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ABSTRACT

The National Genomics Data Center (NGDC), part of
the China National Center for Bioinformation (CNCB),
provides a suite of database resources to sup-
port worldwide research activities in both academia
and industry. With the explosive growth of multi-
omics data, CNCB-NGDC is continually expanding,
updating and enriching its core database resources
through big data deposition, integration and trans-
lation. In the past year, considerable efforts have
been devoted to 2019nCoVR, a newly established
resource providing a global landscape of SARS-
CoV-2 genomic sequences, variants, and haplotypes,
as well as Aging Atlas, BrainBase, GTDB (Gly-
cosyltransferases Database), LncExpDB, and Tran-
sCirc (Translation potential for circular RNAs). Mean-
while, a series of resources have been updated and
improved, including BioProject, BioSample, GWH
(Genome Warehouse), GVM (Genome Variation Map),
GEN (Gene Expression Nebulas) as well as several
biodiversity and plant resources. Particularly, BIG
Search, a scalable, one-stop, cross-database search
engine, has been significantly updated by providing
easy access to a large number of internal and ex-
ternal biological resources from CNCB-NGDC, our
partners, EBI and NCBI. All of these resources along
with their services are publicly accessible at https:
//bigd.big.ac.cn.

INTRODUCTION

The National Genomics Data Center (NGDC), part of the
China National Center for Bioinformation (CNCB) offi-
cially founded in November 2019, was built based on the
BIG Data Center, Beijing Institute of Genomics (BIG), Chi-
nese Academy of Sciences (CAS), with joint efforts and
collaborations from two CAS institutions, viz., Institute of
Biophysics (IBP) and Shanghai Institute of Nutrition and
Health (SINH) as well as several partners (https://bigd.big.
ac.cn/partners). Powered by higher-throughput and lower-
cost genomics sequencing technologies, large-scale sequenc-
ing projects for precision medicine and biodiversity stud-
ies have been conducted around the world, leading to large
amounts of multi-omics data that are still generated at ever-
growing rates and scales. Therefore, CNCB-NGDC is ded-
icated to advancing life and health sciences by providing
open access to a suite of data resources and services in
support of global research activities on big data archive,
storage, management and public sharing as well as multi-
disciplinary data-driven research (1–4).

During the past year of 2020, an ongoing pandemic
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has resulted in more than 27 million in-
fected cases and 897 000 deaths (as of 9 September 2020). To
provide SARS-CoV-2 genome sequences and variants pub-
licly available for the global research community (5), in the
past year, CNCB-NGDC has made considerable efforts to
build a SARS-CoV-2 information resource (6) by genomic
data collection, curation and deep-mining with extensive
updates on a daily basis. Additionally, CNCB-NGDC has
continued to expand and update other resources through
data deposition, integration and curation. In terms of
database property, database resources of CNCB-NGDC
can be generally grouped into three layers: Data––raw data
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Figure 1. Core data resources of CNCB-NGDC. Three categories, viz.,
data, information and knowledge, are adopted to represent resources that
are typically to deposit raw data/metadata (archives), house value-added
information (databases) and integrate validated knowledge through liter-
ature curation (knowledgebases), respectively. A full list of data resources,
which contains links to each resource, is available at https://bigd.big.ac.cn/
databases.

and affiliated metadata, Information––standardized infor-
mation and analyzed results, and Knowledge––curated as-
sociations and value-added knowledge. Here we provide a
brief overview of new databases and recent updates to ex-
isting databases in CNCB-NGDC and describe its core re-
sources and services (Figure 1). All these resources, along
with their services, are publicly accessible through the home
page of CNCB-NGDC at https://bigd.big.ac.cn.

