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LARGE SEQUENCE PAN-CORONAVIRUS VACCINE COMPOSITIONS

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims benefit of U.S. Provisional Application No. 63/009,907 filed April 14, 2020
and U.S. Provisional Application No. 63/084,421 filed September 28, 2020, the specification(s) of which

isfare incorporated herein in their entirety by reference.

REFERENCE TO A SEQUENCE LISTING

{0002} Applicant asserts that the information recorded in the form of an Annex C/ST.25 text file submitted
under Rule 13fer.1(a), entitled UCI_20_U85_PCT_Sequence Lisling_S8T25, is identical to that forming
part of the international application as filed. The content of the sequence listing is incorporated herein by
reference in its entirety.

FIELD OF THE INVENTION

[0003] The present invention relates to vaccines, for example viral vaccines, such as those directed to

coronaviruses, e.g., pan-coronavirus vaccines.

BACKGROUND OF THE INVENTION

[0004] Over the last two decades, there have been three deadly human outbreaks of Coronaviruses
(CoVs) caused by emerging zoonotic CoVs: SARS-CoV, MERS-CaV, and the latest highly transmissible
and deadly SARS-CoV-2, which has caused the current COVID-19 global pandemic. All three deadly
CoVs originated from bats, the natural hosts, and transmitted to humans via various intermediate animal
reservoirs (e.g., pangolins, civet cats and camels). Because there is currently no universat
pan-Coronavirus vaccine available, it remains highly possible that other global COVID-like pandemics will
emerge in the coming years, caused by yet another spillover of an unknown zoonotic bat-derived

SARS-like Coronavirus (SL-CoV) into an unvaccinated human population.

[0005] Neutralizing antibodies and antiviral effector CD4* and CD8" T cells appear to be crucial in
reducing viral foad in the majority of infected asymptomatic and convalescent patients. However, very little
information exists on the antigenic landscape and the repertoire of B-cell and CD4" and CD8* T cell

epitopes that are conserved among human and bat Coronavirus strains.

SUMMARY OF THE INVENTION

[0006] Determining the antigen and epitope landscapes that are antigenic, immunogenic, protective and
conserved among human and animal Coronaviruses as well as the repertoire, phenotype and function of
B cells and CD4+ and CD8+ T cells that correlate with resistance seen in asymptomatic COVID-19
patients may inform in the development of future pan-Coronavirus vaccines. The present invention
describes using several immuno-informatics and sequence alignment approaches and several
immunological assays both in vifro in humans and in vivo in animal modes (e.g mice, hamster and
monkeys) to identify several antigenic, immunogenic, protective highly conserved large sequences that
include human B cell, CD4+ and CD8+ T cell epitopes that are highly conserved, e.g., highly conserved

in: (i) greater than 81,000 SARS-CoV-2 human strains identified in 190 countries on six continents; (ii) six
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circulating CoVs that caused previous human outbreaks of the “Common Cold”; (iii) nine SL-CoVs isolated
from bats; (iv) nine SL-CoV isolated from pangolins; (v) three SL-CoVs isolated from civet cats; and (vi)
four MERS strains isolated from camels. Furthermore, the present invention describes the identification of
cross-reactive epitopes that: recalled B cell, CD4+ and CD8+ T cells from both COVID-19 patients and
healthy individuals who were never exposed to SARS-CoV-2; and induced strong B cell and T cell
responses in “humanized” Human Leukocyte Antigen (HLA)-DR1/HLA-A*02:01 double transgenic mice as
well as in humans that do not express HLA-DR-1 or HLA-A*02:01 haplotypes. Unlike small epitopes that
are restricted to certain HLA haplotype, the large sequences encompass several epitopes restricted to
large numbers of HLA haplotypes, thus ascertaining large vaccine coverage of human population

regardiess of HLA haplotypes and regardiess of race and ethnicity.

[0007] The present invention is not limited to vaccine compositions for use in humans. The present

invention includes vaccine compositions for use in other pet animals such as dogs, cats, etc.

[0008] The vaccine compositions herein have the potential to provide lasting B and T cell immunity
regardless of Coronaviruses mutations. This may be due at least partly because the vaccine compositions
target highly conserved structural and non-structural Coronavirus antigens, such as Coronavirus
nucleoprotein (also known as nucleocapsid), in combination with other Coronavirus structural and
non-structural antigens with a low mutation rate found in perhaps every human and animal Coronaviruses

variants and strains.

[0009] The present invention is also related to selecting highly conserved structural (e.g., spike protein)
and non-structural Coronavirus antigens inside the virus (e.g., non-spike protein such as nucleocapsid),
which may be viral proteins that are normally not necessarily under mutation pressure by the immune
system.

[0010] The present invention provides pan-Coronavirus recombinant vaccine compositions that induces
board, strong and long lasting B and T cell protective immune responses in humans and pets and
animals.

[0011] In certain embodiments, the vaccine compasitions are for use in humans. In certain embodiments,
the vaccine compositions are for use in animals, such as but not limited o mice, cats, dogs, non-human
primates, other animals susceptible to coronavirus infection, other animals that may function as preclinical

animal models for coronavirus infections, etc.

[0012] As used herein, the term “multi-epitope” refers to a composition comprising more than one B and
T cell epitope wherein at least: one CD4 and/or CD8 T cell epitope is MHC-restricted and recognized by a
TCR, and at least one epitope is a B cell epitope. For example, the vaccine compositions herein may be
multi-epitope pan-coronavirus vaccine compositions.

[0013] As used herein, the term “recombinant vaccine composition” may refer to one or more proteins or
peptides encoded by one or more recombinant genes, e.g., genes that have been cloned into one or more

systems that support the expression of said gene(s). The term “recombinant vaccine composition” may
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refer to the recombinant genes or the system that supports the expression of said recombinant genes.

[0014] For example, the present invention provides a pan-coronavirus recombinant vaccine composition
comprising one or more large sequences, wherein each of the one or more large sequences comprise at
least one of: one or more conserved coronavirus B-cell target epitopes; one or more conserved
coronavirus CD4+ T cell target epitopes; and/or one or more conserved coronavirus CD8+ T cell target

epitopes; wherein at least one epitope is derived from a non-spike protein.

[0015] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising two or more large sequences, wherein each of the two or more large sequences
comprise at least one of: one or more conserved coronavirus B-cell target epitopes; one or more
conserved coronavirus CD4+ T cell target epitopes; and/or one or more conserved coronavirus CD8+ T
cell target epitopes; wherein at least one epitope is derived from a non-spike protein.

[0016] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising whole spike protein; and one or both of: one or more conserved coronavirus
CD4+ T cell target epitopes; and/or one or more conserved coronavirus CD8+ T cell target epitopes;
wherein at least one epitope is derived from a non-spike protein.

[0017] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising at least a portion of spike protein, the portion of spike protein comprising a
trimerized SARS-CoV-2 receptor-binding domain (RBD); and one or both of. one or more conserved
coronavirus CD4+ T cell target epitopes; one or more conserved coronavirus CD8+ T cell target epitopes;

wherein at least one epitope is derived from a non-spike protein.

[0018] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising whole spike protein; and one or more conserved coronavirus CD4+ T cell target
epitopes; and one or more conserved coronavirus CD8+ T celt target epitopes; wherein at least one

epitope is derived from a non-spike protein.

[0019] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising at least a portion of spike protein, the portion of spike protein comprising a
trimerized SARS-CoV-2 receptor-binding domain (RBD); and one or more conserved coronavirus CD4+ T
cell target epitopes; and one or more conserved coronavirus CD8+ T cell target epitopes; wherein at least
one epitope is derived from a non-spike protein.

[0020] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising an antigen delivery system encoding one or more large sequences, wherein each
of the one or more large sequences comprise at least one of: one or more conserved coronavirus B-cell
target epitopes; one or more conserved coronavirus CD4+ T cell target epitopes; and/or one or more
conserved coronavirus CD8+ T cell target epitopes; wherein at least one epitope is from a non-spike

protein.
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[0021] The present invention aiso features a pan-coronavirus recombinant vaccine composition, the
composition comprising an antigen delivery system encoding two or more large sequences, wherein each
of the two or more large sequences comprise at least one of: one or more conserved coronavirus B-cell
target epitopes; one or more conserved coronavirus CD4+ T celf target epitopes; and/or one or more
conserved coronavirus CD8+ T cell target epitopes; wherein at least one epitope is derived from a

non-spike protein.

[0022] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising an antigen delivery system encoding whole spike protein; and one or both of: one
or more conserved coronavirus CD4+ T cell target epitopes; and/or one or more conserved coronavirus

CD8+ T cell target epitopes; wherein at least one epitope is derived from a non-spike protein.

[0023] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising an antigen delivery system encoding at least a portion of spike protein, the
portion of spike protein comprising a trimerized SARS-CoV-2 receptor-binding domain (RBD); and one or
both of: one or more conserved coronavirus CD4+ T cell target epitopes; one or more conserved

coronavirus CD8+ T cell target epitopes; wherein at least one epitope is derived from a non-spike protein.

[0024] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising an antigen delivery system encoding whole spike protein; and one or more
conserved coronavirus CD4+ T cell target epitopes; and one or more conserved coronavirus CD8+ T cell

target epitopes; wherein at least one epitope is derived from a non-spike protein.

{0025} The present invention also fealures a pan-coronavirus recombinant vaccine compaosition, the
composition comprising an antigen delivery system encoding at least a portion of spike protein, the
portion of spike protein comprising a trimerized SARS-CoV-2 receptor-binding domain (RBD); and one or
more conserved coronavirus CD4+ T cell target epitopes; and one or more conserved coronavirus CD8+
T cell target epitopes; wherein at least one epitope is derived from a non-spike protein.

[0026] Referring to the aforementioned compositions and the embodiments herein, in some
embodiments, the the non-spike protein is ORF1ab protein, ORF3a protein, Envelope protein, Membrane
glycoprotein, ORF6 protein, ORF7a protein, ORF7b protein, ORF8 protein, Nucleocapsid protein and
ORF10 protein.

[0027]1 In some embodiments, the one or more large sequences are highly conserved among human and
animal coronaviruses. In some embodiments, the one or more large sequences are derived from at least
one of SARS-CoV-2 protein. In some embodiments, the one or more large sequences are derived from
one of more of: ohe or more SARS-CoV-2 human strains or variants in current circulation; one or more
coronaviruses that has caused a previous human outbreak; one or more coronaviruses isolated from
animals selected from a group consisting of bats, pangolins, civet cats, minks, camels, and other animal
receptive {o coronaviruses; of one or more coronaviruses that cause the common cold. in some

embodiments, the one or more SARS-CoV-2 human strains or variants in current circulation are selected
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from: strain B.1.177; strain B.1.160, strain B.1.1.7; strain B.1.351; strain P.1; strain B.1.427/B.1.429; strain
B.1.258; strain B.1.221; strain B.1.367; strain B.1.1.277; strain B.1.1.302; strain B.1.525; strain B.1.526,
strain S:677H, and strain S:677P. In some embodiments, the one or more coronaviruses that cause the
common cold are selected from: 229E alpha coronavirus, NL63 alpha coronavirus, OC43 beta
coronavirus, and HKU1 beta coronavirus. In some embodiments, the conserved large sequences are
selected from Variants Of Concern or Variants Of Interest.

[0028] In some embodiments, the composition comprises two or more large sequences. In some
embodiments, the composition comprises three or more large sequences. In some embodiments, the
composition comprises two large sequences. In some embodiments, the composition comprises three
large sequences. In some embodiments, the composition comprises four large sequences. In some
embodiments, the compaosition comprises five large sequences.

[0029] In some embodiments, the large sequences are derived from structural proteins, non-structural
proteins, or a combination thereof. In some embodiments, the large sequences or target epitopes are
derived from a SARS-CoV-2 protein selected from a group consisting of: ORF1ab protein, Spike
glycoprotein, ORF3a protein, Envelope protein, Membrane glycoprotein, ORF6 protein, ORF7a protein,
ORFT7b protein, ORF8 protein, Nucleocapsid protein an ORF 10 protein.

[0030] In some embodiments, the large sequence or the target epitope derived from the Spike
glycoprotein is RBD. In some embodiments, the large sequence or the target epitope derived from the
Spike glycoprotein is NTD. In some embodiments, the large sequence or the target epitope derived from
the Spike glycoprotein includes both the RBD and NTD regions. In some embodiments, the large
sequence or the target epitope derived from the spike glycoprotein are recognized by neutralizing and
blocking antibodies. In some embodiments, the large sequence or the target epitope derived from the
spike glycoprotein induces neulralizing and blocking antibodies. In some embodiments, the large
sequence or the target epitope derived from the spike glycoprotein induces neutralizing and blocking
antibodies that recognize and neutratize the virus.

[0031] In some embodiments, the large sequence or the target epilope derived from the spike
glycoprotein induces neutralizing and blocking antibodies that recognize the spike protein.

[0032] In some embodiments, the ORF1ab protein comprises nonstructural protein (Nsp) 1, Nsp2, Nsp3,
Nsp4, Nsp5, Nsp6, Nsp7, Nsp8, Nsp9, Nsp10, Nsp11, Nsp12, Nsp13, Nsp14, Nsp15 and Nsp16. In some
embodiments, the one or more conserved coronavirus CD8+ T cell target epitopes are selected from:
spike glycoprotein, Envelope protein, ORF1ab protein, ORF7a protein, ORF8a protein, ORF10 protein, or
a combination thereof. In some embodiments, the one or more conserved coronavirus CD8+ T cell target
epitopes are selected from: S, Sizpzze: Sicootoos: Sess.sesr Eanzsr ORF1abiersiess, ORF1aDosgq 0071,
ORF1abagias021, ORF18031555101, ORF1abs405475, ORF18bg740.6767, ORF7046.55, ORF8a7;,,, ORF14y44, and
ORF1,..4:- In some embodiments, the one or more conserved coronavirus CD8+ T cell target epitopes are
selected from SEQ ID NO: 2-29. In some embodiments, the one or more conserved coronavirus CD8+ T

cell target epitopes are selected from SEQ ID NO: 30-57. In some embodiments, the one or more
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conserved coronavirus CD4+ T cell target epitopes are selected from: spike glycoprotein, Envelope
protein, Membrane protein, Nucleocapsid protein, ORF1a protein, ORF1ab protein, ORF6 protein, ORF7a
protein, ORF7b protein, ORF8 protein, or a combination thereof. In some embodiments, the one or more
conserved coronavirus CD4+ T cell target epitopes are selected from: ORF1a,360.1355, ORF18bsg10.5030
ORFB,5.5, ORF18bgs5.5100, ORF18Bg400.64240 ORF 1845514815 Si.1a: Ezeans Eonasr Mizetan: Naesaoss ORF7a547,
ORF7a,.5, ORF7b,,,, ORF7ag,, and ORF8, . In some embodiments, the one or more conserved
coronavirus CD4+ T cell target epitopes are selected from SEQ 1D NO: 58-73. In some embodiments, the
one or more conserved coronavirus CD4+ T cell target epitopes are selected from SEQ ID NO: 74-105. In
some embodiments, the one or more conserved coronavirus B cell target epitopes are selected from
Spike glycoprotein. in some embodiments, the one or more conserved coronavirus B cell target epitopes
are selected from: Sys7317, Ssaases: Seoreaor Seozets, Sesssos Sasesesr Sascsor Sinzera Ssoeaen ANA Sipar. IN
some embodiments, the one or more coronavirus B cell target epitopes are selected from SEQ ID NO:
106-116. In some embodiments, the one or more coronavirus B cell target epitopes are selected from
SEQ ID NO: 117-138.

[0033] In some embodiments, the one or more conserved coronavirus B cell target epitopes are in the
form of a large sequence. In some embodiments, the large sequence is full length spike glycoprotein. In
some embodiments, the large sequence is a partial spike glycoprotein. In some embodiments, the spike
glycoprotein has two consecutive proline substitutions at amino acid positions 986 and 987. In some
embodiments, the spike glycoprotein has single amino acid substitutions at amino acid positions
comprising Tyr-83 and Tyr-489, GIn-24 and Asn-487. In some embodiments, the transmembrane anchor
of the spike protein has an intact S1-S2 cleavage site. In some embodiments, the spike protein is in its
stabilized conformation. In some embodiments, the spike protein is stabilized with proline substitutions at

amino acid positions 986 and 987 at the top of the central helix in the S2 subunit.

[0034] In some embodiments, the one or more large sequences are derived from a whole protein
sequence expressed by SARS-CoV-2. In some embodiments, theone or more large sequences are
derived from a partial protein sequence expressed by SARS-CoV-2. In some embodiments, the one or
more large conserved sequences from the spike protein is from a full-length spike glycoprotein. in some
embodiments, the one or more large conserved sequences from the spike protein is from a partial spike
glycoprotein. In some embodiments, the one or more large sequences comprises Spike glycoprotein (S)
or a portion thereof, Nucleoprotein or a portion thereof, Membrane protein or a portion thereof, and
ORF1a/b or a portion thereof. In some embodiments, theone or more large sequences comprises Spike
glycoprotein (S) or a portion thereof, Nucleoprotein or a portion thereof, and ORF1a/b or a portion thereof.
in some embodiments, the portion of the Spike glycoprotein is RBD. In some embodiments, theone or
more large sequences is selected from the group consisting of: ORF1ab protein, Spike glycoprotein,
QORF3a protein, Envelope protein, Membrane glycoprotein, ORF6 protein, ORF7a protein, ORF7b protein,
ORF8 protein, Nucleocapsid protein an ORF10 protein. Tin some embodiments, the ORF1ab protein
comptrises nonstructural protein (Nsp) 1, Nsp2, Nsp3, Nsp4, Nsp5, Nsp6, Nsp7, Nsp8, Nsp9, Nsp10,
Nsp11, Nsp12, Nsp13, Nspt4, Nsp15 and Nsp16. In some embodiments, one or more of the large
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sequences comprises a T-cell epitope restricted to a large number of human class 1 and class 2 HLA
haplotypes and are not restricted to HLA-0201 for class 1 or HLA-DR for class 2.

[0035] TIn some embodiments, the large sequences are derived from structural proteins, non-structural

proteins, or a combination thereof.

{00361 The present invention also features a recombinant vaccine composition comprising fuli-length
spike protein. The present invention also fealures a recombinant vaccine composition comprising
full-length spike protein or partiat spike protein.

{00371 In some embodiments, the spike protein comprises Tyr-489 and Asn-487. in some embodiments,
Tyr-489 and Asn-487 help with interaction with Tyr 83 and Gin-24 on ACE-2. In some embodiments, the
spike protein comprises GIn-493. in some embodiments, GIn-493 helps with interaction with Glu-35 and
Lys-31 on ACE-2. In some embodiments, thespike protein comprises Tyr-505. In some embodiments,
Tyr-505 helps with interaction with Glu-37 and Arg-393 on ACE-2.

{0038} In some embodiments, the composition comptises a trimerized SARS-CoV-2 receptor—binding
domain (RBD) sequence. in some embodiments, thetrimerized SARS-CoV-2 receptor-binding domain
(RBD) sequence is modified by the addition of a T4 fibritin-derived foldon trimerization domain. In some
embodiments, the addition of a T4 fibritin-derived foldon trimerization domain increases immunogenicity
by muitivalent dispiay. In some embodiments, the composition encodes the trimerized SARS-CoV-2 spike
glycoprotein RBD antigen together with the one or more highly conserved structural and non-structural
SARS-CoV-2 antigens. In some embodiments, the sequence for the antigen is GenBank accession
number, MNS08947.3. In some embodiments, the conserved large sequences are selected from the
Variants Of Concern and Variants Of Interest. In some embodiments, the composition comprises a
mutation 682-RRAR-685 — 682-QQAQ-685 in the S1-S2 cleavage site.

[0039] In some embodiments, the composition comprises at least one proline substitution. In some
embodiments, the composition comprises at least two proline substitutions. In some embodiments, the
proline substitution is at position K986 and V987. In some embodiments, the composition compirises
K986P and V987P mutations.

[0040] In some embodiments, the farge sequences are selected from SEQ ID NO: 182-185 (Table 1) or
SEQ ID NO: 148-159 (Table 10).

[0041] In some embodiments, the composition further comprises a pharmaceutical carrier.

[0042] In some embodiments, the linker comprises T2A. In some embodiments, the linker is selected
from T2A, E2A, and P2A. In some embodiments, a different linker is disposed between each open reading
frame.

[0043] In some embodiments, the vaccine constructs are for humans. In some embodiments, the
composition comprises human CXCL-11 and IL-7 or IL-2 or IL-15. In some embodiments, the vaccine



WO 2021/211760 PCT/US2021/027355

constructs are for animals. In some embodiments, the composition comprises animal CXCL-11 and IL-7 or
{L-2 or IL-15. In some embodiments, the animals are cats and dogs.

{0044} In some embodiments, the delivery system is an adenovirus system. In some embodiments, the
adenovirus delivery system is Ad26, Ad5, Ad35, or a combination thereof. in some embodiments, one or
more of the large sequences are operatively linked to a generic promoter. in some embodiments, the
generic promoter is a CMV or a CAG promoter. In some embodiments, the one or more large sequences
are operatively linked o a lung-specific promoter. In some embodiments, the lung-specific promoter is

SpB or CD144. In some embodiments, the composition further comprises a T cell attracting chemokine.

[0045] In some embodiments, the antigen delivery system further encodes a T cell attracting chemokine.
In some embodiments, the antigen delivery system comprises two delivery systems, wherein a second
delivery system encodes the T cell atiracting chemokine. In some embodiments, the T cell attracting
chemokine is CCL5, CXCLS, CXCL10, CXCL11, or a combination thereof. In some embodiments, the T
cell attracting chemokine is operatively linked to a lung-specific promoter. in some embodiments, the T
cell attracting chemokine is operatively linked to a generic promoter. In some embodiments, the

composition further comprises a compaosition that promotes T cell proliferation.

[0046]1 In some embodiments, the antigen delivery system further encodes a composition that promotes
T cell proliferation. In some embodiments, the antigen delivery system comprises two delivery systems,
wherein a second delivery system encodes the composition that promotes T cell profiferation. in some
embodiments, the composition that promotes T cell proliferation is [L-7, IL-2, or IL-15. In some
embodiments, the composition that promotes T cell proliferation is operatively linked to a lung-specific
promoter. in some embodiments, the composition that promotes T cell proliferation is operatively linked to
a generic promoter. In some embodiments, the T cell attracting chemokine and the composition that
promotes T cell proliferation are driven by the same promoter. In some embodiments, the vaccine further
encodes a peptide comprising a T cell atiracting chemokine and a composition that promotes T cell
proliferation. In some embodiments, the peptide is operatively linked to a lung-specific promoter. In some
embodiments, the peptide is operatively linked to a generic promoter. In some embodiments, the
lung-specific promoter is SpB or CD144. In some embodiments, the generic promoter is a CMV or a CAG
promoter.

[0047] In some embodiments, the antigen delivery system further encodes a molecular adjuvant. In
some embodiments, the antigen delivery system comprises two delivery systems, wherein a second
delivery system encodes the molecular adjuvant. in some embodiments, the molecular adjuvant is CpG.
In some embodiments, the molecular adjuvant is a CpG polymer. In some embodiments, the molecular
adjuvant is flageilin. In some embodiments, the molecular adjuvant is operatively linked to a promoter. In

some embodiments, the promoter is a lung-specific promoter or a generic promoter.

[0048] In some embodiments, one or more of the large sequences are separated by a linker. In some
embodiments, each of the large sequences are separated by a linker. In some embodiments, the linker is

from 2 to 10 amino acids in length.
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[0049] In some embodiments, the recombinant vaccine composition comprises a tag, €.g., one or more
of the large sequence comprises a tag. In some embodiments, the tag is a His tag.

{0050} The present invention also includes a rVSV-panCoV recombinant vaccine composition comprising

any of the vaccine compositions herein.

{0051} The present invention also includes a rAdV-panCoV recombinant vaccine composition comprising

any of the vaccine compositions herein.

[0052] In some embodiments, the compositions are for use as a vaccine. In some embodiments, the
compositions are for use as immunotherapy for the prevention and treatment of Coronaviruses infections
and diseases. In some embodiments, the composition is used {o prevent a coronavirus disease in a
subject. In some embodiments, the composition is used to prevent a coronavirus infection prophytactically
in a subject. In some embodiments, the composition elicits an immune response in a subject. In some
embodiments, the composition prolongs an immune response induced by the pan-coronavirus
recombinant vaccine composition and increases T-cell migration to the lungs.

[0053] The present invention also includes a pan-coronavirus recombinant vaccine composition
comprising SEQ ID NO: 139-147 (Table 10).

[0054] Non-spike proteins include any of the coronavirus proteins other than spike, such as but not
limited to Envelope protein, Membrane protein, Nucleocapsid protein, ORF1a protein, ORF1ab protein,
ORF6 protein, ORF7a protein, ORF7b protein, ORF8 protein, etc.

[0055] In certain embodiments, the compositions of the present invention, e.g, the large sequences,
comprise one or more conserved target epitopes, e.g., one or more conserved coronavirus B-cell target
epitopes; one or more conserved coronavirus CD4+ T cell target epitopes; and/or one or more conserved
coronavirus CD8+ T cell target epitopes. in some embodiments, a conserved target epitope is one that is
one of the 5 most conserved epitopes (for its epitope type, e.g., B cell, CD4 T cell, CD8 T cell) identified in
a sequence alignment and analysis. In some embodiments, a conserved target epitope is one that is one
of the 10 most conserved epitopes (for its epitope type, e.g., B cell, CD4 T cell, CD8 T cell) identified in a
sequence alignment and analysis. In some embodiments, a conserved target epitope is one that is one of
the 15 most conserved epitopes (for its epitope type, e.g., B cell, CD4 T cell, CD8 T cell) identified in a
sequence alignment and analysis. in some embodiments, a conserved target epitope is one that is one of
the 20 most conserved epitopes (for its epitope type, e.g., B cell, CD4 T cell, CD8 T cell) identified in a
sequence alignment and analysis. In some embodiments, a conserved target epitope is one that is one of
the 25 most conserved epitopes (for its epitope type, €.g., B cell, CD4 T cell, CD8 T cell) identified in a
sequence alignment and analysis. In some embodiments, a conserved target epitope is one that is one of
the 30 most conserved epitopes (for its epitope type, e.g., B cell, CD4 T cell, CD8 T cell) identified in a
sequence alignment and analysis. In some embodiments, a conserved target epitope is one that is one of
the 35 most conserved epitopes (for its epitope type, e.g., B cell, CD4 T cell, CD8 T cell) identified in a

sequence alignment and analysis. In some embodiments, a conserved target epitope is one that is one of

S



WO 2021/211760 PCT/US2021/027355

the 40 most conserved epitopes (for its epitope type, e.g., B cell, CD4 T cell, CD8 T cell) identified in a
sequence alignment and analysis. In some embodiments, a conserved target epitope is one that is one of
the 50 most conserved epitopes (for its epitope type, e.g., B cell, CD4 T cell, CD8 T cell) identified in a
sequence alignment and analysis. Examples of sequence alignments and analyses. Are described herein.
For example, steps or methods for selecting or identifying conserved large sequences may first include
performing a sequence alignment and analysis of a particular number of coronavirus sequences to
determine sequence similarity or identity amongst the group of analyzed sequences. In some
embodiments, the sequences used for alignments may include human and animatl sequences. In certain
embodiments, the sequences used for alignments include one or more SARS-CoV-2 human strains or
variants in current circulation; one or more coronaviruses that has caused a previous human outbreak;
one or more coronaviruses isolated from animals selected from a group consisting of bats, pangolins,
civet cats, minks, camels, and other animal receptive to coronaviruses; and/or one or more coronaviruses
that cause the common cold. In some embodiments, the conserved large sequences are identified by:
performing a sequence alignment and analysis of a particular number of coronavirus sequences to
determine sequence similarity or identity amongst the group of analyzed sequences. The conserved large
sequences are those that are among the most highly conserved sequences identified in the analysis. For
example, the conserved large sequences may be the 2 most highly conserved sequences identified. In
some embodiments, the conserved large sequences may be the 5 most highly conserved sequences
identified. In some embodiments, the conserved large sequences may be the 8 most highly conserved
sequences identified. In some embodiments, the conserved large sequences may be the 10 most highly
conserved sequences identified. In some embodiments, the conserved large sequences may be the 15
most highly conserved sequences identified. In some embodiments, the conserved large sequences may
be the 20 most highly conserved sequences identified. In some embodiments, the conserved large
sequences may be the 30 most highly conserved sequences identified. In some embodiments, the
conserved large sequences may be the 40 most highly conserved sequences identified. The present
invention is not limited to the aforementioned thresholds. In some embodiments, the alignment and
analysis for 50 or more sequences, 100 or more sequences, 200 or more sequences, 300 or more
sequences, 400 or more sequences, 500 or more sequences, 1000 or more sequences, 2000 or more
sequences, 3000 or more sequences, 4000 or more sequences, 5000 or more sequences, 10,000 or
more sequences, 15,00 or more sequences, more than 15,000 sequences, etc., In some embodiments,
the sequences used for alignments may include human and animal seguences. In certain embodiments,
the sequences used for alignments include one or more SARS-CoV-2 human strains or variants in current
circulation; one or more coronaviruses that has caused a previous human outbreak; one or more
coronaviruses isolated from animals selected from a group consisting of bats, pangolins, civet cats, minks,
camels, and other animal receptive to coronaviruses; and/or one or more coronaviruses that cause the
common cold. In some embodiments, the one or more SARS-CoV-2 human strains or variants in current
circulation are selected from: strain B.1.177; strain B.1.160, strain B.1.1.7, strain B.1.351; strain P.1; strain
B.1.427/B.1.429; strain B.1.258; strain B.1.221; strain B.1.367; strain B.1.1.277; strain B.1.1.302; strain
B.1.525; strain B.1.526, strain S:677H, and strain S:677P. In some embodiments, the one or more

coronaviruses that cause the common cold are selected from: 229E alpha coronavirus, NLB3 alpha
10
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coronavirus, OC43 beta coronavirus, and HKU1 beta coronavirus. As discussed herein, the one or more
conserved large sequences comprising target epitopes, are highly conserved among human and animal
coronaviruses. For any of the embodiments herein, the epitopes that are selected may be those that

achieve a particular score in a binding assay (for binding to an HLA molecule, for example.)

[0056] In certain embodiments, the one or more conserved coronavirus CD8+ T cell target epitopes are
selected from: spike glycoprotein, Envelope protein, ORF1ab protein, ORF7a protein, ORF8a protein,
ORF10 protein, or a combination thereof. In certain embodiments, the one or more conserved coronavirus
CD8+ T cell target epitopes are selected from: S, Sixp12m Singe-0me Ssss.ses: Sooos: ORF1aDg75 1563
ORF1abasgs.0571. ORF1abigiaa00r, ORF1aDa 503101, ORF1abs470.5075 ORF18Dg70.6757, ORF705,5,, ORFBay 5,
ORF 14,4, and ORF14.5. In certain embodiments, the one or more conserved coronavirus CD8+ T cell
target epitopes are selected from SEQ 1D NO: 2-28. In certain embodiments, the one or more conserved
coronavirus CD8+ T cell target epitopes are selected from SEQ ID NO: 30-57.

[00571 In certain embodiments, the one or more conserved coronavirus CD4+ T cell target epitopes are
selected from: spike glycoprotein, Envelope protein, Membrane protein, Nucleocapsid protein, ORF1a
protein, ORF1ab protein, ORF6 protein, ORF7a protein, ORF7b protein, ORF8 protein, or a combination
thereof. in certain embodiments, the one or more conserved coronavirus CD4+ T cell target epitopes are
selected from: ORF1a,350.1265. ORF1absg10.5003, ORFB 505, ORF1abgges 5100, ORF 1864006420, ORF18,4501.1515s
Siia Eogaer Enpsae Mizeass Nagsaoss ORF7a,,;, ORF7a, ;, ORF7b, ., ORF7ay,,,, and ORF8, . In certain
embodiments, the one or more conserved coronavirus CD4+ T cell target epitopes are selected from SEQ
ID NO: 58-73. In certain embodiments, the one or more conserved coronavirus CD4+ T cell target
epitopes are selected from SEQ ID NO: 74-105.

[0058] In certain embodiments, the one or more conserved coronavirus B cell target epitopes are
selected from Spike glycoprotein. In certain embodiments, the one or more conserved coronavirus B cell
target epitopes are selected from: Sygr.317, Sszsses: Searssos Ssozster Sasaseer Sasssen Sasosors Strazairar Saosasas
and S,,,,. In certain embodiments, the one or more coronavirus B cell target epitopes are selected from
SEQ ID NO: 106-116. In certain embodiments, the one or more coronavirus B cell target epitopes are
selected from SEQ ID NO: 117-138.

[0059] As previously discussed, in certain embodiments, the one or more conserved coronavirus B cell
target epitopes are in the form of a large sequence, e.g., whole spike protein or partial spike protein {(e.g.,
a portion of whole spike protein). in some embodiments, the whole spike protein or portion thereof is in its
stabilized conformation. In certain embodiments, the transmembrane anchor of the spike protein (or
portion thereof) has an intact S1-S2 cleavage site. In certain embodiments, the spike glycoprotein has
two consecutive proline substitutions at amino acid positions 986 and 987, e.g., for stabilization. In certain
embodiments, the spike protein or portion thereof has an amino acid substitution at amino acid position
Tyr-83. In certain embodiments, the spike protein or portion thereof has an amino acid substitution at
amino acid position Tyr-489. In certain embodiments, the spike protein or portion thereof has an amino
acid substitution at amino acid position Gin-24. In certain embodiments, the spike protein or portion
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thereof has an amino acid substitution at amino acid position Asn-487. in certain embodiments, the spike
protein or portion thereof has an amino acid substitution at one or more of: Tyr-83, Tyr-489, Gin-24,
GIn-493, and Asn-487, e.g., the spike protein or portion thereof may comprise Tyr-489 and Asn-487, the
spike protein or portion thereof may comprise GIn-493, the spike protein or portion thereof may comprise
Tyr-505, etec. Tyr-489 and Asn-487may help with interaction with Tyr 83 and Gin-24 on ACE-2. Gin-493
may help with interaction with Glu-35 and Lys-31 on ACE-2. Tyr-505 may help with interaction with Glu-37
and Arg-393 on ACE-2.

[0060] In certain embodiments, the composition comprises a mutation 682-RRAR-685 —
682-QQAQ-685 in the S1-S2 cleavage site. In certain embodiments, the composition comprises at least
one proline substitution. In certain embodiments, the composition comprises at least two proline
substitutions, e.g., at position K986 and V987.

{0061} In certain embodiments, a large sequence derived from the spike glycoprotein is RBD. In certain
embodiments, a large sequence derived from the spike glycoprotein is NTD. In certain embodiments, a
large sequence derived from the spike glycoprotein is one or more large sequences, e.g., comprising both
the RBD and NTD regions. In certain embodiments, a large sequence derived from the spike glycoprotein
is recognized by neutralizing and blocking antibodies. In certain embodiments, a large sequence derived
from the spike glycoprotein induces neutralizing and blocking antibodies. in certain embodiments, a large
sequence derived from the spike glycoprotein induces neutralizing and blocking antibodies that recognize
and neutralize the virus. In certain embodiments, a large sequence derived from the spike glycoprotein

induces neutralizing and blocking antibodies that recognize the spike protein.

[0062] In certain embodiments, linkers are used, e.g., between epitopes, between large sequences, etc.
In certain embodiments, the linker is from 2-10 amino acids in length. In certain embodiments, the linker
is from 3-12 amino acids in length. In certain embodiments, the linker is from 5-15 amino acids in length.
In certain embodiments, the linker is 10 or more amino acids in length. Non-limiting examples of finkers
include AAY, KK, and GPGPG (SEQ {D NO: 186).

[0063] In some embodiments, the composition comprises the addition of a T4 fibritin-derived foldon
trimerization domain. In some embodiments, the addition of a T4 fibritin-derived foldon trimerization

domain increases immunogenicity by multivalent display.

[0064] In certain embodiments, the composition further comprises a T cell attracting chemokine. For
example, the composition may further comprise one or a combination of CCL5, CXCLS, CXCL10,

CXCL11, or a combination thereof.

[0065] In certain embodiments, the composition further comprises a composition that promotes T cell
proliferation. For example, the composition may further comprise {L-7, IL-15, IL-2, or a combination
thereof.

[0066] In certain embodiments, the composition further comprises a molecular adjuvant. For example,

the composition may further comprise one or a combination of CpG (e.g., CpG polymer) or flagellin.
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[0067] In certain embodiments, the composition comprises a tag. For example, one or more of the large
sequences may comprise a tag. In certain embodiments, the epitopes are in the form of two or more
antigens, wherein one or more of the antigens comprise a tag. Non-limiting examples of tags include a His

tag.

[0068] In certain embodiments, the “antigen delivery system” may refer to two delivery systems, e.g., a
portion of the large sequences (or other components such as chemokines, etc.) may be encoded by one
delivery system and a portion of the large sequences (or other components) may be encoded by a second

delivery system (or a third delivery system, etc.).

[0069] Referring to the antigen delivery system, in certain embodiments the antigen delivery system is a
vesicular stomatitis virus (VSV) vector. in certain embodiments, the antigen delivery system is an
adenovirus (e.g., Ad26, Ad5, Ad35, etc.)

[0070] The large sequences are operatively linked to a promoter. in certain embodiments, the promoter
is a generic promoter (e.g., CMV, CAG, eic.). In certain embodiments, the promoter is a lung-specific
promoter (e.g., SpB, CD144). In certain embodiments, large sequences are operatively linked to the same
promoter. In certain embodiments, one or more of the large sequences are operatively linked to a first
promoter and one or more large sequences are operatively linked to a second promoter. In certain
embodiments, the large sequences are operatively linked to two or more promoters, e.g., a portion are
operatively linked to a first promoter, a portion are operatively linked to a second promoter, etc. in certain
embodiments, the large sequences are operatively linked to three or more promoters, e.g., a portion is
operatively linked to a first promoter, a portion is operatively linked to a second promoter, a portion is
operatively linked to a third promoter, etc. In certain embodiments, the first promoter is the same as the
second promoter. In certain embodiments the second promoter is different from the first promoter. In
certain embodiments, the promoter is a generic promoter {e.g., CMV, CAG, etc.}. In certain embodiments,

the promoter is a lung-specific promoter (e.g., SpB, CD144) promoter.

[0071] In certain embodiments, the antigen delivery system or a separate antigen delivery system
encodes a T cell attracting chemokine. In certain embodiments, the antigen delivery system or a separate
antigen delivery system encodes a composition that promotes T cell proliferation. In certain embodiments,
the antigen delivery system or a separate antigen delivery system encodes both a T cell attracting
chemokine and a composition that promotes T cell proliferation. In certain embodiments, the antigen
delivery system or a separate antigen delivery system encodes a molecular adjuvant. in certain
embodiments, the antigen delivery system or a separate antigen delivery system encodes a T cell
attracting chemokine, a composition that promotes T cell proliferation and a molecular adjuvant. In certain
embodiments, the antigen delivery system or a separate antigen delivery system encodes a T cell
attracting chemokine and a molecular adjuvant. In some embodiments, the antigen delivery system or a
separate antigen delivery system encodes a composition that promotes T cell proliferation and a

molecular adjuvant.

[0072] In certain embodiments, the T cell attracting chemokine is CCL5, CXCL9, CXCL10, CXCL11, or a
13
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combination thereof. in certain embodiments, the composition that promotes T cell proliferation is IL-7 or
IL-15 or {L-2. In some embodiments, the molecular adjuvant is CpG (e.g., CpG polymer), flagellin, etc.).

[0073] In certain embodiments, the T cell attracting chemokine is operatively linked to a lung-specific
promoter {e.g., SpB, CD144). In certain embodiments, the T cell attracting chemokine is operatively linked
to a generic promoter (e.g., CMV, CAG, etfc.). In certain embodiments, the composition that promotes T
cell proliferation is operatively linked to a lung-specific promoter (e.g., SpB, CD144). In certain
embodiments, the composition that promotes T cell proliferation is operatively linked to a generic
promoter (e.g., CMV, CAG, elc.). In certain embodiments, the molecular adjuvant is operatively linked to a
lung-specific promoter {(e.g., SpB, CD144). In certain embodiments, the molecular adjuvant is operatively
linked to a generic promoter (e.g., CMV, CAG, etc.). In certain embodiments, the T cell attracting
chemokine and the composition that promotes T cell proliferation are driven by the same promoter. In
certain embodiments, the T cell attracting chemokine and the composition that promotes T celt
proliferation are driven by different promoters. In certain embodiments, the molecular adjuvant, the T cell
attracting chemokine, and the composition that promotes T cell proliferation are driven by the same
promoter. In certain embodiments, the molecular adjuvant, the T cell attracting chemokine, and the
composition that promotes T cell proliferation are driven by different promoters. In certain embodiments,
the molecular adjuvant and the composition that promotes T cell proliferation are driven by different
promoters. In certain embodiments, the molecular adjuvant and the T cell aftracting chemokine are driven
by different promoters.

[0074] In certain embodiments, the T cell attracting chemokine and the composition promotering T cell
proliferation are separated by a linker. In certain embodiments, the linker comprises T2A. In certain
embodiments, the linker comprises E2A. In certain embodiments, the linker comprises P2A. In certain
embodiments, the linker is selected from T2A, E2A, and P2A.

[0075] Referring to the antigen delivery system, in certain embodiments, a linker is disposed between
each open reading frame. In certain embodiments, a different linker is disposed between each open
reading frame. In certain embodiments, the same linker may be used between particular open reading
frames and a different linker may be used between other open reading frames.

[0076] In some embodiments, the vaccine composition is administered using an adenovirus.

[0077] The composition herein may be used to prevent a coronavirus disease in a subject. The
composition herein may be used {o prevent a coronavirus infection prophylactically in a subject. The
composition herein may be used to elicit an immune response in a subject. The term “subject” herein may
refer to a human, a non-human primate, an animal such as a mouse, rat, cat, dog, other animal that is
susceptible to coronavirus infection, or other animal used for preclinical modeling. The composition herein
may prolong an immune response induced by the pan-coronavirus recombinant vaccine composition and
increases T-cell migration fo the lungs. In certain embodiments, the composition induces resident memory
T cells (Trm). In some embodiments, the vaccine composition induces efficient and powerful protection

against the coronavirus disease or infection. In some embodiments, the vaccine composition induces
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production of antibodies {Abs), CD4+ T helper (Th1) cells, and CD8+ cytotoxic T-cells {CTL). In some
embodiments, the composition that promotes T cell proliferation helps to promote long term immunity. In
some embodiments, the T-cell attracting chemokine helps pull T-cells from circulation into the lungs.

[0078] In certain embodiments, the compasition further comprises a pharmaceutical carrier.

{00791 The present invention includes any of the vaccine compositions described herein, e.g, the
aforementioned vaccine compositions for delivery with nanoparticles, e.g., lipid nanoparticles. For
example, the present invention includes the vaccine compositions herein encapsulated in a lipid

nanoparticle.

{00801 The present invention includes the compositions described herein comprising and/or encoding a
trimerized SARS-CoV-2 receptor-binding domain (RBD) and one or more highly conserved SARS-CoV-2
sequences seiected from structural proteins (e.g., nucleoprotein, etc.) and non-structural protein (e.g.,
Nsp4, etc.). In some embodiments, the trimerized SARS-CoV-2 receptor-binding domain (RBD) sequence
is modified by the addition of a T4 fibritin-derived foldon trimerization domain. In some embodiments, the
addition of a T4 fibritin-derived foldon trimerization domain increases immunogenicity by multivalent
display.

[0081] The present invention also features methods of producing apan-coronavirus recombinant vaccine
compositions of the present invention.

{0082} For example, in some embodiments, the method comprises selecting at least conserved large
sequences comprising: one or more coronavirus B-cell epitopes; one or more coronavirus CD4+ T cell
epitopes; one or more coronavirus CD8+ T cell epitopes. In other embodiments, the method comprises
selecting at least two conserved large sequences comprising: one or more coronavirus B-cell epitopes;
one or more coronavirus CD4+ T cell epitopes; one or more coronavirus CD8+ T cell epitopes. At least
one large sequence is derived from a non-spike protein. The method further comprises synthesizing an
antigen or antigens comprising the selected large sequences. In some embodiments, the method
comprises selecting: one or more conserved large sequences comprising one or more coronavirus B-cell
epitopes; one or more coronavirus CD4+ T cell epitopes; and one or more coronavirus CD8+ T cell
epitopes. At least one large sequence is derived from a non-spike protein. The method further comprises
synthesizing an antigen or antigens comprising the selected large sequences. In some embodiments, the
method further comprises introducing the vaccine composition to a pharmaceutical carrier. The steps for
selecting the one or more conserved large sequences are disclosed herein. Methods for synthesizing
recombinant proteins are well known to one of ordinary skill in the art. The vaccine compositions are
disclosed herein. In some embodiments, the vaccine composition is in the form of DNA, RNA, modified

RNA, protein (or peptide), or a combination thereof.

[0083] In some embodiments, the method comprises selecting: at least one conserved large sequence
comprising: one or more coronavirus B-cell epitopes; one or more coronavirus CD4+ T cell epitopes; and

one or more coronavirus CD8+ T cell epitopes. At least one large sequence is derived from a non-spike
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protein. The method further comprises synthesizing an antigen delivery system encoding the selected
large sequences. In some embodiments, the method further comprises introducing the vaccine
composition to a pharmaceutical carrier. The steps for selecting the one or more conserved large
sequences are disclosed herein. Methods for synthesizing antigen delivery systems are well known to one
of ordinary skill in the art. The vaccine compositions are disclosed herein. In some embodiments, the
vaccine composition is in the form of DNA, RNA, modified RNA, protein (or peplide), or a combination
thereof.

