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MESSENGER RNA VACCINES AGAINST WIDE SPECTRUM OF CORONAVIRUS
VARIANTS

SEQUENCE LISTING

[0001] The instant application contains a Sequence Listing which is submitted electronically in
ASCII format and is hereby incorporated by reference in its entirety. The ASCII copy, created on
April 12,2022, is named “G4590-15000PCT_SeqListing 20220412” and is 111 kilobytes in size.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims benefit to and priority to U.S. Provisional Patent Application No.
63/173,752, filed on April 12,2021, and U.S. Provisional Patent Application No. 63/264,737 filed

on December 1, 2021, the contents of which are hereby incorporated by reference in their entirety.

FIELD

[0003] The present disclosure relates generally to the field of treating and/or preventing a
coronavirus infection. Particularly, the present disclosure relates to messenger RNA (mRNA)

vaccines against wide spectrum of coronavirus (CoV) variants.

BACKGROUND OF THE INVENTION

[0004] In 1796, Edward Jenner created the first vaccine (cowpox) in the world to protect against
smallpox and successfully rescued millions of people. Since then, vaccination has been recognized
as the best way to protect against pathogens. Since the outbreak of severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) in December 2019 that caused Coronavirus Induced
Disease 2019 (COVID-19), the virus has spread all over the world and caused more than 200
million infections and 4 million deaths in 20 months. This pandemic has become a major threat to

public health.

[0005] A great number of efforts has been directed toward the development of effective means
and vaccines to combat this pandemic. The trimeric spike (S) protein on the viral surface has been
the key immunogen and target for preventive vaccine and therapeutic antibody development. As
of December 2020, the U.S. FDA has authorized Pfizer/BioNTech and Moderna's mRNA vaccine
candidates as well as Regeneron's antibodies, for emergency use; however, several other vaccine
candidates and human antibodies are in clinical trials and a handful of them, including the
Oxford/Astrazeneca and J&J vaccines, are close to obtaining approval. Of the various vaccines
developed to control the spread of SARS-CoV-2 and variants, the mRNA vaccines developed by

Moderna and BioNTech/Pfizer represent a major breakthrough due to their speed and convenience.
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These vaccines were stabilized with new mRNA technology and lipid nanoparticle (LNP)
formulation for delivery and translation into the spike (S) protein in vivo to induce immune
response (Ewen Callaway. COVID vaccine excitement builds as Moderna reports third positive
result. Nature. 587 (7834):337-338 (2020); Polack P. et al. Safety and Lfficacy of the BNT162b2
mRNA Covid-19 Vaccine. N Engl J Med. 383 (27):2603-2615 (2020)).

[0006] However, since there have been a number of variants that have been circulating widely in
the world and more infectious variants such as beta, delta and omicron variants may have an
increased ability to re-infect people who have been vaccinated previously and/or recovered from
infection by earlier versions of the coronavirus, infections by emerging SARS-CoV-2 variants
may continue to occur or potentially increase in frequency. The S protein of this RNA virus is
highly glycosylated and frequently mutated with more than 9 million sequences and over 1,000
sites of mutation in its 1,273 amino-acid sequence reported to GISAID (www.gisaid.org),
including the highly transmissible delta and omicron variants, posing a major challenge in the

development of broadly effective antibodies and vaccines.

[0007] Accordingly, there exists an immediate need for better vaccines as well as better products

and methods to prevent and treat coronavirus infections.
SUMMARY OF THE INVENTION

[0008] The present disclosure provides a novel coronavirus mRNA vaccine, methods of
preparation and uses thereof. The novel vaccine is designed based on an mRNA technology to
remove the glycan shields of a coronavirus (e.g. SARS-CoV-2) spike protein to better expose the
conserved regions of the spike protein. The mRNA vaccine of coronavirus spike protein has
deletion of glycosites in the receptor binding domain (RBD) or the subunit 2 (S2) domain to
expose highly conserved epitopes and elicit antibodies and CD8 T-cell response with broader
protection against the alpha, beta, gamma, delta, omicron and various variants, as compared to the
unmodified mRNA. The mRNA vaccine provided herein is effective for inducing protective
immunity against SARS-CoV-2 and variants (e.g. alpha, beta, gamma, delta, omicron). When
used individually or in combination as an immunogenic composition or vaccine, the mRNA
vaccine of the present disclosure may protect people from infection and/or to reduce symptoms if

infected.

[0009] In one aspect, the present disclosure provides at least one immunogenic peptide,
comprising an amino acid sequence selected from a group consisting of: TESIVRFPNITNL (SEQ
ID NO: 41), NITNLCPFGEVFNATR (SEQ ID NO: 42), LYNSASFSTFK (SEQ ID NO: 43),
LDSKVGGNYN (SEQ ID NO: 44), KSNLKPFERDIST (SEQ ID NO: 45),
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KPFERDISTEIYQAG (SEQ ID NO: 46), GPKKSTNLVKNKC (SEQ ID NO: 47),
NCDVVIGIVNNTVY (SEQ ID NO: 48), PELDSFKEELDKYFK[NJHTS (SEQ ID NO: 49),
VNIQKEIDRLNEVA (SEQ ID NO: 50), NLNESLIDLQ (SEQ ID NO: 51) and
LGKYEQYIKWP (SEQ ID NO: 52) or an amino acid sequence having at least about 99%, 98%,
97%, 96%, 95% or 90% identity to any of SEQ ID NOs: 41 to 52.

[0010] In some embodiments, the immunogenic peptide comprises at least an amino acid
sequence selected from a group consisting of SEQ ID NOs: 41 to 43 and 45 to 51.In some
embodiments, the immunogenic peptide comprises at least one, two, three, four, five, six, seven,
eight, nine, ten, eleven or twelve amino acids of SEQ ID NOs: 41 to 52. In some embodiments,
the immunogenic peptide comprises at least one, two, three, four, five, six, seven, eight, nine, ten

amino acids of SEQ ID NOs: SEQ ID NOs: 41 to 43 and 45 to 51.

[0011] In one aspect, the present disclosure provides a modified nucleic acid molecule encoding
a modified spike protein comprising one or more amino acid substitutions at N-linked
glycosylation sequons (N-X-S/T), wherein X is any amino acid residue except proline, and S/T

denotes a serine or threonine residue.

[0012] In some embodiments, the modified spike protein described herein comprises the the
substitution of asparagine (N) to glutamine (Q) at N-linked glycosylation sequons (N-X-S/T) to

eliminate N-linked glycan sequons.

[0013] In some embodiments, the modified spike protein described herein comprises one or more
amino acid substitution at N-linked glycosylation sequons (N-X-S/T) to eliminate N-linked glycan

sequons.

[0014] In some embodiments, the modified spike protein described herein comprises one or more
amino acid substitutions of S/T at O-linked glycosylation sites to eliminate O-linked glycosylation

sites. One example is the substitution of S/T to alanine (A).

[0015] In one embodiment, the modified nucleic acid molecule is an mRNA or a double-strand or

single-strand DNA.

[0016] In one embodiment, the modified spike protein is derived from a SARS-CoV-2 spike
protein. The SARS-CoV-2 spike protein described herein comprises an amino acid sequence of
SEQ ID NO: 2, 16, 18 or 20, or amino acid sequence having at least about 99%, 98%, 97%, 96%,
95%, 90%, 85%, or 80% identity to the amino acid sequence of SEQ ID NO: 2, 16, 18 or 20.

[0017] In some embodiments, the nucleic acid molecule encoding the amino acid sequence of

SEQ ID NO: 2, 16, 18 or 20 is an mRNA comprising the nucleotide sequence of SEQ ID NO: 1,

(%)



WO 2022/221835 PCT/US2022/071679

15, 17 or 19 respectively, or a nucleotide sequence having at least about 99%, 98%, 97%, 96%,
95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 1, 15, 17 or 19

respectively.

[0018] In some embodiments, the modified spike protein described herein comprises an amino
acid sequence of SEQ ID NO: 4, 22, 24 or 26, wherein the modified spike protein comprises a
receptor binding domain (RBD) lacking glycosylation sites. The modified nucleic acid molecule
encoding the amino acid sequence of SEQ ID NO: 4, 22, 24 or 26 comprises the nucleotide
sequence of SEQ ID NO: 3, 21, 23 or 25 respectively, or a nucleotide sequence having at least
about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ
ID NO: 3, 21, 23 or 25 respectively.

[0019] In some embodiments, the modified spike protein described herein comprises an amino
acid sequence of SEQ ID NO: 6, 28, 30 or 32, wherein the modified spike protein comprises a S2
subunit lacking glycosylation sites. The modified nucleic acid molecule encoding the amino acid
sequence of SEQ ID NO: 6, 28, 30 or 32 comprises the nucleotide sequence of SEQ ID NO: 5,
27, 29 or 31 respectively, or a nucleotide sequence having at least about 99%, 98%, 97%, 96%,
95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 527, 29 or 31

respectively.

[0020] In some embodiments, the modified spike protein described herein comprises an amino
acid sequence of SEQ ID NO: 8 or 34, wherein the modified spike protein comprises an S2 subunit
that consists of a single glycosylation site. In some embodiments, the single glycosylation site is
at the position N1194. In some embodiments, the modified nucleic acid molecule encoding the
amino acid sequence of SEQ ID NO: 8 or 34 comprises the nucleotide sequence of SEQ ID NO:
7 or 33 respectively, or a nucleotide sequence having at least about 99%, 98%, 97%, 96%, 95%,
90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 7 or 33 respectively.

[0021] In some embodiments, the modified spike protein described herein comprises an amino
acid sequence of SEQ ID NO: 10 or 36, wherein the modified spike protein comprises a receptor
binding domain (RBD) lacking glycosylation sites, and an amino acid substitution of N801 to
Q801. The modified nucleic acid molecule encoding the amino acid sequence of SEQ ID NO: 10
or 36 comprises the nucleotide sequence of SEQ ID NO: 9 or 35 respectively, or a nucleotide
sequence having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 9 or 35 respectively.

[0022] In some embodiments, the modified spike protein described herein comprises an amino

acid sequence of SEQ ID NO: 12 or 38, wherein the modified spike protein comprises a receptor



WO 2022/221835 PCT/US2022/071679

binding domain (RBD) lacking glycosylation sites, and an amino acid substitution of N1194 to
Q1194. The modified nucleic acid molecule encoding the amino acid sequence of SEQ ID NO:
12 or 38 comprises the nucleotide sequence of SEQ ID NO: 11 or 37 respectively, or a nucleotide
sequence having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 11 or 37 respectively.

[0023] In some embodiments, the modified spike protein described herein comprises an amino
acid sequence of SEQ ID NO: 14 or 40, wherein the modified spike protein comprises a modified
receptor binding domain (RBD) lacking glycosylation sites, and amino acid substitutions of N122
to Q122, N165 to Q165, and N234 to Q234. The modified nucleic acid molecule encoding the
amino acid sequence of SEQ ID NO: 14 or 40 comprises the nucleotide sequence of SEQ ID NO:
13 or 39 respectively, or a nucleotide sequence having at least about 99%, 98%, 97%, 96%, 95%,
90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 13 or 39 respectively.

[0024] In some embodiments, the modified spike protein described herein comprises an S1

subunit lacking glycosylation sites.

[0025] In some embodiments, the modified spike protein described herein comprises both S1 and

S2 subunits lacking glycosylation sites.

[0026] The present invention relates to the mRNA vaccine of coronavirus spike protein with
deletion of glycosites in the receptor binding domain (RBD) or the subunit 2 (S2) domain to
expose highly conserved epitopes and elicit antibodies and CD8 T-cell response with broader
protection against the alpha, beta, gamma, delta, omicron and various variants, as compared to the

unmodified mRNA.

[0027] In some embodiments, the coronavirus vaccine comprises a coronavirus spike protein
mRNA with one or more mutations of the glycosites in RBD or S2 or other domains with one or
more replacements of N to Q or S/T to A, or a combination thereof. In a further embodiment, the
mutation of the N-glycosites is to change the putative sequon N-X-S/T to Q-X-S/T and/or change
S/T of the O-glycosite to A.

[0028] In some embodiments, the mRNAs described herein having the glycosites with N to Q
replacement include a S-(deg-RBD) (S protein with all 2 N-glycosites in RBD mutated from N to
Q and 2 O-glycosites mutated from S/T to A), a S-(deg-S2) (S protein with all 9 glycosites in S2
mutated from N to Q), a S-(deg-S2-1194) (S protein with 8 glycosites in S2 mutated from N to Q,
except glycosite 1194), a S-(deg-RBD-801) (S protein with all 2 N-glycosites in RBD mutated
from N to Q and 2 O-glycosites mutated from S/T to A, and glycosite 801 mutated from N to Q),
a S-(deg-RBD-1194) (S protein with all 2 N-glycosites in RBD mutated from N to Q and 2 O-
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glycosites mutated from S/T to A, and glycosite 1194 mutated from N to Q), and a S-(deg-RBD-
122-165-234) (S protein with all 2 N-glycosites in RBD mutated from N to Q and 2 O-glycosites
mutated from S/T to A, and glycosite 122, 165 and 234 mutated from N to Q).

[0029] In one embodiment, the immunization of the exemplary coronavirus vaccine of the present
disclosure, as described herein, results in the accumulation of misfolded S protein in the
endoplasmic reticulum. In one embodiment, the immunization of the exemplary coronavirus
vaccine of the present disclosure, as described herein, causes the upregulation of BiP/GRP78,
XBP1 and p-elF2a to induce cell apoptosis and CD8 T-cell response. In one embodiment, the
immunization of the coronavirus vaccine of the present disclosure, as described herein, can

increase class I major histocompatibility complex (MHC I) expression.

[0030] In some embodiments, the exemplary CoVs described herein includes, but are not limited
to, SARS-CoV, MERS-CoV and SARS-CoV-2. In some embodiments, examples of the
coronavirus (CoV) described herein include, but are not limited to, alpha-SARS-CoV2, beta-
SARS-CoV2, gamma-SARS-CoV2, delta-SARS-CoV2, and omicron-SARS-CoV2 and variants
thereof.

[0031] In some embodiments, the present disclosure provides a linear DNA comprising a
promoter, 5' untranslated region, 3' untranslated region, expression plasmid with or without S-2P,
and poly(A) tail signal sequence, wherein the putative sequon N-X-S/T is changed to Q-X-S/T

and the O-glycosite was changed from S/T to A on the expression plasmid.

[0032] In some embodiments, the S-2P expression plasmid comprises the S gene of SARS-CoV-
2 encoding the pre-fusion state of the S having proline substitutions of K968 and V969.

[0033] In some embodiments, the present disclosure provides an mRNA, prepared by in vitro

translation from the above-mentioned DNA.

[0034] In another aspect, the present disclosure provides a vector comprising the modified nucleic

acid molecule described above.

[0035] In another aspect, the present disclosure provides a host cell comprising the modified

nucleic acid molecule described above.

[0036] In another aspect, the present disclosure provides a modified spike protein described

above.

[0037] In another aspect, the present disclosure provides a method for delivery of mRNA for in
vivo production of a protein comprising: administering to a subject a composition comprising an

mRNA of the invention that encodes the protein, wherein the mRNA is encapsulated within a lipid
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nanoparticle, and wherein the administering of the composition results in the expression of the

protein encoded by the mRNA.

[0038] In some embodiments, the mRNA as described herein may be used as the vaccine, either
alone or in combination with other vaccines. Accordingly, the present disclosure provides a combo
vaccine, comprising the mRNA vaccine of the present disclosure and one or more additional
vaccines. The additional vaccine is selected from one or more COVID-19 vaccine, influenza (flu)
vaccine, advenovirus vaccine, anthrax vaccine, cholera vaccine, diphtheria vaccine, hepatitis A or
B vaccine, HPV vaccine, measle vaccine, mumps vaccine, smallpox vaccine, rotavirus vaccine,
tuberculosis vaccine, pneumoccal vaccine and Haemophilus influenzae type b vaccine and any

combination thereof.

[0039] In another aspect, the present disclosure provides a guanidine-based nanoparticle used as
carrier for delivering the modified nucleic acid molecule of any one of claims 1 to 25 to a subject.

In one embodiment, the nanoparticle is a liposome or a polymersome.

[0040] In another aspect, the present disclosure provides an mRNA nanocluster comprising the
mRNA vaccine as described herein formulated in lipid nanoparticles. In one embodiment, the lipid

nanoparticle is a biodegradable lipid nanoparticle.

[0041] In some embodiments, the lipid nanoparticle as described herein is guanidine-based
polymers. In one embodiment, the present disclosure provides an mRNA nanocluster, comprising
lipid nanoparticles encapsulated with the mRNA vaccine described herein, wherein the lipid
nanoparticle comprises guanidine-based polymer units, wherein the guanidine-based as well as
zwitterionic groups of the polymer attach to a lipid tail of the polymer, and wherein the guanidine-
based polymers adhere to mRNA, thereby forming salt bridges between the guanidinium groups
and the phosphates in the mRNA. Examples of guanidine-based polymers include, but are not
limited to P1, P2, P3, Pb and Pz as shown below.
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[0042] In some embodiments, the guanidine-based polymer forms a copolymer such as P1/P3
copolymer, P2/P3 copolymer, P1/Pb copolymer, P2/Pb copolymer, P1/Pz copolymer and P2/Pz

copolymer.

[0043] In some embodiments, the guanidine-based and zwitterionic lipid nanoparticles comprise
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[0044] In some embodiments, the mRNA nanocluster described herein has a nanoparticle/mRNA

or

(N/P) ratio of about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9, about
10, about 15, about 20, about 30, about 40, about 50, or about 100

[0045] In some embodiments, the mRNA nanocluster described herein has a nanoparticle/mRNA

(N/P) ratio of about 10 or about 20.

[0046] In some embodiments, the present disclosure is directed to a nanoparticle/nanocluster
composition, comprising a nanoparticle attached with the coronavirus vaccine of the present
disclosure. In one embodiment, the nanoparticle is a lipid nanoparticle, a polymeric nanoparticle,
an inorganic nanoparticle such as a gold nanoparticle, a liposome, an immune stimulating
complex, a virus-like particle, or a self-assembling protein. In a further embodiment, the

nanoparticle is a lipid nanoparticle (LNP).

[0047] In some embodiments, the present disclosure provides a vaccine composition comprising
the mRNA vaccine, mRNA nanocluster/nanocluster or nanoparticle composition as described

herein.

[0048] In some embodiments, the present disclosure is directed to the antibodies and CD8+ T
cells elicited by the vaccine described herein, which have broader protection against the alpha,

beta, gamma, delta and omicron variants.

[0049] In some embodiments, the present disclosure provides a method of immunizing a subject
comprising administering the vaccine composition described herein. The present disclosure also
provides a method of preventing or treating a coronavirus infection, comprising administering an
effective amount of the mRNA vaccine, mRNA nanocluster or mRNA nanoparticle or vaccine
composition as described herein to a subject infected with, or at risk of being infected with, a
coronavirus. In one embodiment, the mRNA vaccine, mRNA nanocluster or mRNA nanoparticle
or vaccine composition as described herein can be used in a method of boosting an adaptive

immune response.

[0050] In some embodiments, the mRNA vaccine, mRNA nanocluster or mRNA nanoparticle or

vaccine composition as described herein is administered in an initial dose and two, three or four



WO 2022/221835 PCT/US2022/071679

booster doses. In some embodiments, the mRNA vaccine, mRNA nanocluster or mRNA
nanoparticle or vaccine composition is administered in an initial dose and in at least one booster
dose about one month, about two months, about three months, about four months, about five
months, or about six months following the initial dose. In some embodiments, a provided
composition is administered in a second booster dose about six months, about seven months, about
eight months, about nine months, about ten months, about eleven months, or about one year

following the initial dose.

[0051] In some embodiments, the mRNA vaccine, mRNA nanocluster or mRNA nanoparticle or
vaccine composition are administered in one, or more doses. In one embodiment, the dose may

include or exclude 5 pg to 50 pg of the mRNA. In some embodiments, the dose is about 5 ug, 10
ug, 15 ng, 20 ug, 25 ug, 30 pg, 35 pg, 40 pg, 45 pg or 50 pg.

[0052] In some embodiments, the mRNA vaccine, mRNA nanocluster or mRNA nanoparticle or
vaccine composition are administered via intravenous route, intramuscular route, intradermal

route, or subcutaneous route, or by infusion or nasal spray.

[0053] In some embodiments, the present disclosure provides a method for preparing broadly
protective vaccines and antibodies against SARS-CoV-2. In one embodiment, the method
comprising generating the vaccine using the RNA or DNA of native or glycoengineered S protein
whereas the protein expressed within the antigen presentation cells, including the folded or

unfolded forms, are processed and presented to T cells.

[0054] These and other aspects will become apparent from the following description of the
preferred embodiment taken in conjunction with the following drawings, although variations and
modifications therein may be affected without departing from the spirit and scope of the novel

concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present disclosure, the inventions of which can be better
understood by reference to one or more of these drawings in combination with the detailed

description of specific embodiments presented herein.
[0056] Fig. 1. Conserved epitopes of S protein variants, 10 of which are shielded by Glycans.

[0057] Fig. 2 Identification of N- and O-glycosites and mutations in variants. All 24 glycosites

are highly conserved among 6 million S protein sequences.
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[0058] Fig. 3. Analysis of S protein expression after transfection with mRNA at 48 hr by western

blot. The filter was probed with anti-S and anti-f-actin monoclonal antibodies.

[0059] Fig. 4A to 4F. Humoral immune response in BALB/c mice was shown as serum of anti-S
WT (A), S2 (B), RBD (C), deglycosylated S (D), deglycosylated S2 (E) and deglycosylated RBD
(F) protein-specific IgG endpoint titer analyzed by ELISA. Mean + SD for five independent

experiments. *P < 0.001.

[0060] Figs. SA to 5D. Glycosylation regulated the specificity of elicited antibodies and affected
the breadth of mRNA vaccine protection. The alpha (4), beta (B), gamma (C) and delta (D) S
protein-specific IgG antibody endpoint titer determined by ELISA. Mean + SD for five
independent experiments. *P <0.001, **P < 0.05.

[0061] Figs. 6A to 6F. Neutralization curves of pseudovirus variants are shown in WT (4), alpha
(B), beta (C), gamma (D), delta (£), and omicron (/). Mean + SD for five independent experiments.
*P <0.001, **P <0.05.

[0062] Figs. 7A to 7E. Glycosylation affected CD8" T-cell response. Splenocytes isolated from
immunized mice were incubated with full-length WT S (4) RBD (B) and S2 (C) peptide pools,
then the GrzB-secreting cells were measured by Elispot. The CD4™ (D) and CD8™ (E) T cells were
isolated and incubated with bone-marrow-derived dendritic cells and full-length WT S peptide
pool to measure the IFNy-secreting T cells by flow cytometry. (4-£) Mean £ SD for five

independent experiments. *P <0.001.

[0063] Figs. 8A to 8F. Glycosylation affects cytokines production. After incubation of the
splenocytes isolated from mRNA vaccine immunized mice with full-length WT S peptide pool,
(4) INFy, (B) IL-2, (C) IL-4, (D) IL-6, (£) IL-12 and (¥) IL-13 were measured. (4-F) Mean = SD

for five independent experiments. *P < 0.001, **P < 0.05.

[0064] Fig. 9. Deletion of glycosites in mRNA to produce deglycosylated S protein and the
unfolded protein response. Analysis of deglycosylated S protein expression via HEK293T cells
transfected with plasmids and MG132 treatment by western blot. The filter was probed with anti-
S and anti-GAPDH monoclonal antibodies.

[0065] Fig. 10. /n vitro translated deglycosylated S variants in different incubation times as shown
in the figure were monitored by ELISA. Mean + SD for three independent experiments. *P <

0.001.

[0066] Figs. 11A to 11C. After HEK293 cells were transfected with mRNA vaccine at 48 hrs, the
plasma membrane (4), cytosol (without ER) (B) and ER (C) were isolated to analyze the amount
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of S protein by western blot. The filter was probed with anti-S, anti-Na/K ATPase, anti-SERCA2

and anti-GAPDH monoclonal antibodies.

[0067] Fig. 12. Analysis of UPR marker proteins BiP/GRP78, XBP1 and p-elF2a by western blot
after HEK293 cells were transfected with the mRNA vaccine of deglycosylated S protein variants
at 48 hrs. The filter was probed with anti-BiP, anti-XBP1, anti-p-elF20 and anti-B-actin

monoclonal antibodies.

[0068] Fig. 13. To analyze the apoptosis cell via APO-BrdU TUNEL assay after HEK293 cells
were transfected with mRNA vaccine at different times as shown in the figure. Mean + SD for

three independent experiments. *P < 0.001.

[0069] Fig. 14. Analysis of MHC I expression by flow cytometry of DCs after incubation with

variants of mRNA vaccines. Mean + SD for three independent experiments. *P < 0.001.

[0070] Figs. 15A to 15G. Schematic representation of the SARS-CoV-2 spike and vaccine design:
WT (4); S-(deg-RBD) (B); S-(deg-S2) (C); S-(deg-S2-1194) (D); S-(deg-RBD-801) (£); S-(deg-
RBD-1194) (F); S-(deg-RBD-122-165-234) (G). NTD, N-terminal domain (14-305 residues).
RBD, a receptor-binding domain (319-541 residues). FP, the fusion peptide (788—806 residues).
HR1, heptapeptide repeat sequence 1 (912-984 residues). HR2, heptapeptide repeat sequence 2
(1163-1213 residues). TM, transmembrane domain (1213-1237 residues). CT, cytoplasm domain
(1237-1273 residues). S2 subunit (686-1273 residues). 2P, (K986P, and V987P). ¥, the N-

glycosylation site; ¢, O-glycosylation site.

[0071] Fig. 16. Glycosylation on S2 regulated the secretion of soluble pre-fusion SARS-CoV-2
spike protein. After HEK293 cells transfected with the mRNA vaccine that encoded the soluble
pre-fusion version of variant S, the location of S was determined by western blot. The filter was

probed with anti-S and anti-GAPDH monoclonal antibodies.

[0072] Fig. 17. mRNA vaccine affected MHC II expression on DCs. Analysis of MHC 11
expression by flow cytometry of DCs after incubation with variants of mRNA vaccines. Mean +

SD for three independent experiments. *P < 0.001.

[0073] Figs. 18A to 18C. Characterization of the immune response from specific glycosite-deleted
S mRNA vaccine. Humoral immune response in BALB/c mice was shown as protein-specific IgG

titer from serum against S WT (4), RBD (B) and de-glycosylated RBD (C) analyzed by ELISA.

[0074] Figs. 19A to 19E. Characterization of the immune response from specific glycosite-deleted
S mRNA vaccine. Neutralization curves of pseudovirus variants are shown with WT (4), alpha

(B), beta (C), gamma (D) and delta (F).
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[0075] Figs. 20A to 20B. Characterization of the immune response from specific glycosite-deleted
S mRNA vaccine. (4) After incubation of the splenocytes isolated from immunized mice with
full-length WT S peptide pools, the GrzB-secreting cells were measured by Elispot. (B) The CD8+
T cells from immunized mice were isolated and incubated with bone-marrow-derived DCs and
full-length WT S peptide pool to measure the IFNy-secreting T cells by flow cytometry. (A-J)

Mean + SD for five independent experiments. *P < 0.001.

[0076] Figs. 21A and 21B. The protein expression level of specific glycosite-deleted S. (4)
Analysis of various S protein expression via HEK293T cells transfected with plasmids and
MG132 treatment by western blot. (B) Analysis of S protein expression in HEK293T cells after
transfection with mRNA-LNP at 48 hr by western blot. The filter was probed with anti-S and anti-
GAPDH monoclonal antibodies.

[0077] Figs. 22A to 22C. Characterization of the immune response from specific glycosite-deleted
S mRNA vaccine. After incubation of the splenocytes isolated from immunized mice with RBD
(A) and S2 (B) peptide pools, the GrzB-secreting cells were measured by Elispot. (C) The CD4+
T cells were isolated from immunized mice and incubated with bone-marrow-derived DCs and
full-length WT S peptide pool to measure the IFNy-secreting T cells by flow cytometry. (A-C)

Mean + SD for five independent experiments. *P < 0.001.

