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Abstract

transcriptome and traits on grape.

Keywords Grape, Stress, GEDG, Database, RNA-seq

Background Grapes are one of the oldest cultivated fruit species in the world, known for their high nutritional value.
Grapes and grape products, including wine, are significant to many economies worldwide. Both abiotic and biotic
stresses significantly impact the growth and reproduction of grapevines. RNA-Seq is a key tool for studying gene
expression patterns under various conditions, such as stress responses, growth and developmental stages. In order to
optimise the utilisation of these data for comprehensive research and analysis, and to enhance accessibility for users,
we have developed a comprehensive database that provides gene expression profiles and traits in grapes.

Description We have developed the gene expression database for grapes (GEDG), an online resource that
encompasses data on 9 types of abiotic (including heat, cold, hormones, light, climate, nitrogen, frozen) and biotic
(disease and pests) stresses and different developmental stages. A total of 32 datasets were related to stress, 20 to
growth and development, and one to chromosomal ploidy. The primary objective of GEDG is to expand and utilize
transcriptome data to better understand stress responses in grapes. GEDG is the comprehensive database to integrate

Conclusion The Gene Expression Database of Grape (GEDG) was created to serve as a free resource platform for
researchers, offering a comprehensive collection of genetic expression profiles for grape varieties based on RNA-seq
data. The database is available at https.//www.gedg-vitis.cn/index.html.

Background

The constant exposure of plants to biotic and abiotic
stresses can greatly reduce the productivity of crops
worldwide [1]. Major abiotic stresses include drought,
salinity, heat, cold, freezing, high light intensity and
ozone (O3) [2]. Additionally, plant face biotic stresses
caused by pathogens (including bacteria, fungi, viruses,
and nematodes) and herbivorous pests [3]. Numerous
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databases related to plant stress have been developed,
such as PIaASDB [4], PlantPReS: A database for plant
proteome response to stress [5] and Stress combina-
tions and their interactions in plants database (a one-stop
resource on combined stress responses in plants) [6].
These are all valuable resources for researchers. With the
growing number of omics datasets, particularly the con-
tinually updated grape genome, there is a pressing need
to create a comprehensive database that can provide
gene expression profiles and traits for grapes. This would
enable the effective utilisation of these datasets in scien-
tific research.

We propose the establishment of the Gene Expres-
sion Database of Grape (GEDG), integrating the publicly
available RNA-seq data and collecting the characteristics
of different grape varieties. GEDG aims to enhance the
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accessibility and usability of grape gene expression data,
thereby enabling researchers to analyze and select spe-
cific gene features efficiently. GEDG not only integrates
datasets pertaining to a multitude of stressors, includ-
ing heat, cold, hormones, light, diseases, and pests, some
datasets on growth and development were also collected.
GEDG encompasses gene expression-based datasets
that facilitate the linkage between genotypes and phe-
notypes through transcript profiling. Furthermore, each
gene within GEDG is functionally annotated to support
extensive comparative functional studies, providing a
valuable resource for the grape research community.
Concurrently, a number of websites pertaining to the
grape database were consulted during the construction
of this database. Our platform is designed as a free, open
resource that requires no registration or login. Users can
easily browse the website to locate necessary resources,
which are available for free download.

Construction and content

All data in the GEDG have been downloaded from the
Gene Expression Omnibus (GEO) Database (https://ww
w.ncbi.nlm.nih.gov/). To illustrate grape gene expression
patterns, we obtained 53 high-quality RNA-seq datasets
from GEO. The data were then systematically categorized
and analyzed. The raw data were classified into differ-
ent stress types: abiotic (including heat, cold, hormones,
light, climate, nitrogen, frozen) and biotic (disease and
pests). Additional classification included growth and
development, as well as chromosome ploidy level.

First of all, we obtained basic information about the
grape genes from Phytozome [7] and Grapedia [8]
including coding sequences (CDS), gene sequences,
protein sequences, chromosome positions, and protein
lengths. Additionally, we incorporated three widely used
grape genome versions (12X.v2, v4, and the latest T2T.
v5) to provide comprehensive and up-to-date genomic
information. Cross-referencing of gene IDs across these
genome versions has been established to ensure seamless
comparison. Further annotations, such as Pfam [9] and
gene ontology (GO) [10], were acquired from Biomart
[11] (https://phytozome.jgi.doe.gov/pz/portal.html). The
molecular weight (MW) and isoelectric point (pI) of the
protein sequence were calculated using the pI/MW tool
in TBtools-II [12]. We also downloaded grape paralogs
annotated in Ensembl via Biomart and orthologs across
multiple species (Arabidopsis thaliana, Glycine max,
Nicotiana attenuata, Oryza sativa Japonica Group, Pop-
ulus trichocarpa and Solanum tuberosum).

