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SARS-CoV-2, the causal agent of COVID 19, is a new human pathogen that appeared in Wuhan, late December
2019. SARS-CoV-2 is a positive sense RNA virus, having four structural and six accessory proteins including that
encoded by ORF8 gene known to be one of the most hypervariable and rapidly evolving genes. Thus, global
characterization of mutations in this gene is important for pathogenicity and diagnostics. 240 different non-
synonymous mutations and 2 deletions were identified in 45,400 ORF8 nucleotide sequences during six months
pandemic with about half of these variants were deleterious for ORF8, and the quarter of them were located in
conserved amino acids. Genetic diversity analysis showed two main regions that harbor L84S and S24L. L84S is

by far the most predominant mutation, followed by S24L that appeared first in USA. Phylogenetic analysis of
ORF8 variants revealed the appearance of small clades with that of L84S being closer to bats. This is the first
study that revealed the global nonsynonymous mutations in ORF8 from January to June 2020.

1. Introduction

COVID-19 caused by pathogenic coronavirus SARS-Cov-2 appeared
in Wuhan, China, late December 2019 (Wu et al., 2020; Zhou et al.,
2020; Huang et al., 2020). More than 70 million persons have been
affected leading to more than one million death by December 14th.
SARS-Cov-2, like SARS-CoV (Drosten et al., 2003) and MERS (Middle
East respiratory syndrome-related Coronavirus) (Zaki et al., 2012) be-
longs to the Betacoronavirus genus, of the Sarbecovirus subgenus, of the
Nidovirales order, of the Coronaviridae family (Zhou et al., 2020). Viruses
of this latter are positive sense, single stranded RNA and are charac-
terized by their large genomes, up to 33,000 nucleotides (nts). The
genome of SARS-CoV-2 is of 30,000 nts (Wu et al., 2020; Zhou et al.,
2020) encoding, among others, four structural proteins: envelope (E),
membrane (M), nucleocapsid (N) and spike (S) which is used by the
virus to enter the human cells by engaging human angiotensin-
converting enzyme 2 (ACE2) receptor (Li et al., 2003). Several
nonstructural proteins are encoded by ORF1a and ORF1b, that constitute
two thirds of the viral genome and are essential for replication since they
are translated into polyproteins (Wu et al., 2020), generating 16
nonstructural proteins (nsp 1 to nsp16) (Cagliani et al., 2020). As for the
remaining part of the genome, it concerns mainly accessory proteins
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(ORF3a, ORF6, ORF7a, ORF7b, ORF8 and ORF10). ORFS8, not shared by
all members of the Sarbecovirus subgenus, is of 366 nts in length,
encoding a protein of 121 amino acids (Wu et al., 2020), and constitute
with orf3b, orf10 and S, the major difference between SARSr-CoV and
SARS-CoV (Chan et al., 2020; Yang et al., 2020).

ORF8 and the RBD encoding domain of the S genes constitute the
most hypervariable regions in the genome of SARS-CoV (Chan et al.,
2020; Wu et al., 2016) which together with three Macro domains in
ORF1a constitute the most evolving regions in SARS-CoV-2 genome (Tan
et al., 2020). Single Nucleotide Variations (SNVs) in ORF8 at 28144T>C
(251T>C, L84S) characterize the SARS-CoV-2 S clade (Tang et al.,
2020), leading to divergence of phylogenetic group (Tang et al., 2020;
Velazquez-Salinas et al., 2020). SARS-CoV-2 ORF8 protein shares 94,3%
and 26% homology with that of Bat-SL-CoVZC45 and early phase con-
taining a full-length ORF8ab SARS-CoV (SARS-CoV_GZ02) respectively
(Wu et al., 2020; Chan et al., 2020; Zhang et al., 2020). However, mid
and late phase SARS-CoV strains (SARS-CoV_BJ01) that have 29-nucle-
otide deletion responsible for the splitting of ORF8ab into ORF8a and
ORF8b (Oostra et al., 2007), exhibit respectively only 10% and 16%
homology with that of SARS-CoV-2 ORF8 protein (Zhang et al., 2020).
The exact function of ORF8ab, as well as ORF8a and ORF8b is still
elusive (Mohammad et al., 2020). Recently, it has been shown that
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SARS-CoV-2 ORF8 belongs to novel families of Immunoglobulin proteins
(Tan et al., 2020; Flower et al., 2020), suggesting a role in modulating
host immunity, and thus, providing support to the work of Zhang and
colleagues that suggested its implication in downregulating MHC-1
(Zhang et al., 2020), or in inhibiting type I interferon (IFN-B) (Li et al.,
2020).

