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ARTICLE INFO ABSTRACT

Keywords: SARS-CoV-2, the causative agent for COVID-19, an ongoing pandemic, engages the ACE2 receptor to enter the
COVID-19 host cell through S protein priming by a serine protease, TMPRSS2. Variation in the TMPRSS2 gene may account
TMFRSSZ for the disparity in disease susceptibility between populations. Therefore, in the present study, we have used
?5123;;0788 next-generation sequencing (NGS) data of world populations from 393 individuals and analyzed the TMPRSS2
Haplotype gene using a haplotype-based approach with a major focus on South Asia to study its phylogenetic structure and

their haplotype sharing among various populations worldwide. Our analysis of phylogenetic relatedness showed
a closer affinity of South Asians with the West Eurasian populations therefore, host disease susceptibility and
severity particularly in the context of TMPRSS2 will be more akin to West Eurasian instead of East Eurasian. This
is in contrast to our prior study on the ACE2 gene which shows South Asian haplotypes have a strong affinity
towards West Eurasians. Thus ACE2 and TMPRSS2 have an antagonistic genetic relatedness among South Asians.
Considering the significance of the TMPRSS2 gene in the SARS-CoV-2 pathogenicity, COVID-19 infection and
intensity trends could be directly associated with increased expression therefore, we have also tested the SNPs
frequencies of this gene among various Indian state populations with respect to the case fatality rate (CFR).
Interestingly, we found a significant positive association between the rs2070788 SNP (G Allele) and the CFR
among Indian populations. Further our cis eQTL analysis of rs2070788 shows that the GG genotype of the
rs2070788 tends to have a significantly higher expression of TMPRSS2 gene in the lung compared to the AG and
AA genotypes thus validating the previous observation and therefore it might play a vital part in determining
differential disease vulnerability. We trust that this information will be useful in understanding the role of the
TMPRSS2 variant in COVID-19 susceptibility and using it as a biomarker may help to predict populations at risk.

Linkage disequilibrium

1. Introduction

COVID-19 is an ongoing pandemic that has cost millions of lives
worldwide, caused by the SARS-CoV-2 virus of the Beta Family. Along
with ACE2 (Angiotensin-converting enzyme 2) which acts as a receptor,
TMPRSS2 (Transmembrane protease, serine 2), a serine protease, is also
involved in virus entry into the host cell through S Protein priming
(Hoffmann et al., 2020; Zhou et al., 2020). The impact of the COVID-19
crisis is not uniform across ethnic groups. Patients from different ethnic
backgrounds suffer disproportionately (Webb Hooper et al., 2020).
Discrepancies in infection, as well as CFR, could be due to multiple
reasons e.g., existing comorbidities, differences in quarantine and social
distancing policies, access to medical care, reliability & coverage of
epidemiological data, and population age structure, which shows that
mortality is greater among the elderly and those with comorbidity (Ejaz

* Corresponding authors.

et al., 2020; Sanyaolu et al., 2020). However, many young and healthy
people have also lost their lives due to rapid cytokine storms (Muschitz
et al., 2021). It is important to note that these factors do not appear to
account for all the disparities noticed among groups, and there are sig-
nificant knowledge gaps. However, countries with strict standards for
the collection and presentation of epidemiological data suggest that
human variation in genetic makeup may account for differential sus-
ceptibility and severity in disease outcomes among different populations
(SeyedAlinaghi et al., 2021). There is evidence that supports the role of
ACE2 gene variations in COVID-19 susceptibility among Indian pop-
ulations (Srivastava et al., 2020a; Srivastava et al., 2020b). However,
little is known regarding the genetic structure of the TMPRSS2 gene
among South Asian populations, a detailed analysis of the sequence data
of the TMPRSS2 gene from world populations may unveil its haplotype
sharing, which may help understand the role of TMPRSS2 in disease
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susceptibility globally.

