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Abstract

Heterogeneity in symptoms associated with COVID‐19 in infected patients remains

unclear. ACE2 and TMPRSS2 gene variants are considered possible risk factors for
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COVID‐19. In this study, a retrospective comparative genome analysis of the ACE2

and TMPRSS2 variants from 946 whole‐exome sequencing data was conducted.

Allele frequencies of all variants were calculated and filtered to remove variants with

allele frequencies lower than 0.003 and to prioritize functional coding variants. The

majority of detected variants were intronic, only two ACE2 and three TMPRSS2

nonsynonymous variants were detected in the analyzed cohort. The main ACE2

variants that putatively have a protective or susceptibility effect on SARS‐CoV‐2

have not yet been determined in theTurkish population. TheTurkish genetic makeup

likely lacks any ACE2 variant that increases susceptibility to SARS‐CoV‐2 infection.

TMPRSS2 rs75603675 and rs12329760 variants that were previously defined as

common variants that have different allele frequencies among populations and may

have a role in SARS‐CoV‐2 attachment to host cells were determined in the

population. Overall, these data will contribute to the formation of a national

variation database and may also contribute to further studies of ACE2 and TMPRSS2

in the Turkish population and differences in SARS‐CoV‐2 infection among other

populations.

K E YWORD S

ACE2, COVID‐19, SARS‐CoV‐2, TMPRSS2, variant

1 | INTRODUCTION

After the pneumonia cases of unknown cause were reported to the

World Health Organization (WHO) in Wuhan Province of China in

December 2019, the factor causing the disease was identified as a

novel coronavirus strain. Cases were spread worldwide and theWHO

declared a pandemic on March 11, 2020. The new coronavirus strain

was named SARS‐CoV‐2 as they share a remarkable genetic identity

with the known SARS‐CoV and the disease was referred to as

coronavirus disease 2019 (COVID‐19).1 SARS‐CoV‐2, which has a

much higher transmission rate than the known human coronavirus

strains, damages the lung tissue, causing respiratory failure and

leading to death. Individuals over 65 years old, smokers, and people

with chronic diseases such as hypertension, diabetes, and kidney

failure are more severely affected. Patients commonly show

symptoms of dry cough, high fever, and shortness of breath, while

some patients with abdominal pain, diarrhea, and headache are also

reported. Some infected individuals, on the other hand, remain

asymptomatic.2 As of the end of March 2021, the number of cases

reported as SARS‐CoV‐2 positive worldwide has exceeded 128

million, and over 2 million deaths were reported to the WHO.3

Considering the cases worldwide, it was observed that SARS‐

CoV‐2 was strangely and tragically selective. While only some

infected people have been reported to be sick and most of the critical

patients are elderly or people with chronic problems; some of those

who die from the disease are individuals who do not have any chronic

disease and are relatively young. A great variation in cases and

mortality rates among countries were also detected. Along with

factors including the number of tests performed, percentage of

smokers, average age, and environmental factors, it is thought that

genetic characteristics might also affect susceptibility to SARS‐CoV‐2

infection.

The entry of enveloped viruses into cells is initiated by the

binding of its spike (S) proteins to cell surface receptors. Previous

reports indicated that angiotensin‐converting enzyme 2 (ACE2) is one

of the host receptors for the novel coronavirus, SARS‐CoV‐2.1,4

ACE2 is a transmembrane protein encoded by the ACE2 (MIM#

300335) gene on the Xp22.2 chromosome and has a transcript

composed of 3339 bp and 21 exons. It is responsible for the

conversion of angiotensin I to angiotensin 1−9 and angiotensin II to

vasodilator angiotensin 1−7 and has roles in renal and cardiovascular

function.5 In addition to cell surface receptors, another factor

required for the entry of viruses into host cells is proteases.