[0084] As an example, steps or methods for selecting or identifying conserved large sequences may first
include performing a sequence alignment and analysis of a particular number of coronavirus sequences,
e.g,. 50 or more sequences, 100 or more sequences, 200 or more sequences, 300 or more sequences,
400 or more sequences, 500 or more sequences, 1000 or more sequences, 2000 or more sequences,
3000 or more sequences, 4000 or more sequences, 5000 or more sequences, 10,000 or more
sequences, 15,00 or more sequences, more than 15,000 sequences, efc., to determine sequence
similarity or identity amongst the group of analyzed sequences. In some embodiments, the sequences
used for alignments may include human and animal sequences. in certain embodiments, the sequences
used for alignments include one or more SARS-CoV-2 human strains or variants in current circulation; one
or more coronaviruses that has caused a previous human outbreak; one or more coronaviruses isolated
from animals selected from a group consisting of bats, pangolins, civet cats, minks, camels, and other
animal receptive to coronaviruses; and/or one or more coronaviruses that cause the common cold. In
some embodiments, the one or more SARS-CoV-2 human strains or variants in current circulation are
selected from: strain B.1.177; strain B.1.160, strain B.1.1.7; strain B.1.351; strain P.1; strain
B.1.427/B.1.429; strain B.1.258; strain B.1.221; strain B.1.367; strain B.1.1.277; strain B.1.1.302; strain
B.1.525; strain B.1.526, strain S:677H, and strain S:677P. In some embodiments, the one or more
coronaviruses that cause the common cold are selected from: 229E alpha coronavirus, NL63 alpha
coronavirus, OC43 beta coronavirus, and HKU1 beta coronavirus. In some embodiments, the conserved
farge sequences may be considered the 2 most highly conserved sequences of the identified large
sequences in the alignment. In some embodiments, the conserved large sequences may be considered
the 5 most highly conserved sequences of the identified large sequences in the alignment. In some
embodiments, the conserved large sequences may be considered the 10 most highly conserved
sequences of the identified farge sequences in the alignment. In some embodiments, the conserved large
sequences may be considered the 15 most highly conserved sequences of the identified large sequences
in the alignment.

[0085] The present invention also features methods for preventing coronavirus disease. The method
comprises administering to a subject a therapeutically effective amount of a pan-coronavirus recombinant
vaccine composition according to the present invention, wherein the composition elicits an immune
response in the subject and helps prevent coronavirus disease.

[0086] The present invention also features methods for preventing a coronavirus infection
prophylactically in a subject. In some embodiments, the method comprises administering to the subject a
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prophylactically effective amount of a pan-coronavirus recombinant vaccine composition according to the
present invention, wherein the vaccine composition prevents coronavirus infection.

[0087] The present invention also features methods for eliciting an immune response in a subject,
comprising administering to the subject a composition according to the present invention, wherein the
vaccine composition elicits an immune response in the subject. The present invention also features
methods comprising: administering to a subject a pan-coronavirus recombinant vaccine composition
according to the present invention, wherein the composition prevents virus replication in the lungs, the
brain, and other compartments where the virus replicates. The present invention also features methods
comprising: administering to the subject a pan-coronavirus recombinant vaccine composition according to
the present invention, wherein the composition prevents cytokine storm in the lungs, the brain, and other
compartments where the virus replicates. The present invention also features methods comprising:
administering to the subject a pan-coronavirus recombinant vaccine composition according to the present
invention, wherein the composition prevents inflammation or inflammatory response in the lungs, the
brain, and other compartments where the virus replicates. The present invention also features methods
comprising: administering to the subject a pan-coronavirus recombinant vaccine composition according to
the present invention, wherein the composition improves homing and retention of T cells in the lungs, the
brain, and other compartments where the virus replicates. The present invention also features methods
for preventing coronavirus disease in a subject; the method comprising: administering to the subject a
pan-coronavirus recombinant vaccine composition according to the present invention, wherein the
composition induces memory B and T cells. The present invention also features methods for prolonging
an immune response induced by a pan-coronavirus recombinant vaccine and increasing T-cell migration
to the lungs, the method comprising: co-expressing a T-cell attracting chemokine, a composition that
promotes T cell proliferation, and a pan-coronavirus recombinant vaccine according to the present
invention. The present invention also features methods for prolonging the retention of memory T-celt into
the lungs induced by a pan coronavirus vaccine and increasing virus-specific tissue resident memory
T-cells (TRM cells), the method comprising: co-expressing a T-cell atiracting chemokine, a composition
that promotes T cell proliferation, and a pan-coronavirus recombinant vaccine according to the present
invention. The present invention also features methods comprising: administering to the subject a
pan-coronavirus recombinant vaccine composition according to the present invention, wherein the

composition prevents the development of mutation and variants of a coronavirus.

[0088] For the sake of brevity, it is noted that the vaccine compositions referred to in the aforementioned
methods include the vaccine compositions previously discussed, the embodiments described below, and

the embodiments in the figures.

[0089] In some embodiments, the vaccine composition is administered through an intravenous route
(i.v.), an infranasal route (i.n.}, or a sublingual route (s.l.) route.

[0090] In some embodiments, the vaccine composition is administered using an adenovirus or other

appropriate delivery system.
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[0091] As previously discussed, the composition herein may be used to prevent a coronavirus disease in
a subject. The composition herein may be used to prevent a coronavirus infection prophylactically in a
subject. The composition herein may be used {o elicit an immune response in a subject. The term
“subject” herein may refer to a human, a non-human primate, an animal such as a mouse, rat, cat, dog,
other animal that is susceptible {o coronavirus infection, or other animal used for preclinical modeling. The
composition herein may prolong an immune response induced by the pan-coronavirus recombinant
vaccine composition and increases T-cell migration to the fungs. In certain embodiments, the composition
induces resident memory T cells (Trm). In some embodiments, the vaccine composition induces efficient
and powerful protection against the coronavirus disease or infection. In some embodiments, the vaccine
composition induces production of antibodies (Abs), CD4+ T helper (Tht) cells, and CD8+ cytotoxic
T-cells (CTL). In some embodiments, the composition that promotes T cell proliferation helps to promote
fong term immunity. In some embodiments, the T-cell attracting chemokine helps pull T-cells from
circulation into the lungs.

[0092] The present invention also features oligonucleotide compositions. For example, the present
invention includes oligonucleotides disclosed in the sequence listings. The present invention also includes
oligonucleotides in the form of antigen delivery systems. The present invention also includes
oligonucleotides encoding the conserved large sequences disclosed herein. The present invention also
includes oligonucleotide compositions comprising one or more oligonucleotides encoding any of the
vaccine compositions according to the present invention. In some embodiments, the oligonucleotide
comprises DNA. In some embodiments, the oligonucleotide comprises modified DNA. In some
embodiments, the oligonucleotide comprises RNA. in some embodiments, the oligonucleotide comprises
modified RNA. In some embodiments, the oligonucleotide comprises mRNA. In some embodiments, the

oligonucleotide comprises modified mRNA.

[0093] The present invention also fealures peptide compositions. For example, the present invention
includes peptides disclosed in the sequence listings. The present invention also includes peptide
compositions comprising any of the vaccine compositions according to the present invention. The present
invention also includes peptide compositions comprising any of the conserved large sequences according

to the present invention.

[0094] For the sake of brevity, it is noted that the vaccine compositions referred to in the aforementioned
oligonucleotide and peptide compositions include the vaccine compositions previously discussed, the
embodiments described below, and the embodiments in the figures.

[0095] The present invention also features a pan-coronavirus recombinant vaccine composition
comprising SEQ ID NO: 138 - 147 (Table 9).

[0096] The present invention also features a pan-coronavirus recombinant vaccine composition at teast
99% identical to SEQ ID NO: 139 - 147 (Table 9).

{00971 The present invention also features a method comprising: administering a first pan-coronavirus
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recombinant vaccine dose using a first delivery system, and administering a second vaccine dose using a
second delivery system, wherein the first and second delivery system are different. In some embodiments,
the first delivery system may comprise a RNA, a modified mRNA, or a peptide delivery system. In some
embodiments, the second delivery system may comprise a RNA, a modified mRNA, or a peptide delivery
system. In some embodiments, the peptide delivery system is an adenovirus. In some embodiments, the
adenovirus delivery system is Ad26, Ad5, Ad35, or a combination thereof. In some embodiments, the
peptide delivery system is a vesicular stomatitis virus (VSV) vector. in some embodiments, the second
vaccine dose is administered 14 days after the first vaccine dose.

[0098] The present invention also features a method comprising: administering a pan-coronavirus
recombinant vaccine compaosition according to the present invention; and administering at least one T-celt
attracting chemokine after administering the pan-coronavirus recombinant vaccine composition. In some
embodiments, the vaccine composition is administered via a RNA, a modified mRNA, or a peptide
delivery system. In some embodiments, the T-cell attracting chemokine is administered via a RNA, a
modified mRNA, or a peptide delivery system. In some embodiments, the peptide delivery system is an
adenovirus. In some embodiments, the adenovirus delivery system is Ad26, Ad5, Ad35, or a combination
thereof. In some embodiments, the peptide delivery system is a vesicular stomatitis virus (VSV) vector. In
some embodiments, the T-cell attracting chemokine is administered 8 days after administering days after
the vaccine composition. In some embodiments, the T-cell attracting chemokine is administered 14 days
after administering days after the vaccine composition. In some embodiments, the T-cell attracting
chemokine is administered 30 days after administering days after the vaccine composition. In some
embodiments, the T-cell attracting chemokine is CCL5, CXCL9, CXCL10, CXCL11, or a combination
thereof.

[0099] The present invention also features a method comprising: administering a pan-coronavirus
recombinant vaccine composition according to the present invention; administering at least one T-cell
attracting chemokine after administering the pan-coronavirus recombinant vaccine composition; and
administering at least one cytokine after administering the T-cell attracting chemokine. In some
embodiments, the vaccine composition is administered via a RNA, a modified mRNA, or a peptide
delivery system. In some embodiments, the T-cell atiracting chemokine is administered via a RNA, a
modified mRNA, or a peptide delivery sysiem. In some embodiments, the cytokine is administered via a
RNA, a modified mRNA, or a peptide delivery system. In some embodiments, the peptide delivery system
is an adenovirus. In some embodiments, the adenovirus delivery system is Ad28, Ad5, Ad35, or a
combination thereof. in some embodiments, the peptide delivery system is a vesicular stomatitis virus
(VSV) vector. In some embodiments, the T-cell attracting chemokine is administered 14 days after
administering the vaccine composition. in some embodiments, the T-cell attracting chemokine is CCL5,
CXCL9, CXCL10, CXCL11, or a combination thereof. In some embodiments, the cytokine is
administered 10 days after adminisiering the T-cell attracting chemokine. In some embodiments, the

cytokine is IL-7, IL-15, IL2 or a combination thereof.

[00100] The present invention also features a method comprising: administering a pan-coronavirus
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recombinant vaccine composition according to the present invention; administering one or more T-cell
attracting chemokine after administering the pan-coronavirus recombinant vaccine composition; and
administering one or more mucosal chemokine(s). in some embodiments, the vaccine composition is
administered using an adenovirus. In some embodiments, the T-cell attracting chemokine is administered
via a RNA, a modified mRNA, or a peptide delivery system, or other delivery system. in some
embodiments, the mucosal chemokine is administered via a RNA, a modified mRNA, or a peptide delivery
system, or other delivery system. In some embodiments, the adenovirus is Ad26, Ad5, Ad35, or a
combination thereof. In some embodiments, the T-cell attracting chemokine is administered 14 days after
administering the vaccine composition. In some embodiments, the T-cell attracting chemokine is CCLS,
CXCL9, CXCL10, CXCL11, or a combination thereof. In some embodiments, the mucosal chemokine is
administered 10 days after administering the T-cell attracting chemokine. In some embodiments, the
mucosal chemokine is CCL25, CCL28, CXCL14, or CXCL17, or a combination thereof.

[00101] For the sake of brevity, it is noted that the vaccine compositions referred to in the aforementioned
methods include the vaccine compositions previously discussed, the embodiments described below, and

the embodiments in the figures.

[00102] As previously discussed, in some embodiments, the vaccine compositions are for use in humans.
In some embodiments, the vaccine compositions are for use in animals, e.g, cats, dogs, etc. in some
embodiments, the vaccine composition comprises human CXCL-11 and/or human IL-7 (or IL-15, IL-2). In
some embodiments, the vaccine composition comprises animal CLCL-11 and/or animal {L-7 (or IL-15,
iL-2).

[00103] The present invention includes vaccine compositions in the form of a rVSV-panCoV vaccine
composition. The present invention includes vaccine compositions in the form of a rAdV-panCoV vaccine
composition.

[00104] The present invention also includes nucleic acids for use in the vaccine compositions herein. The
present invention also includes vectors for use in the vaccine compositions herein. The present invention
also includes fusion proteins for use in the vaccine compositions herein. The present invention also
includes immunogenic compositions for use in the vaccine compositions herein.

[00105] The vaccine compositions herein may be designed to elicit both high levels of virus-blocking and
virus-neutralizing antibodies as well as CD4+ T cells and CD8+ T cells in adults 18 to 55 years. The
vaccine compositions herein may be designed to elicit both high levels of virus-blocking and
virus-neutralizing antibodies as well as CD4+ T cells and CD8+ T cells in adults 55 to 65 years of age.
The vaccine compositions herein may be designed to elicit both high levels of virus-blocking and
virus-neutralizing antibodies as well as CD4+ T cells and CD8+ T cells in adults 65 to 85 years of age.
The vaccine compositions herein may be designed to elicit both high levels of virus-blocking and
virus-neutralizing antibodies as well as CD4+ T cells and CD8+ T cells in adults 85 to 100 years of age.
The vaccine compositions herein may be designed to elicit both high levels of virus-blocking and

virus-neutralizing antibodies as well as CD4+ T cells and CD8+ T cells in children 12 to 18 years of age.
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The vaccine compositions herein may be designed to elicit both high levels of virus-blocking and
virus-neutralizing antibodies as well as CD4+ T cells and CD8+ T cells in children under 12 years of age.

[00106] The present invention is not limited to vaccine compositions. For example, in certain
embodiments, one or more of the conserved large sequences are used for detecting coronavirus and/or

diagnosting coronavirus infection.

[00107] As previously discussed, in some embodiments, the one or more conserved large sequences are
highly conserved among human and animal coronaviruses. In some embodiments, the conserved large
sequence is one that is among the most highly conserved large sequences identified in a sequence
alignment and analysis of a particular number of coronavirus sequences. For example, the conserved
large sequence may be the 2 most highly conserved large sequences identified. In some embodiments,
the conserved large sequences may be the 5 most highly conserved large sequences identified. In some
embodiments, the conserved large sequences may be the 8 most highly conserved large sequences
identified. In some embodiments, the conserved large sequences may be the 10 most highly conserved
large sequences identified. In some embodiments, the conserved large sequences may be the 15 most
highly conserved large sequences identified. in some embodiments, the conserved large sequences may
be the 20 most highly conserved large sequences identified. In some embodiments, the conserved large
sequences may be the 30 most highly conserved large sequences identified. in some emboediments, the
conserved large sequences may be the 40 most highly conserved large sequences identified. in some
embodiments, the one or more conserved In some embodiments, the conserved large sequences may
be the 5 most highly conserved large sequences identified are derived from at least one of SARS-CoV-2
protein. In some embodiments, the one or more conserved In some embodiments, the conserved large
sequences may be the 5 most highly conserved large sequences identified are derived from one or more
of: one or more SARS-CoV-2 human strains or variants in current circulation; one or more coronaviruses
that has caused a previous human outbreak; one or more coronaviruses isolated from animals selected
from a group consisting of bats, pangolins, civet cats, minks, camels, and other animal receptive to
coronaviruses; or one of more coronaviruses that cause the common cold. In some embodiments, the
one or more SARS-CoV-2 human strains or variants in current circulation are selected from: strain
B.1.177; strain B.1.160, strain B.1.1.7; strain B.1.351; strain P.1; strain B.1.427/B.1.429; strain B.1.258;
strain B.1.221; strain B.1.367; strain B.1.1.277; strain B.1.1.302; strain B.1.525; strain B.1.526, strain
S:677H, and strain S:677P. In some embodiments, the one or more coronaviruses that cause the
common cold are selected from: 228E aipha coronavirus, NL63 alpha coronavirus, OC43 beta
coronavirus, and HKU1 beta coronavirus. In some embodiments, the vaccine composition is for humans.

In some embodiments, the vaccine composition is for animals.

[00108] The present invention also features a method of producing a pan-coronavirus composition, the
method comprising selecting at least one large sequence(s) according to the present invention and
synthesizing one or more antigens comprising the selected large sequence(s). The present invention also
features a method of producing a pan-coronavirus composition, the method comprising selecting at least
one conserved large sequence(s); and synthesizing an antigen delivery system that encodes the selected
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large sequence(s).

[00109] The present invention also includes a pan-coronavirus recombinant vaccine composition, the
composition comprising one or more large sequences, each of the one or more large sequences
comprises at least one of: whole spike protein or a portion thereof; one or more conserved coronavirus
CD4+ T cell target epitope; and one or more conserved coronavirus CD8+ T cell target epitope; wherein

at least one epitope is derived from a non-spike protein.

[00110]} In some embodiments, the one or more conserved epitopes are highly conserved among human
and animal coronaviruses. in some embodiments, the one or more conserved epitopes are derived from
at least one of SARS-CoV-2 protein. In some embodiments, the composition comprises 2-20 CD8+ T cell
target epitopes. In some embodiments, the composition comprises 2-20 CD4+ T cell target epitopes. In
some embodiments, the one or more conserved coronavirus CD4+ T cell target epitopes selected from
SEQ ID NO: 58-105 (ORF1a1350-1365, ORF1ab5019-5033, ORF612-26, ORF1ab6088-6102,
ORF1ab6420-6434, ORF1a1801-1815, S$1-13, E26-40, E20-34, M176-190, N388-403, ORF7a3-17,
ORF7a1-15, ORF7b8-22, ORF7a98-112, and ORF81-15.). In some embodiments, the one or more
conserved coronavirus CD8+ T cell target epitopes selected from SEQ ID NO: 106-138 (S287-317,
§524-598, S601-640, S802-819, S888-909, S369-393, $440-501, S$1133-1172, S329-363, and S13-37).

[00111] The present invention also features a pan-coronavirus recombinant vaccine composition, the
composition comprising one or more large sequences, each of the one or more large sequences
comprises at least one of: one or more conserved coronavirus B-cell target epitope; one or more
conserved coronavirus CD4+ T cell target epitope; and/or one or more conserved coronavirus CD8+ T cell
target epitope, wherein at least one epitope is derived from a non-spike protein.

[00112] In some embodiments, the one or more conserved epitopes are derived from at least one of
SARS-CoV-2 proteins. In some embodiments, the composition comprises 2-20 CD8+ T cell target
epitopes. In some embodiments, the composition comprises 2-20 CD4+ T cell target epitopes. In some
embodiments, the one or more conserved coronavirus CD4+ T cell target epitopes selected from SEQ ID
NO: 58-105 (ORF1a1350-1365, ORF1ab5019-5033, ORF612-26, ORF1ab6088-6102,
ORF1ab6420-6434, ORF1a1801-1815, S1-13, E26-40, E20-34, M176-190, N388-403, ORF7a3-17,
ORF7a1-15, ORF7b8-22, ORF7a98-112, and ORF81-15.).

[00113] In some embodiments, the one or more conserved coronavirus CD8+ T cell target epitopes
selected from SEQ ID NO: 106-138 (S287-317, $524-598, S601-640, S802-819, S888-909, S369-393,
S440-501, S1133-1172, §329-363, and S13-37).

[00114] In some embodiments, the one or more conserved coronavirus B-cell target epitopes selected
from SEQ ID NO: 2-57 (S2-10, S1220-1228, S1000-1008, S958-966, E20-28, ORF1ab1675-1683,
ORF1ab2363-2371, ORF1ab3013-3021, ORF1ab3183-3191, ORF1ab5470-5478, ORF1ab6749-6757,
ORF7b26-34, ORF8a73-81, ORF103-11, and ORF105-13);

[00115] The present invention also features a pan-coronavirus recombinant vaccine composition, the
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composition comprising an antigen delivery system encoding one or more large sequences, the large
sequences comprise at least one of: one or more conserved coronavirus B-cell target epitopes; one or
more conserved coronavirus CD4+ T cell target epitopes; and/or one or more conserved coronavirus

CD8+ T cell target epitopes; wherein at least one epitope is derived from a non-spike protein.

[00116] In some embodiments, the antigen delivery system is an adenovirus-based antigen delivery
system. In some embodiments, the adenovirus-based antigen delivery system is Ad26, Ad5, Ad35, or a
combination thereof. In some embodiments, the antigen delivery system further encodes a T cell
attracting chemokine. In some embodiments, the antigen delivery system further encodes a composition
that promotes T cell proliferation. In some embodiments, the antigen delivery system further encodes a
molecular adjuvant. In some embodiments, the large sequences are operatively linked to a lung-specific
promater.

[00117] In some embodiments, the one or more conserved coronavirus B-cell target epitopes selected
from SEQ ID NO: 2-57 (S2-10, S1220-1228, S1000-1008, S958-966, E20-28, ORF1ab1675-1683,
ORF1ab2363-2371, ORF1ab3013-3021, ORF1ab3183-3191, ORF1ab5470-5478, ORF1ab6749-6757,
ORF7b26-34, ORF8a73-81, ORF103-11, and ORF105-13). In some embodiments, the one or more
conserved coronavirus CD4+ T cell target epitopes selected from SEQ 1D NO: 58-105 (ORF1a1350-1365,
ORF1ab5019-5033, ORF612-26, ORF1ab6088-6102, ORF1ab6420-6434, ORF1a1801-1815, S1-13,
E26-40, E20-34, M176-190, N388-403, ORF7a3-17, ORF7a1-15, ORF7b8-22, ORF7a98-112, and
ORF81-15.). In some embodiments, the one or more conserved coronavirus CD8+ T cell target epitopes
selected from SEQ ID NO: 106-138 (S287-317, S524-598, S601-640, S802-819, S888-909, S369-393,
S440-501, S1133-1172, S329-363, and S13-37).

[00118] In some embodiments, the partial spike protein comprises a trimerized SARS-CoV-2
receptor-binding domain (RBD). In some embodiments, the whole spike protein or partial spike protein
has an intact S1-S2 cleavage site. In some embodiments, the spike protein is stabilized with proline
substitutions at amino acid positions 986 and 987.

[00119] The present invention also features a pan-coronavirus recombinant vaccine composition
comprising one of SEQ ID NO: 139-147.

[00120] The present invention also includes the corresponding nucleic acid sequences for any of the
protein sequences herein. The present invention also includes the corresponding protein sequences for

any of the nucleic acid sequences herein.

[00121] Embodiments herein may comprise whole spike protein or a portion of spike protein. Whole spike
protein and a portion thereof is not limited to a wild type or original sequence and may include spike
protein or a portion thereof with one or more modifications and/or mutations, such as point mutations,
deletions, etc., including the mutations described herein such as those for improving stability.

[00122] Embodiments of the present invention can be freely combined with each other if they are not

mutually exclusive.
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[00123] Any feature or combination of features described herein are included within the scope of the
present invention provided that the features included in any such combination are not mutually
inconsistent as will be apparent from the context, this specification, and the knowledge of one of ordinary
skill in the art. Additional advantages and aspects of the present invention are apparent in the following

detailed description and claims.

DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
[00124] The features and advantages of the present invention will become apparent from a consideration

of the following detailed description presented in connection with the accompanying drawings in which:

[00125] FIG. 1 shows a schematic view of an example of a large sequence pan-coronavirus recombinant
vaccine composition. Each large sequence in the recombinant vaccine composition may comprise
epitopes. CD8+ T cell epitopes are shown with a square, CD4+ T cell epitopes are shown with a circle
and B-cell epitopes are shown with a diamond. Each shape (square, circle, or diamond) may represent a
variety of different epitopes and is not limited to a singular epitope. The multi-epitope pan-coronavirus
vaccines are not limited to a specific combination of large sequences as shown. The large sequence
pan-coronavirus vaccines may comprise a various number large sequences.

[00126] FIG. 2A shows an evolutionary comparison of genome sequences among beta-Coronavirus
strains isolated from humans and animalis. A phylogenetic analysis performed between SARS-CoV-2
strainsp {obtained from humans (Homo Sapiens (black)), along with the animal's SARS-like
Coronaviruses genome sequence (SL-CoVs) sequences obtained from bats {Rhinolophus affinis,
Rhinolophus malayanus (red)}, pangolins (Manis javanica (blue)), civet cats (Paguma larvata {(green)),
and camels (Camelus dromedaries (Brown)). The included SARS-CoV/MERS-CoV strains are from
previous outbreaks (obtained from humans (Urbani, MERS-CoV, OC43, NL63, 229E, HKU1-genotype-B),
bats (WIV16, WIV1, YNLF-31C, Rs672, recombinant strains), camel (Camelus dromedaries,
(KT368891.1, MN514967.1, KF917527.1, NC_028752.1), and civet (Civet007, A022, B039)). The human

SARS-CoV-2 genome sequences are represented from six continents.

[00127]1 FIG. 2B shows shows an evolutionary analysis performed among the human-SARS-CoV-2
genome sequences reported from six continents and SARS-CoV-2 genome sequences obtained from

bats (Rhinolophus affinis, Rhinolophus malayanus), and pangolins (Manis javanica)).

[00128] FIG. 3A shows lungs, heart, kidneys, intestines, brain, and testicles express ACE2 receptors and
are targeted by SARS-CoV-2 virus. SARS-CoV-2 virus docks on the Angiotensin converting enzyme 2

(ACE2) receptor via spike surface protein.
[00129] FIG. 3B shows a System Biology Analysis approach utilized in the present invention.

[00130] FIG. 4 shows sequence homology analysis for SARS-CoV-2, common cold CoV strains, MERS,
SARS-CoV-Urbani and animal CoVs with SARS-CoV-2 Wuhan Strain (Query strain; hCoV-19/batYNQ1).
Five fragments SARS-CoV-2 genome were found to be highly conserved (1bp- 1580bp (fragment 1),
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3547bp- 12830bp (fragment 2), 17472bp- 21156bp (fragment 3), 22584bp- 24682bp (fragment 4), and
26193bp- 27421bp (fragment 5).

[00131] FIG. 5 shows sequence homology analysis for fragment 1 (1bp- 1580bp) which comprises
portions of ORF1a/b. The Query sequence (1-1580bp hCoV-19/batYNQO1) was BLAST against all the
SARS-CoV-2 VOCs, human CoV strains, CoV strains from bats, pangolin, civet cat. 28 variants/strains

were found with significant homology for this queried region.

[00132] FIG. 6 shows sequence homology analysis for fragment 2 (3547bp- 12830bp). The Query
sequence (3547-12830 bp hCoV-19/batYNO1) was BLAST against all the SARS-CoV-2 VOCs, human
CoV strains, CoV strains from bats, pangolin, civet cats. 30 variants/strains were found with significant
homology for this queried region.

[00133] FIG. 7 shows sequence homology analysis for fragment 3 (17472bp- 21156bp). The Query
sequence (17472- 21156 bp hCoV-19/batYNO1) was BLAST against all the SARS-CoV-2 VOCs, human
CoV strains, CoV strains from bats, pangolin, civet cats. 29 variants/strains were found with significant
homology for this queried region.

[00134] FIG. 8 shows sequence homology analysis for fragment 4 (22584bp- 24682bp) which comprises
the spike protein. The Query sequence (22584- 24682 bp hCoV-19/batYNO1) was BLAST against all the
SARS-CoV-2 VOCs, human CoV strains, CoV strains from bats, pangolin, civet cats. 29 variants/strains
were found with significant homology for this queried region.

[00135] FIG. 9 shows sequence homology analysis for fragment 5 (26193bp- 27421bp). The Query
sequence (26193- 27421 bp hCoV-19/batYNQ1) was BLAST against all the SARS-CoV-2 VOCs, human
CoV strains, CoV strains from bats, pangolin, civet cats. 31 variants/strains were found with significant

homology for this queried region.

[00136]1 FIG. 10 shows a sequence homology analysis to screen conservancy of potential
SARS-CoV-2-derived human CD8+ T cell epitopes. Shown are the comparison of sequence homology for
the potential CD8+ T cell epitopes among 81,963 SARS-CoV-2 strains (that currently circulate in 190
countries on 6 continents), the 4 major "common cold” Cotonaviruses that cased previous outbreaks (i.e.
hCoV-0C43, hCoV-228E, hCoV-HKU1-Genotype B, and hCoV-NL63), and the SL-CoVs that were
isolated from bats, civet cats, pangolins and camels. Epitope sequences highlighted in yellow present a
high degree of homology among the currently circulating 81,963 SARS-CoV-2 strains and at least a 50%
conservancy among two or more humans SARS-CoV strains from previous outbreaks, and the SL-CoV
strains isolated from bats, civet cats, pangolins and camels, as described herein. Homo Sapiens- black,
bats (Rhinolophus affinis, Rhinolophus malayanus-red), pangolins (Manis javanica-blue), civet cats
(Paguma larvata-green), and camels (Camelus dromedaries-brown).

[00137] FIG. 11A shows docking of highly conserved SARS-CoV-2-derived human CD8+ T cell epitopes
to HLA-A*02:01 molecules, e.g., docking of the 27 high-affinity CD8+ T cell binder peptides to the groove

of HLA-A*02:01 molecules.
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[00138] FIG. 11B shows a summary of the interaction similarity scores of the 27 high-affinity CD8+ T cell
epitope peptides to HLA-A*02:01 molecules determined by protein-peptide molecular docking analysis.
Black columns depict CD8+ T cell epitope peptides with high interaction similarity scores.

[00139] FIG. 12A shows an experimental design show CD8+ T cells are specific to highly conserved
SARS-CoV-2 epitopes detected in COVID-19 patients and unexposed healthy individuals: PBMCs from
HLA-A*02:01 positive COVID-19 patients (n = 30) and controls unexposed healthy individuals {n = 10)
were isolated and stimulated overnight with 10 uM of each of the 27 SARS-CoV-2-derived CD8+ T cell
epitopes. The number of IFN-y-producing cells were quantified using ELISpot assay.

[00140] FIG. 12B shows the results from FIG. 12A. Dotted lines represent threshold o evaluate the
relative magnitude of the response: a mean SFCs between 25 and 50 cotrespond to a
mediunm/intermediate response whereas a strong response is defined for a mean SFCs > 50.

[00141]1 FIG. 12C shows the resuits from experiments where PBMCs from HLA-A*02:01 positive
COVID-19 patients were further stimulated for an additional 5 hours in the presence of mAbs specific to
CD107a and CD107b, and Golgi-plug and Golgi-stop. Tetramers specific to Spike epitopes, CD107a/b
and CD69 and TNF- expression were then measured by FACS. Representative FACS plot showing the
frequencies of Tetramer+CD8+ T cells, CD107a/b+CD8+ T cells, CD69+CD8+ T cells and TNF-+CD8+ T
celis following priming with a group of 4 Spike CD8+ T cell epitope peptides. Average frequencies of
tetramer+CD8+ T cells, CD107a/Hb+CD8+ T cells, CD6S+CD8+ T cells and TNF-+CD8+ T cells.

[00142] FIG. 13A shows a timeline of immunization and immunological analyses for experiments testing
the immunogenicity of genome-wide identified human SARS-CoV-2 CD8+ T epitopes in
HLA-A*02:01/HLA-DRB1 double transgenic mice. Eight groups of age-matched HLA-A*02:01 transgenic
mice (n = 3) were immunized subcutaneously, on days 0 and 14, with a mixture of four
SARS-CoV-2-derived human CD8+ T cell peptide epitopes mixed with PADRE CD4+ T helper epitope,
delivered in alum and CpG1826 adjuvants. As a negative control, mice received adjuvants alone
(mock-immunized).

[00143] FIG. 13B shows the gating strategy used to characterize spleen-derived CD8+ T cells.
Lymphocytes were identified by a low forward scatter (FSC) and low side scatter (SSC) gate. Singlets
were selected by plotting forward scatter area (FSC-A) vs. forward scatter height (FSC-H). CD8 positive

cells were then gated by the expression of CD8 and CD3 markers.

[00144] FIG. 13C shows a representative ELISpot images (left panel) and average frequencies (right
panel) of IFN-y-producing cell spots from splenocytes (106 celis/well) stimulated for 48 hours with 10 pM
of 10 immunodominant CD8+ T cell peptides and 1 subdominant CD8+ T cell peptide out of the total pool
of 27 CD8+ T cell peptides derived from SARS-CoV-2 structural and non-structural proteins. The number
on the top of each ELISpot image represents the number of IFN-y-producing spot forming T cells (SFC)
per one miflion splenocytes.
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[00145] FIG. 13D shows a representative FACS plot (left panel) and average frequencies (right panel) of
IFN-y and TNF- production by, and CD107a/b and CD69 expression on 10 immunodominant CD8+ T cell
peptides and 1 subdominant CD8+ T cell peptide out of the total pool of 27 CD8+ T cell peptides derived
from SARS-CoV-2 structural and non-structural proteins determined by FACS. Numbers indicate
frequencies of IFN-y+CD8+ T cells, CD107+CD8+ T cells, CD69+CD8+ T cells and TNF-+CD8+ T cells,

detected in 3 immunized mice.

[00146] FIG. 14 shows the SARS-CoV/SARS-CoV-2 genome encodes two large non-structural genes
ORF1a (green) and ORF1b (gray), encoding 16 non-structural proteins (NSP1- NSP16). The genome
encodes at least six accessory proteins {shades of light grey) that are unique to SARS-CoV/SARS-CoV-2
in terms of number, genomic organization, sequence, and function. The common SARS-CoV,
SARS-CoV-2 and SL-CoVs-derived human B (blue), CD4+ (green) and CD8+ (black) T cell epitopes are
shown. Structural and non-structural open reading frames utilized in this study were from
SARS-CoV-2-Wuhan-Hu-1 strain (NCBI accession number MN908947.3, SEQ 1D NO: 1}. The amino acid
sequence of the SARS-CoV-2-Wuhan-Hu-1 structural and non-structural proteins was screened for
human B, CD4+ and CD8+ T cell epitopes using different computational algorithms as described herein.
Shown are genome-wide identified SARS-CoV-2 human B cell epitopes (in blue), CD4+ T cell epitopes (in
green), CD8+ T cell epitopes (in black) that are highly conserved between human and animal
Coronaviruses.

[00147] FIG. 15 shows the identification of highly conserved potential SARS-CoV-2-derived human CD4+
T cell epitopes that bind with high affinity to HLA-DR molecules: Out of a total of 9,594 potential
HLA-DR-restricted CD4+ T cell epitopes from the whole genome sequence of SARS-CoV-2-Wuhan-Hu-1
strain (MNS08947.3), 16 epitopes that bind with high affinity to HLA-DRB1 molecules were selected. The
conservancy of the 16 CD4+ T cell epitopes was analyzed among human and animal Coronaviruses.
Shown are the comparison of sequence homology for the 16 CD4+ T cell epitopes among 81,963
SARS-CoV-2 strains (that currently circulate in 6 continents), the 4 major “common cold” Coronaviruses
that cased previous outbreaks (i.e. hCoV-OC43, hCoV-229E, hCoV-HKU1, and hCoV-NL83), and the
SL-CoVs that were isolated from bats, civet cats, pangolins and camels. Epitope sequences highlighted in
green present high degree of homology among the currently circulating 81,963 SARS-CoV-2 strains and
at least a 50% conservancy among two or more humans SARS-CaoV strains from previous outbreaks, and
the SL-CoV strains isolated from bats, civet cats, pangolins and camels, as described in Materials and
Methods. Homo Sapiens- black, bats (Rhinolophus affinis, Rhinolophus malayanus -red), pangolins

(Manis javanica-blue), civet cats (Paguma larvata-green), and camels (Camelus dromedaries-brown).

[00148] FIG. 16A the molecular docking of highly conserved SARS-CoV-2 CD4+ T cell epitopes to

HLA-DRB1 molecules. Molecular docking of 16 CD4+ T cell epitopes, conserved among human

SARS-CoV-2 strains, previous humans SARS/MERS-CoV and bat SL-CoVs into the groove of the

HLA-DRB1 protein crystai structure (PDB accession no: 4UQ3) was determined using the

GalaxyPepDock server. The 16 CD4+ T cell epitopes are promiscuous restricted to HLA-DRB1*01:01,

HLA-DRB1*11:01, HLA-DRB1*15:01, HLA-DRB1*03:01 and HLA-DRB1*04:01 alleles. The CD4+ T cell
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peptides are shown in ball and stick structures, and the HLA-DRB1 protein crystal structure is shown as a
template. The prediction accuracy is estimated from a linear model as the relationship between the
fraction of correctly predicted binding site residues and the template-target similarity measured by the
protein structure similarity score (TM score) and interaction similarity score (Sinter) obtained by linear
regression. Sinter shows the similarity of the amino acids of the CD8+ T cell peptides aligned to the

contacting residues in the amino acids of the HLA-DRB1 template structure.

[00149] FIG. 16B shows histograms representing interaction similarity score of CD4+ T cells specific

epitopes observed from the protein-peptide molecular docking analysis.

[00150] FIG. 17A shows an experimental design to show CD4+ T cells are specific to highly conserved
SARS-CoV-2 epitopes detected in COVID-19 patients and unexposed healthy individuals: PBMCs from
HLA-DRB1 positive COVID-19 patients (n = 30) and controls unexposed healthy individuals (n = 10) were
isolated and stimulated for 48 hrs. with 10 uyM of each of the 16 SARS-CoV-2-derived CD4+ T cell
epitopes. The number of IFN--producing cells were quantified using ELISpot assay.

[00151] FIG. 17B shows the results from FIG. 17A. Dotted lines represent a threshold to evaluate the
relative magnitude of the response: a mean SFCs between 25 and 50 cotrespond to a
medium/intermediate response, whereas a strong response is defined for a mean SFCs > 50. PBMCs
from HLA-DRB1-positive COVID-19 patients

[00152] FIG. 17C shows the resuits from further stimulating for an additional 5 hours in the presence of
mAbs specific to CD107a and CD107b, and Golgi-plug and Golgi-stop. Tetramers specific to two Spike
epitopes, CD107a/b and CD69 and TNF-alpha expression were then measured by FACS. Representative
FACS plot showing the frequencies of Tetramer+CD4+ T cells, CD107a/b+CD4+ T cells, CD69+CD4+ T
cells and TNF-+CD4+ T cells following priming with a group of 2 Spike CD4+ T cell epitope peptides.
Average frequencies are shown for tetramer+CD4+ T cells, CD107a/b+CD4+ T celis, CD69+CD4+ T
cells and TNF-+CD4+ T cells.

[00153] FIG. 18A shows a timeline of immunization and immunological analyses for testing
immunogenicity of genome-wide identified human SARS-CoV-2 CD4+ T epitopes in
HLA-A*02:01/HLA-DRB1 double transgenic mice. Four groups of age-matched HLA-DRB1 transgenic
mice (n = 3) were immunized subcutaneously, on days 0 and 14, with a mixture of four
SARS-CoV-2-derived human CD4+ T cell peptide epitopes delivered in alum and CpG1826 adjuvants. As

a negative control, mice received adjuvants alone (mock-immunized).

[00154] FIG. 18B shows the gating strategy used to characterize spleen-derived CD4+ T cells. CD4

positive cells were gated by the CD4 and CD3 expression markers.

[00155] FIG. 18C shows the representative ELISpot images (left panel) and average frequencies (right
panel) of IFN-y-producing cell spots from splenocytes (106 celis/well) stimulated for 48 hours with 10 pM
of 7 immunodominant CD4+ T cell peptides and 1 subdominant CD4+ T cell peptide out of the total pool

of 16 CD4+ T cell peptides derived from SARS-CoV-2 structural and non-structural proteins. The number
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of {FN-y-producing spot forming T celis (SFC) per one million of total cells is presented on the top of each
ELISpot image.

[00156] FIG. 18D shows the representative FACS plot (left panel) and average frequencies (right panel)
show IFN-y and TNF-a-production by, and CD107a/b and CD69 expression on 7 immunodominant CD4+
T cell peptides and 1 subdominant CD4+ T cell peptide out of the total pool of 16 CD4+ T cell peptides
derived from SARS-CoV-2 determined by FACS. The numbers indicate percentages of IFN-y+CD4+ T
cells, CD107+CD4+ T cells, CD69+CD4+ T cells and TNF- a+CD4+ T cells detected in 3 immunized

mice.

[00157] FIG. 19 shows the conservation of Spike-derived B cell epitopes among human, bat, civet cat,
pangolin, and camel coronavirus strains: Multiple sequence alignment performed using ClustalW among
29 strains of SARS coronavirus (SARS-CoV) obtained from human, bat, civet, pangolin, and camel. This
includes 7 human SARS/MERS-CoV strains {(SARS-CoV-2-Wuhan (MN908947.3), SARS-HCoV-Urbani
(AY278741.1), CoV-HKU1-Genotype-B (AY884001), CoV-OC43 (KF923903), CoV-NL63 (NC005831),
CoV-229E (KY983587), MERS (NC019843)); 8 bat SARS-CoV strains (BAT-SL-CoV-W{V16 (KT444582),
BAT-SL-CoV-WIV1 (KF367457.1), BAT-SL-CoV-YNLF31C (KP886808.1), BAT-SARS-CoV-RS672
(FJ588686.1), BAT-CoV-RATG13 (MN996532.1), BAT-CoV-YNO1 (EPIISL412976), BAT-CoV-YNO2
(EPIISL412977), BAT-CoV-19-ZXC21 (MG772934.1); 3 Civet SARS-CoV strains (SARS-CoV-Civet007
(AY572034.1), SARS-CoV-A022 (AY686863.1), SARS-CoV-B039 (AY686864.1)), 9 pangolin SARS-CoV
strains  (PCoV-GX-P2V(MT072864.1), PCoV-GX-P5E(MT040336.1), PCoV-GX-P5L (MT040335.1),
PCoV-GX-P1E  (MT040334.1), PCoV-GX-P4L  (MT040333.1), PCoV-MP789 (MT084071.1),
PCoV-GX-P3B {(MT072865.1), PCoV-Guangdong-P2S (EPIISL410544), PCoV-Guangdong
(EPIISL410721)); 4 camel SARS-CoV strains {Camei-CoV-HKU23 (KT368891.1), DcCoV-HKU23
(MN514967.1), MERS-CoV-deddah (KF917527.1), Riyadh/RY141 (NC028752.1)} and 1 recombinant
strain (FJ211859.1)). Regions highlighted with blue color represent the sequence homology. The B cell
epitopes, which showed at least 50% conservancy among two or more strains of the SARS Coronavirus

or possess receptor-binding domain (RBD) specific amino acids were selected as candidate epitopes.

[00158] FIG. 20A shows the docking of SARS-CoV-2 Spike glycoprotein-derived B cell epitopes to human
ACE2 receplor, e.g., molecular docking of 22 B-cell epitopes, identified from the SARS-CoV-2 Spike
glycoprotein, with ACE2 receptors. B cell epitope peptides are shown in ball and stick structures whereas
the ACE2 receptor protein is shown as a template. S471-501 and S369-393 peptide epitopes possess
receptor binding domain region specific amino acid residues. The prediction accuracy is estimated from a
linear model as the relationship between the fraction of correctly predicted binding site residues and the
template-target similarity measured by the protein structure similarity score and interaction similarity score
(Sinter) obtained by linear regression. Sinter shows the similarity of amino acids of the B-cell peptides
aligned to the contacting residues in the amino acids of the ACE2 template structure. Higher Sinter score
represents a more significant binding affinity among the ACE2 molecule and B-cell peptides.
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[00159] FIG. 20B shows the summary of the interaction similarity score of 22 B cells specific epitopes
observed from the protein-peptide molecular docking analysis. B cell epitopes with high interaction
similarity scores are indicated in black.

[00160] FIG. 21A shows the timeline of immunization and immunological analyses for testing to show igG
antibodies are specific to SARS-CoV-2 Spike protein-derived B-cell epitopes in immunized B6 mice and in
convalescent COVID-19 patients. A total of 22 SARS-CoV-2 derived B-cell epitope peptides selected from
SARS-CoV-2 Spike protein and tested in B6 mice were able to induce antibody responses. Four groups of
age-matched B6 mice (n = 3) were immunized subcutaneously, on days 0 and 14, with a mixture of 4 or 5
SARS-CoV-2 derived B-cell peptide epitopes emulsified in alum and CpG1826 adjuvants. Alum/CpG1826

adjuvants alone were used as negative controls {(mock-immunized).

[00161] FIG. 21B shows the frequencies of IgG-producing CD3(-)CD138{+)B220(+) plasma B cells were
determined in the spleen of immunized mice by flow cytometry. For example, FIG. 21B shows the gating
strategy was as follows: Lymphocytes were identified by a low forward scatter (FSC) and low side scatter
{SSC) gate. Singlets were selected by plotting forward scatter area (FSC-A) versus forward scatter height
(FSC-H). B cells were then gated by the expression of CD3(-) and B220(+) cells and CD138 expression

on plasma B celis determined.

[00162] FIG. 21C shows the frequencies of IgG-producing CD3(-)CD138(+)B220(+) plasma B cells were
determined in the spleen of immunized mice by flow cytometry. For example, FG 15C shows shows a
representative FACS plot (left panels) and average frequencies (right panel) of plasma B cells detected in
spleen of immunized mice. The percentages of plasma CD138(-)B220(+)B celis are indicated on the top
left of each dot plot.

[00163] FIG. 21D shows SARS-CoV-2 derived B-cell epitopes-specific 1gG responses were quantified in
immune serum, 14 days post-second immunization (i.e. day 28), by ELISpot (Number of IgG(+)Spots).
Representative ELISpot images (left paneis) and average frequencies (right panel) of anti-peptide specific
lgG-producing B cell spots (1x106 splenocytes/well) following 4 days in vitro B cell polycional stimulation
with mouse Poly-S (Immunospot). The top/ieft of each ELISpot image shows the number of IgG-producing
B cells per half a million cells. ELISA plates were coated with each individual immunizing peptide.

[00164] FIG. 21E shows the B-cell epitopes-specific IgG concentrations (pg/mbL) measured by ELISA in
levels of IgG detected in peptide-immunized B6 mice, after subtraction of the background measured from

mock-vaccinated mice. The dashed horizontal line indicates the limit of detection.

[00165] FIG. 21Fand FIG. 21G show the B-cell epitopes-specific IgG concentrations (ug/mbL) measured by
ELISA in Level of IgG specific to each of the 22 Spike peptides detected SARS-CoV-2 infected patients
{n=40), after subiraction of the background measured from healthy non-exposed individuals (n=10). Black
bars and gray bars show high and medium immunogenic B cell peptides, respectively. The dashed
horizontat line indicates the limit of detection.
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[00166] FIG. 22 shows an example of a whole spike protein comprising mutations including 6 proline
mutations. The 6 proline mutations comprise single point mutations F817P, AB92P, A899P, AG42P, K986P
and VO87P. Additionally, the spike protein comprises a 682-QQAQ-685 mutation of the furin cleavage site
for protease resistance. In some embodiments, the K986P and V987P Mutations allow for perfusion
stabilization. FIG. 22 also shows the following sequences: MFVFLVLLPLVSS (SEQ ID NO: 188),
ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGAGCAGC (SEQ ID NO: 175), CAGCAGGCCCAG
{SEQ ID NO: 189), and CCCCCC (SEQ ID NO:190).

