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ABSTRACT 
Coronavirus-2019, also called Severe Acute Respiratory Syndrome Coronavirus-2019 or SARS-CoV-2 was first 
reported from China at the end of December 2019 through transmission into man from bat and it produced severe 
type of pneumonia in the infected people. Within the next month (January 2020), the virus started its world-wide 
journey after it successfully established the transmission path from man to man and thus created pandemic and 
caused epidemic. Facing a deadly challenge of the virus, the scientists all over the world, starting from almost 
zero-level knowledge about the virus, worked hard to know most of characters related to its biology and pathology 
at molecular level thereby enriching knowledge which helped in development of various tools and technologies 
to control the virus and develop protection and prevention methods including production of vaccine against the 
virus. Nevertheless, to exert a better control over the virus, it is necessary to have knowledge of various details 
about how the virus has been evolved. During the last one year, research work done by the scientists all over the 
world have produced voluminous data in this area, though in a scattered way. That information indicates that the 
virus is actively evolving continuously to generate new strains through gain of function mutations for its survival. 
In this short review, I have made an attempt to put together that information to highlight the present status of our 
knowledge about the mechanisms of evolution of SARS-CoV-2 at molecular level. 
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INTRODUCTION 

The Coronoavirus-2019, also called Severe Acute Respiratory Syndrome Coronavirus-2019 or 
SARS-CoV-2019 was first reported in Wuhan, China and it transmitted into man from bat/ 
pangolin (Zoonotic origin) and caused a very bad type of pneumonia.[1-3] This virus then started 
its long widespread journey in the middle of January 2020 and soon reached almost all the 
countries of the world through transmission from man to man and thus created a pandemic as 
well as epidemic.[4] This virus as a single species appears to cause the largest number of human 
fatalities during the last one year with giving birth to several new strains with gain of certain 
important functions relating to the infectivity as well as other growth characters as discussed later. 

Origin 

SARS-CoV-2 is the seventh member in the human coronavirus group that could infect human 
respiratory organs. The other six are - Coronavirus-229E (HCoV-229E) which appeared in 1965, 
Coronavirus-OC43 (HCoV-OC43) in 1967, Severe Acute Respiratory Syndrome 
Coronavirus (SARS-COV) in 2002, Coronavirus NL63 (HCOV-NL-63) in 2004, Coronavirus 
HKU1 (HKU1)  in 2005 and Middle East Respiratory Syndrome Coronavirus (MERS-CoV) 
in 2012. Of these  viruses, HCoV-229E and HCoV-OC43 were first isolated from 
human patients suffering 
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from common cold, while the other five first transmitted 
from animals like bat, civet or camel.[4,5] Among these 
seven Coronavirus, HCoV-229E, Coronavirus-OC43,  
HCOV-NL-63, and HKU1 could produce mild symptoms 
of common cold while other three SARS-CoV, MERS-CoV, 
and SARS-CoV-2 can also infect the lower respiratory tract 
organ producing the symptoms of pneumonia. Again, the 
SARS-CoV-2 is far more dangerous to humans and produces 
worse type of pneumonia that may even cause death to the 
infected person.[1,2] From detailed studies of the genetic and 
serological characters, the coronaviruses in the sub-family 
Orthocoronaviridae within the Coronaviridae family, have been 
classified into four different genera namely, Alphacoronavirus, 
Betacoronavirus, Gammacoronavirus, and Deltacoronavirus. 
Coronavirus HCoV-OC43, HCoV-HKU1, SARS-CoV, and 
SARS-CoV-2 belong to Betacoronavirus genus while 
HCoV-229E and HCoV-NL-63, to Alphacoronavirus.[4,6]

