
 

JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL.19, NO. 3 (2025)                 

34 

 

 In Silico immunogenic prediction of SARS-CoV-2 spike protein in Iraqi variants 

 

Majeed A. Sabbah
1* 

,   Hala K. Ibrahim
1  

,    Manal A. Almonem
2  

,   Wisam J. Mohammed
2
,  

Ahmed K. Qasim
2  

,    Ziadoon Mohammed
2
 

1 Higher institute of forensic sciences/Al-Nahrain University, Baghdad/Iraq  
                                                                    2 Ministry of Health, Baghdad/Iraq 

*Correspondence email: majeedbio@gmail.com 

 

 ABSTRACT 

 

Received:  21/5/2024 

Accepted:  27/8/2024 

Online:     12/10/2025 

 

 

 2024. This is an open 

access  article under 

the CC by licenses 

http://creativecommons

.org/licenses/by/4.0 

 

 

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

is the cause of the COVID-19 pandemic worldwide since 2019. Many variants 

were recorded due to a change in the virus genome. Variants associated with the 

severity of disease. So, investigating protein structure and immune response is 

essential. The aim of this work is to decipher the in silico prediction of the 

immunological function of the SARS-CoV-2 spike protein in Iraqi variants. 

Methodology: Sixteen SARS-CoV-2 genomes previously completely sequenced 

in the Central Public Health Laboratory, Baghdad, Iraq, were used. The 

physicochemical and Immunogenic Properties of the spike protein are compared 

among Iraqi variants and with the Wuhan variant in silico. Results: Four 

COVID-19 variants show two main mutations against the Wuhan variant. The 

Iraqi variants were found to be amphipathic and highly stable. CTLpred and 

ABCpred analyses were led for the detection of B and T cell epitopes. 

Conclusion: We conclude that Iraqi SARS-CoV-2 genomes exhibit numerous 

variants, which may impact the severity of the disease, these variants could serve 

as targets for Iraqi-specific vaccines or therapies. 
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 INTRODUCTION 

       The epidemiology of the coronavirus, SARS-CoV-2, has shed light on the importance of the spike protein for 

entering the cell and causing infection (1). The SARS-CoV-2 spike (S) protein is a glycoprotein located at the viral 

surface, consisting of two subunits (S1 and S2) (2,3).  

  The entrance of the virus into the cell is initiated by the interaction of the S1 subunit, specifically through its 

receptor-binding domain (RBD), with the host cell receptor, ACE2 (angiotensin-converting enzyme 2). This 

interaction is a crucial step in the viral life cycle, facilitating cellular entry and subsequent infection. The S2 subunit 

is responsible for membrane fusion, which leads to the entry of the virus's genetic material into the host cell (4). 

The spike protein is the most important part of vaccine development. Current mRNA-based vaccines, such as those 

from Moderna and Pfizer-BioNTech, utilize some of the genetic material from the spike protein to stimulate an 

immune response. Additionally, vector-based vaccines, such as those developed by AstraZeneca and Johnson & 

Johnson, utilize harmless viruses to deliver the spike protein gene into cells, thereby stimulating an immune 

response. The effectiveness of these vaccines underscores the significance of the S protein and its capacity to confer 

protection against severe disease and mortality (5). The development of antiviral therapeutics requires a 

comprehensive understanding of the structure and function of the spike protein. To inhibit viral entry into the target 

cell or impede membrane fusion, specific regions of the spike protein should be targeted to prevent its interaction 

with ACE2 (6,7). The aim of this work is to in silico predict the immunological function of the SARS-CoV-2 spike 

protein in Iraqi variants. 

http://creativecommons.org/licenses/by/4.0
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METHODOLOGY 

 Samples 

 At the onset of the pandemic in Iraq, the Baghdad Central Public Health Laboratory initiated real-time PCR 

testing for COVID-19 in patients from Iraq. Nasopharyngeal swabs were collected in 2020 using a VTM (viral 

transport medium) according to WHO guidelines. All participants provided written consent to participate in this 

study. 

 Viral RNA Extraction and Real-Time PCR: 

RNA extraction of the SARS-CoV-2 virus was achieved using the ExiPrepTM Viral DNA/RNA Kit (Bioneer, 

Korea). Identification and confirmation of the virus was carried out using a real-time PCR-based virus detection 

system, AccuPower® SARS-CoV-2 Real-Time RT-PCR Kit (Bioneer, Korea).  

Whole genome Sequencing (WGS) of the SARS-CoV-2 genome: 

The whole-genome sequencing of previously sequenced isolates was performed at the Baghdad Central Public Health 

Laboratory using the MiSeq (Illumina, USA). Indexed library preparation was carried out using the AmpliSeq from 

Illumina. Analysis of the sequencing data was performed using the Illumina DRAGEN COVID Pipeline Software. 

