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PUBLIC SUMMARY

= CRUSTADB is an open-access comprehensive genomic database specifically for crustaceans.
= CRUSTADB provides foundational resources for variant detection and gene expression evaluation within genomes.

= CRUSTADB offers a suite of user-friendly tools designed for multifaceted integrative and comparative analyses.
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Crustacea is a species-rich subphylum of Arthropoda that contains mostly
aquatic species. Here, we established a comprehensive genomic database
dedicated to the Crustacea. CRUSTADB represents a significant advance-
ment in crustacean genomics, integrating an extensive array of genomic
resources. The database encompasses 33 latest genomes, providing a
foundational resource for genetic and genomic studies within this clade.
Additionally, it includes an impressive 789 Gb of resequencing data across
10 species within the order Decapoda, 297 transcriptomes from 28 diverse
species, and 312 mitochondrial genomes, offering a broad spectrum of
genetic information. CRUSTADB is not merely a repository of genomic data;
it also offers a suite of user-friendly tools designed for multifaceted inte-
grative and comparative analyses. These tools enable users to visually
browse the genomes and access a wide range of detailed information,
including genome assembly statistics, genomic variations, gene annota-
tions, expression profiles, gene family dynamics, and mitochondrial
genomic data. Thus, CRUSTADB will facilitate a comprehensive under-
standing of crustacean genomics, serving as an invaluable resource for
researchers in the field. CRUSTADB can be accessed at http://crustacean_
ysfri.gnlm.ac/#/home.

INTRODUCTION

Crustacea is a species-rich subphylum of Arthropoda, predominantly
comprising aquatic species. With over 40,000 known species, crustaceans
inhabit various regions of the Earth." Crustaceans are significant aquatic
source worldwide, particularly within the order Decapoda, which includes
economically important species such as shrimp, crabs, crayfish, and lobsters.
Additionally, certain crustacean species, such as water fleas and brine
shrimp, serve as valuable food sources in aquaculture.” According to The
State of World Fisheries and Aquaculture 2024 published by FAO,” total global
fisheries and aquaculture production in 2022 reached 223.2 million tons, with
a total value of approximately $471.8 billion. The global aquaculture and
marine fisheries production of crustaceans accounted for 18.4 million tons in
2022, and the traded aquatic animal products of crustacean was 23 percent
of the total value, ranking only second to finfish. Thus, crustaceans hold
considerable ecological and economic value, making their preservation and
sustainable management of utmost importance.

Genomic research on crustaceans has encountered significant hurdles
previously due to the intricate structural complexity and high heterozygosity
of their genomes.” Five years ago, high-quality genomes were only available
for three crustaceans, the water flea Daphnia pulex® the amphipod Parhyale
hawaiensis® and the marbled crayfish Procambarus virginalis.” Due to the
absence of genomic data of most crustacean species, the mechanisms
underlying the formation n of various phenotypes remained poorly character-
ized, such as the migration between different environments, specific
lifestyles, the evolution of specific tissues or organs, and reproduction. Recent
advancements in third-generation sequencing technologies have revolution-
ized genomic research on crustaceans. Whole-genome sequencing is now
extensively employed in studying the biology, physiology, ecology, evolution,
and selective breeding of crustaceans.® Over the past five years, with the
publication of genome of the pacific white shrimp Litopenaeus vannamei®
there has been a remarkable increase in the number of crustacean genomes
sequenced.” This expanding genomic dataset, coupled with the growing
utilization of non-model organisms in molecular biology, offers researchers a

plethora of opportunities to test numerous hypotheses and explore various
aspects of crustacean biology. As the demand for genomic information
continues to grow and accumulate omics data, the development of an inte-
grated genomic database becomes indispensable.

There have been some crustacean related databases published, like Crus-
Tome,'"” a transcriptome database resource for large-scale analyses across
Crustacea (https://zenodo.org/records/7730440), Crustybase,'" an interac-
tive online database for crustacean transcriptomes (https://crustybase.org/),
CrusTF,”” a comprehensive resource of transcriptomes for evolutionary and
functional studies of crustacean transcription factors (http://ginlab.sls
cuhk.eduhk/CrusTF) and CAT,” a crustacean annotated transcriptome
database (http://cat.sls.cuhk.edu.hk/). However, a comprehensive platform
for multi-omics resources of crustacean is absent. Here, we established
CRUSTADB  (http://crustacean_ysfri.gnim.ac/#/home), an open-access
comprehensive genomic database specifically for crustaceans. CRUSTADB
integrates large amounts of genomic resources and provides convenient
tools for multi-level integrative and comparative analyses. It offers highly
valuable customized datasets or resources. With these resources, visitors
could access detailed information on genome assembly statistics, genomic
variations, gene annotation, expressional profiles, gene families and mitoge-
nomic data. Moreover, it also provides several useful and convenient tools for
BLAST-based sequence comparison and PCR primer design.