[0078] Fig. 23. Propagator P1 containing guanidine groups and the multivalent display propagator
P2, facilitate the adherence of mRNA with polymers by forming strong salt bridges between

guanidiniums and the phosphates in mRNA.

[0079] Fig. 24. Designed structure of initiators (I0), propagators (P1, P2, Pb, P3, Pz), and the

polymer reaction process.

[0080] Figs. 25A and 25B. (A) Agarose gel electrophoresis assay of copolymers with GFP mRNA
at N/P ratio = 10. (B) Particle size of mRNA complexes imaged by TEM.

[0081] Figs. 26A to 26C. The fluorescent image of GFP expression of GFP mRNA transfected by
poly(disulfide)s in HEK293T cells. (A) GFP mRNA complexed with P1, P3, P1/P3, and PEl in a
N/P ratio = 10 (B) GFP mRNA complexed with P1/P3, P2/P3, P1/Pb, and P2/Pb P1/Pz in a N/P
ratio = 10 (C) GFP mRNA complexed with different N/P ratio.

[0082] Fig. 27. Agarose gel electrophoresis assay of spike mRNA-polymer complexes at different
N/P ratios.

[0083] Fig. 28. Chemiluminescent imaging of spike protein expression mediated by spike mRNA-
polymer complexes in HEK293T cells.
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[0084] Fig. 29. Cell viability assay of HEK293T cells after treatment of different ratio amounts
of polyGu/spike mRNA complexes. The ratio varied from 0.01 to 1. Error bar represent the

standard error (mean £+ S.D., n=3).
DETAILED DESCRIPTION OF THE INVENTION

[0085] The terms used in this specification generally have their ordinary meanings in the art,
within the context of the invention, and in the specific context where each term is used. Certain
terms that are used to describe the invention are discussed below, or elsewhere in the specification,
to provide additional guidance to the practitioner regarding the description of the invention. For
convenience, certain terms may be highlighted, for example using italics and/or quotation marks.
The use of highlighting has no influence on the scope and meaning of a term; the scope and
meaning of a term is the same, in the same context, whether or not it is highlighted. It will be
appreciated that same thing can be said in more than one way. Consequently, alternative language
and synonyms may be used for any one or more of the terms discussed herein, nor is any special
significance to be placed upon whether or not a term is elaborated or discussed herein. Synonyms
for certain terms are provided. A recital of one or more synonyms does not exclude the use of
other synonyms. The use of examples anywhere in this specification including examples of any
terms discussed herein is illustrative only, and in no way limits the scope and meaning of the
invention or of any exemplified term. Likewise, the invention is not limited to various
embodiments given in this specification.

[0086] It must be noted that, as used in this specification and the appended claims, the singular

forms "a," "an," and "the" include plural referents unless the content clearly dictates otherwise.

[0087] As used herein, the terms "spike protein" and "spike glycoprotein" and "coronavirus spike
protein" are used interchangeable.

[0088] As used herein, the terms "wild-type (native) coronavirus spike protein", "wild-type

(native) coronavirus spike glycoprotein", " wild-type (native) spike glycoprotein" and " wild-type

(native) spike protein" are used interchangeable.

[0089] As used herein, the terms "treat," "treatment," and "treating " refer to an approach for
obtaining beneficial or desired results, for example, clinical results. For the purposes of this
disclosure, beneficial or desired results may include inhibiting or suppressing the initiation or
progression of an infection or a disease; ameliorating, or reducing the development of, symptoms

of an infection or disease; or a combination thereof.

[0090] As used herein, the terms "preventing" and "prevention" are used interchangeably with

"prophylaxis" and can mean complete prevention of an infection, or prevention of the
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development of symptoms of that infection; a delay in the onset of an infection or its symptoms;

or a decrease in the severity of a subsequently developed infection or its symptoms.

[0091] As used herein an "effective amount" refers to an amount of an immunogen sufficient
to induce an immune response that reduces at least one symptom of pathogen infection. An
effective dose or effective amount may be determined e.g., by measuring amounts of neutralizing
secretory and/or serum antibodies, e.g., by plaque neutralization, complement fixation, enzyme-

linked immunosorbent (ELISA), or microneutralization assay.

[0092] As used herein, the term "vaccine" refers to an immunogenic agent (with or without an
adjuvant), such as an immunogen derived from a coronavirus, which is used to induce an immune
response against the coronavirus that provides protective immunity (e.g., immunity that protects
a subject against infection with the coronavirus and/or reduces the severity of the condition caused
by infection with the coronavirus). The protective immune response may include formation of
antibodies and/or a cell-mediated response. Depending on context, the term "vaccine" may also
refer to a suspension or solution of an immunogen that is administered to a subject to produce

protective immunity.

[0093] As used herein, the term "subject" includes humans and other animals. Typically, the
subject is a human. For example, the subject may be an adult, a teenager, a child (2 years to 14
years of age), an infant (birth to 2 year), or a neonate (up to 2 months). In particular aspects, the
subject is up to 4 months old, or up to 6 months old. In some aspects, the adults are seniors about
65 years or older, or about 60 years or older. In some aspects, the subject is a pregnant woman or
a woman intending to become pregnant. In other aspects, subject is not a human; for example, a
non-human primate; for example, a baboon, a chimpanzee, a gorilla, or a macaque. In certain

aspects, the subject may be a pet, such as a dog or cat.

[0094] As used herein, the term "pharmaceutically acceptable” means being approved by a
regulatory agency of a U.S. Federal or a state government or listed in the U.S. Pharmacopeia,
European Pharmacopeia or other generally recognized pharmacopeia for use in mammals, and
more particularly in humans. These compositions can be useful as a vaccine and/or antigenic

compositions for inducing a protective immune response in a vertebrate.

[0095] The outbreak of SARS-CoV-2 that causes COVID-19 has resulted in a global
pandemic. The current clinical management for SARS-CoV-2 infection includes prevention,
control measures, and supporting care. To contain the current pandemic and possible future
reoccurrence, it is important to better understand this virus and to develop rapid diagnosis methods,

therapeutic treatments, and preventive vaccines to combat such dangerous pathogens. Most of the

15



WO 2022/221835 PCT/US2022/071679

vaccine and antibody development efforts are mainly focused on the extensively glycosylated
SARS-CoV-2 S protein, the important mediator of virus entry to the host cell by binding to the
angiotensin converting enzyme 2 (ACE2) receptor on host cell surface. Like many other viral
fusion proteins, the SARS-CoV-2 S protein utilizes a glycan coat to shield the S protein backbone
in both pre-fusion and post-fusion conformation and evade the host immune response. However,
how the post-translational modification affects the translated immunogen after mRNA vaccination
is still unknown, and among the posttranslational modification events, glycosylation plays an
important role in the regulation of protein folding, structure and function. This present disclosure
is aimed at developing mono-GlcNAc decorated and glycosite-engineered variants (removal of a
non-essential glycosite via reverse genetics to replace Asn with Gln) for full length S protein and
its subunits including S1 or S2, and the RBD domain as vaccine candidates for immunization

studies to generate antigen-specific neutralizing antibodies.

[0096] It is believed that the development of innovative strategies and broadly protective
vaccines to combat CoV infections can lead to important discoveries with medical significance
but was not emphasized otherwise. The principles and strategies developed in the present
disclosure provide universal coronavirus mRNA vaccines against different CoVs and their

variants.
[0097] Immunogenic peptide Derived from Spike Protein of Coronavirus

[0098] To date, more than 8-million sequences of S protein with over 1,000 sites of mutation in
its 1,273 amino-acid sequence have been reported, including the highly contagious D614G mutant
and that from the UK and South Africa. In addition, all the glycosites on S protein are highly
conserved and the conserved peptide epitopes on S protein are largely shielded by glycans. This
poses amajor challenge in the development of broadly effective antibodies and vaccines to combat
upcoming viral strains. The present disclosure develops a more effective vaccine design strategy
using the S protein with engineered glycosylation as immunogens to better expose the highly

conserved epitopes for vaccine design in order to elicit broadly protective immune responses.

[0099] The present disclosure found that removal of glycan shields on viral surface glycoproteins
to expose more conserved epitopes is a very effective approach for vaccine design against SARS-
CoV-2. Because the single GIcNAc residue linked to Asn is the minimum component of the V-
glycan required for glycoprotein folding and stabilization, it is therefore postulated that trimming
of N-glycans to leave a single GIcNAc on SARS-CoV-2 S protein will not affect its folding but
will facilitate the maximum exposure of protein backbone to elicit robust and protein specific

immune response while maintaining its structural integrity.
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[00100] By removing glycan shields on the spike protein of SARS-CoV-2, the present
disclosure provides an immunogenic peptide, comprising at least one amino acid sequence
selected from a group consisting of: TESIVRFPNITNL (SEQ ID NO: 41),
NITNLCPFGEVFNATR (SEQ ID NO: 42), LYNSASFSTFK (SEQ ID NO: 43),
LDSKVGGNYN (SEQ ID NO: 44), KSNLKPFERDIST (SEQ ID NO: 45),
KPFERDISTEIYQAG (SEQ ID NO: 46), GPKKSTNLVKNKC (SEQ ID NO: 47),
NCDVVIGIVININTVY (SEQ ID NO: 48), PELDSFKEELDKYFK[NJHTS (SEQ ID NO: 49),
VNIQKEIDRLNEVA (SEQ ID NO: 50), NL[N]JESLIDLQ (SEQ ID NO: 51) and
LGKYEQYIKWP (SEQ ID NO: 52) or an amino acid sequence having at least about 99%, 98%,
97%, 96%, 95% or 90% identity to any of SEQ ID NOs: 41 to 52.

[00101] In some embodiments, the immunogenic peptide comprises at least one amino acid

sequence selected from a group consisting of SEQ ID NOs: 41 to 43 and 45 to 51.

[00102] The amino acid sequence of SEQ ID NOs: 41 to 52, individual or in combination, can

be used as antigen(s) capable of stimulating an immune response against coronaviruses.

[00103] Conventional methods, e.g., chemical synthesis or recombinant technology, can be

used to make the immunogenic peptide as described herein.

[00104] The immunogenic peptide or an expression vector capable of expressing the
immunogenic peptide can be mixed with a pharmaceutically acceptable carrier to form an
immunogenic composition. The composition can be administered to a subject in need thereof to

prevent or treat coronavirus infection.

[00105] The composition can be formulated with a pharmaceutically acceptable carrier such as
a phosphate buffered saline, a bicarbonate solution, and/or an adjuvant. Suitable pharmaceutical
carriers and diluents, as well as pharmaceutical necessities for their use, are known in the art. This
composition may be prepared as an injectable, liquid solution, emulsion, or another suitable

formulation.

[00106] Examples of adjuvants include, but are not limited to, alum-precipitate, Freund's
complete adjuvant, Freund's incomplete adjuvant, CpG, QS21, monophosphoryl-lipid A/trehalose
dicorynomycolate adjuvant, water in oil emulsion containing Corynebacterium parvum and tRNA,
and other substances that accomplish the task of increasing immune response by mimicking
specific sets of evolutionarily conserved molecules including liposomes, lipopolysaccharide
(LPS), molecular cages for antigen, components of bacterial cell walls, and endocytosed nucleic
acids such as double-stranded RNA, single-stranded DNA, and unmethylated CpG dinucleotide-

containing DNA. Other examples include cholera toxin, E. coil heat-labile enterotoxin, liposome,
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immune-stimulating complex (ISCOM), immunostimulatory sequences oligodeoxynucleotide,

and aluminum hydroxide. The composition can also include a polymer that facilitates in vivo

delivery.
[00107] Coronavirus mRNA Vaccines
[00108] Coronaviruses (CoVs) infect human and animals and cause varieties of diseases,

including respiratory, enteric, renal, and neurological diseases. CoV uses its spike glycoprotein
(S), a main target for neutralization antibody, to bind its receptor, and mediate membrane fusion
and virus entry. The ccoronavirus spike protein is highly conserved among all human
coronaviruses (CoVs) and is involved in receptor recognition, viral attachment, and entry into host
cells. Similarly, SARS-CoV-2 S protein is also highly conserved with that of CoVs. The SARS-
CoV-2 S protein has three major immunogenic domains: the N-terminal domain (NTD), the
receptor binding domain (RBD) and the subunit 2 domain (52). Previous studies have shown that
the neutralizing antibodies (NAbs) that recognize the RBD are highly protective against SARS-
CoV-2 and other coronaviruses, and the S protein is highly glycosylated (24 glycosites per
monomer) and frequently mutated with millions of sequences reported by GISAID. The most
conserved regions of SARS-CoV-2 S protein are located in the RBD and S2 domains, which are
largely shielded by glycans (Han-Yi Huang, et al. Impact of glycosylation on a broad-spectrum
vaccine against SARS-CoV-2. bioRxiv preprint. doi:
www.biorxiv.org/content/10.1101/2021.05.25.445523v2.full), and antibodies recognized these
regions could provide a broad protection against variants of SARS-CoV-2 (Maximilian M Sauer.
et al. Structural basis for broad coronavirus neutralization. Nat Struct Mol Biol. 28 (6):478-486
(2021)1314; C.; Wang. et al. A conserved immunogenic and vulnerable site on the coronavirus
spike protein delineated by cross-reactive monoclonal antibodies. Nat Commun. 12 (1):1715
(2021)). Glycosylation on the target antigens or pathogens regulated the induction of antibody,
but whether glycosylation affected T cell response was still unknown. In fact, it is difficult or
impossible to express the S protein from the plasmid with deletion of certain glycosylation sites
(Han-Yi Huang, et al. Impact of glycosylation on a broad-spectrum vaccine against SARS-CoV-
2. bioRxiv preprint. doi: www.biorxiv.org/content/10.1101/2021.05.25.445523v2.full).

[00109] The present disclosure surprisingly found that using the mRNA technology to
remove the glycan shields to better expose the conserved regions is an effective strategy of broad-
spectrum vaccine design. In the present disclosure, the mRNA of coronavirus spike protein (such
as SARS-CoV-2 S protein) with mutation of specific glycosites is used as a model for
immunization in order to investigate how the glycosite-mutated mRNA affects the protein

expression and immune response.
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[00110] Accordingly, the present disclosure provides a modified nucleic acid molecule
encoding a modified spike protein comprising one or more amino acid substitutions of asparagine
(N) to glutamine (Q) at N-linked glycosylation sequons (N-X-S/T), wherein X is any amino acid

residue except proline, and S/T denotes a serine or threonine residue.

[00111] The modified nucleic acid molecule can be an mRNA or a single or double-strand
DNA and used as immunogen or vaccine against a pathogen. In one embodiment, the pathogen is
CoV. Examples of the CoV include, but are not limited to, SARS-CoV, MERS-CoV and SARS-
CoV-2. Examples of the SARS-CoV-2 include, but are not limited to, alpha-SARS-CoV2, beta-
SARS-CoV2, gamma-SARS-CoV2, delta-SARS-CoV2, and omicron-SARS-CoV2 and variants
thereof.

[00112] Compared with the wild type spike protein of Wuhan strains and delta strains (such
as SEQ ID NOs: 2, 16, 18 and 20), the modified spike protein described herein comprises one or
more amino acid deletions or additions at N-linked glycosylation sequons (N-X-S/T) to eliminate
N-linked glycan sequons. Alternatively, the modified spike protein described herein comprises
one or more amino acid substitutions of S/T to alanine (A) at O-linked glycosylation sites to

eliminate O-linked glycosylation sites.

[00113] The mRNA of a coronavirus spike protein can be used as a coronavirus vaccine,
which has mutation of one or more glycosites in the receptor binding domain (RBD), the subunit

1 (S1) or the subunit 2 (S2) domain, or a variant thereof.

[00114] The mutation of CoV or a variant thereof as described herein can be deletion,
addition or substitution. In some embodiments, a coronavirus spike protein mRNA has one or
more mutation of the glycosites in RBD, S1 or S2 with one or more replacements of N to Q or
S/T to A, or a combination thereof. The mutation of the N-glycosites is to change the putative

sequon N-X-S/T to Q-X-S/T and/or change S/T of the O-glycosite to A.

[00115] The glycosites with N to Q replacement include, but are not limited to, the

following:

an S-(deg-RBD) which is S protein with all 2 N-glycosites in RBD mutated from N to Q and 2 O-
glycosites mutated from S/T to A (such as SEQ ID NO: 4, 22, 24 or 26);

an S-(deg-S2) which is S protein with all 9 glycosites in S2 mutated from N to Q) (such as SEQ
ID NO: 6, 28, 30 or 32);

an S-(deg-S2-1194 which is S protein with 8 glycosites in S2 mutated from N to Q, except
glycosite 1194) (such as SEQ ID NO: 8 or 34);
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an S-(deg-RBD-801) which is S protein with all 2 N-glycosites in RBD mutated from N to Q and
2 O-glycosites mutanted from S/T to A, and glycosite 801 mutated from N to Q (such as SEQ ID
NO: 10 or 36));

an S-(deg-RBD-1194) which is S protein with all 2 N-glycosites in RBD mutated from N to Q
and 2 O-glycosites mutanted from S/T to A, and glycosite 1194 mutated from N to Q (such as
SEQ ID NO: 12 or 38)); and

an S-(deg-RBD-122-165-234) which is S protein with all 2 N-glycosites in RBD mutated from N
to Q and 2 O-glycosites mutanted from S/T to A, and glycosite 122, 165 and 234 mutated from N
to Q (such as SEQ ID NO: 14 or 40).

[00116] In a further embodiment, the mRNA or DNA for S-(deg-RBD) has the sequence
of SEQ ID NO: 3, 21, 23 or 25, the mRNA or DNA for S-(deg-S2) has the sequence of SEQ ID
NO: 5, 27,29 or 31, the mRNA or DNA for S-(deg-S2-1194) has the sequence of SEQ ID NO: 7
or 33, the mRNA or DNA for S-(deg-RBD-801) has the sequence of SEQ ID NO: 9 or 35, the
mRNA or DNA for S-(deg-RBD-1194) has the sequence of SEQ ID NO: 11 or 37, the mRNA or
DNA for S-(deg-RBD-122-165-234) has the sequence of SEQ ID NO: 13 or 39.

[00117] The present disclosure provides a linear DNA comprising a promoter, 5'
untranslated region, 3' untranslated region, expression plasmid with or without S-2P, and poly(A)
tail signal sequence, wherein the putative sequon N-X-S/T is changed to Q-X-S/T and the O-
glycosite was changed from S/T to A on the expression plasmid. In one embodiment, the S-2P
expression plasmid comprises the S gene of SARS-CoV-2 encoding the pre-fusion state of the S
having proline substitutions of K968 and V969.

[00118] The mRNA can be prepared by in vitro translation from the above-mentioned DNA
using a vector comprising the modified nucleic acid molecule and a host cell comprising the vector
as described herein. The target spike protein gene is synthetically manufactured and inserted into
in a plasmid, or a small, circular piece of DNA. Plasmids are used in mRNA vaccine production
because they are easy to replicate (copy) and reliably contain the target gene sequence. The two
strands of plasmid DNA are separated. Then, RNA polymerase, the molecule that transcribes RNA
from DNA, uses the spike protein gene to create a single mRNA molecule. Finally, other
molecules break down the rest of the plasmid to ensure that only the mRNA is packaged as a
vaccine. The speed and efficiency of this process can make large amounts of mRNA in a short

period of time.

[00119] The present disclosure has found that immunization of wild-type S protein with the

glycans at all N-glycosites trimmed down to N-acetylglucosamine (GlcNAc) as the mono-GlcNAc
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decorated S protein (Smg) induced broadly protective antibody and CD4" as well as CD8" T cell
responses against the variants of concern, including the alpha, beta, gamma, delta, and omicron
variants. Further study shows that most of the conserved epitopes on S protein are located in the
RBD and the HR2 domain of the S2 subunit, but these conserved epitopes are largely shielded by
glycans to escape the immune response. So, removal of the shielded glycans will expose more
conserved epitopes and induce broader and stronger immune responses. The present disclosure
also uses the single B cell technology to screen the B cells from Smg immunized mice to identify
a broadly neutralizing monoclonal antibody that targets the highly conserved region in RBD which
was not induced in the immunization of fully glycosylated S protein, further demonstrating that
removal of glycan shields from S protein is an effective strategy for development of broadly
protective vaccine against SARS-CoV-2 variants. To translate this finding into the mRNA vaccine
design, here we focus on the study of SARS-CoV-2 spike mRNA with mutation of specific
glycosites in RBD, S1 or S2 or a combination thereof with N to Q and S/T to A replacement and

investigation of their protein expression and immune response as well as breadth of protection.

[00120] Immunization of such mRNA results in the accumulation of misfolded spike
protein in the endoplasmic reticulum and causes the upregulation of BiP/GRP78, XBP1 and p-
elF2a to induce cell apoptosis and CD8 T-cell response. In addition, dendritic cells (DCs)
incubated with S2 glysosite-deleted mRNA vaccine increased class I major histocompatibility
complex (MHC I) expression. Furthermore, removing the glycosites that affected the stability of
spike protein, decreased antibody production and increased CD8+ T-cell response. The present
disclosure provides broad-spectrum mRNA vaccines which would not be achieved using

expressed proteins as antigens.
[00121] mRNA Nanocluster and Nanoparticles

[00122] In one aspect, the present disclosure provides an mRNA nanocluster comprising

the mRNA vaccine as described herein formulated in a lipid nanoparticle.

[00123] A biodegradable lipid nanoparticle can be used as the lipid nanoparticle. In one

embodiment, the biodegradable lipid nanoparticle is guanidine-based polymers.

[00124] In another embodiment, the present disclosure provides an mRNA nanocluster,
comprising a biodegradable lipid nanoparticles encapsulated with the mRNA vaccine described
herein, wherein the biodegradable lipid nanoparticle comprises guanidine-based and zwitterionic
units, wherein the guanidine-based as well as zwitterionic groups attach to a lipid tail of the

polymer, and wherein the guanidine-based groups adhere to mRNA, thereby forming salt bridges
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between the guanidinium groups and the phosphates in the mRNA. Examples of guanidine-based

polymers include, but are not limited to P1, P2, P3, Pb and Pz as described herein.

[00125] The disclosure provides a guanidine-based lipid nanoparticle as carrier for mRNA
nanovaccine formulation. The polymers generate an efficient delivery of mRNA to antigen
presenting cells, showing a strong ability of endosomal escape. The timely degradation of
poly(disulfide)s by intracellular glutathione also minimizes the cytotoxicity as compared to other

nondegradable nanocarriers.

[00126] In another embodiment, the mRNA nanocluster has a nanoparticle/mRNA (N/P)

ratio of about 10 or about 20.

[00127] The coronavirus mRNA vaccine of the present disclosure can also be attached to a
nanoparticle.
[00128] The mRNA nanocluster and nanoparticles are particles between 1 and 100

nanometers (nm) in size which can be used as a substrate for immobilizing ligands. The
nanoparticle may, for example, be a lipid nanoparticle, a polymeric nanoparticle, an inorganic
nanoparticle such as a gold nanoparticle, a liposome, an immune stimulating complex (ISCOM),

a virus-like particle (VLP), or a self-assembling protein.

[00129] In one embodiment, lipid nanoparticle formulations typically comprise one or more
lipids. In some embodiments, the lipid is a cationic or an ionizable lipid. In some embodiments,
lipid nanoparticle (LNP) formulations further comprise other components, including a
phospholipid, a structural lipid, a quaternary amine compound, and a molecule capable of reducing

particle aggregation, for example a PEG or PEG-modified lipid.

[00130] The mRNA vaccine as described herein can be encapsulated in liposome or
polymersome.
[00131] The conventional liposome is manufactured by the way of forming lipid

bimolecular membrane in one step, therefore, it is common that both inside and outside membrane
of the liposome are made of the same constituting component. Examples of the ingredient of
liposome include, but are not limited to, DSPC, DOTAP. DMG, PEGylated DMG, cholesterol
and combination thereof. In one embodiment, mRNA liposome is produced by mixing the mRNA

and lipid ingredient at a ratio as described herein at room temperature.

[00132] Polymersomes, as disclosed herein, are enclosures, self-assembled from
amphiphilic block copolymers. These amphiphilic block copolymers are macromolecules

comprising at least one hydrophobic polymer block and at least one hydrophilic polymer block.
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When hydrated, these amphiphilic block copolymers self-assemble into enclosures such that the
hydrophobic blocks tend to associate with each other to minimize direct exposure to water and
form the inner surface of the enclosure, and the hydrophilic blocks face outward, forming the outer
surface of the enclosure. The hydrophobic core of these aqueous soluble polymersomes may
provide an environment to solubilize additional hydrophobic molecules. As such, these aqueous
soluble polymersomes may act as carrier polymers for hydrophobic molecules encapsulated
within the polymersomes. Moreover, the self-assembly of the amphiphilic block polymers occurs
in the absence of stabilizers, which would otherwise provide colloidal stability and prevent
aggregation. In one embodiment, mRNA liposome is produced by mixing the mRNA and the

polymer at a ratio as described herein at room temperature.

[00133] Vaccine, Combo Vaccine, Vaccine Compositions, Methods and Therapeutic
Use
[00134] The mRNA as described herein may be used as the vaccine, either alone or in

combination with other vaccines. Accordingly, the present disclosure provides a combo vaccine,
comprising the mRNA vaccine of the present disclosure and one or more additional vaccines. The
additional vaccine is selected from one or more COVID-19 vaccine, influenza (flu) vaccine,
advenovirus vaccine, anthrax vaccine, cholera vaccine, diphtheria vaccine, hepatitis A or B
vaccine, HPV vaccine, measle vaccine, mumps vaccine, smallpox vaccine, rotavirus vaccine,
tuberculosis vaccine, pneumococcal vaccine and Haemophilus influenzae type b vaccine and any

combination thereof.

[00135] The present disclosure also provides a vaccine composition comprising an mRNA
vaccine, mRNA nanocluster or mRNA nanoparticle as described herein. The present disclosure
also provides a method of preventing or treating a coronavirus infection, comprising administering
an mRNA vaccine, mRNA nanocluster or mRNA nanoparticle or a vaccine composition as
described herein to a subject. In one embodiment, the subject is infected with, or at risk of being

infected with, a coronavirus.

[00136] The mRNA vaccine, mRNA nanocluster or mRNA nanoparticle or vaccine
composition as described herein can be administered in an initial dose and two, three or four
booster doses. In some embodiments, the mRNA vaccine, mRNA nanocluster or mRNA
nanoparticle or vaccine composition is administered in an initial dose and in at least one booster
dose about one month, about two months, about three months, about four months, about five
months, or about six months following the initial dose. In some embodiments, a provided

composition is administered in a second booster dose about six months, about seven months, about
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eight months, about nine months, about ten months, about eleven months, or about one year

following the initial dose.

[00137] The mRNA vaccine, mRNA nanocluster or mRNA nanoparticle or vaccine
composition are administered in one, or more doses. In one embodiment, the dose may include or

exclude 5 pg to 50 pg. In some embodiments, the dose is about 5 pg, 10 pg, 15 ug, 20 ug, 25 ug,
30 pg, 35 ug, 40 ug, 45 pg or 50 ug.

[00138] The vaccine composition preferably comprises a pharmaceutically acceptable
vaccine, carrier or diluent. The vaccine composition may be formulated using any suitable method.
Formulation of with standard pharmaceutically acceptable carriers and/or excipients may be
carried out using routine methods in the pharmaceutical art. The exact nature of a formulation will
depend upon several factors including the vaccine to be administered and the desired route of
administration. Suitable types of formulation are fully described in Remington's Pharmaceutical

Sciences, 19th Edition, Mack Publishing Company, Eastern Pennsylvania, USA.

[00139] The vaccine composition or pharmaceutical composition as described herein may
be administered by any route. Suitable routes include, but are not limited to, the nasal, intravenous,

intramuscular, intraperitoneal, subcutaneous, intradermal, transdermal and oral/buccal routes.

[00140] Compositions may be prepared together with a physiologically acceptable carrier
or diluent. Typically, such compositions are prepared as liquid suspensions of nanoparticles. The
nanoparticles may be mixed with an excipient which is pharmaceutically acceptable and
compatible with the active ingredient. Suitable excipients are, for example, water, saline, dextrose,

glycerol, of the like and combinations thereof.