Viral genomes were aligned using ClustalW online software. Physicochemical properties computed using the 

ExPASy ProtParam tool. Online tools, including ABCpred (8) for predicting B cell epitopes in an antigen sequence 

and CTLpred (9,10) for predicting CTL epitopes crucial in subunit vaccine design, were used for in silico prediction 

of Immunogenic Properties. A score of more than 0.8 indicates a high probability of epitope presence. 

 

RESULTS  
In this study, the differences between the Wuhan Spike protein and the Iraqi variant Spike proteins were manually 

investigated (Table 1). In order to compare the S protein of variants, viral genomes were aligned using ClustalW 

software. The results indicate that there are two mutations that result in changes to amino acids (at positions 22311 

and 21707). 

Table (1): Differences between the SARS-CoV-2 spike protein in Iraqi variants 

No. of 

variant 

location Mutation Amino acid change Amino 

acids NO. 

Chemical Change 

11 21707 A to G  Threonine ACA to alanine GCA  29 Nonpolar aliphatic to polar 

uncharged 

13 21707 A to G Threonine ACA to alanine GCA 29 Nonpolar aliphatic to polar 

uncharged 

13 22311 C to T Threonine ACT  to ATT isoleucine 250 Nonpolar aliphatic to polar 

uncharged 

10 21647 T to C alanine GCA to alanine GCC  - 

22311 C to T Threonine ACT  to ATT isoleucine 250 Nonpolar aliphatic to polar 

uncharged 

15 

 

21647 T to C alanine GCA to alanine GCC  - 

22311 T to C Threonine ACT  to ATT isoleucine 250 Nonpolar aliphatic to polar 

uncharged 

 

         The physicochemical properties of the Wuhan spike protein compared to the Iraqi variants' Spike proteins 

(Table 2). The results show significant differences in molecular weight, number of atoms, aliphatic index, and grand 

average of hydropathicity, as well as the instability index.               
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Table (2): Physicochemical properties of the Wuhan spike from SARS-CoV-2 computed using the ExPASy 

ProtParam tool. 

 

      The In Silico Prediction of Immunogenic Properties of the Wuhan spike protein compared to Iraqi variants Spike 

proteins (table 3,4,5). The results show that, despite differences in amino acids, they share similar immunological 

properties.              

Table (3): Prediction of epitopes (B and CTL), IFN-γ response, and probable antigen of SARS-CoV-2 Wuhan 

spike protein. 
B-cell epitope CTL epitope Antigen 

potential 

Chemokine 

Rank Position Sequences/IFN-γ response Score Rank Position Sequences/IFN-γ 

response 

Score Prediction 

score 

Prediction 

1 879 AGTITSGWTFGAGAAL 0.97 1 318 FRVQPTESI 1 Epitope Chemokine 

2 594 GVSVITPGTNTSNQVA 0.95 2 448 NYNYLYRLF 1 Epitope Chemokine 

 

 

Table (4): Prediction of epitopes (B and CTL), IFN-γ response, and probable antigen of SARS-CoV-2 21707 

B-cell epitope CTL epitope Antigen 

potential 

Chemokine 

Rank Position Sequences/IFN-γ 

response 

Score Rank Position Sequences/IFN-

γ response 

Score Prediction 

score 

Prediction 

1 879 AGTITSGWTFGAGAAL 0.97 1 318 FRVQPTESI 1 Epitope Chemokine 

2 594 GVSVITPGTNTSNQVA 0.95 2 448 NYNYLYRLF 1 Epitope Chemokine 

 

Table (5): Prediction of epitopes (B and CTL), IFN-γ response, and probable antigen of SARS-CoV-2 22311 

B-cell epitope CTL epitope Antigen 

potential 

Chemokine 

Rank Position Sequences/IFN-γ 

response 

Score Rank Position Sequences/IFN-

γ response 

Score Prediction 

score 

Prediction 

1 879 AGTITSGWTFGAGAAL 0.97 1 236 TRFQTLLAL 1 Epitope Chemokine 

2 594 GVSVITPGTNTSNQVA 0.95 2 318 FRVQPTESI 1 Epitope Chemokine 

NO. Properties Wuhan spike Iraqi SARS-CoV-2 

spike with 21707 

variation 

Iraqi SARS-CoV-2 

spike with 22311 

variation 

1 Number of amino 

acids 

1273 1273 1273 

2 Molecular weight 

(kDa) 

141178.47 141148.44 141190.53 

3 Formula C6336H9770N1656O18

94S54 

C6335H9768N1656O1

893S54 

 

C6338H9774N1656O18

93S54 

4 Total number of 

atoms 

19710 19706 19715 

5 Theoretical pI 6.24 6.24 6.24 

6 Extinction 

coefficients                                

148960 148960 148960 

7 Aliphatic index                                            84.67 84.75 84.98 

8 Grand average of 

hydropathicity                

-0.079 -0.077 -0.075 

9 Instability index                                       33.01 (protein is stable) 33.38 (protein is stable) 32.99 (protein is stable) 
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DISSCUSION 

       Iraqi SARS-CoV-2 variants caused infections of varying illness severity in addition to many deaths in Iraq, as in 

other countries. With time, new variants emerged that varied in location across the viral genome, especially in the S 

protein. With the increasing threat of the virus, the need arose to develop a vaccine that takes into account variations 

in the S protein. Using Bioinformatics tools reduces the time required to design the vaccine, thereby accelerating its 

production. 