NEW DATABASES

2019nCoVR

The 2019 Novel Coronavirus Resource (2019nCoVR, https:
//bigd.big.ac.cn/ncov/) (6) is an open-accessed SARS-CoV-
2 information resource. It contains a comprehensive collec-
tion of genome sequences and clinical information for all
publicly available SARS-CoV-2 isolates, which are manu-
ally curated with quality evaluation and value-added anno-
tations by our in-house automated pipeline. Consequently,
it houses a dynamic landscape of SARS-CoV-2 genomic
variants and haplotypes on a global scale. Specifically,
2019nCoVR identifies all variants from complete and high-
quality genomes, visualizes the spatiotemporal change for
each variant, and constructs haplotype network maps and
phylogenetic trees for the course of the outbreak. Moreover,
2019nCoVR offers a set of online tools covering various
needs for SARS-CoV-2 genomic data analysis. In addition,
it provides a full collection of literatures on COVID-19, in-
cluding published papers from PubMed as well as preprints
from bioRxiv and medRxiv through Europe PMC. Collec-
tively, all SARS-CoV-2 genome sequences, variants, haplo-
types and literatures are integrated and updated daily since

January 2020, making 2019nCoVR a valuable resource for
the global research community.

Aging Atlas

The Aging Atlas (https://bigd.big.ac.cn/aging; detailed in
(7) in this issue) is an integrative database in support of ag-
ing research. It provides open access to large-scale multi-
omics datasets generated by a variety of high-throughput
sequencing technologies, involving genomics, epigenomics,
transcriptomics, proteomics, metabolomics, pharmacoge-
nomics and single-cell omics. The current implementation
includes five modules: RNA sequencing, epigenomic regu-
lation, single-cell sequencing, protein interactions and gero-
protective compounds.

BrainBase

BrainBase (https://bigd.big.ac.cn/brainbase) is a curated
knowledgebase for brain diseases. Based on manual cura-
tion of published articles and related databases, BrainBase
features comprehensive integration of disease associations
from multiple omics levels and its current version houses
a total of 4248 associations covering 113 brain diseases
and 3996 genes/CpG sites. In addition, based on bioinfor-
matic analysis on expression datasets, BrainBase collects
655 brain-specific genes, 575 brain-region-specific genes and
1128 cerebrospinal fluid (CSF)-detectable genes. With a
particular focus on glioma, BrainBase integrates 22 glioma-
related omics datasets (genome, transcriptome, epigenome
and proteome) and provides multi-omics molecular profiles
for glioma, which are of great utility to identify potential
biomarkers for glioma diagnosis, prognosis and treatment
prediction. Thus, BrainBase bears great promise to serve as
a valuable knowledgebase for brain studies.

CGIR

The Chloroplast Genome Information Resource (CGIR;
http://bigd.big.ac.cn/cgir) is a curated resource of chloro-
plast genome information through comprehensive integra-
tion and value-added annotation. The current release of
CGIR contains 4709 chloroplast genomes of 4485 species;
4290 are retrieved from NCBI, and the rest 419 are from
CNCB-NGDC Genome Warehouse, among which 403
genome assemblies of 247 species are sequenced by Na-
tional Resource Center for Chinese Materia Medica and
publicly released for the first time. Based on expert cu-
ration, we standardize taxonomic classification for each
chloroplast (including families, genera, and species) and
present a comprehensive high-quality collection of chloro-
plast genomes that belong to 1887 genera and 441 families
and cover 1165 featured plants with one or more associ-
ated category (namely, medicinal, edible, energy and wood).
Considering the importance of photosynthesis, we fur-
ther investigate presence/absence variation (PAV) of pho-
tosynthesis genes among all collected genomes and detect
the strength of selective pressure acting on photosynthe-
sis genes by comparing nonsynonymous and synonymous
substitution rates. Moreover, we identify potential molec-
ular markers for all collected assemblies and obtain a to-
tal of 120,152 DNA sequence signatures (DSSs) and 1 770
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546 simple sequence repeats (SSRs), which are of broad util-
ity to identify species in Chinese Pharmacopoeia (2020 edi-
tion), and to develop SNP markers and PCR methods for
species identification. In conclusion, CGIR is capable to
help users easily access chloroplast genome information.

GTDB

The Glycosyltransferases Database (GTDB; https://www.
biosino.org/gtdb/) (8) is an integrated resource for glycosyl-
transferase annotations, incorporating comprehensive in-
formation of protein classification families, catalytic reac-
tions and metabolic pathways, etc. In the current version,
GTDB contains 520 179 glycosyltransferases from 21 647
taxonomy nodes and 394 kinds of enzymatic reactions. In
addition, GTDB provides: (i) a powerful search to retrieve
the complete details of a query by combining multiple iden-
tifiers and data sources; (ii) an interactive browser to visu-
alize data by different classifications and download data in
batches; (iii) a BLAST tool (9) to search against pre-defined
sequences, facilitating the annotation of biological function
of glycosyltransferases and lastly, (iv) GTdock (8), which
uses AutoDock Vina to perform docking simulations of sev-
eral glycosyltransferases with the same single acceptor.

