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Abstract
G-quadruplex structure or Putative Quadruplex Sequences (PQSs) are abundant in human, microbial, DNA, or RNA viral 
genomes. These sequences in RNA viral genome play critical roles in integration into human genome as LTR (Long Terminal  
Repeat), genome replication, chromatin rearrangements, gene regulation, antigen variation (Av), and virulence.  
Here, we investigated whether the genome of SARS-CoV2, an RNA virus, contained such potential G-quadruplex structures. 
Using bioinformatic tools, we searched for such sequences and found thirty-seven (forward strand (twenty-five) + reverse 
strand (Twelve)) QGRSs (Quadruplex forming G-Rich Sequences)/PQSs in SARS-CoV2 genome. These sequences are 
dispersed mainly in the upstream of SARS-CoV2 genes. We discuss whether existing PQS/QGRS ligands could inhibit the 
SARS-CoV2 replication and gene transcription as has been observed in other RNA viruses. Further experimental validation 
would determine the role of these G-quadruplex sequences in SARS-CoV2 genome function to survive in the host cells and 
identify therapeutic agents to destabilize these PQSs/QGRSs.
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Introduction

The SARS-CoV2 virus that causes covid-19 disease created 
pandemic worldwide with considerable mortalities. SARS-
CoV2 has a protein coat with spikes and a positive ~ 30 kb 
(29,903 base) RNA strand (Ren et al. 2020a, Zhou et al. 
2020). After attaching to the host cell with its spike pro-
teins, it uses the ACE2 receptor as well as the TMPRSS2  
enzyme to enter into host cells. It also uses host machinery 
to replicate its RNA genome to make thousands of RNA 
molecules (Hoffmann et al. 2020). A classical retrovirus 
multiplication consists of several steps (Wessner 2010) that 
includes reverse transcription to produce cDNA by its own 
enzyme RDRP (RNA directed DNA polymerase), and it inte-
grates into host genome to replicate and transcribe for pro-
ducing its own proteins. Unlike retroviruses, SARS-CoV2 as 
a coronavirus does not integrate into human genome for its 
survival, but occasional integration could not be ruled out. 
Current report suggests that SARS-CoV2 indeed integrate 

in the human genome in cell culture model and in covid-19 
patients’ nasopharyngeal cells (Zhang et al. 2021).

The SARS-CoV2 is a novel virus, and its molecular char-
acterization of replication mechanism is in the very early 
stages of investigation. PQSs are known to pause replica-
tion forks, delay replication, and play a role in DNA dam-
age and repair. A special helicase, such as Bloom helicase, 
acts on RNA genome to resolve G-quadruplex structure 
to load RDRP. In addition, all G-quadruplex helicases use 
ATP hydrolytic energy to unwind G-quadruplex structures 
(Chatterjee et al. 2014). G-quadruplexes located upstream 
or downstream of the Transcription Start Site (TSS) can 
inhibit or promote transcription. The PQSs recruit transla-
tion initiation proteins or block these proteins binding to the 
Untranslated Region (UTR), and modulate translation (Xu 
et al. 2021). Host protein nucleolin (NCL) binds with core 
PQS of HCV virus, and unavailable free NCL substantially 
increases viral replication.

The PQSs/QGRSs are also required for RNA synthe-
sis and act as initiation sites for transcription of the viral 
genome (Poltronieri et al. 2015). PQSs also regulate other 
molecular mechanisms in RNA biology such as splicing, 
ribosomal frameshifting, mRNA translocations, Repeat-
Associated Non-AUG (RAN) translation, and maturation of 
miRNAs. It also forms intermolecular Hybrid Quadruplex 
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(HQ) between non-template DNA, nascent mRNA and  
acts as a transcription-termination signal (Saranathan and 
Vivekanandan 2019). In addition to gene expression, it also 
acts as recombination hotspot that involves recombination 
of genomic segments leading to the production of altered 
surface proteins to generate antigenic variation (Av) (Deitsch 
et al. 1997). For EBV (Epstein-Barr Virus) and HIV1, PQSs 
not only facilitate to generate Av but also contribute to viru-
lence (Harris and Merrick 2015).

