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ABSTRACT

The high variability of the Severe Acute Respiratory Syndrome CoronaVirus 2 (SARS-CoV-2) genome presents a
challenge to scientists on molecular diagnosis, treatment and vaccination. In this work, we have characterized the
proteomic mutations of SARS-CoV-2 responsible for COVID-19 in Algeria present during the period March 2020 to
July 2021. We extracted 44 sequences from the GISAID platform's database (Global Initiative on Shating Avian
Influenza Data). The search for virus variants was performed on the GISAID and PANGO platforms (Global
Outbreak: cov-lineages.org/). The proteins with the most mutations wete Spike, N (Nucleoprotein), NSP3 (Non-
Structural Protein 3) and NSP12 (Non-Structural Protein 12). The most frequent mutations were D614G and P323L,
found in the Spike and NSP12 proteins, respectively. However, positions S-614 and NSP12-323 were less mutable than
those of the accessory NS7a/b proteins, which are involved, in the immune escape. Among the mutations found in the
Spike, five were associated with the VOCs "Variants Of Concern" and four with the VOIs "Variants Of Interest".

The study of the GISAID clades revealed that the G, GH and GR clades were present at the start of the pandemic and
replaced by the GK corresponding to the Delta variant, which is currently predominant in Algeria.
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RESUME

La variabilité importante du génome de SARS-CoV-2 (Severe Acute Respiratory Syndrome CoronaVirus 2) pose de
nombreux défis aux chercheurs tant au niveau du diagnostic moléculaire, du traitement que dans la vaccination des
populations. Dans ce travail nous avons caractérisé les mutations du SARS-CoV-2 responsable du COVID-19 en Algérie
présents durant la période mars 2020 a juillet 2021. Nous avons extrait 44 séquences completes de la base de données de
la plateforme GISAID (Global Initiative on Sharing Avian Influenza Data : www.gisaid.org). La recherche des variants
du virus a été réalisée sur la plateforme PANGO (Global Outbteak : cov-lineages.otg/) .Les protéines les plus mutées
sont S (Spike), N (Nucléoprotéine), NSP3 (Protéine Non-Structurale 3) et NSP12 (Protéine Non-Structurale 12). Les
mutations les plus fréquentes étaient D614G et P323L trouvées dans les protéines S et NSP12 respectivement.
Cependant les positions S-614 et NSP12-323 étaient moins mutables que celles des protéines accessoites NS7a/b, qui
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sont impliquées, dans I'échappement immunitaire. Parmi les mutations trouvées au niveau de la protéine S, cinq étaient
associées aux variants VOCs « Variants Of Concern » et quatre avec les variants VOIs « Variants Of Interest ».

Par ailleurs, I’étude des clades GISAID a révélé que les clades G, GH, GR étaient présents au début de la pandémie puis
progressivement ils ont été remplacés par le clade GK correspondant au variant delta (B.1.617.2) qui est actuellement

prédominant en Algérie.

MoTs CLES: SARS-CoV-2, protéome, mutations, variants, Algérie.
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Introduction

In December 2019, Severe Acute Respiratory
Syndrome CoronaVirus 2 (SARS-CoV-2) was identified
as the viral agent responsible for the COVID-19
pandemic. In September 2021, the number of cases
worldwide was over 93 million and 2 million deaths
(Wotld Health Otganization, https://www.who.int).

SARS-CoV-2 belongs to the Coronaviridae family; it is
a positive sense single-stranded RNA virus with a
genome of approximately 30,000 nucleotides.

On the 5' side of the SARS-CoV-2 genome, two open
reading frames ORF1a and 1b encode 16 non-structural
proteins (NSP1 to NSP16) and at least 6 accessory
proteins (ORF3a, ORF6, ORF7a, ORF7b, ORFS,
ORF10).Four structural proteins were encoded by this
genome: glycoprotein or Spike (S), envelope protein
(E), membrane glycoprotein (M) and nucleocapecid
protein (N) [1-2].