[00167] FIG. 23 shows non-limiting examples of how the large sequences of the compositions described

herein may be arranged.

[00168] FIG. 24 shows a schematic representation of a prototype Coronavirus vaccine of the present
invention. The present invention is not limited to the prototype coronavirus vaccines as shown.

[00169] FIG. 25A shows a non-limiting example of a method for delivering the vaccine composition

described herein using a “prime/pull” regimen in humans. The method comprises administering a
pan-coronavirus recombinant vaccine composition and further administering at least one T-cell attracting

chemokine (e.g. CXCL11) after administering the pan-coronavirus recombinant vaccine composition.

[00170] FIG. 25B shows a non-limiting example of a method for delivering the vaccine composition
described herein using a “prime/boost” regimen in humans. The method comprises administering a first
composition, e.g, a first pan-coronavirus recombinant vaccine composition dose using a first delivery
system and further administering a second composition, e.g., a second vaccine compaosition dose using a
second delivery system. In some embodiments, the first delivery system and the second delivery system

are different.

[00171] FIG. 26C shows a non-limiting example of a method for delivering the vaccine composition
described herein using a “prime/puli/keep” regimen in humans to increase the size and maintenance of
lung-resident B-cells, CD4+ T cells and CD8+ T cells to protect against SARS-CoV-2. The method
comprises administering a pan-coronavirus recombinant vaccine composition and administering at least
one T-cell atfracting chemokine (e.g. CXCL11 or CXCL17) after administering the pan-coronavirus

recombinant vaccine composition.

[00172] FIG. 25D shows a non-limiting example of a method for delivering the vaccine composition
described herein using a “prime/pull/boost” regimen in humans to increase the size and maintenance of
lung-resident B-cells, CD4+ T cells and CD8+ T celis to protect against SARS-CoV-2. The method
comprises administering a pan-coronavirus recombinant vaccine composition and administering at least
one T-cell attracting chemokine (e.g. CXCL11 or CXCL17) after administering the pan-coronavirus
recombinant vaccine composition. The method further comprises administering at least one cytokine after
administering the T-cell attracting chemokine (e.g. IL-7, IL-5, or IL-2).

[00173] FIG. 26A shows a non-limiting example of a method for delivering the vaccine composition

described herein using a “prime/pull” regimen in domestic animals (e.g. cats or dogs). The method
31



WO 2021/211760 PCT/US2021/027355

comprises administering a pan-coronavirus recombinant vaccine composition and further administering at
least one T-cell attracting chemokine {e.g. CXCL11) after administering the pan-coronavirus recombinant
vaccine composition.

[00174] FIG. 26B shows a non-fimiting example of a method for delivering the vaccine composition
described herein using a “prime/boost” regimen in domestic animals {(e.g. cats or dogs). The method
comprises administering a first composition, e.g, a first pan-coronavirus recombinant vaccine composition
dose using a first delivery system and further administering a second composition, e.g., a second vaccine
composition dose using a second delivery system. In some embodiments, the first delivery system and
the second delivery system are different.

[00175] FIG. 26C shows a non-limiting example of a method for delivering the vaccine composition
described herein using a “prime/pull/keep” regimen in domestic animals (e.g. cats or dogs) to increase the
size and maintenance of lung-resident B-cells, CD4+ T cells and CD8+ T cells to protect against
SARS-CoV-2. The method comprises administering a pan-coronavirus recombinant vaccine composition
and administering at least one T-cell attracting chemokine (e.g. CXCL11 or CXCL17) after administering

the pan-coronavirus recombinant vaccine composition.

[00176] FIG. 26D shows a non-limiting example of a method for delivering the vaccine composition
described herein using a “prime/pull/boost” regimen in domestic animals (e.g. cats or dogs) to increase
the size and maintenance of lung-resident B-cells, CD4+ T cells and CD8+ T cells to protect against
SARS-CoV-2. The method comprises administering a pan-coronavirus recombinant vaccine composition
and administering at least one T-cell attracting chemokine (e.g. CXCL11 or CXCL17) after administering
the pan-coronavirus recombinant vaccine composition. The method further comprises administering at
least one cytokine after administering the T-cell attracting chemokine (e.g. IL-7, IL-5, or IL-2).

TERMS

[00177] Unless otherwise explained, all technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which a disclosed invention belongs. The
singular terms “a,” “an,” and “the” include plural referents unless context clearly indicates otherwise.
Simitarly, the word “or” is intended to include “and” unless the context clearly indicates otherwise. The
term "comprising” means that other elements can also be present in addition to the defined elements
presented. The use of "comprising” indicates inclusion rather than limitation. Stated another way, the term
"comprising” means "including principally, but not necessary solely". Furthermore, variation of the word
"comprising”, such as "comprise" and "comprises”, have correspondingly the same meanings. In one
respect, the technology described herein related to the herein described compositions, methods, and
respective componenti(s) thereof, as essential to the invention, yet open to the inclusion of unspecified

elements, essential or not ("comprising”).

[00178] Suitable methods and materials for the practice and/or testing of embodiments of the disclosure

are described below. Such methods and materials are illusirative only and are not intended to be limiting.
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Other methods and materials similar or equivalent to those described herein can be used. For example,
conventional methods well known in the art to which the disclosure pertains are described in various
general and more specific references, including, for example, Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, 1989; Sambrook et al., Molecular
Cioning: A Laboratory Manual, 3d ed., Cold Spring Harbor Press, 2001; Ausubel et af., Current Protocols
in Molecular Biology, Greene Publishing Associates, 1992 (and Supplements to 2000); Ausubel et af.,
Short Protocols in Molecufar Biology: A Compendium of Methods from Current Protocols in Molecufar
Biology, 4th ed., Wiley & Sons, 1999; Harlow and Lane, Antibodies: A Laboratory Manual, Coltd Spring
Harbor Laboratory Press, 1990; and Harlow and Lane, Using Antibodies: A Laborafory Manual, Cold
Spring Harbor Laboratory Press, 1999, Gene Expression Technology (Methods in Enzymology, Vol. 185,
edited by D. Goeddel, 1991. Academic Press, San Diego, Calif.), “Guide to Protein Purification” in
Methods in Enzymology (M. P. Deutshcer, ed., (1990) Academic Press, Inc.); PCR Protocols: A Guide to
fethods and Applications (Innis, et al. 1990. Academic Press, San Diego, Calif.), Culture of Animal Cells:
A Manual of Basic Technique, 2" Ed. (R. |. Freshney. 1987 . Liss, Inc. New York, N.Y.), Gene Transfer and
Expression Protocols, pp. 109-128, ed. E. J. Murray, The Humana Press inc., Clifton, N.J.), and the
Ambion 1998 Catalog (Ambion, Austin, Tex.), the disclosures of which are incorporated in their entirety

herein by reference.

[00179] Although methods and materials similar or equivalent to those described herein can be used to
practice or test the disclosed technology, suitable methods and materials are described below. The

materials, methods, and examples are illustrative only and not intended to be limiting.

[00180] As used herein, the terms "immunogenic protein, polypeptide, or peptide" or “antigen” refer to
polypeptides or other molecules (or combinations of polypeptides and other molecules) that are
immunologically active in the sense that once administered to the host, it is able to evoke an immune
response of the humoral and/or cellular type directed against the protein. in embodiments, the protein
fragment has substantially the same immunological activity as the total protein. Thus, a protein fragment
according to the disclosure can comprises or consists essentially of or consists of at least one epitope or
antigenic determinant. An "immunogenic” protein or polypeptide, as used herein, may include the
full-length sequence of the protein, analogs thereof, or immunogenic fragments thereof. "Immunogenic
fragment” refers to a fragment of a protein which includes one or more epitopes and thus elicits the

immunological response described above.

{00181] Synthetic antigens are also included within the definition, for example, poly-epitopes, flanking
epitopes, and other recombinant or synthetically derived antigens. Immunogenic fragments for purposes
of the disclosure may feature at least about 1 amino acid, at least about 3 amino acids, at least about 5
amino acids, at least about 10-15 amino acids, or about 15-25 amino acids or more amino acids, of the
molecule. There is no critical upper limit to the length of the fragment, which could comprise nearly the
full-length of the protein sequence, or the full-length of the protein sequence, or even a fusion protein

comprising at least one epitope of the protein.
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[00182] As used herein, the term "epitope" refers to the site on an antigen or hapten to which specific B
cells and/or T cells respond. The term is also used interchangeably with "antigenic determinant” or
"antigenic determinant site". Antibodies that recognize the same epitope can be identified in a simple
immunoassay showing the ability of one antibody to block the binding of another antibody to a target

antigen.

[00183] As used herein, the term "immunological response” to a composition or vaccine refers {o the
development in the host of a cellular and/or antibody-mediated immune response to a composition or
vaccine of interest. Usually, an "immunological response” includes but is not limited to one or more of the
following effects: the production of antibodies, B cells, helper T cells, and/or cytotoxic T cells, directed
specifically to an antigen or antigens included in the composition or vaccine of interest. The host may
display either a therapeutic or protective immunological response so resistance to new infection wilt be
enhanced and/or the clinical severity of the disease reduced. Such protection will be demonstrated by
either a reduction or lack of symptoms normally displayed by an infected host, a quicker recovery time

and/or a lowered viral titer in the infected host.

[00184] As used herein, the term "variant" refers to a substantially similar sequence. For polynucleotides,
a variant comprises a deletion and/or addition and/or change of one or more nucleotides at one or more
sites within the native polynucleotide and/or a substitution of one or more nucleotides at one or more sites
in the native polynucleotide. As used herein, a "native" polynucleotide or polypeptide comprises a
naturally occutring nucleotide sequence or an amino acid sequence, respectively. Variants of a particular
polynucleotide of the disclosure {e.g., the reference polynucleotide) can also be evaluated by comparison
of the percent sequence identity between the polypeptide encoded by a variant polynucleotide and the
polypeptide encoded by the reference polynucleotide. "Variant" protein is intended to mean a protein
derived from the native protein by deletion or addition of one or more amino acids at one or more sites in
the native protein and/or substitution of one or more amino acids at one or more sites in the native
protein. Variant proteins encompassed by the present disclosure are biologically active, that is they have

the ability to elicit an irnmune response.

{00185] The HLA-DR/HLA-A*0201/hACE2 triple transgenic mouse model referred to herein is a novel
susceptible animal model for pre-clinical testing of human COVID-19 vaccine candidates derived from
crossing ACE2 transgenic mice with the unique HLA-DR/HLA-A*0201 double transgenic mice. ACE2
transgenic mice are a hACE?2 transgenic mouse model expressing human ACE2 receptors in the lung,
heart, kidney and intestine (Jackson Laboratory, Bar Harbor, ME). The HLA-DR/HLA-A*0201 double
transgenic mice are “humanized” HLA double transgenic mice expressing Human Leukocyte Antigen
HLA-A*0201 class | and HLA DR*0101 class I in place of the corresponding mouse MHC molecules
(which are knocked out). The HLA-A*0201 haplotype was chosen because it is highly represented (>
50%) in the human population, regardless of race or ethnicity. The HLA-DR/HLA-A*0201/hACE2 triple
transgenic mouse model is a “humanized” transgenic mouse model and has three advantages: (1) it is

susceptible to human SARS-CoV2 infection; (2) it develops symptoms similar to those seen in COVID-19
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in humans; and (3) it develops CD4* T cells and CD8" T cells response to human epitopes. The novel
HLA-DR/HLA-A*0201/hACE?2 triple transgenic mouse model of the present invention may be used in the
pre-clinical testing of safety, immunogenicity and protective efficacy of the human multi-epitope COVID-19

vaccine candidates of the present invention.

[00186] As used herein, the terms "treat" or "treatment” or "treating" refers to both therapeutic treatment
and prophylactic or preventative measures, wherein the object is to prevent or slow the development of
the disease, such as slow down the development of a disorder, or reducing at least one adverse effect or
symptom of a condition, disease or disorder, e.g., any disorder characterized by insufficient or undesired
organ or tissue function. Treatment is generally "effective” if one or more symptoms or clinical markers are
reduced as that term is defined herein. Alternatively, a treatment is "effective” if the progression of a
disease is reduced or halted. That is, "treatment" includes not just the improvement of symptoms or
decrease of markers of the disease, but also a cessation or slowing of progress or worsening of a
symptom that would be expected in absence of {reatment. Beneficial or desired clinical results include, but
are not limited to, alleviation of one or more symptom(s), diminishment of extent of disease, stabilized
(e.g., not worsening) state of disease, delay or slowing of disease progression, amelioration or palliation
of the disease state, and remission (whether partial or total), whether detectable or undetectable.
"Treatment" can also mean prolonging survival as compared to expected survival if not receiving
treatment. “Treatment” also includes ameliorating a disease, lessening the severity of its complications,
preventing it from manifesting, preventing it from recurring, merely preventing it from worsening, mitigating
an inflammatory response included therein, or a therapeutic effort to affect any of the aforementioned,
even if such therapeutic effort is ultimately unsuccessful.

[00187] As used herein, the term “carrier” or “pharmaceutically acceptable carrier” or “pharmaceuticaily
acceptable vehicle” refers to any appropriate or useful carrier or vehicle for introducing a composition to a
subject. Pharmaceutically acceptable carriers or vehicles may be conventional but are not limited to
conventional vehicles. For example, E. W. Martin, Remington's Pharmaceutical Sciences, Mack
Publishing Co., Easton, PA, 15th Edition (1975) and D. B. Troy, ed. Remington: The Science and Practice
of Pharmacy, Lippincott Williams & Wilkins, Baltimore MD and Philadelphia, PA, 21 Edition {20086)
describe compositions and formulations suitable for pharmaceutical delivery of one or more therapeutic
compounds or molecules. Carriers (e.g., pharmaceutical carriers, pharmaceutical vehicles,
pharmaceutical compositions, pharmaceutical molecules, etc.) are materials generally known to deliver
molecules, proteins, cells and/or drugs and/or other appropriate material into the body. In general, the
nature of the carrier will depend on the nature of the composition being delivered as well as the particular
mode of administration being employed. In addition to biologically-neutral carriers, pharmaceutical
compositions administered may contain minor amounts of non- toxic auxiliary substances, such as wetting
or emulsifying agents, preservatives, and pH buffering agenis and the like. Patents that describe
pharmaceutical carriers include, but are not limited to: U.S. Patent No. 6,667,371, U.S. Patent No.
6,613,355; U.S. Patent No. 6,596,296; U.S. Patent No. 6,413,536; U.S. Patent No. 5,968,543; U.S. Patent

No. 4,079, 038; U.S. Patent No. 4,093,709; U.S. Patent No. 4,131,648; U.S. Patent No. 4,138,344, U.S.
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Patent No. 4,180,646; U.S. Patent No. 4,304,767; U.S. Patent No. 4,946 931, the disclosures of which are
incorporated in their entirety by reference herein. The carrier may, for example, be solid, liquid (e.g., a
solution), foam, a gel, the like, or a combination thereof. In some embodiments, the carrier comprises a
biological matrix (e.g., biological fibers, etc.). In some embodiments, the carrier comprises a synthetic
matrix {e.g., synthetic fibers, etc.). In certain embodiments, a portion of the carrier may comprise a

biological matrix and a portion may comprise synthetic matrix.

[00188] As used herein “coronavirus” may refer to a group of related viruses such as but not limited to
severe acute respiratory syndrome (SARS), middle east respiratory syndrome (MERS), and severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). All the coronaviruses cause respiratory tract infection
that range from mild to lethal in mammals. Several non-limiting examples of Coronavirus strains are

described herein.

[00189] As used herein, “severe acute respiratory syndrome coronavirus 2 (SARS-CoV2)' is a

betacoronavirus that causes Coronavirus Disease 19 (COVID-19).

[00190] A “subject” is an individual and includes, but is not limited to, a mammal (e.g., a human, horse,
pig, rabbit, dog, sheep, goat, non-human primate, cow, cat, guinea pig, or rodent), a fish, a bird, a reptile
or an amphibian. The term does not denote a particular age or sex. Thus, adult and newborn subjects, as
well as fetuses, whether male or female, are intended to be included. A “patient” is a subject afflicted with

a disease or disorder. The term “patient” includes human and veterinary subjects

[001921] The terms “administering”, and “administration” refer to methods of providing a pharmaceutical
preparation to a subject. Such methods are well known fo those skilled in the art and include, but are not
limited to, administering the compositions orally, parenterally (e.g., infravenously and subcutaneously), by
intramuscular injection, by intraperitoneal injection, intrathecally, transdermally, extracorporeally, topically

or the like.

[00192] A composition can also be administered by topical intranasal administration (intranasally) or
administration by inhalant. As used herein, “topical intranasal administration” means delivery of the
compositions into the nose and nasal passages through one or both of the nares and can comprise
delivery by a spraying mechanism (device) or droplet mechanism (device), or through aerosolization of
the composition. Administration of the compositions by inhalant can be through the nose or mouth via
delivery by a spraying or droplet mechanism. As used herein, “an inhaler” can be a spraying device or a
droplet device for delivering a composition comprising the vaccine composition, in a pharmaceutically
acceptable carrier, to the nasal passages and the upper andfor lower respiratory tracts of a subject.
Delivery can also be directly to any area of the respiratory system (e.g., lungs) via intratracheal intubation.
The exact amount of the compositions reguired will vary from subject to subject, depending on the
species, age, weight and general condition of the subject, the severity of the disorder being treated, the

particular composition used, its mode of administration and the like. Thus, it is not possible to specify an
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exact amount for every composition. However, an appropriate amount can be determined by one of

ordinary skill in the art using only routine experimentation given the teachings herein.

[00193] A composition can also be administered by buccal delivery or by sublingual delivery. As used
herein “buccal delivery” may refer to a method of administration in which the compound is delivered
through the mucosal membranes lining the cheeks. In some embodiment, for a buccal delivery the
vaccine composition is placed between the gum and the cheek of a patient. As used herein “sublinguat
delivery” may refer to a method of administration in which the compound is delivered through the mucosal
membrane under the tongue. In some embodiment, for a sublingual delivery the vaccine composition is

administered under the tongue of a patient.

[00194] Parenteral administration of the composition, if used, is generally characterized by injection.
Injectables can be prepared in conventional forms, either as liquid solutions or suspensions, solid forms
suitable for solution of suspension in liquid prior to injection, or as emulsions. A more recently revised
approach for parenteral administration involves use of a slow release or sustained release system such
that a constant dosage is maintained. See, for example, U.S. Pat. No. 3,610,795, which is incorporated by

reference herein.

DETAILED DESCRIPTION OF THE INVENTION

[00195] Before the present compounds, compositions, and/or methods are disclosed and described, it is
to be understood that this invention is not limited to specific synthetic methods or to specific compaositions,
as such may, of course, vary. it is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only and is not intended to be limiting. Embodiments of the

present invention can be freely combined with each other if they are not mutually exclusive.

Pan-Coronavirus Vaccines

[00196] The present invention features preemptive pan-coronavirus vaccines, methods of use, and
methods of producing said vaccines, methods of preventing coronavirus infections, etc. The present
invention also provides methods of testing said vaccines, e.g., using particular animal models and clinical
trials. The vaccine compositions herein can induce efficient and powerful protection against the
coronavirus disease or infection, e.g., by inducing the production of antibodies (Abs), CD4+ T helper (Th1)
cells, and CD8+ cytotoxic T-cells (CTL).

{00197] The vaccine compositions, e.g., the antigens, herein feature multiple large sequences which may
comprise multiple conserved epitopes, that helps provide multiple opportunities for the body to develop an
immune response for preventing an infection. Further, the vaccines herein may be designed to be
effective against past, current, and future coronavirus outbreaks.

[00198] The vaccine composition comprises multiple large sequences. In certain embodiments, the large
sequences are conserved large sequences, e.g., sequences that are highly conserved among human
coronaviruses and/or animal coronaviruses (e.g., coronaviruses isolated from animals susceptible to
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coronavirus infections).

[00199] The present invention describes the identification of conserved large sequences comprising B
cell, CD4+ T cell, and CD8+ T cell epitopes. For example, FIG. 1 shows a schematic of the development
of a pre-emptive pan coronavirus vaccine featuring multiple conserved large sequences comprising
multiple B cell epitopes, multiple conserved CD8* T cell epitopes, and multiple CD4+ T cell epitopes. The

large sequences are derived from sequence analysis of many coronaviruses.

[00200] Coronaviruses used for determining conserved large sequences may include human SARS-CoVs
as well as animal CoVs (e.g., bats, pangolins, civet cats, minks, camels, etc.) as described herein. As an
example, FIG. 2A and FIG. 2B show an evolutionary comparison of genome sequences among
beta-coronavirus strains isolated from humans and animals. FIG. 2A shows a phylogenetic analysis
performed between SARS-CoV-2 strains (obtained from humans (Homo Sapiens (black)), along with the
animal’'s SARS-like Coronaviruses genome sequence (SL-CoVs) sequences obtained from bats
(Rhinolophus affinis, Rhinolophus malayanus (red)), pangolins (Manis javanica (blue)), civet cats
(Paguma larvata (green)), and camels (Camelus dromedarius (Brown)). The included
SARS-CoV/MERS-CoV strains are from previous outbreaks (obtained from humans (Urbani, MERS-CoV,
0OC43, NL83, 229E, HKU1-genotype-B), bats (WIV16, WIV1, YNLF-31C, Rs672, recombinant strains),
camel (Camelus dromedarius, (KT368891.1, MN514967.1, KF917527.1, NC_028752.1), and civet
(Civet007, AQ022, B039)). The human SARS-CoV-2 genome sequences are represented from six
continents. FIG. 2B shows an evolutionary analysis performed among the human-SARS-CoV-2 genome
sequences reported from six continents and SARS-CoV-2 genome sequences obtained from bats

(Rhinolophus affinis, Rhinolophus malayanus), and pangolins (Manis javanica)).

[00201] Additionally, other coronaviruses may be used for determining conserved large sequences
(including human SARS-CoVs as well as animal CoVs {e.g., bats, pangolins, civet cats, minks, camels,
etc.)) that meet the criteria to be classified as “variants of concern” or “variants of interest.” Coronavirus
variants that appear to meet one or more of the undermentioned criteria may be labeled "variants of
interest” or "variants under investigation" pending verification and validation of these properties. In some
embodiments, the criteria may include increased fransmissibility, increased morbidity, increased mortality,
increased risk of “long COVID”, ability to evade detection by diagnostic tests, decreased susceptibility to
antiviral drugs (if and when such drugs are available), decreased susceptibility to neutralizing antibodies,
either therapeutic (e.g., convalescent plasma or monoclonal antibodies) or in laboratory experiments,
ability o evade natural immunity (e.g., causing reinfections), ability to infect vaccinated individuals,
Increased risk of particutar conditions such as muitisystem inflammatory syndrome or long-haut COVID or
Increased affinity for particular demographic or clinical groups, such as children or immunocompromised
individuals. Once validated variants of interest are renamed “variant of concern®™ by monitoring
organizations, such as the CDC.

[00202] The conserved large sequences may be derived from structural (e.g., spike glycoprotein,
envelope protein, membrane protein, nucleoprotein) or non-structural proteins of the coronaviruses (e.g.,
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any of the 16 NSPs encoded by ORF1a/b).

[00203] In some embodiments, the large sequences are each highly conserved among one or a
combination of: SARS-CoV-2 human strains, SL-CoVs isolated from bats, SL-CoVs isolated from
pangolin, SL-CoVs isolated from civet cats, and MERS strains isolated from camels. For example, in
certain embodiments the large sequences are each highly conserved among one or a combination of: at
least 50,000 SARS-CoV-2 human strains, five SL-CoVs isolated from bats, five SL-CoVs isolated from
pangolin, three SL-CoVs isolated from civet cats, and four MERS strains isolated from camels. In certain
embodiments, the large sequences are each highly conserved among one or a combination of: at least
80,000 SARS-CoV-2 human strains, five SL-CoVs isolated from bats, five SL-CoVs isolated from
pangolin, three SL-CoVs isolated from civet cats, and four MERS strains isolated from camels. in certain
embodiments, the large sequences are each highly conserved among one or a combination of: at least
50,000 SARS-CoV-2 human strains in circulation during the COVI-19 pandemic, at least one CoV that
caused a previous human outbreak, five SL-CoVs isolated from bats, five SL-CoVs isolated from pangolin,
three SL-CoVs isolated from civet cats, and four MERS strains isolated from camels. In certain
embodiments, the large sequences are each highly conserved among at least 1 SARS-CoV-2 human
strain in current circulation, at least one CoV that has caused a previous human outbreak, at least one
SL-CoV isolated from bats, at least one SL-CoV isolated from pangolin, at least one SL-CoV isolated from
civet cats, and at least one MERS strain isolated from camels. In certain embodiments, the large
sequences are each highly conserved among at least 1,000 SARS-CoV-2 human strains in current
circulation, at least two CoVs that has caused a previous human outbreak, at least two SL-CoVs isolated
from bats, at least two SL-CoVs isolated from pangolin, at least two SL-CoVs isolated from civet cats, and
at least two MERS strains isolated from camels. In certain embodiments, the large sequences are each
highly conserved among one or a combination of. at least one SARS-CoV-2 human strain in current
circulation, at least one CoV that has caused a previous human outbreak, at least one SL-CoV isolated
from bats, at least one SL-CoV isolated from pangolin, at least one SL-CoV isolated from civet cats, and
at least one MERS strain isolated from camels. The present invention is not limited to the aforementioned

coronavirus strains that may be used to identify conserved large sequences.

[00204] In certain embodiments, one or more of the conserved large sequences are derived from one or
more SARS-CoV-2 human strains or variants in current circulation; one or more coronaviruses that has
caused a previous human outbreak; one or more coronaviruses isolated from animals selected from a
group consisting of bats, pangolins, civet cats, minks, camels, and other animal receptive to
coronaviruses; and/or one or more coronaviruses that cause the common cold. SARS-CoV-2 human
strains and variants in current circulation may include the original SARS-CoV-2 strain {(SARS-CoV-2
isolate Wuhan-Hu-1), and several variants of SARS-CoV-2 including but not limited to Spain strain
B.1.177; Australia strain B.1.160, England strain B.1.1.7; South Africa strain B.1.351; Brazil strain P.1;
California strain B.1.427/B.1.429; Scotland strain B.1.258; Belgium/Netherlands strain B.1.221;
Norway/France strain B.1.367; Norway/Denmark.UK strain B.1.1.277; Sweden strain B.1.1.302; North

America, Europe, Asia, Africa, and Australia strain B.1.525; and New York strain B.1.526. The present
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invention is not limited to the aforementioned variants of SARS-CoV-2 and encompasses variants
identified in the future. The one or more coronaviruses that cause the common cold may include but are
not limited to strains 229E (alpha coronavirus), NL63 (alpha coronavirus), OC43 (beta coronavirus), HKU1

{beta coronavirus).

{00205] As used herein, the term “conserved” refers to a large sequence that is among the most highly
conserved large sequences identified in a sequence alignment and analysis. For example, the conserved
large sequences may be the 2 most highly conserved sequences identified. in some embodiments, the
conserved large sequences may be the 3 most highly conserved sequences identified. In some
embodiments, the conserved large sequences may be the 4 most highly conserved sequences identified.
In some embodiments, the conserved large sequences may be the 5 most highly conserved sequences
identified. In some embodiments, the conserved farge sequences may be the 6 most highly conserved
sequences identified. In some embodiments, the conserved large sequences may be the 7 most highly
conserved sequences identified. In some embodiments, the conserved large sequences may be the 8
most highly conserved sequences identified. in some embodiments, the conserved large sequences may
be the 9 most highly conserved sequences identified. In some embodiments, the conserved large
sequences may be the 10 most highly conserved sequences identified. In some embodiments, the
conserved large sequences may be the 15 most highly conserved sequences identified. in some
embodiments, the conserved large sequences may be the 20 most highly conserved sequences
identified. In some embodiments, the conserved large sequences may be the 25 most highly conserved
sequences identified. In some embodiments, the conserved large sequences may be the 30 most highly
conserved sequences identified. In some embodiments, the conserved large sequences may be the 40
most highly conserved sequences identified. in some embodiments, the conserved large sequences may
be the 50 most highly conserved sequences identified. in some embodiments, the conserved sequences
may be the 50% most highly conserved large sequences identified. In some embodiments, the conserved
large sequences may be the 60% most highly conserved sequences identified. In some embodiments,
the large conserved sequences may be the 70% most highly conserved sequences identified. In some
embodiments, the conserved large sequences may be the 80% most highly conserved sequences
identified. In some embodiments, the conserved large sequences may be the 90% most highly conserved
sequences identified. In some embodiments, the conserved large sequences may be the 95% most
highly conserved sequences identified. In some embodiments, the conserved large sequences may be
the 99% most highly conserved sequences identified. The present invention is not limited to the
aforementioned thresholds.

[00206] FIG. 3A shows an example of a systems biology approach utilized in the present invention.

[00207] In some embodiments, the composition comprises one or more large sequences. In some
embodiments, the one or more large sequences comprises at least one of one or more conserved
coronavirus B-cell target epitopes; one or more conserved coronavirus CD4* T cell farget epitopes; and
one or more conserved coronavirus CD8" T cell target epitopes
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{00208] In other embodiments, the vaccine composition comprises two or more large sequences. In some
embodiments, the two or more large sequences comprises at least one of one or more conserved
coronavirus B-cell target epitopes; one or more conserved coronavirus CD4* T cell target epitopes; and

one or more conserved coronavirus CD8' T cell target epitopes

{00209] In some embodiments, the large sequences comprises one or more conserved coronavirus B-cell
target epitopes and one or more conserved coronavirus CD4* T cell target epitopes. In some
embodiments, the large sequences comprises one or more conserved coronavirus B-cell target epitopes
and one or more conserved coronavirus CD8* T cell target epitopes. In some embodiments, the large
sequences comprises one or more conserved coronavirus CD8* target epitopes and one or more
conserved coronavirus CD4" T cell target epitopes. In some embodiments, the large sequences
comprises one or more conserved coronavirus CD8" target epitopes. In some embodiments, the large
sequences comprises one or more conserved coronavirus CD4" target epitopes. In some embodiments,

the large sequences comprises one or more conserved coronavirus B cell target epitopes.

[00210] In some embodiments, the vaccine composition comprises one or more conserved coronavirus
CD8* target epitopes. In some embodiments, the vaccine composition comprises one or more conserved
coronavirus CD4* target epitopes. In some embodiments, the vaccine composition comprises one or more

conserved coronavirus B cell target epitopes.

[00211] As will be discussed herein, in certain embodiments, the vaccine composition comprises whole
spike protein, one or more coronavirus CD4+ T cell target epitopes; and one or more coronavirus CD8+ T
cell target epitopes. In certain embodiments, the vaccine composition comprises at least a portion of the
spike protein (e.g., wherein the portion comprises a trimerized SARS-CoV-2 receptor-binding domain
(RBD)), one or more coronavirus CD4+ T cell target epitopes; and one or more coronavirus CD8+ T cell
target epitopes. In some embodiments, the one or more coronavirus CD4+ T cell target epitopes; and one

or more coronavirus CD8+ T cell target epitopes may be in the form of a large sequence.

[00212] The large sequences may be each separated by a linker. In certain embodiments, the linker
allows for an enzyme to cleave between the farge sequences. The present invention is not limited to
particular linkers or particular lengths of linkers. As an example, in certain embodiments, one or more
large sequences may be separated by a linker 2 amino acids in length. In certain embodiments, one or
more large sequences may be separated by a linker 3 amino acids in length. in certain embodiments, one
or more large sequences may be separated by a linker 4 amino acids in length. In certain embodiments,
one or more large sequences may be separated by a linker 5 amino acids in length. In certain
embodiments, one or more large sequences may be separated by a linker 6 amino acids in length. In
certain embodiments, one or more large sequences may be separated by a linker 7 amino acids in
fength. In certain embodiments, one or more large sequences may be separated by a linker 8 amino
acids in length. In certain embodiments, one or more large sequences may be separated by a linker 9
amino acids in length. In certain embodiments, one or more large sequences may be separated by a
linker 10 amino acids in length. In certain embodiments, one or more large sequences may be separated
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by a linker from 2 to 10 amino acids in length.

[00213] Linkers are well known to one of ordinary skill in the art. Non-limiting examples of linkers include
AAY, KK, and GPGPG.

[00214] The large sequences may be derived from structural proteins, non-structural proteins, or a
combination thereof. For example, structural proteins may include spike proteins (S), envelope proteins

(E), membrane proteins (M), or nucleoproteins {N).

[00215] In some embodiments, the large sequences are derived from at least one SARS-CoV-2 protein.
The SARS-CoV-2 proteins may include ORF1tab protein, Spike glycoprotein, ORF3a protein, Envelope
protein, Membrane glycoprotein, ORF6 protein, ORF7a protein, ORF7b protein, ORF8 protein,
Nucleocapsid protein, and ORF10 protein. The ORF1ab protein provides nonstructural proteins (Nsp)
such as Nsp1, Nsp2, Nsp3 (Papain-like protease), Nsp4, Nsp5 (3C-like protease), Nsp6, Nsp7, Nsp8,
Nsp9, Nsp10, Nspi11, Nsp12 (RNA polymerase), Nsp13 (5 RNA triphosphatase enzyme), Nsp14
(guanosineN7-methyliransferase), Nsp15 (endoribonuclease), and Nsp16
(2"-O-ribose-methyltransferase).

[00216] The SARS-CoV-2 has a genome length of 29,903 base pairs (bps) ssRNA (SEQ ID NO: 1).
Generally, the region between 266-21555 bps codes for ORF1iab polypeptide; the region between
21563-25384 bps codes for one of the structural proteins (spike protein or surface glycoprotein), the
region between 25393-26220 bps codes for the ORF3a gene; the region between 26245-26472 bps
codes for the envelope protein; the region between 26523-27191 codes for the membrane glycoprotein
{or membrane protein); the region between 27202-27387 bps codes for the ORF6 gene; the region
between 27394-27759 bps codes for the ORF7a gene; the region between 27894-28259 bps codes for
the ORF8 gene; the region between 28274-29533 bps codes for the nucleocapsid phosphoprotein (or the
nucleocapsid protein); and the region between 29558-29674 bps codes for the ORF10 gene.

[00217] The large sequences may comprise a T-cell epitope restricted to a large number of human class 1
and class 2 HLA haplotypes and not restricted to HLA-0201 for class 1 or HLA-DR for class 2. The
conserved large sequences may be restricted to human HLA class 1 and 2 haplotypes. In some
embodiments, the conserved epitopes are restricted to cat and dog MHC class 1 and 2 haplotypes.

Large Sequences

[00218] The antigen may comprise large sequences, such as conserved large sequences that are highly
conserved among human and animal coronaviruses. As used herein, the term large sequence refers to a
sequence having at least 25 amino acids or at least 75 nucleotides. The large sequences comprise

epitopes, such as the conserved epitopes described herein.

[00219] In order to identify the conserved large sequences, sequence alignments and analysis were

performed as described herein as well as below.
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[00220] Sequence comparison among SARS-CoV-2 and previous coronavirus slrains: Sequence
homology analysis we performed and compare the Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) isolate Wuhan-Hu-1, to complete genome with sequences of SARS-CoV-2 variants,
common cold corona virus strains (HKU1 genotype B, CoV-OC43, CoV-NL63, and CoV-229E),
SARS-CoV-Urbani, MERS and coronavirus strains from bats (Rhinolophus affinis and R. malayanus),
pangolin (Manis javanica), civet cats (Paguma larvata), and camel (Camelus dromedarius and
C.bactrianus).

[00221] The human SARS-CoV-2 variant genome sequences were retrieved from the GISAID database,
representing major Variants of Concern which are known for their high degree of transmissibility and

pathogenicity. The  sequences  used in this study are 20AEU1 from  Spain

(EPI_ISL_691726-hCoV-19-VOC-20A.EU1), 20A.EU2 from Australia
(EPI_ISL_418799-hCoV-19-VOC-20A.EU2), B.1.1.7 from England
(EPI_ISL_581117-hCoV-19-VOC-B.1.1.7), B.1.351 from South Africa

(EPI_ISL_660615-hCoV-19-VOC-B.1.351), P1 from Brazii (EPI_ISL_581117-hCoV-19-VOC-P.1),
CAL.20C from California (EPI_ISL_730092-hCoV-19-VOC-B.1.427/B.1.429), B.1.258 from Scotland

(EPI_ISL_858559-hCoV-19-VOC-B.1.258), B.1.221 from Belgium/Netherlands
(EPI_ISL_734790-hCoV-19-VOC-B.1.221), B.1.367 from Norway/France
{EPI_ISL_541518-hCoV-19-VOC-B.1.367), B.1.1.277 from Netherlands/Denmark/UK
(EPI_ISL_500783-hCoV-19-VOC-B.1.1.277), B.1.1.302 from Sweden

(EPI_ISL_717929-hCoV-19-VOC-B.1.1.302). Similarly, HKU1 genotype B (AY884001), CoV-OC43
(KF923903), CoV-NL63 (NC_005831), and CoV-229E (KY983587), SARS-CoV-Urbani (AY278741.1),
MERS (NC_019843).

[00222] Bat CoV strains used in this analysis include strains RaTG13 (MN996532.2), Rs672/2006
(FJ588686.1), YNLF_31C (KP886808.1), WIV1 (KF367457.1), WIV16 (KT444582.1), ZXC21

{(MG772934.1), RmYNO2 (EPI_ISL_412977), bat-RmYNO1 (EPI_ISL_412976),
MERS-Bat-CoV/P.khulii/ltaly/206645-63/2011  (MG596803.1). More-so, five genome sequences
representing Pangotin {MT040333.1-PCaoV_GX-P4L, MT040334.1-PCoV_GX-P1E,
MT040335.1-PCoV_GX-P5L, MT040336.1-PCoV_GX-P5E, MT072864.1-PCoV_GX-P2V,

MT121216.1-PCoV-MP783), three Civet cat specific genome sequences (AY572034.1, AY686864.1,
AY686863.1), and four CoV sequences from camels (NC_028752.1, KF917527.1, MN514967.1,
KT368891.1) were included in this sequence homology analysis aimed at evaluating the most conserved
regions in different structural and non-structural proteins in CoV genome. These sequences were
obtained either from National Center for Biotechnology Information (NCBI} or Global initiative on sharing
all influenza data (GISAID). For phylogenetic analyses, SARS-CoV-2 full-genome sequences were
aligned with CLUSTAL W using MEGAX. All the SARS-CoV-2 sequences were compared to existing
genomes using online NCBI BLAST .

[00223] Determination of SARS-CoV-2 Sequence Conservation: Each Wuhan-Hu-1 (GeneBank:

NC_045512.2) specific structural (Spike glycoprotein (YP_009724390.1), Membrane protein
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(YP_009724393.1), Envelope protein (YP_009724392.1), Nucleocapsid phosphoprotein
(YP_009724397.2)), and non-structural proteins (ORF1a/b polyprotein (YP_009724389.1), ORF3a
(YP_009724391.1), ORF6 (YP_009724394.1), ORF7a (YP_009724395.1), ORF7b (YP_009725318.1),
ORF8 (YP_009724396.1), and ORF10 (YP_009725255.1)) protein sequences were compared against the
consensus protein sequences from SARSCoV and MERS-CoV and the protein sequences from closest
relative cross species CoV strains using the Nucleotide BLAST (blastn) algorithm to compute the pairwise
identity between Wuhan-Hu-1 proteins and their comparison target.

[00224] Further as the present invention is interested in the highly similar sequences across CoV strains,
megablast was performed. For each of the queried sequences, Query coverage, E value, Percent identity
were determined. The queried homology obtained against one bat CoV strain RmYNO1, which was found
earlier o be phylogenetically less similar to SARS-CoV-2, but has more genetic similarities with
SARS-CoV-Urbani was taken as a standard to ascertain the homologous sequences across CoV strains.
The strategy was helpful to find out how genetically more conserved regions among different CoVs. This
sequence has a query coverage of 59%, and a percent identity of 78.73% when compared against the
SARS-CoV-2 genome sequence. it has five matched regions which further showed sequence homology
among other CoVs as well. Matched region 1 spanned between 1bp-1580bp (fragment) showed
sequence homology with nsp1 (leader protein), nsp2, and nsp3, whereas matched region 2 spanned
between 3547bp-7096bp (fragment 2) showed sequence homology with multipte subunits of ORF1a/b like
3CLpro, nspb, nsp?, nsp8, nsp9, nsp10, RNA dependent RNA polymerase, helicase, nsp14, nsp15, and
nsp16. Interestingly, a major region spanning in the non-annotated region of the ORF1a/b between
17472bp-21156bp (fragment 3) also showed sequence identity. The fourth siretch of sequence identity
spanned through 22584bp-24682bp (fragment 4) covering a section of the Spike glycoprotein, that
importantly covers the major Receptor Binding Domain in the SARS-CoV-2 as well. The last segment of
the homologous sequence showed percent identity with regions specific to the ORF3a, Envelope protein,
Membrane protein, ORF6, and ORF7a (26193bp- 27421bp; fragment 5).

[00225] In some embodiments, five fragments from the SARS-CoV-2 Wuhan Strain were found to be
highly conserved (1bp- 1580bp (fragment 1), 3547bp- 12830bp (fragment 2), 17472bp- 21156bp
(fragment 3), 22584bp- 24682bp (fragment 4), and 26193bp- 27421bp (fragment 5). Next, each fragment

underwent another round of sequence homology analysis.

[00226] In some embodiments, the vaccine composition comprises one large sequence. In some
embodiments, the vaccine composition comprises one or more large sequences. In some embodiments,
the vaccine composition comprises two or more large sequences. In some embodiments, the vaccine
composition comprises three or more large sequences. In some embodiments, the vaccine composition
comprises four or more large sequences. in some embodiments, the vaccine composition comprises five

or more large sequences, €.g., 5, 6,7, 8, etc.

[00227] In some embodiments, the large sequences are derived from a whole protein sequence

expressed by SARS-CoV-2. In other embodiments, large sequences are derived from a partial protein
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sequence expressed by SARS-CoV-2. in some embodiments, the large sequence of said proteins
comprise B cell epitopes and T-cell epitopes that are restricted to a large number, e.g., from 3 o 10,
different haplotypes that encompass 100% of the population regardless of race and ethnicity)of human
class 1 and class 2 HLA haplotypes, so they are not restricted only to HLA-0201 for class 1 or HLA-DR1
for class 2.

[00228] As previously discussed, the large sequences may be highly conserved among human and
animal coronaviruses. In some embodiments, the large sequences are derived from one or a combination
of: one or more SARS-CoV-2 human strains or variants in current circulation; one or more coronaviruses
that has caused a previous human outbreak; one or more coronaviruses isolated from animals selected
from a group consisting of bats, pangolins, civet cats, minks, camels, and other animal receptive to

coronaviruses; and/or one or more coronaviruses that cause the common cold.

[00229] As previously discussed, the SARS-CoV-2 human strains or variants in current circulation may
include strain B.1.177; strain B.1.160, strain B.1.1.7; strain B.1.351; strain P.1; strain B.1.427/B.1.429;
strain B.1.258; strain B.1.221; strain B.1.367; strain B.1.1.277; strain B.1.1.302; strain B.1.525; strain
B.1.526, strain S:677H, and strain S:677P. The coronaviruses that cause the common cold may be
selected from: 229E alpha coronavirus, NL63 alpha coronavirus, OC43 beta coronavirus, and HKU1 beta

coronavirus.

[00230] The large sequence(s) may be derived from structural proteins, non-structural proteins, or a
combination thereof. The large sequence(s) may be selected from ORF1ab protein, Spike glycoprotein
(e.g., the RBD), ORF3a protein, Envelope protein, Membrane glycoprotein, ORF6 protein, ORF7a protein,
ORF7b protein, ORF8 protein, Nucleocapsid protein, and/or an ORF10 protein. Note the ORF1ab protein
comprises nonstructural protein (Nsp) 1, Nsp2, Nsp3, Nsp4, Nsp5, Nsp6, Nsp7, Nsp8, Nsp9, Nsp10,
Nsp11, Nsp12, Nsp13, Nsp14, Nsp15 and Nsp16.

