of high-depth proteome data, leading to the
widespread adoption of proteomics research within the sci-
entific community. Moreover, other omics studies, including
metabolomics and lipidomics, are now being conducted on a
large scale, heralding an era in which many researchers man-
age extensive omics data.

Data obtained from various scientific research studies and
the articles reporting these results must be widely accessible to
the public and society. Based on this ‘open science’ concept (1),
many datasets and articles have been published online in a for-
mat that can be accessed by anyone. In the context of open sci-
ence, all data should be managed according to the FAIR Data
Principles (2,3), which state that all data must be ‘Findable,
Accessible, Interoperable and Reusable’. Various data reposi-
tories operate worldwide to implement open science and the
FAIR data principles. Repository databases contain informa-
tion on gene sequences (4—6), their expression (7,8), and other
measurement data, allowing researchers globally to reference
this information.

In 2015, we initiated the jJPOST project to build an in-
tegrated proteome database by standardising, integrating,
and managing different types of experimental proteome
data from around the world based on FAIR data princi-
ples in proteomics (9). In 2016, we officially joined the Pro-
teomeXchange Consortium (PXC) (10,11), and, as with other
repository databases worldwide (12-15), jPOSTrepo (https:
/Irepository.jpostdb.org/) (9,16), a proteomics data reposi-
tory compliant with international standards provided by the
PXC, was launched in Japan. The PXC was selected as
one of the Global Core Biodata Resources (GCBRs) in De-
cember 2022, a collection of 37 resources recognised by
The Global Biodata Coalition (GBC) (https://globalbiodata.
org/what-we-do/global-core-biodata-resources/) as critical
to long-term funding and sustainability for life science
and biomedical research worldwide. As a member of
the PXC, jPOSTrepo has already accepted and managed
a substantial amount of mass spectrometry (MS) data,
and we have also developed and operated a database,
4POSTdDb’ (https://globe.jpostdb.org/) (17), which reanalyses
these MS data using standardised protocols and integrates the
results.

The reuse of publicly available data has become common-
place (18,19), with many researchers reusing and reanalysing
data as part of new research efforts, in addition to con-
firming reproducibility. However, unlike next-generation se-
quencers, the reuse and reanalysis of raw MS data are af-
fected by a variety of related information, much of which
is not covered by the current metadata required for regis-
tration in repositories. To address this issue, the Japanese
Proteomics Society launched a new data journal in 2019,
the Journal of Proteome Data and Methods (JPDM) (https:
/lwww.jhupo.org/jpdm/) (20). The data descriptor, one of the
JPDM article types, requires a more detailed description of
the metadata of raw MS data in the repository, providing
a level of detail that facilitates reanalysis. Such an initia-
tive is unprecedented worldwide and could accelerate the re-
analysis of data that is currently underutilised in repository
databases.
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This article summarises the major developments in the
jPOST environment over the five years since the last NAR
database update article (17) was published. Updates to
jPOSTrepo, as well as the reanalysis and linkage with the
database and JPDM, are reported.

Current status of repository

Currently, 2876 projects are registered in jPOSTrepo (as of 30
August). Of these, 2143 projects are already publicly avail-
able, and their data can be reused worldwide (Figure 1A). In
total, these data comprise more than 160 000 files and exceed
100 TB in size. In addition, many contributors are not from
Asia, and data have been accepted from more than 50 coun-
tries worldwide (Figure 1B). The overwhelming majority of
the species analysed in the submitted projects were humans,
accounting for more than half of the data; however, more than
300 other species have been registered (Figure 1C).

Reanalysis of MS data

The jPOST project has developed a standard protocol to re-
analyse the raw MS data and has been actively conducting
reanalyses based on this protocol. This reanalysis method
rescored the MS/MS spectra using a new scale, named UniS-
core, to determine the extent to which the actual observed ions
match the theoretical product ions of the peptide identified
by the search engine (21). The parameters used are solely the
number of matched b and y ions and the number of amino
acid tags uniquely determined by being surrounded by these
ions; therefore, it applies to any search engine. In the actual
identification process, the results of several search engines are
converted into UniScores and compared to select the best-
matched peptide, and the false discovery rate (FDR) is also
controlled by a target-decoy approach (22) using UniScores.

