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Abstract

Background & Objective: The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to a global 
infection and a continuing pandemic. Symptoms have been associated with age, biological sex, and other previous present 
health situations. 
The aim of this study was to make a genetic comparison between the SARS-CoV-2, SARS-CoV, and Middle East 
Respiratory Syndrome (MERS)-CoV using phylogenetic methods.
Materials & Methods: In this review study, previously published papers were collected from 2010 to 2020 using 
electronic sources in reliable databases such as Scopus, PubMed, ISI, Google Scholar, and Science Direct. Then, we 
performed the bioinformatics study. For sequences alignment, analysis, and phylogenetic construction, all sequences from 
SARS-CoV-2, SARS-CoV, and MERS-CoV were obtained from the GeneBank database.
Results: Eighty percent of SARS-CoV and 50% of MERS-CoV RNA sequences shared with SARS-CoV-2 RNA and 
SARS-CoV-2 show additional genomic regions. The phylogenetic analysis of the full-length genome sequence shows 
that SARS-CoV-2 has the highest similarity with SARS-CoV, but it has a lower similarity with MERS-CoV. Considering 
the close relationship between SARS-2 and SARS, the examination of the amino-corrosive translocation of completely 
different proteins may prove that there are fundamental and utilitarian differences between SARS-2 and SARS.
Conclusion: Although COVID-19 pathogenicity is not well known, MERS-CoV and SARS-CoV pathogenesis still can 
be the best source of COVID-19 information. The global effect of this new epidemic is yet uncertain. So, analyzing 
genome sequencing is important for epidemiological, clinical, and experimental studies.
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Introduction
In late December 2019, it was observed that 
many people in Wuhan, China, were suffering 
from SARS-like pneumonia, which was 

Comparing Genetic Information of Severe Acute Respiratory Syndrome Corona Virus 
2 and SARS CoV and Middle East Respiratory Syndrome Corona Viruses; A Review Study 

later dubbed COVID-19 (SARS-CoV-2) by the 
World Health Organization (WHO) (1). 

The world’s first coronavirus practice in China 
for 2002–2003 resulted in 8098 cases and 774 
deaths from Severe Acute Respiratory Syndrome 
(SARS) and in 2465 cases in 2011, Middle East 
Respiratory Syndrome (MERS) (2). Coronavirus 
newly identified from zoonotic origin was the 
relevant cause of both cases including SARS-
CoV and MERS-CoV (3, 4). Human-to-human 
communication has an impact on people as a
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of an animal host and genome organization, 
in response to COVID-19 infection. Genetic 
information about these three viruses and the 
differences that exist can lead to advances in 
understanding the challenges of pathogenesis, 
treatment, and prevention in the future.
Host

The interactions between animals and human, 
especially SARS-CoV-2, and SARS-CoV on the 
wetland market in China, should be noted for 
these human coronavirus (hCoV) outbreaks. In 
view of the early SARS patients being related 
by SARS-CoV to the Guangdong wildlife 
market, the product is supposed to be made of 
wild animals sold on these markets (counting 
palm calves). The following was the isolation 
from palm civet in the wild animal market of 
CoV strains (99.8%) with high SARs-CoV 
homology. The CoV derived from palm civet 
can therefore be thought to switch between 
them. In addition, some SARS patients (75%) 
have a clear history of contact with palm civets 
during a sporadic occurrence in Guangdong, 
which supports the previous epidemiological 
hypothesis that palm c is an important SARS-
CoV host animal. Therefore, there is a reason 
to believe that based on this strong evidence, 
palm civets are important intermediate hosts of 
SARS-CoV (16-18). The SARS-like-COV strain, 
with its 88-92% genomic identity to CoV from 
human beings and civil cats, was removed from 
Chinese horseshoe bats, clearly indicating bats 
to be natural SARS-CoV hosts. 

MERS-CoV is supposed to come from bats 
as well. The RNA fragment obtained by PCR 
amplification of nucleic acid isolated from 
shows the bats to be the source of MERS-
CoV and was 100 percent of the nuclotide 
identity of MERS-CoV. The ability to replace 
bats with no symptoms in MERS patients has 
been demonstrated, suggesting that bats are the 
ideal MERS-CoV reservoirs. The indirect role 
of MERS-CoV dromedary camels reserves is 
supported by much evidence (16, 19, 20). Two 
virological studies have shown MERS-CoV 
circulating in dromedaries and have shown that 
they can potentially be cross-infected by human 

result of close contact (5-7). Seven types of 
coronavirus can infect people all over the world, 
but most people are infected with these four 
types of coronavirus: 229E, NL63, OC43, and 
HKU1. Usually, they cause respiratory infections 
and are commonly resistant to severe diseases 
like MERS and SARS, while COVID-19 causes 
infectious conditions (8). 

The CoVs are classified into Nidovirales 
orders, Coronaviridae families, and 
Coronavirinae subfamilies, with four genera: 
α-coronavirus, β-coronavirus, γ-coronavirus, and 
δ-coronavirus (8, 9). CoVs are host-specific and 
are known to infect humans as well as several 
other vertebrates including mammals and birds. 
High mutation and recombination rates may 
allow the spread of coronaviruses across species 
(10). 

