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ABSTRACT 

This study is to ascertain the extent to which ORF6 affects the 

rate at which the SARS-CoV-2 virus spreads as well as the 

variables that may contribute to the ORF6 protein's propensity 

to do so. If the virus with one or more mutations has a different 

phenotypic from the original virus, then the SARS-CoV-2 virus 

may have undergone a mutation. The genetic coding of the 

virus contains mutations. Compared to DNA viruses and 

bacteria, the SARS-CoV-2 virus is a single-stranded positive 

RNA virus with a fragile structure that is simple to modify. As 

a result, RNA viruses in vitro have a greater capacity for 

mutation. This research will analysis the ORF6 Protein SARS-

CoV-2 dataset, which has mutations or not in the C-terminal 

section. Proteins that do not have their own mutations have a 

much higher replication capacity than those that have 

mutations. The present study employs Biopython and Slicing 

Index technique to investigate the ORF6 protein's interaction 

with cells and its impact on the immune system by means of 

visualizing the protein group data on string pieces by dividing 

the data based on the mutation index. 
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1. INTRODUCTION 
The SARS-CoV-2 virus, better known as the COVID-19 virus 

[2], is a virus that spreads over the world and has a significant 

influence [3] on public health and the economy. The discovery 

of this virus highlighted the importance of understanding the 

virus mutation cycle [4] to be able to deal with it. 

Bioinformatics is one way that can play an important role in 

efforts to understand the SARS-CoV-2 virus. The emergence 

of the use of bioinformatics technology and tools encourages 

researchers to study the viral genome sequence and analyze the 

spread of the SARS-CoV-2 virus. [5]. The corona virus gene 

series consists of the ORF1ab gene, S gene, ORF3a gene, E 

gene, M gene, ORF6 gene, ORF7a gene, ORF 7b gene, ORF 8 

gene, N gene, ORF10 gene. [6]. The addition of the SARS-

CoV-2 variant increased along with the increase in gene 

mutations in the corona virus [7].  

 

Several proteins in the SARS-CoV-2 virus play a role in 

causing Covid-19 in humans [8], such as sabotage (NSP1), 

decomposers (NSP3), proteins that have the ability to 

camouflage (NSP10) and several other functions of proteins as 

the cause of Covid-19 such as: triggering inflammation 

(ORF3a), blocking signals to the immune system (ORF6), 

triggering suicide self on infected cells (ORF7a) and many 

other different proteins that replicate and attack cells. One of 

the proteins that has become the object of attention because of 

its potential as a factor influencing the spread of the SARS-

CoV-2 virus is the ORF6 protein in SARS-CoV-2. 

 

Research conducted [9] on the influence of the virulence factor 

of ORF6 protein. Research [9] demonstrated that the ORF6 

protein inhibited the nuclear localization of Signal Transducer 

and Activator of Transcription 1 (STAT1) when there was 

Interferon (IFN) stimulation. Type I IFN in humans [10] are a 

subgroup of interferon proteins that help regulate the activity 

of the immune system. STAT1 is a factor that influences the 

process of RNA synthesis by using one strand of the DNA 

molecule as a template (transcription) of the STAT protein 

family. [11]. These proteins respond to stimulation of IFN cell 

signaling (cytokines). Research result [9] exhibited a 

significant drop in response to IFN-y stimulation, indicating a 

decrease in STAT1 of the cell's biggest organ, the nucleus. The 

C-terminal of ORF6 aids in accelerating viral replication. 

[12].This is proven from the results of trials with viruses that 

have mutations in the C-terminal section. The test results show 

that viruses that do not have mutations in the C-terminal region 

have an increased ratio of the nucleus to all cells due to changes 

in the amino acid structure of the C-terminal region. Changes 

in the amino acid structure at the C-terminal and ORF-6 will 

form a bond directly with STAT1 through the C-terminal 

section. The C-terminal itself is the last Amino Acids in a 

Peptide. Amino Acids are compounds that combine to make 

proteins [13]. Research [14] utilized in dataset that was 

obtained from Hospices Civils de Lyon (HCL) hospital, as well 

as multiple hospitals located in the Lyon region and other 

regions. The present dataset reveals the identification of 

mutation variants of ORF6, characterized by the presence of 

deletions within the mutation sequences.. Deletion is [15] 

DNA's nitrogen sequence diminishing. For instance, if the 

DNA chain starts off as CCA-TTA-GCG and the cytosine at 

the start of the chain is gone, the DNA chain will then alter to 

CAT-AAG-CG. [16]. Research [14] Demonstrated evidence 

indicates that the mutation of ORF6, which transpired outside 

of the C-terminal region, did not have an impact on the rate of 

transmission of the SARS-CoV-2 virus. 

