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CHIMERIC NEWCASTLE DISEASE VIRUS
EXPRESSING APMV HN AND F PROTEINS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
63/302,434, filed January 24, 2022, and U.S. Provisional Application No. 63/179,994, filed
April 26, 2021, the disclosure of each of which is incorporated by reference herein in its

entirety.
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] This invention was made with government support under AI097092 awarded by

The National Institutes of Health. The government has certain rights in the invention.
SEQUENCE LISTING

[0003] This application incorporates by reference a Sequence Listing submitted with this
application as a text file entitled “06923-382-228 SEQ LISTING.txt,” was created on April
22,2022, and is 147,499 bytes in size.

1. INTRODUCTION

[0004] In one aspect, described herein are recombinant Newcastle disease virus (“NDV”)
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which the nucleotide sequence encoding the
NDYV HN protein has been replaced with a nucleotide sequence encoding the HN protein of
an avian paramyxovirus (APMV) other than NDV or a variant of the non-NDV-APMYV HN
protein, and the nucleotide sequence encoding the NDV F protein has been replaced with a
nucleotide sequence encoding the F protein of an APMYV other than NDV or a variant of the
non-NDV-APMYV F protein. In some embodiments, the packaged genome further comprises
a transgene comprising a nucleotide sequence encoding an antigen. Also described herein are
compositions comprising such recombinant NDV and the use of such recombinant NDV to
induce an immune response in a subject.

2. BACKGROUND

[0005] Newcastle disease virus (NDV) is a member of the Avulavirinae subfamily in the
Paramyxoviridae family, which has been shown to infect a number of avian species

(Alexander, DJ (1988). Newcastle disease, Newcastle disease virus -- an avian
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paramyxovirus. Kluwer Academic Publishers: Dordrecht, The Netherlands. pp 1-22). NDV
possesses a single-stranded RNA genome in negative sense and does not undergo
recombination with the host genome or with other viruses (Alexander, DJ (1988). Newcastle
disease, Newcastle disease virus -- an avian paramyxovirus. Kluwer Academic Publishers:
Dordrecht, The Netherlands. pp 1-22). The genomic RNA contains genes in the order of 3'-
NP-P-M-F-HN-L-5', described in further detail below. Two additional proteins, V and W,
are produced by NDV from the P gene by alternative mRNAs that are generated by RNA
editing. The genomic RNA also contains a leader sequence at the 3' end.

[0006] The structural elements of the virion include the virus envelope which is a lipid
bilayer derived from the cell plasma membrane. The glycoprotein, hemagglutinin-
neuraminidase (HN) protrudes from the envelope allowing the virus to contain both
hemagglutinin (e.g., receptor binding / fusogenic) and neuraminidase activities. The fusion
glycoprotein (F), which also interacts with the viral membrane, is first produced as an
inactive precursor, then cleaved post-translationally to produce two disulfide linked
polypeptides. The active F protein is involved in penetration of NDV into host cells by
facilitating fusion of the viral envelope with the host cell plasma membrane. The matrix
protein (M), is involved with viral assembly, and interacts with both the viral membrane as
well as the nucleocapsid proteins.

[0007] The main protein subunit of the nucleocapsid is the nucleocapsid protein (NP)
which confers helical symmetry on the capsid. In association with the nucleocapsid are the P
and L proteins. The phosphoprotein (P), which is subject to phosphorylation, is thought to
play a regulatory role in transcription, and may also be involved in methylation,
phosphorylation and polyadenylation. The L gene, which encodes an RNA-dependent RNA
polymerase, is required for viral RNA synthesis together with the P protein. The L protein,
which takes up nearly half of the coding capacity of the viral genome is the largest of the
viral proteins, and plays an important role in both transcription and replication. The V
protein has been shown to inhibit interferon-alpha and to contribute to the virulence of NDV
(Huang et al. (2003). Newcastle disease virus V protein is associated with viral pathogenesis
and functions as an Alpha Interferon Antagonist. Journal of Virology 77: 8676-8685).

3. SUMMARY

[0008] In one aspect, provided herein is a nucleic acid sequence comprising a nucleotide
sequence of a Newcastle disease virus genome in which (1) the nucleotide sequence encoding

the NDV HN protein has been replaced with a nucleotide sequence encoding a non-NDV
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APMYV HN protein, wherein NDV intergenic regions are before and after the non-NDV
APMYV HN protein coding sequence; and (2) the nucleotide sequence encoding the NDV F
protein has been replaced with a nucleotide sequence encoding a non-NDV APMV F protein,
wherein NDV intergenic regions are before and after the non-NDV APMV F protein coding
sequence. In specific embodiments, the term “non-NDV APMV” is used to refer to an
APMYV other than NDV. In specific embodiments, the non-NDV APMV F protein and non-
NDV APMYV HN protein are immunologically distinct from the NDF F protein and NDV HN
protein, respectively. In some embodiments, the non-NDV APMYV F protein and non-NDV
APMYV HN protein are from a different genus than NDV. In some embodiments, the non-
NDV APMV F protein and non-APMV HN protein are an F protein and an HN protein from
a member of the subfamily Avulavirinae, but not NDV. In some embodiments, the non-NDV
APMV F protein and non-APMYV HN protein are an F protein and an HN protein from a
member of the subfamily Avulavirinae and the genus metaavulavirus. In some embodiments,
the non-NDV APMYV F protein and non-APMYV HN protein are an F protein and an HN
protein from a member of the subfamily Avulavirinae and genus paraavulavirus. In some
embodiments, the non-NDV APMYV F protein and non-APMV HN protein are an F protein
and an HN protein from a member of the subfamily Avulavirinae and the genus
orthoavulavirus but is not NDV. In some embodiments, the NDV genome comprises the NP
gene, P gene, M gene, and L gene of NDV LaSota strain.

[0009] In some embodiments, provided herein is a nucleic acid sequence comprising: (1)
a transcription unit encoding a NDV nucleocapsid (N) protein, (2) a transcription unit
encoding a NDV phosphoprotein (P), (3) a transcription unit encoding a NDV matrix (M)
protein, (4) a transcription unit encoding a NDV large polymerase (L), and (5) the nucleotide
sequence of any one of SEQ ID NOS:1-14, or a nucleotide sequence that is at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% identical to the nucleotide sequence of
any one of SEQ ID NOS:1-14. In some embodiments, provided herein is a nucleic acid
sequence comprising: (1) a transcription unit encoding a NDV nucleocapsid (N) protein, (2) a
transcription unit encoding a NDV phosphoprotein (P), (3) a transcription unit encoding a
NDYV matrix (M) protein, (4) a transcription unit encoding a NDV large polymerase (L), and
(5) a negative sense RNA sequence corresponding to the nucleotide sequence of any one of
SEQ ID NOS:1-14, or a negative sense RNA sequence corresponding to a nucleotide
sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%

identical to the nucleotide sequence of any one of SEQ ID NOS:1-14. In some embodiments,
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the NDV nucleocapsid protein, NDV phosphoprotein, NDV matrix protein, and NDV large
polymerase are of the NDV LaSota strain.

[0010] In some embodiments, provided herein is a nucleic acid sequence comprising the
nucleotide sequence of SEQ ID NO:44, or SEQ ID NO:44 without the GFP coding sequence.
In some embodiments, provided herein is a nucleic acid sequence comprising a nucleotide
sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identical to the nucleotide sequence of SEQ ID NO:44, or SEQ ID NO:44 without the GFP
coding sequence. In some embodiments, provided herein is a nucleic acid sequence
comprising the nucleotide sequence of SEQ ID NO:45, or SEQ ID NO:45 without the GFP
coding sequence. In some embodiments, provided herein is a nucleic acid sequence
comprising a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least
95%, or at least 98% identical to the nucleotide sequence of SEQ ID NO:45, or SEQ ID
NO:45 without the GFP coding sequence.

[0011] In some embodiments, provided herein is a nucleic acid sequence comprising a
negative sense RNA sequence corresponding to the nucleotide sequence of SEQ ID NO:44,
or SEQ ID NO:44 without the GFP coding sequence. In some embodiments, provided herein
is a nucleic acid sequence comprising a negative sense RNA sequence corresponding to a
nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least
98% identical to the nucleotide sequence of SEQ ID NO:44, or SEQ ID NO:44 without the
GFP coding sequence. In some embodiments, provided herein is a nucleic acid sequence
comprising a negative sense RNA sequence corresponding to the nucleotide sequence of SEQ
ID NO:45, or SEQ ID NO:45 without the GFP coding sequence. In some embodiments,
provided herein is a nucleic acid sequence comprising a negative sense RNA sequence
corresponding to a nucleotide sequence that s at least 80%, at least 85%, at least 90%, at
least 95%, or at least 98% identical to the nucleotide sequence of SEQ ID NO:45, or SEQ ID
NO:45 without the GFP coding sequence.

[0012] In some embodiments, the nucleic acid sequence further comprises a transgene.
In some embodiments, the nucleic acid sequence further comprises a transgene encoding an
antigen. In some embodiments, the antigen is viral, bacterial, fungal or protozoan antigen. In
some embodiments, the antigen comprises a SARS-CoV-2 spike protein or a fragment
thereof. In some embodiments, the fragment comprises the receptor binding domain of the
SARS-CoV-2 spike protein. In some embodiments, the fragment comprises the ectodomain
of the SARS-CoV-2 spike protein. In some embodiments, the antigen comprises a MERS-

CoV antigen, respiratory syncytial virus antigen, human metapneumovirus antigen, a Lassa
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virus antigen, Ebola virus antigen, or Nipah virus antigen. In some embodiments, the antigen
is a cancer or tumor antigen.

[0013] In some embodiments, the non-NDV APMYV F protein and non-NDV APMV HN
protein are immunologically distinct from the NDF F protein and NDV HN protein,
respectively. In some embodiments, the non-NDV APMYV HN is the HN protein of
APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13, APMV9/duck/New
York/22/78, APMV7/Dove/Tennessee/4/75, APMV21/pigeon/Taiwan/AHRI128/17,
APMV6/duck/HongKong/18/199/77, APMV11/common_snipe/France/100212/10,
APMV15/calidris_fuscicollis/Brazil/RS-1177/12, APMV8/Goose/Delaware/1053/76,
APMV2/Chicken/California/Yucaipa/56, APMV3/Turkey/Wisconsin/68,
APMV12/Wigeon/Italy/3920 1/05, APMVS5/budgerigar/Japan/T1/75, or
APMV10/penguin/Falkland Islands/324/07. In some embodiments, the non-NDV APMV F
is the F protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMYVS5/budgerigar/Japan/T1/75, or APMV10/penguin/Falkland Islands/324/07.

[0014] In some embodiments, the nucleic acid sequence is a cDNA sequence. In some
embodiments, the nucleic acid sequence is a negative-sense stranded RNA sequence.

