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Omicron BA.2 lineage spreads in clusters and is concentrated

in Denmark

Dear Editor,

The Omicron variant has recently become a dominant variant
globally with four lineages such as BA.1, BA.2, BA.3, and B.1.1.529.
But little is known about which parts of the world the BA.2 lineage
dominates. Here we find out that BA.2 has its central cluster of in-
fection installed in Denmark. It should be noted that 79.4% of the
total BA.2 sequences belong to Denmark (as of January 18, 2022).
The BA.2 lineage phylogenetically consists of five groups: Sweden/
Denmark, Philippines, Hong Kong, India, and China. The ORF3a
protein of BA.2, which is spreading in Denmark, contains a specific
mutation called H78Y, and this mutation is not widely found in other
countries. The Philippines, Hong Kong, India, and China groups of
BA.2 also have their own unique mutations. A future experimental
study is warranted to understand the significance of these mutations
to reveal why this lineage is widely spreading in Denmark, which we
hope will help design antiviral and antibodies to control the spread of
BA.2 lineage in Denmark and other countries.

The Omicron variant, first detected in Africa in November 2021,
has spread to six continents in just 2 months, affecting more than 150
countries/territories.” Recently, this Omicron variant has been divided
into four lineages: BA.1, BA.2, BA.3, and B.1.1.529."® Of the Omicron
sequences submitted to GISAID, the BA.1 lineage is reported to be
approximate >98%, the BA.2 to approximately 1% sequence, and the
BA.3 around 0.1% sequence.>* All this suggests that the Omicron
variant has been pushed to the point where it represents the BA.1
lineage. In this case, the Omicron variant's second most widespread
lineage of BA.2 is spreading and dominating in which part of the world
and the genetic variation within it is not fully known. Identifying the
BA.2 lineage spreading pattern and its genetic diversity can be expected
to support the formulation of administrative policies governing and
controlling this lineage spread and the formulation of antiviral or anti-
body therapies. In the present study, we have systematically analyzed
the genetic diversity of the BA.2 lineage and how this lineage spreads.

In this study, first, we did the phylogenetic analysis to find the
genetic diversity in the Omicron variant, in which the Omicron var-
iant was divided into four lineages: B.1.1.529, BA.1, BA.2, and BA.3
(Figure 1A). Of these four lineages, B.1.1.529 appears to be the
parental lineage of the Omicron variant, and then the BA.1 lineage
seems to be the closest to this B.1.1.529 lineage (Figure 1A). BA.2 has
significant diversity from the B.1.1.529 and BA.1 lineages, while BA.3
has the intermediate lineage to BA.1 and BA.2 (Figure 1A). Consistent
with previous reports of mutations in the spike protein of BA.3 is a

combination of mutations in the spike protein of the BA.1 and BA.2

lineages.” Then, as of January 19, 2022, BA.1 was 97.69% (415 222/
425055), BA.2 was 1.62% (6888/425055), BA.3 was 0.016%
(66/425055), and B.1.1.529 was 0.68% (2879/425 055) of the se-
quences submitted to GISAID worldwide. Of the total 6888 BA.2
sequences, 5469 (79.40%) sequences are found in Denmark alone
(Figure 1B). Meanwhile, the BA.1 sequences from Denmark were
20639 (4.97%) (Figure 1C), and the B.1.1.529 was 15 (0.52%)
(Figure 1D). It is noteworthy that the BA.3 lineage was not detected
in Denmark until January 19, 2022. As of January 19, 2022, the global
ratio of the BA.1 and BA.2 sequences is 60.28 (BA.1): 1 (BA.2), while
in Denmark, it is 3.77 (BA.1): 1 (BA.2). This indicates that one BA.2
sequence is detected worldwide for every 60.28 BA.1 sequences, but
one BA.2 sequence is detected for every 3.77 BA.1 sequences in
Denmark. All of this makes it clear that the BA.2 lineage dominates
Denmark as a cluster. Also, mutation A22786T in BA.2 is said to have
to A22786C
designation/issues/410), so we started to show preference in these
mutations. Our analysis revealed that A22786C appeared 45375
times and A22786T 13 times in the BA.2 sequences submitted
worldwide from November 8, 2021 to February 08, 2022 (https://
cov-spectrum.org/). It is noteworthy that A22786C appeared 28 443
times and A22786T 12 times in the BA.2 sequences submitted from

Denmark during the same period (https://cov-spectrum.org/). From

changed (https://github.com/cov-lineages/pango-

these analyzes, it is clear that A22786C dominates globally and in
Denmark. Moreover, both of these nucleotide mutations (A22786T
and A22786C) form the same R408S mutation in the spike protein
(https://github.com/cov-lineages/pango-designation/issues/410).
Therefore, it can be believed that these two nucleotide mutations do
not cause any change in the functional state of the protein. However,
these nucleotide mutations can be expected to cause some effect
when designing PCR primers/probes in this specific region.

