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Abstract 

In addition to SARS-Cov-2, Saudi Arabia have already experienced similar sever Beta-

coronavirus outbreak in 2003 and 2012. Like SARS and MERS-CoV, SARS-Cov-2 begins 

with a minor upper respiratory injury and progresses to serious respiratory illness. Infectious 

viruses, including SARS-Cov-2, use different strategies such as mutations which alter the 

virus phenotype in a way that confers its fitness advantage. These mutations play critical 

roles in establishing successful entry of the virus into its host cell. By the present study, and 

using a group of bioinformatics tools, we have analysed the genomic variation in a 53 SARS-

CoV-2 strains recorded in Saudi Arabia and compared to Wuhan strain hCoV-

19/Wuhan/WIV04/2019. A significant population expansion of SARS-CoV-2 transmission 

was recorded (Tajima’s D=-2.486, P<0.001; Fu'sFs=-4.658, P<0.001). In total, 147 

polymorphic sites were detected within the 11 genes. Among them, there were 110 singleton 

variable sites and 37 parsimony informative sites. The changes in the evolutionary 

relationship between the 53 Saudi SARS-CoV19 variants, reflects that the analysed 

genotypes were clustered at different groups compared to Wuhan strain hCoV-

19/Wuhan/WIV04/2019. Indeed, the recorded amino acids changes (aa) were with highest 

percentage on ORF1ab region (52 %), followed by the spike, nucleocapsid and finely the 

envelop (42%, 38% and 25 % respectively). These are the most common sites undergoing to 

an aa change, providing an insight of some important proteins of the COVID‐2019 that are 

involved in the mechanism of viral entry and viral replication. Thus, understanding the main 

drivers for pathogen appearance, spreading, and supremacy on human defences is highly 

required as these mutations may adversely affect all efforts of drug repurposing. 

 

 

 

 

 

 



 

Introduction  

In 2019 the world was devastated by the outbreak of SARS-CoV-2 that started in in Wuhan, 

Hubei Province, China where patients developed pneumonia signs as well as a diffused 

alveolar injury, resulting in acute respiratory distress syndrome (ARDS). Saudi Arabia have 

already experienced similar sever Beta-coronavirus outbreak in 2012, a pair of Saudi Arabian 

nationals were diagnosed with a new coronavirus named the Middle East Respiratory 

Syndrome Coronavirus (MERS-CoV). However, the outbreak was closely monitored and 

dealt with in a professional way that reduces the mortality to 838 deaths among the reported 

cases (1). Like SARS, MERS-CoV infection begins with a minor upper respiratory injury and 

progresses to serious respiratory illness (2). 

        Both MERS-CoV and SARS-CoV lie within the β group of four genera of coronaviruses 

that include α, β, γ, and δ, however, only type α and β are known to infect humans (3). 

Although, both types normally originate in bats or rodent (4), a positive transition to humans 

in various incidents. SARS-CoV-2 has and adaptive genetic strategy similar to that of a new 

virus from space trying to fit into, and replicate within, the genetic-background and thus 

biochemistry of the host cells. Thus, both innate and adaptive immune responses of human 

body to coronaviruses resistance can be affected by these genetic variants (Mutations). These 

mutations that may affect virus adaption and fitness were rarely occur in comparison with 

tolerated low-effect or no-effect ‘neutral’ amino acid shifts (5).  Thanks to the proofreading 

activity of Nsp12 exonuclease, these significant mutations are regularly eliminated, thus, 

most of the detected mutations in SARS-CoV-2 genomes are expected to be either neutral or 

mildly (6).  However, these type of mutations alter the virus phenotype in a way that confers 

a fitness advantage, in at least some contexts. Indeed, only few months after the evolution of 

SARS-CoV-2 within the human population, before a fitness-enhancing mutations were 

confirmed to have arisen.  