PQS often consists of G-quadruplex in the sequences. A 
quartet of G is the main core of the quadruplex, and the sur-
rounding sequences make it a perfect quadruplex (Fig. 1). 
G-quadruplex provides stability of the LTR sequences in a  
stem and loop structure (Butovskaya et al. 2018; Ruggiero  
et  al. 2019). It is observed that promoters of the genes 
in Mycobacterium tuberculosis possess G-quadruplex 
sequences that enable HIV1 LTR to integrate (Perrone et al. 
2017). Putative G-quadruplex in coding and non-coding 
sequences indeed forms G-quadruplex (Krafčíková et al. 
2017; Ruggiero et al. 2019). Human telomeres are mostly 
made of these G-quadruplex that are resolved and replicated 
by telomerase (Lin et al. 2001; Mills et al. 2002).

As PQS negatively regulates viral replication, transcrip-
tion, and translation, it forms the basis of PQS ligands as 
antiviral agents. Several PQS ligands are being currently 
tested for HIV1, ZIKA (ZIKV) and HCV etc. (Saranathan  
and Vivekanandan 2019). However, their specificity is a  
major concern as these ligands may also bind with many host  
PQSs. These concerns likely to be resolved as the number of  
virus particles with their PQSs could outnumber the PQSs 
of single host cells (Ruggiero et al. 2021). In addition, other 
strategies such as PQS-specific antibody, anti-oligo against 

specific PQS, or CRISPR editing to disrupt the quadruplex 
structure could be important tools to control the virus ampli-
fication (Xu et al. 2021).

Here, we searched for PQS sequences in silico in SARS-
CoV2 genome and located their position in respect to 
twenty-nine genes of SARS-CoV2. We discussed their pos-
sible role in chromatin rearrangements and gene regulation 
in which genes they belong and that could have potential 
impact in its replication, transcription, and survival. We also 
hypothesized further investigative approach of known and 
existing PQS ligands to inhibit SARS-CoV2 amplification 
and gene regulation.

Materials and methods

G‑quadruplex mapping

G-quadruplex sequences are mapped on a standard consen-
sus SARS-CoV2 genome (MN908947) in the website QGRS 
mapper (https://​bioin​forma​tics.​ramapo.​edu/​QGRS/​analy​ze.​
php) (Kikin et al. 2006). The search criteria were of maxi-
mum 30 base length and loop consisting of any length from 
0 to 30 base sequences. This software gives output as lists of 
QGRS/PQS sequences for unique and overlapping sequence 
stretch. After scoring QGRS/PQS from forward strand, same 
SARS-CoV2 genomic sequences are reverse complemented 
and again analyzed to find QGRS/PQS sequences. The prob-
ability of forming G-quadruplex structure of each sequence 
is obtained as G-scores as an output of the software.

The position of each forward and reverse strand QGRS/
PQS sequences in the SARS-CoV2 genome is listed (soft-
ware output) and represented in a map using the position of 
each gene of SARS-CoV2.

Results

QGRS/PQS sequences are dispersed in SARS‑CoV2 
genome

The ability of a DNA or RNA stretch to form G-quadruplex 
structure depends on the constituents of the sequences compris-
ing stem and a loop. The composition of sequences determines 
the stability of the G-quadruplex. In silico methods comprise a 
score system that determines the stability of potential sequence 
stretch to form a G-quadruplex structure (Kikin et al. 2006). 
To search for PQS sequences in SARS-CoV2 genome, we 
used in silico methods using a standard software that provides 
G-score to identify G-quadruplex sequences in the genome. 
We identified several sequences in the SARS-CoV2 genome 

Fig. 1   Structure of G-quadruplex. a. QGRS sequences contain G tract b. 
loop structures and c. loop sequences that may form G-quadruplex

https://bioinformatics.ramapo.edu/QGRS/analyze.php
https://bioinformatics.ramapo.edu/QGRS/analyze.php
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that have potential to form G-quadruplex structure (Tables 1 
and 2). Although G-scores are not high, thirty-seven sequence 
(forward (twenty-five) + reversed (twelve)) stretches (without 
overlapping sequences) have potential to form G-quadruplex 
structure. When overlapping sequences are considered, total 75 
(45 forward and 30 reverse strand) QGRS/PQS are observed 
(Supplementary Table 1 and 2).

