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ABSTRACT

Background

SARS-CoV-2 is the virus that causes the disease, COVID-19. As we know, COVID-19 has
caused many deaths and changed the world as we know it. According to worldometers.info, Sars
Cov2 killed 7,010,681 people and diagnosed 704,753,890 people. How did the virus replicate so
fast?

Purpose

The purpose of this study was to identify genes that are differentially expressed and potentially
linked to the rapid replication of SARS-CoV-2.

Methods

In this study, we utilized a variety of bioinformatics tools and databases to identify differentially
expressed genes (DEGs) and their potential functional and biological pathways. We used NCBI -
GEO2R and ShinyGO bioinformatics tools. Specifically we studied the microarray GEO Dataset
GSE268196 to identify and analyze genes that are expressed differently between infected and
uninfected samples using NCBI’s GEO2R bioinformatics tool. Then to predict the functions or
associations of these genes, we used the ShinyGO bioinformatics tool to conduct Gene Ontology
(GO) enrichment analysis. Furthermore, we performed KEGG enrichment analysis to determine
the biological pathways in which these DEGs are involved and their potential contribution to the
rapid replication of SARS-CoV-2.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE268196


Results

GEO2R bioinformatics analysis showed that various genes were differentially expressed
between infected samples and uninfected samples, and the top 39 differentially expressed genes
(DEGs) were identified using statistics. Further analysis of the top 39 differentially expressed
genes showed that these genes are mostly enriched in several pathways related to inflammation,
including mitogen-activated protein (MAP) kinase (MARK), ERK1/2 Mitogen-activated proteins
and protein kinase during infection with SARS-CoV-2.

Conclusion

This study reveals the involvement of several proteins and pathways related to inflammation;
mitogen-activated protein kinase (MAPK) during infection with SARS-CoV-2. Because
COVID-19 often leads to uncontrolled inflammatory responses such as MAPK pathways, the
pathways and proteins found to be enriched in our study can potentially be used in future studies
to provide customized anti-inflammatory treatment to COVID-19 patients alongside the regular
early use of antiviral drugs.
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INTRODUCTION

The virus that causes COVID-19 called severe acute respiratory syndrome coronavirus
(SARS-CoV-2) has caused many deaths and changed the world as we know it (Hu et al, 2021).
SARS-CoV-2 can be caught from the air, physical contact, and through spit (Hu et al, 2021).
According to worldometers.info, Sars Cov2 killed 7,010,681 people and diagnosed 704,753,890
people. How did the virus replicate so fast?

The problem this research is addressing is the question; why does SARS-CoV-2 replicate so fast
and what genes are differentially expressed during infection with SARS-CoV-2 virus? In order
for viruses to infect an organism and spread, they need to replicate (V’kovski, P et al, 2021).
Therefore, one way to successfully find a cure or medicine to treat viral infections is by
understanding why viruses replicate.

SARS-CoV-2 replicates in the lungs and results in various clinical outcomes, ranging from cases
with no symptoms, to individuals nearing death (Wiersinga et al., 2020).
Specifically SARS-CoV-2 infections can develop into very serious lung injuries, inflammation
and even death (V’kovski, P et al, 2021, Cusato et al, 2023). In severe cases, an excessively
active immune response leads to harmful inflammation. This inflammation affects various tissues
and cell types, including those not infected by the virus, and resembles the inflammation
observed in certain autoimmune diseases (Zhang et al, 2024).

The tragic COVID-19 pandemic led many researchers to carry out replication studies on
SARS-CoV-2. For a virus to replicate successfully and cause disease in an organism, six main
steps are involved. First the virus attaches to the organism or host, then it penetrates the



organisms or host. Following penetration into the organism, it removes its outer protein structure
(uncoats) and then it replicates to spread inside the organism. Following replication, the virus
assembles itself and then releases its genetic material or virion inside the organism to cause
disease (V’Kovski Pet al 2021). According to previous studies, during infection with
SARS-CoV-2, over 300 human proteins have been found to interact with SARS-CoV-2.
Researchers have hypothesized that if these interactions between human and viral proteins were
blocked, the replication of the virus can be stopped and this can stop the virus from being passed
on from one person to another to cause the pandemic (V’kovski, P et al, 2021).

Therefore, the goal of this study is to identify genes that are expressed differently (DEGs) during
infection with SARS-CoV-2 and the potential functions and biological pathways that may
explain how SARS-Cov-2 replicates so fast. We hypothesized that the SARS-CoV-2 virus
replicates by taking over the host's gene expression machinery and upregulating genes related to
replication.To address the hypothesis, this research used different bioinformatics tools and
databases to find the genes in SARS-CoV-2 that could be targets for antiviral medicine against
COVID-19. Specifically, this study used NCBI’s GEO2R bioinformatics tool and database
(https://www.ncbi.nlm.nih.gov/geo/geo2r/) to find a dataset that contained SARS-Cov-2 gene
expression data, and gene enrichment bioinformatics tools to determine gene functions and
biological pathways associated with the identified genes.

