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Abstract: The devastating impact of the ongoing coronavirus disease 2019 (COVID-19) on public

health, caused by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) has made

fighting of the COVID-19 pandemic is a top priority in medical research and pharmaceutical

development. Surveillance of SARS-CoV-2 mutations is essential for the comprehension of SARS-

CoV-2 variant diversity and their impact on virulence and pathogenicity. The SARS-CoV-2 open
reading frame 10 (ORF10) protein interacts with multiple human proteins CUL2, ELOB, ELOC,
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MAP7D1, PPT1, RBX1, THTPA, TIMMSB, and ZYG11B expressed in the lung tissues. Mutations
and co-mutations in the emerging SARS-CoV-2 ORF10 variants are expected to impact the severity
of the virus and its associated consequences. In this article, We highlight 128 single mutations and
35 co-mutations in the unique SARS-CoV-2 ORF10 variants in this article. The possible predicted
effects of these mutations and co-mutations on the secondary structure of ORF10 variants and host
protein interactomes are presented. The findings highlight the possible effects of mutations and
co-mutations on the emerging 140 ORF10 unique variants from secondary structure and intrinsic
protein disorder perspectives.

Keywords: SARS-CoV-2, ORF10, Co-mutations, Intrinsic Protein Disorder, and Ubiquitin Ligase
Complex

1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) continues the
pandemic spread of coronavirus disease 2019 (COVID-19), with over 189 million peo-
ple confirmed infected and at least 4.07 million deaths worldwide [1,2]. In 2021, in
almost every region of the SARS-CoV-2 genome, several mutations compared to the
wild SARS-CoV-2 (NC_045512) were discovered [3-5]. The SARS-CoV-2 is constantly
evolving and new variants with different characteristics are emerging [6,7]. Detection
and mutation surveillance of SARS-CoV-2 is of utmost priority investigate the origin and
to combat the virus [8]. To date, no method can rapidly diagnose multiple viral infections
and determine variants in a high-throughput manner [9]. SARS-CoV-2 is one of the
largest RNA viruses with a genome of approximately 29Kb, which includes eleven open
reading frames (ORFs) [10-13]. These ORFs (1la and 1b) possessed two polypeptides
that are translated into sixteen non-structural proteins (NSP1-16) [14-16]. The main non-
structural proteins (NSP) include RNA-dependent RNA polymerase (RdRp or NSP12)
and a 3’-5" exonuclease [17]. RNA viruses typically possess a high mutation rate ranging
from 107° to 10~% [18,19]. Notably, SARS-CoV-2 possesses the 3’-5’ exonuclease capable
of correcting mistakes during replication [20]. While surveilling mutations to compre-
hend the genetic diversity across various SARS-CoV-2 variants, it is also important to
decipher whether the increase in mutation frequency is because of the natural selection,
and to determine the possible consequences for SARS-CoV-2 fitness, such as increased
infectivity and pathogenicity, or due to adaptation, thereby becoming drug-resistant or
possessing ability to evade the immune system [21,22]. Non-synonymous mutations of
various SARS-CoV-2 proteins have been reported [23-26].

The ORF proteins are dispensable for viral growth in vitro, and might play an
important roles within the environment of the infected host [27]. The SARS-CoV-2 open
reading frame 10 (ORF10) protein shows no sequence similarity with other known coro-
navirus protein [28-30]. The SARS-CoV-2 ORF10, a putative 38-amino acid viral protein
encoded in the 3’ accessory region of the genome, is a highly ordered, hydrophobic,
and thermally stable protein, which contains at least one transmembrane region [29,31].
The ORF10 binds to components of a Cullin-2-RING-ligase (CRL2) complex containing
Cullin-2, RBX1, Elongin B, Elongin C, and ZYG11B (CRL24YC11B) [30-34]. Earlier, it has
been reported that the extreme N terminus of ORF10 contains a methionine-glycine-
tyrosine motif, which would presumably aid ORF10 to be recruited into CRL24YC11B
ubiquitin ligase complex [33]. It was further confirmed that interaction between ORF10
and CRL2%YGUB jg not relevant for SARS-CoV-2 infection in vitro [30,33]. No evidence
was observed whether ORF10 regulates or is regulated by CRL2#YC11B [33]. On the
other hand, ORF10 protein in some SARS-CoV-2 variants, resulted in non-attenuation
of disease and maintained transmissibility [35]. Furthermore, ORF10 is not essential
for viral infection and replication while encoding a truncated protein that is neutrally
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evolving, through positive selection [30,36].

In this study, we report 128 single mutations and 35 co-mutations in the unique
SARS-CoV-2 ORF10 variants. This report illuminates potential effects due to mutations
and co-mutations in the emerging ORF10 variants from the secondary structure and
intrinsic protein disorder perspectives.

2. Materials and Methods
2.1. Data

A total of 202968 SARS-CoV-2 ORF10 sequence data were retrieved from the Na-
tional Center for Biotechnology Information (NCBI) database on June 29, 2021. Note that
none of these complete ORF10 sequences contain any ambiguous characters. Among
202968 SARS-CoV-2 ORF10 sequences only 140 sequences were unique and distinct,
globally. Furthermore, SARS-CoV-2 ORF10 protein sequences from the GISAID database
were considered for finding co-mutations from the CoVal database.

2.2. Methods
2.2.1. Transmembrane topology and secondary structure prediction

Prediction of a transmembrane protein topology of a given protein is one of the
classical issues in bioinformatics. The Phobius program was used to predict transmem-
brane topology for SARS-CoV-2 ORF10 protein variants [37,38].

The secondary structure of the SARS-Cov-2 ORF10 protein was predicted using the
JPred 4 webserver [39]. In addition to protein secondary structure JPred was used to
predict solvent accessibility and coiled-coil regions. The following keys were used in the
secondary structure prediction of ORF10 variants [39].