The number of SARS-CoV-2 sequences is increasing (159 thousands
sequences by October 23rd) from different countries, and are available
on GISAID EpiCoV™ (Global Initiative on Sharing All Influenza Data;
https://www.gisaid.org/) (Shu and M.J., 2017). Despite that, the mu-
tation rate of SARS-CoV-2 is still low in comparison to other RNA vi-
ruses. However, mutations in the genome still occur as the virus
propagates in humans. This will certainly lead to viral genomic diversity
that is important for viral adaptation to different hosts and environ-
ments (Hufsky et al., 2020). Characterization of mutations, especially in
fast evolving genes like ORF8 (Tan et al., 2020) is important not only for
pathogenesis and immune modulation but also for drugs and diagnostic
tests, especially ORF8 which is one of the viral proteins that has been
shown to elicit strong and specific antibody response (Hachim et al.,
2020; Wang et al., 2020a). In this context, ORF8 has been studied not
only at the evolutionary level (Pereira, 2020; Chen et al., 2020) but also
at the mutational one (Hassan et al., 2020), in which only 78 mutations
in ORF8 were identified.

In our present study, we were interested in a more global charac-
terization of ORF8 mutations that could have occurred in the ORF8 gene
during the pandemic period from January to June 2020. We had iden-
tified 240 mutations and 2 deletions in 45,400 sequences in ORF8 and
analyzed the genetic diversity of mutations and their geographic dis-
tribution, in addition to making a phylogenetic tree of the ORF8 vari-
ants’ sequences, together with that of bat and pangolin.

2. Materials and methods
2.1. Genome collection and variant analysis

The sequence of Wuhan-Hu-1 (NCBI, NC_045512.2), was used as a
reference sequence for numbering, nucleotide location, and amino acid
variations. ORF8 nonsynonymous variants and deletions were retrieved
from CoV-GLUE (Singer et al., 2020). The total number of sequences that
were analyzed by CoV-GLUE was 49,780. Only 45,400 sequences were
taken into consideration, according to the exclusion criteria defined by
CoV-GLUE (length between 29,000 and 35,000 nts, covers 95% of the
coding sequence, and does not contain more than 10 unique variants, or
frameshifting deletion or insertion in comparison to Wuhan-Hu-1).

Full genome viral DNA sequences were collected from GISAID Epi-
CoV™, from January to June 2020. ORF8 DNA and protein sequences
were extracted manually and verified for the presence of variant, as well
as for the presence of more than one variant in each sequence.

Sequences that contain N stretches were excluded from phylogenetic
trees and nucleotide diversity analysis, in addition to the deletions of the
latter. Those that contain symbols like K, R, M, Y, S, W at the DNA level
were verified after Blast with the Wuhan-Hu-1 (NCBI, NC_045512.2)
ORF8 DNA sequence and corrected manually for phylogenetic analysis
and mutation counting.

The effect of each variant on ORF8 protein was analyzed by the
Protein Variation Effect Analyzer (PROVEAN v1.1.3.) (Choi and Chan,
2015). The score threshold for prediction was —2.5.

2.2. DNA and protein sequence alignments

MAFFT (Katoh and Standley, 2013) was used for pairwise alignment.
Alignment of DNA and protein sequences was accomplished on all
sequence variants as well as on the followings: SARS-COV-2 Wuhan-Hu-
1 (NC.045512.2, YP_009724396.1), Bat coronavirus RaTG13
(MN996532.1, QHR63307.1), Bat SARS-like coronavirus isolate Bat-SL-
CoVZC45 (MG772933.1, AVP78036.1), bat SARS-like coronavirus WIV1
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(KF367457.1, AGZ48840.1), Bat SARS-related coronavirus isolate F46
(KU973692.1, ARO076390.1), Pangolin coronavirus isolate MP789
(MT121216.1, QIG55952.1), SARS coronavirus GZ02 (AY390556.1,
AAS00010.1) and Paguma Civet coronavirus (AY515512.1). ORF8 DNA
sequences of different species were extracted manually after alignment.
Aligned sequences were seen by Seaview 5.0.4 (Gouy et al., 2010)
and Biological Sequence Alignment Editor (BioEdit 7.2.5) (Hall, 1999).
ORF8 DNA and protein sequence identity were determined using
Needleman-Wunsch Global Align Nucleotide/Protein Sequences.

