UTILIZING A GENOMIC
DATABASE FOR IDENTIFYING
GENOMIC VARIATION FOR
SARS-CoV-2 RECEPTORS

by Universitas Ahmad Dahlan Yogyakarta 30

Character count: 28924



Jornal [lmiah Fefarmasian

. : Medical Sains : Jurnal Iimiah K efarmasi
Medical Sains “Vol.8 No.2, April - June 2023

htips:lojs.stfimuhammadiyaheirebon.ac.idlindex phpliojs 667

UTILIZING A GENOMIC DATABASE FOR IDENTIFYING
GENOMIC VARIATION FOR SARS-CoV-2 RECEPTORS

Melodia Rezadhini', Lalu Muhammad Irham?*, Anisa Nova Puspitaningrum?,
Arief Rahman Afief?, Wirawan Adikusuma®, Dyah Aryani Perwitasari’
!Agricultural Microbiology, Faculty of Agriculture, Universitas Gadjah Mada
Bulaksumur, Yogvakarta, Indonesia
2Faculty of Pharmacy, Universitas Ahmad Dahlan, Indonesia
JI. Prof. Dr. Soepomo, §.H, Warungboto, Umbulharjo, Yogyakarta, Indonesia
Faculty of Medical Science, Universitas Muhammadiyah Mataram, Indonesia
JI. KH. Ahmad Dahlan No .1, Pagesangan, Mataram, Nusa Tenggara Barat, Indonesia

*Email Corresponding: lalu.irham@pharm.uad.ac.id
Submitted: 1 April 2023 Revised: 6 May 2023 Accepted: 6 May 2023

ABSTRACT

Coronavirus disease 2019 (COVID-19) is a severe acute respiratory syndrome caused by the
coronavirus SARS-CoV-2. This disease progresses through different stages, and its common
symptoms include fever, malaise, dry cough, dyspnea, and pneumonia. Since its discovery in
Wuhan, Hubei, China, in December 2019, SARS-CoV-2 transmission has rapidly spread.
Unfortunately, the number of cases is increasing beyond expectations, making the spread of
confirmed COVID-19 cases easier. To detect specific symptoms in a large population, the
relationship between gene variants and patients with COVID-19 can be determined. The data
of COVID-19 variations can be obtained from the Ensembl Genome Browser. Herein, the gene
associated with 19 variants was selected according to the Haploreg 4.1 version. Additionally,
protein expression of missense genes variants using the GTEx portal to determine 2 selected
variants: rs200553089 encode the TLR7 gene and rs1061622 encode the TNFRSFIB gene,
respectively. The highest protein expression of the TLR7 gene is found in lymphocyte cells,
while TNFRSFI1B shows the highest expression in the whole blood system. According to the
data obtained from the Ensembl Genome Browser, the two most prevalent populations for
SNP rs19085059, which is associated with the GPHN gene, are in Africa and East Asia, while
SNP rs74956615, linked to the RAVERI gene, is most prevalent in East Asia. The allele
frequency for the TLR7 gene cannot be found in five countries, except in America.

Keywords: COVID-19, SARS-CoV-2, Single nucleotide polymorphism, Variants.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an illness that infects the human body. Its
first discovery was in Wuhan, Hubei, China, in December 2019 (Singhal, 2020), and it has
since spread worldwide. The rapid spread of the virus is caused by its ease of transmission
from animals to humans and between humans. Symptoms of this disease include fever,
malaise, dry cough, dyspnea, and a diagnosis of viral pneumonia (Liu et al., 2020). Ultimately,
the virus was identified through whole-genome sequencing as a novel coronavirus, the seventh
member of the coronavirus family that can infect humans (Liu ef al., 2020). Subsequently, the
World Health Organization (WHO) announced that the virus is the cause of infectious
diseases, namely COVID-19.

The transmission of SARS-CoV-2 has spread rapidly and caused a sudden increase in
the incidence of the disease in a population beyond normal expectations. The number of cases
in population density levels has reached 22 people/km2 (Sy ef al., 2021). Population density
is an important factor in the spread of COVID-19 (Ganasegeran ef al., 2021), as a high number
of people lead to easy infection spread and an increase in disease incidence. As of February 6.
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2020, there were 565 confirmed cases of COVID-19, with 25 deaths reported in 25 countries
(Wu et al., 2020). As of August 21 - September 3, 2020, cases increased in 50 countries, and
the highest number of cases was found in the United States (Noh & Danuser, 2021). Regarding
a gender comparison, a higher severity of the disease was found in men than in women. The
mortality rate in men infected with COVID-19 was 2.4 times higher than in women (Jin et al.,
2020).