SARS-CoV-2, like all RNA viruses, has a very high
mutation rate, up to a million times that of its hosts [3].
This high rate is correlated with a modulation of
virulence and with adaptability, which gives the virus
the possibility of propagation. Mutation hot spots are
gradually being identified in the SARS-CoV-2 genome.
These sites are numerous and distributed in several
regions of the genome.

A whole proteome analysis of SARS-CoV-2 revealed
the presence of 7, 28, and 2081 mutations at the start of
the pandemic (from December 2019 to May 2020), with
a high frequency (10%), moderate (1— 10%), and weakly
(0.01-1%) frequency, respectively. S: D614G (mutation
in the spike) and NSP12: P323L (mutation in the
NSP12 protein) were the most common mutations,
occutring in neatly 3/4 of the cases. Furthermore, the
envelope proteins (E) and the Nsp4, Nsp9and Nsp10
proteins were the least variable [4].

The accumulation of mutations in the Spike of the
original virus from Wuhan (China), defined as variants
called "Variants Of Interest" (VOIs) and "Variants Of
Concern" (VOCs).

The VOC:s variants are characterized by the presence of
the D614G, N501Y, 1.452R  substitutions and
HV69-70del deletions in Spike. Indeed, the World
Health Organization (WHO) has described four other
VOCs: Alpha, Beta, Gamma and Delta.

The VOIs variants are characterized, in addition to the
Do614G, by the N439K, S477N, 1.452Q), and del247-
252 and F490S mutations in the Spike. WHO also
describes seven (07) VOIs variants: Epsilon, Zeta,
Eota, P.3, Iota, Kappa and Lambda. These variants
induce changes in the characteristics of the virus, in
particular the affinity for the host cell receptor
Angiotensin-converting enzyme 2 (ACE2) and antibody
binding [5]. VOIs are associated with increased
transmissibility and virulence; VOCs have, in addition
to the attributes of VOIs, reduced efficiency of
diagnostics, vaccines and treatments [6].

This exponential variability of the SARS-CoV-2
genome presents many challenges for scientists,
including ensuring molecular diagnosis, treatment, and
vaccination of populations, as well as adjusting their
actions in response to the virus's evolution. The
objective of this study was to characterize the
proteomic mutations of SARS-CoV-2 responsible for
COVID-19 in Algeria during the period March 2020 to
July 2021 and to provide scientists and health
authorities with molecular genetic data that would
contribute to the effective management of the effects
of the COVID-19 pandemic in Algeria.

Material and Methods

Material

The sequences of the SARS-CoV-2 virus explored in
this study are those of the virus circulating in Algeria
from March 2020 to July 2021. These sequences were
extracted from the GISAID database (Global Initiative
on Sharing Avian Influenza Data, www.gisaid.org). We
studied 44 complete sequences of the SARS-CoV-2
virus genome (approximately 30,000 bp). In addition,
for each sequence, further information was extracted

148


https://zenodo.org/deposit/6491319

Boudjema Abdallah et al. (Proteomic study of SARS-CoV-2 in Algeria)

(date of collection, date of submission, age and sex of
the patient).

The search for variations of the virus proteome was
petformed with reference to the sequence "hCoV-
19/Wuhan/WIV04/2019".

Methods

The search for mutations in the virus proteome was
made for each sequence on the GISAID platform
(www.gisaid.org) with "Covsurver" (corona.bii.a-
star.edu.sg). Apart from mutations, additional data is
available (GISAID clades, geographical distribution and
other statistics).

In this study, only mutations present at least three
times are taken into account, they are considered non-
random [4].

Percent mutations per protein (PMP) was calculated by
counting mutations for each protein (PMP = number
of amino acids mutated x 100 / total mutations), thus
the minimum frequency was 3/ total mutations.

The recurtence of mutations is defined by their
redundancy in the same position in the protein. In this
investigation, the number of sequences studied was 44,
so the minimum frequency of a recurrent mutation was
6.8% (3/44). Thus, we classified the mutations into
three categories: recurrent (HR), recurrent (MR) and
weakly recurrent (WR). A mutation was considered
highly or moderately recurrent when occurring at a
percentage 210% or 26.81 and<10%, respectively. It
was considered weakly if its frequency is <6.81%.
Regarding the calculation of the frequency of a mutable
position per protein (FMPP), it was performed by
dividing the number of times the position was found to
mutate by the amino acid length of the protein (FMPP
= number of mutations at the same position/length of
the protein) [4]. We only considered positions that have
a 1% chance of being mutated into the protein of
interest.