2.3. Nucleotide diversity and population genetic analysis

The sequences downloaded from GISAID EpiCoV™ were subjected to
cleaning, and only 1500 sequences were taken from North America,
Oceania, Asia and Europe. As for Africa and South America, the avail-
able sequences that were taken were 344 from the former and 395 from
the latter.

Pi which is the average number of nucleotide differences per site
between two sequences was performed using DnaSP (DNA Sequence
Polymorphism) 6.12.03 (Rozas et al., 2017). Files were converted by
DnaSP in order to accomplish Fst analysis and Tajima’s D test by Arle-
quin 3.5.2.2 (Excoffier and Lischer, 2010).

Phylogenetic tree construction.

Regarding phylogenetic tree construction, only one representative
sequence of each variant was chosen.

DNA and protein phylogenetic trees were constructed with and
without Bat coronavirus (RaTG13 MN996532.1, QHR63307.1), Bat
SARS-like coronavirus isolate Bat-SL-CoVZC45 (MG772933.1,
AVP78036.1), and Pangolin coronavirus isolate MP789 (MT121216.1,
QIG55952.1). In addition, SARS-CoV-2 ORF8 DNA and protein se-
quences (gene ID: 43740577, YP_009724396.1,) and the 2 deletions’
sequences, 269 and 259 of ORF8 DNA and protein sequences respec-
tively, were included. After sequence alignment by MAFFT, RAXML-
HPC-PTHREADS-SSE3 version 8.2.10 (Stamatakis, 2006), on raxmlGUI
2.0.0 for windows, was used for the inference of the phylogenetic trees
using maximum likelihood approach, under GTRGAMMA and PROT-
GAMMA options for DNA and protein sequences respectively, with 1000
bootstrap replicates. Phylogenetic trees were visualized on Interactive
Tree Of Life (iTol) web site (https://itol.embl.de/) (Letunic and Bork,
2007).

3. Results

3.1. Sequence alignment between SARS-CoV-2 ORF8 with other animal
viral species

Sequence alignment between SARS-CoV-2 ORF8 DNA and protein
sequences with other animal viral species are shown in Table 1 in order
to determine the degree of conservation at the DNA and protein levels.

The Conserved amino acids among different animal viral species are
shown in Fig. 1.

3.2. Nonsynonymous variants

240 ORF8 different nonsynonymous mutations were identified in
6337 sequences retrieved from COV GLUE (Singer et al., 2020) and
downloaded from GISAID EpiCoV™. 573 sequences contained more
than one variant, and 5165 sequences had only one variant, thus
reducing the total number of sequences with variants in ORF8 to 5738
sequences (~13% of 45,400 sequences have mutation in ORF8). It was
found that 17 out of 240 mutations were nonsense, thus representing
7%, whilst missense mutations represented around 93% of the non-
synonymous mutations. Fig. S1 shows the aligned variants’ sequences
with SARS-CoV-2 ORF8 (YP_009724396.1).

The effect of each mutation on ORF8 protein was predicted by
PROVEAN. Table S1 shows the list of nonsynonymous mutations
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Table 1

ORF8 DNA and protein sequence homology between SARS-CoV-2 and other animal viral species.
SARS-CoV2 ORF8 Bat CoV RaTG13 Bat-SL-CoV WIV1 Bat-SL-CoVZC45 Bat SARSr CoV KU Pangolin CoV Paguma civet SARS-CoV
DNA homology 91% 68% 89% 54% 80% 56% 56%
Protein homology 95% 58% 94% 27% 82% 30% 30%

SARS-CoV-2 ORFS
Bat CoV RaTG13
Bat-SL CoVZC45
Pangolin CoV
B3t SLCoVWIV1
83t KUS73632
SARS-CoV-GZ02
Paguma CoV

500 AN
| \
LEELEE.]

W0 X000 Y

Fig. 1. ORF8 Protein sequence alignments of SARS-CoV-2 ORF8 with other animal viral species.
ORF8 Protein sequence alignments of Human SARS-CoV-2 (YP_009724396.1), Bat coronavirus RaTG13 (QHR63307.1), Bat-SL-CoVZC45 (AVP78036.1), Bat SARS-
like coronavirus WIV1 (AGZ48840.1), Bat SARS-related coronavirus isolate F46 (ARO76390.1), Pangolin coronavirus (QIG55952.1), SARS CoV GZ02 (AAS00010.1),

and Paguma Civet coronavirus using MAFFT.

including their effects on ORF8 protein and their locations and conser-
vations, as well as the number of sequences of each one.