[0015] In some embodiments, provided herein is a recombinant NDV comprising a
nucleic acid sequence described herein. In some embodiments, provided herein is a
recombinant NDV comprising a non-APMYV F protein described herein, a non-APMV-HN
protein described herein, or a non-APMYV F protein described herein and a non-APMV-HN
protein described herein. In some embodiments, the non-APMYV F protein is encoded by a
nucleotide sequence of any one of SEQ ID Nos: 1-14. In some embodiments, the non-APMV
F protein is encoded by a nucleotide sequence that is at least 80%, at least 85%, at least 90%,
at least 95%, at least 98%, or at least 99% identical to the nucleotide sequence of any one of
SEQ ID Nos:1-14. In some embodiments, the non-APMYV HN protein is encoded by a
nucleotide sequence of any one of SEQ ID Nos: 1-14. In some embodiments, the non-APMV
HN protein is encoded by a nucleotide sequence that is at least 80%, at least 85%, at least
90%, at least 95%, at least 98%, or at least 99% identical to the nucleotide sequence of any

one of SEQ ID Nos:1-14.
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[0016] In another aspect, provided herein are recombinant Newcastle disease virus
(NDV), comprising a packaged genome in which the coding sequence for NDV F protein has
been replaced with the coding sequence for an F protein of an avian paramyxovirus (APMYV)
other than NDV (non-NDV APMYV F protein) or a variant thereof and/or the coding sequence
for NDV HN protein has been replaced with the coding sequence for an HN protein of an
APMY other than NDV (non-NDV APMYV HN protein) or a variant thereof. In a specific
embodiment, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which (1) the nucleotide sequence encoding the NDV HN protein has been
replaced with a nucleotide sequence encoding a non-NDV APMYV HN protein, wherein NDV
intergenic regions are before and after the non-NDV AMPYV HN protein coding sequence;
and (2) the nucleotide sequence encoding the NDV F protein has been replaced with a
nucleotide sequence encoding a non-NDV APMV F protein, wherein NDV intergenic regions
are before and after the non-NDV AMPYV F protein coding sequence. In specific
embodiments, the NDV intergenic regions before and after the non-NDV APMYV HN protein
coding sequence are NDV HN intergenic regions. In specific embodiments, the NDV
intergenic regions before and after the non-NDV APMYV F protein coding sequence are NDV
F intergenic regions. In specific embodiments, the non-NDV APMV F protein and non-NDV
APMYV HN protein are immunologically distinct from the NDF F protein and NDV HN
protein, respectively. In some embodiments, the non-NDV APMYV F protein and non-NDV
APMYV HN protein are from a different genus than NDV. In some embodiments, the non-
NDV APMV F protein and non-APMV HN protein are an F protein and an HN protein from
a member of the subfamily Avulavirinae, but not NDV. In some embodiments, the non-NDV
APMV F protein and non-APMYV HN protein are an F protein and an HN protein from a
member of the subfamily Avulavirinae and the genus Metaavulavirus. In some embodiments,
the non-NDV APMYV F protein and non-APMYV HN protein are an F protein and an HN
protein from a member of the subfamily Avulavirinae and genus paraavulavirus. In some
embodiments, the non-NDV APMYV F protein and non-APMV HN protein are an F protein
and an HN protein from a member of the subfamily Avulavirinae and the genus
orthoavulavirus but is not NDV. In specific embodiments, the NDV genome comprises the
NP gene, P gene, M gene, and L gene of NDV LaSota. In certain embodiments, the packaged
genome further comprises a transgene. In some embodiments, the transgene comprises a
nucleotide sequence encoding a viral, bacterial, fungal or protozoan antigen. In specific

embodiments, the transgene comprises a nucleotide sequence encoding a SARS-CoV-2
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antigen. In specific embodiments, the SARS-CoV-2 antigen is the SARS-CoV-2 spike
protein or a fragment thereof. In specific embodiments, the SARS-CoV-2 antigen comprises
a SARS-CoV-2 spike protein or a fragment thereof. In specific embodiments, the fragment
comprises the receptor binding domain of the SARS-CoV-2 spike protein. In some
embodiments, the fragment of a SARS-CoV-2 spike protein is the ectodomain of the SARS-
CoV-2 spike protein. In specific embodiments, the transgene comprises a nucleotide
sequence encoding a MERS-CoV antigen. In specific embodiments, the transgene comprises
a nucleotide sequence encoding a respiratory syncytial virus antigen or human
metapneumovirus antigen. In specific embodiments, the transgene comprises a nucleotide
sequence encoding a Lassa virus antigen, Ebola virus antigen or Nipah virus antigen. In
specific embodiments, the transgene comprises a nucleotide sequence encoding a cancer or
tumor antigen.

[0017] In certain embodiments, a non-NDV APMV F protein or a variant thereof is
immunologically distinct from an NDV F protein if antibodies directed to the NDV F protein
do not cross-react with the non-NDV APMYV F protein or variant thereof. In some
embodiments, a non-NDV APMYV F protein or a variant thereof is immunologically distinct
from an NDV F protein if antibodies directed to the NDV F protein bind to the non-NDV
APMYV F protein or variant thereof with a 2-fold, 5-fold, 10-fold, 15-fold, 20-fold or lower
affinity than to NDV F protein in an assay known to one of skill in the art or described herein.
In certain embodiments, a non-NDV APMYV F protein or a variant thereof is immunologically
distinct from an NDV F protein if antibodies directed to the NDV F protein bind to the non-
NDV APMV F protein or variant thereof with a 0.5 log, 1 log, 1.5 log, 2 log, 2.5 log, 3 log or
lower affinity than to NDV F protein in an assay known to one of skill in the art or described
herein. In certain embodiments, a non-NDV APMYV F protein or a variant thereof is
immunologically distinct from an NDV F protein if anti-NDV F antibodies do not
substantially inhibit replication of NDV expressing the non-NDV APMYV F protein or a
variant thereof as assessed by a virus neutralization assay, such as described in Chumbe et al.,
2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al.,
2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or as described herein.
In a specific embodiment, a non-NDV APMYV F protein or a variant thereof is
immunologically distinct from an NDV F protein if anti-NDV F antibodies inhibit replication
of NDV expressing the non-NDV APMYV F protein or variant thereof in a virus neutralization
assay, such as described, e.g., in Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds
et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al ,

7
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2020, Vaccines 8: 771, or described herein, by less than about 0.5 logs, less than about 1 log,
less than about 1.5 logs, or less than about 2 logs.

[0018] In certain embodiments, a non-NDV APMYV HN protein or a variant thereof is
immunologically distinct from an NDV HN protein if antibodies directed to the NDV HN
protein do not cross-react with the non-NDV APMYV HN protein or variant thereof. In some
embodiments, a non-NDV APMV HN protein or a variant thereof is immunologically distinct
from an NDV NH protein if antibodies directed to the NDV HN protein bind to the non-NDV
APMYV NH protein or variant thereof with a 2-fold, 5-fold, 10-fold, 15-fold, 20-fold or lower
affinity than to NDV HN protein in an assay known to one of skill in the art or described
herein. In certain embodiments, a non-NDV APMYV HN protein or a variant thereof is
immunologically distinct from an NDV HN protein if antibodies directed to the NDV HN
protein bind to the non-NDV APMYV HN protein or variant thereof with a 0.5 log, 1 log, 1.5
log, 2 log, 2.5 log, 3 log or lower affinity than to NDV HN protein in an assay known to one
of skill in the art or described herein. In certain embodiments, a non-NDV APMV HN
protein or a variant thereof is immunologically distinct from an NDV HN protein if anti-NDV
HN antibodies do not substantially inhibit replication of NDV expressing the non-NDV
APMYV HN protein or a variant thereof as assessed by a virus neutralization assay, such as
described in Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian
Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8:
771, or described herein. In a specific embodiment, a non-NDV APMYV HN protein or a
variant thereof is immunologically distinct from an NDV HN protein if anti-NDV HN
antibodies inhibit replication of NDV expressing the non-NDV APMV HN protein or variant
thereof in a virus neutralization assay, such as described, e.g., in Chumbe et al., 2017,
Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020,
EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein, by less
than about 0.5 logs, less than about 1 log, less than about 1.5 logs, or less than about 2 logs.
[0019] In some embodiments, a non-NDV APMYV HN protein is an HN protein from a
different genus than NDV. In some embodiments, a non-NDV APMYV HN protein is an HN
protein from a member of the subfamily Avulavirinae, but not NDV. In some embodiments,
anon-NDV APMYV HN protein is an HN protein from a member of the subfamily
Avulavirinae and the genus Metaavulavirus. In some embodiments, a non-NDV APMV HN
protein is an HN protein from a member of the subfamily Avulavirinae and genus
paraavulavirus. In some embodiments, a non-NDV APMV HN protein is an HN protein

from a member of the subfamily Avulavirinae and the genus orthoavulavirus but is not NDV.
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[0020] In specific embodiments, the non-NDV APMYV HN is the HN protein of
APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13, APMV9/duck/New
York/22/78, APMV7/Dove/Tennessee/4/75, APMV21/pigeon/Taiwan/AHRI128/17,
APMV6/duck/HongKong/18/199/77, APMV11/common_snipe/France/100212/10,
APMV15/calidris_fuscicollis/Brazil/RS-1177/12, APMV8/Goose/Delaware/1053/76,
APMV2/Chicken/California/Yucaipa/56, APMV3/Turkey/Wisconsin/68,
APMV12/Wigeon/Italy/3920 1/05, APMVS5/budgerigar/Japan/T1/75, or
APMV10/penguin/Falkland Islands/324/07. In specific embodiments, the non-NDV APMV
F is the F protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMVS5/budgerigar/Japan/TI/75, or APMV10/penguin/Falkland Islands/324/07. In specific
embodiments, the non-NDV APMYV F protein and the non-NDV AMPV HN protein are from
or derived from the same APMYV strain. In other embodiments the non-NDV APMV F
protein and the non-NDV AMPYV HN protein are from or derived from different APMV
strains.

[0021] In a specific embodiment, provided herein is a recombinant Newcastle disease
virus (NDV) comprising a packaged genome, wherein the packaged genome comprises a
nucleotide sequence of a Newcastle disease virus genome in which the nucleotide sequences
encoding the NDV HN protein and NDV F protein are replaced with a nucleotide sequence
comprising a negative sense RNA sequence transcribed from the cDNA sequence set forth in
any one of SEQ ID NOs:1-14. In a specific embodiment, provided herein is a recombinant
Newcastle disease virus (NDV) comprising a packaged genome, wherein the packaged
genome comprises a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and NDV F protein are replaced with a
nucleotide sequence comprising a negative sense RNA sequence transcribed from a cDNA
sequence that is at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least
99% identical to the cDNA sequence set forth in any one of SEQ ID NOs:1-14. In specific
embodiments, the NDV genome comprises the NP gene, P gene, M gene, and L gene of NDV
LaSota. In certain embodiments, the packaged genome further comprises a transgene. In

some embodiments, the transgene comprises a nucleotide sequence encoding a viral,
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bacterial, fungal or protozoan antigen. In specific embodiments, the transgene comprises a
nucleotide sequence encoding a SARS-CoV-2 antigen. In specific embodiments, the SARS-
CoV-2 antigen is the SARS-CoV-2 spike protein or a fragment thereof. In specific
embodiments, the SARS-CoV-2 antigen comprises a SARS-CoV-2 spike protein or a
fragment thereof. In specific embodiments, the fragment comprises the receptor binding
domain of the SARS-CoV-2 spike protein. In some embodiments, the fragment of a SARS-
CoV-2 spike protein is the ectodomain of the SARS-CoV-2 spike protein. In specific
embodiments, the transgene comprises a nucleotide sequence encoding a MERS-CoV
antigen. In specific embodiments, the transgene comprises a nucleotide sequence encoding a
respiratory syncytial virus antigen or human metapneumovirus antigen. In specific
embodiments, the transgene comprises a nucleotide sequence encoding a Lassa virus antigen,
Ebola virus antigen or Nipah virus antigen. In specific embodiments, the transgene
comprises a nucleotide sequence encoding a cancer or tumor antigen.