METHODS
Database frame construction

CRUSTADB collected 33 high-quality genomes of crustaceans from
National Center for Biotechnology Information (NCBI), China National Center
for Bioinformation (CNCB), Figshare and our own team, covering 5 Classes,
including Malacostraca, Ostracoda, Thecostraca, Hexanauplia and Bran-
chiopoda, and containing 14 Decapoda species. Since the genomic annota-
tion files of Paralithodes platypus, Procambarus virginalis and Daphnia pulex
were unavailable before the database construction, we annotated them by
ourselves basing on the publicly available databases, including ProDom,”
PRINTS,'® Pfam,'® SMART,"” PANTHER'® and PROSITE."” The genomes can
be browsed visually in the JBrowse module, which provides a dynamic web
platform for genomic visualization and analysis.”’

To detect variants on genomes, we collected 783 Gb resequencing data
from NCBI SRA, which covered 100 samples, 10 Decapoda species
(Table S2). We also collected RNA-seq data from NCBI SRA to evaluate the
expression of each gene in different species, containing 297 transcriptomes
from 28 reference genome-profiled species (Table S2). Furthermore, the
database collected 312 mitochondrial genomes from NCBI (Table S3). The
circle map of each mitochondrial genome was performed on Tutools plat-
form (https://www.cloudtutu.com), a free online data analysis website.

CRUSTADB is implemented with the Linux operating system, using J2EE
as the framework, MySQL as the back-end database and nginx as the web
server. Web user interfaces were developed by Vue (v. 2.0) JavaScript and
JDK Java framework.

Phylogenetic analysis

Ten Decapoda species, Portunus trituberculatus, Eriocheir sinensis,
Paralithodes platypus, Chionoecetes opilio, Penaeus chinensis, Penaeus
monodon, Penaeus japonicas, Penaeus vannameil, Macrobrachium nippo-
nense and Cherax quadricarinatus were chosen to perform comparative
genomics analysis. Daphnia magna was used as out group species. Single-
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Figure 1. Overview of the CRUSTADB and summary of data composition and module setting.

copy homologous genes of the 11 species were used for phylogenetic tree
construction. Briefly, MUSCLE "** was used for multiple sequence alignment
on each single-copy homologous gene with the default settings. The align-
ment results were merged to form a super alignment matrix, and was used to
construct the phylogenetic tree with RAXML,*** maximum likelihood (ML)
method was used under the JTT matrix-based model. The best tree was
used as an input tree for divergence time estimation using MCMCTREE in the
PAML package.” In the gene family expansion and contraction analysis, we
filtered the gene families with the results of the clustering analysis of gene
families using CAFE software.”

Resequencing data reprocessing

The database integrates 789 Gb resequencing data from 100 samples,
covering 10 Decapoda species (table S4). All sequencing data was filtered by
NGS QC Toolkit”" with default parameters. The genome resequencing data
were mapped to reference genomes using BWA” with default parameters.
Then the BAM files were sorted and duplicate reads were removed using
Picard toolkit (https://github.com/broadinstitute/picard). Finally, the Genome
Analysis Toolkit (GATK)” was used for SNP and indel calling.

Transcriptome data reprocessing

The database collected 297 transcriptomes from 28 reference genome-
profiled species (table S5). Clean reads of each RNA-seq library were aligned
to the reference genome to obtain unique mapped reads by using the tool of
STAR® with default parameters. Only reads with a perfect match or one
mismatch were further analyzed and annotated. The read counts were
adjusted by DEseq2”*” and edgeR program package.” Expression level of
each transcript for each tissue was calculated and normalized into FPKM
(fragments per kilobase of transcript per million fragments mapped) values
by RSEM software.”” The Gene Network module constructs gene network
basing on gene expression data. Pearson's correlation coefficient (PCC)
between two genes was used to evaluate the correlation.

