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Abstract: The availability of a high-quality genome sequence of Brassica campestris ssp. chinensis
NHCC001 has paved the way for deep mining of genome data. We used the B. campestris NHCC001
draft genome to develop a comprehensive database, known as the non-heading Chinese cabbage
database, which provides access to the B. campestris NHCC001 genome data. The database provides
127,347 SSR, from which 382,041 pairs of primers were designed. NHCCDB contains information
on 105,360 genes, which were further classified into 63 transcription factor families. Furthermore,
NHCCDB provides eight kinds of tools for biological or sequencing data analyses, including sequence
alignment tools, functional genomics tools, comparative genomics tools, motif analysis tools, genome
browser, primer design, and SSR analysis tools. In addition, eight kinds of graphs, including a box
plot, Venn diagram, corrplot, Q-Q plot, Manhattan plot, seqLogo, volcano plot, and a heatmap, can
be generated rapidly using NHCCDB. We have incorporated a search system for efficient mining
of transcription factors and genes, along with an embedded data submit function in NHCCDB. We
believe that the NHCCDB database will be a useful platform for non-heading Chinese cabbage
research and breeding.

Keywords: Brassica campestris; non-heading Chinese cabbage; whole-genome sequence; genome database

1. Introduction

Brassica campestris (AA genome, 2n = 2x = 20), which is often used as a synonym for
Brassica rapa, belongs to the family of Brassicaceae. The family Brassicaceae includes several
commercially important oilseeds, vegetables, and medicinal crops, which can serve as good
models for scientific research. These include Brassica nigra (BB, 2n = 2x = 16), Brassica oleracea
(CC, 2n = 2x = 18), Brassica juncea (AABB, 2n = 4x = 36), Brassica napus (AACC, 2n = 4x = 38),
and Brassica carinata (BBCC, 2n = 4x = 34) [1]. Brassica campestris is a highly morphologically
diverse species that includes non-heading Chinese cabbage (subsp. chinensis), heading
Chinese cabbage (subsp. pekinensis), turnip (subsp. rapa), oil types (subsp. oleifera), rapini
(subsp. sylvestris), and yellow sarson types (subsp. trilocularis) [2].

The genetic system of the Brassicaceae family, particularly of the U’s triangle model [1],
provides a good opportunity to study interspecies hybridization and genome evolution in
polyploids. The heading Chinese cabbage (B. rapa Chiifu) and turnip (B. rapa Z1) genomes
provide a rich resource for genetic and comparative genomics analysis of B. rapa [3–7]. Pak
choi, a non-heading form of Chinese cabbage, is a popular vegetable in China and other
East Asian regions, known for its nutritious and succulent stalks and leaves. Recently,
we presented a chromosome-level assembly of Brassica campestris (syn. Brassica rapa) ssp.
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chinensis “NHCC001” [8] (“Suzhouqing”, green petiole type pak choi) produced by PacBio
technology, “ZYCX” (a cultivar of pak-choi) genomes [9] are being sequenced at the same
time, which provides a novel resource for non-heading Chinese cabbage genomic research.
However, no database is available for non-heading Chinese cabbage, limiting the research.
In this context, it was necessary to build an integrative functional genomic data analysis
platform for non-heading Chinese cabbage.

Based on the B. campestris “NHCC001” reference genome [8] and a collection of 16
genomic data of seven Brassicaceae species (Table S1), we present a functional genomic
database enabled with a user-friendly web interface for non-heading Chinese cabbage,
called “Non-heading Chinese Cabbage Database” (NHCCDB, http://tbir.njau.edu.cn/
NhCCDbHubs/index.jsp; accessed on 11 January 2022). To allow scientists to efficiently
utilize these genomic datasets, we appropriately mined, analyzed, and stored the genomic
data in the NHCCDB. Several bioinformatics tools have been embedded in NHCCDB,
allowing the users to search, download, analyze, and visualize datasets. We believe that
the NHCCDB database will be a useful platform for non-heading Chinese cabbage research
and breeding.

2. Construction and Content
2.1. Genome Sequences and Annotation Resources

Recently, we presented a chromosome-level assembly of Brassica campestris ssp.
chinensis “NHCC001” produced by PacBio technology [8]. Based on the B. campestris
reference genome and annotation resources, we collected 16 released genomic data of seven
Brassicaceae species (Table S1). Next, we built the NHCCDB database, from where all
genomic data can be easily downloaded.

