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ABSTRACT

This research is addressing the problem with most COVID-19 vaccines. The problem with most
COVID-19 vaccines is that after the patient gets the vaccine, their chances of getting a heart
condition called myocarditis (the inflammation of the heart) is higher. The goal of this research is
to understand the effects of COVID-19 on the heart through myocarditis as well as creating a
vaccine which will not only be effective like the COVID-19 vaccine right now but also a much
lower risk of myocarditis. There are many different ways to create vaccines, however, one of the
most common ways is when the pathogen is isolated and grown until it loses its effectiveness in
causing diseases. The weakest pathogens are then selected to put into the vaccine. Different
bioinformatics tools and databases were used to collect, perform bioinformatics research
experiments, analyze and interpret results. Using NCBI and GEO2R bioinformatics tool and
database, we found 30 differentially expressed genes (DEGs) in the dataset GSE235433 with 15
genes being upregulated and 15 genes downregulated. The GO and KEGG pathway analysis
showed that the upregulated DEGs were mainly involved in the signal transductor. From the
DEGs we identified key genes with DAVID. The key DEGs were mainly related to 3 gene
ontology terms.

INTRODUCTION

SARS-CoV-2 is a virus which causes the disease COVID-19. COVID-19 is very dangerous to
the heart as it increases the chances of myocarditis substantially. Myocarditis is the inflammation
of the heart and it can cause complications such as a heart attack, heart failure, and stroke



(Myocarditis: Symptoms and Causes; Lasica et al, 2023). Myocarditis is a serious disease with
high death and illness rates, especially in young people. A big challenge is that it is difficult to
diagnose myocarditis accurately and quickly because there are many different causes and related
diseases that can lead to it (Lasica et al, 2023).

Myocarditis is usually caused by an infection, but it can also result from drug hypersensitivity,
radiation, metabolic disorders, collagen diseases, sarcoidosis, Kawasaki disease, and exposure to
excessive heat or chemicals (Lasica et al, 2023).

It is difficult to know exactly how common myocarditis is because many people with the
condition aren't diagnosed. However, it's estimated that between 10.2 and 105.6 out of every
100,000 people worldwide have it, with about 1.8 million new cases each year (Lasica et al,
2023).

During the COVID-19 pandemic, up to 28% of patients experienced heart damage, shown by
increased levels of a heart-specific protein called troponin (Guo et al, 2020). A study found that
54% of patients who had COVID-19 showed signs of myocarditis (heart inflammation) on a
cardiac MRI (Altay, 2022).

The scientific question being investigated in this research study is how SARS-CoV-2 is causing
myocarditis in terms of gene expression and what can we do to prevent this from causing life
threatening complications?

Almost everyone knows about COVID-19, however, most people only know about its effects on
the lungs and the respiratory system (Galiatsatos et al., 2022), the effects COVID-19 has on the
heart can be even more life threatening (Liu et al., 2020). The goal is to find how COVID-19
affects the heart and the effects of SARS-CoV-2 on the chances of myocarditis.

It is hypothesized that genes related to the heart will be differentially expressed in samples with
the COVID-19 infection compared to samples without the infection. Therefore, the goals of this
research are to first identify genes that are differentially expressed between samples that are
COVID-19 infected and healthy samples. Then to identify genes related to the heart that
resulting from SARS-CoV-2 that can be used to potentially create vaccines which do not cause
an increase in the chances of myocarditis.

Throughout this study, many tools were used such as GEO
(https://www.ncbi.nlm.nih.gov/gds/?term=), GEO2R, NCBI, and DAVID
(https://david.ncifcrf.gov/tools.jsp). This research is important because using these DEGs and the
analysis of them through Gene Ontology, we can create a vaccine to help protect people from
COVID-19 as well as reduce the chances of myocarditis.

https://my.clevelandclinic.org/health/diseases/22129-myocarditis


MATERIALS AND METHODS

Using NCBI to attain biological datasets:

The National Center for Biotechnology Information (NCBI) is the home to many biological
datasets (https://www.ncbi.nlm.nih.gov/). NCBI allows us to analyze these datasets that we
wouldn’t have been able to analyze before using its different features and tools
(https://www.ncbi.nlm.nih.gov/geo/geo2r/).

In this study, NCBI was used and filtered out only GEO datasets so that when the dataset was
found, the dataset would be able to be analyzed with GEO2R. Within GEO is the GEO2R that is
a no-coding bioinformatics platform with different datasets of experiments based on RNA and
genes (http://www.ncbi.nlm.nih.gov/geo/geo2r (Davis and Meltzer, 2007).

The GEO dataset we used was GSE235433. This dataset can be found on the NCBI website by
searching up the exact dataset ID in the search bar. (GSE235433 )

Analyzing the Dataset with GEO2R and DAVID:

Once I found the dataset that pertained to my research topic, I then split the dataset into 9
different groups after which I clicked analyze with GEO2R. After analyzing the dataset with
GEO2R, I was able to obtain differentially expressed genes (DEGs) and many graphs.