Proteases cleave and activate viral envelope glycoproteins and form

domains catalyzing membrane melding, which is a process called

priming.6 Transmembrane protease serine 2 (TMPRSS2) is shown to

be involved in priming SARS‐CoV‐2 by cleaving the S protein at the

S1/S2 and S2 sites.7 TMPRSS2 is encoded by TMPRSS2 (MIM#

602060) gene on chromosome 21q22.3, producing a 3250 bp‐long

transcript with 14 exons according to the NCBI database.

Expression levels and variations in ACE2 and TMPRSS2 in

different individuals may facilitate or slow down the entrance of

the virus into host cells and this might explain the dramatic variability

of SARS‐CoV‐2 infection through individuals and populations.
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Likewise, variations in expression quantitative trait loci (eQTL)

regions, known to regulate the ACE2 gene expression, may lead to

changes in protein synthesis hence the course of infection. In a

recent study, ACE2 and eQTL variation data from worldwide

populations in ChinaMap, 1000 Genomes Project, and gnomAD

databases were examined. Even though there is no direct evidence

supporting the presence of ACE2 variations causing resistance to

coronavirus S‐protein binding among populations, the study sug-

gested that the eQTL variants associated with higher ACE2

expression have much higher allele frequencies in East Asian

populations that may have an effect on different sensitivity or

response from different populations to COVID‐19 under similar

conditions.8 In the Italian population, where the disease caused more

severe results compared to Asian and European countries, four

TMPRSS2 variants were found to have significantly different allele

frequencies. Furthermore, concerning the eQTL variants, population‐

specific haplotypes were detected that are expected to upregulate

TMPRSS2 gene expression.9

In light of these works, we conducted a retrospective compara-

tive genome analysis of the ACE2 and TMPRSS2 gene variants in the

Turkish population.

2 | MATERIAL AND METHODS

2.1 | Data collection and analysis

To investigate the allele frequencies of all functional coding variants

of ACE2 and TMPRSS2, variation data from 946 unique individuals

were collected from a total of 10 centers and hospitals around

Turkey. As these individuals were randomly selected from centers

located in various cities over the whole geographical parts of Turkey,

we believe that the data represent the population of the country. This

study was approved by the institutional review board (approval no:

YDU/2020/79‐1103). The name of the center, sequencing platform,

panels, and bioinformatic pipelines used are listed in Supporting

Information: Table 1. Allele frequencies of all ACE2 and TMPRSS2

variants were calculated and then filtered to remove variants with

allele frequencies lower than 0.003. Individuals with unknown gender

(fetus) and without sufficient variant information were removed from

the analysis. Public databases including Database of single‐nucleotide

polymorphism (dbSNP), genome aggregation database (gnomAD

v2.1.1), and Ensembl were used to prioritize functional coding

variants and to obtain global and population‐based allele frequencies

for comparison.10–12

2.2 | In silico analysis

Crystal structures of ACE2‐Spike (PDB ID:6LZG) and TMPRSS2 (PDB

ID: 7MEQ) were retrieved from the protein data bank. PyMol

program (http://pymol.sourceforge.net) was used to visualize and

generate in silico mutant proteins.13

3 | RESULTS

3.1 | ACE2 gene variant analysis

A total of 2948 variants from 617 individuals were analyzed and 451

different variants were detected. Among the 451 variants, 9 of them

were nonsynonymous. When the variants that have allele frequen-

cies lower than 0.003 were removed, 70 variants remained and 2 of

those were missense variants, one coding sequence synonymous

variant, and the others were intronic variants. Details of the 70

variants, calculated allele frequencies in the Turkish population, and

global and population‐based allele frequencies obtained from public

databases are represented in Table 1.

3.2 | TMPRSS2 gene variant analysis

A total of 13 382 variants from 1072 individuals were analyzed and

490 different variants were detected. Among these variants, 9 were

missense and 1 was deletion causing a frameshift. When the variants

that have allele frequencies lower than 0.003 were removed, 192

variants remained. Three of those were missense variants, eight were

coding sequence synonymous variants, seven were 3′UTR variants,

and nine were upstream variants. Details of the 192 variants,

calculated allele frequencies in theTurkish population, and global and

population‐based allele frequencies obtained from public databases

are represented in Table 2.