[00141] Suitable compositions wherein the carrier is a liquid, for administration as for
example a nasal spray or as nasal drops, include aqueous or oily solutions of the active ingredient.
Formulations suitable for aerosol administration may be prepared according to conventional

methods and may be delivered with other therapeutic agents.

[00142] In addition, if desired, the pharmaceutical compositions may contain minor
amounts of auxiliary substances such as wetting or emulsifying agents, and/or pH buffering

agents.

[00143] Without intent to limit the scope of the invention, exemplary instruments,
apparatus, methods and their related results according to the embodiments of the present invention
are given below. Note that titles or subtitles may be used in the examples for convenience of a
reader, which in no way should limit the scope of the invention. Moreover, certain theories are

proposed and disclosed herein; however, in no way they, whether they are right or wrong, should
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limit the scope of the invention so long as the invention is practiced according to the invention

without regard for any particular theory or scheme of action.

Examples
[00144] Materials and Methods
[00145] Cell lines. The Human embryonic kidney cells (HEK293) were maintained in

Dulbecco's modified Eagle's medium (DMEM) (Invitrogen, Rockville. MD) with 10% heat-
inactivated fetal bovine serum (FBS) (Thermo Scientific) and antibiotics (100 U/ml penicillin G
and 100 gm/ml streptomycin).

[00146] Antibodies and proteins. The rabbit anti-SARS-CoV-2 S polyclonal antibody,
and SARS-CoV-2 full length S, S2, RBD and variant proteins (293T cell expressed) were
purchased from Sino Biologicals (Beijing, China). Mouse monoclonal anti-B-actin, GAPDH and
rabbit monoclonal anti-MHCII antibodies were purchased from Millipore. The rabbit monoclonal
anti-Na/K ATPase was obtained from ABcan. The mouse monoclonal anti-SERCA?2 and rabbit
monoclonal anti-MHC I antibodies was obtained from Invitrogen. The rabbit monoclonal anti-
BiP/GRP78, XBP1 and p-elF20 antibodies were purchased from ABclonal. All commercial
antibodies were validated for specificity by companies and us via western blot. To obtain the
deglycosylated protein, S, RBD, S1 or S2 protein was deglycosylated in a buffer solution with
PNGase F (Sigma) at 37°C for 24 h in the dark. After deglycosylation, samples were purified and
checked by Western blot.

[00147] mRNA vaccine of deglycosylated S protein and formulation. The pre-fusion
state of the S, the codon-optimized S gene of SARS-CoV-2 was synthesized by GenScript and
cloned into pcDNA3.1 or pVax, and in one embodiment was stabilized by proline substitutions of
K968 and V969 (S-2P). The soluble version of S ended with glutamine Q1208 of S-2P followed
by a T4 fibritin (foldon) trimerization motif, thrombin cleavage site and 6xHis tag at the C-
terminus was constructed. To mutate the N-glycosites, the putative sequon N-X-S/T was changed
to Q-X-S/T and the O-glycosite was changed from S/T to A by using site-directed mutagenesis on
the S-2P expression plasmid. To obtain the mRNA vaccine, the linear DNA that contained the T7
promoter, 5' untranslated region, 3' untranslated region, S-2P, and poly(A) tail signal sequence
was amplified by using TOOLS Ultra High Fidelity DNA Polymerase (BIOTOOLS Co., Ltd,,
Taipei, Taiwan) with 1 pl of the DNA template in an mMESSAGE mMACHINE® Kit (Thermo
Scientific) at 37 °C for 1hr according to the manufacturer’s protocol. The mRNA was purified by
RNA cleanup kit (BioLabs), according to the manufacturer’s protocol and stored at —80 °C until
further use. For the formulation mRNA-LNP, mRNA was encapsulated in LNP using a self-
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assembly process in which an aqueous solution of mRNA at pH 4.0 was rapidly mixed with an
ethanolic lipid mixture containing ionizable cationic lipid, phosphatidylcholine, cholesterol and
polyethylene glycol-lipid. The compositions of LNP were DSPC (Sigma), cholesterol (Sigma),
DOTAP (Sigma) and DMG-PEG 2000 (Sigma). The mRNA-LNP was characterized and
subsequently stored at -80°Cat a concentration of 1 mg/ml. After HEK293 cells were transfected
with 10 pg of mRNA-LNP in six wells of a plate at 48 hrs, the total cell lysate was collected to

monitor the expression of S by western blot.

[00148] Animals and immunizations. BALB/c mice aged 6—8 weeks old (n = 5) were
immunized intramuscularly with 50 ug mRNA-LNP in PBS with 300 mM sucrose. Animals were
immunized at week O, boosted with a second vaccination at week 2, and serum samples and
spleens were collected from each mouse in one week after the booster immunization. The animal
experiments were evaluated and approved by the Institutional Animal Care and Use Committee

of Academia Sinica.

[00149] Serum IgG titer measure. Anti-S protein ELISA was used to determine IgG titer.
Plates were coated with 50 ng/well of variant S protein as shown in Fig. 4 and 5, and then blocked
with 5% skim milk. The serum from immunized mice and HRP-conjugated secondary antibody
were sequentially added. Peroxidase substrate solution (TMB) and 1M H»SO4 stop solution were

used and absorbance (OD 450 nm) was read by a microplate reader.

[00150] Pseudovirus neutralization assay for serum study. Pseudovirus was constructed
by the RNAi Core Facility at Academia Sinica. Briefly, the pseudotyped lentivirus carrying
SARS-CoV-2 S protein or variant was generated by transiently transfecting HEK-293T cells with
pCMV-AR8.91, pLAS2w Fluc. Ppuro and pcDNA3.1-nCoV-SA18. HEK-293T cells were seeded
one day before transfection followed by delivery of plasmids into cells by TransITR-LT1
transfection reagent (Mirus). The culture medium was refreshed at 16 h and harvested at 48 h and
72h post-transfection. Cell debris was removed by centrifugation and the supernatant was passed
through 0.45 um syringe filter (Pall Corporation). The pseudotyped lentivirus was then stored at
-80°C. To estimate the lentiviral titer by AlarmaBlue assay (Thermo Scientific), the transduction
unit (TU) of peudotyped lentivirus was estimated by using cell viability assay. HEK-293T cells
expressing human ACE2 gene were plated on 96-well plate one day before lentivirus transduction.
To determine the titer of pseudotyped lentivirus, different amounts of lentivirus were added into
the culture medium containing polybrene (final concentration 8 pg/ml) (sigma) and spin infection
was carried out at 1,100 xg in 96-well plate for 30 min at 37°C. After incubation for 16 h, the
culture medium containing virus and polybrene was removed and replaced with fresh complete

DMEM containing 2.5 pg/ml puromycin (sigma). After treating puromycin for 48 h, the culture
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medium was removed and the cell viability was detected by using AlarmaBlue reagents according
to manufacturer’s instruction. The survival rate of uninfected cells was set as 100%, and the virus

titer was determined by plotting the survival cells versus diluted viral dose.

[00151] For neutralization assay, heat-inactivated sera or antibodies were serially diluted
with desired dilution and incubated with 1,000 TU of SARS-CoV-2 pseudotyped lentivirus in
DMEM for 1 h at 37°C. The mixture was then inoculated with 10,000 HEK-293T cells stably
expressing human ACE2 gene in 96-well plate. The culture medium was replaced with fresh
complete DMEM (supplemented with 10% FBS and 100 U/ml Penicillin/ Streptomycin) at 16 h
post-infection and continuously cultured for another 48 h. The expression level of luciferase gene
was determined by using Bright-Glo™ Luciferase Assay System (Promega). The relative light
unit (RLU) was detected by Tecan i-control (Infinite 500). The percentage of inhibition was
calculated as the ratio of RLU reduction in the presence of diluted serum to the RLU value of no

serum control and the calculation formula was shown below: (RLU 0l . R Semm) / RTU control

[00152] Informatic analysis of SARS-CoV-2 S protein. The 1,117,474 S protein
sequences of SARS-CoV-2 and their variants were extracted from the Global Initiative on Sharing
Avian Influenza Database (GISAID version: Apr. 18, 2021). The S-protein 3D structure model
with representative glycan profile was constructed by CHARMM-GUI and OpenMM programs.
The transmembrane region of the spike protein defined by UniProt was used in this study. The
input of CHARMM-GUI includes the PDB file 6VSB 1 1 1, the representative glycan profile,
and parameter settings. Relative solvent accessibility (RSA) of the spike protein with and without
representative glycans are calculated by the FreeSASA program. The probe radius 7.2A was used
in the FreeSASA program to mimic the average size of the hypervariable loops in a
complementarity determining region (CDR) of an antibody The RSA value of each residue used
in this study was the average RSA value from three protein chains. The definition of

exposed/buried residues was the same as the study by Kajander, T. et al.

[00153] Measurement of GrzB and IFNy secreting cells. A total of 5 x10° splenocytes
from immunized mice were ex vivo restimulated with full-length S, RBD and S2 peptide mix (0.1
pg/ml final concentration per peptide) (Sino Biologicals) in the GrzB ELISpot assays (R&D
Systems) according to the manufacturer’s instructions and spots were counted. For T cell
subtyping, CD8" T cells and CD4" T cells were isolated from splenocyte suspensions using
Dynabeads Untouched Mouse CD4 and CD8 Cells kit (Invitrogen) according to the
manufacturer’s instructions. CD4" or CD8™T cells (1x10%) were subsequently restimulated with 5
x10* syngeneic bone-marrow-derived DCs loaded with full-length WT S peptide mix (0.1 pg/ml

final concentration) (Sino Biologicals). The purity of isolated T cell subsets was determined by
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flow cytometry to calculate the spot counts per 1 x 103 CD4” or CD8" T cells. For flow cytometry,
cells were suspended in FACS buffer [2% (vol/vol) FBS in PBS] at a density of 10° cells/ml and
the antibody used in this study was anti-IFNy (abcam). Cellular fluorescence intensity was
analyzed by FACS Canto (BD Biosciences) and FCS Express 3.0 software.

[00154] Measurement of IFNy and other cytokines. [FNy, IL-2, IL-4, IL-6, IL-12, and
IL-13 were measured by using ELISA kit according to the manufacturer’s protocol (IFN-y: Boster
Biological Technology Co., Ltd; IL-2, IL-4, IL-6, IL-12, and IL-13: R&D Systems).

[00155] DNA plasmid transfection and MG132 treatment. After HEK293 cell seeded in
the 6 well plate, cells were transfected with 3 ug of each plasmid by TransIT®-LT1 Transfection
Reagent (Mirus) and then incubated with 1 uM MG-132 (MedChemExpress) or DMSO at 37°C

for 24 h. The total lysate was collected and the variant S expression was analyzed by western blot.

[00156] In vitro translation. The in vitro translation was performed with the plasmid that
encoded S-2P using Glycoprotein Expression in a Human IVT System (Thermo) according to the
manufacturer’s instructions. The expression of S protein in different incubation time periods was
monitored by SARS-COV-2 spike protein ELISA kit (ABclonal) according to the manufacturer’s

protocol.

[00157] Unfolded protein response detection. After HEK293 cells were transfected with
10ug of S mRNA with TransIT®-mRNA Transfection Kit (Mirus) for 48 hrs, the plasma
membrane and ER were isolated by Minute™ ER Enrichment Kit (Invent Biotech) according to
the manufacturer’s protocol. The S protein in the plasma membrane, cytosol and ER was analyzed
by western blot. Total lysate was collected and the UPR markers XBP1, BiP/GRP78 and p-elF2a
were monitored by western blot. The apoptosis cells were measured by APO™-BrdU TUNEL

Assay Kit (Thermo) according to the manufacturer's instructions.

[00158] The soluble version of S-2P expression. HEK293 cells were transfected with
10ug of mRNA that encoded the soluble version of variant S-2P with TransIT®-mRNA
Transfection Kit (Mirus) for 72 hrs, the S protein was purified from the cell supernatants using
Ni-NTA affinity column (GE Healthcare). The purified protein and total lysate were monitored

for the protein level of S by western blot.

[00159] mRNA vaccine induced MHC I/ 11 expression on DCs. DCs were isolated from
mice by using M-pluriBead Cell Separation kit (pluriSelect) following the procedure from the
company and incubated with 10 pg of mRNA-LNP in DC culture medium (RPMI 1640
supplemented with 20 ng/mL. murine GM-CSF (R&D Systems), 10% FBS, 50 uM 2-ME, 100
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units/mL penicillin, and 100 pg/mL streptomycin) at 37°C for 48 h, then analyzed for MHC I and
MHC II expression by flow cytometry.

[00160] Statistics and reproducibility. All data were presented as means + standard error
of the mean. The numbers of sample and replicates of experiments were shown as mentioned in
the figure legends. Comparisons between groups were determined using Students t test.
Differences were considered significant at *P < 0.001, **P <0.05. All data were analyzed using

GraphPad Prism 6 software.
EXAMPLE 1: Glycosylation of S protein affected antibody production

[00161] As a part of our efforts to identify possible conserved epitopes as targets for
antibody development and next-generation vaccine design, and for the design of universal vaccine
with broadly protective immune responses, we performed the 8 protein mutation analysis from
the 218,516 available sequences of SARS-CoV-2 S protein. The S protein has 1,273 amino acids,
and among the 218,516 sequences analyzed, there are 1,149 variable amino acid positions,
including 613 in the S1 domain (672 amino acids), 524 in the S2 domain (588 amino acids), and
134 in the RBD (152 amino acid); however, the mutation rate is less than 0.1% at 1,076 sites while
more than 0.1% at 73 sites. The conserved sequences can be found in the S1, S2 and the RBD
regions, and the longest one is from R983-11013 near the HR1 domain in the S2 region. All the
22 N-glycosylation sites are highly conserved among the SARS-CoV-2 variants. Further analysis
of more sequences (about 6 million) show a similar distribution of conserved epitopes, 7 of which
are in RBD and 5 in HR2 and 10 of the conserved epitopes are shielded by glycans (Fig. 1). We
believe that removal of glycan shields on viral surface glycoproteins to expose more conserved
epitopes is a very effective and general approach for vaccine design against SARS-CoV-2.
Because the single GlcNAc residue linked to Asn is the minimum component of the N-glycan
required for glycoprotein folding and stabilization, it is therefore postulated that trimming of N-
glycans to leave a single GlcNAc on SARS-CoV-2 S protein will not affect its folding but will
facilitate the maximum exposure of protein backbone to elicit robust and protein specific immune

response while maintaining its structural integrity.

[00162] Based on our preliminary results, fully glycosylated (unmodified) and mono-
GlcNAc decorated (on all N-glycosites) full length S, S1, S2, and RBD are used as immunogens
for immunization studies. We produce S, S1, S2, and RBD subunits with retention of essential
glycosites found in our preliminary study as described above and deletion of specific glycosites
and their mono-GlcNAc decorated variants as immunogens for immunization. The antisera are

tested for their interaction with representative S protein variants and neutralization activity against
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pseudovirus-mediated infection, and those with broadly protective activities are further
investigated including epitope mapping and adjuvant effect on CD4™ and CD8" T-cell responses.
The mono-GlcNAc decorated variants are made by removing the heterogeneous glycan layer on
the N-glycosites of full-length S, S1, S2, and RBD that are produced using the more versatile and
well demonstrated CHO, HEK293 or the Gnt1-deficient HEK293 cell line expression system. The
glycans of the S protein expression in these cell lines can be trimmed with endoglycosidases to
generate the desired protein with mono-GlcNAc at all the N-glycosylation sites and that from the
latter (Gntl-deficient HEK293) are high mannose types and can be digested using
endoglycosidase H (Endo-H) to generate the desired protein with mono-GlcNAc at all the N-
glycosylation sites. Since O-glycans are important for viral entry, no modification is carried out;
but they can be trimmed with cocktails of exoglycosidases if necessary. This mono-GlcNAc
decorated full length and truncated S proteins are studied regarding their structural integrity.
Immunogens containing fully glycosylated and mono-GlcNAc proteins as well as the glycosite-
engineered S protein (by replacing Asn with Gln as shown in the reverse genetics study) are used
for mice immunization to identify antibodies that target the various domains on S protein with
broad neutralization activity. The specificity of serum antibodies are checked by fully and mono-
GlcNAc decorated as well as the glycosite-engineered S protein and its truncated forms. In
addition, an array of synthetic peptides with or without mono-GlcNAc decorated or glycopeptides
obtained from protease digestion of the mono-GlcNAc decorated S protein are used to study the
binding specificity and the CD8" T-cell response in transgenic mice with humanized ACE2
receptor. The immunized mice sera are further evaluated for the neutralization activity using
pseudovirus neutralization assays developed in our lab. Fig. 2 shows the identification of N- and
O-glycosites and mutations in variants. All 24 glycosites are highly conserved among 6 million S

protein sequences.

[00163] S protein is frequently mutated and highly glycosylated with 22 N- and 2 O-
glycosites (2 N- and 2 O-glycosites in RBD, and 6 N-glycosites in S2) to evade host immune
response (Fig. 16). To study whether and how the mRNA vaccine of S protein with mutated
glycosites affected S protein expression and immune response, we mutated multiple N-glycosites
(from N to Q in the N-X-S/T sequon) and O-glycosites (from S/T to A) in the RBD or the S2
region of mRNA, respectively. After confirming the expression of the variant prefusion S protein
in HEK293 cell line (Fig. 3), the mRNA that encoded S protein or S protein with mutation of
glycosites, was encapsulated in LNP to form mRNA-LNP for immunization in mice. Sera from
mice immunized by the mRNA with all S2 N-glycosites mutated (S-(deg-S2)) or with all S2 N-
glycosites except N-1194 mutated (S-(S2-1194)), showed less IgG titer against fully glycosylated
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WT S protein (Fig. 4A), S2 (Fig. 4B), RBD (Fig. 4C) or deglycosylated S protein (Fig. 4D), but
had higher IgG titer against deglycosylated S2 antigen (Fig. 4E) in ELISA assay as compared to
the unmodified mRNA. However, the mice immunized by the mRNA with all RBD glycosites
deleted (S-(deg-RBD)) elicited a slightly less IgG titer against the fully glycosylated RBD, but
higher IgG titer to recognize the deglycosylated RBD antigen (Fig. 4F), suggesting that
glycosylation on S protein affected the production of antibody and its binding specificity. In
addition, immunization with S-(deg-RBD), S-(deg-S2) or S-(S2-1194) mRNA elicited a higher
IgG titer against the alpha (Fig. 54), beta (Fig. 5B5), gamma (Fig. 5C) delta, and omicron variants
(Fig. 5D), suggesting that the glycosylation of S protein regulates the specificity of antibodies
generated by the mRNA vaccine. To analyze the effect of glycosite mutationon on the
neutralization activity of antibodies generated from immunized mice, the pseudovirus
neutralization assay was performed and the result showed that the mRNA vaccine with deletion
of glycosites in RBD or S2 generated antibodies with reduced neutralization activity against WT
pseudovirus (Fig. 5), but with better neutralization activity against the four variants of concern
than WT (Fig. 6 and Table 1). To further understand this observation, sequence analysis revealed
that mutation of the glycosites in RBD or S2 exposed more conserved epitopes to elicit immune
responses (Fig. 6), and that the RBD and the S2 domains contained most of highly conserved
sequences in the S protein (7 in RBD, 5 in HR2 of S2). These results suggested that mutation of
certain glycosites in the mRNA of S protein vaccine will affect the production of antibodies and

their specificities as well as the immune responses.
[00164] DNA or RNA sequence of WT S (Wuhan strain) (from 5'-end to 3'-end):

atgttcgtcttcctggtectgetgectetggtetectcacagtgegteaatctgacaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagcetcegtgctgeactctacacaggatctgttictgecattetttagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggeacaaageggticgacaatceegtgetgecttttaacgatggegtgtacttegectet
accgagaagagcaacatcatcagaggcetggatctttggcaccacactggactccaagacacagtetctgetgategtgaacaatgecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcccticetgggegtgtactatcacaagaacaataagagetggatggagtce
gagtttagagtgtattctagcgecaacaactgcacatttgagtacgtgagecagectticetgatggacctggagggcaageagggeaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacacccccatcaacctggtgegegacctge
ctcagggcttcagegeectggageccectggtggatetgectatcggeatcaacatcaccecggtttcagacactgetggeectgcacagaag
ctacctgacacccggcegactcetctageggatggaccgecggegetgecgectactatgtgggetacctccagecceggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtectttac
cgtggagaagggcatctatcagacatccaatttcagggtgecagecaaccgagtctatcgtgegctttcctaatatcacaaacctgtgeccatt
tggcgaggtgttcaacgcaacccgceticgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtgct
gtacaactccgectctttcageacctttaagtgctatggegtgtceccecacaaagetgaatgacctgtgctttaccaacgtctacgecgattctt
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tcgtgatcaggggcgacgaggtecgecagatcgeccccggecagacaggeaagatcgeagactacaattataagetgecagacgattte
accggctgcgtgatcgectggaacageaacaatetggattccaaagtgggcggcaactacaattatetgtaccggetgtttagaaagagea
atctgaagcccttcgagagggacatctctacagaaatctaccaggecggeageaccccttgeaatggegtggagggctttaactgttattte
ccactccagtcectacggcttccageccacaaacggegtgggctatcagecttaccgegtegtegtectgagetttgagetgetgeacgece
cagcaacagtgtgcggccccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggecacaggce
gtgctgaccgagtccaacaagaagttcctgecatttcageagttcggeagggacatcgeagataccacagacgecgtgcgegacccaca
gaccctggagatcctggacatcacaccctgetctttcggeggegtgagegtgatcacacccggeaccaatacaagecaaccaggtggecgt
gctgtatcaggacgtgaattgtaccgaggtgcccgtggetatccacgecgatcagetgaceccaacatggegggtgtacageaccggete
caacgtcttccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgegacateccaatcggegeeggeat
ctgtgcctettaccagacccagacaaactctcccagaagageeccggagegtggecteecagtctatcatecgectataccatgteeetggge
gccgagaacagegtggcectactctaacaatageatcgecatcccaaccaacttcacaatetetgtgaccacagagatectgeecgtgtecat
gaccaagacatctgtggactgcacaatgtatatctgtggcgattctaccgagtgcagcaacctgetgetccagtacggeagcettttgtaccca
gctgaatagagecctgacaggeatcgecgtggageaggataagaacacacaggaggtattcgeccaggtgaageaaatctacaagace
ccccctatcaaggactttggeggcttcaatttttcccagatcctgectgatccatccaagecttctaageggagctttatcgaggacctgetgtt
caacaaggtgaccctggecgatgecggcttcatcaagcagtatggegattgectgggegacatcgeagecagggacctgatctgegece
agaagtttaatggcctgaccgtgctgecaccectgetgacagatgagatgatcgeacagtacacaagegecctgetggecggeaccatca
catccggatggaccttcggegeaggagecgececteccagateeectttgecatgeagatggectataggttcaacggeatcggegtgacee
agaatgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggeaagatccaggacagectgtectctacagecag
cgecctgggcaageteccaggatgtggtgaatcagaacgeccaggecctgaataccctggtgaageagetgageageaacttcggegece
atctctagegtgctgaatgacatcctgagecggctggacaaggtegaggcagaggtecagatcgaccggetgatcaccggecggeteca
gagcctccagacctatgtgacacagcagcetgatcagggecgecgagatcagggecagegecaatctggeageaaccaagatgtecgag
tgcgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttccctcagtetgecccacacggegtggtgttt
ctgeacgtgacctacgtgcecgeccaggagaagaacttcaccacageecctgecatctgecacgatggeaaggececactttccaaggga
gggegtgttcgtgtecaacggeacccactggtttgtgacacagegeaatttctacgagecccagatcatcaccacagacaacaccttegtg
agcggcaactgtgacgtggtcatcggeatcgtgaacaataccgtgtatgatccactccageccgagetggacagetttaaggaggagetg
gataagtatttcaagaatcacacctccectgacgtggatctgggegacatcageggeatcaatgecteegtggtgaacatccagaaggaga
tcgaccgectgaacgaggtegctaagaatctgaacgagagectgatcgacctccaggagetgggcaagtatgageagtacatcaagteg
ccctggtacatctggetgggcttcatcgecggectgatcgecatcgtgatggtgaccatcatgetgtgetgtatgacatectgetgttcttgect
gaagggctgetgtagetgtggctectgetgtaagtitgacgaggatgactctgaacctgtgctgaagggegtgaagetgeattacacctaa
(SEQID NO: 1)

[00165] Protein sequence of WT S (Wuhan strain) (from N-terminus to C-terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTFEY VSQPFLMD
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LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRI
SNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGK
IADYNYKLPDDFTGCVIAWNSNNLDSK VGGNYNYLYRLFRKSNLKPFERDISTEIY QAG
STPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAI
PTNFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNK VTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRA
AEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTY VPAQEK
NFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIV
NNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNL
NESLIDLQELGK YEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSC
CKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 2)

[00166] DNA or RNA sequence of WT S (Delta strain) (from 5'-end to 3'-end):

atgttcgtcttectggtectgetgectetggtetectcacagtgegtcaatctgegaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagetcegtgctgcactctacacaggatctgtttetgecattetttagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggeacaaageggticgacaatceegtgetgcecttttaacgatggegtgtacttegectet
atcgagaagagcaacatcatcagaggctggatctttggcaccacactggactccaagacacagtetetgetgatcgtgaacaatgecaccea
acgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecttcetggacgtgtactatcacaagaacaataagagetggatggagtecg
gagtgtattctagcgcecaacaactgcacatttgagtacgtgagecagectttcctgatggacctggagggcaageagggcaatttcaagaa
cctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaageacacccecatcaacctggtgegegacctgectcagg
gcttcagegecctggageccctggtggatctgectatcggeatcaacatcacceggtitcagacactgetggecctgeacagaagetacct
gacacccggegactcectctageggatggacegecggegetgecgectactatgtgggctacctccagecceggaccttectgetgaagta
caacgagaatggcaccatcacagacgcagtggattgcgeectggacceectgagegagacaaagtgtacactgaagtectttaccgtgga
gaagggcatctatcagacatccaatttcagggtgcagecaaccgagtctatcgtgegctttcctaatatcacaaacctgtgeccatttggega
ggtgttcaacgcaacccgettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtgcetgtacaa
ctccgectctttcageacctttaagtgctatggegtgtcccccacaaagetgaatgacctgtgetttaccaacgtctacgecgattctttegtgat

caggggcgacgaggtgcgecagatcgeccecggecagacaggeaagatcgeagactacaattataagetgecagacgatttcaccgge
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tgcgtgatcgectggaacagcaacaatctggattccaaagtgggcggcaactacaattatcggtaccggetgtitagaaagagceaatctga
agcccttcgagagggacatctctacagaaatctaccaggecggcageaagecttgcaatggegtggagggctttaactgttatttcecacte
cagtcctacggcettccageccacaaacggegtgggctatcagecttacegegtggtggtgctgagetttgagetgetgcacgececagea
acagtgtgcggecccaagaagtecaccaatetggtgaagaacaagtgcgtgaacttcaacttcaacggectgaccggeacaggegtact
gaccgagtccaacaagaagttcctgecatttcageagttcggeagggacatcgcagataccacagacgecgtgegegacccacagacce
tggagatcctggacatcacaccctgcetetttcggeggegtgagegtgatcacaccecggeaccaatacaageaaccaggtggecgtgetgt
atcagggcgtgaattgtaccgaggtgcccgtggctatccacgecgatcagetgaccccaacatggegggtgtacageaccggetecaac
gtcttccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgcgacatcccaatcggegecggeatctgt
gcctettaccagacccagacaaactctcgcagaagageccggagegtggecteccagtctatcatcgectataccatgtecctgggegee
gagaacagcgtggcctactctaacaatagcatcgecatcecaaccaacttcacaatctetgtgaccacagagatceetgeccgtgtecatgac
caagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgecageaacctgetgetccagtacggeagcttttgtacccaget
gaatagagccctgacaggceatcgecgtggageaggataagaacacacaggaggtgttcgecccaggtgaagceaaatctacaagacccce
cctatcaaggactttggcggcettcaatttttcccagatectgectgatccatccaagecttctaageggagetttatcgaggacctgetgttcaa
caaggtgaccctggecgatgecggcettcatcaageagtatggegattgectgggegacatcgecagecagggacctgatcetgegeccaga
agtttaatggcctgaccgtgctgecaccectgetgacagatgagatgatcgeacagtacacaagegecectgetggecggeaccatcacate
cggatggaccttcggcgeaggagecgecctccagatceectttgecatgeagatggectataggttcaacggeatcggegtgacccagaa
tgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggeaagatccaggacagectgtectctacagecagegee
ctgggcaagctccagaatgtggtgaatcagaacgeccaggeectgaataccctggtgaageagetgageageaacttcggegecatetet
agcgtgctgaatgacatcctgagecggetggacaaggtggaggcagaggtgcagatcgaccggcetgatcaccggecggetccagage
ctccagacctatgtgacacagcagcetgatcagggccgecgagatcagggccagegecaatetggeageaaccaagatgtecegagtgegt
gctgggecagtctaagagagtggacttttgtggcaagggctatcacctgatgtectteectcagtetgececcacacggegtggtgtttctgea
cgtgacctacgtgececcgeccaggagaagaacttcaccacageccctgecatctgecacgatggeaaggeccactttccaagggagggec
gtgttegtgtccaacggcacccactggtttgtgacacagegeaatttctacgagecccagatcatcaccacagacaacaccttcgtgageg
gcaactgtgacgtggtcatcggeatcgtgaacaatacegtgtatgatccactccageccgagetggacagctttaaggaggagetggataa
gtatttcaagaatcacacctccectgacgtggatctgggcgacatcageggceatcaatgecteegtggtgaacatccagaaggagatcgac
cgcctgaacgaggtggctaagaatctgaacgagagectgatcgaccteccaggagetgggcaagtatgagecagtacatcaagtggccctg
gtacatctggetgggcttcatcgecggectgatcgecategtgatggtgaccatcatgetgtgetgtatgacateetgetgttettgectgaag
ggctgctgtagetgtggctectgetgtaagtttgacgaggatgactctgaacctgtgctgaagggcgtgaagetgcattacacctaa
(SEQ ID NO: 15)