Composition of SARS-CoV-2 particles and replication

Each matured particle of SARS-COV-2 contains one  
molecule single stranded +RNA (ssRNA) containing 
around 29,900 nucleotide bases wrapped in a nucleocapsid 
structure formed by the protein N. This nucleocapsid in 
turn is enclosed in an envelope formed by the assembly of 
E and M proteins in a lipid bilayer thereby forming a basic 
spherical structure from the surface of which many spikes 
are projected outwards giving the particle a crown-like 
structure, hence its name Coronavirus (Corona = crown).[5,6]  
All the seven human Coronaviruses use this spike as their 
infective organ.[5,7] However, three of them, SARS-COV, 
HCOV-NL-63, and SARS-COV-2 have evolved their spike 
protein such that the virus recognize the cell surface protein 
Angiotensin Converting Enzyme-2 (ACE-2) as their receptor, 
four others use different proteins as their receptors. The S 
protein monomer has two distinct functional domains S1 
and S2, the former being used to interact with the ACE-2 
protein at specific site and the S2, to interact with membrane 
fused part of ACE-2.[8-11] Furthermore, during infection 
of SARS-COV-2, the ACE-2 bound spike protein S is cleaved 
at around the junction of the S1 and S2 domains by furin like 
protease.[12] Almost concomitant with such cleavage event, 
there occurs subtle changes in the conformations of both 
ACE-2 bound S2 domain of the virus spike protein and the 
cellular membrane which ultimately pushes the virus 
particle inside the cell where uncoating of the particle 
occurs to release the RNA genome to be used for replication 
and transcription and other associated biochemical events 
leading ultimately to form many infective virus particles.[5]

The 29,900 base-long positive ss RNA molecule codes 
for about 29 proteins.[13] After entry into the host cell, the 
RNA molecule is used as mRNA and from its 5’ end, two-

third length (about 20,000 bases) synthesized about 16 
different proteins (all non-structural) that includes RNA 
dependent RNA polymerase, transcriptase, several 
nonstructural proteins RNA helicase, 3’–5’ exonuclease, 
endonuclease, various types of proteases and metal binding 
proteins and other associated proteins having different 
functions that are needed for the replication of the genomic 
RNA molecule.[5,6] One unique feature of gene expression from 
the genomic RNA of the coronaviruses is that the 5’-proximal 
two-third length of the genomic RNA is translated to give 
two polyproteins 1a and 1b corresponding to ORF1a and 
ORF1b. During the ongoing translation of 1a, the translating 
ribosomes makes a negative shift through one base and form 
a new set of codons at a definite position of mRNA leading 
to the synthesis of 1b. Both 1a and 1b are polyproteins 
which are then cleaved by specific proteases at specific sites 
to generate around 16 proteins having distinct functions as 
mentioned above.[5,6] The 3’–5’ exonuclease has weak proof 
reading activity which is used to rectify any misincorporation 
of nucleotide during RNA replication. The genes coded by 
the residual one-third RNA at the 3’ end proximal segment 
are transcribed by certain unique mechanisms through the 
formation of nested mRNAs which are then translated into 
different proteins that include four structural proteins N, M, 
E, and S. When the genome RNA is replicated to a large copies 
and the structural protein are made in sufficient quantities, 
the matured virus particles are formed by budding and 
assembly at the endoplasmic reticulum-Golgi intermediate 
compartment (ERGIC). During such assembly, the virus 
particles collect their membrane envelope from ERGIC and 
thus incorporate lipid into their envelope.[5,6] All these virus 
particles then come out and infect the neighboring cells.

During the first phase of infection, the virus replicates 
within the cells of nasal cavity and throat and then after 
about 10 days the virus passes into the lungs and infects 
pneumocytes and immunocytes. At this stage certain 
components of the inner immune system of the host are 
activated to kill the virus. These are: (a) The interferon 
which exists from earlier infections is used to kill the 
virus; (b) the amounts of monocytes and macrophages  
(the two killer cells) and the interleukin molecules (the 
killer molecules) increases. These killer cells and killer 
molecules rush to the site of infection and kill the free  
virus and the infected cells, respectively.[14]

Evolution of SARS-CoV-2: Gain of function changes in the 
‘S’ gene

Before the appearance of SARS-COV-2, there were six 
other Coronaviruses which could infect respiratory system 
including lungs. All these seven viruses use their spike protein 
‘S’ as their infection organ. While keeping this infection 
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organ same, they have gradually increased both the infection 
capability and the degree of injury to the host cell during 
the passage of time from member to member appearing in 
order. Of these seven viruses only three, SARS-COV, HCOV 
NL-63, and SARS-COV-2 have evolved to selectively use  
ACE-2 protein of the host cell as receptor during infection.[5,7] 
Again, of these three, the SARS-COV is the first coronavirus 
which has developed this infection pathway. While HCOV-
NL-63 is not so much injurious to host as the other two like  
SARS-COV and SARS-COV-2, and it is also the fact that 
SARS-COV-2 is far more effective in producing damage to 
the host cell after infection. 

