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RNA Genome of SARS-CoV-2 

 

Abstract.   

 

The ongoing rapid spread of COVID-19 disease 

from its first detection in Wuhan, China in late 

2019 was declared a pandemic by World Health 

Organization on 11th March, 2020. It is believed 

that to combat this deadly virus, now designated 

as SARS-CoV-2, designing and developing a 

proper vaccine is the best solution. For 

developing a sustainable vaccine against this 

virus, one should have a proper understanding of 

the mutational changes occurring constantly in its 

genome and also about the variations that may 

arise in different communities. Here, we report an 

algorithm to identify and characterize the 

mutational changes in the COVID-19 sequences 

isolated from different countries. The patterns in 

mutation along with the demographic analysis 

shown here can be very effective for community 

specific vaccine designing in the future. 
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Introduction 

SARS-CoV-2 or COVID-19 is the newest member of Coronaviridae virus family, which has recently 

created a pandemic. The World Health Organization (WHO) declared this as a public health emergency 

of international concern (PHEIC) on 30th January, 2020 and a pandemic on 11th March. As on 28th April, 

2020, according to the 99th Situation Report published by WHO, there has been a total of 2,954,222 

confirmed cases of SARS-Covid-2 viral disease in 211 countries and territories across the world, 

amongst which 202,597 died [1].  

The SARS-CoV-2 virus is the seventh type of coronavirus after 229E Alpha, HKU1 Beta, NL63 Alpha, 

OC43 Beta, MERS Beta and SARS Beta Coronavirus. The SARS-CoV-2 virus leading to COVID-19 

disease is the fifth endemic coronavirus in human which had likely crossed the species barrier [2][3]. 

The symptoms of the disease include onset of fever (98%), cough (78%) and fatigue (44%) along with 

severe respiratory problems, lower cardiac outputs are also observed in some patients. It is a highly 

contagious disease and spreads via droplet infection.  

Coronaviruses possess the largest genome compared to other RNA viruses. This gives them an 

opportunity for housing a variety of genes [4].  The novel Coronavirus or COVID-19 or SARS-CoV-2, 

is a spherical enveloped positive-sense single stranded RNA virus, falling under the genera 

Betacoronavirus. It has a genome length of around 29000 bp, coding for 7096 amino acids on an average.  

The genome consists of both structural and non-structural proteins.  

Structural proteins are respectively: Surface. Glycoprotein (S), Membrane Glycoprotein (M), Envelope 

Protein (E) and Nucleocapsid (N). They occur in the 5’ to 3’ order as S, E, M, N. The non-structural 

proteins are: Polyproteins with nsp3, nsp6, nsp8, nsp10 and polyprotein1ab [5][6]. The arrangement of 

genes in the genome of Covid-19 are given in Figure 1. 

                                         

                                                     Fig. 1. Genome of SARS-CoV-2 (COVID-19) 

 

As with all epidemics, there were no drugs or vaccines that could combat the CoVID-19 disease, 

although efforts are on a war footing to develop some therapeutics. Till now several vaccines are on 

clinical and preclinical trials.  These candidate vaccines are either live-attenuated or inactivated vaccines. 

The mode of action of some candidate vaccines also relies on targeting a specific region in the viral 

genome. Here mutation becomes an important factor which determines the sustainability of the vaccine. 

A less mutating organism will make these vaccines more effective for a longer period of time. 

In this article we try to figure out the mutational changes occurring in the genome of COVID-19 and 

their potentiality in generating different strains across the world during person-to-person transmission. 

Our 2D polar coordinate plot of amino acid sequences helps us with this estimation [7]. Proper 

knowledge of ongoing mutations in the CoVID-19 genome, or more specifically in the spike 

glycoprotein and non-structural proteins (nsp), may help avoid highly variable (or mutating) zones while 

designing a vaccine, so as to make it long lasting and may tell us about variability in infection rates over 

different countries. Further studies can also reveal the relation of non-structural protein (nsp) mutations 

with change in mode of attack or growth of virus inside the host cells. Along with these we discussed 
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the mutational changes with demographics that may help one to understand the effect of mutation on 

various communities. 

 

Materials and Methods 

ALGORITHM TO STUDY GENOME SEQUENCES 

We used 2D Polar Co-ordinate Representation of Amino Acid Sequences to study the CoVID-19 

sequences. In this method we assign angles to each amino acid depending upon their relative 

hydrophobicity indices. While reading the sequence, we read each amino acid one-by-one and move one 

unit in the respective assigned direction. We assume the graph to contain unit masses at each co-ordinate 

found in the traversal of the graph. The distance of the centre of mass of the graph from the origin is 

defined as the Quotient Radius or qR value of the graph. This value is found to be a characteristic value 

of a sequence [7]. 