[00167] Protein sequence of WT S (Delta strain) (from N-terminus to C-terminus):

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASIEKSNIIRGWIFGTTLDSKTQSLLIV

NNATNVVIKVCEFQFCNDPFLDVY YHKNNKSWMESGVYSSANNCTFEY VSQPFLMDL
EGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
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LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSE
TKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRIS
NCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKI
ADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAG
SKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSRRRARSVASQSIIAYTMSLGAENSVAY SNNSIAI
PTNFTISVTITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMAYRFNGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQNVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIR
AAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQE
KNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGI
VNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAK
NLNESLIDLQELGKYEQYIKWPW YIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSC
GSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 16)

[00168] DNA or RNA sequence of WT S (Wuhan strain S-2P strain) (from 5'-end to
3'-end):

atgttcgtcttectggtectgetgectetggtetectcacagtgegtcaatctgacaactcggactcagetgecacctgettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagcetcegtgctgcactctacacaggatctgtttetgecattetttagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggeacaaageggticgacaatceegtgetgcecttttaacgatggegtgtacttegectet
accgagaagagcaacatcatcagaggcetggatcetttggcaccacactggactccaagacacagtetctgctgatcgtgaacaatgecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecttcetgggegtgtactatcacaagaacaataagagetggatggagtee
gagtttagagtgtattctagcgecaacaactgcacatttgagtacgtgagecagectttcetgatggacctggagggcaageagggcaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacaccececatcaacctggtgegegacctge
ctcagggcttcagegecctggageccctggtggatctgectatcggeatcaacatcacceggtttcagacactgetggecctgcacagaag
ctacctgacacccggcegactcctetageggatggaccgecggegcetgecgectactatgtgggetaccteccageececggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtectttac
cgtggagaagggcatctatcagacatccaatttcagggtgecagecaaccgagtctatcgtgegctttcctaatatcacaaacctgtgeccatt
tggcgaggtgttcaacgcaaccegettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtget
gtacaactccgcectctttcageacctttaagtgcetatggegtgtcccccacaaagetgaatgacctgtgctttaccaacgtctacgecgattett

tcgtgatcaggggcgacgaggtgegecagatcgeccecggecagacaggeaagatcgeagactacaattataagetgecagacgattte
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accggctgcgtgatcgectggaacageaacaatctggattccaaagtgggcggcaactacaattatctgtaccggetgtttagaaagagea
atctgaagcccttcgagagggacatctctacagaaatctaccaggecggeageacccecttgeaatggegtggagggctttaactgttattte
ccactecagtcetacggcettccageccacaaacggegtgggetatcagecttaccgegtggtegtgctgagetttgagetgetgeacgecee
cagcaacagtgtgcggecccaagaagtecaccaatctggtgaagaacaagtgcgtgaacttcaacttcaacggectgaceggeacagge
gtgctgaccgagtccaacaagaagttcctgecatttcageagttcggecagggacatcgecagataccacagacgecgtgegegacccaca
gaccctggagatectggacatcacacectgetetttcggeggegtgagegtgatcacacccggeaccaatacaageaaccaggtggecgt
gctgtatcaggacgtgaattgtaccgaggtgcccgtggetatccacgecgatcagetgaceccaacatggegggtgtacageaccggetc
caacgtcttccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgegacateccaatcggegeeggeat
ctgtgcctcttaccagacccagacaaactctcccagaagageccggagegtggecteccagtctatcatcgectataccatgteeetggge
gccgagaacagegtggectactctaacaatageatcgecatcccaaccaacttcacaatetetgtgaccacagagateetgeeegtgtecat
gaccaagacatctgtggactgecacaatgtatatctgtggegattetaccgagtgcageaacctgetgctecagtacggeagcettttgtaccca
gctgaatagagcecctgacaggceatcgecgtggageaggataagaacacacaggaggtgticgeccaggtgaagcaaatctacaagace
cceectatcaaggactttggeggctteaatttttcccagatectgectgatecatccaagecttctaageggagcetttatcgaggacctgetgtt
caacaaggtgaccctggecgatgecggcetticatcaageagtatggegattgectgggegacatcgecagecagggacctgatetgegece
agaagtttaatggcctgaccgtgetgecaccectgctgacagatgagatgatcgeacagtacacaagegecctgetggecggeaccatca
catccggatggaccttcggecgeaggageegecectecagateecctttgecatgeagatggectataggttcaacggeatcggegtgacce
agaatgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggeaagatccaggacagectgtectctacagecag
cgeectgggeaagetccaggatgtggteaatcagaacgeeccaggecctgaatacectggtgaageagetgageageaacttcggegee
atctctagcgtgctgaatgacatcctgagccggctggaaggcagaggtgcagatcgaccggctgatcaccggccggctcc
agagcctccagacctatgtgacacagecagcetgatcagggecgecgagatcagggecagegecaatctggeageaaccaagatgtecga
gtgcgtectgggccagtctaagagagtegacttttgtgecaagggctatcacetgatgtectteccteagtetgececcacacggegtegtatt
tetgeacgtgacctacgtgececgeccaggagaagaacttcaccacagececctgecatctgecacgatggcaaggeccactticcaaggga
gggcgtgttcgtatccaacggeacccactggtttgtgacacagegeaatttctacgagecccagatcatcaccacagacaacaccttegtg
agcggcaactgtgacgtggtcatcggcatcgtgaacaataccgtgtatgatccactccageccgagetggacagcetitaaggaggagcetg
gataagtatttcaagaatcacacctceectgacgtggatetgggcgacatcageggeatcaatgectecgtggtgaacatccagaaggaga
tcgaccgectgaacgaggtggetaagaatctgaacgagagectgatcgacctccaggagetgggeaagtatgageagtacatcaagtgg
ccctggtacatctggetgggcttcatcgecggectgategecategtgatggtgaccatcatgetgtgetgtatgacatectgetgttettgect
gaagggctgctgtagetgtgectectgctgtaagtttgacgaggatgactctgaacctgtgctgaagggegtegaagetgcattacacctaa
(SEQ ID NO: 17)

[00169] Protein sequence of WT S (Wuhan strain S-2P strain) (from N-terminus to C-

terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVITWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTFEY VSQPFLMD
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LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRI
SNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGK
IADYNYKLPDDFTGCVIAWNSNNLDSK VGGNYNYLYRLFRKSNLKPFERDISTEIY QAG
STPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAI
PTNFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNK VTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRA
AEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTY VPAQEK
NFTTAPAICHDGK AHFPREGVFVSNGTHWFVTQRNFYEPQITTDNTFVSGNCDVVIGIV
NNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNL
NESLIDLQELGK YEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSC
CKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 18)

[00170] DNA or RNA sequence of WT S (Delta S-2P strain) (from 5'-end to 3'-end):

atgttcgtcttcctggtectgetgectetggtetectcacagtgegteaatctgegaacteggactcagetgecacctgcttatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagctcegtgetgcactctacacaggatctgtttetgecattetttagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggeacaaageggttcgacaatceegtgetgcecttttaacgatggegtgtacttegectet
atcgagaagagcaacatcatcagaggctggatctttggcaccacactggactccaagacacagtctctgetgatcgtgaacaatgecacca
acgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecttcctggacgtgtactatcacaagaacaataagagetggatggagtecg
gagtgtattctagcgcecaacaactgeacatttgagtacgtgagecagectttcctgatggacctggagggcaageagggcaatttcaagaa
cctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaageacacceccatcaacctggtgegegacctgectcagg
gcttcagegecctggageccctggtggatcetgectatcggeatcaacatcacceggtttcagacactgetggeectgecacagaagetacct
gacacceggcegactectctageggatggaccgecggegetgecgectactatgtgggctaccteccageeccggaccttectgetgaagta
caacgagaatggcaccatcacagacgcagtggattgcgecctggacceectgagegagacaaagtgtacactgaagtectttaccgtgga
gaagggcatctatcagacatccaatttcagggtgcagecaaccgagtctatcgtgegcetttcctaatatcacaaacctgtgeccatttggega
ggtgttcaacgcaacccgettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtgctgtacaa
ctcegectctttcageacctttaagtgctatggegtgtccceccacaaagetgaatgacctgtgetttaccaacgtctacgecgattetttegtgat
caggggcgacgaggtgcgecagatcgeecececcggecagacaggeaagatcgeagactacaattataagetgecagacgatttcaccgge
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tgcgtgatcgectggaacagcaacaatctggattccaaagtgggcggcaactacaattatcggtaccggetgtitagaaagagceaatctga
agcccttcgagagggacatctctacagaaatctaccaggecggeageaagecttgcaatggegtggagggctttaactgttatttcecacte
cagtcctacggcettccageccacaaacggegtgggctatcagecttacegegtggtggtgctgagetttgagetgetgcacgececagea
acagtgtgcggecccaagaagtecaccaatetggtgaagaacaagtgcgtgaacttcaacttcaacggectgaccggeacaggegtact
gaccgagtccaacaagaagttcctgecatttcageagttcggeagggacatcgcagataccacagacgecgtgegegacccacagacce
tggagatcctggacatcacaccctgcetetttcggeggegtgagegtgatcacaccecggeaccaatacaageaaccaggtggecgtgetgt
atcagggcgtgaattgtaccgaggtgcccgtggctatccacgecgatcagetgaccccaacatggegggtgtacageaccggetecaac
gtcttccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgcgacatcccaatcggegecggeatctgt
gcctettaccagacccagacaaactctcgcagaagageccggagegtggecteccagtctatcatcgectataccatgtecctgggegee
gagaacagcgtggcctactctaacaatagcatcgecatcecaaccaacttcacaatctetgtgaccacagagatceetgeccgtgtecatgac
caagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgecageaacctgetgetccagtacggeagcttttgtacccaget
gaatagagccctgacaggceatcgecgtggageaggataagaacacacaggaggtgttcgecccaggtgaagceaaatctacaagacccce
cctatcaaggactttggcggcettcaatttttcccagatectgectgatccatccaagecttctaageggagetttatcgaggacctgetgttcaa
caaggtgaccctggecgatgecggcettcatcaageagtatggegattgectgggegacatcgecagecagggacctgatctgegeccaga
agtttaatggcctgaccgtgctgecaccectgetgacagatgagatgatcgeacagtacacaagegecectgetggecggeaccatcacate
cggatggaccttcggcgeaggagecgecctccagatccectttgecatgeagatggectataggttcaacggeatcggegtgacccagaa
tgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggcaagatccaggacagectgtectctacagecagegee
ctgggcaagctccagaatgtggtgaatcagaacgeccaggeectgaataccctggtgaageagetgageageaacttcggegecatetet
agcgtgctgaatgacatcctgagccggctggaaggcagaggtgcagatcgaccggctgatcaccggccggctccagagc
ctccagacctatgtgacacagcagcetgatcagggecgecgagatcagggccagegecaatetggeageaaccaagatgtcegagtgegt
gctgggecagtctaagagagtggacttttgtggcaagggctatcacctgatgtectteectcagtetgececcacacggegtggtgtttetgea
cgtgacctacgtgeccgeccaggagaagaacttcaccacageccctgecatctgecacgatggeaaggeccactttccaagggaggec
gtgttegtgteccaacggcacccactggtttgtgacacagegeaatttctacgagecccagatcatcaccacagacaacaccttcgtgageg
gcaactgtgacgtggtcatcggeatcgtgaacaataccgtgtatgatccactccageccgagetggacagetttaaggaggagetggataa
gtatttcaagaatcacacctccectgacgtggatctgggcgacatcageggceatcaatgectecgtggtgaacatccagaaggagatcgac
cgcetgaacgaggtggctaagaatctgaacgagagectgatcgacctccaggagetgggcaagtatgageagtacatcaagtggecectg
gtacatctggetgggcttcatcgecggectgatcgecategtgatggtgaccatcatgetgtgetgtatgacateetgetgttettgectgaag
ggctgctgtagetgtggctectgetgtaagtttgacgaggatgactetgaacctgtgctgaagggegtgaagcetgeattacacctaa
(SEQ ID NO: 19)

[00171] Protein sequence of WT S (Delta strain S-2P strain) (from N-terminus to C-

terminus):

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFES
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASIEKSNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLDVY YHKNNKSWMESGVYSSANNCTFEY VSQPFLMDL
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EGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSE
TKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRIS
NCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKI
ADYNYKLPDDFTGCVIAWNSNNLDSK VGGNYNYRYRLFRK SNLKPFERDISTEIYQAG
SKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSRRRARSVASQSIIAYTMSLGAENSVAY SNNSIAI
PTNFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNK VTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQNVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRA
AEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTY VPAQEK
NFTTAPAICHDGK AHFPREGVFVSNGTHWFVTQRNFYEPQITTDNTFVSGNCDVVIGIV
NNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNL
NESLIDLQELGK YEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSC
CKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 20)

[00172] DNA or RNA sequence of S-(deg-RBD) for Wuhan strain (from 5'-end to 3'-
end):

atgttcgtettectggtectgetgectetggtetectcacagtgegteaatctgacaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagcetcegtgctgeactctacacaggatctgtttctgecattetttagcaacgtgacct
ggttccacgcecatccacgtgageggeaccaatggcacaaageggticgacaatcccgtgctgectittaacgatggegtgtacttcgectct
accgagaagagcaacatcatcagaggcetggatctttggecaccacactggactccaagacacagtetctgetgategtgaacaatgecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcccttcctgggegtgtactatcacaagaacaataagagcetggatggagtee
gagtttagagtgtattctagcgecaacaactgcacatttgagtacgtgagecagectttcctgatggacctggagggcaageagggcaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacaccecccatcaacctggtgegegacctge
ctcagggcettcagegecctggageccctggtggatetgectatcggeatcaacatcaceceggtttcagacactgetggecctgcacagaag
ctacctgacacccggcegactcctctageggatggaccgecggegetgecgectactatgtgggetacctccageeceggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtectttac
cgtggagaagggcatctatcagacatccaatttcagggtgcagcca@gag@atcgtgcgctttccatcacaaacctgtgccc
atttggcgaggtgttccaacccgcttcgccagcgtgtacgcctggaataggaagcggatcagcaactgcgtggccgactatagcgt

gctgtacaactccgectetttcageacctttaagtgctatggegtgteccccacaaagetgaatgacctgtgctttaccaacgtetacgecgat
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tetttcgtgatcaggggcgacgaggtgcgccagatcgeccecggecagacaggcaagatcgeagactacaattataagetgecagacga
tttcaccggctgegtgatcgectggaacageaacaatetggattccaaagtgggcggcaactacaattatetgtaccggetgtttagaaaga

gcaatctgaagececttcgagagggacatctetacagaaatctaccaggeecggeageacceecttgeaatggegtggagggctttaactgtta
tttcccactccagtectacggettccageccacaaacggegtgggctatcagecttaccgegtegtegtectgagetttgagetgctgeacg
ccccageaacagtgtgcggecccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeaca
ggcgtectgaccgagtecaacaagaagttcctgecatttcageagttcggeagggacatcgeagataccacagacgecgtgegcgacee
acagaccctggagatcctggacatcacaccctgetetttcggeggegtgagegtgatcacacccggeaccaatacaagcaaccaggteg

ccgtgctgtatcaggacgtgaattgtaccgaggtgcccgtggetatccacgeecgatcagetgaceccaacatggegggtgtacageaccg
gcteccaacgtettccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgegacateccaateggegecg
geatctgtgectcttaccagacccagacaaactctcccagaagageecggagegtggecteccagtctateatcgectataceatgteectg
ggcgecgagaacagegtggcectactctaacaatageatcgecatcccaaccaacttcacaatctetgtgaccacagagatectgeecgtgt
ccatgaccaagacatctgtggactgcacaatgtatatctgtggcgattctaccgagtgcagceaacctgetgetccagtacggeagcttitgta
cccagcetgaatagagecctgacaggeatcgecgtggagcaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaa

gaccccccctatcaaggactttggeggcttcaatttttcccagatcctgectgatccatccaagecttctaageggagctttatcgaggacctg
ctgttcaacaaggtgaccctggecgatgecggcttcatcaageagtatggegattgectgggegacatcgecagecagggacctgatetge

gcccagaagtttaatggectgacegtgctgccacecctgetgacagatgagatgatcgeacagtacacaagegeccetgetggecggeace
atcacatccggatggaccttcggegeaggagecgecctccagatecectttgecatgecagatggectataggttcaacggeateggegtga
cccagaatgtgctgtacgagaaccagaagetgatcgecaatcagtttaactccgecatcggeaagatccaggacagectgtectctacage
cagcgccctgggcaagcetccaggatgtggtgaatcagaacgeccaggecctgaatacectggtgaageagetgageageaacttcgge

gecatctctagegtgctgaatgacatectgagecggctggacaaggtegaggcagaggtecagatcgaccggetgatcaccggecggct
ccagagcctccagacctatgtgacacageagetgatcagggeecgecgagatcagggecagegecaatetggeageaaccaagatgtee
gagtgcgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttcectcagtetgecccacacggegtegt
gtttctgcacgtgacctacgtgcccgeccaggagaagaacttcaccacagecectgecatctgecacgatggeaaggeccactttccaag

ggagggcgtgttegtgtccaacggeacceactggtitgtgacacagegceaatttctacgagececagatcatcaccacagacaacacctte
gtgagcggcaactgtgacgtegtcatcggeategtgaacaatacegtgtatgatccactccageecgagetggacagcetttaaggaggag

ctggataagtatttcaagaatcacacctcccctgacgtggatctgggegacatcageggceatcaatgectecegtggtgaacatccagaagg

agatcgaccgcctgaacgaggtegctaagaatctgaacgagagectgatcgacctecaggagetgggcaagtatgageagtacatcaag
tggcectggtacatctggetgggcticatcgecggectgatcgecatcgtgatggtgaccatcatgetgtgetgtatgacatectgetgttett

gcctgaagggctgetgtagetgtggctectgetgtaagtitgacgaggatgactctgaacctgtgctgaagggcgtgaagetgeattacace
taa (SEQ ID NO: 3)

[00173] Protein sequence of S-(deg-RBD) for Wuhan strain (from N-terminus to C-
terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
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NNATNVVIKVCEFQFCNDPFLGVYYHKNNK SWMESEFRVYSSANNCTFEYVSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPAEAIVRFPQITNLCPFGEVFQATRFASVYAWNRK
RISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTG
KIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQA
GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNL
VKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDA VRDPQTLEILDITPCSFG
GVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIG
AEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSI
AIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVE
QDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKR SFIEDLLFNKVTLADAGFI
KQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVV
NQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLI
RAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPA
QEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQITTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDK YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEV
AKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCC
SCGSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 4).

[00174] DNA or RNA sequence of S-(deg-RBD) for Delta strain (from 5'-end to 3'-
end):

atgttcgtcttcctggtectgetgectetggtetectcacagtgegteaatctgegaacteggactcagetgecacctgcttatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagctccgtgetgeactctacacaggatctgtttctgecattetitagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggeacaaageggttcgacaatceegtgetgcecttttaacgatggegtgtacttcgectct
atcgagaagagcaacatcatcagaggctggatctttggcaccacactggactccaagacacagtctetgetgategtgaacaatgecacca
acgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecttcetggacgtgtactatcacaagaacaataagagetggatggagtecg
gagtgtattctagcgccaacaactgeacatttgagtacgtgagecagectttcetgatggacctggagggcaageagggcaatttcaagaa
cctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaageacacceccatcaacctggtgegegacctgectcagg
gcttcagegecctggageccctggtggatctgectatcggeatcaacatcacceggtttcagacactgetggecctgecacagaagetacct
gacacccggcegactcctctageggatggaccgecggegetgecgectactatgtgggctacctccageccecggaccttectgetgaagta
caacgagaatggcaccatcacagacgcagtggattgcgecctggacceectgagegagacaaagtgtacactgaagtectttaccgtgga
gaagggcatctatcagacatccaatttcagggtgcagecagecgaggegatcgtgegctttcctgaaatcacaaacctgtgeccatttgge

gaggtgttcgaggcaacccgettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtgctgtac
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aactccgcectctttcagcacctttaagtgctatggegtgteecccacaaagetgaatgacctgtgcetttaccaacgtctacgecgattetttegt
gatcaggggegacgaggtgcgecagatcgeccccggecagacaggeaagatcgeagactacaattataagetgecagacgatttcace
ggctgcgtgatcgectggaacagcaacaatctggattccaaagtgggeggeaactacaattatcggtaccggetgtttagaaagagcaate
tgaagcccttcgagagggacatctctacagaaatctaccaggecggeageaagecttgeaatggegtggagggctttaactgttatttccea
ctccagtectacggcettccageccacaaacggegtgggctatcagecttaccgegtggtggtgctgagcetttgagetgetgeacgeeccag
caacagtgtgcggecccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeacaggegtg
ctgaccgagtccaacaagaagttcctgecatttcageagttcggcagggacatcgeagataccacagacgecgtgegegacccacagac
cctggagatcctggacatcacaccctgetetttcggeggegtgagegtgatcacacceggeaccaatacaagecaaccaggtggecgtact
gtatcagggcgtgaattgtaccgaggtgceegtggetatccacgecgatcagetgacececaacatggegggtgtacageaccggetccaa
cgtcttccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgcgacatcccaatcggegecggceatctg
tgectettaccagacccagacaaactctcgecagaagageccggagegtggecteccagtcetatcatcgectataccatgteectgggegec
gagaacagcgtggcctactctaacaatagcatcgecatcccaaccaacttcacaatctetgtgaccacagagatcctgeccgtgtecatgac
caagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgecageaacctgetgetccagtacggeagettttgtacccaget
gaatagagccctgacaggceatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaagaccece
cctatcaaggactttggcggcettcaatttttcccagatectgectgatccatccaagecttctaageggagetttatcgaggacctgetgttcaa
caaggtgaccctggecgatgecggcettcatcaageagtatggegattgectgggegacatcgeagecagggacctgatetgegeccaga
agtttaatggcctgaccgtgctgecaccectgetgacagatgagatgatcgecacagtacacaagegecctgetggecggeaccatcacate
cggatggaccttcggcgeaggagecgecctccagatecectttgecatgeagatggectataggttcaacggeatcggegtgacccagaa
tgtgctgtacgagaaccagaagetgatcgecaatcagtttaactccgecatcggeaagatccaggacagectgtectctacagecagegece
ctgggcaagctccagaatgtggtgaatcagaacgeccaggeectgaatacectggtgaageagetgageageaacttcggegecatetet
agcgtgctgaatgacatcctgageecggetggacaaggtggaggcagaggtgcagatcgaccggetgatcaccggecggetccagage
ctccagacctatgtgacacagcagcetgatcagggccgecgagatcagggecagegecaatctggeageaaccaagatgtecgagtgegt
gctgggecagtctaagagagtggacttttgtggcaagggctatcacctgatgtectteectcagtetgececcacacggegtggtgtttctgea
cgtgacctacgtgceccgeccaggagaagaacttcaccacageccctgecatctgecacgatggeaaggeccactttccaagggagggc
gtgttegtgteccaacggcacccactggtttgtgacacagegeaatttctacgagecccagatcatcaccacagacaacaccttcgtgageg
gcaactgtgacgtggtcatcggcatcgtgaacaataccgtgtatgatccactccageccgagetggacagetttaaggaggagetggataa
gtatttcaagaatcacacctccectgacgtggatctgggcgacatcageggceatcaatgecteegtggtgaacatccagaaggagatcgac
cgcetgaacgaggtggctaagaatctgaacgagagectgatcgacctccaggagetgggcaagtatgageagtacatcaagtggecectg
gtacatctggetgggctteatcgecggectgatcgecategtgatggtgaccatcatgetgtgetgtatgacatectgetgttettgectgaag
ggctgctgtagetgtggctectgetgtaagtttgacgaggatgactctgaacctgtgctgaagggegtgaagetgeattacacctaa
(SEQ ID NO: 21)

[00175] Protein sequence of S-(deg-RBD) for Delta strain (from N-terminus to C-

terminus):
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MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGV YFASIEK SNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLDVY YHKNNKSWMESGVYSSANNCTFEY VSQPFLMDL
EGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSE
TKCTLKSFTVEKGIYQTSNFRVQPAEAIVRFPQITNLCPFGEVFQATRFASVYAWNRKRI
SNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGK
IADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYRYRLFRK SNLKPFERDISTEIYQAG
SKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSRRRARSVASQSIIAYTMSLGAENSVAY SNNSIAI
PTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNK VTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQNVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDK VEAEVQIDRLITGRLQSLQTYVTQQLIR
AAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQE
KNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDV VIGI
VNNTVYDPLQPELDSFKEELDK YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAK
NLNESLIDLQELGKYEQYIKWPW YIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSC
GSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 22)