2.2. Transcription Factor Family Identification

Transcription factors (TFs) are key regulators of plant development and several abiotic
stresses. The protein sequences collected in the NHCCDB were further compared using the
Pfam database (http://pfam.xfam.org/; accessed on 15 January 2020) and the Pfam_Scan.pl
program (default cutoff for Pfam-A searches of PfamScan) [10]. From the whole-genome
sequences of 17 datasets belonging to seven Brassicaceae species, 105,360 genes were
identified and classified into 63 TF families according to the criteria of the Coriander
Genomics Database [11].

2.3. Simple Sequence Repeat Finder and Primer Design

Simple sequence repeat (SSR) is a commonly used genetic marker in plant genetics and
breeding studies. The Microsoft Intelligent Security Association (MISA) program imple-
mented in the MISA [12] database (https://webblast.ipk-gatersleben.de/misa/; accessed
on 11 January 2021) was used to identify the SSRs in the coding sequences collected in
NHCCDB. Next, we analyzed the B. campestris NHCC001 genome data, and from 4771 SSRs,
14,313 pairs of primers were designed. In total, NHCCDB contains 127,347 SSRs, from
which 382,041 pairs of primers were designed.

2.4. Syntenic Regions

To study the evolutionary relationships and species divergence, syntenic regions
between B. campestris NHCC001 and A. thaliana were identified using the MCscanX soft-
ware [13]. These can be downloaded and browsed in NHCCDB. First, the BLASTP program
with an E-value cutoff of 1 × 10−5 was used to identify homologous genes pairs. Next, the
MCScanX software, using the parameters k = 50, s = 5, and m = 25, was used to identify
the syntenic regions [13]. In total, 2610 syntenic regions, including 53,440 gene pairs, were
classified between B. campestris NHCC001 and A. thaliana.

http://tbir.njau.edu.cn/NhCCDbHubs/index.jsp
http://tbir.njau.edu.cn/NhCCDbHubs/index.jsp
http://pfam.xfam.org/
https://webblast.ipk-gatersleben.de/misa/
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2.5. Literature Collection

NHCCDB aims to provide a public literature repository on the research on plants
of Brassica campestris ssp. chinensis. Currently, the NHCCDB literature module includes
226 papers/books about Brassica campestris ssp. chinensis, which were obtained from
PubMed (https://pubmed.ncbi.nlm.nih.gov/; accessed on 11 January 2022) using NCBI’s
E-utilities function [14].

2.6. Biological Plot Platform Construction

Data visualization is an important part of bioinformatics analysis. We developed
a user-friendly biological plot tool platform “Bioplot”, which supports eight types of
biological plotting, including a box plot, Venn diagram, corrplot, Q-Q plot, Manhattan plot,
seqLogo, heatmaps, and a volcano plot.

2.7. Data Integration and Website Construction

NHCCDB was created by integrating a variety of bioinformatics programs on the Linux
platform. NHCCDB facilitates the scientific study of genomic data of Brassica campestris
ssp. chinensis. This website was set up on our group’s IBM blade server and used Apache
Tomcat as a web server. The collected data were processed using Perl, Python, R scripts,
and various bioinformatics tools. All datasets were integrated into the MySQL database.
HTML5, JavaServer Pages, CSS3, and jQuery were used in front-end development. ECharts
was used to generate dynamic charts. The SSH framework was used to provide query
support from the backend of the database (Figure 1).
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3. Utility and Discussion
3.1. A Brief Introduction to the NHCCDB

NHCCDB provides a user-friendly interface to facilitate the retrieval of information.
The NHCCDB structure consists of nine main modules: Home, Species, Bioplot, Download,
Browse, Tools, Search, Literature, and Submit. From those modules, users can easily per-
form a data search, downloading, analysis, and visualization of the B. campestris NHCC001
and its relative genomic data available in NHCCDB. Therefore, NHCCDB facilitates studies
on molecular breeding and comparative and functional genomics research of non-heading
Chinese cabbage.