RESULTS
Genomic data presentation

CRUSTADB is a comprehensive genomic database for crustaceans. It has
collected 33 high-quality genomes of the crustaceans, including Malacos-
traca, Ostracoda, Thecostraca, Hexanauplia, and Branchiopoda, and contain-
ing 14 Decapoda species, covering most of the high-quality genomes of
crustaceans currently published (Figure 1 & Table T). The database provides
essential information, genomic assembly details, and images of these
species; it also offers an interactive module for gene search and browsing
specific gene details. The inclusion of these genomes will significantly
contribute to the research on the evolutionary history of crustaceans.

The home page displays the phylogenetic tree and photograph slideshow
of the 33 crustacean species that have high-quality reference genomes.
Users can view the species information of Taxonomy module by click on the
species name on phylogenetic tree or photograph in slideshow. The Taxon-
omy module displays the essential information and genome assembly statis-
tic of the 33 crustacean species (Figure 2A). Users can choose class to
search species, and choose species to browse the essential information. The
genomic sequences and annotation information could be browse visually in
the JBrowse module, which provides a dynamic web platform for genomic
visualization and analysis (Figure 2B).

Basic information of protein-coding genes in 33 crustacean species was
integrated in Gene Search module, including gene location, gene size, tran-
scription direction and functional annotations (Figure 2C). Choose class and
species to search the genes of this species. Three types of keywords,
genomic region, gene ID and gene name, can be used to retrieve gene infor-
mation. Users can click the gene ID to browse the details of searched gene,
like basic information, structure information and functional annotation, and
click on the download button to download the gene information.

The Mitogenomic Data module integrates the mitogenomic data of 312
crustacean species (Figure 2D). Users can view the mitochondrial map and
annotation information by retrieving species in the list, or type in keyword, and
download related resources.
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Table 1. Summary of the genomic data of crustaceans

Species Name

Assembly Version

Assembly Level

Genome Size

Publication

Callinectes sapidus
Scylla paramamosain
Portunus trituberculatus
Eriocheir sinensis
Paralithodes platypus
Chionoecetes opilio
Penaeus chinensis
Penaeus monodon
Penaeus japonicus
Penaeus vannamei

Penaeus indicus

Macrobrachium nipponense

Cherax quadricarinatus
Procambarus virginalis
Armadillidium nasatum
Armadillidium vulgare
Hyalella azteca
Trinorchestia longiramus
Parhyale hawaiensis

Darwinula stevensoni

Csap_IMET_v1
Sp_Genome_20200329
ASM2074055v1
ASM333651v1
ASM1328300v1
ASM1658430v1
ASM1920278v2
NSTDA_Pmon_1
ASM378908v1
CIBA_Pind_1.1
ASM1510439v1
DKFZ_Pvir_1.0
CNRS_Arma_nasa_1.0
Arma_vul_BF2787
Hazt_2.0.1
ASM678305v1
Phaw_5.0

Dst_b1v02_max_arth_b2g_genome
Notodromas monacha Nmo_b1v02_max_arth_b2g_genome

Cyprideis torosa Cto_b1v02_max_arth_b2g_genome

Amphibalanus amphitrite

SNU_Aamp_1

Pollicipes pollicipes Ppol_2.1
Caligus rogercresseyi ASM1338718v1
Lepeophtheirus salmonis UVic_Lsal_1.1
Tigriopus californicus Tcal_SD_v2.1
Eurytemora affinis Eaff_2.0
Daphnia pulicaria SC_F0-13Bv2
Daphnia magna ASM399081v1
Daphnia pulex ASM2113471v1
Lepidurus arcticus ASM372404v1
Lepidurus apus Lubb2018

Chromosome 997,995,872 Bachvaroff, et al.*
Chromosome 1,546,139,864 Zhao, et al.*
Chromosome 864,443,858 Lv, et al.*”
Chromosome 1,567,615,418 Cui, et al.*®
Chromosome 4,805,175,703 Tang, et al.**
Scaffold 2,002,919,378 =

Chromosome 1,466,079,641 Wang, et al.*’
Chromosome 2,394,347,767 Uengwetwanit, et al.”’
Chromosome 1,535,262,098 Ren, et al.*
Scaffold 1,663,581,301 Zhang, et al.’
Scaffold 1,935,640,391 =

