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Severe acquired respiratory syndrome coronavirus 2 (SARS-CoV-2) rapidly spread worldwide and acquired
multiple mutations in its genome. Orf3a, an accessory protein encoded by the genome of SARS-CoV-2, plays a
significant role in viral infection and pathogenesis. In the present in-silico study, 15,928 sequences of Orf3a
reported worldwide were compared to identify variations in this protein. Our analysis revealed the occurrence of
mutations at 173 residues of Orf3a protein. Subsequently, protein modelling was performed that revealed twelve
mutations which can considerably affect the stability of Orf3a. Among the 12 mutations, three mutations

(Y160H, D210Y and S171L) also lead to alterations in secondary structure and protein disorder parameters of the
Orf3a protein. Further, we used predictive tools to identify five promising epitopes of B-cells, which resides in the
mutated regions of Orf3a. Altogether, our study sheds light on the variations occurring in Orf3a that might
contribute to alteration in protein structure and function.

1. Introduction

The severe acquired respiratory syndrome coronavirus-2 (SARS-CoV-
2), the etiological agent of coronavirus disease 19 (COVID-19), is an
RNA virus that induces mild to severe respiratory distress in infected
individuals [1-3]. The disease, started from wet seafood market area of
Wuhan province (China), has now affected 218 countries leading to a
global pandemic threat with severe implications on healthcare system
worldwide [4]. As of January 15, 2021, the SARS-CoV-2 have already
infected more than 90 million people worldwide and caused about two
million deaths.

The genome of SARS-CoV-2 is comprised of a single-stranded posi-
tive sense RNA, about 30 kb in length [5]. It contains 29 open reading
frames (Orfs) that encode four structural, sixteen non-structural and
nine accessory proteins [6]. Orf3a is the largest accessory protein of 275
amino acids in SARS-CoV-2 [7] which is involved in critical steps of viral
infection cycle and is required for viral replication, and assembly that
determines virulence of SARS-CoV-2 [8]. Structurally, this protein is a
multi-pass membrane protein that forms a homotetrameric viroporin
with TRAF, ion channel and caveolin binding domain [8]. Functionally,
Orf3a has been demonstrated to impact host immune system by acti-
vating pro-IL-1f gene expression as well as IL-1p secretion that even-
tually activates NF-kB signalling and NLRP3 inflammasome and
contributes to the generation of cytokine storm [9,10]. A recent analysis
of human protein interactome revealed that Orf3a interacts with
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TRIM59 (an E3 ubiquitin ligase) to regulate antiviral innate immune
signalling [11]. Altogether, Orf3a is directly involved in pathogenesis of
SARS coronaviruses and also acts as an important immune modulator.

The global sequencing efforts of the SARS-CoV-2 genome from
different countries revealed that its genome is rapidly evolving by
acquiring mutations [12-14]. As the Orf3a protein plays a very crucial
role in virus infection and pathogenesis, it is quite intriguing to under-
stand the structural and functional implications of Orf3a mutations.
Present in-silico study was conducted to identify and characterize mu-
tations in Orf3a protein. We compared a total of 15,928 sequences of
Orf3a protein, reported till September 14, 2020 worldwide with the first
reported sequence from Wuhan, China. Our study revealed 173 muta-
tions in Orf3a protein. The probable implications of these mutations on
the structure and function of Orf3a were discussed.

2. Materials and methods
2.1. Orf3a sequence retrieval

The Orf3a sequences were retrieved from the NCBI-virus-database
that has 15,928 sequences of Orf3a deposited till September 14, 2020.
All these sequences were downloaded from the database (listed in
Supplementary Table 1). The amino acid sequences of the Orf3a were
exported in the FASTA format. The polypeptide sequences with char-
acters other than standard amino acid sequences such as ‘X’ represent
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Fig. 1. A) The cartoon structure of Orf3a. The red