[00231] In some embodiments, a large sequence comprises conserved fragments from over 150,000 CoV
strains circulating in the majority of countries around the world (Table 1, FIG. 4). In some embodiments,
fragment 1 comprises the base pairs 1-1580. In some embodiments, fragment 1 may comprise the
proteins Nsp1, Nsp2, and Nsp3 as well as unannotated regions (FIG. 5). In some embodiments, fragment
2, comprises the base pairs 3547-12830. In some embodiments, fragment 2 may comprise the proteins
Nspb, Nsp6, Nsp7, Nsp8, Nsp9, Nsp10, Nspt1, Nsp12, Nsp13, Nsp14, Nspi5, Nsp16, as well as
unannotated regions (FIG. 6). In some embodiments, fragment 3 comprises the base pairs 17472-21156.
In some embodiments, fragment 3 comprises unannotated regions (FIG. 7). In some embodiments,
fragment 4 comprises the base pairs 22584-24682. in some embodiment, fragment 4 comprises the spike
glycoprotein (FIG. 8). In some embodiments, fragment 5 comprises the base pairs 26193-27421. In some
embodiments, fragment 5 comprises the proteins ORF3a, Envelope (E), Membrane (M), ORF6, ORF7a,

as well as unannotated regions (FIG. 9).
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[00232] Table 1:

PCT/US2021/027355

Fragment
No:

Proteins

Sequence

SEQ
iD NO:

1
{(1bp-
1580bp)

Nsp1,
Nsp2,
Nsp3

GACGTGCTAGTACGTGGCTTCGGGGACTCTGTGGAAGAGGCCCTAT
CGGAGGCACGTGAACATCTTAAAAGTGGCACTTGTGGCATAGTAGAG
CTGGAAAAAGGCGTATTGCCTCAGCTTGAACAGCCCTATGTGTTCATT
AAACGATCTGACGCCCAGGGCACTGGTCATGGCCACAAGGTCTGTG
AGCTAGTTGCTGAATTGGATGGCGTTCAGTTCGGTCGTAGCGGTATA
ACACTGGGAGTACTCGTGCCACACGTTGGCGAGACCCCAATTGCATA
CCGCACTGTTCTTCTTCGTAAGAATGGTAATAAGGGAGCCGGTGGCC
ATAGCTTTGGCATCGATCTAAAGTCATATGACTTAGGTGACGAGCTTG
GCACTGATCCCATTGAAGATTATGAACAAAACTGGAACACTAAACATG
GCAGTGGTGCCCTTCGTGAACTCACTCGTGAGCTCAATGGAGGAGT
AGTTACTCGCTATGTCGACAACAATTTCTGTGGCCCAGATGGCTACCC
CCTTGAATGCATTAAAGACCTTCTCGCTCGTGCGGGCAAGTCAATGT
GCACTCTTTCTGAACAACTTGATTTTATCGAGTCGAAGAGAGGTGTCT
ACTGCTGTCGTGAACATGAGCATGAAATTGCTTGGTTTACCGAACGC
TCTGAAAAGAGCTATGAGCACCAGACACCCTTCGAGATCAAGAGTGC
CAAGAAATTTGACACTTTCAAAGGGGAATGCCCAAAGTTTGTATTTCC
TCTCAATTCTAGAGTCAAAGTCATTCAACCACGTGTTGAAAAGAAAAA
GACTGAAGGTTTCATGGGGCGTATACGCTCTGTGTACCCTGTTGCAT
CCCCTGGGGATTGTAACGATATGCACTTGTCTACCTTGATGAAATGTA
ATCATTGTGATGAAGTTTCATGGCAGACGTGCGACTTTCTCAAAGCCA
CTTGTGAACAATGTGGCACTGAAAACTTAGTCTGTGAAGGACCCACT
ACATGTGGATACCTACCTACTAATGCTGTACTTAAAATGCCTTGTCCTG
CTTGTCAAGATCCAGAGATTGGACCTGAGCATAGTGTTGCAGACTATC
ACAACCACTCAAACATTGAAACTCGACTCCGCAAGGGAGGTAGGACT
AAATGTTTTGGTGGGTGTGTGTTTGCCTACGTTGGCTGCTATAACAAG
CGTGCCTACTGGGTTCCTCGTGCTAGTGCCGATATIGGTGCAAACCA
TACTGGCATTACTGGAGACAATGTGGAGACTTTAAATGAAGATCTCCT
GGAGATACTGCATCGTGAACGTGTTAATGTTAACATTGTTGGCGATTT
TCAGTTGAATGAAGAGGTTGCTATTATTCTAGCATCTTTCTCTGCTTCT
ACTAGTGCCTTTATTGACACTGTAAAGGGCCTTGACTACAAGACCTTC
AAAGCCATTGTTGAATCCTGTGGAAACTACAAAGTTACCAAAGGAAAA
CCTGTCCAAGGAGCTTGGAACATTGGCCAGCAAAAATCTATTTTGACA
CCGCTGTGTGGTTTTCCATCACAGGCTGCCAGTGTCATTAGATCAATC
TTTTCTCGCAC

182

2
(25470p-
12830bp)

Nsp5,
Nsp6,
Nsp7,
Nsp8,
Nsp9,
Nsp10,
Nsp11,
Nsp12,
Nsp13,
Nsp14,
Nsp15,
Nsp16

AAAATTAAGGCTTGCATCGAAGAGGTCACTACAACACTGGAAGAGAC
TAAGTTTCTTACCAATAAGTTGCTTCTTTTTGCTGATATCAGCGGTAAA
CTTTACCAAGATTCTCAGAATATGCTTAGAGGTGAGGACGTGTCTTTC
CTTGAGAGAGATGCGCCTTACATGGTAGGTGATGTTATCAATAGTGGT
GATATTACCTGCGTTGTAATACCTTCTAAGAAGGCTGGTGGTACTACA
GAAATGCTTGCAAGAGCATTGAAGAAAGTGCCARTTGATGAGTATATA
ACCACATAYCCTGGWCAAGGWTGTGCTGGTTATACACTTGAKGAAGC
TARGACTGCTCTTAARAARTGCAAATCTGCAYTKTAYGTKTTACCTTCA
GAATCACCTAATGCTAAGGAAGAGATTCTAGGAACCGTATCTTGGAAT
TTGAGAGAAATGCTTGCTCACGCTGAAGAGACAAGAAAATTAATGCCT
ATCTGCATGGATGTCAGAGCCATAATGGCCACCATCCAACGCAAGTA
CAAAGGAATTAAAATTCAAGAAGGCATCGTTGACTATGGTGTCCGATT
CTTCTTTTATACTAGTAAAGAGCCTGTAGCTTCTATTATTACGAAGCTG
AACTCTCTAAATGAGCCACTTGTCACAATGCCAATTGGTTATGTGACA
CATGGTTTTAATCTTGAAGAGGCTGCGCGCTGTATGCGTTCTCTTAAA
GCTCCTGCCGTAGTGTCAGTATCATCACCAGATGCYGTTACTACATAT
AATGGATACCTCACTTCGTCATCAAAGACATCTGAGGAGCACTTTGTG

183

46
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GAAACAGTTTCTTTGGCTGGCTCTTACAGAGATTGGTCCTATTCAGGA
CAGCGTACAGAGTTAGGTGTTGAATTTCTTAAGCGTGGTGACAAAATT
GTGTACCACACTTTGGAGAGCCCCGTCAAGTTCCATCTTGACGGTGA
GGTTCTTCCACTTGACAAATTAAAGAGTCTCTTATCCCTACGGGAGGT
TAAGACTATAAAAGTGTTCACAACTGTGGACAATACTAATCTCCACACA
CATCTTGTGGATATGTCTATGACATATGGACAGCAGTTTGGTCCAACAT
ATTTGGATGGTGCTGATGTTACAAAAATTAAACCTCATGTAAATCATGA
GGGTAAGACTTTCTTTGTATTACCTAGTGATGACACACTACGTAGTGA
AGCTTTTGAGTACTACCACGCTCTTGATGAGAGTTTCCTTGGTAGATA
CATGTCTGCTTTAAACCACACAAAGAAATGGAAATTCCCTCAAGTTGG
TGGTTTGACTTCCATTAAGTGGGCTGATAACAATTGTTATTTGTCTAGT
GTTTTATTAGCACTTCAACAAATTGAAGTTAAATTTAATGCCCCAGCAC
TACAAGAAGCTTACTATAGAGCTCGTGCTGGTGATGCTGCTAATTTTT
GTGCACTTATACTCGCTTACAGTAATAAAACTGTTGGCGAGCTGGGTG
ATGTCAGAGAAACTATGGCCCATCTTTTACAGCATGCTAATTTGGAATC
TGCAAAGCGAGTTCTTAATGTGGTGTGTAAACATTGCGGCCAGAAAA
CTACTACCTTAACGGGTGTAGAGGCTGTGATGTACATGGGTACTCTGT
CTTATGATAATCTTAAGACAGGTGTTTCTGTTCCATGTGTGTGTGGTC
GTGACGCTACACAATATTTAGTACAACAAGAGTCTTCTTTTGTTATGAT
GTCCGCACCACCTGCTGAATATAAATTACAGCAAGGTACATTCTTATGT
GCAAATGAATACACTGGTAATTATCAGTGTGGTCATTACACTCATATAA
CTGCTAAGGAGACCCTCTATCGTATTGATGGAGCTCACCTTACAAAGA
TGTCAGAGTATAAAGGGCCAGTGACTGATGTGTTCTACAAGGAAACAT
CTTACACTACAACCATCAAGCCTGTGTCATATAAACTCGATGGAGTTAC
TTACACAGAGATTGAACCAAAATTGGATGGGTATTATAAAAAGGATAAT
GCTTACTATACGGAGCAGCCTATAGACCTTGTACCAACTCAACCACTA
CCAAATGCGAGTTTTGATAATTTCAAACTCACATGTTCTAATATAAAATT
CGCTGATGATTTAAATCAAATGACAGGCTTCACAAAGCCAGCTTCACG
AGAGCTATCTGTCACATTCTTTCCAGACTTGAATGGCGATGTAGTGGC
TATTGACTATAGACACTACTCAGCGAGTTTCAAGAAAGGTGCTAGATTA
CTGCATAAGCCAATTGTTTGGCATATCAATCAGGCTACAACCAAGACA
ACGTTCAGACCAAACACTTGGTGTTTACGTTGTCTTTGGAGTACAAAA
CCAGTAGATACTTCAAATTCATTTGAAGTTCTGGCAGTAGAAGACACA
CAAGGAATGGACAATCTTGCTTGTGAAAGTCAAAGACCCACCTCTGA
AGAAGTAGTGGAAAATCCTACCATACAGAAGGAAGTCATAGAGTGTGA
CGTGAAAACTACCGAAGTTGTAGGCAATGTCATACTTAAACCATCAGA
TGAAGGTGTTAAAGTAACACAAGAGTTAGGGCATGAGGATCTTATGGC
TGCCTATGTGGAAAATACAAGCATTACCATTAAGAAACCTAATGAGCTT
TCATTAGCCTTAGGTTTAAAAACAATTGCCACTCATGGTATTGCTGCAA
TTAACAGTGTTCCGTGGAGTAAAATTTTGGCTTATGTCAGACCATTCC
TAGGACGAACAGCAATCACAACATCAAACTGTGCTAAGAGATTAGTAC
AGCGTGTATTTAACAACTACATGCCCTATGTGCTTACATTATTGTTCCA
ATTGTGTACTTTTACCAAAAGTACAAATTCTAGAATTAGAGCTTCACTA
CCTACGACTATTGCTAAAAATAGTGTTAAGGGTGTTGCTAAATTATGTT
TGGATGCTGGCATCAATTATGTAAAGTCACCCAAATTTTCTAAATTGTT
CACTATTGCAATGTGGCTATTATTGTTAAGCATTTGCTTAGGTTCACTA
ATCTATGTAACTGCAGCTTTAGGTGTATTATTGTCCAACTTTGGAGCTC
CTTCCTATTGTAGTGGCGTTAGAGAATCGTATCTCAATTCCTCTAATGT
TACTACTATGGACTTCTGTGAAGGTTCTTTTCCTTGCAGCGTTTGTTTA
AGTGGATTAGACTCGCTTGATTCCTATCCAGCTCTTGAAACCATACAG
GTAACGATTTCATCGTATAAGCTAGACTTGACAATTTTAGGTCTGGCTG
CTGAGTGGTTTTTGGCATATATGTTGTTCACAAAATTCTTTTATTTATTA
GGTCTTTCAGCTATAATGCAGGTGTTCTTTGGCTATTTTGCTAGTCATT
TCATCAGCAATTCTTGGCTTATGTGGTTTATCATTAGTATCGTACAAATG
GCACCCGTTTCCGCAATGGTTAGGATGTACATTTTCGTTGCTTICTTTC
TACTACATATGGAAGAGCTATGTTCATATTATGGATGGTTGTACTTCATC
TACTTGCATGATGTGCT
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4
(22584bp-
24683bp)

spike

glycopro
tein

TACCAAGCTACTAGAGTAGTGGTACTTTCATTTGAGCTTCTAAATGCAC
CTGCCACAGTGTGTGGACCAAAATTGTCCACATCACTAATTAAGAACC
AGTGTGTCAATTTTAATTTCAATGGACTCAAGGGTACTGGTGTGTTGA
CTGACTCGTCCAAAAAGTTTCAGTCTTTTCAACAATTTGGAAGGGATG
CATCTGATTTTACTGACTCAGTACGCGACCCTCAGACACTTCAAATAC
TTGACATTTCACCATGTTCATTTGGTGGTGTGAGTGTAATAACACCAG
GAACAAATGCTTCATCTGAAGTAGCCGTTCTATACCAAGATGTAAACT
GCACTGATGTTCCCACGGCCATACGTGCTGACCAACTCACACCTGCT
TCGGCGTGTTTACTCTGCTGGAGTAAATGTGTTTCAAACTCAGGCTGG
CTGTTTAATAGGAGCGGAACATGTCAATGCTTCATATGAGTGTGACAT
TCCCATTGGTGCAGGCATTTGTGCTAGTTACCATACAGCTTCCCTTTT
ACGTAATACAGGCCAGAAATCAATTGTGGCCTATACTATGTCACTTGG
TGCTGAAAACTCAATTGCTTATGCTAATAACTCAATTGCCATACCTACA
AATTTTTCAATCAGTGTCACAACTGAAGTGATGCCTGTTTCAATGGCT
AAGACATCAGTAGATTGTACAATGTACATCTGTGGTGACTCTCAGGAG
TGCAGCAACTTACTACTTCAGTATGGTAGCTTTTGCACACAATTAAATC
GTGCCCTTTCAGGCATTGCTGTTGAACAGGACAAAAACACTCAAGAG
GTTTTTGCCCAAGTTAAACAAATGTATAAGACACCAGCCATAAAAGATT
TTGGTGGCTTTAATTTCTCACAAATATTGCCTGACCCTTCTAAGCCAAC
AAAAAGATCATTTATTGAGGATTTACTCTTCAACAAAGTGACTCTCGCT
GATGCTGGCTTTATGAAGCAATACGGCGAATGCCTAGGCGATATTAGT
GCTAGAGATCTCATTTGTGCGCAGAAGTTCAATGGACTCACTGTCCTT
CCACCTCTACTCACGGATGAAATGATTGCTGCTTACACCGCCGCTCTT
GTCAGCGGTACTGCTACTGCTGGTTGGACATTTGGTGCAGGTGCTGC
TCTACAAATACCTTTTGCTATGCAAATGGCTTATAGGTTCAATGGCATT
GGAGTTACTCAAAATGTTCTCTATGAGAACCAGAAGCAGATCGCTAAC
CAATTTAACAAGGCGATCAGTCAAATTCAAGAATCACTTACTACTACTT
CAACTGCATTGGGCAAGCTGCAAGACGTCGTCAACCAGAATGCTCAA
GCATTGAACACACTTGTTAAACAACTAAGTTCTAACTTTGGTGCAATTT
CAAGTGTTTTAAATGACATTCTGTCTCGACTYGACAAAGTTGAGGCTG
AAGTGCAAATTGATAGGTTGATTACTGGCAGATTACAAAGCCTTCAGA
CCTATGTAACACAACAACTAATCAGAGCTGCTGAAATCAGAGCTTCTG
CCAATCTTGCTGCCACTAAGATGTCCGAGTGTGTTCTTGGACAATCAA
AAAGAGTTGACTTTTGTGGAAAAGGCTATCATCTTATGTCTTTCCCTC
AAGCAGCCCCACATGGTGTCGTCTTCTTACATGTCACATACGTGCCAT
CGCAAGAAAGAAACTTCACCACTGCCCCAGCAATCTGCCATCAAGGC
AAGGCACACTTCCCTCGTGAAGGTGTTTTTGTATCTAATGGCACTTICT
TGGTTTATCACACAGAGGAACTTCTTTTCACCACAAATAATTACAACAG
ACAATACATTTGTCTCTGGAAATTGTGATGTCGTTATTGGCATCATCAA
CAATACTGTTTATGATCCTCTGCAACCTGAGCTTGACTCATTTAAAGAA
GAGCTGGACAAGTACTTCAAAAACCACACGTCACCTGATGTRGATCT
TGGCGACATCTCAGGCATTAATGCTTCAGTCGTCAATATTCAAAAAGA
AATTGACCGCCTCAATGAGGTTGCCAAAAATCTAAATGAATCGCTCAT
CGATCTTCAAGAACTTGGAAAATATGAGCA

184

5
(26193bp-
27421bp)

ORF3a,
Envelop
e (E),
Membra
ne (M),
ORFB,
ORF7a

CAGTAACACTTGCTTGCTTTGTGCTTGCTGCTGTTTACAGAATTAATT
GGGTGACTGGCGGAATTGCRATTGCAATGGCTTGTATTGTAGGCTTG
ATGTGGCTTAGCTACTTCRTTGCTTICTTTCAGGCTGTTTGCGCGCACC
CGCTCWATGTGGTCATTCAACCCAGAAACYAACATTCTTCTCAATGTG
CCTCTTCGRGGRACAATYTTGACCAGACCGCTCATGGARAGTGAACT
TCTCATTGCTGCTGTGATCATTCGTGGTCACCTGCGAATGGCTGGAC
ACTCYCTWGGGCGCTGTGACATTAAGGACCTGCCAAAAGAGATCACT
GTGGCTACATCACGAACGCTTTCTTATTACAAATTAGGAGCTTCGCAG
CGTGTAGGCACTGACTCAGGTTTTGCTGCATACAACCGCTACCGTATT
GGAAACTACAAATTAAATACAGACCACGCCGGTAGCAACGACAATATT
GCTTTGCTAGTACAGTAAGTGACAACAGATGTTTCATCTAGTTGACTT
CCAGGTTACAATAGCGGAGATATTGATTATCATTATGAGGACTTTCAGG
ATTGCCATCTGGAATCTTGATGTAATAATAAGTTCAATAGTGAGACAAT
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TATTTAAGCCTCTAACTAAGAAGAATTATTCTGAGTTAGATGATGAAGA
ACYTATGGAGATTGATTATCCATAAAACGAACATGAAAATTATCCTCTTC
CTGACTTTGATTTCACTTGCATTTTGTGAGTTATATCATTATCAGGAGT
GTGTTAGAGGTACAACTGTACTATTAAAAGAACCTTGCCCATCRGGAA
CGTACGAGGGCAATTCACCATTTCACCCTCTTGCTGACAACAAATTIG
CACTAACTTGCATTAGCACACATTTTGCTTTTGCTTGTGCTGACGGTA
CTCGACATACCTATCAGCTTCGTGCAAGATCAGTTTCTCCAAAACTCT
TCATCAGGCAAGAGGAATTTCATCAAGAGCTCTATTCACCACTTTTTIC
TCATTGTTGCCGCTCTAGTATTTATAATACTTTGCTTCACCATTAAGAGA
AAGACCGAATGAGTGAGCTCACTTTAATTGACTTCTATTTGTGCTTTIT
AGCCTTTCTGCTATTCCTTGTTTTAATAATGCTCATCATATTTTGGTTCT
CCTTGGAGATTCAAGATTCTGAAGAGCCATGTCCAAAAGTCTAAACGA
ACATGAAACTTCTCATTGTTTT

[00233] In some embodiments, the large sequences are not limited to the above mentioned conserved

fragments.

[00234] In certain embodiments, the large sequence comprises spike glycoprotein (S} or a portion thereof
(e.g.. the RBD), nucleoprotein or a portion thereof, membrane protein or a portion thereof, and/or
QORF1a/b or a portion thereof (see Table 9, SEQ ID NO: 139). In certain embodiments, the large sequence
comprises Spike glycoprotein (S} or a portion thereof (e.g., the RBD), Nucleoprotein or a portion thereof,
and ORF1ta/b or a portion thereof. In further embodiments, the large sequence comprises Spike
glycoprotein (S) or a portion thereof (e.g., the RBD), and Nucleocapsid protein or a portion thereof (see
Table. 9, SEQ ID NO: 140).

[00235] As will be discussed herein, in certain embodiments, the vaccine composition comprises whole
spike protein, one or more coronavirus CD4+ T cell target epitopes; and one or more coronavirus CD8+ T
cell target epitopes. In certain embodiments, the vaccine composition comprises at least a portion of the
spike protein (e.g., wherein the portion comprises a trimerized SARS-CoV-2 receptor-binding domain
(RBD)), one or more coronavirus CD4+ T cell target epitopes; and one or more coronavirus CD8+ T cell
target epitopes. In some embodiments, the one or more coronavirus CD4+ T cell target epitopes; and one

or more coronavirus CD8+ T cell target epitopes are in the form of a large sequence.

[00236] In some embodiments, the large sequence(s) are derived from a full-length spike glycoprotein. In
other embodiments, the large sequence(s) are derived from a portion of the spike glycoprotein. In some
embodiments, the transmembrane anchor of the spike protein has an intact S1-S2 cleavage site. in some
embodiments, the spike protein is in its stabilized conformation. In some embodiments, the spike protein
is stabilized with proline substitutions at amino acid positions 986 and 987 at the top of the central helix in
the S2 subunit. In some embodiments, the composition comprises a SARS-CoV-2 receptor—binding
domain (RBD). In some embodiments, the composition comprises a trimerized SARS-CoV-2
receptor—binding domain (RBD). In some embodiments, the trimerized SARS-CoV-2 receptor-binding
domain (RBD) sequence is modified by the addition of a T4 fibritin-derived foldon trimerization domain. in
some embodiments, the addition of a T4 fibritin-derived foldon ftrimerization domain increases

immunogenicity by multivalent display.
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[00237] In some embodiments, the spike protein comprises Tyr-489 and Asn-487 {e.g., Tyr-489 and
Asn-487 help with interaction with Tyr 83 and Gin-24 on ACE-2). In some embodiments, the spike protein
comprises GIn-493 (e.g., Gin-493 helps with interaction with Glu-35 and Lys-31 on ACE-2). in some
embodiments, the spike protein comprises Tyr-505 (e.g., Tyr-505 helps with interaction with Glu-37 and
Arg-393 on ACE-2). In some embodiments, the composition comprises a mutation 682-RRAR-685 —
682-QQAQ-685 in the S1-82 cleavage site.

[00238] In some embodiments, the spike protein comprising the large sequence(s) comprises at least one
proline substitution. In some embodiments, the spike protein comprising the large sequence(s) comprises
at least two proline substitutions. For example, the proline substitution may be at position K986 and V987.

[00239] Non-limiting examples of sequences are disclosed in Table 2.

Table 2:

Sequence: SEQID
NO:
SARS-CoV-like SQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFF | 186
Spike-S1-NTD SNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIF
GTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSW
13bp-304bp MESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNID

GYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRS
YLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCAL

DPLSETKCTLK
SARS-CoV-2 RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADY | 187
Spike-S1-RBD SVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAP
GQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVYGGNYNYLYRLFRK
319bp-541bp SNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVG
YQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNF
CoV Spike FNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVTRAGCLIGAEHVN | 196
§1-82_82 NSYECDIPIGAGICASYQTQTNRDPQTLEILDITPCSFGGVSVITPGT

NTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQSPRR
543bp-1,208bp ARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTK
TSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVT
LADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTS
ALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKL
IANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSN
FGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAE!
RASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFL
HVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNF
YEPQITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFK
NHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGK
YEQ

spike glycoprotein | MEVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSV | 191
with a mutation LHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFA
682-RRAR-685 — | STEKSNHRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFL

682-QQAQ-685in | GVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGN
the §1-82 FKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLYDLPIGINI
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cleavage site TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNE
NGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRF
PNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFST
FKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNY
KLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDIS
TEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLP
FQQFGRDIADTTDAVTRAGCLIGAEHVNNSYECDIPIGAGICASYQT
QTNRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEV
PVAIHADQLTPTWRVYSTGSNVFQSPQQAQSVASQSHAYTMSLGAE
NSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSYDCTMYICGDSTECSN
LLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFG
GFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAA
RDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAAL
QIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTA
SALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEA
EVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICH
DGKAHFPREGVFVSNGTHWFVTQRNFYEPQITTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVV
NIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIA
IWMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHY
T

spike glycoprotein | MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSY | 192
with two proline LHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFA
substitutions STEKSNHRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFL
{KO86P, Va87P) GVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGN
FKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINI
TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNE
NGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRF
PNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFST
FKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNY
KLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDIS
TEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLP
FQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVA
VLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEH
VNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSHAYTMSLGAE
NSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSYDCTMYICGDSTECSN
LLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFG
GFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAA
RDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAAL
QIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTA
SALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEA
EVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICH
DGKAHFPREGVFVSNGTHWFVTQRNFYEPQUHTTDNTFVSGNCDVV
IGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVV
NIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIA
IWVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHY

T
spike glycoprotein 193
with four proline MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSV
substitutions LHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPYLPFNDGVYFA

(F817P, A892P, STEKSNHIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFL
A899P, A942P) GVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGN
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FKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLYDLPIGINI
TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNE
NGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRF
PNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFST
FKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNY
KLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDIS
TEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLP
FQQFGRDIADTTDAVTRAGCLIGAEHVNNSYECDIPIGAGICASYQT
QTNRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEV
PVAIHADQLTPTWRVYSTGSNVFQSPRRARSVASQSHAYTMSLGAE
NSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSYDCTMYICGDSTECSN
LLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFG
GFNFSQILPDPSKPSKRSRIEDLLFNKVTLADAGFIKQYGDCLGDIAA
RDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGRAL
QIPFEMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSST
PSALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVE
AEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQ
SKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAIC
HDGKAHFPREGVFVSNGTHWFVTQRNFYEPQUTTDNTFVSGNCD
VVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINAS
VVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAG
LIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVK

LHYT
spike glycoprotein 194
with six proline MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSV
substitutions LHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFA
(F817P, AB92P, STEKSNIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFL
ABISP, A942P, GVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGN

KS86P, VO87P) FKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINI
TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNE
NGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRF
PNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFST
FKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNY
KLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDIS
TEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLYKNKCVYNFNFNGLTGTGVLTESNKKFLP
FQQFGRDIADTTDAVTRAGCLIGAEHVNNSYECDIPIGAGICASYQT
QTNRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEV
PVAIHADQLTPTWRVYSTGSNVFQSPRRARSVASQSHAYTMSLGAE
NSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSYDCTMYICGDSTECSN
LLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFG
GFNFSQILPDPSKPSKRSPIEDLLFNKVTLADAGFIKQYGDCLGDIAA
RDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGRAL
QIPFPMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSST
PSALGKLQDVVNQONAQALNTLVKQLSSNFGAISSVLNDILSRLDPPE
AEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQ
SKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAIC
HDGKAHFPREGVFVSNGTHWFVTQRNFYEPQUTTDNTFVSGNCD
VVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINAS
VVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAG
LIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVK
LHYT
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spike glycoprotein 195
with six proline MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSV
substitutions LHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFA
(F817P, A8B92P, STEKSNHIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFL
ABI99P, A942P, GVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGN
K986P, VIO87P) FKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLYDLPIGINI

and a TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNE

682-RRAR-685 — | NGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRF
682-QQAQ-685 PNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFST
mutation FKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNY
KLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDIS
TEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLP
FQQFGRDIADTTDAVTRAGCLIGAEHVNNSYECDIPIGAGICASYQT
QTNRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEV
PVAIHADQLTPTWRVYSTGSNVFQSPQQAQSVASQSHAYTMSLGAE
NSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSYDCTMYICGDSTECSN
LLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFG
GFNFSQILPDPSKPSKRSRIEDLLFNKVTLADAGFIKQYGDCLGDIAA
RDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGRAL
QIPFEMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSST
PSALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPE
AEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQ
SKRVYDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAIC
HDGKAHFPREGVFVSNGTHWFVTQRNFYEPQUHTTDNTFVSGNCD
VVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINAS
VVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAG
LIAVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVK
LHYT

Wild type native MFVFLVLLPLVSS 188
leader sequence

[00240] As previously discussed, each of the large sequences are separated by a linker. In some
embodiments, the linker is the same elinker. In some embodiments, one or more linkers are different. For
example, in some embodiments, a different linker is used between each large sequence. As previously

discussed, non-limiting examples of linkers include T2A, E2A, P2A, or the like.

[00241] As previously discussed, in certain embodiments, the vaccine delivery system comprises an
adenovirus such as but not limited to Ad5, Ad26, Ad35, etc., as well as carriers such as lipid
nanoparticles, polymers, peptides, etc.

CD8+ Epitopes

[00242] Examples of methods for identifying potential CD8+ T cell epitopes and screening conservancy of
potential CD8+ T cell epitopes are described herein. The present invention is not limited to the particular
software systems disclosed, and other software systems are accessible to one of ordinary skill in the art
for such methods. The present invention is not limited to the specific haplotypes used herein. For

example, one of ordinary skill in the art may select alternative molecules (e.g., HLA molecules) for
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molecular docking studies.

[00243] FIG. 10 shows sequence homology analysis for screening conservancy of potential CD8+ T cell
epitopes, e.g., the comparison of sequence homology for the potential CD8+ T cell epitopes among
81,963 SARS-CoV-2 strains (that currently circulate in 190 countries on 6 continents), the 4 major
“common cold” Coronaviruses that cased previous outbreaks (e.g., hCoV-OC43, hCoV-229E,
hCoV-HKU1-Genotype B, and hCoV-NL683), and the SL-CoVs that were isolated from bats, civet cats,
pangolins and camels. Epilope sequences highlighted in yellow present a high degree of homology
among the currently circulating 81,963 SARS-CoV-2 strains and at least a 50% conservancy among two
or more humans SARS-CoV strains from previous outbreaks, and the SL-CoV strains isolated from bats,

civet cats, pangolins and camels.

[00244] From the analysis, 27 CD8+ T cell epitopes were selected as being highly conserved. FIG. 11A
and FIG. 11B show the docking of the conserved epitopes to the groove of HLA-A*02:01 molecules as

well as the interaction scores determined by protein-peptide molecular docking analysis.

[00245] FIG. 12A, FIG. 12B, and FIG. 12C shows that CD8+ T cells specific to several highly conserved
SARS-CoV-2 epitopes disclosed herein were detected in COVID-19 patients and unexposed healthy
individuals. FIG. 13A, FIG. 13B, FIG. 13C, and FIG. 13D shows immunogenicity of the identified
SARS-CoV-2 CD8+ T cell epitopes.

[00246] The CD8" T cell target epitopes discussed above include S, .o, Sis00.1208 Siono-in0s: Ooss.ce6: Eoos:
ORF1abygrsiees, ORF1abyssssr, ORFlabygaam:, ORF1abigsais, ORFlabagesis, ORF1absreersy,
ORF7b,g4,, ORF8a;,,, ORF10,,, and ORF10y,,. FIG. 14 shows the genome-wide location of the
epitopes. Thus, in certain embaodiments, the vaccine composition may comprise one or more CD8* T cell
epitopes selected from: S,y Sizgiaozer Sicosrcos: Sossess Foooes ORF1abigrsiess, ORF1abasgsoars,
ORF1abigiza0, ORF1absigia1e, ORF1absygsis, ORF1abgrieers;, ORF7bya, ORF8aj;4,. ORF10,,,
ORF104.,,, Or a combination thereof. Table 3 below describes the sequences for the aforementioned

epitope regions.

Table 3
CD8* T Cell Epitope Sequence SEQ ID NO:
Epitope
ORF1abg,e, VMVELVAEL 2
ORF1ab,476.1685 YLATALLTL 3
ORF1abayi0.2018 CLEASFNYL 4
ORF1abyze32374 WLMWLHINL 5
ORF1ab,g,3.3021 SLPGVFCGV 6
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ORF1ab, 55 3161 FLLNKEMYL 7
ORF1aB3759 3740 SMWALIISV 8

ORF1aB,555 4261 YLASGGQP! 9

ORF18bs.76. 5476 KLSYGIATV 10
ORF1abgy15 6407 YLDAYNMMI 11
ORF1abgr4s.675/ LLLDDFVEI 12
Sao FVFLVLLPL 13
Seeren SHAYTMSL 14
Sasses ALNTLVKQL 15
Seressi VLNDILSRL 16
S 10001008 RLQSLQTYV 17
S aoazzs FIAGLIAIV 18
Eags FLAFVVFLL 19
Easas FLLVTLAIL 20
Eee FLLNKEMYL 21
Masz.0 IFLWLLWPY 22
Mg o7 GLMWLSYF} 23
ORF8,,, HLVDFQVTI 24
ORF7by5, HFWFSLEL 25
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ORF8a,, 5 YVVDDPCPI 26
ORF8a,, ,, YIDIGNYTV 27
ORF10,.,, YINVFAFPF 28
ORF 1045 NVFAFPFT 29

[00247] The present invention is not limited to the aforementioned CD8" T cell epitopes. For example, the
present invention also includes variants of the aforementioned CD8" T cell epitopes, for example
sequences wherein the aforementioned CD8* T cell epitopes are truncated by one amino acid {examples

shown below in Table 4).

Table 4
CD8* T Celi Sequence with Single SEQ
Epitope Origin: AA Truncation ID NO:
ORF1abg,q, VMVELVAE 30
ORF1ab,gs4653 | LATALLTL 31
ORF1abyg00e | CLEASFNY 32
ORF1abysessr | LMWLENL 33
ORF1abygs400 | SLPGVFCG 34
ORF1ab,,g5519¢ | LLNKEMYL 35
ORF1abyrs 040 | SMWALIIS 36
ORF1ab ;4001 | LASGGQPI 37
ORF1abgosis | KLSYGIAT 38
ORF1aby00; | LDAYNMMI 39
ORF1abgyu0475; | LLLDDFVE 40
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S0 VFLVLLPL 41
Sesiaeo SIAYTMS 42
Sersons LNTLVKQL 43
Serens VLNDILSR 44
S 10001008 LQSLQTYV 45
S ya0a228 FIAGLIAI 46
Eaos LAFVVFLL 47
Eoeas FLLVTLAI 48
Eonas LLNKEMYL 49
Mgp.en IFLWLLWP 50
Mgo.or LMWLSYF! 51
ORF6,_,, HLVDFQVT 52
ORF7byg IFWFSLEL 53
ORF8ay, 4 YVVDDPCP 54
ORF8ay,., IDIGNYTV 55
ORF10,.,, YINVFAFP 56
ORF10; VFAFPFTI 57

PCT/US2021/027355

[00248] The present invention is not limited to the aforementioned CD8" T cell epitopes.

[00249] In certain embodiments, the vaccine composition comprises 1-10 CD8" T cell target epitopes. In

certain embodiments, the vaccine composition comprises 2-10 CD8* T cell target epitopes. In certain

embodiments, the vaccine composition comprises 2-15

57

CD8" T cell target epitopes. In certain



WO 2021/211760 PCT/US2021/027355

embodiments, the vaccine composition comprises 2-20 CD8" T cell target epitopes. In certain
embodiments, the vaccine composition comprises 2-30 CD8' T cell target epitopes. In certain
embodiments, the vaccine composition comprises 2-15 CD8* T cell target epitopes. In certain
embodiments, the vaccine composition comprises 2-5 CD8" T cell target epitopes. In certain
embodiments, the vaccine composition comprises 5-10 CD8* cell target epitopes. In certain

embodiments, the vaccine composition comprises 5-20 CD8*

T

embodiments, the vaccine composition comprises 5-15 CD8" T cell target epitopes. In certain
T cell target epitopes. In certain
T

embodiments, the vaccine composition comprises 5-25 CD8" cell target epitopes. In certain
embodiments, the vaccine composition comprises 5-30 CD8' T cell target epitopes. In certain
embodiments, the vaccine composition comprises 10-20 CD8® T cell target epitopes. In certain

embodiments, the vaccine composition comprises 10-30 CD8" T celf target epitopes

CD4+ Epitopes

[00250] Examples of methods for identifying potential CD4+ T cell epitopes and screening conservancy of
potential CD4+ T cell epitopes are described herein. The present invention is not limited to the particular
software systems disclosed, and other software systems are accessible to one of ordinary skill in the art
for such methods. The present invention is not limited to the specific haplotypes used herein. For
example, one of ordinary skill in the art may select alternative molecules (e.g., HLA molecules) for
molecular docking studies.

[00251] FIG. 15 shows the identification of highty conserved potential SARS-CoV-2-derived human CD4+
T cell epitopes that bind with high affinity to HLA-DR molecules. Out of a total of 9,594 potential
HLA-DR-restricted CD4+ T cell epitopes from the whole genome sequence of SARS-CoV-2-Wuhan-Hu-1
strain (MN908947 .3), 16 epitopes that bind with high affinity to HLA-DRB1 molecules were selected. The
conservancy of the 16 CD4+ T cell epitopes was analyzed among human and animal Coronaviruses.
Shown are the comparison of sequence homology for the 16 CD4+ T cell epitopes among 81,963
SARS-CoV-2 strains (that currently circulate in 6 continents), the 4 major “common cold” Coronaviruses
that cased previous outbreaks (i.e. hCoV-OC43, hCoV-229E, hCoV-HKU1, and hCoV-NL83), and the
SL-CoVs that were isolated from bats, civet cats, pangolins and camels. Epitope sequences highlighted in
green present high degree of homology among the currently circulating 81,963 SARS-CoV-2 strains and
at least a 50% conservancy among two or more humans SARS-CoV strains from previous outbreaks, and

the SL-CoV strains isolated from bats, civet cats, pangolins and camels.

[00252] From the analysis, 16 CD4+ T cell epitopes were selected as being highly conserved. FIG. 16A
and FIG. 16B show the docking of the conserved epitopes to the groove of HLA-A*02:01 molecules as

well as the interaction scores determined by protein-peptide molecular docking analysis.

[00253]1 FIG. 17A, FIG. 17B, and FIG. 17C show that CD4+ T cells specific to several highly conserved
SARS-CoV-2 epitopes disclosed herein were detected in COVID-19 patients and unexposed heaithy
individuals. FIG. 18A, FIG. 18B, FIG. 18C, and FIG. 18D show immunogenicity of the identified
SARS-CoV-2 CD4+ T cell epitopes.
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[00254] The CD4* T cell target epitopes discussed above include ORF1a,350.4365. ORF1abggigss3,
ORFB8;.05, ORF1abygss100, ORF 18044006134 ORF 1818011815 Si430 Easaer Eavaus Mizsigos Nagaage, ORF7a5,
ORF7a,; ORF7b,,,, ORF7ag ., and ORF8,,. FIG. 14 shows the genome-wide location of the
epitopes. Thus, in certain embodiments, the vaccine composition may comprise one or more CD4* T cell
target epitopes selected from ORF1a,,504365. ORF18D5510.5005: ORF64.05, ORF18bgges 6100, ORF 180440064240
ORF1@3301.1815 St-13, Eostos Ezo3as Mizs1e0: Nigagos, ORF75.47, ORF7a45, ORF7bg,,, ORF7a44.112, ORF8, 5,
or a combination thereof. Table 5 below describes the sequences for the aforementioned epitope regions.

Table 5
CD4* T Cell Epitope Sequence SEQID NO:
Epitope
ORF 18,550 1365 KSAFYILPSHSNEK 58
ORF 18591115 ESPFVMMSAPPAQYE 59
ORF1abegio.5032 PNMLRIMASLVLARK 60
ORF1abges.6102 RIKVQMLSDTLKNL 61
ORF1abgs0.5034 LDAYNMMISAGFSLW 62
S MFVFLVLLPLVSS 63
Esoas FLAFVVFLLVTLAIL 64
Ess40 FLLVTLAILTALRLC 65
M 76160 LSYYKLGASQRVAGD 66
ORF8,5.5¢ AEILLIIMRTFKVSI 67
ORF7a, 5 MKHLFLALITLATC 68
ORF7a,,; HFLALITLATCEL 69
ORFT7ag 11 SPIFLIVAAIVFITL 70
ORF7bg ., DFYLCFLAFLLFLVL 71

59




WO 2021/211760

PCT/US2021/027355

ORF8b,

MKFLVFLGHTTVAA

72

N388-4031

KQQTVTLLPAADLDDF

73

[00255] The present invention is not limited to the aforementioned CD4" T cell epitopes. For example, the

present invention also includes variants of the aforementioned CD4* T cell epitopes, for example

sequences wherein the aforementioned CD4* T cell epitopes are truncated by one or more amino acids or

extended by one or more amino acids {(examples shown betow in Table 6).

Table 6
CD4*' T Cell Sequence with Single AA SEQ ID NO:

Epitope Origin Truncation

ORF 123504365 KSAFYILPSIISNE 74
ORF1a,501.1815 ESPFVMMSAPPAQY 75
ORF1abgigs0s: | PNMLRIMASLVLAR 76
ORF1abggssgioe | RIKVQMLSDTLKN 77
ORF1abgi06:34 | LDAYNMMISAGFSL 78
Si MFVFLVLLPLVS 79
Eopas FLAFVVFLLVTLAI 80
Essa0 FLLVTLAILTALRL 81
M,76.100 LSYYKLGASQRVAG 82
ORF6,,.4 AEILLIIMRTFKVS 83
ORF7a, s MKHLFLALITLAT 84
ORF7a,,; HFLALITLATCE 85
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ORF7ag 11, SPIFLIVAAIVFIT 86
ORF7b,.,, DFYLCFLAFLLFLY 87
ORF8b, MKFLVFLGHTTVA 88
Nies.4051 KQQTVTLLPAADLDD 89
ORF1a,350.156s | SAFYILPSHSNEK 90
ORF1aig s | SPEVMMSAPPAQYE 91
ORF1absgises | NMLRIMASLVLARK 92
ORF1abygessrey | IKVQMLSDTLKNL 93
ORF1abgupass | DAYNMMISAGFSLW 94
S FVFLVLLPLVSS 95
Esoss LAFVVFLLVTLAIL 96
Eneo LLVTLAILTALRLC 97
M 76160 SYYKLGASQRVAGD 98
ORF6,, . EILLIMRTFKVSI 99
ORF7a, ., KILFLALITLATC 100
ORF7a,., IFLALITLATCEL 101
ORF7a5 115 PIFLIVAAIVFITL 102
ORF7bg 5, FYLCFLAFLLFLVL 103
ORF8b, ;5 KFLVFLGITTVAA 104
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Nass.4031 QQTVTLLPAADLDDF 105

[00256] The present invention is not limited to the aforementioned CD4" T cell epitopes.

[00257] In certain embodiments, the vaccine composition comprises 1-10 CD4* T cell target epitopes. in
certain embodiments, the vaccine composition comprises 2-10 CD4" T cell target epitopes. In certain
embodiments, the vaccine composition comprises 2-15 CD4" T cell target epitopes. In certain
embodiments, the vaccine composition comprises 2-20 CD4* T cell target epitopes. In certain
embodiments, the vaccine composition comprises 2-30 CD4* T cell target epitopes. In certain
embodiments, the vaccine composition comprises 2-15 CD4* T cell target epitopes. in certain
embodiments, the vaccine composition comprises 2-5 CD4* T cell target epitopes. In certain
embodiments, the vaccine composition comprises 5-10 CD4* T cell target epitopes. In certain
embodiments, the vaccine composition comprises 5-15 CD4* T cell target epitopes. In certain
embodiments, the vaccine composition comprises 5-20 CD4* T cell target epitopes. In certain
embodiments, the vaccine composition comprises 5-25 CD4" T cell target epitopes. In certain
embodiments, the vaccine composition comprises 5-30 CD4" T cell target epitopes. In certain
embodiments, the vaccine composition comprises 10-20 CD4" T cell target epitopes. In certain

embodiments, the vaccine composition comprises 10-30 CD4* T cell target epitopes.

B cell Epitopes

[00258] Examples of methods for identifying potential B cell epitopes and screening conservancy of
potential B cell epitopes are described herein. The present invention is not limited to the particular
software systems disclosed, and other software systems are accessible to one of ordinary skill in the art

for such methods.

[00259] FIG. 19 shows the conservation of Spike-derived B cell epitopes among human, bat, civet cat,
pangolin, and camel coronavirus strains. Multiple sequence alignment performed using ClustalW among
29 strains of SARS coronavirus (SARS-CoV) obtained from human, bat, civet, pangolin, and camel. This
includes 7 human SARS/MERS-CoV strains {(SARS-CoV-2-Wuhan (MN908947.3), SARS-HCoV-Urbani
(AY278741.1), CoV-HKU1-Genotype-B (AY884001), CoV-OC43 (KF923903), CoV-NL83 (NC005831),
CoV-229E (KY983587), MERS (NC019843)); 8 bat SARS-CoV strains (BAT-SL-CoV-WIiV16 (KT444582),
BAT-SL-CoV-WIV1 (KF367457.1), BAT-SL-CoV-YNLF31C (KP886808.1), BAT-SARS-CoV-RS672
(FJ588686.1), BAT-CoV-RATG13 (MN996532.1), BAT-CoV-YNO1 (EPIISL412976), BAT-CoV-YNO2
(EPIISL412977), BAT-CoV-19-ZXC21 (MG772934.1); 3 Civet SARS-CoV strains (SARS-CoV-Civet007
{AY572034.1), SARS-CoV-A022 (AY686863.1), SARS-CoV-B039 (AY686864.1)), 9 pangolin SARS-CoV
strains (PCoV-GX-P2V{MT072864.1), PCoV-GX-P5E(MT040336.1), PCoV-GX-P5L (MT040335.1),
PCoV-GX-P1E  (MT040334.1), PCoV-GX-P4L (MT040333.1), PCoV-MP789 (MT084071.1),
PCoV-GX-P3B (MT072865.1), PCoV-Guangdong-P28 (EP1ISL410544), PCoV-Guangdong
(EPIISL410721)), 4 camel SARS-CoV strains {Camel-CoV-HKU23 (KT368891.1), DcCoV-HKU23
(MN514967.1), MERS-CoV-Jeddah (KF917527.1), Riyadh/RY141 (NC028752.1)) and 1 recombinant
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strain (FJ211859.1)). Regions highlighted with blue color represent the sequence homology. The B cell
epitopes, which showed at least 50% conservancy among two or more strains of the SARS Coronavirus

or possess receptor-binding domain (RBD) specific amino acids were selected as candidate epitopes.

[00260] From the analysis, 22 B cell epitlopes were selected as being highly conserved. FIG. 20A and
FIG. 20B shows the docking of the conserved epitopes to the ACE2 receptor as well as the interaction
scores determined by protein-peptide molecular docking analysis. FIG. 21A, FIG. 21B, FIG. 21C, FiG.
21D, FIG. 21E, FIG. 21F, and FIG. 21G shows immunogenicity of the identified SARS-CoV-2 B cell

epitopes.

[00261] The B cell target epitopes discussed above include S,g; 517, Sorssee Sentsdn Ssoo-a1er Sses.cos Dass-83
Sisosot: Siiaz117ar Saneaes Ssesrr anNd Sy;4,. FIG. 2B shows the genome-wide focation of the epitopes. Thus,
in certain embodiments, the vaccine composition may comprise one or more B cell target epitopes
selected from: S,g7517, Seassos: Seor-saor Ssozerer Osesooe 6003 Dsd40-501 Diizat172: Da20.363: Osestr aNd Syagr. IN
some embodiments, the B cell epitope is whole spike protein. In some embodiments, the B cell epitope is

a portion of the spike protein. Table 7 below describes the sequences for the aforementioned epitope

regions.
Table 7
B Cell Epitope Sequence SEQID
Epitope NO:
106
Si3a7 SQCVNLTTRTQLPPAYTNSFTRGVY
107
Szo.s1 FSNVTWFHAIHVSGTNGTKRFDN
108
Sogr.317 DAVDCALDPLSETKCTLKSFTVEKGIYQTSN
109
Seots40 GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGS
110
Ssoases VCGPKKSTNLVKNKCVYNFNFNGLTGTGVLTESNKKFLPFQQFGRDI
ADTTDAVRDPQTLEILDITPCSFGGVSVI
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"1

S 4s0-501 NLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGF
NCYFPLQSYGFQPTE

112
Sis0.303 YNSASFSTFKCYGVSPTKLNDLCFT

113
S FPNITNLCPFGEVFNATRFASVYAWNRKRISNCVA

114
S T—— VNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGI

115
Sgagi0 FSQILPDPSKPSKRSFIE

116
Sesz00e FGAGAALQIPFAMQMAYRFNGI

[00262] The present invention is not limited to the aforementioned B cell epitopes. For example, the
present invention also includes varianis of the aforementioned B cell epitopes, for example sequences
wherein the aforementioned B cell epitopes are truncated by one or more amino acids or extended by one

or more amino acids (examples shown below in Table 8).