We took a total of 1674 sequences of SARS-CoV-2 from NCBI database [8], consisting of full genomes, 

spike glycoproteins and other proteins. We compared them through graph plotting, qR value 

characterization and distribution plots. Sequences having identical qR values indicate that they have 

identical amino acid sequences. If sequences are having very close qR values, then it can be concluded 

that one or few amino acids in those sequences have altered compared to each other. Using this principle, 

we try to find out the mutations in SARS-CoV-2 genome.  

Another study has been done here by plotting the Mutation Distribution Curve. Here we measure the 

deviation of qR values of various proteins from the qR values of the equivalent proteins as they were in 

the initial Wuhan sequence. That is, we calculate the difference in their qR values and plot them. So, in 

the x-axis we plot the qR difference (dif qR) and in the y-axis we plot total number of such sequences.  

𝑥𝑖 = (𝑞𝑅)𝑖 − (𝑞𝑅)𝑤𝑢ℎ𝑎𝑛 = ∆𝑞𝑅  

𝑦𝑖 = 𝑛𝑜. 𝑜𝑓 𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒𝑠 ℎ𝑎𝑣𝑖𝑛𝑔 ∆𝑞𝑅  

So, a point in the graph (𝑥1, 𝑦1) represents, that the qR value of the sequence is (𝑞𝑅𝑊𝑢ℎ𝑎𝑛
+ ∆𝑞𝑅) and 

there are 𝑦1 such sequences present having that qR value. So, reading this graph we can interpret, how 

different a sequence is from the Wuhan sequence and how many such sequences are present. This will 

give a clearer idea about the significance of the mutations in that sequence. 

 

Results and Discussion 

▪ FULL GENOME 

We considered 101 full genome sequences from the database and plotted them using 2D Polar Co-

ordinate Representation of Amino Acid Sequences and determined their qR Values. The Figure 2 below 

represents the 2D polar plot of initial Wuhan sequence (YP_009724389) from 3’ to 5’ end. The list of 

the qR values is given in additional file. 
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                   Fig. 2. 2D polar coordinate graph of Full Genome Wuhan SARS-CoV-2 Sequence 

We observed that, the initial Wuhan sequence, collected in December, 2019, has a qR value of 

370.1371472. There is a total of 34 other sequences whose qR value is equal to the initial Wuhan strain’s 

qR. The mutation distribution curve is shown in Figure 3 and significant clusters are marked red. 

                                             

                                            Fig. 3. Mutation Distribution curve of Full genome of SARS-CoV-2 

As discussed earlier, here in this graph, the x-axis is labelled as (𝑞𝑅 𝑑𝑖𝑓) and y-axis represents number 

of such sequences. So, the co-ordinate (0,35) signifies that there are 35 such sequences whose qR value 

difference with Wuhan qR value is 0, i.e. they have identical sequences. Also, there are two other small 

clusters shown, which have slightly deviated on the +ve side of Wuhan sequence qR. All the significant 

clusters are marked with red here. 

By comparing the respective qR values for each sequence we find deviations in sequences of Australia, 

Finland, USA from the initial Wuhan sequence. Among the rest, two other significant clusters have been 

noticed for two group of sequences. One of them having 6 sequences of same qR as 370.238609 

(sequences collected from - USA on 17th February and 22nd January; Brazil on 10th February and 2nd 

March; China on 17th January) and the other having 4 sequences with same qR as 370.2969564 

(sequences collected from China on 26th and 28th January. (All these sequences, their Accession IDs, 

sources, collection dates and qR values are given in additional file. The sequences having same qR are 

highlighted with same colour too.)  
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The qR value of the first cluster (figure 3) is first seen in China, in a sequence collected on 17th January, 

2020 and later on found in sequences collected from Brazil and USA in February, but we didn’t find this 

value anywhere else after that. On the other hand, the second cluster is completely bound inside China 

and found in the sequences reported during 26th to 28th January, 2020. We expect both of these mutations 

to be less important as they are not reported elsewhere after the said time period. The rest qR values 

cannot be clustered together which signifies small point mutations worldwide throughout the time span. 

These point mutation sequences are mostly from China while some are from USA and rest of the 

countries. 