3.3 | In silico findings and functional predictions

The crystal structure of ACE2 (PDB ID: 6LZG) revealed that N‐linked

glycan molecules are attached to Asn53, Asn90, and Asn322.14

Asn90 is a conserved amino acid in a number of bats in which

coronaviruses cannot infect through ACE2. Glycosylation of this

amino acid regulates the Spike−ACE2 interaction in bats.15 Glycosyl-

ation of Asn90 and its subsequent branching is suggested to decrease

the ACE2−Spike binding affinity through steric effects.16 Lys26 of

ACE2 generates critical polar and salt bridge interactions with sugar

moiety and nearby amino acids, Glu22 and Asn90 (Figure 1A). To

analyze the effect of Lys26Arg mutation we generated in silico

mutant on the ACE2−Spike structure using the crystal structure

having PDB ID of 6LZG.14 Since Arg has a larger side chain than Lys,

the side chain of Arg cannot fit in the same space. The sterically most

favorable orientation of in silico mutation showed that Arg side chain

cannot generate polar interactions as in the case of Lys amino acid.

Instead, Arg may generate a salt bridge with Asp30 (Figure 1B).

Asp30 forms a salt bridge with Lys417 of Spike in the crystal

structure (Figure 1). In Lys26Arg mutation, Arg can stabilize the

Asp30−Lys417 interaction which may result in higher infectivity of

the SARS‐CoV‐2.

The TMPRRS2 has three regions: cytoplasmic, transmembrane,

and extracellular. Val160 is found in the extracellular region of the

DUMAN ET AL. | 5227
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protein.17 TMPRSS2 structure (PDB ID: 7MEQ) shows that Val160 is

located on a beta‐strand structure and surrounded by hydrophobic

residues Leu225, Val171, Leu158, and Val149 (Figure 2A). Mutation

of Val160 to a less hydrophobic residue may disturb this interaction

network. To analyze the effect of Val160Met on TMPRSS2, we

mutated valine to methionine in silico. Molecular analysis of

Val160Met shows that (i) hydrophobic network cannot be maintained

and (ii) there is a steric clash between Met and nearby amino acids for

example with Tyr222 which suggests that the mutation may

destabilize the protein (Figure 2B). In addition to this analysis, we

F IGURE 1 Structure of ACE2‐Spike (6LZG). (A) ACE2 is shown as a cyan cartoon and Spike is shown on a white surface. At the zoom‐in
structure, Lys26 interacting amino acids are shown. (B) In silico generated Lys26Arg ACE2 mutation and its proposed interaction scheme is
shown.

F IGURE 2 Structure of TMPRSS2 (7MEQ). (A) TMPRSS2 is shown as a blue cartoon representation. Val160 and its interacting amino acids
are shown. (B) In silico generated Val160Met TMPRSS2 mutation is shown. To show a steric clash between mutant Met160 and a nearby
Tyr222, amino acids are shown in red and blue spheres (proportional to their van der Waals radius) (at right).
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used DUET server to predict the effect of mutation on the

TMPRSS2.18 DUET uses two previously developed approaches for

predictions: knowledge‐based and graph‐based signature methods.

All type of calculations in DUET predicts that Val160Met mutation

destabilizes the protein (Table 3).

