
Page 1/8

Whole-genome comparison of representatives of all variants of SARS-CoV-
2, including subvariant BA.2 and the GKA clade
Ida Bagus Kade Suardana 

Udayana University
Bayu K. Mahardika 

Udayana University
Made Pharmawati 

Udayana University
Putu H. Sudipa 

Udayana University
Tri Komala Sari 

Udayana University
Nyoman B. Mahendra 

Udayana University https://orcid.org/0000-0001-9336-8186
Gusti N. Mahardika  (  gnmahardika@unud.ac.id )

Udayana University https://orcid.org/0000-0001-5525-0793

Research Article

Keywords: SARS-CoV-2, Variants, BA.2, GKA clade, Deltacron

Posted Date: April 11th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1526043/v2

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-1526043/v2
https://orcid.org/0000-0001-9336-8186
mailto:gnmahardika@unud.ac.id
https://orcid.org/0000-0001-5525-0793
https://doi.org/10.21203/rs.3.rs-1526043/v2
https://creativecommons.org/licenses/by/4.0/


Page 2/8

Abstract
Since its discovery at the end of 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has rapidly evolved into many variants, including
subvariant BA.2 and the GKA clade. Genomic clari�cation is needed for better management of the current pandemic as well as the possible re-
emergence of novel variants. The sequence of the original strain Wuhan-Hu-1 and approximately 20 representatives of each variant were downloaded
from GenBank and GISAID. Two representatives with no track of un-de�nitive nucleotides were selected. The sequences were aligned using Muscle. The
location of insertion/deletion (indel) in the genome was mapped following the open reading frame (ORF) of Wuhan-Hu-1. Amino acid substitutions in
all ORFs were analysed separately. Evolutionary analysis was inferred using maximum likelihood. There are two indel sites in ORF1AB, eight in spike,
and one each in ORF3A, Matrix (MA), Nucleoprotein (NP), and the 3’-untranslated regions (3’UTR). Some indel sites are not unique, and some are variant
speci�c. There are 10 residues shared by the Omicron, BA2, and GKA lineages. Three deletions in NP are unique to Omicron and BA.2; two substitutions
in ORF1AB, four in spike, three in NP, and two in ORF7A and ORF8 were exclusive to the Delta and GPA clades. Delta, Omicron, and BA.2 share the same
single residue spike. Three insertions in spike are unique for Omicron and GKA. Phylogenetic analysis shows that the Omicron, BA.2, and GKA clades
share a common cluster that emerged from Delta. In conclusion, whole-genome comparison reveals indels and polymorphic amino acids speci�c to
variants or sub-variants. We propose that the GKA clade is an Omicron subvariant. Finally, the higher transmissibility of BA.2 might be attributed to a
48-nucleotide deletion in the 3’UTR.

Introduction
The rapid evolution of severe acute respiratory syndrome 2 virus (SARS-CoV-2), the causative agent of the coronavirus 2019 (COVID-19) pandemic,
requires immediate scienti�c clari�cation to better manage the current pandemic and to serve as a reference for the possible emergence of novel
variants. Since it was discovered at the end of 2019 [1], the original virus has evolved into many variants. Established variants of concern (VOCs) are
Alpha, Beta, Gamma, Delta, and Omicron; Lambda and Mu are variants of interest (VOIs), and GH/490R is a variant under monitoring (VUM). Some
other clusters of viruses that are closely related to Omicron, the so-called BA.2 and GKA clades, which carry molecular markers of Delta and Omicron
variants, require special attention. Originally, detection of the GKA clade, popularly known as Deltacron, led to arguments that it may be the result of
sequencing error [2]. However, there are an increasing number of SARS-CoV-2 whole-genome sequences labelled as clade GKA with the noti�cation “this
submission requires investigation! It appears to contain markers of multiple lineages from both Delta and Omicron variants” in the database.