The primary programming language employed for
GEDG is Java, with the Java Development Kit (JDK) ver-
sion 1.8.0_412. The database is built on a relational data-
base architecture, and the Basic Local Alignment Search
Tool (BLAST) is employed for sequence alignment. To
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ensure comparability between samples, expression data
were normalized using FPKM values. A DESeq_edgeR
was used for DEG analysis. ClusterProfiler (version
3.18.1) was used for GO and KEGG enrichment analysis.

Utility and discussion

We collected 32 grape RNA-Seq datasets, comprising 16
samples subjected to abiotic stress and 16 to biotic stress.
Additionally, we gathered 20 datasets focused on growth
and development and 1 dataset on chromosome ploidy.
These RNA-seq data were uniformly processed and inte-
grated into the GEDG. GEDG not only provides a com-
prehensive collection of gene expression data but also
delivers detailed information on individual genes, facili-
tating in-depth analysis and research.

Interface

GEDG provides an intuitive, user-friendly and personal-
ized interactive web interface that simplifies searching,
browsing, visualization, and data downloading. What’s
more, GEDG contains the following modules: Home,
Gene Annotation, Gene Browse, Transcriptome, Traits,
Variation, Tools, Download and Help.

Home

The home page of the GEDG provides a concise over-
view of the site. On the left side of the interface, the tran-
scriptional data are divided into three categories: abiotic
stress, biotic stress, growth and development. The abiotic
stress encompasses factors such as heat, cold, hormones,
light, climate, nitrogen and frozen, while the biotic stress
category includes diseases and pests. Users can select the
modules of interest and subsequently navigate to the cor-
responding browsing pages. On the right-hand side of
the interface, images of various grape varieties are dis-
played, with a clickable link to provide data on their traits
(Fig. 1).

Gene Annotation

The Gene Annotation comprises two functions: the
Search Function and the Reviewed UniprotKB genes.
The Search Function allows users to explore gene func-
tions through various search methods, including Gene
ID Search, GO Slim Search, Domain Search and KEGG
Search. To search for a gene’s function, enter the Gene
ID, such as Vitvi05_01chr07g23400, into the search box
of the locus search module. This query will display the
gene’s basic functional characteristics and the function of
the protein (Fig. 2A). Additionally, there are homologs in
other plant species, as well as expression patterns under
diverse biotic and abiotic stresses (Fig. 2B). Most results
are clickable, allowing for graphical illustration on the
genome browser implemented using JBrowse [13]. Users
can also search for genes in GEDG using four functional
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Fig. 1 The homepage of GEDG. On the left-hand side of the page, there is a breakdown of stress and growth data, while on the right-hand side, there is

a picture of the grape variety

categories: PFAM, InterPro, GO, and KEGG. The search
results show a set of genes annotated with functional
descriptions (Fig. 2C). Similarly, genetic identifiers are
clickable and can be linked to JBrowse for visualisation.
Furthermore, users can click on the search number to
access external website for more detailed annotations.
By combining all of these search methods, we have cre-
ated a versatile and highly filterable advanced search tool.
Another function, Reviewed UniprotKB genes, displays
annotations of the protein functions of grapes that we
have screened on the Uniprot website [14].

In summary, the search engine offers users a straight-
forward, adaptable, and accessible tool for systematically
retrieving the comprehensive grape data in GEDG. This
has significant implications for future grape functional
genomics and genetic improvement initiatives.

JBrowse

This module functions as a genome browser, enabling
users to retrieve and visualize gene’s feature. Users can
select specific genes to search within the browser or
upload their own files for visualization. Additionally,
from the Gene ID Search results page, users can click
Show ID in Genome Browser to directly access this
module. JBrowse provides a navigable view of the grape
genome, allowing users to observe gene positions and
configurations in detail. By adjusting the view settings,

users can zoom in or out on genomic regions to gain a
more detailed understanding of specific gene character-
istics. Multiple genes can be viewed simultaneously by
adding them to the browser, and additional views, such as
GC content, Circular, and Dotplot views, are available for
enhanced exploration.