Potential G‑quadruplex sequences are abundant 
in the upstream of SARS‑CoV2 genes

QGRSs/PQSs are demonstrated to be present at the TSS of 
many genes (Kikin et al. 2006; Perrone et al. 2017) although 
their exact functions in transcription are not well understood. 
QGRSs/PQSs are shown to play critical role in forming a 

Table 1   QGRS/PQS sequences 
in forward strand (overlaps not 
included)

Base position in 
SARS-CoV2 
genome

Length QGRS/PQS G-Score

353 25 GGCTTT​GGAGA​CTC​CGT​GGAGGA​GG 16
644 20 GGTAA​TAA​AGGAGCT​GGTGG 15
1463 26 GGTGGTCG​CAC​TAT​TGC​CTTT​GGAGG 6
1574 26 GGTGT​TGT​TGGAGAA​GGTTC​CGA​AGG 18
2714 29 GGCGGTGC​ACC​AAC​AAA​GGTTA​CTT​TTGG 10
3467 17 GGAGGAGGTGT​TGC​AGG 15
4162 27 GGTTA​TAC​CTA​CTA​AAAA​GGCTGGTGG 6
4261 29 GGGTT​TAA​ATGGTTA​CAC​TGT​AGA​GGAGG 10
8687 23 GGATA​CAA​GGCTA​TTG​ATGGTGG 14
10,261 30 GGCTGGTAA​TGT​TCA​ACT​CAGGGTT​ATT​GG 9
13,385 20 GGTATGT​GGAAA​GGTTAT​GG 19
14,947 28 GGTTT​TCC​ATT​TAA​TAAAT​GGGG​TAA​GG 4
15,208 27 GGAAC​AAG​CAA​ATT​CTAT​GGTGGTTGG 6
15,448 29 GGCGGTTC​ACT​ATA​TGT​TAA​ACC​AGGTGG 3
18,296 23 GGATT​GGCTT​CGA​TGT​CGA​GGGG​ 9
22,316 29 GGTGA​TTC​TTC​TTC​AGGTTGGACA​GCT​GG 10
24,215 20 GGTTGGACC​TTT​GGTGCA​GG 17
24,268 24 GGCTT​ATA​GGTTT​AAT​GGTATT​GG 19
25,197 22 GGCCAT​GGTAC​ATT​TGGCTA​GG 17
25,951 29 GGTGGTTA​TAC​TGA​AAA​ATGGGAA​TCT​GG 8
26,746 30 GGATC​ACC​GGTGGAAT​TGC​TAT​CGC​AAT​GG 7
28,781 29 GGCTT​CTA​CGC​AGA​AGGGAG​CAG​AGGCGG 9
28,903 15 GGCTGGCAAT​GGCGG 18
29,123 19 GGAAA​TTT​TGGGG​ACCA​GG 14
29,234 30 GGCAT​GGAAG​TCA​CAC​CTT​CGGGAA​CGT​GG 11

Table 2   QGRS/PQS sequences 
in reverse strand (overlaps not 
included)

Base position in 
SARS-CoV2 
genome

Length QGRS/PQS G-Score

165 22 GGCCTC​GGTGA​AAA​TGT​GGTGG 13
2987 29 GGTCT​GGTCA​GAA​TAG​TGC​CAT​GGAGT​GG 9
6822 30 GGTTGGTAA​CCA​ACA​CCA​TTAGT​GGGTT​GG 6
11,440 25 GGCGGTGGTTT​AGC​ACT​AAC​TCT​GG 7
13,136 19 GGTTA​AGT​GGTGGTCTA​GG 16
13,963 18 GGATCT​GGGTAA​GGAAGG 19
16,623 27 GGATTT​GGATG​ATC​TATGT​GGCAAC​GG 14
19,865 25 GGTGA​TAG​AGGTTTGT​GGTGGTT​GG 19
23,877 17 GGATAT​GGTTGGTTT​GG 19
25,003 16 GGTGGAATGT​GGTAGG 17
27,432 24 GGGG​CTT​TTA​GAGGCAT​GAG​TAGG 13
29,867 23 GGTTGGTTT​GTT​ACCT​GGGAA​GG 13
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dynamic nucleosome positioning or an RNA–DNA hybrid 
during transcription (Ohmori and Tsuruyama 2012; Zhang 
et al. 2020a, b). I observed the upstream of SARS-CoV2 
genes is populated with these sequences. SARS-CoV2 
genome codes for 29 functional proteins or peptides (Gordon  
et al. 2020). The identified QGRSs/PQSs are present at 
the upstream of (−400 bp) of at least 16 proteins (Fig. 2). 
Among them, 13 genes have QGRS/PQS within – 250 bp 
of upstream and likely to act as TSS although exact TSS for 
each SARS-CoV2 gene is yet to be documented.