Table 8
Origin of SEQID
Epitope Sequence with AA Truncation NO:
17
Sia5 SQCVNLTTRTQLPPAYTNSFTRG
118
Ses.79 FSNVTWFHAIHVSGTNGTKRF
119
S,e7315 DAVDCALDPLSETKCTLKSFTVEKGIYQT
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120
S GTNTSNQVAVLYQDRVNCTEVPVAIHADQLTPTWRVYST

121
Serpses VCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRD!

ADTTDAVRDPQTLEILDITPCSFGGVS

122

Susosss NLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGF
NCYFPLQSYGFQP

123
Sasosi YNSASFSTFKCYGVSPTKLNDLC

124
Suzese1 FPNITNLCPFGEVFNATRFASVYAWNRKRISNC

125
S isat70 VNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDIS

126
Seonsir FSQILPDPSKPSKRSF

127
Sase00r FGAGAALQIPFAMQMAYRFN

128
Sisar CVNLTTRTQLPPAYTNSFTRGVY

129
Serer NVTWFHAIHVSGTNGTKRFDN

130
Sueesir VDCALDPLSETKCTLKSFTVEKGIYQTSN

131
Seossio NTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGS
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132
Sere 500 GPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIAD
TTDAVRDPQTLEILDITPCSFGGVSVI
133
Suazsor DSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFN
CYFPLQSYGFQPTE
134
Syria08 SASFSTFKCYGVSPTKLNDLCFT
135
Sis1am NITNLCPFGEVFNATRFASVYAWNRKRISNCVA
136
S 151172 NTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGI
137
Segesio QILPDPSKPSKRSFIE
138
Seape00 AGAALQIPFAMQMAYRFNGI

[00263] As previously discussed, in some embodiments, the B cell epitope is in the form of whole spike
protein. In some embodiments, the B cell epitope is in the form of a portion of spike protein. In some
embodiments, the transmembrane anchor of the spike protein has an intact S1-S2 cleavage site. in some
embodiments, the spike protein is in its stabilized conformation. In some embodiments, the spike protein
is stabilized with proline substitutions at amino acid positions 986 and 987 at the top of the central helix in
the S2 subunit. In some embodiments, the composition comprises a trimerized SARS-CoV-2
receptor—binding domain (RBD). In some embodiments, the trimerized SARS-CoV-2 receptor-binding
domain (RBD) sequence is modified by the addition of a T4 fibritin-derived foldon trimerization domain. In
some embodiments, the addition of a T4 fibritin-derived foldon trimerization domain increases
immunogenicity by muitivalent display. FIG. 22 shows a non-limiting example of a spike protein

comprising one or more mutations.

[00264] In some embodiments, the spike protein comprises Tyr-489 and Asn-487 (e.g., Tyr-489 and

Asn-487 help with interaction with Tyr 83 and Gin-24 on ACE-2). In some embodiments, the spike protein

comprises Gin-493 (e.g., Gin-493 helps with interaction with Glu-35 and Lys-31 on ACE-2). In some
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embodiments, the spike protein comprises Tyr-505 (e.g., Tyr-505 helps with interaction with Glu-37 and
Arg-393 on ACE-2). In some embodiments, the composition comprises a mutation 682-RRAR-685 —
682-QQAQ-685 in the S1-82 cleavage site.

[00265] In some embodiments, the composition comprises at least one proline substitution. In some
embodiments, the composition comprises at least two proline substitutions. For example, the proline
substitution may be at position K986 and V987.

[00266] In certain embodiments, the vaccine composition comprises 1-10 B cell target epitopes. In certain
embodiments, the vaccine composition comprises 2-10 B cell target epitopes. In certain embodiments, the
vaccine composition comprises 2-15 B cell target epitopes. In certain embodiments, the vaccine
composition comprises 2-20 B cell target epitopes. In certain embodiments, the vaccine composition
comprises 2-30 B cell target epitopes. in certain embodiments, the vaccine composition comprises 2-15 B
cell target epitopes. In certain embodiments, the vaccine composition comprises 2-5 B cell target
epitopes. iIn certain embodiments, the vaccine composition comprises 5-10 B cell target epitopes. In
certain embodiments, the vaccine composition comprises 5-15 B cell target epitopes. In certain
embodiments, the vaccine composition comprises 5-20 B cell target epitopes. In certain embodiments, the
vaccine composition comprises 5-25 B cell target epitopes. In certain embodiments, the vaccine
composition comprises 5-30 B cell target epitopes. In certain embodiments, the vaccine composition
comptrises 10-20 B cell target epitopes. In certain embodiments, the vaccine composition comprises 10-30

B cell target epitopes.

[00267] For certain embodiments, the epitopes that are selected may be those that achieve a particular
score in a binding assay (for binding to an HLA molecule, for example.) For example, in some
embodiments, the epitopes selected have an IC,, score of 250 or less in an ELISA binding assay (e.g., an
ELISA binding assay specific for HLA-DR/peptide combination, HLA-A*0201/peptide combination, etc.), or
the equivalent of the {C,, score of 250 or less in a different binding assay. Binding assays are well known

to one of ordinary skill in the art.

Large Sequence(s) Arrangements

[00268] The large sequences of the compositions described may be arranged in various configurations
{see FIG. 23). In some embodiments, the large sequences may be arranged such that a spike
glycoprotein (S) or a portion thereof (e.g., the RBD) is followed by an ORF1a/b protein or a portion thereof
followed by Nucleoprotein or a portion thereof. In some embodiments, the large sequences may be
arranged such that a spike glycoprotein (S) or a portion thereof (e.g., the RBD) is followed by an ORF1a/b
protein or a portion thereof followed by Nucleoprotein or a portion thereof is followed by a membrane (M)
or a portion thereof.

[00269] In some embodiments, the large sequences may be arranged such that an ORF1a/hb protein or a
portion thereof followed by a nucleoprotein (N) or a portion thereof. In some embodiments, the targe

sequences may be arranged such that an ORF1a/b protein or a portion thereof followed by nucleoprotein
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(N) or a portion thereof is followed by a membrane (M) or a portion thereof.

[00270] In some embodiments, the large sequences may be arranged such that a spike glycoprotein (S)
or a portion thereof (e.g., the RBD) is followed by fragment 1 or a portion thereof. In some embodiments,
the large sequences may be arranged such that a spike glycoprotein (S) or a portion thereof {e.g., the
RBD) is followed by fragment 2 or a portion thereof. In some embodiments, the large sequences may be
arranged such that a spike glycoprotein (S) or a portion thereof (e.g., the RBD) is followed by fragment 4
or a portion thereof. In some embodiments, the large sequences may be arranged such that a spike
glycoprotein (S) or a portion thereof {e.g., the RBD) is followed by fragment 5 or a portion thereof. In
further embodiments, the large sequences may be arranged such that a spike glycoprotein (S) or a
portion thereof (e.g., the RBD) is followed by fragment 1 or a portion thereof, followed by fragment 5 or a

portion thereof.

[00271] In some embodiments, the large sequences may be arranged such that a spike glycoprotein (S)
or a portion thereof (e.g., the RBD) is followed by a nucleocapsid protein or a portion thereof. in some
embodiments, the large sequences may be arranged such that a spike glycoprotein (S) or a portion
thereof (e.g., the RBD) is followed by a ORF1ab protein or portion thereof, followed by a ORF3 protein or
portion thereof followed by an Envelope protein or protein thereof, followed by Membrane protein or
portion thereof followed by an ORF6 protein or portion thereof, followed by a ORF7a protein or portion
thereof. In some embodiments, the large sequences may be arranged such that a spike glycoprotein (S)
or a portion thereof (e.g., the RBD) is followed by a membrane protein or portion thereof, followed by a
envelope protein or portion thereof, followed by a Nsp3 protein or portion thereof, followed by a Nspb

protein or portion thereof, followed by a Nsp12 protein or portion thereof.

[00272] In some embodiments, the large sequences may be arranged such that a spike glycoprotein (S)
or a portion thereof (e.g., the RBD) is followed by one large sequence. In some embodiments, the large
sequences may be arranged such that a spike glycoprotein (S) or a portion thereof (e.g., the RBD) is
followed by two large sequences. in some embodiments, the large sequences may be arranged such that
a spike glycoprotein (S) or a portion thereof (e.g., the RBD) is followed by three large sequences. In some
embodiments, the large sequences may be arranged such that a spike glycoprotein (S) or a portion
thereof (e.g., the RBD) is followed by four large sequences. In some embodiments, the large sequences
may be arranged such that a spike glycoprotein (S) or a portion thereof (e.g., the RBD) is followed by five

large sequences.

[00273] In some embodiments, the large sequences may be arranged such that a spike glycoprotein (S)
or a portion thereof (e.g., the RBD) is followed by one large sequence both are driven each by a promoter
or both are driven by a single promoter but separated by a linker as illustrated in FIG x, y and z)

Vaccine Candidates
[00274] As previously discussed, the present invention provides vaccine compositions comprising an

antigen featuring: one or more large sequence, two or more large sequences, three or more large
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sequences, four or more large sequences, or five or more large sequences. in some embodiment, the
large sequences comprise at least one B cell epitope and at least one CD4+ T cell epitope, at least one B
cell epitope and at least one CD8+ T cell epitope, at least one CD4+ T cell epitope and at least one CD8+
T cell epitope, or at least one B cell epitope, at least one CD4+ T cell epitope, and at least one CD8+ T
cell epitope.

[00275] Table 9 and FIG. 24 shows examples of vaccine compositions described herein. The present

invention is not limited to the examples in Table 9.

Table 9:
Vaccine Sequence: SEQ
Candidate ID NO:
1 CTCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATT 139

promoter,
5UTR and GACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT

leader GGGTGCGAGIATTIACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTA
sequence, TCATATGCCAAGTACGCCCCCTIATTGACGTCAATGACGGTAAATGGCCC
Spike GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTIGGCA
glycoprotein GTACATCTACGTATTAGTCATCGCTIATTACCATGGTCGAGGTGAGCCCCA
{HexaPro- CCTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTT
mutations), GIATTIATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGE
linker, GGGGGGGGCGCGCGUCAGGCGEGGGCGGGGCEGGGLCCEGAGGGGLGE

nucleocapsid | GGCGGGGCGAGGCGGAGAGGTIGCGGCGGCAGCCAATCAGAGCGGCG
, Stop Codon, | CGCTCCCAAAGTTTCCTTTIATGGCGAGGCGGCGGCGGLCGEGGCGGCCC
SUTR and JATAAAAAGCGAAGCGCGCGGECEGGCGGCAGTCGCTGLGUGCTGLCT
PolyA 1ail JTCGCCCCGTGCCCCGCTCCGCLGCCGCCTCGCGCCGECCCGCCCCGhE

GICTCATCATTTTIGGCAAAGAATTGGAGAATAAACTAGTATTCTTCTGGTC
CCCACAGACTCAGAGAGAACCCGCCACCATGTTCGTGTTICCTGGTGLCT
GCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACCAGGACCC
AGCTGCCCCCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACC
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CCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTG
TTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGA
GCGGCACCAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTC
AACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCAGG
GGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCT
GATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCA
GTTCTGCAACGACCCCTICCTGGGCGTGTACTACCACAAGAACAACAA
GAGCTGGATGGAGAGCGAGTTCAGGGTGTACAGCAGCGCCAACAACT
GCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCG
ACGGCTACTTCAAGATCTACAGCAAGCACACCCCCATCAACCTGGTGAG
GGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGC
CCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACA
GGAGCTACCTGACCCCCGGCGACAGCAGCAGCGGCTGGACCGCCGG
CGCCGCCGCCTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCT
GAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCT
GGACCCCCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGA
GCATCGTGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGG
TGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGA
GGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACG
ACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCG
ACGAGGTGAGGCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTG
TACAGGCTGTTCAGGAAGAGCAACCTGAAGCCCTTCGAGAGGGACATC
AGCACCGAGATCTACCAGGCCGGCAGCACCCCCTGCAACGGCGTGGA
GGGCTTCAACTGCTACTTCCCCCTGCAGAGCTACGGCTTCCAGCCCAC
CAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTGCTGAGCTTICG
AGCTGCTGCACGCCCCCGCCACCGTGTGCGGCCCCAAGAAGAGCACC
AACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACC
GGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCA
GCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACC
CCCAGACCCTGGAGATCCTGGACATCACCCCCTGCAGCTTCGGCGGC
GTGAGCGTGATCACCCCCGGCACCAACACCAGCAACCAGGTGGCCGT
GCTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACG
CCGACCAGCTGACCCCCACCTGGAGGGTGTACAGCACCGGCAGCAAC
GTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAA
CAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAG
CTACCAGACCCAGACCAACAGCCCCGGCAGCGCCAGCAGCGTGGCCA
GCCAGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCG
TGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAG
CGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCAGCGTGGA
CTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCT
GCTGCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAG
GTGAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAG
CCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCG
GCTTCATCAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGG
GACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCCCCC
CTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCC
GGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCLCCGCCCTGCA
GATCCCCTTCCCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGT
GACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCCCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCC
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CTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGC
AGCGTGCTGAACGACATCCTGAGCAGGCTGGACLCCCCCCGAGGCCGA
GGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGA
CCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAG
CAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCC
CCAGAGCGCCCCCCACGGCGTGGTGTTCCTGCACGTGACCTACGTGC
CCGCCCAGGAGAAGAACTTCACCACCGCCCCCGCCATCTGCCACGAC
GGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCAC
CCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATCAC
CACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCAT
CGTGAACAACACCGTGTACGACCCCCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGT
GGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCA
GAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGA
GCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGT
GGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCG
TGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCT
GAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACG
ACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCGGAAGC

TGAGCGACAACGGCCCCCAGAACCAGAGGAACGC
CCCCAGGATCACCTTCGGCGGCCCCAGCGACAGCACCGGCAGCAAC
CAGAACGGCGAGAGGAGCGGCGCCAGGAGCAAGCAGAGGAGGCCC
CAGGGCCTGCCCAACAACACCGCCAGCTGGTTCACCGCCCTGACCCA
GCACGGCAAGGAGGACCTGAAGTTCCCCAGGGGCCAGGGCGTGCCC
ATCAACACCAACAGCAGCCCCGACGACCAGATCGGCTACTACAGGAG
GGCCACCAGGAGGATCAGGGGCGGCGACGGCAAGATGAAGGACCTG
AGCCCCAGGTGGTACTTCTACTACCTGGGCACCGGCCCCGAGGCCGG
CCTGCCCTACGGCGCCAACAAGGACGGCATCATCTGGGTGGCCACCG
AGGGCGCCCTGAACACCCCCAAGGACCACATCGGCACCAGGAACCC
CGCCAACAACGCCGCCATCGTGCTGCAGCTGCCCCAGGGCACCACC
CTGCCCAAGGGCTTCTACGCCGAGGGCAGCAGGGGCGGCAGCCAGG
CCAGCAGCAGGAGCAGCAGCAGGAGCAGGAACAGCAGCAGGAACA
GCACCCCCGGCAGCAGCAGGGGCACCAGCCCCGCCAGGATGGCCGG
CAACGGCGGCGACGCCGCCCTGGCCCTGCTGCTGCTGGACAGGCTG
AACCAGCTGGAGAGCAAGATGAGCGGCAAGGGCCAGCAGCAGCAGG
GCCAGACCGTGACCAAGAAGAGCGCCGCCGAGGCCAGCAAGAAGCC
CAGGCAGAAGAGGACCGCCACCAAGGCCTACAACGTGACCCAGGCC
TTCGGCAGGAGGGGCCCCGAGCAGACCCAGGGCAACTTCGGCGACC
AGGAGCTGATCAGGCAGGGCACCGACTACAAGCACTGGCCCCAGATC
GCCCAGTTCGCCCCCAGCGCCAGCGCCTTCTTCGGCATGAGCAGGAT
CGGCATGGAGGTGACCCCCAGCGGCACCTGGCTGACCTACACCGGC
GCCATCAAGCTGGACGACAAGGACCCCAACTTCAAGGACCAGGTGAT
CCTGCTGAACAAGCACATCGACGCCTACAAGACCTTCCCCCCCACCG
AGCCCAAGAAGGACAAGAAGAAGAAGGCCGACGAGACCCAGGCCCT
GCCCCAGAGGCAGAAGAAGCAGCAGACCGTGACCCTGCTGCCCGCC
GCCGACCTGGACGACTTCAGCAAGCAGCTGCAGCAGAGCATGAGCA
GCGCCGACAGCACCCAGGCCIGACTCGAGCTGGTACTGCATGCACGC

140
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5’UTR and GACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT
leader GGGTGGAGTATTIACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTA
sequence, TCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC
Spike GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCA
glycoprotein GTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCA
{HexaPro- CCOTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTT
mutations), GIATTIATTIATTTTTTAATTATTTTGTGCAGCGATGGGCGGCGEGGGGGGE
linker, eicicicicicicicioicioicioicioioritcicioicicicicloiciciciciicicicicioicriteicicicieicic)
ORF1ab GGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCG
{(non- CGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGECGGECGGCCC

annotated), JATAAAAAGCGAAGCGCGCGGCGGGCGGCAGTCGCTGLCGCGCTGCCT
Stop Codon, | ICGCCCCGTGCCCCGCTCCGCCGCCGCCTCGCGCCGCCCGLCCCLGE
SUTR and CTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCC
PolyA tail JICTCCTCCGGGCTGTAATIAGCGCTTGGTTIAATGACGGCTTGTTTCTT

GICTCATCATTTTIGGCAAAGAATTGGAGAATAAACTAGTATTCTTCTGGTC
CCCACAGACTCAGAGAGAACCCGCCACCATGTTCGTGTTICCTGGTGLCT
GCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACCAGGACCC
AGCTGCCCCCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACC
CCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTG
TTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGA
GCGGCACCAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTC
AACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCAGG
GGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCT
GATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCA
GTTCTGCAACGACCCCTTICCTGGGCGTGTACTACCACAAGAACAACAA
GAGCTGGATGGAGAGCGAGTTCAGGGTGTACAGCAGCGCCAACAACT
GCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCG
ACGGCTACTTCAAGATCTACAGCAAGCACACCCCCATCAACCTGGTGAG
GGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGC
CCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACA
GGAGCTACCTGACCCCCGGCGACAGCAGCAGCGGCTGGACCGLCGG
CGCCGCCGCCTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCT
GAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCT
GGACCCCCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGA
GCATCGTGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGG
TGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGA
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GGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACG
ACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCG
ACGAGGTGAGGCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTG
TACAGGCTGTTCAGGAAGAGCAACCTGAAGCCCTTCGAGAGGGACATC
AGCACCGAGATCTACCAGGCCGGCAGCACCCCCTGCAACGGCGTGGA
GGGCTTCAACTGCTACTTCCCCCTGCAGAGCTACGGCTTCCAGCCCAC
CAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTGCTGAGCTTCG
AGCTGCTGCACGCCCCCGCCACCGTGTGCGGCCCCAAGAAGAGCACC
AACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACC
GGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCA
GCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACC
CCCAGACCCTGGAGATCCTGGACATCACCCCCTGCAGCTTCGGCGGC
GTGAGCGTGATCACCCCCGGCACCAACACCAGCAACCAGGTGGCCGT
GCTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACG
CCGACCAGCTGACCCCCACCTGGAGGGTGTACAGCACCGGCAGCAAC
GTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAA
CAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAG
CTACCAGACCCAGACCAACAGCCCCGGCAGCGCCAGCAGCGTGGCCA
GCCAGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCG
TGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAG
CGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCAGCGTGGA
CTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCT
GCTGCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAG
GTGAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAG
CCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCG
GCTTCATCAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGG
GACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCCCCC
CTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCC
GGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCLLCCGCCCTGCA
GATCCCCTTCCCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGT
GACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCCCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCC
CTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGC
AGCGTGCTGAACGACATCCTGAGCAGGCTGGACCCCCCCGAGGCCGA
GGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGA
CCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAG
CAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCC
CCAGAGCGCCCCCCACGGCGTGGTGTTCCTGCACGTGACCTACGTGC
CCGCCCAGGAGAAGAACTTCACCACCGCCCCCGCCATCTGCCACGAC
GGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCAC
CCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATCAC
CACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCAT
CGTGAACAACACCGTGTACGACCCCCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGT
GGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCA
GAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGA
GCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGT
GGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCG
TGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCT
GAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACG
ACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCGGAAGC
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GCGAGCCACCGAACTTCTCTCTGTTAAAGCAAGCAGGAGATCGTTGAAGAAA
ACCCCGGGCCTCAAACCACTGAAACAGCWCACTCTTGTAATGTTAAC
CGCTTTAATGTGGCTATTACAAGAGCAAAAATTGGCATTTTGTGCATAA
TGTCTGACAGAGATCTTTATGACAAGCTGCAATTCACAAGTCTAGAAG
TACCGCGTCGTAACGTGGCTACATTACAAGCGGAAAATGTAACTGGAC
TCTTTAAGGACTGTAGTAAGATCATAACTGGTCTTCATCCTACACAAGC
ACCTACACACCTTAGTGTTGATACAAAATTCAAGACTGAGGGACTATGT
GTTGACATACCAGGCATWCCWAAGGACATGACCTATMGWAGACTCAT
CTCYATGATGGGTTTCAAAATGAATTAYCAAGTTAATGGTTACCCTAAYA
TGTTYATCACCCGYGARGAAGCCATMMGMCAYGTWCGTGCATGGATT
GGCTTTGATGTAGAGGGKTGTCATGCTACTAGGGATGCTGTCGGTACT
AACCTACCTCTCCAGTTAGGATTTTCTACAGGTGTTAACTTAGTAGCTG
TACCAACTGGCTATGTTGACACTGAAAACAATACAGAATTCACCAGAG
TTAATGCAAAACCTCCACCAGGTGACCAATTTAAACATCTTATACCACT
TATGTACAAAGGTTTACCCTGGAACATAGTGCGTATCAAGATAGTACAA
ATGCTCAGTGATACACTGAAAGGATTATCRGACAGAGTTGTGTTITGTCC
TATGGGCACATGGCTTTGAACTTACATCAATGAAGTACTTTGTCAAGAT
TGGACCTGAAAGAACGTGTTGTCTGTGTGACAAACGTGCAACTTGTTT
TTCTACTTCATCAGACAATTATGCCTGCTGGAACCATTCTGTGGGTITT
GACTATGTCTATAATCCATTTATGATTGATGTCCAGCAGTGGGGTTTTAC
AGGTAACCTTCAGAGTAATCACGATCAGCATTGCCAAGTGCATGGCAA
CGCTCATGTGGCTAGTTGTGATGCTATCATGACTAGATGTTTAGCAGTC
CATGAGTGCTTTGTTAAGCGCGTTGACTGGTCTGTTGAGTACCCAATTA
TAGGTGATGAACTGAAGATCAATGCCGCATGCAGAAAAGTGCAACATA
TGGTTGTAAAGTCTGCATTGCTTGCTGACAAATTCCCAGTTCTTCATGA
CATTGGAAACCCAAAGGCTATCAAATGTGTCCCRCAGGCTGAAGTGG
ATTGGAAGTTCTATGATGCTCAGCCCTGCAGTGACAAAGCTTATAAAAT
AAAAGAACTCTTCTATTCTTATGCTACACATCATGATAAATTCATTGATG
GTGTTTGTITATTTTGGAATTGTAACGTTGATCGTTACCCTGCCAATGCT
ATTGTRTGCAGGTTCGACACGAGAGTCTTGTCAAATTTGAACTTGCCA
GGTTGTGATGGTGGTAGTTTGTATGTAAATAAGCATGCATTCCACACTC
CAGCTTTTGATAAAAGTGCATTTACTAATTTAAAGCAATTGCCTTICTTT
TATTACTCTGACAGTCCCTGTGAGTCACATGGCAAGCAGGTTGTTICTG
ACATTGATTATGTACCACTCAAATCTGCTACRTGTATAACACGATGCAAT
TTGGGRGGTGCTGTTTGCAGACATCATGCAAATGAGTACCGACAGTAC
TTGGATGCATACAATATGATGATTTCTGCTGGCTTTAGCCTCTGGATTTA
CAAACAGTTTGACACTTATAACCTGTGGAACACCTTTACCAGGTTACA
GAGTTTAGAAAATGTGGCTTACAATGTTGTTAACAAAGGACACTTCGAT
GGACAAGCTGGTGAAGCACCTGTTTCCGTCATTAATAATGTTGTTTACA
CAAAGGTAGATGGTGTTGATGTAGAGATCTTTGAAAACAAGACAACAC
TTCCTGTTAATGTTGCATTTGAGCTTTGGGCTAAGCGTAACATTAAACC
AGTGCCAGAGATTAAGATACTCAATAATTTGGGTGTCGATATCGCTGCT
AATACTGTAATCTGGGACTACAAGAGAGAAGCACCAGCACATATGTCA
ACAATAGGTGTCTGCACAATGACTGACATTGCCAAGAAACCTACTGAG
AGTGCTTGTTCCTCGCTTACTGTCTTATTTGATGGTAGAGTGGAAGGAC
AGGTAGACCTTTTTAGAAATGCCCGTAATGGTGTTTTAATAACAGAAGG
TTCAGTTAAAGGTTTAATACCTTCAAAGGGACCAGCACAAGCTAGTGT
CAATGGAGTCACATTAATTGGAGAATCAGTAAAAACACAGTTTAATTAT
TTTAAGAAAGTAGATGGCATCATTCAACAGTTGCCTGAAACCTACTTTA
CTCAGAGCCGAGACTTAGAGGATTTCAAGCCCAGATCACAAATGGAA
ACTGACTTTCTTGAGCTCGCTATGGATGAATTCATACAACGGTACAAGC
TTGAAGGCTATGCCTTCGAACATATCGTTTATGGAGATTTTAGTCATGG
ACAGCTTGGTGGACTTCATCTAATGATTGGTCTAGCTAAGCGCTCACA
AGATTCACCACTTAAATTAGAGGATTTTATCCCTACGGACAGTACAGTG
AAAAATTATTTCATAACAGATGCGCAAACAGGTTCATCAAAATGCGTGT
GCTCTGTTATTGATCTTCTGCTTGATGACTITGTTGAGATAATAAAGTCA
CAAGATTTATCAGTGGTTTCAAAGGTGGTCAAAGTCACAATTGACTATG
CTGAAATTTCATTCATGTTATGGTGTAAGGATGGACATGTTGAAACCTT
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TTACCCAAAATTACAAGCGAGTCAGGCGTGGCAACCAGGAGTTGCAA
TGCCTAACTTGTATAAGATGCAGAGAATGCTTCTTGAAAAATGTGACCT
TCAGAATTATGGTGAAAATGCTGTCATACCAAARGGAATAATGATGAAT
GTCGCAAAATATACTCAACTGTGTCAATATTTAAATACACTYACATTAGC
YGTGCCATATAATATGAGAGTTATCCATTTTGGTGCTGGCTCRGACAAA
GGAGTTGCACCCGGCACAGCTGTTCTCAGACAGTGGTTGCCAATTGG
CACACTACTTGTTGATTCAGATCTTAACGACTTCGTCTCTGACGCTGAT
TCCACTCTAATTGGAGACTGTGCAACCGTACATACAGCTAACAAATGG
GATCTCATTATTAGCGATATGTATGATCCTAAAACCAAACACGTGACAA
AGGAAAATGATTCAAAAGAAGGATTTTTCACTTACCTGTGTGGATTTAT
TAAACAAAAATTAGCCCTGGGAGGCTCTGTGGCTGTAAAGATAACTGA
GCATTCTTGGAATGCGGATCTCTACAAGCTCATGGGACATTTCTCATGG
TGGACAGCTTTTGTTACAAATGTTAATGCATCTTCATCAGAAGCATTTTT
AATTGGAGTTAACTATCTTGGTAAGCCAAAAGAACAAATTGATGGTTAC
ACCATGCATGCTAACTACATTTTCTGGAGGAATACAAACCCGATTCAAT
TGTCTTCCTATTCACTTTTTGACATGAGTAAGTTCCCTCTTAAATTAAGG
GGAACAGCTGTCATGTCTTTAAAGGAGAACCAAATCAATGAAATGATT
TATTCTCTACTTGAAAAAGGCAGACTTATCATTAGGGAAAACAACAGA
GTTGTTGTCTCAAGTGATGTTCTTGTTAATAACTAAACGAACATIGACIC

promoter,
S5UTR and
leader
sequence,
Spike
glycoprotein
(HexaPro-
mutations),
linker,

ORF7a, Stop
Codon,
2JUTR and
PolyA tail
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ICTGGCGTGTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATG
CCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTTATTIGTGCT
GCTCTCATCATTTTGGCAAAGAATTGGAGAATAAACTAGTATTCTTCTGGTC
CCCACAGACTCAGAGAGAACCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACCAGGACCC
AGCTGCCCCCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACC
CCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTG
TTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGA
GCGGCACCAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTC
AACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCAGG
GGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCT
GATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCA
GTTCTGCAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAA
GAGCTGGATGGAGAGCGAGTTCAGGGTGTACAGCAGCGCCAACAACT
GCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCG
ACGGCTACTTCAAGATCTACAGCAAGCACACCCCCATCAACCTGGTGAG
GGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGC
CCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACA
GGAGCTACCTGACCCCCGGCGACAGCAGCAGCGGCTGGACCGLCGG
CGCCGCCGCCTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCT
GAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCT
GGACCCCCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGA
GCATCGTGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGG
TGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGA
GGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACG
ACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCG
ACGAGGTGAGGCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTG
TACAGGCTGTTCAGGAAGAGCAACCTGAAGCCCTTCGAGAGGGACATC
AGCACCGAGATCTACCAGGCCGGCAGCACCCCCTGCAACGGCGTGGA
GGGCTTCAACTGCTACTTCCCCCTGCAGAGCTACGGCTTCCAGCCCAC
CAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTGCTGAGCTTCG
AGCTGCTGCACGCCCCCGCCACCGTGTGCGGCCCCAAGAAGAGCACC
AACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACC
GGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCA
GCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACC
CCCAGACCCTGGAGATCCTGGACATCACCCCCTGCAGCTTICGGCGGC
GTGAGCGTGATCACCCCCGGCACCAACACCAGCAACCAGGTGGCCGT
GCTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACG
CCGACCAGCTGACCCCCACCTGGAGGGTGTACAGCACCGGCAGCAAC
GTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAA
CAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAG
CTACCAGACCCAGACCAACAGCCCCGGCAGCGCCAGCAGCGTGGCCA
GCCAGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCG
TGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAG
CGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCAGCGTGGA
CTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCT
GCTGCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAG
GTGAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAG

76



WO 2021/211760 PCT/US2021/027355

CLCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCG
GCTTCATCAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGG
GACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCCCCC
CTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCC
GGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCLLCCGCCCTGCA
GATCCCCTTCLCCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGT
GACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCLCCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCC
CTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGC
AGCGTGCTGAACGACATCCTGAGCAGGCTGGACCCCCCCGAGGCCGA
GGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGA
CCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAG
CAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCC
CCAGAGCGCCCCCCACGGCGTGGTGTTCCTGCACGTGACCTACGTGC
CCGCCCAGGAGAAGAACTTCACCACCGCCCCCGCCATCTGCCACGAC
GGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCAC
CCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATCAC
CACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCAT
CGTGAACAACACCGTGTACGACCCCCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGT
GGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCA
GAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGA
GCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGT
GGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCG
TGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCT
GAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACG
ACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCGGAAGC
GGAGCCACGAACTTCTCTCTGTIAAAGCAAGCAGGAGATCGTTGAAGAAA

AGCAAGCAGGAGATGTTGAAGAAAACCCCGGGCCTATGAAGATCATCC
TGTTCCTGGCCCTGATCACCCTGGCCACCTGCGAGCTGTACCACTACC
AGGAGTGCGTGAGGGGCACCACCGTGIGACTCGAGCTGGTACTGCAT
GCACGCAATGCTAGCTGCCCCTTICCCGTCCTGGGTACCCCGAGTCTIC
CCCCGACCTCGGGTCCCAGGTATGCTCCCACCTCCACCTGCCCCACT

CACCACCTCTGCTAGTTCCAGACACCTCCCAAGCACGCAGCAATGCA

GCTCAAAACGCTTAGCCTAGCCACACCCCCACGGGAAACAGCAGTGA
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4 CTCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATT | 142

promoter,
5UTR and GACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT

leader GGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTA
sequence, JTCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC
Spike GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCA

glycoprotein GTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCA
{HexaPro- COTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTT
mutations), GIATTTATTIATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGEGE

GTCTCATCATTTTGGCAAAGAATTGGAGAATAAACTAGTATTCTTCTGGTC
CCCACAGACTCAGAGAGAACCCGCCACCATGTTICGTGTTCCTGGTGCT
GCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACCAGGACCC
AGCTGCCCCCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACC
CCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTG
TTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGA
GCGGCACCAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTC
AACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCAGG
GGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCT
GATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCA
GTTCTGCAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAA
GAGCTGGATGGAGAGCGAGTTCAGGGTGTACAGCAGCGCCAACAACT
GCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCG
ACGGCTACTTCAAGATCTACAGCAAGCACACCCCCATCAACCTGGTGAG
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GGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGC
CCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACA
GGAGCTACCTGACCCCCGGCGACAGCAGCAGCGGCTGGACCGCCGG
CGCCGCCGCCTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCT
GAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCT
GGACCCCCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGA
GCATCGTGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGG
TGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGA
GGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACG
ACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCG
ACGAGGTGAGGCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTG
TACAGGCTGTTCAGGAAGAGCAACCTGAAGCCCTTCGAGAGGGACATC
AGCACCGAGATCTACCAGGCCGGCAGCACCCCCTGCAACGGCGTGGA
GGGCTTCAACTGCTACTTCCCCCTGCAGAGCTACGGCTTCCAGCCCAC
CAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTGCTGAGCTTCG
AGCTGCTGCACGCCCCCGCCACCGTGTGCGGCCCCAAGAAGAGCACC
AACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACC
GGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCA
GCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACC
CCCAGACCCTGGAGATCCTGGACATCACCCCCTGCAGCTICGGCGGC
GTGAGCGTGATCACCCCCGGCACCAACACCAGCAACCAGGTGGCCGT
GCTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACG
CCGACCAGCTGACCCCCACCTGGAGGGTGTACAGCACCGGCAGCAAC
GTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAA
CAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAG
CTACCAGACCCAGACCAACAGCCCCGGCAGCGCCAGCAGCGTGGCCA
GCCAGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCG
TGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAG
CGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCAGCGTGGA
CTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCT
GCTGCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAG
GTGAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAG
CCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCG
GCTTCATCAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGG
GACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCCCCC
CTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCC
GGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCLLCCGCCCTGCA
GATCCCCTTCCCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGT
GACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCCCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCC
CTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGC
AGCGTGCTGAACGACATCCTGAGCAGGCTGGACCCCCCCGAGGCCGA
GGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGA
CCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAG
CAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCC
CCAGAGCGCCCCCCACGGCGTGGTGTTCCTGCACGTGACCTACGTGC
CCGCCCAGGAGAAGAACTTCACCACCGCCCCCGCCATCTGCCACGAC
GGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCAC
CCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATCAC
CACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCAT
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CGTGAACAACACCGTGTACGACCCCCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGT
GGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCA
GAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGA
GCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGT
GGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCG
TGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCT
GAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACG
ACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCGGAAGC

promoter,
5UTR and
leader
sequence,
Spike
glycoprotein
{(HexaPro-
mutations),

nNankksron

143
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GICTCATCATTTTIGGCAAAGAATTGGAGAATAAACTAGTATTCTTCTGGTC
CCCACAGACTCAGAGAGAACCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACCAGGACCC
AGCTGCCCCCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACC
CCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTG
TTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGA
GCGGCACCAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTC
AACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCAGG
GGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCT
GATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCA
GTTCTGCAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAA
GAGCTGGATGGAGAGCGAGTTCAGGGTGTACAGCAGCGCCAACAACT
GCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCG
ACGGCTACTTCAAGATCTACAGCAAGCACACCCCCATCAACCTGGTGAG
GGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGC
CCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACA
GGAGCTACCTGACCCCCGGCGACAGCAGCAGCGGCTGGACCGCCGG
CGCCGCCGCCTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCT
GAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCT
GGACCCCCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGA
GCATCGTGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGG
TGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGA
GGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACG
ACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCG
ACGAGGTGAGGCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTG
TACAGGCTGTTCAGGAAGAGCAACCTGAAGCCCTTCGAGAGGGACATC
AGCACCGAGATCTACCAGGCCGGCAGCACCCCCTGCAACGGCGTGGA
GGGCTTCAACTGCTACTTCCCCCTGCAGAGCTACGGCTTCCAGCCCAC
CAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTGCTGAGCTTCG
AGCTGCTGCACGCCCCCGCCACCGTGTGCGGCCCCAAGAAGAGCACC
AACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACC
GGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCA
GCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACC
CCCAGACCCTGGAGATCCTGGACATCACCCCCTGCAGCTICGGCGGC
GTGAGCGTGATCACCCCCGGCACCAACACCAGCAACCAGGTGGCCGT
GCTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACG
CCGACCAGCTGACCCCCACCTGGAGGGTGTACAGCACCGGCAGCAAC
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GTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAA
CAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAG
CTACCAGACCCAGACCAACAGCCCCGGCAGCGCCAGCAGCGTGGCCA
GCCAGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCG
TGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAG
CGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCAGCGTGGA
CTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCT
GCTGCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAG
GTGAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAG
CLCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCG
GCTTCATCAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGG
GACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCCCCC
CTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCC
GGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCLLCCGCCCTGCA
GATCCCCTTCLCCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGT
GACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCLCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCC
CTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGC
AGCGTGCTGAACGACATCCTGAGCAGGCTGGACCCCCCCGAGGCCGA
GGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGA
CCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCCGAGTGCGTGCTGGGCCAGAG
CAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCC
CCAGAGCGCCCCCCACGGCGTGGTGTTCCTGCACGTGACCTACGTGC
CCGCCCAGGAGAAGAACTTCACCACCGCCCCCGCCATCTGCCACGAC
GGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCAC
CCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATCAC
CACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCAT
CGTGAACAACACCGTGTACGACCCCCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGT
GGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCA
GAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGA
GCCTGATCGACCTGCAGGAGCTCGGGCAAGTACGAGCAGTACATCAAGT
GGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCG
TGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCT
GAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACG
ACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCGGAAGC
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WO 2021/211760 PCT/US2021/027355

6 CTCGACATTGATTATTGACTAGTTATTAATAGTAATCAATIACGGGGTCATT | 144

promoter,
5UTR and GACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT

leader GGCTGGAGTATTIACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTA
sequence, TCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC
Spike GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCA
glycoprotein GTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCA
(HexaPro- CCOTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTT

mutations) | GIATTIATTIATITITTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGEE

GICTCATCATTTTIGGCAAAGAATTGGAGAATAAACTAGTATTCTTCTGGTC
CCCACAGACTCAGAGAGAACCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACCAGGACCC
AGCTGCCCCCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACC
CCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTG
TTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGA
GCGGCACCAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTC
AACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCAGG
GGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCT
GATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCA
GTTCTGCAACGACCCCTTCCTCGGGCGTGTACTACCACAAGAACAACAA
GAGCTGGATGGAGAGCGAGTTCAGGGTGTACAGCAGCGCCAACAACT
GCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCG
ACGGCTACTTCAAGATCTACAGCAAGCACACCCCCATCAACCTGGTGAG
GGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGC
CCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACA
GGAGCTACCTGACCCCCGGCGACAGCAGCAGCGGCTGGACCGCCGG
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CGCCGCCGCCTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCT
GAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCT
GGACCCCCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGA
GCATCGTGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGG
TGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGA
GGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACG
ACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCG
ACGAGGTGAGGCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTG
TACAGGCTGTTCAGGAAGAGCAACCTGAAGCCCTTCGAGAGGGACATC
AGCACCGAGATCTACCAGGCCGGCAGCACCCCCTGCAACGGCGTGGA
GGGCTTCAACTGCTACTTCCCCCTGCAGAGCTACGGCTTCCAGCCCAC
CAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTGCTGAGCTTCG
AGCTGCTGCACGCCCCCGCCACCGTGTGCGGCCCCAAGAAGAGCACC
AACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACC
GGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCA
GCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACC
CCCAGACCCTGGAGATCCTGGACATCACCCCCTGCAGCTTICGGCGGC
GTGAGCGTGATCACCCCCGGCACCAACACCAGCAACCAGGTGGCCGT
GCTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACG
CCGACCAGCTGACCCCCACCTGGAGGGTGTACAGCACCGGCAGCAAC
GTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAA
CAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAG
CTACCAGACCCAGACCAACAGCCCCGGCAGCGCCAGCAGCGTGGCCA
GCCAGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCG
TGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAG
CGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCAGCGTGGA
CTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCT
GCTGCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAG
GTGAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAG
CCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCG
GCTTCATCAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGG
GACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCCCCC
CTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCC
GGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCLLCCGCCCTGCA
GATCCCCTTCCCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGT
GACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCCCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCC
CTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGC
AGCGTGCTGAACGACATCCTGAGCAGGCTGGACCCCCCCGAGGCCGA
GGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGA
CCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAG
CAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCC
CCAGAGCGCCCCCCACGGCGTGGTGTTCCTGCACGTGACCTACGTGC
CCGCCCAGGAGAAGAACTTCACCACCGCCCCCGCCATCTGCCACGAC
GGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCAC
CCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATCAC
CACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCAT
CGTGAACAACACCGTGTACGACCCCCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGT
GGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCA
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GAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGA
GCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGT
GGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCG
TGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCT
GAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACG
ACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCGGAAGC

GGAGCCACGAACTTCTCTCTGTTIAAAGCAAGCAGCAGATGTTGAAGAAA
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7 CTCCACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATT 145
promoter,
5UTR and CCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAAT
feader GACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT
sequence, GGGTCGCGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTA
Spike TCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC
glycoprotein GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTIGGCA

(HexaPro- GTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCA

GICTCATCATTTTGGCAAAGAATTGGAGAATAAACTAGTATTCTTCTGGTC
CCCACAGACTCAGAGAGAACCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACCAGGACCC
AGCTGCCCCCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACC
CCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTG
TTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGA
GCGGCACCAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTC
AACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCAGG
GGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCT
GATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCA
GTTCTGCAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAA
GAGCTGGATGGAGAGCGAGTTCAGGGTGTACAGCAGCGCCAACAACT
GCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCG
ACGGCTACTTCAAGATCTACAGCAAGCACACCCCCATCAACCTGGTGAG
GGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGC
CCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACA
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GGAGCTACCTGACCCCCGGCGACAGCAGCAGCGGCTGGACCGCCGG
CGCCGCCGCCTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCT
GAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCT
GGACCCCCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGA
GCATCGTGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGG
TGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGA
GGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACG
ACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCG
ACGAGGTGAGGCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTG
TACAGGCTGTTCAGGAAGAGCAACCTGAAGCCCTTCGAGAGGGACATC
AGCACCGAGATCTACCAGGCCGGCAGCACCCCCTGCAACGGCGTGGA
GGGCTTCAACTGCTACTTCCCCCTGCAGAGCTACGGCTTCCAGCCCAC
CAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTGCTGAGCTTCG
AGCTGCTGCACGCCCCCGCCACCGTGTGCGGCCCCAAGAAGAGCACC
AACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACC
GGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCA
GCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACC
CCCAGACCCTGGAGATCCTGGACATCACCCCCTGCAGCTICGGCGGC
GTGAGCGTGATCACCCCCGGCACCAACACCAGCAACCAGGTGGCCGT
GCTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACG
CCGACCAGCTGACCCCCACCTGGAGGGTGTACAGCACCGGCAGCAAC
GTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAA
CAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAG
CTACCAGACCCAGACCAACAGCCCCGGCAGCGCCAGCAGCGTGGCCA
GCCAGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCG
TGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAG
CGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCAGCGTGGA
CTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCT
GCTGCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAG
GTGAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAG
CCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCG
GCTTCATCAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGG
GACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCCCCC
CTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCC
GGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCLLCCGCCCTGCA
GATCCCCTTCCCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGT
GACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCCCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCC
CTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGC
AGCGTGCTGAACGACATCCTGAGCAGGCTGGACLCCCCCCGAGGCCGA
GGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGA
CCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAG
CAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCC
CCAGAGCGCCCCCCACGGCGTGGTGTTCCTGCACGTGACCTACGTGC
CCGCCCAGGAGAAGAACTTCACCACCGCCCCCGCCATCTGCCACGAC
GGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCAC
CCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATCAC
CACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCAT
CGTGAACAACACCGTGTACGACCCCCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGT
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GGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCA
GAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGA
GCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGT
GGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCG
TGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCT
GAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACG
ACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCGGAAGC

GGAGCCACGAACTTCTCTCTCTTAAAGCAAGCAGGAGATGTTGAAGAAA

promoter,
5UTR and
leader
sequence,
Spike
glycoprotein
{HexaPro-

),
e MERDY

J'UTR and
PolyA tail

146




WO 2021/211760 PCT/US2021/027355

GTICTCATCATTTTIGGCAAAGAATTGGAGAATAAACTAGTATTICTTCTGGTC
CCCACAGACTCAGAGAGAACCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACCAGGACCC
AGCTGCCCCCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACC
CCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTG
TTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGA
GCGGCACCAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTC
AACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCAGG
GGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCT
GATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCA
GTTCTGCAACGACCCCTTCCTCGGGCGTGTACTACCACAAGAACAACAA
GAGCTGGATGGAGAGCGAGTTCAGGGTGTACAGCAGCGCCAACAACT
GCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCG
ACGGCTACTTCAAGATCTACAGCAAGCACACCCCCATCAACCTGGTGAG
GGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGC
CCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACA
GGAGCTACCTGACCCCCGGCGACAGCAGCAGCGGCTGGACCGCCGG
CGCCGCCGCCTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCT
GAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCT
GGACCCCCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGA
GCATCGTGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGG
TGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGA
GGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACG
ACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCG
ACGAGGTGAGGCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTG
TACAGGCTGTTCAGGAAGAGCAACCTGAAGCCCTTCGAGAGGGACATC
AGCACCGAGATCTACCAGGCCGGCAGCACCCCCTGCAACGGCGTGGA
GGGCTTCAACTGCTACTTCCCCCTGCAGAGCTACGGCTTCCAGCCCAC
CAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTGCTGAGCTTCG
AGCTGCTGCACGCCCCCGCCACCGTGTGCGGCCCCAAGAAGAGCACC
AACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACC
GGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCA
GCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACC
CCCAGACCCTGGAGATCCTGGACATCACCCCCTGCAGCTTICGGCGGC
GTGAGCGTGATCACCCCCGGCACCAACACCAGCAACCAGGTGGCCGT
GCTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACG
CCGACCAGCTGACCCCCACCTGGAGGGTGTACAGCACCGGCAGCAAC
GTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAA
CAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAG
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CTACCAGACCCAGACCAACAGCCCCGGCAGCGCCAGCAGCGTGGCCA
GCCAGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCG
TGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAG
CGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCAGCGTGGA
CTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCT
GCTGCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAG
GTGAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAG
CCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCG
GCTTCATCAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGG
GACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCCCCC
CTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCC
GGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCLLCCGCCCTGCA
GATCCCCTTCCCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGT
GACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCLCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCC
CTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGC
AGCGTGCTGAACGACATCCTGAGCAGGCTGGACCCCCCCGAGGCCGA
GGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGA
CCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAG
CAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCC
CCAGAGCGCCCCCCACGGCGTGGTGTTCCTGCACGTGACCTACGTGC
CCGCCCAGGAGAAGAACTTCACCACCGCCCCCGCCATCTGCCACGAC
GGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCAC
CCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATCAC
CACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCAT
CGTGAACAACACCGTGTACGACCCCCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGT
GGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCA
GAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGA
GCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGT
GGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCG
TGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCT
GAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACG
ACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCGGAAGC
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linker, feicicicielcicicisiciolcioicioioricicioicicicicioicicicicioicicicicioicr:Tcicicicioieie]
CXCL11, L7, | GGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCG
Stop Codon, | CGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCEGGECCC
J'UTR and JATAAAAAGCGAAGCGCGCGGCGGGCGGCGAGTCGCTGCGCGCTGCCT
PolyA tail JTCGCCCCGTECCCCGCTCCGCCGCCGCCTCGLGCCGCCCGCCCCGE

GAGAATAAACTAGTATTCTTCTGGTC
CCCACAGACTCAGAGAGAACCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGACCACCAGGACCC
AGCTGCCCCCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACC
CCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTG
TTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGA
GCGGCACCAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTC
AACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCAGG
GGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCT
GATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCA
GTTCTGCAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAA
GAGCTGGATGGAGAGCGAGTTCAGGGTGTACAGCAGCGCCAACAACT
GCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCG
ACGGCTACTTCAAGATCTACAGCAAGCACACCCCCATCAACCTGGTGAG
GGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGC
CCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACA
GGAGCTACCTGACCCCCGGCGACAGCAGCAGCGGCTGGACCGLCGG
CGCCGCCGCCTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCT
GAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCT
GGACCCCCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGA
GCATCGTGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGG
TGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGA
GGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACG
ACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCG
ACGAGGTGAGGCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGAC
TACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTG
TACAGGCTGTTCAGGAAGAGCAACCTGAAGCCCTTCGAGAGGGACATC
AGCACCGAGATCTACCAGGCCGGCAGCACCCCCTGCAACGGCGTGGA
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GGGCTTCAACTGCTACTTCCCCCTGCAGAGCTACGGCTTCCAGCCCAC
CAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTGCTGAGCTTICG
AGCTGCTGCACGCCCCCGCCACCGTGTGCGGCCCCAAGAAGAGCACC
AACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACC
GGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCA
GCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACC
CCCAGACCCTGGAGATCCTGGACATCACCCCCTGCAGCTTCGGCGGC
GTGAGCGTGATCACCCCCGGCACCAACACCAGCAACCAGGTGGCCGT
GCTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACG
CCGACCAGCTGACCCCCACCTGGAGGGTGTACAGCACCGGCAGCAAC
GTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAA
CAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAG
CTACCAGACCCAGACCAACAGCCCCGGCAGCGCCAGCAGCGTGGCCA
GCCAGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCG
TGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAG
CGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCAGCGTGGA
CTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCT
GCTGCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAG
GTGAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAG
CCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCG
GCTTCATCAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGG
GACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCCCCC
CTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCC
GGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCLLCCGCCCTGCA
GATCCCCTTCCCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGT
GACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCLCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCC
CTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGC
AGCGTGCTGAACGACATCCTGAGCAGGCTGGACCCCCCCGAGGCCGA
GGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGA
CCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAG
CAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCC
CCAGAGCGCCCCCCACGGCGTGGTGTTCCTGCACGTGACCTACGTGC
CCGCCCAGGAGAAGAACTTCACCACCGCCCCCGCCATCTGCCACGAC
GGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCAC
CCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATCAC
CACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCAT
CGTGAACAACACCGTGTACGACCCCCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGT
GGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCA
GAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGA
GCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGT
GGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCG
TGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCT
GAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACG
ACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCGGAAGC
GGAGCCACCGAACTTCTCTCTGTTAAAGCAAGCAGGAGATCTTGAAGAAA
ACCCCGGGCCTATGAACAGGAAGGTGACCGCCATCGCCCTGGCCGCC
ATCATCTGGGCCACCGCCGCCCAGGGCTTCCTGATGTTCAAGCAGGG
CAGGTGCCTGTGCATCGGCCCCGGCATGAAGGCCGTGAAGATGGCCG
AGATCGAGAAGGCCAGCGTGATCTACCCCAGCAACGGCTGCGACAAG
GTGGAGGTGATCGTGACCATGAAGGCCCACAAGAGGCAGAGGTGCC
TGGACCCCAGGAGCAAGCAGGCCAGGCTGATCATGCAGGCCATCGA
GAAGAAGAACTTCCTGAGGAGGCAGAACATGTGAGGAAGCGGAGCC
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[00276] As mentioned above, the present invention is not limited to the examples in Table 9. In some

embodiments, vaccine candidates may comprise various pieces (e.g. promoters, proteins, adjuvants) as

shown described herein.