The alpha and beta viruses include all known 
and most important coronaviruses, infecting 
humans. Bats can be infected by both alpha 
and beta coronavirus and can also infect other 
species, including people, camels and rabbits. 
The zoonotic coronavirus pool can spread widely 
in the environment and cause other sensitive 
species infection. A storage facility may be 
multiple times infected (11, 12). SARS-CoV is 
of the Coronaviridae family, Nidovirales order, 
β-coronavirus genus, B lineage, even though it 
was the first member of β-coronavirus lineage 
C to be found as a novel coronavirus, MERS-
CoV was in a similar family, order and genus 
as SARS-CoV. In contrast, SARS-CoV-2, in 
the same family and genus as MERS-CoV and 
SARS-CoV, and the genomic research found 
that SARS-CoV and SARS-CoV-2 have a 
greater similarity. It was identified as a lineage 
B member by scientists (11, 13-15). Since the 
Covid 19 disease has not yet been specifically 
treated, comparing genetic information and 
similarities and differences with SARS and 
MERS can help researchers design targeted 
therapies.

As a result, we intend to provide a brief 
overview of the frontier knowledge and provide 
updates on the primary features of SARS-CoV-2, 
MERS-CoV, and SARS-CoV, and in contexts
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2020), detailing arrangement likenesses with 
pangolin coronaviruses at 90.23% and 91.02%, 
separately (23). MERS-CoV circulates widely 
in dromedary camels as a result of zoonotic 
transmission of the infection. MERS-CoV and 
SARS-CoV are primarily transmitted from 
person to person via nosocomial (hospital-
acquired) transmission (24).

Civets were considered as intermediate hosts 
and bats as natural hosts for SARS-CoV (8). 
MERS-CoV was most probably extended at least 
30 years ago from bats to dromedary camels, and 
has been prevailing in dromedary camels since 
then (25). 

Materials & Methods
This paper is a scoping review study and 

bioinformatics analysis. We have looked for 
keywords such as MERS-CoV, SARS-CoV, 
and SARS-CoV-2, and genome from 2010 
to 2020, in e-databases like PubMed, Scopus, 
Google Scholar, ISI, and Science Direct. For the 
bioinformatics study, we obtained all sequences 
(the amino acid and coding sequences) of 
MERS-CoV, SARS-CoV, and SARS-CoV-2 
from GeneBank database (https://www.ncbi.nlm.
nih.gov/genbank/), and their accession numbers 
were used to draw the phylogenetic tree. The 
sequence alignment of 3 human Coronavirus 
genomes and polyprotein ORF1ab, spike (S), 
membrane (M), envelope (E), and nucleocapsid 
(N) sequences was performed using CLUSTALW. 

Results
Genomic information of Coronaviruses

Coronaviruses (CoVs) are the enveloped 
RNA viruses and have positive sense and 
non-segmented genomes in the size ranging from 
26 to 32 kbp and their genome are rich in guanine 
(G) and cytosine (C), which contains 32% to 
43% (26-28). There are at least six open reading 
frames (ORFs) in RNA of CoVs. ORF1a/b, the 
first ORF, encodes replicas proteins and contains 
approximately two-thirds of the genome, while 
the other ORFs primarily encode four structural 
proteins including nucleocapsid (N), envelope 
(E), membrane (M), and spike (S) (29). The 

beings and MERS CoVs high genomic identity 
is recorded consecutively (99.2–99.5%) which 
is separated from the dromedary and the human 
(16, 21, 22).  

Later, several serological studies complete 
the storage possibilities of dromedaries and 
the natural human-to-human transmission. The 
origins of SARS-CoV-2 are more complicated. 
SARS-CoV-2, like SARSCoV, is thought to be 
associated with commercial activities in the 
Wuhan wet market. SARS-CoV-2 and BatCoV 
RaTG13 (bat-CoV) were discovered to be 
genetically similar, leading researchers to believe 
that bats could be a natural reservoir of SARS-
CoV-2. Additional research has revealed that the 
SARS-CoV-2 and pangolin-CoV genomes are 
very similar, which are isolated from pangolin 
(16).

The host is given to people, causing the spread 
from person to person. Compared to MERS and 
SARS, COVID-19 is thought to be zoonotic 
contamination transmitted from creatures to 
people, at that point taken after by a quick human 
to the human transmission that causes extreme 
respiratory contaminations and significant 
mortality. It is considered that bats have 
distinguished infections starting in this species 
as the potential vector to human contaminations. 
Furthermore, as bats live in colonies, they show 
a chance of transmitting the infections evenly 
(intra-species) which contributes to the vertical 
(cross-species) spreading capacity. The two 
exceedingly pathogenic strains of CoVs; MERS-
CoV, and SARS-CoV were recognized both in bat 
species and in creatures included in transmission 
to people. It is worthy to note that the primary 
exceedingly pathogenic strain of coronavirus, 
SARS-CoV-1, includes a moo hereditary 
similitude with other known coronaviruses 
(39% with bovine coronavirus and 46% with 
porcine scourge loose bowels virus). Also, three 
comparisons were made with coronavirus strains 
from pangolins. The primary (February 18, 2020) 
compared the arrangements of COVID-19 with 
the coronaviruses in illicitly trafficked pangolins 
to appear a grouping likeness between 85.5 and 
92.4%, with the ensuing papers (February 20, 
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and RNA-dependent RNA polymerase (RdRp) 
(30, 31). 

Phylogenetic analysis of full-length genome 
sequences showed that SARS-CoV-2 had the most 
elevated similitude to SARS-CoV and it was less 
comparable to MERS-CoV (Figure 1). Given the 
near relationship between SARS-2 and SARS, 
examining the amino corrosive translocation 
totally different proteins may justify the basic and 
utilitarian contrasts between SARS-2 and SARS (3).