TMPRSS2 has been linked to a variety of physiological and patho-
logical processes. Along with SARS-CoV-2 and Influenza virus, various
other human coronaviruses such as HCoV-229E, MERS-CoV, and SARS-
CoV, have been also identified to utilize this protein for cell entrance
(Shen et al., 2017). Androgenic hormones were shown to upregulate this
gene in prostate cancer cells, while androgen-independent prostate
cancer tissue was found to downregulate it (Mollica et al., 2020).
Northern blots analysis has revealed that in mice TMPRSS2 is mainly
expressed in the kidney and prostate, whereas in humans, TMPRSS2 is
largely expressed in the prostate, salivary gland, stomach, and colon
(Vaarala et al., 2001). TMPRSS2 is also expressed in the epithelia of the
respiratory, urogenital and gastrointestinal tracts according to in-situ
hybridization investigations performed on mice embryos and adult tis-
sues (Vaarala et al., 2001). Given the relevance of the TMPRSS2 gene in
the SARS-CoV-2 infection process, COVID-19 infection and severity
pattern may be directly linked to elevated TMPRSS2 gene expression,
resulting in varying disease susceptibility outcomes in various commu-
nities. However, the role of TMPRSS2 polymorphism in disease sus-
ceptibility in the Indian populations is largely unexplored. Therefore, in
the current study, we analyzed the haplotype structure of the TMPRSS2
gene focusing on South Asia and its genetic variants that could be
responsible for changes in the gene expression in the lungs tissue and,
tested its correlation with epidemiological data available on COVID-19,
for any existing association among Indian population.

2. Material and methods

The Haplotype analysis of the TMPRSS2 gene among various world
populations was performed using NGS data from Pagani et al. (Pagani
et al., 2016). PLINK 1.9 was used to extract complete coordinates of the
TMPRSS2 gene from the dataset for different populations (Purcell et al.,
2007). Based on Principal component analysis (PCA) results performed
by Pagani et al., ethnic outliers samples from Sahul and Africa were
excluded, as well relatives up till second-degree, from which a total of
393 samples and 795 SNVs (Single nucleotide variants) were observed
and used subsequently for our study (Supplementary Table 1 and 2). The
plink file was converted to fasta (ped to IUPAC) by a customized script
(Budak, 2020). For phasing, Fst calculation, and generation of Network
and Arlequin input file, DNAsp (ver 6.0) was used (Rozas et al., 2017).
MEGA X was used to construct an Fst based Neighbour-joining tree
(Kumar et al., 2018). To calculate Nei's genetic and average pairwise
distance, Arlequin 3.5 was used and plotted on a graph by R V3.1
(Excoffier and Lischer, 2010; R: The R Project for Statistical Computing
[Internet]. [cited, 2021). Network v5 and network publisher were
employed to draw the median-joining network while total and prevalent
haplotypes in the TMPRSS2 gene for each population were calculated
using XML file generated through Arlequin 3.5 (Excoffier and Lischer,
2010; Bandelt et al., 1999).

For the association study, we searched for the studies on TMPRSS2
gene variants reported in the literature elsewhere in relation to COVID-
19 susceptibility (Mollica et al., 2020; Andolfo et al., 2021; Asselta et al.,
2020; Bhattacharyya et al., 2020; Darbani, 2020; Hou et al., 2020; Irham
et al., 2020; Iyer et al., 2020; Jeon et al., 2020; Kim and Jeong, 2021;
Latini et al., 2020; Paniri et al., 2021; Piva et al., 2021; Ragia and
Manolopoulos, 2020; Senapati et al., 2020; Sharma et al., n.d.; Singh
et al., 2021; Strope et al., 2020; Torre-Fuentes et al., 2021; Vargas-
Alarcén et al., 2020; Wang et al., 2020; Wulandari et al., 2021; Saih
etal., 2021; Schonfelder et al., 2021; Kehdy et al., 2021) from this a total
of 5 SNPs (rs2070788, rs734056, rs12329760, rs2276205, and
1s3787950) was observed in our data and studied subsequently in detail.
Data from the Estonian Biocentre (Chaubey et al., 2017; Pathak et al.,
2018; Re3data, 2014; Tatte et al., 2019), phase 3 of the 1000 Genomes
Project (Durbin et al., 2010), and our new genotyped samples from
several Indian states were used to calculate the frequency of each of
these SNPs among various Indian populations using plink 1.9. We
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obtained state-wise frequency of cases and deaths from https://www.
mygov.in/corona-data/covidl9-statewise-status/. State-wise frequency
maps for rs2070788 and COVID-19 CFR among the Indian population
were made using https://www.datawrapper.de/. and worldwide spatial
distribution of rs2070788 was generated from the PGG.SNV toolkit
using 1000 genome samples (Zhang et al., 2019). The linear regression
calculations for statewise allele frequency Vs the CFR were done using
Microsoft excel and results were further validated by SPSS (ver 26) at a
95% confidence interval and 1000 bootstrapping (2,000,000 seeds) for a
two-tailed significance. The composite plots for all variables were pro-
duced using a customized R script (ver 4) (R: The R Project for Statistical
Computing [Internet]. [cited, 2021). Expression quantitative trait loci
(eQTL) were examined utilizing the GTEx database (http://www.gt
exportal.org/home/) to determine the relationship between genetic
variations and TMPRSS2 gene expression profile (THE GTEX CON-
SORTIUM et al., 2015). Haploview was used to generate a Linkage
disequilibrium (LD) map and to calculate aggregate haplotypes fre-
quency carrying rs2070788 (G allele) in each population (Barrett et al.,
2005).

