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Abstract 

The history of coronaviruses dates back to the 1960s. There have been 

several coronaviruses induced epidemics such as severe acute respiratory 

syndrome (SARS) and Middle East respiratory syndrome (MERS) in the 

recent past. More recently, another coronavirus induced disease, namely 

COVID-19 emerged as an epidemic and rapidly developed into a 

pandemic due to the high transmissibility of SARS-CoV-2. It emerged as 

an epidemic  novel COVID-19, in late 2019, instigated by SARS-CoV2. 

This review analyses the different aspects of SARS-CoV-2 including its 

genomic structure, protein composition, transmission mode, and life cycle. 

SARS-CoV-2 is an RNA virus, which codes four structural proteins along 

with various accessory proteins. A unique property of COVID-19 is that it 

incorporates a polybasic cleavage site, which increases its pathogenicity. 

The genomic variation of COVID-19/SARS-CoV-2 is assumed to be the 

reason behind its high transmissibility. It was identified that this genomic 

variation hinders the development of treatment against this disease. This 

review aims to facilitate the prevention of this infectious disease as well as 

suggest possible treatment regimens.   

Keywords: COVID-19, genomic variation, pandemic, proteins, SARS-

CoV-2 

Introduction 

Coronaviruses are a part of Nidovirales order and pertain to the 

Coronaviridae family. The term corona comes from the Latin word corona 
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which means "crown" or "halo." World Health Organization (WHO) 

stated that Coronaviruses are a category of viruses that cause the common 

cold and other serious illnesses such as severe acute respiratory syndrome 

(SARS) and the Middle East respiratory syndrome (MERS) [1]. 

By the end of 2019, a new coronavirus was reported in Wuhan, China.  

It spread rapidly within the first 50 days of the epidemic and infected over 

seventy thousand individuals, out of which more than 1800 individuals 

died [2]. The new coronavirus SARS-COV2 was discovered by Chinese 

scientists on 7th  January 2020. It was assumed that the virus was 

transmitted to people via the seafood market, where it spread from one 

person to another. Additionally, it was identified that the exposure of 

healthy individuals to patients of COVID-19, who are frequently 

coughing, sneezing, and dropping aerosols, causes the virus to spread 

rapidly. Inhalation through the nose or mouth allows aerosols to enter the 

human body [3]. 

In order to stop the virus from spreading, it is crucial to understand the 

viral genome and protein structure of SARS-CoV2. With the help of high 

throughput sequencing technologies, it was deciphered that the RNA 

sequence of the coronavirus (SARS-CoV2) genome is 30,000 bases long 

and has a specific polybasic cleavage site. The SARS-CoV2 virion 

structure is around 50–200 nanometers in diameter and 

constitutes/comprises four structural proteins, namely   S (spike), E 

(envelope), M (membrane), and N (nucleocapsid). The N protein is 

involved in synthesisthe RNA genome, while the rest of the proteins are 

involved in the formation of a viral envelope [4]. 

The spike (S) protein binds with the cell surface receptors, which 

allows the virus to be attached with the host cell membrane. Thus, this 

protein facilitates the integration of the viral genome [5]. Coronaviruses 

also include/are also composed of an important glycoprotein called 

Hemagglutinin acetyl esterase (HE), which binds to sugar moieties in cell 

membranes (Figure 1) [6].  

This review aimed to understand different aspects of coronavirus 

including its genomic organization, mode of transmission, proteins of 
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coronavirus, life cycle, and possible ways of transmission to help prevent 

its spread [7].  

Figure 1. Covid-19 Virus Structure (Adopted from Science Direct) 

 

Organization of the Genome 

Coronaviruses are non-segmented positive-sense RNA viruses with a 

genomic size of 30 kb, they are composed of 29899 nucleotides and 9860 

amino acids. Their genomic RNA has a 5′ cap and a 3′ poly (A) tail and 

therefore can be used as mRNA for replicase polyprotein translation [8]. 