[00277] Table 10 shows non-limited examples of proteins that may be used to create a vaccine

composition described herein. In some embodiments, proteins listed below may be arranged in a plurality

of combinations.

embodiments, the proteins are linked together via a linker.

[00278] Table 10 shows non-limiting examples of spike proteins.

In some embodiments, the proteins may be directly linked together. in other

Table 10
Proteins Sequence SEQID
NO:
Spike glycoprotein | ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGAGCAGCCAGTG | 148
with 6 stabilizing CGTGAACCTGACCACCCGGACCCAGCTGCCACCAGCCTACACC
mutations AACAGCTTCACCCGGGGCGTCTACTACCCCGACAAGGTGTTCCG
(HexaPro) GAGCAGCGTCCTGCACAGCACCCAGGACCTGTTCCTGCCCTTCT

TCAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCACC
AACGGCACCAAGCGGTTCGACAACCCCGTGCTGCCCTTCAACGA
CGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCCGGG
GCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCT
GCTGATCGTGAATAACGCCACCAACGTGGTGATCAAGGTGTGCG
AGTTCCAGTTCTGCAACGACCCCTTCCTGGGCGTGTACTACCAC
AAGAACAACAAGAGCTGGATGGAGAGCGAGTTCCGGGTGTACAG
CAGCGCCAACAACTGCACCTTCGAGTACGTGAGCCAGCCCTTICC
TGATGGACCTGGAGGGCAAGCAGGGCAACTTCAAGAACCTGCG
GGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAG
CAAGCACACCCCAATCAACCTGGTGCGGGATCTGCCCCAGGGCT
TCTCAGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAAC
ATCACCCGGTTCCAGACCCTGCTGGCCCTGCACCGGAGCTACCT
GACCCCAGGCGACAGCAGCAGCGGGTGGACAGCAGGCGCGGC
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TGCTTACTACGTGGGCTACCTGCAGCCCCGGACCTTCCTGCTGA
AGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGC
CCTGGACCCTCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCA
CCGTGGAGAAGGGCATCTACCAGACCAGCAACTTCCGGGTGCA
GCCCACCGAGAGCATCGTGCGGTTCCCCAACATCACCAACCTGT
GCCCCTTCGGCGAGGTGTTCAACGCCACCCGGTTCGCCAGCGT
GTACGCCTGGAACCGGAAGCGGATCAGCAACTGCGTGGCCGAC
TACAGCGTGCTGTACAACAGCGCCAGCTTCAGCACCTTCAAGTG
CTACGGCGTGAGCCCCACCAAGCTGAACGACCTGTGCTTCACCA
ACGTGTACGCCGACAGCTTCGTGATCCGTGGCGACGAGGTGCG
GCAGATCGCACCCGGCCAGACAGGCAAGATCGCCGACTACAACT
ACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGGAA
CAGCAACAACCTCGACAGCAAGGTGGGCGGCAACTACAACTACC
TGTACCGGCTGTTCCGGAAGAGCAACCTGAAGCCCTTCGAGCG
GGACATCAGCACCGAGATCTACCAAGCCGGCTCCACCCCTTGCA
ACGGCGTGGAGGGCTTCAACTGCTACTTCCCTCTGCAGAGCTAC
GGCTTCCAGCCCACCAACGGCGTGGGCTACCAGCCCTACCGGG
TGGTGGTGCTGAGCTTCGAGCTGCTGCACGCCCCAGCCACCGT
GTGTGGCCCCAAGAAGAGCACCAACCTGGTGAAGAACAAGTGC
GTGAACTTCAACTTCAACGGCCTTACCGGCACCGGCGTGCTGAC
CGAGAGCAACAAGAAATTCCTGCCCTTTCAGCAGTTCGGCCGGG
ACATCGCCGACACCACCGACGCTGTGCGGGATCCCCAGACCCT
GGAGATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGC
GTGATCACCCCAGGCACCAACACCAGCAACCAGGTGGCCGTGC
TGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCA
CGCCGACCAGCTGACACCCACCTGGCGGGTCTACAGCACCGGC
AGCAACGTGTTCCAGACCCGGGCCGGTTGCCTGATCGGCGCCG
AGCACGTGAACAACAGCTACGAGTGCGACATCCCCATCGGCGCC
GGCATCTGTGCCAGCTACCAGACCCAGACCAATTCACCCGGCAG
CGCCAGCAGCGTGGCCAGCCAGAGCATCATCGCCTACACCATGA
GCCTGGGCGCCGAGAACAGCGTGGCCTACAGCAACAACAGCAT
CGCCATCCCCACCAACTTCACCATCAGCGTGACCACCGAGATTC
TGCCCGTGAGCATGACCAAGACCAGCGTGGACTGCACCATGTAC
ATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCTGCTGCAGTA
CGGCAGCTTCTGCACCCAGCTGAACCGGGCCCTGACCGGCATC
GCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGG
TGAAGCAGATCTACAAGACCCCTCCCATCAAGGACTTCGGCGGC
TTCAACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAA
GCGGAGCCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTAG
CCGACGCCGGCTTCATCAAGCAGTACGGCGACTGCCTCGGCGA
CATAGCCGCCCGGGACCTGATCTGCGCCCAGAAGTTCAACGGCC
TGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATCGCCCAG
TACACCAGCGCCCTGTTAGCCGGAACCATCACCAGCGGCTGGAC
TTTCGGCGCTGGCLCLCCGCTCTGCAGATCCCCTTCCCCATGCAGA
TGGCCTACCGGTTCAACGGCATCGGCGTGACCCAGAACGTGCT
GTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCA
TCGGCAAGATCCAGGACAGCCTGAGCAGCACCCCTAGCGCCCT
GGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCCCTG
AACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAG
CAGCGTGCTGAACGACATCCTGAGCCGGCTGGACCCTCCCGAG
GCCGAGGTGCAGATCGACCGGCTGATCACTGGCCGGCTGCAGA
GCCTGCAGACCTACGTGACCCAGCAGCTGATCCGGGCCGCCGA
GATTCGGGCCAGCGCCAACCTGGCCGCCACCAAGATGAGCGAG
TGCGTGCTGGGCCAGAGCAAGCGGGTGGACTTCTGCGGCAAGG
GCTACCACCTGATGAGCTTTCCCCAGAGCGCACCCCACGGAGTG
GTGTTCCTGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTT
CACCACCGCCCCAGCCATCTGCCACGACGGCAAGGCCCACTTT
CCCCGGGAGGGCGTGTTCGTGAGCAACGGCACCCACTGGTICG
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TGACCCAGCGGAACTTCTACGAGCCCCAGATCATCACCACCGAC
AACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCATCGT
GAACAACACCGTGTACGATCCCCTGCAGCCCGAGCTGGACAGCT
TCAAGGAGGAGCTGGACAAGTACTTCAAGAATCACACCAGCCCC
GACGTGGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGG
TGAACATCCAGAAGGAGATCGATCGGCTGAACGAGGTGGCCAAG
AACCTGAACGAGAGCCTGATCGACCTGCAGGAGCTGGGCAAGTA
CGAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTGGGCTTCA
TCGCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGTGC
TGCATGACCAGCTGCTGCAGCTGCCTGAAGGGCTGTTGCAGCTG
CGGCAGCTGCTGCAAGTTCGACGAGGACGACAGCGAGCCCGTG
CTGAAGGGCGTGAAGCTGCACTACACCTGATAATAGGCTGGAGC
CTCGGTGGCCTAGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCC
TCCTCCCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAAAGT
CTGAGTGGGCGGCAAAAAAAAA

Spike glycoprotein | ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGAGCAGCCAGTG | 149
with one stabilizing | CGTGAACCTGACCACCCGGACCCAGCTGCCACCAGCCTACACC
mutations AACAGCTTCACCCGGGGCGTCTACTACCCCGACAAGGTGTTCCG
GAGCAGCGTCCTGCACAGCACCCAGGACCTGTTCCTGCCCTTCT
TCAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCACC
AACGGCACCAAGCGGTTCGACAACCCCGTGCTGCCCTTCAACGA
CGGCGTGTACTTCGCCAGCACCGAGAAGAGCAACATCATCCGGG
GCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCT
GCTGATCGTGAATAACGCCACCAACGTGGTGATCAAGGTGTGCG
AGTTCCAGTTCTGCAACGACCCCTTCCTGGGCGTGTACTACCAC
AAGAACAACAAGAGCTGGATGGAGAGCGAGTTCCGGGTGTACAG
CAGCGCCAACAACTGCACCTTCGAGTACGTGAGCCAGCCCTTCC
TGATGGACCTGGAGGGCAAGCAGGGCAACTTCAAGAACCTGCG
GGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAG
CAAGCACACCCCAATCAACCTGGTGCGGGATCTGCCCCAGGGCT
TCTCAGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAAC
ATCACCCGGTTCCAGACCCTGCTGGCCCTGCACCGGAGCTACCT
GACCCCAGGCGACAGCAGCAGCGGGTGGACAGCAGGCGCGGC
TGCTTACTACGTGGGCTACCTGCAGCCCCGGACCTTCCTGCTGA
AGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGC
CCTGGACCCTCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCA
CCGTGGAGAAGGGCATCTACCAGACCAGCAACTTCCGGGTGCA
GCCCACCGAGAGCATCGTGCGGTTCCCCAACATCACCAACCTGT
GCCCCTTCGGCGAGGTGTTCAACGCCACCCGGTTCGCCAGCGT
GTACGCCTGGAACCGGAAGCGGATCAGCAACTGCGTGGCCGAC
TACAGCGTGCTGTACAACAGCGCCAGCTTCAGCACCTTCAAGTG
CTACGGCGTGAGCCCCACCAAGCTGAACGACCTGTGCTTCACCA
ACGTGTACGCCGACAGCTTCGTGATCCGTGGCGACGAGGTGCG
GCAGATCGCACCCGGCCAGACAGGCAAGATCGCCGACTACAACT
ACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGGAA
CAGCAACAACCTCGACAGCAAGGTGGGCGGCAACTACAACTACC
TGTACCGGCTGTTCCGGAAGAGCAACCTGAAGCCCTTCGAGCG
GGACATCAGCACCGAGATCTACCAAGCCGGCTCCACCCCTTGCA
ACGGCGTGGAGGGCTTCAACTGCTACTTCCCTCTGCAGAGCTAC
GGCTTCCAGCCCACCAACGGCGTGGGCTACCAGCCCTACCGGG
TGGTGGTGCTGAGCTTCGAGCTGCTGCACGCCCCAGCCACCGT
GTGTGGCCCCAAGAAGAGCACCAACCTGGTGAAGAACAAGTGC
GTGAACTTCAACTTCAACGGCCTTACCGGCACCGGCGTGCTGAC
CGAGAGCAACAAGAAATTCCTGCCCTTTCAGCAGTTCGGCCGGG
ACATCGCCGACACCACCGACGCTGTGCGGGATCCCCAGACCCT
GGAGATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGC
GTGATCACCCCAGGCACCAACACCAGCAACCAGGTGGCCGTGC
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TGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCA
CGCCGACCAGCTGACACCCACCTGGCGGGTCTACAGCACCGGC
AGCAACGTGTTCCAGACCCGGGCCGGTTGCCTGATCGGCGCCG
AGCACGTGAACAACAGCTACGAGTGCGACATCCCCATCGGCGCC
GGCATCTGTGCCAGCTACCAGACCCAGACCAATTCACCCGGCAG
CGCCAGCAGCGTGGCCAGCCAGAGCATCATCGCCTACACCATGA
GCCTGGGCGCCGAGAACAGCGTGGCCTACAGCAACAACAGCAT
CGCCATCCCCACCAACTTCACCATCAGCGTGACCACCGAGATTC
TGCCCGTGAGCATGACCAAGACCAGCGTGGACTGCACCATGTAC
ATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCTGCTGCAGTA
CGGCAGCTTCTGCACCCAGCTGAACCGGGCCCTGACCGGCATC
GCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGG
TGAAGCAGATCTACAAGACCCCTCCCATCAAGGACTTCGGCGGC
TTCAACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAA
GCGGAGCCCCATCGAGGACCTGCTGTTCAACAAGGTGACCCTAG
CCGACGCCGGCTTCATCAAGCAGTACGGCGACTGCCTCGGCGA
CATAGCCGCCCGGGACCTGATCTGCGCCCAGAAGTTCAACGGCC
TGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATCGCCCAG
TACACCAGCGCCCTGTTAGCCGGAACCATCACCAGCGGCTGGAC
TTTCGGCGCTGGCLLCCGCTCTGCAGATCCCCTTCLCCATGCAGA
TGGCCTACCGGTTCAACGGCATCGGCGTGACCCAGAACGTGCT
GTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCA
TCGGCAAGATCCAGGACAGCCTGAGCAGCACLCCCTAGCGCCCT
GGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCCCTG
AACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAG
CAGCGTGCTGAACGACATCCTGAGCCGGCTGGACCCTCCCGAG
GCCGAGGTGCAGATCGACCGGCTGATCACTGGCCGGCTGCAGA
GCCTGCAGACCTACGTGACCCAGCAGCTGATCCGGGCCGCCGA
GATTCGGGCCAGCGCCAACCTGGCCGCCACCAAGATGAGCGAG
TGCGTGCTGGGCCAGAGCAAGCGGGTGGACTTCTGCGGCAAGG
GCTACCACCTGATGAGCTTTCCCCAGAGCGCACCCCACGGAGTG
GTGTTCCTGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTT
CACCACCGCCCCAGCCATCTGCCACGACGGCAAGGCCCACTTT
CCCCGGGAGGGCGTGTTCGTGAGCAACGGCACCCACTGGTICG
TGACCCAGCGGAACTTCTACGAGCCCCAGATCATCACCACCGAC
AACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCATCGT
GAACAACACCGTGTACGATCCCCTGCAGCCCGAGCTGGACAGCT
TCAAGGAGGAGCTGGACAAGTACTTCAAGAATCACACCAGCCCC
GACGTGGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGG
TGAACATCCAGAAGGAGATCGATCGGCTGAACGAGGTGGCCAAG
AACCTGAACGAGAGCCTGATCGACCTGCAGGAGCTGGGCAAGTA
CGAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTGGGCTTCA
TCGCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGTGC
TGCATGACCAGCTGCTGCAGCTGCCTGAAGGGCTGTTGCAGCTG
CGGCAGCTGCTGCAAGTTCGACGAGGACGACAGCGAGCCCGTG
CTGAAGGGCGTGAAGCTGCACTACACCTGATAATAGGCTGGAGC
CTCGGTGGCCTAGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCC
TCCTCCCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAAAGT
CTGAGTGGGCGGCAAAAAAAAA

Nucleocapsid ATGAGCGACAACGGCCCCCAGAACCAGAGGAACGCCCCCAGGA | 150
TCACCTTCGGCGGCCCCAGCGACAGCACCGGCAGCAACCAGAA
CGGCGAGAGGAGCGGCGCCAGGAGCAAGCAGAGGAGGCCCCA
GGGCCTGCCCAACAACACCGCCAGCTGGTTCACCGCCCTGACC
CAGCACGGCAAGGAGGACCTGAAGTTCCCCAGGGGCCAGGGC

GTGCCCATCAACACCAACAGCAGCCCCGACGACCAGATCGGCTA
CTACAGGAGGGCCACCAGGAGGATCAGGGGCGGCGACGGCAA

GATGAAGGACCTGAGCCCCAGGTGGTACTTCTACTACCTGGGCA
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CCGGCCCCGAGGCCGGCCTGCCCTACGGCGCCAACAAGGACG
GCATCATCTGGGTGGCCACCGAGGGCGCCCTGAACACCCCCAA
GGACCACATCGGCACCAGGAACCCCGCCAACAACGCCGCCATC
GTGCTGCAGCTGCCCCAGGGCACCACCCTGCCCAAGGGCTTCT
ACGCCGAGGGCAGCAGGGGCGGCAGCCAGGCCAGCAGCAGGA
GCAGCAGCAGGAGCAGGAACAGCAGCAGGAACAGCACCCCCG
GCAGCAGCAGGGGCACCAGCCCCGCCAGGATGGCCGGCAACG
GCGGCGACGCCGCCCTGGCCCTGCTGCTGCTGGACAGGCTGAA
CCAGCTGGAGAGCAAGATGAGCGGCAAGGGCCAGCAGCAGCAG
GGCCAGACCGTGACCAAGAAGAGCGCCGCCGAGGCCAGCAAG
AAGCCCAGGCAGAAGAGGACCGCCACCAAGGCCTACAACGTGA
CCCAGGCCTTCGGCAGGAGGGGCCCCGAGCAGACCCAGGGCA
ACTTCGGCGACCAGGAGCTGATCAGGCAGGGCACCGACTACAA
GCACTGGCCCCAGATCGCCCAGTTCGCCCCCAGCGCCAGCGCC
TTCTTCGGCATGAGCAGGATCGGCATGGAGGTGACCCCCAGCG
GCACCTGGCTGACCTACACCGGCGCCATCAAGCTGGACGACAA
GGACCCCAACTTCAAGGACCAGGTGATCCTGCTGAACAAGCACA
TCGACGCCTACAAGACCTTCCCCCCCACCGAGCCCAAGAAGGAC
AAGAAGAAGAAGGCCGACGAGACCCAGGCCCTGCCCCAGAGGC
AGAAGAAGCAGCAGACCGTGACCCTGCTGCCCGCCGCCGACCT
GGACGACTTCAGCAAGCAGCTGCAGCAGAGCATGAGCAGCGCC
GACAGCACCCAGGCC

ORF1ab CAAACCACTGAAACAGCWCACTCTTGTAATGTTAACCGCTTTAAT | 151
(non-annotated) GTGGCTATTACAAGAGCAAAAATTGGCATTTTGTGCATAATGTCTG
ACAGAGATCTTTATGACAAGCTGCAATTCACAAGTCTAGAAGTACC
GCGTCGTAACGTGGCTACATTACAAGCGGAAAATGTAACTGGACT
CTTTAAGGACTGTAGTAAGATCATAACTGGTCTTCATCCTACACAA
GCACCTACACACCTTAGTGTTGATACAAAATTCAAGACTGAGGGA
CTATGTGTTGACATACCAGGCATWCCWAAGGACATGACCTATMG
WAGACTCATCTCYATGATGGGTTTCAAAATGAATTAYCAAGTTAAT
GGTTACCCTAAYATGTTYATCACCCGYGARGAAGCCATMMGMCAY
GTWCGTGCATGGATTGGCTTTGATGTAGAGGGKTGTCATGCTACT
AGGGATGCTGTCGGTACTAACCTACCTCTCCAGTTAGGATTTTICTA
CAGGTGTTAACTTAGTAGCTGTACCAACTGGCTATGTTGACACTG
AAAACAATACAGAATTCACCAGAGTTAATGCAAAACCTCCACCAG
GTGACCAATTTAAACATCTTATACCACTTATGTACAAAGGTTTACCC
TGGAACATAGTGCGTATCAAGATAGTACAAATGCTCAGTGATACAC
TGAAAGGATTATCRGACAGAGTTGTGTTTGTCCTATGGGCACATG
GCTTTGAACTTACATCAATGAAGTACTTTGTCAAGATTGGACCTGA
AAGAACGTGTTGTCTGTGTGACAAACGTGCAACTTGTTITTTCTAC
TTCATCAGACAATTATGCCTGCTGGAACCATTCTGTGGGTTTTGA
CTATGTCTATAATCCATTTATGATTGATGTCCAGCAGTGGGGTTTTA
CAGGTAACCTTCAGAGTAATCACGATCAGCATTGCCAAGTGCATG
GCAACGCTCATGTGGCTAGTTGTGATGCTATCATGACTAGATGTTT
AGCAGTCCATGAGTGCTTTGTTAAGCGCGTTGACTGGTCTGTTGA
GTACCCAATTATAGGTGATGAACTGAAGATCAATGCCGCATGCAG
AAAAGTGCAACATATGGTTGTAAAGTCTGCATTGCTTGCTGACAA
ATTCCCAGTTCTTCATGACATTGGAAACCCAAAGGCTATCAAATGT
GTCCCRCAGGCTGAAGTGGATTGGAAGTTCTATGATGCTCAGCC
CTGCAGTGACAAAGCTTATAAAATAAAAGAACTCTTCTATTCTTATG
CTACACATCATGATAAATTCATTGATGGTGTTTGTTTATTTTGGAAT
TGTAACGTTGATCGTTACCCTGCCAATGCTATTGTRTGCAGGTTC
GACACGAGAGTCTTGTCAAATTTGAACTTGCCAGGTTGTGATGGT
GGTAGTTTGTATGTAAATAAGCATGCATTCCACACTCCAGCTTTTG
ATAAAAGTGCATTTACTAATTTAAAGCAATTGCCTTTICTTTTIATTACT
CTGACAGTCCCTGTGAGTCACATGGCAAGCAGGTTGTTTCTGAC
ATTGATTATGTACCACTCAAATCTGCTACRTGTATAACACGATGCAA
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TTTGGGRGGTGCTGTTTGCAGACATCATGCAAATGAGTACCGACA
GTACTTGGATGCATACAATATGATGATTTCTGCTGGCTTTAGCCTC
TGGATTTACAAACAGTTTGACACTTATAACCTGTGGAACACCTTTA
CCAGGTTACAGAGTTTAGAAAATGTGGCTTACAATGTTGTTAACAA
AGGACACTTCGATGGACAAGCTGGTGAAGCACCTGTTTCCGTCA
TTAATAATGTTGTTTACACAAAGGTAGATGGTGTTGATGTAGAGAT
CTTTGAAAACAAGACAACACTTCCTGTTAATGTTGCATTTGAGCTT
TGGGCTAAGCGTAACATTAAACCAGTGCCAGAGATTAAGATACTC
AATAATTTGGGTGTCGATATCGCTGCTAATACTGTAATCTGGGACT
ACAAGAGAGAAGCACCAGCACATATGTCAACAATAGGTGTCTGCA
CAATGACTGACATTGCCAAGAAACCTACTGAGAGTGCTTGTTICCT
CGCTTACTGTCTTATTTGATGGTAGAGTGGAAGGACAGGTAGACC
TTTTTAGAAATGCCCGTAATGGTGTTTTAATAACAGAAGGTTCAGT
TAAAGGTTTAATACCTTCAAAGGGACCAGCACAAGCTAGTGTCAA
TGGAGTCACATTAATTGGAGAATCAGTAAAAACACAGTTTAATTATT
TTAAGAAAGTAGATGGCATCATTCAACAGTTGCCTGAAACCTACTT
TACTCAGAGCCGAGACTTAGAGGATTTCAAGCCCAGATCACAAAT
GGAAACTGACTTTCTTGAGCTCGCTATGGATGAATTCATACAACG
GTACAAGCTTGAAGGCTATGCCTTCGAACATATCGTTTATGGAGAT
TTTAGTCATGGACAGCTTGGTGGACTTCATCTAATGATTGGTCTAG
CTAAGCGCTCACAAGATTCACCACTTAAATTAGAGGATTTTATCCC
TACGGACAGTACAGTGAAAAATTATTTCATAACAGATGCGCAAACA
GGTTCATCAAAATGCGTGTGCTCTGTTATTGATCTTCTGCTTGATG
ACTTTGTTGAGATAATAAAGTCACAAGATTTATCAGTGGTTTCAAA
GGTGGTCAAAGTCACAATTGACTATGCTGAAATTTCATTCATGTTA
TGGTGTAAGGATGGACATGTTGAAACCTTTTACCCAAAATTACAAG
CGAGTCAGGCGTGGCAACCAGGAGTTGCAATGCCTAACTTGTAT
AAGATGCAGAGAATGCTTCTTGAAAAATGTGACCTTCAGAATTATG
GTGAAAATGCTGTCATACCAAARGGAATAATGATGAATGTCGCAAA
ATATACTCAACTGTGTCAATATTTAAATACACTYACATTAGCYGTGC
CATATAATATGAGAGTTATCCATTTTGGTGCTGGCTCRGACAAAGG
AGTTGCACCCGGCACAGCTGTTCTCAGACAGTGGTTGCCAATTG
GCACACTACTTGTTGATTCAGATCTTAACGACTTCGTCTCTGACG
CTGATTCCACTCTAATTGGAGACTGTGCAACCGTACATACAGCTAA
CAAATGGGATCTCATTATTAGCGATATGTATGATCCTAAAACCAAAC
ACGTGACAAAGGAAAATGATTCAAAAGAAGGATTTTTCACTTACCT
GTGTGGATTTATTAAACAAAAATTAGCCCTGGGAGGCTCTGTGGC
TGTAAAGATAACTGAGCATTCTTGGAATGCGGATCTCTACAAGCTC
ATGGGACATTTCTCATGGTGGACAGCTTTTGTTACAAATGTTAATG
CATCTTCATCAGAAGCATTTTTAATTGGAGTTAACTATCTTGGTAAG
CCAAAAGAACAAATTGATGGTTACACCATGCATGCTAACTACATTT
TCTGGAGGAATACAAACCCGATTCAATTGTCTTCCTATTCACTTTT
TGACATGAGTAAGTTCCCTCTTAAATTAAGGGGAACAGCTGTCAT
GTCTTTAAAGGAGAACCAAATCAATGAAATGATTTATTCTCTACTTG
AAAAAGGCAGACTTATCATTAGGGAAAACAACAGAGTTGTTGTCT
CAAGTGATGTTCTTGTTAATAACTAAACGAACA

ORF3a ATGGACCTGTTCATGAGGATCTTCACCATCGGCACCGTGACCCT | 1562
GAAGCAGGGCGAGATCAAGGACGCCACCCCCAGCGACTTCGTG
AGGGCCACCGCCACCATCCCCATCCAGGCCAGCCTGCCCTTCG
GCTGGCTGATCGTGGGCGTGGCCCTGCTGGCCGTGTTCCAGAG
CGCCAGCAAGATCATCACCCTGAAGAAGAGGTGGCAGCTGGCC
CTGAGCAAGGGCGTGCACTTCGTGTGCAACCTGCTGCTGCTGTT
CGTGACCGTGTACAGCCACCTGCTGCTGGTGGCCGCCGGCCTG
GAGGCCCCCTTCCTGTACCTGTACGCCCTGGTGTACTTCCTGCA
GAGCATCAACTTCGTGAGGATCATCATGAGGCTGTGGCTGTGCT
GGAAGTGCAGGAGCAAGAACCCCCTGCTGTACGACGCCAACTAC
TTCCTGTGCTGGCACACCAACTGCTACGACTACTGCATCCCCTAC
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AACAGCGTGACCAGCAGCATCGTGATCACCAGCGGCGACGGCA
CCACCAGCCCCATCAGCGAGCACGACTACCAGATCGGCGGCTAC
ACCGAGAAGTGGGAGAGCGGCGTGAAGGACTGCGTGGTGCTGC
ACAGCTACTTCACCAGCGACTACTACCAGCTGTACAGCACCCAG
CTGAGCACCGACACCGGCGTGGAGCACGTGACCTTCTTCATCTA
CAACAAGATCGTGGACGAGCCCGAGGAGCACGTGCAGATCCAC
ACCATCGACGGCAGCAGCGGCGTGGTGAACCCCGTGATGGAGC
CCATCTACGACGAGCCCACCACCACCACCAGCGTGCCCCTG

Envelope (E)

ATGTACAGCTTCGTGAGCGAGGAGACCGGCACCCTGATCGTGAA
CAGCGTGCTGCTGTTCCTGGCCTTCGTGGTGTTCCTGCTGGTGA
CCCTGGCCATCCTGACCGCCCTGAGGCTGTGCGCCTACTGCTG
CAACATCGTGAACGTGAGCCTGGTGAAGCCCAGCTTCTACGTGT
ACAGCAGGGTGAAGAACCTGAACAGCAGCAGGGTGCCCGACCT
GCTGGTG

153

Membrane (M)

ATGGCCGACAGCAACGGCACCATCACCGTGGAGGAGCTGAAGA
AGCTGCTGGAGCAGTGGAACCTGGTGATCGGCTTCCTGTTICCTG
ACCTGGATCTGCCTGCTGCAGTTCGCCTACGCCAACAGGAACAG
GTTCCTGTACATCATCAAGCTGATCTTCCTGTGGCTGCTGTGGCC
CGTGACCCTGGCCTGCTTCGTGCTGGCCGCCGTGTACAGGATCA
ACTGGATCACCGGCGGCATCGCCATCGCCATGGCCTGCCTGGTG
GGCCTGATGTGGCTGAGCTACTTCATCGCCAGCTTCAGGCTGTT
CGCCAGGACCAGGAGCATGTGGAGCTTCAACCCCGAGACCAAC
ATCCTGCTGAACGTGCCCCTGCACGGCACCATCCTGACCAGGCC
CCTGCTGGAGAGCGAGCTGGTGATCGGCGCCGTGATCCTGAGG
GGCCACCTGAGGATCGCCGGCCACCACCTGGGCAGGTGCGACA
TCAAGGACCTGCCCAAGGAGATCACCGTGGCCACCAGCAGGAC
CCTGAGCTACTACAAGCTGGGCGCCAGCCAGAGGGTGGCCGGC
GACAGCGGCTTCGCCGCCTACAGCAGGTACAGGATCGGCAACTA
CAAGCTGAACACCGACCACAGCAGCAGCAGCGACAACATCGCC
CTGCTGGTGCAG

154

ORF6

ATGTTCCACCTGGTGGACTTCCAGGTGACCATCGCCGAGATCCT
GCTGATCATCATGAGGACCTTCAAGGTGAGCATCTGGAACCTGG

ACTACATCATCAACCTGATCATCAAGAACCTGAGCAAGAGCCTGA
CCGAGAACAAGTACAGCCAGCTGGACGAGGAGCAGCCCATGGA
GATCGAC

155

ORF7a

ATGAAGATCATCCTGTTCCTGGCCCTGATCACCCTGGCCACCTGC
GAGCTGTACCACTACCAGGAGTGCGTGAGGGGCACCACCGTG

156

Nsp3

GCCCCCACCAAGGTGACCTTCGGCGACGACACCGTGATCGAGG
TGCAGGGCTACAAGAGCGTGAACATCACCTTCGAGCTGGACGAG
AGGATCGACAAGGTGCTGAACGAGAAGTGCAGCGCCTACACCGT
GGAGCTGGGCACCGAGGTGAACGAGTTCGCCTGCGTGGTGGCC
GACGCCGTGATCAAGACCCTGCAGCCCGTGAGCGAGCTGCTGA
CCCCCCTGGGCATCGACCTGGACGAGTGGAGCATGGCCACCTA
CTACCTGTTCGACGAGAGCGGCGAGTTCAAGCTGGCCAGCCAC
ATGTACTGCAGCTTCTACCCCCCCGACGAGGACGAGGAGGAGG
GCGACTGCGAGGAGGAGGAGTTCGAGCCCAGCACCCAGTACGA
GTACGGCACCGAGGACGACTACCAGGGCAAGCCCCTGGAGTTC
GGCGCCACCAGCGCCGCCCTGCAGCCCGAGGAGGAGCAGGAG
GAGGACTGGCTGGACGACGACAGCCAGCAGACCGTGGGCCAG
CAGGACGGCAGCGAGGACAACCAGACCACCACCATCCAGACCA
TCGTGGAGGTGCAGCCCCAGCTGGAGATGGAGCTGACCCCCGT
GGTGCAGACCATCGAGGTGAACAGCTTCAGCGGCTACCTGAAGC
TGACCGACAACGTGTACATCAAGAACGCCGACATCGTGGAGGAG

157
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GCCAAGAAGGTGAAGCCCACCGTGGTGGTGAACGCCGCCAACG
TGTACCTGAAGCACGGCGGCGGCGTGGCCGGCGCCCTGAACAA
GGCCACCAACAACGCCATGCAGGTGGAGAGCGACGACTACATC
GCCACCAACGGCCCCCTGAAGGTGGGCGGCAGCTGCGTGCTGA
GCGGCCACAACCTGGCCAAGCACTGCCTGCACGTGGTGGGCCC
CAACGTGAACAAGGGCGAGGACATCCAGCTGCTGAAGAGCGCC
TACGAGAACTTCAACCAGCACGAGGTGCTGCTGGCCCCCCTGLT
GAGCGCCGGCATCTTCGGCGCCGACCCCATCCACAGCCTGAGG
GTGTGCGTGGACACCGTGAGGACCAACGTGTACCTGGCCGTGT
TCGACAAGAACCTGTACGACAAGCTGGTGAGCAGCTTCCTGGAG
ATGAAGAGCGAGAAGCAGGTGGAGCAGAAGATCGCCGAGATCC
CCAAGGAGGAGGTGAAGCCCTTCATCACCGAGAGCAAGCCCAG
CGTGGAGCAGAGGAAGCAGGACGACAAGAAGATCAAGGCCTGC
GTGGAGGAGGTGACCACCACCCTGGAGGAGACCAAGTTCCTGA
CCGAGAACCTGCTGCTGTACATCGACATCAACGGCAACCTGCAC
CCCGACAGCGCCACCCTGGTGAGCGACATCGACATCACCTTCCT
GAAGAAGGACGCCCCCTACATCGTGGGCGACGTGGTGCAGGAG
GGCGTGCTGACCGCCGTGGTGATCCCCACCAAGAAGGCCGGCG
GCACCACCGAGATGCTGGCCAAGGCCCTGAGGAAGGTGCCCAC
CGACAACTACATCACCACCTACCCCGGCCAGGGCCTGAACGGCT
ACACCGTGGAGGAGGCCAAGACCGTGCTGAAGAAGTGCAAGAG
CGCCTTCTACATCCTGCCCAGCATCATCAGCAACGAGAAGCAGG
AGATCCTGGGCACCGTGAGCTGGAACCTGAGGGAGATGCTGGC
CCACGCCGAGGAGACCAGGAAGCTGATGCCCGTGTGCGTGGAG
ACCAAGGCCATCGTGAGCACCATCCAGAGGAAGTACAAGGGCAT
CAAGATCCAGGAGGGCGTGGTGGACTACGGCGCCAGGTTICTACT
TCTACACCAGCAAGACCACCGTGGCCAGCCTGATCAACACCCTG
AACGACCTGAACGAGACCCTGGTGACCATGCCCCTGGGCTACGT
GACCCACGGCCTGAACCTGGAGGAGGCCGCCAGGTACATGAGG
AGCCTGAAGGTGCCCGCCACCGTGAGCGTGAGCAGCCCCGACG
CCGTGACCGCCTACAACGGCTACCTGACCAGCAGCAGCAAGAC
CCCCGAGGAGCACTTCATCGAGACCATCAGCCTGGCCGGCAGC
TACAAGGACTGGAGCTACAGCGGCCAGAGCACCCAGCTGGGCA
TCGAGTTCCTGAAGAGGGGCGACAAGAGCGTGTACTACACCAGC
AACCCCACCACCTTCCACCTGGACGGCGAGGTGATCACCTTCGA
CAACCTGAAGACCCTGCTGAGCCTGAGGGAGGTGAGGACCATC
AAGGTGTTCACCACCGTGGACAACATCAACCTGCAC

Nsp5 AGCGGCTTCAGGAAGATGGCCTTCCCCAGCGGCAAGGTGGAGG | 158
GCTGCATGGTGCAGGTGACCTGCGGCACCACCACCCTGAACGG
CCTGTGGCTGGACGACGTGGTGTACTGCCCCAGGCACGTGATCT
GCACCAGCGAGGACATGCTGAACCCCAACTACGAGGACCTGCT
GATCAGGAAGAGCAACCACAACTTCCTGGTGCAGGCCGGCAAC
GTGCAGCTGAGGGTGATCGGCCACAGCATGCAGAACTGCGTGC
TGAAGCTGAAGGTGGACACCGCCAACCCCAAGACCCCCAAGTAC
AAGTTCGTGAGGATCCAGCCCGGCCAGACCTTCAGCGTGCTGG
CCTGCTACAACGGCAGCCCCAGCGGCGTGTACCAGTGCGCCAT
GAGGCCCAACTTCACCATCAAGGGCAGCTTCCTGAACGGCAGCT
GCGGCAGCGTGGGCTTCAACATCGACTACGACTGCGTGAGCTTC
TGCTACATGCACCACATGGAGCTGCCCACCGGCGTGCACGCCG
GCACCGACCTGGAGGGCAACTTCTACGGCCCCTTCGTGGACAG
GCAGACCGCCCAGGCCGCCGGCACCGACACCACCATCACCGTG
AACGTGCTGGCCTGGCTGTACGCCGCCGTGATCAACGGCGACA
GGTGGTTCCTGAACAGGTTCACCACCACCCTGAACGACTTCAAC
CTGGTGGCCATGAAGTACAACTACGAGCCCCTGACCCAGGACCA
CGTGGACATCCTGGGCCCCCTGAGCGCCCAGACCGGCATCGCC
GTGCTGGACATGTGCGCCAGCCTGAAGGAGCTGCTGCAGAACG
GCATGAACGGCAGGACCATCCTGGGCAGCGCCCTGCTGGAGGA
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CGAGTTCACCCCCTTCGACGTGGTGAGGCAGTGCAGCGGCGTG
ACCTTCCAG

Nsp12 AGCGCCGACGCCCAGAGCTTCCTGAACAGGGTGTGCGGCGTGA | 1569
GCGCCGCCAGGCTGACCCCCTGCGGCACCGGCACCAGCACCG
ACGTGGTGTACAGGGCCTTCGACATCTACAACGACAAGGTGGCC
GGCTTCGCCAAGTTCCTGAAGACCAACTGCTGCAGGTTCCAGGA
GAAGGACGAGGACGACAACCTGATCGACAGCTACTTCGTGGTGA
AGAGGCACACCTTCAGCAACTACCAGCACGAGGAGACCATCTAC
AACCTGCTGAAGGACTGCCCCGCCGTGGCCAAGCACGACTTCTT
CAAGTTCAGGATCGACGGCGACATGGTGCCCCACATCAGCAGGC
AGAGGCTGACCAAGTACACCATGGCCGACCTGGTGTACGCCCTG
AGGCACTTCGACGAGGGCAACTGCGACACCCTGAAGGAGATCC
TGGTGACCTACAACTGCTGCGACGACGACTACTTCAACAAGAAG
GACTGGTACGACTTCGTGGAGAACCCCGACATCCTGAGGGTGTA
CGCCAACCTGGGCGAGAGGGTGAGGCAGGCCCTGCTGAAGACC
GTGCAGTTCTGCGACGCCATGAGGAACGCCGGCATCGTGGGCG
TGCTGACCCTGGACAACCAGGACCTGAACGGCAACTGGTACGAC
TTCGGCGACTTCATCCAGACCACCCCCGGCAGCGGCGTGCCCG
TGGTGGACAGCTACTACAGCCTGCTGATGCCCATCCTGACCCTG
ACCAGGGCCCTGACCGCCGAGAGCCACGTGGACACCGACCTGA
CCAAGCCCTACATCAAGTGGGACCTGCTGAAGTACGACTTCACC
GAGGAGAGGCTGAAGCTGTTCGACAGGTACTTCAAGTACTGGGA
CCAGACCTACCACCCCAACTGCGTGAACTGCCTGGACGACAGGT
GCATCCTGCACTGCGCCAACTTCAACGTGCTGTTCAGCACCGTG
TTCCCCCCCACCAGCTTCGGCCCCCTGGTGAGGAAGATCTTCGT
GGACGGCGTGCCCTTCGTGGTGAGCACCGGCTACCACTTCAGG
GAGCTGGGCGTGGTGCACAACCAGGACGTGAACCTGCACAGCA
GCAGGCTGAGCTTCAAGGAGCTGCTGGTGTACGCCGCCGACCC
CGCCATGCACGCCGCCAGCGGCAACCTGCTGCTGGACAAGAGG
ACCACCTGCTTCAGCGTGGCCGCCCTGACCAACAACGTGGCCTT
CCAGACCGTGAAGCCCGGCAACTTCAACAAGGACTTCTACGACT
TCGCCGTGAGCAAGGGCTTCTTCAAGGAGGGCAGCAGCGTGGA
GCTGAAGCACTTCTTCTTCGCCCAGGACGGCAACGCCGCCATCA
GCGACTACGACTACTACAGGTACAACCTGCCCACCATGTGCGAC
ATCAGGCAGCTGCTGTTCGTGGTGGAGGTGGTGGACAAGTACTT
CGACTGCTACGACGGCGGCTGCATCAACGCCAACCAGGTGATCG
TGAACAACCTGGACAAGAGCGCCGGCTTCCCCTTCAACAAGTGG
GGCAAGGCCAGGCTGTACTACGACAGCATGAGCTACGAGGACCA
GGACGCCCTGTTCGCCTACACCAAGAGGAACGTGATCCCCACCA
TCACCCAGATGAACCTGAAGTACGCCATCAGCGCCAAGAACAGG
GCCAGGACCGTGGCCGGCGTGAGCATCTGCAGCACCATGACCA
ACAGGCAGTTCCACCAGAAGCTGCTGAAGAGCATCGCCGCCAC
CAGGGGCGCCACCGTGGTGATCGGCACCAGCAAGTTCTACGGC
GGCTGGCACAACATGCTGAAGACCGTGTACAGCGACGTGGAGA
ACCCCCACCTGATGGGCTGGGACTACCCCAAGTGCGACAGGGC
CATGCCCAACATGCTGAGGATCATGGCCAGCCTGGTGCTGGCCA
GGAAGCACACCACCTGCTGCAGCCTGAGCCACAGGTTCTACAG
GCTGGCCAACGAGTGCGCCCAGGTGCTGAGCGAGATGGTGATG
TGCGGCGGCAGCCTGTACGTGAAGCCCGGCGGCACCAGCAGC
GGCGACGCCACCACCGCCTACGCCAACAGCGTGTTCAACATCTG
CCAGGCCGTGACCGCCAACGTGAACGCCCTGCTGAGCACCGAC
GGCAACAAGATCGCCGACAAGTACGTGAGGAACCTGCAGCACA
GGCTGTACGAGTGCCTGTACAGGAACAGGGACGTGGACACCGA
CTTCGTGAACGAGTTCTACGCCTACCTGAGGAAGCACTTCAGCAT
GATGATCCTGAGCGACGACGCCGTGGTGTGCTTCAACAGCACCT
ACGCCAGCCAGGGCCTGGTGGCCAGCATCAAGAACTTCAAGAG
CGTGCTGTACTACCAGAACAACGTGTTCATGAGCGAGGCCAAGT
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GCTGGACCGAGACCGACCTGACCAAGGGCCCCCACGAGTTCTG
CAGCCAGCACACCATGCTGGTGAAGCAGGGCGACGACTACGTG
TACCTGCCCTACCCCGACCCCAGCAGGATCCTGGGCGCCGGCT
GCTTCGTGGACGACATCGTGAAGACCGACGGCACCCTGATGATC
GAGAGGTTCGTGAGCCTGGCCATCGACGCCTACCCCCTGACCAA
GCACCCCAACCAGGAGTACGCCGACGTGTTCCACCTGTACCTGC
AGTACATCAGGAAGCTGCACGACGAGCTGACCGGCCACATGCTG
GACATGTACAGCGTGATGCTGACCAACGACAACACCAGCAGGTA
CTGGGAGCCCGAGTTCTACGAGGCCATGTACACCCCCCACACCG
TGCTGCAG

Molecular Adjuvants and T Cell Enhancements

[00279] In certain embodiments, the vaccine composition comprises a molecular adjuvant and/or one or
more T Cell enhancement compositions. The adjuvant and/or enhancement compositions may help
improve the immunogenicity and/or long-term memory of the vaccine composition. Non-limiting examples

of molecular adjuvants include CpG, such as a CpG potymer, and flagellin.