3. Result and discussion

TMPRSS?2 is a serine protease enzyme that is encoded in humans by
the TMPRSS2 gene located on chromosome 21q22.3. (Paoloni-Giaco-
bino et al., 1997). This protein aids in the entry of various viruses into
the host cells, like the influenza virus, and human coronaviruses such as
HCoV-229E, MERS-CoV, SARS-CoV, and SARS-CoV-2 by proteolytically
cleaving and then activating the viral envelope glycoproteins (Huggins,
2020), and thus can be inhibited by TMPRSS2 inhibitor (Hoffmann et al.,
2020). Genetic variation in this gene may account for differential
vulnerability for COVID-19 disease among diverse populations. There-
fore, in the present study with our major focus on South Asia, we
examine the genetic relatedness, using TMPRSS2 gene sequence data
among world populations by haplotype-based approach for comparison
among the various groups. Fst based Neighbour-Joining (NJ) tree
showed the clustering of South Asians with the West Eurasian pop-
ulations (Caucasus, West Asia, Europe, and Central Asia) therefore,
suggesting the closer affinity of South Asians with West Eurasians pop-
ulations for the TMPRSS2 gene. (Fig. 1A). Similarly, the Average Pair-
wise differences analysis showed smaller diversity and genetic distance
between populations, among East and West Eurasians, while greater
diversity and genetic distance was observed between East and West
Eurasian populations. The lowest diversity was found in West Asia & the
American populations (Fig. 1B). A median-joining (MJ) network anal-
ysis of the TMPRSS2 gene revealed that there are 499 haplotypes
throughout this gene among the examined populations, with five prev-
alent haplotypes (Hap 34, Hap 48, Hap 75, Hap 98, and Hap 260), each
having >10 individuals. Haplotypes 48 and 75 were found to be more
common in Europe, while haplotypes 98 and 260 were frequent in
Siberia. Haplotype 34 was predominant in Southeast Asia, followed by
Central Asia (Supplementary Table 3A and Supplementary Fig. 1). South
Asian populations carry 47 haplotypes, among which 6 are shared
(Hap_34, Hap_48, Hap_78, Hap_112, Hap_219, and Hap_260) with other
continental populations while the rest are unique to South Asia. Among
the shared haplotypes, five are shared majorly with the West Eurasian
populations i.e. (Hap_34, Hap_48, Hap_78, Hap_112, Hap_219), whereas
only a single haplotype (Hap_260) is majorly shared with the East
Eurasian populations. (Fig. 1C and Supplementary Table 3B). Thus
haplotype sharing, as well as Fst analysis, are consistent with the West
Eurasian affiliation of the majority of South Asian TMPRSS2 haplotypes
(Fig. 1C and Fig. 1A). Therefore, the host susceptibility of SARS-CoV-2
for the TMPRSS2 gene among South Asians is most likely expected to
be similar to West Eurasians rather than that of East Eurasians. In
contrast with this, our previous study on the ACE2 gene has shown the
strong genetic affinity of South Asian haplotypes with the East Eurasians
(Srivastava et al., 2020a; Srivastava et al., 2020b). Thus, for the South
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Fig. 1. (A) Neighbour-Joining (NJ) tree based on Fst distance, showing genetic relationship for TMPRSS2 gene among the studied population. (B) Matrix showing
average paired variation for TMPRSS2 gene, between the population (green) in the upper triangle, within-population (orange) along diagonal, and Nei's distance
between populations are shown (blue) in the lower triangle. The obtained value for different variables is directly proportional to the color gradient. (C) The stacked
bar-plot represents 47 haplotypes observed in TMPRSS2 Gene among South Asian populations. Frequency and sharing for each haplotype with South Asia and to

