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ABSTRACT

The Bioinformation and DNA Data Bank of Japan
(DDBJ) Center (https://www.ddbj.nig.ac.jp) maintains
database archives that cover a wide range of fields
in life sciences. As a founding member of the In-
ternational Nucleotide Sequence Database Collab-
oration (INSDC), our primary mission is to collect
and distribute nucleotide sequence data, as well as
their study and sample information, in collaboration
with the National Center for Biotechnology Informa-
tion in the United States and the European Bioinfor-
matics Institute. In addition to INSDC resources, the
Center operates databases for functional genomics
(GEA: Genomic Expression Archive), metabolomics
(MetaboBank), and human genetic and phenotypic
data (JGA: Japanese Genotype–Phenotype Archive).
These databases are built on the supercomputer of
the National Institute of Genetics, whose remaining
computational capacity is actively utilized by domes-
tic researchers for large-scale biological data analy-
ses. Here, we report our recent updates and the ac-
tivities of our services.

INTRODUCTION

The DNA Data Bank of Japan (DDBJ) is a public database
of nucleotide sequences established at the Bioinformation
and DDBJ Center (DDBJ Center; https://www.ddbj.nig.
ac.jp) of the National Institute of Genetics (NIG) (1).
Since 1987, the DDBJ has been accepting annotated nu-
cleotide sequences, issuing accession numbers, and dis-
tributing them in collaboration with GenBank at the Na-
tional Center for Biotechnology Information (NCBI) (2)
and the European Nucleotide Archive (ENA) at the Eu-
ropean Bioinformatics Institute (EBI) (3). This collabora-
tive framework is known as the International Nucleotide
Sequence Database Collaboration (INSDC) (4).

Within this INSDC framework, the DDBJ Center has
been maintaining the DDBJ Sequence Read Archive
(DRA) for raw sequencing data and alignment informa-
tion generated by high-throughput sequencing platforms

and analysis pipelines (5), the BioProject database for study
information and the BioSample database for sample infor-
mation (1,6). This comprehensive biological data resource
enriched with contextual study and sample information is
guaranteed free and unrestricted access by the INSDC pol-
icy (7). In addition to these INSDC databases, the DDBJ
Center maintains the Genomic Expression Archive (GEA)
(8) for quantitative data from functional genomics experi-
ments (e.g. gene expression and epigenetics) as a counter-
part to the Gene Expression Omnibus at NCBI (9) and the
ArrayExpress at EBI (10).

For controlled-access data, the DDBJ Center hosts the
Japanese Genotype–phenotype Archive (JGA) to store and
distribute human genotype and phenotype data resulting
from biomedical research (11,12). JGA is operated in col-
laboration with the National Bioscience Database Cen-
ter (NBDC, https://biosciencedbc.jp/en/) at the Japan Sci-
ence and Technology Agency, in which the NBDC formu-
lates guidelines for sharing human data (https://humandbs.
biosciencedbc.jp/en/guidelines) and reviews applications
for data submission and access to JGA. JGA also col-
laborates with the major controlled-access databases, the
database of Genotypes and Phenotypes (dbGaP) at NCBI
(13) and the European Genome–Phenome Archive (EGA)
at EBI (14).

In September 2021, the DDBJ Center renewed the pub-
lic repository for metabolomics data MetaboBank (https:
//mb2.ddbj.nig.ac.jp) (1). The new system streamlined the
data submission process by adopting a standardized meta-
data description format.

To improve accessibility and usability, the DDBJ Center
has been developing cross-database platforms that can facil-
itate cooperation between web services and databases. The
unified login platform, which was introduced in September
2020, has been incorporated into the DDBJ Fast Annota-
tion and Submission System (DFAST) (15), the newly de-
veloped Mass Submission System (MSS) application form
(https://mss.ddbj.nig.ac.jp/), and MetaboBank, thereby al-
lowing users to log in with the same user account. In
November 2021, the search services for DRA, BioPro-
ject and BioSample were integrated into the DDBJ Search
(https://ddbj.nig.ac.jp/search), originally developed to in-
dex JGA public metadata.
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Table 1. The Numbers of annual submissions to the DDBJ Center

2019 2020 2021

Unrestricted databases
Nucleotide sequences 6 688 6 836 15 573
DRA high-throughput sequencing

data
1 735 1 967 2 066

GEA functional genomics
experiments

61 84 61

Controlled-access database
JGA human genotype and phenotype

data
59 72 250

In addition to operating archival databases, the DDBJ
Center provides the National Institute of Genetics (NIG)
supercomputer as a computational resource for researchers
to analyze biological data in Japan. The NIG supercom-
puter has enhanced its storage system to accommodate the
growing demand for data storage for analytical use.