The capacity to spread globally as well other biological properties of each variant must be encoded, at least in part, by its genome. Whole-genome
comparison should also be able to con�rm the establishment of the BA.2 subvariant and GKA clade. Based on previous publications [3, 4], the whole
genome organization of SARS-CoV-2 after the ORF annotation of Wuhan-Hu-1, and adding 5’- and 3’UTR and intergenic sequence (IGS), is 5’UTR-
ORF1AB- IGS-Spike-IGS-ORF3A-ORF3B-IGS-Protein E-IGS-membrane (MA)-IGS-ORF6-ORF7A-ORF7B-ORF8-IGS-Nucleoprotein NP-ORF-10-3’UTR.
Intergenic sequences (IGSs) have been identi�ed previously [5–7].

Large submissions of whole genome sequences pose a major computational challenge, and some portions of submitted sequences contain a long
track of non-de�nitive nucleotides. Here, we identify insertion/deletion (indel) and amino acid substitution patterns in the whole genome of
representative variants, including the BA.2 subvariant and the GKA clade.

Materials And Methods
The sequence of the original SARS-CoV-2 strain Wuhan-Hu-1 (Accession Number NC_045512) was downloaded from GenBank. Ten to 20 complete
sequences of each de�nitive variant as well as the subvariant BA.2 and GKA clade were selected randomly from GISAID and downloaded. Two
representatives of each variant with no undetermined nucleotide of “N” or other IUPAC nucleotide codes were selected. Sequences with a single N or un-
de�nitive nucleotide were accepted. The sequences were aligned using Muscle in MEGA-X software [8]. The locations of deletions/insertions in the
genome of SARS-CoV-2 were mapped following the open reading frame of Wuhan-Hu-1, as available in the GenBank �le. The fasta �le of the �nal
dataset is available in Supplementary Material 1. ORFs were analysed separately to determine the effects of mutations and deletions/insertions.

Using the corresponding ORF of the coding region of Wuhan-Hu-1, the �rst 15 nucleotides of the 5’-terminus were searched, and the sequence prior to
the marked sequence was deleted. The last 15 nucleotides of Wuhan-Hu-1 were used. The selected sequences were translated into amino acid
sequences and aligned using MEGA-X software. Using the same software, the data were exported in Mega format and analysed further for polymorphic
amino acids. We identi�ed amino acids that were consistently substituted from Wuhan-Hu-1 across all variants and amino acids shared by the
Omicron, BA2, and GKA lineages, Omicron and BA.2, Delta and GKA, Delta, Omicron, BA.2, and GKA, as well as Omicron and GKA. Evolutionary history
was inferred by using the maximum likelihood method and the Kimura 2-parameter model [9]. Initial tree(s) for the heuristic searching were obtained
automatically by applying the neighbour-joining and BioNJ algorithms to a matrix of pairwise distances estimated using the maximum composite
likelihood (MCL) approach and then selecting the topology with a superior log likelihood value. Evolutionary analyses were conducted in MEGA X [8].
The �nal fasta �le of the data set is available in Supplementary Material 1.

Results
The indel pattern and its location in the whole genome of representatives of various variants of SARS-CoV-2 are presented in Table 1. There are two
indel sites in ORF1AB, eight in spike, and one each in ORF3A, MA, NP, and the 3’UTR. No indel occurs in IGS. Some indel sites are not unique, as they
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occur in more than one variant. D21605-21613 is unique to Omicron and DA.2 variants, and D21965-21967 is unique to the Alpha variant; I21968-21971
and D26143-26146 are unique to the Mu variant, D28351-28359 is unique to the Omicron and DA.2 variants; and D29723-29748 is unique to the DA.2
variant. Some indels occur in one representative of the variant.