CoV-2 and SARS-CoV being in open reading 
frame-3b (orf3b), spike, and open reading 
frame-8 (orf8), especially spike S1 and orf8. 
Orf8 is a protein that serves as an accessory (29, 
34, 35). 

Figure 1. Phylogenetic analysis of complete genome of three human CoVs. MERS (NC_019843.3), SARS 
(NC_004718.3), and SARS-cov-2 (MT020880, MW494314, MW494305)

canonical set of genes encodes with the coding 
region, contains 5′ end-ORF1a/b replicase, 
spike, envelope, membrane, nucleocapsid-3′ 
end. There is a communal a 3′ terminal sequence 
and 5′ leader sequence, as well as subgenomic 
mRNAs (30, 31), with 5′ methylated caps 
and 3′ polyadenylated tails (32, 33). Also, the 
viral genome codes a number of nonstructural 
proteins (nsps) that include papain-like protease 
(PLpro), coronavirus main protease (3CLpro), 

Genomic compression of SARS-CoV-2, 
MERS-CoV, and SARS-CoV

Figure 2 depicts the genome organization 
of SARS-CoV-2, SARS-CoV, and MERS-CoV, 
with the major differences between SARS-

Figure 2. It is comprised of human (SARS-CoV-2, SARS-CoV and MERS-CoV) genome (35). In the 
SARS-CoV-2 genome, orf 1a/b encodes non-structural proteins (nsp), structural proteins such as spike (S), 
envelop (E), membrane (M), and nucleocapsid (N) proteins, and accessory proteins: orf 3, 6, 7a, 7b, 8 and 9b
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Table 1. Comparison of the length of the amino acid sequence of polyprotein ORF1ab, S, E, M, and N 
between SARS-CoV-2, SARS-CoV, and MERS-CoV

121 and 22 amino acids, individually (2). The 
NLRP3 inflammation and death of the pyroptotic 
cell can be activated by SARS-CoV orf8b, 
while no functional domain or motif identified 
is included in the new SARS-CoV-2 orf8 (35, 
36). The first three differences are in the partial 
coding sequences of ORF1a/b (448nt, 55nt, and 
278nt, respectively). The next two regions are 
in the S-gene (315 nt in SARS-CoV-2 and 80 nt, 
in SARS-CoV) partial coding sequences and the 
final region of variation is found in the coding 
sequences of the orf7b and orf8 genes (214nt) 
(38).

When the SARS-CoV-2 was compared with 
the MERS-CoV, it was discovered that the 
SARS-CoV-2 was more distant and less related 
to the MERS-CoVs (36). A comparison of the 
length of the amino acid sequence of polyprotein 
ORF1ab, S, E, M, and N between these three 
humans CoV is shown in table 1.

Studies on SARS- CoV-2 genome have 
demonstrated a very likeness to SARS CoV. The 
SARS-CoV-2 genome has 14 ORFs encoding 27 
proteins that contain the eight accessory proteins 
(3a, 3b, p6, 7a, 7b, 8b, 9b, and orf14) and four 
major structural proteins (S, E, M and N) (36). 
A comparison between the SARS-CoV-2 and 
the SARS-CoV showed that there were some 
remarkable differences in the 8a, 8b, and 3b 
protein (36).  Two accessory proteins (8 and 10) 
have been produced by SARS-CoV2 with no 
SARS-CoV homology. The preserved sequences 
ORF8 SARS-CoV differ from those of ORF8 
SARS-CoV2 amino acid sequence. As these 
two SARS-CoV2 proteins are incompatible 
with the other CoV-strains, they can be used as 
a therapeutic objective (37). There is protein 8a, 
8b in SARS however not in SARS-2. Length 
of 8b and 3b proteins in SARS is 84 and 154 
amino acids, but ORF 8 and 3b in SARS-2 has

Accession number length

ORF 1ab hCoV

SARS-CoV-2 QQV28594.1 7096 aa

SARS-CoV NP_828849.7 7073 aa

MERS-CoV YP_009047202.1 7078 aa

S protein hCoV

SARS-CoV-2 QQV28596.1 1273 aa

SARS-CoV YP_009825051.1 1255 aa

MERS-CoV YP_009047204.1 1353 aa

E protein hCoV

SARS-CoV-2 QQV28598 75 aa

SARS-CoV YP_009825054.1 76 aa

MERS-CoV YP_009047209.1 82 aa

M protein hCoV

SARS-CoV-2 QQV28599.1 222 aa

SARS-CoV YP_009825055.1 221 aa

MERS-CoV YP_009047210.1 219 aa
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Accession number length

N protein hCoV

SARS-CoV-2 QQV28604.1 419 aa

SARS-CoV YP_009825061.1 422 aa

MERS-CoV YP_009047211.1 413 aa

coronaviruses (SARSr-CoVs) (13, 39) (Figure 
3-a). 

SARS-CoV: this virus has a giant positive-
strand RNA and its genome contains 29,727 
nucleotides (~30 kb), with guanine or cytosine 
accounting for 41% of the genome. The broad 
genes ORF1a and ORF1b are two-thirds of 
the genome, which are the original order of 
the 5’-replicase (rep) genes. They found in 
the genomic body of this virus and they code 
two large polyproteins, pp1a with 486 kDa and 
pp1ab with 790 kDa. Moreover, the four ORFs 
downstream of rep genes are encoded into 3’ pin 
S, E, M and N structural proteins. Genomic RNA 
is the gene rep products while the other viral 
proteins are the gene mRNAs. The SARS-CoV 
genome encodes, in addition to the original genes, 
eight other putative assistive proteins identified as 
ORFs 3a, 3b, 6, 7a, 7b, 8a, 8b, and 9b. The length 
of these proteins is 39 to 274 amino acids (13). 