[0022] In another aspect, provide herein is an immunogenic composition comprising a
recombinant NDV described herein. The immunogenic composition may further comprise a
pharmaceutically acceptable carrier. The composition may comprise 10* to 10!2 PFU of a
recombinant NDV described herein.

[0023] In another aspect, provided herein is a method for inducing an immune response
to an antigen, comprising administering a recombinant NDV described herein or an
immunogenic composition described herein a subject (e.g., a human subject). In another
aspect, provided herein is a method for preventing an infectious disease, comprising
administering a recombinant NDV described herein or an immunogenic composition
described herein a subject (e.g., a human subject). In another aspect, provided herein is a
method for immunizing a subject against an infectious disease, comprising administering a
recombinant NDV described herein or an immunogenic composition described herein a
subject (e.g., a human subject). In another aspect, provided herein is a method for treating
cancer, comprising administering a recombinant NDV described herein or an immunogenic
composition described herein a subject (e.g., a human subject). In some embodiments, the
recombinant NDV or composition is administered to the subject intranasally. In certain
embodiments, the method further comprises administering a second recombinant NDV
comprising a packaged genome, wherein the packaged genome of the second recombinant
NDYV comprises a nucleotide sequence of a Newcastle disease virus genome in which (1) the
nucleotide sequence encoding the NDV HN protein has been replaced with a nucleotide

sequence encoding a non-NDV APMYV HN protein, wherein NDV intergenic regions are
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before and after the non-NDV AMPYV HN protein coding sequence; and (2) the nucleotide
sequence encoding the NDV F protein has been replaced with a nucleotide sequence
encoding a non-NDV APMYV F protein, wherein NDV intergenic regions are before and after
the non-NDV AMPYV F protein coding sequence, and wherein the second recombinant NDV
is immunologically distinct than the first recombinant NDV administered to the subject. In
specific embodiments, the NDV intergenic regions before and after the non-NDV APMV HN
protein coding sequence are NDV HN intergenic regions. In specific embodiments, the NDV
intergenic regions before and after the non-NDV APMYV F protein coding sequence are NDV
F intergenic regions. In some embodiments, the recombinant NDV described herein or a
composition thereof is administered to a subject that has previously been vaccinated or
administered NDV composition (e.g., a vaccine). In certain embodiments, the recombinant
NDYV described herein or a composition thereof is administered to a subject that has
previously been vaccinated or administered an APMV-based composition (e.g. a vaccine). In
some embodiments, the recombinant NDV described herein or a composition thereof is
administered to a subject that has previously been vaccinated or administered NDV
composition (e.g., a vaccine) and an APMV-based composition (e.g. a vaccine).

[0024] In certain embodiments, the first recombinant NDV is immunologically distinct
from the second recombinant NDV if the first recombinant NDV and second recombinant
NDYV do not induce antibodies that substantially inhibit replication of the other as assessed by
a virus neutralization assay, such as described in Chumbe et al., 2017, Virology Journal 14:
232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62:
103132, or Sun et al., 2020, Vaccines 8: 771. In a specific embodiment, a first recombinant
NDYV is considered immunologically distinct from a second recombinant NDV if the first
recombinant NDV and the second recombinant NDV induce antibodies that inhibit the
replication of each other in a virus neutralization assay, such as described, e.g., in Chumbe et
al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et
al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, by less than about
0.5 logs, less than about 1 log, less than about 1.5 logs, or less than about 2 logs.

[0025] In another aspect, provided herein is a kit comprising a recombinant NDV
described herein. In another aspect, provided herein is an in vitro or ex vivo cell comprising
the recombinant NDV. In another aspect, provided herein is a cell line or chicken
embryonated egg comprising a recombinant NDV described herein.

[0026] In another aspect, provided herein is a kit comprising a nucleic acid sequence that

comprises a nucleotide sequence of a Newcastle disease virus genome in which (1) the

11



WO 2022/232052 PCT/US2022/026185

nucleotide sequence encoding the NDV HN protein has been replaced with a nucleotide
sequence encoding a non-NDV APMYV HN protein, wherein NDV intergenic regions are
before and after the non-NDV APMYV HN protein coding sequence; and (2) the nucleotide
sequence encoding the NDV F protein has been replaced with a nucleotide sequence
encoding a non-NDV APMYV F protein, wherein NDV intergenic regions are before and after
the non-NDV APMYV F protein coding sequence. In some embodiments, the NDV genome
comprises the NP gene, P gene, M gene, and L. gene of NDV LaSota strain.

[0027] In some embodiments, provided herein is a kit comprising a nucleic acid sequence
that comprises: (1) a transcription unit encoding a NDV nucleocapsid (N) protein, (2) a
transcription unit encoding a NDV phosphoprotein (P), (3) a transcription unit encoding a
NDYV matrix (M) protein, (4) a transcription unit encoding a NDV large polymerase (L), and
(5) the nucleotide sequence of any one of SEQ ID NOS:1-14, or a nucleotide sequence that is
at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identical to the
nucleotide sequence of any one of SEQ ID NOS:1-14. In some embodiments, is a kit
comprising a nucleic acid sequence that comprises: (1) a transcription unit encoding a NDV
nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a
transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit encoding a
NDYV large polymerase (L), and (5) a negative sense RNA sequence corresponding to the
nucleotide sequence of any one of SEQ ID NOS:1-14, or a negative sense RNA sequence
corresponding to a nucleotide sequence that s at least 80%, at least 85%, at least 90%, at
least 95%, or at least 98% identical to the nucleotide sequence of any one of SEQ ID NOS:1-
14. In some embodiments, the NDV nucleocapsid protein, NDV phosphoprotein, NDV
matrix protein, and NDV large polymerase are of the NDV LaSota strain.

[0028] In another aspect, provided herein is a method for propagating the recombinant
NDYV described herein, the method comprising culturing the cell or embryonated egg
comprising a recombinant NDV described herein. In some embodiments, the method further

comprises isolating the recombinant NDV from the egg or embryonated egg.

3.1 TERMINOLOGY

[0029] As used herein, the term “about” or “approximately” when used in conjunction
with a number refers to any number within 1, 5 or 10% of the referenced number.
[0030] As used herein, the terms “antibody” and “antibodies” refer to molecules that

contain an antigen binding site, e.g., immunoglobulins. Antibodies include, but are not
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limited to, monoclonal antibodies, bispecific antibodies, multispecific antibodies, human
antibodies, humanized antibodies, synthetic antibodies, chimeric antibodies, polyclonal
antibodies, single domain antibodies, camelized antibodies, single-chain Fvs (scFv), single
chain antibodies, Fab fragments, F(ab’) fragments, disulfide-linked bispecific Fvs (sdFv),
intrabodies, and anti-idiotypic (anti-Id) antibodies (including, e.g., anti-Id and anti-anti-1d
antibodies to antibodies), and epitope-binding fragments of any of the above. In particular,
antibodies include immunoglobulin molecules and immunologically active fragments of
immunoglobulin molecules. Immunoglobulin molecules can be of any type (e.g., IgG, IgE,
IgM, IgD, IgA and IgY), class (e.g., IgGl, IgG2, IgG3, 1gG4, IgA1 and IgA?2) or subclass.
[0031] As used herein, the term “heterologous” in the context of a NDV refers to an
entity not found in nature to be associated with (e.g., encoded by, expressed by the genome
of, or both) a naturally occurring NDV. In a specific embodiment, a heterologous sequence
encodes a protein that is not found associated with naturally occurring NDV.

[0032] As used herein, the term “heterologous” in the context of a nucleic acid or
nucleotide sequence, or amino acid sequence refers to a second nucleic acid or nucleotide
sequence, or second amino acid sequence not found in nature to be associated with a first
nucleic acid or nucleotide sequence, or first amino acid sequence.

[0033] As used herein, the phrases “IFN deficient systems” or “IFN-deficient substrates”
refer to systems, e.g., cells, cell lines and animals, such as mice, chickens, turkeys, rabbits,
rats, horses etc., which do not produce one, two or more types of interferon (IFN), or do not
produce any type of IFN, or produce low levels of one, two or more types of IFN, or produce
low levels of any IFN (i.e., a reduction in any IFN expression of 5-10%, 10-20%, 20-30%,
30-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-90% or more when compared to [FN-
competent systems under the same conditions), do not respond or respond less efficiently to
one, two or more types of IFN, or do not respond to any type of IFN, have a delayed response
to one, two or more types of IFN, are deficient in the activity of antiviral genes induced by
one, two or more types of IFN, or induced by any type of IFN, or any combination thereof.
[0034] As used herein, the terms “subject” or “patient” are used interchangeably. As
used herein, the terms “subject” and “subjects” refers to an animal. In some embodiments,
the subject is a mammal including a non-primate (e.g., a camel, donkey, zebra, bovine, horse,
horse, cat, dog, rat, and mouse) and a primate (e.g., a monkey, chimpanzee, and a human). In
some embodiments, the subject is a non-human mammal. In certain embodiments, the
subject is a pet (e.g., dog or cat) or farm animal (e.g., a horse, pig or cow). In specific

embodiments, the subject is a human. In other specific embodiments, the subject is a bovine.
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In certain embodiments, the mammal (e.g., human) is 4 to 6 months old, 6 to 12 months old,

1 to S years old, 5 to 10 years old, 10 to 15 years old, 15 to 20 years old, 20 to 25 years old,
25 to 30 years old, 30 to 35 years old, 35 to 40 years old, 40 to 45 years old, 45 to 50 years
old, 50 to 55 years old, 55 to 60 years old, 60 to 65 years old, 65 to 70 years old, 70 to 75
years old, 75 to 80 years old, 80 to 85 years old, 85 to 90 years old, 90 to 95 years old or 95
to 100 years old. In specific embodiments, the subject is an animal that is not avian.

[0035] As used herein, the term “in combination” in the context of the administration of
(a) therapy(ies) to a subject, refers to the use of more than one therapy. The use of the term
“in combination” does not restrict the order in which therapies are administered to a subject.
A first therapy can be administered prior to (e.g., S minutes, 15 minutes, 30 minutes, 45
minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1
week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks before),
concomitantly with, or subsequent to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1
hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks after) the administration of
a second therapy to a subject. For example, a recombinant NDV described herein may be
administered prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4
hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4
weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks before), concomitantly with, or subsequent to
(e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12
hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6
weeks, 8 weeks, or 12 weeks after) the administration of another therapy.

[0036] As used herein, the term “wild-type” in the context of nucleotide and amino acid
sequences of viruses refers to the nucleotide and amino acid sequences of viral strains found
in nature. In particular, the sequences described as wild-type herein are sequences that have
been reported in public databases as sequences from natural viral isolates.

4. BRIEF DESCRIPTION OF THE FIGURES

[0037] FIG. 1. Strategy for the construction of recombinant chimeric NDV-APMV
vectors. Sequences corresponding to Newcastle Disease Virus (NDV or APMV-1) are shown
in white boxes and the sequences corresponding to an antigenically different avian
paramyxovirus (e.g., APMV-4) are shown in gray boxes.

[0038] FIGs. 2A-2C. Generation of the acceptor plasmid pNDV-F-HNIless. The F and
HN genes of a rescue plasmid pNDV-LaSota (FIG. 2A) were replaced by a short sequence
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containing 2 unique restriction sites, Pmel and Nrul, to generate an acceptor plasmid pNDV-
F-HNIless (FIG. 2B). FIG. 2C shows a functional rescue plasmid in which the F and HN
genes from NDV were reinserted into the acceptor plasmid of FIG. 2B to generate a
functional rescue plasmid pNDV-LaSota. FIGs. 2A-2C were not drawn to scale.