*  Shades of red: The more red a position is, the higher the level of conservation of
chemical properties of the amino acids.

* Jnetpred: Final secondary structure prediction for a query.

*  Jnet_25: Jnet prediction of burial, less than 25% solvent accessibility.

*  Jnet_5: Jnet prediction of burial, less than 5% exposure.

* Jnet_0: Jnet prediction of burial, 0% exposure.

*  Jnetconf: Jnet reliability of prediction accuracy ranges from 0 to 9, bigger is better.

2.2.2. Intrinsic disorder analysis

All SARS-CoV-2 ORF10 variants were subjected to the per-residue disorder analysis,
with PONDR-VSL2 algorithm [40]. This tool showed good performance on proteins
containing both structure and disorder, and is considered as an accurate standalone
disorder predictor [41-43]. Predisposition scores for the per-residual conditions are 0
to 1, where 0 indicates residues entirely arranged, and 1 indicates residues completely
disordered. Residues with disorder scores between 0.25 and 0.5 were considered as dis-
ordered, residues with disorder scores between 0.1 and 0.25 were considered moderately
disordered, whereas residues with values higher than 0.5 were considered disordered.

2.2.3. Analysis of sequence variation

Single mutations in all the 140 unique ORF10 proteins were determined using the
Virus Pathogen Resource ViPR by uploading a Fasta file of ORF10 sequences [44]. A
snapshot of the ORF10 sequence variations is presented in Figure 1.
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WiPR Home » Coronaviridae Home » Analyze Sequence Variation » Results
Protein Sequence Variation Analysis Result
Save Analysi: D ize Aligned
Data sorted by Position in ascending order
AA Position Consensus Score Alignment Defails # Sequences
1 Met 6 Gly=1Meit=138 139
2 Gly 12 Asp=1,8ly=137 Leu=1 139
3 Tyr 12 Cys=1,His=1,Tyr=137 139
4 lie Eal lle=133.Leu=1.Thr=1.Val=4 139
5 Asn 35 =1,Asn=133 Asp=2.Del=1,Lys=1Tyr=1 139
6 Val 18 Ala=1lle=1Phe=1Val=1356 139
7 Phe 35 Cys=1,Del=5 Leu=1,Phe=132 139
8 Ala 58 Ala=129 Asp=1,Del=4,Gly=1,Pro=1 Thr=1 Val=3 140
9 Phe Eal Del=4,Leu=1,Phe=134 Tyr=1 140
10 Pro 43 Del=6,GIn=1 Leu=2 Pro=130,Thr=1 140
n Phe 12 Del=1,Leu=1FPhe=138 140

Figure 1. A snapshot of ViPR database showing the ORF10 sequence variations and consensus
amino acid residues.

Furthermore, the predicted effect on pathogenicity of all the mutations was ana-
lyzed with PredictSNP and PhD-SNP [45,46]. In addition, co-occurrence of mutations in
ORF10 proteins were also detected by the CoVal database.

A quantitative measure was defined to localize the co-occurrent mutations in an
ORF10 protein in a given geo-location with regards to other geo-locations worldwide.

Localization across countries: For each co-occurrent mutation in an ORF10 protein,

localization is defined as
NG,

TGm

Where, NG, and TG, denote the number of SARS-CoV-2 genomes with these specific
simultaneous mutations () in a geo-location, and the total number of SARS-CoV-2
genomes with this mutation (m) worldwide, respectively. It varies from 0 to 1. The
normalized factor 0 denotes uniformly spreading of the mutations across various geo-
locations, whereas 1 denotes the detection of the mutation in a single geo-location
(discussed in CoVal database).

NFm -

2.2.4. Frequency distribution of amino acids and clustering

The frequency distribution of each amino acid present in ORF10 sequence was
determined using standard bioinformatics routine in Matlab [47]. For each ORF10
sequence, a twenty-dimensional frequency-vector considering the frequency of standard
twenty amino acids can be obtained. The distance (Euclidean metric) between any two
pairs of frequency vectors was calculated for each pair of ORF10 sequences. By having
the distance matrix, a set of clusters was obtained applying the well-known K-means
clustering method using the standard routine in Matlab-2021a [48,49].

3. Results
3.1. Continent-wise unique ORF10 variants and mutations

Continent-wise unique variations of ORF10 proteins and their mutations with
predicted effects are presented in the following subsections.


https://loschmidt.chemi.muni.cz/predictsnp1/predictsnp.html
https://snps.biofold.org/phd-snp/phd-snp.html
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https://coval.ccpem.ac.uk/mutations
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3.1.1. ORF10 variants and transmembrane topology of SARS-CoV-2 ORF10

Continent-wise distribution of the total 140 unique ORF10 variants are presented in
Table 1. The highest frequency of unique ORF10 variants was found in North America
among the total of 140 SARS-CoV-2 ORF10 variants.

Table 1: Unique mutations in the unique ORF10 variants across six continents. # denotes

"number of"
Africa Asia Europe North America Oceania South America
# of total ORF10 1183 3393 1033 186572 10290 497
# of unique ORF10 15 21 7 132 15 6
% of unique ORF10 1.27 0.62 0.68 0.07 0.15 1.21
# of residue positions
of mutations in ORF10 12 15 6 37 12 5
% of total number of residues 31.6 39.5 15.8 97.4 31.6 13.2

Continent-wise, a decreasing order percentage of unique ORF10 variants was
Africa>South America>Europe>Asia>Oceania>North America (Table 1).