jPOSTrepo can accept proteome data acquired using var-
ious modalities, such as mass spectrometry data, including
data-independent acquisition (DIA), parallel reaction moni-
toring (PRM), selected reaction monitoring (SRM), 2D elec-
trophoresis data, and antibody data, not only in the complete
submission format but also in the partial submission format.
Currently, however, only data-dependent acquisition (DDA)
mass spectrometry data are subject to reanalysis by jPOST,
and the results are then integrated into the jPOSTdb. Data reg-
istration in repositories is primarily performed for submission
to scientific journals, where various measurement data for a
single article are often registered as a single project. However,
in jJPOST reanalysis, only MS raw files with identical metadata
content are registered to constitute a single reanalysis ‘project’.
Additionally, biological replication data, such as samples from
different patients, are registered as ‘datasets’ within a single
‘project’. Currently, approximately 600 reanalysis datasets are
registered in jJPOSTdb.

When performing this reanalysis, the relationship between
individual data files and their metadata is often unclear. There-
fore, until now, the reanalysis was performed after scrutinis-
ing the articles associated with individual projects and manu-
ally collecting all of the relationships with the registered mass
spectrometry raw data. It has been very difficult to increase
the number of reanalyses in this way because the number of
people who could perform this work is very limited, requiring
knowledge of the experimental subject, proteomics methodol-
ogy, data processing, and information about the repository.
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Figure 1. Statistics of submitted projects to the jPOSTrepo. (A) Number of projects submitted to the jPOSTrepo. The embargoed projects are shown in
blue, and public projects are shown in orange. Note that the increase in the number of submissions at the beginning of 2024 is due to the reanalysis

projects. (B) Global user distribution. (C) Species distribution.

Data journal for reanalysis

In general, data reuse requires knowledge of how the data
are processed and generated. Metadata describes this infor-
mation, but for reasons such as the complexity of the input
process, the metadata of datasets contained in many public
databases is often inadequate for reuse and reanalysis. There-
fore, data journals such as Scientific Data (23) and Data in
Brief (24) publish articles in a category called Data Descrip-
tor, which describes the data in detail. Following this trend,
the Journal of Proteome Data and Methods (JPDM), led by
the Japanese Proteome Society, was launched in September
2019. The journal also publishes articles in the data descrip-
tor category, detailing how to acquire data for the proteome
data repository. The objective of this study was to describe the
data acquisition conditions in detail, including the correspon-
dence between raw data files and metadata, so that anyone
can reanalyse the data. Additionally, a Digital Object Identifier
(DOI) is assigned to articles published in the JPDM. Data de-
scriptor articles, which are the main content of the JPDM, are
currently limited to raw proteomic data obtained using mass
spectrometry, but any public data registered in any repository
other than jPOST can be submitted. Currently, jJPOST con-
ducts reanalyses based on these data descriptor articles and
integrates the reanalysed data.

The JPDM data descriptor article submissions include a
dedicated Microsoft Excel file describing the detailed meta-

data. This Excel file is formatted according to the Sample and
Data Relationship Format for Proteomics (SDRF-Proteomics)
(25,26), which allows the automatic collection of metadata at
a level that can be reanalysed. There are several groups for in-
putting metadata, and each group corresponds to the four pre-
sets of sample/fractionation/enzyme and modification/MS
modes in jPOSTrepo. To further emphasise the analysis pro-
cess, a separate group called ‘Software Setting’ has been
created.