[0039] FIGs. 3A-3B. Maximum likelihood phylogenetic trees. The phylogenetic trees
of the F and HN amino acid sequences of all the avian paramyxoviruses (excluding NDV)
with a full genome sequence available are shown in FIG. 3A and FIG. 3B, respectively. The
F and HN proteins of 14 viruses that were selected for sequence synthesis are in bold.

[0040] FIGs. 4A-4C. Construction of a rescue plasmid chimeric NDV-APMV.
Synthetic inserts containing F and HN coding sequences from different APMVs and NDV
non-coding flanking regions are amplified by PCR with primers designed for the seamless
reconstitution of the NDV sequences flanking the F and HN open reading frames. The white
boxes in FIG. 4A represent NDV non-coding flanking regions and the gray boxes represent F
and HN coding sequences from different APMVs (not drawn to scale). FIG. 4B shows the
acceptor plasmid pNDV-F-HNless and FIG. 4C shows a rescue plasmid chimeric NDV-
APMYV in which the synthetic inserts were inserted between the M and L genes of the
acceptor plasmid pNDV-F-HNIless.

[0041] FIGs. SA-SH. Transcription analysis of viral replication and
proinflammatory genes by qPCR. Cancer cells were infected at a MOI of 1 or mock-
infected and subjected to RNA extraction at 8- and 16-hours post-infection. FIGS. SA-5D,
Viral replication levels measured as mRNA expression of the N protein. Bars represent the
average of three independent biological samples + SD, shown in the order of LS-L.289A,
APMV-4, and rAPMV-4. FIGS. SE-5H, Heat maps showing levels of induction of IFN-b,
ISGs (STATI, ISG15, MX, OAS-1) and proinflammatory cytokines (IL-6 and IL-1B) for
each independent biological sample (1, 2, 3) corresponding to FIGS. SA-5D. Expression
levels for each individual gene were calculated as Log10 of Fold induction over mock
infected cells. Two-way ANOVA analysis: *p <0.05; ***p <0.001; ****p <0.0001; ns: non-
significant.

[0042] FIGs. 6A-6B. FIG. 6A depicts the phylogenetic tree of the Avulavirinae
subfamily of avian paramyxoviruses. The figure has been adapted from Rima et al., 2019, J.
Gen. Virol. 100(12):1593-1594. FIG. 6B is a schematic depicting the removal of the NDV F
protein and NDV HN protein coding sequences from the NDV genomic sequence, the
insertion of F protein and HN protein coding sequenes of distant avian paramyxoviruses into

the NDV genome in which the NDV F protein and NDV HN protein coding sequences have
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been removed, and the insertion of a transgene, such as a transgene encoding green
fluorescent protein (GFP) into the NDV genome.

[0043] FIG. 7 depicts the location of APMV-2 and APMV-3 in the phylogenetic tree and
schematics of the NDV genome with a transgene encoding GFP and the NDV F protein and
NDYV HN protein coding sequences replaced with either APMV-2 F protein and HN protein
coding sequences (chimeric NDV-APMV-2-GFP), or APMV-3 F protein and HN protein
coding sequences (chimeric NDV-APMV-3-GFP). Also depicted is a schematic of the NDV
genome with a transgene encoding GFP (NDV-GFP).

[0044] FIGs. 8A-8B. FIG.8A shows the expression of GFP by chicken embryo
fibroblasts (CEF) cells infected with chimeric NDV-APMV2-GFP and chimeric NDV-
APMV3-GFPs. FIG. 8B shows the results of a hemagglutination inhibition (HI) assay using
rabbit sera raised against the wild-type (WT) NDV viruses. HI activity of the rabbit serum
was significantly reduced against both chimeric NDV-APMV-2-GFP and chimeric NDV-
APMYV-3-GFP as compared to that against the NDV-GFP.

S. DETAILED DESCRIPTION

S.1 RECOMBINANT NEWCASTLE DISEASE VIRUS

[0045] In one aspect, provided herein is a recombinant NDV a packaged genome,
wherein the packaged genome comprises a nucleic acid sequence described in Section 5.1.1.
In a specific embodiment, provided herein is a recombinant NDV comprising a nucleic acid
sequence described in Section 5.1.1.

[0046] In another aspect, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which the nucleotide sequence encoding the NDV HN protein has
been replaced with a nucleotide sequence encoding the HN protein of an avian
paramyxovirus (APMV) other than NDV or a variant of the non-NDV-APMYV HN protein, or
the nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide
sequence encoding the F protein of an APMYV other than NDV or a variant of the non-NDV-
APMV F protein. In certain instances herein, the term “non-NDV APMV” is used to refer to
an APMYV other than NDV. In one embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which (1) the nucleotide sequence encoding
the NDV HN protein has been replaced with a nucleotide sequence encoding a non-NDV

APMYV HN protein or a variant thereof, wherein NDV intergenic regions are before and after
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the non-NDV APMYV HN protein coding sequence or variant HN protein coding sequence; or
(2) the nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide
sequence encoding a non-NDV APMYV F protein or a variant thereof, wherein NDV
intergenic regions are before and after the non-NDV AMPYV F protein coding sequence or
variant F protein coding sequence. In specific embodiments, the NDV intergenic regions
before and after the non-NDV APMYV HN protein coding sequence are NDV HN intergenic
regions. In specific embodiments, the NDV intergenic regions before and after the non-NDV
APMYV F protein coding sequence are NDV F intergenic regions. In another embodiment,
provided herein is a recombinant NDV comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in
which (1) the transcription unit encoding the NDV HN protein has been replaced with a
transcription unit comprising a nucleotide sequence encoding a non-NDV APMYV HN protein
or a variant thereof;, or (2) the transcription unit encoding the NDV F protein has been
replaced with a transcription unit comprising a nucleotide sequence encoding a non-NDV
APMV F protein or a variant thereof. In specific embodiments, the non-NDV APMV F
protein or variant thereof has one or more, or all of the functions of NDV F protein required
for NDV to replicate in vitro, in vivo or both. In specific embodiments, the non-NDV APMV
HN protein or variant thereof has one or more, or all of the functions of NDV HN protein
required for NDV to replicate in vitro, in vivo or both. The NDV genome typically comprises
the N gene, P gene, L gene, M gene, HN gene, and F gene.

[0047] In another embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which (1) the nucleotide sequence encoding the NDV HN
protein has been replaced with a nucleotide sequence encoding a non-NDV APMV HN
protein, wherein NDV intergenic regions are before and after the non-NDV APMV HN
protein coding sequence; or (2) the nucleotide sequence encoding the NDV F protein has
been replaced with a nucleotide sequence encoding a non-NDV APMYV F protein, wherein
NDYV intergenic regions are before and after the non-NDV APMV F protein coding sequence.
In specific embodiments, the NDV intergenic regions before and after the non-NDV APMV
HN protein coding sequence are NDV HN intergenic regions. In specific embodiments, the
NDYV intergenic regions before and after the non-NDV APMYV F protein coding sequence are
NDV F intergenic regions. In another embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide

sequence of a Newcastle disease virus genome in which (1) the transcription unit encoding
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the NDV HN protein has been replaced with a transcription unit comprising a nucleotide
sequence encoding a non-NDV APMV HN protein; or (2) the transcription unit encoding the
NDV F protein has been replaced with a transcription unit comprising a nucleotide sequence
encoding a non-NDV APMV F protein. In specific embodiments, the non-NDV APMV F
protein has one or more, or all of the functions of NDV F protein required for NDV to
replicate in vitro, in vivo or both. In specific embodiments, the non-NDV APMYV HN protein
has one or more, or all of the functions of NDV HN protein required for NDV to replicate in
vitro, in vivo or both.

[0048] In another embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which (1) the nucleotide sequence encoding the NDV HN
protein has been replaced with a nucleotide sequence encoding a variant of a non-NDV
APMYV HN protein, wherein NDV intergenic regions are before and after the variant HN
protein coding sequence; or (2) the nucleotide sequence encoding the NDV F protein has
been replaced with a nucleotide sequence encoding a variant of a non-NDV APMYV F protein,
wherein NDV intergenic regions are before and after the variant F protein coding sequence.
In specific embodiments, the NDV intergenic regions before and after the variant of the non-
NDV APMYV HN protein coding sequence are NDV HN intergenic regions. In specific
embodiments, the NDV intergenic regions before and after the variant of the non-NDV
APMYV F protein coding sequence are NDV F intergenic regions. In another embodiment,
provided herein is a recombinant NDV comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in
which (1) the transcription unit encoding the NDV HN protein has been replaced with a
transcription unit comprising a nucleotide sequence encoding a variant of a non-NDV APMV
HN protein; or (2) the transcription unit encoding the NDV F protein has been replaced with
a transcription unit comprising a nucleotide sequence encoding a variant of a non-NDV
APMV F protein. In specific embodiments, the variant of the non-NDV F protein has one or
more, or all of the functions of NDV F protein required for NDV to replicate in vitro, in vivo
or both. In specific embodiments, the variant of the non-NDV HN protein has one or more,
or all of the functions of NDV HN protein required for NDV to replicate in vitro, in vivo or
both.

[0049] In another aspect, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle

disease virus genome in which the nucleotide sequence encoding the NDV HN protein has
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been replaced with a nucleotide sequence encoding the HN protein of an avian
paramyxovirus (APMYV) other than NDV or a variant of the non-NDV-APMYV HN protein,
and the nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide
sequence encoding the F protein of an APMYV other than NDV or a variant of the non-NDV-
APMYV F protein. In one embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which (1) the nucleotide sequence encoding the NDV HN
protein has been replaced with a nucleotide sequence encoding a non-NDV APMV HN
protein or a variant thereof;, and (2) the nucleotide sequence encoding the NDV F protein has
been replaced with a nucleotide sequence encoding a non-NDV APMYV F protein or a variant
thereof, wherein NDV intergenic regions are before, in between and after the non-NDV
APMYV HN and F protein coding sequences or variant HN and F protein coding sequences.

