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Supp. Table S1: Current SARS-CoV-2 Omicron strains and occurring mutations in RBD region from residues 333 to 526 (as of 2024-
09-23)

Compared to the original Hu-1/19A SARS-CoV-2 strain, all major Omicron strains share the same 8 mutations on spike RBD that are not represented in this table:
4 of those previously observed: K417N (Beta/20H, AY.1-3 Delta single mutants), N440K (B.1.619), S477N (20F, B.1.160, B.1.526.2, B.1.620) and N501Y
(Alpha/201, Beta, Gamma/20J, Theta/21E, Mu/21H); 4 additional mutations can be considered Omicron-specific: S373P, S375F, Q498R, and YS05H. Note: since
XBB and sub-variants eventually retrieved Lambda/21G-specific mutation F490S, all defining mutations on major strains pre-Omicron have been found again in
at least one Omicron major strain. Most major Omicron strains further share 6 mutations not shown here: S371F, T376A, D405N, R408S (new), E484A (frequently
mutated pre-Omicron but not into alanine), and T478K (Delta/21A-defining).

Code Pango (Nextstrain) designation, initial detection Strain-distinguishing SPIKE RBD (333-526) mutations in the Omicron family
Hu-1 original SARS-CoV-2 strain B (194) = Wuhan, China, 2019-12 329 356 3:;8 454 4\:5 4(4;6 4|5-2 4I5-5 4E6 4’:0 426 450 4(913 others
BA.1 Omicron (21M) sub-clade BA.1 (21K) — Botswana, 2021-11 | D S R 53731'6 fgfg%:“
BA.2 Omicron BA.2 (21L) - South Africa, 2021-11 D R
BA.2.12.1 Omicron BA.2.12.1 (22C) — USA, 2021-12 D Q R
BA.4/5 gi%czron BA.4 / BA.5 (22A / 22B) - South Africa, 2022- D R N
BA.2.75 - India, 2022-05 — “Centaurus” H S K
BA.2.75.2 - India, 2022-07 HI| T S K S
BQ.1.1 Omicron BQ.1 (22E) (BA.5.3.1.1.1.1.1.1) — Nigeria, 2022-08 DI| T T R K | V
XBB Omicron XBB / XBB.1.9 (22F / 23D) — India, 2022-08 H T | P S K S S
XBB.1.5 —USA, 2022-10 H T | p S K P
XBB.1.16 Omicron XBB.1.16 (23B) — Asia, 2023-01 — “Arcturus” HIT | Pl S K| P IS T478R
CH.1.1 Omicron CH.1.1 (23C) - 2022-09 HIT T S R K|S
EG.5 — Israel, 2023-02 — “Eris” HIT | P S L K Pl S
DV.7.1 Omicron DV.7.1 — Austria/Spain, 2023-05 H T T S R F L K S
HK.3 Omicron HK.3 — also GK.* — China, 2023-06 H| T | P S F L K P S
BA.2.86 — Denmark/israel, 2023-07 - “Pirola” | H | T HIls |w K| P R R402§3Z2|5228’2181K
JN.1/1.11.1 ~ Europe/India, late 2023, early 2024 HIT H|S | W K| P R
KP.3 Omicron KP.3 (24C) — India, early 2024 H T H S W K P




Supp. Table S2: Evolution of mutations between past important SARS-CoV-2 strains prior to Omicron arrival (ECDC as of 2024-09-
23).

Color coding: yellow cases indicate specific mutations among the major strains presented here; orange are mutations of particular interest in discussing of recent
(2022) Omicron RBD mutations; green and blue correspond to mutations shared in the whole Omicron family, the former not being observed previously (E484
was mutated frequently but not into A) contrary to the latter. For Omicron and since 2024, more mutations were described and are not represented here (see Table
S3 for more details).

Most-observed pre-Omicron SPIKE RBD mutations (333-526)

Code Major de-escalated variants (ECDC: 2023-03-03) R346 Ka17 1452 sa77 | Ta7s E4s4 F490 | N501 | Y505
A Alpha (201) B.1.1.7 — UK 2020-09 Y
B Beta (20H) B.1.351 — South Africa 2020-05 N K Y
r Gamma (20J) P.1 - Brazil 2020-11 T K Y

P.1+P681H — Italy 2021-02

E Epsilon (21C) B.1.427/429 — California 2020-09 R
Also: C.16 —2020-10 ; C.36+L452R — Egypt 2020-12 ; B.1.526.1 — USA 2020-10