3.2. Species Information

NHCCDB organizes the available deep-sequencing genomic datasets of B. campestris
and its relative species, manually curated from 83 publications in modules of “Species”,
where each species corresponds to a wiki page. Each species wiki page includes the
following divisions: the basic description of the species, genomic data, and 24 kinds
of data analysis functions and reference(s) (Figure 2). In particular, the content of each
genomic wiki page is structured into multiple sections, namely 24 kinds of bioinformatics
tools, species overview, assembly data, and reference(s) (Figure S1). Users can easily find
information about the desired species in the species module.
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3.3. Browsing Gene Function Annotation and Simple Sequence Repeat

To facilitate the use of the gene annotation resources, the “Gene Annotation” tool was
embedded in the NHCCDB database. This functional unit is contained in the “Browse”
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module. Moreover, it has a user-friendly graphic interface to help users browse the gene
function annotation datasets of B. campestris NHCC001 (Figure 3d). Next, we analyzed the
B. campestris NHCC001 genome data and from 4771 SSRs, 14,313 pairs of primers were
designed. The “SSR” tool was embedded in the NHCCDB database to help users browse
and access the SSR dataset of B. campestris NHCC001 (Figure 3c).
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3.4. Browsing Syntenic Genes and Transcription Factor

To better understand the collinear relationship between species, the syntenic gene in B.
campestris NHCC001 and A. thaliana can be browsed and accessed using the “Syntenic gene”
function embedded in the NHCCDB. In total, 2610 syntenic regions, including 53,440 gene
pairs, were classified between B. campestris NHCC001 and A. thaliana. These data can be
freely accessed and browsed (Figure 3a).

The “transcription factor” tool contains information on 105,360 genes, further classified
into 63 TF families from the whole genome sequences of 17 datasets belonging to seven
Brassicaceae species. The users only need to select the species and TF family, and the results
page will appear when the users submit the task. On the result page, users can browse
and download the coding sequences and protein sequences. In addition, a TF introduction
link is provided on the result page, which will redirect the users to the Pfam database
(http://pfam.xfam.org/; accessed on 11 January 2022). Here, we use the ARF (Auxin
response factor) family as an example to show the TF browse results (Figure 3b).

http://pfam.xfam.org/
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3.5. Sequence Alignment Tools

This database also offers a homology search tool with a user-friendly graphic interface,
“Blast+”, which was embedded in the NHCCDB using the BLAST 2.9.1+ program [15].
Users only need to supply a nucleic acid or amino acid sequence in the FASTA format by
uploading or directly pasting it into the search box against the available databases, selecting
certain values of certain parameters, and the results page will be displayed once the users
submit the task.

3.6. Functional Genomics Tools

Three types of functional genomics tools, namely, TF annotation, GO enrichment, and
KEGG enrichment, were developed to perform Pfam, GO, and KEGG functional annotation
analyses. Additionally, GO and KEGG enrichment results can be visualized in the form
of five different plots, such as a bar plot, dot plot, centplot, emapplot, and a heat plot
(Figure 4). Users can adjust visualization parameters according to the enrichment results.
Furthermore, the browse and download enrichment result functions are provided on the
results page.

3.7. Primer Design and SSR Finder

Research on gene function is an indispensable component of the molecular plant breeding
program. Designing a pair of suitable primers is fundamental to gene cloning. The Primer
3.0 program (https://sourceforge.net/projects/primer3/; accessed on 11 January 2022) [16]
was embedded in NHCCDB with a user-friendly graphic interface to design primers of
the given genomic sequences. Nucleic acid sequences can be directly submitted by simply
pasting the sequence to the frame. The primer design results will be generated when the
users provide values for a few parameters and submit the task.

The SSR Finder function is used to identify the SSR in a given genome sequence and
design three pairs of primers for the sequence. Pasting nucleic acid sequences or uploading
the sequences in the FASTA format can be completed to submit the sequence data. SSR
analysis and the sequence of the designed primers will be provided once the users submit
the task. On the results page, users can browse and download the analysis results.

3.8. JBrowse and Motif Analysis Tool

In NHCCDB, we have incorporated a genome browser (JBrowse), developed using
HTML5 and JavaScript [17]. JBrowse can be used to browse and view the genome sequences
and gene modules. Presently, this function supports 17 genome datasets. JBrowse supports
visualization scaling and smooth transition from the genome level to nucleotide base level.
Furthermore, JBrowse supports the query of the genomic sequences at the individual
chromosome level. Users can click on gene modules to view gene information such as
names, positions, types, lengths, and sequences. This function also supports downloading
gene sequences (Figure 4f).

Motif Discovery, developed using the MEME (http://meme-suite.org; accessed on
11 January 2022) program [18], was installed in the NHCCDB to help users perform
motif analysis. Users need to upload the sequence data, provide the values for selected
parameters, and on submitting the task, the results page is displayed. The analysis result
can be browsed and downloaded from the link provided on the results interface.