Chromosome 1,985,027,095 Jin, et al.*
Chromosome 4,486,779,883 Article in Press
Scaffold 3,700,845,369 Gutekunst, et al.**
Scaffold 1,223,175,971 Becking, et al.”
Scaffold 1,725,108,002 Chebbi, et al.*®
Scaffold 550,885,727 Poynton, et al.*’
Scaffold 886,359,443 Patra, et al.*®
Scaffold 2,752,560,740 Kao, et al.
Scaffold 382,098,207 Tran Van, et al.*’
Scaffold 376,665,953 Tran Van, et al.*’
Scaffold 334,833,579 Tran Van, et al.*”’
Scaffold 613,414,131 =

Scaffold 770,104,822 Bernot, et al.”
Chromosome 478,201,101 Gallardo-Escarate, et al.”’
Chromosome 650,284,782 Skern-Mauritzen, et al.”
Chromosome 191,142,546 Barreto, et al.”
Scaffold 389,032,277 Eyun, et al.*
Chromosome 185,057,732 Wersebe, et al.*
Chromosome 122,937,721 Lee, et al.*®
Chromosome 133,196,385 -

Scaffold 73,105,941 Savojardo, et al.”’
Scaffold 87,970,075 Savojardo, et al.”’

Application in phylogenetic analysis

Comparative genomics analysis was performed on 10 Decapoda species,
Portunus trituberculatus, Eriocheir sinensis, Paralithodes platypus, Chionoe-
cetes opilio, Penaeus chinensis, Penaeus monodon, Penaeus japonicas,
Penaeus vannamei, Macrobrachium nipponense and Cherax quadricarinatus.
Through identification of homologous genes and clustering analysis of gene
families, single-copy gene families and multi-copy gene families were
obtained (Figure 3A). These families are relatively conserved among species.
There are 1,827 common families among these species, 504 of them are
single-copy genes. Species-specific gene families also were obtained, which
may be related to species-specific (Figure 3B & Table S1). The single-copy
homologous genes of the 11 species were used for phylogenetic tree
construction (Figure 3C).

The expanded and contracted gene family information of each species is
provided in the Gene Family module. In the phylogenetic tree, the numbers of
expanded and contracted gene families are labelled with red and green,
respectively. A total of 301,275 gene families, 22,526 expanded and 98,640
contracted, were detected among these species. Users can acquire the diver-
gence time and expanded/contracted gene family numbers of these species,
and download details of these expanded/contracted gene families. Phyloge-
netic studies based on these genomes play a crucial role in addressing
important biological questions, such as freshwater adaptation, the formation
of short-tailed crabs, body size variations, and more.

Variant detection and gene expression evaluation within genomes
By collecting and processing 789 Gb of resequencing data from 100

4 The Innovation Life 3(1): 100116, February 24, 2025

www.the-innovation.org/life


https://www.the-innovation.org/life
https://www.the-innovation.org/life
https://www.the-innovation.org/life

EPORT

©

gene-LOC116915296
The Fenneropenaeus chinensis (Chinese shrimp) is one of the most commercially important cultured
shrimp species in China. It is mainly distributed in the Yellow Sea and Bohai Sea of China, and west and Information Gene structure
south coast of the Korean Peninsula. Fenneropenaeus chinensis is an annual species: they migrate to
warmer sea areas to overwinter after mating and swim back to the original coast for oviposition. The Structure
optimum temperature ranges from 18 to 30°C for F. chinensis and the most suitable temperature is 25°C. Promoter @5UTR @CDS @ 3UTR
AnnOta"on ma-XM_032920568.1
Genome summary statistics of
Assembly Version ASMI920278v2 “
Genome Size 1466079641
Genes 25026 Chromosome Start End Length
Number Of Chromosomes 43 CcDS NC_046174.1 2409998 2410022 25
i L) cos NC_046174.1 2411860 2411919 60
Scaffold N5 36870704
Contighso T cos NC_046174.1 2412013 2412283 271
Ge Percent 0373 cos NC_046174.1 2412349 2412547 199
BUSCO C:96.0% (S: 932% D: 0.8%).F: 13%, M: 4% n:1066 cos NC_046174.1 2412657 2412857 201
asemiy Lol Tz cos NC_046174.1 2412046 2412960 15
Publication(PUBMED) 34240531
- J
@ Species
FIE~ ADD v TOOLS v HELP v New Session 2023/11/8 TN42:09:30 < SHARE ":\ ]B rowse Available tracks ~ Fenneropenaeus chinensis
Penaeus chinensis