SARS-CoV-2 consist of four main structural proteins- (i) Nucleocapsid protein (N), (ii) Spike 

protein (S), (iii) Membrane protein (M), and (iv) Envelope protein (E). E protein is the 

smallest of which ranging from 8–12 kDa, and is involved in a wide spectrum of functional 

repertoire(7). E protein includes three domains: (i) short hydrophilic N-terminus domain 

consisting of 7–12 amino acids, (ii) hydrophobic transmembrane domain that is about 25 

amino acids long, and (iii) long hydrophilic C terminal region (8,9). Whereas, the S protein 

has two major domains, S1 which facilitate the attachment and binding to the host cell 

receptor, and S2 that mediates fusion to the host cell membrane (10). Both domains play 

critical roles in establishing successful entry of the virion into its host cell. SARS-CoV-2 is 

known to mutate rapidly especially, the Spike protein to escape host cell immune system and 

adapt with the host environment (11). Unlike S protein, the N gene with its 90% amino acid 

homology and less mutations over time is more conserved and stable (12–16). Both M and N 

proteins of many SARS-CoV-2 were reported to be the most abundant viral protein expressed 

during infection and a key protein in the assembly of both naked and enveloped virus 

particles(17). M protein plays a critical role in the intracellular formation of virus particles, 

for which S appears not to be required (18). 

Currently, Saudi Arabia has recorded over 541,201 positive cases (5554 of which are still 

active) and 8458 deaths (as of Aug 20, 2021). Evaluate the possible levels of genetic diversity 

and polymorphism existing in SARS-CoV-2 genomes in Saudi Arabia. By the present study, 

53 genomic sequences from Saudi Arabian studied cases were analysed. The sequences were 

retrieved from the National Centre for Biotechnology Information (NCBI). Compared to the 

reference sequence for SARS‐CoV‐2 (Wuhan strain hCoV-19/Wuhan/WIV04/2019) by 

homology and phylogenetic, tree analyses, mutations at different locations, and preliminary 

bioinformatics analyses were studied. Many attempts have been performed to study SARS-

CoV-2 variants around the world since the breakout, most of them on a particular group of 



genomes using limited datasets. Whereas, major lineages didn’t propose until March 2020, 

these include the interesting proposal that identified the same major lineages (named A and 

B) and other sublineages (19). Our aims were to: (1) characterize genomic variations of 

SARS-CoV-2; (2) infer the evolutionary relationships of the Saudi strains; and (3) deduce the 

transmission history of Saudi SARS-CoV-2 with Wuhan strain.



Methods 

Bioinformatics 

The current work is an in silico study aimed to evaluate the genetic variations of SARS-CoV-

2 in Saudi Arabia recorded strains. SARS-CoV-2 sequences were obtained from severe acute 

respiratory syndrome coronavirus 2 data hub NCBI (May/2021). The sequence of Wuhan 

strain hCoV-19/Wuhan/WIV04/2019 included as the reference sequence. A 53 sequence 

were aligned on MEGA X platform against the reference (20), using muscle algorithm. 

Evolutionary relationships: The Neighbor-Joining method was used to determine the 

evolutionary relationship in the form of a phylogenetic tree. The Maximum Composite 

Likelihood method was used to compute the evolutionary distances (21) and represent units 

of the number of base substitutions per site. This analysis involved two sets of 53 nucleotide 

sequences of SARS-2 from Saudi Arabia and the reference strain. All ambiguous positions 

have been removed for each sequence pair (pairwise deletion option). There were a total of 

29,903 positions in the final dataset. Evolutionary studies were conducted in MEGA X 

software (20).  

Statistical Analysis 

Using the multiple alignment analysis (msa) package from R platform that provides a unified 

R/Bioconductor interface to the multiple sequence alignment algorithms including Muscle 

(22).  Evolutionary analyses were conducted in MEGA X  (20), using the aligned sequences 

that also used to measure both the transition/transversion rate ratios in current population.   