[00280] In some embodiments, the vaccine composition comprises a T cell attracting chemokine. The T
cell attracting chemokine helps pull the T cells from the circulation to the appropriate tissues, e.g., the
lungs, heart, kidney, and brain. Non-limiting examples of T cell attracting chemokines include CCL5,
CXCLY, CXCL10, CXCL11, CCL25, CCL28, CXCL14, CXCL17, or a combination thereof.

[00281] In some embodiments, the vaccine composition comprises a composition that promotes T cell
profiferation. Non-limiting examples of compositions that promote T cell proliferation include {L-7, {L-15,

IL-2, or a combination thereof.

[00282] In some embodiments, the vaccine composition comprises a composition that promotes T cell
homing in the lungs. Non-limiting examples of compaositions that promote T cell homing include CCL25,
CCL28, CXCL14, CXCL17 or a combination thereof.

[00283] In certain embodiments, the molecular adjuvant and/or the T cell attracting chemokine and/or the
composition that promotes T cell proliferation are delivered with a separate antigen delivery system from

the large sequences.

[00284] Table 11 shows non-limiting examples of T-cell enhancements that may be used to create a

vaccine composition described herein.

Table 11
T-cell Sequence SEQID
enhancement NO:
CXCL11 ATGAACAGGAAGGTGACCGCCATCGCCCTGGCCGCCATCATCTGGG | 160

CCACCGCCGCCCAGGGCTTCCTGATGTTCAAGCAGGGCAGGTGCC
TGTGCATCGGCCCCGGCATGAAGGCCGTGAAGATGGCCGAGATCGA
GAAGGCCAGCGTGATCTACCCCAGCAACGGCTGCGACAAGGTGGA
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GGTGATCGTGACCATGAAGGCCCACAAGAGGCAGAGGTGCCTGGA
CCCCAGGAGCAAGCAGGCCAGGCTGATCATGCAGGCCATCGAGAA
GAAGAACTTCCTGAGGAGGCAGAACATGTGA

CCL5 ATGAAGGTCTCCGCGGCAGCCCTCGCTGTCATCCTCATTGCTACTGC | 161
CCTCTGCGCTCCTGCATCTGCCTCCCCATATTCCTCGGACACCACAC
CCTGCTGCTTTGCCTACATTGCCCGCCCACTGCCCCGTGCCCACAT
CAAGGAGTATTTCTACACCAGTGGCAAGTGCTCCAACCCAGCAGTC
GTCCACAGGTCAAGGATGCCAAAGAGAGAGGGACAGCAAGTCTGG
CAGGATTTCCTGTATGACTCCCGGCTGAACAAGGGCAAGCTTTIGTCA
CCCGAAAGAACCGCCAAGTGTGTGCCAACCCAGAGAAGAAATGGGT
TCGGGAGTACATCAACTCTTTGGAGATGAGCTAGGATGGAGAGTCCT
TGAACCTGAACTTACACAAATTTGCCTGTTTCTGCTTGCTCTTGTCCT
AGCTTGGGAGGCTTCCCCTCACTATCCTACCCCACCCGCTCCTTGA

CXCL9 ATCGAAGAAAAGTGGTGTTCTTTTCCTCTTGGGCATCATCTTGCTGGTT | 162
CTGATTGGAGTGCAAGGAACCCCAGTAGTGAGAAAGGGTCGCTGTT
CCTGCATCAGCACCAACCAAGGGACTATCCACCTACAATCCTTGAAA
GACCTTAAACAATTTGCCCCAAGCCCTTCCTGCGAGAAAATTGAAAT
CATTGCTACACTGAAGAATGGAGTTCAAACATGTCTAAACCCAGATTC
AGCAGATGTGAAGGAACTGATTAAAAAGTGGGAGAAACAGGTCAGC
CAAAAGAAAAAGCAAAAGAATGGGAAAAAACATCAAAAAAAGAAAGT
TCTGAAAGTTCGAAAATCTCAACGTTCTCGTCAAAAGAAGACTACATA
A

CXCL10 ATGAATCAAACTGCCATTCTGATTTGCTGCCTTATCTTTCTGACTCTAA | 163
GTGGCATTCAAGGAGTACCTCTCTCTAGAACTGTACGCTGTACCTGC
ATCAGCATTAGTAATCAACCTGTTAATCCAAGGTCTTTAGAAAAACTTG
AAATTATTCCTGCAAGCCAATTTTGTCCACGTGTTGAGATCATTGCTA
CAATGAAAAAGAAGGGTGAGAAGAGATGTCTGAATCCAGAATCGAAG
GCCATCAAGAATTTACTGAAAGCAGTTAGCAAGGAAAGGTCTAAAAG
ATCTCCTTAA

CXCL14 ATGAGGCTCCTGGCGGCCGCGCTGCTCCTGCTGCTGCTGGCGCTG | 164
TACACCGCGCGTGTGGACGGGTCCAAATGCAAGTGCTCCCGGAAG
GGACCCAAGATCCGCTACAGCGACGTGAAGAAGCTGGAAATGAAGC
CAAAGTACCCGCACTGCGAGGAGAAGATGGTTATCATCACCACCAAG
AGCGTGTCCAGGTACCGAGGTCAGGAGCACTGCCTGCACCCCAAG
CTGCAGAGCACCAAGCGCTTCATCAAGTGGTACAACGCCTGGAACG
AGAAGCGCAGGGTCTACGAAGAATAG

CXCL17 ATGAAAGTTCTAATCTCTTCCCTCCTCCTGTTGCTGCCACTAATGCTG | 165
ATGTCCATGGTCTCTAGCAGCCTGAATCCAGGGGTCGCCAGAGGCC
ACAGGGACCGAGGCCAGGCTTCTAGGAGATGGCTCCAGGAAGGCG
GCCAAGAATGTGAGTGCAAAGATTGGTTCCTGAGAGCCCCGAGAAG
AAAATTCATGACAGTGTCTGGGCTGCCAAAGAAGCAGTGCCCCTGT
GATCATTTCAAGGGCAATGTGAAGAAAACAAGACACCAAAGGCACCA
CAGAAAGCCAAACAAGCATTCCAGAGCCTGCCAGCAATTTCTCAAAC
AATGTCAGCTAAGAAGCTTTGCTCTGCCTTTGTAG

CCL25 ATGAACCTGTGGCTCCTGGCCTGCCTGGTGGCCGGCTTCCTGGGA | 166
GCCTGGGCCCCCGCTGTCCACACCCAAGGTGTCTTTGAGGACTGCT
GCCTGGCCTACCACTACCCCATTGGGTGGGCTGTGCTCCGGCGLG

CCTGGACTTACCGGATCCAGGAGGTGAGCGGGAGCTGCAATCTGCC
TGCTGCGATATTCTACCTCCCCAAGAGACACAGGAAGGTGTGTGGG

AACCCCAAAAGCAGGGAGGTGCAGAGAGCCATGAAGCTCCTGGATG
CTCGAAATAAGGTTTTTGCAAAGCTCCACCACAACACGCAGACCTTC
CAAGCAGGCCCTCATGCTGTAAAGAAGTTGAGTTCTGGAAACTCCAA
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GTTATCATCGTCCAAGTTTAGCAATCCCATCAGCAGCAGTAAGAGGA
ATGTCTCCCTCCTGATATCAGCTAATTCAGGACTGTGA

CCL28 ATGCAGCAGAGAGGACTCGCCATCGTGGCCTTGGCTGTCTGTGCGG | 167
CCCTACATGCCTCAGAAGCCATACTTCCCATTGCCTCCAGCTGTTGC
ACGGAGGTTTCACATCATATTTCCAGAAGGCTCCTGGAAAGAGTGAA
TATGTGTCGCATCCAGAGAGCTGATGGGGATTGTGACTTGGCTGCTG
TCATCCTTCATGTCAAGCGCAGAAGAATCTGTGTCAGCCCGCACAAC
CATACTGTTAAGCAGTGGATGAAAGTGCAAGCTGCCAAGAAAAATGG
TAAAGGAAATGTTTGCCACAGGAAGAAACACCATGGCAAGAGGAAC
AGTAACAGGGCACATCAGGGGAAACACGAAACATACGGCCATAAAAC
TCCTTATTAG

IL-7 ATGTTCCACGTGAGCTTCAGGTACATCTTCGGCATCCCCCCCCTGAT | 168
CCTGGTGCTGCTGCCCGTGACCAGCAGCGAGTGCCACATCAAGGA
CAAGGAGGGCAAGGCCTACGAGAGCGTGCTGATGATCAGCATCGAC
GAGCTGGACAAGATGACCGGCACCGACAGCAACTGCCCCAACAAC
GAGCCCAACTTCTTCAGGAAGCACGTGTGCGACGACACCAAGGAG
GCCGCCTTCCTGAACAGGGCCGCCAGGAAGCTGAAGCAGTTICCTG
AAGATGAACATCAGCGAGGAGTTCAACGTGCACCTGCTGACCGTGA
GCCAGGGCACCCAGACCCTGGTGAACTGCACCAGCAAGGAGGAGA
AGAACGTGAAGGAGCAGAAGAAGAACGACGCCTGCTTCCTGAAGA
GGCTGCTGAGGGAGATCAAGACCTGCTGGAACAAGATCCTGAAGGG
CAGCATCTGA

IL-15 ATGAGAATTTCGAAACCACATTTGAGAAGTATTTCCATCCAGTGCTAC | 168
TTGTGTTTACTTCTAAACAGTCATTTTCTAACTGAAGCTGGCATTCATG
TCTTCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGCC
AACTGGGTGAATGTAATAAGTGATTTGAAAAAAATTGAAGATCTTATTC
AATCTATGCATATTGATGCTACTTTATATACGGAAAGTGATGTTCACCC
CAGTTGCAAAGTAACAGCAATGAAGTGCTTTCTCTTGGAGTTACAAG
TTATTTCACTTGAGTCCGGAGATGCAAGTATTCATGATACAGTAGAAA
ATCTGATCATCCTAGCAAACAACAGTTTGTCTTCTAATGGGAATGTAA
CAGAATCTGGATGCAAAGAATGTGAGGAACTGGAGGAAAAAAATATT
AAAGAATTTTTGCAGAGTTTTGTACATATTGTCCAAATGTTCATCAACA
CTTCTTGA

IL-2 ATGTACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACTT | 170
GTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAAAACACAGCT

ACAACTGGAGCATTTACTGCTGGATTTACAGATGATTTTGAATGGAAT

TAATAATTACAAGAATCCCAAACTCACCAGGATGCTCACATTTAAGTTT
TACATGCCCAAGAAGGCCACAGAACTGAAACATCTTCAGTGTCTAGA
AGAAGAACTCAAACCTCTGGAGGAAGTGCTAAATTTAGCTCAAAGCA
AAAACTTTCACTTAAGACCCAGGGACTTAATCAGCAATATCAACGTAA

TAGTTCTGGAACTAAAGGGATCTGAAACAACATTCATGTGTGAATATG

CTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGATGGATTACCT
TTTGTCAAAGCATCATCTCAACACTGACTTGA

[00285] In preferred embodiments, the T-cell enhancement compositions described herein (e.g. CXCLS,
CXCL10, IL-7, IL-2) may be integrated into a separate delivery system from the vaccine compositions. In
some embodiments, the T-cell enhancement compositions described herein (e.g. CXCLY, CXCL10, IL-7,

IL-2) may be integrated into a the same delivery sysiem as the vaccine compositions.

[00286] In certain embodiments, the vaccine composition comprises a tag. For example, in some

embodiments, the vaccine composition comprises a His tag. The present invention is not limited to a His
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tag and includes other tags such as those known to one of ordinary skill in the art, such as a fluorescent
tag (e.g., GFP, YFP, etc.), etc.

Antigen Delivery System
[00287] The present invention also features vaccine compositions in the form of an antigen delivery
system. Any appropriate antigen delivery system may be considered for delivery of the antigens described

herein. The present invention is not limited to the antigen delivery systems described herein.

[00288] In certain embodiments, the antigen delivery system is for targeted delivery of the vaccine

composition, e.g., for targeting to the tissues of the body where the virus replicates.

[00289] In certain embodiments, the antigen delivery system comprises adenoviruses such as but not
limited to Ad5, Ad26, Ad35, etc., as well as carriers such as lipid nanoparticles, polymers, peptides, etc. In

other embodiments, the antigen delivery system comprises a vesicular stomatitis virus (VSV) vector.

[00290] The present invention is not limited to adenovirus vector-based antigen delivery systems. in
certain embodiments, the antigen delivery system comprises an adeno-associated virus vector-based
antigen delivery system, such as but not limited to the adeno-associated virus vector type 9 (AAVS
serotype), AAV type 8 (AAVS serotype), etc. In certain embodiments, the adeno-associated virus vectors
used are tropic, e.g., tropic to lungs, brain, heart and kidney, e.g., the tissues of the body that express
ACE?2 receptors (FIG. 3A)). For example, AAVS is known to be neurotropic, which would help the vaccine
composition to be expressed in the brain.

[00291] In the antigen delivery system, the one or more large sequences are operatively linked to a
promoter. In certain embodiments, the one or more large sequences are operatively linked to a generic
promoter. For example, in certain embodiments, the one or more large sequences are operatively linked
to a CMV promoter. In certain embodiments, the one or more large sequences are operatively linked to a
CAG, EFIA, EFS, CBh, SFFV, MSCV, mPGK, hPGK, SV40, UBC, or other appropriate promoter.

[00292] In some embodiments, the one or more large sequences are operatively linked to a tissue-specific
promoter {e.g., a lung-specific promoter). For example, the antigen may be operatively linked to a SpB

promoter or a CD144 promoter.

[00293] As discussed, in certain embodiments, the vaccine composition comprises a molecular adjuvant.
In certain embodiments, the molecular adjuvant is operatively linked to a generic promoter, e.g., as
described above. In certain embodiments, the molecular adjuvant is operatively linked to a tissue-specific

promoter, e.g., a lung-specific promoter, e.g., SpB or CD144.

[00294] As discussed, in certain embodiments, the vaccine composition comprises a T cell attracting
chemokine. In certain embodiments, the T cell attracting chemokine is operatively linked to a generic
promoter, e.g., as described above. In certain embodiments, the T cell atiracting chemokine is operatively

linked to a tissue-specific promoter, e.g., a tung-specific promoter, e.g., SpB or CD144.
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[00295] As discussed, in certain embodiments, the vaccine composition comprises a composition for
promoting T cell proliferation. In certain embodiments, the composition for promoting T cell proliferation is
operatively linked to a generic promoter, e.g., as described above. In cerfain embodiments, the

composition for promoting T cell proliferation is operatively linked to a tissue-specific promoter, e.g., a

lung-specific promoter, e.g., SpB or CD144.

[00296] Table 12 shows non-limiting examples of promoters that may be used to create a vaccine

composition described herein.

Table 12

PCT/US2021/027355

Promoter

Sequence

SEQID
NO:

CAG

CTCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATT
AGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGG
CCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATG
ACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATG
GGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATC
ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCC
TGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTA
CATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCACGT
TCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTAT
TTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGCGGGGGGGG
GGGGCGCGCGCCAGGCGGGGLCGGGGLCGGGGCGAGGGGLCGGGGCGG
GGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCC
GAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAA
GCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGCGCTGCCTTCGCCCC
GTGCCCCGCTCCGCCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACT
GACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCC
GGGCTGTAATTAGCGCTTGGTTTAATGACGGCTTIGTTTICTTTTCTGTGGC
TGCGTGAAAGCCTTGAGGGGCTCCGGGAGGGCCCTTTGTGCGGGGGG
AGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTGCGTGGGGAGCGCCGC
GTGCGGCTCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGC
GCGGGGCTTTGTGCGCTCCGCAGTGTGCGCGAGGGGAGCGCGGCCGE
GGGCGGTGCCCCGCGGTGCGGGGGGGGCTGCCAGGGGAACAAAGGC
TGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGGGCG
CGTCGGTCGGGCTGCAACCCCCCCTGCACCCCCOTCCCCGAGTTGCTG
AGCACGGCCCGGCTTCGGGTGCGGGGCTCCGTACGGGGCGTGGCGCG
GGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCAGGTGGGGGTGCCGG
GCGGGGCCGGGCCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGC
GCGGCGGCCCCCGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCG
CAGCCATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTCCT
TTGTCCCAAATCTGTGCGGAGCCGAAATCTGGGAGGCGCCGCCGCACC
CCCTCTAGCGGGCGCGGGGCGAAGCGGTGCGGCGCCGGCAGGAAGG
AAATGGGCGGGGAGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTT
CTCCCTCTCCAGCCTCGGGGCTGTCCGCGGGGGGACGGCTGCCTICG
GGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGC
GGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTTICTTITTCCTACAG
CTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAAAGA
ATTG

171

CMV

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC

172
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CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTA
ACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA
AACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCC
CTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTAC
ATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATC
GCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAAT
GGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAA
CAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGA
GGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATC

SP-B GTATAGGGCTGTCTGGGAGCCACTCCAGGGCCACAGAAATCTTGTCTCT | 173
GACTCAGGGTATTTTGTITICTGTTTTGTGTAAATGCTCTTCTGACTAATG
CAAACCATGTGTCCATAGAACCAGAAGATTTTTCCAGGGGAAAAGGTAAG
GAGGTGGTGAGAGTGTCCTGGGTCTGCCCTTCCAGGGCTTGCCCTGGG
TTAAGAGCCAGGCAGGAAGCTCTCAAGAGCATTGCTCAAGAGTAGAGGG
GGCCTGGGAGGCCCAGGGAGGGGATGGGAGGGGAACACCCAGGCTG
CCCCCAACCAGATGCCCTCCACCCTCCTCAACCTCCCTCCCACGGCCT
GGAGAGGTGGGACCAGGTATGGAGGCTTGAGAGCCCCTGGTTGGAGGA
AGCCACAAGTCCAGGAACATGGGAGTCTGGGCAGGGGGCAAAGGAGG
CAGGAACAGGCCATCAGCCAGGACAGGTGGTAAGGCAGGCAGGAGTGT
TCCTGCTGGGAAAAGGTGGGATCAAGCACCTGGAGGGCTCTTCAGAGC
AAAGACAAACACTGAGGTCGCTGCCACTCCTACAGAGCCCCCACGCCC
CGCCCAGCTATAAGGGGCCATGCACCAAGCAGGGTACCCAGGCTGCAG
AGGTGCC

CD144 CATCCATGCCCATGGCCTCAGATGCCAGCCATAAGCTGTTGGGTTCCAA | 174
ACCTCGACTCCAGGCTGGACTCACCCCTGTCTCCCCCACCAGCCTGAC

ACCTCCACCTGGGTATCTAACGAGCATCTCAAACTCAACCTGCCTGAGA

CAGAGGAATCACTATCCCCTCCTCCTCCAAAAATATCCTTCCATCACACTC
CCCATCTTGTGCTCTGATTTACTAAACGGCCCTGGGCCCTCTCTTTICTCA
GGGTCTCTGCTTGCCCAGCTATATAATAAAACAAGTTTGGGACTTCCCAA

CCATTCACCCATGGAAAAACAGAAGCAACTCTTCAAAGGACAGATTCCCA
GGATCTGCCCTGGGAGATTCCAAATCAGTTGATCTGGGGTGAGCCCAGT
CCTCTGTAGTTTTTAGAAGCTCCTCCTATGTCTCTCCTGGTCAGCAGAAT

CTTGGCCCCTCCCTTCCCCCCAGCCTCTTGGTICTTCTGGGCTCTGATC
CAGCCTCAGCGTCACTGTCTTCCACGCCCCTCTTTGATTCTCGTTTATGT
CAAAAGCCTTGTGAGGATGAGGCTGTGATTATCCCCATTTTACAGATGAG
GAAACTGTGGCTCCAGGATGACACAACTGGCCAGAGGTCACATCAGAAG
CAGAGCTGGGTCACTTGACTCCACCCAATATCCCTAAATGCAAACATCCC
CTACAGACCGAGGCTGGCACCTTAGAGCTGGAGTCCATGCCCGCTCTG

ACCAGGAGAAGCCAACCTGGTCCTCCAGAGCCAAGAGCTTCTGTCCCTT
TCCCATCTCCTGAAGCCTCCCTGTCACCTTTAAAGTCCATTCCCACAAAG
ACATCATGGGATCACCACAGAAAATCAAGCTCTGGGGCTAGGCTGACCC
CAGCTAGATTTTTGGCTCTTTTATACCCCAGCTGGGTGGACAAGCACCTT
AAACCCGCTGAGCCTCAGCTTCCCGGGCTATAAAATGGGGGTGATGACA
CCTGCCTGTAGCATTCCAAGGAGGGTTAAATGTGATGCTGCAGCCAAGG
GTCCCCACAGCCAGGCTCTTTGCAGGTGCTGGGTTCAGAGTCCCAGAG

CTGAGGCCGGGAGTAGGGGTTCAAGTGGGGTGCCCCAGGCAGGGTCC
AGTGCCAGCCCTCTGTGGAGACAGCCATCCGGGGCCGAGGCAGCCGC

CCACCGCAGGGCCTGCCTATCTGCAGCCAGCCCAGCCCTCACAAAGGA
ACAATAACAGGAAACCATCCCAGGGGGAAGTGGGCCAGGGCCAGCTGG
AAAACCTGAAGGGGAGGCAGCCAGGCCTCCCTCGCCAGCGGGGTGTG

GCTCCCCTCCAAAGACGGTCGGCTGACAGGCTCCACAGAGCTCCACTC
ACGCTCAGCCCTGGACGGACAGGCAGTCCAACGGAACAGAAACATCCC
TCAGCCCACAGGCACGGTGAGTGGGGGCTCCCACACTCCCCTCCACCC
CAAACCCGCCACCCTGCGCCCAAGATGGGAGGGTCCTCAGCTTCCCCA
TCTGTAGAATGGGCATCGTCCCACTCCCATGACAGAGAGGCTCC
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wild type ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGAGCAGC 175
native
leader
sequence

[00297] In certain embodiments, the T cell attracting chemokine and the composition that promotes T cell
proliferation are driven by the same promoter (e.g., the T cell atiracting chemokine and the composition
that promotes T cell proliferation are synthesized as a peptide). In certain embodiments, the T cel
attracting chemokine and the composition that promotes T cell proliferation are driven by different
promoters. In certain embodiments, the antigen, the T cell attracting chemokine, and the composition that
promotes T cell proliferation are driven by the same promoter. In cerfain embodiments, the antigen, the T
cell attracting chemokine, and the composition that promotes T celi proliferation are driven by the different
promoters. In certain embodiments, the T cell attracting chemokine and the composition that promotes T
cell proliferation are driven by the same promoter, and the one or more large sequences are driven by a
different promoter.

[00298] In some embodiments, the antigen delivery system comprises one or more linkers betweenthe T
cell attracting chemokine and the composition that promotes T cell proliferation. In certain embodiments,
linkers are used between one or more of the epitopes. The linkers may allow for cleavage of the separate
molecules (e.g,. chemokine). For example, in some embodiments, a linker is positioned between IL-7 (or
IL-2) and CCL5, CXCLS, CXCL10, CXCL11, CCL25, CCL28, CXCL14, CXCL17, eic. In some
embodiments, a linker is positioned between IL-15 and CCL5, CXCL9, CXCL10, CXCL11, CCL25,
CCL28, CXCL14, CXCL17, etc. In some embodiments, a linker is positioned between the antigen or large
sequence and another composition, e.g., IL-15, IL-7, CCL5, CXCLS, CXCL10, CXCL11, CCL25, CCL28,
CXCL14, CXCL17, etc. A non-limiting example of a linker is T2A, E2A, P2A (see Table 13), or the like.
The composition may feature a different linker between each open reading frame.

Table 13:
SEQUENCE SEQ
1D NO:

T2A Linker GGAAGCGGAGAGGGCAGGGGAAGTCTTCTAACATGCGGGGACGTGG | 176
AGGAAAATCCCGGCCCC

E2A Linker GGAAGCGGACAGTGTACTAATTATGCTCTCTTGAAATTGGCTGGAGAT | 177
GTTGAGAGCAACCCAGGTCCC

P2A Linker GGAAGCGGAGCCACGAACTTCTCTCTGTTAAAGCAAGCAGGAGATGT | 178
TGAAGAAAACCCCGGGCCT
GCCGCCTAC 179
GGCCCCGGCCCCGGL 180
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6-His Tag CATCACCATCACCATCAC 181

[00299] The present invention includes mRNA sequences encoding any of the vaccine compositions or
portions thereof herein, e.g., a molecular adjuvant, a T cell enhancement, etc. The present invention also
includes modified mRNA sequences encoding any of the vaccine compositions or portions thereof herein.
The present invention also includes DNA sequence encoding any of the vaccine compaositions or portions

thereof herein.

[00300] In certain embodiments, nucleic acids of a vaccine composition herein are chemically modified. in
some embodiments, the nucleic acids of a vaccine composition therein are unmodified. In some
embodiments, all or a portion of the uracil in the open reading frame has a chemical modification. In some
embodiments, a chemical modification is in the 5-position of the uracil. In some embodiments, a chemical
modification is a N1-methyl pseudouridine. In some embodiments, all or a portion of the uracil in the open

reading frame has a N1-methyl pseudouridine in the 5-position of the uracil.

[00301] In certain embodiments, an open reading frame of a vaccine composition herein encodes one
antigen or epitopes. In some embodiments, an open reading frame of a vaccine compaosition herein
encodes two or more antigens or epitopes. in some embodiments, an open reading frame of a vaccine
composition herein encodes five or more antigens or epitopes. In some embodiments, an open reading
frame of a vaccine composition herein encodes ten or more antigens or epitopes. In some embodiments,

an open reading frame of a vaccine compaosition herein encodes 50 or more antigens or epitopes.

Methods

[00302] In some embodiments, the method comprises determining one or more conserved large
sequences that are derived from coronavirus sequences (e.g., SARS-CoV-2, variants, common cold
coronaviruses, previously known coronavirus strains, animal coronaviruses, etc.). The method may
comprise selecting at least one large conserved sequence and synthesizing an antigen (or antigens)
comprising the selected large conserved sequence(s). The method may comprise synthesizing a
nucleotide composition {(e.g., DNA, modified DNA, mRNA, modified mRNA, antigen delivery system, etc.)
encoding the antigen comprising the selected large conserved sequence(s). In some embodiments, the
method further comprises creating a vaccine composition comprising the antigen, nucleotide
compositions, and/or antigen delivery system and a pharmaceutical carrier. In some embodiments, the
large sequences comprise one or more conserved epitopes described herein, e.g., one or more
conserved B-cell target epitopes and/or one or more conservedCD4+ T cell target epitopes and/or one or

more conservedCD8+ T cell target epitopes.

[00303] In some embodiments, each of the large sequences are conserved among two or a combination
of: at least two SARS-CoV-2 human strains in current circulation, at least one coronavirus that has caused
a previous human outbreak, at least one coronavirus isolated from bats, at least one coronavirus isolated
from pangolin, at least one coronavirus isolated from civet cats, at least one coronavirus strain isolated
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from mink, and at least one coronavirus strain isolated from camels or any other animal that is receptive
to coronavirus.

[00304] As previously discussed, the compositions described herein, e.g., the antigens, the vaccine
compositions, the antigen delivery systems, the chemokines, the adjuvants, etc. may be used to prevent a
coronavirus disease in a subject. In some embodiments, the compositions described herein, e.g., the
antigens, the vaccine compositions, the antigen delivery systems, the chemokines, the adjuvants, efc.
may be used to prevent a coronavirys infection prophylactically in a subject. In some embodiments, the
compositions described herein, e.g., the antigens, the vaccine compositions, the antigen delivery systems,
the chemokines, the adjuvants, etc. may elicit an immune response in a subject. In some embodiments,
the compositions described herein, e.g., the antigens, the vaccine compositions, the antigen delivery
systems, the chemokines, the adjuvants, etc. may prolong an immune response induced by the

multi-epitope pan-coronavirus vaccine composition and increases T-cell migration to the tungs.

[00305] Methods for preventing a coronavirus disease in a subject may comprise administering to the
subject a therapeutically effective amount of a pan-coronavirus vaccine composition according to the
present invention. In some embodiments, the composition elicits an immune response in the subject. In
some embodiments, the composition induces memory B and T cells. In some embodiments, the
composition induces resident memory T cells (Trm). In some embodiments, the composition prevents
virus replication, e.g., in the areas where the virus normally replicates such as lungs, brain, heart, and
kidney. In some embodiments, the composition prevents a cytokine storm, e.g., in the areas where the
virus normally replicates such as lungs, brain, heart, and kidney. In some embodiments, the composition
prevents inflammation or an inflammatory response, e.g., in the areas where the virus normally replicates
such as lungs, brain, heart, and kidney. In some embodiments, the composition improves homing and
retention of T cells, e.g., in the areas where the virus normally replicates such as lungs, brain, heart, and

kidney.

[00306] Methods for preventing a coronavirus infection prophylactically in a subject may comprise
administering to the subject a prophylactically effective amount of a pan-coronavirus vaccine composition
according to the present invention. In some embodiments, the composition elicits an immune response in
the subject. In some embodiments, the composition induces memory B and T cells. In some
embodiments, the composition induces resident memory T cells (Trm). In some embodiments, the
composition prevents virus replication, e.g., in the areas where the virus normally replicates such as
tungs, brain, heart, and kidney. In some embodiments, the composition prevents a cytokine storm, e.g., in
the areas where the virus normally replicates such as lungs, brain, heart, and kidney. In some
embodiments, the composition prevents inflammation or an inflammatory response, e.g., in the areas
where the virus normally replicates such as fungs, brain, heart, and kidney. In some embodiments, the
composition improves homing and retention of T cells, e.g., in the areas where the virus normally
replicates such as tungs, brain, heart, and kidney.

[00307] Methods for eliciting an immune response in a subject may comprise administering to the subject
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a vaccine composition according to the present invention, wherein the composition elicits an immune
response in the subject. In some embodiments, the composition induces memory B and T cells. In some
embodiments, the composition induces resident memory T cells (Trm). In some embodiments, the
composition prevents virus replication, e.g., in the areas where the virus normally replicates such as
tungs, brain, heart, and kidney. In some embodiments, the composition prevents a cytokine storm, e.g., in
the areas where the virus normally replicates such as lungs, brain, heart, and kidney. In some
embodiments, the composition prevents inflammation or an inflammatory response, e.g., in the areas
where the virus normally replicates such as tungs, brain, heart, and kidney. In some embodiments, the
composition improves homing and retention of T cells, e.g., in the areas where the virus normally

replicates such as tungs, brain, heart, and kidney.

[00308] Methods for prolonging an immune response induced by a vaccine composition of the present
invention and increasing T cell migration to particular tissues {(e.g., lung, brain, heart, kidney, etc.} may
comprise co-expressing a T-cell attracting chemokine, a composition that promotes T cell proliferation,

and a vaccine composition {e.g., antigen) according o the present invention.

{00309] Methods for prolonging the retention of memory T-cell into the lungs induced by a vaccine
composition of the present invention and increasing virus-specific tissue resident memory T-cells (Tgy
cells) may comprise co-expressing a T-cell attracting chemokine, a composition that promotes T cell

proliferation, and a vaccine composition (e.g., antigen) according to the present invention.

[00310] The vaccine composition may be administered through standard means, e.g., through an

intravenous route (i.v.), an intranasal route (i.n.), or a sublingual route (s.1.) route.

[00311} In certain embodiments, the method comprises administering to the subject a second (e.g,
booster) dose. The second dose may comprise the same vaccine composition or a different vaccine
composition. Additional doses of one or more vaccine compositions may be administered.

Sequential Vaccine Delivery Methodology

[00312] In some embodiments, the present invention features a method of delivering the vaccine to
induce heterologous immunity in a subject {e.g., prime/boost, see FIG. 25B and FIG. 26B). in some
embodiments, the method comprises administering a first pan-coronavirus vaccine composition dose
using a first delivery system. In further embodiments, the method comprises administering a second
vaccine composition dose using a second delivery system. In some embodiments, the second
composition is administered 8 days after administration of the first composition. In some embodiments,
the second composition is administered 9 days after administration of the first composition.ln some
embodiments, the second composition is administered 10 days after administration of the first
composition.in some embodiments, the second composition is administered 11 days after administration
of the first composition.In some embodiments, the second composition is administered 12 days after
administration of the first composition.in some embodiments, the second composition is administered 13
days after administration of the first composition. In some embodiments, the second composition is

administered 14 days after administration of the first composition. In some embodiments, the second
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composition is administered from 14 to 30 days after administration of the first composition. In some
embodiments, the second composition is administered from 30 to 60 days after administration of the first
composition. In other embodiments, the first delivery system and the second delivery system are different.
In some embodiments, the peptide vaccine composition is administered 14-days after the administration
of the first vaccine composition dose. In some embodiments, the peptide vaccine composition is

administered 30 or 60 days after the administration of the first vaccine composition dose.

[00313] In some embodiments, the first delivery system or the second delivery system comprises an

mRNA, a modified mRNA or a peptide vector. In other embodiments, the peptide vector comprises
adenovirus or an adeno-associated virus vector.

[00314] In some embodiments, the present invention features a method of delivering the vaccine to
induce heterologous immunity in a subject (i.e. prime/pull, see FIG. 25A and FIG. 26A). In some
embodiments, the method comprises administering a pan-coronavirus vaccine composition. in further
embodiments, the method comprises administering at least one T-cell attracting chemokine after
administering the pan-coronavirus vaccine composition. In some embodiments, the T-cell atiracting
chemokine is administered 8 days after the vaccine composition is administered. In some embodiments,
the T-cell attracting chemokine is administered 9 days after the vaccine composition is administered. In
some embodiments, the T-cell altracting chemokine is administered 10 days after the vaccine composition
is administered. In some embodiments, the T-cell attracting chemokine is administered 11 days after the
vaccine composition is administered. In some embodiments, the T-cell attracting chemokine is
administered 12 days after the vaccine composition is administered. In some embodiments, the T-cell
attracting chemokine is administered 13 days after the vaccine composition is administered. In some
embodiments, the T-cell attracting chemokine is administered 14 days after the vaccine composition is
administered. In some embodiments, the T-cell attracting chemokine is administered from 14 to 30 days
after administration of the vaccine composition. in some embodiments, the T-cell attracting chemaokine is
administered from 30 to 60 days after administration of the vaccine composition. In some embodiments,
the T cell-attracting chemokine composition is administered 8 to 14-days after the administration of the
final vaccine composition dose. in some embodiments, the cell-attracting chemokine compasition is
administered 30 or 60 days after the administration of the final vaccine composition dose.

[00315] The present invention also features a novel “prime, pull, and boost” strategy. in other
embodiments, the present invention features a method to increase the size and mainienance of
tung-resident B-cells, CD4+ T cells and CD8+ T cells to protect against SARS-CoV-2 {FIG. 25D and FIG.
26D). In some embodiments, the method comprises administering a pan-coronavirus vaccine
composition. In other embodiments, the method comprises administering at least one T-cell attracting
chemokine after administering the pan-coronavirus vaccine composition. In further embodiments, the
method comprises administering at least one cytokine after administering the T-cell attracting chemokine.
In some embodiments, the T-cell attracting chemokine is administered 14 days after administering the
pan-coronavirus composition. In other embodiments, the cytokine is administered 10 days after

administering the T-cell attracting chemokine. In some embodiments, the T-cell attracting chemokine is
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administered 8 days after the vaccine composition is administered. In some embodiments, the T-cell
attracting chemokine is administered 9 days after the vaccine composition is administered. in some
embodiments, the T-cell atiracting chemokine is administered 10 days after the vaccine composition is
administered. In some embodiments, the T-cell attracting chemokine is administered 11 days after the
vaccine composition is administered. In some embodiments, the T-cell attracting chemokine is
administered 12 days after the vaccine composition is administered. In some embodiments, the T-cell
attracting chemokine is administered 13 days after the vaccine composition is administered. In some
embodiments, the T-cell attracting chemokine is administered 14 days after the vaccine composition is
administered. In some embodiments, the T-cell atfracting chemokine is administered from 14 to 30 days
after administration of the vaccine composition. In some embodiments, the T-cell attracting chemokine is
administered from 30 to 60 days after administration of the vaccine composition. In some embodiments,
the cytokine is administered 8 days after administering the T-cell attracting chemokine. In some
embodiments, the cytokine is administered 9 days after administering the T-cell attracting chemokine. In
some embodiments, the cytokine is administered 10 days after administering the T-cell attracting
chemokine. In some embodiments, the cytokine is administered 11 days after administering the T-cell
attracting chemokine. In some embodiments, the cytokine is administered 12 days after administering the
T-cell attracting chemokine. In some embodiments, the cytokine is administered 13 days after
administering the T-cell attracting chemokine. In some embodiments, the cytokine is administered 14
days after administering the T-cell atiracting chemokine. In some embodiments, the cytokine is
administered from 14 to 30 days after administering the T-cell attracting chemokine. In some
embodiments, the cytokine is administered from 30 to 60 days after administering the T-cell attracting
chemokine. In some embodiments, the cytokine composition is administered 8 to 14-days after the
administration of the T cell-attracting chemokine. In some embodiments, the cytokine composition is
administered 30 or 60 days after the administration of the T cell-atiracting chemokine.

[00316] The present invention further features a novel “prime, pull, and keep” strategy (FIG. 25C and FIG.
26C). In further embodiments, the present invention features a method to increase the size and
maintenance of lung-resident B-cells, CD4+ T cells and CD8+ T cells to protect against SARS-CoV-2. In
some embodiments, the method comprises administering a pan-coronavirus vaccine composition. In
other embodiments, the method comprises administering at least one T-cell attracting chemokine after
administering the pan-coronavirus vaccine composition. In further embodiments, the method comprises
administering at least one mucosal chemokine after administering the T-cell attracting chemokine. In
some embodiments, the T-cell attracting chemokine is administered 14 days after administering the
pan-coronavirus composition. In other embodiments, the mucosal chemokines is administered 10 days
after administering the T-cell attracting chemokine. In some embodiments, the T-cell aftracting chemokine
is administered 8 days after the vaccine composition is administered. in some embodiments, the T-cell
attracting chemokine is administered 9 days after the vaccine composition is administered. in some
embodiments, the T-cell atiracting chemokine is administered 10 days after the vaccine compaosition is
administered. In some embodiments, the T-cell attracting chemokine is administered 11 days after the
vaccine composition is administered. In some embodiments, the T-cell attracting chemokine is
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administered 12 days after the vaccine composition is administered. In some embodiments, the T-cell
attracting chemokine is administered 13 days after the vaccine composition is administered. In some
embodiments, the T-cell atiracting chemokine is administered 14 days after the vaccine composition is
administered. In some embodiments, the T-cell attracting chemokine is administered from 14 to 30 days
after administration of the vaccine composition. in some embodiments, the T-cell attracting chemaokine is
administered from 30 to 60 days after administration of the vaccine composition. In some embodiments,
the mucosal chemokine is administered 8 days after administering the T-cell attracting chemokine. In
some embodiments, the mucosal chemokine is administered 9 days after administering the T-cell
attracting chemokine. In some embodiments, the mucosal chemokine is administered 10 days after
administering the T-cell attracting chemokine. In some embodiments, the mucosal chemokine is
administered 11 days after administering the T-cell atiracting chemokine. In some embodiments, the
mucosal chemokine is administered 12 days after administering the T-cell attracting chemokine. In some
embodiments, the mucosal chemokine is administered 13 days after administering the T-cell attracting
chemokine. In some embodiments, the mucosal chemokine is administered 14 days after administering
the T-cell attracting chemokine. In some embodiments, the mucosal chemokine is administered from 14 to
30 days after administering the T-cell attracting chemokine. In some embodiments, the mucosal
chemokine is administered from 30 to 60 days after administering the T-cell aftracting chemokine. In
some embodiments, the mucosal chemokine composition is administered 8 to 14-days after the
administration of the T cell-attracting chemokine. In some embodiments, the mucosal cytokine
composition is administered 30 or 60 days after the administration of the T cell-altracting chemokine.

[00317] In some embodiments, the mucosal chemokines may comprise CCL25, CCL28,CXCL14,
CXCL17, or a combination thereof. In some embodiments, the T-cell attracting chemokines may comprise
CCL5, CXCL9, CXCL10, CXCL11, or a combination thereof. In some embodiments, the cytokines may
comprise IL-15, IL-2, IL-7 or a combination thereof.

[00318] In some embodiments, the efficacy (or effectiveness) of a vaccine composition herein is greater
than 60%. In some embodiments, the efficacy (or effectiveness) of a vaccine composition herein is greater
than 70%. In some embodiments, the efficacy (or effectiveness) of a vaccine composition herein is greater
than 80%. In some embodiments, the efficacy (or effectiveness) of a vaccine composition herein is greater
than 90%. In some embodiments, the efficacy (or effectiveness) of a vaccine composition herein is greater
than 95%.

[00319] Vaccine efficacy may be assessed using standard analyses (see, e.g., Weinberg et al., J Infect
Dis. 2010 Jun. 1; 201(11):1607-10). For exampie, vaccine efficacy may be measured by double-blind,
randomized, clinical controlled trials. Vaccine efficacy may be expressed as a proportionate reduction in
disease attack rate (AR) between the unvaccinated (ARU) and vaccinated (ARV) study cohorts and can
be calculated from the relative risk (RR) of disease among the vaccinated group with use of the following
formulas: Efficacy=(ARU-ARV)/ARUx=100; and Efficacy=(1-RR)x100.

[00320] Likewise, vaccine effectiveness may be assessed using standard analyses (see, e.g., Weinberg

117



WO 2021/211760 PCT/US2021/027355

et al., J Infect Dis. 2010 Jun. 1; 201(11):1607-10). Vaccine effectiveness is an assessment of how a
vaccine (which may have already proven to have high vaccine efficacy) reduces disease in a population.
This measure can assess the net balance of benefits and adverse effects of a vaccination program, not
just the vaccine itself, under natural field conditions rather than in a controlled clinical trial. Vaccine
effectiveness is proportional to vaccine efficacy (potency) but is also affected by how well target groups in
the population are immunized, as well as by other non-vaccine-related factors that influence the
‘real-world’ outcomes of hospitalizations, ambulatory visits, or costs. For example, a retrospective case
controt analysis may be used, in which the rates of vaccination among a set of infected cases and
appropriate controls are compared. Vaccine effectiveness may be expressed as a rate difference, with
use of the odds ratio (OR) for developing infection despite vaccination: Effectiveness=(1-OR)x100.

[00321] In some embodiments, the vaccine immunizes the subject against a coronavirus for up to 1 year.
In some embodiments, the vaccine immunizes the subject against a coronavirus for up to 2 years. in
some embodiments, the vaccine immunizes the subject against a coronavirus for more than 1 year, more

than 2 years, more than 3 years, more than 4 years, or for 5-10 years.

