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Abstract. This paper aims to develop a dedicated RNA-Seq database for bovine
embryos, generated to gain insights into reproductive metabolism. The data is
categorized into three groups, each obtained from distinct experiments. The
primary objective is to streamline data analysis through a platform, named
TranscriptomicsSeqDB, which standardizes and organizes RNA-Seq informa-
tion from the Laboratory of Embryonic Metabolism and Epigenetics at UFABC,
Sdo Paulo, Brazil. Apart from data storage and management, Transcriptomic-
sSeqDB provides a user-friendly search interface with predefined queries to fa-
cilitate gene-specific indicator analysis.

1. Introduction

Genetics is indispensable for understanding life. Every day, new correlations between
genes and diseases, habits, and even personality traits are being discovered. They are
crucial for both diagnosis and the development of new medicines and vaccines. Genetic
sequencing has gained momentum in recent years, especially with next-generation se-
quencing (NGS) techniques. NGS allows for the rapid, automated, and high-throughput
sequencing of all nitrogenous bases in the genetic material. This enables complete genetic
sequencing, resulting in a vast amount of data. Therefore, there is a need to structure this
data in a way that allows for practical analysis of the obtained results. One option is to
organize it into databases, which are the most efficient means of accessing and analyzing
biological data.

In light of this scenario, the Laboratory of Embryonic Metabolism and Epigenet-
ics at UFABC conducted a study focused on RNA sequencing of bovine embryonic cells.
The RNA-Seq method was utilized, enabling a detailed understanding of the cellular tran-
scriptome and the metabolic processes involved in bovine reproduction from the material
sequenced through NGS. The study involves RNA sequencing divided into three groups,
each subjected to different tests. Each group consists of three subgroups: a control group
with no manipulation, and two other groups in which the genetic material was exposed to
different substances affecting metabolism. While these data were stored in spreadsheets,
this type of sequencing generates a vast amount of data, making it challenging to access
and analyze in its current format.
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The objective of this work will be to aggregate the data generated from the genetic
sequencing of bovine embryonic cells using the RNA-Seq method at the Laboratory of
Embryonic Metabolism and Epigenetics of UFABC into a database. It will be necessary to
standardize the available information and provide analysis tools. In addition to storing and
managing the data, a web-based access platform will be developed, offering a common
search interface for databases, using predefined queries.

2. RNA-Seq

One of the major focuses of genetic research is to understand gene expression, i.e., the
relationship between DNA and protein production. This line of study revolves around
the transcription process and RNA, which can contribute to understanding gene expres-
sion through the quantification of gene alterations during each transcription. With the
aim of characterizing the transcriptome, various sequencing methods have been explored
over time, such as microarray hybridization and Sanger sequencing. Both approaches
sequenced complementary DNA (cDNA) but not in a comprehensive manner. Their lim-
itations include low specificity and sensitivity for certain genes [Hrdlickova et al. 2016].
In response to the demand for faster and more complete sequencing, next-generation se-
quencing (NGS) emerged. NGS revolutionized the study of genetic material by providing
a large amount of data in a short period.

Within NGS technology, there are several methods for genetic sequencing, in-
cluding RNA Sequencing (RNA-Seq). RNA-Seq is an excellent method for map-
ping and quantifying transcriptomes to analyze gene expression in different tissues
[Canovas et al. 2010]. RNA-Seq has the advantage of sequencing a larger number of
bases more rapidly and accurately. As a result, RNA-Seq has become widely used, being
an indispensable method for studies involving gene expression, aspects of RNA biogene-
sis and metabolism [Hrdlickova et al. 2016].

Different types of results are analyzed using this type of sequencing. The pri-
mary result is the reading and quantity of reads, which are fragments of DNA or RNA
sequences. RNA-Seq generates a large volume of reads. This volume is relevant because
the reliability of the data is related to the number of independent sequences read. RPKM
(Reads per kilobase per million mapped reads) is an essential metric to qualify transcribed
genes. This measure reflects the molar concentration of a transcript in the sample by nor-
malizing the RNA strand size and the total number of reads, facilitating the comparison
between genes in the same sample [Mortazavi et al. 2008].

