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ABSTRACT

Rapid progress is being made in mass spectrom-
etry (MS)-based proteomics, yielding an increas-
ing number of larger datasets with higher qual-
ity and higher throughput. To integrate proteomics
datasets generated from various projects and insti-
tutions, we launched a project named jPOST (Japan
ProteOme STandard Repository/Database, https://
jpostdb.org/) in 2015. Its proteomics data repository,
jPOSTrepo, began operations in 2016 and has ac-
cepted more than 10 TB of MS-based proteomics
datasets in the past two years. In addition, we
have developed a new proteomics database named
jPOSTdb in which the published raw datasets in
jPOSTrepo are reanalyzed using standardized pro-
tocol. jPOSTdb provides viewers showing the fre-
quency of detected post-translational modifications,
the co-occurrence of phosphorylation sites on a
peptide and peptide sharing among proteoforms.
jPOSTdb also provides basic statistical analysis
tools to compare proteomics datasets.

INTRODUCTION

Proteomics approaches such as mass spectrometry (MS),
gel electrophoresis and antibody-based ones are important
for identifying proteins with accompanying information
such as isoforms, subcellular localizations, tissue specificity,
protein interactions, abundances and post-translational

modifications (PTMs), many of which cannot be obtained
by genomic and transcriptomic approaches. Recent ad-
vances in MS technology have significantly improved the
coverage, resolution and speed in the measurements and
resulted in increasing amounts of larger proteomics data
with higher quality and higher throughput. These substan-
tial proteomics data are useful for finding biomarkers in the
fields of life and medical sciences, and should be accumu-
lated, published and shared for further analyses (1,2). In
fact, proteomics data including MS raw data, peak lists,
peptide and protein identification results, and metadata
about experiments should be deposited in a public reposi-
tory when submitting papers describing and using the data,
the same as the situation for nucleotide sequence data.

In 2016, we launched a proteomics data repository in
Japan, named jPOSTrepo (https://repository.jpostdb.org/)
(3), which conforms to the international standards pro-
vided by the ProteomeXchange (PX) consortium (4). Cur-
rently, jPOSTrepo accepts MS-based proteomics data from
all over the world as an official member of the PX consor-
tium, together with PRIDE in Europe (5), MassIVE (https:
//massive.ucsd.edu/), PASSEL (6) and Panorama Public
(7) in U.S.A. and iProX (http://www.iprox.org/) in China.
jPOSTrepo has unique features such as a high-speed file up-
load system and user-friendly interface with open-source li-
braries; all of the submission operations can be completed
within a web browser (3).

Meanwhile, since 2010, the Human Proteome Project of
the Human Proteome Organization has been construct-
ing a human proteome database to integrate and organ-
ise information on all human proteins and their functions,
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such as isoforms, temporal variations, localizations, and
modifications, although this has yet to be completed (8,9).
Although the Human Proteome Map (10) and the Pro-
teomicsDB (11,12) were published as MS-based human
proteome databases in 2014, it has been pointed out that
they contained many false positives because they detected
proteins by combining spectra from multiple experiments
containing many low-quality spectra (13). As such, we
should develop a high-quality proteome database to obtain
highly accurate information of proteoforms with few false
positives from MS raw files.

Here, we present the current status of the jPOST envi-
ronment; updates of jPOSTrepo in the past two years and
a newly developed proteome database, named jPOSTdb
(https://globe.jpostdb.org/), containing standardized pro-
teomics data reanalyzed from the published raw data in
the jPOSTrepo with a common protocol and under the
same confidence criteria (14). These data are also well cu-
rated with experimental metadata based on controlled selec-
tions of biological ontologies. jPOSTdb provides graphical
data visualization interfaces for identified proteins, includ-
ing protein annotations, identified peptide mapping, fre-
quencies of detected PTMs, co-occurrence of phosphoryla-
tion sites on a peptide and peptide sharing among isoforms
and among proteins. To the best of our knowledge, the in-
terface for visualizing quantitative data and co-occurrence
information of PTMs and peptide sharing is a unique fea-
ture of jPOSTdb.

CURRENT STATUS AND UPDATES OF REPOSITORY

jPOSTrepo was launched in May 2016 and joined the PX
consortium in July, 2016. Currently, jPOSTrepo has 320
projects (170 public) with more than 10TB of data; this
number of projects is threefold compared with that of 2
years ago, whereas the amount of data has increased 7-fold.
The datasets have been submitted from 20 countries, in-
cluding not only those in Asia and Oceania, as originally
expected, but also other countries in Europe, North and
South America and elsewhere. One of the key features of
jPOSTrepo is that it allows the rapid uploading of files. Al-
though it depends on the local network environment, the av-
erage file upload speed is 9.60MB/s from Japan, 3.86MB/s
from elsewhere in Asia and Oceania, and 4.22MB/s from
other areas (Figure 1). This means that it takes only 1 h at
most to upload a 10GB file on an average.