3.9. Biological Plot Platform

In the “Bioplot module”, we developed a user-friendly biological plot tool platform
Bioplot. A total of eight kinds of graphs can be rapidly generated using NHCCDB, including
a box plot, Venn diagram, corrplot, Q-Q plot, Manhattan plot, seqLogo, heatmap, and a
volcano plot (Figure 5). In addition, we provide instruction files in every plot tool interface.
The users only need to upload the data, select values for a few parameters, and the plotting
results page, allowing the users to browse and download the plotting results, will be
displayed once the users submit the task.

https://sourceforge.net/projects/primer3/
http://meme-suite.org
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Figure 4. GO and KEGG enrichment and JBrowse tools in NHCCDB. (a) Visualization of GO and
KEGG enrichment results with bubble charts. (b) Visualization of GO and KEGG enrichment results
with bar charts. (c) Visualization of GO and KEGG enrichment results with emapplots. (d) Visualiza-
tion of GO and KEGG enrichment results with network planning. (e) Visualization of GO and KEGG
enrichment results with heatmaps. (f) Genome browser view of processed genome data.
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3.10. Search

A range of search tools has been embedded in the NHCCDB database, including
“Batch Query”, “Tools Results Search”, “Literature Search”, “Gene Annotation Search”,
“SSR Search”, and “Synteny Gene Search”. These tools can be used to search the gene and
protein sequences, tools analysis results, gene function annotation, SSR, synteny genes, and
the literature.

In NHCCDB, scientists working on the Brassicaceae species can find the desired genes
or homologous genes in the genomes of the plants of the Brassicaceae family using Blast+
tools. According to the location of the gene, users can locate the desired gene in the genome
using the JBrowse tool. According to the BLAST+ and JBrowse analysis results, users
can upload the gene identifier file or they can simply paste the gene identifier list into
the Batch Query Tool interface. At present, the dataset of the batch query tool includes
17 genomic datasets. The users need to select the dataset of batch query, and the results
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page will be displayed after submitting the task. We used B. campestris NHCC001 genes
BraC01g000030.1 and BraC01g000050.1 as an example to show the “Batch Query” tool search
results (Figure 6a).
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Numerous bioinformatics analysis functions were embedded in NHCCDB, which
can be used to find similarities and synteny among various gene sequences, perform gene
function annotation and motif analysis, identify SSRs, visualize the genome, and design
the primers. The tools analysis results are displayed on the results page. Users can browse
and download the results within 7 days from the Tools Result Search function by searching
in it using the result id.

This database also offers a gene function annotation search tool with a user-friendly
graphic interface, “Gene Annotation Search”, which was embedded in the NHCCDB,
based on B. campestris NHCC001 gene function annotation results. This functional unit
is contained in the “Search” module on the main navigation bar. B. campestris NHCC001
gene function annotation results can be searched for using B. campestris NHCC001 gene
IDs, GO and KEGG orthology identifiers, KOG, Pfam, SwissProt, TrEMBL, NR and NT
domains. Here, we used the Pfam domain (WRKY) as an example to show the gene
function annotation search results. By searching with WRKY as a query on the gene
function annotation search page, 184 proteins in B. campestris NHCC001 are displayed
(Figure 6b).

The SSR search function is used to search B. campestris NHCC001 simple sequence
repeats. This functional unit is contained in the “Search” module on the main navigation bar.
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Simple sequence repeats can be searched using B. campestris NHCC001 gene IDs, SSRs, and
SSR type. Here, we use SSR (CCG)6 as an example to show SSR search results. By searching
using (CCG)6 as a query on the SSR search page, seven SSRs in B. campestris NHCC001
(BraC01g001690.1, BraC01g013590.1, BraC01g044420.1, BraC01g047960.1, BraC03g046720.1,
BraC03g049520.1, and BraC08g030660.1) are retrieved (Figure 6c).

The NHCCDB database provides the “Synteny Gene Search” function to search syn-
tenic genes between B. campestris NHCC001 and A. thaliana according to their necessity. This
functional unit is contained in the “Search” module, and syntenic genes can be searched
using B. campestris NHCC001 and A. thaliana gene IDs. We used the B. campestris NHCC001
gene BraC01g032500.1 as an example to show syntenic genes in related species. By searching
using BraC01g032500.1 as a query on the Synteny Gene Search page, one syntenic gene in
A. thaliana (AT1G60990.1) was retrieved (Figure 6d).