Though with some sequence homology 
of the SARS-CoV gene and structural 
protein, the accessory protein lacks 
substantial amino acid homology with other 
CoV virus proteins (13, 42) (Figure 3-b). 

MERS-CoV: MERS-CoV genome has a 
length of 30,119 nucleotides and 10 proteins. 
ORF1ab and ORF1a (Two replicase polyproteins), 
S, E, M, and N (four structural proteins), and 
ORF 3, 4a, 4b and 5 (four non-structural proteins) 
are among the 10 proteins (13, 43). Also, the 
genes of accessory protein are divided into 
structural protein genes. In infected animals, 
these proteins can impair the innate immune 
response of the host (13, 44) (Figure 3-c). 

The comparison of the genomes of SARS-
CoV-2, SARS-CoV and MERS-CoV- is as 
follows: 

SARS-CoV-2: SARS-CoV-2 has an RNA 
genome of 30,000 bases. The final genome of 
sequenced SARS-CoV-2 strain isolated in Nepal 
contains 8,903 (29.86%) adenosines, 5,482 
(18.39%) cytosine, 5,852 (19.63%) guanine, 
and 9,574 (32.12%) thymine (39). The virus 
has a unique combination of polybasic cleavage 
sites in other β-coronaviruses, a unique feature 
that can result in other viruses being pathogenic 
and transmitted (40).The SARs-CoV-2 genome 
analysis demonstrated that the genome includes 
six main ORFs and that the identity of the 
nucleotide sequence is less than 80% with 
SARS-CoV. In the amino acid sequence of 
ORF1ab, however, seven conserved replicase 
domains are 94.4% similar to SARS-CoV ones. 
Genome analysis of SARS-CoV-2 genome 
indicates that it is similar to that with a sequence 
identity of 96.2%, the bat coronavirus (Bat 
coronavirus RaTG13). Furthermore, 93.1% of 
the receptor-binding spike protein is similar 
to Bat CoV RaTG13 (13, 41). Significant 
differences in the S gene sequence of SARS-
CoV-2 were observed at the same time in 
comparison with SARS-CoV-2 containing 
three short N-terminal domain insertions and 
four of the five major residues of the receptor. 
One of the changes was the binding pattern 
and the unexpected furin spike at the S1 and 
S2 border of SARS-CoV-2 glycoprotein. This 
novel characteristic distinguishes SARS-CoV-2 
from SARS-CoV and several SARS-related
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according to proteomic similarity analyses 
(Table 2) (37, 45-48).

that produced 26 nonsynonymous protein sequence 
mutations in relation to the complete reference 
SARS-CoV-2 genome sequence (NC 045512.2). 
Common mutations in these sequences are shown in 
table 3. In comparison with all present SARS-CoV-2 
sequences, only some of the detected mutations 
were reported in Iranian data (table 3) (49, 50). 

Figure 3. The structure of coronaviruses Genome. A) SARS-CoV-2 (COVID-19) Genome: 29,903 bp, B) 
SARS-CoV Complete Genome: 29,751 bp, C) MERS-CoV Complete Genome: 30,119 bp

Most of the proteins in SARS-CoV and SARS-
CoV2 are strongly homologous (95–100%), 

Full genome sequence profiling of SARS-CoV-2 
from patients 

The SARS-CoV-2 etiologist caused the 
COVID-19 outbreak to be widely distributed all 
over the world. In order to track the changes in this 
virus, detecting and studying the full SARS-CoV-2 
genome sequence worldwide is important. The 
analysis of bioinformatics in 20 Iranian patients 
was shown 44 various nucleotide mutations

Table 2. Percent similarity of some proteins of SARS-CoV2 strain with SARS–CoV

Table 3. Common mutations in SARS-CoV-2 sequence from Iranian patients (49, 50)

proteins Percent similarity References 

RdRp and 3CLpro protease Over 95% (37, 46-48) 

S proteins 76% (37, 46-48)

PLpro 83% (47)

                    mutations                   polyprotein                     References

R207C

ORF1ab (49)

V378I

M2796I

L3606F

A6407V

T8782C ORF1a (50)
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mutations polyprotein References

C15607T
ORF1b

T18488C

T9561C ORF1

C28144T ORF8b

T28144C ORF8
G26144T ORF3

C21707T S

T29095C
NC28854T

G28878A

G29742A 3′-UTR

(99.96%) of them mapped to the reference 
genome of SARS-CoV-2. In the United States, 
there is a clear gender difference in the ORF8 
protein mutation 27964C>T-(S24L). The large 
proportion of female ORF8 S24L mutation 
patients are indicative of the most likely event of 
S24L among the female population in the United 
States. Therefore, a female-dominance pattern is 
present in the mutation 27964C>T-(S24L). C>T 
mutations are actually preference for women as 
well (52). 

Researchers around the world are still 
researching the genetic sequence profiling of 
COVID-19 patients due to the considerable 
amount of epidemiological, experimental, 
clinical, biophysical and multiple studies 
involved in the analysis of genome sequencing 
and single-nucleotide polymorphism (SNP) 
(figure 4).