In addition, the transmembrane topology and signal peptides for the wild-type
SARS-CoV-2 ORF10 (YP_009725255) protein was predicted using the Phobius webserver.
The associated posterior probability for the topology prediction is presented in Figure 2.
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Figure 2. Posterior probability plot for prediction of transmembrane topology and signal peptides
for the wild-type SARS-CoV-2 ORF10.

From the posterior probability distributions, it was observed that the SARS-CoV-2
ORF10 protein was entirely non-cytoplasmic (Figure 2).

3.1.2. Unique ORF10 variants and their single and co-occurring mutations

The amino acid residue positions of SARS-CoV-2 ORF10 single-mutations in each
continent are listed in Table 2.


https://www.ebi.ac.uk/Tools/pfa/phobius/
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Table 2: Continent-wise amino acid positions of single-mutations in SARS-CoV-2 ORF10
unique variants

Continent-wise residue positions of single-mutations

Africa Asia Europe North America Oceania South America

3 6 3 1-38 (except 18th) 3 3
5 7 6 4 19
7 8 13 8 23
10 9 23 10 28
23 10 30 17 35
24 13 31 22
28 14 23
30 22 24
31 23 28
33 24 30
37 30 37
38 31 38
33
35
37

It was noticed that except for the residue in position 18, all amino acids at each
position from 1 to 38 possessed point-missense mutations (Table 2). The common residue
was S23, where two mutations S23F and S23P were found across all six continents. A
total of eight common residue positions with mutations were observed in Asia and
Africa, whereas several common residual mutation positions were associated with Asia
and Oceania.

The predicted effects of pathogenicity for each mutation are listed in Table 3. Our
data revealed that among a total of 128 mutations, 72 were neutral, and 53 deleterious
with regards to pathogenicity.
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Table 3: The predicted effect of ORF10 single mutations on pathogenicity
Predicted effect of mutations
Percentage of Pathogenicity Percentage of Pathogenicity
Mutation  PredictSNP PhD-SNP Predcited Type  Mutation  PredictSNP PhD-SNP Predcited Type
V33A 83% 66% Neutral N22H 83% 51% Neutral
V33D 87% 77% Deleterious N221I 87% 61% Deleterious
V33F 83% 45% Neutral N22K 87% 77% Deleterious
V331 83% 78% Neutral N22S 83% 68% Neutral
D31G 87% 73% Deleterious N22T 87% 61% Deleterious
D31H 87% 58% Deleterious N22Y 87% 73% Deleterious
D3IN 87% 68% Deleterious 4L 83% 78% Neutral
D31V 87% 82% Deleterious 14T 83% 55% Neutral
D31Y 87% 86% Deleterious 14v 83% 83% Neutral
T38A 83% 78% Neutral R20G 87% 58% Deleterious
T38I 83% 55% Neutral R201I 83% 68% Neutral
L37F 83% 83% Neutral R20K 83% 68% Neutral
L37H 83% 58% Neutral R20T 83% 51% Neutral
L371 83% 83% Neutral M211 83% 51% Neutral
L37P 87% 61% Deleterious M21K 87% 82% Deleterious
L37R 87% 61% Deleterious M21L 87% 58% Deleterious
Y3C 83% 58% Neutral M21T 87% 73% Deleterious
Y3H 83% 72% Neutral M21V 83% 58% Neutral
N5D 83% 66% Neutral N25D 83% 45% Neutral
N5K 83% 55% Neutral N25G 87% 59% Deleterious
N5S 83% 66% Neutral N255 83% 55% Neutral
N5Y 87% 68% Deleterious Y26C 87% 68% Deleterious
R24C 87% 61% Deleterious Y26F 83% 68% Neutral
R24H 83% 51% Neutral Y26H 83% 58% Neutral
R24L 87% 61% Deleterious 127K 87% 86% Deleterious
R24S 83% 58% Neutral 1271 83% 51% Neutral
S23F 87% 58% Deleterious 27M 87% 58% Deleterious
S23P 83% 51% Neutral 127R 87% 86% Deleterious
P10L 87% 86% Deleterious 127T 87% 77% Deleterious
P10Q 7% 73% Deleterious 27V 83% 66% Neutral
P10S 83% 51% Neutral D31G 87% 73% Deleterious
P10T 87% 68% Deleterious D31H 87% 58% Deleterious
F7C 87% 59% Deleterious D31IN 87% 68% Deleterious
F7L 83% 55% Neutral D31V 87% 82% Deleterious
F7S 83% 55% Neutral D31Y 87% 86% Deleterious
V6A 83% 78% Neutral M1G 83% 72% Neutral
V6F 83% 55% Neutral G2D 83% 68% Neutral
Vel 83% 78% Neutral G2L 83% 58% Neutral
Y14C 87% 68% Deleterious F11L 87% 73% Deleterious
Y14F 83% 72% Neutral F11S 87% 61% Deleterious
Y14H 83% 55% Neutral T12A 83% 58% Neutral
A28P 87% 73% Deleterious T12M 87% 73% Deleterious
A28S 83% 51% Neutral S15C 83% 51% Neutral
A28V 83% 55% Neutral S15G 83% 58% Neutral
V30A 83% 55% Neutral L16P 87% 86% Deleterious
V301 83% 78% Neutral L17F 83% 72% Neutral
V30L 83% 51% Neutral L17P 87% 86% Deleterious
F35C 87% 59% Deleterious C19F 87% 59% Deleterious
F35S 83% 51% Neutral S23F 87% 58% Deleterious
A8D 87% 77% Deleterious S23P 83% 51% Neutral
A8G 83% 68% Neutral Q29H 83% 55% Neutral
AS8P 87% 73% Deleterious Q29L 87% 61% Deleterious
A8S 83% 55% Neutral Q29R 87% 58% Deleterious
A8V 83% 58% Neutral V32A 83% 66% Neutral
F9L 87% 61% Deleterious V321 83% 78% Neutral
F9S 87% 58% Deleterious V32L 83% 55% Neutral
FoY 83% 51% Neutral N34D 83% 66% Neutral
113L 83% 55% Neutral N34Y 87% 73% Deleterious
113M 83% 51% Neutral N36K 83% 51% Neutral
113T 87% 61% Deleterious N365 83% 72% Neutral
113V 83% 68% Neutral T38A 83% 78% Neutral
N22D 83% 58% Neutral T38I 83% 55% Neutral
N22F 83% 55% Neutral

