Malawi Medical Journal 34 (2); 101-105 June 2023 A survey of ORF8 of the SARS-CoV-2 in Iran 101

ORIGINAL RESEARCH ViV

A survey of ORF8 sequence and immunoinformatics
features during alpha, delta, and wild type peaks of
the SARS-CoV-2 pandemic in Iran

Alireza Tabibzadeh', Mohammad Hadi Karbalaie Niya'?, Hossein Keyvani', Sajad Karampoor?,
Parastoo Yousefi', Mohammad Hossein Razizadeh', Leila Mousavizadeh', Maryam Esghaei'*

1 Department of Virology, School of Medicine, Iran University of Medical Sciences, Tehran, Iran.
2 Gastrointestinal and Liver Diseases Research Centet, Iran University of Medical Sciences, Tehran, Iran.

*Corresponding Authors: Maryam Esghaei; E-mail: Maryam.esghaei@gmail.com
-

Abstract
Background

The Coronavirus disease 2019 (COVID-19) pandemic influences all around the world. The SARS-CoV-2 ORF8 accessory gene
represents multiple functions in virus-host interaction. The current study aimed to compare the ORF8 substitutions and epitope
features of these substitutions in the various SARS-CoV-2 outbreaks including delta, alpha, and wild type variants in Iran from 2020
to 2022. In addition, we evaluate B cell, HLA I and 1I epitopes, by in-silico approach to ORFS8 binding site prediction.

Methods

The samples were collected from patients diagnosed with SARS-CoV-2 infection via a real-time PCR assay. Then, a conventional
PCR was carried out for ORF8 mutations analysis and further Sanger sequencing. Possible important alterations in epitope features
of the ORF8 were evaluated by epitope mapping. B cell, HLA class I and II epitopes, evaluated by online databases ABCpred,
NetMHCpan-4.1, and NetMHClIIpan-3.2, respectively.

Results

The current study results could not represent novel variations in seven full-length ORF8 sequences or major ORFS8 deletions in 80
evaluated samples. In addition, we could not find any ORF8 A382 during cach outbreak of variants. Epitope mapping represents
differences between the Alpha and other variants, especially in B cell potential epitopes and HLA 1.

Conclusion

The immunoinformatic evaluation of ORFS suggested epitopes represent major differences for the Alpha variant in comparison with
other variants. In addition, having mild pathogenesis of the Omicron variant does not seem to be associated with ORFS alteration by
phylogenetic evaluation. Future in-vitro studies for a clear conclusion about the epitope features of ORFS are required.
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showed less severe symptoms such as low cytokine activity'.

In addition, since the ORF8 plays a role in the transmission
and replication of the virus, this variant showed less efficient
replication in human cells compared with wild types''.

Introduction

The genome of SARS-CoV-2 is about 30 kb in length and
encodes four structural, sixteen non-structural, and six
accessory genes including ORI3a, ORF6, ORE7a, ORE7b,

ORF8, and ORF10"*. SARS-CoV-2 ORF8 is different from
other members of the Coronaviridae family in which its
properties are related to the pathogenicity of the virus*.
This protein is composed of 121 amino acids (aa) which
have a signal peptide in its N-terminal hydrophobic domain
(1-15 aa) and an ORF8 chain (16-121 aa)®’. A biologically
functional section known as function motif (VLVVL)
of SARS-CoV-1 ORF8b induces cell stress pathways and
activation of macrophages but it is absent in ORI8 of
SARS-CoV-2% It was found that in the later stages of the
SARS-CoV-1 pandemic, a 29 nucleotide deletion in the
ORF8 protein caused it to split into ORF8a (39 aa) and
ORFI8b (84aa) sections, which seems to be important for
virus pathogenesis attenuation’. While such deletion has not
been observed in SARS-CoV-2, a 382-nucleotide deletion
variant (A382) was identified that resulted in the deletion of
the whole ORFS protein. Patients infected with this variant

Along with the spike gene, the ORF8 is among the most
divergent genes in SARS-CoV-2 compared with bat and
pangolin coronaviruses (12). Since the ORF8 contributes
to intriguing functions of the SARS-CoV-2, better
comprehension of its function and changes can help us
better understand the infectivity of the virus in the future.
The current study aimed to investigate the ORFS variations
or possible deletions in the various SARS-CoV-2 outbreaks
including delta, alpha, and wild-type variants in Iran. Also,
we run an in-silico analysis for B cell, HLA class I and 11
epitopes, for the binding site of ORFS in different variants
(Wild type, Alpha, Delta, and Omicron).