In addition to MS data, jPOSTrepo now accepts gel
electrophoresis-based proteomics data (such as those from
2D-PAGE and 2D-DIGE) and antibody-based proteomics
data, covering almost all types of proteomics data. On the
submission page, users can select which type of dataset to
submit. Because the PX consortium accepts only MS data,
datasets of other data types cannot be assigned a PX identi-
fier. However, jPOSTrepo issues a jPOST identifier for non-
MS datasets; thus, users are able to use a jPOST identifier
instead of a PX identifier.

OVERVIEW OF DATABASE

The back-end system of jPOSTdb supports not only hu-
man but also a wide range of species such as model animals,

plants, yeasts, and bacteria, unlike existing databases tar-
geted only to human. The current version of the database
contains reanalyzed datasets from samples of human,
mouse, rat and bacteria selected by checking metadata and
raw data quality. For the metadata, information on the sam-
ple source, sample preparation method and condition of
mass spectrometry acquisition is required. Each piece of
metadata is curated manually for each dataset based on var-
ious ontologies of the life science field, such as National
Center for Biotechnology Information taxonomy (15), Cell
Line Ontology (16), Braunschweig Enzyme Database Tis-
sue and Enzyme Source Ontology (17), Human Disease
Ontology (18), National Cancer Institute Thesaurus (19)
and the Human Proteome Organization Proteomics Stan-
dards Initiative-Mass Spectrometry controlled vocabulary
(20). We inspected the raw data quality based on the fol-
lowing factors: (i) the peptide-spectrum match (%) should
be >10%, (ii) LC chromatograms should not have irregu-
lar peak profiles and (iii) the distribution of delta mass for
precursor ions should follow the Gaussian pattern.

jPOSTdb stores assigned peptide-spectrum matches
(PSMs), identified peptides, inferred proteins and dataset
information hierarchically. For peptide identification,
jPOSTdb uses the UniProt ‘proteomes’, which are the
protein sequence set thought to be expressed by an organ-
ism whose genome has been completely sequenced (21).
Proteins are inferred based on identified peptides by using
the method proposed by Nesvizhskii and Aebersold (22).
In jPOSTdb, the entire dataset as a single unit is named
a ‘Globe’, and datasets selected from the Globe by users
with their own filters is named a ‘Slice’. jPOSTdb provides
the following functions: (i) datasets filtering by metadata,
to create a ‘Slice’; (ii) browsing identified peptides, PTMs
and other data and (iii) basic statistical analysis and
visualization of data in specified ‘Slices’.

Figure 2 shows an overview of the jPOSTdb web inter-
face. First, users can filter a ‘Globe’ by a faceted search
based on a combination of dataset metadata such as species,
sample type, cell line, organ, disease, modifications and
MS instruments, as well as a simple keyword search. Then,
users can save the filtered dataset to a ‘Slice’, which means
a personalized sub-dataset of a ‘Globe’, from the check-
boxes of the results table and ‘Add to Slice’ button. Be-
cause the ‘Slice’ data are stored in the web storage of the
user’s browser, a saved ‘Slice’ is not sent to the server or any
other location at all, and the different browsers present on
a computer do not share data of web storage. Users thus
need to export and import the ‘Slice’ to observe the same
datasets in different locations. After the dataset filtering,
users can access the detected peptides, PTMs, inferred pro-
teins and other proteomics information. Additionally, users
can perform comparative analyses between ‘Slices’ by using
the jPOSTdb which implements basic statistical and func-
tional analyses, such as differential expression analysis and
enrichment analysis. The details of this are described below.

INTERFACES OF DATABASE

jPOSTdb is organized by the following three types of en-
try: dataset entry, protein entry and peptide entry. Each en-
try page contains a data summary and lists of correspond-
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Figure 1. File upload speed to jPOSTrepo. Each square represents the mean upload speed at every 200 km from each place to jPSOTrepo server installed
at Database Center for Life Science in Mishima, Japan and the corresponding bar shows maximum speed and minimum speed.

Figure 2. Overview of the jPOSTdb web interface. ‘Globe’ is the whole data set of jPOSTdb, whereas ‘Slice’ is datasets filtered by metadata. Details of the
example views on the right are described in Figures 3–5.

ing proteins, peptides and PSMs. In the dataset and pro-
tein entry pages, jPOSTdb provides graphical data visual-
ization interfaces (Figures 3 and 4). In addition, jPOSTdb
also provides a ‘Slice’ page with graphical interfaces as the
dataset page. Users can download the data tables of PSMs
and inferred proteins through the corresponding dataset en-
try page and the jPOST FTP site (ftp://jpost.pharm.kyoto-
u.ac.jp/database/).