Organism: ‘Accession Number: Haplotype: Sex:

=0

Filter tracks

=> [T NC_061819.1:20,096,651..20,097,237 QA @ T Tracks «

VR
NC.061819.100 20096800 20,096,900 20,097,000 20,097,100 20097.200 Penaeus chinensis.sorted gff +» Ny ) 2
# X Penaeus chinensis.sortedgff 1 % Reference sequence (Penaeus chinensis) -+ -
LOC125044104 |
. 5w
# xRetevencesequence(Pénaeuschmenms) il || B e "
il i [N TR I / L cow s we am
LR OATTRRON T I H [ I 0 AR A O RN bt b SO o
. A [l H [HH"HHHHH\ (OCHNEE Y FBAEFHnt
7 ,
. \ J

Figure 2. Screenshots of the web interfaces of the genomic modules (A) The species information page with details of genome assembly. (B) The JBrowse module. (C) The
Gene search page. (D) The mitogenomic information page.

- N ~,  Figure 3. Phylogenetic analysis of the Decapoda
\AD (st ) @ C. quadricarinatus species (A) Statistic of the homologous gene
Single-copy orthologs . .
48000 Multiple-copy orthologs D. magna P, trituberculatus number. (B) The Comm,on and unique gene. famlly
Unique parelags e number of each species. (C) Phylogenetic tree
40000 3;:1:3:;2?"95 1193 \ 239 construction and expanded (green)/contracted (red)
- N J ¢. opillo P vannamei gene family detection.
£ 32000 '
2 602 237
2 24000 ‘ /
£ ‘
2 16000 1827 .
1496 samples across 10 Decapoda species,
e £ sinensis ' ‘ 7 monodon 65,796,396 SNPs and 19,216,334 indels were
ol R . E = N .E=m=e= ' identified and included in the database
L 9O 9 @ 2 2 @ s & @ . -
g5 5§ g gé” § & & 3 & §‘ ) (Figure 4A). Users can search variations and
5 € S & £ s & A . . S .
g 5 © f 8 Qc? 5 § g & 5 A "’PP""e”SE 622 122 P. japonicus view the mutation details in the Genome Varia-
& @ Q@ a J . . . . .
g N 5 tion module by choosing species and inputting
o Q P. platypus P, chinensis . .
genomic region or gene name.
J J

Abundant transcriptomes were integrated by
Gene famites the Gene Expression module to evaluate the

Expansion/ Contraction

© Shionoscetos opilo @ expression level of each gene in different
. Portunus triuberouistus @ tissues (Figure 4B). Users can select the name
R Eriochorsinensis @ in the list to retrieve species, and type in
Paraithodes platypus @ keyword to retrieve interested gene or click the
. Crerax quacrcarnatus @) search icon directly to retrieve all genes, and
" 0 click the interested genes to view their expres-
+2632/-11558 . .
Penaeus chinensis @ sion profile.
+60/-1326 +654/-2517
Penasus monodon @ The Gene Network module constructs gene
+252/-662 +1483/-2103 . .
wrea | pengeus vamnamel @ network basing on gene expression data
(27337) +779/-8060 +1638/-5342 f i i
. - (Figure 4C). Select the name in the list to
enaous japonicus & | .
B “ retrieve species, and enter the gene ID and set
Daphnia magna @ X )
e the PCC value threshold to visualize the top 20
518 400 247 147 122 63 34 0 million years ago

co-expressed genes with the highest PCC
value. A summary table of these co-expressed

317 uolpAOUU| 3Y |

[I The Innovation Life 3(1): 100116, February 24, 2025 5




www.the-innovation.org/life

REPORT

Figure 4. Screenshots of the resequencing and
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transcriptomic related modules (A) The Genome
variation module. (B) The Gene expression module.
(C) The Gene network module.