To select the top differentially expressed genes (DEGs),statistics were used via p value and log2
| fold change (FC) |. The P-value < 0.05 was considered to have statistical significance and to
achieve significant differentially expressed genes. Log FC was used by selecting genes with a
positive log FC and negative FC values (Supplementary Data: Gene IDs Differentially Expressed
Genes ).

Identifying functions and biological pathways where genes are enriched using DAVID:

In order to predict and determine functions of genes and to identify where in the biological
pathway certain genes are involved in, Gene Ontology (GO) functional terms (Ashburner et al,
2000) and KEGG databases are used (Kanehisa et al., 2012). Specifically, the GO terms for gene
functions include biological process (BP), cellular component (CC), and molecular function
(MF) ((Ashburner et al., 2000).

https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/geo/geo2r/
http://www.ncbi.nlm.nih.gov/geo/geo2r
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE235433
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE235433
https://docs.google.com/spreadsheets/d/1iJGIE9tF9-rpupK-jgJbLEZAAYvwFRnNYxkt0ktbfx4/edit?gid=0#gid=0
https://docs.google.com/spreadsheets/d/1iJGIE9tF9-rpupK-jgJbLEZAAYvwFRnNYxkt0ktbfx4/edit?gid=0#gid=0
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.01093/full#B26
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.01093/full#B4


In this research study, I selected the top DEGs and analyzed them with the Database for
Annotation, Visualization and Integrated Discovery (DAVID) bioinformatics database
(https://david.ncifcrf.gov/) (Huang da et al., 2009) to perform the gene ontology and KEGG
Pathway enrichment analysis (Kanehisa et al., 2012).

The main flow of steps in this research work is shown in the chart below. First, the research topic
was found. Next, the geodataset related to the topic of research was found and then the data was
analyzed with GEO2R. Then, based on the p-values specific DEGs were worked with and then
DAVID was used to find the highly enriched terms through GO enrichment analysis.

https://david.ncifcrf.gov/
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.01093/full#B20
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.01093/full#B26


Figure 1: Summary of steps used in this research work. Overview of the steps and methods
used in this bioinformatics research work.

RESULTS

GEO2R Analysis:

When finding the DEGs that would like to be worked with, only the top DEGs that are
statistically significant are selected. To do this, the top 15 upregulated (high enrichment) and top
15 down regulated (low enrichment) DEGs must be determined based on their p-values and log2
Fold change (Supplementary results: Gene IDs ). These gene IDs and p-values are obtained from
the GEO2R analysis of the GEO dataset that is being worked with (GSE235433 ). After the
GEO2R analysis is performed, graphs are created based on how the data is grouped.

Figure 2a): The upregulated and downregulated genes in the infected timepoint 2 vs the infected
timepoint 8 for the virus SARS-CoV-2. The blue dots represent the down regulated genes, while
the red dots represent the up regulated genes. The black dots, however, represent genes that do
not show any differences in expression between the control and infected samples.

https://docs.google.com/spreadsheets/d/1iJGIE9tF9-rpupK-jgJbLEZAAYvwFRnNYxkt0ktbfx4/edit?usp=sharing
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE235433


Figure 2b: UMAP Scatter plot containing genes of all 9 different groups. The closer each
gene is to another, the more they are associated with each other.

Gene Ontology Enrichment Analysis:

The top 30 DEGs were found by selecting DEGs with less than 0.05 as the p-value and the top
15 DEGs with a positive LogFC value and top 15 DEGs with a negative LogFC value
(Supplementary Results: Gene IDs ). Using these 30 top DEGs, the gene IDs of these DEGs can
be pasted into DAVID (https://david.ncifcrf.gov/tools.jsp ) and then the gene ontology can be
observed and it can be seen which terms are more enriched and which aren’t. Gene Ontology
helps describe the biological domain as well as combine the gene and gene product attributes.

https://docs.google.com/spreadsheets/d/1iJGIE9tF9-rpupK-jgJbLEZAAYvwFRnNYxkt0ktbfx4/edit?usp=sharing
https://david.ncifcrf.gov/tools.jsp


Figure 3a: The ancestry of the signal transduction GO term. The legend on the right of the
chart shows what each arrow means and how each arrow relates to the flow of the ancestry chart.
This chart shows the enrichment of the signal transduction term. The signal transduction is the
pathway in which the COVID-19 virus travels through the cell (Rex et al., 2021).



Figure 3b: The ancestry of the plasma membrane GO term. The legend on the right of the
chart shows what each arrow represents and how each arrow relates to the origin of each part of
the ancestry chart. This chart shows the enrichment of the plasma membrane term. The plasma
membrane is involved with COVID-19 when COVID-19 stays along the plasma membrane the
receptor molecules and fusion proteins bind together on the plasma membrane (Cohen et al.,
2015).