Dataset entry page

Chromosome info. The ‘Chromosome info’ section shows
a histogram of detected proteins (blue) and the total number
of proteins (grey) per chromosome (Figure 3B), mitochon-
dria and plasmids listed on the dataset entry page and slice
page. The protein count is calculated based on the protein
entry number in UniProt (15). Therefore, the total number

of proteins does not refer to the exact number of coding
genes in each chromosome. In cases in which the species of
a dataset/slice is human, the protein count is based on the
count of neXtProt entries (23).

Protein existence. The ‘Protein existence’ section displays
a pie chart that shows the evidence types that support the
existence of proteins (Figure 3C), described in the neXtProt
database for human and the UniProt database for other or-
ganisms. There are five types of evidence for the existence
of a protein as follows: PE1) experimental evidence at the
protein level, PE2) experimental evidence at the transcript
level, PE3) protein inferred from homology, PE4) protein
predicted and PE5) protein uncertain, in that there is uncer-
tainty over whether the protein actually exists. In case of hu-
man, proteins in PE2–4 categories are called ‘missing pro-
teins’, indicating that they are unconfirmed sequences for
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Figure 3. Example of dataset entry page. (A) Metadata and statistics of
dataset. (B) Histogram of proteins per chromosome. Chromosome anno-
tations are based on UniProt, where ‘unplaced’ means chromosome infor-
mation is not available. (C) Pie chart of protein existence. (D) Input form
for KEGG pathway mapping. (E) Example of KEGG pathway mapping.
The protein box color varies from red to blue, corresponding to high and
low expression, respectively, based on their spectral counts.

which protein products have not yet been detected; the de-
tection of these proteins has been the focus of chromosome-
centric human proteome project (9).

KEGG pathway mapping. Proteins with KEGG Orthol-
ogy (KO) annotation can be mapped to KEGG PATHWAY
(24) (Figure 3D). The protein box color on KEGG pathway
maps varies from red to blue, corresponding to high and low
expression, respectively, based on their spectral counts.

B

C

A

Figure 4. Example of protein entry page. (A) Metadata and statistics of a
protein. (B) Viewer of protein annotations. (C) Viewer of peptide sharing
among isoforms and proteins. Peptide bars with the same color indicate
the same peptides.

Protein entry page

Protein browser. The ‘Protein browser’ section is a viewer
of protein structural annotations (Figure 4B). Users can
add annotations of interest into the viewer panel from the
‘Add view’ pull-down menu. The ‘Peptide’ panel shows de-
tected peptides mapped to the protein sequence. The color
of peptide bars reflects the number of PSMs, and varies
from red to grey (red represents a high number and grey rep-
resents a low one). The ‘PTM’ panel displays actual modi-
fication names such as ‘Phospho’ in the viewer, and shows
detected PTMs on the protein sequence. The vertical bar
length above the PTM site reflects the count of PTM de-
tection. Here ‘norm’. represents the normalized length by
spectral counts included in the site, and ‘count’ shows real
counts. The ‘P-site linkage’ panel shows the co-occurrence
of phosphorylation sites on a peptide. To the best of our
knowledge, the comprehensive PTM counting and PTM co-
occurrence are unique features of jPOSTdb. The ‘UniProt
annotation’ panel shows PTM sites and single amino acid
variations described in UniProt.
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Peptide sharing. The ‘Peptide sharing’ section shows pep-
tides with the same amino acid sequence mapping to mul-
tiple UniProt isoforms and multiple UniProt entries, sepa-
rately (Figure 4C). Peptide bars with the same color across
multiple sequences indicate the same peptides. The numer-
ical values overlapped with peptide bars refer to the num-
ber of PSMs. In MS-based shotgun proteomics, instead of
full-length proteins, the peptides digested by enzymes such
as trypsin are detected. Therefore, it is important to clarify
which protein is more likely to be the origin of each pep-
tide for the inference of protein expression. On this inter-
face, users can visualize which proteins share peptides with
each other. Users can also recognize whether the peptide of
interest has tryptic cleavage sites at both termini.

COMPARISON OF SELECTED DATASETS

Because jPOSTdb provides basic statistical analysis tools,
users can compare the statistics and expression of proteins
between ‘Slices’.

