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Abstract

The effect of the rapid accumulation of non-synonymous mutations on the pathogenesis
of SARS-CoV-2 isnot yet known. To predict the impact of non-synonymous mutations and
polyproline regions identified in ORF3a on the formation of B-cell epitopes and their rolein
evading the immune response, nucleotide and protein sequences of 537 available SARS-CoV-2
genomes were analyzed for the presence of non-synonymous mutations and polyproline regions.
Mutations were correlated with changes in epitope formation. A total of 19 different non-
Synonymous amino acids substitutions were detected in ORF3a among 537 SARS-CoV-2 strains.
G251V was the most common and identified in 9.9% (n=53) of the strains and was predicted to
lead to the loss of a B-cell like epitope in ORF3a. Polyproline regions were detected in two
strains (EPI_ISL_410486, France and EPI_ISL_407079, Finland) and affected epitopes
formation. The accumulation of non-synonymous mutations and detected polyproline regionsin
ORF3aof SARS-CoV-2 could be driving the evasion of the host immune response thus favoring
viral spread. Rapid mutations accumulating in ORF3a should be closely monitored throughout

the COVID-19 pandemic.

I mportance

At the surge of the COVID-19 pandemic and after three months of the identification of
SARS-CoV-2 as the disease-causing pathogen, nucleic acid changes due to host-pathogen
interactions are insightful into the evolution of thisvirus. In this paper, we have identified a set
of non-synonymous mutations in ORF3a and predicted their impact on B-cell like epitope
formation. The accumulation of non-synonymous mutationsin ORF3a could be driving protein

changes that mediate immune evasion and favoring viral spread.
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I ntroduction

The rapid spread of the coronavirus disease 2019 (COVID-19) caused by a novel
coronavirus, named SARS-CoV-2 due to its symptoms similarity to those induced by the severe
acute respiratory syndrome (SARS), isamajor global concern (1). The epidemic started in late
December 2019 in Wuhan, the capital of Central China's Hubei Province and since then
thousands of cases have been reported in more than 46 countries

(https://www.who.int/emergenci es/di seases/novel -coronavirus-2019/s tuation-reports/).

Coronaviruses are enveloped non-segmented positive sense RNA viruses belonging to the family
Coronaviridae and the order Nidovirales and are broadly distributed in humans and other
mammals. The genome of SARS-CoV-2 showed 96.2% sequence similarity to abat SARS-
related coronavirus (SARSr-CoV; RaTG13) collected in Y unnan province, China (1) and 79%
and 50% similaritiesto SARS-CoV and MERS-CoV, respectively (2). A transmission from wild-
life animals (such as pangolins) to humans has been recently suggested (3).

With the immediate and continuous release of sequence data, monitoring the rapid evolution of
the SARS-CoV-2 genome provides a strong lead towards predicting and potentially mitigating its
global spread. ORF3aprotein (Accession # YP_009724391.1) is a hypothetical protein showing
a 72% sequence similarity to SARS3a protein in SARS-CoV. Here, we investigated the presence
of diverse non-synonymous mutationsin ORF3a and their effects on the predicted protein
structure and its potential implication in the formation of epitopes. Moreover, polyproline
regions (PPRs) were detected in two strains. We used this approach to follow and understand the

impact of new emerging mutations in the pathogenesis and immune evasion of SARS-CoV-2.
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Results
Micro-clonality within ORF3a

The clonal diversity of SARS-CoV-2 core genomes was highly similar in tree topology to
the gene tree of ORF3a (Figure 1). Signature mutations within SARS-CoV-2 genomes cluster
them into defined phylogenetic clades. Similarly, we observed micro-clonality within the ORF3a
gene tree defined by highlighted non-synonymous mutations G251V (green) and Q57H (pink)

that are found in conserved phylogenetic micro-clades representing sub-populations of mutants.