All polymorphic amino acids of all proteins of two representatives of each variant of SARS-CoV-2 are listed in Supplementary Material 2. A summary of
unique amino acids across entire genes in at least one of the representative strains of SARS-CoV-2 variants is presented in Table 2. Amino acids
consistently substituted from Wuhan-Hu-1 across all variants are ORF1AB P4715L/F and spike D618G. Regarding amino acids shared by Omicron, BA2,
and GKA, there are 10 in ORF1AB, 21 in spike, and one each in ORF3A, ORF6, and NP. Three deletions in NP are unique to Omicron and BA.2. Exclusive
to Delta and GKA are two deletions in ORF1AB, four in spike, three in NP, and two in ORF7A and ORF8; spike amino acids shared by Delta, Omicron,
BA.2, and GKA occur only once. Three insertions, Ins216E, Ins217P, and Ins218E, are unique to Omicron and GKA. GH/490 harbors 16 variants speci�c
to Wuhan-Hu-1, namely, �ve in ORF1AB, eight in spike, two in NP, and one in ORF3A.

To assess the rapid evolution of all variants, evolutionary analysis of the whole genome of SARS-CoV-2 variants based on the maximum likelihood
method is presented in Fig. 1. The results show that Omicron, BA.2, and GKA share a common cluster emerging from the Delta variant sequence with
boostrap support of 98%.

Discussion
The genetic diversity of coronaviruses occurs through mutation and recombination, as has been described for SARS-CoV-2 [10]. Although the RNA-
dependent RNA polymerases of coronaviruses possess proof-reading capacity [11], the virus still undergo mutation, which might lead to amino acid
replacement. Such changes impact the biology of the virus as well as the clinical manifestation of its infection. Recombination involves viral RNA
merging with other RNAs, either its own RNA, the RNA of other viruses, or cellular RNA; thus, template switching occurs during transcription [12]. This
process leads to RNA indels. Mutations in SARS-CoV-2 prior to the emergence of variants have been reported [5]. In HIV, the deletions occurred by at
least three different mechanisms: (i) misalignment of the growing point; (ii) incorrect synthesis and termination in the primer-binding sequence during
synthesis of the plus-strand strong-stop DNA; and (iii) incorrect synthesis and termination before the primer-binding sequence during synthesis of the
plus-strand strong-stop DNA [13].

Previous whole-genome comparisons have been conducted, including for Omicron [14]. However, that work focused on phylogeny and did not cover the
recently identi�ed BA.2 and GPA lineages, which are colloquially known as Deltacron. Indels and amino acid substitutions unique to speci�c variants
were not described.

Through random selection of variant representatives with de�nitive sequences across the genome, we managed to identify unique patterns of indels
and amino acid substitutions. Even with only two representatives for each variant, we identi�ed quasispecies or, in the case of a variant, quasivariants.
Viral quasispecies refers to a population structure that consists of extremely large numbers of variant genomes, termed mutant spectra, mutant swarms
or mutant clouds [15]. For SARS-CoV-2, this phenomenon has been discovered even in single infected individuals [16–20]. We propose the term
quasivariant, as many indels and amino acid substitutions occur in one of only two representatives. We believe that we will �nd more variation if we
analyse more variant representatives. There must have been no variant or clade annotation error in the GISAID database, as phylogenetic analysis
(Fig. 1) shows each sequence cluster with its own variant partner.

Amino acids consistently substituted from Wuhan-Hu-1 across all variants are ORF1AB P4715L/F and spike D618G. The D618G has been covered in
previous works [5, 21–28]. ORF1AB P4715L/F has also been described [29, 30]. A database-wide survey is needed to understand the frequency of those
substitutions.

The variant that harbours the most variant-speci�c substitution to Wuhan-Hu-1 is VUM GH/490. Both representatives show �ve, eight, two, and one
amino acid substitution(s) in ORF1AB, spike, NP, and ORF3A, respectively. This VUM is being tracked in Europe, Africa, Asia, and America; however, the
genome frequency for access of GISAID dated March 30, 2022, is lower than 0.3%.

The GKA clade does not comprise a unique variant. It harbours no unique indel or substitution compared with Wuhan-Hu-1, but it does share 34 amino
acid replacements with Wuhan-Hu-1 with Omicron and BA2, 13 with Delta, one in spike with Delta, Omicron, and BA.2. Three insertions in spike in one
representative of Ins216E, Ins217P, and Ins218E of the GKA clade are shared with Omicron. The molecular signatures of Delta and Omicron are obvious
in the GKA clade. It is plausible that the GKA clade is an Omicron subvariant. The Delta signatures are understandable, as phylogenetically, the Omicron,
BA.2, and GKA clades emerged from Delta (Fig. 1) with a high boostrap value. We suggest that the clade is not the result of sequencing error, as
previously thought [2].