Zeta P.2 — Brazil 2021-01 ; R.1 - Japan 2020-10;
ZHI Eta (21D) / lota (21F), B.1.525/526 — Nigeria / USA, 2020-12 K
Also: B.1.1.318 — 2021-01 ; B.1.1.519 (20B/S.732A) — 2020-11 ; AT.1 — Russia 2021-01

@ Theta (21E) P.3 — Philippines 2021-01 Y
B.1.1.7+E484K — UK 2020-12

K Kappa (21B) B.1.617.1 — India 2020-12 R Q
B.1.617.3 — India 2021-02

Delta B.1.617.2 (21A, 211, 21J) — India 2020-10, VOC until mid-2022
A AY.4.2 (B.1.617.2.4.2) - UK 2021-06 R K

B.1.617.2+Q613H and B.1.617.2+Q677H — India 2021-04
A Lambda (21G) C.37 — Peru 2020-12 Q S
M Mu (21H) B.1.621 — Colombia 2021-01 K K Y
O For reference: Omicron —dominant VOC in 2023 K N R N K A/K Y H

BA.1.1 BA.4/5




Supp. Table S3: Evolution of mutations in spike RBD for of all major SARS-CoV-2 strains known as of 2024-09-23. The Spike
RBD is defined as residues in the 333-526 sequence. Each strain is designated by its common name (WHO), its Pango designation and its Nextstrain code (when
available). Omicron BA.4/5 share the same RBD sequence. All structural models (PDB) correspond to complex RBD/hACE2 (1:1). Mutations are color-coded as
follows: yellow mutations are specific among the major ones presented here; green are Omicron-specific and shared by all Omicron sub-variants; blue are also
shared by all Omicron sub-variants but were previously identified; orange are mutations that are of particular interest upon discussion of recent Omicron RBD
mutations.

Strain designation Models Mutations on SPIKE RBD sequence (333-526)

common name Pango Nextstrain PDB E § E E g § § § E g § § 5 gw § E g § § § 5 § 5 5 § §
Hu-1 B 19A 6MDJ G|R|S|S|S|T/D/R|K|{N|/K|G|N|L|N|S|T|E|F|F|Q|S|G|Q|N]|Y
Alpha B.1.1.7 201 7EKF Y
Beta B.1.351 20H TEKG N K Y
Gamma P.1 20J 7EKC T K Y
Epsilon B.1.427 21C 7SY0 R
Eta / lota / Zeta B.1.525,P.2 21D 21F K
Theta P.3 21E 7SY4 K Y
Kappa B.1.617.1 21B 7TEZ R
Delta B.1.617.2 21A 7wBQ R K
Lambda c.37 21G Q S
Mu B.1.621 21H K K Y
Omicron BA.1 B.1.1.529.1 21K 7T9L D L|P|F N | K S N|K]|A R S|R|Y|H
Omicron BA.1.1 TXAZ D|K|L|P]|F N | K S N|K]|A R S|{R|Y|H
Omicron BA.2 21L 7XB0 D FI{P|F|A|N|S|N|K N|K]|A R R{Y|H
Omicron BA.2.3.20 D FIP|F|A|N|S|N|K|R D/ M|K|N|K|R R|Y|H
Omicron BA.2.10.4 D FIP|F|A|N|S|N|K S N|K|A]|P P RIY|H
Omicron BA.2.12.1 22C THYW | D FI{P|F| A|IN|S|N|K Q N|K|A R R|Y|H
Omicron BA.2.75 22D 8H5C H FI{P|F| A|IN|S|N|K S K| N|K]|A R|Y|H
Omicron BA.2.75.2 H|{T|F|P|F|A|IN|S|N|K S K|N|K|A]S R|Y|H
Omicron BA.3 7XB1 D F|P]|F N N | K S N|K|A R R|Y|H
Omicron BA.4 / BA.5 22A 22B 7XVA D FI{P|F| A|IN|S|N|K R N | K|A]|V R|Y|H
Omicron BA.4.6 D|T|F|P|F|A|IN|S|N|K R N | K|A]|V R|Y|H
Omicron BQ.1.1 22E 8FXC D|T|F|P|F|A|N|S|N|KI|T RIK|IN|JK|A]|V R|Y|H
Omicron XAK D|K|F|P|F|A|N|S|N|K K|N|K]|A R|Y|H
Omicron BA.2.86 231 D|IK|F|P|F|A|IN|S|N|K K| N|K/|K R|Y|H
Omicron JN.1 (1.11.1) 24A /248 D|K|F|P|F|A|IN|S|N|K K|N|K]|K R|Y|H
Omicron KP.3 24C D|IK|F|P|F|A|IN|S|N|K K| N|K]|K E R|Y|H




Supp. Table S4: Covariance analysis on 3D coordinates for each system to evaluate the
contribution of the first PCs.