The detection of specific symptoms and the level of spread in the highest population
of COVID-19 can be attempted by examining Deoxyribonucleic acid (DNA). These gene
variations are linked to the progression and pathogenesis of a disease. The search for these
gene variations is obtained by searching for Single Nucleotide Polymorphism (SNP) in
positive SARS-CoV-2 samples as genetic markers in predicting the spread and transmission
of COVID-19 (Harper ef al., 2021). Collecting gene variations or SNPs obtained from the
Ensembl Genome Browser is very useful for identifying SNP types that play a role in COVID-
19. This study used various databases to determine the highest gene expression of TLR7 and
TNFRSFIB in human tissue and the highest population spread of specific SNP variants in
various regions around the world (Huang et al., 2014). These functional applications in the
future can be applied to the handling and risk of SARS-CoV-2 infection spread to COVID-19
in multiple continents.

METHODS
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Figure 1. Genomic Database Workflow for Identifying Potential SNP Biomarkers for
COVID-19 [Copyright Licence; X1240DRG2W)]
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Variants of SNP in COVID-19 can be identified by searching SNP databases through
the Ensembl Genome Browser (https://www.ensembl.org/index.html). This search resulted in
data on 18 different SNP variants. Access to other aspects of each of the 18 variants is
necessary, such as position, allele or nitrogen base changes, and the number of allele or
nitrogen base changes in various populations around the world, including Europe, Africa,
America, East Asia, Southeast Asia, Han China, and Japan. This information can also be
accessed from the same database, the Ensembl Genome Browser. To determine the gene and
its location for each COVID-19 SNP variant, a search was conducted using the HaploReg v4.1
database  (https://pubs.broadinstitute .org/mammals/haploreg/haploreg.php) to identify
variants encoded the gene. The gene and location data obtained from the 18 COVID-19
variants were used to identify gene expression in missense regions, which atfect changes in
single amino acids (Petrosino et al., 2021). Among the 18 variants, two variants with genes
that experienced missense were identified, namely rs200553089 encoded the TLR7 gene and
rs1061622 encoded the TNFRSFIB gene. Furthermore, the TLR7 and TNFRSFIB gene
expressions were identified in various human tissue types by searching the GTEx portal
database (http://www.gtexportal.org/home/).

RESULT AND DISCUSSION

We retrieved 19 SNPs from the search results of COVID-19 in the Ensembl Genome
Browser to determine the allele frequencies of SNP variants in different populations. Among
these 19 SNPs, two missense variants were chosen for further analysis: rs200553089 with the
TLR7 gene and rs1061622 with the TNFRSFIB gene. Subsequently, we investigated the
expression of the TLR7 and TNFRSFIB genes in the human body.
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Figure 2. Expression of TLR7 Gene in Human Body Tissues.

The expression of the TLR7 gene in human tissues is highest in lymphocytes, spleen,
bone marrow, small intestine or ileum, midbrain, the entire circulatory system, lungs, the
nervous system, hypothalamus, and subcutaneous adipose tissue. This high expression
corresponds to its role in recognizing and responding to ssRNA viruses, including SARS-CoV-
2, which infects human cells. Based on gender, TLR7 gene expression is higher in males than
in females, which is consistent with the higher number of SARS-CoV-2 infections in males
compared to females.

Toll-Like Receptor 7 (TLR7) is a Pattern Recognition Receptor (PRR) located on the
X chromosome locus Xp22.2, responsible for recognizing ssRNA viruses like SARS-CoV-2
(Celhar er al., 2019). The missense gene TLR7 plays a crucial role in immunity and the
regulation of the interferon pathway. TLR7 is expressed on the endosome membrane of
plasmacytoid dendritic cells (pDCs), the main producers of type I interferon (IFN-I) (Asano
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et al., 2021), as well as on B cells in monocytes/macrophages (Sindhu et al., 2015). In
macrophages, TLR7 can stimulate the production of pro-inflammatory cytokines. TLR7 also
recognizes ssRNA from viruses and bacteria in humans and responds to RNA-associated
autoantigens, making it a potential factor in recognizing coronaviruses.