[00176] DNA or RNA sequence of S-(deg-RBD) for Wuhan S-2P strain (from 5'-end
to 3'-end):

atgttcgtcttcctggtectgetgectetggtetectcacagtgegteaatctgacaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagctcegtgetgcactctacacaggatctgtttetgecattetttagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggeacaaageggttcgacaatceegtgetgcecttttaacgatggegtgtacttegectet
accgagaagagcaacatcatcagaggctggatctttggcaccacactggactccaagacacagtctctgetgatcgtgaacaatgecacce
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecttcetgggegtgtactatcacaagaacaataagagetggatggagtee
gagtttagagtgtattctagcgccaacaactgcacatttgagtacgtgagecagcectttcctgatggacctggagggcaageagggcaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacacccecatcaacctggtgegegacctge
ctcagggcttcagegeectggageccctggtggatetgectatcggeatcaacatcacceggtttcagacactgetggecctgcacagaag
ctacctgacacccggegactcctctageggatggaccgecggegetgecgectactatgtgggctaccteccagecccggaccttectget

gaagtacaacgagaatggcaccatcacagacgceagtggattgcgecctggacceectgagegagacaaagtgtacactgaagtectttac
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cgtggagaagggcatctatcagacatccaatttcagggtgcagecagecgaggegatcgtgcgcetttcetgaaatcacaaacctgtgecca
tttggcgaggtgttcgaggcaaccegettcgecagegtgtacgectggaataggaageggatcageaactgegtggeecgactatagegts
ctgtacaactccgectctttcageacctttaagtgetatggegtgteccccacaaagetgaatgacctgtgctttaccaacgtctacgecgatte
tttcgtgatcaggggcgacgaggtecgecagatcgeccceggecagacaggeaagatcgeagactacaattataagetgecagacgattt
caccggctgegtgatcgectggaacagcaacaatctggaticcaaagtgggeggcaactacaattatctgtaccggetgtttagaaagage
aatctgaagcccttcgagagggacatctctacagaaatctaccaggeecggeageaccecttgeaatggegtggagggctttaactgttattt

cccactccagtectacggcttccageccacaaacggegtgggctatcagecttacegegtggtggtactgagetttgagetgctgcacgee
ccagcaacagtgtgeggecccaagaagtecaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeacagg
cgtgctgaccgagtccaacaagaagttectgecatttcageagttcggcagggacatcgeagataccacagacgeegtgegegacceac

agaccctggagatcctggacatcacacectgetetttcggeggegtgagegtgatcacacccggeaccaatacaageaaccaggtggce

gtgctgtatcaggacgtgaattgtaccgaggtgcecgtggctatccacgecgatcagetgaccecaacatggegggtgtacageaccgge
tccaacgtcttccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgcgacatcccaatcggegecgge
atctgtgcctcttaccagacccagacaaactctcccagaagageccggagegtggectccecagtetatcatcgectataceatgteectggg
cgccgagaacagcegtggectactctaacaatageatcgecatcccaaccaacttcacaatctctgtgaccacagagatectgeccgtgtee

atgaccaagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgcageaacctgetgetccagtacggeagcettttgtace

cagctgaatagagccctgacaggcatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaaga
cceeecctatcaaggactttggeggcttcaatttttcccagatectgectgatccatecaagecttctaageggagetttatcgaggacctget

gttcaacaaggtgaccctggecgatgecggcttcatcaageagtatggegattgectgggegacatcgeagecagggacctgatetgegc
ccagaagtttaatggcctgaccgtgctgecaccectgetgacagatgagatgatcgcacagtacacaagegecctgetggecggeaccat
cacatccggatggaccttcggegeaggagecgecctecagatecectttgecatgeagatggectataggttcaacggeatcggegtgac

ccagaatgtgctgtacgagaaccagaagcetgatcgecaatcagtttaactccgecatcggeaagatccaggacagcectgteetetacagec
agcgecctgggcaagetccaggatgtggteaatcagaacgeccaggecctgaatacectggtgaageagetgageageaacttcggcg

ccatctctagcgtgctgaatgacatcctgagccggctggacaggcagaggtgcagatcgaccggctgatcaccggccggct

ccagagcctccagacctatgtgacacageagetgatcagggeecgecgagatcagggecagegecaatetggeageaaccaagatgtee
gagtgcgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttecectcagtetgecccacacggegtegt
gtttctgcacgtgacctacgtgcccgeccaggagaagaacttcaccacagecectgecatctgecacgatggeaaggeccactttccaag

ggagggcgtgttegtgtccaacggeacceactggtitgtgacacagegceaatttctacgagececagatcatcaccacagacaacacctte
gtgagcggcaactgtgacgtegtcatcggeategtgaacaatacegtgtatgatccactccageccgagetggacagcetttaaggaggag

ctggataagtatttcaagaatcacacctccectgacgtggatctgggegacatcageggeatcaatgectecgtggtgaacatccagaagg

agatcgaccgcctgaacgaggtegctaagaatctgaacgagagectgatcgacctecaggagetgggcaagtatgageagtacatcaag
tggcectggtacatctggetgggcticatcgecggectgatcgecatcgtgatggtgaccatcatgetgtgetgtatgacatectgetgttett

gectgaagggctactgtagetgtggctectgctgtaagtttgacgaggatgactctgaacctgtectgaagggcgtgaagetgcattacace
taa (SEQ ID NO: 23)
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[00177] Protein sequence of S-(deg-RBD) for Wuhan S-2P strain (from N-terminus to

C-terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHATHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPAEAIVRFPQITNLCPFGEVFQATRFASVYAWNRKR
ISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTG
KIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQA
GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNL
VKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDA VRDPQTLEILDITPCSFG
GVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIG
AEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSI
AIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVE
QDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKR SFIEDLLFNK VTLADAGFI
KQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVV
NQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTY VTQQLI
RAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPA
QEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDK YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEV
AKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCC
SCGSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 24)

[00178] DNA or RNA sequence of S-(deg-RBD) for Delta S-2P strain (from 5'-end to
3'-end):

atgttcgtettectggtectgetgectetggtetectcacagtgegteaatctgegaacteggactcagetgecacctgcttatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagctcegtgctgeactctacacaggatctgtttctgecattetttagcaacgtgacct

ggttccacgecatccacgtgageggeaccaatggeacaaageggticgacaatceegtgetgecttttaacgatggegtgtacttcgectet
atcgagaagagcaacatcatcagaggctggatctttggcaccacactggactccaagacacagtetetgetgategtgaacaatgecacca
acgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecticctggacgtgtactatcacaagaacaataagagcetggatggagtecg
gagtgtattctagcgcecaacaactgeacatttgagtacgtgagecagectttcetgatggacctggagggcaageagggcaatttcaagaa
cctgagggagttcgtgtitaagaatatcgacggctacttcaaaatctactctaagcacacccccatcaacctggtgegegacctgectcagg

gcttcagegecctggagececctggtggatetgectatcggeatcaacatcacceggtttcagacactgetggecctgeacagaagetacct
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gacacccggegactectctageggatggaccgeecggegetgecgectactatgtgggctaccteccagecccggaccttectgetgaagta
caacgagaatggcaccatcacagacgcagtggattgcgecctggacceectgagegagacaaagtgtacactgaagtectttaccgtgga
gaagggcatctatcagacatccaatttcagggtgcagecagecgaggegategtgegetttectgaaatcacaaacctgtgeccatttgge
gaggtottcgaggcaacccgettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtgctgtac
aactccgcectctttcageacctttaagtgcetatggegtgtcccccacaaagetgaatgacctgtgctttaccaacgtctacgecgattetttegt
gatcaggggcgacgaggtecgccagatcgeccecggecagacaggeaagatcgecagactacaattataagetgecagacgatttcace
ggctgegtgatcgectggaacageaacaatctggattccaaagtgggcggeaactacaattatcggtaccggetgtitagaaagagcaate
tgaagcccttcgagagggacatctctacagaaatctaccaggecggeageaagecttgeaatggegtggagggctttaactgttatttceca
ctccagtcctacggettccageccacaaacggegtgggctatcagecttacegegtggtggtactgagctttgagetgctgcacgececeag
caacagtgtgcggecccaagaagtecaccaatctggtgaagaacaagtgegtgaacttcaactticaacggectgaccggeacaggegts
ctgaccgagtccaacaagaagttectgecatttcageagttcggcagggacatcgeagataccacagacgecgtgegegacccacagac
cctggagatcctggacatcacaccctgcetetticggeggegtgagegtgatcacacccggeaccaatacaagcaaccaggtggecgtgct
gtatcagggcgtgaattgtaccgaggtgcccgtggctatccacgecgatcagetgaccecaacatggegggtgtacageaceggetecaa
cgtcttccagacaagagccggatgectgatcggageagageacgtgaacaattectatgagtgcgacatcccaatcggegecggceatctg
tgectettaccagacccagacaaactctcgeagaagageccggagegtggccteccagtctatcatcgectataccatgteectgggegee
gagaacagcgtggectactctaacaatageatcgecatcccaaccaacttcacaatetetgtgaccacagagatcctgeeegtgtecatgac
caagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgcageaacctgetgetccagtacggeagcettttgtacccaget
gaatagagccctgacaggeatcgecgtggageaggataagaacacacaggaggtgattcgeccaggtgaageaaatctacaagaccece
cctatcaaggactttggcggcttcaatttttcccagatcctgectgatccatccaagecttctaageggagctttatcgaggacctgetgttcaa
caaggtgaccctggecgatgecggcttcatcaageagtatggegattgectgggcgacatcgcagecagggacctgatctgegeecaga
agtttaatggcctgaccgtgctgecaccectgetgacagatgagatgatcgeacagtacacaagegecctgetggeecggeaccatcacatce
cggatggaccttcggegeaggagecgecctecagatccectttgecatgeagatggectataggttcaacggeatcggegtgacccagaa
tgtgctgtacgagaaccagaagetgatcgecaatcagtttaactccgecatcggeaagateccaggacagectgtectetacagecagegcee
ctgggcaagctccagaatgtggtgaatcagaacgeccaggecctgaataccctggtgaageagetgageageaacttcggegcecatetet
agcgtgctgaatgacatcctgagccggctggaaggcagaggtgcagatcgaccggctgatcaccggccggctccagagc
ctccagacctatgtgacacagcagcetgatcagggecgecgagatcagggecagegecaatctggeageaaccaagatgtecgagtecgt
gctgggccagtctaagagagtggacttttgtggcaagggcetatcacctgatgtecttcectcagtetgecccacacggegtggtgtttetgea
cgtgacctacgtgcccgeccaggagaagaacttcaccacageecctgecatctgecacgatggcaaggeccactttccaagggagegc
gtgttcgtgtccaacggeacccactggtttgtgacacagegeaatttctacgagecccagatcatcaccacagacaacaccttcgtgageg
gcaactgtgacgtggtcatcggcatcgtgaacaataccgtgtatgatccactccagecegagetggacagetttaaggaggagetggataa
gtatttcaagaatcacacctcccctgacgtggatctgggegacatcageggceatcaatgectecgtggtgaacatccagaaggagatcgac
cgectgaacgaggtegctaagaatctgaacgagagectgatcgacctccaggagetgggcaagtatgageagtacatcaagtggecctg
gtacatctggctgggcttcatcgecggectgatcgecategtgatggtgaccatcatgetgtgetgtatgacatectgetgttcttgectgaag
ggctgetgtagetgtggetectgetgtaagtttgacgaggatgactetgaacctgtgctgaagggegtgaagetgeattacacctaa
(SEQ ID NO: 25)
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[00179] Protein sequence of S-(deg-RBD) for Delta S-2P strain (from N-terminus to

C-terminus):

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHATHVSGTNGTKRFDNPVLPFNDGV YFASIEK SNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMESGVYSSANNCTFEYVSQPFLMDL
EGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSE
TKCTLKSFTVEKGIYQTSNFRVQPAEAIVRFPQITNLCPFGEVFQATRFASVYAWNRKRI
SNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGK
IADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYR YRLFRKSNLKPFERDISTEIYQAG
SKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSRRRARSVASQSITAYTMSLGAENSVAYSNNSIAI
PTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIA VEQD
KNTQEVFAQVKQIYK TPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNK VTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQNVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRA
AEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEK
NFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIV
NNTVYDPLQPELDSFKEELDK YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNL
NESLIDLQELGK YEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSC
CKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 26)

[00180] DNA or RNA sequence of S-(deg-S2) for Wuhan strain (from 5'-end to 3'-
end):
[00181] atgttegtettectggtectgetgectetggtetectcacagtgegtcaatctgacaacteggactcagetgecaccetge

ttatactaatagcttcaccagaggcgtgtactatcctgacaaggtgtttagaagetcegtgctgeactctacacaggatctgtttetgecattcttt
agcaacgtgacctggttccacgecatccacgtgageggeaccaatggcacaaageggticgacaateccgtgetgcecttttaacgatgge
gtgtacttcgectctaccgagaagageaacatcatcagaggetggatetttggecaccacactggactccaagacacagtctetgetgategt
gaacaatgccaccaacgtggtcatcaaggtgtgcgagttccagtittgtaatgatcccttectgggegtgtactatcacaagaacaataagag
ctggatggagtccgagtttagagtgtattctagecgecaacaactgeacatttgagtacgtgagecagectttectgatggacctggagggca
agcagggcaatttcaagaacctgagggagticgtgtttaagaatatcgacggctacttcaaaatctactctaagcacacccccatcaacctg

gtgcgegacctgectcagggcettcagegecctggageecctggtggatcetgectatcggeatcaacatcacceggtttcagacactgetgg
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ccctgeacagaagetacctgacacccggegactcectctageggatggaccgecggegetgecgectactatgtgggctaccteccagece
cggaccttcctgetgaagtacaacgagaatggeaccatcacagacgeagtggattgegecctggacceectgagegagacaaagtgtac
actgaagtcctttaccgtggagaagggcatctatcagacatccaatttcagggtgcagecaaccgagtctatcgtgegcetttectaatatcac
aaacctgtgcccatttggegaggtgttcaacgcaaccegcettcgecagegtgtacgectggaataggaageggatcageaactgegtggc
cgactatagcgtgctgtacaactccgectctttcagcacctttaagtgctatggegtgtcccccacaaagetgaatgacctgtgcetttaccaac
gtctacgecgattetttcgtgatcaggggegacgaggtgcgecagatcgeccccggecagacaggeaagatcgeagactacaattataag
ctgccagacgatttcaccggetgegtgatcgectggaacagcaacaatetggattccaaagtgggcggeaactacaattatetgtaccgget
gtttagaaagagcaatctgaagecctticgagagggacatctctacagaaatctaccaggecggeageaccecttgcaatggegtggaggg
ctttaactgttatttcccactccagtectacggetticcageccacaaacggegtgggctatcagecttaccgegtggtagtactgagetttgag
ctgetgeacgeeccageaacagtgtgeggecccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaactticaacggectg
accggcacaggegtgetgaccgagtccaacaagaagttectgecatttcageagttcggeagggacatcgeagataccacagacgeegt
gcgcegacccacagaccctggagatcctggacatcacaccctgetcetttcggeggegtgagegtgatcacacccggeaccaatacaagea
accaggtggccgtgctgtatcaggacgtgaattgtaccgaggtgcccgtggctatccacgecgatcagetgaccccaacatggegggtgt
acagcaccggctccaacgtcttccagacaagagecggatgectgatcggageagageacgtgaacaattcctatgagtgcgacateeca
atcggcgecggceatctgtgectettaccagacccagacaaactctcccagaagageccggagegtggecteeccagtetatcatcgectata
ccatgtccctgggcgccgagaacagcgtggcctactcaatagcatcgccatcccaacctcacaatctctgtgaccacagagat
cctgeccgtgteccatgaccaagacatctgtggactgcacaatgtatatctgtggcgattctaccgagtgcageaacctgetgetccagtacg
gcagcttttgtacccagcetgaatagagecctgacaggeatcgecgtggageaggataagaacacacaggaggtgticgecccaggtgaag
caaatctacaagaccccccctatcaaggactttggcggcttctttcccagatcctgcctgatccatccaagccttctaagcggagcttta
tcgaggacctgcetgttcaacaaggtgaccetggecgatgecggcettcatcaagcagtatggegattgectgggegacatcgecagecaggg
acctgatctgegeccagaagtttaatggectgaccgtgetgecaccectgetgacagatgagatgatcgeacagtacacaagegecectgct
ggccggceaccatcacatccggatggaccttcggegeaggagecgecctccagateecectttgecatgeagatggectataggttcaacgg
catcggcegtgacccagaatgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggcaagatccaggacagect
gtcctctacagecagegecctgggeaagetecaggatgtggtgaatcagaacgeccaggecctgaatacectggtgaageagetgagea
gcaacttcggegecatctctagegtgetgaatgacatectgagecggetggacaaggtggaggcagaggtgcagatcgaceggetgate
accggccggetecagagectccagacctatgtgacacageagetgatcagggecgecgagatcagggecagegecaatctggeagea
accaagatgtccgagtgcgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttecctcagtetgecce

acacggcgtggtgtttctgcacgtgacctacgtgcccgcccaggagaatcaccacagcccctgccatctgccacgatggcaagg
cccactttccaagggagggcgtgttcgtgtcgcacccactggtttgtgacacagcgcaatttctacgagccccagatcatcaccac
agacaacaccttcgtgagcggcaactgtgacgtg gtcatcggcatcgtgaataccgtgtatgatccactccagcccgagctggacag
ctttaaggaggagctggataagtatttcaacacacctcccctgacgtggatctgggcgacatcagcg gcatcctccgtggtg
aacatccagaaggagatcgaccgcctgaacgaggtggctaagaatctgagagcctgatcgacctccaggagctgggcaagtatg
agcagtacatcaagtggccctggtacatctggetgggcttcatcgecggectgatcgecatcgtgatggtgaccatcatgetgtectgtatga
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catcctgctgttcttgectgaagggctgctgtagetgtggctectgetgtaagtttgacgaggatgactctgaacctgtgctgaagggegtga
agctgcattacacctaa (SEQ ID NO: 5)

[00182] Protein sequence of S-(deg-S2) for Wuhan strain (from N-terminus to C-
terminus):
[00183] MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHS

TQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEK SNIIRGWIFGTTL
DSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTF
EYVSQPFLMDLEGK QGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVD
LPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDA
VDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFAS
VYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEV
RQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRK SNLKPFE
RDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATV
CGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLE
ILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVY STGSNVF
QTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAEN
SVAYSQNSIAIPTIQFTISVTTEILPVSMTK TSVDCTMYICGDSTECSNLLLQYGSFCTQLN
RALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGHQFSQILPDPSKPSKR SFIEDLLFNK
VTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSG
WTFGAGAALQIPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASA
LGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSL
QTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVF
LHVTYVPAQEKQFTTAPAICHDGK AHFPREGVFVS|QGTHWFVTQRNFYEPQIITTDNTF
VSGNCDVVIGIVIQNTVYDPLQPELDSFKEELDK YFKIQHTSPDVDLGDISGIQASVVNIQ
KEIDRLNEVAKNL|QESLIDLQELGK YEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTS
CCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 6)

[00184] DNA or RNA sequence of S-(deg-S2) for Delta strain (from 5'-end to 3'-end):

atgttcgtcttcctggtectgetgectetggtetectcacagtgegteaatctgegaacteggactcagetgecacctgcttatactaatagette
accagaggcegtgtactatcctgacaaggtgtttagaageteegtgetgcactctacacaggatctgtttetgecattetttagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggeacaaageggttcgacaatceegtgetgcecttttaacgatggegtgtacttegectet
atcgagaagagcaacatcatcagaggctggatctttggcaccacactggactccaagacacagtctctgetgatcgtgaacaatgecacca
acgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecttcctggacgtgtactatcacaagaacaataagagetggatggagtecg
gagtgtattctagcgccaacaactgcacatttgagtacgtgagccagectttcctgatggacctggagggcaageagggcaatttcaagaa
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cctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaageacacccecatcaacctggtgegegacctgectcagg
gcttcagegecctggageccctggtggatcetgectatcggeatcaacatcacceggtttcagacactgetggeectgecacagaagetacct
gacaccecggcegactectctageggatggaccgecggegetgecgectactatgtgggctacctecagecceggaccttectgetgaagta
caacgagaatggcaccatcacagacgcagtggattgcgeectggacceectgagegagacaaagtgtacactgaagtectttaccgtgga
gaagggcatctatcagacatccaatttcagggtgcagcecaaccgagtctatcgtgegcetttcctaatatcacaaacctgtgeccatttggega
ggtgttcaacgcaaccegettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtgctgtacaa
ctecgectetttcageacctttaagtgetatggegtgtecceeccacaaagetgaatgacctgtgetttaccaacgtctacgecgattcetttcgtgat
caggggcgacgaggtgcgecagatcgeecececggecagacaggcaagatcgeagactacaattataagetgecagacgatttcacegge
tgecgtgatcgectggaacagecaacaatctggattccaaagtgggcggcaactacaattatcggtaccggetgtttagaaagageaatctga
agcccttcgagagggacatctctacagaaatctaccaggecggcageaagecttgcaatggegtggagggctttaactgttatttcecacte
cagtcctacggcttccageccacaaacggegtgggctatcagecttacegegtggtggtgctgagetttgagetgetgecacgeecccagea
acagtgtgcggcecccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeacaggegtgct
gaccgagtccaacaagaagttcctgecatttcageagttcggecagggacatcgeagataccacagacgecgtgegegacccacagacce
tggagatcctggacatcacaccctgcetetttcggeggegtgagegtgatcacacccggeaccaatacaagecaaccaggtggecgtgetgt
atcagggcgtgaattgtaccgaggtgcccgtggctatccacgecgatcagetgaccccaacatggegggtgtacagcaccggetecaac
gtcttccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgcgacatcccaatcggegecggeatetgt
gcctettaccagacccagacaaactctcgcagaagageccggagegtggecteccagtctatcatcgectataccatgtecctgggegee
gagaacagcgtggcctactctcagaatagcatcgecatcccaacceagttcacaatcetetgtgaccacagagatectgeccgtgtecatga
ccaagacatctgtggactgcacaatgtatatctgtggcgattctaccgagtgcagceaacctgetgetccagtacggceagcettttgtacccage
tgaatagagccctgacaggeatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaagaceee
ccctatcaaggactttggeggcettecaattttcccagatcetgectgatecatccaagecttctaageggagctttatcgaggacctgetgttea
acaaggtgaccctggecgatgecggcettcatcaagcagtatggegattgectgggcgacatcgeagecagggacctgatetgegeccag
aagtttaatggectgaccgtgetgecaccectgetgacagatgagatgatcgeacagtacacaagegecctgetggecggeaccatcacat
ccggatggaccttcggegeaggagecgecctccagateecctttgecatgeagatggectataggttcaacggeatcggegtgacccaga
atgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggeaagatccaggacagectgtectctacagecagege
cctgggcaagcetccagaatgtggtgaatcagaacgeccaggecctgaatacectggtgaageagcetgageageaacttcggegecatct
ctagcgtgcetgaatgacatcctgagecggetggacaaggtggaggcagaggtgcagatcgacecggetgatcaccggecggetccagag
cctccagacctatgtgacacagecagcetgatcagggecgecgagatcagggccagegecaatctggeageaaccaagatgtcegagtge
gtgetgggcecagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttccctcagtetgecccacacggegtggtatttctg
cacgtgacctacgtgeccgeccaggagaageagttcaccacageccctgecatctgecacgatggeaaggeccactttccaagggagg
gegtgttegtgtcccagggcacccactggtttgtgacacagegeaatttctacgagecccagatcatcaccacagacaacaccttegtgag
cggcaactgtgacgtggtcatcggcatcgtgecagaatacegtgtatgatccactccageccgagetggacagetttaaggaggagetggat
aagtatttcaagcaacacacctcccctgacgtggatctgggcgacatcageggeatccaagectecgtggtgaacatccagaaggagate
gaccgcctgaacgaggtggctaagaatctgcaggagagectgatcgacctecaggagetgggcaagtatgageagtacatcaagtggec
ctggtacatctggetgggcttcatcgecggectgatcgecatcgtgatggtgaccatcatgetgtgetgtatgacatectgetgttettgectga
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agggctgctgtagetgtggcetectgetgtaagtttgacgaggatgactctgaacctgtgctgaagggegtgaagetgeattacacctaa
(SEQ ID NO: 27)

[00185] Protein sequence of S-(deg-S2) for Delta strain (from N-terminus to C-

terminus):

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASIEK SNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLDVY YHKNNKSWMESGVYSSANNCTFEYVSQPFLMDL
EGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSE
TKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRIS
NCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKI
ADYNYKLPDDFTGCVIAWNSNNLDSK VGGNYNYRYRLFRK SNLKPFERDISTEIYQAG
SKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSRRRARSVASQSIIAYTMSLGAENSVAYSQNSIAI
PTQFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFQFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQNVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDK VEAEVQIDRLITGRLQSLQTYVTQQLIR
AAEIRASANLAATKMSECVLGQSKR VDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQE
KQFTTAPAICHDGKAHFPREGVFVSQGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGI
VQNTVYDPLQPELDSFKEELDK YFKQHTSPDVDLGDISGIQASVVNIQKEIDRLNEVAK
NLQESLIDLQELGKYEQYIKWPW YIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSC
GSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 28)

[00186] DNA or RNA sequence of S-(deg-S2) for Wuhan S-2P (from 5'-end to 3'-end):

atgttcgtcttectggtectgetgectetggtetectcacagtgegtcaatctgacaactcggactcagetgecacctgettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagcetcegtgctgcactctacacaggatctgtttetgecattetttagcaacgtgacct
ggttccacgcecatccacgtgageggeaccaatggcacaaageggticgacaatccegtgctgecttttaacgatggegtgtacttcgectct
accgagaagagcaacatcatcagaggcetggatctttggecaccacactggactccaagacacagtetctgetgatcgtgaacaatgecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecticetgggegtgtactatcacaagaacaataagagetggatggagtee

gagtttagagtgtattctagcgccaacaactgeacatttgagtacgtgagecagectttcctgatggacctggagggcaagcagggcaattt
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caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacaccecccatcaacctggtgegegacctge
ctcagggcttcagegeectggageccctggtggatetgectatcggeatcaacatcacceggtttcagacactgetggecctgcacagaag
ctacctgacaccecggegacteetetageggatggaccgecggegctgecgectactatgtgggetacctccageececggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtectttac
cgtggagaagggcatctatcagacatccaatttcagggtgcagecaaccgagtctatcgtgegctttcctaatatcacaaacctgtgeccatt
tggcgaggtgttcaacgcaaccegettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtgct
gtacaactccgectctttcageacctttaagtgctatggegtgtceccecacaaagetgaatgacctgtgctttaccaacgtctacgecgattcett
tcgtgatcaggggcgacgaggtgcgecagatcgecececeggecagacaggcaagatcgeagactacaattataagetgecagacgattte
accggctgegtgatcgectggaacagceaacaatctggattccaaagtgggeggcaactacaattatctgtaccggcetgtttagaaagagea
atctgaagcccttcgagagggacatctctacagaaatctaccaggecggeageaccecttgeaatggegtggagggctttaactgttattte
ccactccagtcctacggettccageccacaaacggegtgggctatcagecttaccgegtggtagtactgagetttgagetgctgeacgeee
cagcaacagtgtgcggccccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggecacaggce
gtgctgaccgagtecaacaagaagttectgecatttcageagtticggecagggacatcgeagataccacagacgecgtgegegacccaca
gaccctggagatcctggacatcacaccctgetctttcggeggegtgagegtgatcacacccggeaccaatacaagecaaccaggtggecgt
gctgtatcaggacgtgaattgtaccgaggtgcccgtggctatccacgecgatcagetgaccccaacatggegggtgtacagecaccggetce
caacgtcttccagacaagagccggatgectgatcggageagageacgtgaacaattcctatgagtgegacateccaatcggegecggeat
ctgtgectcttaccagacccagacaaactctcccagaagageccggagegtggecteccagtctatcatcgectataccatgteectggge
gccgagaacagegtggcectactctcagaatageatcgecatcccaacceagttcacaatetetgtgaccacagagatectgeeegtgteca
tgaccaagacatctgtggactgcacaatgtatatctgtggcegattctaccgagtgcagceaacctgetgetccagtacggceagcttttgtacce
agctgaatagagcecectgacaggeatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaagac
cccccctatcaaggactttggeggcttecaattttcocagatectgectgatecatccaagecttctaageggagctttatcgaggacctgetg
ttcaacaaggtgaccctggecgatgecggcettcatcaageagtatggegattgectgggcgacatcgeagecagggacctgatetgegee
cagaagtttaatggcctgaccgtgctgecaccectgetgacagatgagatgatcgcacagtacacaagegecectgetggecggeaccate
acatccggatggaccttcggegeaggagecgecctecagateeectttgecatgcagatggectataggticaacggeatcggegtgace
cagaatgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggeaagatccaggacagectgteetctacageca
gecgecectgggeaageteccaggatgtggtgaatcagaacgeccaggecctgaatacectggtgaageagetgageageaacttcggege
catctctagcgtgctgaatgacatcctgagccggctggacgaggcagaggtgcagatcgaccggctgatcaccggccggctc
cagagcctccagacctatgtgacacagceagetgatcagggecgecgagatcagggecagegecaatetggeageaaccaagatgteeg
agtgcgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttcectcagtetgeccecacacggegtggte
tttctgcacgtgacctacgtgeccgeccaggagaageagttcaccacageccctgecatctgecacgatggcaaggeccactttccaagg
gagggcgtgticgtgtcccagggeaccceactggtttgtgacacagegceaattictacgagecccagatcatcaccacagacaacaccticg
tgagcggcaactgtgacgtggtcatcggeatcgtgcagaataccgtgtatgatccactccageccgagetggacagcetttaaggaggaget
ggataagtatttcaagcaacacacctcecctgacgtggatctgggegacatcageggeatccaagecteccgtggtgaacatccagaagga
gatcgaccgectgaacgaggtggctaagaatctgcaggagagectgatcgacctccaggagetgggcaagtatgageagtacatcaagt
ggccctggtacatctggetgggcttcatcgecggectgatcgecategtgatggtgaccatcatgetgtgctgtatgacatectgetgttcttg
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cctgaagggcetgctgtagetgtggctectgetgtaagtitgacgaggatgactctgaacctgtgctgaagggegtgaagetgeattacacct
aa (SEQ ID NO: 29)