Among a total of 37 residue positions with single mutations, the residue position
1,2,11, 12, 15, 16, 20, 21, 25, 26, 27, 29, 32, 34, and 36 were unique in North America.
Among all these residue positions, only the mutations at positions 11 and 16 in ORF10
variants in North America were predicted to be deleterious.

Furthermore, co-mutations in the SARS-CoV-2 ORF10 in some geo-locations were
listed in Table 4. The highest number of simultaneous mutations (at 14 positions among
the total of 38 amino acid residues) in ORF10 was noticed in a SARS-CoV-2 variant from
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Russia on March 21, 2020. Interestingly, no report of this kind of co-occurrent mutation

globally, hence denoted by localized index 1.

Table 4: Co-occurrent mutations in the ORF10 variants in various geo-locations

Mutations Frequency Date first collected Localization across countries
USA
MIK;G2A;Y3D;I4G;N5L;V6Y;F7K;A8R 9 16-01-2021 0.75
P10S;L37F 9 30-11-2020 1
P10L;R24C 2 17-03-2021 1
R241,;A28V 2 01-04-2021 1
CI19F;A28V 1 24-03-2021 1
14V;N5D 1 07-04-2021 1
L37F;T381 1 09-12-2020 0.5
MI1G;G2L 1 18-03-2020 0.4
M1Q;Y3R;I4W;N5A; V6L, A8T 1 23-02-2021 0.5
MIR;G2W;Y3A 1 30-03-2021 0.5
MIR;G2W;Y3A;N5T;V6F 1 22-07-2020 1
M21L;R24C 1 06-04-2021 1
N36C;T381 1 08-03-2021 1
S23F;127K 1 02-01-2021 1
UK
MI1G;G2L 2 01-05-2020 0.4
Q291;V30F;D31N;V32C;N34T;F35L,N36G;L37R 1 29-04-2020 1
R20LA28V 1 21-05-2020 1
T12M;V30L 1 18-01-2021 0.5
INDIA
AB8L;FIl 1 09-03-2021 1
MI1Q;Y3R;I4W;N5A; V6, AST 1 11-02-2021 0.5
P10S;F11V 1 23-04-2021 1
| SOUTH AFRICA |
R24C;V30L 1 06-01-2021 0.4
| SPAIN |
V30L;T38L 20 20-01-2021 0.95
P10S;V30L 13 20-01-2021 0.39
V30L,D31N 8 12-02-2021 0.8
V30L;L37F 4 18-01-2021 0.54
MIL,G2R;Y3P;I4K;N5L,V6M;F7Q 3 11-03-2020 1
R24C;V30L 2 01-03-2021 04
S23F;V30L 1 20-01-2021 0.38
GERMANY
P10S;V30L 15 24-02-2021 0.39
V30L;,D31H 4 11-03-2021 1
L16P;V30L 3 16-03-2021 1
P10S;S23F 3 28-03-2021 1
F7V;A8T 1 10-04-2021 1
L17LR20L;V30L 1 2021-01 1
L37F;T381 1 06-04-2021 0.5
S23F,V30L 1 2020-12 0.38
T12M;V30L 1 24-03-2021 0.5
| GREECE |
T13M;V30L 1 26-02-2021 1
‘ MEXICO ‘
MIK;G2A;Y3D;I4G;N5L; V6 Y;F7K;A8R 1 09-04-2021 0.75
P10S;F355 1 21-03-2021 1
| RUSSIA
R20T;M21R;S23P;R24A;Y26N;127A;Q29T;D311,;V32Q; V331, N34P;F35Q;N36G;L37T 1 21-03-2020 1

Several co-mutations in SARS-CoV-2 ORF10 variants have been reported in the
USA, UK, India, South Africa, Spain, Germany, Greece, Mexico, and Russia. The most
co-occurrent mutations (V30L, T38], first reported on January 20, 2021) were found in 20
infected patients in Spain. The US first detected and reported co-occurrent mutations
M1K, G2A, Y3D, I4G, N5L, V6Y, F7K, and A8R on January 16, 2021 from 9 infected
patients, and later on in April 9, 2021 Germany reported its first case from one patient
(Table 4). It is worth knowing that no single mutation at the residue positions 1 and 2
have been reported, and none of the co-mutations among M1K, G2A, Y3D, I14G, N5L,
V6Y, F7K, and A8R were reported as a single mutation in the ORF10 variants. Double
co-mutations P10S; V301 were reported on January 20, 2021 in Spain on January 20,
2021, and somewhere late February 24, 2021, in Germany. Surprisingly, the pathogenetic
effects were predicted to be neutral (Table 3). It was noticed that V30L, one of the most
common mutations in ORF10, was co-occurring with most of the other co-mutations. It
appears that co-mutations in the SARS-CoV-2 ORF10 variants is an emerging trend.
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3.2. Intrinsic disorder regions of SARS-CoV-2 ORF10 variants