Regarding ssRNA recognition, TLR7 activates the MyD88-dependent pathway, which
triggers the activation of nuclear factor kappa Beta (NFxB) and the type 1 interferon (IFN-I)
pathways in pDCs (Spiering & Vries, 2021). Additionally, the TLR7 pathway induces a
response of type 2 interferon (IFN-2) in COVID-19 (van der Made er al., 2020). This process
is associated with the CXorf21 gene product, which is a gene on the X chromosome that
encodes the TLR associated with the endolysosomal SLC15A4 (TASL) protein. This process
can also stimulate the migration of interferon regulatory factor 5 (/RFS5) and interferon
regulatory factor 7 (IRF7) (Spiering & Vries, 2021).

TLR7 gene expression has been observed in various human tissues, including the
kidney (Asano et al., 2021), adipose tissue (Sindhu et al., 2015), peripheral blood leukocytes
(PBL) with the highest expression, spleen tissue, intestine, brain, liver, ovary, prostate, lung,
small intestine, pancreas, placenta, testis, and thymus (Zarember & Godowski, 2002).
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Figure 3. Expression of the TNFRSF1B Gene in Human Body Tissues.

The TNFRSFIB gene shows its highest expression in various human body tissues,
including the entire circulatory system, spleen, subcutaneous adipose tissue, lymphocytes,
lungs, visceral adipose tissue, breasts, nerves, ileum of the small intestine, and cervix. This
high expression is closely associated with SARS-CoV-2 infection within the entire circulatory
system. Moreover, the expression of the TNFRSFIB gene is found to be higher in men
compared to women, which aligns with the higher incidence of COVID-19 observed in men.

The TNFRSFIB gene is a receptor gene that interacts with the TNF gene variant,
which has been identified in COVID-19 patient plasma levels (Fricke-Galindo er al., 2022).
Located on chromosome 1 at the locus 1p36.22, TNFRSFIB exhibits a high affinity for the
TNFSF2/TNF-alpha receptor (NCBI, 2022). In COVID-19 patients, the gene demonstrates
high expression in TNF receptor-associated factor 3 (TRAF3), which plays a role in
controlling the production of type [ interferon (IEN-1) (Zhou er al., 2021). TNFRSFIB interacts
with TNF-receptor 1, forming a hetero-complex with two anti-apoptotic proteins, c-IAP1 and
c-IAP2, which activate ubiquitin ligase (NCBI, 2022). Protein expression of TNFRSFIB is
detected in various tissues, such as the appendix, spleen (NCBI, 2022), and blood cells (Fricke-
Galindo et al., 2022).

Table I. SNP Variants, Genes, Locations, Alleles, and Population Allele Frequencies
Found.
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SNP Position Gene Location Allele Allele Frequency
Ref Eff* AFR AMR EAS EUR SAS
rs200553089 Chromosome TLR7 missense . o
< - 12906010 G T Not available
rs71325088 Chromosome LZTFLI none T C T: T: T: T: T:
3 : 45862952 0996 0957 0995 0918 0.704
rs13050728 Chromosome [FNAR2  intronic T c T: T: T: T: T:
21: 34615210 0.194 0451 0576 0333 0519
rs361525 Chromosome TNF none A G A A: A: A: A
6: 31543101 0.038 0.082 0.031 0064 0.105
rs12564811 not found not found G A G: G: G: G: G:
0818 095 0.823 0923 0915
rs73064425 Chromosome LZTFLI none C T C: C: C: C: C:
3 : 45901089 0995 0957 0995 092 0.706
rs6489867 ChroT;some 0AS1 none . T c c c- c c
113363550 0269 0264 0253 0367 0286
rs2109069  Chromosome DPPY intronic G A G: G: G: G: G:
19 : 4719431 0.804 0.781 0.86 0.679 03814
rs3397 Chromosome TNFRSF 3'-UTR C T C: C: C: C: C:
1:12267292 IB 0.835 0308 0711 0379 0555
rs1061622 Chromosome TNFRSF missense T: T: T: T: T:
1:12252955 1B T G 0813 0873 085 0782 0.724
rs11385942  Chromosome LZTFL! Intronic AA: AA: AA: AA: AA:
3: 45876459 AA AAA 0947 0954 0995 0919 0.704
15767455 Chromosome TNFRSF synonym T: T: T: T: T:
12 : 6450945 1A ous T C 0.637 0.699 0878 0571 0.728
rs143334143 Chromosome CCHCR  Intronic A A: A A A
6:31121426 1 A G 0.057 0.137 0035 0.112 0.077
rs190850598 Chromosome GPHN Intronic
14 : A A: A A A
67112421 A G 1 0.983 1 0983 0.996
rs 1800629 Chromosome TNF none A: A: A: A: A
6 : 31543031 A G 0.12 0069 0059 0.134 0053
rs657152 Chromosome ABO Intronic
9: A A: A: A
136139265 A CT 0436 0305 0363 0.46l
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rs 1800693 Chromosome TNFRSF Intronic T: T: T: T: T:
12 : 6440009 1A T C 0.639 0719 0877 0575 0717
1574956615 Chromosome RAVERI! 3'-UTR
19 : T: T: T: T: T:
10427721 T A/IC 0998 0974 1 0.97 0.98
rs11085727 Chromosome TYK2 Intronic
19 : C: C: C: C: C:
10466123 C T 0906 0742 0431 0.73 07