Materials and methods

Sample collection

The study was confirmed by the Iran University of Medical
Sciences ethical committee (ethical code: IRIUMS.FMD.
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REC.1400.187). All patients with the confirmed SARS-
CoV-2 infection by real-time PCR and Cq values less than
25 were included. All the nasopharyngeal swabs (NP) were
collected in a viral transport medium (VIM) and transferred
to the virology laboratory by considering the optimum cold
chain. In this study, we evaluated 80 COVID-19 patients for
ORF8 mutations during delta, alpha, and wild-type of the
SARS-CoV-2 in Iran from 2020 to 2022. The ORF8 major
deletions were screened in 80 patients.

RNA extraction and cDNA synthesis

The RNA was extracted by using the FavorPrep™ Viral
Nucleic Acid Extraction Kit (Favorgen, Taiwan) based on
the manufacturer’s protocols. The extracted RNA quality was
evaluated by the Nanodrop spectrophotometry NanoDrop™
One/OneC (Termofisher, USA). The extracted RNA was
used for the cDNA synthesis by the PCR-specific primers
and cDNA synthesis kit (Yekta Tajhiz azma, Iran) based on
the manufacturet’s protocol.

ORF8 mutation evaluation

The semi-nested PCR was used for the mutation evaluation.
The primers get from a previous study by Young et al.'’.
The mentioned primers amplify an 880 base pair section
of the partial ORF7a and a complete ORF7b and ORF8
in wild-type viruses. In addition, primers can detect a 380
base pair deletion of the ORF8 based on the specific band
size in electrophoresis. The PCR was performed by 2X
super MasterMix (Yekta Tajhiz azma, Iran) and the thermal
program and mixture based on the Young et al.*.

The PCR products used for Sanger sequencing by ABI 3730
XL sequencer for bidirectional sequencing. The Sanger
sequencing reads were evaluated by the NCBI BLAST
algorithm. The multiple sequence alignment was performed
in the CLC workbench version 20 and the MEGA X was used
for the phylogenetic evaluation. The phylogenetic evaluation
was performed by the neighbor-joining. Bootstrapping was
used for the statistical evaluation of the phylogenetic tree
and the results with less than 70 replicates were removed
from the tree. All of the mutations and sequences for the
variants are obtained from the Next Strain based on the
Global Initiative on Sharing All Influenza Data (GISAID)
data.

HLA epitope mapping

The HLA I epitope mapping was performed by the online
database NetMHCpan-4.1 and based on the previous
study by Porto et al."”". The most prevalent HLA T alleles
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include HLA-A*02, HLA-B*35, HLA-C*12 (studied from
the Iranian population) HLA-A*02:01, HLA-B*51:01,
HILA-C*¥06:02 (studied from Saudi Arabia population) were
used for HLA T epitope mapping'>'°. Default parameters and
threshold with 9 amino acid lengths were used.

HLA II epitope mapping was performed by the online
database NetMHClIIpan-3.2"7. Default parameters and
threshold with 15 amino acid lengths were used. HLA-
DRB1*11, DRB1*¥07:01, HLA-DQA1*01, -DQB1*03,
DQB1*02:01, HLA-DPB1*04:01, DPB1*02:01,
DPA1*01:03 DPB1*04:01, DPB1*02:01 were used for the
HLA II mapping of the ORF8 amino acid sequence'>'.

B cell epitopes

B cell epitopes of ORF8 were evaluated by the artificial
neural network-based B-cell epitope prediction server
named ABCpred. Value 0.5 is considered as threshold and
window length of 16 amino acids. Based on the manual of
the method these parameters can predict the epitopes with
65% accuracy and equal sensitivity and specificity'>'®.

Results

ORF8 mutations

From all of the included patients, only 7 high-quality full
reads for the ORF8 were obtained. Based on the band size
on the electrophoresis of the 80 evaluated patients there
was no major mutation (382 deletions of the ORFS) during
all of the evaluated outbreaks of SARS-CoV-2 variants. All
of the 80 samples screened for major deletions represent
a normal 880 base pair band (880 base pair represents no
major deletion in ORF8) in gel electrophoresis (Supplement
figure 1). The mutation analysis revealed all of the expected
variants associated (Alpha and delta) specific mutations in
ORFS8 Figure 1.

The mutation analysis revealed no novel mutation in ORF8
evaluated sequences. The phylogenetic evaluation of the
ORF8 segment illustrated the similarity of the evaluated
sequence with previously reported samples Figure 2.
The phylogenetic study represents a significant similarity
between wild type and the Omicron variant ORF8 amino
acid sequences.