LncExpDB

LncExpDB (https://bigd.big.ac.cn/lncexpdb; detailed in
(10) in this issue) is an expression database of human long
non-coding RNAs (lncRNAs). Based on our previous work
on LncBook (11), LncExpDB houses abundant expres-
sion profiles of 101 293 non-redundant, manually-curated
lncRNA genes across 337 biological conditions, which can
be further classified into nine important biological contexts,
namely, normal tissue/cell line, cancer cell line, subcellular
localization, exosome, cell differentiation, preimplantation
embryo, organ development, circadian rhythm, and virus
infection. Among them, 92 016 lncRNA genes (90.8%) are
supported with reliable transcriptional evidence and more
than one third of lncRNAs (31249) have the capacity to
be highly expressed under certain conditions. Most impor-
tantly, LncExpDB provides a collection of featured lncR-
NAs and their interacting partners and thus is of great sig-
nificance to help users conduct functional studies on lncR-
NAs.

scMethBank

Single-cell bisulfite sequencing methods are widely used
to assay epigenomic heterogeneity in cell states. Large
amounts of data have been generated over the past sev-
eral years, bearing great promises in deeper understand-
ing of the epigenetic regulation of key biological processes.
scMethBank (https://bigd.big.ac.cn/methbank/scm) is an
integrated database of single-cell methylation maps. It is
dedicated to the collection, integration, analysis and vi-
sualization of single-cell methylation data and metadata.
The current release of scMethBank includes 3166 single-cell
methylation profiles as well as curated metadata, covering
two species (human and mouse), 14 projects, 26 cell types
and two diseases, and provides user-friendly web interfaces
for data browsing, search and download.

TransCirc

TransCirc (https://www.biosino.org/transcirc/) is a special-
ized database that provides evidence of translation poten-
tial for circular RNAs (circRNAs) (detailed in (12) in this is-
sue). It integrates seven types of direct and indirect evidence
of coding potential for human circRNAs and their pu-
tative translation products, including ribosome/polysome
binding evidence, internal ribosomal entry sites, N-6-
methyladenosine modification data, sequence composition
scores, mass spectrometry data, etc. TransCirc can serve as
an important resource for investigating the translation ca-
pacity of circRNAs and will be expanded to add new evi-
dence or additional species in the future.

UPDATES TO EXISTING DATABASES

BioProject & BioSample

BioProject (https://bigd.big.ac.cn/bioproject) and BioSam-
ple (https://bigd.big.ac.cn/biosample) are two public repos-
itories of biological research projects and samples, re-
spectively. They collect descriptive metadata on biologi-
cal projects and samples investigated in experiments, and
provide centralized accesses to all public projects and
samples, as well as cross links to their related data re-
sources. BioProject organizes and classifies a huge volume
of projects in terms of various data types, ranging from
genomic, transcriptomic, epigenomic and metagenomic se-
quencing efforts to genome-wide association studies and
variation analyses. BioSample supports a wide scope of
sample types, including human, plant, animal, microbe,
virus, pathogen and metagenome. Up to August 2020, there
are a total of 2288 biological projects and 176 288 biologi-
cal samples submitted by 1341 users from 364 organizations
(Figure 2A).

Genome Sequence Archive

The Genome Sequence Archive (GSA; https://bigd.big.ac.
cn/gsa) (13) is a public data repository for archiving raw
sequence reads. GSA accepts multi-omics data submis-
sions from all over the world and provides free access to
all publicly available data for global scientific communi-
ties. In April 2020, GSA-Human (https://bigd.big.ac.cn/
gsa-human), a sub-database of GSA, was further estab-
lished, with the specific aim to provide a set of services for
secure management of human genetic data with controlled
access. Particularly, any data submission to GSA-Human
is affiliated with a Data Administration Committee (DAC)
that is responsible for authorizing/declining data access to
data requestor. As of August 2020, GSA (together with
GSA-Human), has archived a total of 181 123 experiments
and 198 262 runs and housed >4600 Terabytes of sequenc-
ing data (Figure 2B), exhibiting the nearly quadruple vol-
ume compared to the previous release last August (∼1200
TB).