other geographic regions are indicated with different colored bars.

Asians, ACE2 and TMPRSS2 have an antagonistically genetic related-
ness. As a result, it is worth proposing that the South Asian population's
susceptibility to SARS-CoV-2 will fall somewhere between West and East
Eurasian people, which is most likely the cause of the moderate sus-
ceptibility seen in first and second waves.

Recognizing the importance of the TMPRSS2 gene in the SARS-CoV-2
infection cycle, the disparity in COVID-19 infection and severity could
be attributed to enhanced TMPRSS2 gene expression thus, variation in
this gene may play such part and therefore may result in a difference in
disease susceptibility in different communities around the world. The
effect of TMPRSS2 polymorphism in COVID-19 susceptibility in Indian
people is largely unknown and this needs to be investigated. Therefore,
we calculated state-wise allele frequencies in Indian populations for all
the 5 SNPs (rs2070788, rs734056, rs12329760, rs2276205, and
rs3787950) observed in our data. The linear regression analysis was
carried out to test the association of these SNP's frequency with COVID-
19 CFR among various Indian states (Supplementary Table 4 A, B, and
5). The linear regression analysis performed for rs2070788 (G allele)
allele frequency showed a significant positive correlation with CFR
among Indian populations;i.e.- p = 0.029 (at significance threshold of p
< 0.05). Among the Indian populations, higher CFR was observed where
the allele frequency is higher and vice versa (Fig. 2A and B). The
goodness of fit (R?) explained 33.82% of the variation (Figs. 2C) with an
effect size (B) of 0.582, suggesting a large effect of this allele in the In-
dian population. As this is an active pandemic with changing numbers of
infected and dead patients, we confirmed our findings at different

timelines (latest up to August 2021). The recent data reciprocate the
previous observation with no substantial difference between the out-
comes. Thus, supporting the previous observation of strong positive
association (Table 1).

rs2070788 was previously reported to have significantly associated
with the susceptibility to influenza infection, therefore, have clinical
significance in infectious diseases (Cheng et al., 2015). We used the
publicly accessible GTEx database to confirm our associations between
rs2070788 (G) allele and TMPRSS2 expression in the lungs. We obtained
expression of the TMPRSS2 gene across different genotypes in eQTL
from 515 samples, which shows that the rs2070788 GG genotype had
significant higher TMPRSS2 expression (p-value threshold <0.05) in the
lung as compared to the AG and AA genotypes, i.e. GG > AG > AA (p-
value = 8.9e-9, A allele normalized effect size = —0.115) (Fig. 3). Thus,
the G allele may contribute to severe consequences in SARS-CoV-2
infection in populations with high frequency. We found that G allele
frequency in India ranges from 20% to 50%, with the mean frequency of
39%, lowest being in Arunachal Pradesh and highest in Bihar which is in
accordance as per data observed which clearly shows Arunachal Pradesh
is among those states that show lowest CFR while Bihar and other states
are among higher CFR (Supplementary Table 4A and B). Thus this may
explain the disparity in severity of the COVID-19 pandemic among
various Indian states (Fig. 2 B). Being an androgen-sensitive gene
TMPRSS2 is known to mediate sex-related effects and rs2070788 SNP is
known to play an important role (Alshahawey et al., 2020). Higher
expression of TMPRSS2 in males might make them more prone to virus
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Fig. 2. (A) frequency map (%) showing the spatial distribution of allele rs2070788 among Indian populations. Grey color marks the absence of data. (B) The Map of
state-wise frequency (%) of case-fatality rate (CFR) (updated till 30th August 2021). (C) The linear regression graph shows the relationship between rs2070788 (G)

allele frequency and COVID-19 CFR of the TMPRSS2 gene.

fusion and could explain high COVID-19 mortality in males (Lamy et al.,
2020; Peckham et al., 2020).