Next, we explore whether any subgroups within the BA.2 lineage
extend specifically to geographical locations. In this analysis, we
considered that there are five subgroups within the BA.2 lineage, and
they are subdivided into geographical areas, namely Sweden/Den-
mark, Philippines, Hong Kong, India, and China (Figure 1E). Of these,
we note that the Philippines and Hong Kong subgroups differ sig-
nificantly from other sub-groups (Figure 1E). Also, these Philippines
and Hong Kong subgroups have unique mutations found in ORF1a:
A2909V and ORF3a: L140F (Figure 1E). Until January 18, 2022,
mutations ORF1a: A2909V and ORF3a: L140F in the BA.2 lineage
were primarily found in the Philippines, Hong Kong, and Japan (only

10-20 sequences), with this mutation occurring in just two or three
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FIGURE 1 Genetic diversity in the Omicron
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variant. (A) Phylogenetic tree depicting the relationship and substitution rate of different lineages of

Omicron variant. This Phylogenetic tree was created using the Nextstrain online tool, with options such as nCoV, GISAID sequences, global sequences,

PANGO Lineage, and CLOCK tree in this online

tool for the Omicron variant (https://www.gisaid.org/phylodynamics/global/nextstrain/, January 14,

2022). (B and C) Depicting the part of Omicron variant's different lineages sequences detected in Denmark against Worldwide (as of January 18, 2022,
sequences submitted in GISAID); (B) represent BA.2 lineage; (C) represent BA.1 lineage, and (D) represent B.1.1.529 lineage. (E) Phylogenetic tree
displaying the presence of five different subgroups in the BA.2 lineage and their specific mutations. This Phylogenetic tree was created using the
Nextstrain online tool, with options such as nCoV, GISAID sequences, global sequences, PANGO Lineage, and Rectangular tree in this online tool for
the Omicron variant (https://www.gisn/aid.org/phylodynamics/global/nextstrai, January 14, 2022)
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FIGURE 2 (See caption on next page)
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sequences in Europe (Figure 2A,B). ORF1a: A2909V is a mutation in
nonstructural proteins 4 (Nsp4); although no experimental studies
have been performed on the functional significance of this specific
mutation, it is well-known that Nsp4 is a protein required for virus
replication.>® Similarly, no experimental studies have been performed
on the functional significance of ORF3a: L140F mutation, although it
is essential to note that ORF3 is a protein that contributes to the viral
release of viral ion channels (viroporins).” Then we noticed that in
India, subgroup (BA.2) has unique mutations of ORFla: -3677L,
ORF1b: S959P, and ORF7b: H42Y (Figure 1E). As of January 18,
2022, ORF1la: -3677L mutations in the BA.2 lineage are primarily
found in India (114 sequences) (Figure 2C), ORF1b: S959P mutations
are mostly found in India (73 sequences), and Singapore (25 se-
quences) (Figure 2D), and ORF7b: H42Y mutations are found only in
tiny sequences. ORF1a: -3677L and ORF1b: S959P are mutations in
Nspé6 and Nsp13, respectively, although no experimental studies
have been performed on the functional significance of these specific
mutations; it is well-known that Nspé is the protein required for virus
replication® and the Nsp13 helicase protein.®?

Finally, we note that there is a unique mutation in the Sweden/
Denmark sub-group called ORF3a: H78Y (Figure 1E). Until January
18, 2022, mutations ORF3a: H78Y in the BA.2 lineage mainly were
detected in Denmark (1,248 sequences) and Sweden (40 sequences)
(Figure 2E). Furthermore, phylogenetic analysis confirmed the pre-
sence of this ORF3a: H78Y mutation in most BA.2 lineages circu-
lating in Denmark (Figure 2F). Much of the experimental studies on
the role of this ORF3a: H78Y mutation in the activity of the virus has
not yet been carried out, but ORF3 is the protein needed to create
viral ion channels (viroporins) and thereby facilitate virus release.” Is
this ORF3a: H78Y mutation the reason why the BA.2 lineage is so
widespread in Denmark; or if genetic makeup of Denmark people,
predisposing causes like dietary habits, climate; or large-scale re-
search into whether any animals in Denmark are infected with this
lineage and continue to transmit BA.2 from those animals to humans
can be expected to help control the spread of BA.2 in Denmark and
other countries. Furthermore, it is hoped that this BA.2 lineage may
be able to control and treat the spread of BA.2 lineage by designing
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FIGURE 2 The five subgroups with the BA.2 lineage express different and distinct mutations in different geographical regions. (A and B)
Depicting the expression of a specific mutation in the ORF1a: A2909V and ORF3a: L140F in the Philippines and Hong Kong subgroups and its
global distribution, as well as numbers sequences, has this mutation in the BA.2 lineage; (A) represent ORFla: A2909V mutation, and (B)
represent ORF3a: L140F mutation. This information is derived from the online tool “SARS-CoV-2 (hCoV-19) Mutation Reports”
(https://outbreak.info/compare-lineages, January 18, 2022). (C and D) Depicting the expression of a specific mutation in the ORFla: -3677L
and ORF1b: S959P in the Indian subgroup and its global distribution and numbers sequences have this mutation in the BA.2 lineage. (C)
represent ORF1a: -3677L mutation, and (D) represent ORF1b: S959P mutation. This information is derived from the online tool “SARS-CoV-2
(hCoV-19) Mutation Reports” (E) Depicting the expression of a specific mutation in the ORF3a: H78Y in the Sweden/Denmark subgroup and its
global distribution and numbers sequences have this mutation in the BA.2 lineage. This information is derived from the online tool “SARS-CoV-2
(hCoV-19) Mutation Reports” (https://outbreak.info/compare-lineages, January 18, 2022). (F) Phylogenetic tree depicting the presence of
ORF3a: H78Y mutation in the BA.2 sequences submitted from Denmark. This Phylogenetic tree was created using the Nextstrain online tool,
with options such as nCoV, GISAID sequences, Denmark sequences, PANGO Lineage, and Rectangular tree in this online tool for the Omicron
variant (https://www.gisaid.org/phylodynamics/denmark/, January 14, 2022)
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