color represents helical structure while yellow color
represents beta sheets. B) The various properties of
residues of Orf3a. The data were obtained from
Innovagen’s peptide calculator (https://pepcalc.
com/). The colour coded display of amino acid clas-
sification and peptide hydropathy plot are shown. C)
The sequence of SARS-CoV-2 Orf3a protein. The
mutated amino acids are shown in red color. The
number denotes the position of residues in Orf3a. (For
interpretation of the references to color in this figure
legend, the reader is referred to the Web version of
this article.)
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sequencing errors were excluded from the analysis. Jalview visualiza-
tion tool was used to identify and remove the redundant sequences from
the analysis. After considering these exclusion criteria, the remaining
Orf3a polypeptide sequences were used for mutational analyses. The
reference or wild-type sequence used in this study (accession ID:
YP_009724391)was the first reported sequence of SARS-CoV-2 from
Wubhan, China [5].

2.2. Multiple sequence alignments (MSAs)

The MSAs were performed using Clustal Omega tool [15], and the
first reported sequence Orf3a (accession ID: YP_009724391) from
Wuhan, China was used as a reference sequence for comparison. First,
the Orf3a fasta sequences were uploaded into the Clustal Omega web-
server as an input to run the programe that utilizes HMM and pairwise
alignment to generate the MSA data. The variations were recorded
carefully and used for further analysis.

2.3. Secondary structure prediction

In order to understand the implications of mutation on the secondary
structure of Orf3a, the secondary structure prediction tool CFSSP was
used. The CFSSP programe was developed by Ashok et al. [16] which
predicts the secondary structure from the input polypeptide sequences.
To run this webserver, we uploaded the wild type and the corresponding
Orf3a sequence containing the identified mutations as an input. The
predicted secondary structure from wild type and mutant sequences
were obtained as an output. We analysed the secondary structure be-
tween wild type and mutants and the differences, if any, were marked.

2.4. Protein disorder prediction

PONDR-VSL2 webserver was used to calculate the per-residue

disorder distribution in the query sequences as described elsewhere
[17]. The PONDR-VSL2 provides the per-residue disorder predisposition
scores on the scale from O to 1. The value O represents fully ordered
residues while 1 depicts fully disordered residues. The value of 0.5 is
threshold above which residues are considered disordered. Residues are
considered highly and moderately flexible if the disorder score ranges
from 0.25 to 0.5 and 0.1 to 0.25 respectively.

2.5. Protein modelling studies

The protein modelling studies were performed to understand the
impact of mutation on the stability of the Orf3a protein. This analysis
was conducted using DynaMut programe [18]. The solved structure of
Orf3a, RCSB ID: 6XDC [19] was used for protein modelling studies. The
effect of mutations on protein was shown in terms of difference in free
energy (AAG). The positive value of AAG indicates stabilizing mutation;
however, negative value represents destabilizing mutation. The Dyna-
Mut webserver can only predict AAG for those regions of protein whose
structure have been solved. The three regions, (1-39, 175-180 and
239-275) appeared as unmodeled regions of Orf3a [19], therefore, the
mutations residing in these areas have not been used for stability
prediction.

2.6. Epitope predictions

B-cell epitope predictions were performed as described by Jesperson
et al. [20] using IDEB analysis resource. The parameters such as hy-
drophilicity, flexibility, accessibility, turns, exposed surface, polarity
and antigenic propensity of polypeptide chains have been correlated
with the location of epitopes. This webserver uses these properties to
predict epitopes from the provided input sequence. All prediction cal-
culations are based on propensity scales for each of the 20 amino acids.
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Table 1

List of Orf3a mutations identified in this study. The sequence of SARS-CoV-2
Orf3a protein reported till 14th Sept 2020 was aligned with the sequence
from Wuhan (wet sea food market) SARS-CoV-2. The mutations were recognized
by amino acid sequence alignment by CLUSTAL Omega.