The per-residue disorder profiles for 138 unique SARS-CoV-2 ORF10 variants (vari-
ants are too short for disorder analysis) and 35 co-occurring mutations are presented
in Figure 3. Figure 3A shows that the intrinsic disorder predisposition of ORF10 is
noticeably affected by single mutations. Mutations present the largest effects at the
N- and C-terminal regions, where the disorder predisposition can vary from 0.4 to 0.8
and from 0.55 to 0.9 for the N- and C-termini, respectively, and for a region centered at
residue 25, where the disorder score can change from 0.059 to 0.27. Figure 3B compares
the outputs of PONDR-VSL2 for 138 unique ORF10 variants with the results generated
for these proteins by one of the most conservative predictors of intrinsic disorder, and
IUPred_short [50].
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Figure 3. (A): One shows per-residue disorder profiles for 138 SARS-CoV-2 ORF10 variants, (B):
Correlation between the outputs of two commonly used disorder predictors, (C) shows how
disorder propensity is changed in ORF10 variants with co-occurring mutations, and (D) difference
spectra calculated by subtracting off the per-residue disorder scores of wild type ORF10 from the
per-residue disorder scores of corresponding mutants.

Here, we investigate the effects of point mutations on the overall disorder score for
the entire protein. This analysis showed that although the disorder score values gener-
ated by IUPred_short are noticeably smaller than the corresponding PONDR-VSL2 data,
the scales of changes introduced by single mutations in intrinsic disorder predisposition
of ORF10 as evaluated by IUPred (from 0.03 to 0.095) are comparable to that generated
by PONDR VSL2 (from 0.15 to 0.23). Furthermore, both predictors mostly agree on the
direction of the changes introduced in the global disorder propensity of this protein
by single mutations. Figure 3C shows how disorder propensity is changed in ORF10
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variants with co-occurring mutations. Noticeably, the effects of co-occurring mutants are
qualitatively similar to those of single mutations, as most variability is observed at the
disorder predisposition of N- and C-terminal regions and a region centered at residue 25.
However, in the case of co-occurring mutants, scales of changes at the terminal regions
are noticeably larger (the disorder predisposition can vary from 0.35 to 0.92 and from 0.2
to 0.9 for the N- and C-termini, respectively). Finally, to simplify comparison of the effect
of co-occurring mutations on the disorder predisposition of ORF10, Figure 3D shows
"difference spectra” calculated by subtracting of the per-residue disorder scores of wild
type ORF10 from the per-residue disorder scores of corresponding mutants. In this plot,
intensities of the resulting "bands" reflect the scale of changes, whereas their sign, reflects
the mutation-induced increase or decrease (positive or negative values, respectively)
in local disorder propensity. Figure 3D shows that most of the co-occurring mutations
increase the disorder predisposition of the N-terminal region of ORF10, whereas many
such mutations decrease the disorder propensity of the region centered at residue 25,
and most of the mutations do not affect disorder predisposition of the C-terminal region.

3.3. Predicting secondary structures of ORF10 protein variants with co-mutations

The SARS-CoV-2 ORF10 protein was found to interact with few of the human
proteins such as CUL2, ELOB, ELOC, MAP7D1, PPT1, RBX1, THTPA, TIMMSB, and
ZYG11B [33]. A detailed summary of the tissue and cellular expression patterns of
SARS-CoV-2 ORF10 interacting human proteins, based on transcriptomics and antibody-
based proteomics, are presented in Figure 4. The ORF10 of SARS-CoV-2 interacts with
members of the Cullin ubiquitin ligase CUL2%Y¢!!B complex. Interestingly, among the
genes ZYG11B scored the highest with regards to ORF10 interactome, which confirmed
a direct interaction between ORF10 and ZYG11B [32].

Gene name' ¢ Covid-19 bait' ¢ Tissue specificity’ + Tissue expression’ Blood specificity' # Subcellular location (main)’ %

cuL2 SARS-CoV2 orf10 Low tissue specificity I | Lowimmune cell specificity  Nucleoplasm

ELOB SARS-CoV2 orf10 Low lissue specificity I | Low immune cell specificity  N/A

ELOC SARS-CoV2 orf10 Low tissue specificity NIA Low immune cell specificity  Vesicles

MAPTD1 SARS-CoV2 orf10 Tissue enhanced (skeletal gy Immune cell enhanced Microtubules, Cytosol
muscle) (neutrophil)

PPT1 SARS-CoV2 orf10 Low tissue specificity Y | Low immune cell specificity | Golgi apparatus, Vesicles

RBX1 SARS-CoV2 orf10 Low tissue specificity NIA Low immune cell specificity ~ Nucleoplasm

THTPA SARS-CoV2 orf10 Low tissue specificity I | Low immune cell specificity | Nuclzoplasm

TIMMSE SARS-CoV2 orf10 Low tissue specificity I | Low immune cell specificity  N/A

zYe1e SARS-CoV2 orT1D Eiiiﬁ; nhenced (skeletal """ Low immune cell specicity ﬁ:::'e:';paraws' Intermediate

Figure 4. A snapshot summary of the tissue and cellular expression patterns of SARS-CoV-2
ORF10 interacting human proteins, based on transcriptomics and antibody-based proteomics.

The SARS-CoV-2 ORF10 interacting with human proteins CUL2, ELOB, PPT1,
THTPA, and TIMMS8B were expressed in various tissues, including the lung. SARS-
CoV-2 ORF10 contains an a-helical region (amino acid residue positions 3 to 20), which
may interact and form a complex with CUL27YC1B [32]. Tt was furthermore reported
that by forming a complex with CUL24YC11B, ORF10 hijacks it for ubiquitination and
degradation of restriction factors, or alternatively, may binds to the N-terminal glycine
in ORF10 to target it for degradation [32,33].