Genetic variants associated with COVID-19 in the TLR7 and TNFRSFIB genes were
identified using available databases. Genotype-Tissue Expression (GTEx) database is used to
identity genotypes and expression in human and mammalian tissues. GTEx has various tools
for searching gene, variant, and tissue-related databases with molecular genomic and
phenotypic datasets (Stanfill & Cao, 2021). In addition, the Ensembl Genome Browser is a
single-scale genomic data entry with a graphical user interface that involves OMIM, dbSNP,
and the NHGRI GWAS catalog (Spudich & Fernandez-Suarez, 2012). The Ensembl Genome
Browser also provides comprehensive human genome annotation data sources with
biomedical analysis and their relationships with human genetic diseases. Genome annotation,
analysis, and dissemination are also provided on the Ensembl Genome Browser with reference
sequences, gene models, transcription data, polymorphisms, and comparative analysis (Kersey
et al., 2012). The HaploReg database identifies Genome-Wide Association Study (GWAS)
associations with putative haplotype relationships, cell type predictions, target gene
predictions with systematic comparison, epigenomic and regulatory annotation, functional
non-coding sequence prediction, and epigenomic information identification (Ward & Kellis,
2012). HaploReg can also be used to identify SNP associations with diseases based on
expression quantitative trait locus (eQTL) with specific network and target genes from the
GTEx portal (Ward & Kellis, 2016).

By identifying SNP variants in COVID-19 through Ensembl Genome Browser
database searching, 19 SNP variants were found. The 19 SNP variants are rs200553089,
rs71325088,rs13050728,rs361525,rs12564811, rs73064425, rs6489867, rs2109069, rs3397,
rs1061622, rs11385942, rs767455, rs143334143, rs190850598, rs1800629, rs657152,
rs 1800693, rs74956615, and rs11085727. From the 19 SNP variants, genetic variants were
identified using HaploReg, resulting in SNP variants encoding missense mutations in the TLR7
and TNFRSFIB genes.

Among the 19 SNP variants identified using HaploReg, rs200553089 encodes the
TLR7 gene with a missense mutation. The TLR7 gene encodes a toll-like receptor that can
recognize SARS-CoV-2 RNA and trigger antiviral responses (Deng et al., 2021). The
missense SNP variant rs200553089 identifies a loss-of-function (LOF) in the TLR7 gene
related to immune deficiency responses to type I and II interferons (Deng er al., 2021).
Moreover, this SNP variant identifies a high consideration of COVID-19 cases in males
compared to females, with 2% of cases (Deng er al., 2021). In previous sequencing studies,
four males under 35 were infected with SARS-CoV-2 and contracted COVID-19 with the
rs200553089 SNP variant and the TLR7 gene encoding missense mutations (van der Made et
al., 2020).

