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Emergence of Omicron third lineage BA.3 and its importance

Dear Editor,

In November 2021, Omicron, discovered in Botswana® and
classified as the fifth variant of concern®® by the World Health
Organization on November 26, 2021, the most mutated variant of
SARS-CoV-2, has now circulated in 150 countries/territories until
January 8, 2022, with 552191 confirmed cases and causing 115
deaths.” Omicron was recently divided into three lineages (BA.1,
BA.2, and BA.3).° The differences between the BA.1 and BA.2
lineages are explored.® Here we describe how these three lineages
differ in their spike protein. Our study found that there were no
specific mutations for the BA.3 lineage in spike protein. Instead, it is a
combination of mutations in BA.1 and BA.2 spike proteins.

All three lineages were first detected at approximately the same
time and from the same place: BA.1 [hCoV-19/Botswana/
R40B59_BHP_3321001248/2021 (EPI_ISL_6640916) (2021-11-11)
(Botswana/South East/Greater Gaborone/Gaborone)], BA.2 [hCoV-
19/South Africa/CERI-KRISP-K032307/2021 (2021-11-17) (South
Africa/Gauteng/Tshwane)], and BA.3 [hCoV-19/South Africa/NICD-
N22163/2021 (EPI_ISL_7605713) (2021-11-18) (South Africa/North
West)]. Therefore, viruses that develop simultaneously and from the
same place have equal chances of spreading worldwide. Though all
the three lineages have spread worldwide, the rate of spread of these
three lineages is different. A total of 258 129 complete genome se-
guences up to January 11, 2022, have been submitted to the GISAID
database. It contains BA.1 99.13% (255 898/258 129), BA.2 0.85%
(2198/258 129), and BA.3 0.013% (33/258 129). Of these three
lineages, it is questionable why only BA.1 dominates much more than
the other lineages. This is likely due to differences in mutations in the
spike protein required for virus transmission and host cell entry.”®

We analyzed whether there were any specific mutations in the
spike protein required for virus transmission and entry in these three
lineages of the Omicron variant. We analyzed these three lineages'
spike protein mutations in the online tool “SARS-CoV-2 (hCoV-19)
Mutation Reports”’ (Figure 1A). We have analyzed almost all BA.1
(289,761 sequences), BA.2 (3,562 sequences), and BA.3 (39 se-
guences) sequences available in GISAID on January 12, 2022. This
study revealed 37 mutations in the spike protein of BA.1, 31 muta-
tions in BA.2, and 33 mutations in BA.3 (Figure 1B). Of these mu-
tations, 21 mutations (G142D, G339D, S373P, S375F, K417N,
N440K, S477N, T478K, E484A, Q493R, Q498R, N501Y, Y505H,
D614G, H655Y, N679K, P681H, N764K, D796Y Q954H, and
N969K) (Figure 1C) are the most common mutations in all three
lineages. These 21 mutations include the N501Y and Q498R muta-

tions, which are expected to enhance binding to the ACE2 receptor,

and the H655Y, N679K, and P681H mutations, which are believed to
increase spike cleavage and facilitate virus transmission.*®~*?
Comparing BA.1 (289761 sequences) and BA.2 (3562 se-
quences) lineages, spike protein revealed 16 (ins214EPE, S371L,
G496S, T547K, N856K, L981F, A67V, H69del, V70del, T95I,
V143del, Y144del, Y145del, N211l, L212Idel, and G446S) specific
mutations in BA.1 and 10 (T19I, L24S, P25del, P26del, A27S, V213G,
T376A, and R408S) specific mutations in BA.2 (Figure 1C). The re-
sults of this study are almost identical to the results of the previously
predicted study with fewer sequences (available sequences at that
time).® From these, it can be inferred that these 16 specific mutations
may play a key role in BA.1 becoming the dominant Omicron lineage
that propagates faster than BA.2. However, with 21 common muta-
tions, BA.3 shares ten mutations (A67V, Hé9del, V70del, T95I,
V143del, Y144del, Y145del, N211I, L212del, and G446S) from BA.1
and two (S371F and D405N) mutations from BA.2 to form its spike
protein (Figure 1C). In other words, of the 33 mutations in the BA.3
lineage spike protein, 31 mutations are common to BA.1. It is note-
worthy that this BA.3 lineage caused the lowest number of cases in
these three lineages. Therefore, it can be speculated that the reason
for the BA.3 lineage spreading at very low speeds and causing fewer
cases may have been due to the loss of six mutations (ins214EPE,
S371L, G496S, T547K, N856K, and L981F) from BA.1 or obtaining
two mutations from BA.2 (S371F and D405N). Of these six muta-
tions, no studies have been reported on the ins214EPE (S1-N
Terminal domain) mutation. However, it is noteworthy that in-
s214EPE has not been found in the significant number of BA.1
lineage virus sequences that have recently spread in India. Mutations
such as S371L (S1-receptor-binding domain), T547K, N856K, and
L981F (S2- Heptapeptide repeat sequence 1) may require viral oli-
gomerization interfaces.'®> The oligomerization of spike protein is
considered to be the most critical factor necessary for the fusion of
the virus with the host cell and the formation of the fission pore.****
Furthermore, S371L mutation is binding with NAG ligand and anti-
bodies.’®> G496S mutation is present in the host surface receptor
binding, antibody recognition sites.'®> Notably, the G496S mildly in-
creases the surface expression of RBD in the yeast-display study.®
Experimental studies to discover antivirals against these six
mutations in the BA.1 lineage virus may reduce the spread of
Omicron in the future. So far, Omicron has been thought to cause
mild disease, but it is also possible to develop some mutations that
can lead to serious illness. Therefore, we hope that studies and steps
to reduce the Omicron spreading rate will be more optimal in con-

trolling more casualties in the future.
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FIGURE 1 Comparison of spike protein mutations of the BA.1, BA.2, and BA.3 lineages in the Omicron variant. (A) Diagram depicts the
comparison of spike protein mutations of the BA.1, BA.2, and BA.3 lineages in the Omicron variant. Furthermore, it represents the comparison of
mutations in different functional domains of the spike protein. The color given to each mutation indicates the percentage of this particular
mutation in the total available sequences of that lineage (as of January 12, 2022). The scale bar depicts this percentage. (B) Mutations in the
BA.1, BA.2, and BA.3 lineages spike protein are shown. The mutation positions in white color in (A) are represented in less than 0.5% of the
analyzed sequences, and therefore they were omitted in the analysis. The online tool “SARS-CoV-2 (hCoV-19) Mutation Reports” does not
analyze insertions. Also, the BA.1 lineage contains ins214EPE in significant sequences. (C) The Venn diagram shows mutations in the spike

protein of BA.1, BA.2, and BA.3 lineages
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