The search for virus variations was performed on the
PANGO  platform  (Global = Outbreak,
lineages.org/) with "Lineage Assigner". Variants are
indicated by a letter (A, B, C..) and numbers
punctuated by points.

Several mutations are found simultaneously in the
genome of a viral strain. These mutations cause the
variability of the genome and generate vatiants of the
virus. These variations are positioned, according to
their sequence similarities and relative to the Wuhan
(China) reference sequence, in GISAID of the
phylogenetic tree (www.gisaid.org). There are currently
seven major clades: G, GH, GR, GK, S,V and L. An
eighth O clade (designates strains that do not belong to
any of the seven major clades). The temporal
distribution of GISAID clades during the COVID-19
pandemic in Algeria was performed by counting the
clades present each month from March 2020 to July
2021.

COV-

Results

Distribution of mutations and their recurrences in
virus genome

In total, we found 818 mutations for the 44 sequences
studied. The mutations were substitutions, nonsense
mutations and deletions.

Of the 26 proteins of the virus 20 had mutations: these
proteins were classified according to the frequency of
mutations S (27.87%)> N (15.04%)> NSP3
(10.15%)> NSP12 (9.66%)> NS7a (5.5%)> NSP6
(5.01%)> NSP4 (4.89%)> NS3 (4.66%)> NSP14
(3.18%)> NSP13 (2.81%)> M (2 , 45%)> NS8
(2.32%)> NS7b (2.2%)> NSP2 (2.08%)> NSP5
(0.61%), NSP16 (0.61%)> NSP1 (0.4 %), NSP15
(0.4%0)> NSP10 (0.1%), NSP8 (0.1%) (Figures 1).

Six proteins (NSP7, NSP9, NSP11, ORF6, ORF10 and
E) showed no mutations.

Figure 1: Percentage distribution of mutations (at least 3 variati
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Consideting the minimum PMP of 0.36% (3/818), the
mutations were classified according to the following
distribution (Figure 1): S-D614G (5.26%)> NSP12-
P323L (5.13%)> N- D63G (2.2%), N- D377Y (2.2%),
N-G215C (2.2%), N-R203M (2.2%), S-P681R (2.2%),
M-182T (2.2%), NSP4-T4921 (2.2%), NSP4-V167L
(2.2%), NSPG6-T77A (2.2%), NSP12-G671S (2.2%),
NSP13- P77L (2.2%), NSP14-A394V (2.2%), NS7a-
T1201 (2.2%), NS7a-V82A (2.2%), NS7b-T401 (2.2%),
NS3- S26L. (2.2%)> S-D950N (2.08%), S-L452R
(2.08%), S-T478K (2.08%), NSP3-A488S (2.08%),
NSP3- E869D (2.08%), NSP3-P1228L (2.08%)>S-
TI9R (1.83%)> NS3-Q57H (1.34%)> S-R158del
(1.22%), S- F157del (1.22%), S-E156G (1.22%)> N-
R203K (0.98%), NSP2-T85I  (0.98%)> S-HG9del
(0.61%), S- V70del (0.61%), S-N501Y (0.61%), N-

Highly recurring mutations
(=10 %)

m5-D614G
W S-R158del
mS-E156G W S-D9SON
W S-PE8IR W S-T478K
WSTI9R WS-1452R
mS-V1104L W N-G204R
® N-R203K W N-D63G
mN-D377Y W N-G215C
= N-R203M W M-182T

W S-NS01Y
W S-F157del

' NSP3-A4885 W NSP3-P1228L
W NSP3-P14695 W NSP4-T4921
W NSP4-V167L W NSP13-P77L
W NSPG-T7TTA W NSP6-Q208R
W NSP14-A394V W NS3-Q57H

W NS3-526L W NS7a-T120
W NS7a-V8ZA W NS7b-T40!