The organized structure starts from a 5' UTR leader-replicase-S gene–E 

gene–M gene–N gene and ends with a 3′UTR-poly (A) tail [9]. UTR 

region at 5′ end of genome is required for the replication and transcription 

of RNA, which has multiple stem-loop structures. On the other hand, the 

UTR region at the 3′ end has RNA structures, which are critical for viral 

RNA replication and synthesis [10].  

In January 2020, the novel virus SARS-CoV2 was sequenced and 

published for the very first time. ORF1a and ORF1b are open reading 

frames (ORFs) that translate 440-500kDa (pp1a) and 740-810kDa (pp1ab) 

polypeptides, respectively. They make up two-thirds of the genome and 

have a combined length of 21290 bp. The length of Spike (S), envelope 

(E), membrane (M), and nucleocapsid (N) are 3822bp, 228bp, 669bp, and 

908bp long, respectively. Alternatively, in comparison to structural 

proteins, six accessory proteins have been identified to be shorter in length 
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[11-12]. The overall genomic organization with ORF regions at 

polyproteins is depicted in Figure 2.  

Figure 2. Genome Organization of SARS-CoV2 

 

Categorization of Coronaviruses Proteins 

The coronavirus protein composition is divided into structural and non-

structural proteins. (Figure 3) [13].  

Figure 3. SARS-CoV Proteins 

 

Structural Proteins  

The structural genes encode spike (S), envelope (E), membrane (M), and 

nucleocapsid (N) proteins [14]. 
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Spike Glycoprotein  

Spike protein (S protein) is about 150 kDa in size and has a glycosylated 

N-terminal signal region that is essential for entry into ER (endoplasmic 

reticulum). Additionally, S protein encoded by viral homotrimers 

generates various spike shapes on the viral surface [15]. There are 1255 

amino acids in S protein and 23 possible N-linked glycosylation sites. A 

class I fusion protein that can attach to a host receptor is known as trimeric 

spike glycoprotein. The host cell's furin-like protease divides the S protein 

into two polypeptides, namely S1 and S2 [16]. S1 forms the spike protein's 

receptor-binding domain (RBD), which allows the virus to adhere to the 

host cell; whereas, S2 creates the spike protein's stalk [17]. The genomic 

architecture of spike protein along with their sub-structures is summarised 

in Figure 4. 

Figure 4. The SARS-CoV2 Spike Protein's Genetic Architecture (Adopted 

from Research Gate)

 

Membrane Protein  

The most prominent structural protein observed in the virion was a 25–30 

kDa transmembrane protein, consisting of 222 amino acids [18] These 

acids give the protein its virion shape. The protein is composed of a small 

glycosylated N-terminal ectodomain and a comparatively larger C-

terminal endodomain [19].  Its membrane protein lacks a signal sequence 

and is found in the virion as a dimer with two distinct conformations, 

which allow the protein to create membrane curvature and nucleocapsid 

binding. 

Envelope Protein 

The virion contains a modest amount of the 8–12 kDa envelope protein. 

Envelope polypeptide is a transmembrane protein with an ectodomain at 

the N-terminus, an endodomain at the C-terminus, and an ion channel. It 

aids in the assembly and release of the virus, as well as performing a 
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variety of other tasks. The ion channel sub-unit is not necessary for the 

replication of SARS-CoV2 but is essential for disease transmission [20]. 

Nucleocapsid Protein  

An N-terminal domain (NTD) and a C-terminal domain (CTD) make up a 

nucleocapsid protein. Both of these domains attach and combine with 

RNA. However, every domain attaches to RNA in a distinct/unique way 

[21]. The two distinct RNA substrates for nucleocapsid protein are 

transcription regulatory sequences (TRSs) and genomic packing signals. 

The packaging signal of the genome attaches to the CTD of RNA as well 

as to nsp3 [22] as a cellular membrane and a member of the replicase 

complex. These protein associations assist the viral genome in tying/to 

attach with the reverse transcription complexes (RTCs) and packing the 

enclosed genome into virion [23]. 