Another missense-encoding variant is rs1061622 in the TNFRSFIB gene. In a
previous study, blood plasma from patients with COVID-19 was identified, and thers1061622
variant was found to encode the TNFRSRIB gene. It was associated with chronic diseases,
such as cystic fibrosis and lung disease (Fricke-Galindo et al., 2022). In addition, this SNP
variant was also found to be associated with back and chest pain (Xing-rong et al., 2018). Ina
previous study, it was also found that rs1061622 affects the level and function of TNFR p75

Medical Sains : Jurnal Ilmiah Kefarmasian Vol. 8 No. 2, April - June 2023, Hal. 667-678




Medical Sains ISSN : 2541-2027; e-ISSN : 2548-2114 673

and has an effect on the response to anti-TNF treatment (Xing-rong ef al., 2018). The SNP
variant rs1061622 is associated with sTNFR2 in the periphery (Pillai et al., 2021).

Genetic variants associated with COVID-19 in the TLR7 and TNFRSFIB genes were
identified using available databases. The Genotype-Tissue Expression (GTEx) database is
used to identify genotypes and expression in human and mammalian tissues. GTEx offers
various tools for searching gene, variant, and tissue-related databases with molecular genomic
and phenotypic datasets (Stanfill & Cao, 2021). Additionally, the Ensembl Genome Browser
is a single-scale genomic data entry with a graphical user interface that incorporates OMIM,
dbSNP, and the NHGRI GWAS catalog (Spudich & Fernandez-Suarez, 2012). The Ensembl
Genome Browser provides comprehensive human genome annotation data from various
sources, facilitating biomedical analysis and understanding of their relationships with human
genetic diseases. It includes reference sequences, gene models, transcription data,
polymorphisms, and comparative analysis (Kersey et al., 2012). The HaploReg database
identifies Genome-Wide Association Study (GWAS) associations, predicts haplotype
relationships, cell types, and target genes. and provides epigenomic and regulatory
annotations, functional non-coding sequence predictions, and epigenomic information (Ward
& Kellis, 2016). HaploReg can also be used to identify SNP associations with diseases based
on expression quantitative trait locus (eQTL) using specific network and target genes from the
GTEx portal (Ward & Kellis, 2012).

By searching the Ensembl Genome Browser database, 19 SNP variants associated
with COVID-19 were found. These variants include rs200553089, rs71325088, rs13050728,
15361525, rs 12564811, rs73064425, rs6489867, rs2 109069, rs3397, rs 1061622, rs1 1385942,
rs767455, rs143334143, rs190850598, rs1800629, rs657152, rs1800693, rs74956615, and
rs11085727. Using HaploReg, genetic variants were identified among these 19 SNP variants,
resulting in SNP variants that encode missense mutations in the TLR7 and TNFRSFIB genes.

Among the 19 SNP variants identified using HaploReg, rs200553089 encodes the
TLR7 gene with a missense mutation. The TLR7 gene encodes a toll-like receptor that
recognizes SARS-CoV-2 RNA and triggers antiviral responses (Deng et al., 2021). The
missense SNP variant rs200553089 identifies a loss-of-function (LOF) mutation in the TLR7
gene, which is associated with immune deficiency responses to type [ and II interferons (Deng
et al., 2021). Moreover, this SNP variant indicates a higher risk of COVID-19 cases in males
compared to females, with a prevalence of 2% (Deng er al., 2021). Previous sequencing studies
have found the rs200553089 SNP variant and TLR7 gene encoding missense mutations in four
males under 35 who were infected with SARS-CoV-2 and developed COVID-19 (van der
Made ef al., 2020).

Another missense-encoding SNP variant is rs 1061622 in the TNFRSFIB gene. In a
previous study, the rs1061622 SNP variant was identified in the blood plasma of patients with
COVID-19 and was found to be associated with the TNFRSFIB gene (Fricke-Galindo ef al.,
2022). This SNP variant has also been linked to chronic diseases such as cystic fibrosis and
lung disease (Fricke-Galindo er al., 2022). Additionally, rs1061622 has been associated with
back and chest pain in previous research (Xing-rong er al., 2018). Another study revealed that
rs1061622 affects the level and function of TNFR p75 and has an impact on the response to
anti-TNF treatment (Xing-rong ef al., 2018). Furthermore, the SNP variant rs1061622 is
associated with TNFR2 in the periphery, as demonstrated in a study by (Pillai et al., 2021).
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Figure 4. Allele frequencies in populations from Africa, America, East Asia, Europe,
and South Asia.