We observe that, the qR differences are ranging from -1.3 to +1.7. Only two cases are found where 

ordinate is higher than usual. For the rest sequences, all the ordinates are either 1 or 2, which means that 

not many sequences are reported having that ΔqR value. This is the evidence of several point mutations.  

[9] 

 

▪ SPIKE GLYCOPROTEIN 

Our sample set contained 302 Spike glycoprotein sequences of SARS-CoV-2 or COVID-19. The 

mutation distribution curve of the whole set is shown below in Figure 4.  

                                              

                                  Fig. 4. Mutation Distribution curve of Spike Glycoprotein of SARS-CoV-2 

This figure is also drawn following the same method of mutation distribution plot. The spike 

glycoprotein of initial Wuhan strain had a qR value of 30.16105055. According to Figure 4, we see that 

the y value at x=0 is 190. So, out of 302, 190 sequences are of initial Wuhan sequence type.  

Amongst rest only one set of significant mutation is seen having qR value of 29.76636445, which is also 

marked with red in Figure 4. There is a total of 56 sequences present of the second type, making it a very 

significant mutation. The second type of qR value (29.76636445) initially appeared on 11th March in a 

sequence reported from USA. Later on, the number of such sequences increased rapidly, making the 

count to be 56 as on 24th March,2020. 

The sequences from the set of 56 are all from USA. 4 of them were collected from San Francisco while 

rest are from Washington state. This strain isn’t reported anywhere else till 24th March, 2020, so it is 

very evident that the mutation took place in USA only. Still most of the USA sequences are of initial 

Wuhan type. 
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In case of point mutation, two sequences collected from Kerala, India, showed different qR values. One 

of them closely matches with initial strain with qR value 30.21560043 (Wuhan sequence qR value: 

30.16105055) while the other one has a large difference with qR value 31.7742889. So, different strains 

may be present in India [10][11] right now. Most of the Chinese strains are having same value, implying 

that no significant mutation has taken place in spike glycoprotein of SARS-CoV-2 virus in China. All 

the sequences and qR values are given in the additional file. 

The ΔqR are ranging from -2 to +1.5. The coordinate y=56 is conspicuous (second type discussed here), 

while rest all are discrete point mutations.[12] 

 

▪ NUCLEOCAPSID 

In case of nucleocapsid, 311 sequences had been downloaded and is part of our database. The initial 

Wuhan sequence has qR value of 46.77401554. 278 sequences are of the initial qR value. So, mutation 

isn’t very significant. The distribution graph is shown in Figure 5. 

                                                      

                                        Fig. 5. Mutation Distribution curve of nucleocapsid of SARS-CoV-2 

▪ MEMBRANE GLYCOPROTEIN 

We collected 102 sequences of Membrane glycoprotein of SARS-CoV-2 and all of them had same qR 

value as that of the initial Wuhan sequence, 31.53951. So, clearly no evidence of mutation is observed 

in this gene. 

▪ ENVELOPE PROTEN 

We took 102 sequences and 101 of them had value 16.37138. So clearly no mutations were found. 

▪ NSP 3a 

Our database contained 99 sequences of nsp3a. 88 of them had exactly same value of qR , 28.88545, 

while 6 of them had value 29.00860427. The sources of the mutated strains are very scattered in this 

case. The first sequence was reported in USA in January, later on it was reported from Australia, Sweden, 

Brazil and Italy throughout February. But the available data of these countries in this time span being 

very sparse, no specific conclusions can be drawn. 
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▪ NSP1a 

We collected 272 sequences and computed them. The distribution curve is shown in Figure 6.  

                                                     

                                                 Fig. 6. Mutation Distribution curve of nsp1a of SARS-CoV-2 

Out of them 101 were similar to the initial Wuhan sequence having qR 239.3596307. Another cluster 

consisting of 51 sequences of qR value 240.2023724 is also observed which indicates mutation in this 

gene. This mutated strain is first seen in Beijing, China on 18th January (Accession No. QIV15115). 

Later on, it was reported from South Korea, France and USA in March, 2020. Most of the sequences of 

mutated type collected from USA are either from Washington state or from Virginia. In China, large 

divergence in qR values is found too. Significant clusters are marked red in the figure above. These 

results show that the nsp1a mutates much more than the other gene/protein sequences, 

▪ NSP 6 

We took 99 sequences and all had value 9.741840002. So clearly no mutations were found. 

▪ NSP 10 

We had 89 sequences and all had qR value 5.260568882. So here also, no mutations have taken place. 