      In the current study, the spike protein of sixteen whole virus genomes from Iraqi variants was compared to the 

Wuhan variant. Two mutations were identified in 16 variants, resulting in amino acid changes from polar to 

nonpolar amino acids. These mutations in the S protein can affect the interaction between the virus and host cells 

and may lead to alterations in the Immune response. S protein mutations affect T cell response and immunological 

memory (11). It has an impact on antibody binding and Neutralization (12). 

     Bioinformatics tools ABcpred and CTLpred were used to predict B cells, IFN-γ, and cytotoxic T cells 

stimulation. Two sequences were identified in the Wuhan and Iraqi variants in silico, predicted to have immune 

stimulation properties. One variant has a different stimulation sequence compared to the Wuhan variant. These 

differences may affect the development of a highly efficient vaccine. The escape of the vaccine is the main concern 

of vaccine developers, and this issue has led companies to modify their vaccines in response to changes in the S 

protein (13). Usually, whole inactivated virus, viral vectors, live attenuated virus, or mRNA methodology is used for 

designing and developing spike-protein-based vaccines (14). Many factors, including safety, efficacy, cost-

effectiveness, and scalability, determine the selection of technology. 

CONCLUSION 

      According to the results, we can conclude that Iraqi SARS-CoV-2 variants have specific mutations that affect the 

structure and may affect the severity of immune stimulation in patients. This may lead to the effectiveness of current 

vaccines. 
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 SARS-CoV-2س وانتنبؤ انًناعي نبروتيٍ انشائك في انًتغيرات انعراقية نفاير

يجيذ ارشيذ سباح
1  

هانة خانذ   ، 
1

ينال عبذ انًنعى   ، 
2

وساو جاسى محمد   ،  
2

 احًذ كًال قاسى  ،   
2 

زيذوٌ محمد  ،
2 

 

 العزاق /د تغذا / جاهعح الٌهزٌي /الوعهذ العالً للعلىم العذلٍح

 العزاق /د تغذا / وسارج الصحح

 :خلاصةان

. 2018فً جوٍع أًحاء العالن هٌذ عام  18-الوزذثظ تالورلاسهح الرٌفسٍح الحادج هى الوسثة لجائحح كىفٍذ 2-ٌزوص كىروًا اٌعذ ف خهفية عٍ انًىضىع:

ٌزوص. الورغٍزاخ هزذثطح تخطىرج الوزض. لذا فئى فحص تٌٍح الثزوذٍي والاسرجاتح الوٌاعٍح اوقذ ذن ذسجٍل العذٌذ هي الورغٍزاخ تسثة ذغٍز جٌٍىم الف

 انًىاد و طرق انعًم: فً الورغٍزاخ العزاقٍح. SARS-CoV-2دراسح ذزكٍة والرٌثؤ تالىظٍفح الوٌاعٍح لثزوذٍي  :اسةيٍ انذر انهذفضزوري. أهز 

ذن اجزاء ذسلسلها تالكاهل ساتقاً فً العزاق. درسد الخصائص الفٍشٌىكٍوٍائٍح والوٌاعٍح لثزوذٍي  SARS-CoV-2سرح عشز جٌٍىهًا لـ  داسرخذاه

ذظُهز أرتعح هرغٍزاخ طفزذٍي رئٍسٍرٍي هقارًح تورغٍز  اننتائج:. )اًسٍلٍكى( غٍزاخ العزاقٍح وهع هرغٍز ووهاى فً االحاسىبالشائك هقارًا تٍي الور

للكشف عي  ABCpredو CTLpredووهاى. وجذ أى تزوذٍي الورغٍزاخ العزاقٍح لها جشء هحة وجشء كارٍ للواء وهسرقزج للغاٌح. ذن إجزاء ذحلٍل 

العزاقٍح ذحرىي على العذٌذ هي الورغٍزاخ الرً قذ ذؤثز على شذج الوزض، وٌوكي  SARS-CoV-2جٌٍىهاخ   الاستنتاج:. Tو Bهسرضذاخ الخلاٌا 

 أى ذكىى الورغٍزاخ هذفاً للقاحاخ أو علاجاخ عزاقٍح هحذدج.

 

 .فً الحاسىب ،2-كىروًا  ، ذسلسل الجٌٍىم الكاهل،  الشائك ،19 كىفٍذانكهًات انًفتاحية: 


