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Introduction, Hypothesis and Goals 

The COVID-19 pandemic, which emerged in 2019 and affected 223 countries, has caused nearly 272 

million cases and 5.4 million deaths until today (December,  2021). The COVID-19 pandemic has reached 

this level of contagion as a result of the rapid spread of the SARS-CoV-2 virus and its advantageous 

variants. The aforementioned advantageous variants have occurred mainly through mutations seen on a 

single amino acid basis. These may cause changes in the structure of SARS-CoV-2, as well as impact the 

efficiency of interaction with the ACE2 protein, which the virus uses as the first step to enter the human 

host. Spike N501Y and E484K mutations that affect binding of spike with ACE2 have been widely observed 

in the UK, South Africa and Brazil since the beginning of 2020, and have caused concern all over the 

world.  

 

Figure 1. SARS-COV-2 and receptor angiotensin converting enzyme 2 (ACE2) In this figure, the 

representative structure of SARS-CoV-2 is given at the top left. One of the S-proteins shown in red 

above this structure is shown in a circle. The S-protein consists of three regions: N-terminal Domain, 

Receptor Binding Domain (RBD) and Stem Region. RBD recognizes the ACE2 protein embedded in the 

cell membrane as shown in the middle and left of the figure. This stage is the first essential step for 

infection. 

 Is it possible to predict SARS-CoV-2 mutations that will increase contagiousness? 

In September 2020, a seminal article on SARS-CoV-2 was published by Starr et al. (Starr et al., 2020). In 

this article, all possible mutations on the RBD region of the S-protein of SARS-CoV-2 were scanned and 

how these mutations affect the binding of SARS-CoV-2 to ACE2. According to this study, which screened 

4221 S-protein RBD mutations, approximately 14% of these mutations improved the binding of the S-

protein to ACE2. N501Y and E484K mutations, variants of England, Brazil and South Africa, are also 

included in this group of 14%. While there are 586 (14%) different mutations that can improve the binding 

of S-protein and ACE2, the fact that only two mutations are common yet indicates that not every mutation 

that may be advantageous for the virus has an equal chance. Within the scope of the project, it was aimed 

to find SARS-CoV-2 mutations that would have an advantage similar to the N501Y and E484K mutations, 

taking into account the biochemical changes caused by the mutation with the binding and S-protein stability 

data of Starr et al. In this context, it was aimed to introduce the experimental and literature information to 



different machine learning grouping algorithms, to find out which mutations would fall into the same class 

as the N501Y and E484K mutations, and thus to predict the contagiousness levels of future mutations. 

 

 Research Methodology 

In the study, it was aimed to predict the SARS-CoV-2 mutations that could be as impactful as N501Y and 

E484K and could pose a danger due to their high contagiousness. We designed based on this 

phenomenon, it was aimed to predict the SARS-CoV-2 mutations that could be as effective as N501Y and 

E484K and could pose a danger due to their high contagiousness. In line with this goal, as an original 

study, experimental data on SARS-CoV-2 and ACE2 binding and stability were associated with different 

amino acid properties, integrated into machine learning and computational biology techniques. 

Experimental data for mutation-induced S-protein stability and binding change to ACE2 were obtained 

from the literature, and using the python code we wrote, 586 experimental mutation data that provided 

better binding of the S-protein to ACE2 or did not affect its binding were extracted with using using k-

means and expectation maximization algorithms. Later, the amino acid properties effective in these 

mutations were coded in terms of Hydropathy, Polarity, Volume, Molecular Weight, Number of Rings in 

Amino Acid Structure, Oxygen Number, Hydrogen Number and Double Bond Number Change and 

correlated with experimental data. 

Results and Analysis 

 It is seen that there are common mutations in the list of the five most dangerous mutations as a result 

of the analysis of the clusters obtained from both algorithms. Consensus with the evaluation of these 

common mutations, six mutations N501M, Q414A, N354K, Q498H, N460K, N501W were identified as 

highly likely to have dangerous effects on the spread of the coronavirus. It was determined that the N501W 

mutations are likely to have dangerous effects on the spread of the coronavirus. We particularly suggest 

that particular attention should be paid to the 501st position mutation, which is seen in one of the currently 

common variants, since this position is repeatedly found in the lists. If these mutations are encountered 

during sequencing, great sensitivity should be shown to prevent the spread of these mutations and 

necessary health measures should be taken.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Positions of the common mutations that determined by K-mean and Expectation Maximization analysis were 

depicted on the structure of Spike-ACE2 complex. 



 

At the end of the analyzes performed on the multi-interaction data we created with the ACE2 AND 

RBD interaction data during the project development phase, the positions where dangerous variants can 

be seen were determined as G446, G447, Y505, T500, Q493, Y473 and G476. 

 

Conclusion 

In this project, experimental data on SARS-CoV-2 and ACE2 binding and stability were associated with 

different amino acid properties and integrated into a machine learning protocol, which showed that the 

N501M, Q414A, N354K, Q498H, N460K, N501W spike mutations are likely to have as dangerous effects 

as N501Y and E484K on the spread of the SARS-CoV-2. At the end of the analyzes performed on the 

multi-interaction data we created with the ACE2 and RBD interaction data during the project development 

phase, the positions where dangerous variants can be seen were determined as G446, G447, Y505, T500, 

Q493, Y473 and G476. We suggest that particular attention should be paid to the mutations occurring on 

the 501st position, as we saw this position appearing repeatedly at the top of the “dangerous mutation” 

lists.The results of this research, conducted in the light of machine learning and computational biology, will 

provide the infrastructure for future studies on the COVID-19 pandemic and guide scientists in the fight 

against the virus. The scientific world is experiencing a dynamic pandemic process in which all kinds of 

studies to determine and predict the transmission rate and method of the virus will both provide serious 

benefits and be tested. Developing the possibility of accelerating the transmission of SARS-CoV-2 

mutations in this area, especially with prediction algorithms, provides strong evidence that more rich and 

productive solutions will be obtained in the fight against the virus. Therefore, such studies will be a guide 

regarding the spread and progress of the virus. 
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