 

This study will conduct an analysis of the ORF6 SARS-CoV-2 

dataset, which has mutations or not in the C-terminal section 

using the Slicing Index technique. The present study employed 

the Slicing Index methodology to extract data from a dataset of 

ORF6 protein. This was achieved by accessing multiple 

elements in the code list of ORF6 protein. Proteins that do not 

have their own mutations have a much higher replication 

capacity than those that have mutations. The present study 

employs Biopython to investigate the ORF6 protein's 



International Journal of Computer Applications (0975 – 8887) 

Volume 186 – No.27, June 2024 

9 

interaction with cells and its impact on the immune system by 

means of visualizing the C-terminal region of the ORF6 

protein. 

2. RESEARCH METHOD 
The present research employs the ORF6 Sars-CoV-2 protein 

dataset, which is associated with the Gene ID: 1489673 [9] 

With fasta format. This study implements the use of the 

Biopython module to look at mutations in the C-terminal 

domain that occur in the ORF6 SARS-Cov-2 protein dataset. 

Cells infected with the SARS-COV-2 virus have their immune 

response suppressed by ORF6. It is also the most hazardous 

protein in SARS-COV-2, and the pathogenicity of the virus is 

linked to its functions. Coronavirus 2 that causes severe acute 

respiratory syndrome (SARS-COV-2) ORF6 blocks STAT1 

nuclear localisation, acting as an antagonist of IFN mediated 

antiviral signalling. 

2.1 ORF6 Protein Dataset 
The present research employed the dataset of ORF6 protein in 

the FASTA format. FASTA files are a category of sequence file 

formats that contain protein sequences. These formats can be 

accessed at GenBank, which is managed by the National Center 

of Biotechnology Information (NCBI). The NCBI distributes 

sequences into four distinct FASTA file extensions. [17], fna is 

used for DNA sequences, .faa for protein coding sequence 

(CDS), .ffn for untranslated sequences for each CDS, and .fra 

for related RNA feature sequences. Sequencing produces a 

symbolic linear depiction of DNA which is the sequence of 

nitrogenous bases (Adenine, Guanine, Cytosine and Thymine) 

[18]. The dataset example could be seen on Fig. 1. 
 

 

Fig 1: Example of  Protein Sequence  ORF6 [9] 

The DNA base molecule consists of two groups [19] namely 

bases: (1) purines consisting of adenine (A) and guanine (G) 

and (2) pyrimidines consisting of: thymine (T) and cytosine 

(C). The DNA molecule is the genetic blueprint for each cell 

and the determining factor any particular characteristic of 

living organisms. A gene is given a symbol according to the 

order of its nucleotiode base pairs: A-T, G-C [20]. An example 

of the form of the sequence dataset in the research used can be 

seen in Fig. 2, consisting of 353 bp (base pair). 

 

Fig 2: Protein ORF6353bp Example [9] 

 

Position of the ORF6 Protein used in the Genomic Sequence 

dataset: NC_004718.3 [21] could be seen on Fig 3.  

 

 

 
 

Fig 3:Position of Protein ORF6 DNA Sequence [9] 

 

In the viral cluster genome, there are two external segments of 

the viral genome. The first segment is the ORF1a protein and 

the second segment is the C-terminal protein S, ORF3, E, M, 

ORF6, ORF7a, ORF8, N, and ORF10. Mutations occur in the 

SARS-CoV-2 virus [22] This is done by looking at the position 

in the genetic code of the virus [1]. 

 

2.2 ORF6 Protein in C-Terminal Domain  

        Analysis 
The spread of mutations in the ORF6 protein is carried out in 

the dataset by implementing the use of the Biopython module 

in the following stages: 

1. Perform data cleaning to remove partial sequence data 

which is not possible for analysis because the protein 

sequence is incomplete and is only a fragment. The results 

of the sequence are saved into a new file using the 

pseudocode snippet as follows: 

 

 
 

2. Checking the C-terminal from the data that has been 

cleaned. This is done to determine whether there is a 

mutation in the protein group using the Slicing Index 

technique with the following pseudocode:  :  
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The Slicing Index technique is performed by accessing several 

elements in the list which contains the code for the C-terminal 

Domain. The protein code list contains an initial slicing index 

of 52 and a final limit of 61, then the index is separated by a "." 

and enclosed by “[“ and “]” signs. Proteins that interact with 

the C-terminal (membrane protein) are less than Sec61 Amino 

Acids [23]. Research [23] demonstrated that Sec61 channels 

may participate in SARS-COV-2 replication and/or innate 

immunity responses [24]. 