It has been observed that the affinity with which the spike 
protein S binds with the ACE-2 protein of the host cell is 
more than ten-fold higher for SARS-COV-2 protein than the 
SARS-COV protein. Furthermore, the antibody against the 
S protein of SARS-COV does not recognize the S protein of 
SARS-COV-2.[15] These suggest that the SARS-COV-2 has 
gained more capability of infection and of producing injury 
through the mutational changes in the S protein.

Extensive comparative analyses of the nucleotide sequence 
data for SARS-CoV-2 and other related coronaviruses indicate 
that there occurs recombination events across its genome and 
that the highest frequency of those events are seen within two 
specific genes, one in the ORF1a and the other around the N 
terminus of the gene encoding spike protein S. But those data 
could not settle between which of those partners were parent 
and which were recombinant progenies.[16]

It is a fact that the mutational changes in the S protein 
within/around the receptor binding domain (RBD) are 
very important in respect of gain of function of the protein 
towards infectivity as is seen with SARS-CoV-2. After the 
first emergence of SARS-CoV-2 in December 2019, during 
the one year that follows, many new strains of the virus with 
varying characters have appeared among its progeny and sub-
progeny population. In all these new strains, the mutational 
changes have occurred within/around the RBD region of the S 
protein. These information suggest that the RBD region of S 
protein is the main target for the evolution of new strains 
that could maintain their dominance in infectivity and host 
damage. Based on these information, it may be extrapolated 
backwards to infer that during the evolution of SARS-CoV-2, 
various genetic events like recombination between different 
strains and mutations involving the region encoding S gene 
might have occurred at different times within bat and the one 
with gain of function related to increased infectivity and other 
pathological properties might have been purified by selection 
during continued transmission in the natural path before 
jumping into human in December 2019. Several scientists 
do advocate in favor of the evolution of SARS-CoV-2, 
through the above processes of recombination and mutation 
followed by selection in natural ways.[17-21] The SARS-CoV-2 
variants that emerged during last year and their single 
nucleotide polymorphism (SNP) characters and various 
properties associated with those mutations are shown in Table 
1. 

Table 1: Some SARS-CoV-2 variants born during the last one year.[22-27]

Name of the variant Type of mutation Properties (clinical relevance)

Original variant D614G	 Transmit more efficiently, dominant form in the pandemic[22,23,24]

Mink variant Y453F Increased binding affinity towards mink ACE-2 and reduction in neutralizing 
antibody[25,26,27]

B.1.1.7 (UK) N501Y	 Spreading efficiency about 56% more compared to other lineages. This variant 
has several other mutations like 69/70 deletion: P681H: near the S1/S2 furin 
cleavage site; The ORF8 stop codon (Q27stop): a mutation in ORF8, unknown 
function. This is refractory to neutralization by most monoclonal antibodies against 
the N-terminal domain of the spike protein and is relatively resistant to a few 
monoclonal antibodies against the receptor-binding domain.[25,26,27]

B.1.351 (Africa) 501Y.V2 First detected in late 2020 in Eastern Cape, South Africa. This variant is locally 
dominant, suggesting possible enhanced transmissibility. This variant contains nine 
mutations in the spike gene along with original D614G substitution. Those include 
Δ242–Δ244 and R246I in the NTD, three K417N, E484K and N501Y in RBD and 
one A701V around the furin cleavage site. This is refractory to antibodies against 
the N-terminal domain but also by multiple individual monoclonal antibodies 
against the receptor-binding motif of the receptor- binding domain. It is more 
resistant to neutralization by sera from individuals vaccinated with the Moderna or 
Pfizer vaccine.[25-27]
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Comparative analysis of the sequences of genomic RNAs 
of SARS-CoV-2 and related viruses predicts the possible 
evolutionary relationship