Two complete genome sequences of the 
SARS-CoV-2 obtained from clinical samples 
of patients with COVID-19 in Hubei China 
(named WH19004-S and GX0002), and ORF7a 
and ORF8 of WH19004-S were sequenced by 
the Sanger sequencing method and two SNPs 
were recognized: T/C, nt 27,493 in ORF7a and 
T/C, nt 28,253 in ORF8 (51). 8,582,968 single-
nucleotide Polymorphisms was reported from 
1980 Italian and Spanish Covid-19 patients 
(35). Also, another complete SARS-CoV-2 
genome sequence from a Nepalese patient was 
reported that the contamination was obtained 
in China (Wuhan), and transferred to Nepal. 
The genome was sequenced by The Illumina 
MiSeq system and the BWA-MEM 0.7.5a-
r405 algorithm was applied. After trimming, a 
total of 9,891,431 sequences involved in the 
reference-based arrangement, with 9,887,093

Figure 4. Map of the expansion of SARS-CoV-2’s genetic changes, December 2019–May 2020 (https://
www.sciencenews.org/article/coronavirus-covid19-mutations-strains-variants)
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a very limited number of SARS-CoV-2 data (8). 
Additional genomic regions are found in 80% 
of SARS-CoV and 50% of MERS-CoV RNA 
sequences with SARS-CoV-2 RNA (48). It has 
20-30 more amino acids in its spike protein than 
SARS-CoV and other nearby coronaviruses. 
Consequently, SARS-CoV-2 has similar immune 
escape strategies but no further mechanism has 
yet been found (5, 56, 57). It is highly probable 
that MERS-CoV and SARS-CoV have been 
transmitted from bats to palm civets, and that 
MERS-CoV was transferred to humans from 
bats to dromedary camels (18, 22). Genomic 
information of hCoVs promotes an understanding 
of the pathogenesis and origins of hCoVs. 
Therefore, stronger knowledge about viral 
genomic is essential to prevent hCoV outbreaks 
by developing accurate strategies such as the 
development of diagnostic systems, potential 
medicaments, and vaccine candidates (58).

Conclusion 
Genetic comparisons between the genomes 

of various viruses in a family can provide useful 
information for designing targeted therapies for 
novel emerging members. As a result of genetic 
selection, viruses are constantly changing. 
Changes in the virus genome can lead to 
changes in viral protein function. These changes 
can lead to new viral serotypes or change in 
their virulence. Therefore, the knowledge of 
the genomic structure of the virus can help in 
designing efficient antiviral drugs - as well as 
vaccine development. Direct sequence of RNA 
has also the potential to substantially advance 
genome studies of complex populations of 
viruses by showing long-term interactions with 
individual full-length viral RNA haplotypes.
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Discussion
Despite advances in the medical field, the 

emergence or re-emergence of novel pandemic 
viruses remains a persistent problem around 
the world (53). Risky factors implicated in the 
emergence or re-emergence of viral infectious 
diseases or disease spreads including human, 
environmental, and virus-related factors. As a 
result, drawing these contributory risk factors 
is critical for disease surveillance, prevention, 
and control in viral infectious illnesses (53). The 
growth of the pandemic COVID-19 has attracted 
interest in coronavirus biology and pathogenesis. 
An in-depth understanding of the interaction 
between coronaviruses and host factors may help 
provide better support for disease patients and 
help treat lung infections caused by viruses (50). 
Many people are asymptomatic. The mortality 
rate is estimated at 2 to 3% (54). However, 
hypertension, diabetes and other obesity-
related and cardiovascular diseases have also 
been informed about the majority of deaths in 
elderly patients and men. The comparative role 
of clinical risk factors for determining Covid-
19 seriousness has not been yet explained 
(35). The age and coexistent health conditions 
including cancer and cardiovascular diseases 
have dramatically increased morbidity and 
mortality by COVID19. Human genetic factors 
can lead to the wide transmission capabilities 
of SARS-CoV-2 and to the continuous severe 
disease found in a small but significant number 
of people infected, but those factors are not 
entirely evident (55). 

This new outbreak of the virus has called the 
economic, medical and health infrastructure of 
the world into question. In the present study, 
we examined and composed the SARS-CoV-2 
genomic structure with the SARS-CoV-2 and 
with the use of phylogenetic analysis and 
reviewing papers, in order to take into account 
the importance of knowing the genomic MERS-
CoV, SARS-CoV, and SARS-CoV-2 information, 
it may provide insight into how SARS-CoV-2 
escapes immune response to host because of 

 [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

12
i4

.1
14

37
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
22

85
10

5.
20

22
.1

2.
4.

4.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l.f

um
s.

ac
.ir

 o
n 

20
22

-1
2-

31
 ]

 

                             9 / 12

http://dx.doi.org/10.18502/jabs.v12i4.11437
https://dorl.net/dor/20.1001.1.22285105.2022.12.4.4.4
https://journal.fums.ac.ir/article-1-2827-en.html


jabs.fums.ac.ir 364

Journal of Advanced Biomedical Sciences | Autumn 2022 | Vol 12 | No 4   https://doi.org/ 10.18502/jabs.v12i4.11437

Alemrajabi MS, et al.

 

Agharezaee N, et al.

Conflict of interest
The authors declare that there is no conflict 

of interests.

