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Background: The report of mutation sites ORF3a SARS CoV-2 in Indonesia is still limited. Some research showed that
mutations in ORF3a protein might alter SARS-CoV-2 pathogenesis. Observation of new variants should be conducted as a
risk monitoring framework.

Materials and method: We assessed the impact of mutations in ORF3a protein by analyzing 3,751 SARS-CoV-2 DNA
sequences from the GISAID database from March 2020 until July 2021. The whole-genome sequences were aligned
using Clustal Omega Multiple Sequence Alignment from EMBL-EBI and analyzed using BioEdit version 7.2.5 software. The
reference whole genome sequence was taken from the Genbank database with accession number NC045512. We excluded
the samples containing N letters due to inaccurate reading. Effect of point mutations on protein structure was analyzed
using PredictProtein (https://predictprotein.org) and Protein Variation Effect Analyzer (PROVEAN) v1.1.3. online software.
Results: We identified five most frequent non-synonymous mutations in ORF3a protein of SARS-CoV-2 which were Q57H
(58.04%), S26L (27.25%), S2201 (10.37%), D155H (8.98%), and P104S (5.47%).

Conclusion: These mutation data showed the phenomenon of amino acid changes in ORF3a SARS-CoV-2 in Indonesia until
July 2021. The implication of this mutation needs to be determined in further studies.

Keywords: Indonesia, mutations, non-synonymous, SARS-CoV-2, whole genome

first case of COVID-19 was announced on March 2", 2020.
Since then, the virus has been spreading exponentially. Until

Introduction

Corona Virus Disease 19 (COVID-19) was first reported
in Wuhan, China on December 31%, 2019. This disease
was caused by a novel beta coronavirus believed to be of

this study was conducted, there were more than 3.9 million
cases, with more than 330,000 active cases in Indonesia.

Cases of people being examined are also increasing, with

zoonotic origin, named SARS-CoV-2.! In a short time, this more than 20 million people.?

virus spread to other countries and created pandemic cases. Due to its high infection rate and RNA molecule as

The first genome sequence of SARS-CoV-2 was published the main composition of its genome, SARS-CoV-2 has a

" . .
on January 5%, 2020. Since then, genomic sequences have high mutation rate. There are many mutations found in the

been published from all around the world. In Indonesia, the SARS-CoV-2 genome and the effect of these mutations is
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still unknown. SARS-CoV-2 genome contains genes for
Spike, Membrane, Envelope, Nucleocapsid proteins and
non-structural proteins (NSP1-NSP16). Besides that, there
are 6 accessory proteins included in the viral pathogenicity
with ORF3a as the largest one containing 247 amino acids.?
Several studies state that mutations in ORF3a protein of
SARS-CoV-2, might alter its pathogenesis and lead the
fourth epidemic wave in Hong Kong.**

Currently, there are limited reports regarding
the ORF3a variance of SARS-CoV-2 in Indonesia and
especially non-synonymous mutation that makes changes
to protein sequences. This research aims to report ORF3a
non-synonymous mutations in SARS-CoV-2 from genome
sequences submitted to GISAID from March 2020 until
July 2021. The result presented here could help for a better
understanding of the presence of various genetic varieties
of SARS-CoV-2 in Indonesia and as preliminary study to
predict the impact of these mutations on the prevention,
diagnosis, and treatment of COVID-19 in Indonesia.

Materials and methods

ORF3a DNA Sequences Retrieval from Database

A total of 3,916 SARS-CoV-2 sequences originated from
Indonesia, from March 2", 2020 until July 31%, 2021 were
acquired from GISAID (www.gisaid.org).® These DNA
sequences consisted of 3,883 whole-genomes and 33 partial
genomes.

Multiple Sequences Alignment and Analysis of Frequent
Non-synonymous Mutations of ORF3a

The DNA sequences that contained N letters were removed
from the analysis, because it would cause undetermined or
inaccurate amino acid reading when translated to protein
sequences. The 33 partial genomes were excluded, because
these were partial sequences that do not contain ORF3a
sequence. Therefore, atotal of 3,751 SARS-CoV-2 sequences
were analyzed further. These DNA sequences were aligned
using Clustal Omega Multiple Sequence Alignment from
EMBL-EBI (www.ebi.ac.uk/Tools/msa/clustalo/). The DNA
alignment sequences were analyzed in BioEdit version 7.2.5
software to make ORF3a protein. We compare the amino
acid changes with isolate hCoV-19/Wuhan/WIV04/2019
as reference sequence from GISAID (EPI ISL 402124).
Furthermore, non-synonymous mutations of ORF3a protein
were recorded to know the position and the changes of
amino acid compared to reference sequences.

