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EupDB: An integrative and comprehensive
functional genomics data hub for Euphorbiaceae

plants

Dear Editor,

Euphorbiaceae is one of the largest plant families, with nearly 218
genera and 6745 species, and includes many economically and
medicinally important species. Specifically, cassava (Manihot
esculenta) is well known as the “king of starches” and is the
fourth most important food source in the tropics; rubber tree
(Hevea brasiliensis) is a principal source of natural rubber for
over 50 000 industrial products worldwide; castor bean (Ricinus
communis) is a globally important non-edible oilseed crop and
the only commercial source of industrially valuable hydroxyl fatty
acids; physic nut (Jatropha curcas) is currently the most prom-
ising biodiesel plant; and tung tree (Vernicia fordlii) is an econom-
ically important woody tree and the sole source of tung oil, which
is widely used as an industrial drying ingredient. These species
have shown great promise for agriculture and industry, and their
potential productivity and quality-related functional genomic ele-
ments need to be explored.

Over the past years, a large number of studies related to Euphor-
biaceae plants have been performed and have generated a depth
of sequencing data, including genome sequences, transcrip-
tomes, population genetic variations, QTLs, and GWAS and epi-
genome data in individual species (Tang et al., 2016; Chen et al.,
2020; Xu et al., 2021; Cao et al., 2022; Phumichai et al., 2022;
Zhao et al., 2022; Cheng et al., 2023). However, limited efforts
have been made to decipher the evolution and regulation
of important economic traits through comparative genomic
analyses, and a functional genomic database for multiple
Euphorbiaceae species is not yet available. To fill this gap, we
developed an integrative and comprehensive family-level
database for Euphorbiaceae plants (EupDB: http://eupdb.
liu-lab.com/) that includes multi-omics resources for six species
(M. esculenta, H. brasiliensis, R. communis, J. curcas, V. fordli,
and Euphorbia lathyris), as well as many web-based bioinformat-
ics tools for omics data analysis. The overall workflow of EupDB is
summarized in Figure 1A, and more details of the data collection
and analysis processes are provided in the Supplemental
Tables and online documentation.

EupDB includes 13 published genomes, 1004 transcriptomic da-
tasets, 708 miRNAs and their corresponding targets, methyl-
omes, large-scale population genetic variations, and GWAS
data for important economic traits, representing the most
comprehensive Euphorbiaceae database at present. We re-
annotated and updated the protein-coding genes for all included
species by searching against up-to-date databases (e.g.,
EggNOG, KEGG, GO, iTAK, and InterPro). The vast majority of
genes (70.7%-89.9%) were re-annotated, and 54 kinds of tran-
scription factors (TFs) and 24 kinds of transcription regulators

(TRs) were predicted (Figure 1B). We also developed many
useful bioinformatics tools for data analysis and visualization,
including (1) an advanced search engine in the “Search”
module, through which data can be retrieved by keywords,
genomic location, TFs, and TRs (Figure 1C), (2) a Jbrowse
genome and epigenome browser, (3) a web-based BLAST anal-
ysis server, and tools for (4) GO/KEGG enrichment analysis, (5)
genomic synteny analysis, (6) pathway and interaction network
prediction, (7) gene expression profiling, and (8) GWAS/QTL anal-
ysis. For the convenience of users, these data and tools have
been divided into multiple modules, which are introduced below.
In addition, a case study is provided for reference in File S1.

In the “Expression” module, we developed a user-friendly web
interface to explore gene expression profiles, as well as DNA
methylomes and miRNAs that affect gene expression regulation
(Figure 1D). We integrated various transcriptome data and
developed a unified pipeline to normalize all datasets and
recalculate gene expression levels. In brief, we used Trim
Galore for quality control, HISAT2 for read mapping, and
StringTie for transcript assembly and gene expression quantifica-
tion. Users can specify a list containing gene IDs and tissues/con-
ditions of interest and obtain a corresponding gene expression
matrix and heatmap. In addition, we collected and re-analyzed
all currently available Euphorbiaceae-related DNA methylation
data and provided Jbrowse for visualization. In addition, we
collected miRNAs from the PmIiREN database and the literature
(Zeng et al., 2010; Xu et al., 2013), and we predicted their target
genes with psRNATarget. For miRNA-mediated post-transcrip-
tional regulation, users can select a given miRNA and obtain its
corresponding target genes and binding sequences.