The methodology of cDNA sequencing by RNA-Seq has various biological appli-
cations, as it is an important research tool for detecting genetic elements in different types
of cells and species. Due to its application in SNP (Single Nucleotide Polymorphisms)
discovery and the description of transcript density, embryo sequencing is of great impor-
tance in describing the early stages of development [Chitwood et al. 2013]. Embryonic
development is dynamic and influenced by various factors, including the speed of devel-
opment according to published data [Desai et al. 2014]. Therefore, the morphokinetics of
the early divisions of the embryonic cell can determine the overall development capacity
of the embryo, but there is limited information regarding the relationship between embry-
onic morphokinetic characteristics and genetic physiology [Milazzotto et al. 2016].
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3. Biological databases

The foundation of all applied bioinformatics studies lies in the data obtained through
sequencing, which is produced in large volume in this type of work. Data are pieces
of information that can be managed in various ways, one of which is storing them in a
database. This approach has several advantages, such as speed, data protection, and up-to-
date information. There are various types of architectures for modeling a database, with
the most commonly used being the relational model. It can be applied in cases where data
has some form of relationship. In a relational database, information is stored in tables and
queried through Structured Query Language (SQL), which is a database query language.

A biological database shares several similarities in its construction with any other
type of database [Ullah et al. 2022]. For biologists, geneticists, and professionals in-
volved in genetic studies, biological databases are essential for disseminating novel-
ties in the field and accessing new sequencing data [Danchin et al. 2018]. The main
biological databases used include GenBank, UCSC Genome Browser, and Ensembl
[Baxevanis and Bateman 2015]. These databases contain biological data from various
organisms and types of sequences. According to the National Center for Biotechnology
Information (NCBI), there are two main types of biological databases: comprehensive
and specialized. The comprehensive ones encompass the databases mentioned earlier;
they contain abundant data on various topics and are widely disseminated and used. On
the other hand, specialized databases contain data specific to particular organisms and
sequencing types [Villalba and Matte 2021].

Biological databases face some unique challenges that are not as common in other
applications. The first is the constant discovery of new relationships among genetic data,
leading to potential changes in data interpretation and consequently in the database struc-
ture. Another issue is the scarcity of professionals who can model a database considering
both the biological and programmatic aspects.

Hence, one advantage of specialized biological databases is the greater flexibility
in modeling and curating data. In recent years, several databases of this type have emerged
and gained momentum due to specific motivations, either focusing on studying a partic-
ular biological problem or better serving a segment of the biological community. In this
regard, computational analysis plays a pivotal role in interpreting the data derived from
RNA-Seq technique, proving indispensable in addressing significant biological queries
[Deshpande et al. 2023]. In this context, several databases and computational tools have
been developed with the aim of investigating this kind of information and also establish-
ing connections with other study modalities, even extending to the utilization of RNA-
Seq data for characterizing both individual adaptive immune repertoire and microbiome
[Deshpande et al. 2023].

A prominent example is RNA CoMPASS, a database focused on providing in-
sights into gene expression of pathogens and hosts. It concurrently analyzes tran-
scriptome and metatranscriptome, enhancing the understanding of intricate interactions
[Xu et al. 2014]. Additionally, the BEAVR tool stands out for simplifying the visualiza-
tion of RNA-Seq data and allowing local execution [Perampalam and Dick 2020]. The
GTEXx reference platform also leverages RNA-Seq data, aiming to correlate genetic vari-
ations with changes in gene expression in human individuals [Lonsdale et al. 2013]. The
evolution of computational tools within the realm of RNA-Seq sequencing showcases
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a promising landscape for research and hypothesis development. Some of these tools
broaden the scope of investigation, as seen with RNA CoMPASS, while others, such as
BEAVR, play a crucial role in streamlining researcher interaction with various program-
ming languages. Furthermore, there are those that establish interdisciplinary connections,
like GTEXx, by linking RNA-Seq data to other sequencing modalities.