For Linkage disequilibrium (LD) analysis, LD plots were made for
each population focussing on rs2070788 and nearby SNPs on that
haplotype. LD blocks of various sizes were observed among Central
Asians, Caucasians, Europeans, South Asians, Siberians, and West
Asians. The highest LD level was found in Americans (Supplementary
Fig. 2). We also calculated aggregate haplotypes frequency carrying

rs2070788 (G allele), in each population presented in (Supplementary
Table 6). Considerable levels of variation in haplotype frequency were
observed among the populations. The highest haplotype frequency was
observed in America (0.654), while the lowest haplotype frequency was
recorded in Southeast Asia Island (0.322), these findings are consistent
with epidemiological data available on COVID-19 which clearly shows
that the American population has the most number of cases and death
while Southeast Asians are much below in the list. We also looked for
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Table 1
Results of tests conducted for statistical significance at different timelines of the
pandemic in India.

Observation Linear regression analysis parameters

152070788 R? p-value Effect size (f) Std. Error (Se)
June 2021_CFR 0.338 0.029 0.582 0.080467
July 2021_CFR 0.310 0.039 0.557 0.082181
August 2021_CFR 0.289 0.047 0.537 0.083416

TMPRSS2
chr21 41470061 _G_A b38
Lung

[
o

GG GA AA
(98)  (269)  (148)

Fig. 3. Violin plot of TMPRSS2 expression for cis eQTL rs2070788 in Lung
tissue. The allelic effect of rs2070788 on normalized TMPRSS2 gene expression
levels is presented by boxplots inside violin plots. G and A alleles indicate the
major and minor allele types, respectively with the number of subjects shown
under each genotype. The plots indicate the density distribution of the samples
in each genotype. The white stripe in the box plot (black) illustrates the median
value of the gene expression at each genotype.

worldwide distribution of rs2070788 (G allele) from 1000 genome and
gnomAD database (Supplementary Table 7 and Supplementary Fig. 3)
and found consistent with the previous observation, rs2070788 (G
allele) frequency was highest in Americans, while lowest in African and
East Asians populations, this may explain high fatality among Americans
populations while African and East Asians being least affected. Low
severity among East Asians could be due to adaptation at many genes
that engage with coronaviruses, also including the SARS-CoV-2, which
began 25,000 years back for coronaviruses, or a related virus outbreak in
East Asia at that time (Souilmi et al., 2021).

We caution that this SNP (rs2070788) to be one of the several factors
affecting COVID-19 severity; however, the major limitations of the
present study is the lack of additional data on covariates such as age, sex,
existing comorbidity, virus strain, access to healthcare facilities, and
precautionary measures which can alter the CFR.
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4. Conclusion

In conclusion for the first time, we have shown a closer affinity of
South Asians with the West Eurasian populations for the TMPRSS2 gene.
Hence, host disease susceptibility in the context of the TMPRSS2 gene
will be more likely similar to West Eurasian populations. This is in
contrast to our prior study on the ACE2 gene, which showed a closer
genetic affinity of South Asian haplotypes with East Eurasians. Thus, for
South Asians, ACE2 and TMPRSS2 have an antagonistic genetic rela-
tionship. So, it is worth proposing that the susceptibility of the South
Asian population to SARS-CoV-2 will fall somewhere between West and
East Eurasian populations, which may be most likely the cause of the
moderate susceptibility. We also found a significant genetic association
between the rs2070788 (G) allele and COVID-19 CFR among Indian
populations. Cis eQTL of rs2070788 across different genotypes from the
GTEx database further confirms associations between rs2070788(G)
allele and TMPRSS2 expression, which shows G allele is associated with
higher expression in the lungs. This information could be used as a ge-
netic biomarker to predict susceptible populations, which may be very
useful during the epidemic in policymaking and making better resource
allocation.
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