Concerning nonsynonymous mutations, the number of sequences
with L84S worldwide is 3233, followed by S24L in 879 sequences mostly
from United States of America (USA), V62L in 172 (Fig. 2), A65S in 83
sequences, A51V in 44 sequences, S67F in 38 sequences, Q18* in 29
sequences, and E19D and T26I were each found in 27 different se-
quences (Table S2).

74 different double co-mutations were also observed, with L84S,
V62L being the most frequent, and were found in 330 sequences, fol-
lowed by L84S,A65S and L84S,E19D that were found in 28 and 27
different sequences respectively, and finally S24L, S69L that were found
in 17 different sequences.

Twelve triple co-mutations were also observed, where for example,
L84S,V62L,P36S was found in 4 sequences, whilst each of L84S,V62L,
I88V and V62A,R48G,V49L co-mutation was observed in 2 different
sequences.

Variants, such as V62L,R115S (EPI_ISL_469002), V62L,K53N (EPI_-
ISL_459067), 1L84S,V62L,C102Y (EPI _ISL_436434), 1121L,F120V,L118*
(EPLISL_454578), C102F,L60F (EPLISL 451832), A65S,V62F,Q72H
(EPLISL_456596), and A65T,C83Y (EPIISL 430806) were excluded
from protein and DNA phylogenetic trees construction because of the
uncertainty of their associations (presence of letters, like K, R, Y, M, S, W
reflecting the presence of virus quasi-species). Others such as P70S
(EPLISL_425132), 1I39V,P38V  (EPLISL 434511), E64V  (EPI-
ISL_455774), H112R (EPI_ISL_465538), 174L (EPLISL 455577), Q29R
(EPLISL_440153), Q91H (EPI_ISL_428962), A14S (EPI_ISL_462306) and
S241,D34E,D35E, N89S (EPIISL _427171), were not included in the
protein and in the DNA phylogenetic trees construction due to the
presence of N stretches in ORF8 sequence. L7-1121del was excluded
from the protein tree because it was of the same sequence as L7*.

P85T and F86S were not found after sequence verification. However,
V62F was found in our analysis (EPI_ISL_456596) but not documented
by COV-GLUE.

Thus, 125 mutations, that are deleterious to ORF8 protein, were
found in SARS —CoV-2 ORF8, with 59 of them were found to be at
conserved amino acids among 8 viral species (Fig. 3).

3.3. ORFS8 diversity evaluation and evolution at population level

The number of sequences obtained post-cleaning included 19,000
from Europe, 6000 from Asia, 9000 from North America, 6000 from
Oceania, 344 from Africa, and 395 from South America. The analysis of
Pi distribution over the length of ORF8 in six continental sequences
revealed four regions of diversity including 51-95, 161-205, 245-260
and 286-316 (Fig. 4). Actually, the region from 51 to 95 was found to be
predominant in North America and Oceania but not in the other conti-
nents whilst that from 161 to 205 was found mainly in North America

and Oceania, but in low number. Moreover, the region from 245 to 260
was found to be abundant in all continents, whilst that from 286 to 316
appeared mainly in Africa.

Pi on whole sequence showed that the highest diversity is in North
America, whilst the lowest one is in Europe. The low diversity in Africa
and South America could be attributed to the low number of available
sequences.

Tajima’s D test demonstrated that the population expansion in Africa
and South America is weak, whereas, in North America it is slightly
weak and hardly significant. The highest value was observed in Asia and
Europe.

Fst analysis revealed that most of the value was significant. The
highest value was between North America and Europe, with 9% of dif-
ferentiation; however, low value was obtained between North America
and Oceania and between South America and the other continents.