W NSP2-T851

G204R  (0.61%)> S-Y144del (0.49%), S-A570D
(0.49%), S-V1104L (0.49%), S-P681H (0.49%), S-
S982A (0.49%), S-D1118H (0.49%), N-S194L (0.49%),
N- S1860Y (0.49%), N-D3L (0.49%), N-S235F (0.49%),
NSP3-T1831 (0.49%), NSP6-S106del (0.49%), NS8-
Ko68stop (0.49%), NS8-Q27sto p (0.49%), NS8-R521
(0.49%), NS8-Y73C (0.49%)> N-G204P (0.37%),
NSP3-11412T (0.37%), NSP5- V1811 (0.37%).

In addition, we discovered 35 highly recurrent
mutations (>10%), two of which, S-D614G and
NSP12-P323L, are found in 97% of the sequences
examined. The rest of the highly recurrent mutations
are localized in the proteins S, M, N, NSP12, NSP13
and NSP14 with an average frequency of 40%. Twenty-
two mutations were moderately recurrent (=6.81% and
<10%) and four mutations were weakly recurrent

(<6.81%) (Figure 2).

Moderately recurrent mutations

Weakly recurring mutations
(<6.81%)

(>6.81 et <10 %)

W NSP12-P323L W NSP12-G671S

9,09% -9,09%

9,09% 9,09% %:09% g g0, BSAS70D
9,00% o0b% | WSHEdel
mS-V70del
9,00% BSV144del
\ WS DI1118H Ne20ap
BSPESIH -
5.09% usT7161 WNSP12-T261
559824 mNSP3-11412T
9,09% | —— ,09% N-S104L HNSP5-VIZ1I
'r mN-S186Y
9,09% mN-5194L
mN-D3L
0.08% EN-S235F
HNSP3-AS90D
9,09% 9, ENSP3-T183)
HNSP6-F108del
9,09% J 9,09% | 9,09% mNSP5-GLOTdel
9,00% HNSP5-5106del
9,09% W NSE-KeSstop

mNS8-Q27stop
ENS8-R521

9,09%

Figure 2: Percentage distribution of mutations according to their recurrences in SARS-CoV-2 sequences. S: Spike, N:
Nucleocapecid protein, M: Membrane, NSP: Non-structural protein, NS: Non-structural protein (accessory protein).

Distribution of mutations characterizing VOCs
and VOIs

According to WHO, SARS-CoV-2 is currently found as
several grouped variants, into VOIs and VOCs variants,
each defined by multiple mutations.

We found in this study, in addition to the S-D614G
mutation common to the two variants VOI and VOC,
associated mutations with VOCs: N501Y, the 70del
(V70del) and H69del (H69del) at a low frequency (0.61
%) and the L452R mutation (2.08%).

We also observed, in addition to the D614G, mutations
associated with VOIs: S-N439K, S-S477N at very low
frequencies (<0.36%) and S-L.452R (2.08%), which was
also found in this study associated with VOC.

Eight proteins (NP1, NSP5, NSP7, NSP9, NSP11,
ORF6, ORF10 and E) showed no mutable positions.

Distribution of mutable positions in proteins

Considering the FMPP, the mutable positions had the
following distribution: NS7b-40 (42%)> NS7a-82
(15%) and NS7a-120 (15%)> M-80 (8%)> NSP6 -77
(6%), N-203 (6%)> NSP12-323 (5%)> NSP4-167
(4%), NSP4-492 (4%), NS3-26 (4%)> NS8-27 (3%,
NS8-52 (3%), NS8-68 (3%) and NS8-73 (3%), NSP13-
77 (3%), NSP14-394 (3%,), S-614 (3 %)> NSP2-85
(1%), NSP3-488 (1%), NSP3-1228 (1%), NSP3-1469
(1%), NSP8-178 (1%), NSP10-104 (1%) , NSP15-127
(1%, NSP16-216 (1%) (Figure 3).
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Figure 3: Percentage distribution of mutable positions by SARS-CoV-2 proteins.
S: Spike, N: Nucleocapecid protein, M: Membrane, NSP: Non-structural protein, NS: Non-structural protein
(accessory protein).