   

3. Perform data visualization of the protein group data on string 

pieces by dividing the data based on the mutation index. The 

division is done using the Index Slicing Technique using the 

following pseudocode : 

 
 

3. RESULT AND DISCUSSION 
Although genetically altered, the ORF6 protein in SARS-CoV-

2 will retain its full ability to antagonize the innate immune 

response. [25]. The innate immune response is the first form of 

defense of the human body against all types of pathogens that 

enter the body. 

 

3.1 Analysis Results based on ORF6  

       Protein Code Slicing Index 
Experiments were carried out on the C-terminal Domain to 

determine the occurrence of mutations in the ORF6 protein 

group. As can be seen in Fig. 4, there are 2764 protein groups 

that have mutations at the C-terminal and 2663 that do not have 

mutations. 

 
Fig 4:Mutation Analysis Visualization Results based  

on Slicing Index 

 

Mutations occur in the following strings: 

 

 

 
 

In the last few Amino Acids from the C-terminal protein ORF6, 

one of which is DEEQPMEID found in the SARS-CoV-2 virus, 

it is indispensable for the function of the ORF6 protein in 

blocking the activation of Interferon Regulatory Factor 3 

(IRF3).[26] and STAT1. IRF3 contains several functional 

domains, one of which is the C-terminal IRF association 

domain [27]. IRF3 plays an important role in the response of 

the innate immune system to viral infections. IRF3 is directly 

responsible for the activation of IFNβ and IFNα4 production 

after viral infection, and once it is activated, it plays a critical 

role in the induction of IFN genes. 

 

3.2 Mutation Visualization Results based  

        on Sec61 Channel Index 
In the visualization results of the C-terminal domain 
protein index mutations, the analysis was carried out at 
certain sequence indices as can be seen in Table I. 

 

Table 1. Slicing Index Sec52 Until Sec61  

C-Terminal Domain 
 

Number 

Slicing Indexing Result 

by Position 

Position Sec 

1 1280 53 

2 1176 54 

3 1269 55 

4 1264 56 

5 1079 57 

6 964 58 

7 809 59 

8 711 60 

9 1400 61 

 
For example, in line number 6 Slicing indexing in Sec 58 

channel with position 964 Table I. The protein of the SARS-

CoV-2 virus that plays a role in transmission is the spike (S) 

section which plays an important role in the ability of SARS-

Cov-2 to reach innate immunity. The spike area is often 

reported to have mutations, in which the attachment process 

occurs between the Receptor Binding Domain (RBD) and 

ACE2 as a pathway for the virus to enter the host. [28] and has 

become a target in research on virus development and treatment 

of Covid-19[29]. Compared to variations in Spike region amino 

acid mutations between SARS-Like-CoV viruses, there are no 

mutations in the C-terminal domain, and there are deletions at 

positions 455–457, 463–464, and 485–497. Mutations occur 

mainly due to changes in amino acids so that the protein 

structure also changes [30]. The results of the visualization of 

Table I in graphical form can be seen in Fig. 5. 
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Fig 5. Mutation Analysis Visualization Results  

based on Slicing Index 

 

4. CONCLUSION 
From the results of the analysis of the trial results, it was found 

that the variations that had mutations in the c-terminus (which 

had a slower virus spread rate) numbered slightly more than the 

variations that did not have mutations in the c-terminus (which 

had a faster virus spread rate) and based on The results of the 

analysis also found that there were the most mutations at index 

61 in the SARS-CoV-2 protein sequence in the C-terminus of 

the ORF6 protein, followed by index 53 and then index 55. 

Further research can be carried out by conducting a more in-

depth analysis of other proteins in DNA by implementing the 

use of Bioinformatics to understand how other proteins interact 

with cells and affect the immune system, so as to develop 

strategies for handling the Covid-19 virus and helping prevent 

its spread. 
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