[00187] Protein sequence of S-(deg-S2) for Wuhan S-2P (from N-terminus to C-

terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEK SNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTFEY VSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRI
SNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGK
IADYNYKLPDDFTGCVIAWNSNNLDSK VGGNYNYLYRLFRKSNLKPFERDISTEIY QAG
STPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSQNSIAI
PTQFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFQFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRA
AEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGV VFLHVTY VPAQEK
QFTTAPAICHDGK AHFPREGVFVSQGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIV
QNTVYDPLQPELDSFKEELDK YFKQHTSPDVDLGDISGIQASVVNIQKEIDRLNEVAKNL
QESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSC
CKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 30)

[00188] DNA or RNA sequence of S-(deg-S2) for Delta S-2P strain (from 5'-end to 3'-
end):

atgttcgtettectggtectgetgectetggtetectcacagtgegteaatctgegaacteggactcagetgecacctgcttatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagcetcegtgctgeactctacacaggatctgtttctgecattetttagcaacgtgacct

ggttccacgecatccacgtgageggeaccaatggcacaaageggticgacaatccegtgetgecttttaacgatggegtgtacttcgectct
atcgagaagagcaacatcatcagaggctggatctttggcaccacactggactccaagacacagtetetgetgategtgaacaatgecaccea

acgtggtcatcaaggtgtgcgagttccagttttgtaatgatcccttcctggacgtgtactatcacaagaacaataagagcetggatggagtcecg
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gagtgtattctagcgcecaacaactgcacatttgagtacgtgagecagectttcetgatggacctggagggcaageagggcaatttcaagaa
cctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaageacacceccatcaacctggtgegegacctgectcagg
gcttcagegecctggageccctggtggatetgectatcggeatcaacatcacceggtttcagacactgetggecctgecacagaagetacct
gacacccggegactcectctageggatggacegecggegetgecgectactatgtgggctacctecagecccggaccttectgetgaagta
caacgagaatggcaccatcacagacgcagtggattgcgecectggaccecctgagegagacaaagtgtacactgaagtcectttaccgtgga
gaagggcatctatcagacatccaatttcagggtgcagecaaccgagtctategtgegetttcctaatatcacaaacctgtgeccatttggega
ggtgttcaacgcaacccgcttcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtgcetgtacaa
ctecgectetttcageacctttaagtgctatggegtgtecceeccacaaagetgaatgacctgtgetttaccaacgtetacgecgattetttcgtgat
caggggcgacgaggtgcgecagatcgeecececcggecagacaggeaagatcgeagactacaattataagetgecagacgatttcaccgge
tgegtgatcgectggaacagcaacaatctggattccaaagtgggcggcaactacaattatcggtaccggetgtttagaaagagcaatctga
agcccttcgagagggacatctctacagaaatctaccaggecggcageaagecttgcaatggegtggagggctttaactgttatttcecacte
cagtcctacggcttccageccacaaacggegtgggctatcagecttaccgegtggtggtgctgagcetttgagetgetgecacgecccagea
acagtgtgcggecccaagaagtecaccaatctggtgaagaacaagtgcgtgaacttcaacttcaacggectgaccggeacaggegtact
gaccgagtccaacaagaagttcctgecatttcageagttcggecagggacatcgcagataccacagacgecgtgegegacccacagacce
tggagatcctggacatcacaccctgcetetttcggeggegtgagegtgatcacacccggeaccaatacaageaaccaggtggecgtgetgt
atcagggcgtgaattgtaccgaggtgcccgtggctatccacgecgatcagetgaccccaacatggegggtgtacageaccggetecaac
gtcttccagacaagagecggatgectgatcggagcagageacgtgaacaattectatgagtgcgacatcccaatcggegecggeatctgt
gcctettaccagacccagacaaactctcgcagaagageccggagegtggcecteccagtctatcatcgectataccatgtecctgggegee
gagaacagcgtggcctactctcagaatageatcgecatcccaacccagttcacaatctctgtgaccacagagatcctgeccgtgtecatga
ccaagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgecageaacctgetgetccagtacggeagcttttgtacccage
tgaatagagccctgacaggeatcgecgtggageaggataagaacacacaggaggtgticgeccaggtgaageaaatctacaagaccee
ccctatcaaggactttggeggcttecaattttcccagatcetgectgatecatccaagecttctaageggagctttatcgaggacctgetgttea
acaaggtgaccctggccgatgecggcettcatcaageagtatggegattgectgggcgacatcgecagecagggacctgatetgegeecag
aagtttaatggectgaccgtgetgecaccectgetgacagatgagatgatcgeacagtacacaagegecctgetggecggeaccatcacat
ccggatggaccttcggegeaggagecgecctccagatccectttgecatgeagatggectataggttcaacggeatcggegtgacccaga
atgtgctgtacgagaaccagaagctgatcgccaatcagtttaactccgecatcggeaagatccaggacagectgtectctacagecagege
cctgggcaagcetccagaatgtggtgaatcagaacgeccaggecctgaatacectggtgaageagetgageageaactteggegecatet
ctagcgtgctgaatgacatcctgagccggctgggaggcagaggtgcagatcgaccggctgatcaccggccggctccaga
gcctecagacctatgtgacacageagetgatcagggecgecgagatcagggecagegecaatctggcageaaccaagatgtecgagtg
cgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttccctcagtetgecccacacggegtggtgtttet
gcacgtgacctacgtgeccgeccaggagaageagttcaccacageccectgecatctgecacgatggcaaggeccactttccaagggag
ggcgtgttegtgteccagggeacceactggtttgtgacacagegceaatttctacgagecccagatcatcaccacagacaacaccttegtga
gcggcaactgtgacgtggtcatcggeatcgtgcagaataccgtgtatgatccactccageccgagetggacagetttaaggaggageteg
ataagtatttcaagcaacacacctcecctgacgtggatctgggegacatcageggeatccaagecteegtggtgaacatccagaaggagat
cgaccgcectgaacgaggtggctaagaatctgecaggagagectgatcgacctccaggagetgggcaagtatgageagtacatcaagtggc
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cctggtacatctggetgggcttcatcgecggectgategecategtgatggtgaccatcatgetgtgctgtatgacatectgetgttettgectg
aagggctgctgtagetgtggctectgetgtaagtitgacgaggatgactctgaacctgtgetgaagggegtgaagetgceattacacctaa
(SEQ ID NO: 31)

[00189] Protein sequence of S-(deg-S2) for Delta S-2P strain (from N-terminus to C-

terminus):

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASIEKSNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLDVY YHKNNKSWMESGVYSSANNCTFEY VSQPFLMDL
EGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSE
TKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRIS
NCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKI
ADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAG
SKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSRRRARSVASQSIIAYTMSLGAENSVAYSQNSIAI
PTQFTISVTITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFQFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMAYRFNGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQNVVNQ
NAQALNTLVKQLSSNFGAISSVLNDIL SRLDAEVQIDRLITGRLQ SLQTYVTQQLIRA
AEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTY VPAQEK
QFTTAPAICHDGKAHFPREGVFVSQGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIV
QNTVYDPLQPELDSFKEELDKYFKQHTSPDVDLGDISGIQASVVNIQKEIDRLNEVAKNL
QESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSC
CKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 32)

[00190] DNA or RNA sequence of S-(S2-1194) for Wuhan strain (from 5'-end to 3'-
end):

atgttcgtcttectggtectgetgectetggtetectcacagtgegtcaatctgacaactcggactcagetgecacctgcttatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagctccgtgetgeactctacacaggatctgtttctgecattetttagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggeacaaageggttcgacaatceegtgctgcecttttaacgatggegtgtacttcgectet

accgagaagagcaacatcatcagaggctggatctttggcaccacactggactccaagacacagtctctgetgatcgtgaacaatgecace
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aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecticetgggegtgtactatcacaagaacaataagagetggatggagtee
gagtttagagtgtattctagcgecaacaactgcacatttgagtacgtgagecagectttcctgatggacctggagggcaageagggeaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacacccecatcaacctggtgegegacctge
ctcagggcttcagegeectggageccctggtggatetgectatcggeatcaacatcacceggtttcagacactgetggecctgcacagaag
ctacctgacacccggegactcctctageggatggaccgecggegetgecgectactatgtgggctacctccagecceggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtectttac
cgtggagaagggcatctatcagacatccaatttcagggtgecagecaaccgagtctatcgtgegctttcctaatatcacaaacctgtgeccatt
tggcgaggtgttcaacgcaacccgcettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtget
gtacaactccgectctttcageacctttaagtgctatggegtgtceccecacaaagetgaatgacctgtgctttaccaacgtctacgecgattctt
tcgtgatcaggggcgacgaggtgcgecagatcgecceeggecagacaggcaagatcgeagactacaattataagetgecagacgattte
accggctgegtgatcgectggaacageaacaatctggattccaaagtgggeggeaactacaattatctgtaccggcetgtttagaaagagea
atctgaagcccttcgagagggacatctctacagaaatctaccaggecggeageaccecttgecaatggegtggagggctttaactgttatttce
ccactccagtcctacggettccageccacaaacggegtgggctatcagecttaccgegtggtegtactgagetttgagetgetgeacgeee
cagcaacagtgtgcggccccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggecacaggce
gtgctgaccgagtecaacaagaagttectgecatttcageagttcggecagggacatcgeagataccacagacgecgtgegegacccaca
gaccctggagatcctggacatcacaccctgetetttcggeggegtgagegtgatcacacccggeaccaatacaageaaccaggtggecegt
gctgtatcaggacgtgaattgtaccgaggtgcccgtggcetatccacgecgatcagetgaccccaacatggegggtgtacageaccggetce
caacgtcttccagacaagagccggatgectgatcggageagageacgtgaacaattcctatgagtgegacateccaatcggegecggeat
ctgtgectcettaccagacccagacaaactctcccagaagageccggagegtggecteccagtctatcatcgectataccatgtecectgggc
gccgagaacagcgtggcctaetcaatagcatcgccatcccaacctcacaatctctgtgaccacagagatcctgcccgtgtcca
tgaccaagacatctgtggactgceacaatgtatatctgtggcgattctaccgagtgcageaacctgetgetecagtacggeagettttgtacce
agctgaatagagcecctgacaggceatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaagcaaatctacaagac
ccececctatcaaggactttg gcggcttctttcccagatcctgcctgatccatccaagccttctaagcggagctttatcgaggacctgctg
ttcaacaaggtgaccctggecgatgecggcettcatcaageagtatggegattgectgggcgacatcgeagecagggacctgatetgegee
cagaagtttaatggcctgaccgtgctgecaccectgetgacagatgagatgatcgcacagtacacaagegecctgetggecggeaccate
acatccggatggaccttcggegeaggagecgecctecagateecctttgecatgcagatggectataggttcaacggeatcggegtgace
cagaatgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggecaagatccaggacagectgtectctacageca
gcgeectgggeaagetccaggatgtggtgaatcagaacgeccaggecctgaatacectggtgaageagetgageageaacttcggege
catctctagegtgetgaatgacatcetgagecggetggacaaggtggaggeagaggtgcagatcgaccggetgatcaccggeeggetee
agagcctcecagacctatgtgacacagcagcetgatcagggecgecgagatcagggecagegecaatetggeageaaccaagatgteega
gtgegtgetgggccagtctaagagagtggacttttgtggeaagggcetatcacctgatgtecttcectcagtetgecccacacggegtggtgtt
tctgcacgtgacctacgtgcccgcccaggagaagtcaccacagcccctgccatctgccacgatggcaaggcccactttccaaggg
agggcgtgttcgtgtccggcacccactggtttgtgacacagcgcaatttctacgagccccagatcatcaccacagacaacaccttcgt

gagcggcaactgtgacgtggtcatcggcatcgtgaataccgtgtatgatccactccagcccgagctggacagctttaaggaggagct
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ggataagtatttcaacacacctcccctgacgtggatctgggcgacatcagcggcatcctccgtggtgaacatccagaagga
gatcgaccgectgaacgaggtggctaagaatctgaacgagagectgatcgacctccaggagetgggaagtatgageagtacatcaagt
ggcectggtacatctggetgggcttcatcgecggectgategecategtgatggtgaccatcatgetgtgctgtatgacatectgetgttettg
cctgaagggctgctgtagetgtggctectgetgtaagtitgacgaggatgactctgaacctgtgctgaagggegtgaagetgeattacacct
aa (SEQ ID NO: 7)

[00191] Protein sequence of S-(S2-1194) for Wuhan strain (from N-terminus to C-

terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGV YFASTEKSNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTFEY VSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVY AWNRKRI
SNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGK
IADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIY QAG
STPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAY TMSLGAENSVAYSQINSIAI
PTIQFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQ
DKNTQEVFAQVKQIYK TPPIKDFGGHQFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIK
QYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAAL
QIPFAMQMA YRFNGIGVTQNVL YENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVN
QNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTY VTQQLIR
AAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQE
KIQFTTAPAICHDGK AHFPREGVFVS[QGTHWFVTQRNFYEPQITTDNTFVSGNCDV VIGI
VIQNTVYDPLQPELDSFKEELDK YFK/QHTSPDVDLGDISGIQASVVNIQKEIDRLNEVAK
NLNESLIDLQELGKYEQYIKWPW YIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCCG
SCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 8)

[00192] DNA or RNA sequence of S-(S2-1194) for Wuhan S-2P strain (from 5'-end to
3'-end):

atgttcgtcttectggtectgetgectetggtetectcacagtgegteaatetgacaactcggacteagetgecacctgcttatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagetecgtgetgeactctacacaggatctgtttetgecattetttagcaacgtgacct
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ggttccacgecatccacgtgageggeaccaatggcacaaageggttcgacaatceegtgetgcecttttaacgatggegtgtacttegectet
accgagaagagcaacatcatcagaggcetggatctttggcaccacactggactccaagacacagtetctgetgatcgtgaacaatgecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcccticetgggegtgtactatcacaagaacaataagagetggatggagtce
gagtttagagtgtattctagcgecaacaactgcacatttgagtacgtgagecagectticctgatggacctggagggcaageagggeaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacacccccatcaacctggtgegegacctge
ctcagggcttcagegeectggageccctggtggatetgectatcggeatcaacatcaceccggtttcagacactgetggecctgcacagaag
ctacctgacacccggcegactcetetageggatggaccgecggegetgecgectactatgtgggetacctccagecceggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtectttac
cgtggagaagggcatctatcagacatccaatttcagggtgcagecaaccgagtctatcgtgegctttcctaatatcacaaacctgtgeccatt
tggcgaggtgttcaacgcaacccgettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtget
gtacaactccgectctttcageacctttaagtgctatggegtgtececcecacaaagetgaatgacctgtgctttaccaacgtctacgecgattctt
tcgtgatcaggggcgacgaggtgcgecagatcgeccccggecagacaggeaagatcgeagactacaattataagetgecagacgattte
accggctgegtgatcgectggaacagceaacaatctggattccaaagtgggeggcaactacaattatctgtaccggcetgtttagaaagagea
atctgaagcccttcgagagggacatctctacagaaatctaccaggecggeagceaccecttgecaatggegtggagggctttaactgttattte
ccactccagtcctacggettccageccacaaacggegtgggctatcagecttaccgegtggtegtactgagetttgagetgetgeacgeee
cagcaacagtgtgcggecccaagaagtccaccaatctggtgaagaacaagtgcgtgaacttcaacttcaacggectgaccggeacagge
gtgctgaccgagtecaacaagaagttectgecatttcageagttcggecagggacatcgeagataccacagacgecgtgegegacccaca
gaccctggagatcctggacatcacaccctgetetttcggeggegtgagegtgatcacacceggeaccaatacaageaaccaggtggeegt
gctgtatcaggacgtgaattgtaccgaggtgcccgtggctatccacgecgatcagetgaccccaacatggegggtgtacagecaccggcete
caacgtcttccagacaagagccggatgectgatcggageagageacgtgaacaattcctatgagtgegacateccaatcggegecggeat
ctgtgectcttaccagacccagacaaactctcccagaagageccggagegtggecteccagtctatcatcgectataccatgteectggge
gccgagaacagegtggcectactctcagaatageatcgecatcccaacceagttcacaatetetgtgaccacagagatectgeecegtgteca
tgaccaagacatctgtggactgceacaatgtatatctgtggcgattctaccgagtgcageaacctgetgetecagtacggeagcttttgtacce
agctgaatagagccectgacaggeatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaagac
cccccctatcaaggactttggeggcttecaattttcecagatectgectgatccatccaagecttctaageggagctttatcgaggacctgetg
ttcaacaaggtgaccctggecgatgecggcttcatcaagcagtatggegattgectgggcgacatcgeagecagggacctgatetgegee
cagaagtttaatggcctgaccgtgctgecaccectgetgacagatgagatgatcgcacagtacacaagegecectgetggecggeaccate
acatccggatggaccttcggegeaggagecgceccteccagatecectttgecatgcagatggectataggticaacggeatcggegtgacce
cagaatgtgctgtacgagaaccagaagetgatcgecaatcagtttaactcecgecatcggeaagatccaggacagectgtectctacageca
gcgecctgggeaagetccaggatgtggtgaatcagaacgeccaggecctgaatacectggtgaageagetgageageaacttcggege
catctctagcgtgctgaatgacatcctgagccggctggacgaggcagaggtgcagatcgaccggctgatcaccggccggctc
cagagcctccagacctatgtgacacageagetgatcagggecgecgagatcagggecagegecaatctggeageaaccaagatgteeg
agtgcgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttccctcagtetgecccacacggegtegty
tttctgeacgtgacctacgtgeccgeccaggagaageagttcaccacageccctgecatctgecacgatggeaaggeccactticcaagg
gagggcgtgttcgtgtcccagggeacceactggtttgtgacacagegceaatttctacgagecccagatcatcaccacagacaacacctteg
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tgagcggcaactgtgacgtggtcatcggeatcgtgcagaataccgtgtatgatcecactccageccgagetggacagetttaaggaggaget
ggataagtatttcaagcaacacacctcecctgacgtggatctgggegacatcageggeatccaagectecgtggtgaacatccagaagga
gatcgaccgectgaacgaggtggetaagaatctgaacgagagectgatcgacctccaggagetgggcaagtatgageagtacatcaagt

ggccectggtacatctggetgggcttcatcgecggectgatcgecategtgatggtgaccatcatgetgtgctgtatgacatectgetgttettg

cctgaagggctgcetgtagetgtggctectgetgtaagtttgacgaggatgactctgaacctgtgctgaagggcgtgaagcetgeattacacct

aa (SEQ ID NO: 33)

[00193] Protein sequence of S-(S2-1194) for Wuhan S-2P strain (from N-terminus to

C-terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGV YFASTEK SNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRI
SNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGK
IADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAG
STPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDA VRDPQTLEILDITPCSFGG
VSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSQNSIAI
PTQFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFQFSQILPDPSKPSKRSFIEDLLFNK VTLADAGFIKQ
YGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQ
IPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRA
AEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTY VPAQEK
QFTTAPAICHDGK AHFPREGVFVSQGTHWFVTQRNFYEPQITTDNTFVSGNCDVVIGIV
QNTVYDPLQPELDSFKEELDK YFKQHTSPDVDLGDISGIQASVVNIQKEIDRLNEVAKNL
NESLIDLQELGK YEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSC
CKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 34)

[00194] DNA or RNA sequence of S-(deg-RBD-801) for Wuhan strain (from 5'-end to
3'-end):
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atgttcgtcttcctggteetgetgectetggtetectcacagtgegtcaatctgacaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagctcegtgctgeactctacacaggatctgtttctgecattetttagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggeacaaageggticgacaatceegtgetgecttttaacgatggegtgtacttegectet
accgagaagagcaacatcatcagaggcetggatctttggecaccacactggactccaagacacagtetctgetgategtgaacaatgecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcccttcctgggegtgtactatcacaagaacaataagagcetggatggagtee
gagtttagagtgtattctagcgecaacaactgcacatttgagtacgtgagecagectticetgatggacctggagggcaageagggeaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacacccccatcaacctggtgcgegacctge
ctcagggcettcagegecctggageccctggtggatetgectatcggeatcaacatcacceggtttcagacactgetggecctgcacagaag
ctacctgacacccggcegactcetctageggatggaccgecggegetgecgectactatgtgggetacctccagecceggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtectttac
cgtggagaagggcatctatcagacatccaatttcagggtgcagcca@gaatcgtgcgctttccatcacaaacctgtgccc
atttggcgaggtgttccaacccgcttcgccagcgtgtacgcctggaataggaagcggatcagcaactgcgtggccgactatagcgt
gctgtacaactccgectctttcageacctttaagtgctatggegtgtecccccacaaagetgaatgacctgtgctttaccaacgtctacgecgat
tctttcgtgatcaggggcgacgaggtgegecagatcgeccecggecagacaggeaagatcgeagactacaattataagetgecagacga
tttcaccggcetgegtgatcgectggaacageaacaatctggattccaaagtgggeggeaactacaattatctgtaccggcetgtttagaaaga
gcaatctgaagecctticgagagggacatetctacagaaatctaccaggecggeageaccccttgcaatggegtggagggactttaactgtta
tttcccactccagtectacggettccageccacaaacggegtgggctatcagecttaccgegtggtagtactgagetttgagetgetgeacg
ccecagceaacagtgtgecggecccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeaca
ggegtgetgaccgagtccaacaagaagttectgecatttcageagttcggeagggacatcgeagataccacagacgeegtgegegacce
acagaccctggagatcctggacatcacaccctgcetctticggeggegtgagegtgatcacacccggeaccaatacaagcaaccaggtgg
ccgtgetgtatcaggacgtgaattgtaccgaggtgcecegtggctatccacgecgatcagetgacecccaacatggegggtgtacageaccg
gctccaacgtettccagacaagagecggatgectgatcggagcagageacgtgaacaattectatgagtgcgacatceccaatcggegeeg
gcatctgtgectettaccagacccagacaaactcteccagaagageccggagegtggecteccagtcetatcatcgectataccatgtecctg
ggcgecgagaacagegtggcectactctaacaatageatcgecatcccaaccaacttcacaatetetgtgaccacagagatectgeccegtgt
ccatgaccaagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgeageaacctgetgctccagtacggeagcttttgta
cccagetgaatagagecctgacaggeatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaa
gaccccccctatcaaggactttggcggcttctttcccagatcctgcctgatccatccaagccttctaagcggagctttatcgaggacct
gctgttcaacaaggtgaccctggecgatgecggcettcatcaageagtatggegattgectgggegacatcgeagecagggacctgatetg
cgcccagaagtttaatggectgacegtgetgecaccectgetgacagatgagatgatcgeacagtacacaagegecectgetggecggeac
catcacatccggatggaccticggegeaggagecgecctecagateccctitgecatgecagatggectataggttcaacggceatcggegtg
acccagaatgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggeaagatccaggacagcectgtectctacag
ccagegecctgggcaagetccaggatgtggtgaatcagaacgeccaggecctgaataccctggtgaageagetgageageaacttegg
cgccatctctagegtgetgaatgacatectgagecggetggacaaggtggaggcagaggtgeagatcgaccggetgatcaceggecgg

ctccagagcectccagacctatgtgacacagcagetgatcagggecgecgagatcagggecagegecaatetggeageaaccaagatgt
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ccgagtgcgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttecctecagtetgecccacacggegtg
gtgtttctgcacgtgacctacgtgeccgeccaggagaagaacttcaccacageccetgecatctgecacgatggecaaggeccactttccaa
gggagggcgtgttcgtgtecaacggeacccactggtttgtgacacagegeaatttctacgagecccagatcatcaccacagacaacacctt
cgtgagecggcaactgtgacgtggtcatcggeatcgtgaacaatacegtgtatgatccactccageecgagetggacagctttaaggaggea
gctggataagtatttcaagaatcacacctcccctgacgtggatctgggegacatcageggceatcaatgectccgtggtgaacatccagaag
gagatcgaccgectgaacgaggtggctaagaatctgaacgagagectgatcgacctccaggagetgggcaagtatgageagtacatcaa
gtggecctggtacatetggetgggcettcatcgecggectgategecategtgatggteaccatcatgetgtgetgtatgacatectgetgttet
tgcctgaagggetgctgtagetgtggctectgetgtaagtitgacgaggatgactcetgaacctgtgctgaagggegtgaagetgceattacac
ctaa (SEQ ID NO: 9)

[00195] Protein sequence of S-(deg-RBD-801) for Wuhan strain (from N-terminus to

C-terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEK SNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPAEAIVRFPQITNLCPFGEVAQATRFASVYAWNRK
RISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTG
KIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRK SNLKPFERDISTEIYQA
GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNL
VKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDA VRDPQTLEILDITPCSFG
GVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIG
AEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSI
AIPTNFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVE
QDKNTQEVFAQVKQIYKTPPIK DFGGFQF SQILPDPSKPSKR SFIEDLLFNK VTLADAGFI
KQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVV
NQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLI
RAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPA
QEKNFTTAPAICHDGK AHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDK YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEV
AKNLNESLIDLQELGK YEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCC
SCGSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 10)
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[00196] DNA or RNA sequence of S-(deg-RBD-801) for Wuhan S-2P strain (from 5'-
end to 3'-end):

atgttcgtettectggtectgetgectetggtetectcacagtgegteaatctgacaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagctcegtgctgeactctacacaggatctgtttctgecattetttagcaacgtgacct
ggttccacgcecatccacgtgageggeaccaatggcacaaageggticgacaatccegtgctgecttttaacgatggegtgtacttcgectct
accgagaagagcaacatcatcagaggcetggatctttggecaccacactggactccaagacacagtetctgetgategtgaacaatgecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcccttcctgggegtgtactatcacaagaacaataagagcetggatggagtee
gagtttagagtgtattctagcgecaacaactgcacatttgagtacgtgagecagectttcetgatggacctggagggcaageagggcaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacaccecccatcaacctggtgcgegacctge
ctcagggcttcagegecctggageccctggtggatetgectatcggeatcaacatcaceceggtttcagacactgetggecctgcacagaag
ctacctgacacccggcegactcctctageggatggaccgecggegetgecgectactatgtgggetacctccageeceggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtcectttac
cgtggagaagggcatctatcagacatccaatttcagggtgecagecagecgaggegatcgtgegetticetgaaatcacaaacctgtgeeca
tttggcgaggtgttcgaggcaacccgcettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegty
ctgtacaactccgectctttcageacctttaagtgctatggegtgtecccccacaaagetgaatgacctgtgcetttaccaacgtctacgecgatte
tttcgtgatcaggggegacgaggtgegecagatcgecceeggecagacaggeaagatcgeagactacaattataagetgecagacgattt
caccggctgegtgatcgectggaacagceaacaatetggattccaaagtgggceggcaactacaattatetgtaccggcetgtttagaaagage
aatctgaagcccttcgagagggacatctctacagaaatctaccaggecggeageaccecttgeaatggegtggagggctttaactgttattt
cccactccagtectacggcettccageccacaaacggegtgggctatcagecttaccgegtggtggtgctgagcetttgagetgetgecacgee
ccagcaacagtgtgcggecccaagaagtccaccaatetggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeacagg
cgtgectgaccgagtccaacaagaagttcctgecatttcageagticggcagggacatcgcagataccacagacgecgtgegegacccac
agaccctggagatcctggacatcacaccctgetctttcggeggegtgagegtgatcacacceggeaccaatacaagcaaccaggtggec
gtgctgtatcaggacgtgaattgtaccgaggtgeccgtggetatccacgecgatcagetgacceccaacatggegggtgtacageacegge
tccaacgtcttccagacaagageecggatgectgatcggageagageacgtgaacaattectatgagtgecgacateccaatcggegeceggc
atctgtgectcttaccagacccagacaaactctcccagaagageccggagegtggecteccagtctatcatcgectataccatgteeetggg
cgccgagaacagegtggectactctaacaatagcatcgecatcccaaccaacttcacaatetetgtgaccacagagatectgeccgtgtee
atgaccaagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgcageaacctgetgetccagtacggeagettttgtace
cagctgaatagagcecctgacaggeatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaaga
ccccecctatcaaggactttggeggcttecaattttcccagatectgectgatccatccaagecttctaageggagetttatcgaggacctget
gttcaacaaggtgaccctggecgatgecggettcatcaageagtatggegattgectgggegacatcgecagecagggacctgatctgege
ccagaagtttaatggcctgaccgtgetgecacecectgetgacagatgagatgatcgcacagtacacaagegecctgetggecggeaccat
cacatccggatggaccttcggegeaggagecgecctecagateecctttgecatgecagatggectataggttcaacggeatcggegtgac
ccagaatgtgctgtacgagaaccagaagctgatcgcecaatcagtttaactccgecatcggceaagatccaggacagectgtectctacagec

agcgcecectgggcaagetccaggatgtggtgaatcagaacgeccaggecctgaatacectggtgaagcagetgageageaacttcggeg
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ccatctctagcgtgctgaatgacatcctgagccggctggacaggcagaggtgcagatcgaccggctgatcaccggccggct
ccagagcectccagacctatgtgacacageagetgatcagggccgecgagatcagggccagegecaatctggeageaaccaagatgtee
gagtgegtgctgggeccagtctaagagagtggacttttgtggcaagggcetatcacctgatgtecttcectcagtetgecccacacggegtegt
gtttctgcacgtgacctacgtgcccgeccaggagaagaacttcaccacagecectgecatctgecacgatggeaaggeccactttccaag
ggagggcgtgttegtgtccaacggeacceactggtttgteacacagegceaatttctacgageecccagatcatcaccacagacaacacctte
gtgagcggceaactgtgacgtggtcatcggeatcgtgaacaatacegtgtatgatccactccageccgagetggacagcetttaaggaggag
ctggataagtatttcaagaatcacacctceectgacgtggatctgggegacatcageggeatcaatgectecgtggtgaacatccagaagg
agatcgaccgcctgaacgaggtggctaagaatctgaacgagagectgatcgacctecaggagetgggcaagtatgageagtacatcaag
tggeectggtacatctggetgggcttcatcgecggectgatcgecategtgatggteaccatcatgetgtgctgtatgacatectgetgttett
gcectgaagggcetgctgtagetgtggetectgetgtaagtttgacgaggatgactctgaacctgtgetgaagggcgtgaagetgceattacace
taa (SEQ ID NO: 35)