Genome Warehouse

The Genome Warehouse (GWH; https://bigd.big.ac.cn/
gwh) is a public resource archiving genome-scale data of
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Figure 2. Statistics of data submissions to BioProject, BioSample and
GSA. (A) Data statistics of BioProject and BioSample. (B) Data statistics
of Experiments and Runs as well as file size in GSA. All statistics are fre-
quently updated and publicly available at https://bigd.big.ac.cn/bioproject,
https://bigd.big.ac.cn/biosample and https://bigd.big.ac.cn/gsa.

a wide range of species. GWH accepts worldwide sub-
missions of genome assemblies and incorporates detailed
descriptive information for each assembly. It offers stan-
dardized quality control for genome assembly and equips
with a genome browser (14) for genome visualization. By
August 2020, GWH has received 9337 direct submissions
covering a broad diversity of species. Among them, 1491
genome assemblies have been publicly released and re-
ported in 52 journal articles. Particularly, in collaboration
with 2019nCoVR, GWH has received the submission of
815 SARS-CoV-2 genome assemblies with standardized
genome annotations (15). So far, 78 of the genomes have
been publicly released and 25 have been shared, with the
submitters’ permission, in GenBank (16) through a data ex-
change mechanism established with NCBI. In this model,
GWH accessions are represented as secondary accessions
in GenBank records, which are retrievable by the Entrez
system. Collectively, the rapid growth of genome-scale data
submissions demonstrates the great potential of GWH as an

important resource for accelerating the worldwide genomic
research.

Genome Variation Map

The Genome Variation Map (GVM; https://bigd.big.ac.cn/
gvm) (17) is a public repository of genome variations, in-
cluding single nucleotide polymorphisms (SNP) and small
insertions and deletions (indel). Unlike NCBI dbSNP (ded-
icated only for human genome variations since Septem-
ber 2017), GVM features data collection for a wide range
of species and accepts data submissions from all over the
world. During the past year, GVM has been significantly
updated by reorganizing data entities and metadata into six
modules in terms of species, project, sample, variation, as-
sociation, and submission. In addition, it has received 56
genome variation data submissions involving 43 754 sam-
ples from 26 species. Till August 2020, GVM houses a to-
tal of ∼960 million variants derived from 191 projects and
64 820 samples and covering 13 animals, 25 plants and 3
viruses.

GWAS Atlas

GWAS Atlas (https://bigd.big.ac.cn/gwas) (18) is a curated
resource of genome-wide variant-trait associations in plants
and animals. In the current version, GWAS Atlas has been
updated by integrating 78 950 associations across seven cul-
tivated plants and five domesticated animals that were man-
ually curated from 1088 studies in 304 publications. As a re-
sult, a total of 31 684 genes and 735 traits were annotated
and presented based on a set of ontologies. Together, GWAS
Atlas provides high-quality curated GWAS associations for
plants and animals, and accordingly serves as a valuable re-
source for genetic research of important traits and breeding
application.

Gene Expression Nebulas

The Gene Expression Nebulas (GEN) (https://bigd.big.ac.
cn/gen/) is a comprehensive data portal of gene expression
profiles across various biological conditions. Based on a
set of ontologies on disease, tissue and cell type, GEN in-
tegrates large-scale publicly available bulk and single-cell
RNA sequencing datasets with strict criteria from raw se-
quence repositories such as CNCB-NGDC GSA (13) and
NCBI SRA (19). All high-quality sequencing data are pro-
cessed with standardized pipeline and manually curated
based on meta information from GSA, NCBI GEO (20)
as well as publications. In the current version, GEN has
integrated human expression profiles across 25 631 exper-
iments and 99 tissues from 141 studies, including 22 128
single-cell experiments that cover 410 149 cells in 31 diseases
and 47 development stages. In addition, GEN has also inte-
grated plant expression profiles in 35 organs from 50 stud-
ies, including 945 experiments for rice, 506 for soybean, 462
for sorghum and 78 for wheat, respectively. GEN provides
convenient and user-friendly web interfaces for data brows-
ing, search, visualization and batch downloading, and also
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equips with a suite of analysis tools for differential gene ex-
pression, functional enrichment, regulatory network, and
cell type annotation.