PCn° WT | Delta | BA.1 | BA.1'Q¥3K | BA.2 | BA4
1 040 028 036 |0.26 037 10.39
2 0.15 10.19 ]0.09 |0.16 0.19 ]0.18
3 0.09 |0.11 0.07 |0.12 0.08 |0.07
4 0.06 ]0.07 ]0.06 |0.08 0.05 |[0.05
5 0.03 [0.04 [0.05 [0.05 0.03 |0.03
6 0.02 ]0.03 0.03 0.05 0.02 |0.02
7 0.02 ]0.03 0.03 0.04 0.02 |0.02
8 0.01 0.02 ]0.02 |0.04 0.02 ]0.01
9 0.01 0.01 0.02 ]0.02 0.01 0.01
10 0.01 0.01 0.02 ]0.02 0.01 0.01
Cumulative var. (1-10) | 0.80 | 0.79 | 0.75 | 0.84 0.8 0.79
Cumulative var. (1-2) | 0.55 0.47 0.45 0.42 0.56 0.57




Supp. Table S5: Non-exhaustive list of computational and experimental studies reporting RBD binding
affinity to hACE2 for ancestral strain (WT) or variants (ND: Not Done; NA: Not applicable).

SARS- | Method * Simulati RBD binding affinity to hACE2 (experimental or Ref.
CoV-2 on time computed)
Variant vs RBDWT Variant vs RBD?
wt, 0 MD, MM/GBSA | 2x500 ns | Stronger affinity of RBDC than ND [1]
RBDVWT
wt, 0 MD 50 ns More stable binding for RBDC. ND [2]
Partial dissociation with RBDWT
wt, 0 MD, FEP 20 ns Stronger affinity of RBD® than ND [3]
RBDWYT (factor of 2.5)
wt, 0 Docking, 400 - 500 | Stronger affinity of RBDC than ND [4]
MM/GBSA ns RBDVYT (factor of 2)
wt, 0 MD, MM/PBSA 3x100 ns | Stronger affinity of RBD® than ND [5]
RBDVYT (factor of 2.5)
wt, 0 MD, MM/PBSA 100 ns Equivalent affinity of RBD® and ND [6]
RBDWT
wt, 5,0 | MD, MM/GBSA / | 200 ns Stronger affinity of RBDP than Weaker affinity of [7]
Elisa RBDWT RBD® than RBD?
wt, @, | MD — Umbrella 500 ns Stronger affinity of RBD® * © than [8]
K, O sampling RBDWT
wt, B, SPR NA Stronger affinity of RBDC than Weaker affinity of [9]
3,0 RBDVWT RBD? than RBD?
Kp=13.2nM (wt), 8.85 nM Kp=2.85nM (9), 8.85
(omicron) nM (omicron)
o, B,y, | SMD 20x40 ns | Reinforced interface for RBD® ND [10]
d, e K versus RBDWT
wt, 0 MST Stronger affinity of RBDP than ND [11]
RBDWT (5 and 21.5 nM,
respectively)
wt, a, X-ray / Cryo-EM | NA Similar affinity of RBD® and Similar affinity of [12]
B,v,8, | /SPR RBDVWT RBD® and RBD?
o Kp=25nM (wt), 31 nM (omicron). | Kp=25nM (6), 31 nM
(omicron).
wt, 8,0 | BLI NA Stronger affinity of RBD® than Stronger affinity of [13]
RBDYT Kp= 127 nM (wt), 44 nM RBD® than RBD?. Kp=
(omicron) 190 nM (9), 44 nM
(omicron)
wt, o, SPR NA Stronger affinity of RBDP than Stronger affinity for [14]
B, 5,0 RBDWT Kpp = 60 + 1.4 nM (wt), RBD® than RBD?. Kp
25.3 + 1.2 nM (omicron) =75+1.9nM (3),25.3
+ 1.2 nM (omicron)
wt, 5,0 | SPR NA Stronger affinity (1.4 fold) of Similar affinity of [15]
RBDP than RBDWT RBDC and RBD?.