In this article, we report updates to the databases and
services of the DDBJ Center. All resources are available at
https://www.ddbj.nig.ac.jp and the data are downloadable
at ftp://ftp.ddbj.nig.ac.jp and https://ddbj.nig.ac.jp/public/.

DDBJ ARCHIVAL DATABASES

Data contents: unrestricted and controlled-access databases

The numbers of annual submissions to the DDBJ Cen-
ter are summarized in Table 1. In 2021, DDBJ accepted
15 573 submissions for nucleotide sequences, among which
88.5% were contributions from domestic Japanese research
groups. This number increased by 128% over the previ-
ous year, mostly attributable to the bulk submission of
third-party data (TPA) entries for metagenome-assembled
genome (MAG) sequences by a group at the University of
Tokyo (16). The DDBJ has periodically released all pub-
lic DDBJ/ENA/GenBank nucleotide sequence data in a
flat-file format. The latest periodical release of June 2021
contains 2 750 856 069 sequences and 18 755 444 190 605
bp, and the DDBJ contributed 3.74% of the sequences and
2.08% of the base pairs.

In addition, the DRA accepted 2066 submissions of high-
throughput sequencing data in 2021. As of September 2022,
the DRA distributed 13 PB of sequencing data in SRA (11.7
PB) and FASTQ (1.3 PB) formats. In 2021, the GEA ac-
cepted 61 submissions of data from functional genomics ex-
periments, and 140 experiment datasets were publicly avail-
able via the FTP site (ftp://ftp.ddbj.nig.ac.jp/ddbj database/
gea) as of September 2022.

Furthermore, in 2021, the JGA accepted 250 submis-
sions, amounting to 410 TB of data. As of end of 2021,
the JGA has distributed 240 studies, 396 471 samples,
and 453 TB of human data. Summaries of these studies
are available to the public on the DDBJ Search (https:
//ddbj.nig.ac.jp/search) and the NBDC (https://humandbs.
biosciencedbc.jp/en/data-use/all-researches) website. Users
are required to submit data usage requests to the NBDC to
access the individual-level data from these public studies. In
2021, there were 208 requests. An overview of these statis-
tics is available on our website (https://www.ddbj.nig.ac.jp/
statistics/index-e.html).

MetaboBank

The original MetaboBank was launched in October 2020
as a public repository for metabolomics research (1). To
accommodate the other INSDC resources more closely,
its data model and submission format were completely re-
designed as Version 2 in September 2021. Its metadata are
now described in the MicroArray Gene Expression Tabu-
lar (MAGE-TAB) format (17) for compatibility with the
functional genomics data in GEA and ArrayExpress. This
format has also gained popularity in proteomics (18). An-
other major update is cross-referencing the BioProject and
BioSample databases. Recent metabolomics research is of-
ten coupled with transcriptomics or other omics infor-
mation. To associate information across different research
data, the existing INSDC framework is the best choice for
data integration.

Open sharing of SARS-CoV-2 genome sequence

Since 2021, the NIG and DDBJ Center have been working
on the molecular epidemiological investigation of SARS-
CoV-2 in collaboration with Shizuoka Prefecture, where
NIG is located. Collaboration with Hamamatsu City, a
government-designated city in Shizuoka Prefecture, has
also been in progress since April 2022. The annotated
genome sequences determined in the collaborations are sub-
mitted to the DDBJ as an activity of the Japan COVID-
19 Open Data Consortium. As of September 2022, 4422
genome sequences have been made publicly available at
INSDC, and the data from Shizuoka Prefecture are also
registered at GISAID (https://www.gisaid.org/).

The customized version of DFAST, DFAST VRL, is
available at https://dfast.ddbj.nig.ac.jp/dfv/, which inter-
nally uses the Viral Annotation DefineR (VADR) (19) of
NCBI to annotate the SARS-CoV-2 genome. DFAST VRL
is also available as a standalone command-line tool (https:
//github.com/nigyta/dfast vrl).