▪ NSP 8 

We took 99 sequences and all had value 11.88341642. So here also, no mutations took place. 

• NSP 7a 

We had 98 sequences which we evaluated through our methods. The mutation distribution curve is given 

below in Figure 7. 
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                                                    Fig. 7. Mutation Distribution curve of nsp7a of SARS-CoV-2 

Two significant clusters are marked here. It is found that 70 of them had the initial Wuhan sequence qR 

value of 9.244181845, implying they are the exactly same strains. Some of the sequences have mutated 

to gain a different qR value of 9.139551519; as 25 such sequences are found; it can be stated as a stable 

mutation. The mutation is not too community dependent as we see from the data that the first appearance 

of this value is in a sequence collected from China around 10th January, 2020. In a sequence reported on 

19th January, it is found for the first time in USA. Then, it is found successively in China and USA. Also, 

the Taiwan sequence has this value too. It is interesting that the two Indian sequences have different 

values. One of them has the mutated value and the other one has initial value. Even two such mutated 

strains are found in Spain too. So, observing all these phenomena we expect it to be an important 

mutation. The distribution graph is shown in Figure 7; It is quite different from the previous distribution 

graphs that no population of point mutation sequences is seen here, which raises the question whether 

that particular mutation is well directed. 

• COMPARISON WITH SARS: 

In another study we tried to track the direction of mutation in Covid-19. We collected 168 sequences of 

SARS spike glycoprotein and computed qR values. It seemed that only 27 of them clustered together 

having qR value of 37.18930424. The mutation distribution curve is shown in Figure 8. It is pertinent to 

say, in this case we didn’t calculate the deviation of qR from a certain sequence, rather plotted the 

distribution of the qR value itself. So, in x-axis there is qR value and in y-axis there is the number of 

sequences having that qR value. Precisely, a point (𝑥1, 𝑦1) represents here that there are 𝑦1 sequences 

present with qR value 𝑥1. 

                                                                                                                       

                                               Fig. 8. Mutation distribution curve of Spike glycoprotein of SARS  
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In this Figure, we see most of the sequences to have a certain value of qR (37.18930424,27), while few 

other small clusters can also be seen. Also, there are other random point mutations mostly having y=1 

or y=2. 

If we compare this with the mutational distribution graph of SARS-CoV-2 spike glycoprotein in Figure 

4, we see a very similar pattern but having only 1 such significant cluster. So, if SARS-CoV-2 spike 

glycoprotein follows mutation pattern of SARS, then we expect to have few more such clusters in future. 

 

• GRAPHICAL OBSERVATION: 

To observe the mutational changes that occurred in other sequences compared to the initial Wuhan 

sequence, we plotted their whole protein sequences in 2D Polar Coordinate System. In these graphs the 

plot starts from the polyprotein1 beginning and continues through structural genes at the 5’ end. We took 

the initial Wuhan, China Sequence (YP_009724389), USA 16th March 2020 sequence (QIK50426), 

India 6th March Sequence (QIA98582) and Italy 9th March Sequence (QIA98553) and plotted them. 

                                                 

               Fig. 9. Superimposition of China (YP_009724389) and USA Sequence (QIK50426) of SARS-CoV-2 

http://sciforum.net/conference/mol2net-06
http://sciforum.net/conference/mol2net-06


MOL2NET, 2020, 6, ISSN: 2624-5078                                                                                     10 

http://sciforum.net/conference/mol2net-06        

 

 

                                              

           Fig. 10. Superimposition of China (YP_009724389) and India Sequence (QIA98582) of SARS-CoV-2 

                                         

             Fig. 11. Superimposition of China (YP_009724389) and Italy Sequence (QIA98553) of SARS-CoV-2 

From the above three graphs in Figures 9-11 we can clearly see the position of mutations. In the China-

USA comparison (Fig.9), the non-structural part seems identical and variations due to mutations begin 

to appear in the structural part. In the China-Italy comparison (Fig.10), the variations start a little earlier, 

while in the China-India comparative plot the entire Indian sequence seems to have mutational changes 

compared to the Wuhan sequence. 