The research is important because the genes and or biological pathways identified in this
research can then be used by scientists to potentially develop additional antiviral medication or
vaccines that can stop the virus from replicating and thus stop it from spreading.

https://www.ncbi.nlm.nih.gov/geo/geo2r/


METHODS

We used bioinformatics tools, NCBI’s GEO (https://www.ncbi.nlm.nih.gov/geo/geo2r/) and
ShinyGO (http://bioinformatics.sdstate.edu/go/). GEO was used to identify genes that are
expressed differently between infected samples and control samples. Then to analyze the

different genes further, ShinyGo bioinformatics tool
(http://bioinformatics.sdstate.edu/go/) was used. The methodology
used in this study is summarized in Figure 1.

Identification of differentially expressed genes

To identify which genes are differentially expressed during
SARS-CoV-2 infection, GEO2R within the NCBI Bioinformatics
database was used. Specifically, the GEO Dataset: GSE268196 was
used. In this dataset, the scientists took lung cell samples from
monkeys infected with Sars Cov2 on days 0, 3, 7, 14, and around a
month after infection. They have 71 samples in total. These samples
are divided into three groups: ALFNg (22 samples), ALL10 (24
samples), and control (24 samples). From this study, we selected a top
39 DEGs from the GEO2R bioinformatics analysis
(https://www.ncbi.nlm.nih.gov/geo/geo2r/) based on p value (p < 0.05).
The pre-programmed AI and ML algorithm with R programming
language was used to generate results for our study (supplementary
results: R Script used to generate GEO2R Results)

Determination of gene functions and biological pathways associated
with the genes

The 39 DEGs were further analyzed for their functional enrichment to
determine which biological functions or pathways they were mostly
associated with or enriched in. This functional enrichment analysis was
conducted using the ShinyGo bioinformatics tool
(http://bioinformatics.sdstate.edu/go/).

Figure 1: Flowchart. This flowchart summarizes the workflow of the
methods used in this research study.

https://www.ncbi.nlm.nih.gov/geo/geo2r/
http://bioinformatics.sdstate.edu/go/
http://bioinformatics.sdstate.edu/go/
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE268196
https://www.ncbi.nlm.nih.gov/geo/geo2r/
https://docs.google.com/document/d/1vPGHEnSqOwB_eGPyPlUDZT7wUtw3x2AL1kKKG8tUQ0A/edit
http://bioinformatics.sdstate.edu/go/


RESULTS

We downloaded the gene expression profile of GSE268196 from the GEO database and used the
GEO2R interface connecting the R programming language with the Gene Expression Omnibus
(GEO) database to generate our results (Figure 2). We got the graphs by categorizing and
analyzing the gene expression profile in the previous study dataset GSE268196. The
pre-programmed R Script that generated results in this study is included in the supplementary
results: R Script used to generate GEO2R Results.

The GEO2R analysis of the genes expressed differently (DEGs) in the control and infected
samples produced several results including a volcano plot and venn diagram as shown in Figure
2 (A, B, C and D). DEGs are genes that show big changes in their activity or gene expression
levels under different conditions (Anjum et al., 2016). These conditions can be different tissues,
treatments, diseases, stages of development, or environmental factors (Anjum et al., 2016). In
Figure 2 the black dots represent the genes that are not expressed differently. Adding on to that,
the red dots show genes that are up regulated, and blue represents genes that are down regulated.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE268196
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE268196
https://docs.google.com/document/d/1vPGHEnSqOwB_eGPyPlUDZT7wUtw3x2AL1kKKG8tUQ0A/edit
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Figure 2: Genes differentially expressed between control samples and samples infected with
the virus in Rhesus monkey.Monkeys infected with Sars Cov2 were divided into 3 groups:
ALF, ALL, and control (no infection). 2A) ALF vs CONTROL. 2B) ALLvsCONTROL - 2C)
ALL vs ALF-ALL and ALF. 2D) Venn diagram shows the total number of differentially
expressed genes (DEGs) when comparing the different combinations of infected monkey
samples and controls (not infected). A total of 233 DEGs were found in the ALF vs
CONTROL sample groups, and 5 in the ALL vs CONTROL sample groups. While there were
zero DEGs in the ALF vs ALL sample groups.