Comparison of nucleotide sequences of the genomic RNAs 
of five samples of SARS-COV-2 isolated from the first five 
different infected persons in China shows that two of them 
have sequence similarity to the extent of 99.99% between 
them, while remaining three have changes at two different 
positions. On the other hand, the nucleotide sequence of 
SARS-COV-2 shows 79.9% similarity with that of SARS-CoV 
and only 51.8% with MERS-COV sequence. When the amino 
acid sequences deduced from the nucleotide sequences of 
three different proteins, the envelope protein E, nucleocapsid 
protein N, and the spike protein S of SARS-COV and  
SARS-COV-2 were compared, the former two proteins of 
SARS-COV and SARS-COV-2 show, respectively, 96% and 
89.6% similarity while the S protein of SARS-COV-2 shows 
77% similarity with that of SARS-COV and only 31.9% with 
that of the S protein of MERS-COV. So SARS-COV-2 is more 
close to SARS-COV than to MERS-COV in the evolutionary 
path. Again two other coronaviruses SL-CovZC45 and  
SL-CoVZXC21 discovered between 2015 and 2017, both of 
horse shoe bat origin, have RNA sequence similarity with that 
of SARS-COV-2 to the extent of 87% and 87.7% while the 
SARS-COV RNA shows 81% and 81%respectively.[28] So from 
these information, the SARS-COV-2 may be considered to be 
evolved from any one of the above two horse shoe bat viruses.

Molecular analyses of the nucleotide sequences of S gene 
and the amino acid sequence of S protein of SARS-CoV-2 
indicate certain unusual features.

Recently it has been shown through further critical analysis 
of SARS-CoV-2 genome and comparing with those of 
evolutionarily close viruses like SARS-CoV, RaTG13, and 
SLCoVZX45 and SLCoVZcX21, that within the segment 
of RNA carrying the RBD region of S gene, there are 
certain unusual features in the SARS-CoV-2 genome that 
are absent in the other above mentioned viral genomes.[29] 
These features are: (a) During evolution of SARS-COV-2, 
its S protein has increased the affinity towards binding to 
the ACE-2 protein of the host which must be dependent 
on certain mutational change(s) in its S gene, especially in 
the segment corresponding to its RBD domain. (b) At the 
junction of S1 and S2 domains of the S protein there are extra 
12 nucleotides (equivalent to 4 codons) by which a polybasic 
amino acid sequence PRRA (Pro-Arg-Arg-Ala) has been 
generated at that site where the furin protease can cleave 
leading to physically separating the S1 and S2 domains 
during infection. This cleavage event in the S protein is very 
important for the increase of infection efficiency as well as 

the host range of the virus. Gain of this property is also very 
important for the increase in the infectivity of SARS-COV-2. 
Besides, the placement of Pro residue at one end of the 
above furin sensitive site (PRRA) can destabilize the normal 
secondary structure around the RBD domain of the S protein. 
(c) The third feature is that in the life history of SARS-CoV-2, 
the particular region of the S protein that inhabits RBD has 
suffered relatively more mutations compared to its other 
two neighboring genes E and N. (d) In the RBD segment 
of S protein of SARS-COV, the positions of 6 amino acids 
have been shown to play an important role in the receptor 
binding function. These are: Y442, L472, N479, D482, 
T487, and Y491. The amino acids in the RBD segment of 
the S protein of SARS-COV-2 at the corresponding 
positions have been shown to be: L455, F486, Q493, S494, 
N501 and Y505. Therefore, among the 6 amino acids within 
the receptor binding domain of S protein of SARS-CoV-2, 
five have been changed compared to those of the S protein 
of SARS-CoV. (e) The segment of nucleotide sequence of 
SARS-CoV-2 genome (RNA) that carries the RBD region has 
been found to be flanked by two restriction enzyme sites, 
one EcoRI site at the 5’ side and the other BstEII at the 3’ side.

CONCLUSION

In conclusion, the evolution of SARS-COV-2 appears to be 
caused by so many changes within the short region of viral 
RNA genome coding for amino acid sequences corresponding 
to the RBD of the S protein by which it acquired the increased 
infectivity and the more damaging action to the host cell. But, 
incorporation of so many mutational changes within the short 
segment containing the RBD region within S protein raises 
the question that how by natural process of recombination 
and mutation all those changes could be possible in the 
path of evolution of SARS-CoV-2 from whichever ancestor 
coronavirus it may arise. Further studies are needed to settle 
this important issue.
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