Interestingly, we identi�ed truncated ORF3A in the Mu variant. Deletion of four nucleotides generates a stop codon; thus, ORF3A in this variant is 257
amino acids in length, whereas the others are 275 residues long. This accessory protein contributes to the pathogenesis of SARS-CoV-2 by inducing
pathological apoptosis [31]. The effect of the Mu variant at the cellular level has not yet been described. One paper on this variant covered the
neutralization effect of antibodies [32]. According to the GISAID database accessed on March 30, 2022, this variant has been identi�ed in many
countries, with a maximum global genome frequency of less than 1%, which has declined recently.
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BA.2 differs from Omicron in the deletion of 48 nucleotides from the 3’UTR. The 3’UTR of coronaviruses contains all of the cis-acting sequences
necessary for viral replication and binds to cellular as well as the viral components nsp1 and N proteins [33], which are required for minus-strand RNA
synthesis [34]. This has also been described in SARS-CoV-2, whereby the 3'UTR is involved in genomic dimerization and interacts with cellular micro-
RNA [35]. BA.2 has recently increased in frequency in multiple regions of the world, suggesting that it has a selective advantage over Omicron [36–39].
The genome frequency of BA.2 has increased exponentially to 90% of total Omicron submission, as based on GISAID accessed on the above date. As
the original strain of Wuhan-Hu-1 has a basic reproduction number (R0) of 2.4-3 [40], Delta has an R0 of 5 [41], and Omicron has an R0 of estimated to
be higher than 10, or three times greater than Delta [42], BA.2 subvariant might has R0 of 15 or higher. The higher transmissibility of BA.2 might be
attributed, at least in part, to the shorter 3’UTR, which results in higher speed of viral replication, which needs to be investigated further. However,
because the coding region across the whole genome, particularly for the spike protein, of BA.2 is very close to that of Omicron, people who survived
Omicron infection should be naturally protected against BA.2.

In conclusion, whole-genome comparison of representatives of all variants revealed indel patterns that are speci�c to SARS-CoV-2 variants or sub-
variants. Polymorphic amino acid comparison across all coding regions also showed amino acid residues shared by speci�c groups of variants.
Additionally, based on the �ndings, it is plausible that the GKA clade is an Omicron subvariant. Finally, the higher transmissibility of BA.2 might be due
at least in part to the 48 nucleotides deletion in the 3’UTR, which results in higher speed of viral replication.
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Tables
Table 1
 Insertion/deletion pattern and its location at the whole genome of representatives of various variants of SARS-CoV-2

No Position* D6485-
6487

D11260-
11268

D21605-
21613

D21959-
21967

D21965-
21967

I21968-
21971

D22005-
22010

D22170-
22172

I22181-
22189

D22266-
22274

D26143-
26146

D27055-
27067

D28351-
28359

D29723-
29748

Location
at the
genome**

ORF1AB ORF1AB Spike Spike Spike Spike Spike Spike Spike Spike ORF3A MA NP 3’UTR

Virus
Strain                    

   
   

1  WH-1 - - - - - - - - - - - - - -
2  A-1 - + - - + - - - - - - - - -
3  A-2 - + - - + - - - - - - - - -
4  B-1 - + - - - - - - - + - - - -
5  B-2 - + - - - - - - - - - - - -
6  G-1 - + - - - - - - - - - - - -
7  G2 - + - - - - - - - - - - - -
8  D-1 - - - - - - + - - - - - - -
9  D2 - - - - - - - - - - - + - -

