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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.
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oz

Amag: Son arastirmalar, SARS-CoV-2 enfeksiyonuna yatkinlikta viral girisin konakgi sistemlerin genetik varyantlari ile iliskili ola-
bilecegini dustindirmektedir. Viral giris sistemleri (makineleri) olarak tanimlanmis ACE2, TMPRSS2, CTSB ve CTSL genlerindeki
varyantlarin allel frekanslari, populasyon gruplari arasinda énemli farkliliklara sahiptir, ancak Tiirk poptlasyonunda bu konuda
herhangi bir bilgi mevcut degildir. SARS-CoV-2 enfeksiyonuna duyarlilik konusunda gelecekteki calismalar icin bir temel sagla-
mak amaciyla, Turk bireylerde bu gen varyantlari arastiriimistir.

Gereg ve Yontem: ACE2, TMPRSS2, CTSB ve CTSL genlerindeki ekzonik ve komsu intronik bolgelerin tek niikleotid varyantlari
(SNV'ler) igin kurum ici tim ekzom sekanslama verileri kullanilarak iliskisiz 138 kisi analiz edilmistir. Ayrica tanimlanmis varyant-
lar, diger populasyon veri kiimeleriyle (gnomAD) karsilastiriimistir.

Bulgular: Bu 6n calismada, ilk kez Tiirk bireylerin varyant analizleri yapilarak, bu genlerdeki alternatif alellerin frekanslar be-
lirlenmistir. Sonug olarak, bu genlerde g yeni SNV tanimlanmis ve bazi varyantlarin allel frekanslarinin populasyon gruplari
arasinda farkh oldugu bulunmustur.

Sonug: Gelecekte SARS-CoV-2 enfeksiyonunda fonksiyonel ¢alismalarla bu varyantlarin rollerinin belirlenmesi, ayrica bu var-
yantlarin viral enfeksiyonun bulasabilirligine katkida bulunup bulunamayacagi, etkilenmis/etkilenmemis calisma gruplarinda
arastirlmasi 6nem tasimaktadir.

Anahtar Kelimeler: SARS-CoV-2, viral giris makineleri, genetik varyantlar
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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 lllumina HiSeq and S5 lon Torrent platforms.
lllumina and lonTorrent sequence analysis was performed using the DNAscan and lonReporter 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, Thr112lle, 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.
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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 TKGP (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 GIn300X 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,
lle468Val, Ala627Val, Asn638Ser, Ser692Pro, Asn720Asp, and Leu731lle/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.

REFERENCES / KAYNAKLAR

1. Lee N, HuiD,Wu A, Chan P, Cameron P, Joynt GM, et al. A major outbreak of severe acute respiratory syndrome
in Hong Kong. N Engl J Med. 2003; 348(20): 1986-94.

2. Peiris JS, Guan 'Y, Yuen KY. Severe acute respiratory syndrome. Nat Med. 2004; 10(12 Suppl): S88-97.

3. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD, Fouchier RA. Isolation of a novel coronavirus from
a man with pneumonia in Saudi Arabia. N Engl J Med. 2012; 367(19): 1814-20.



76

| Inter-Populations Comparative Analysis of the ACE2, TMPRSS2, CTSB and CTSL Gene Variants Identified ...

Wang Z, Yang B, Li Q, Wen L, Zhang R. Clinical Features of 69 Cases with Coronavirus Disease 2019 in Wuhan,
China. Clin Infect Dis. 2020; 71(15): 769-77.

Li W, Greenough TC, Moore MJ, Vasilieva N, Somasundaran M, Sullivan JL, et al. Efficient replication of severe
acute respiratory syndrome coronavirus in mouse cells is limited by murine angiotensin-converting enzyme
2.JVirol. 2004; 78(20): 11429-33.

Li KK, Yip CW, Hon CC, Lam CY, Zeng F, Leung FC. Characterisation of animal angiotensin-converting enzyme
2 receptors and use of pseudotyped virus to correlate receptor binding with susceptibility of SARS-CoV
infection. Hong Kong Med J. 2012; 18(3): 35-8.

HouY, Peng C, Yu M, LiY, Han Z, Li F, et al. Angiotensin-converting enzyme 2 (ACE2) proteins of different bat
species confer variable susceptibility to SARS-CoV entry. Arch Virol. 2010; 155(10): 1563-9.

Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, et al. Angiotensin-converting enzyme 2 is a functional
receptor for the SARS coronavirus. Nature. 2003; 426(6965): 450-4.

Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler T, Erichsen S, et al. SARS-CoV-2 Cell Entry Depends
on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell. 2020; 181(2): 271-80.

. Simmons G, Gosalia DN, Rennekamp AJ, Reeves JD, Diamond SL, Bates P. Inhibitors of cathepsin L prevent

severe acute respiratory syndrome coronavirus entry. Proc Natl Acad Sci USA. 2005; 102(33): 11876-81.

. Matsuyama S, Nagata N, Shirato K, Kawase M, Takeda M, Taguchi F. Efficient activation of the severe acute

respiratory syndrome coronavirus spike protein by the transmembrane protease TMIPRSS2. J Virol. 2010;
84(24): 12658-64.

. Shulla A, Heald-Sargent T, Subramanya G, Zhao J, Perlman S, Gallagher T. A transmembrane serine protease is

linked to the severe acute respiratory syndrome coronavirus receptor and activates virus entry. J Virol. 2011;
85(2): 873-82.

. Kawase M, Shirato K, van der Hoek L, Taguchi F, Matsuyama S. Simultaneous treatment of human bronchial

epithelial cells with serine and cysteine protease inhibitors prevents severe acute respiratory syndrome
coronavirus entry. J Virol. 2012; 86(12): 6537-45.

. Darbani B. The Expression and Polymorphism of Entry Machinery for COVID-19 in Human: Juxtaposing

Population Groups, Gender, and Different Tissues. Int J Environ Res Public Health. 2020; 17(10): 3433.
doi:10.3390/ijerph17103433

. CaoY,LiL, Feng Z,Wan S, Huang P, Sun X, et al. Comparative genetic analysis of the novel coronavirus (2019-nCoV/

SARS-CoV-2) receptor ACE2 in different populations. Cell Discov. 2020; 6: 11. doi: 10.1038/541421-020-0147-1

. Hou'Y, Zhao J, Martin W, Kallianpur A, Chung MK, Jehi L, et al. New insights into genetic susceptibility of

COVID-19: an ACE2 and TMPRSS2 polymorphism analysis. Version 2. BMC Med. 2020; 18(1): 216. doi: 10.1186/
$12916-020-01673-z

. Asselta R, Paraboschi EM, Mantovani A, Duga S. ACE2 and TMPRSS2 variants and expression as candidates to

sex and country differences in COVID-19 severity in Italy. Aging (Albany NY). 2020; 12(11): 10087-98.

. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al; ACMG Laboratory Quality Assurance Committee.

Standards and guidelines for the interpretation of sequence variants: a joint consensus recommendation of
the American College of Medical Genetics and Genomics and the Association for Molecular Pathology. Genet
Med. 2015; 17(5): 405-24.

. LiW, Zhang C, Sui J, Kuhn JH, Moore MJ, Luo S, et al. Receptor and viral determinants of SARS-coronavirus

adaptation to human ACE2. EMBO J. 2005; 24(8): 1634-43.