DDBJ SYSTEM UPDATE

Services for submitting biological data

As the DDBJ Center operates various types of databases,
users are apt to be confused about which databases their
data should be submitted to. The DDBJ Center released
a navigation page (https://www.ddbj.nig.ac.jp/submission-
navigation-e.html) for data submission where users can in-
teractively find appropriate databases depending on their
data types (Figure 1A).

To simplify the data submission process to DDBJ, the
unified login platform, originally introduced in September
2020 for data submission and access to JGA, was incorpo-
rated into other services at the DDBJ Center. Users can ap-
ply for a new user account at the D-way DDBJ Submission
Portal (https://ddbj.nig.ac.jp/D-way/login form) and can
log in to other websites such as DFAST and the MSS Ap-
plication Form using the same account. DFAST, a genome
annotation and data submission pipeline for prokaryotes,
provides a job history page to logged-in users, where users
can easily browse and manage their annotation jobs. The
MSS Application Form (https://mss.ddbj.nig.ac.jp/) was re-
leased in June 2022 as a new user interface for relatively
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Figure 1. (A) The navigation page for data submission. Appropriate databases are suggested depending on the user’s data type. (B) MSS Application Form.
Users can upload data submission files through the interactive user interface.

large-scale nucleotide data submission to alleviate the com-
munication cost between data submitters and curators in
the DDBJ Center (Figure 1B). Users can sign in to the web-
site with a D-way account to upload data submission files.
The submitted files are then transferred to the curators to-
gether with the information necessary for data validation,
which contributes to saving time for the registration of the
genome data.

Services for retrieving biological data

DDBJ Search (https://ddbj.nig.ac.jp/search) was initially
launched as an indexing service for JGA’s public metadata
(12). As of the update in November 2021, the DDBJ Search
was enhanced to include metadata for DRA, BioProject,
and BioSamples. It is implemented using ElasticSearch, en-
abling quick and scalable cross-database search with flexi-
ble faceted navigation, and aims to index the metadata of all
the databases in the DDBJ Center in future updates. The in-
dexing of metadata related to reference literature is also un-
derway in collaboration with the Database Center for Life
Science (DBCLS).

The NIG supercomputer

The NIG supercomputer system serves as a computational
resource for the construction and operation of databases in
the DDBJ Center, and is also provided to domestic Japanese
researchers for academic purposes in life sciences. The cur-
rent system, which was installed in March 2019, consists
of 243 computational nodes with 15280 CPU cores in to-
tal and is equipped with 27.9 PB of sequencing data archiv-
ing storage (12.9 PB disk and 15 PB tape) and 16.8 PB of
large-scale parallel distributed file systems. Approximately
one-third of the computational nodes are allocated to the
archival databases operated by the DDBJ Center, the re-
maining half to the controlled-access section for personal

genome analyses, and the rest to the general-purpose anal-
ysis section.

As the amount of biological data increases, the need for
reproducible analytical platforms also increases. In the NIG
supercomputer system, >2000 types of biological software
are provided as Apptainer (Singularity) container images,
which are obtained from the Biocontainers project (https:
//biocontainers.pro/) (20). With these containers, users can
conduct various types of analyses without investing the
time and effort to install the software. Predefined analyti-
cal pipelines, such as the DFAST prokaryotic genome an-
notation pipeline and Rhelixa RNA-seq pipeline, are also
available as Apptainer containers. The Apptainer container
for the AlphaFold pipeline (https://github.com/deepmind/
alphafold) (21), as well as its reference data, are also pro-
vided so that it can be run with a GPU on dedicated compu-
tational nodes. In addition, the NIG supercomputer can be
used as a computational infrastructure for external work-
flow execution services (WES). The DDBJ WES was de-
veloped in collaboration with DBCLS, and its beta version
is now available (https://ddbj.nig.ac.jp/wes/). It is based on
Sapporo (22), which is an implementation of the Global
Alliance for Genomics and Health (GA4GH) WES stan-
dard (https://ga4gh.github.io/workflow-execution-service-
schemas/docs/) and provides graphical interfaces to exe-
cute analytical pipelines described in a workflow language,
such as Nextflow, Workflow Description Language, and
Common Workflow Language, on the NIG supercom-
puter. The PortablePipeline (https://github.com/c2997108/
OpenPortablePipeline) can also use the NIG supercom-
puter as a computational engine. This GUI application can
perform predefined pipelines on a remote server, including
supercomputer systems.