4 | DISCUSSION

Many studies have demonstrated that the symptoms of COVID‐19

vary greatly among patients. Understanding the reason underlying

this heterogeneity in risk of progression to a severe form has been a

challenge since the start of the pandemic. There are many known

factors that can potentially affect the severity of COVID‐19 infection

including greater age, presence of co‐morbidities, smoking, and air

pollution.19–21 In addition to these clinical and environmental factors,

genetic variability can also account for the susceptibility to SARS‐

CoV‐2 infection and the different clinical presentations observed in

COVID‐19 patients.22 ACE2 and TMPRSS2 are transmembrane

surface proteins that play critical roles in viral attachment and host

cell entry for SARS‐CoV and SARS‐CoV‐2. SARS‐CoV‐2 binds to

ACE2 through the receptor‐binding domain in spike proteins, which

are then cleaved by TMPRSS2 to allow fusion with the host cell

membrane.7,23 Therefore, polymorphisms in genes encoding these

proteins can affect the binding affinity of the viral spike protein to

host cells as well as membrane fusion efficiency, modulating the host

susceptibility to SARS‐CoV‐2. In this context, we investigated the

genetic variability of ACE2 and TMPRSS2 in the Turkish population to

show the existence of any enrichment of missense or indel variants in

coding regions that may potentially affect the binding dynamics of

the virus to host cells and also wanted to compare our results with

previous epidemiological studies in different populations.

For both ACE2 and TMPRSS2, majority of variants detected in the

Turkish population were intronic. Only 2/70 of ACE2 variants

(c.2158A>G;p.Asn720Asp; NM_021804.2 (rs41303171) and c.77A>G;-

p.Lys26Arg; NM_021804.2 (rs4646116)) (Table 1) and 3/192 of

TMPRSS2 variants (c.23G>T;p.Gly8Val; NM_001135099.1 (rs75603

675), c.589G>A;p.Val197Met; NM_001135099.1 (rs12329760) and

c.224C>T;p.Thr75Ile; NM_005656.3 (rs61735793)) (Table 2) that have

allele frequencies above 0.003 were identified as coding variant missense

variations.

The most frequent ACE2 variant was identified as rs971249

variant with an allele frequency of 0.581, followed by rs113691336

which has an allele frequency of 0.455 and the third most frequent

ACE2 variant was found to be rs4646174 with an allele frequency of

0.404 in the Turkish population. All frequent variants that have allele

frequencies above 0.06 were intronic.

Considering the missense variants that potentially affect protein

structure or function, ACE2 rs41303171 has a detected allele

frequency of 0.016 in the Turkish population. Previous in silico

structural analyses have demonstrated that this variation causes

ACE2 protein to have a higher binding affinity to TMPRSS2 and may

facilitate entry of the virus to the host cells.24 The global allele

frequency of this variant is 0.023, 0.018 in European populations, and

0.001 in the Southern Asian population according to the dbSNP

database. The variation was previously mentioned by different

groups from Italy, India, and Iran. It was found to be frequent in

the study where ACE2 variants in a cohort of SARS‐CoV‐2‐positive

Italian patients were investigated.25 Likely, the variant was reported

as a common missense change (AF 0.011) together with rs4646116

and c.631G>A; p.(Gly211Arg) variants in a study conducted with

whole‐exome data of 6930 Italian control individuals, which are

predicted to affect protein structure and stabilization.26

c.1051C>G;p.(Leu351Val) and c.1166C>A;p.(Pro389His) were the

rare variants detected in this cohort predicted to interfere with the

internalization process but were not present in our studied group. In

the same study, WES data of 131 patients and 258 controls were

compared. The allelic variability in the control group was detected to

be statistically significant even though no single variant was

significantly enriched between the two groups. c.1166C>A;p.

(Pro389His) was one of the missense variants, along with

c.1174A>C;p.(Lys392Gln), c.1178C>G;p.(Thr393Ser), and c.1312C>

G;p.(Gln438Glu) that was listed as variants leading to an increase in

interaction affinity between TMPRSS2 and SARS‐CoV‐2 S protein,

where c.1409G>T;p.(Arg470Ile) and c.1247A>G;p.(Tyr416Cys) were

found to cause a decrease in a recent study that performed molecular

docking analyses.27 None of these variants were present in the

Turkish population included in the present study. In a comprehensive

retrospective study, c.1166C>A;p.(Pro389His) was stated to be

present only in the Latino/Admixed American population, with an

allele frequency of 0.015%.28

Intronic c.439+4G>A (rs2285666) and c.1888G>C;p.(Asp630His)