4. Data Modeling

The data for this work was generated based on the division into groups, studying the be-
havior of each bovine RNA gene in three different samples when subjected to metabolism-
altering substances. These samples were sequenced using the RNA-Seq method. All
results were stored in a spreadsheet. The generated file contains 24,616 rows and 37
columns. In the columns, there are two main types of data: information about the genes
(name, type, ID, location, among others) and the results of each of the samples. The indi-
cators considered in this study are the RPKM and the total number of reads. There are 28
columns containing the results, which are divided by indicator, sample (1, 2, or 3), devel-
opment speed (fast, slow, or in vivo), and cell type (embryo or blastocyst). Considering
that the main objective is to compare the results between samples and within each sample,
the first step was to manipulate this data to facilitate such comparisons in an easier and
more efficient way. Therefore, from the raw data, which was all in a single spreadsheet,
two separate spreadsheets containing this data were created. The gene_data spreadsheet
contains the descriptive gene data. It has 14 columns, with the first being a unique iden-
tifier for each row (column id). The second spreadsheet created was the sample_data,
which contains the indicator data. Instead of creating a column for each combination of
sample, speed, and cell type, as structured in the main spreadsheet, only three columns
(sample, speed, and type) were created, and the combinations with the corresponding gene
ID were listed. After this structuring, the data was exported to the CSV format to be later
inserted into database tables.

4.1. Database implementation

The database management system used was MariaDB (https://mariadb.org/). For the
manipulation of the database and tables, both the terminal and the DBeaver software
(https://dbeaver.io) were used, which assists in database administration. The model cho-
sen for the biological database is the relational model. Therefore, the step before creating
the database itself was to structure the data and understand the relationship between them.
The main relationship is based on genes; thus, two different tables were created and re-
lated through the id field to handle the data.

Firstly, the database rnaseq_data was created. The next step was to create the ta-
bles. For the gene table, containing the data from the gene_data spreadsheet, the id field
(a unique identifier for each record in the table) was set as the primary key, which in-
dicates that this field must have only unique values. In the sample table, containing the
information from the sample_data spreadsheet, the gene_id field was set as a foreign key,
indicating that this column will relate to other tables in the database. After these defini-
tions and the determination of the data types for each column, the rnaseq_data database
was created locally (Figure 1).

By setting up the database and tables, the next step will be to populate the tables
with the data from the CSV files generated during the data manipulation step. This will
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involve inserting the data into the corresponding tables and ensuring that the relationships
between the gene and sample tables are maintained correctly.

Figure 1. Architectural overview of the database structure. The database is cur-
rently undergoing expansion to accommodate growing needs.
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5. Web platform

As previously mentioned, the web platform aims to provide data from RNA-Seq research
in an automated and graphical manner, comparing the results obtained from RPKM and
total read count. The web interface was developed based on the “EmbryoGene Profiler”
work (https://emb-bioinfo.fsaa.ulaval.ca/IMAGE/index.html). The HTML was designed
so that all pages contain a main menu with the project name (TranscriptomicsSeqDB)
and links to the four existing pages. The CSS, which determines the visual aesthetics of
the pages, was created using existing fonts available online (https://templatemo.com/tm-
516-known). The connection to the local database was established with the help of php-
MyAdmin (https://www.phpmyadmin.net/), a software used to manage data in relational
databases. With the database already created, the integration of the rnaseq_data database
with the platform was performed. In parallel, the development was carried out using
a Python3 script to integrate the platform data with the HTML. The pymysql library
(https://pypi.org/project/pymysql/) was used for the database connection in the script,
while the Flask library (https://flask.palletsprojects.com/en/2.3.x/) was selected for con-
necting the script with the HTML. Through these libraries, the successful connection of
the database with the HTML was achieved.

5.1. Search page

In the TranscriptomicsSeqDB web platform, the main goal is to provide results based on
specific queries. To achieve this, the Search page includes fields in the HTML where users
can input the necessary filters for their queries, such as feature_id and tissue (equivalent
to the rype field in the database). In the backend script, these fields are used to filter the
data with a pre-defined SQL query. The query joins data from both tables using an inner
join between the id field in the gene table and the gene_id field in the sample table. The
returned data is at the sample level (by type and speed), providing the main information
regarding gene features and expression. The filters for feature_id and tissue in the query
are exact, meaning that if the user enters a non-existent feature_id, no results will be
returned. To address this, a redirect to the Help page is implemented, where users can
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download a spreadsheet containing an updated list of all feature_ids along with indications
of whether there is an RPKM greater than zero in any of the samples. The results page
presents the retrieved data in two types of visualizations: a table containing all the data
and a graph. The graph is generated using the plotly library (https://plotly.com/), with
the X-axis representing the sample speed and the Y-axis showing the RPKM values. The
graph calculates the average RPKM across all samples, as well as the standard deviation.