Differential expression analysis

Users can compare the expression level of proteins between
two ‘Slices’ by empirical Bayes estimate, Wilcoxon rank sum
test and fold change of the mean from the pull-down menu.
This quantification is based on spectral counting normal-
ized by the total count of spectra from each dataset. The
former two methods are implemented by using the R pro-
gramming language library. The Wilcoxon rank sum test is
a statistical test commonly used in differential expression
analyses when the number of datasets is large enough. The
empirical Bayes estimation is applicable even when the num-
ber of datasets is relatively small. In the volcano plot of re-
sults, users can change thresholds of the fold change and
P-value by moving the triangular marker on the x- and y-
axes (Figure 5A). The fold change of the mean expression
level in a protein is shown as a histogram-like plot. It is not
subjected to any statistical test, so the P-value is not calcu-
lated; therefore, the y-axis shows an arbitrary scale based
on frequency.

Enrichment analysis

jPOSTdb provides protein set enrichment analysis target-
ing the KEGG pathway category and the three main cate-
gories of Gene Ontology (GO) (biological process, molec-
ular function, and cellular component) (25), for selected
proteins in the differential expression analysis. The results
are displayed by a network graph (Figure 5B) and a table.
Nodes in the network show categories of the KEGG path-
way or the GO, and the node color of enriched categories
varies from yellow to red (P-value < 0.05, yellow shows high
and red shows low). The blue node shows the root category
of the network. Each node’s size reflects the number of se-
lected proteins in the differential expression analysis. How-
ever, the size of white nodes and the root node is limited to
the maximum size of enriched nodes that are colored from
yellow to red, to make the network layout clearer. When the
target is a KEGG pathway, users can map proteins onto the
KEGG pathway map. The boxes of pathway maps are col-
ored from blue to red (blue shows that the expression level

A

B

Figure 5. Example of comparison between ‘Slices’. (A) Result example of
differential expression analysis. (B) Network graph of enrichment analysis
(in the KEGG pathway category).

Figure 6. The growing of submitted data size to jPOSTrepo. Blue line
shows the average file size (left y-axis), and red line shows the average data
size per project (right y-axis).

is decreased and red shows that it is increased). When a box
in pathway maps corresponds to multiple proteins, the box
is colored arbitrarily by any one of these proteins (due to a
limitation of the KEGG mapper).

DISCUSSION

Increasing number of projects has been continuously de-
posited in jPOSTrepo from all over the world. In ad-
dition, the average data size per project is increasing,
whereas the number of files per project is constant, indi-
cating that the average size of an MS raw file is increas-
ing (Figure 6). This would be because of higher resolving
power of mass analyzers and higher frequencies to acquire
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MS/MS spectra in newly launched MS instruments, result-
ing in higher coverage of proteomes with higher through-
put than earlier. In addition, ultra-large-scale proteomics
projects using human patient samples have been launched,
such as the international cancer proteogenome consortium
(https://icpc.cancer.gov/) and the Human Diabetes Pro-
teome Project (26). Hence, it is imperative for the pub-
lic repository to equip itself with a highly efficient system
to upload/download the data, which has been achieved in
jPOSTrepo (Figure 1). Furthermore, jPOSTrepo continu-
ously receives the MS-based proteomics data of non-human
organisms, as well as the gel-based and the antibody-based
proteomics data. Taken together, a wide variety of proteome
datasets has been successfully accumulated in jPOSTrepo
and is converted into jPOSTdb using the standardized data
analysis protocol.

Currently, jPOSTdb automatically calculates spectral
counts for quantitative analyses, and uses other quantitative
approaches, such as stable isotope labelling for relative and
absolute quantitation, including SILAC, dimethyl labelling,
iTRAQ and TMT, and label-free quantitation based on ex-
tracted ion chromatograms, emPAI (27) and iBAQ (28) as
a next step.

jPOSTdb is constructed based on the Semantic Web tech-
nology that facilitates integration of various databases con-
taining big data (29). The protein sequence and annota-
tion databases, such as UniProt and neXtProt, have re-
leased data formatted by the Resource Description Frame-
work (RDF) data model, which supports the Semantic
Web technology (21,30). In addition, not only the pro-
teome data, but also other omics and life science-related
data have been converted to RDF data and released in
the NBDC RDF portal (https://integbio.jp/rdf/) and EBI
RDF platform (31) and have been incorporated into vari-
ous life science databases such as TogoGenome, a genomic
database based on RefSeq data (http://togogenome.org/),
TogoVar, a database of human genome variants/variations
(https://togovar.biosciencedbc.jp/) and GlyTouCan, a gly-
can structure repository (32). Based on the RDF format,
therefore, data integration as well as database integration
will be more accelerated in future, and the high-quality pro-
teome data generated from the jPOST environment would
be one of its core elements because proteins are lethally es-
sential biomolecules for the functioning of cells.
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