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Abstract

Summary: EasyGDB is an easy-to-implement low-maintenance tool developed to create genomic data management
web platforms. It can be used for any species, group of species, or multiple genome or annotation versions.
EasyGDB provides a framework to develop a web portal that includes the general information about species, proj-
ects and members, and bioinformatics tools such as file downloads, BLAST, genome browser, annotation search,
gene expression visualization, annotation and sequence download, and gene ids and orthologs lookup. The code of
EasyGDB facilitates data maintenance and update for non-experienced bioinformaticians, using BLAST databases to
store and retrieve sequence data in gene annotation pages and bioinformatics tools, and JSON files to customize
metadata. EasyGDB is a highly customizable tool. Any section and tool can be enabled or disabled like a switch
through a single configuration file. This tool aims to simplify the development of genomics portals in non-model
species, providing a modern web style with embedded interactive bioinformatics tools to cover all the common
needs derived from genomics projects.

Availability and implementation: The code and manual to use EasyGDB can be found at https://github.com/noefp/
easy_gdb.

Contact: noe.fernandez.pozo@csic.es

to populate, requiring to fill tables that sometimes might not be
needed for all projects. One of the challenges of genomics databases
is their maintenance because of the difficulty to upload new data
and to keep them up to date. Often some genomics databases are
not updated for years or have to stop their service after some time
(Delmans et al., 2017; Fernandez-Pozo et al., 2022). For these rea-
sons, we present EasyGDB, an easy-to-implement, maintain and cus-
tomize system to develop genomics databases, which includes a set
of useful bioinformatics tools to analyze, visualize and search the
data.

1. Introduction

The advances in sequencing technologies and assembly tools have
highly reduced the cost and difficulty of genome sequencing and as-
sembly in the last two decades. It allowed an exponential availability
of genome sequences and the emergence of projects to sequence
thousands of genomes (Cheng et al., 2018; Grigoriev et al., 2014;
Rhie et al., 2021). However, in non-model species, new genomes
and annotations are not always available after publication, conse-
quently, only raw data, or data with no annotations can be found
(Strijk et al., 2021; Zhang et al., 2020). In other cases, public data-
bases such as GenBank do not meet some of the needs of the com-
munity behind these genomes. Often, web portals and genomic
databases and tools are an important part of the development of
genome sequencing projects in which the community plays an essen-

2. Materials and methods

EasyGDB can be easily installed using the Docker-compose installa-

tial part in the curation of the data.

The available systems to implement genomics portals are usually
complex and hard to maintain in the long term. In some cases, the
installation process is complicated and requires many dependencies.
In others, very complex database schemas are hard to maintain and
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tion file available in Github (https:/github.com/noefp/easyGDB_
docker). This provides containers with pre-installed Apache server,
PostgreSQL and PHP. The annotation database stores gene names,
versions, species and annotations in a simple PostgreSQL schema.
The application code is written in PHP and the front-end uses CSS,

4048

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-6489-5566
https://orcid.org/0000-0001-6257-8914
https://github.com/noefp/easy_gdb
https://github.com/noefp/easy_gdb
https://github.com/noefp/easyGDB_docker
https://github.com/noefp/easyGDB_docker
https://academic.oup.com/

EasyGDB 4049

Search
Welcome to Easy GDI g st
Subtitle h2 Genome Browser
Subtitle h3 Sequence Extraction

This is a template to write your ow  Annotation Extraction

custom_text folder and include the

follow the instructions to create your own
Gene Expression @ 1 file.