Abbreviations
BWAMEM: Burrows-Wheeler Aligner 

MEM algorithm
CoVs: Coronaviruses
hCoVs: Human coronaviruses
SARS: Severe Acute Respiratory Syndrome
MERS: Middle East Respiratory Syndrome
COVID-19: Coronavirus Disease 2019
RdRp: RNA-dependent RNA polymerase
PLpro:  papain-like protease
3CLpro: 3C-like protease
nsps: nonstructural proteins
ORF: Open Reading Frame
SNP: Single-Nucleotide Polymorphism

References
1.She J, Jiang J, Ye L, Hu L, Bai C, Song Y. 2019 novel 
coronavirus of pneumonia in Wuhan, China: emerging 
attack and management strategies. Clin Transl Med. 
2020;9(1):19.
2.Mahsa T, Alireza T, Mahshid P, Fahimeh ST, Mahsa 
G, Mohammad Hadi KN. An Introduction to SARS 
Coronavirus 2; Comparative Analysis with MERS and 
SARS Coronaviruses: A Brief Review. Iran J Public 
Health. 2020;49(Supple 1):30-7.
3.Al-Salihi KA, Khalaf JM. The emerging SARS-CoV, 
MERS-CoV, and SARS-CoV-2: An insight into the viruses 
zoonotic aspects. Veterinary world. 2021;14(1):190-9.
4.Ye Z-W, Yuan S, Yuen K-S, Fung S-Y, Chan C-P, Jin D-Y. 
Zoonotic origins of human coronaviruses. International 
journal of biological sciences. 2020;16(10):1686-97.
5.Chowdhury MA, Hossain N, Kashem MA, Shahid MA, 
Alam A. Immune response in COVID-19: A review. J 
Infect Public Health. 2020;13(11):1619-29.
6.Guan W-j, Ni Z-y, Hu Y, Liang W-h, Ou C-q, He J-x, et 
al. Clinical Characteristics of Coronavirus Disease 2019 
in China. N Engl J Med. 2020;382(18):1708-20.
7.Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin 
HJ, et al. The origin, transmission and clinical therapies 
on coronavirus disease 2019 (COVID-19) outbreak - an 
update on the status. Mil Med Res. 2020;7(1):11.
8.Agharezaee N, Forouzesh F. SARS-COV-2: 
History, Genetics, and Treatment. J Arak Uni Med Sci. 
2020;23(5):666-85.
9.Mirzaei R, Karampoor S, Sholeh M, Moradi P, Ranjbar 
R, Ghasemi F. A contemporary review on pathogenesis 
and immunity of COVID-19 infection. Mol Biol Rep. 
2020;47(7):5365-76.

10.Iannarella R, Lattanzi C, Cannata G, Argentiero 
A, Neglia C, Fainardi V, et al. Coronavirus infections 
in children: from SARS and MERS to COVID-19, a 
narrative review of epidemiological and clinical features. 
Acta Biomed. 2020;91(3):e2020032.
11.Zeidler A, Karpinski TM. SARS-CoV, MERS-
CoV, SARS-CoV-2 Comparison of Three 
Emerging Coronaviruses. Jundishapur J Microbiol. 
2020;13(6):e103744.
12.Pormohammad A, Ghorbani S, Khatami A, Farzi R, 
Baradaran B, Turner DL, et al. Comparison of confirmed 
COVID-19 with SARS and MERS cases - Clinical 
characteristics, laboratory findings, radiographic signs 
and outcomes: A systematic review and meta-analysis. 
Rev Med Virol. 2020;30(4):e2112.
13.Abdelrahman Z, Li M, Wang X. Comparative Review 
of SARS-CoV-2, SARS-CoV, MERS-CoV, and Influenza 
A Respiratory Viruses. Front Immunol. 2020;11:552909.
14.Petrosillo N, Viceconte G, Ergonul O, Ippolito G, 
Petersen E. COVID-19, SARS and MERS: are they 
closely related? Clin Microbiol Infect. 2020;26(6):729-34.
15.Afshar Z, Ebrahimpour S, Javanian M, Koppolu V, 
Vasigala V, Hasanpour A, et al. Coronavirus disease 2019 
(COVID-19), MERS and SARS: Similarity and difference. 
J Acute Dis. 2020;9(5):194-9.
16.Zhu Z, Lian X, Su X, Wu W, Marraro GA, Zeng Y. 
From SARS and MERS to COVID-19: a brief summary 
and comparison of severe acute respiratory infections 
caused by three highly pathogenic human coronaviruses. 
Respir Res. 2020;21(1):224.
17.Wang M, Yan M, Xu H, Liang W, Kan B, Zheng B, et 
al. SARS-CoV infection in a restaurant from palm civet. 
Emerg Infect Dis. 2005;11(12):1860-5.
18.Guan Y, Zheng BJ, He YQ, Liu XL, Zhuang ZX, 
Cheung CL, et al. Isolation and characterization of viruses 
related to the SARS coronavirus from animals in southern 
China. Science. 2003;302(5643):276-8.
19.Ge X-Y, Li J-L, Yang X-L, Chmura AA, Zhu G, Epstein 
JH, et al. Isolation and characterization of a bat SARS-
like coronavirus that uses the ACE2 receptor. Nature. 
2013;503(7477):535-8.
20.Munster VJ, Adney DR, van Doremalen N, Brown VR, 
Miazgowicz KL, Milne-Price S, et al. Replication and 
shedding of MERS-CoV in Jamaican fruit bats (Artibeus 
jamaicensis). Sci Rep. 2016;6:21878.
21.Raj VS, Farag EA, Reusken CB, Lamers MM, Pas 
SD, Voermans J, et al. Isolation of MERS coronavirus 
from a dromedary camel, Qatar, 2014. Emerg Infect Dis. 
2014;20(8):1339-42.
22.Azhar EI, El-Kafrawy SA, Farraj SA, Hassan AM, 
Al-Saeed MS, Hashem AM, et al. Evidence for Camel-
to-Human Transmission of MERS Coronavirus. N Engl J 
Med. 2014;370(26):2499-505.
23.Docea AO, Tsatsakis A, Albulescu D, Cristea O, Zlatian 
O, Vinceti M, et al. A new threat from an old enemy: 
Re-emergence of coronavirus (Review). Int J Mol Med. 

