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SUPPLEMENTARY TEXT T1
Genomic data collections and mutation frequencies

To illustrate the chronology of variant evolution between the start of the pandemic in 2020 and
May 2023, two large sequence datasets were used: (i) all (as “randomly” selected) SARS-CoV-2
genomes from the German genomic surveillance data set obtained from the German Electronic
Sequence Data Hub (DESH), which was operational for the nationwide collection of SARS-CoV-
2 genomes from January, 2021 to May, 2023 (https://github.com/robert-koch-institut/SARS-CoV-
2-Sequenzdaten _aus_Deutschland)!?; and (i) all international genomes published via GISAID*®,
Briefly, mutation profiles were generated on all high-quality genomes sampled through the end of
May, 2023, namely 360,800 German sequences along with 8,598,137 GISAID sequences. Based
on such retrieved mutation profiles (available online in the https://osf.io/9rdws OSF repository at
both nucleotide (nt) and amino acid (aa) level), the frequencies of all amino acid substitutions (aa
mutations) were computed for each calendar week.

The analyses depicted in Fig. 2 were focused on mutations that appeared frequently across
genomes, regardless of virus lineage. A mutation was defined as 'fixed' if it was nonsynonymous
and appeared in at least 70 % of samples in any given calendar week. The GISAID sequence data
dump?® was obtained on 2023-06-19 (doi: 10.55876/gis8.240415ce) and the German (DESH)
dataset was downloaded on 2023-06-17 (doi:10.5281/zenodo.8046538), while all genomes were
selected until the end of May 2023 (sampling date). To minimize sampling bias in our study of the
German genomic surveillance data set, we only included SARS-CoV-2 genome sequences that
were explicitly labeled as "randomly sampled". This corresponds usually to a randomly selected
sample that tested positive during PCR diagnostics. This approach ensures a more representative
dataset and increases the reliability of results. Subsequently, high-quality genomes were extracted
by counting the number of ambiguous "N" bases per genome and only those were kept with less
than 100 "N", resulting in 360,800 German sequences and 8,598,137 international (GISAID)
sequences. Next, covsonar (https://github.com/rki-mfl/covsonar) was used, a database-driven
system for handling genomic sequences of SARS-CoV-2 and screening genomic profiles, to
generate mutation profiles for all genomes, while the sampling calendar week (CW) for each
sample was added to the resulting TSV with a custom script. Such retrieved mutation profiles were
filtered using the "max 100 N" IDs and split into the respective calendar weeks, while mutation
profiles were distinguished on nucleotide (nt) and amino acid (aa) levels. The resulting nt and aa
mutation profiles per calendar week and the filtered genomes with less than 100 ambiguous N
bases can be found in the OSF repository: https://osf.io/9r4ws.

Such filtered mutation profiles were then used to calculate the mutation frequencies per calendar
week, independent of lineage assignments (script at https://github.com/hoelzer/sc2-consensus-
mutation-profile (v0.0.1)). The aa changes and their frequencies above 70 % and per calendar
week were summarized for plotting, while all aa changes with a frequency higher than 70 % in at
least one CW were included. The lineage proportions were also summarized per calendar week
from the same files for plotting (see https://osf.io/9r4ws).
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To visualize the frequencies of aa changes for each calendar week between week 05/2020 and
week 22/2023 in Germany as well as in an international context the R packages ggplots and
ComplexHeatmaps were used.
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Supplementary Figure S1: Global view of mutation frequencies in the SARS-CoV-2 genome
between beginning of 2020 and mid of 2023. Amino acid (aa) substitutions shown here have
exceeded a frequency of 70 % in at least one calendar week (see Supplementary Text for further

methodological details).
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Supplementary Figure S2: Mutation frequencies in the S protein of the SARS-CoV-2 genome in
GISAID (international) between beginning of 2020 and mid of 2023. Amino acid (aa) substitutions
shown here have exceeded a frequency of 70 % in at least one calendar week (see
Supplementary Text for further methodological details). The abundance of selected major
lineages circulating on international level during that time is visualized at the top of the heatmap.
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Supplementary Table S1: WHO-designhated Omicron variants of interest and variants under
monitoring (VOIs and VUMSs), including their most relevant mutations and lineage properties,
between May 2023 and December 2024.