Table 1 (continued)
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S. Mutation S. Mutation S. Mutation
No. No. No.
1 D2G, D2Y 59 L83F 117 S171L
2 M5V 60 L85F 118 G172V,
Gl172C
3 R6T 61 L86W 119 G174D
4 17T 62 F87L 120 T175K, T1751
5 T9K, T9I 63 V88L, V88A 121 T1761
6 T12N 64 T891 122 S1771
7 V13L, V13A, 65 V90F, V90I 123 P178S
V131
8 T141 66 S92L 124 H182Y
9 L15F 67 HI93Y 125 Y184H
10 K16N 68 L94P, 1941, L94F 126 Q185H
11 Q17R 69 L95F 127 G188C
12 G18S, G18C, 70 L96F 128 Y189C
G18V, G18D
13 120T 71 V97A, V97F 129 E191K
14 K21Q, K21IN 72 A99T, A99S, A99V 130 W193C,
W193R
15 D22Y 73 G100L, G100C, 131 E194Q
G100F, G100V
16 A23S 74 L101F 132 S195Y
17 P25L, P25S 75 A103S, A103V 133 G196V,
G196R
18 S26L, S26P 76 P104L, P104S 134 V197L, V1971
19 D27Y, D27H 77 F105L 135 V2011
20 A31T 78 L106F 136 V202L
21 T32I 79 L108F 137 T208A
22 A33E, A33S 80 A110S, A110V 138 D210Y
23 T34A 81 L1118 139 Y211C
24 135T 82 V112F, V112L 140 Q213H
25 P36L 83 F114C 141 Y215H
26 Q38E, Q38P 84 Q1l16H 142 S216P
27 A39T 85 1118V 143 T217A
28 S40P, S40L 86 N119H 144 Q218R
29 L411, L41H, 87 F120L 145 L219F, L2198,
L41F L1219V
30 P42S, P42L, 88 R122K, R1221 146 S220N
P42R
31 F43Y 89 1123V 147 D222G
32 G44v 90 M1251 148 T223I
33 W45L, W45R 91 R126 M, R126S 149 G224C,
G224V
34 L46F 92 L127F, L1271 150 V225L, V225F
35 V48F 93 W128C, W128L 151 T2291
36 G49D, G49S, 94 L129F 152 V237A, V237F
G49V
37 V50A, V501 95 W131S, W131R, 153 D238N,
W131L, W131V D238E
38 A51S 96 C133F 154 E239D, E239G
39 L52F, L521 97 R134H, R134L, 155 P240L, P240S
R134C
40 L53F, L53H 98 S135P 156 E241A
41 AB5A4T, A54S, 99 L140F, L1401 157 E242A
A54V
42 V55G, V55F 100 A143S, A143V 158 Q245L
43 F56C 101 N144Y 159 H247Y
44 Q57Y, Q57H 102 L147F 160 G251C,
G251V
45 A59V 103 C148Y, C148S 161 G254R
46 K61 N 104 W149L, W149C 162 N257S
47 T641 105 T1511 163 V259L, V259E
48 L65F 106 N152S, N152I 164 M260K,
M2601
49 K66N 107 C153Y 165 P262L, P262S
50 K67N, K67R 108 Y154C 166 1263M
51 R68I 109 D155Y 167 Y264C
52 W69C, W69L, 110 1158V 168 P267S, P267L
W69R
53 A72S 111 Y160H 169 T268K,
T268M

S. Mutation S. Mutation S. Mutation
No. No. No.
54 L73F 112 V163L 170 T269M
55 S74F, S74P 113 S165F, S1651 171 T2711
56 K75R, K75E 114 S166L 172 S2721
57 V771, V77F 115 V168I 173 V273L
58 H78Q, H78Y 116 T170S

Table 2

Calculations of AAG between wild-type and mutant Orf3a. The top rank muta-
tions are listed in the table. DynaMut webserver was used to calculate the pre-
dicted AAG. The negative values indicate the destabilization of protein upon
mutation.