However, when excluding the proteins without
mutation (NSP7, NSP9, NSP11, E, ORF6 and ORF10),
it appears that the only proteins which do not have
mutable positions were NSP1 and NSP5.

Distribution of GISAID clades

The mutations found in the 44 sequences studied
determined five (5) GISAID clades: G, GH, GR, GK
and O (Figure 4). Considering only the periods when
the virus sequences were available on the GISAID
platform (March 2020 to July 2021), it can be seen that
during the month of June 2020, three clades were
present: GH and GR with a predominance of GR. The
G clade was under represented. In February 2021, the
clades present were G and O. The O clade represented
14% of the sequences during the period from February
to March 2021. Then, in June 2021, the only clade that
persisted was GK, which corresponds to the delta
variant  (B.1.617.2 according to the PONGO
nomenclature).

NG mGH WGR WO ®mGK ENS

Figure 4: Temporal distribution of GISAID clades during the
COVID-19 pandemic in Algeria (March 2020 to July 2021).
NS: number of sequences; G, GH, GR, GK and O: GISAID
clades.

Discussion

Distribution of mutations and their recurrences in
virus genome

Unlike other studies, we found six proteins (NSP7,
NSP9, NSP11, ORF6, ORF10 and E) among the 26
without mutation and 2 proteins without any mutable
positions (NSP1 and NSP5).

In the mutated proteins, the S-D614G mutation was
predominant (Figure 1). The replacement of D (aspartic
acid) by G (glutamine) at position 614 of protein S is a
highly recurring event in this study (97% of the
sequences) and this despite the fact that position S-614
is one of the weakest protein’s mutable virus (Figures 3
and 4). This mutation quickly became dominant (69.2%
of sequences) in over 70 countries [7-8-9-10-4].

It is located in the Spike's S1 subunit, which is related
to the host cell's ACE2 receptor-binding domain. The
G acid at position 614 has been found to improve the
Spike's affinity for the ACE2 by promoting gteater
exposure of the RBD (Receptor Binding Domain) of
the virus [11].

In this study, the NSP12-P323L mutation is the second
most frequent mutation (figure 2) and the most
recurrent (97% of sequences), although it is found at a
weakly mutable position (NSP12-323) (Figures 3 and 4).
It is very common (69.47%) in 71 countries [12-13-14].
It sits in RdRp (RNA-dependent RNA polymerase),
which is a key enzyme in the synthesis of viral RNA. It
consists of the replacement of P (proline) by L. (leucine)
at position 323.
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The S-D614G and NSP12-P3231. mutations ate
concomitant, in our study, they are found
simultaneously in 97% of the sequences (Figure 3). This
observation has been reported in most populations.
Indeed, from the start of the COVID-19 pandemic,
these two mutations were found together at very high
frequencies in the first sequences of SARS-CoV-2. In
addition, as of January 2020, they are in the majority
among hospitalized patients [4]. It appears that these
two alterations in the SARS-CoV-2 genome are
necessary for the epidemiological propagation of the
virus.

When looking at the proteins of the viral RNA
replication machinery (Nsp7 to Nsp16), we only find
highly recurrent mutations: NSP12-P323L  (97%),
NSP13-P77L (40.91%) and NSP14-A394V (40.91%)
(Figure 3). No moderately or weakly recurrent
mutations are observed in the proteins of this
machinery. This observation is also reported by the
team of Ma Y and colleagues, showing the importance
of these mutations in the multiplication of the virus
[15]. They ate a good target for anti-COVID-19
therapies [16].

Distribution of mutations characterizing VOCs
and VOIs

In addition to the D614G mutation already described,
we found four mutations associated with VOCs: the
N501Y, L452R, V70del and H69del mutations.

The N501Y substitution was found in the VOCs
vatriants Alpha, Gamma and Beta, first identified in the
UK, Brazil and South Africa respectively. This
mutation would increase transmissibility and affinity for
the ACE2 receptor [17].