In summary, figure 2 shows that some genes were indeed expressed differently between the
samples and the controls as shown by the red and blue dots (genes) and the numbers in the venn
diagram.

Further Analysis of DEGs to determine Functions or Pathways the DEGs are Enriched in



The number of DEGs obtained in Figure 2 were then narrowed down by identifying the top 39
DEGs using the statistic, P-value (Top 39 DEGs). DEGs are genes that show big changes in their
activity levels under different conditions (Anjum et al., 2016). These conditions can be different
tissues, treatments, diseases, stages of development, or environmental factors (Anjum et al.,
2016). In this study, a gene's activity was considered important if the P-value was less than 0.05.
From these, the top 39 were chosen for further analysis using ShinyGo bioinformatics tool
(http://bioinformatics.sdstate.edu/go/).

ShinyGo showed results of what pathways the DEGs were enriched in (Figure 3), the
relationship between significantly enriched pathways (Figure 4) and correlation among
significant pathways (Figure 5). Results show that the top DEG are mostly associated with or
enriched in the pathways, mitogen-activated protein (MAP) kinase, ERK1/2 and
Mitogen-activated protein (fold enrichment about 450).

Figure 3-Chart-network enrichment of top DEGs: This fold enrichment chart shows that the
top DEG are mostly associated with or enriched in the pathways, mitogen-activated protein
(MAP) kinase, ERK1/2 and Mitogen-activated protein (fold enrichment about 450).

Further, these enriched pathways showed connections with each other. Specifically, the
pathways mitogen-activated protein (MAP) kinase phosphatase and Mitogen-activated protein
Kinase, Transferase, and Protein Kinase were significantly enriched and connected with each
other by sharing 20% or more genes (Figure 4).

https://docs.google.com/spreadsheets/d/11oynhCCzpHBFSGeTalGbFsrwza9uE3lyvIOFIqHAYfg/edit?usp=sharing
http://bioinformatics.sdstate.edu/go/


Figure 4: Relationship between enriched pathways. The significantly enriched pathways that
are connected and share 20% or more genes are mitogen-activated protein (MAP) kinase
phosphatase and Mitogen-activated protein, Kinase, Transferase, and Protein Kinase.Two
pathways (nodes) are connected if they share 20% (default) or more genes. Darker nodes are
more significantly enriched gene sets. Bigger nodes represent larger gene sets. Thicker edges
represent more overlapped genes.



Although ShinyGo was not able to display or specify any genes in the results, further correlation
among significant pathways (Figure 5) shown in a Hierarchical clustering tree of clustered
pathways indicate that the pathways have many shared genes.

Figure 5-Hierarchical clustering tree: Summary of the correlation among significant pathways
listed. Pathways with many shared genes are clustered together. Bigger dots indicate more
significant P-values. Clustered together are pathways related to protein kinase, JAK-STAT
signaling pathway, and interleukin, Mixed including Toll-lke receptor signaling pathway and
Cytokinin-cytokinin receptor interaction, STAT protein, all alpha domain.

Overall, Table 1 summarizes the results from the enrichment pathways of the top 39 DEGs
(Figure 3), the relationship between significantly enriched pathways (Figure 4) and correlation
among significant pathways (Figure 5).



Table 1. Summary of significantly enriched pathways and their correlation with each other.

Pathways Significantly Enriched Function and Potential link to
SARS-2-Cov-2

mitogen-activated protein kinase MAPK MAPK sends the intracellular signals in the
body. Sars Cov2 or Covid19 links to MAPK
because when someone is infected with
Covid19 the MAPK is activated in their
inflammatory system.

Mitogen-activated protein Sends intracellular signals throughout the
body. Sends the signals when someone has
covid.

ERK1/2 Regulates stimulated cellular processes.
When the MAPK is activated when someone
is infected with SARS Cov2, the ERK1/2 is
also triggered in the process.

Interleukin17 Interleukin17 activates and mobilizes the cell.
When there is a higher Interleukin level the
chance of catching Covid19 is higher.

JAK STAT signaling pathway Binds DNA and allows the transcription of
genes. This is linked to Covid 19 because it
amplifies the pathological effects of Covid 19.

DISCUSSION

The purpose of the research was to find out why viruses spread or replicate so quickly. The
scientific question being investigated was why the SARS-Cov-2 virus replicated so fast, and how
they do so in relation to the genes that are expressed during infection. SARS-CoV-2 replicates
virally through the lungs and leads to different clinical outcomes. This can include people who
are asymptomatic, to people who are near death (W. Joost Wiersinga p et al 2020). Inflammation
of the lungs happens during severe infection (Duan et al, 2024). And as we know, COVID-19
was one of the biggest pandemics that humans ever faced.