Non-synonymous M utationsin ORF3a

ORF3a, encoding a hypothetical protein, showed a 97.82% sequence similarity (100%
coverage) to a nonstructural protein NS3 of Bat coronavirus RaTG13 (Accession #
QHRG63301.1). Moreover, ORF3a has a pro-apoptosis inducing APA3_viroporin conserved

domain, also found in SARS-CoV.

Sequence alignment of 537 ORF3a protein sequences revealed atotal of 19 non-synonymous
amino acids substitutions, of which 52.6% (n=10) had a predicted deleterious functional outcome
and 47.4% (n=9) had a neutral functional outcome (Figure 2.A).

G251V was the most frequently detected substitution found in 9.9% (n=53) of the strains
followed by Q57H found in 3.9% (n=21) of the strains. Both G251V and Q57H were predicted

to be deleterious (Table 1).

G251V linked to an Epitope Loss
The G251V mutations were further investigated. Motif scanning demonstrated that G251V

resulted in the loss of a phosphatidylinositol-specific phospholipase X-box domain
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(PIPLC_X_DOMAIN; 203-275 aa). The G251V substitution created serine protease cleavage
site. IEDB analysis revealed the presence of six putative epitopes in the non-mutant ORF3a
compared to five epitopes in the mutant ORF3a (Figure 2.B). The G251V subgtitution in ORF3a
was linked to the loss of a putative epitope the impact of which on viral spread and pathogenesis
requires further experimental studies. Other T1761 and G254R substitutions resulted in a
decreased intensity of epitopes number two (blue) and epitope number five (yellow) (Figure

2.D).

Detection of PPRs

Notably, we detected PPRs in two SARS-CoV-2 genomes (EPI_ISL_407079, Finland and
EPI_ISL_410486, France). PPRs resulted in the joining of epitopes number four (purple) and
five (yellow) into one larger epitope(red) of 22 amino acidsin size (start:235; end:256; sequence:
KIPPPPPPPPPLHTIDGSSGVV) in EPI_ISL_410486 (France) and led the appearance of a new
epitope 23 amino acidsin size (start 135; end 157; sequence: SKNPPPPPPPPPPPPPPPPHY C) in
EPI_ISL_407079 (Finland) (Figure 2.C). Blastn search of a 23 bp DNA stretch from non-mutant

strains showed a 100% identity to RaTG13 (Accession # MN996532.1).

Discussion

These combined results suggest that the non-synonymous G251V mutation introduced into
ORF3aprotein in SARS-CoV-2 could be linked to immune evasion and thus viral spread and
pathogenesis. ORF3ais a transmembrane protein that localizes to the plasma membrane
especialy in the ER-Golgi region and activates the PKR-like ER kinase (PERK) signaling

pathway which protects viral proteins against ER-associated degradation. The activation of this
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102  pathway leads to apoptosis( 11). A pro-apoptosis inducing APA3_viroporin conserved domain

103  detected in ORF3aof SARS-CoV-2isalso found in SARS-CoV 3A protein (11).

104  The G251V was detected in ORF3ain 9.9% of the strains (n=53). G251V led to theloss a B cell-
105 like epitope and aPIPLC_X_DOMAIN the eukaryotic homologue of which isinvolved in signal
106  transduction processes (8). The accumulation of non-synonymous mutations could be driven by
107 thehumoral immunity as reported previously in the mucin-like domain of the Ebola virus

108  glycoprotein (12).

109  Of paramount importance is the emergence of PPRs in ORF3a detected in two of the SARS-

110  CoV-2 sequenced genomes (in EPI_ISL_410486, France and EPI_ISL_407079, Finland). PPRs
111 are an open field for recombination that viruses use to adapt based on selective pressure (13).
112 PPRswere previously shown to be indispensable for the activity of the Coxsackievirus B 3A

113 protein which blocks ER-to-Golgi transport affecting protein synthesis (14). Studies on Hepatitis