3.4. Deletions

A deletion of 6 bases (Refseq: 28090-28095del (GTTCTA)) was re-
ported in 16 different sequences, mostly from England, from the GR, GH,
G and O clades leading to G66-S67del and K68E substitution in ORF8
protein. The other deletion is of 344 nts from 27,910 to 28,254 causing a
deletion of amino acids from Leucine at position 7 to Isoleucine at po-
sition 121 (L7-I121del), was found in two sequences (Table 2). This
deletion was observed in two sequences from Bangladesh. Other de-
letions were not included in our study, like 62 nt deletion (EPI -
ISL,_452497) and 138-nt deletion (EPI_ISL_426967) due to the presence
of N stretches at the beginning of ORF8 gene in the former, and the
presence of N in the codon of the fourth amino acid in the latter.
However, the 382 deletion (EPI_ISL_414378) (Su et al., 2020) was not
included because it causes the complete loss of ORF8 protein.

3.5. Phylogenetic trees

Phylogenetic trees’ construction using maximum likelihood
approach with 1000 bootstrap replicates of ORF8 DNA sequences
without bat and pangolin ORF8 revealed the presence of clades. Besides
the L84S which is the largest clade, others, such as S24L, V62L, Q72H,
R52, and 1121L were also observed. L84S and V62L associated with
other nonsynonymous mutations constituted a subclade inside the L84S
clade in the DNA tree (Fig. 5A) showing a distinct clade in the protein
tree (Fig. S2). The maximum bootstrap value was 52 and 57 for Protein
and DNA phylogenetic trees, respectively.

A phylogenetic tree with Bat CoV RaTG13, Bat-SL-CoVZC45, and
Pangolin Coronavirus reveals that L84S is closer to them than to the
SARS-COV-2 Wuhan-Hu-1 reference sequence (indicated as SARS COV2
ORF8) (Fig. 5B). The maximum bootstrap value was 78 and 100, be-
tween Bat CoV RaTG3 and the Bat-SL-CoVZC45 and pangolin CoV group



= United States of America

B Spain

 Australia

& United Kingdom

m China

= Canada

W Thailand

W India

W Saudi Arabia

m South Korea

| Netherlands

W Kazakhstan

= Uruguay

= New Zealand

® Chile

= Portugal

M celand

u Mexico

m Singapore

W Nigeria

= Colombia

B Greece

mTaiwan

W Luxembourg

u Japan

= Austria

W Bangladesh
Germany

m Belgum

u Malaysia

- Senegal

W Uganda

m Hong Kong

m Vietnam

| Jordan

m Russia

o France

u Brazil

uGhana

 Tunisia

=0Oman

B Sweden

mSwitzerland

m Denmark

m Poland

= Turkey

W United Arab Emirates

m Costa Rica

 Democratic Republic of the Congo

u Georgia
u Egypte

L84S

S24L

Ve2L

N United States of
Amerca

m Australia

m Canada

B New Zealand

M Singapore

m United Kingdom

= United Kingdom

m United States of America
uinda

u Netherlands

m iceland

m Denmark

m Australa

m Canada

m Begium

m Singapore

m Brazil

Fig. 2. Geographic distribution of most frequent SARS-CoV-2 ORF8 variants.
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Fig. 3. ORF8 Mutations at conserved amino acids between 8 viral species.

Protein sequence of SARS-CoV-2 ORF8 (YP_009724396.1), f-strands and disulfide bridges are indicated below the protein sequence (Flower et al., 2020). 59 mu-
tations that were found at conserved amino acids between 8 viral species are indicated above. Mutations at Cysteines 25, 37, 83, 90 and 102 that form disulfide
bridges are indicated in red. No mutation was found at C61. Some variants were found at conserved amino acids and were located in p-strands like Q23X(H), C25F(S),
P30S (L,Q,T), W45S(L,C,X), R48G, I88T (F,V), C90F, G96V(S,C), R101(L,C) and C102F(Y), D113Y, V116A, V117F and L118X(V,S,F). Red squares indicate deleterious
mutations. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. ORF8 nucleotide diversity analysis in six continents.