Significance of QGRS/PQS in upstream of SARS‑CoV2 
genes

Although QGRS/PQS in any position of a gene can modu-
late gene expression, and until further characterization of 
promoters of each gene is documented, I focused those 
SARS-CoV2 genes that have QGRS/PQS sequences in the 
upstream at the putative promoter region. The expression 
of these genes could be modulated by chromatin rearrange-
ments or DNA stability, inhibiting RNA splicing or transla-
tion (Machida et al. 2020).

NSP1 ((reverse strand (R) ‑100 base (b))  NSP1 is a virulence  
factor of the virus that binds to the human 40S riboso-
mal complex to inhibit the mRNA entry for translation by 
the host proteins (Schubert et al. 2020). The inhibition of 
translation completely shuts down the innate immune sys-
tem of human (Thoms et al. 2020). NSP1 is also known 
to interact with POLA1, POLA2, PRIM1, PRIM2, PKP, 
and COLGALT1 (Gordon et al. 2020). Thus, modulation of 
expression of NSP1 gene should have tremendous impact for 
SARS-oV2 survival in the human body.

NSP2 ((forward strand (F)) ‑47b, ‑56b)  NSP2 contains an 
endosome-associated protein–like domain that accounts for 
highly contagious properties of SARS-CoV2 (Angeletti et al. 
2020). NSP2 interacts with EIF4A2, SLC27A2, FKBP14, 
and WASHC4 (Gordon et  al.  2020). NSP2 also binds  
with STAU2, HNRNPL1, ATP6V1B2, RAP1GDS and is 
involved in several biological processes such as endosome 
transport and translation (Zheng et al. 2021).

NSP3 ((F) +69b, ‑268b(R))  NSP3 is a large protein encoded 
by a SARS-CoV2 gene and consists of eight domains, such 
as the ubiquitin-like domain 1 (Ubl1), the Glu-rich acidic 
domain, a macrodomain (Mac1 or X domain), the ubiquitin-
like domain 2 (Ubl2), the papain-like protease 2 (PL2pro), 
the Nsp3 ectodomain (3Ecto, “zinc-finger domain”), and 
the domains Y1 and CoV-Y (Lei et al. 2018). Ubl1 in CoV 
virus binds with single-strand (ssRNA) and interacts with 
the nucleocapsid (N) protein (Hurst et al. 2013). Papain-like 
domain is demonstrated to provide cleavage site in NSP3 for 
ubiquitination (Wojdyla et al. 2010). X domain (Mac1) is 
indispensable for RNA replication in the context of a SARS-
CoV replicon (Kusov et al. 2015). Evidences showed that 
the X domain played a role in counteracting the host innate 
immune response (Fehr et al. 2016).

NSP4 ((F)‑238b)  NSP4 interacts with mitochondrial pro-
teins TIMM9, TIMM10, TIMM10B, TIMM29, and TIMM  
(Gordon et al. 2020). NSP4 bindings are unique to each 
strain, such as E3 ubiquitin ligase complexes for SARS-
CoV-1 and ER homeostasis factors for SARS-CoV-2. 
Common NSP4 interactors include N-linked glycosylation 
machinery, unfolded protein response (UPR)-associated pro-
teins, and anti-viral innate immune signaling factors. NSP4 
interactors are strongly enriched in proteins localized at 

Fig. 2   Location of QGRS/
PQS sequences in SARS-CoV2 
genome. Most of the QGRSs/
PQSs are located upstream of 
genes
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mitochondrial-associated ER membranes suggesting a new 
functional role for modulating host processes, such as cal-
cium homeostasis at these organelles contact sites (Davies 
et al. 2020).