In specific embodiments, the NDV intergenic regions before and after the nucleotide
sequence encoding the non-NDV APMYV HN protein or a variant thereof are NDV HN
intergenic regions. In specific embodiments, the NDV intergenic regions before and after the
nucleotide sequence encoding the non-NDV APMYV F protein or a variant thereof are NDV F
intergenic regions. In another embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which (1) the transcription unit encoding
the NDV HN protein has been replaced with a transcription unit comprising a nucleotide
sequence encoding a non-NDV APMYV HN protein or a variant thereof, and (2) the
transcription unit encoding the NDV F protein has been replaced with a transcription unit
comprising a nucleotide sequence encoding a non-NDV APMV F protein or a variant thereof.
In specific embodiments, the non-NDV F protein or variant thereof has one or more, or all of
the functions of NDV F protein required for NDV to replicate in vitro, in vivo or both. In
specific embodiments, the non-NDV HN protein or variant thereof has one or more, or all of
the functions of NDV HN protein required for NDV to replicate in vitro, in vivo or both.
[0050] In another embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which (1) the nucleotide sequence encoding the NDV HN
protein has been replaced with a nucleotide sequence encoding a non-NDV APMV HN
protein; and (2) the nucleotide sequence encoding the NDV F protein has been replaced with
a nucleotide sequence encoding a non-NDV APMYV F protein, wherein NDV intergenic

regions are before, in between and after the non-NDV APMYV HN and F protein coding
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sequences. In specific embodiments, the NDV intergenic regions before and after the
nucleotide sequence encoding the non-NDV APMYV HN protein are NDV HN intergenic
regions. In specific embodiments, the NDV intergenic regions before and after the nucleotide
sequence encoding the non-NDV APMV F protein are NDV F intergenic regions. In another
embodiment, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which (1) the transcription unit encoding the NDV HN protein has been replaced
with a transcription unit comprising a nucleotide sequence encoding a non-NDV APMV HN
protein; and (2) the transcription unit encoding the NDV F protein has been replaced with a
transcription unit comprising a nucleotide sequence encoding a non-NDV APMYV F protein.
In specific embodiments, the non-NDV APMV HN and F proteins are found in nature in the
same strain of APMV. For example, the non-NDV APMYV HN and F proteins may both be
found in nature in the same APMV-15 strain. In other embodiments, the non-NDV APMV
HN and F proteins are found in nature in the different strains of APMV. In specific
embodiments, the non-NDV F protein has one or more, or all of the functions of NDV F
protein required for NDV to replicate in vitro, in vivo or both. In specific embodiments, the
non-NDV HN protein has one or more, or all of the functions of NDV HN protein required
for NDV to replicate in vitro, in vivo or both.

[0051] In another embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which (1) the nucleotide sequence encoding the NDV HN
protein has been replaced with a nucleotide sequence encoding a variant of a non-NDV
APMYV HN protein; and (2) the nucleotide sequence encoding the NDV F protein has been
replaced with a nucleotide sequence encoding a variant of a non-NDV APMYV F protein,
wherein NDV intergenic regions are before, in between and after the variant HN and F
protein coding sequences. In specific embodiments, the NDV intergenic regions before and
after the nucleotide sequence encoding the variant of the non-NDV APMYV HN protein are
NDYV HN intergenic regions. In specific embodiments, the NDV intergenic regions before
and after the nucleotide sequence encoding the variant of the non-NDV APMYV F protein are
NDV F intergenic regions. In another embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which (1) the transcription unit encoding
the NDV HN protein has been replaced with a transcription unit comprising a nucleotide

sequence encoding a variant of a non-NDV APMV HN protein; and (2) the transcription unit
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encoding the NDV F protein has been replaced with a transcription unit comprising a
nucleotide sequence encoding a variant of a non-NDV APMV F protein. In specific
embodiments, the variant HN and F proteins are derived from the same strain of APMV. For
example, the variant HN and F proteins may both be derived from the same APMV-15 strain.
In other embodiments, the variant HN and F proteins are derived from different strains of
APMV. In specific embodiments, the variant of the non-NDV F protein has one or more, or
all of the functions of NDV F protein required for NDV to replicate in vifro, in vivo or both.
In specific embodiments, the variant of the non-NDV HN protein has one or more, or all of
the functions of NDV HN protein required for NDV to replicate in vitro, in vivo or both.
[0052] In another aspect, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which the nucleotide sequence encoding the NDV HN protein has
been replaced with a nucleotide sequence encoding a chimeric HN protein, or the nucleotide
sequence encoding the NDV F protein has been replaced with a nucleotide sequence
encoding a chimeric F protein. See, e.g., Park et al., 2006, PNAS May 23, 2006 103 (21)
8203-8208, International Patent Application No. WO 2007/064802, and U.S. Patent No.
9,387,242 B2 regarding methods for producing chimeric F or chimeric HN proteins. In one
embodiment, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which (1) the nucleotide sequence encoding the NDV HN protein has been
replaced with a nucleotide sequence encoding a chimeric HN protein, wherein NDV
intergenic regions are before and after the chimeric HN protein coding sequence; or (2) the
nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide
sequence encoding a chimeric F protein, wherein NDV intergenic regions are before and after
the chimeric F protein coding sequence. In specific embodiments, the NDV intergenic
regions before and after the nucleotide sequence encoding the chimeric HN protein are NDV
HN intergenic regions. In specific embodiments, the NDV intergenic regions before and
after the nucleotide sequence encoding the chimeric F protein are NDV F intergenic regions.
In another embodiment, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which (1) the transcription unit encoding the NDV HN protein has
been replaced with a transcription unit comprising a nucleotide sequence encoding a chimeric
HN protein; or (2) the transcription unit encoding the NDV F protein has been replaced with

a transcription unit comprising a nucleotide sequence encoding a chimeric F protein. In
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specific embodiments, the chimeric HN protein comprises a non-NDV APMYV HN protein
ectodomain and NDV HN protein transmembrane and cytoplasmic domains. In other words,
the NDV HN protein transmembrane and cytoplasmic domains replace the non-NDV APMV
HN protein transmembrane and cytoplasmic domains so that the chimeric HN protein does
not include the non-NDV APMV HN protein transmembrane and cytoplasmic domains. The
ectodomain, transmembrane and cytoplasmic domains of the non-NDV APMYV HN protein
and NDV HN protein may be determined using techniques known to one of skill in the art.
For example, published information, GenBank or websites such as VIPR virus pathogen

website (www viprhre orgl, DTU Bioinformatics domain website

(www.cbs.dtu.dk/services/ TMHMMY/) or programs available to determine the transmembrane
domain may be used to determine the ectodomain, transmembrane and cytoplasmic domains
of the non-NDV HN protein and NDV HN protein. In specific embodiments, the chimeric
HN protein comprises an ectodomain of a variant of a non-NDV APMV HN protein and
NDYV HN protein transmembrane and cytoplasmic domains. In specific embodiments, the
chimeric HN protein has one or more, or all of the functions of NDV HN required for NDV
to replicate in vitro, in vivo or both. In specific embodiments, the chimeric F protein
comprises a non-NDV APMYV F protein ectodomain and NDV F protein transmembrane and
cytoplasmic domains. In other words, the NDV F protein transmembrane and cytoplasmic
domains replace the non-NDV APMYV F protein transmembrane and cytoplasmic domains so
that the chimeric F protein does not include the non-NDV APMYV F protein transmembrane
and cytoplasmic domains. The ectodomain, transmembrane and cytoplasmic domains of the
non-NDV APMYV F protein and NDV F protein may be determined using techniques known
to one of skill in the art. For example, published information, GenBank or websites such as

VIPR virus pathogen website (www vipihire. org}, DTU Bioinformatics domain website

(www.cbs.dtu.dk/services/ TMHMMY/) or programs available to determine the transmembrane
domain may be used to determine the ectodomain, transmembrane and cytoplasmic domains
of the non-NDYV F protein and NDV F protein. In specific embodiments, the chimeric F
protein comprises an ectodomain of a variant of a non-NDV APMYV F protein and NDV F
protein transmembrane and cytoplasmic domains. In specific embodiments, the chimeric F
protein has one or more, or all of the functions of NDV F protein required for NDV to
replicate in vitro, in vivo or both.

[0053] In another aspect, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle

disease virus genome in which the nucleotide sequence encoding the NDV HN protein has
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been replaced with a nucleotide sequence encoding a chimeric HN protein, and the nucleotide
sequence encoding the NDV F protein has been replaced with a nucleotide sequence
encoding a chimeric F protein. In one embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which (1) the nucleotide sequence encoding
the NDV HN protein has been replaced with a nucleotide sequence encoding a chimeric HN
protein, wherein NDV intergenic regions are before and after the chimeric HN protein coding
sequence; and (2) the nucleotide sequence encoding the NDV F protein has been replaced
with a nucleotide sequence encoding a chimeric F protein, wherein NDV intergenic regions
are before and after the chimeric F protein coding sequence. In specific embodiments, the
NDYV intergenic regions before and after the nucleotide sequence encoding the chimeric HN
protein are NDV HN intergenic regions. In specific embodiments, the NDV intergenic
regions before and after the nucleotide sequence encoding the chimeric F protein are NDV F
intergenic regions. In another embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which (1) the transcription unit encoding
the NDV HN protein has been replaced with a transcription unit comprising a nucleotide
sequence encoding a chimeric HN protein; and (2) the transcription unit encoding the NDV F
protein has been replaced with a transcription unit comprising a nucleotide sequence
encoding a chimeric F protein. In specific embodiments, the chimeric HN protein comprises
anon-NDV APMYV HN protein ectodomain and NDV HN protein transmembrane and
cytoplasmic domains. In other words, the NDV HN protein transmembrane and cytoplasmic
domains replace the non-NDV APMV HN protein transmembrane and cytoplasmic domains
so that the chimeric HN protein does not include the non-NDV APMV HN protein
transmembrane and cytoplasmic domains. The ectodomain, transmembrane and cytoplasmic
domains of the non-NDV APMYV HN protein and NDV HN protein may be determined using
techniques known to one of skill in the art or described herein. In specific embodiments, the
chimeric HN protein comprises an ectodomain of a variant of a non-NDV APMYV HN protein
and NDV HN protein transmembrane and cytoplasmic domains. In specific embodiments,
the chimeric HN protein has one or more, or all of the functions of NDV HN required for
NDYV to replicate in vitro, in vivo or both. In specific embodiments, the chimeric F protein
comprises a non-NDV APMYV F protein ectodomain and NDV F protein transmembrane and
cytoplasmic domains. In other words, the NDV F protein transmembrane and cytoplasmic

domains replace the non-NDV APMYV F protein transmembrane and cytoplasmic domains so
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that the chimeric F protein does not include the non-NDV APMYV F protein transmembrane
and cytoplasmic domains. The ectodomain, transmembrane and cytoplasmic domains of the
non-NDV APMYV F protein and NDV F protein may be determined using techniques known
to one of skill in the art or described herein. In specific embodiments, the chimeric F protein
comprises an ectodomain of a variant of a non-NDV APMYV F protein and NDV F protein
transmembrane and cytoplasmic domains. In specific embodiments, the chimeric F protein
has one or more, or all of the functions of NDV F protein required for NDV to replicate in
vitro, in vivo or both. In specific embodiments, the ectodomains of the non-NDV APMV HN
and F proteins are found in nature in the same strain of APMV. For example, the
ectodomains of the non-NDV APMV HN and F proteins may both be found in nature in the
same APMYV-15 strain. In other embodiments, the ectodomains of the non-NDV APMV HN
and F proteins are found in nature in the different strains of APMV.

[0054] In another aspect, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises: (1) a transcription unit encoding a NDV
nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a
transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit encoding a
NDYV fusion (F) protein, (5) a transcription unit encoding a non-NDV APMYV hemagglutinin-
neuraminidase (HN) or a variant thereof, and (6) a transcription unit encoding a NDV large
polymerase (L). In another aspect, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises: (1) a transcription unit encoding
a NDV nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein
(P), (3) a transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit
encoding a non-NDV APMYV fusion (F) protein or a variant thereof, (5) a transcription unit
encoding a NDV hemagglutinin-neuraminidase (HN), and (6) a transcription unit encoding a
NDYV large polymerase (L). In specific embodiments, the non-NDV F protein or variant
thereof has one or more, or all of the functions of NDV F protein required for NDV to
replicate in vitro, in vivo or both. In specific embodiments, the non-NDV HN protein or
variant thereof has one or more, or all of the functions of NDV HN protein required for NDV
to replicate in vitro, in vivo or both.