Pi analysis of ORF8 sequence at level 25, step 5, in six continents, reveals the presence of 3 pics: from 51 to 95, 161 to 205, 245 to 260 and 286 to 316. X axis

represents the level of DNA sequence whilst Y axis represents the Pi value.

at the protein and DNA trees, respectively.
4. Discussion

As the epidemic is growing, and the number of genome sequencing is
increasing, new viral mutations will appear creating a genomic diversity
of SARS-CoV-2. Despite the fact that the mutation’s rate in SARS-CoV-2
is less than that of other RNA viruses, like influenza (Nextstrain.org),
240 different nonsynonymous mutations, from January to June 2020,
were detected in the ORF8 gene leading to nonsense and missense mu-
tations of 7 and 93%, respectively. These results go in the same direction

as for the missense and nonsense mutations in the ORF8 gene (Koyama
et al.,, 2020) and SARS-CoV-2 genome (Pathan et al., 2020), in which
they show that the missense mutations were higher than the nonsense
ones.

Among the 240 nonsynonymous mutations, L84S, the most frequent
is located between C83 and P85 (Flower et al., 2020). It seems that this
variant has no effect on protein structure (Flower et al., 2020). Likewise,
S24L which is part of the 1 strand (Tan et al., 2020; Flower et al., 2020)
and V62L come next in the order. Those analyses are in accordance with
the results that were obtained by Pi analysis since these variants are
located in the three major regions. To note, the highest value of the
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Fig. 5. Phylogenetic tree of SARS-CoV-2 ORF8 DNA variants.

A: ORF8 DNA of Human SARS-CoV-2 (SARS CoV2 ORF8) (gene ID: 43740577), and the 269 variants sequences and 2 deletions’ sequences (G66-S67del, K68E, L7-
I121del) were analyzed. B: Bat coronavirus RaTG13 (MN996532.1), Bat SARS-like coronavirus isolate bat-SL-CoVZC45 (MG772933.1), and Pangolin coronavirus
isolate MP789 (MT121216.1), were added to the phylogenetic analysis. Phylogenetic construction was performed using maximum likelihood approach, under
GTRGAMMA option, with 1000 bootstrap replicates. Bootstrap value from 50 and above were indicated. Maximum bootstrap value in A is 57, and 100 in B.

second and third pics that refer to North America is predominant in the
United States of America (Data not shown) because of the double co
mutation L84S and V62L.

The lowest value of Tajima’s D test was in Asia and Europe indicating
a large expansion in the viral population. In Asia, Tajima’s D test high
value could reflect the large number of affected patients and the low
number of sequenced viruses, whilst in Europe, it could be related to the
high number of infected patients, as was the case in Italy and Spain, or to
the so-called herd immunity that was the objective of United Kingdom.
Indeed herd immunity strategy allows a rapid expansion of the virus
population from different sources allowing the virus population to
accumulate an excess of rare mutations. Kim and colleagues (Kim et al.,
2017) showed that Tajima’s D values are a good indication of the
epidemiological dynamic. D values decrease rapidly with the increase of
infected individuals and increase with the decrease in the number of
infected patients. Our study is a good example of the possible usage of D
values, to assess the virus dynamics in a population.

Mutations could be dynamic, as it has been proposed that some
mutations like L84S are disappearing, and there is emergence of new
ones that render the virus more infective, like S24L that was first
sequenced in the USA (Wang et al., 2020b). This could explain the weak
signal of population expansion whose distribution of S24L, on a large
number of sequences, and, at the same time, of L84S increased the Pi
value and added some equilibrium with the low frequency of new
mutations.

The absence of S24L (except one case in the United Kingdom) is
probably the reason behind high Fst value between North America and
Europe. As for low Fst value between North America and Oceania, it
could refer to high host travel between these continents, especially that
the appearance of this variant appeared simultaneously, being earlier in
USA (03-03-2020 first submitted).

Mutations in other SARS-CoV-2 genes like S gene (Korber et al.,
2020), ORF3a (Issa et al., 2020), and others were reported (Koyama

et al., 2020). However, ORF8 and S gene constitute the most hypervar-
iable regions in the genome of SARS-CoV, and were shown to be
recombination hot spots (Chan et al., 2020; Wu et al., 2016).

In addition to the deletions reported here, a 382 nt deletion
(27,848:28229) of the ORF7b and ORF8 that includes its transcriptional
regulator sequence (TRS) was documented from Singapore (Su et al.,
2020) and Taiwan (Gong et al., 2020). It was found that this deletion
was associated with higher replication fitness (Su et al., 2020). Other
deletions in SARS-CoV-2 genome were observed in ORF7a (81 nts) from
Arizona (Holland et al., 2020), apparently of the same origin (Su et al.,
2020). This deletion could be a way of immune evasion since ORF8
elicits specific strong antibody response (Hachim et al., 2020; Su et al.,
2020). This also could explain the presence of deletions and mutations
like M1I (T,V) and nonsense ones.