Editome Disease Knowledgebase

Editome Disease Knowledgebase (EDK; http://bigd.big.ac.
cn/edk) is a curated knowledgebase of editome-disease asso-
ciations, featuring comprehensive integration of abnormal
RNA editing events and aberrant RNA editing enzyme ac-
tivities associated with human diseases (21). In the past year,
the curated associations in EDK have been updated, includ-
ing 36 diseases associated with 582 experimentally validated
abnormal editing events in 143 messenger RNAs, 4 microR-
NAs, 47 viruses and 79 aberrant activities involved in three
editing enzyme families. Moreover, based on controlled vo-
cabulary for viral classification, EDK has integrated virus-
RNA editing disease associations from more than 200 pub-
lications.

NONCODE

NONCODE is a comprehensive database that hosts the
most complete collection of noncoding RNAs and their an-
notations (22). Particularly, it is dedicated to providing the
full landscape of long non-coding RNAs (lncRNAs). In the
current version (v6), lncRNAs in human and mouse were
greatly updated, and the number of lncRNAs has been in-
creased from 548 640 to 644 509. Moreover, NONCODE
summarized a total of 13 749 lncRNA-cancer associations
from public databases and literature. For plants, NON-
CODE housed a set of 94 697 lncRNAs and also introduced
two important new features: (i) tissue expression profiles
and function prediction of lncRNAs in five common plants;
(ii) conservation annotation of lncRNAs for 23 plants. Col-
lectively, NONCODE is a comprehensive portal of lncR-
NAs for both plants and animals and is freely available at
http://v6.noncode.org/.

SmProt

SmProt is a dedicated database that provides the scien-
tific community with valuable information about small pro-
teins (23). Here, we introduce the update of SmProt, which
emphasizes the reliability of the translated sORF, the ge-
netic variation in the translated sORF, the translation event
or sequence of the disease-specific sORF, and the signifi-
cant increase in data volume. The updated SmProt also in-
cludes more components, such as non-AUG translation ini-
tiation, functions and new resources. Totally, the current
version of SmProt incorporated 802,906 unique small pro-
teins curated from 3 695 141 primary records. These pro-
teins were calculated from 419 Ribo-seq data sets and col-
lected from literature and other sources, including 370 cell
lines or tissues of 8 species (Homo sapiens, Mus musculus,
Rattus norvegicus, Drosophila, Danio rerio, Saccharomyces
cerevisiae, Caenorhabditis elegans and Escherichia coli). In
addition, small protein families identified from human mi-
crobiomes were also collected. All datasets in SmProt are
publicly available for browse, search and bulk downloads at
http://bigdata.ibp.ac.cn/SmProt/.

MethBank

The Methylation Bank (MethBank; http://bigd.big.ac.cn/
methbank) (24,25) is a comprehensive database that inte-
grates consensus reference methylomes (CRMs) and single-
base resolution methylomes (SRMs) across a variety of
species, with a particular focus on human health and aging,
animal embryonic development, and plant growth and de-
velopment. In the current version, MethBank presents 163
CRMs and 5 687 344 methylation profiles of corresponding
genes from 80 normal tissues/cells of human (deduced from
22,775 publicly available DNA methylation 450K data). In
addition to CRMs, it provides 394 SRMs, 19 701 343 methy-
lation profiles of genes, 1 258 420 methylated CpG Islands
and 304 884 differentially methylated promoters in differ-
ent genomic contexts based on whole-genome bisulfite se-
quencing data from normal human tissues, different devel-
opmental stages in five economically important plants, and
multi-stage gametes and early embryos in two model ani-
mals. Moreover, MethBank is armed with online tools to
predict human methylation age and identify differentially
methylated promoters via Fisher’s exact test (26) with FDR
correction. In addition, MethBank provides useful informa-
tion on 421 methylation data analysis tools, helpful for users
to easily find any tool of interest.