RDRP ((F) +45b)  The RDRP is the RNA polymerase essential  
for SARS-CoV2 replication. The structure of RDRP com-
plexes consists of non-structural protein NSP12, NSP8,  
NSP7 and more than two turns of RNA template–product 
duplex. The active-site cleft of NSP12 binds to the first turn 
of RNA (Hillen et al. 2020). Evolutionary studies of whole-
genome sequences of SARS-CoV2 represent high similarities 
(> 90%) with other SARS viruses. Targeting the RDRP active 
sites, residues ASP760 and ASP761, by antiviral drugs could 
be a potential therapeutic option for inhibition of SARS-
CoV2 RDRP and thus viral replication (Aftab et al. 2020).

NSP10 ((R) ‑112b)  NSP10 is a critical co-factor and major 
regulator of SARS-CoV2 replicase function. Reverse genet-
ics experiments supported an essential role of the NSP10 
that interacts with NSP14 in SARS-CoV1 replication, as sev-
eral mutations that abolished the interaction in vitro yielded 
a replication negative viral phenotype. In contrast, mutants 
in which the NSP10-NSP16 interaction was disturbed, they 
proved to be crippled but viable. These experiments imply 
that the NSP10 interacts with NSP14 and NSP16 and may be 
a target for the development of antiviral compounds against 
pathogenic coronaviruses (Bouvet et al. 2014). SARS-CoV2 
NSP10/NSP14 also functions as an exoribonuclease with 
both structural and functional integrity (Lin et al. 2021).

ORF3A ((F)‑84b, ‑90b)  ORF3a is a viroporin, an integral 
membrane protein able to function as an ion channel that 
may promote virus release (Issa et al. 2020). This protein 
interacts with host caveolin and regulates different phases 
of viral cycle. ORF3a has also a TRAF3-binding motif that 
activates the NLRP3 inflammasome and acts as a potent 
stimulator of pro–IL-1β gene transcription. In animal models  
of SARS-CoV1, genomic deletion of ORF3a reduced virus 
replication (Castaño-Rodriguez et al. 2018). Importantly, 
in SARS-CoV2-infected individuals, significant CD4+ 
and CD8+ T cell responses were naturally directed against 
ORF3a. ORF3a also induces apoptosis in host cells (Ren 
et al. 2020b).

ORF4 (E protein) ((F) ‑208b)  This protein is mostly confined 
around the ER (endoplasmic reticulum), Golgi complex, and 
ER-Golgi intermediate compartment (ERGIC), where it is 
involved in assembly of virus particles and budding. E-protein 
may act as an ion channel, specifically like viroporin, which then 
oligomerizes and enhances membrane permeability. It is crucial 
for apoptosis and possesses an N-terminal, a transmembrane, 
and a C-terminal domain. Furthermore, the transmembrane 

region of the protein is responsible for homotypic interactions 
of the protein as analyzed by Molecular Dynamics (MD) simu-
lations (Kaur et al. 2021). NSP4 interacts with NSP3 and host 
proteins to confer membrane rearrangement in SARS CoV1. 
Moreover, the interaction between NSP4 and NSP3 is essential 
for viral replication (Sakai et al. 2017).

ORF7A ((R) ‑39b)  This protein has biochemical properties 
consistent with that of an integral membrane protein (Kaur 
et al. 2021). ORF7A localizes in the Golgi compartment. 
The ORF7A protein is not only an accessory protein but also 
a structural component of the SARS-CoV2 virion (Hassan 
et al. 2021). ORF7A is demonstrated to interact with MDN1 
and HEATR3 (Gordon et al. 2020).

ORF10 ((F)‑218b)  SARS-CoV2 ORF10 are predicted to alter 
binding affinity to respective HLA alleles and correspond-
ingly changes the immunogenicity of SARS-CoV2 invasion. 
ORF10 predominantly decreases the affinity of epitopes to 
escape the host-immune system (Hassan et al. 2021). ORF10 
interacts with CUL2 complex comprising CUL2, RBX1, 
ELOB, ELOC, and ZYG11B (Gordon et al. 2020).

Therapeutic aspect of PQS ligands to inhibit 
amplification and gene expression of SARS‑CoV2

Despite considerable achievements in antiviral research, 
new and emerging viruses constantly threat human. Novel 
and innovative therapies are needed to control these viruses. 
Small molecules that serve as PQS ligands have been devel-
oped to target G-quadruplex structures. The common struc-
tural characters of these ligands have a heterocyclic core  
that binds with G-quadruplex and have physiological stabili-
ties, higher binding affinities with low cytotoxic activities. 
Some of such ligands are mentioned here that could be tested 
for controlling SARs-CoV2 growth to develop therapeutics.