Figure 3c: The ancestry of the cytoplasm GO term. The legend on the right of the chart shows
what each arrow represents and how each arrow relates to the flow of the ancestry chart. This
chart shows the enrichment of the cytoplasm term. The cytoplasm is involved with COVID-19
when the COVID-19 cell replicates in the cytoplasm (Chen et al., 2022).

KEGG Pathway Enrichment Analysis:

The process for KEGG Pathway enrichment analysis is similar to the process for Gene Ontology
enrichment analysis. The top DEGs are pasted into DAVID, and the KEGG Pathway can be
observed and it can be seen which terms relate to the terms that are highly enriched in gene
ontology and which terms don’t relate to them. The results showed that when analyzing any
biological pathways with KEGG none of these DEGs showed significance involving the KEGG
Pathway. There were no chart records of the KEGG Pathway involved with these DEGs.



Table 1) Summary of gene ontology terms that were highly enriched in the DEGs

Gene functions which were highly
enriched

Specific gene ontology term

Signal Transduction Biological Process

Plasma Membrane Cellular Component

Cytoplasm Cellular Component

The chart shown above shows the gene ontology terms that were highly enriched by performing
the gene ontology enrichment analysis. Gene Ontology helps describe the biological domain as
well as combine the gene and gene product attributes.

DISCUSSION

The main goal of this study was to identify and determine which differentially expressed genes in
COVID-19 may be involved in the increased chances of myocarditis that the virus causes. To
identify genes that are expressed, we used the Gene Expression Omnibus Bioinformatics
database that is based on the R Programming language (https://www.ncbi.nlm.nih.gov/geo/).
Then to identify the GO terms biological functions of the differentially expressed genes and to
put these genes into corresponding biological pathways from the KEGG bioinformatics database,
the Database for Annotation, Visualization and Integrated Discovery (DAVID) bioinformatics
database (https://david.ncifcrf.gov/) was used (Huang da et al., 2009).

The results from performing the GEO2R analysis and selecting specific DEGs based on their
p-values shows that these DEGs are highly associated with COVID-19 and its effects of causing
an increase in chances of myocarditis. Using these DEGs, when we perform the gene ontology
this process shows us that the terms signal transductor, plasma membrane, and cytoplasm are
highly enriched which leads us to understand that COVID-19 associates with these terms the
most (Figure 3). The gene ontology process also shows that of all the GO (gene ontology) terms,
the cellular component is associated the most as it has more enriched terms and higher enriched
terms (Table 1). This means that in terms of how these results relate to our research question,
COVID-19’s association with the cellular component is one of the main causes of the increased
chances of myocarditis.

This study’s results are similar to others such as this article from NCBI (Heidecker et al., 2022).
As said in the article most patients have an increased chance of myocarditis after getting the
vaccine, which is what we are trying to overcome as we are performing this research in an
attempt to decrease those chances of myocarditis with a similarly effective vaccine.

https://www.ncbi.nlm.nih.gov/geo/
https://david.ncifcrf.gov/
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.01093/full#B20


The results produced by this research have great significance in developing a better vaccine for
COVID-19. As of now, the COVID-19 virus has multiple vaccines, however, with most of these
vaccines comes a higher chance of getting myocarditis (Heidecker et al., 2022). Using these
results, however, the current COVID-19 vaccines have a possibility of working effectively along
with the advantage of having a lower chance of getting myocarditis.

One limitation this research faced, however, was that all the genes that were used as a part of this
research were part of bioinformatics datasets from other research, therefore, before creating a
vaccine that reduces the chances of myocarditis, all the gene ontology terms identified must be
studied in a laboratory or clinical setting.

The identified gene ontology terms can be tested in the laboratory by scientists in the laboratory
or clinical trials to determine if vaccines can be made for COVID-19 without the chances of
myocarditis being increased for future research.

Conclusion

In conclusion, throughout this study tools like NCBI (https://www.ncbi.nlm.nih.gov/) and
DAVID (https://david.ncifcrf.gov/tools.jsp) were used to study gene expression in samples that
are both infected and not infected by this virus. Through analysis with the GO bioinformatics
database on the 30 DEGs, the highly enriched or associated gene ontology (GO) terms of the
study were able to be understood. Results indicate that the signal transduction gene ontology
term is the pathway in which the COVID-19 virus travels through the cell. Further, the results
indicate that the plasma membrane is involved with COVID-19 when COVID-19 stays along the
plasma membrane the receptor molecules and fusion proteins bind together on the plasma
membrane. The cytoplasm is involved with COVID-19 when the COVID-19 cell replicates in the
cytoplasm. The goal of this research was to understand the effects of this virus (COVID-19) on
the heart through myocarditis and this study summarizes how COVID-19 potentially affects the
heart through myocarditis. With these results from Table 1, researchers can potentially develop a
vaccine that does not have the effects of an increased chance of myocarditis.

https://www.ncbi.nlm.nih.gov/
https://david.ncifcrf.gov/tools.jsp


SUPPLEMENTARY DATA

GEO2R Analysis R-script

Identified DEGs from GEO2R
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