and transcriptomic sequencing data play
essential roles in decoding genomic structure
and function, identifying genetic networks
underlying cellular, physiological, biochemical
and biological systems and discovering molec-
ular biomarkers that response to diseases,
pathogens and environmental challenges.”
Molecular phylogenetic studies have catego-
rized the extant crustacean lineages into
several groups, contains Malacostraca, Ostra-
coda, Branchiopoda, Thecostraca, Hexanauplia

and Remipedia, etc.””" Some studies consid-

ered Pancrustacea with Remipedia as the sister
group to Hexapoda.” The fossil evidences
showed that crustaceans were present and
quite widely diversified by the Cambrian period
over 500 million years ago, and became rela-
tively common in the Permian a little less than
300 million years ago.”**” There is increasing
evidences suggest that crustaceans and
insects are very closely related. The pancrus-
tacean hypothesis considered that the insects
arise from the crustacean lineage.”’" One

genes are provided. Users can click the genelD to browse the basic informa-
tion of target gene in the summary table.

Convenient tools

CRUSTADB provides several useful and convenient tools. The BLAST tool
is used for sequence search and comparison of supplied sequence data. The
background databases of nucleotide and protein are from the 33 crustacean
species that have well-annotated genomes. Enter a sequence or file in FASTA
format and select the nucleotide or protein database. Users can view the
details of the BLAST result. The Primer tool is used to design primers by
inputting nucleotide sequences. Users can set the PCR parameters and click
the search button to make a query.

All genomic sequence and annotation data are publicly available. The
genomic information is tabulated in a summary table of Download module.
Click download button to obtain genomic sequence and annotation files.

DISCUSSION

Crustaceans thrive in every type of aquatic ecosystem and demonstrate
remarkable adaptability, even in extreme conditions such as temperature,
pressure, salinity, and anoxia.”® Crustaceans are covered with chitinous
exoskeletons, and must be shed for growth.”” Generally, the body of adult
crustacean is constituted by four primary tagmata, head, pereon, pleon and
telson.”® But, this body plan is not universal, some species evolved special
forms, such as barnacles, depart radically from the typical crustacean that
they are easily confused with species of other phyla. However, due to struc-
tural complexity and high heterozygosity of the genomes of most crustacean
species, development of genomic researches is slow.” There has been little
progress in the characterization of many phenotypes of crustaceans, such as
the migration between different environments, specific lifestyles, the evolu-
tion of specific tissues or organs and reproduction.”

In recent years, as the nuclear genomes of a large number of species have
been successfully assembled, whole genome sequencing (WGS) and SNPs
detection have also been widely used.”’ Some SNPs are strongly correlated
with different traits,””"" which can usually provide some new clues for
species evolution and environmental adaptation research. Whole transcrip-
tome analysis provides the first step toward functional characterization and
annotation of genes previously revealed by DNA sequencing.®® The genomic

theory is that crustaceans firstly evolved in the

young Earth's seas, a branchiopod-like ancestral crustacean later colonized
freshwater habitats, and finally invaded the land as insects.”® However, the
relationship between the major classes of crustaceans remains
contentious.” Testing these evolutionary hypotheses need to rely on
comparative genomics studies. The genomes collected by this database will
contribute to research the evolutionary history of crustaceans. Phylogenetic
studies or other comparative analyses on these genomes may help to solve a
series of important biological issues, like freshwater adaptation, short-tailing
formation of crabs, body size variations, and so on.

In the future, CRUSTADB will be periodically updated. The development
team will continue to extend the collection of public high-quality genomes
and to further enhance the identification of gene families. Increasing avail-
ability of new high-throughput sequencing data will be used to characterize
the genomic variation, gene expression and gene network. These additions
are anticipated to enhance the efficiency of the applications of CRUSTADB in
aquatic breeding and phylogenetic study.

CONCLUSIONS

CRUSTADB is an open-access comprehensive genomic database specifi-
cally for crustaceans. Compared to the existing crustacean-related
databases, which mostly focus on specific types of resources, it covers more
types of data resources, containing high-quality genome assemblies, rese-
quencing data, transcriptomes data, and mitochondrial genomes. CRUS-
TADB is not merely a repository of genomic data, it also offers a suite of user-
friendly tools designed for multifaceted integrative and comparative analyses.
These tools enable users to visually browse the genomes and access a wide
range of detailed information, including genome assembly statistics, genomic
variations, gene annotations, expression profiles, gene family dynamics, and
mitochondrial genomic data. With this database, users could obtain the
downstream information of interested genes which were explored from
omics analysis, and compared their expression level with the samples
collected by our database.
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