S. Wild type Residue Mutant AAG DynaMut (kcal/

No residue position residue mol)

1 G 49 A% 1.74

2 \4 88 L 1.507

3 \4 90 F 1.512

4 A% 112 F 1.30

5 R 126 S —2.024

6 C 148 S -1.741

7 I 158 \% —1.583

8 Y 160 H —1.527

9 S 171 L 1.619

10 D 210 Y 1.442

11 G 224 A% —1.528

12 G 224 C -1.717
3. Results

3.1. Identification of mutations in Orf3a of SARS-CoV-2

Recently, the structure of Orf3a has been solved [19] as represented
by the cartoon (Fig. 1A). It is mainly comprised of helical regions, and
forms a channel like structure in the membrane. A standalone Innova-
gen’s peptide calculator (https://pepcalc.com/) was used to understand
the overall physiochemical properties of Orf3a. It derives calculations
and estimations on physiochemical properties of input molecule that
includes peptide molecular weight, peptide extinction coefficient, pep-
tide net charge at neutral pH, peptide iso-electric point and peptide
water solubility. The colour coded display of amino acid classification
and peptide hydropathy plot of Orf3a have been shown in the Fig. 1B. In
order to identify the variations among Orf3a proteins, Clustal Omega
mediated multiple sequence alignments (MSA) were performed between
the Orf3a protein sequences among SARS-CoV-2 reported till September
14, 2020. The analysis revealed as many as 173 point mutations as
highlighted in red font (Fig. 1C) and details of each mutation have been
mentioned in Table 1.

3.2. Analysis of the effect of mutations on Orf3a stability

To assess the impact of mutations on Orf3a, protein modelling
studies were performed using DynaMut webserver [18]. This webserver
calculates the change in free energy (AAG) due to the mutation induced
variation in the target protein. The positive AAG represents increase in
stability while the negative AAG represents decrease in stability. Our
analysis revealed various mutations that alter stability of the protein as
shown in Supplementary Table 1. Our analysis revealed that the muta-
tions caused destabilization as well as stabilisation in Orf3a protein
structure. Top twelve mutations have been shown in the Table 2. The
maximum positive AAG (1.7 kcal/mol) was obtained for G49V muta-
tion, leading to increase in stability. Similarly, R126S mutation caused
maximum negative AAG (—2.02 kcal/mol), leading to decrease in the
stability of Orf3a.
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Fig. 2. Analysis of the secondary structure and intrinsic disorder predisposition of the unique mutations of SARS-CoV2 Orf3a in comparison with the reference Orf3a
protein (YP_009724391) from China, Wuhan. (A, C and E) Secondary structure predictions, the amino acid sequences near the mutation site were uploaded on CFSSP
web tool that predict secondary structure. Each panel (A, C and E) shows the secondary structure of the wild type and mutated input sequences. The panel (i)
represents the wild type or Wuhan sequence while panel (ii) represents the mutated Indian sequence. The mutation site is highlighted in the rectangular box. (B,D and
F) protein disorder prediction, the analysis was conducted using PONDR-VSL2 algorithm. A disorder threshold is depicted at a score of 0.5). Residues/regions with

the disorder scores >0.5 are considered as disordered.

3.3. Secondary structure and protein disorder predictions due to
mutations in Orf3a

Subsequently, the twelve mutations were characterised that exhibi-
ted maximum variation in AAG by predicting their effect on the sec-
ondary structure of the Orf3a protein. The CFSSP webserver was used to
analyse the variations in secondary structure where these mutations
reside. The data revealed that out of twelve mutations, only three po-
sitions led to change in the secondary structure (Fig. 2A, C and E). Rest of
the nine locations exhibited no alteration in secondary structure (data
not shown). The detailed analysis revealed that Y160H mutation has led
to shift of beta-sheet to coiled-coil structure (Fig. 2A). The turn structure
is replaced by coiled coil at S171L (Fig. 2C) mutation while D210Y
mutation leads to replacement of turn structure by beta-sheet (Fig. 2E).

The impact of these three mutations on protein disorder parameters
was further analysed. The PONDR-VSL2 webserver was used to measure
the protein disorder contributed by these three mutations. Our analysis
revealed that Y160H (Fig. 2B) and D210Y (Fig. 2F) decreased the protein
disorder while S171L (Fig. 2D) increased the protein disorder. Alto-
gether, both secondary structure and protein disorder were altered due
to the mutation in Orf3a.