Hemagglutinin-esterase 

Hemagglutinin-esterase (HE) acts like hemagglutinin and is found in 

several coronaviruses. Once this enzyme get acetylated, it mediates the 

reversible attachment of O-acetylated sialic acids on surface glycoproteins 

[24]. These actions are critical since they increase spike protein-mediated 

cell entrance and virus propagation through mucus [25]. 

Non-structural Proteins 

Several genes synthesize different proteins needed for viral replication, 

transcription, and assembly. These non-structural proteins are synthesized 

by translation of two important open reading frames 1a and 1b (ORF1ab) 

[26]. These proteins play a significant role in viral RNA genome 

replication and transcription. Other than the structural and accessory 

proteins, some other genes that are present are known as “group-specific 

or accessory genes”. These proteins are essential for viral survival in the 

infected host's natural environment [27,28].  

Several accessory genes are present near the 3′-end region of the 

genome. Additionally, other accessory or group-specific genes are widely 

scattered throughout the genome including two genes in-between S and E 

genes (ORFs 3a and 3b,) five genes in-between M and N genes (6, 7a, 7b, 

8a, and 8b), and one gene inside the N gene (9b) of the genome [29,30]. In 
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Figure 5, all these accessory proteins and their expected functions are 

enlisted. 

Table 1. Summarization of SARS-CoV Accessory Proteins (Adopted 

from Science Direct) 

Accessory Proteins 
Incorporation into 

Viruses 
Functions 

3a Yes 

NF↑, JNK ↑, IL-8 ↑, 

RANTES ↑ 

Ion Channel activity, 

apoptosis induction and 

cell cycle arrest. 

3b Unknown 

Type 1 INF 

production and 

signalling inhibition, 

apoptosis induction 

and cell cycle arrest 

ORF6 Yes 

Type 1INF production 

and signalling 

inhibition 

7a Yes 

NF↑, JNK ↑, IL-8 ↑, 

p38 MAP knase, host 

translation inhibition, 

apoptosis induction and 

cell cycle arrest 

7b Yes No known function 

8a Unknown No known function 

8b Unknown No known function 

9b Unknown No known function 

 

Most of the genes sequences in human and animal SARS-CoV are 

conserved. Nevertheless, as anticipated, these clusters of genes have no 

resemblance to accessory genes found in other coronavirus groups [31]. 

An overall genome organization of coronaviruses as well as of SARS-

CoV2 is shown in Figures 6 and 7 respectively. 
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Figure 5. Beta Coronaviruses Genome Organization (Adopted from 

Science Direct) 

 

Figure 6. Overall Genome and Protein Analysis of SARS-CoV2 (Adopted 

from NCBI) 

 

Each type of protein is associated to perform its specific function in 

the overall life of this virus [32]. 
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Transmission of SARS-CoV2 

SARS-CoV2 is transmitted under three varied conditions: viral infection 

source, transmission channel, and virus exposure [33,34]. 

Transmission by the Source of Infection 

Bats are considered the natural source of SARS-CoV2. Pangolin and 

snakes are also thought to be the source of SARS-CoV2; however, later 

studies found no evidence indicating that snakes are a host of SARS-

CoV2. According to a study, bat coronavirus and SARS-CoV2 have a 

96.2% sequence similarity. Furthermore, pairwise protein sequence 

analysis of the seven conserved non-structural proteins’ domain regions 

revealed that the virus belonged to the SARS-CoV species [34]. 

Additionally, the SARS-CoV2 originating from pangolin and the infected 

humans have 99% sequence similarity between them. This suggests that 

pangolin could be a SARS-CoV2 intermediate host. 

Transmission by the Route of Transmission 

COVID-19 is most commonly transmitted through close contact. It can 

potentially be transmitted through aerosols, urine, and saliva [35]. In silico 

studies revealed that the gastrointestinal system (GI tract) is a major path 

for SARS-CoV2 infection. This finding was also confirmed by identifying 

the constant presence of the virus in the GI tract of infected patients. 

Similarly, the tears and conjunctival secretions of COVID-19 patients also 

revealed the presence of the pathogen [36]. This virus also affects 

pregnant women; however, the available data on COVID-19-affected 

pregnant women is insufficient [37]. 