6. Results and discussion

The results page provides two distinct visualization views. The table (Figure 2) presents
the data in the same structure as stored in the database. Its primary objective is to offer
a detailed view per sample, enabling a comprehensive understanding of RPKM results
for each tested sample. This granular perspective is essential for a thorough analysis of
specific gene expressions in different morphokinetic groups.

Figure 2. Table in results page when filtered 2Cells (embryo) and feature_id A1CF.

TranscriptomicsSeqDB

Home | Search | References | Help
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The results of the search of the considered gene are:
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A1CF 26 A1CF
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The graph is located below the table and provides an analysis view categorized by
type (slow or fast). This allows for a straightforward comparative analysis. As previously
mentioned, the graph calculates the average RPKM for all groups, as well as the standard
deviation. Users have the option to download the graph in PNG format, and the image
is interactive, enabling zooming in or out. Additionally, users can view the values of the
mean and standard deviation for each type of sample (Figure 3). This interactive and
visual representation facilitates a comprehensive understanding of the variation in gene
expression between different morphokinetic groups.

6.1. Data analysis

The database that feeds the web platform contains a total of 24,615 records in the gene
table. Among these, 21,454 (87%) are protein-coding genes, while the remaining 13%
are non-coding genes. Out of the total, 21,308 genes (87%) have a record of their human
ortholog. Regarding their location, there is a proportional distribution of genes across
all chromosomes. In the sample table, there are 344,610 records. These records are
divided in such a way that 196,920 (57%) are related to tests performed on blastocysts,
and 147,690 (43%) on embryos (2Cells). For blastocysts, sequencing was carried out
on samples treated with substances to increase and decrease metabolic speed, as well as
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Figure 3. Graph in results page when filtered 2Cells (embryo) and feature_id
A1CF.
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samples without any substances. For the rapid and slow speed groups, three tests were
conducted, resulting in 73,845 records each (with all 24,615 genes sequenced in each
test). For the group without any substances (in vivo), two tests were performed, resulting
in a total of 49,230 records. For embryos (2Cells), tests were conducted to increase and
decrease the metabolic speed. Three tests were performed for each group, resulting in a
total of 73,845 records per group.

7. Conclusions

TranscriptomicsDB emerges as a valuable resource tailored to meet the specific demands
of the laboratory’s RNA-Seq experiments conducted at the Laboratory of Embryonic
Metabolism and Epigenetics, UFABC. Its primary focus is to facilitate comparative anal-
ysis of gene expression by providing a user-friendly platform to explore and compare
results of total reads and RPKM across diverse samples and experimental groups. Tran-
scriptomicsDB’s intuitive web interface empowers researchers to efficiently navigate vast
amounts of data, gaining valuable insights into gene expression patterns within different
morphokinetic groups. The platform’s objective visualizations further enhance the anal-
ysis, enabling users to discern trends and patterns effectively. However, as we expand
TranscriptomicsDB to create an invaluable repository for bovine embryonic cell RNA-
Seq data, the database is currently unavailable for public access. At this moment, it is
functioning locally only for testing purposes. In parallel, we are diligently working to
address its shortcomings and improve usability. By incorporating provenance informa-
tion and conducting comparisons with other databases, we are committed to ensuring that
TranscriptomicsDB becomes a vital tool for advancing research in the field of bovine em-
bryonic cell analysis. By offering a centralized repository for standardized and organized
gene expression data, TranscriptomicsDB streamlines the research process, allowing re-
searchers to focus more on interpreting the results and generating meaningful conclusions.
Overall, this database and its associated web platform play a pivotal role in advancing the
understanding of embryonic metabolism and epigenetics, empowering researchers in their
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quest for innovative discoveries in bovine biology.
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