Using DnaSP ver. 5.10.00, (23), genetic diversity was calculated applying the indices of 

haplotype diversity (Hd) (24), and pairwise estimates of nucleotide diversity (p) (Jukes and 

Cantor, 1996). Selection neutrality tests were estimated by Tajima’sD (25) and Fu and Li’s 

D* and F* methods (26) In these analyses, the insertions/deletions (indels) were treated as 



missing data in each analysis. The program TCS ver. 1.06 (27), was used to construct the 

phylogenetic network of haplotypes. In this software, the indels were recorded as nucleotide 

substitutions. Both nucleotide substitution and maximum likelihood estimate of gamma 

parameter for site rates were conducted on MEGA X. the transition/transversion ratio (R) 

represent the ratio of the number of transitions to the number of transversions for the included 

sequences. The R value indicate the bias towards either transitional or transversional 

substitution.  

Extraction of haplotypes 

The haplotypes and sequence variations were extracted of the DNA matrix using the R base 

package (28), to compare sequences and extract the haplotype number, frequency. Unique 

haplotype sequences were calculated by ignoring common nucleotides between haplotypes. 

The haplotypes were also calculated using the DNAsp application test the ratio of the 

extracted haplotypes using the available tools (23), and haplotype Neighbor-Joining tree 

generated using PopART Population Analysis and genetics software (29). 

Amino acid (aa) mutation analysis 

The Aa mutations analysis was conducted on CoVsurver that is a research tool developed to 

aid the research community with the identification, analysis and interpretation of Aa changes 

in coronavirus genomes. The 53 SARS-2 from Saudi Arabia compared with the reference 

genome of Wuhan strain hCoV-19/Wuhan/WIV04/2019. The aa mutations and their positions 

on the viral genome were presented along their frequency change(s) in each structural models 

(30). 

 

 Result 

SARS-CoV19 diversity analysis 

The examined sequences consisted of the whole genome of 54 genotypes: 53 sequences for 



SARS-Cov2 genotypes from Saudi Arabia and the genotype of Wuhan sequence. The total 

aligned sequence length was 29695 bp coding for 11 genes (Table 1). The GC content of the 

non-coding region (50.2 %) studied is higher than those of coding regions spacers (37% for 

ORF1ab, S, for ORF3a, and 38% for N and M, 36% for ORF6 and ORF7a, 40% ORF8 and 

33% for E). In total, 147 polymorphic sites were detected within the 11 genes. Among them, 

there were 110 singleton variable sites and 37 parsimony informative sites.  

As showed by table 2a,b, the mismatch distribution analysis of the 53 genomes exhibited a 

significant population expansion of SARS-CoV-2 transmission (Tajima’s D= -2.486, 

P<0.001; Fu'sFs=-4.658, P<0.001). Indeed, the estimated value of the shape parameter for the 

discrete Gamma Distribution is 0.0500. Substitution pattern and rates were estimated under 

the Tamura-Nei (1993) model (+G) (31). A discrete Gamma distribution was used to model 

evolutionary rate differences among sites (5 categories, [+G]). Mean evolutionary rates in 

these categories were 0.00, 0.00, 0.00, 0.03, 4.97 substitutions per site. The nucleotide 

frequencies are A = 29.88%, T = 32.14%, C = 18.35%, and G = 19.64%. For estimating ML 

values, a tree topology was automatically computed. The maximum Log likelihood for this 

computation was -41827.691 (Table 3)  

The evolutionary relationship in the form of a phylogenetic tree showed that the 53 Saudi 

SARS-CoV19 variants are clustered at different groups, with MT820461 being the closest to 

Wuhan strain hCoV-19/Wuhan/WIV04/2019; the accession number of each sequence was 

cited according the NCBI, Figure showed great diversity indicating high level of changes in 

the viral genomic sequences compared to the out group (Fig.1).  Indeed, a nucleotide 

frequencies analysis of current sequences that differ at the following rate (Table 2a,b): 

29.89% (A), 32.12% (T), 18.35% (C), and 19.64% (G). Thus, the transition/transversion rate 

ratios followed these differences where k1 = 3.247 (purines) and k2 = 7.306 (pyrimidines). 

The overall transition/transversion bias is R = 2.485.   