Transmission by the Viral Latency 

Elderly people with a median age of 75 are more vulnerable to COVID-

19. It was observed from the clinical characteristics of these patients that 

the virus has a 3 day incubation period and it takes 14 days from the onset 

of first symptoms to death [38]. SARS-CoV2 has a maximum latency of 

24 days, which may enhance the likelihood of viral infection. It has also 

been discovered that those over the age of 70 have shorter median days; 

they have roughly 11.5 days from the onset of symptoms to death. People 

below 70 have 20 median days; this indicates a faster disease progression 

rate in elderly people than younger people [37]. 
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By gaining detailed information about the genomic content of 

coronavirus, we can understand the structural as well as the non-structural 

composition of proteins, which, in turn, can help identify the routes of its 

transmission. Unfortunately, we are still far away from developing a 

suitable therapy because of the variation in the genomic organization of 

coronavirus.  

Variations in SARS-CoV2 Genome 

Current studies revealed the presence of variations in the SARS-CoV2 

genome. This extrapolated the absence of an accessory protein ORF 8a as 

well as multiple changes in amino acids in ORF 8b and 3c proteins [39]. 

Moreover, the spike glycoprotein (S) of COVID-19 is altered through 

homologous recombination of SARS-CoV (bat) and Beta-CoV (unknown) 

[40]. To enter the host cell, SARS-CoV2 utilizes angiotensin-converting 

enzyme 2 (ACE2) cell receptors. A significant N501T mutation in the 

SARS-CoV S-protein was recently found to result in stronger binding with 

ACE2 receptors [6]. 

Lifecycle of Coronavirus 

Coronaviruses go through the same stages as other viruses in their life 

cycle. These steps are attachment, replication, and release. 

Attachment of SARS-CoV 

ORF1 are the particular genes found in all of the coronaviruses. These 

genes code for the proteins involved in viral replication, nucleocapsid 

development, and spike creation. The spikes on coronaviruses' surfaces are 

responsible for the virus's adhesion and penetration into host cells. The 

receptor-binding domain (RBD) of the virus is connected loosely to host 

cells and causes infection in many hosts. SARS-CoV and MERS-CoV use 

the exo-peptidase receptor to gain access into human cells [36]. Other 

coronaviruses prefer to enter the host cell by recognizing aminopeptidases 

or carbohydrates as receptors [41]. 

Human proteases can break spike proteins and cause variations in 

penetration. The MERS-coronavirus receptor is dipeptidyl peptidase 4 

(DPP4); whereas, the SARS-coronavirus receptor is ACE2. SARS-CoV2 

has a conventional coronavirus structure composed of additional 

polyproteins, membrane proteins, and nucleoproteins [42]. The glutamine 
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residue at 394 positions in SARS-RBD CoV2's region interacts with the 

human ACE2 receptor's lysine 31 residue. 

Entry to Host Cell 

After receptor binding, the virus enters into the host cell’s cytosol via S 

protein cleavage using cathepsin or TMPRRS2. Subsequently, the viral 

envelope fuses with the cellular membrane. This proteolytic cleavage 

happens at two locations within the S protein's S2 domain [41]. The first 

cleavage is important for dividing the S protein's fusion domains and 

RBD, where the other reveals the fusion peptide. A combination of these 

proteins occurs within the endosome of coronaviruses. Once the fusion 

peptide is fused to the membrane, the S2 heptad repeats are combined to 

form antiparallel helix bundles. Finally, it causes the viral DNA to be 

released into the cytoplasm [39]. 

Expression of Replicase Protein  

The terminal polyproteins pp1a and pp1ab are produced by the production 

of two ORFs, namely rep1a and rep1b, which are expressed by translation 

of the replicase gene. The molecular weight of pp1a and pp1ab is 500kDa 

and 800kDa, respectively. By using a slippery sequence of 5’-

UUUAAAC-3’ and an RNA pseudoknot, the virus expresses these 

polyproteins involved in the ribosomal frame-shifting from rep1a to rep1b 

ORF [43]. Elongation of the ribosome is blocked by pseudoknot, which 

results in a change of the reading frame by reversing one nucleotide 

resulting in the formation of pp1ab [37]. 