[0055] In another aspect, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises: (1) a transcription unit encoding a NDV
nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a
transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit encoding a

non-NDV APMYV fusion (F) protein or a variant thereof, (5) a transcription unit encoding a
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non-NDV APMYV hemagglutinin-neuraminidase (HN) or a variant thereof, and (6) a
transcription unit encoding a NDV large polymerase (L). In specific embodiments, the non-
NDV F protein or variant thereof has one or more, or all of the functions of NDV F protein
required for NDV to replicate in vitro, in vivo or both. In specific embodiments, the non-
NDYV HN protein or variant thereof has one or more, or all of the functions of NDV HN
protein required for NDV to replicate in vitro, in vivo or both.

[0056] In one embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises: (1) a transcription unit encoding
a NDV nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein
(P), (3) a transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit
encoding a non-NDV APMYV fusion (F) protein, (5) a transcription unit encoding a non-NDV
APMYV hemagglutinin-neuraminidase (HN), and (6) a transcription unit encoding a NDV
large polymerase (L). In specific embodiments, the non-NDV APMV HN and F proteins are
found in nature in the same strain of APMV. For example, the non-NDV APMYV HN and F
proteins may both be found in nature in the same APMV-15 strain. In other embodiments,
the non-NDV APMYV HN and F proteins are found in nature in the different strains of
APMYV. In specific embodiments, the non-NDV F protein has one or more, or all of the
functions of NDV F protein required for NDV to replicate in vifro, in vivo or both. In
specific embodiments, the non-NDV HN protein has one or more, or all of the functions of
NDYV HN protein required for NDV to replicate in vitro, in vivo or both.

[0057] In another embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises: (1) a transcription unit encoding
a NDV nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein
(P), (3) a transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit
encoding a variant of a non-NDV APMYV fusion (F) protein, (5) a transcription unit encoding
a variant of a non-NDV APMV hemagglutinin-neuraminidase (HN), and (6) a transcription
unit encoding a NDV large polymerase (L). In specific embodiments, the variants of the non-
NDV APMYV HN and F proteins are derived from the same strain of APMV. For example,
the variants of the non-NDV APMYV HN and F proteins may both be derived from the same
APMV-15 strain. In other embodiments, the variants of the non-NDV APMYV HN and F
proteins are derived from the different strains of APMV. In specific embodiments, the
variant of the non-NDV F protein has one or more, or all of the functions of NDV F protein

required for NDV to replicate in vitro, in vivo or both. In specific embodiments, the variant
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of the non-NDV HN protein has one or more, or all of the functions of NDV HN protein
required for NDV to replicate in vitro, in vivo or both.

[0058] In another aspect, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises: (1) a transcription unit encoding a NDV
nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a
transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit encoding a
NDYV fusion (F) protein, (5) a transcription unit encoding a chimeric hemagglutinin-
neuraminidase (HN), and (6) a transcription unit encoding a NDV large polymerase (L). In
another aspect, provided herein is recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises: (1) a transcription unit encoding a NDV
nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a
transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit encoding a
chimeric fusion (F) protein, (5) a transcription unit encoding a NDV hemagglutinin-
neuraminidase (HN), and (6) a transcription unit encoding a NDV large polymerase (L). In
another aspect, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises: (1) a transcription unit encoding a NDV
nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a
transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit encoding a
chimeric fusion (F) protein, (5) a transcription unit encoding a chimeric hemagglutinin-
neuraminidase (HN), and (6) a transcription unit encoding a NDV large polymerase (L). In
specific embodiments, the chimeric HN protein comprises a non-NDV APMYV HN protein
ectodomain and NDV HN protein transmembrane and cytoplasmic domains. In other words,
the NDV HN protein transmembrane and cytoplasmic domains replace the non-NDV APMV
HN protein transmembrane and cytoplasmic domains so that the chimeric HN protein does
not include the non-NDV APMYV HN protein transmembrane and cytoplasmic domains. The
ectodomain, transmembrane and cytoplasmic domains of the non-NDV APMYV HN protein
and NDV HN protein may be determined using techniques known to one of skill in the art.
For example, published information, GenBank or websites such as VIPR virus pathogen

website (www viprbre.org), DTU Bioinformatics domain website

(www.cbs.dtu.dk/services/ TMHMMY/) or programs available to determine the transmembrane
domain may be used to determine the ectodomain, transmembrane and cytoplasmic domains
of the non-NDV HN protein and NDV HN protein. In specific embodiments, the chimeric
HN protein has one or more, or all of the functions of NDV HN required for NDV to

replicate in vitro, in vivo or both. In specific embodiments, the chimeric F protein comprises
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anon-NDV APMYV F protein ectodomain and NDV F protein transmembrane and
cytoplasmic domains. In other words, the NDV F protein transmembrane and cytoplasmic
domains replace the non-NDV APMYV F protein transmembrane and cytoplasmic domains so
that the chimeric F protein does not include the non-NDV APMYV F protein transmembrane
and cytoplasmic domains. The ectodomain, transmembrane and cytoplasmic domains of the
non-NDV APMYV F protein and NDV F protein may be determined using techniques known
to one of skill in the art. For example, published information, GenBank or websites such as

VIPR virus pathogen website (www.viprbre org}, DTU Bioinformatics domain website

(www.cbs.dtu.dk/services/ TMHMMY/) or programs available to determine the transmembrane
domain may be used to determine the ectodomain, transmembrane and cytoplasmic domains
of the non-NDYV F protein and NDV F protein. In specific embodiments, the chimeric F
protein has one or more, or all of the functions of NDV F protein required for NDV to
replicate in vitro, in vivo or both. In specific embodiments, the ectodomains of the non-NDV
APMYV HN and F proteins are found in nature in the same strain of APMV. For example, the
ectodomains of the non-NDV APMV HN and F proteins may both be found in nature in the
same APMYV-15 strain. In other embodiments, the ectodomains of the non-NDV APMV HN
and F proteins are found in nature in the different strains of APMV.

[0059] In specific embodiments, the non-NDV APMYV is immunologically distinct from
NDV. In certain embodiments, a non-NDV APMV is immunologically distinct from NDV if
the non-NDV APMYV and NDV do not induce antibodies that substantially inhibit replication
of the other as assessed by a virus neutralization assay, such as described in Chumbe et al .,
2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al.,
2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein.
In a specific embodiment, a non-NDV APMYV is considered immunologically distinct from
NDYV if the non-NDV APMYV and NDV induce antibodies that inhibit the replication of each
other in a virus neutralization assay, such as described, e.g., in Chumbe et al., 2017, Virology
Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020,
EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein, by less
than about 0.5 logs, less than about 1 log, less than about 1.5 logs, or less than about 2 logs.
In a specific embodiment, a non-NDV APMYV is considered immunologically distinct from
NDV if NDV antiserum HI activity is significantly reduced against the non-NDV APMYV in
an HI assay, such as described below (e.g., in Example 3). In a specific embodiment, a non-
NDV APMV is considered immunologically distinct from NDV if NDV antiserum HI
activity is reduced by at least 2 fold, 3 fold, 4 fold, 5 fold, 10 fold, or more against the non-
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NDV APMV in an HI assay, such as described below (e.g., in Example 3), relative the NDV
antiserum HI activity against NDV. In certain embodiments, the non-NDV APMYV is
AMPV-2, AMPV-3, AMPV-4, AMPV-5, AMPV-6, AMPV-7, AMPV-8, AMPV-9, AMPV-
10, AMPV-11, AMPV-12, AMPV-13, AMPV-14, AMPV-15, AMPV-16, AMPV-17,
AMPV-18, AMPV-19, AMPV-20, or AMPV-21. In some embodiments, the non-NDV
APMYV is an APMV-2, such as, e.g., Chicken/California/Yucaipa/56 (Accession No.
EU338414). In certain embodiments, the non-NDV APMYV is APMV-3, such as, e.g.,
APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In some embodiments, the non-
NDV APMV is APMV-4, such as, e.g., APMV4/duck/Hongkong/D3/75 (Accession No.
FJ177514), APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),
APMV4/Uriah_aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
the non-NDV APMYV is an APMV-5, such as, e.g., APMV-5 budgerigar/Kunitachi/74
(Accession No. GU206351) or APMV5/budgerigar/Japan/T1/75 (Accession No. LC168750).
In some embodiments, the non-NDV APMYV is APMV-6, such as, e.g., APMV-6
Goose/FarEast/4440/2003 (Accession No. EF569970) or
APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain embodiments,
the non-NDV APMYV is APMV-7, such as, e.g., APMV-7 dove/Tennessee/4/75 (Accession
No. FJ231524). In some embodiments, the non-NDV APMYV is APMV-8, such as, e.g.,
APMV-8 goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments, the
non-NDV APMYV is APMV-9, such as, e.g., APMV9/duck/New York/22/78 (Accession No.
EU910942). In some embodiments, the non-NDV APMV is APMV-10, such as, e.g.,
APMV-10 penguin/Falkland Islands/324/2007 (Accession No. HM 147142 or NC_025349).
In certain embodiments, the non-NDV APMYV is APMV-11, such as, e.g., APMV-11
common_snipe/France/100212/2010 (Accession No. JQ886184). In some embodiments, the
non-NDV APMYV is APMV-12, such as, e.g., APMV12/Wigeon/Italy/3920 1/05 (Accession
No. KC333050). In some embodiments, the non-NDV APMYV is APMV-14, such as, e.g.,
APMV-14 duck/Japan/110G0352/2011 (Accession No. KX258200). In certain
embodiments, the non-NDV APMYV is APMV-15, such as, e.g., APMV-15
calidris_fuscicollis/Brazil/RS-1177/2012 (Accession No. KX932454). In some
embodiments, the non-NDV APMYV is APMV-17, such as, e.g., APMV17/Antarctica/107/13
(Accession No. MK167211). In some embodiments, the non-NDV APMYV is APMV-20,
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such as, e.g., APMV-20 Gull/Kazakhstan/2014 (Accession No. MF033136). In certain
embodiments, the non-NDV APMYV is APMV-21, such as, e.g.,
APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[0060] In a specific embodiment, the non-NDV APMYV is
APMV4/duck/Hongkong/D3/75 (Accession No. FJ177514). In another specific embodiment,
the non-NDV APMYV is APMV 17/Antarctica/107/13 (Accession No. MK167211). In another
specific embodiment, the non-NDV APMYV is APMV9/duck/New York/22/78 (Accession
No. EU910942). In another specific embodiment, the non-NDV is APMV7/
dove/Tennessee/4/75 (Accession No. FJ231524). In another specific embodiment, the non-
NDV APMV is APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743). In
another specific embodiment, the non-NDV APMYV is APMV6/duck/HongKong/18/199/77
(Accession No. EU622637). In another specific embodiment, the non-NDV APMYV is
APMV11/common_snipe/France/100212/10 (Accession No. JQ886184). In another specific
embodiment, the non-NDV APMYV is APMV15/calidris_fuscicollis/Brazil/RS-1177/12
(Accession No. NC_034968). In another specific embodiment, the non-NDV APMYV is
APMV8/Goose/Delaware/1053/76 (Accession No. FJ215863). In another specific
embodiment, the non-NDV APMYV is APMV2/Chicken/California/Yucaipa/56 (Accession
No. EU338414). In another specific embodiment, the non-NDV APMYV is
APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In another specific embodiment,
the non-NDV APMYV is APMV12/Wigeon/Italy/3920 1/05 (Accession No. KC333050). In
another specific embodiment, the non-NDV APMYV is APMV5/budgerigar/Japan/T1/75
(Accession No. LC168750). In another specific embodiment, the non-NDV APMYV is
APMV10/penguin/Falkland Islands/324/07 (Accession No. NC_025349).