SARS-CoV19 Haplotype analysis 

Haplotype network of COVID-19 genomes were used to reveal the genetic distance and 

evolution relationship between different Saudi strains COVID-19 haplotypes and Wuhan 

(Fig.2). With the development of time, there are more and more virus mutations and the 

haplotype network of virus genome will become more and more complex, which will lead to 

the unrecognizability of human eyes. Thus, we only selected the data of Saudi Arabia to 

display, corresponding to the previously mentioned sequences in the method. Nodes represent 

different groups that were used in the diversity analysis. The branch lengths to integer values 

so that they represent the number of mutations of COVID-19 belonging to this haplotype. 

The integers represent the distance between the two haplotypes, the more the integers, the 

farther the distance (the greater the difference). Current tree shows how sequences like 

MZ208928, MZ215961, MZ206430 and MZ149269 that had the highest rate of aa mutations 

are far from the reference as 15 to 26% of their genome has already changed.   

SARS-CoV19 amino acid mutation analysis 

Mutation is a predictable event in viruses, and SARSCoV-2 is no exception. During 2020, the 

rapid increase in COVID-19 cases in Saudi Arabia was associated with the emergence of a 

new variants that were identified by genomic sequencing (Figure 1). These variants are 

defined by multiple mutations, as showed by Table 4, including those in peak proteins like 

N501Y, A570D, D614G, P681H, T716I, S982A, and D1118H. Each mutation in the table 

starts with a letter indicating the effected gene like S for spike and NSP for ORF, e.g. the 

mutation (Spike_T716I) indicated that T (Threonine) amino acid in position 16th of Wuhan 

was replaced with an I (Isoleucine) in the query. Whereas, the mutation NSP6_G107del 

indicated a deletion of Glycine from the position 107 in the query compared to the reference. 

Other code indicates the following genes, N_ nucleocapsid, M_ membrane, E_ envelope. 

Indeed, current aa changes analysis showed most of the recorded mutations were on ORF1ab 



region with a frequency of 52%, followed by the spike, nucleocapsid and finely the envelop 

(42%, 38% and 25 % respectively). 

 

 

 

Fig.1. The evolutionary history was inferred using the Neighbor-Joining method (32). The 

optimal tree is shown. The percentage of replicate trees in which the associated taxa clustered 

together in the bootstrap test (1000 replicates) are shown next to the branches (33).  

 

 

Fig.2.  Neighbor-Joining tree built using the haplotype extracted from an aligned sequence of 

54 strains including Wuhan strain hCoV-19/Wuhan/WIV04/2019, the branch lengths are set 

to integer values so that they represent the number of mutations between sequences.  



 

Discussion  

The genome of SARS-CoV-2 evolution is relatively stable, thanks to the “proofreading” 

activity of Nsp12 exonuclease; SARS-Cov-2 mutation rate proved to be slow compared with 

other RNA viruses (34).  Thus, the frequency of derived haplotypes (hfreq) due to new 

mutations observed on single haplotype backgrounds was shown to be moderate, and 

sequences carrying such haplotypes were usually restricted to single strain in many of the 

previous works.   However, Broad genomic resources for SARS-CoV-1 played an important 

role that facilitate optimal drug and vaccine design, especially when coupled with knowledge 

of human proteome and immune interactions (35). Hence, drugs and vaccines should target 

relatively invariant, particularly constrained regions of the SARS-CoV-2 genome, to limit 

both drug resistance and vaccine evasion. Therefore, the ongoing monitoring of genomic 

variation in SARS-CoV-2 will improve our understanding of fundamental host-pathogen 

interactions which will be reflected on drug and vaccine design (34). Indeed, this was 

confirmed in the current study where the recorded SARS-CoV-2 strains in Saudi Arabia can 

easily be divided into four groups only two of which were close to Wuhan. This might reflect 

the significant population expansion of Saudi SARS-CoV-2 transmission that was confirmed 

by both Tajima’s D=-2.486, P<0.001; Fu'sFs. Although, differences in the recorded 

frequency of certain haplotypes in our case may change rapidly due to founder effects caused 

by local outbreaks. Previous studies showed these changes are rarely invoking selective 

advantage of SARS-CoV-2 strains (36). However, rapid changes in the frequency of certain 

haplotypes in different populations may result of founder effects caused by local outbreaks, 

and this not necessarily invoke selective advantage of such strains. Therefore, unguided 

assumption about the prevalence of any given SARS-CoV-2 strain indicates its advanced 

virulence should be avoided, some coronavirus mutations require further investigation due to 



their global spread (36). 