Non-Synonymous Mutation Analysis of SARS-CoV-2 ORF3a in Indonesia

We focused on the top five most frequent non-
synonymous mutations of ORF3a protein. We were mapping
the distribution of these frequent non-synonymous mutations
throughout 34 provinces in Indonesia using Indonesia Map
by Vemaps.com as a blank template map.” We calculated the
percentages of carrying mutated variants of each mutation
position in a single province. These data only reflect the
percentages of the mutated variant, not the number of
samples, because one sample may contain more than one
non-synonymous mutation.® We also reported variants of
concern (VOC) using PANGOLIN annotations available
in metadata from the GISAID database of the respective
genome until this study was conducted. We calculated the
number of samples and percentages of carrying mutations
in five most frequent non-synonymous mutations of ORF3a
protein monthly, from March 2", 2020 until July 31%, 2021
in Indonesia.

Simulation of ORF3a Protein Structure

We predicted the structure of protein sequences which
contained a single or combination of five most frequent non-
synonymous mutations using PredictProtein Open (https.://
predictprotein.org). Subsequently, we compared this
prediction with wild type ORF3a as the reference sequence
protein structure. We predicted the amino acid changes to
check whether it has an impact on the biological function
of protein. By submitting the protein sequences to Protein
Variation Effect Analyzer (PROVEAN) v1.1.3. software
from the website, we get the PROVEAN score with -2.5 as
a cut off. More positive score or above -2.5 indicates that

the variation effect on protein was neutral and vice versa.’

Results

We analyzed the 3,751 ORF3a DNA sequences of SARS-
CoV-2 after removing sequences containing N letters.
Based on protein data alignment, we recorded 203
positions that showed the changes of amino acid, called
non-synonymous mutations. Furthermore, we found five
most frequent non-synonymous mutations in our sample
were Q57H, S26L, S2201, D155H, and P104S (Figure 1).
All these five mutations were scattered in Indonesia with
the percentages of 58.04%, 27.24%, 10.37%, 8.98%, and
5.46%, respectively. We also reported variant of concern
(VOC) in our data from GISAID metadata. We observed
that the highest percentage was Delta variant (B.1.617.2)
in 25.73% (965 out of 3,751 sequences), Alpha variant
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Table 1. List of provincial origin of ORF3a protein non-synonymous mutations in Indonesia (part I).

N o e ino Acid Individuals Percentages of

Province Samples Location Changes M:::tl;on Muta;:);-pcl::mng
Aceh 13 57 Q-->H 13 100
North Sumatera 98 26 S-->L 22 22.45
57 Q->H 65 66.33
104 P-->S 2 2.04
155 D-->H 2 2.04
220 S-->1 2 2.04
West Sumatera 87 57 Q-->H 60 68.97
Riau 12 57 Q-->H 10 83.33
155 D-->H 3 25
220 S-->1 3 25
Riau Island 131 26 S-->L 2 1.53
57 Q-->H 121 92.37
155 D-->H 2 1.53
220 S-->1 2 1.53
Bengkulu 8 26 S-->L 3 37.5
57 Q-->H 5 62.5
Jambi 102 57 Q-->H 89 87.25
155 D-->H 7 6.86
220 S-->1 15 14.71
South Sumatera 42 26 S-->L 11 26.19
57 Q-->H 27 64.29
104 P-->S 1 2.38
155 D-->H 2 4.76
220 S-->1 2 4.76
Lampung 10 26 S-->L 3 30
57 Q->H 6 60
104 P-->S 1 10
Bangka Belitung 1 57 Q-->H 1 100
Banten 150 26 S-->L 17 11.33
57 Q-->H 102 68
104 P-->S 12 8
155 D-->H 23 15.33
220 S-->1 26 17.33
Jakarta 900 26 S-->L 310 34.44
57 Q-->H 378 42
57 Q-->N 1 0.11
57 Q-->R 3 0.33
104 P-->S 92 10.22
155 D-->H 72 8
220 S-->1 80 8.89
West Java 569 26 S-->L 231 40.6
57 Q-->H 267 46.92
57 Q>R 1 0.18
104 P-->S 35 6.15
155 D-->H 55 9.67
220 S-->1 66 11.6
Yogyakarta 71 26 S-->L 17 23.94
57 Q-->H 45 63.38
104 P-->S 3 423
155 D-->H 1 1.41
220 S-->1 1 1.41
Central Java 213 26 S-->L 151 70.89
57 Q-->H 57 26.76
104 P-->§ 3 1.41
East Java 180 26 S-->L 18 10
57 Q-->H 141 78.33
104 P-->S 12 6.67
155 D-->H 16 8.89
220 S-->1 30 16.67
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Table 1. List of provincial origin of ORF3a protein non-synonymous mutations in Indonesia (part IT).