[0061] In some embodiments, the non-NDV APMYV is a member of the subfamily
Avulavirinae from a different genus than NDV. In some embodiments, the non-NDV APMV
is from a member of the subfamily Avulavirinae, but is not NDV. In some embodiments, the
non-NDV APMYV is a member of the subfamily Avulavirinae and the genus Metaavulavirus.
In some embodiments, the non-NDV APMYV is a member of the subfamily Avulavirinae and
the genus paraavulavirus. In some embodiments, the non-NDV APMYV is a member of the
subfamily Avulavirinae and the genus orthoavulavirus but is not NDV.

[0062] In certain embodiments, a non-NDV APMV F protein is immunologically distinct
from an NDV F protein. In certain embodiments, a variant of a non-NDV APMV F protein is
immunologically distinct from an NDV F protein. In certain embodiments, a non-NDV

APMV F protein or a variant thereof is immunologically distinct from an NDV F protein if
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antibodies directed to the NDV F protein do not cross-react with the non-NDV APMV F
protein or variant thereof. In some embodiments, a non-NDV APMYV F protein or a variant
thereof is immunologically distinct from an NDV F protein if antibodies directed to the NDV
F protein bind to the non-NDV APMYV F protein or variant thereof with a 2-fold, 5-fold, 10-
fold, 15-fold, 20-fold or lower affinity than to NDV F protein in an assay known to one of
skill in the art or described herein. In certain embodiments, a non-NDV APMV F protein or
a variant thereof is immunologically distinct from an NDV F protein if antibodies directed to
the NDV F protein bind to the non-NDV APMYV F protein or variant thereof with a 0.5 log, 1
log, 1.5 log, 2 log, 2.5 log, 3 log or lower affinity than to NDV F protein in an assay known
to one of skill in the art or described herein. In certain embodiments, a non-NDV APMV F
protein or a variant thereof i1s immunologically distinct from an NDV F protein if anti-NDV F
antibodies do not substantially inhibit replication of NDV expressing the non-NDV APMV F
protein or a variant thereof as assessed by a virus neutralization assay, such as described in
Chumbe et al, 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis.
143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771,
or described herein. In a specific embodiment, a non-NDV APMYV F protein or a variant
thereof is immunologically distinct from an NDV F protein if anti-NDV F antibodies inhibit
replication of NDV expressing the non-NDV APMYV F protein or variant thereof in a virus
neutralization assay, such as described, e.g., in Chumbe et al., 2017, Virology Journal 14: 232
and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62:
103132, or Sun et al., 2020, Vaccines 8: 771, or described herein, by less than about 0.5 logs,
less than about 1 log, less than about 1.5 logs, or less than about 2 logs. In some
embodiments, the non-NDV APMYV F protein is an F protein from a different genus than
NDV. In some embodiments, the non-NDV APMV F protein is an F protein from a member
of the subfamily Avulavirinae from a different genus than NDV. In some embodiments, the
non-NDV APMYV F protein is an F protein from a member of the subfamily Avulavirinae, but
is not NDV. In some embodiments, the non-NDV APMYV F protein is an F protein from a
member of the subfamily Avulavirinae and the genus metaavulavirus. In some embodiments,
the non-NDV APMYV F protein is an F protein from a member of the subfamily Avulavirinae
and the genus paraavulavirus. In some embodiments, the non-NDV APMYV F protein is an F
protein from a member of the subfamily Avulavirinae and the genus orthoavulavirus but is
not NDV.

[0063] In certain embodiments, a chimeric F protein is immunologically distinct from an

NDV F protein. In certain embodiments, a chimeric F protein is immunologically distinct
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from an NDV F protein if antibodies directed to the NDV F protein do not cross-react with
the chimeric F protein. In some embodiments, a chimeric F protein is immunologically
distinct from an NDV F protein if antibodies directed to the NDV F protein bind to the
chimeric F protein with a 2-fold, 5-fold, 10-fold, 15-fold, 20-fold or lower affinity than to
NDV F protein in an assay known to one of skill in the art or described herein. In certain
embodiments, a chimeric F protein is immunologically distinct from an NDV F protein if
antibodies directed to the NDV F protein bind to the chimeric F protein with a 0.5 log, 1 log,
1.5 log, 2 log, 2.5 log, 3 log or lower affinity than to NDV F protein in an assay known to one
of skill in the art or described herein. In certain embodiments, a chimeric F protein is
immunologically distinct from an NDV F protein if anti-NDV F antibodies do not
substantially inhibit replication of NDV expressing the non-NDV APMYV F protein or a
variant thereof as assessed by a virus neutralization assay, such as described in Chumbe et al.,
2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al.,
2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein.
In a specific embodiment, a chimeric F protein is immunologically distinct from an NDV F
protein if anti-NDV F antibodies inhibit replication of NDV expressing the chimeric F
protein in a virus neutralization assay, such as described, e.g., in Chumbe et al ., 2017,
Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020,
EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein, by less
than about 0.5 logs, less than about 1 log, less than about 1.5 logs, or less than about 2 logs.
[0064] In specific embodiments, a non-NDV APMYV F protein does not contain a
multibasic cleavage site. In certain embodiments, a non-NDV APMYV F protein is modified
by, e.g., one or more amino acid substitutions so that the non-NDV APMYV F protein no
longer contains a multi-basic cleavage. In some embodiments, the original sequence of the
cleavage site of the non-NDVAPMYV F protein is modified by, e.g., one or more amino acid
substitutions. For example, a leucine at the amino acid position of the non-NDV APMV F
protein corresponding to amino acid position 289 of NDV F protein (as counted by the
LaSota strain F protein) may be substituted for alanine to eliminate a multi-basic cleavage
site.

[0065] In specific embodiments, a variant of a non-NDV APMYV F protein does not
contain a multibasic cleavage site. In certain embodiments, a variant of a non-NDV APMV F
protein includes one or more amino acid substitutions so that the non-NDV APMV F protein
no longer contains a multi-basic cleavage. In some embodiments, the original sequence of

the cleavage site of the variant of the non-NDVAPMYV F protein is modified by, e.g., one or
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more amino acid substitutions. For example, a variant of a non-NDV APMYV F protein
includes an amino acid substitution of alanine for leucine at the amino acid position of the
non-NDV APMYV F protein corresponding to amino acid position 289 of NDV F protein (as
counted by the LaSota strain F protein).

[0066] In specific embodiments, a chimeric F protein does not contain a multibasic
cleavage site. In certain embodiments, a chimeric F protein includes an amino acid
substitution so that the ectodomain of the non-NDV APMV F protein no longer contains a
multi-basic cleavage. In some embodiments, the original sequence of the cleavage site of the
ectodomain of the non-NDVAPMYV F protein is modified by, e.g., one or more amino acid
substitutions. For example, a chimeric protein includes an amino acid substitution of alanine
for leucine at the amino acid position of the ectodomain of the non-NDV APMYV F protein
corresponding to amino acid position 289 of NDV F protein (as counted by the LaSota strain
F protein).

[0067] In specific embodiments, a variant of a non-NDV APMYV F protein retains one or
more functions of the non-NDV APMYV F protein.

[0068] In certain embodiments, a variant of a non-NDV APMYV F protein is at least 75%,
at least 80%, or at least 85% identical to the non-NDV AMPYV F protein. In some
embodiments, a variant of a non-NDV APMYV F protein is at least 90%, at least 95%, or at
least 99% identical to the non-NDV APMYV F protein. In certain embodiments, a variant of a
non-NDV APMYV F protein is 75% to 90%, 80% to 95% or 90% to 99.5% identical to the
non-NDV AMPYV F protein.

[0069] In certain embodiment, a variant of a non-NDV APMYV F protein contains 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or 2t0 5, 2 to 10, 5 to 10, 5
to 15, 5t0 20, 10 to 15, or 15 to 20 amino acid mutations (i.e., additions, deletions,
substitutions or any combination thereof) relative to a non-NDV APMYV F protein. In some
embodiments, a variant of a non-NDV APMYV F protein comprises the amino acid sequence
of the non-NDV APMV F protein with 20, 15, 10,9, 8,7, 6, 5, 4, 3, 2 or 1 amino acid
residues of the non-NDV APMYV F protein substituted (e.g., conservatively substituted) with
other amino acids. In certain embodiments, a variant of a non-NDV APMYV F protein
comprises the amino acid sequence of the non-NDV APMV F protein with up to about 20,
15,10,9,8,7,6,5,4, 3,2 or 1 conservatively substituted amino acids. Examples of
conservative amino acid substitutions include, e.g., replacement of an amino acid of one class
with another amino acid of the same class. In a particular embodiment, a conservative

substitution does not alter the structure or function, or both, of a polypeptide. Classes of
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amino acids may include hydrophobic (Met, Ala, Val, Leu, Ile), neutral hydrophylic (Cys,
Ser, Thr), acidic (Asp, Glu), basic (Asn, Gln, His, Lys, Arg), conformation disruptors (Gly,
Pro) and aromatic (Trp, Tyr, Phe).

[0070] In some embodiments, a variant of a non-NDV APMYV F protein is a polypeptide
encoded by nucleic acid sequence that can hybridize under high, moderate or typical
stringency hybridization conditions to a nucleic acid sequence encoding the non-NDV
APMV F protein. Hybridization conditions are known to one of skill in the art (see, e.g., U.S.
Patent Application No. 2005/0048549 at, e.g., paragraphs 72 and 73).