Viruses use the phenomena of frame-shifting to control protein 

expression such as the ratio of rep1b:rep1a proteins. They postpone the 

synthesis of rep1b products until rep1a products have created a favourable 

environment for RNA replication. pp1ab and pp1a encompass the nsps 1-

16 and nsps 1-11,  respectively. Conversely, gamma coronaviruses do not 

comprise nsp1, since these polyproteins are divided into separate nsps.  

Coronaviruses consist of nsp3 and nsp5 genes that later synthesize papain-

like proteases (PLpro and  Mpro) or Serine type proteases, respectively, 

and are involved in cleaving replicase polyproteins [38]. Several nsps are 

combined into replicase and transcriptase complex to prepare RNA 

replication and transcriptional machinery [26]. 
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Replication and Transcription 

Negative-strand intermediates are used to synthesize genomic and 

subgenomic RNAs. These intermediates comprise poly-uridylate as well 

as anti-leader sequences. The stem-loop structures present within the 

5’UTR extends into replicase 1a. UTR at 3’ end contains a pseudoknot, a 

protruded stem-loop, and a hypervariable region. Coronaviruses use 

homologous and non-homologous recombinations that play a crucial part 

in viral evolution [44]. 

Viral Assembly and Release  

After replication and subgenomic RNA synthesis, the virus's structural 

proteins are expressed and integrated into the endoplasmic reticulum (ER). 

Alongside the secretory pathway, these proteins enter the ERGIC 

(endoplasmic reticulum-Golgi intermediate compartment). Encapsulated 

viral genome buds into ERGIC membranes comprising structural proteins 

to create mature viruses. The protein-protein interaction is directed by the 

M protein that is necessary for the virion assembly. Moreover, M and E 

proteins express and function together to fabricate envelopes of 

coronaviruses and form VLPs. Later, its formation is enhanced by the N 

protein [45]. At this step, S protein is integrated into the virion. M protein 

aggregation is prevented by the E protein, which changes the host 

secretory pathway and plays a key role in virion release [46]. 

Figure 7. The Life Cycle of Coronavirus (Adopted from Science Direct.com) 
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Next, M protein attaches to the viral nucleocapsid and aids in virion 

formation, while N protein aids in the packing of positive-sense genomes 

generated during infection. Virions are delivered to the cell surface as 

vesicles, which are then assembled and expelled via exocytosis. In 

coronaviruses, the S protein promotes cell-to-cell fusion between infected 

and host cells. This causes the virus to produce huge multinucleated cells, 

allowing it to spread throughout infected organisms without being 

recognized or killed by viral-specific antibodies [46]. The whole life cycle 

of coronavirus has been summarized in Figure 7. 

Possible Ways of Prevention of COVID-19 

COVID-19 has caused a lot of damage, which is why public health and 

infection control measures must be taken quickly to prevent the global 

spread of this virus [47]. More than 90 types of vaccines are being 

developed against SARS-CoV-2 in different universities and companies 

across the world[48].  

COVID-19 is asymptomatic for some individuals, while for others it 

can cause flu-like symptoms,  acute respiratory distress syndrome 

(ARDS), or pneumonia, both of which may lead to death. Although it is 

anticipated that an effective vaccine against COVID-19 will be available 

soon, for now, the world is relying on social distancing, hygiene measures, 

and repurposed drugs to prevent transmission of the virus. Even though, 

countries all over the world are trying to develop vaccines, however there 

are only 30 vaccines in clinical trials and over 200 in various stages of 

development. There is a worldwide effort to develop an effective vaccine 

against SARS-CoV-2, and by late August 2020, there were 30 vaccines in 

clinical trials with over 200 in various stages of development [49]. 

The development of an effective vaccine for COVID-19 is the urge of 

the whole world due to various complications and effecting daily life. 