In developing the first family-level database for Euphorbiaceae
plants, we aimed to construct an efficient platform for compara-
tive analysis of genomes, genes, and pathways across different
species. We therefore developed the “Syntenic” module, which
includes searches for orthologous groups and syntenic
genes, as well as a tool for gene structure visualization
(Figure 1E). In total, 35 204 orthogroups were identified
between Euphorbiaceae species and Arabidopsis thaliana using
Orthofinder and were further confirmed by bidirectional
sequence BLAST. We also performed genome-wide collinear
block analysis to identify collinear blocks between species pairs.
In this module, gene structures, homologs, and collinear blocks
can easily be displayed and retrieved by users. On the basis of
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Figure 1. Structure of EupDB, an integrative and comprehensive functional genomics data hub for Euphorbiaceae plants

(A) Workflow of EupDB with data collection, data analysis, database construction, and main functions.

(B) Statistics of different types of functional annotations in EupDB, including transcription regulator (TR), transcription factor (TF), Pfam, GO, and KEGG.
(C) Query interface with rich options in the “Search” module.

(legend continued on next page)
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the “Syntenic” module, known protein interactions (retrieved
from the STRING database) and important pathways were estab-
lished for Euphorbiaceae plants from related information in the
model plant Arabidopsis, and they are stored and presented
in the “Interaction” module. We constructed protein interaction
networks for Euphorbiaceae plants, which contained 10 529
to 19 157 nodes and 301 621 to 1 199 071 edges (Figure 1F)
and can be viewed in an interactive mode on the “PPI network”
page. We also generated 19 maps of important KEGG
metabolic pathways, including starch synthesis, fatty acid
synthesis, lipid metabolism, and other biosynthetic pathways.
These pathways are displayed on the “Pathway” page, where
related genes are highlighted in green and shown in a table
(Figure 1G).

We constructed the “Variation” module (Figure 1H) to explore
associations between genetic variations and key economic
traits. We collected population resequencing data from 45
castor bean, 43 cassava, and six physic nut core germplasms
(Li et al., 2021; Xu et al., 2021) and identified 3 569 884,
27 032 954, and 345 371 high-quality SNP loci in the castor
bean, cassava, and physic nut populations, respectively. These
SNPs were projected to the corresponding genome to estimate
their effects on gene structure and function using snpEff. We
also integrated GWAS and QTL analysis (Garcia-Oliveira et al.,
2020; Xu et al., 2021; Phumichai et al., 2022; Cheng et al.,
2023) into this module to identify candidate loci or genes that
may be closely linked to key agronomic traits. In addition, we
provided the linkage SNP loci associated with 10 agronomic
traits in castor bean, 36 agronomic traits in cassava, and
one agronomic trait in rubber tree. Specific candidate SNPs
associated with important agronomic traits (e.g., seed size,
starch content, and pest and disease resistance) were
identified. Overall, this module enables users to obtain all SNP
information at a specific genomic location or within a region,
search GWAS and QTL information related to different
agronomic traits, and calculate and visualize pairwise linkage
disequilibrium within a given region.

In summary, we present the first family-level database for Eu-
phorbiaceae functional genomics, EupDB, in which the latest
and most abundant data, including genomes, transcriptomes,
population resequencing data, genetic variations, GWAS results,
and QTL loci, are integrated and analyzed. EupDB provides
excellent resources and powerful web-based tools for compara-
tive investigation of genes or important pathways in different ge-
nomes and also enables in-depth exploration of the potential
roles of genes or loci in evolution, adaptation, and regulation of
key agronomic traits. In the future, we will update EupDB by add-
ing and analyzing new omics data, such as genomes, pange-
nomes, metabolomes, phenomes, and epigenomes, and develop
more user-friendly interfaces and useful tools such as gene-edit-
ing modules. We believe that the modules and powerful tools in
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EupDB will not only facilitate comparative and functional genome
research in the Euphorbiaceae family but also provide a compre-
hensive platform for genetic improvement of important economic
traits such as starch, rubber, and seed-oil quality and yield.
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(D) Statistics on the numbers of miRNA target genes and miRNAs, an example of an expression heatmap, and a DNA methylation browser in the

“Expression” module.

(E) Orthologous group search, gene structure visualization, and syntenic gene search in the “Syntenic” module.
(F) Statistics on the numbers of edges and nodes in the protein interaction networks of Euphorbiaceae plants.

(G) Fatty acid degradation—an example of a KEGG pathway map.
(H) SNPs and GWAS & QTL analysis in the “Variation” module.

Ela, Euphorbia lathyris; Hbr, Hevea brasiliensis; Jcu, Jatropha curcas; Mes, Manihot esculenta; Rco, Ricinus communis; Vfo, Vernicia fordii.
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