EWAS Atlas

EWAS Atlas (https://bigd.big.ac.cn/ewas) (27) is a curated
knowledgebase of epigenome-wide association studies. In
the past year, it has been enriched by adding a total of
126 393 EWAS associations manually curated from 324
publications. Taking advantage of massive high-quality
DNA methylation data, EWAS toolkit (https://bigd.big.ac.
cn/ewas/toolkit), was greatly enhanced for a wide range
of EWAS analyses (trait enrichment, GO enrichment, mo-
tif analysis, chromatin enrichment, etc.). Till August 2020,
EWAS Atlas has integrated 577 267 high-quality EWAS as-
sociations derived from 1216 studies in 725 publications,
including 3124 cohorts, 155 tissues/cell lines, 498 traits
and 435 ontology entities. As a data portal of EWAS At-
las, EWAS Data Hub (https://bigd.big.ac.cn/ewas/datahub)
(28) houses 95 783 samples of standardized DNA methyla-
tion array data and metadata, and provides DNA methyla-
tion profiles for a list of 485 512 probes in association with
36 397 genes.

Biodiversity Resources

Biodiversity resources are dedicated for specific species, in-
cluding economically important crops, domesticated ani-
mals and livestock. Currently, there are four major biodi-
versity resources in CNCB-NGDC, namely, iDog, iSheep,
Information Commons for Rice (IC4R) and SorGVD. iDog
(https://bigd.big.ac.cn/idog) is an integrated omics data re-
source for dog, including eight data modules and one anal-
ysis module (29). As a dedicated resource for the ongo-
ing Dog10K Project (30), iDog has been considerably up-
dated by integrating more data and deploying new online
tools. In the current version, iDog mainly houses two de
novo assembly genomes, 42 871 184 non-redundant SNPs
from 127 samples, 783 curated diseases, 473 standardized
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breeds for phenotype traits, 594 genotype-to-phenotype
(G2P) pairs and 27 534 gene profiles from public RNA-
seq projects. iSheep (https://bigd.big.ac.cn/isheep) is a spe-
cialized resource dedicated to integrating omics data for
sheep. Currently, it contains 82 689 498 genomic variations
(including 70 370 968 SNPs and 12 318 530 Indels) from
2778 samples, 26 802 genes and 1417 breed information of
worldwide sheep. Moreover, it includes 922 genome-wide
variant-trait associations linked with 922 variants and 110
traits. IC4R (http://ic4r.org) (31,32) is a curated database
that provides rice genome sequences, gene annotations and
multi-omics data profiles. It was updated by incorporating
a new gene annotation system with improved gene struc-
ture and completeness (33). Meanwhile, SnpReady for Rice
(SR4R; http://sr4r.ic4r.org) (34), a committed sub-database
of IC4R, was built based on a collection of 18 million SNPs
identified from 5152 rice accessions. Accordingly, SR4R de-
livers four reference SNP panels (2 097 405 hapmapSNPs,
156 502 tagSNPs, 1180 fixedSNPs and 38 barcodeSNPs),
offering a highly efficient rice variation map for differ-
ent needs. SorGVD (https://bigd.big.ac.cn/sorgvd) (35), is
a comprehensive database for sorghum genomic variations
and phenotypes. The updated version of SorGSD provides
curated information of 39 547 621 genomic variations (in-
cluding 33 825 236 SNPs and 5 722 385 small INDELs)
from resequencing data and phenotypes of 289 sorghum ac-
cessions.

Plant Resources

Plants are the basis of our Earth’s ecosystems, providing the
world’s molecular oxygen and serving as basic human foods
and medicines. Currently, CNCB-NGDC has two major re-
sources developed from different aspects, viz., Plant Ed-
itosome Database (PED) and Leaf Senescence Database
(LSD). PED (https://bigd.big.ac.cn/ped) (36) is a curated
database of plant RNA editing factors. In the past year, it
has been updated by integrating 94 RNA editing factors,
78 edited genes, and 1,796 RNA editing events from 34 or-
ganelles of 29 species manually curated from 39 publica-
tions. Most editing factors and genes are related to plant
growth and development, among which 43 RNA editing
factors and 7 edited genes are newly added in PED. LSD
(https://bigd.big.ac.cn/lsd) (37) is a comprehensive database
for the leaf senescence research community. It currently in-
corporates 5853 senescence-associated genes and 617 mu-
tants from 68 species.

