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ABSTRACT
Objective: Recent research studies have suggested that susceptibility to SARS-CoV-2 infection might be associated with genetic 
variants of host machinery for viral entry. The allele frequencies of ACE2, TMPRSS2, CTSB, and CTSL gene variants defined as viral entry 
machinery have significant differences among population groups, but there is no information in the Turkish population. To provide a 
basis for future studies on susceptibility to SARS-CoV-2 infection, these gene variants were screened in a group of Turkish population. 
Material and Method: We analysed 138 unrelated non-anonymous individuals for single nucleotide variants (SNVs) of the ex-
onic and flanking intronic regions in ACE2, TMPRSS2, CTSB, and CTSL genes using in-house whole exome sequencing data. These 
defined variants were also compared with other population data sets (gnomAD). 
Results: For the first time in Turkish individuals, the frequencies of the alternate alleles in these genes were identified in this pre-
liminary analysis study. As a result, three novel SNVs were identified in these genes and it was found that the allele frequencies 
of some variants were different among the population groups. 
Conclusion: Whether these variants, if any, contribute to the transmissibility of viral infection, they require to be screened in 
affected/unaffected study groups and evaluated with functional studies for significant variants to elucidate the roles of these 
variants in SARS-CoV-2 infection.
Keywords: SARS-CoV-2, viral entry machinery, genetic variants

ÖZ
Amaç: Son araştırmalar, SARS-CoV-2 enfeksiyonuna yatkınlıkta viral girişin konakçı sistemlerin genetik varyantları ile ilişkili ola-
bileceğini düşündürmektedir. Viral giriş sistemleri (makineleri) olarak tanımlanmış ACE2, TMPRSS2, CTSB ve CTSL genlerindeki 
varyantların allel frekansları, populasyon grupları arasında önemli farklılıklara sahiptir, ancak Türk popülasyonunda bu konuda 
herhangi bir bilgi mevcut değildir. SARS-CoV-2 enfeksiyonuna duyarlılık konusunda gelecekteki çalışmalar için bir temel sağla-
mak amacıyla, Türk bireylerde bu gen varyantları araştırılmıştır. 
Gereç ve Yöntem: ACE2, TMPRSS2, CTSB ve CTSL genlerindeki ekzonik ve komşu intronik bölgelerin tek nükleotid varyantları 
(SNV’ler) için kurum içi tüm ekzom sekanslama verileri kullanılarak ilişkisiz 138 kişi analiz edilmiştir. Ayrıca tanımlanmış varyant-
lar, diğer populasyon veri kümeleriyle (gnomAD) karşılaştırılmıştır. 
Bulgular: Bu ön çalışmada, ilk kez Türk bireylerin varyant analizleri yapılarak, bu genlerdeki alternatif alellerin frekansları be-
lirlenmiştir. Sonuç olarak, bu genlerde üç yeni SNV tanımlanmış ve bazı varyantların allel frekanslarının populasyon grupları 
arasında farklı olduğu bulunmuştur. 
Sonuç: Gelecekte SARS-CoV-2 enfeksiyonunda fonksiyonel çalışmalarla bu varyantların rollerinin belirlenmesi, ayrıca bu var-
yantların viral enfeksiyonun bulaşabilirliğine katkıda bulunup bulunamayacağı, etkilenmiş/etkilenmemiş çalışma gruplarında 
araştırılması önem taşımaktadır.
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INTRODUCTION

Since the beginning of the 21st century, public health has been combating contagious diseases 
such as Severe Acute Respiratory Syndrome (1,2), Middle East Respiratory Syndrome (3) and the 
latest COVID-19 (4) caused by coronaviruses (SARS-CoV, MERS-CoV and SARS-CoV-2, respectively). 
Susceptibility to SARS-CoV has been shown to be associated with genetic variants in angiotensin 
converting enzyme 2 receptors, the main host machine for viral entry among different animals 
(5-7).

In the human SARS-CoV/CoV-2 infection, angiotensin converting enzyme 2 (ACE2) receptor (8,9) for 
entry into cells as well as endosomal cysteine protease cathepsin B (CTSB) and cathepsin L (CTSL) 
(9,10) and transmembrane serine protease 2 (TMPRSS2) (9,11,12) for viral spike (S) protein priming 
(9) were determined as host machineries of the viral entry. In vitro studies, it has been shown that 
endosomal cysteine proteases cathepsin B/L activity with proteases inhibitors blockades the entry of 
SARS-CoV into the cell (13) but does not completely prevent the entry of SARS-CoV-2 (9). This compar-
ative in vitro study reveals important commonalities between SARS-CoV-2 and SARS-CoV infections 
and states that especially TMPRSS2 inhibitors might be a potential target for antiviral intervention 
(13). Recent research studies have suggested that susceptibility to the SARS-CoV-2 infection might be 
associated with genetic variants of viral entry machineries, and some specific ACE2 gene variants are 
important for viral infection (13-16). Also, the allele frequencies of these variants have been shown 
to differ significantly among population groups (14-17). On the other hand, it has been suggested 
that some genetic variants may have effects on ACE2 and proteases (TMPRSS2, CTSB and CTSL) gene 
expression levels and change the severity of infection (14-17). 