The NHCCDB database also provides the literature search function to search the
desired literature according to need. Users need to enter the keywords in the text box
provided for the search, and the results page will display the NCBI PubMed link to the
article on submitting the task.

3.11. Download

The “Download” module has three divisions, namely, the Genome, SSR, and Demo
Data. The Genome division provides the data of 17 genomes belonging to seven species
for the users. The data from this division contain genome assembly, coding sequences,
protein sequence, and GFF files. Additionally, the database of the genome division of
the “Download” module provides eggNOG, Pfam, Swiss-Prot, and NR annotations to
download. Moreover, GO and KEGG enrichment function datasets are available in this
division. The SSR module contains 127,347 SSR sequences, from which 382,041 pairs of
primers were designed. The Demo Data module displays eight bioplot functions and
analyses performed by applying nine different tools to the example data.

3.12. Submit

The users of NHCCDB are encouraged to share their data with the research commu-
nity. A Submit tool was embedded in NHCCDB. It collects not only data from genome,
transcriptome, epigenome, and microarray but also functional data such as metabolome
and proteome. With a user-friendly interface and simplified submission process, NHCCDB
makes data submission and deposition very easy. Users can directly submit their data
using the Submit function, and the users are required to provide their contact information.
We also welcome suggestions from scientists all over the world to improve NHCCDB. If
you have any questions during the submission process, please contact us.

3.13. Home Module

The “Home” module includes six different controls such as “About Us”, “Contact Us”,
“FAQs” (Frequently Asked Questions), “News”, “Recent updates”, and “User guide”. The
focus is primarily on the introduction of FAQs and on how to use this database.

4. Future Developments

In the future, the NHCCDB database will be updated regularly. Furthermore, the
proteome sequences, metabolome, transcriptome, and phenomics data will be collected
and stored in NHCCDB. Whenever high-quality genomic data of plants belonging to
the Brassicaceae species is generated, the data will be collected and stored in NHCCDB,
allowing the users to perform comparative genomic analyses.

In the Bioplot module, we provided eight types of biological plotting functions, which
can be used to visualize multiple omics data. More plotting functions such as Sankey
diagram plotting, radar diagram plotting, and chord diagram plotting will be added to
NHCCDB, and users can use these functions to visualize the experimental data. With the
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development of new bioinformatics methods, more functions for multiple omics analysis
will be developed and added to NHCCDB.

5. Conclusions

We developed the non-heading Chinese cabbage database (NHCCDB), a comprehen-
sive and searchable database of the B. campestris NHCC001 genome. Numerous bioin-
formatics analysis functions have been incorporated into NHCCDB, allowing the users
to submit, search, download, analyze, and visualize the B. campestris NHCC001 and its
relative genomic data. NHCCDB will be updated regularly, and as more datasets become
available, they will also be integrated. More analysis tools will also be added in the future.
We also welcome suggestions from scientists worldwide to improve NHCCDB. We hope
that the NHCCDB database will be a useful platform for non-heading Chinese cabbage and
Brassicaceae species research and breeding.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/plants11081005/s1, Table S1: The genomic data used in the
present study. Figure S1: Screenshots of a genomic data page for Brassica campestris (syn. Brassica rapa)
ssp. chinensis NHCC001 v1.0 Genome.

Author Contributions: Z.L., Y.L., T.L. and C.Z. designed this research. Z.L., X.H. and D.X. performed
the experiments. Z.L. and X.H. prepared the article. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Key Projects of National Key Research and Development
Plan (2017YFD0101803), the National Vegetable Industry Technology System (CARS-23-A16), the
National Natural Science Foundation of China (31872106), and the National Key Programs for Bok
Choy Breeding of China (111821301354052283).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: NHCCDB is freely available at http://tbir.njau.edu.cn/NhCCDbHubs/
index.jsp (accessed on 11 January 2022). The website is optimized for Google Chrome, Internet
Explorer, Mozilla Firefox, and Safari. All of the Illumina and Nanopore sequencing data are publically
available at: https://www.tbirs.cn/NHCCDB/Genome.jsp (accessed on 13 January 2021).