variants were also detected in the Italian COVID‐19 patient cohort.25

p.(Asp630His) variant is not present in our study group. However,

rs2285666 is the fourth common variant detected in the Turkish

population with an allele frequency of 0.326. Allele frequency of the

variant in EUR‐TSI (Italy) is 0.186, lower than other populations

reported in dbSNP. Additionally, in another study, this variant was

found to be the most frequent ACE2 variant detected among clinical

exome data of 103 individuals from India.29 In the same study, the

rs4646116 variant was detected in one individual. The variant was

shown to potentially affect the binding affinity of SARS‐CoV‐2 spike

protein to ACE2 receptor and is not frequent in the Turkish

population (0.003) whereas it is not detected in the Italian population

according to dbSNP variation data.30 Consistent with the previous

analysis,31 our in silico model predicts that rs4646116 variation (p.

Lys26Arg ACE2) may facilitate the SARS‐CoV‐2 infection via stronger

TABLE 3 In silico analysis of TMPRSS2 Val160Met. ΔΔG < 0
indicates destabilization

DUET Results (kcal/mol)

mCSM (ΔΔG) −0.847

SDM (ΔΔG) −2.39

DUET (ΔΔG) −1.251
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Spike−ACE2 interaction (Figure 1). It was shown to be not associated

with COVID‐19 clinical outcomes in Iranian patients.32 Synonymous

exonic c.2247G>A;p.(Val749=) (rs35803318) variant was detected in

groups of COVID‐19 patients with different clinical symptoms (mild,

severe, and death) in the Iranian population, according to the same

study. This variation is relatively common in the Turkish population

(AF 0.06) compared to Global (AF 0.02).

p.Arg708Trp, p.Arg710Cys, p.Arg710His, and p.Arg716Cys ACE2

variants that are located in the dimeric interface of ACE2 with

TMPRSS2 were found to be present in European, Eastern, Asian, and

Latino/Admixed American populations but not present in our Turkish

study population in the present study.28

In a more recent study, in a total of 1378 whole‐exome

sequences of individuals from the Middle Eastern populations (Iran,

Qatar, and Kuwait), the prevalence of the rs41303171 was noted to

be highest among Europeans (2.5%), Iranians (0.6%) when compared

to Kuwaitis (0.3%), Qataris (0.2%), and other global populations

(0.4%) and minör allele frequency of this variant significantly

correlated with the case fatality rates (p < 0.0003) in the correspond-

ing countries as of December 2020.33 In the same study, they also

propose that the rs41303171 variant may enhance TMPRSS2

activation and subsequent viral entry.

Cao et al. investigated allele frequency distributions of 1700

ACE2 variants among different populations. Uneven distribution of

some variants between populations was observed in this study. For

example, ACE2 rs4646127 intronic variant was shown to be

associated with higher expression levels in East‐Asian populations

with an allele frequency of 0.993 according to dbSNP data. This

variant was also detected in the studied Turkish population with an

allele frequency of 0.035.

The most frequent TMPRSS2 variant detected in the Turkish

population was the intronic rs140530035 variant with an allele

frequency of 0.449. The second most frequent variant is a coding

sequence synonymous variant, rs17854725. It has an allele fre-

quency of 0.302. This variant was reported to be rare in the Latin

American population and is frequent in the Eastern Asian populations

according to the databases. The third most frequent variant in the

studied population is the intronic rs422471 variant with the

calculated allele frequency of 0.286.