About 30 vaccines are developed in the world to combat this life-

threatening viral infection. Numerous trials were conducted to develop an 

applicable and reliable vaccine against COVID-19.  

There are 3 phases in the development of vaccines. In the first phase, 

the safety of proper dose and monitoring complications are examined. In 

the second phase, the safety of the vaccine as well as its immunogenic 
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effect are analyzed.  In the third phase, the efficacy of vaccines is 

calculated by comparing percentage of patients in which disease rate is 

reduced after receiving a placebo dose and the COVID-19 vaccine dose 

[49,50]. The best way to prevent the spread of this virus is by decreasing 

its transmission, which can be done by preventing mass gatherings, 

avoiding direct contact with patients affected with COVID-19, washing 

hands frequently, cleaning and disinfecting well-used surfaces with 

alcohol and bleach-based cleaning solutions, and using facemask [39]. 

Probable Treatment 

Various drugs have been utilized for the treatment of COVID-19. Many of 

these drugs are still under clinical trial, while some are being practically 

used to treat SARS-CoV2 infected patients. Since the coronavirus that 

causes COVID-19 is related to the coronavirus that causes SARS and 

MERS, Remdesivir, an antiviral medicine, has attracted a lot of interest. 

Remdesivir, according to research, is a very effective medicine that 

prevents the virus from reproducing and spreading. Lopinavir and 

ritonavir is a medication combination used to treat HIV [51], it is now also 

being used to treat COVID-19. On February 18th, 2020, it was reported 

that an old woman with severe COVID-19-related pneumonia, was cured 

with this medicine combination [52]. Additionally, favipiravir, an antiviral 

medication used to treat influenza viruses, was approved for use in China 

on February 17th, 2020, and was used to treat new coronavirus pneumonia. 

Methylprednisolone is a glucocorticoid, it is also commonly used to treat 

new coronavirus infections. Furthermore, chloroquine phosphate is used to 

treat malaria and is identified to have multi-antiviral activity, which is 

being investigated for COVID-19 treatment. The drug hydroxychloroquine 

sulfate is used to treat lupus and arthritis in patients [53]. It is 

experimentally proven to be useful in the treatment of coronavirus 

pneumonia. A VEGF inhibitor, bevacizumab, is also being used to cure 

acute respiratory distress syndrome (ARDS) and acute lung injury (ALI). 

Azithromycin is an antibacterial drug, while hydroxychloroquine is an 

antimalarial drug [54,55]. It was first utilized in the treatment of 20 

patients in France. According to the researchers, all of the patients who 

received the combination of these two medications were virologically 

healed within the 6-day therapy period [56]. Other drugs used to treat 

COVID-19 include Tylenol which reduces fever, chloroquine which 
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inhibits the attachment of viral S protein with ACE2 receptor, 

ritonavir which is a protease inhibitor that prevents the transition of viral 

proteins into their respective component, and corticosteroids which 

reduces inflammation by inhibiting arachidonic acid or phospholipase 2 

[57]. 

Conclusion 

Although the origins of COVID-19 and its transmission to human beings 

are unknown, human-to-human transmission is well-known due to its 

highly transmissible nature. Asymptomatic pyrexia, sore throat, dry cough, 

shortness of breath, body pains, lethargy, exhaustion, myalgia, vomiting, 

nausea, diarrhoea, and pneumonia are the common symptoms of COVID-

19.  These symptoms may cause acute respiratory distress syndrome 

(ARDS) and the dysfunction of various organs, leading to death. For this 

reason, COVID-19 has a case fatality rate of 2% to 3% [58]. 

Beyond vaccines, the global struggle against COVID-19 is a protracted 

one, until we produce effective and scientifically confirmed treatments. 

The first line of defence against this infection is preventing the spread of 

this disease. This review mainly examined all aspects of COVID-19 

associated with its development into a pandemic. Overall, this review 

aimed to facilitate the prevention this disease as a pandemic disease before 

the innovation of any treatment and is also helpful in the development of 

possible treatment on understanding each aspect.  
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