 An increased virulence of the coronavirus linked to the hallmark G superclade mutation, 

p.D614G substitution in the spike protein-A23403G (37,38). Changes in the aa like the 

p.D614G that was also recorded in the current work is known to facilitate the interaction with 

the receptor on the surface of human cells is highly possible, even though still not fully 

confirmed (38–40), other mutated Aa like V121D, V843F, and those in G proteins have the 

potentials to destabilize or alter the viral protein structure and functions. Amino acid 

substitution in V843F and G150C took place due to G → T transversion that was possibly 

introduced by Oxo-guanine generated from reactive oxygen species (ROS) (41,42). 

Conversely, C → T transition, the most frequent transition of SARS-CoV-2, improved the 

structural stability of PLPro (42). Besides, the C → T transition in the 5' UTR region 

influence the function of N and other NSP proteins (43). The positive selective pressure in 

these proteins could justify some clinical features of SARS-CoV-2 compared with SARS and 

Bat SARS‐like CoV. These are the most common sites undergoing to an aa change, providing 

an insight of some important proteins of the COVID‐2019 that are involved in the mechanism 

of viral entry and viral replication.  

At 30kb, coronaviruses possess the largest genome that include structural and accessory 

genes, ample replicas, and other non-structural proteins (Nsps) (44). The majority of SARS-

CoV-2 genome contains the ORF1a/b region that is translated into 2 polyproteins, pp1a 

(Nsp1-Nsp11) and pp1ab (Nsp1-Nsp16) (45). Whereas, the other 4 structural proteins that 

include envelope (E), matrix (M), nucleocapsid (N) phosphoprotein, and spike (S) function 

together with the viral RNA and Nsp1-16 to assist the replication of the virus within the host 

cell (46). Mutation in the endosome‐associated‐protein‐like domain of the Nsp2 protein may 

explain way SARS-CoV-2 virus is more contagious than SARS. Whereas, the mutated Nsp3 

proteins that are located near the phosphatase domain may result in a potential mechanism 



distinguishing COVID‐2019 from other viruses like SARS (47). Our result confirmed 

mutated Aa that effect the V622F and V70F positions that are highly conserved in the viral 

protein, and G150C or G179C that are mutated in the Saudi strains might reduce the essential 

flexibility of NSP-3. These non-structural proteins (Nsps) including the Nsp3 protein which 

is the largest component in the replicase assembly, consists of an ADP-ribose phosphatase 

(ADRP) domain that is believed to play a key role in altering innate immunity (48).  Indeed, 

Nsp3 has a confirmed phosphatase activity that was shown to removes the 1''phosphate group 

from Appr-1''-p in in vitro assays (49). Indeed, among the list of mutation we have obtained 

in this study was one of the most important mutations within the receptor-binding domain 

(N501Y) that facilitate bind to the human angiotensin-converting enzyme (ACE)2 receptor 

(50,51).  N501Y identified among the list of mutations in the UK variant SARS-CoV-2 VUI 

(52). Other mutations that changes the spike protein which plays critical roles in receptor 

binding (S1) and fusion (S2), may alter the cellular tropism (53), were also common in the 

Saudi strains. The key mutations within spike protein may play a key role in the viral biotype 

switch (53). Mutations like spike_S982A located in an particularly well-conserved region of 

S2, a three-nucleotide mutation at position 28280 (nucleocapsid:D3L) which deteriorates the 

initiation context of ORF9b, and C27972T (ORF8:Q27*) which cuts and presumably 

inactivates ORF8 (54).  

 

 

Conclusion  

Current study may enhance our understanding of COVID‐2019, especially during the 

ongoing pandemic where scientific community is trying to enrich knowledge about this new 

viral pathogen. This can be achieved by understanding the main drivers for pathogen 

appearance, spreading, and supremacy on human defences as these mutations could also 



adversely affect all efforts of drug repurposing. Thus, the binding mode of drugs may change 

in these cases.  
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