JBrowse also supports various analytical opera-
tions, including identifying variant sites and assessing
gene expression levels, helping researchers gain deeper
insights into genetic variation, gene regulation, and the
evolutionary history of the grape genome. Future updates
will expand these features, integrating additional genome
and annotation data to enhance functionality and user
experience.

Transcriptome

A comprehensive review of the published literature on
grape stress was conducted through GEO Datasets, with
the relevant transcriptome data subsequently down-
loaded. A total of 32 transcriptome datasets for stress and
21 for grape growth and development were collected. By
visualizing and integrating the data into GEDG, we have
created a platform that allows users to easily access the
data. Upon selecting the Browse module, a drop-down
menu will appear, displaying an Overview, Function
Annotation and 9 different stress types, which include
disease, pest, drought, hormone, frozen, heat, nitrogen,
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Fig. 2 Search engine of GEDG. Screenshot of the results from (A, B and C) Gene ID Search (e.g., Vitvi05_01chr079g23400); (D) GO Slim search (e.g.

GO:0005515); (E and F) Domain search (e.g., PF11721, IPR006461); (G) KEGG Search (e.g., K17099)
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light, climate. Additional categories such as growth and
development and chromosome ploidy are also avail-
able. Users can obtain a comprehensive overview of the
annotations for each transcriptome dataset through the
Overview section. The table and graphs offer the details
including the GEO accession number, cultivar, sample
number, tissue type, Contributor, a description of the
motivations and characteristics (Fig. 3A). These data-
sets were carefully curated based on their high quality
and coverage of grape stress responses and developmen-
tal stages, ensuring diversity and usability for grapevine
research. By clicking on each GEO accession, users can
access the results of our data visualization (Fig. 3B). Fur-
thermore, when the user clicks on Functional Annota-
tion, they can obtain functional details of transcripts
assigned by ID Convert, PFAM, PANTHER, GO, KEGG,
KOG, Best-hit-arabi-name and arabi-symbol (Fig. 4A).
Upon selecting the type of stress of interest, the user
can access detailed information and visual data. Each
stress management page contains a brief description and
images made using the downloaded data (Fig. 3B). To
identify differentially expressed genes, we collected all
samples from a specific stress condition or developmen-
tal stage. Data were first filtered based on quality param-
eters to exclude low-confidence data, ensuring a reliable
dataset for analysis. For DEG identification, we applied
the parameter|Log,FC| = 2 to compare gene expression
between different experimental groups, such as varia-
tions in environmental or stress conditions, and across
developmental stages. The Venn diagram demonstrates
differential expression analysis, which utilized data from
multiple datasets, successfully identifying genes with sig-
nificantly increased or decreased expression. (Fig. 4B).
The page also displays the genes that have been identified
as differentially expressed, along with the corresponding
values, at the bottom of the page.

In conclusion, we have collated datasets that provide
users with information in tabular form and also allow
the data to be visualized in graphical form. Furthermore,
the data has been categorized in a manner that facilitates
convenient browsing and consultation.

Traits and Variation

We collected data on the traits of different grape variet-
ies for the years 2019, 2020 and 2021. In 2019, traits of
44 grape varieties were shown, the highest number of
varieties from 2019 to 2021. The data collected included
information on various traits, such as cluster weight,
cluster length, and cluster width. This information is pre-
sented in tabular form, allowing users to click on the vari-
ety in the drop-down menu bar to view the desired data
(Fig. 5A). Furthermore, an illustration of the grapes is
presented at the base of the data table. Users then select
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the desired organization of the grapes, which is then
accompanied by the corresponding data (Fig. 5B).

Additionally, annotations on variation are provided,
with the data presented in a tabular format (Fig. 5C).
Users can retrieve the information they need by typing
Variation Name into the search box. The information was
obtained from Ensembl, which included Variant name,
Gene stable ID, Variant consequence, Genotype fre-
quency, etc.

Tools

We have developed a suite of analytical tools to enable
users to fully explore and analyze grape transcriptome
datasets.

Blast Search. This interface allows users to input a
FASTA query sequence and perform a Blast search for
nucleotide or protein sequences in the GEDG. The grape
genome can be searched using the BLAST suite of algo-
rithms, which includes blastn, blastp, blastx, tblastn,
and tblastx. A threshold of E-values of 1x 10~° is used to
identify potential homologous sequences.

Gene ID convert. Users can use this function to con-
vert three different versions of the gene ID (Fig. 5D). We
obtained three versions of the grape genome data and
established a linkage between the genetic IDs of these
versions based on the downloaded data, enabling ID con-
version across different versions. Furthermore, within
GEDG, utilizing these linked IDs in Search Functions and
Functional Annotation functions yielded corresponding
results.