Number of  Sequence  Amino Acid Individuals Percentages of

Province Samples Location Changes Ml::la::lion Muta;:)ll:-ll)cl:ls'rymg
Bali 457 26 S-->L 24 5.25
57 Q->H 364 79.65
104 P-->S 7 1.53
155 D-->H 132 28.88
220 S-->1 140 30.63
NTB 28 26 S-->L 16 57.14
57 Q-->H 11 39.29
104 P-->S 4 14.29
NTT 66 26 S-->L 39 59.09
57 Q-->H 24 36.36
104 P-->S 3 4.55
Central Kalimantan 37 26 S-->L 3 8.11
57 Q->H 33 89.19
155 D-->H 4 10.81
220 S-->1 3 8.11
East Kalimantan 61 26 S-->L 31 50.82
57 Q-->H 30 49.18
104 P-->S 6 9.84
155 D-->H 1 1.64
220 S-->1 1 1.64
South Kalimantan 49 26 S-->L 1 2.04
57 Q-->H 45 91.84
155 D-->H 1 2.04
220 S-->1 1 2.04
North Kalimantan 30 26 S-->L 16 53.33
57 Q->H 12 40
104 P-->S 3 10
West Kalimantan 23 57 Q-->H 19 82.61
155 D-->H 1 435
220 S-->1 1 4.35
Central Sulawesi 4 57 Q-->H 4 100
155 D-->H 1 25
220 S-->1 1 25
Gorontalo 3 26 S-->L 1 33.33
North Sulawesi 20 26 S-->L 7 35
57 Q->H 5 25
104 P-->S 2 10
Southeast Sulawesi 3 57 Q-->H 2 66.67
West Sulawesi 23 57 Q-->H 22 95.65
South Sulawesi 65 26 S-->L 14 21.54
57 Q-->H 49 75.38
57 Q>R 1 1.54
104 P-->S 8 12.31
Maluku 13 26 S-->L 9 69.23
57 Q->H 1 7.69
104 P-->S 1 7.69
155 D-->H 1 7.69
220 S-->1 1 7.69
North Maluku 1 57 Q-->H 1 100
Papua Barat 27 26 S-->L 12 44.44
57 Q->H 15 55.56
104 P-->S 3 11.11
Papua 23 26 S-->L 10 43.48
57 Q-->H 8 34.78
104 P-->S 3 13.04
155 D-->H 1 435
220 S-->1 1 4.35
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(B.1.1.7) in 1.63% (61 out of 3,751 sequences), and Beta
variant (B.1.351) in 0.35% (13 out of 3,751 sequences).

We calculated the percentage of carrying mutations
per province in Indonesia. There were 34 provinces with
variable sequence numbers and mutations in ORF3a
protein (Table 1). The highest number of samples was
from Jakarta with 900 samples. We mapped the presence
of five most frequent mutations in each province, with the
highest mutation at the 1% order. According to our mutation
analysis data until July 2021, the mutation Q57H was found
in April 2020 and reached the highest percentage almost one
year later in March 2021. The mutation S2201 and D155H
was discovered for the first time in August 2020 and their
highest percentage was in February 2021. While the S26L.
mutation was first found in January 2021 and P104S in April
2021 and both of them had their highest percentage in July
2021. Overall, the highest total percentage for all types of
mutations first occurred in January 2021 and the second
peak in June 2021.