BRACO‑19 (the N, N0‑(9‑((4‑(dimethylamino) phenyl)amino)
acridine‑3,6‑diyl)bis(3‑(pyrrolidin‑1‑yl)propanamide)  It is a 
trisubstituted acridine molecule widely used as PQS ligands 
for its high specificity and low cytotoxicity. Apart from 
DNA virus, it was used against PQS of HIV1 and ZIKV, 
and in both cases, it was effective to stall the replication 
and decreased virus titer (Ruggiero et al. 2021). Braco-19 is 
currently being tested against SUD (SARS Unique Domain) 
PQS in NSP3 gene of SARS-COV1 and SARS-CoV2, and 
promising results are obtained to inhibit the viral amplifica-
tion (Zhang et al. 2020b; Cui and Zhang 2020).

TMPyP4 (N‑methyl‑4‑pyridyl) porphyrin)  TMPyP4 is the 
most extensively studied molecule against PQS for its size 
and hydrophobicity. It has been used against several human 
herpes viruses (HHVs), human papillomavirus (HPV), and 
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ZIKV. It is also effective against a PQS that is upstream 
of miRNAs (miR-K12-1–9,11) and an mRNA associated 
with latency associated nuclear antigen (LANA) of HSV1.  
It stabilized G4 structure of ZIKV and inhibited replication 
of the virus in vivo in dose-dependent manner with viral 
growth (Ruggiero et al. 2021).

PhenDC3 and bisquinolinium derivatives  Bisquinolinium com-
pounds are characterized by an aromatic nucleus substituted 
with two protonated quinoline moieties. PhenDC3 is the most 
prominent compound of bisquinolinium. PhenDC3 success-
fully prevented the NCL binding with G-quadruplex of EBNA 
mRNA of EBV virus (Ruggiero and Richter 2018). PhenDC3 
is considered a prominent player for destabilizing G-quadruplex 
structures and inhibits viral growth (Reznichenko et al. 2019).

NMM (N‑methyl mesoporphyrin IX)  N-core methylated non-
planar derivative of mesoporphyrin IX is the first identified 
PQS destabilizing agent, and it is used against PQS of several 
viruses, such as HCMV (Human Cyto Megalo Virus) and 
IAV (Influenza A Virus). In both cases, NMM destabilizes 
parallel G-quadruplex structures and inhibits viral growth 
(Ravichandran et al. 2018; Tomaszewska et al. 2021).

Naphthalene diamides  These are most versatile G4 binders 
that are tested on HIV1, HSV1 and provide solid evidences 
of binding viral PQS over cellular PQS, thus, open up the 
possibilities as strong antiviral agent (Callegaro et al. 2017). 
These compounds are currently being tested for several 
viruses and projected to use as therapeutic agents against a 
wide range of viruses (Perrone et al. 2015).

Pyridostatin (PDS) and derivatives  These PQS binding small 
molecules are tested against PQS of many viruses, such as 
HHVs, HPV, HCV, and ZIKV. It targeted PQS of ZIKV and 
inhibited protease activities suggesting its prominent role as 
antiviral agent (Zou et al. 2021).

PQS‑specific antibody  Specific G-quadruplex antibodies are 
developed in various methodologies and used to visualize 
PQS in vivo. Recently, their use to disrupt viral PQSs is 
emerging as an excellent antiviral agent by inhibiting viral 
gene functions (Abiri et al. 2021).

Anti‑oligonucleotides against G‑quadruplex  Obviously, 
oligonucleotide-based therapy against specific or com-
bined PQS sequences could be the best antiviral agent for 
its specificity. Researchers successfully used anti-oligo of 
PQSs for EBNA mRNA of EBV virus (Murat et al. 2014) 
and RNA aptamer against SARS-CoV1 helicase (Mashima 
et al. 2013). In both cases, viral growths are inhibited, and 
anti-oligotherapy against PQSs have the potential to consider 
as a strong antiviral therapy.