Enrichment analysis. This interface enables users to
perform gene function enrichment analysis based on two
functional catalogs: the Gene Ontology (GO) term and
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway. The results return a significantly richer set of
GO or KEGG function categories that are further cross-
linked to specific public databases (Fig. 5E).

Orthologous groups. This function allows users to
search for homologous groups between grape and six
representative plant species (Arabidopsis, Soybean,
Tobacco, Rice, Poplar, Potato) using genetic identifiers
(Fig. 5F).

Download
In the Downloads module, users can download the avail-
able resources.

Help

Upon hovering the cursor over the Help module, a drop-
down menu will appear, including Manual, About us and
Useful Links. The Manual page guides users through
the steps and operations of GEDG. Useful link provides
access to the data source and software used to construct
GEDG.
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Traits of Grape Varieties

2019

Cluster weight (g) :559.67+26.51,n=3
Cluster length (mm) :159.83£16.09,n=3
Cluster width (mm) :143.29+8.22,n=3

Cluster peduncle thickness (mm) :4.09+0.53,n=3

2020

Cluster weight (g) :891.67+170.72,n=3

Cluster length (mm) :231.5:1.15,n=3

Cluster width (mm) :171.53£16.99,n=3

Cluster peduncle length (mm) :5344+9.87,n=3
Cluster peduncle thickness (mm) : 6.08£0.72,n=3

2021

Cluster weight (g) : 574.67+36.75,n=3
Cluster length (mm) :169.66+11.75,n=3
Cluster width (mm) :119.3£6.38,n=3
Cluster peduncle length (mm) :
Cluster peduncle thickness (mm) :5.84+0.14,n=3

Cluster peduncle length (mm) :103.37£32.06,n=3
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[53£29.25,n=3 5.8420.14n=3 0.120.03n=10
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8 09103 Lipid metabolism

8 09181 Protein families: metabolism

PIS38409.USDA_NPGS

DVIT738:.USDA_NPGS

8 09183 Protein families: signaling and cellular processes

8 09182 Protein families: genetic information processing

pl Genotype frequency
0941176

0352941

00561 Glycerolipid metabolism

VIT_0250012902160
00564 Glyceraphospholipid metabolism

I 01004 Lipid biosynthesis proteins.

02000 Transporters VIT_065000405070

03012 Translation factors VIT_0750005g02740

£ £

GLYMA_13G062300

GLYMA_09G236700

A4A49_32184 050590572900 PGSC0003DMG400029985 AT5G39680 Potri.017G084900.v4.1
A4A49_32184 050590572900 PGSC0003DMG400029985 AT5G39680 Potri.017G084900.v4.1
GLYMA_19G023400 A4A49_32184 050590572900 PGSC0003DMG400029985 AT5G39680 Potri.017G084900.v4.1

Fig.5 Traits, Variations module and flexible tools implemented in GEDG. (A) A display of grape varieties in the drop-down menu of the Traits module; (B)
Visualization of grape variety trait information and grape representative tissue trait information. (e.g. 00-8-21); (C) Information about the Variations mod-
ule; (D) A tool for gene ID conversion among 4 Vitis genomes; (E) Gene set functional enrichment analysis using KEGG pathway; (F) Orthologous groups
between grape and six other representative plant species
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Conclusions

We have constructed a comprehensive expressional pat-
terns database of grapes. The database offers a plethora
of versatile analytical tools for users to employ in their
analyses. GEDG represents the inaugural database of
grape gene expression profiles under conditions of stress
and different growth and developmental stages. As the
number of generated sequences continues to grow, and a
multitude of resources will be made available. It is there-
fore imperative that GEDG prioritise the integration of
supplementary transcriptome data obtained under stress
conditions, in addition to other pertinent grape-related
data. Concurrently, we will enhance the functionality of
the system to facilitate more comprehensive queries and
analytical processes pertaining to grapes. It is our hope
that the implementation of timely and continuous main-
tenance will facilitate greater awareness of GEDG and
encourage contributions to the ongoing development of
horticultural grapes.

It is anticipated that GEDG will prove to be a valuable
resource for the research community. Specifically, in the
context of stress, this approach can be of significant ben-
efit to researchers. A plethora of features and tools have
been constructed with the objective of enhancing the
user-friendliness of the site. We anticipate receiving a
substantial quantity of constructive feedback, which will
assist us in further enhancing the functionality of GEDG
in the future.
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