* Abbreviations for computational and experimental methods. AFM: Atomic force microscopy; BLI: Biolayer
Interferometry; Cryo-EM: cryo-electron microscopy; FEP: Free-energy perturbation; MD: Molecular dynamics
simulations; MM/GBSA: Molecular Mechanics/ Generalized-Born Surface Area; PBSA: Poisson-Boltzmann Surface
Area continuum solvation, MST: Microscale thermophoresis; SMD: Steered molecular dynamics; SPR: Surface
plasmon resonance.
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Supp. Fig. S1: Amino acid sequences and structural secondary elements (derived from crystal structure

6MO0J[16]) of Spike RBD WT and variants. Mutations found in Delta and Omicron variants (BA.1, BA.2

and BA.4/5) are highlighted in dark yellow, green, cyan and magenta, respectively (BA.17?**¥ is not shown

because of its unique difference with BA.1). The common mutations for the Omicron family are related to

group 21M (Pango lineage B.1.1.529).
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Supp. Fig. S2: 2D-RMSD matrix plots computed for all backbone atoms of RBD WT in the absence (A)
of in the presence (B) of glycans. The increase in RMSD values observed in several replicas was due to a
large motion of the c-terminus of RBD (residues 520-526). When computing the same matrix without this
c-terminal end, RMSD values did not exceed 3 A as shown in panel (C). Note that in Figure 2 the maximum
deviation was 3 A, whereas here it is defined as 6 A.
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Supp. Fig. S3: Time course of non-bonded interactions calculated by the PairInt procedure showing the

implication of both hACE2 and Spike residues for WT (A), Delta (B), BA.1 (C), BA.1'%*** (D), BA.2 (E)
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and BA.4 (F) variants (only sections encompassing residues 400 to 529 are shown for Spike). All
interactions were processed by NAMD and homemade scripts using a cutoff distance of 6 A for electrostatic

potential on trajectories unstripped from solvent (same color code for interaction energies as in Fig.4).
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Supp. Fig. S4: Simplified interaction profiles obtained by the Pairlnt procedure for the WT RBD-hACE2
complex in triplicates on top of the original simulation in the absence (A) or in the presence (B) of

decorating glycans. Note that simulations with glycans were longer and reached 2 pus for each replica.
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Supp. Fig. S5: Detailed view of all hydrophobic interactions detected during the entire simulation for either

(A) Spike residues or (B) hACE2 residues. Each vertical bar on a row represents 10 frames and is depicted

in color if the residue is involved in a hydrophobic interaction in 1 (pale blue) to 10 (black) frames. A
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residue is only plotted if it is involved in hydrophobic interactions in at least one variant. For each variant,
the color of the residue name indicates if it was found interacting in more than 10% of frames (black) or in
less than 10% of the frame (blue). Residues not interacting at all in the simulations are not represented for

clarity. The scale bar indicates the number of interactions per 10-frame interval.
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Supp. Fig. S6: cPCA scree plot showing the evolution of the explained variance ratio of each component.
Note that in the case of contact-PCA, the values of variances are much lower than those of cartesian-PCA

due to the computational procedure.

15



PC3

50 50

H E E
[ “MLMLI.M. w3t g T By it b .k aallilh
4 LIPSLLAL L A N " Ll
g g NI | o
< 2 RUTECL, AR i 2 M
¢
50 PRI P s _50 iy *‘“‘H“h ﬂh
w ot - 4
g
—=100 =100
—150 - —150
800 900 1000 1100 1200 1300 1400 1500 800 900 1000 1100 1200 1300 1400 1500 800 900 1000 1100 1200 1300 1400 1500
Time (in ns) Time (in ns) Time (in ns)
150 PC4 PC5 150 PC6
100 100
50 50
@ @ @
= =2 2
2 0 H 2 0
3 n o
3] o [v]
a o o
—50 —50
—100 —1l00
=150 =150 =150
800 900 1000 1100 1200 1300 1400 1500 800 900 1000 1100 1200 1300 1400 1500 800 900 1000 1100 1200 1300 1400 1500
Time (in ns) Time (in ns) Time (in ns)
— WT — BA1+Q493K — BA4
— BA1l — BAZ2 Delta

Supp. Fig. S7: Time-evolution of the PC1-6 values taken during each simulation (from 800 to 1500 ns) for

each system.
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Supp. Fig. S8: Average nLMI values for all the studied systems. The values are averaged over the complete

map (in blue), within hACE2 (in orange), within RBD (in green) and between hACE2 and RBD (in red).

The horizontal dashed lines depict values of the wild-type system.
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