Database Commons

Database Commons (https://bigd.big.ac.cn/
databasecommons) is a catalogue of worldwide biological
databases. It provides easy access to a global landscape of
all publicly available databases and their descriptive meta-
data manually curated from their publications. Currently,
it catalogues a total of 5064 databases, involving 7595
publications and 1944 organizations throughout the world.
In the past year, in addition to more database entries and
publications, web interfaces have been greatly improved,
allowing users to access and browse databases by country,
institution, category, data type and object. Furthermore,

powered by Europe PMC APIs (38), citations to all col-
lected databases are added in an automated manner and
updated weekly. To promote the incorporation of more
databases and indexed data, Database Commons is open
to accept data entry from the global research community.

BIG Search

BIG Search (https://bigd.big.ac.cn/search) is a distributed
and scalable full-text search engine built on Elasticsearch
(a highly scalable search and analytics engine, https://www.
elastic.co/). It features cross-database search and provides
uniform interfaces for retrieving information from a wide
range of biological databases in real-time. In the current
version, BIG Search has been significantly updated by in-
corporating data indexes from internal and external bio-
logical resources, including all resources in CNCB-NGDC
and 38 partner resources (see details at https://bigd.big.ac.
cn/partners). Followed by the integration of EBI resources
using the EBI Search RESTful API (39) last year, NCBI
resources were added to BIG Search powered by NCBI En-
trez (40). In summary, BIG Search offers easy access to a
large number of biological resources and provides one-stop
cross-database search services for the global research com-
munity.

Education

The interdisciplinary nature of bioinformatics, coupled with
rapid advances in genomics, artificial intelligence and data
science, has made bioinformatics an increasingly data-
intensive and data-driven field, bearing great promise to
translate big data into big discovery in life and health sci-
ences. To provide bioinformatics education services to our
users, this year we established our online education plat-
form (https://bigd.big.ac.cn/education/) that provides a se-
ries of educational materials including online courses, tu-
torials and training documents. As a starting point, we
currently offered two courses (Bioinformatics and Ge-
nomics) and online tutorials for briefly introducing our core
databases and services. In addition, we delivered training
offerings nationally and internationally, particularly in co-
ordination with the Global Biodiversity and Health Big
Data (BHBD) Alliance. Over the past year, we have con-
ducted training and outreach programs for international re-
searchers in China and over 100 people in Pakistan. We plan
to establish worldwide collaborations with peers who have
common interests in developing and enriching our educa-
tional materials and contents.

CONCLUDING REMARKS

The year of 2020 was very special. For one thing, CNCB-
NGDC has been significantly reinforced by joint efforts
from BIG, IBP and SINH, close collaborations from our
partners, and long-term, continuous support from the
whole research community. For another, to deal with the
pandemic caused by SARS-CoV-2, CNCB-NGDC has de-
veloped 2019nCoVR, a SARS-CoV-2 information resource,
with daily updates on data integration, curation, and analy-
sis. More importantly, the COVID-19 outbreak accelerated
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our collaboration in data sharing with the INSDC through
SARS-CoV-2 genome sequence exchange with NCBI. We
will be using this model to expand data sharing to genome
sequences of other organisms and other data types. Mean-
while, growth of multi-omics data, particularly in human,
is explosive. Consequently, database resources of CNCB-
NGDC have been enriched and updated by accepting data
submissions from all over the world, performing value-
added curation and annotation and also improving web in-
terfaces and data services.

Ongoing efforts include, but not limited to, optimiza-
tion of curation models and processes, improvement of web
functionalities and database usage statistics, upgrade of in-
frastructure capability for big data storage and transfer,
integration of more datasets from different resources, and
continuous development of new resources and tools in aid
of data-driven studies. We will also put in more efforts to es-
tablish and improve underlying links between our database
resources, with the aim to fully realize the findability, acces-
sibility, interoperability and reusability (FAIR) of different
levels of data. In addition, CNCB-NGDC heavily engages
in the BHBD Alliance (http://bhbd-alliance.org) in order to
accelerate the translation of big data into knowledge dis-
covery by global collaborations in data sharing and mining.
With more stable support, CNCB-NGDC will continue to
grow and deliver a family of data resources and services in
support of both domestic and international research activ-
ities.
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