10  L-1 - - - - - - - - - - - - - -
11  L-2 - - - - - - - - - - - - - -
12  M-1 - - - - - + - - - - + - - -
13  M-2 - - - - - + - - - - + - - -
14  O-1 - + + - - - - - - - - - + -
15  O-2 + + - + - - - + + - - - + -
16  BA2-1 - + + - - - - + + - - - + +
17  BA2-2 - + + - - - - - - - - - + +
18  GKA-1 - - - - - - - - - - - - - -
19  GKA-2 - - - - - - + - - - - - - -
20  GH-1 - - - - - - - - - - - - - -
21  GH-2 - - - - - - - - - - - - - -

N: No insertion/deletion; P: positive insertion/deletion; *Position based on aligned sequence start from nucleotide no. 1 of Wuhan-Hu-1; **Location in the genome w
based on GenBank data of Wuhan-Hu-1; Virus strains and GISAID codes WH-1 is Wuhan Hu-1, A-1 is Alpha EPI ISL 1489174, A-2 is Alpha EPI ISL 1489173, B-1 is B
EPI ISL 660190, B-2 is Beta EPI ISL 660613, G-1 is Gamma EPI ISL 811149, G-2 is Gamma EPI ISL 87219, D-1 is Delta EPI ISL 1544014, D-2 is Delta EPI ISL 18386
1 is Lambda EPI ISL 1111127, L-1 is Lambda EPI ISL 1111341, M-1 is Mu EPI ISL 2339799, M-2 is Mu EPI ISL 2339801, O-1 is Omicron EPI ISL 9010924, O-2 is
Omicron EPI ISL 9042199, BA2-1 is BA2 LSPA-3B08C6A, BA2-2 is BA2 HSLL-3B08857, GKA-1 is EPI ISL 9021856, GKA-2 is HDF-IPP08027, GH-1 is GH/490 EPI ISL
6316493, GH-2 is GH/490 ISL 7702915.

Table 2

Unique amino acids across whole genes in at least one of the representing strains of various variants of SARS-CoV-2  
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Consistent
substitution
to Wuhan-
Hu-1 

Specific for Omicron, BA2, and GKA Specific
for
Omicron
and BA2

Specific
for Delta
and GKA

Specific to
Delta,
Omicron,
BA.2, and
GKA

Specific
to
Omicron
and GKA

Unique to GH

ORF1AB (1) ORF1AB (10)   ORF1AB
(2)

    ORF1AB (5)

P4715L/F S135R, T842I, G1307S, L3027F, T3090I, L3201F,
P3395H, R5716C, I5967V, T6594I

  G5063S,
P5401L

    E452G, L2119F,
A2355S, S3149F,
R3164H

Spike (1) Spike (21)  Spike (4) Spike (1) Spike (3) Spike (8)
D618G T19I, A27S, G142D, V214G, G343D, S375F/L, S377P,

S379F, T380A, D409N, R412S, N444K, E488A,
Q497R, Q502R, Y509H, N683K, N768K, D800Y,
Q958H, N973K

 T19R,
E157G,
F158del,
R159del

T482K Ins216E,
Ins217P,
Ins218E

P9L, E96Q,
I211T, R350S,
N398S, Y453N,
F494R, D940H

 NP (1) NP (3) NP (3)   NP (2)
 S413R E31del,

R32del,
S33del

D63G,
R203M,
D377Y

  D22Y, E378Q

 ORF3A (1)  ORF7A
(2)

  ORF3A (1)

 T223I  V82A,
T120I

  T32I

 ORF6 (1)  ORF8 (2)    
 D61L  D119del,

F120del
   

Numbers in parentheses were the number of unique amino acid(s) in corresponding gene;

Figures
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Figure 1

Evolutionary analysis of all established variants of SARS-CoV-2 including BA.2 and GKA subvariants by Maximum Likelihood method and Kimura 2-
parameter model [9]. The tree with the highest log likelihood is shown. The phylogeny was tested using bootstrap method with 100 replicates. The
percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained
automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite Likelihood
(MCL) approach, and then selecting the topology with superior log likelihood value. Evolutionary analyses were conducted in MEGA X [8].
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