The secondary structures of nine ORF10 variants including the wild ORF10 (YP_009725255)
with several co-mutations were predicted (Figure 5). The a—helix secondary structural
amino acid (aa) residue position 3 to 20 were invariant for the six ORF variants with
co-mutations as mentioned in panel (4) to (9) of Figure 5, although the reliability indices
were changed for the a—helix region [32].
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Figure 5. Predicted secondary structure of ORF10 variants with co-mutations.

Furthermore, it was observed that the a—helix amino acid residue positions (aa
positions 3-20) got changed to 11-21 and 9-21 due to the co-mutations M1K, G2A, Y3D,
14G, N5L, VeY, F7K, A8R, and M1Q, Y3R, I4W, N5A, V6l, A8T in two different ORF10
variants, respectively. Therefore, due to these two sets of co-mutations, SARS-CoV-2
ORF10 interactions with the CUL27YC11B complex might be affected. Due to the amino
acid residue positional changes in the secondary structure in the ORF10 variants (other
than the reference ORF10 (YP_009725255)), these ORF10 variants with human proteins
other than the CUL24YC11B complex is likely to be affected.

3.4. Amino acid frequency distribution across the unique ORF10 variants and associated clusters

The frequency of each amino acid in the 140 unique ORF10 sequences are presented
in Tables 5 and 6. Also, Figure 6(A) shows the amino acid frequency vector of each
unique ORF19 sequence. It was noticed that glutamic acid (E) and tryptophan (W) were
absent in each ORF10 variant. Among 140 unique ORF10 variants, lysine (K) was present
with a single frequency only in seven North American ORF10 variants (QTD22916.1,
QLA48060.1, QWY66101.1, QVO40425.1, QTP28305.1, QSL79091.1, and QRM91569.1).
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Table 5: Frequency distribution of amino acids over the 140 unique SARS-CoV-2 ORF10

variants (from QKM?75696.1 to QWN58574.1)
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QKG88643.1
QVJ13930.1
QWE67724.1
QRJ36840.1
QQY03084.1
QRG22086.1
QTD22916.1
QUL69971.1
QWB85197.1
QWJ83116.1
QSE09446.1
QWZ00470.1
QTP26076.1
QWK62875.1
QVG57396.1
QRA60944.1
QWE68295.1
QWT58729.1
QWM42669.1
QWS64226.1
QVJ47956.1
QVW78101.1
QLA48060.1
QV098764.1
QWY66101.1
QWQ05246.1
QTS35265.1
QVD24786.1
QV085840.1
QVO040425.1
QWU52456.1
QTP28305.1
QWS07290.1
QWF07009.1
QWY19801.1
QWX30181.1
QWY95666.1
QVU00656.1
QTA53643.1
QUG14309.1
QWY70751.1
QSJ35636.1
QWF03959.1
BCY15724.1
QWT72678.1
QUM42028.1
QUX49292.1
QWK69365.1
QTA74333.1
QWY54619.1
QUV26065.1
QWF05003.1
QUP00476.1
QTJ93574.1
QWN49685.1
QV091006.1
QVV18442.1
QJY78233.1
QVL90897.1
QOH29638.1
QWC74916.1
QSL79091.1
BCX23983.1
QWY94400.1
QSE25736.1
QWN58574.1
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Table 6: Frequency distribution of amino acids over the 140 unique SARS-CoV-2 ORF10

variants (from QTI175440.1 to QWY55420.1)

R

A

ORF10

fYHFFFF IS FOFOFFFFOFSFSF OSSO OFFASFSFSFFOFSFA SIS I FIFIFOOOFIEF T FIOWOIOLO

OO OO NN FHONO OO HON O OO NN OO NOMNNDFHOND O OO O OO O ON N ONNO NN OO HOONONO O OMNNOMMOMOHMMNO HNNOHMMNHM

DO DD DD DODDODODDDODDDDODDDDODDODDODDODOOO

Ll o\l o\ I o I o I o\l ol I o\ I o I oI ot I o\ I o A oI oI o\ I o\ I o\ I o'l o I o\ I o\ I s > T o\ I o\ I o\ I o I s ST o\ I s> B e\ I e o o\ A o' A oI o\ I o\ I o\ A s> B o\ Il o o\ I o\ A o\ I o i o\ I <o I o I o Il o\ I o\ I oA o\ i o i ol I o i s> I o\l o I o i o I o I B o\ I o\l o o I o N o i oI o o

(o o\ o i o N o NN ol I ool o I ol o\l o I ol l o N N ol o Ieol ol N ol ol ol ol Bo N o lesReoNesN ol lo N ol N ol lo N o i ol I o lo I ol la N lo lo Iesl ol lesleoResN o lo i ol lesN ol ol N o Nl ol Hes N ol ol I ol I o N ol N o IesRsNes Mo Mol o I o N o N ol I ol

VAN A A AT A A A A A A A AT N A A AT A A A A A A A A A A A A AT AT NN A A A A AT OO0 OO0 A A A AN A A A OO

FHHFFF OO SISO IO OFHFIOIF OO OO NN HHHFHH IO K

[o I a\la i o\ i o Mo I ol Il o\ I o I o\ I o\l o' I o\ I o' Mo\l ol I ol I o\ I o\ Il o\l o\ lias N o\ Mo\l o\ I o\ I o\l o\ I o I o B B i o i o I ol I o\ lo\ B o\ I <o o I o Il o\ I o I o\ I o\l o\ B o\ I o Ao i o\ Il o\ Mo\ I o\ Il o\l o\ B o\ I o\ I o\l o\ I o\ l o\ I o\ Il o'l o\ i o\ N o\ I o\l o\ I o\ I o\l o\ l o\l o]

[=lelololololololololololololoolo ool i ivlslolololojoleoo oo ool ool ool olo oo loleo ool lolo e ool oo lo oo o o o o o o Jo o o o B