Deletions were also observed in other Coronaviruses. SARS-CoV
ORF8 deletions of 29, 82 and 415 nts were also observed (Consortium,
2004). The deletion of 29 nts in SARS CoV ORF8ab was found in strains
of mid and late phase whose effect has been a matter of debate. It was
suggested that it is involved in adaptation of SARS-CoV to inter human
transmission (Liu et al., 2014) leading to a protein of new function
adequate to later stages of epidemic (Consortium, 2004; Guan et al.,
2003). Whilst Muth and colleagues (Muth et al., 2018) observed a
reduction in viral replication, for them, this deletion provide viral sur-
vival despite reduced fitness due to a founder effect. According to
Worobey and colleagues (Worobey and Holmes, 1999), deletions are a
way to get rid of accumulated mutations in some DNA fragments.

SARS-CoV-2 ORF8 protein has been shown to be implicated in im-
mune evasion by downregulating surface expression of MHC-1 (Zhang
et al., 2020). Wang and colleagues (Wang et al., 2020b) showed that
L84S decreases the function of ORFS8, and thus is beneficial for human
immune system, whilst $24L increases its function since it reinforces
protein folding stability. As for deletions, 382 nts deletion was shown to
cause milder infection (Young et al., 2020).
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It would be of great importance to decipher the effects of variants
and deletions experimentally on ORF8 protein structure and function,
and to analyze the effects of these mutations and their relations to viral
infectivity and their impacts on disease severity and clinical features
since D614G in the S protein seems to enhance infectivity but not disease
severity (Korber et al., 2020), and the deletions close to the spike S1/S2
cleavage were more related to mild symptoms (Andres et al., 2020). In
addition, It would be interesting to track these mutations in order to see
if the virus is fixing some variants that could help in tracking the spread
of the disease (Grubaugh et al., 2020) and could be important for
pathogenicity.

Phylogenetic analysis of protein and DNA sequences of SARS-CoV-2
ORF8 variants, together with that of Bat and Pangolin, revealed that
L84S (L84S, A65V) is closer to both of them. The highest bootstrap value
was obtained between Bat RaTG3 and Bat-SL-CoVZC45 and pangolin
CoV group due to the high level of divergence compared to those among
the sequences of ORF8 variants. In these variants, the low value of
bootstrap could be due to the small size of protein sequence (121 aa) and
to the low level of divergence between sequences which, in most cases, is
only a single amino acid (i.e. one base at the level of DNA sequence). The
exception to this, is the sequences that have double or triple co muta-
tions in which we observed the presence of clades and subclades. To note
that, L84S clade is also dependent on another variant located in the
ORFlab at 8782C>T, and this makes the possibility that L84S clade
could be more ancestral than the L clade especially with the presence of
COVID19 asymptomatic patients. This could also make the possibility
that human SARS-CoV-2 was propagated before the sequenced virus of
Wuhan.

Last but not least, this work revealed the effectiveness of COV-GLUE
and its accuracy in detecting nonsynonymous mutations and deletions in
ORF8 gene because only V62F was not documented, and P85T and F86S
were not found among the 240 mutations.

5. Conclusion

ORF8 gene is one of the coronaviruses accessory proteins that offer
flexibility and that are prone to mutations and one of the most hyper-
variable regions in their genomes. 240 different nonsynonymous mu-
tations and 2 deletions were found in SARS-CoV-2 ORF8 gene in 45,400
sequences. About half of these mutations are deleterious to ORF8 pro-
tein, and the quarter of them are among animal viruses’ conserved
aminoacids. Those mutations, regardless of their effects on ORF8 itself,
might have an effect on SARS-CoV-2 biology, and as a result, might curb
the discovery of antiviral drugs and vaccine as well, especially that
SARS-CoV-2 ORF8 is one of the viral antigens that elicit host immune
response. Further analysis of these mutations at the genetic and func-
tional levels together with the clinical symptoms of patients will help
understand host-virus interaction and might speed the eradication of the
virus.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.genrep.2021.101024.
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