TMPRSS2 rs75603675 and rs12329760 were the missense

variants detected in the Turkish population with allele frequencies

of 0.205 and 0.129 respectively. Both were within the 10 most

frequent variants detected in the studied population. In a recent

study, these variants were referred to as variants whose allele

frequencies vary by ancestry and geography, differing between East

Asians and other populations.34 Importantly, rs12329760 was

predicted to be deleterious by SIFT, PolyPhen‐2, and PROVEAN

which suggest altered protein function. Our in silico analyses suggest

that the rs12329760 variant (p.Val160Met TMPRSS2) may disrupt

the hydrophobic interaction core of TMPRSS2 and destabilize the

protein (Figure 2, Table 3). It is in a highly conserved exonic splicing

enhancer region of the gene and is strongly associated with

TMPRSS2‐ERG fusion translocation in prostate cancer due to the

increased risk of exon skipping.35 Rs75603675, on the other hand,

was considered deleterious only by PolyPhen‐2 software. Both could

potentially affect the function of TMPRSS2 in facilitating SARS‐CoV‐

2 cell entry and therefore may possess a protective role.36 It was

noted in a study that the rs12329760‐T variant allele may have

altered the highly conserved scavenger receptor cysteine‐rich (SRCR)

domain of TMPRSS2 and also decreased protein stability thus

impairing the processing of the spike protein of the SARS‐CoV‐2

A2a subtype.37,38 This may result in the protection of East Asians

from the SARS‐CoV‐2 A2a subtype as the variant has a higher allele

frequency in that region compared to others and also the Turkish

population.

Rs12329760 was reported in 4.85% of individuals studied in

India as well.29 Rs383510, rs2298662, and rs2070788 are three

variants, that are known to increase susceptibility to Influenza A

(H7N9) and may also affect COVID‐19 infectivity was reported to

have low allele frequencies in the Indian population as well as in the

Turkish population in our study.29

A very recent study, which analyzed the association between the

rs12329760 and COVID‐19 severity in 2244 critically ill patients with

COVID‐19 from the UK intensive care units has shown that the T

allele of rs12329760 is associated with a reduced likelihood of

developing severe COVID‐19. Results of this study further identified

TMPRSS2 protein as a promising drug target, with a potential role for

camostat mesylate, which is a drug approved for the treatment

of postoperative reflux esophagitis and chronic pancreatitis, in

COVID‐19 treatment.39

In another study among Italian COVID‐19 patients, the rare

rs114363287; p.Gly111Arg TMPRSS2 variant was detected with a

higher frequency compared to other populations. This variant is

missing in our cohort. On the other hand, rs75603675 and

rs12329760 which are among frequent TMPRSS2 variants in the

general Turkish population were detected in lower frequencies in the

COVID‐19 patients, which supports the possible protective role of

these two variants against COVID‐19.40

The other TMPRSS2 missense variant detected in the Turkish

population was rs61735793 with an allele frequency of 0.007.

The variant has low allele frequencies in all reported populations

in the dbSNP database. No studies are associating this variant

with COVID‐19 susceptibility or disease severity in any

population.

Irham et. al. investigated TMPRSS2 variants affecting expression

among populations from different continents. They identified four

variants: rs464397, rs469390, rs2070788, and rs383510 that

influence TMPRSS2 protein expression in the lungs.41 Rs464397

and rs469390 variants were not detected in the studied cohort of the

Turkish population, whereas rs2070788 and rs383510 were

detected with frequencies of 0.021 and 0.025 respectively. These

frequencies are lower than other studied populations.

Considering the large population size of Turkey, the sample size

may be a limitation in our study. Additionally, we conducted this

analysis on the general population. A study with a larger sample size

that will include COVID‐19 infected and control groups can be
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designed for further analysis of alleles affecting susceptibility and

disease severity.

5 | CONCLUSION

Overall, our data suggests enrichment of the rs4646116 ACE2

functional allele in the Turkish population, which was demonstrated

to potentially enhance the binding of the SARS‐CoV‐2 to the

receptor by in silico modelling. The two TMPRSS2 missense variants,

rs12329760 and rs75603675, that were detected in the Turkish

population and have differential frequency distributions in

dbSNP may have a role in population‐specific outcomes in COVID‐

19 severity. To conclude, new SARS‐CoV‐2 variants and their

potentially different transmission abilities, as well as ACE2 and

TMPRSS2 gene variants should be considered while developing

therapeutics for COVID‐19 disease.
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