Lorem ipsum dolor sit amet consectetu ‘isus semper sagittis vitae, luctus platea quisque cum

Gene Version Lookup

nascetur sem ligula lec magnis cursus ¢

. 3esent platea nunc pharetra laoreet etiam congue proin,

nostra vehicula nec quis iaculis molestie integer diam viverra, primis nullam gravida massa tempor curae metus. Vitae

€

Please, when using this web site or its data, cite us using the reference:

Last_name, N., Last_name, N., Last_name, N., Last_name, N., Last_name, N. (year). Title of the publication

Journal, 1(1), 111

©LOGO ©LOGO

Example of a logo for EasyGdb Example of a logo for EasyGdb

©LOGO ©LOGO

Example of alogo for EasyGdd e of & logo for E

All data and services offered on this site are © copyrighted. Distribution via internet or other media is prohibited. Cookie palicy

Fig. 1. EasyGDB template before customization. Images, logos, site name and home page text are easily customizable. Elements in the menu toolbar can be enabled or disabled

JavaScript, JQuery, DataTables, Bootstrap 4, Apexcharts and
HTMLS canvas. Sequences are stored as BLAST databases, allowing
sequence similarity searches, sequence retrieval and sequence visual-
ization. JSON files are used to control metadata customization.
EasyGDB code was developed by incremental improvement of the
code from other sites such as the PpGML DB (Fernandez-Pozo
et al., 2020), OliveTreeDB (Jiménez-Ruiz et al., 2020) and the
Aethionema arabicum DB (Fernandez-Pozo et al., 2021), and
BLAST output interface is based on the Sol Genomics Network code
(Fernandez-Pozo et al., 2015).

3. Results

EasyGDB provides a highly customizable and low-maintenance sys-
tem to easily develop genomics web portals with bioinformatics tools.

3.1 EasyGDB bioinformatics tools and other features

EasyGDB can host genomics projects with single or multiple species
or annotation versions. It contains tools such as (i) BLAST, (ii) key-
word search by annotations and gene IDs, (iii) genome browser

(JBrowse), (iv) gene list annotation download, (v) gene list sequence
download, (vi) gene expression visualization tools and (vii) gene ver-
sion and orthologs lookup tool. Genes in JBrowse, BLAST and
search results, are linked to dynamic gene annotation pages, which
display a frame with the genome browser, and the available annota-
tions and sequences. Additionally, tools such as Apollo (Dunn et al.,
2019) can be implemented for gene manual curation. Examples of
EasyGDB features and comparison with other tools are available in
Supplementary File S1.

3.2 Easy customization

EasyGDB includes customizable templates for common sections,
such as ‘home page’, ‘about us’, ‘downloads’, ‘species’, ‘tools’ and
custom pages, which can be enabled or disabled like a switch in a
single configuration file (Fig. 1). The application name, images,
logos and text in the PHP template can be replaced by the desired
ones. Simple JSON files facilitate the information for project meta-
data. For example, one file controls the links to the annotation sour-
ces, allowing a great flexibility to upload annotation of any type,
which will be linked to their source repository in the gene annota-
tions page (e.g. UniProt, InterProScan, NCBI, etc.).
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3.3 Low maintenance

To simplify maintenance, sequences are stored in BLAST databases.
Then, just placing the BLAST DB files in the blast_dbs directory will
automatically display the available sequence sets in the BLAST tool
menu, the sequence extraction tool and the gene annotation page.
Moreover, managing file downloads is very simple, just placing a file in
the download folder will automatically show it on the web. EasyGDB
code replicates the downloads directory structure in the downloads
page, allowing any folder and subfolder organization, e.g. by species,
by data type, by project, etc. Additionally, annotations are stored in a
simple database schema, which facilitates data management.

3.4 Easy implementation

Docker-compose files are available for an easy installation of the
dependencies needed (https://github.com/noefp/easyGDB_docker),
and implementation instructions, with and without Docker, can be
found in GitHub together with the code (https:/github.com/noefp/
easy_gdb). Perl scripts are provided to import annotation data in the
database and to import tracks in JBrowse.

Using Docker, it is possible to install EasyGDB in a personal
computer, which can be useful to manage annotation data from
multiple projects or versions, controlled in a single implementation
with several configuration files.

More information about EasyGDB installation, customization
and about its tools and features, can be found in its manual (https://
github.com/noefp/easy_gdb#readme) and in this playlist of video
tutorials  (https://youtube.com/playlist?list=PL7jt0]JZOquU7nAkIfb
JN2jmnExeKC6Qpq). An example of a web portal implemented
using easyGDB can be found at https://mangobase.org.
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