The 1.452R substitution is associated with Delta VOC
and Iota/Kappa VOlIs, first appearing in India, and
significantly reduces the susceptibility of the virus to
immunotherapy (https:/ /www.fda.gov, updated
November 17, 2021).

The V70del and H69del deletions are associated with
the Alpha and Eta VOCs, first identified in the UK and
UK/Nigeria  respectively. These mutations ate
associated with increased infectivity and reduced
neutralization of polyclonal serum from people cured
of infection [18-19]. They are also associated with the S
gene target failure (SGTF) during the multiplex RT-
PCR test (https://www.finddx.org/covid-19/novel-
variants/, updated January 7, 2021).

Regarding the mutations associated with the VOIs, we
found, in addition to the DG614G mutation, the
substitutions S-S477N, S-N439K, S-[L.452R. The S-
S477N substitution is associated with VOI Iota, which

first appeared in the United States of America (New
York). It would be responsible for the escape of the
virus from neutralizing antibodies.

The N439K substitution associated with VOI Bl
(PONGO nomenclature) was first identified in
Scotland. It confers resistance to several neutralizing
monoclonal antibodies and reduces the activity of
polyclonal serum from people who have recovered
from the infection. It is one of the immune escape
mutations currently found in emerging SARS-CoV-
2 variants [0].

Distribution of mutable positions in proteins

We also showed in this study that the most mutable
positions were surprisingly found in accessory proteins
NS7a/b (NS7a-82 and NS7b-40). Although these
proteins are not essential neither for the replication nor
for the infectivity of the virus, they would be, in
particular NS7a, responsible for an opposition to the
inflammatory reaction mediated by INF-1 during the
COVID-19 by blocking of the STAT2 pathway [20].

When we accumulated the frequencies of mutations
and mutable positions, only NSP1 and NSP5 proteins
were found, which did not present any mutable
positions (according to the criteria of this study). This
observation could be useful in the development of
molecular tests for the detection of SARS-CoV-2,
which would be effective independently of the variants
present. Indeed, the tests currently marketed for
molecular diagnosis (known as PCR test) target regions
of the genome often affected by mutations (5,
N, RdRpand E), which could lead to false negatives
[21]. It would be interesting to combine new PCR
targets (NSPs genes) and classic targets (S, Nand E), in
such a way as to detect all the variants of the virus.

Distribution of GISAID clades

The analysis of the distribution of the GISAID clades
present during the period March 2020 to July 2021,
showed that the G, GH, GR clades were present at the
same time, then at the end of this period, the GK clade

became predominant, as reported in several other
works [22-23].

The GR and GH clades had a higher prevalence than
the G clade, and then they were replaced by the GK
clade. This clade is currently the most responsive.
Overall, these observations have been verified in most
countries [24-9]. The differences in the distribution of
clades that can be observed between countries are due
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to the unavailability of sequences or to delays between
sampling and publication of results.

Conclusion

The virus circulating in Algeria during the period March
2020 to July 2021 presented 20 mutated proteins, of
which S, N, NSP3 and NSP12 had the most mutations.
The most frequent mutations were D614G and P323L
found in the S and NSP12 proteins, respectively. These
mutations are concomitant; they seem to be necessary
for the epidemiological propagation of the original virus
(Wuhan virus, China). Also of the 35 highly recurring
mutations found in this study, D614G and P323L were
the most frequent in the sequences examined.

In addition to the S-D614G mutation, we found four
mutations associated with VOCs and three associated
with VOIs. The S-LL452R mutation is common in two
variant types, it is the third most frequent after the S-
D614G and NSP12-P323L mutations in the sequences
studied.

When looking for the most mutable positions in
proteins, we found that NS7a and NS7b (accessory
proteins) are sutprisingly the most mutable of all the
proteins in the virus. These proteins are believed to be,
in particular NS7a, involved in the anti-inflammatory
effect by promoting immune escape.

Finally, the study of the GISAID clades carried out in
this work showed that the G, GH and GR clades were
present at the beginning of the March 2020 period, and
then gradually they were replaced by GK,
corresponding to the Delta variant (B.1.617.2) in July
2021, which is currently predominant in Algeria.
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