FUTURE DIRECTION

With the advancement of biological measuring technolo-
gies, the diversity and amount of data submitted to the
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DDBJ Center are rapidly expanding. To accommodate
such diverse biological data, DDBJ launched, in addition
to conventional nucleotide sequence databases, DRA for
archiving next generation sequencing data (2008), JGA for
individual-level genetic and phenotypic data (2013), GEA
for functional genomics data (2018), and MetaboBank for
metabolome data (2020) during the past decade. We are cur-
rently developing an archival database for human variation,
the Japan Variation Archive (JVar), the data of which will
be exchanged with the dbSNP and dbVar of NCBI in the
future.

However, these databases are sometimes built upon a dif-
ferent type of data model or user interface, resulting in a
complex database system with low usability or maintain-
ability. To alleviate this, we are working towards the inte-
gration of database services through the development of an
application consisting of microservice units and the stan-
dardization of the data model. An example is the unified
login system introduced in recent years. It has already been
implemented in several web services in the DDBJ Center,
not only providing a common interface for user authenti-
cation but also enhancing the linkage between web services.
Further, we plan to make our data validation pipelines avail-
able as open-source software, which will reduce the burden
of data validation for both submitters and curators by en-
abling user-side validation before data submission.

DATA AVAILABILITY

All resources are available at https://www.ddbj.nig.ac.jp and
the data are downloadable at ftp://ftp.ddbj.nig.ac.jp and
https://ddbj.nig.ac.jp/public/.
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10. Athar,A., Füllgrabe,A., George,N., Iqbal,H., Laura,Huerta, Ali,A.,
Snow,C., Fonseca,N.A., Petryszak,R., Papatheodorou,I. et al. (2019)
ArrayExpress update–from bulk to single-cell expression data.
Nucleic Acids Mol. Biol., 47, D711–D715.

11. Kodama,Y., Mashima,J., Kosuge,T., Katayama,T., Fujisawa,T.,
Kaminuma,E., Ogasawara,O., Okubo,K., Takagi,T. and
Nakamura,Y. (2015) The DDBJ japanese Genotype-phenotype
archive for genetic and phenotypic human data. Nucleic Acids Res.,
43, D18–D22.

12. Fukuda,A., Kodama,Y., Mashima,J., Fujisawa,T. and Ogasawara,O.
(2021) DDBJ update: streamlining submission and access of human
data. Nucleic Acids Res., 49, D71–D75.

13. Tryka,K.A., Hao,L., Sturcke,A., Jin,Y., Wang,Z.Y., Ziyabari,L.,
Lee,M., Popova,N., Sharopova,N., Kimura,M. et al. (2014) NCBI’s
database of genotypes and phenotypes: dbGaP. Nucleic Acids Res.,
42, D975–D979.

14. Lappalainen,I., Almeida-King,J., Kumanduri,V., Senf,A.,
Spalding,J.D., Ur-Rehman,S., Saunders,G., Kandasamy,J.,
Caccamo,M., Leinonen,R. et al. (2015) The european
Genome-phenome archive of human data consented for biomedical
research. Nat. Genet., 47, 692–695.

15. Tanizawa,Y., Fujisawa,T. and Nakamura,Y. (2017) DFAST: a flexible
prokaryotic genome annotation pipeline for faster genome
publication. Bioinformatics, 34, 1037–1039.

https://www.ddbj.nig.ac.jp
https://ftp://ftp.ddbj.nig.ac.jp%20and%20https://ddbj.nig.ac.jp/public/


Nucleic Acids Research, 2023, Vol. 51, Database issue D105

16. Nishimura,Y. and Yoshizawa,S. (2022) The OceanDNA MAG
catalog contains over 50,000 prokaryotic genomes originated from
various marine environments. Sci Data, 9, 305.

17. Rayner,T.F., Rocca-Serra,P., Spellman,P.T., Causton,H.C., Farne,A.,
Holloway,E., Irizarry,R.A., Liu,J., Maier,D.S., Miller,M. et al. (2006)
A simple spreadsheet-based, MIAME-supportive format for
microarray data: MAGE-TAB. BMC Bioinf., 7, 489.
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