CRISPR‑editing system  Li et al. (2018) developed biosen-
sor by disrupting the core G-quadruplex structure of SARS-
CoV1 helicase to inhibit the ATP hydrolysis. PQS is mostly 
broken, and a significant reduction of helicase activity is 
observed in cells from infected patients.

Apart from these therapeutic ligands, other molecules that 
are inhibitory to PQSs, such as PQS interacting proteins, 
PQS degradation proteins, and CX5461 could be tested 
to break down the G-quadruplex structures to inhibit the 
viral replication, transcription, and ultimately viral growth. 
A series of benzoselenoxanthene is shown to destabilize 
PQS of TMPRSS2 in IAV-infected cells (Shen et al. 2020). 
As TMPRSS2 is also needed for SARS-CoV2 entry, these 
ligands could be tested to develop anti-SARS-CoV2 thera-
peutic agent.

Discussion

SARS-CoV2 causes covid-19 disease and created pandemic 
worldwide. Subsequent research effort was directed toward 
developing therapy to control the mortalities. Until date, 
except limited efficacy of various vaccines, no therapeu-
tic target has been identified. Understanding its molecular 
mechanism of amplification inside host cells is a prerequisite 
to find target to develop successful and effective treatment 
of covid-19.

A stretch of DNA sequences in the genome can adopt 
abnormal structures except duplex DNA, such as triplex or  
G-quadruplex. These abnormal structures in DNA are 
shown to play critical role in transcription, chromatin rear-
rangement and gene regulation etc. The DNA sequence 
that can adopt G-quadruplex structures often forms LTR 
sequences that are abundant in RNA virus genome, such 
as in HIV. Moreover, HIV undergoes latency period after 
integrating into human genome, and the integration sites 
often constitute with LTR sequences. Analyzing RNA-seq 
data of nasopharyngeal cells of covid-19 patients, (Zhang 
et al. 2021) identified chimeric sequences carrying SARS-
CoV2 viral DNA fragment and human genomic DNA at 
the integration junction suggesting that SARS-CoV2 may 
infrequently integrate into human genome. Whether these 
chimeric sequences contain SARS-CoV2 QGRS/PQS/LTR 
sequences are not studied. Moreover, they observed integra-
tion of SARS-CoV2 occurred in retrotransposons in human  
cells in culture systems. LTR retrotransposons comprise 
about 8% of the human genome (Ishak and De carvalho 
2020). It remains to be investigated whether SARS-CoV2 
integrates into human genome using its LTR sequences and 
goes to a latency period as observed for HIV (Craigie and 
Bushman 2012; Cohn et al. 2015).
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Our search for G-quadruplex sequences in SARS-CoV2 
genome yielded numerous existences of such potential 
sequences. They are mostly present in the upstream of SARS-
CoV2 genes. There are ample evidences that QGRS/PQS  
sequences in RNA virus genome are involved in controlling 
host gene regulation and chromatin reorganization (Lin et al. 
2001; Ohmori and Tsuruyama 2012; Ruggiero et al. 2019; 
Machida et al. 2020). However, the role of these QGRS/PQS 
sequences in SARS-COV2 genome is currently unknown 
although presumed to be playing similar role in controlling 
host gene regulation. Also, SARS-CoV2 faces constant chal-
lenges to survive in human cells and regulate host immu-
noregulatory genes for its own survival. The protein–protein  
interactome map identified numerous host proteins of sev-
eral biological pathways that could be modulated by SARS-
CoV2 (Gordon et  al.  2020). The presence of potential 
G-quadruplex sequences in the upstream of NSP1, NSP2,  
NSP3, NSP4, RDRP, NSP10, ORF3a, ORF7A, and ORF10 
may modulate the expression of these genes by regulating 
chromatin organization and can have impact in gene regula-
tion. Exploring such roles by designing future experiments 
with PQSs/QGRSs could be extremely useful to understand 
whether these sequences modulate the expression of these 
SARS-CoV2 immunoregulatory genes and help the viral 
amplification for its own survival in human cells.

Lastly, we discussed several PQS/QGRS destabilizing 
compounds that are known to stall replication forks, inhibit 
transcription and viral growth in both DNA and RNA virus. 
These strategies especially the anti-oligonucleotides spe-
cific to each PQS or CRISPR-editing of PQS could be use-
ful to develop therapeutic agents to control SARS-CoV2 
amplification.
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