114  Evirusaso highlighted the role of PPRs in host-range adaptation and viral replication (15).

115  Inconclusion, our study reveals and for the first time a common non-synonymous G251V
116  substitution and PPRs in ORF3a which could be respectively linked to the loss of a putative

117  epitope and viral spread and pathogenesis.
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118 Materialsand Methods
119  Pan-genome analysis
120  Atotal of 537 SARS-CoV-2 complete genomes with high quality sequencing downloaded from

121 GISAID were utilized for genome and ORF3a alignments.

122 All sequences were uniformly annotated using Prokkav 1.1.3 (4). The annotated Genbank files
123 were edited to have more concise locus tag identifiers. The Genbank annotations of the genomes
124  wereused asinput in the PanX (5) pipeline for pan genome analysis. A core genome threshold of
125  0.99, MCL inflation parameter of 1.5, and a modified core diversity cutoff for branch lengths

126 above 0.001 were used alongside the default parameters.

127  Protein Structure prediction

128  Seguences were aligned using MUSCLE v3.8.31 (6). PROVEAN was used to predict the

129  functional effects of amino acid substitutions (7). ExXPASy and PROSPER were used for motif
130  scanning and protease site prediction, respectively (8, 9). The Immune epitope database analysis
131 resource (IEDB-AR) was used for epitopes prediction using a 0.5 threshold and default settings

132 (10).
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Tables

Table 1. List of 19 non-synonymous amino acids substitutionsin ORF3a among 537 strains.

The G251V substitution is shown in bold.

Amino acids

substitutionsin ORF3a

| ncidence®

Variation Effect

on Protein(7)

F8L 0.02% (n =1) Deleterious
A54V 0.04% (n =2) Neutral
Q57H 3.90% (n =21) Deleterious
K61N 0.02% (n =1) Deleterious
G76S 0.02% (n =1) Neutral
\V88L 0.02% (n =1) Neutral

W128L 0.02% (n=1) Deleterious
L140V 0.04% (n =2) Neutral
D155Y 0.02% (n =1) Deleterious
T176l 0.02% (n =1) Deleterious
E191G 0.02% (n =1) Deleterious
G196V 0.07% (n =4) Deleterious
H227R 0.02% (n =1) Neutral
E239V° 0.02% (n =1) Neutral
D250V" 0.02% (n =1) Neutral
G251V 9.90% (n =53) Deleterious
G254R 0.02% (n =1) Deleterious
V259L 0.02% (n =1) Neutral
T269M 0.02% (n =1) Neutral

? Percentage values in this column do not add to 100% as mutations only cover afraction of the total sample size;

Total number of sequences= 537.

b Both mutations were detected in the same isolate ESL_|SL_406592

12
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Figure 1. Phylogenetic trees of SARS-CoV-2 core genomes and ORF3a. Magnified

ORF3a

\ <

M \\\G“zsw /

o\ N\

———

maximum-likelihood phylogenetic trees of (A) SARS-CoV-2 genomes based on core genome

SNP differencesin all concatenated ORFs and (B) ORF3a gene tree highlighting G251V mutant

clade in green and Q57H mutant clade in pink.
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219  Figure2: Mutations analysis of ORF3a. (A) Multiple sequence alignment between ORF3a
220  protein of G251V (EPI_ISL_414569, Hong Kong), G254R (EPI_ISL_415627, USA), T176l

221 (EPI_ISL_411950, Jiangsu), PPR-containing proteins (EPI_ISL_410486, France and
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222 EPI_ISL_407079, Finland) mutants compared to non-mutant (EPI_ISL_402123, Wuhan) (B) B-
223 cdl like epitopes of the non-mutated ORF3a protein (left) and G251V mutant (right). Only

224  values above the threshold (0.5) are included. The mutation lead to the loss of one B cell epitope.
225  (C) B-cdl like epitopes of PPR-containing isolates. Additional epitopes areindicated inred. (D)
226  B-cell like epitopes of T176l and G254R mutants with decreased intensity as compared to non-

227  mutant.
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