Table 2 and Figure 2 showed the Percentages of
mutation-carrying samples in five most frequent amino
acid changes in SARS-CoV-2 ORF3a, meanwhile Table 3
showed the incidence and PROVEAN score of five most
frequent non-synonymous mutation.

Non-Synonymous Mutation Analysis of SARS-CoV-2 ORF3a in Indonesia

Discussion

We recorded five most frequent non-synonymous mutations
in ORF3a protein that circulate in Indonesia’s samples.
Based on the exclusion requirement mentioned previously,
3,751 complete sequences of ORF3a SARS-CoV-2 from 34
provinces data samples (March 2%, 2020 to July 31¢, 2021)
were retrieved. Non-synonymous mutations at amino acid
site 57 (Q—H) of ORF3a is detected in 2,177 sequences
(58.04%) and scattered in 34 provinces in Indonesia.
Moreover, there were another amino acid changes in site 57
of ORF3a, Glutamine to Asparagine (Q—N) and Glutamine
to Arginine (Q—R). They were found in Jakarta and South
Sulawesi provinces (Q—R only) in <0.05% of the samples.
The protein coded by ORF3a in SARS-CoV-2 interacts
with immune system signaling pathways, such as the TLR
pathway and T cell pathway. This was predicted to be an
immune evasion mechanism and deleterious to the immune
response against SARS-CoV-2 infection.!® There are six
functional domains owned by ORF3a SARS-CoV2, that
are based on its role in the host cell. The TRAF3-binding
motif that was found to activate NF-kB and the NLRP3
inflammasome was located in domain II (PLQAS, position
36-40), the K* ion channel and cysteine-rich domain was

Table 2. Monthly percentages of mutation-carrying samples.

Percentages of Mutation-carrying Samples in

Month Number of 5 Frequent Amino Acid Changes in ORF3a SARS-Cov-2
Samples Q57H S26L S2201 D155H P104S
March 2020 30 0.00* 0.00* 0.00* 0.00% 0.00%
April 2020 35 31.43 0.00* 0.00* 0.00% 0.00%
May 2020 18 50 0.00* 0.00* 0.00* 0.00*
June 2020 44 52.27 0.00* 0.00* 0.00* 0.00*
July 2020 35 54.29 0.00% 0.00* 0.00* 0.00*
August 2020 46 73.91 0.00* 2.17 2.17 0.00*
September 2020 48 79.17 0.00% 0.00* 0.00* 0.00*
October 2020 58 70.69 0.00* 517 1.72 0.00*
November 2020 79 56.96 0.00% 3.8 2.53 0.00*
December 2020 195 67.69 0.00* 14.87 10.26 0.00*
January 2021 608 78.78 0.99 20.39 16.45 0.00*
February 2021 401 83.04 0.00% 26.93 25.94 0.00*
March 2021 416 88.7 0.96 20.43 18.03 0.00%
April 2021 244 68.44 13.93 9.02 8.61 1.23
May 2021 524 62.21 29.2 2.29 229 2.67
June 2021 910 15.93 85.16 0.1 0.00* 18.46
July 2021 58 8.62 86.21 0.00* 0.00* 34.48

*Non-synonymous mutations were not found in samples.
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Figure 2. Percentages of mutation-carrying samples in five most frequent amino acid changes in SARS-CoV-2 ORF3a.

located in domain III (position 91-133), a caveolin-binding
motif was located in domain IV (position 141-149), and the
conserved motif in domain V (position 160-163) for ORF3a
protein to be transported from Golgi apparatus to plasma
membrane.!!

These top five most frequent mutations are observed
throughout the 34 provinces in Indonesia, and we found some
mutations that are dominant to specific provinces. Aceh,
Bangka Belitung, West Sumatera, and South-east Sulawesi
carry the mutation at the position 57 (Q—H) only. Another
province, Gorontalo show the mutation at the position 26
(L—S) only. Based on data, L26S mutation detected in
1,022 (27.25%) in Indonesia. There were 9 provinces that
were dominant with this mutation (Figure 1). The amino
acid changes in position 26 Leucine to Serine. Moreover,
there is a stop codon in this position which belongs to Bali
samples (<0.03%).