Acknowledgments: We thank a number of users for reporting bugs as well as the anonymous
reviewers for their valuable comments on this work.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Nagaharu, U. Genome analysis in Brassica carinata with special reference to the experimental formation of Brassica napus, a

peculiar mode of fertilization. Jpn. J. Bot. 1935, 7, 389–452.
2. Qi, X.; An, H.; Ragsdale, A.P.; Hall, T.E.; Gutenkunst, R.N.; Chris Pires, J.; Barker, M.S. Genomic inferences of domestication

events are corroborated by written records in Brassica rapa. Mol. Ecol. 2017, 26, 3373–3388. [CrossRef] [PubMed]
3. Wang, X.; Wang, H.; Wang, J.; Sun, R.; Wu, J.; Liu, S.; Bai, Y.; Mun, J.-H.; Bancroft, I.; Cheng, F.; et al. The genome of the

mesopolyploid crop species Brassica rapa. Nat. Genet. 2011, 43, 1035–1039. [CrossRef] [PubMed]
4. Cai, X.; Chang, L.; Zhang, T.; Chen, H.; Zhang, L.; Lin, R.; Liang, J.; Wu, J.; Freeling, M.; Wang, X. Impacts of allopolyploidization

and structural variation on intraspecific diversification in Brassica rapa. Genome Biol. 2021, 22, 166. [CrossRef] [PubMed]
5. Chen, H.; Wang, T.; He, X.; Cai, X.; Lin, R.; Liang, J.; Wu, J.; King, G.; Wang, X. BRAD V3.0: An upgraded Brassicaceae database.

Nucleic Acids Res. 2022, 50, D1432–D1441. [CrossRef] [PubMed]
6. Zhang, L.; Cai, X.; Wu, J.; Liu, M.; Grob, S.; Cheng, F.; Liang, J.; Cai, C.; Liu, Z.; Liu, B.; et al. Improved Brassica rapa reference

genome by single-molecule sequencing and chromosome conformation capture technologies. Hortic. Res. 2018, 5, 50. [CrossRef]
[PubMed]

7. Belser, C.; Istace, B.; Denis, E.; Dubarry, M.; Baurens, F.-C.; Falentin, C.; Genete, M.; Berrabah, W.; Chèvre, A.-M.; Delourme, R.;
et al. Chromosome-scale assemblies of plant genomes using nanopore long reads and optical maps. Nat. Plants 2018, 4, 879–887.
[CrossRef] [PubMed]

8. Li, Y.; Liu, G.; Ma, L.; Liu, T.; Zhang, C.; Xiao, D.; Zheng, H.; Chen, F.; Hou, X. A chromosome-level reference genome of
non-heading Chinese cabbage [Brassica campestris (syn. Brassica rapa) ssp. chinensis]. Hortic. Res. 2020, 7, 212. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/plants11081005/s1
https://www.mdpi.com/article/10.3390/plants11081005/s1
http://tbir.njau.edu.cn/NhCCDbHubs/index.jsp
http://tbir.njau.edu.cn/NhCCDbHubs/index.jsp
https://www.tbirs.cn/NHCCDB/Genome.jsp
http://doi.org/10.1111/mec.14131
http://www.ncbi.nlm.nih.gov/pubmed/28371014
http://doi.org/10.1038/ng.919
http://www.ncbi.nlm.nih.gov/pubmed/21873998
http://doi.org/10.1186/s13059-021-02383-2
http://www.ncbi.nlm.nih.gov/pubmed/34059118
http://doi.org/10.1093/nar/gkab1057
http://www.ncbi.nlm.nih.gov/pubmed/34755871
http://doi.org/10.1038/s41438-018-0071-9
http://www.ncbi.nlm.nih.gov/pubmed/30131865
http://doi.org/10.1038/s41477-018-0289-4
http://www.ncbi.nlm.nih.gov/pubmed/30390080
http://doi.org/10.1038/s41438-020-00449-z
http://www.ncbi.nlm.nih.gov/pubmed/33372175


Plants 2022, 11, 1005 12 of 12

9. Li, P.; Su, T.; Zhao, X.; Wang, W.; Zhang, D.; Yu, Y.; Bayer, P.E.; Edwards, D.; Yu, S.; Zhang, F. Assembly of the non-heading pak
choi genome and comparison with the genomes of heading Chinese cabbage and the oilseed yellow sarson. Plant Biotechnol. J.
2021, 19, 966–976. [CrossRef] [PubMed]

10. Mistry, J.; Chuguransky, S.; Williams, L.; Qureshi, M.; Salazar, G.A.; Sonnhammer, E.L.; Tosatto, S.C.; Paladin, L.; Raj, S.;
Richardson, L.J.; et al. Pfam: The protein families database in 2021. Nucleic Acids Res. 2021, 49, D412–D419. [CrossRef] [PubMed]