The contents of each raw data file were described to meet
the requirements of SDRF-Proteomics, and the contents of
each item were organised and enhanced for easy reuse, es-
pecially for samples. Specifically, sample attributes are clas-
sified not only by ‘Organ’, with humans and mice in mind,
but also by ‘Tissue’, considering other species and by ‘Cell
Line’ and ‘Disease’ in a hierarchical classification to prepare
for future reuse. Additionally, a pre-processing field is pro-
vided for input when the content of a file cannot be distin-
guished by any of the entries. Three types of replicates were
prepared to describe the corresponding relationships: biolog-
ical replicates, which are used for samples such as those from
patients; technical replicates, which correspond to cases where
multiple vials containing the same sample are subjected to the
same treatment; and injection replicates, which correspond to
cases where a sample in a single vial is assayed multiple times
(Figure 2).
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Obtained from the Yes Pretreatment repeated No
Multiple — same individual? — ‘or each measurement? -
data files
1 No 1Yes
File | | File relationship | | Sample | | Fractionation | | Enzyme_Mod | | MS_mode | | Software_setting
A 8 c N K L M N
1 Raw File Species Species_Ontology biological replicate technical replicate other than injection replicate injection replicate Note
2 1.mzml Homo sapiens 9606 1 1 1
3 2.mzml Homo sapiens 9606 1 2
4 3.mzml Homo sapiens 9606 1 3 1
5  4.mzml Homo sapiens 9606 2 1 1
6 S5.mzml Homo sapiens 9606 2 1 2
7 6.mzml Homo sapiens 9606 2 1 3
8 7.mzml Homo sapiens 9606 3 1 1
9 8.mzml Homo sapiens 9606 3 2 1
10 9.mzml Homo sapiens 9606 3 2 2
1 10.mzml Homo sapiens 9606 4 1 1
12 11.mzml Homo sapiens 9606 4 1 1
13 12.mzml Homo sapiens 9606 4 1 1
14 13.mzml Homo sapiens 9606 5 1 1
15 13.mzml Homo sapiens 9606 2 2 6 1 1
16

Figure 2. Classification criteria for replicates and an example of the metadata description from the JPDM Data Descriptor article. Biological replicates
are classified as separate datasets within the same project, while injection replicates are processed by merging the results of the Peptide-Spectrum

Match (PSM).

Data descriptor articles are reviewed by multiple peer re-
viewers, as are regular research papers, subject to the condi-
tion that they do not describe scientific conclusions, and are
required to present precise information that is necessary for
data reuse.

Collaboration with JPDM

In the case of a project registered in jJPOSTrepo, a function
automatically provides a file with the relevant items of this
Excel file filled in based on the information in the meta-
data already registered in the repository. In addition to the
site (https://repository.jpostdb.org/jpdm-excel/) where the Ex-
cel file can be obtained by entering the project ID, a link
to the JPDM Excel file output was added to the project in-
formation table on each user’s MyPage. Therefore, for the
projects already registered in jPOSTrepo, it is relatively easy
to prepare an Excel file for this metadata description, as ad-
ditional information such as replicates need only be entered
into the output Excel file. Furthermore, when a JPDM Data
Descriptor article is accepted and published, a link to the ar-
ticle is automatically added to the jJPOST project, providing
a function to accelerate data reuse and reanalysis through
mutual collaboration between jPOSTrepo and JPDM (Fig-
ure 3). Generally, when a researcher reanalyses the proteome
data, only the PXD IDs are cited. However, if a researcher
publishes a JPDM data descriptor, they can also be cited.
This is important for researchers who generate and publish

proteome data in terms of the number of citations of their
work.

Discussion

Repository databases are required to manage research data
sustainably entrusted to researchers worldwide and to con-
tribute to future scientific research by confirming the repro-
ducibility of research and reanalysing the data. Although en-
trusted data should be managed based on the FAIR Data Prin-
ciples, the current MS repository database is not fully fulfilling
its role in terms of ‘Reuse.” This is because the reanalysis of MS
data requires the division of datasets into reanalysable units,
such as experimental setup, preprocessing information, repli-
cates, and so on. This is quite different from division by oligo
sequences in next-generation sequencers, which is a complex
mechanism. Therefore, obtaining more detailed metadata to
enable reanalysis is crucial.

In collaboration with the academic community, we pro-
posed a methodology to compensate for this problem in the
form of a data descriptor article. We have shown that the
metadata submitted in the Data Descriptor is sufficient for
typical experiments; however, there is still the possibility that
they may not be sufficient for more complex conditions. De-
spite these limitations, repository databases are obligated to
provide sustainability in accordance with the FAIR principles
for data; thus, it is necessary to continue to explore measures
to further accelerate reanalysis.
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Figure 3. Collaboration between jPOST and JPDM.

Data availability

The resources can be accessed through the jJPOST home page
at https://jpostdb.org/. Data stored in jPOSTrepo are available
at ftp://ftp.jpostdb.org/ and all the data are linked from each
project website.
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