Lineage | WHO designation | Time period Relevant spike | Lineage properties
mutations
XBB.1.5 Jan 2023 — Jun 2024 XBB.1 + F486P | - Immune escape properties
(similar to XBB.1) 1?2
XBB.1.16 Apr 2023 — Jun 2024 XBB.1 + - Binding affinity of RBD to
E180V, T478R, ACE2 is lower than that of
F486P XBB.1.5 RBD & infectivity
similar to XBB.1.5 8

- Immune escape properties
(similar to XBB.1 and XBB.1.5)
4

EG.5 Aug 2023 — Jun 2024 XBB.1.9.2 + - Immune escape properties °

(VUM since Jul 2023) F456L - EG.5.1 showed high epidemic
spread compared to
outcompeted XBB subvariants
(including XBB.1.5), owing to
increased capacity to evade
the humoral immunity induced
Variant of Interest by XBB breakthrough

(voI) infections ©
BA.2.86 Nov 2023 — Nov 2024 BA.2 + R21T, - Limited immune escape
(VUM since Aug 2023) S50L, relative to concurrently
69_70del, circulating variants at that time
V127F, F157S, (compared to XBB.1.5 which
R158G, 211del, was globally dominant before)

L212I, L216F, 9

H245N, A264D, | - Antigenically distinct from
1332V, K356T, XBB.1.5 and previous Omicron
V445H, N450D, variants, and can evade XBB-
N481K, A484K, induced and XBB-effective
483del NAbs targeting various

epitopes 1°

- Compared to EG.5.1, BA.2.86

i) is more transmissible, ii) has

comparable drug sensitivity, and

iii) has lower replication

efficiency ©

- Highly immunoevasive,

evading BA.1l- and BA.S5-

vaccine-induced humoral

immunity 8

JN.1 Dec 2023 - today BA.2.86 + - Increased transmissibilty *
L455S - Increased immune evasion
relative to cocirculating
variants 1214

- Higher Re than BA.2.86.1 and
HK.3, leading JN.1 to become
dominant worldwide!

- Showed robust resistance to
monovalent XBB.1.5 vaccine
sera compared with BA.2.86%*

BA.2.75 Jul 2022 — Oct 2023 BA.2 + - Higher ACE-binding affinity
K147E, than BA.4/BA.5
W152R, F157L, | - Strong  humoral  immune
1210V, G257S, evasion and both RBD- and



KP.2 Apr 2024 — today

KP.3 Apr 2024 — today

Variant under
Monitoring
(VUM)

KP.3.1.1 Jul 2024 — today

XEC Sep 2024 — today

D339H, G446S,
N460K, Q493R
reversion (or
R4930Q)

JN.1 +

R346T, F456L,
V1104L

JIN.1 + F456L,
Q493E,
V1104L

KP.3 + S31del

JIN.1 + T22N,
F59S, FA56L,
Q493E,
V1104L

NTD-targeting
escape 1°

antibody

- Evades neutralization with
greater efficiency than JN.116
- Declared as VUM owing to
concerning Spike mutations
additional to the parental ones
from JN.1, and due to its
widespread detection; however,
clear evidence of a transmission
| growth advantage is not
available.

- Significant increase in ACE2-

Spike binding affinity compared

with JN.1 %7

- Evades neutralization with

greater efficiency than JN.116

- Declared as VUM owing to

concerning Spike mutations

additional to the parental ones
from JN.1, and due to its
widespread detection; however,
clear evidence of a transmission

/ growth advantage is not

available.

- Significant increase in ACE2-

Spike binding affinity compared

with JN.1 1617

- Higher Re than JN.1, KP.2, and

KP.3 18

- Higher pseudovirus infectivity

and neutralization activity than

KP.3 18

- Declared as VUM owing to

concerning Spike mutations

additional to the parental ones
from JN.1, and due to its
widespread detection; however,
clear evidence of a transmission

/ growth advantage is not

available.

- Growth advantage compared
to currently circulating SARS-
CoV-2 variants, e.g. KP.3.1.1
12

- Limited immune evasion,

relative to co-circulating variants

and from JN.1 or KP.2 mRNA

booster vaccines 12

- Enhanced humoral immune
evasion and RBD-targeting

antibody escape capabilities
12

- Significant increase in ACE2-
Spike binding affinity
compared with JN.1 17

- Enhanced humoral immune
evasion and RBD-targeting Ab
escape ’



Supplementary Table S2: All used GISAID data is available through the GISAID identifier
"EPI_SET_240415ce" and the corresponding doi: 10.55876/gis8.240415ce
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