11. Song, X.; Nie, F.; Chen, W.; Ma, X.; Gong, K.; Yang, Q.; Wang, J.; Li, N.; Sun, P.; Pei, Q.; et al. Coriander Genomics Database: A
genomic, transcriptomic, and metabolic database for coriander. Hortic. Res. 2020, 7, 55. [CrossRef] [PubMed]

12. Beier, S.; Thiel, T.; Münch, T.; Scholz, U.; Mascher, M.J.B. MISA-web: A web server for microsatellite prediction. Bioinformatics
2017, 33, 2583–2585. [CrossRef] [PubMed]

13. Wang, Y.; Tang, H.; DeBarry, J.D.; Tan, X.; Li, J.; Wang, X.; Lee, T.-H.; Jin, H.; Marler, B.; Guo, H.; et al. MCScanX: A toolkit for
detection and evolutionary analysis of gene synteny and collinearity. Nucleic Acids Res. 2012, 40, e49. [CrossRef] [PubMed]

14. Fiorini, N.; Lipman, D.J.; Lu, Z. Towards PubMed 2.0. eLife 2017, 6, e28801. [CrossRef] [PubMed]
15. Camacho, C.; Coulouris, G.; Avagyan, V.; Ma, N.; Papadopoulos, J.; Bealer, K.; Madden, T.L. BLAST+: Architecture and

applications. BMC Bioinform. 2009, 10, 421. [CrossRef] [PubMed]
16. Untergasser, A.; Cutcutache, I.; Koressaar, T.; Ye, J.; Faircloth, B.C.; Remm, M.; Rozen, S.G. Primer3—New capabilities and

interfaces. Nucleic Acids Res. 2012, 40, e115. [CrossRef] [PubMed]
17. Skinner, M.E.; Uzilov, A.V.; Stein, L.D.; Mungall, C.J.; Holmes, I.H. JBrowse: A next-generation genome browser. Genome Res.

2009, 19, 1630–1638. [CrossRef] [PubMed]
18. Bailey, T.L.; Johnson, J.; Grant, C.E.; Noble, W.S. The MEME Suite. Nucleic Acids Res. 2015, 43, W39–W49. [CrossRef] [PubMed]

http://doi.org/10.1111/pbi.13522
http://www.ncbi.nlm.nih.gov/pubmed/33283404
http://doi.org/10.1093/nar/gkaa913
http://www.ncbi.nlm.nih.gov/pubmed/33125078
http://doi.org/10.1038/s41438-020-0261-0
http://www.ncbi.nlm.nih.gov/pubmed/32257241
http://doi.org/10.1093/bioinformatics/btx198
http://www.ncbi.nlm.nih.gov/pubmed/28398459
http://doi.org/10.1093/nar/gkr1293
http://www.ncbi.nlm.nih.gov/pubmed/22217600
http://doi.org/10.7554/eLife.28801
http://www.ncbi.nlm.nih.gov/pubmed/29083299
http://doi.org/10.1186/1471-2105-10-421
http://www.ncbi.nlm.nih.gov/pubmed/20003500
http://doi.org/10.1093/nar/gks596
http://www.ncbi.nlm.nih.gov/pubmed/22730293
http://doi.org/10.1101/gr.094607.109
http://www.ncbi.nlm.nih.gov/pubmed/19570905
http://doi.org/10.1093/nar/gkv416
http://www.ncbi.nlm.nih.gov/pubmed/25953851

	Introduction 
	Construction and Content 
	Genome Sequences and Annotation Resources 
	Transcription Factor Family Identification 
	Simple Sequence Repeat Finder and Primer Design 
	Syntenic Regions 
	Literature Collection 
	Biological Plot Platform Construction 
	Data Integration and Website Construction 

	Utility and Discussion 
	A Brief Introduction to the NHCCDB 
	Species Information 
	Browsing Gene Function Annotation and Simple Sequence Repeat 
	Browsing Syntenic Genes and Transcription Factor 
	Sequence Alignment Tools 
	Functional Genomics Tools 
	Primer Design and SSR Finder 
	JBrowse and Motif Analysis Tool 
	Biological Plot Platform 
	Search 
	Download 
	Submit 
	Home Module 

	Future Developments 
	Conclusions 
	References