[00197] Protein sequence of S-(deg-RBD-801) for Wuhan S-2P strain (from N-

terminus to C-terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGV YFASTEK SNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPAEAIVRFPQITNLCPFGEVFQATRFASVYAWNRKR
ISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTG
KIADYNYKLPDDFTGCVIAWNSNNLDSK VGGNYNYLYRLFRKSNLKPFERDISTEIYQA
GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNL
VKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDA VRDPQTLEILDITPCSFG
GVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIG
AEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAY SNNSI
AIPTNFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVE
QDKNTQEVFAQVKQIYKTPPIKDFGGFQFSQILPDPSKPSKR SFIEDLLFNKVTLADAGFI
KQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVV
NQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTY VTQQLI
RAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPA
QEKNFTTAPAICHDGK AHFPREGVFVSNGTHWFVTQRNFYEPQITTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDK YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEV
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AKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCC
SCGSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 36)

[00198] DNA or RNA sequence of S-(deg-RBD-1194) for Wuhan strain (from 5'-end
to 3'-end):

atgttcgtettectggtectgetgectetggtetectcacagtgegteaatctgacaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagcetcegtgctgcactctacacaggatcetgtttetgecattetttagcaacgtgacct
ggttccacgcecatccacgtgageggeaccaatggcacaaageggticgacaatccegtgctgecttttaacgatggegtgtacttcgectct
accgagaagagcaacatcatcagaggcetggatctttggecaccacactggactccaagacacagtetctgetgatcgtgaacaatgecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecticetgggegtgtactatcacaagaacaataagagetggatggagtee
gagtttagagtgtattctagcgecaacaactgcacatttgagtacgtgagecagectttcetgatggacctggagggcaageagggcaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacaccecccatcaacctggtgcgegacctge
ctcagggcttcagegecctggageccctggtggatctgectatcggeatcaacatcacccggtttcagacactgetggecctgcacagaag
ctacctgacacccggcegactcctctageggatggaccgecggegcetgecgectactatgtgggetaccteccageececggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtectttac
cgtggagaagggcatctatcagacatccaatttcagggtgcagccgaatcgtgcgctttccatcacaaacctgtgccc
atttggcgaggtgttccaacccgcttcgccagcgtgtacgcctggaataggaagcggatcagcaactgcgtggccgactatagcgt
gctgtacaactcecgcectctttcageacctttaagtgetatggegtgteccccacaaagetgaatgacctgtgcetttaccaacgtctacgecgat
tctttcgtgatcaggggcgacgaggtgegecagatcgeccecggecagacaggeaagatcgeagactacaattataagetgeccagacga
tttcaccggctgegtgatcgectggaacageaacaatctggattccaaagtgggeggeaactacaattatctgtaccggcetgtttagaaaga
gcaatctgaagceccttcgagagggacatctctacagaaatctaccaggecggeageaccecttgcaatggegtggaggectttaactgtta
tttcccactccagtectacggettccageccacaaacggegtgggctatcagecttaccgegtggtegtactgagetttgagetgetgeacg
ccccageaacagtgtgeggecccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeaca
ggegtgctgaccgagteccaacaagaagttectgecatttcageagticggcagggacatcgcagataccacagacgecgtgegegacce
acagaccctggagatcctggacatcacaccctgetctttcggeggegtgagegtgatcacacccggeaccaatacaagecaaccaggtgg
ccgtgctgtatcaggacgtgaattgtaccgaggtgccegtggctatccacgecgatcagetgacecccaacatggegggtgtacageaccg
gctccaacgtettccagacaagageecggatgectgatcggageagageacgtgaacaattectatgagtgcgacatceccaatcggegecg
geatctgtgectcttaccagacccagacaaactctcccagaagageccggagegtggecteccagtctatcatcgectataccatgteectg
ggegecgagaacagegtggcectactctaacaatageatcgecatcccaaccaacttcacaatcetetgtgaccacagagatectgecegtgt
ccatgaccaagacatctgtggactgcacaatgtatatctgtggcgattctaccgagtgcagceaacctgetgetccagtacggeagcttitgta
cccagctgaatagagecctgacaggceatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaa
gaccccccctatcaaggactttggeggcttcaatttttcccagateetgectgatccatccaagecttctaageggagcetttatcgaggacctg
ctgttcaacaaggtgaccctggecgatgecggcettcatcaageagtatggegattgectgggcgacatcgeagecagggacctgatetge
gcccagaagtttaatggectgacegtgetgecaccectgetgacagatgagatgatcgeacagtacacaagegecctgetggecggeace
atcacatccggatggaccttcggegeaggagecgeccteccagatcecectttgecatgcagatggectataggttcaacggeatcggegtga
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cccagaatgtgctgtacgagaaccagaagetgatcgecaatcagtttaactcegecatcggeaagatccaggacagectgteetctacage
cagcgecctgggcaagetccaggatgtggteaatcagaacgeeccaggecctgaatacectggtgaageagetgageageaacttcgge

gecatctctagegtgetgaatgacatectgageecggetggacaaggtggaggcagaggtacagatcgaccggetgatcaceggecggct
ccagagcecteccagacctatgtgacacageagetgatcagggcecgecgagatcagggccagegecaatetggeageaaccaagatgtee
gagtgcgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtccticecctcagtetgecccacacggegtggt
gtttctgcacgtgacctacgtgcccgeccaggagaagaacttcaccacagecectgecatctgecacgatggeaaggeccactttccaag

ggagggcgtgttegtgtccaacggeacceactggtitgtgacacagegceaatttctacgageececagatcatcaccacagacaacacctte
gtgagcggcaactgtgacgtggtcatcggeatcgtgaacaatacegtgtatgatccactccageccgagetggacagcetttaaggaggag
ctggataagtatttcaagaatcacacctccectgacgtggatctgggegacatcageggeatcaatgectecgtggtgaacatccagaagg
agatcgaccgcctgaacgaggtggctaagaatctgagagcctgatcgacctccaggagctgggcaagtatgagcagtacatcaa

gtggccctggtacatctggetgggcttcatcgecggectgategecatcgtgatggtgaccatcatgetgtectgtatgacatectgetgttet
tgectgaagggctgctgtagetgtegetectgetgtaagtttgacgaggatgactctgaacctgtgctgaagggegtgaagetgeattacac
ctaa (SEQ ID NO: 11)

[00199] Protein sequence of S-(deg-RBD-1194) for Wuhan strain (from N-terminus to

C-terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSK TQSLLIV
NNATNVVIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTFEY VSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPAEAIVRFPQITNLCPFGEVAQATRFASVYAWNRK
RISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTG
KIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQA
GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNL
VKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDA VRDPQTLEILDITPCSFG
GVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIG
AEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAY SNNSI
AIPTNFTISVTITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVE
QDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNK VTLADAGFI
KQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVV
NQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLI
RAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTY VPA
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QEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEV

AKNL@ESL[DLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTH\/ILCCMTSCCSCLKGCC
SCGSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 12)

[00200] DNA or RNA sequence of S-(deg-RBD-1194) for Wuhan S-2P strain (from 5'-
end to 3'-end):

atgttcgtettectggtectgetgectetggtetectcacagtgegteaatctgacaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagcetcegtgctgeactctacacaggatctgtttctgecattetttagcaacgtgacct
ggttccacgcecatccacgtgageggeaccaatggcacaaageggticgacaatccegtgetgecttttaacgatggegtgtacttcgectct
accgagaagagcaacatcatcagaggcetggatctttggecaccacactggactccaagacacagtetctgetgategtgaacaatgecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcecticetgggegtgtactatcacaagaacaataagagetggatggagtee
gagtttagagtgtattctagcgecaacaactgeacatttgagtacgtgagecagectttcetgatggacctggagggcaageagggcaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacaccecccatcaacctggtgcgegacctge
ctcagggcttcagegecctggageccctggtggatctgectatcggeatcaacatcacccggtttcagacactgetggecctgcacagaag
ctacctgacacccggcegactcctetageggatggaccgecggegetgecgectactatgtgggetaccteccageeceecggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtcectttac
cgtggagaagggcatctatcagacatccaatttcagggtgcagecagecgaggegatcgtgegetticetgaaatcacaaacctgtgeeca
tttggcgaggtgttcgaggcaaccegettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegtg
ctgtacaactccgectctttcageacctttaagtgctatggegtgtecececcacaaagetgaatgacctgtgcetttaccaacgtctacgecgatte
tttcgtgatcaggggegacgaggtgegecagatcgecceeggecagacaggeaagatcgeagactacaattataagetgecagacgattt
caccggctgegtgatcgectggaacagceaacaatetggattccaaagtgggceggcaactacaattatetgtaccggcetgtttagaaagage
aatctgaagcccttcgagagggacatctctacagaaatctaccaggecggeageaccecttgeaatggegtggagggctttaactgttattt
cccactccagtectacggcettccageccacaaacggegtgggctatcagecttaccgegtggtggtactgagetttgagetgetgeacgee
ccagcaacagtgtgcggecccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeacagg
cgtgctgaccgagtccaacaagaagttectgecatttcageagticggcagggacatcgcagataccacagacgecgtgegegacccac
agaccctggagatcctggacatcacaccctgetetttcggeggegtgagegtgatcacacceggeaccaatacaagcaaccaggtegec
gtgctgtatcaggacgtgaattgtaccgaggtgeccgtggetatccacgecgatcagetgacceccaacatggegggtgtacageacegge
tccaacgtcttccagacaagageecggatgectgatcggageagageacgtgaacaattectatgagtgegacateccaatcggegeceggc
atctgtgectcttaccagacccagacaaactctcccagaagageccggagegtggecteeccagtctatcatcgectataccatgteectggg
cgccgagaacagcegtggcectactctaacaatageatcgecatcccaaccaacttcacaatctetgtgaccacagagatcctgeccgtgtee
atgaccaagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgcageaacctgetgetccagtacggeagcttttgtace
cagctgaatagagcecctgacaggeatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaageaaatctacaaga

ccececctatcaaggactttggeggctteaatttttcccagatectgectgatecatccaagecttctaageggagetttatcgaggacctget
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gttcaacaaggtgaccctggecgatgecggettcatcaageagtatggcgattgectggecgacatcgeagecagggacctgatctgegc
ccagaagtttaatggectgaccgtgetgecacccetgetgacagatgagatgatcgeacagtacacaagegecectgetggeeggeaccat
cacatccggatggaccttcggegeaggagecgecctccagatecectttgecatgeagatggectataggttcaacggceateggegtgac

ccagaatgtgctgtacgagaaccagaagetgatcgecaatcagtttaactcecgecatcggeaagatccaggacagectgteetctacagee
agcgcecctgggcaagetccaggatgtggtgaatcagaacgeccaggecctgaataccctggtgaageagetgageageaacttcggeg

ccatctctagcgtgctgaatgacatcctgagccggctggacaggcagaggtgcagatcgaccggctgatcaccggccggct

ccagagcctccagacctatgtgacacageagetgatcagggcecgecgagatcagggccagegecaatetggeageaaccaagatgtee
gagtgegtgctgggccagtctaagagagtggacttttgtggcaagggcetatcacctgatgtecttcectcagtetgecccacacggegtggt
gtttctgcacgtgacctacgtgcccgeccaggagaagaacttcaccacagecectgecatctgecacgatggeaaggeccactttccaag

ggagggacgtgticgtgtccaacggcacccactggtitgtgacacagegcaatttctacgagecccagatcatcaccacagacaacacctte
gtgagcggceaactgtgacgtegtcatcggeatcgtgaacaatacegtgtatgatccactccageecgagetggacagcetttaaggaggag
ctggataagtatttcaagaatcacacctceectgacgtggatctgggegacatcageggeatcaatgectecgtggtgaacatccagaagg
agatcgaccgcctgaacgaggtggctaagaatctgcaggagagectgatcgacctecaggagetgggeaagtatgageagtacatcaag
tggeectggtacatctggetgggcttcatcgecggectgategecatcgtgatggteaccatcatgetgtgctgtatgacatectgetgttett

gcctgaagggcetgcetgtagetgtggetectgetgtaagtttgacgaggatgactctgaacctgtgetgaagggcgtgaagetgeattacace
taa (SEQ ID NO: 37)

[00201] Protein sequence of S-(deg-RBD-1194) for Wuhan S-2P strain (from N-

terminus to C-terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTFEY VSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPAEAIVRFPQITNLCPFGEVFQATRFASVYAWNRKR
ISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTG
KIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQA
GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNL
VKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFG
GVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIG
AEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIHAYTMSLGAENSVAYSNNSI
AIPTNFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVE
QDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFI
KQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVV
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NONAQALNTLVKQLSSNFGAISSVLNDIL SRLDAEVQIDRLIT GRLQSLQTYVTQQLI
RAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPA
QEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEV
AKNLQESLIDLQELGKYEQYIKWPW YIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCC
SCGSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 38)

[00202] DNA or RNA sequence of S-(deg-RBD-122-165-234) for Wuhan strain (from
5'-end to 3'-end):

atgttcgtcttcctggtectgetgectetggtetectcacagtgegteaatctgacaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagctccgtgetgeactctacacaggatctgtttctgecattettitagcaacgtgacct
ggttccacgecatccacgtgageggeaccaatggcacaaageggttcgacaatceegtgetgcecttttaacgatggegtgtacttegectet
accgagaagagcaacatcatcagaggctggatctttggcaccacactggactccaagacacagtctctgctgatcgtgaacccacc
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcccttcctgggegtgtactatcacaagaacaataagagcetggatggagtee
gagtttagagtgtattctagcgccaacgcacatttgagtacgtgagccagcctttcctgatggacctggagggcaagcagggcaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacaccecccatcaacctggtgcgegacctge
ctcagggcttcagcgccctggagcccctggtggatctgcctatcggcatatcacccggtttcagacactgctggccctgcacagaa
gctacctgacacceggegactectctageggatggaccgecggegetgecgectactatgtgggctacetecageeccggacctteetge
tgaagtacaacgagaatggcaccatcacagacgcagtggattgcgeectggaccecectgagegagacaaagtgtacactgaagtecttta
ccgtggagaagggcatctatcagacatccaatttcagggtgcagcca@gag@atcgtgcgctttccatcacaaacctgtgcc
catttggcgaggtgttcgcaacccgcttcgccagcgtgtacgcctggaataggaagcggatcagcaactgcgtggccgactatagc
gtgctgtacaactccgectctttcageacctttaagtgctatggegtgtecceccacaaagetgaatgacctgtgctttaccaacgtctacgecg
attctttcgtgatcaggggocgacgaggtgcgecagatcgeccccggecagacaggcaagatcgeagactacaattataagetgecagac
gatttcaccggetgegtgatcgectggaacagcaacaatctggattccaaagtgggeggcaactacaattatctgtaccggetgtttagaaa
gagcaatctgaageccttcgagagggacatctctacagaaatctaccaggecggeageaccecttgcaatggegtggagggcetttaactgt
tatttcccactccagtectacggettccageccacaaacggegtgggctatcagecttaccgegtggtagtactgagetttgagetgctgeac
gccccagceaacagtgtgcggecccaagaagtecaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeac
aggcgtgctgaccgagtccaacaagaagticctgecatttcagecagticggecagggacatcgeagataccacagacgecgtgegegace
cacagaccctggagatcctggacatcacaccctgetetttcggeggegtgagegtgatcacacceggeaccaatacaagecaaccaggtg
geegtgctgtatcaggacgtgaattgtaccgaggtgeccgtggcetatccacgecgatcagetgaccccaacatggegggtgtacageace
ggctccaacgtcttccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgegacatcccaatcggegee
ggcatctgtgectcttaccagacccagacaaactctcccagaagageccggagegtggecteeccagtctatcategectataccatgteect
gggcgecgagaacagegtggectactctaacaatageatcgecateccaaccaacttcacaatetetgtgaccacagagatectgeeegtg
tccatgaccaagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgcageaacctgetgeteccagtacggeagettttgta

cccagctgaatagagecctgacaggeatcgecgtggageaggataagaacacacaggaggtgttcgeccaggtgaagceaaatctacaa
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gaccccccctatcaaggactttggcggcttcaatttttcccagatectgectgatccatccaagecttctaageggagctttatcgaggacctg
ctgttcaacaaggtgaccctggeegatgeecggcettcatcaageagtatggegattgectgggegacatcgeagecagggacctgatetge

gcecagaagtttaatggectgaccgtgetgecacecctgetgacagatgagatgatcgeacagtacacaagegecectgetggecggeace
atcacatccggatggaccttcggegeaggagecgecctecagatecectttgecatgcagatggcectataggttcaacggeatcggcgtga
cccagaatgtgctgtacgagaaccagaagctgatcgecaatcagtttaactccgecatcggeaagatccaggacagectgtectctacage
cagcgecctgggcaagetccaggatgtggteaatcagaacgeccaggecctgaatacectggtgaageagetgageageaacttcgge

gccatctctagegtgetgaatgacatectgagecggetggacaaggtggaggcagaggtecagatcgaccggetgatcaccggecggct
ccagagcectccagacctatgtgacacageagetgatcagggeecgecgagatcagggecagegecaatctggeageaaccaagatgtee
gagtgegtgctggeccagtctaagagagtggacttttgtggcaagggctatcacctgatgtecttcectcagtetgecccacacggegtegt
gtttctgcacgtgacctacgtgeccgeccaggagaagaacttcaccacageccctgecatctgecacgatggeaaggeccactttccaag

ggagggcgtgttegtgtccaacggeacceactggtttgteacacagegceaatttctacgageecccagatcatcaccacagacaacacctte
gtgagcggcaactgtgacgtggtcatcggeatcgtgaacaataccgtgtatgatccactccageccgagetggacagctttaaggaggag

ctggataagtatttcaagaatcacacctceectgacgtggatctgggcgacatcageggeatcaatgectecgtggtgaacatccagaagg

agatcgaccgcctgaacgaggtegctaagaatctgaacgagagectgatcgaccteccaggagetgggcaagtatgageagtacatcaag
tggcectggtacatctggetgggcttcatcgecggectgatcgecatcgtgatggteaccatcatgetgtgctgtatgacatectgetgttett

gcctgaagggctactgtagetgtggctectgetgtaagtttgacgaggatgactcetgaacctgtgetgaagggegtgaagetgeattacace
taa (SEQ ID NO: 13)

[00203] Protein sequence of S-(deg-RBD-122-165-234) for Wuhan strain (from N-

terminus to C-terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
N@ATNVVIKVCEF QFCNDPFLGVYYHKNNKSWMESEFRVYS SAN@CTFEYVS QPFLM
DLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGF SALEPLVDLPIGI@IITRF
QTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPL
SETKCTLKSFTVEKGIYQT SNFRVQPIVRFP@ITNLCPF GEVF@ATRFASVYAWNR
KRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQT
GKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQ
AGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTN
LVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSF
GGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLI
GAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSITAYTMSLGAENSVAYSNNS
TAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVE
QDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFI
KQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
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LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVV
NQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLI
RAAEIRASANLAATKMSECVLGQSKR VDFCGKGYHLMSFPQSAPHGVVFLHVTY VPA
QEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDK YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEV
AKNLNESLIDLQELGKYEQYIKWPW YIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCC
SCGSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 14)

[00204] DNA or RNA sequence of S-(deg-RBD-122-165-234) for Wuhan S-2P strain
(from 5'-end to 3'-end):

atgttcgtettectggtectgetgectetggtetectcacagtgegteaatctgacaactcggactcagetgecacctgcettatactaatagette
accagaggcgtgtactatcctgacaaggtgtttagaagcetcegtgctgeactctacacaggatctgtttctgecattetttagcaacgtgacct
ggttccacgcecatccacgtgageggeaccaatggcacaaageggticgacaatccegtgetgecttttaacgatggegtgtacttcgectct
accgagaagagcaacatcatcagaggcetggatctttggecaccacactggactccaagacacagtetctgetgategtgaaccaagecace
aacgtggtcatcaaggtgtgcgagttccagttttgtaatgatcccttcctgggegtgtactatcacaagaacaataagagcetggatggagtce
gagtttagagtgtattctagcgccaaccagtgeacatttgagtacgtgagecagcectttecctgatggacctggagggcaageagggcaattt
caagaacctgagggagttcgtgtttaagaatatcgacggctacttcaaaatctactctaagcacaccecccatcaacctggtgcgegacctge
ctcagggcettcagegecctggageccctggtggatetgectatcggeatecagatcacceggtitcagacactgetggecctgeacagaag
ctacctgacacccggcegactcetctageggatggaccgecggegetgecgectactatgtgggetacctccageeceggaccttectget
gaagtacaacgagaatggcaccatcacagacgcagtggattgcgecctggaccecctgagegagacaaagtgtacactgaagtcectttac
cgtggagaagggcatctatcagacatccaatttcagggtgcagecagecgaggegategtgegetticetgaaatcacaaacctgtgeeca
tttggcgaggtgttcgaggcaacccgettcgecagegtgtacgectggaataggaageggatcageaactgegtggecgactatagegty
ctgtacaactccgectctttcageacctttaagtgctatggegtgtecccccacaaagetgaatgacctgtgetttaccaacgtctacgecgatte
tttcgtgatcaggggegacgaggtgegecagatcgecceeggecagacaggeaagatcgeagactacaattataagetgecagacgattt
caccggctgegtgatcgectggaacagceaacaatetggattccaaagtgggcggcaactacaattatetgtaccggcetgtttagaaagage
aatctgaagcccttcgagagggacatctctacagaaatctaccaggecggeageaccecttgeaatggegtggagggctttaactgttattt
cccactccagtectacggcettccageccacaaacggegtgggctatcagecttaccgegtggtggtgctgagctttgagetgetgcacgee
ccagcaacagtgtgeggecccaagaagtccaccaatctggtgaagaacaagtgegtgaacttcaacttcaacggectgaccggeacagg
cgtgctgaccgagtccaacaagaagttcctgecatttcageagttcggcagggacatcgcagataccacagacgecgtgegegacccac
agaccctggagatcctggacatcacaccctgetctttcggeggegtgagegtgatcacacccggeaccaatacaagcaaccaggtggec
gtgctgtatcaggacgtgaattgtaccgaggtgeccgtggetatccacgecgatcagetgaccecaacatggegggtgtacageaccgge
tccaacgtcettccagacaagagecggatgectgatcggageagageacgtgaacaattectatgagtgegacateccaatcggegecggc
atctgtgectcttaccagacccagacaaactctcccagaagageccggagegtggecteeccagtctatcatcgectataccatgteectggg
cgccgagaacagcegtggcectactctaacaatageatcgecatcccaaccaacttcacaatctctgtgaccacagagatcctgeccgtgtee

atgaccaagacatctgtggactgcacaatgtatatctgtggegattctaccgagtgcageaacctgetgetecagtacggeagcettttgtace
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cagctgaatagagccctgacaggeatcgecgtggageaggataagaacacacaggaggtgttcgeccaggteaageaaatctacaaga
ccececctatcaaggactttggeggcttcaatttttcccagatectgectgatccatccaagecttctaageggagetttatcgaggaccetgcet
gttcaacaaggtgaccctggecgatgecggettcatcaageagtatggegattgectgggegacatcgeagecagggacctgatetgege
ccagaagtttaatggcctgaccgtgctgecacceetgetgacagatgagatgatcgeacagtacacaagegeectgetggeeggeaccat
cacatccggatggaccttcggegceaggagecgecectccagateecctttgecatgcagatggcectataggttcaacggceatcggegtgac
ccagaatgtgctgtacgagaaccagaagetgatcgecaatcagtttaactcecgecatcggcaagatccaggacagectgtectctacagee
agcgecctgggcaagetecaggatgtggtgaatcagaacgeccaggecctgaatacectggtgaageagetgageageaacttcggeg
ccatctctagcgtgctgaatgacatcctgagccggctggacaggcagaggtgcagatcgaccggctgatcaccggccggct
ccagagcectccagacctatgtgacacageagetgatcagggcecgecgagatcagggccagegecaatetggeageaaccaagatgtee
gagtgcgtgctgggccagtctaagagagtggacttttgtggcaagggctatcacctgatgtccticecctcagtetgecccacacggegtggt
gtttctgcacgtgacctacgtgcccgeccaggagaagaacttcaccacagecectgecatctgecacgatggeaaggeccactttccaag
ggagggcgtgttegtgtccaacggeacceactggtttgteacacagegceaatttctacgageecccagatcatcaccacagacaacacctte
gtgagcggceaactgtgacgtggtcatcggeatcgtgaacaatacegtgtatgatccactccageccgagetggacagcetttaaggaggag
ctggataagtatttcaagaatcacacctceectgacgtggatctgggegacatcageggeatcaatgectecgtggtgaacatccagaagg
agatcgaccgcectgaacgaggtggctaagaatctgaacgagagcectgatcgacctccaggagetgggcaagtatgageagtacatcaag
tggeectggtacatetggetgggcttcatcgecggectgatcgecatcgtgatggteaccatcatgetgtgctgtatgacatectgetgttett
gcectgaagggcetgcetgtagetgtggctectgetgtaagtttgacgaggatgactctgaacctgtgctgaagggcgtgaagetgcattacace
taa (SEQ ID NO: 39)

[00205] Protein sequence of S-(deg-RBD-122-165-234) for Wuhan S-2P strain (from

N-terminus to C-terminus):

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
NQATNVVIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANQCTFEY VSQPFLMD
LEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL VRDLPQGFSALEPLVDLPIGIQITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLS
ETKCTLKSFTVEKGIYQTSNFRVQPAEAIVRFPQITNLCPFGEVFQATRFASVYAWNRKR
ISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTG
KIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQA
GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNL
VKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFG
GVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIG
AEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSITAYTMSLGAENSVAYSNNSI
AIPTNFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVE
QDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFI
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KQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMA YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVV
NQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTY VTQQLI
RAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPA
QEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQITTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDK YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEV
AKNLNESLIDLQELGKYEQYIKWPW YIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCC
SCGSCCKFDEDDSEPVLKGVKLHYT (SEQ ID NO: 40)

Table 1: The IGso for variant pseudovirus neutralization assay.