 [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

12
i4

.1
14

37
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
22

85
10

5.
20

22
.1

2.
4.

4.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l.f

um
s.

ac
.ir

 o
n 

20
22

-1
2-

31
 ]

 

                            10 / 12

http://dx.doi.org/10.18502/jabs.v12i4.11437
https://dorl.net/dor/20.1001.1.22285105.2022.12.4.4.4
https://journal.fums.ac.ir/article-1-2827-en.html


jabs.fums.ac.ir 365

Journal of Advanced Biomedical Sciences | Autumn 2022 | Vol 12 | No 4   https://doi.org/ 10.18502/jabs.v12i4.11437

  
Genetics of SARS-CoV-2 with SARS and MERS 

39.Andersen KG, Rambaut A, Lipkin WI, Holmes EC, 
Garry RF. The proximal origin of SARS-CoV-2. Nat Med. 
2020;26(4):450-2.
40.Walls AC, Park Y-J, Tortorici MA, Wall A, McGuire 
AT, Veesler D. Structure, function, and antigenicity 
of the SARS-CoV-2 spike glycoprotein. Cell. 
2020;181(2):281-92.
41.Chen J, Liu D, Liu L, Liu P, Xu Q, Xia L, et al. [A 
pilot study of hydroxychloroquine in treatment of patients 
with moderate COVID-19]. J Zhejiang Univ (Med Sci). 
2020;49(2):215-9.
42.Tan Y-J, Lim SG, Hong W. Understanding the 
accessory viral proteins unique to the severe acute 
respiratory syndrome (SARS) coronavirus. Antiviral Res. 
2006;72(2):78-88.
43.Chung Y-S, Kim JM, Man Kim H, Park KR, Lee A, 
Lee N-J, et al. Genetic Characterization of Middle East 
Respiratory Syndrome Coronavirus, South Korea, 2018. 
Emerg Infect Dis. 2019;25(5):958.
44.Zumla A, Hui DS, Perlman S. Middle East respiratory 
syndrome. Lancet. 2015;386(9997):995-1007.
45.Kaur N, Singh R, Dar Z, Bijarnia RK, Dhingra N, Kaur 
T. Genetic comparison among various coronavirus strains 
for the identification of potential vaccine targets of SARS-
CoV2. Infect Genet Evol. 2020;89:104490.
46.Dong N, Yang X, Ye L, Chen K, Chan EW-C, Yang M, 
et al. Genomic and protein structure modelling analysis 
depicts the origin and infectivity of 2019-nCoV, a new 
coronavirus which caused a pneumonia outbreak in 
Wuhan, China [version 1; peer review: awaiting peer 
review]. bioRxiv. 2020;9(121):1-10.
47.Morse JS, Lalonde T, Xu S, Liu WR. Learning from the 
Past: Possible Urgent Prevention and Treatment Options 
for Severe Acute Respiratory Infections Caused by 2019-
nCoV. Chembiochem. 2020;21(5):730-8.
48.Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al. 
Genomic characterisation and epidemiology of 2019 novel 
coronavirus: implications for virus origins and receptor 
binding. Lancet. 2020;395(10224):565-74.
49.Salehi N, Amiri-Yekta A, Totonchi M. Profiling of 
initial available SARS-CoV-2 sequences from iranian 
related COVID-19 patients. Cell Journal (Yakhteh). 
2020;22(Suppl 1):148.
50.Velayati A, Farnia P, Besharati S, Farnia P, Ghanavi 
J. The importance of genomic changes of SARS-CoV-2 
and its comparison with Iranian-reported COVID-19 
sequencing; Whether each country has to design its 
treatment and vaccine production. Biomed Biotechnol 
Res J. 2020;4:S13-8.
51.Lu R, Niu P, Zhao l, Wang H, Wang W. Sequencing 
the Complete Genome of COVID-19 Virus from Clinical 
Samples Using the Sanger Method. China CDC Wkly. 
2020;2(25):447-52.
52.Wang R, Hozumi Y, Yin C, Wei GW. Decoding SARS-
CoV-2 Transmission and Evolution and Ramifications for 
COVID-19 Diagnosis, Vaccine, and Medicine. J Chem Inf 