3.4. Effect on B cell epitopes due to Orf3a mutations

B cell epitopes were predicted using webserver as shown in IDEB
analysis resource [20]. The data has been represented graphically
(Fig. 3A). The yellow shaded area corresponds to the high score peptides
that can act as potential B-cell epitopes. This tool provided five peptide
sequences (B-cell epitopes) as shown in Fig. 3B. Subsequently, we
compared these sequences with the mutations identified in this study.
Our data revealed that peptide 1 was mutated at its all three positions
while peptide 3 was also mutated at its all positions except one. Peptide
2 also has five mutations, out of nine. Similarly, peptide 4 and 5 were

also found to harbour multiple mutations. It is plausible that due to these
mutations the respective epitopes will change and they might help
SARS-CoV-2 to evade immunogenic response of the host.

4. Discussions

Due to the rapid spread of SARS-CoV-2 in various countries world-
wide, WHO announced COVID-19 a global pandemic on March 11, 2020
[21]. With the spread of virus to new locations, it acquired mutations
leading to evolution of SARS-CoV-2 variants that can potentially affect
the rate of viral spread, its pathogenicity and interactions with host. In
our study, 173 mutations in Orf3a were identified after analysing
approximately 16,000 reported sequences of Orf3a. Our study also
showed that there was a considerable alteration instability and
dynamicity due to mutations at various positions that might alter Orf3a
function. These data were further supported by the protein disorder
analysis and secondary structure predictions (Fig. 2). Previous studies
revealed that Orf3a, a widely expressed protein, triggered inflammatory
responses in the host cells [22,23]. It is plausible that the mutations
occurring in Orf3a can highly affect the function of this protein. To gain
some insight into the altered function of Orf3a, in-silico analyses were
performed to predict the possible B-cell epitopes generated by the pep-
tides of this protein. Our data supports the fact that these mutations
might help the virus to evade immune system of the host because of the
loss of putative epitopes (Fig. 3).

The putative consequences of variations in Orf3a explained in our
observation are in conformity with similar findings reported recently. In
an analytical study, it has been observed that the accumulation of non-
synonymous mutations in Orf3a of SARS-CoV-2 could be driving protein
changes that might mediate immune evasion and thus favouring viral
spread [24]. Occurrences of epitope loss due to mutation in SARS-CoV-2
has also been reported experimentally where six putative epitopes in
wild type Orf3a are found to be replaced by five in mutant variants, and
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Peptide 1 (65-67): LKK

Peptide 2 (173-195): DGTTSPISEHDYQIGGYTEKWES

Peptide 3 (218-224): QLSTDTG
Peptide 4 (249-257): IDGSSGVVN
Peptide 5 (260-271): EPIYDEPTTTT

Fig. 3. Prediction of B-cell epitopes. A) On the graphs, the Y-axis depicts for
each residue the correspondent BepiPred score (averaged in the specified
window); while the X-axis depicts the residue positions in the sequence. The
larger score for the residues might be interpreted as that the residue might have
a higher probability to be part of epitope (those residues are colored in yellow
on the graphs). B) The top five peptides of Orf3a that showed the highest score.
The sequences of all five peptides are shown. The number in parentheses rep-
resents the location of the peptide in the primary sequence of Orf3a. The red
font shows the location of mutant residues of Orf3a. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web
version of this article.)

such loss of epitopes might allow the mutant to escape interaction with
host immunity system [25]. Moreover, a novel missense mutation in the
Orf3a gene has been found responsible for the global dissemination of
SARS-CoV-2 [26]. Further, SARS-CoV-2 strain with Orf3a mutation
often found to carry a mutation in its S (spike) gene, facilitating its
interaction with ACE-2 receptors followed by viral entry in the host cells
[27]. Majumdar and Niyogi [28] have also observed an appreciable
association of Orf3a mutation in SARS-CoV-2 with higher infection and
mortality rate.

In summary, structural variations and residue composition in the
Orf3a protein might be related to rapid infection kinetics and spreading
of SARS-CoV-2. Mutational analysis studies are, therefore, highly
pertinent to determine the changes in the structure and function of viral
proteins.

5. Conclusions

Altogether, this study identified several interesting mutations of
Orf3a and characterised them showing their probable effects on immune
evasion. However, the data obtained here warrants validation to better
understand the implications of these mutations on the function of Orf3a.
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