ICso serum | WT B.1.1.7 B.1.351 Pl B.1.617.2
dilution

WT 7658.4 1250.1 710.6 776.5 835.7
S-(deg- 6496.2 1926.5 1108.3 1523.6 1868.3
RBD)

S-(deg-S2) 4825.6 4035.9 4568.3 42353 4786.3
S-(82-1194) | 5767.8 4628.6 5287.5 4989.6 51034

EXAMPLE S: Glycosylation affected cellular and cytokine response

[00206] To characterize the T cell response, splenocytes from immunized mice were
isolated and incubated with the peptide pool of S protein to measure the granzyme B (GrzB)-
secreting T cells by elispot analysis. It was shown that S-(deg-S2) and S-(S2-1194) induced more
GrzB-secreting cells than WT and S-(deg-RBD) did after incubation with full-length WT S (Fig.
7A4), RBD (Fig. 7B) and S2 peptides (Fig. 7C), suggesting that glycosylation on S2 regulated the
T cell response. To further study the effect on CD4" and CD8" T cells, the isolated T cells were
incubated with bone-marrow-derived dendritic cells (DCs) and WT S peptide pool to measure the
IFNy-secreting T cells by flow cytometry. There was no significant difference in the number of
the IFNy-secreting CD4™ T cells among all vaccinated mice (Fig. 7D), but the mRNA vaccine of
S-(deg-S2) or S-(S2-1194) induced more IFNy-secreting CD8" T cells, suggesting that
glycosylation in S2 regulated CD8" T cell response (Fig. 7F).

[00207] To analyze the cytokine expression, the medium from splenocytes incubated with
full-length WT S peptide pool was measured by ELISA. It was shown that the splenocytes from
S-(deg-S2) and S-(S2-1194) immunized mice secreted higher levels of T-helper-1 (THI1)
cytokines (IFNy, IL-2, and IL-12) (Fig. 8 A, B and E), whereas the splenocytes from WT and S-
(deg-RBD) immunized mice secreted higher levels of T-helper-2 (TH2) cytokines (IL-4, IL-6 and
IL-13) (Fig. 8 C, D and F). Overall, all RNA vaccines with mutation of glycosites elicited antibody
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and CD4" and CD8" T cell responses and relative cytokines, with a stronger IFNy-producing CD8”"
T cell response in mice immunized with S-(deg-S2) and S-(S2-1194). These results suggested that

glycosylation on S2 regulated the T cell response and expression of cytokines.
EXAMPLE 6: Deglycosylation on S2 induced unfolded protein response

[00208] To investigate how glycosylation on S2 affected immune response, HEK293 cells
were transfected with the prefusion stabilized S protein expression plasmid of variants. It was
shown that S-(deg-S2) and S-(S2-1194) did not express well, but the levels of S-(deg-S2) and S-
(52-1194) proteins were restored to some extent after treatment with MG132, a proteasome
inhibitor (Fig. 9). In vitro translation assay showed that mutation of glycosites in the mRNA
sequence did not affect the efficiency of translation (Fig. 10). These results suggested that removal
of glycosylation from S2 caused degradation of translated protein in vivo. To study whether
removal of glycosylation on S2 led to the expression of misfolded or unfolded protein, the plasma
membrane and endoplasmic reticulum (ER) were isolated to examine the distribution of S protein,
as misfolded or unfolded S proteins could be stacked in ER for refolding or destroyed through
ER-associated degradation. After HEK293 cells were transfected with the mRNA at 48 hrs, all
variant S proteins existed in plasma membrane, cytosol and ER. However, there was more protein
of WT and S-(deg-RBD) in the plasma membrane, whereas there was more protein of S-(deg-S2)
and S-(52-1194) in the ER (Fig. 11). In addition, HEK293 cells were transfected with the mRNA
that encoded the soluble pre-fusion version of S-(deg-S2) and S-(S2-1194) protein could not be
secreted to the medium (Fig. 16), suggesting that deglycosylation in S2 affected the folding of S
protein. Since the increased unfolded S protein in the ER would trigger the unfolded protein
response (UPR), the UPR marker proteins BiP/GRP78, XBP1 and p-elF2a were examined in RNA
transfected HEK293 cells at 48 hrs. The results showed that BiP/GRP78 and XBP1 were
upregulated, and the level of p-elF2a was stronger than the WT and the S-(deg-RBD) groups in
S-(deg-S2) and S-(S2-1194) transfected cells (Fig. 12). In addition, removal of glycosylation on
S2 induced more apoptosis cells than WT and S-(deg-RBD) did (Fig. 13), suggesting that
deglycosylation of S2 induced a higher level of ER stress than the WT and S-(deg-RBD) protein,

and glycosylation on S2 affected protein folding to regulate the expression of UPR.
EXAMPLE 7: Glycosylation on S2 affected MHC I expression on dendritic cells (DCs).

[00209] To study whether UPR leads to the biased immune response, the major
histocompatibility complex class I (MHC I) and class IT (MHC IT) on DCs, which are essential for
presentation of the internalized molecules after processing, were measured by flow cytometry.

After DCs incubated with variants of mRNA vaccine, MHC 1/ II were upregulated among all

73



WO 2022/221835 PCT/US2022/071679

vaccines, and the mRNA vaccine of S-(deg-S2) or S-(S2-1194) induced more MHC I expression
DCs than WT and S-(deg-RBD) did (Fig. 14 and Fig. 17), suggesting that UPR regulated the
expression of MHC I on DCs.

EXAMPLE 8: The glycosites in spike protein affect the stability of S protein and
subsequently the CD8" T cell response.

[00210] To study which glycosites regulated the host immune response, we used S-(deg-
RBD) vaccine as the model system because it induced similar level of antibody as WT and had
better neutralization activity against the four variants of concern than WT. Here, we removed the
RBD glycosites and glycosite N-801 (S-(deg-RBD-801)) or glycosite N-1194 (S-(deg-RBD-1194))
in S2 as these glycosites involved the S protein expression, especially the glycosite N-1194 that
involved in the integrity of S protein and its binding affinity. Since the glycosite N-122, N-165
and N-234 regulated the structure of RBD and affected the neutralization activity of antibody, we
removed these glycosites to form the S-(deg-RBD-122-165-234) vaccine (Fig. 15). After HEK293
cells were transfected with the prefusion stabilized S protein expression plasmid of variants, it
was shown that S-(deg-RBD-801) and S-(deg-RBD-122-165-234) did not express well and S-
(deg-RBD-1194) dramatic decreased the protein expression, but the levels of these variant of
proteins were restored to some extent after treatment with MG132, suggested that variant of
vaccine induced the degradation of translated protein (Fig. 214). After confirming the expression
of the variant prefusion S protein form mRNA-LNP in HEK293 cell line (Fig. 21B), mice were
immunized with varies vaccine. It showed that S-(deg-RBD-801), S-(deg-RBD-1194) and S-(deg-
RBD-122-165-234) induced less IgG titer against fully glycosylated WT S (Fig. 18 A) and RBD
protein (Fig. 18 B), but S-(deg-RBD-801) and S-(deg-RBD-122-165-234) had higher IgG titer
against de-glycosylated RBD antigen (Fig. 18 C) in ELISA assay as compared to the unmodified
mRNA, suggesting that glycosylation on these glycosites regulated the antibody production. To
analyze the neutralization activity of antibodies generated from immunized mice, the pseudovirus
neutralization assay showed that the S-(deg-RBD-801), S-(deg-RBD-1194) and S-(deg-RBD-122-
165-234) mRNA vaccines generated antibodies with reduced neutralization activity against WT
pseudovirus (Fig. 19), but with better neutralization activity against the four variants of concern

than WT (Fig. 19 and Table 2).

Table 2: The IGso for variant pseudovirus neutralization assay.

ICso serum | WT B.1.1.7 B.1.351 P1 B.1.617.2
dilution

WT 7430.8 1024.5 680.4 790.4 880.4
S-(deg- 5020.6 2680.4 1098.5 1640.5 1850.5
RBD-801)
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S-(deg- 3480.5 1120.5 780.5 910.6 1040.3
RBD-1194)
S-(deg- 5240.8 3168.8 1820.8 2140.5 2040.5
RBD-122-
165-234)

[00211] To characterize the T cell response, the splenocytes of immunized mice were

incubated with the peptide pool of S, RBD and S2 protein, then the granzyme B (GrzB)-secreting
T cells were measured by elispot analysis. It was shown that S-(deg-RBD-801), S-(deg-RBD-
1194) and S-(deg-RBD-122-165-234) induced more GrzB-secreting T cells than WT did in all
peptide pools, especially in S-(deg-RBD-1194) did (Fig. 20 and Fig. 22A, 22B). After the isolated
CD4" and CD8" T cells were incubated with bone-marrow-derived DCs and WT S peptide pool
to measure the IFNy-secreting T cells by flow cytometry, there was no significant difference in
the number of the IFNy-secreting CD4™ T cells among all vaccinated mice (Fig. 22C), but S-(deg-
RBD-801), S-(deg-RBD-1194) and S-(deg-RBD-122-165-234) mRNA vaccine induced more
IFNy-secreting CD8™ T cells, suggesting that these vaccine induced stronger CD8™ T cell response
(Fig. 20). Overall, S-(deg-RBD-801), S-(deg-RBD-1194) and S-(deg-RBD-122-165-234)
decreased the level of the protein expression in plasmid system and induced less antibody, but
increased the CD8™ T cell response, especially in S-(deg-RBD-1194) did. These results suggested
that the glycosylation on the glycosites that involved in the folding or stability of S regulated the

host immune response.
EXAMPLE 9: Design and Synthesis of guanidine-based poly(disulfide)s.

[00212] We designed a series of polymers and guanidine-based and/or zwitterionic head
groups attached to a lipid tail and explored their ability to deliver spike mRNA. As shown in Fig.
23, propagator P1 containing guanidine groups and the multivalent display propagator P2,
facilitate the adherence of mRNA with polymers by forming strong salt bridges between
guanidiniums and the phosphates in mRNA. Once the polymer encapsulated mRNA reached the
cytoplasm, the disulfide linkers could be degraded by intracellular glutathione to release mRNA.
In addition, the degraded disulfide monomers also decrease the cytotoxicity by avoiding the

accumulation of high molecular weight polymers inside the cell.

[00213] To prepare polymers, the mono guanidine containing disulfide monomer were
synthesized according to previous reported procedures(Gasparini, G.; Bang, E.-K.; Molinard,
G.; Tulumello, D. V.; Ward, S.; Kelley, S. O.; Roux, A.; Sakai, N.; Matile, S., J. Am. Chem.
Soc. 2014, 136, 6069-6074), and the tri-guanidine disulfide monomer was synthesized from

nitrilotriacetic acid linker to present trimeric guanidine monomer. The propagator Pb, containing
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two strained disulfides beside the guanidine group was designed to form a branched configuration
of polymer. Propagators P3 and Pz were designed as a spacer which may facilitate the entrapped

molecule to escape from endosome.

[00214] Fig. 24 depicts designed structure of initiators (I0), propagators (P1, P2), and the

polymerization/depolymerization process.

[00215] The polymerization of P1, P2, P3 and Pb was conducted in degassed water
solution at room temperature. In brief, in the presence of 5 mM initiator 1 and 200 mM propagator
P in 1 M pH 7 TEOA buffer was vigorously stirred for 30 minutes. Termination was done by
adding 0.5 M iodoacetamide. To screen the optimal polymer for efficient intracellular delivery of
mRNA, co-polymerization of different propagators was conducted, and their encapsulation ability
and transfection efficiency was evaluated by GFP encoding mRNA in HEK293T cells. Co-
polymer (P1/P3) and (P2/P3) were prepared in 2:1 ratio, (P1/Pb) and (P2/Pb) was prepared in

4:1 ratio.

[00216] In order to screen the optimal polymer for best encapsulation and efficient
intracellular delivery of mRNA, 8 types of synthesized homopolymers and hetero-copolymers
were examined for their ability to encapsulate GFP mRNA. As shown in Fig. 25A, all the
copolymers possessed guanidine groups was able to inhibit the migration of GFP mRNA with N/P
ratio = 10. Particularly, P2/P3 and P2/Pb copolymer with triguanidine moiety resulted in higher
capability to complex with the mRNA, which was comparable with result mediated by traditional
used transfection agent polyethyleneimine (PEI). The average size of the resulting nanocluster
P2/P3-mRNA complex was ca. 90 nm by TEM (Fig. 25B). In addition, the branched polymers
P1/Pb and P2/Pb also showed similar ability for encapsulation of mRNA. Branched guanidiniums

have attracted attention due to their good accessibility and flexibility to functional materials.

[00217] Next, we evaluated the transfection efficiency of GFP-mRNA in HEK293T cells
by using different copolymers. First, we found that P1/P3 copolymer exhibited good ability to
transfect the mRNA at N/P = 10, which is more efficient than P1 or P3 alone and the PEI (Fig.
26A). The result indicated that either P1 or P3 polymer was not favorable for intracellular delivery,
while the bifunctional copolymer P1/P3 greatly transfected the mRNA. The randomly spacing of
the guanidine group by copolymerization with diethlyenetriamine spacer may be suitable to fit the
phosphate charge of nucleotide. We then studied the impact of different copolymers in transfection
activity. In Fig. 26B, a combination of P2/P3 showed increased GFP expression, indicating that
the triguanidine group enhanced the encapsulation of mRNA, and could also liberate the mRNA

once delivered to cytoplasm. However, the branched poly(disulfide)s P1/Pb and P2/Pb did not
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reveal a satisfactory release of mRNA cargoes, although complete complexation with mRNA was
done by using P2/Pb (Fig. 26A). We further optimized the N/P ratio (1, 5, 10, and 20) utilizing
the outstanding copolymer P2/P3. The best performance for the transfection is found to be 10 (Fig.
26C).

[00218] Based on the results of GFP mRNA, wild type spike mRNA was prepared and
encapsulated by polyGu at different N/P ratios (Fig. 27). PolyGu showed good ability to neutralize
the charge of spike mRNA and successfully captured it at the N/P ratio of 1.

[00219] Next, we transfected spike mRNA in HEK293T cells and performed western blot.
HEK293T cells were transfected with 3 pg spike mRNA. 48 hours post transfection, cells were
analysed for spike expression via western blotting using spike-specific antibody. The result
showed a significant band of SARS-Cov-2 spike at around 250 kDa and PBS buffer with spike
mRNA was employed as negative control (Fig. 28, which proved the feasibility of polyGu as a
nanocarrier for mRNA transfection in vitro. In addition, polyGu did not exhibit any apparent
cytotoxicity up to 10 pg (50 ug/mL) (Fig. 29). Whereas the lipid nanoparticles (LNP) exhibited

much higher toxicity to cells with high complexes loading.

[00220] In conclusion, we have developed a series of poly(disulfide)s and demonstrated
that a combination of guanidyl group and zwitterionic spacer exhibited great efficiency for mRNA
delivery in vitro. The efficient intracellular delivery through thiol-mediated uptake pathway by
strained disulfides is cleavable under the intracellular glutathione. In addition, the degradation of
polymers also minimizes the cytotoxicity as compared to the commonly used LNP. against SARS-

Cov-2.

[00221] All publications and patent applications cited in this specification are herein
incorporated by reference as if each individual publication or patent application were specifically

and individually indicated to be incorporated by reference.

[00222] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes and
modifications may be made thereto without departing from the spirit or scope of the appended

claim.
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CLAIMS
What is claimed is:

1. A modified nucleic acid molecule encoding a modified spike protein comprising one or
more amino acid substitutions of asparagine (N) to glutamine (Q) at N-linked
glycosylation sequons (N-X-S/T), wherein X is any amino acid residue except proline,

and S/T denotes a serine or threonine residue.

2. The modified nucleic acid molecule of claim 1, which comprises one or more amino
acid deletions or additions at N-linked glycosylation sequons (N-X-S/T) to eliminate
N-linked glycan sequons.

3. The modified nucleic acid molecule of claim 1, which comprises one or more amino
acid substitutions of S/T to alanine (A) at O-linked glycosylation sites to eliminate O-

linked glycosylation sites.

4. The modified nucleic acid molecule, which is an mRNA or a double-strand or single-
strand DNA.
5. The modified nucleic acid molecule of any of claims 1 to 4, wherein the modified spike

protein is derived from a SARS-CoV-2 spike protein.

6. The modified nucleic acid molecule of any of claims 1 to 4, wherein the spike protein
comprises an amino acid sequence of SEQ ID NO: 2, 16, 18 or 20, or amino acid
sequence having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity
to the amino acid sequence of SEQ ID NO: 2, 16, 18 or 20.

7. The modified nucleic acid molecule of claim 6, wherein the nucleic acid molecule
encoding the amino acid sequence of SEQ ID NO: 2, 16, 18 or 20 is an mRNA
comprising the nucleotide sequence of SEQ ID NO: 1, 15, 17 or 19 respectively, or a
nucleotide sequence having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or
80% identity to the nucleotide sequence of SEQ ID NO: 1, 15, 17 or 19 respectively.

8. The modified nucleic acid molecule of any of claims 1 to 4, wherein the modified spike
protein comprises an amino acid sequence of SEQ ID NO: 4, 22, 24 or 26, wherein the
modified spike protein comprises a receptor binding domain (RBD) lacking

glycosylation sites.
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The modified nucleic acid molecule of claim 8, wherein the modified nucleic acid
molecule encoding the amino acid sequence of SEQ ID NO: 4, 22, 24 or 26 comprises
the nucleotide sequence of SEQ ID NO: 3, 21, 23 or 25 respectively, or a nucleotide
sequence having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity
to the nucleotide sequence of SEQ ID NO: 3, 21, 23 or 25 respectively.

The modified nucleic acid molecule of any of claims 1 to 4, wherein the modified spike
protein comprises an amino acid sequence of SEQ ID NO: 6, 28, 30 or 32, wherein the

modified spike protein comprises a S2 subunit lacking glycosylation sites.

The modified nucleic acid molecule of claim 10, wherein the modified nucleic acid
molecule encoding the amino acid sequence of SEQ ID NO: 6, 28, 30 or 32 comprises
the nucleotide sequence of SEQ ID NO: 5, 27, 29 or 31 respectively, or a nucleotide
sequence having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity
to the nucleotide sequence of SEQ ID NO: 527, 29 or 31 respectively.

The modified nucleic acid molecule of any of claims 1 to 4, wherein the modified spike
protein described herein comprises an amino acid sequence of SEQ ID NO: 8 or 34,
wherein the modified spike protein comprises a S2 subunit that consists of a single
glycosylation site. In some embodiments, the single glycosylation site is at the position

NI1194.

The modified nucleic acid molecule of claim 12, wherein the modified nucleic acid
molecule encoding the amino acid sequence of SEQ ID NO: 8 or 34 comprises the
nucleotide sequence of SEQ ID NO: 7 or 33 respectively, or a nucleotide sequence
having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 7 or 33 respectively.

The modified nucleic acid molecule of any of claims 1 to 4, wherein the modified spike
protein comprises an amino acid sequence of SEQ ID NO: 10 or 36, wherein the
modified spike protein comprises a receptor binding domain (RBD) lacking

glycosylation sites, and an amino acid substitution of N801 to Q801.

The modified nucleic acid molecule of claim 14, wherein the modified nucleic acid
molecule encoding the amino acid sequence of SEQ ID NO: 10 or 36 comprises the

nucleotide sequence of SEQ ID NO: 9 or 35 respectively, or a nucleotide sequence
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having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 9 or 35 respectively.

The modified nucleic acid molecule of any of claims 1 to 4, wherein the modified spike
protein comprises an amino acid sequence of SEQ ID NO: 12 or 38, wherein the
modified spike protein comprises a receptor binding domain (RBD) lacking

glycosylation sites, and an amino acid substitution of N1194 to Q1194.

The modified nucleic acid molecule of claim 16, wherein the modified nucleic acid
molecule encoding the amino acid sequence of SEQ ID NO: 12 or 38 comprises the
nucleotide sequence of SEQ ID NO: 11 or 37 respectively, or a nucleotide sequence
having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 11 or 37 respectively.

The modified nucleic acid molecule of any of claims 1 to 4, wherein the modified spike
protein described herein comprises an amino acid sequence of SEQ ID NO: 14 or 40,
wherein the modified spike protein comprises a modified receptor binding domain
(RBD) lacking glycosylation sites, and amino acid substitutions of N122 to Q122, N165
to Q165, and N234 to Q234.

The modified nucleic acid molecule of claim 18, wherein the modified nucleic acid
molecule encoding the amino acid sequence of SEQ ID NO: 14 or 40 comprises the
nucleotide sequence of SEQ ID NO: 13 or 39 respectively, or a nucleotide sequence
having at least about 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the
nucleotide sequence of SEQ ID NO: 13 or 39 respectively.

The modified nucleic acid molecule of any of claims 1 to 4, wherein the modified spike

protein comprises a S1 subunit lacking glycosylation sites.

The modified nucleic acid molecule of any of claims 1 to 4, wherein the modified spike

protein comprises both S1 and S2 subunits lacking glycosylation sites.

The modified nucleic acid molecule of any of claims 1 to 4, wherein the mRNA for S-
(deg-RBD) has the sequence of SEQ ID NO: 3, 21, 23 or 25, the mRNA or DNA for S-
(deg-S2) has the sequence of SEQ ID NO: 5, 27, 29 or 31, the mRNA or DNA for S-
(deg-S2-1194) has the sequence of SEQ ID NO: 7 or 33, the mRNA or DNA for S-
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(deg-RBD-801) has the sequence of SEQ ID NO: 9 or 35, the mRNA or DNA for S-
(deg-RBD-1194) has the sequence of SEQ ID NO: 11 or 37, the mRNA or DNA for S-
(deg-RBD-122-165-234) has the sequence of SEQ ID NO: 13 or 39.

The modified nucleic acid molecule of any of claims 1 to 22, which can be used as a

coronavirus mRNA vaccine.

The modified nucleic acid molecule of any of claims 1 to 23, wherein immunization of
the modified nucleic acid molecule causes the upregulation of BiP/GRP78, XBP1 and
p-elF2a to induce cell apoptosis and CD8 T-cell response.

The modified nucleic acid molecule of any of claims 1 to 23, wherein the coronavirus
(CoV) is selected from the group consisting of alpha-CoV, beta-CoV, gamma-CoV,
delta-CoV2, and omicron-CoV2.

A combo vaccine, comprising the mRNA vaccine of claim 23 and one or more

additional vaccines.

The combo vaccine of claim 26, wherein the additional vaccine is selected from one or
more COVID-19 vaccine, influenza (flu) vaccine, advenovirus vaccine, anthrax
vaccine, cholera vaccine, diphtheria vaccine, hepatitis A or B vaccine, HPV vaccine,
measle vaccine, mumps vaccine, smallpox vaccine, rotavirus vaccine, tuberculosis
vaccine, pneumoccal vaccine and Haemophilus influenzae type b vaccine and any

combination thereof.

A nanoparticle, which is guanidine-based and used as carrier for delivering the modified

nucleic acid molecule of any one of claims 1 to 25 to a subject.
The nanoparticle of claim 28, which is a liposome or polymersome.

An mRNA nanocluster comprising the vaccine of claim 26 or 27 formulated in a lipid

nanoparticle.

The mRNA nanocluster of claim 30, wherein the lipid nanoparticle is a biodegradable

lipid nanoparticle.

The mRNA nanocluster of claim 30 or 31, wherein the lipid nanoparticle is guanidine-

based polymers.
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33, An mRNA nanocluster, comprising a lipid nanoparticle encapsulated with the mRNA
vaccine, wherein the biodegradable lipid nanoparticle comprises guanidine-based and
zwitterionic units, wherein the guanidine-based as well as zwitterionic groups attach to
a lipid tail, and wherein the guanidine-based groups adhere to mRNA, thereby forming

salt bridges between the guanidinium groups and the phosphates in the mRNA.

34.  The nanoparticle of claim 28 or 29 or the mRNA nanocluster of any one of claims 30

to 33, wherein the guanidine-based polymers is P1, P2, P3, Pb or Pz:
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NH NH NH NH NH
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s

35. The nanoparticle of claim 28 or 29 or the mRNA nanocluster of any one of claims 30
to 34, wherein the guanidine-based polymer forms a copolymer such as P1/P3
copolymer, P2/P3 copolymer, P1/Pb copolymer, P2/Pb copolymer, P1/Pz copolymer
and P2/Pz copolymer.

36.  The nanoparticle of claim 28 or 29 or the mRNA nanocluster of any one of claims 30

to 35, wherein the guanidine-based and zwitterionic nanoparticles are a mixture of P1,
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The nanoparticle of claim 28 or 29 or the mRNA nanocluster of any one of claims 30

or

to 36, which has a nanoparticle/mRNA (N/P) ratio from about 1 to about 100.

The nanoparticle of claim 28 or 29 or the mRNA nanocluster of any one of claims 30
to 37, which has a nanoparticle/mRNA (N/P) ratio of about 10 or about 20.

A nanoparticle composition, comprising a nanoparticle attached with the mRNA

vaccine of claim 23.

A method of preventing or treating a coronavirus infection, comprising administering
an effective amount of the modified nucleic acid molecule of any one of claims 1 to 25,
the nanoparticle of claim 28 or 29, the mRNA nanocluster of any one of claims 30 to
38 or a nanoparticle composition of claim 39 to a subject infected with, or at risk of

being infected with, a coronavirus.

A method of boosting an adaptive immune response, comprising administering an
effective amount of the modified nucleic acid molecule of any one of claims 1 to 25,
the nanoparticle of claim 28 or 29, the mRNA nanocluster of any one of claims 30 to

38 or a nanoparticle composition of claim 39 to a subject.
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The method of claim 41 or 42, wherein the modified nucleic acid molecule of any one
of claims 1 to 25, the nanoparticle of claim 28 or 29, the mRNA nanocluster of any one
of claims 30 to 38 or a nanoparticle composition of claim 39 is administered in an initial

dose and two, three or four booster doses.

The method of claim 41 or 42, wherein the modified nucleic acid molecule of any one
of claims 1 to 25, the nanoparticle of claim 28 or 29, the mRNA nanocluster of any one
of claims 30 to 38 or a nanoparticle composition of claim 39 is administered in an initial
dose and in at least one booster dose about one month, about two months, about three
months, about four months, about five months, or about six months following the initial

dose.

The method of claim 41 or 42, wherein the dose ranges from 5 pg to 50 pg of the

modified nucleic acid molecule of any one of claims 1 to 25.
The method of claim 41 or 42, wherein the dose is 30 ug.

The method of claim 41 or 42, wherein the modified nucleic acid molecule of any one
of claims 1 to 25, the nanoparticle of claim 28 or 29, the mRNA nanocluster of any one
of claims 30 to 38 or a nanoparticle composition of claim 39 is administered via
intravenous route, intramuscular route, intradermal route, or subcutaneous route, or by

infusion or nasal spray.

An immunogenic peptide, comprising at least one amino acid sequence selected from a
group consisting of: TESIVRFPNITNL (SEQ ID NO: 41), NITNLCPFGEVFNATR
(SEQ ID NO: 42), LYNSASFSTFK (SEQ ID NO: 43), LDSKVGGNYN (SEQ ID NO:
44), KSNLKPFERDIST (SEQ ID NO: 45), KPFERDISTEIYQAG (SEQ ID NO: 46),
GPKKSTNLVKNKC (SEQ ID NO: 47), NCDVVIGIVNNTVY (SEQ ID NO: 48),
PELDSFKEELDKYFKNHTS (SEQ ID NO: 49), VNIQKEIDRLNEVA (SEQ ID NO:
50), NLNESLIDLQ (SEQ ID NO: 51) and LGKYEQYIKWP (SEQ ID NO: 52) or an
amino acid sequence having at least about 99%, 98%, 97%, 96%, 95% or 90% identity
to any of SEQ ID NOs: 41 to 52.

The immunogenic peptide of claim 47, comprising at least one amino acid sequence

selected from a group consisting of SEQ ID NOs: 41 to 43 and 45 to 51.
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49.  Animmunogenic composition, comprising an immunogenic peptide of claim 47 or 48.
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