FHHFOOOFOSFSF SISO OOOOSFIFHF OO HFOFFI I FHFIOO HIO FFHHLO FHHO K

oFommmnmnmmmomanmmonanoomonnoaaNAaNANNaOnnmmnommomnonoaNANANNmoOnmmmnmmmmnaommnommnnomotFaonmonmaaaNNNA

OO0 ODODOCOTHOODODODODODODDODODODODODODDODODODDODODODODODODDDODODDODODODODDODODDDDODODODDODODOODODODDODDODODDODODODODDODDODODDODDODDODODDODOODDODDODODOOO

o A O e e e e e e e e e e e e e e e e e e e e e e o O e

C OO O OO OO ODODODODOCDODODODODOCODODODOD OO ODOCDOD OO ODODODODODODOODOCDODOOCDODODODODOCDODODODOOCODODODODOCDODODODOOCDODODODODOCDODOOCOOO

o O e e e e e e e e e e e e e e e A O e e

HreA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A OO e e e e o N

HreA A A A A A A A OO O O O v e e e e e e e e e e e e e e e e e e e e e e e e e e e O e e e e e e e e e e e e e O

OO FOOFEOOOOVOOOOODOOLOOOOLOODFOHFFSFIOOLOOOOOOODOOOOOOOEOOOOEOOOOIOWOOOWOOOOILN FFHIOLW F LWL

[o I a\la i o\ les o I ol Il o\ I o I o\ I o\ o I o\ I o Mo I el ol Ha I o\ I o\l o\ i o\ e s Mo I o\ I o\ B i o\ I o\ i o i o\ B ol B i o I o\ I o\ o\ B o\ I o la B o I o\ I o I o\ Bl B o\ B o I o Ao\ i o I o\ Mo\ I o\ I o\l o B o\ I o\ Mo\l o\ IN o Bl I o\ I o I o i o I o\ Mo Mo\ I o\ I o It B o\ Il o]

1JMJMJJMJllMJJJllJMl.llllJlllMJ1M11.l1M1M1m11.1_11111111_M1111.11111.11111.1&1_111
N A S R eSS B R B S B GO AN N TN B S EF AN A I F NN SN SN SN NSNS B OSSR S
R E S e LR L R e P R N e E P M R R RIS R
[50] o o O oo ¥ Rl N — o o [<'s} SN N N o SO TN NTo) ~ O oo - + O N O

WIS e L S F A 2D B RN R I N BN P T C AL a E N R Rt S RO O RN Y NI NEC S ISR SFNS S0
BNS X0z ERXRUZ<zrERXDS =} LoOSEDEH DORPXOZ» == 2=z H ag v = >
=N S m XOHEROHRU > NP AP0 XOZT X =0 x MEER D << SWDO<KEZTSRS

EESZ220>20rE20RZDEZZRRP > 2> >E 22 >DZEZD>Z 22> EZE>22>002 BRI >TZZSOU>D2E 5652
QQmQQQQWQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQBQQWQQQQQQQQQQQQQQQQQQQQ

It was noticed that asparagine was present in the ORF10 sequences with the highest

frequencies ranging from 4 to 6 (Figure 6(A)). Also, the frequencies of L, F, and V in each
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ORF10 variant were dominant as compared to that of other amino acids.

For each pair of frequency vectors associated with ORF10 sequences, distances were
enumerated (Figure 6(B)).
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Figure 6. (A): Frequency distribution of amino acid across the unique 140 ORF10 proteins, and (B)
Pairwise distance matrix of frequency vectors for each ORF10 protein
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The most distant frequency vector was detected for the SARS-CoV-2 ORF10 BCY15724.1
(Japan, collected in November, 2020). Based on frequency-vector similarity (Euclidean
distance-wise nearness), unique 140 ORF10 proteins were clustered using the K-means
clustering method (Table 7).

Table 7: K-means clustering (clusters: 20) of the unique ORF10 variants based on amino
acid frequency distribution