[00322] In some embodiments, the subject is a young adult between the ages of about 20 years and
about 50 years (e.g., about 20, 25, 30, 35, 40, 45 or 50 years old).

[00323] In some embodiments, the subject is an elderly subject about 60 years old, about 70 years old, or
older (e.g., about 60, 65, 70, 75, 80, 85 or 90 years old).

[00324] In some embodiments, the subject is about 5 years old or younger. For example, the subject may
be between the ages of about 1 year and about 5 years {e.g., about 1, 2, 3, 5 or 5 years), or between the
ages of about 6 months and about 1 year (e.g., about 6, 7, 8, 9, 10, 11 or 12 months). In some
embodiments, the subject is about 12 months or younger (e.g., 12, 11, 10,9, 8,7, 6,5, 4, 3, 2 months or 1
month). In some embodiments, the subject is about 8 months or younger.

[00325] In some embodiments, the subject was born full term (e.g., about 37-42 weeks). In some
embodiments, the subject was born prematurely, for example, at about 36 weeks of gestation or earlier
(e.g., about 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26 or 25 weeks). For example, the subject may have
been born at about 32 weeks of gestation or earlier. In some embodiments, the subject was born
prematurely between about 32 weeks and about 36 weeks of gestation. In such subjects, a vaccine may

be administered later in life, for example, at the age of about 6 months {o about 5 years, or older.

[00326] In some embodiments, the subject is pregnant (e.g., in the first, second or third trimester) when
administered a vaccine.

[00327] In some embodiments, the subject has a chronic pulmonary disease (e.g., chronic obstructive
pulmonary disease (COPD) or asthma) or is at risk thereof. Two forms of COPD include chronic
bronchitis, which involves a long-term cough with mucus, and emphysema, which involves damage to the

lungs over time. Thus, a subject administered a vaccine may have chronic bronchitis or emphysema.
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[00328] In some embodiments, the subject has been exposed to a coronavirus.. In some embodiments,
the subject is infected with a coronavirus. In some embodiments, the subject is at risk of infection by a

coronavirus.

[00329] In some embodiments, the subject is immunocompromised (has an impaired immune system,

e.g., has an immune disorder or autoimmune disorder).

Pharmaceutical Carriers

[00330] In certain embodiments, the vaccine composition further comprises a pharmaceutical carrier.
Pharmaceutical carriers are well known to one of ordinary skill in the art. For example, in certain
embodiments, the pharmaceutical carrier is selected from the group consisting of water, an alcohol, a
natural or hardened oil, a natural or hardened wax, a calcium carbonate, a sodium carbonate, a calcium
phosphate, kaolin, talc, lactose and combinations thereof. In some embodiments, the pharmaceutical
carrier may comprise a lipid nanoparticle, an adenovirus vector, or an adeno-associated virus vector. in
some embodiments, the vaccine composition is constructed using an adeno-associated virus

vectors-based antigen delivery system.

[00331] Also provided herein is vaccine of any one of the foregoing paragraphs, formulated in a
nanoparticle (e.g., a lipid nanoparticle). In some embodiments, the nanoparticle has a mean diameter of
50-200 nm. In some embodiments, the nanoparticle is a lipid nanoparticle. In some embodiments, the lipid
nanoparticle comprises a cationic lipid, a PEG-modified lipid, a sterol and a non-cationic lipid. In some
embodiments, the lipid nanoparticle comprises a molar ratio of about 20-60% cationic lipid, 0.5-15%
PEG-modified lipid, 25-55% sterol, and 25% non-cationic lipid. In some embodiments, the cationic lipid is
an ionizable cationic lipid and the non-cationic lipid is a neutral lipid, and the sterol is a cholesterol. In
some embodiments, the cationic lipid is selected from 2,2-dilinoleyt-4-dimethylaminoethyl-[1,3}-dioxolane
(DLin-KC2-DMA), dilinoleyl-methyi-4-dimethylaminobutyrate (DLin-MC3-DMA), and di{{(Z)-non-2-en-1-yi)
9-((4-(dimethylamino)butanoyl)oxy)heptadecanedioate (L319).

[00332] Although there has been shown and described the preferred embodiment of the present
invention, it will be readily apparent to those skilled in the art that modifications may be made thereto
which do not exceed the scope of the appended claims. Therefore, the scope of the invention is only o be
limited by the following claims. In some embodiments, the figures presented in this patent application are
drawn 1o scale, including the angles, ratios of dimensions, etc. In some embodiments, the figures are
representative only and the claims are not limited by the dimensions of the figures. In some
embodiments, descriptions of the inventions described herein using the phrase “comprising” includes
embodiments that could be described as “consisting essentially of” or “consisting of’, and as such the
written description requirement for claiming one or more embodiments of the present invention using the

phrase “consisting essentially of” or “consisting of” is met.
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WHAT IS CLAIMED:

1.

A pan-coronavirus recombinant vaccine composition, the composition comprising one or more
large sequences, wherein each of the one or more large sequences comprise at least one of:
a) one or more conserved coronavirus B-cell target epitopes;
b) one or more conserved coronavirus CD4* T cell target epitopes; and/or
c) one or more conserved coronavirus CD8* T cell target epitopes;
wherein at least one epitope is derived from a non-spike protein.
A pan-coronavirus recombinant vaccine composition, the composition comprising two or more
large sequences, wherein each of the two or more large sequences comprise at least one of:
a) one or more conserved coronavirus B-cell target epitopes;
b) one or more conserved coronavirus CD4™ T cell target epitopes; and/or
¢} one or more conserved coronavirus CD8* T cell target epitopes;
wherein at least one epitope is derived from a non-spike protein.
A pan-coronavirus recombinant vaccine composition, the composition comprising whole spike
protein; and one or both of:
a) one or more conserved coronavirus CD4" T cell target epitopes; and/or
b) one or more conserved coronavirus CD8" T cell target epitopes;
wherein at least one epitope is derived from a non-spike protein.
A pan-coronavirus recombinant vaccine composition, the composition comprising at least a
portion of spike protein, the portion of spike protein comprising a trimerized SARS-CoV-2
receptor-binding domain (RBD); and one or both of:
(a) one or more conserved coronavirus CD4* T cell target epitopes;
(b} one or more conserved coronavirus CD8" T cell target epitopes;
wherein at least one epitope is derived from a non-spike protein.
A pan-coronavirus recombinant vaccine composition, the composition comprising whole spike
protein; and one or more conserved coronavirus CD4* T cell target epitopes; and one or more
conserved coronavirus CD8" T cell target epitopes; wherein at least one epitope is derived from a
non-spike protein.
A pan-coronavirus recombinant vaccine composition, the composition comprising at least a
portion of spike protein, the portion of spike protein comprising a trimerized SARS-CoV-2
receptor-binding domain (RBD); and one or more conserved coronavirus CD4* T cell target
epitopes; and one or more conserved coronavirus CD8" T cell target epitopes; wherein at least
one epitope is derived from a non-spike protein.
The composition of any of claims 1-6, wherein the non-spike protein is ORF1ab protein, ORF3a
protein, Envelope protein, Membrane glycoprotein, ORF6 protein, ORF7a protein, ORF7b protein,
ORF8 protein, Nucleocapsid protein and ORF10 protein.
The composition of any of claims 1-7, wherein the one or more large sequences are highly
conserved among human and animal coronaviruses.
The composition of any of claims 1-8, wherein the one or more large sequences are derived from
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

at least one of SARS-CoV-2 protein.

The composition of any of claims 1-9, wherein the one or more large sequences are derived from
one or more of: one or more SARS-CoV-2 human strains or variants in current circulation; one or
more coronaviruses that has caused a previous human outbreak; one or more coronaviruses
isolated from animals selected from a group consisting of bats, pangolins, civet cats, minks,
camels, and other animal receptive to coronaviruses; or one or more coronaviruses that cause the
common cold.

The composition of claim 10, wherein the one or more SARS-CoV-2 human strains or variants in
current circulation are selected from: strain B.1.177; strain B.1.160, strain B.1.1.7; strain B.1.351;
strain P.1; strain B.1.427/B.1.429; strain B.1.258; strain B.1.221; strain B.1.367; strain B.1.1.277;
strain B.1.1.302; strain B.1.525; strain B.1.526, strain S:677H, and strain S:677P.

The composition of claim 10, wherein the one or more coronaviruses that cause the common cold
are selected from: 229E alpha coronavirus, NL63 alpha coronavirus, OC43 beta coronavirus, and
HKU1 beta coronavirus.

The composition of any of claims 1-12, wherein the conserved epitopes are selected from
Variants Of Concern or Variants Of Interest.

The composition of any of claims 1-13, wherein the one or more large sequences are derived
from a whole protein sequence expressed by SARS-CoV-2.

The composition of any of claims 1-14, wherein the one or more large sequences are derived
from a partial protein sequence expressed by SARS-CoV-2.

The composition of any of claims 1-15, wherein the one of more large conserved sequences is
derived from a full-length spike glycoprotein.

The composition of any of claims 1-15, wherein the one or more large conserved sequences is
derived from a partial spike glycoprotein.

The composition of claim 16-17, wherein the spike protein has two consecutive proline
substitutions at amino acid positions 986 and 987.

The composition of any of claims 16-18, wherein the spike glycoprotein has single amino acid
substitutions at amino acid positions comprising Tyr-83 and Tyr-489, Gin-24 and Asn-487.

The composition of any of claims 1-19, wherein the one or more large sequences comprises
Spike glycoprotein (S) or a portion thereof, Nucleoprotein or a portion thereof, Membrane protein
or a portion thereof, and ORF1a/b or a portion thereof.

The composition of any of claims 1-19, wherein the one or more large sequences comprises
Spike glycoprotein (S) or a portion thereof, Nucleoprotein or a portion thereof, and ORF1a/b ora
portion thereof.

The composition of any of claims 16-19, wherein the portion of the Spike glycoprotein is RBD.

The composition of any of claims 1-22, wherein the one or more large sequences is selected from
the group consisting of: ORF1ab protein, Spike glycoprotein, ORF3a protein, Envelope protein,
Membrane glycoprotein, ORF6 protein, ORF7a protein, ORF7b protein, ORF8 protein,
Nucleocapsid protein an ORF10 protein.

The composition of claim 23 wherein the ORF1ab protein comprises nonstructural protein (Nsp)
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

1, Nsp2, Nsp3, Nsp4, Nsp5, Nsp6, Nsp7, Nsp8, Nsp9, Nsp10, Nspit, Nsp12, Nsp13, Nsp1t4,
Nsp15 and Nsp16.

The composition of any of claims 1-24, wherein one or more of the large sequences comprises a
T-cell epitope restricted to a large number of human class 1 and class 2 HLA haplotypes and are
not restricted to HLA-0201 for class 1 or HLA-DR for class 2.

The composition of any of claims 1-25, wherein the large sequences are derived from structurat
proteins, non-structurat proteins, or a combination thereof.

The composition of any of claims, 1-26, wherein one or more of the large sequences are derived
from a protein selected from SEQ ID NO: 182-185, SEQ 1D NO: 148-159, SEQ ID NO: 186-187,
and SEQ ID NO: 191-196.

The composition of any of claims 1-27, wherein the one or more conserved coronavirus CD8" T
cell target epitopes are selected from: spike glycoprotein, Envelope protein, ORF1ab protein,
ORF7a protein, ORF8a protein, ORF10 protein, or a combination thereof.

The composition of any of claims 1-28, wherein the one or more conserved coronavirus CD8" T
cell target epitopes are selected from: S, Singiz0s Stooeto0s Sussses Esongr ORF18Pug7s.1683
ORF1abyygsoar: ORF1abigiaag, ORF18D3g5415,, ORF18Dss0.5475, ORF1abgrigers;, ORF7bygy,
ORF8a,;4;, ORF10,.,, and ORF10; ;.

The composition of any of claims 1-29, wherein the one or more conserved coronavirus CD8* T
cell target epitopes are selected from SEQ ID NO: 2-29.

The composition of any of claims 1-29, wherein the one or more conserved coronavirus CD8* T
cell target epitopes are selected from SEQ ID NO: 30-57.

The composition of any of claims 1-31, wherein the one or more conserved coronavirus CD4* T
cell target epitopes are selected from: spike glycoprotein, Envelope protein, Membrane protein,
Nucleocapsid protein, ORF1a protein, ORF1ab protein, ORF8 protein, ORF7a protein, ORF7b
protein, ORF8 protein, or a combination thereof.

The composition of any of claims 1-32, wherein the one or more conserved coronavirus CD4* T
cell target epitopes are selected from: ORF1a,350.1306. ORF1abggi9.5003, ORF6055, ORF1abggss e
ORF1&Dsyppesas: ORF1835014815 Sia Ezeaoe Ezosss Mizsaon, Nagaas, ORF7a5,; ORFTay s,
ORF7b,,,, ORF7a,,.,, and ORF8, ;5

The composition of any of claims 1-33, wherein the one or more conserved coronavirus CD4* T
cell target epitopes are selected from SEQ 1D NO: 58-73.

The composition of any of claims 1-33, wherein the one or more conserved coronavirus CD4* T
cell target epitopes are selected from SEQ 1D NO: 74-105.

The composition of any of claims 1-35, wherein the one or more conserved coronavirus B cell
target epitopes are selected from Spike glycoprotein.

The composition of any of claims 1-36, wherein the one or more conserved coronavirus B cell
target epitopes are selected from: Syg7 517, Ssosses Seorsse: Ssoosrer Saess0s Saeasss Sasos01, Sz
Sizeasa: @Nd Sya57.

The composition of any of claims 1-37, wherein the one or mare coronavirus B cell target epitopes

are selected from SEQ ID NO: 106-116.
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39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

83.

The composition of any of claims 1-37, wherein the one or more coronavirus B cell target epitopes
are selected from SEQ {D NO: 117-138.

The composition of any of claims 1-39, wherein the one or more conserved coronavirus B cell
target epitopes are in the form of a large sequence.

The composition of claim 40, wherein the large sequence is full length spike glycoprotein.

The composition of claim 40, wherein the large sequence is a partial spike glycoprotein.

The composition of any of claims 1-42, wherein each of the large sequences are separated by a
linker.

The composition of claim 43, wherein the linker is from 2 to 10 amino acids in length.

The composition of any of claims 1-44 further comprising a T cell attracting chemokine.

The composition of claim 45, wherein the T cell attracting chemokine is CCL5, CXCL9, CXCL10,
CXCL11, or a combination thereof.

The composition of any of claims 1-46 further comprising a composition that promotes T celt
proliferation.

The composition of claim 47, wherein the composition that promotes T cell proliferation is {L-7,
IL-2, or IL-15.

The composition of any of claims 1-49 further comprising a molecular adjuvant.

The composition of claim 50, wherein the molecular adjuvant is CpG.

The composition of claim 54, wherein the molecular adjuvant is a CpG polymer.

The composition of claim 50, wherein the molecular adjuvant is flagellin.

The composition of any of claims 1-52, wherein the recombinant vaccine composition comprises a
tag.

The composition of claim 53, wherein the tag is a His tag.

The composition of any of claims 1-54, further comprising a pharmaceutical carrier.

The composition of any of claims 1-55, wherein the composition is used {o prevent a coronavirus
disease in a subject.

The composition of any of claims 1-56, where the composition is used to prevent a coronavirus
infection prophylactically in a subject.

The composition of any of claims 1-57, wherein the composition elicits an immune response in a
subject.

The composition of any of claims 1-58, wherein the composition prolongs an immune response
induced by the multi-epitope pan-coronavirus recombinant vaccine composition and increases
T-cell migration to the lungs.

The composition of any of claims 1-59, wherein the transmembrane anchor of the spike protein
has an intact S1-S2 cleavage site.

The composition of any of claims 1-60, wherein the spike protein is in its stabilized conformation.
The composition of any of claims 1-61, wherein the spike protein is stabilized with proline
substitutions at amino acid positions 986 and 987 at the top of the central helix in the S2 subunit.
A recombinant vaccine composition according to any of claims 1-62 comprising fuil-length spike

protein.
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64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

A recombinant vaccine composition according to any of claims 1-62 comprising full-length spike
protein or partial spike protein.

The composition of any of claims 1-64, wherein the spike protein comprises Tyr-489 and Asn-487.
The composition of any of claims 1-65, wherein the spike protein comprises GIn-493.

The composition of any of claims 1-66, wherein the spike protein comprises Tyr-505.

The composition of any of claims 1-67, comprising a trimerized SARS-CoV-2 receptor-binding
domain (RBD) sequence.

The composition of claim 68, wherein the trimerized SARS-CoV-2 receptor-binding domain (RBD)
sequence is modified by the addition of a T4 fibritin-derived foldon trimerization domain.

The composition of claim 69, wherein the addition of a T4 fibritin-derived foldon trimerization
domain increases immunogenicity by multivalent display.

The composition of any of claims 1-70, wherein the conserved epitopes are selected from the
Variants Of Concern and Variants Of Interest.

The composition of any of claims 1-71 comprising a mutation 682-RRAR-685 — 682-QQAQ-685
in the S1-S2 cleavage site.

The composition of any of claims 1-72 comprising at least one proline substitution.

The composition of any of claims 1-72 comprising at least two proline substitutions.

The composition of any of claims 73-74, wherein the proline substitution is at position K986 and
V987.

The composition of any of claims 1-75 comprising K986P and V987P mutations.

The composition of any of claims 1-83, wherein the spike protein or a portion thereof comprises
SEQ {D NO: 195.

The composition of any of claims 1-83, wherein the spike protein or a portion thereof comprises
one of SEQ ID NO: 191 or SEQ ID NO: 192.

The composition of any of claims 1-83, wherein the spike protein or a portion thereof comprises
one of SEQ ID NO: 186-187 and SEQ ID NO: 191-196.

A pan-coronavirus recombinant vaccine composition, the composition comprising an antigen
delivery system encoding one or more large sequences, wherein each of the one or more large
sequences comprise at least one of:

a) one or more conserved coronavirus B-cell target epitopes;

b) one or more conserved coronavirus CD4" T cell target epitopes; and/or

c) one or more conserved coronavirus CD8" T cell target epitopes;

wherein at least one epitope is from a non-spike protein.

A pan-coronavirus recombinant vaccine composition, the composition comprising an antigen
delivery system encoding two or more large sequences, wherein each of the two or more large
sequences comprise at least one of:

a) one or more conserved coronavirus B-cell target epitopes;

b) one or more conserved coronavirus CD4* T cell target epitopes; and/or

c) one or more conserved coronavirus CD8" T cell target epitopes;
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82

83.

84.

85.

86.

87.
88.

89.

90.
91.

92.
93.

94.

95.

96.

wherein at least one epitope is derived from a non-spike protein.
. A pan-coronavirus recombinant vaccine composition, the composition comprising an antigen
delivery system encoding whole spike protein; and one or both of:
a) one or more conserved coronavirus CD4* T cell target epitopes; and/or
b) one or more conserved coronavirus CD8" T cell target epitopes;
wherein at least one epitope is derived from a non-spike protein.
A pan-coronavirus recombinant vaccine composition, the composition comprising an antigen
delivery system encoding at least a portion of spike protein, the portion of spike protein
comprising a trimerized SARS-CoV-2 receptor-binding domain (RBD); and one or both of:
(c) one or more conserved coronavirus CD4* T cell target epitopes;
(d) one or more conserved coronavirus CD8* T cell target epitopes;
wherein at least one epitope is derived from a non-spike protein.
A pan-coronavirus recombinant vaccine composition, the composition comprising an antigen
delivery system encoding whole spike protein; and one or more conserved coronavirus CD4™ T
cell target epitopes; and one or more conserved coronavirus CD8* T cell target epitopes; wherein
at least one epitope is derived from a non-spike protein.
A pan-coronavirus recombinant vaccine composition, the composition comprising an antigen
delivery system encoding at least a portion of spike protein, the portion of spike protein
comprising a trimerized SARS-CoV-2 receptor-binding domain (RBD); and one or more
conserved coronavirus CD4* T cell target epitopes; and one or more conserved coronavirus CD8*
T cell target epitopes; wherein at least one epitope is derived from a non-spike protein.
The composition of any of claims 80-85, wherein the composition comprises two or more large
sequences.
The composition of any of claims 80-86, wherein the delivery system is an adenovirus system.
The composition of claim 87, wherein the adenovirus delivery system is Ad26, Ad5, Ad35, or a
combination thereof.
The composition of any of claims 80-88, wherein the one or more large sequences are operatively
linked to a generic promoter.
The composition of claim 89, wherein the generic promoter is a CMV or a CAG promoter.
The composition of any of claims 80-88, wherein the one or more large sequences are operatively
linked 1o a lung-specific promoter.
The compaosition of claim 91, wherein the lung-specific promoter is SpB or CD144.
The composition of any of claims 80-82, wherein the antigen delivery system further encodesa T
cell attracting chemokine.
The composition of claim 93, wherein the T cell attracting chemokine is CCL5, CXCLS, CXCL10,
CXCL11, or a combination thereof.
The composition of any of claims 93-94, wherein the T cell atiracting chemokine is operatively
linked to a lung-specific promoter.
The composition of any of claims 93-94, wherein the T cell atiracting chemokine is operatively

linked to a generic promoter.
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97. The composition of any of claims 80-96, wherein the antigen delivery system further encodes a
composition that promotes T cell proliferation.

98. The composition of claim 97, wherein the composition that promotes T cell proliferation is IL-7,
IL-2, or IL-15.

99. The composition of any of claims 97-98, wherein the composition that promotes T cell proliferation
is operatively linked to a lung-specific promoter.

100. The composition of any of claims 97-98, wherein the composition that promotes T cell
proliferation is operatively linked to a generic promoter.

101.  The composition of any of claims 93-100, wherein the T cell attracting chemokine and the
composition that promotes T cell proliferation are driven by the same promoter.

102.  The composition of any of claims 80-101, wherein the vaccine further encodes a peptide
comprising a T cell attracting chemokine and a composition that promotes T cell proliferation.

103.  The composition of claim 102, wherein the peptide is operatively linked to a lung-specific
promoter.

104.  The composition of claim 102 wherein the peptide is operatively linked to a generic promoter.

105. The composition of any of claims 80-104, wherein the antigen delivery system further
encodes a molecular adjuvant.

106.  The composition of claim 105, wherein the molecular adjuvant is CpG.

107.  The composition of claim 106, wherein the molecular adjuvant is a CpG polymer.

108.  The composition of claim 105, wherein the molecular adjuvant is flagellin.

109.  The composition of any of claims 105-108, wherein the molecular adjuvant is operatively
linked to a promoter.

110.  The composition of claim109, wherein the promoter is a lung-specific promoter or a generic
promoter.

111.The composition of any of claims 80-110, wherein the one or more large sequences are highly
conserved among human and animal coronaviruses.

112.  The composition of cany of claims 80-111, wherein the one or more large sequences are
derived from at least one of SARS-CoV-2 protein.

113.  The composition of any of claims 80-112, wherein the one or more large sequences are
derived from one or more of: (a) one or more SARS-CoV-2 human strains or variants in current
circulation; (b) one of more coronaviruses that has caused a previous human outbreak; (c) one or
more coronaviruses isolated from animals selected from a group consisting of bats, pangolins,
civet cats, minks, camels, and other animal receptive to coronaviruses; or (d) one or more
coronaviruses that cause the common cold.

114. The composition of claim 113, wherein the one or more SARS-CoV-2 human strains or
variants in current circulation are selected from: strain B.1.177; strain B.1.160, strain B.1.1.7;
strain B.1.351, strain P.1; strain B.1.427/B.1.429; strain B.1.258; strain B.1.221; strain B.1.367;
strain B.1.1.277; strain B.1.1.302; sitrain B.1.525; strain B.1.526, strain S:677H, and strain
S:677P.

115.  The composition of claim 113, wherein the one or more coronaviruses that cause the common
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cold are selected from: 229E alpha coronavirus, NL63 alpha coronavirus, OC43 beta coronavirus,
and HKU1 beta coronavirus.

116. The composition of any of claims 80-115, wherein each of the large sequences are separated
by a linker.

117.  The composition of claim 118, wherein the linker is from 2 to 10 amino acids in fength.

118.  The composition of any of claims 80-117, wherein the recombinant vaccine composition
comprises a tag.

118.  The composition of claim 118, wherein the tag is a His tag.

120.  The composition of any of claims 80-119, wherein the large sequences are derived from
structural proteins, non-structural proteins, or a combination thereof.

121.  The composition of any of claims 80-120, wherein target epitopes are derived from a
SARS-CoV-2 protein selected from a group consisting of: ORF1ab protein, Spike glycoprotein,
ORF3a protein, Envelope protein, Membrane glycoprotein, ORF6 protein, ORF7a protein, ORF7b
protein, ORF8 protein, Nucleocapsid protein an ORF 10 protein.

122.  The composition of claim 121, wherein the target epitope derived from the Spike glycoprotein
is RBD.

123.  The composition of claim 121, wherein the target epitope derived from the Spike glycoprotein
is NTD.

124.  The composition of claim 121, wherein the target epitope derived from the Spike glycoprotein
includes both the RBD and NTD regions.

125.  The composition of any of claims 121-124, wherein the target epitope derived from the spike
glycoprotein are recognized by neutralizing and blocking antibodies.

126.  The composition of any of claims 121-124, wherein the target epitope derived from the spike
glycoprotein induces neutralizing and blocking antibodies.

127.  The composition of any of claims 121-124, wherein the target epitope derived from the spike
glycoprotein induces neutralizing and blocking antibodies that recognize and neutralize the virus.

128.  The composition of any of claims 121-124, wherein the target epitope derived from the spike
glycoprotein induces neutralizing and blocking antibodies that recognize the spike protein.

129.  The composition of claim 121, wherein the ORF1ab protein comprises nonstructural protein
(Nsp} 1, Nsp2, Nsp3, Nspd, Nspb5, NspG, Nsp?7, Nsp8, Nsp9, Nsp10, Nspt1, Nsp12, Nsp13,
Nsp14, Nsp15 and Nsp16.

130. The composition of any of claims 80-129, wherein the one or more conserved coronavirus
CD8* T cell target epitopes are selected from: spike glycoprotein, Envelope protein, ORF1ab
protein, ORF7a protein, ORF8a protein, ORF 10 protein, or a combination thereof.

131.  The composition of any of claims 80-130, wherein the one or more conserved coronavirus
CD8" T cell target epitopes are selected from: S, Siyoizme Sicosioes: Sessose Eo0.28s
ORF1ab;75.1685, ORF 18053652571, ORF1aD3045. 3001, ORF1aby155.3181, ORF1abss70.5478, ORF1abs740 6757,
ORF7b,g 5, ORF8a,,4,, ORF10,.,,, and ORF10, ,,.

132.  The composition of any of claims 80-131, wherein the one or more conserved coronavirus

CD8" T cell target epitopes are selected from SEQ ID NO: 2-29.
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133.  The composition of any of claims 80-131, wherein the one or more conserved coronavirus
CD8" T cell target epitopes are selected from SEQ ID NO: 30-57.

134.  The composition of any of claims 80-133, wherein the one or more conserved coronavirus
Cb4* T celt target epitopes are selected from: spike glycoprotein, Envelope protein, Membrane
protein, Nucleocapsid protein, ORF1a protein, ORF1ab protein, ORF6 protein, ORF7a protein,
ORF7b protein, ORF8 protein, or a combination thereof.

135.  The composition of any of claims 80-134, wherein the one or more conserved corohavirus
CD4* T cell target epitlopes are selected from: ORF1a;350.4365. ORF18begig503, ORFB5.6,
ORF1abgnass102: ORF1aBg00.6034. ORF1@45011018 Stz Ezeus Eovssr Mizeres, Nassuos, ORF7a5.,
ORF7a,.5, ORF7b, ,,, ORF7ag,.,, and ORF8, ;s

136.  The composition of any of claims 80-135, wherein the one or more conserved coronavirus
CD4"* T celt target epitopes are selected from SEQ {D NO: 58-73.

137.  The composition of any of claims 80-135, wherein the one or more conserved coronavirus
CD4* T cell target epitopes are selected from SEQ ID NO: 74-105.

138.  The composition of any of claims 80-136, wherein the one or more conserved coronavirus B
cell target epitopes are selected from Spike glycoprotein.

139.  The composition of any of claims 80-137, wherein the one or more conserved coronavirus B
cell target epitopes are selected from: Sug7:47. Sspasess Ssorcar Ssorsrer Ssassosr Sseesesr Sadv.sars
Sras-172> Sazeases AN Sygap.

140. The composition of any of claims 80-138, wherein the one or more coronavirus B cell target
epitopes are selected from SEQ ID NO: 106-116.

141.  The composition of any of claims 80-138, wherein the one or more coronavirus B cell target
epitopes are selected from SEQ ID NO: 117-138.

142.  The composition of any of claims 80-141, wherein each of the large sequences are separated
by a linker.

143. The composition of any of claims 80-141, wherein two or more of the large sequences are
separated by a linker.

144.  The composition of claim 142-143, wherein the finker is from 2 {o 10 amino acids in length.

145.  The composition of any of claims 142-144, wherein the linker comprises T2A.

146.  The composition of any of claims 142-144, wherein the linker is selected from T2A, E2A, and
P2A.

147.  The composition of any of claims 80-146, wherein a different linker is disposed between each
open reading frame.

148. The composition of any of claims 80-147, wherein the recombinant vaccine composition
comprises a tag.

149.  The composition of claim 148, wherein the tag is a His tag.

150.  The composition of any of claims 80-149, further comprising a pharmaceutical carrier.

151.  The composition of any of claims 80-150, wherein the composition is used o prevent a
coronavirus disease in a subject.

152. The composition of any of claims 80-151, where the composition is used to prevent a
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coronavirus infection prophylactically in a subject.

153. The composition of any of claims 80-152, wherein the composition elicits an immune
response in a subject.

154. The composition of any of claims 80-153, wherein the composition prolongs an immune
response induced by the multi-epitope pan-coronavirus recombinant vaccine composition and
increases T-cell migration to the lungs.

155.  The composition of any of claims 80-154, wherein the vaccine constructs are for humans.

156. The composition of claim 155, wherein the recombinant vaccine composition comprises
human CXCL-11 and IL-7 or IL-2 or IL-15.

157.  The compositions of any of claims 1-154, wherein the vaccine constructs are for animais.

158.  The composition of claim 60, wherein the recombinant vaccine composition comprises animal
CXCL-11 and IL-7 or IL-2 or IL-15.

159.  The composition of claim 157-158, wherein the animals are cats and dogs.

160.  The composition of any of claims 1-159, wherein the compositions are for use as a vaccine.

161. The composition of any of claims 1-160, wherein the compositions are for use as

immunotherapy for the prevention and treatment of Coronaviruses infections and diseases.

162. A rVSV-panCoV recombinant vaccine composition according to any of claims 1-161.

163. A rAdV-panCoV recombinant vaccine composition according to any of claims 1-161.

164. A pan-coronavirus recombinant vaccine composition comprising any of SEQ 1D NO: 139-147.

165. A method of preventing a coronavirus disease in a subject; the method comprising:
administering to the subject a therapeutically effective amount of a pan-coronavirus recombinant
vaccine composition according to any of claims 1-164, wherein the composition elicits an immune
response in the subject.

166. A method of preventing a coronavirus infection prophylactically in a subject, the method
comptising: administering to the subject a prophylactically effective amount of a pan-coronavirus
recombinant vaccine composition according to any of claims 1-164.

167. A method of eliciting an immune response in a subject, comprising administering to the
subject a composition according to any of claims 1-164.

168. A method comprising: administering to the subject a pan-coronavirus recombinant vaccine
composition according to any of claims 1-164, wherein the composition prevents virus replication
in the lungs, the brain, and other compartments where the virus replicates.

169. A method comprising: administering to the subject a pan-coronavirus recombinant vaccine
composition according to any of claims 1-164, wherein the composition prevents cytokine storm in
the lungs, the brain, and other compartments where the virus replicates.

170. A method comprising: administering to the subject a pan-coronavirus recombinant vaccine
composition according to any of claims 1-164, wherein the composition prevents inflammation or

inflammatory response in the lungs, the brain, and other compartments where the virus replicates.
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171. A method comprising: administering to the subject a pan-coronavirus recombinant vaccine
composition according to any of claims 1-164, wherein the composition improves homing and
retention of T cells in the lungs, the brain, and other compariments where the virus replicates.

172. A method of preventing a coronavirus disease in a subject; the method comprising:
administering to the subject a pan-coronavirus recombinant vaccine compaosition according to any
of claims 1-164, wherein the composition induces memory B and T celis.

173.  The method of claim 172, wherein the composition induces resident memory T cells (Trm).

174. A method of prolonging an immune response induced by a pan-coronavirus vaccine and
increasing T-cell migration to the lungs, the method comprising: co-expressing a T-cell attracting
chemokine, a composition that promotes T cell proliferation, and a pan-coronavirus recombinant
vaccine composition according to any of claims 1-164.

175. A method of prolonging the retention of memory T-cell into the lungs induced by a pan
coronavirus vaccine and increasing virus-specific tissue resident memory T-cells (Tg,, cells), the
method comprising: co-expressing a T-cell attracting chemokine, a composition that promotes T
cell proliferation, and a pan-coronavirus vaccine according to any of claims 1-164.

176. A method comprising: administering to the subject a pan-coronavirus recombinant vaccine
composition according to any of claims 1-164, wherein the composition prevents the development
of mutation and variants of a coronavirus.

177. The method of any of claims 165-176, wherein the vaccine is administered through an
intravenous route (i.v.), an intranasal route (i.n.), or a sublingual route (s.1.) route.

178.  The method of any of claims 165-177, wherein the recombinant vaccine composition induces
efficient and powerful protection against the coronavirus disease or infection.

179.  The method of any of claims 165-178, wherein the recombinant vaccine composition induces
production of antibodies (Abs), CD4+ T helper (Th1) cells, and CD8+ cytotoxic T-cells (CTL).

180.  The method of any of claims 165-179, wherein one or more of the T-cell attracting chemokine,
the composition that promotes T cell proliferation, and the pan-coronavirus vaccine is operatively
linked to a promoter.

181.  The method of claim 180, wherein the promoter is a lung specific promoter.

182.  The method of claim 181, wherein the lung specific promoter is SP-B or CD144.

183.  The method of claim 180, wherein the promoter is a generic promoter.

184. The method of claim 183, wherein the promoter is a human cytomegalovirus immediate early
enhancer/promoter (CMV).

185. The method of any of claims 165-185, wherein the composition that promotes T cell
proliferation is IL-7, IL-2, or {L-15.

186. The method of any of claims 165-186, wherein the composition that promotes T cell
proliferation helps to promote long term immunity.

187.  The method of any of claims 165-187, wherein the T cell attracting chemokine is CCLS5,
CXCL9, CXCL10, CXCL11, or a combination thereof.

188. The method of any of claims 165-188, wherein the T-cell attracting chemokine helps pult

T-cells from circulation into the lungs.
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189. A method comprising:
a. administering a first dones of a pan-coronavirus vaccine composition accordion gto any of
claims 1-164 using a first delivery system; and
b. administering a second dose using a second delivery system;
wherein the first and second delivery system are different.
180. The method of claim 189, wherein the first delivery system may comprise a RNA, a modified
mRNA, or a peptide delivery system.
191.  The method of claim 189-190, wherein the second delivery system may comprise a RNA, a
modified MRNA, or a peptide delivery system.
192. The method of claim 189, wherein the peptide delivery system is an adenovirus or an
adeno-associated virus.
193. The method of claim 190, wherein the adenovirus delivery system is Ad26, Ad5, Ad35, or a
combination thereof.
194.  The method of claim 190, wherein the adeno-associated delivery system is AAVS or AAVS.
195.  The method of any of claims 189-194 wherein the second vaccine dose is administered 14
days after the first vaccine dose.
196. A method comprising:
a) administering a pan-coronavirus recombinant vaccine composition according to any of
claims 1-164; and
b) administering at least one T-cell atiracting chemokine after administering the
pan-coronavirus recombinant vaccine compaosition.
197.  The method of claim 196, wherein the recombinant vaccine composition is administered via a
RNA, a modified mRNA, or a peptide delivery system.
198. The method of claim 196-197, wherein the T-cell attracting chemokine is administered via a
RNA, a modified mRNA, or a peptide delivery system
199.  The method of any of claims 196-198 wherein the peptide delivery system is an adenovirus or
an adeno-associated virus.
200. The method of claim 199, wherein the adenovirus delivery system is Ad26, Ad5, Ad35, or a
combination thereof.
201.  The method of claim 199, wherein the adeno-associated delivery system is AAVS or AAVS.
202.  The method of any of claims 196-201, wherein the T-cell atiracting chemokine is administered
14 days after administering days after the recombinant vaccine composition.
203. The method of any of claims 196-202, wherein the T-cell attracting chemokine is CCL5,
CXCL9, CXCL10, CXCL11, or a combination thereof.
204. A method comprising:
a) administering a pan-coronavirus recombinant vaccine composition according to any of
claims 1-164;
b) administering at least one T-cell atiracting chemokine after administering the
pan-coronavirus recombinant vaccine composition; and

c) administering at least one cytokine after administering the T-cell attracting chemokine.
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205. The method of claim 204, wherein the recombinant vaccine composition is administered via a
RNA, a modified mRNA, or a peptide delivery system.
206. The method of any of claims 204-205, wherein the T-cell aftracting chemokine is
administered via a RNA, a modified mRNA, or a peptide delivery system.
207. The method of any of claims 204-206, wherein the cytokine is administered via a RNA, a
modified MRNA, or a peptide delivery system.
208. The method of any of claims 204-207, wherein the peptide delivery system is an adenovirus
or an adeno-associated virus.
209. The method of claim 208, wherein the adenovirus delivery system is Ad26, AdS, Ad35, or a
combination thereof.
210.  The method of claim 208, wherein the adeno-associated delivery system is AAV8 or AAV9.
211.  The method of any of claims 204-210, wherein the T-cell attracting chemokine is administered
14 days after administering the recombinant vaccine compaosition.
212.  The method of any of claims 204-211, wherein the T-cell aitracting chemokine is CCLS5,
CXCL9, CXCL10, CXCL11, or a combination thereof.
213. The method ofany of claims 204-212, wherein the cyltokine is administered 10 days after
administering the T-cell attracting chemokine.
214.  The method of claim 16, wherein the cytokine is IL-7, IL-15, or a combination thereof.
215. A method comprising:
a) administering a pan-coronavirus recombinant vaccine composition according to any of
claims 1-164,;
b) administering one or more T-cell attracting chemokine after administering the
pan-coronavirus recombinant vaccine composition; and
¢) administering one or more mucosal chemokines.
216.  The method of claim 215, wherein the recombinant vaccine composition is administered using
modified RNA, adeno-associated virus, or an adenovirus.
217. The method of any of claims 215-216, wherein the T-cell atfracting chemokine is
administered via a RNA, a modified mRNA, or a peptide delivery system.
218. The method of any of claims 215-216, wherein the mucosal chemokine is administered via a
RNA, a modified mRNA, or a peptide delivery system
219. The method of claim 218, where in the adeno-associated virus is AAV8 or AAV9.
220. The method of claim 218, wherein the adenovirus is Ad26, Ad5, Ad35, or a combination
thereof.
221.  The method of any of claims 215-220, wherein the T-cell attracting chemokine is administered
14 days after administering the recombinant vaccine composition.
222.  The method of any of claims 215-221, wherein the T-cell attracting chemokine is CCLS5,
CXCL9, CXCL10, CXCL11, of a combination thereof.
223. The method of any of claims 215-222, wherein the mucosal chemokine is administered 10
days after administering the T-cell attracting chemokine.

224.  The method of any of claims 215-223, wherein the mucosal chemokine is CCL25, CCL28,
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CXCL14, or CXCL17, or a combination thereof.

225. The method of any of claims 215-224, wherein the recombinant vaccine composition is
administered via two doses.

226. The method of any of claims 215-225, wherein the doses are about 3 weeks apart.

227. A pan-coronavirus recombinant vaccine composition, the composition comprising one or
more large sequences, each of the one or more large sequences comprises at least one of:

a) whole spike protein or a portion thereof;

b) one or more consefved coronavirus CD4* T cell target epitope; and

c) one or more conserved coronavirus CD8" T cell target epitope;
wherein at least one epitope is derived from a non-spike protein.

228. The composition of claim 227, wherein the one or more conserved epitopes are highly
conserved among human and animal coronaviruses.

229.  The composition of any of claims 227-228, wherein the one or more conserved epitopes are
derived from at least one of SARS-CoV-2 protein.

230.  The composition of any of claims 227-229, wherein the composition comprises 2-20 CD8* T
cell target epitopes.

231.  The composition of any of claims 227-230, wherein the composition comprises 2-20 CD4* T
cell target epitopes.

232.  The composition of any of claims 227-231, wherein the one or more conserved coronavirus
CD4* T cell target epitopes selected from SEQ ID NO: 58-105 (ORF1a, 3501365, ORF18b5g10.5033:
ORF6,,26, ORF1abgsssise, ORF1abesrpeaa, ORF1a1s0 185, Siier Eostor Ezoss Mizease, Naesaoss
ORF7a,.;, ORF7a, .5, ORF7bgy,,, ORF7ag, 44,, and ORF8, ;5 ).

233. The composition of any of claims 227-232, wherein the one or more conserved coronavirus
Cb8* T celt target epitopes selected from SEQ 1D NO: 106-138 (S,s7.317, Ssossesr Seoteaee Seorsie
Ssase00 Saes203 Sasosor: Stazarrzr Ssogzes AN Syzar).

234. A pan-coronavirus recombinant vaccine composition, the composition comprising one or
more large sequences, each of the one or more large sequences comprises at least one of:

a) one or more conserved coronavirus B-cell target epitope;

b) one or more conserved coronavirus CD4" T cell target epitope; and/or

c) one or more conserved coronavirus CD8" T cell target epitope;
wherein at least one epitope is derived from a non-spike protein.

235.  The composition of claim 234, wherein the one or more conserved epitopes are derived from
at least one of SARS-CoV-2 protein.

236. The composition of any of claims 234-235, whetein the composition comprises 2-20 CD8* T
cell target epitopes.

237.  The composition of any of claims 234-236, wherein the composition comprises 2-20 CD4* T
cell target epitopes.

238. The composition of any of claims 234-237, wherein the one or more conserved coronavirus
CDh4" T cell target epitopes selected from SEQ 1D NO: 58-105 (ORF1a,350.1365, ORF1abgg9.5013,

ORF612-261 ORF1ab6088-E102’ ORF1ab6420-64341 ORF1a1801-1815‘ 81-13’ E26-4O’ E20—34l M‘.TG-TQOY NEsMOS'
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ORF7a,.;, ORF7a, 5, ORF7b,,,, ORF7ay ,,, and ORF8, 5 ).

239. The composition of any of claims 234-238, wherein the one or more conserved coronavirus
CD8" T cell target epitopes selected from SEQ 1D NO: 106-138 (S,s7317, Ssossos Seoreas Saoogiar
Sase-o0e: Saeaa03 Sasnsor Syrazrira Sanazes AN Syazr).

240. The composition of any of claims 234-239, wherein the one or more conserved coronavirus
B-cell target epitopes selected from SEQ ID NO: 2-57 (S,.14, Sirp-1208 Sto00-10080 Sess-0660 20285
ORF1ab, 751650, ORF1aBg5.0071, ORF1@bgg15.3001, ORF18b54555101, ORF18besy70.5075, ORF1abgrsg 6757,
ORF7b,q.34, ORF8a;54;, ORF10;.,,, and ORF10;.,5);

241. A pan-coronavirus recombinant vaccine composition, the compaosition comprising an antigen
delivery system encoding one or more large sequences, the large sequences comprise at least
one of:

a) one or more conserved coronavirus B-cell target epitopes;

b) one or more conserved coronavirus CD4* T cell target epitopes; andfor

¢} one or more conserved coronavirus CD8" T cell target epitopes;
wherein at least one epitope is derived from a non-spike protein.

242. The composition of claim 241, wherein the antigen delivery system is an adenovirus-based
antigen delivery system.

243. The composition of claim 242, wherein the adenovirus-based antigen delivery system is
Ad26, Ad5, Ad35, or a combination thereof.

244, The composition of any of claims 241-243, wherein the antigen delivery system further
encodes a T cell attracting chemokine.

245. The composition of any of claims 241-244, wherein the antigen delivery system further
encodes a composition that promotes T cell proliferation.

246. The composition of any of claims 241-245, wherein the antigen delivery system further
encodes a molecular adjuvant.

247. The composition of any of claims 241-246, wherein the epitopes are operatively linked to a
lung-specific promoter.

248. The composition of any of claims 241-247, wherein the one or more conserved coronavirus
B-cell target epitopes selected from SEQ ID NO: 2-57 (S,.4o Sioonizes Siooe-100s Sussaser Enonss
ORF1abygs.16:, ORF18Dx65.0571, ORF1aD3045.5021, ORF1aD4155.0101, ORF18bggr0.5075, ORF1abgrsg 6757,
ORF7b,g34, ORF8a;35;, ORF 10, 4, and ORF10;.,,).

248.  The composition of any of claims 241-248, wherein the one or more conserved coronavirus
CD4* T cell target epitopes selected from SEQ ID NO: 58-105 {ORF1a,355.1385. ORF1absp16.5053,
ORF6., 5. ORFlabggsgioo. ORF18Dgi06100 ORF181s013m1s, Siase Ezesnr Expser Mizsnse: Nasesos
ORF7a;.,;, ORF7a,_,5, ORF7bg,,, ORF7ag,.y,, and ORF8, ;).

250. The composition of any of claims 241-249, wherein the one or more conserved coronavirus
CD8" T cell target epitopes selected from SEQ D NO: 106-138 (S.s7.317, Ssoas0s Seot-s400 Ssoo-arar
Seneane: Ssea.s08: Sasos0t Stiza-rrz: Sazeass: NG Siagr).

251. The composition of any of claims 241-250, comprising a spike protein or a partial spike

protein.
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252. The composition of claim 251, wherein the partial spike protein comprises a trimerized
SARS-CoV-2 receptor-binding domain (RBD).

253. The composition of any of claims 251-252, wherein the whole spike protein or partial spike
protein has an intact S1-S2 cleavage site.

254.  The composition of any of claims 251-253, wherein the spike protein is stabilized with proline

substitutions at amino acid positions 986 and 987.

255. A pan-coronavirus recombinant recombinant vaccine composition comprising one of SEQ ID
NO: 139-147.
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