A previous study showed results that suggested that early-stage COVID-19 should be treated by
trying to stop the virus from replicating, while later-stage therapy should focus on reducing
inflammation (Duan et al, 2024). This study provided new information into why SARS-CoV-2
initially causes mild symptoms but can become potentially deadly for some patients about a
week after infection. The researchers demonstrated that different stages of illness are linked to
the virus behaving differently in two distinct groups of cells (Duan et al, 2024 ). The team



discovered that when SARS-CoV-2 infects lung lining cells initially, two viral proteins operate
within these cells. One protein activates the immune system, while another paradoxically blocks
this activation, leading to minimal inflammation (Duan et al, 2024). Additionally, the virus can
use a different pathway to enter immune cells. This pathway limits viral replication and prevents
the production of the immune signal-blocking protein. As a result, the first protein can trigger
excessive inflammation associated with severe symptoms (Duan et al, 2024).

Therefore, to find out what genes are differentially expressed and linked to the rapid replication
of SARS-CoV-2, we went to various bioinformatics databases and tools to collect data and
conducted the bioinformatics research (Figure 1). Our goal was to go a step further and
potentially identify genes that are differentially expressed and linked to the rapid replication
spreading of SARS-CoV-2.

The bioinformatics database used in this study was GSE268196 where researchers originally
collected preserved lung cells from rhesus macaques (monkeys) infected with SARS-CoV-2 on
days 0, 3, 7, 14, and 28-35 after infection. They had 71 samples in total, divided into three
groups: aIFNg (22 samples), aIL10 (24 samples), and control (24 samples)
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE268196). These scientists' results
suggested that SARS-CoV-2 might spread more easily in lungs with less immune activity and
that recent lung inflammation can affect the severity of COVID-19 across different people.

However in our bioinformatics study, we did not see any of our top DEGs enriched in immunity.
Instead, our results showed that the top DEGs were significantly enriched in the biological
pathways related to inflammation; mitogen-activated protein (MAP) kinase (MAPK)
phosphatase and Mitogen-activated protein. Kinase, Transferase(no previous study that links to
Sars Cov2), and Protein Kinase (Figures 3, 4 and 5). This is similar to a previous study by who
found that MAPK-related biomarker levels were higher in participants who tested positive for
SARS-CoV-2 (89 people) compared to those who tested negative (29 people) (Cusato et al,
2023). The researchers therefore suggested that MAPK-related biomarkers might influence
COVID-19 symptoms and could help identify people with COVID-19 who are at risk for
inflammation complications.

In addition, the presence of these MAPK enriched inflammation-related pathways in our results
is supported by a previous study that showed that SARS-CoV-2 can infect key immune cells,
triggering strong inflammatory signals (Junqueira et al, 2022). The researchers examined fresh
blood samples from COVID-19 patients at Massachusetts General Hospital's emergency
department. They compared these samples with those from healthy people and patients with
other respiratory conditions. They also studied lung tissue from autopsies of people who died
from COVID-19 (Junqueira et al, 2022). The team discovered that SARS-CoV-2 can infect two
types of immune cells that act as early responders to infection: monocytes in the blood and
macrophages in the lungs. When these cells become infected, they die a fiery death called
pyroptosis. As they die, they release a burst of powerful inflammatory alarm signals (Junqueira
et al, 2022).

Therefore, the results in our study can be used to further analyze the potential use of these
inflammation MAPK-related proteins and pathways as anti-inflammatory medication for

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE268196
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE268196


COVID-19 patients.

Limitations

Because our research used data from experiments done by other researchers, one limitation is
that the enriched pathways we found in this study will need to be studied more in the laboratory
or in a clinical setting before anti-inflammatory medication can be potentially developed in
future studies.

Conclusion

The goal of the research was to identify genes that are expressed differently and how they can
help explain why SARS-CoV-2 viruses replicate so quickly. Before the research was started, the
hypothesis was that the SARS-CoV-2 virus replicates by taking over the host's gene expression
machinery and upregulating genes related to replication. However, our study shows that instead,
the genes that were differentially expressed in hosts infected with SARS-CoV-2, were more
associated with proteins and pathways related to inflammation, including the mitogen-activated
protein kinase (MAPK) pathway. When a person is infected with the SARS COV2 virus, their
inflammatory system is impacted. When this happens the MAPK sends a signal to the rest of the
body. Since COVID-19 often causes uncontrolled inflammatory responses through pathways like
MAPK, these proteins and pathways shown in our study could be targeted in future studies to
provide customized anti-inflammatory treatments for COVID-19 patients, in addition to the
regular early use of antiviral drugs.

Supplementary Results

R Script used to generate GEO2R Results
Top 39 DEGs
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