ORF10 Cluster ORF10 Cluster ORF10 Cluster ORF10 Cluster
QKM75696.1 8 QVW78101.1 11 BCY15724.1 17 QWN58574.1 15
QKG88643.1 1 QLA48060.1 1 QWT72678.1 16 QTI175440.1 16
QVJ13930.1 1 QV098764.1 11 QUMA42028.1 1 QWS53172.1 11
QWE67724.1 7 QWY66101.1 1 QUX49292.1 14 YP_009725255.1 5
QR]J36840.1 7 QWQ05246.1 1 QWK69365.1 11 QWY95092.1 15
QQY03084.1 5 QTS35265.1 20 QTA74333.1 3 QWQ66744.1 15
QRG22086.1 20 QVP24786.1 20 QWY54619.1 14 QSW62483.1 5
QTD22916.1 20 QV085840.1 20 QUV26065.1 14 QVU28280.1 6
QUL69971.1 18 QV040425.1 20 QWEF05003.1 11 QWW53635.1 19
QWB85197.1 3 QWU52456.1 3 QUP00476.1 14 QQX05795.1 20
QW]83116.1 11 QTP28305.1 10 QTJ93574.1 14 QVE28736.1 16
QSE09446.1 6 QWS07290.1 16 QWN49685.1 14 QTC84700.1 16
QWZ00470.1 1 QWEF07009.1 10 QV091006.1 3 QWN49673.1 14
QTP26076.1 16 QWY19801.1 1 QVV18442.1 11 QUA36764.1 16
QWK62875.1 16 QWX30181.1 1 QJY78233.1 8 QSW42096.1 4
QVG57396.1 7 QWY95666.1 1 QVL90897.1 20 QWY22460.1 16
QRA60944.1 3 QVU00656.1 20 QOH29638.1 6 QUF19963.1 16
QWE68295.1 7 QTA53643.1 16 QWC74916.1 5 QTB11041.1 4
QWT58729.1 16 QUG14309.1 20 QSL79091.1 20 QWX09518.1 4
QWM42669.1 16 QWY70751.1 7 BCX23983.1 15 QWUO01215.1 4
QWS64226.1 3 QSJ35636.1 3 QWY94400.1 3 QRM91569.1 9
QVJ47956.1 1 QWEF03959.1 7 QSE25736.1 15 QRX03618.1 12
‘ ORF10 Cluster ORF10 Cluster ORF10 Cluster ORF10 Cluster ‘
QS040790.1 9 QVH90751.1 1 QVU00728.1 5 QWU68360.1 15
QVE25858.1 9 QVX36355.1 2 QUA79573.1 20 QT029824.1 12
QVJ17584.1 9 QWY95104.1 10 QWT65692.1 12 QWU51246.1 9
QV095200.1 9 QWY18545.1 1 QVW43945.1 9 QVX69392.1 9
QVE30392.1 5 QVL15727.1 1 QUM21266.1 10 QWO021857.1 9
QTC19517.1 1 QTO07027.1 6 QTX06599.1 10 QTKO02152.1 6
QVJ37366.1 5 BCX25240.1 6 QVM14069.1 10 QWY72735.1 19
QWQ76823.1 20 QWB65585.1 19 QWY55420.1 9
QVV08801.1 20 QTW57386.1 6 QVR42407.1 18
QUI12106.1 1 QWW38212.1 4 QUA32182.1 2
QWU53472.1 4 QSE30156.1 4 QRG41735.1 2
QTS24551.1 1 QUF17645.1 4 QWT73590.1 4
QNV50343.1 3 QUF20717.1 6 QWK62266.1 6
QUB17908.1 2 QWB83606.1 4 QVM67662.1 13
QVL64016.1 15 QPF60767.1 4 QQE14148.1 19

Based on amino acid compositions in each ORF10 sequence, unique ORF10 proteins
were clustered into 20 different clusters. Cluster-1 contains the highest number (17) of
ORF10 variants, which fall in the US, whereas clusters 13 and 17 contain only one ORF10
variant each. The ORF10 proteins BCY15724 (collected from Japan) and QVM67662
(USA:Florida) belong to cluster 13 and 17, respectively (Table 8).
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Table 8: Frequency of ORF10 variants in each cluster

Cluster Number Frequency Cluster Number Frequency Cluster Number Frequency

1 17 5 7 19 4
20 14 11 7 12 3
16 13 14 7 8 2
4 11 15 7 18 2
9 10 7 6 13 1
3 9 10 6 17 1
6 9 2 4

Clearly, twenty different clusters with different frequencies of ORF10 variants
showed wide variations of ORF10 sequences based on amino acid compositions.

4. Discussion

In this study, a total of 140 unique SARS-CoV-2 ORF10 sequences were observed
among 202968 ORF10 sequences obtained from the NCBI database. Remarkably, most
unique ORF10 variants were first reported in North America only (Table 1). Conse-
quently, the highest number of point mutations and co-mutation were found in North
America. Continent-wise Africa had the highest percentage (1.27%) of unique variants
of ORF10 sequences from Africa. Furthermore, it was observed that all amino acids of
ORF10 except the residue 18, possessed single-missense mutations (Table 2). The unique
ORF10 variants from Asia, Africa, and Oceania had several point-mutations at common
residue positions (Table 2). We noticed that in North America, ORF10 mutations only
at the amino acid residue positions 11 (F11S, F11L) and 16 (L16P) were deleterious, as
reported from North America. A significant percentage of non-synonymous mutations,
53 among the total of 128 mutations were deleterious, which may alter the intensity of
the interactome between ORF10 and host proteins. The 22 unique co-mutations were
observed in different geo-locations Table 4. It was noticed that co-mutations in ORF10
variants became an emerging trend, which was varies slightly in 2020, and inevitably in
the future ORF10 variants with co-mutations might be transmitted to other geo-locations
while restriction on international travel is lifted. Furthermore, it was observed that the
effects of co-occurring mutants are qualitatively similar to those of single mutations, as
most variability is at the disorder predisposition of N- and C-terminal regions and a
region centered at residue 25. However, in co-occurring mutants, scales of changes at the
terminal regions are noticeably larger. Most of the co-occurring mutations increase the
disorder predisposition of N-terminal region of ORF10, whereas many such mutations
decrease the disorder propensity of the region centered at residue 25. Consequently,
these mutations may affect secondary structure and associated functions of the ORF10
variants. In addition, amino acid residue positions of the secondary structures (espe-
cially the N-terminal #—helix regions) of several ORF10 variants changed, and therefore
interaction of those ORF10 variants with the human protein CUL2#YC11B complex are
most likely affected.

5. Conclusions

Unique variations in SARS-CoV-2 ORF10 proteins are an emerging trend across
different continents due to the appearance of various single point and co-occurring
mutations. The highest percentage of unique ORF10 variants were found in Africa,
though the frequency of unique ORF10 variants was significantly dominating with a
total number of unique variants available. It was further observed that the growth
rate of emerging non-synonymous mutations in ORF10 proteins is increasing non-
linearly, which is certainly alarming with regards to stability or instability of emerging
SARS-CoV-2 variants. Due to significant deleterious mutations, expression of the SARS-
CoV-2 ORF10 proteins might get altered a phenomenon, which will affect functional
virus-host protein-protein interactions. Also, it was reported that secondary structure
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«—helix regions of the ORF10 variants was changed due to co-mutations. Consequently,
virulence/pathogenicity of SARS-CoV-2 may get influenced directly or indirectly and
therefore, continous surveillance of mutations and their associated effects is necessary.
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