We observed two mutations appeared together with
Q57H, those were S2201 and D155H. These combinations

occurred in 335 samples (9.4%). The side-chain in position
220 serine was polar amino acid and became hydrophobic
(Isoleucine) whereas in position 155 Aspartic acid was
negative turned to positive amino acid (Histidine), but
their secondary structure did not show any changes. The
double mutant Q57H+A99V in Europe emerged during the
early pandemic. In August 2020, double mutant Q57H+
S58N emerged in the Netherlands. Another variant Q57H+
G172V was found in the top five most relatively frequent
mutations observed in the USA. The presence of single
mutation of A99V, S58N and G172V cause an effect of
either destabilizing (A99V, S58N) or stabilizing (G172V)
ORF3a protein.'?

Q57H mutation was found to have deleterious effects
based on PROVEAN score.”!° Even though their secondary
structure did not show any changes. The protein coded by
ORF3a in SARS-CoV-2 could interact with spike protein,
resulting in delayed premature viral RNA release. Interaction
between ORF3a protein and spike protein can also enhance

Table 3. The incidence and PROVEAN score of five most
frequent non-synonymous mutation.

PROVEAN Variation Effect on

Amino Acids
Substitution in Incidence
ORF3a
S26L 27.24%
Q57H 58.04%
P104S 5.46%
D155H 8.98%
S2201 10.37%

Score* Protein
-2.314 Neutral
-3.286 Deleterious
-3.343 Deleterious
-4.533 Deleterious
-3.029 Deleterious

*The cut-off value was -2.5.
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viral packaging.’> This interaction benefits the survival
and infectivity of SARS-CoV-2. With a similar sequence
and structure, it can be predicted that ORF3a protein and
spike protein in SARS-CoV-2 will also interact in the
same manner. Q57H mutation in ORF3a was predicted to
increase ORF3a-spike protein interaction. Q57H mutation
increased binding affinity against spike protein by 4.2 kcal/
mol compared to wild type.'* Around 58.04% of the samples
have Q57H mutation, this shows that Q57H mutation
could increase survivability and benefit the virus in an
infection. However, Q57H mutation was not located in the
six functional domains of ORF3a SARS-CoV-2. Similar
results with the other four most frequent non-synonymous
mutations that we found in this study."

Based on PROVEAN score prediction, the S220I,
D155H, and P104S mutations had deleterious effects, but
not for S26L mutation (Table 3). The biological effect
of S26L, S220I, D155H, and P104S mutations for the
pathogenicity of the virus are still unknown but may have
some effect towards the survival and spread of the virus.

Based on lineage data downloaded from GISAID on
July 31%, 2021, we reported the existence of Alpha, Beta,
and Delta as variants of concern (VOC) in Indonesia. The
Delta variant circulates rapidly, increasing in number during
6 months after first detected in January 2021. There were
965 of 3,883 (24.85%) samples that belong to the Delta
variant. Three out of five most frequent mutations of ORF3a
gene in our study belong to combination variants of concern
(Q57H, S26L, and P104S). This new VOC data could be
important to monitor the variants that circulate in specific
regions and study the transmissibility, pathogenicity, and
severity of SARS-CoV-2.

We highlight the most frequent mutations of ORF3a
protein at the peak of the pandemic in Indonesia in January,
June, and July 2021 (Table 2). The highest number of
COVID-19 confirmed cases in Indonesia leading national
regulation to limited mobilization, called Community
Activities Restrictions Enforcement. In January, June, and
July 2021, the most frequent mutations were Q57H, S220I,
and S26L respectively. The most frequent mutation Q57H
was not found in samples from June 2021.

Conclusion

This study identified five most frequent non-synonymous
mutations of SARS-CoV-2 ORF3a sequences. We need

Non-Synonymous Mutation Analysis of SARS-CoV-2 ORF3a in Indonesia

further studies to understand the implication of this mutation
on the function of ORF3a and for the circulation of virus
in Indonesia or globally. With the integrated network from
the government, clinician, researcher, and other institutions,
hopefully we can understand the mutation pattern and make
predictions to prevent the occurrence of another wave of
new SARS-CoV-2 cases in Indonesia.
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