In this preliminary study, it was aimed to identify the alternate allele frequencies of 138 non-anony-
mous unrelated individuals from Turkey for which may provide important variants of ACE2, TMPRSS2, 
CTSB, and CTSL genes for future studies related to human coronaviruses infections. 

MATERIAL AND METHODS

The participants of the study 
The study included 138 unrelated non-anonymous individuals with whole exome sequencing data. 
The informed consent was obtained from all of the participants. The study was conducted in accor-
dance with the ethical standards of the Ethics Committee of the University of Istanbul, Istanbul Faculty 
of Medicine and with the Helsinki Declaration (1964). The variants were screened in our in-house 
exome sequencing data set called MGexome (Medical Genetics Exome).

In-House Whole-Exome Sequencing Data Sets
Whole-exome sequencing was performed on peripheral blood DNA from 138 unrelated non-anon-
ymous individuals, in MGexome. The variant analyses were performed on files in variant call format 
(vcf ) obtained from sequencing data sets using the Illumina HiSeq and S5 Ion Torrent platforms. 
Illumina and IonTorrent sequence analysis was performed using the DNAscan and IonReporter analysis 
pipelines, respectively. With a sequencing run yield of approximately 10 Gb, the samples achieved 
97% of the targeted exome bases covering a depth of at least 20x.

Variant Detection and Analysis
The single nucleotide variants (SNVs) of the exonic and flanking intronic regions in ACE2, TMPRSS2, 
CTSB, and CTSL genes were analysed in MGexome data. The variants with known pathogenicity 
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in ACE2 (NM_021804), TMPRSS2 (NM_001135099), CTSB (NM_001908) and CTSL (NM_001257972) 
genes of viral entry machineries were listed using VarSome (UniProt, ClinVar, and PubMed), 
dbSNP (https://www.ncbi.nlm.nih.gov/snp/), HGMD Professional (Human Genome Mutation 
Database; BIOBASE, https://portal.biobase-international.com/cgi-bin/portal/login.cgi), and clas-
sified according to American College of Medical Genetics and Genomics-ACMG Standards (19) 
for interpretation of their status. The pathogenicity and conservation scores of variants were 
checked in VarSome (https://varsome.com/) using in silico tools such as MutationTaster, DANN, 
SIFT, PROVEAN and GERP (Genomic Evolutionary Rate Profiling). The alternate allele frequen-
cies of defined variants in our in-house data set were compared with African/African American, 
Ashkenazi Jewish, East Asian (Koreans and Japanese), European (Finnish, Bulgarian, Estonian, 
North-Western European, Southern European and Swedish), Latino/American Admixed, and 
South Asian populations in public Genome Aggregation Database (gnomAD, https://gnomad.
broadinstitute.org/). The data set of gnomAD provides 123,136 exome sequences and 15,496 
whole-genome sequences from unrelated individuals sequenced as part of various disease-spe-
cific and population genetic studies. 

RESULTS 

Chromosomal location of genes required for viral entry, number of SNPs (single nucleotide polymor-
phisms) and clinical importance of SNVs in ACE2, TMPRSS2, CTSB, and CTSL genes are summarized 
in Table 1. Although there are thousands of single nucleotide polymorphisms (SNPs) in these genes 
in the dbSNP database, there are few SNVs with known pathogenicity classifications according to 
UniProt, ClinVar, VarSome and PubMed data sets. SNVs associated with various phenotypes in HGMD 
Professional are shown in Table 1.

The allele frequencies compared to seven different populations and ACMG classifications of ACE2 
variants detected in the Turkish population were listed in Table 2. We determined nine SNVs in our 
in-house whole exome sequencing data set. For the first time in this study, the novel Leu120Pro 
variant, one of these nine variants, was identified in one of 138 individuals. This missense variant was 
conserved among genomes of 35 mammals (GERP score; 5.8) and was determined as disease-causing 
in silico tools (MutationTaster, high DANN score, PROVEAN and SIFT). This missense variant was defined 
as an uncertain significance variant according to the ACMG classification, such as the His505Arg 
variant (rs1016409802), a rare variant previously described in dbSNP databank.