It is clearly coherent with the results obtained from qR value analysis of spike glycoprotein. In other 

graphs, separation in non-structural protein also signifies our results for nsp7a and nsp1a. 
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SEQUENCE 

ACCESSION ID 

COLLECTED 

FROM 

(COUNTRY) 

FULL 

GENOME 

SPIKE 

GLYCOPROTEIN 

POLYPROTEIN 

1 

POLYPROTEIN 

2 

QIS60616 USA 99.97% 99.92% 99.97% 99.96% 

QIO04366 China 99.6% 99.92% 99.47% 99.96% 

QIJ96512 USA 99.98% 100% 99.97% 100% 

QIH45032 China 99.98% 100% 99.97% 100% 

QIG55993 Brazil 99.98% 100% 99.97% 100% 

QID21047 USA 100% 100% 100% 100% 

QIC53203 Sweden 99.97% 99.92% 99.95% 100% 

QIA98582 India 99.95% 99.92% 99.95% 99.96% 

QIA98553 Italy 100% 100% 100% 100% 

QHZ00378 South Korea 99.97% 99.92% 99.97% 99.96% 

QHW06058 USA 99.98% 99.92% 99.97% 100% 

QHS34545 India 99.95% 99.92% 99.95% 99.96% 

BCB97900 Japan 100% 100% 100% 100% 

 

Table 1: Percentage Similarity with first COVID-19 Sequence collected from Wuhan (YP_009724389) 

A summary of the main observations country wise in comparison to the original Wuhan sequence 

(YP_009724389) is given in Table 1. The table shows which parts of the sequences differ by how much in 

different countries thus providing a base for tailoring the eventual vaccine to the community where 

possible. 

In the following graph, we plotted all the sequences of Full Genome SARS-CoV-2. It formed three 

unspecified clusters determining the type of mutation we found in full genome qR analysis. We found 

three clusters with 35, 6 and 4 sequences. Here also we see the same pattern as for CoVID-19 being 

followed. All the clusters differed from each other in the beginnings of the graph, so here also it is 

signifying that the changes occurred in non-structural protein part. 

                                           

   Fig. 12. Superimposition of All Full Genome of Graphs of SARS-COV-2 (101 sequences) in 2D polar coordinate plot. 
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• BIOLOGICAL INFERENCES 

By studying the qR values for the several structural and non-structural proteins we can draw these 

inferences: 

A variety of mutations are observed in the sequences of SARS-CoV-2 isolated from USA, especially in 

spike glycoprotein. 

Among the non-structural proteins, nsp1a and nsp7a showed mutations. nsp1a generated from orf1a 

assemble with orf1ab to facilitate viral transcription and replication that take place inside the host cell 

[13][14]. So, mutations in this region may have a significant role in pathogenicity and mode of attack. 

We have not observed any significant point mutations in nsp7a region but large clustering of sequences 

is seen, which may indicate to a stable and well directed mutation. 

For SARS-CoV-2, more point mutations are seen in spike glycoprotein. So, spike glycoprotein genes 

are more prone to mutations than other structural and non-structural genes of this virus.  The entry of 

SARS-CoV-2 or COVID-19 into human cells depends on ACE2 and TMPRSS2 [15][16][17]. Some 

point mutations in spike glycoprotein may alter the active site for binding with host receptors changing 

its virulence [18]. Random point mutations may alter the 3-D structure of the folded protein, i.e., new 

regions of the virus spike glycoprotein may get exposed changing the potentiality of its attachment with 

human receptors. 

SARS-CoV-2, a member of family Coronaviridae being an RNA virus with the largest RNA-virus 

genome, mutates at a moderately faster rate than DNA viruses but at a slower rate than other RNA 

viruses [19]. So classical vaccines which mainly consist of attenuated viral strains or inactivated viruses 

may become incapable of generating acquired immunity in the host body against that specific virus after 

a time due to mutations in the virus. 

On the other hand, peptide vaccines can be a more viable tool by which we can combat this viral 

disease as peptide vaccines are designed to target the most conserved parts of the amino acid sequence 

(less mutated zones) of the spike glycoprotein. We have previously proposed a peptide vaccine for 

COVID-19 [20]. As mutations are occurring, one needs to make sure about choosing the conserved 

domains as mutations occur randomly and at the same time well directed in some cases [21]. Mostly 

USA sequences show such evidences, so community specific vaccines may be needed in the near 

future. 

Conclusions 

From our method of qR analysis of SARS-CoV-2, we can easily identify the regions in its genome where 

mutation occurs and also quantify the extent of mutation. Our tool indicates that, higher is the ΔqR, more 

is the mutation. So, a complete analysis of these mutations occurring in COVID-19 can help us prepare 

effective and sustainable vaccines against it tailored to be community specific also where possible. 
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