The epitopes of the HLA 1

The evaluated sequence of the ORF8 demonstrates a wide
range of potential sequences for the HLA-I binding, There
were three alterations in the alpha variant in important
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Figure 1. The ORF8 mutations in all evaluated samples (n=7) and important variants of concern. The nucleotides are in color and amino
acids are in white. The substations in nucleotides and reflected changes in amino acid sequences are marked with red numbers.
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Figure 2. The ORF8 phylogenetic evaluation was performed by
the neighbor joining. Bootstrapping was used for the statistical
evaluation of the phylogenetic tree and the results with less than
70 replicates were removed from the tree. RaTG13 is used as an
outgroup, S2-7 represents the sequenced samples and other
evaluated nucleotide sequences are obtained from GSAID by
the EPI numbers. Some delta variant amino acid sequences are
provided from the NCBI and refereed by the accession numbers.
The Alpha variants are routed as Blue and the delta variants are
routed as red. The name of the variants in each branch is write
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epitope regions for HLA 1 binding (Figure 3). These
mutations in epitope regions for HLA I are the alpha
variants specific. The first potential epitope with alteration
in Alpha variant is “RKSAPLIEL” at positions 52-60 with
strong binding to HLLA-C06:02. The amino acids at positions
67-76 represent “SPIQYIDI” as a potential epitope for
HLA-B51:01 and HLA-B35:01 with an alteration in the
Alpha variant. Furthermore, “YIDIGNYTV” at positions
72-81 for HLA-A02:01 and HLA-A02:02 represents a
potential epitope with an alteration in the Alpha variant. Raw
data of epitopes in different HLA I and binding potential are
provided in Supplement 1.

The epitopes of the HLA 11

The evaluated sequences of the ORF8 and HLA II
are shown in (Figure 4). A wide range of weak binding
positions is introduced in the ORF8 sequence. There is one
epitope region with strong binding to HLA II with specific
mutations in the Alpha variant (Figure 4). This epitope is
“HFYSKWYIRVGARKSA” at positions 40-60 with strong
binding to HLA DRB1:11:01. Furthermore, raw data of
epitopes and binding potential are provided in Supplement
2.

The epitopes of B cell

Evaluation of the B cell epitopes exhibits a great diversity

between all suspected VOCs and Alpha variants. A deletion

mutation in the amino acid residue 27 changes a predicted B

cell epitopes in the entire sequence of the Alpha variant. In
addition, substitutions in amino
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Figure 3, full-lengths 121 amino acid sequence of the wild type, Omicron, Delta (119 aa), and alpha
(119 aa) variants alignment. The highlighted sequence with the darker yellow color represents high
potential HLA I epitopes with weak binding of the peptide to HLA I. The orange highlighted
sequences are displays potential strong binding sequences with HLA I. The red arrows are amino
acid substitution positions in strong binding sequences with HLA I which all are associated with
the alpha variant. The amino acid composition for strong binding sequences with HLA I is not
variable between Omicron, wild type, and delta variants.
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Figure 4, full length 121 amino acid sequence of the wild
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type, Omicron, Delta (119 aa), and alpha (119a) variants alignm,

acid residues number 52 and 73
lead to alteration in predicted B
cell epitopes. Of ten suggested
B cell epitopes in all VOCs and
the Alpha variant only three at
positions 83 to 120 were common
(Figure 5). More information
about the Score and the amino
acid sequence for epitopes atre
provided in Supplement 3.
Discussion

Current studies indicate multiple
roles for ORF8 in SARS-CoV-2
pathogenesis™.  ORF8  also
plays a role in modulating the
host immune system by down-
regulating MHC class I molecules
and  thereby, evading the
infected cell from the cytotoxic
T lymphocytes. It also inhibits
the HLA type 1 interferon
signaling pathway, a crucial part
of the host antiviral response!*?.
This protein also enhances the
survivability of the infected cell
by regulating unfolded protein
response (UPR) induced due
to the endoplasmic reticulum
stress by triggering the ATF-
6 activation®’”. Previous data