The Ensembl Genome Browser was used to identify the densest populations, and it
revealed the highest allele frequency (100%) in Africa, America, East Asia, Europe, and South
Asia. Specifically, the SNP variant rs 190850598, which codes for the GPHN gene, exhibited
the highest allele frequency (100%) in both Africa and East Asia. Similarly, the SNP variant
rs74956615, encoding the RAVERI gene, was also found in East Asia with the highest allele
frequency (100%). In the case of the missense mutation-coding SNP variant rs1061622, which
codes for the TNFRSF 1B gene, the highest allele frequency (87.3%) was observed in America.
However, no allele frequency was found for the SNP variant rs200553089, which codes for
the TLR7 gene, in any of the five countries.

The highest allele frequency (100%) in the SNP variant rs190850598 was found in
Africa. According to the World Health Organization (WHO) report as of August 21, 2020,
Africa had recorded 22,536,278 confirmed cases of COVID-19, with 789,197 deaths and a
COVID-19 mortality rate of 1.7%. This mortality rate is slightly lower than the global COVID-
19 mortality rate of 3.3% (Altable & de la Serna, 2021). Africa experienced the spread of
COVID-19 relatively later compared to other regions, but its population is susceptible to viral
infections such as SARS-CoV-2. Previous studies have identified higher prevalence rates in
three African countries: Mombasa (9.3%), Nairobi (8.5%), and Kisumu (6.5%) (Altable & de
la Serna, 2021). Furthermore, studies have also reported dense populations in Africa and Asia
with INF-y SNPs associated with SARS-CoV-2 (Vakil ef al., 2022). The African population's
immunity is often compromised due to a high prevalence of underlying diseases like
cardiovascular, cancer, and chronic respiratory diseases (Lone & Ahmad, 2020). This may be
a contributing factor to weakened immunity. Additionally, the effectiveness of vaccines
administered to the local population is considered limited due to non-specific drug derivatives
targeting discase genes, leading to polymorphism (Altable & de la Serna, 2021). Moreover,
transmission rates tend to be higher during the winter season compared to the summer season.
Previous studies have also identified a variant that codes for the QAS/ gene in the African
population, which can produce degradative enzymes against pathogens, including SARS-
CoV-2 (Biancolella er al., 2022).

In East Asia, the SNP variant rs 190850598, which encodes the GPHN gene, also
showed the highest allele frequency of 100%. A previous study in East Asia identified another
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specific SNP variant associated with lung cancer and interstitial lung disease, which is related
to the expression of the FOXP4 gene (Niemi et al., 2022). The FOXP4 gene is secreted by
alveolar cells in the lungs and plays a role in lung function (Niemi et al., 2022). Furthermore,
a high population in East Asia was also found to have the SNP variant rs1061622, which
encodes the TNFRSFIB gene. This variant has been associated with increased response to
SARS-CoV-2, leading to the production of pro-inflammatory cytokines and dysregulation of
the immune response (Celik ef al., 2020).

The rs1061622 SNP variant, which encodes the TNFRSFIB missense gene, exhibits
the highest allele variation trend in the American population. This trend correlates with the
increasing number of COVID-19 cases in the country, which rose from 11.3% to 24.5% in
2020 (Pei et al., 2021). In a previous study, it was found that adults over the age of 65 in the
American population had the highest risk of contracting COVID-19, with a rate of 43%
compared to 28% among individuals aged 18-24 years (Raifman & Raifman, 2020).

CONCLUSION

Our identification results of SNP variants influencing COVID-19 disease reveal the
presence of 19 SNP variants. Among these variants, the TLR7 gene exhibited the highest
expression levels in various tissues, including lymphocytes, spleen, bone marrow, small
intestine or ileum, midbrain, entire circulatory system, lungs, nerves, hypothalamus, and
subcutaneous adipose tissue. The TNFRSF1B gene expression was detected in the circulatory
system, spleen, subcutaneous adipose tissue, lymphocytes, lungs, visceral adipose tissue,
breasts, nerves, small intestine ileum, and cervix. The SNP variants, specifically rs200553089
and rs1061622, affected these genes and were observed at varying frequencies across different
populations and genders. Therefore, the allele frequency of each variant becomes an important
consideration in predicting the susceptibility of a population to COVID-19. The findings of
this study provide insights for further research in determining the association between SNP
variants, gene expression, and the severity and susceptibility levels of COVID-19 in dominant
human populations worldwide. In the future, this study's findings can be applied to guide risk
assessment and management strategies related to the identified SNP variants and their
associated gene expression in COVID-19,
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