 2020;45(6):1631-43.
24.Egeru A, Dejene SW, Siya A. Short report on 
implications of Covid-19 and emerging zoonotic 
infectious diseases for pastoralists and Africa. Pastoralism. 
2020;10(1):12.
25.Cui J, Li F, Shi Z-L. Origin and evolution of pathogenic 
coronaviruses. Nat Rev Microbiol. 2019;17(3):181-92.
26.Woo PC, Lau SK, Chu CM, Chan KH, Tsoi HW, Huang 
Y, et al. Characterization and complete genome sequence 
of a novel coronavirus, coronavirus HKU1, from patients 
with pneumonia. J Virol. 2005;79(2):884-95.
27.Woo PC, Lau SK, Lam CS, Lai KK, Huang Y, Lee P, et 
al. Comparative analysis of complete genome sequences 
of three avian coronaviruses reveals a novel group 3c 
coronavirus. J Virol. 2009;83(2):908-17.
28.Woo PC, Wang M, Lau SK, Xu H, Poon RW, Guo R, 
et al. Comparative analysis of twelve genomes of three 
novel group 2c and group 2d coronaviruses reveals unique 
group and subgroup features. J Virol. 2007;81(4):1574-85.
29.Hu T, Liu Y, Zhao M, Zhuang Q, Xu L, He Q. A 
comparison of COVID-19, SARS and MERS. PeerJ. 
2020;8:e9725.
30.Gaurav A, Al-Nema M. Polymerases of Coronaviruses: 
Structure, Function, and Inhibitors. Viral Polymerases. 
2019:271-300.
31.Baez-Santos YM, St John SE, Mesecar AD. The SARS-
coronavirus papain-like protease: structure, function and 
inhibition by designed antiviral compounds. Antiviral Res. 
2015;115:21-38.
32.Zhou P, Yang XL, Wang XG, Hu B, Zhang L, 
Zhang W, et al. A pneumonia outbreak associated 
with a new coronavirus of probable bat origin. Nature. 
2020;579(7798):270-3.
33.Yang D, Leibowitz JL. The structure and functions 
of coronavirus genomic 3’ and 5’ ends. Virus Res. 
2015;206:120-33.
34.Shi C-S, Nabar NR, Huang N-N, Kehrl JH. SARS-
Coronavirus Open Reading Frame-8b triggers intracellular 
stress pathways and activates NLRP3 inflammasomes. 
Cell Death Discov. 2019;5(1):101.
35.Group SC-G. Genomewide Association Study of 
Severe Covid-19 with Respiratory Failure. N Engl J Med. 
2020;383(16):1522-34.
36.Wu A, Peng Y, Huang B, Ding X, Wang X, Niu P, et 
al. Genome Composition and Divergence of the Novel 
Coronavirus (2019-nCoV) Originating in China. Cell Host 
Microbe. 2020;27(3):325-8.
37.Chan JF, Kok KH, Zhu Z, Chu H, To KK, Yuan S, et 
al. Genomic characterization of the 2019 novel human-
pathogenic coronavirus isolated from a patient with 
atypical pneumonia after visiting Wuhan. Emerg Microbes 
Infect. 2020;9(1):221-36.
38.Xu J, Zhao S, Teng T, Abdalla AE, Zhu W, Xie L, et 
al. Systematic Comparison of Two Animal-to-Human 
Transmitted Human Coronaviruses: SARS-CoV-2 and 
SARS-CoV. Viruses. 2020;12(2):1-17.

 [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

12
i4

.1
14

37
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
22

85
10

5.
20

22
.1

2.
4.

4.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l.f

um
s.

ac
.ir

 o
n 

20
22

-1
2-

31
 ]

 

                            11 / 12

http://dx.doi.org/10.18502/jabs.v12i4.11437
https://dorl.net/dor/20.1001.1.22285105.2022.12.4.4.4
https://journal.fums.ac.ir/article-1-2827-en.html


jabs.fums.ac.ir 366

Journal of Advanced Biomedical Sciences | Autumn 2022 | Vol 12 | No 4   https://doi.org/ 10.18502/jabs.v12i4.11437

Alemrajabi MS, et al.

 

Agharezaee N, et al.

CM. COVID-19: Immunology and treatment options. Clin 
Immunol. 2020;215:108448.
57.Prompetchara E, Ketloy C, Palaga T. Immune responses 
in COVID-19 and potential vaccines: Lessons learned 
from SARS and MERS epidemic. Asian Pac J Allergy 
Immunol. 2020;38(1):1-9.
58.Llanes A, Restrepo CM, Caballero Z, Rajeev S, 
Kennedy MA, Lleonart R. Betacoronavirus Genomes: 
How Genomic Information has been Used to Deal with 
Past Outbreaks and the COVID-19 Pandemic. Int J Mol 
Sci. 2020;21(12):4546.

Model. 2020;60(12):5853-65.
53.Abebe GM. Emerging and Re-Emerging Viral Diseases: 
The Case of Coronavirus Disease-19 (COVID-19). Int J 
Virol AIDS. 2020;7(1):067.
54.Singhal T. A Review of Coronavirus Disease-2019 
(COVID-19). Indian J Pediatr. 2020;87(4):281-6.
55.Hou Y, Zhao J, Martin W, Kallianpur A, Chung MK, 
Jehi L, et al. New insights into genetic susceptibility of 
COVID-19: an ACE2 and TMPRSS2 polymorphism 
analysis. BMC Med. 2020;18(1):216.
56.Felsenstein S, Herbert JA, McNamara PS, Hedrich

 [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

12
i4

.1
14

37
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
22

85
10

5.
20

22
.1

2.
4.

4.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l.f

um
s.

ac
.ir

 o
n 

20
22

-1
2-

31
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://dx.doi.org/10.18502/jabs.v12i4.11437
https://dorl.net/dor/20.1001.1.22285105.2022.12.4.4.4
https://journal.fums.ac.ir/article-1-2827-en.html
http://www.tcpdf.org