ent. The

highlighted sequence with the darker yellow color shows high potential HLA II epitopes with weak binding of the peptide to HLA II.
The orange highlighted sequences show potential strong binding sequences with HLA II. The red arrows are amino acid substitution in
different variants. The amino acid sections 40 to 60 show strong binding sequences with HLA II and are variable alpha variants.
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demonstrated the importance of ORFS8 in influencing the
severity of COVID-19 as well as influencing T cell immune
response’. Based on total information related to ORF8 and
its role in SARS-CoV-2 pathogenesis, the current study aimed
to investigate the ORF8 mutations during delta, alpha, and
wild-type outbreaks of the SARS-CoV-2 pandemic in Iran.
The current study did not report any particular ORF8 major
deletions among 80 evaluated Iranian COVID-19 patients.
Furthermore, there were no novel nucleotide mutations in
7 full-length ORF8 evaluated sequences. Sequences were
related to Alpha, delta, and wild-type variants. Meanwhile,
there were no specific mutations in the ORF8 of the
Omicron variant (21L clade). However, epitope mapping
indicates differences between the Alpha variant and other
variants, especially in B cell epitopes and HLA 1. B cell
potential epitopes in the N terminal site of the Alpha variant
are completely different from other variants. In addition,
three and one of the potential epitope regions in HLA I and
11, respectively, reveal specific mutations in the Alpha variant.
These mutations and potential epitope regions in ORF8 of
different variants highlight the importance of further in-vitro
studies for potential differences in ORF8 of the variants.
According to our data, a close relationship between Omicron
variant and wild-type virus is represented (Figure 2). In this
regard, it could be concluded that the ORF8 sequence (as a
hypothesis for ORF8 dividing in ORF8a and 8b in SARS-
CoV-1) may not lead to affect SARS-CoV2 pathogenicity by
itself and it cannot be the only cause influencing immune
interaction or virus attenuation at least in Omicron variant.
Although, there are some limitations in our study including
the low number of evaluated samples. This preliminary data
about ORF8 major deletions or single nucleotide mutations
should not be considered for the total population of
Iranian COVID-19 patients and further investigation with
larger sample sizes is required. Another was in the limited
considered HLA types based on the previous studies for
Iranian and Arab populations''®. The epitopes evaluation
was a prototype data and this data needs to be confirmed
by in-vitro or other more complete evaluation with more in-
slico databases approaches. Another study has mentioned
the conserved structure of some non-structural proteins
of the SARS-CoV-2 such as ORF8 and used them as anti-
SARS-CoV-2 vaccine targets by massive and great in-silico
pipeline®. As a glimpse, it seems to be our current study
data is against the Safavi et al. study®”. However, it should
be considered that the Safavi et al. was published in 2020,
there were no clues about the variants, and it seems they
only used available the wild-type stain amino acid sequences.
Furthermore, another limitation of the current study was the
preliminary in-silico approaches. The current study aimed
to screen any differences between variants of SARS-CoV-2
antigen diversity. The results of the current study need to be
confirmed by other epitope mapping data bases for MHC
and B cell epitopes in further studies.

The immunogenic features of the ORF8 introduced this
protein as a considerable candidate for immunoassay
platforms®. The ORFS is a highly immunogenic and rapid
serological response to ORF8 by IgM, IgG, and IgA which
is demonstrated®. In this regard, amino acid residues 41 to
71 are introduced as the external domain of the ORF8%.
Based on the mutation evaluation, there are two important
mutations in the external domain of the ORFS in the Alpha
variant, which could be important in different antigenic
features (R52I, Y73C) of the protein. Our current in-silico

evaluation represents a strong HLA binding for ORFS8 in this
particular domain either. Conducted in-vitro study for the B
cell epitopes in ORFS highlighted the importance of immune
dominant  epitopes  “MKFLVFLGIITTVAAFHQE”,
“YVVDDPCPIHFYSKWYIRVG”and
“GSKSPIQYIDIGNYTVSCLP”*  The last epitope
represents an amino acid substitution in the alpha variant.
The comparison between in-vitro and in-silico results for B
cell epitopes seems to be acceptable based on the suggested
epitopes. These alterations in ORF8 epitope content by
immunoinformatic analysis on the B 1.1.7 linage (alpha
variant) ate comprehensively reported by Hussain et al.”’.
These findings are supported by current study results and
suggest a possible important epitope alteration in the Alpha
variant but not the other variants (including the Omicron
variant) in comparison with the wild type.

Conclusion

The immunoinformatic evaluation of ORF8 suggested
epitopes represent major differences for the Alpha variant
in comparison with other variants, especially in HLA I and
B cell epitopes. These epitope alterations could be one
of the possible reasons for changes in the Alpha variant
pathogenesis. The study could not find any ORF8 major
deletions in 80 evaluated samples from Iran from 2020 to
2022. In addition, having mild pathogenesis of the Omicron
variant does not seem to be associated with ORF8 alteration
by phylogenetic evaluation of the amino acid sequences.
However, more studies by a greater population need to be
done to comprehend the results. Future in-vitro studies for
a clear conclusion about the epitope features of ORFS are
required. In addition, future studies about possible reasons
for the milder pathogenesis of the Omicron variant are
suggested.
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