We determined 28 different SNVs in TMPRSS2 gene, 28 different SNVs in CTSB gene and 8 differ-
ent SNVs in CTSL gene in our in-house whole-exome sequencing data set. The allele frequencies 
compared to other populations and ACMG classifications of TMPRSS2, CTSB and CTSL gene variants 
were listed in Table 3, Table 4 and Table 5, respectively. In this study, it was found that there were 
differences in allele frequencies of Gly8Arg, Gly8Val, Thr112Ile, Asp158Asn and Val197Met variants 
of TMPRSS2 gene compared to other population groups (Table 3). In addition, two novel variants 
called c.111G>T (p.Arg37=) in CTSB gene and c.126+19G>C in CTSL gene were identified in two 
different individuals. This novel synonymous variant in CTSB gene was not conserved among ge-
nomes of 35 mammals (GERP score; 5.16), and had a low DANN score (0.73), but it was determined 
as disease-causing according to the Mutation Taster tool. In addition, the novel intronic variant 
determined in CTSL gene had a lower pathogenicity score (DANN score; 0.26) and also conservation 
score (GERP score; 3.66). This variant was also predicted as polymorphism according to the Mutation 
Taster tool.

https://www.ncbi.nlm.nih.gov/snp/
https://portal.biobase-international.com/cgi-bin/portal/login.cgi
https://varsome.com/
https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
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DISCUSSION

For the first time, in-house whole-exome data set of 138 unrelated individuals were analysed in this 
preliminary study to reflect the allele frequencies of exonic and flanking intronic variants in ACE2, 
TMPRSS2, CTSB, and CTSL gene in a group of unrelated non-anonymous individuals from Turkey. 
SARS-CoV/ CoV-2 coronaviruses utilize the proteins encoded by these genes as entry machinery into 
the host cell. The tissues and organs such as lung, small intestine, liver, kidney, minor salivary glands, 
and heart in which these genes are expressed are the regions most affected by the coronaviruses 
infection and the gene variants were claimed to be associated with gene expression levels (14-16). 

To systematically investigate the candidate functional coding variants in ACE2 and allele frequency 
differences among populations, Cao and colleagues have analysed the 1700 variants in ChinaMAP 
(China Metabolic Analytics Project) and public 1KGP (1000 Genomes Project), gnomAD and TopMed 
databases (15). In this study 32 of 62 variants of ACE2 were identified to be potentially affecting the 
amino acid sequences. However, their results demonstrated that there was no natural variant for 
coronavirus S-protein binding in different populations except the Gln300X variant of ACE2 identified 
in the ChinaMAP (15). In previous studies, the lysine 31, tyrosine 41 and 82-84 residues in alpha-helix 
1 and 353-357 residues in beta5 region of ACE2 were shown to be important for binding to the spike 
protein of SARS-CoV-1 (19) and several variants, including Met383Thr, Pro389His, Asp427Tyr and 
His505Arg variants of ACE2 were reported to slightly inhibit the interaction with the spike protein 
(14,19). Among these variants only His505Arg was identified in our study. The allele frequency of 
His505Arg variant as an interaction-inhibitor variant in different populations was very low or absent 
compared to our population (allele frequency, 0.00362 in MGexome; Table 2) (14). In addition, the 
novel missense variant (Leu120Pro) was identified in one individual. On the other hand, Lys26Arg, 
Ile468Val, Ala627Val, Asn638Ser, Ser692Pro, Asn720Asp, and Leu731Ile/Leu731Phe variants that were 
termed as hotspot regions in different population data sets (16) were not shown in our group of the 
Turkish population (Table 2). Interestingly, the c.439+4G>A variant (rs2285666), which has the highest 
allele frequency among 62 variants identified in the study of Cao et al. (China-MAP and Han China 
South populations, 0.556 and 0.557, respectively) (15) compared to others (African, 0.211; Ashkenazi 
Jewish, 0.258; East Asian, 0.547; European, 0.191; Finnish, 0.2; Latino, 0.394; South Asian; 0.453) has 
been shown to exhibit much higher allele frequency when compared to the Turkish population group 
(0.174) (Table 2). The comparative genetic analyses in previous studies (14-16) suggest that ACE2 
variants may play important roles in susceptibilities to COVID-19 and its associated cardiovascular 
conditions by altering the Renin-Angiotensin pathway.

In conclusion, we have explored possible genetic variants impacting the severity of COVID-19, focusing 
on four genes involved in viral entry machinery in a group of the Turkish population. Finally, these vari-
ants may contribute to the transmissibility of SARS-CoV-2 infection. In future studies, the variant analysis 
needs to be searched in expanded study groups and the functional studies are required to elucidate 
the roles of these variants and their interactions in individual treatments in the SARS-CoV-2 infection.
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