[0071] In a specific embodiment, a non-NDV APMYV F protein is any non-NDV AMPV
F protein that is immunologically distinct from an NDV F protein. In some embodiments, a
non-NDV APMYV F protein is the F protein of an APMYV shown in FIG. 3A. In some
embodiments, a non-NDV APMYV F protein is the F protein of a member of a genus shown in
FIG. 3A or FIG. 6A. In certain embodiments, a non-NDV APMYV F protein is the F protein
of AMPV-2, AMPV-3, AMPV-4, AMPV-5, AMPV-6, AMPV-7, AMPV-8, AMPV-9,
AMPV-10, AMPV-11, AMPV-12, AMPV-13, AMPV-14, AMPV-15, AMPV-16, AMPV-17,
AMPV-18, AMPV-19, AMPV-20, or AMPV-21. In some embodiments, a non-NDV APMV
F protein is the F protein of APMV-2, such as, e.g., Chicken/California/Yucaipa/56
(Accession No. EU338414). In certain embodiments, a non-NDV APMYV F protein is the F
protein of APMV-2 Yucaipa. In other embodiments, a non-NDV APMYV F protein is not the
F protein of APMV-2 Yucaipa. In certain embodiments, a non-NDV APMV F protein is the
F protein of APMV-3, such as, e.g., APMV3/Turkey/Wisconsin/68 (Accession No.
EU782025). In some embodiments, a non-NDV APMYV F protein is the F protein of APMV-
4, such as, e.g., aAPMV4/duck/Hongkong/D3/75 (Accession No. FJ177514),
APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),

APMV4/Uriah aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
anon-NDV APMYV F protein is the F protein of APMV-5, such as, e.g., APMV-5
budgerigar/Kunitachi/74 (Accession No. GU206351) or APMVS5/budgerigar/Japan/T1/75
(Accession No. LC168750). In some embodiments, a non-NDV APMV F protein is the F
protein of APMV-6, such as, e.g., APMV-6 Goose/FarEast/4440/2003 (Accession No.
EF569970) or APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain
embodiments, a non-NDV APMYV F protein is the F protein of APMV-7, such as, e.g.,
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APMV-7 dove/Tennessee/4/75 (Accession No. FJ231524). In some embodiments, a non-
NDV APMV F protein is the F protein of APMV-8, such as, e.g., APMV-8
goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments, a non-NDV
APMYV F protein is the F protein of APMV-9, such as, e.g., APMV9/duck/New York/22/78
(Accession No. EU910942). In some embodiments, a non-NDV APMYV F protein is the F
protein of APMV-10, such as, e.g., APMV-10 penguin/Falkland Islands/324/2007 (Accession
No. HM147142 or NC _025349). In certain embodiments, a non-NDV APMYV F protein is
the F protein of APMV-11, such as, e.g., APMV-11 common_snipe/France/100212/2010
(Accession No. JQ886184). In some embodiments, a non-NDV APMYV F protein is the F
protein of APMV-12, such as, e.g., APMV12/Wigeon/Italy/3920 1/05 (Accession No.
KC333050). In some embodiments, a non-NDV APMYV F protein is the F protein of APMV-
14, such as, e.g., APMV-14 duck/Japan/110G0352/2011 (Accession No. KX258200). In
certain embodiments, a non-NDV APMYV F protein is the F protein of APMV-15, such as,
e.g., APMV-15 calidris_fuscicollis/Brazil/RS-1177/2012 (Accession No. KX932454). In
some embodiments, a non-NDV APMYV F protein is the F protein of APMV-17, such as, e.g.,
APMV17/Antarctica/107/13 (Accession No. MK167211). In some embodiments, a non-
NDV APMV F protein is the F protein of APMV-20, such as, e.g., APMV-20
Gull/Kazakhstan/2014 (Accession No. MF033136). In certain embodiments, a non-NDV
APMV F protein is the F protein of APMV-21, such as, e.g.,
APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[0072] In certain embodiments, a variant of a non-NDV APMYV F protein is a variant of
the F protein of AMPV-2, AMPV-3, AMPV-4, AMPV-5, AMPV-6, AMPV-7, AMPV.-8,
AMPV-9, AMPV-10, AMPV-11, AMPV-12, AMPV-13, AMPV-14, AMPV-15, AMPV-16,
AMPV-17, AMPV-18, AMPV-19, AMPV-20, or AMPV-21. In some embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-2, such as, e.g.,
Chicken/California/Yucaipa/56 (Accession No. EU338414). In certain embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-3, such as, e.g.,
APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In some embodiments, a variant
of a non-NDV APMYV F protein is a variant of the F protein of APMV-4, such as, e.g.,
APMV4/duck/Hongkong/D3/75 (Accession No. FJ177514),
APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),
APMV4/Uriah_aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
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APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
a variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-5, such as,
e.g., APMV-5 budgerigar/Kunitachi/74 (Accession No. GU206351) or
APMYVS5/budgerigar/Japan/Tl/75 (Accession No. LC168750). In some embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-6, such as, e.g.,
APMV-6 Goose/FarEast/4440/2003 (Accession No. EF569970) or
APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-7, such as, e.g.,
APMV-7 dove/Tennessee/4/75 (Accession No. FJ231524). In some embodiments, a variant
of a non-NDV APMYV F protein is a variant of the F protein of APMV-8, such as, e.g.,
APMYV-8 goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-9, such as, e.g.,
APMV9/duck/New York/22/78 (Accession No. EU910942). In some embodiments, a variant
of a non-NDV APMYV F protein is a variant of the F protein of APMV-10, such as, e.g.,
APMV-10 penguin/Falkland Islands/324/2007 (Accession No. HM 147142 or NC_025349).
In certain embodiments, a variant of a non-NDV APMV F protein is a variant of the F protein
of APMV-11, such as, e.g., APMV-11 common_snipe/France/100212/2010 (Accession No.
JQ886184). In some embodiments, a variant of a non-NDV APMYV F protein is a variant of
the F protein of APMV-12, such as, e.g., APMV12/Wigeon/Italy/3920 1/05 (Accession No.
KC333050). In some embodiments, a variant of a non-NDV APMYV F protein is a variant of
the F protein of APMV-14, such as, e.g., APMV-14 duck/Japan/110G0352/2011 (Accession
No. KX258200). In certain embodiments, a variant of a non-NDV APMYV F protein is a
variant of the F protein of APMV-15, such as, e.g., APMV-15 calidris_fuscicollis/Brazil/RS-
1177/2012 (Accession No. KX932454). In some embodiments, a variant of a non-NDV
APMYV F protein is a variant of the F protein of APMV-17, such as, e.g.,
APMV17/Antarctica/107/13 (Accession No. MK167211). In some embodiments, a variant
of a non-NDV APMYV F protein is a variant of the F protein of APMV-20, such as, e.g.,
APMV-20 Gull/Kazakhstan/2014 (Accession No. MF033136). In certain embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-21, such as,
e.g., APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[0073] In some embodiments, a non-NDV APMYV F protein has less than 65% identity to
an NDV F protein. In some embodiments, a non-NDV APMV F protein has less than 60%
identity to an NDV F protein. In some embodiments, a non-NDV APMYV F protein has less
than 50% identity to an NDV F protein. In some embodiments, a non-NDV APMYV F protein

35



WO 2022/232052 PCT/US2022/026185

has less than 55% identity to an NDV F protein. In some embodiments, a non-NDV APMV
F protein has less than 50% identity to an NDV F protein. In some embodiments, a non-
NDV APMV F protein has less than 45% identity to an NDV F protein. In some
embodiments, a non-NDV APMYV F protein has less than 40% identity to an NDV F protein.
In some embodiments, a non-NDV APMYV F protein has less than 35% identity to an NDV F
protein. In some embodiments, a non-NDV APMV F protein has at least 20% or at least 25%
identity to an NDV F protein but less than 65%, less than 60%, less than 55%, less than 50%,
or less than 45% identity. In some embodiments, the NDV F protein is the NDV LaSota F
protein.

[0074] In certain embodiments, a non-NDV APMYV HN protein is immunologically
distinct from an NDV HN protein. In some embodiments, a variant of a non-NDV APMV
HN protein is immunologically distinct from an NDV HN protein. In certain embodiments, a
non-NDV APMYV HN protein or a variant thereof is immunologically distinct from an NDV
HN protein if antibodies directed to the NDV HN protein do not cross-react with the non-
NDV APMYV HN protein or variant thereof. In some embodiments, a non-NDV APMV HN
protein or a variant thereof is immunologically distinct from an NDV HN protein if
antibodies directed to the NDV HN protein bind to the variant with a 2-fold, 5-fold, 10-fold,
15-fold, 20-fold or lower affinity than to the non-NDV APMYV HN protein or variant thereof
in an assay known to one of skill in the art or described herein. In certain embodiments, a
non-NDV APMYV HN protein or a variant thereof is immunologically distinct from an NDV
HN protein if antibodies directed to the NDV HN protein bind to the non-NDV APMYV HN
protein or variant thereof with a 0.5 log, 1 log, 1.5 log, 2 log, 2.5 log, 3 log or lower affinity
than to NDV HN protein in an assay known to one of skill in the art or described herein. In
certain embodiments, a non-NDV APMV HN protein or a variant thereof is immunologically
distinct from an NDV HN protein if anti-NDV HN antibodies do not substantially inhibit
replication of NDV expressing the non-NDV APMYV HN protein or variant thereof as
assessed by a virus neutralization assay, such as described in Chumbe et al., 2017, Virology
Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020,
EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein. In a
specific embodiment, a non-NDV APMYV HN protein or a variant thereof is immunologically
distinct from an NDV HN protein if anti-NDV HN antibodies inhibit replication of NDV
expressing the non-NDV APMYV HN protein or variant thereof in a virus neutralization assay,
such as described, e.g., in Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al .,
1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al.,
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2020, Vaccines 8: 771, or described herein, by less than about 0.5 logs, less than about 1 log,
less than about 1.5 logs, or less than about 2 logs. In some embodiments, the non-NDV
APMYV HN protein is an HN protein from a member of the subfamily Avulavirinae from a
different genus than NDV. In some embodiments, the non-NDV APMYV HN protein is an
HN protein from a member of the subfamily Avulavirinae, but is not NDV. In some
embodiments, the non-NDV APMYV HN protein is an HN protein from a member of the
subfamily Avulavirinae and the genus Metaavulavirus. In some embodiments, the non-NDV
APMYV HN protein is an HN protein from a member of the subfamily Avulavirinae and the
genus paraavulavirus. In some embodiments, the non-NDV APMYV HN protein is an HN
protein from a member of the subfamily Avulavirinae and the genus orthoavulavirus but is
not NDV.

[0075] In certain embodiments, a chimeric HN protein is immunologically distinct from
an NDV HN protein. In certain embodiments, a chimeric HN protein is immunologically
distinct from an NDV HN protein if antibodies directed to the NDV HN protein do not cross-
react with the chimeric HN protein. In some embodiments, a chimeric HN protein 1is
immunologically distinct from an NDV HN protein if antibodies directed to the NDV HN
protein bind to the chimeric HN protein with a 2-fold, 5-fold, 10-fold, 15-fold, 20-fold or
lower affinity than to NDV HN protein in an assay known to one of skill in the art or
described herein. In certain embodiments, a chimeric HN protein is immunologically distinct
from an NDV HN protein if antibodies directed to the NDV HN protein bind to the chimeric
HN protein with a 0.5 log, 1 log, 1.5 log, 2 log, 2.5 log, 3 log or lower affinity than to NDV
HN protein in an assay known to one of skill in the art or described herein. In certain
embodiments, a chimeric HN protein is immunologically distinct from an NDV HN protein if
anti-NDV HN antibodies do not substantially inhibit replication of NDV expressing the non-
NDV APMV F protein or a variant thereof as assessed by a virus neutralization assay, such as
described in Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian
Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8:
771, or described herein. In a specific embodiment, a chimeric HN protein is
immunologically distinct from an NDV HN protein if anti-NDV HN antibodies inhibit
replication of NDV expressing the chimeric HN protein in a virus neutralization assay, such
as described, e.g., in Chumbe et al ., 2017, Virology Journal 14: 232 and Reynolds et al .,
1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al.,
2020, Vaccines 8: 771, or described herein, by less than about 0.5 logs, less than about 1 log,

less than about 1.5 logs, or less than about 2 logs.
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[0076] In specific embodiments, a variant of a non-NDV APMYV HN protein retains one
or more functions of the non-NDV APMYV HN protein.

[0077] In certain embodiments, a variant of a non-NDV APMYV HN protein is at least
75%, at least 80%, or at least 85% identical to the non-NDV AMPYV HN protein. In some
embodiments, a variant of a non-NDV HN protein is at least 90%, at least 95%, or at least
99% identical to the non-NDV APMYV HN protein. In certain embodiments, a variant of a
non-NDV APMYV HN protein is 75% to 90%, 80% to 95% or 90% to 99.5% identical to the
non-NDV AMPYV HN protein.

[0078] In certain embodiment, a variant of a non-NDV APMYV HN protein contains 1, 2,
3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or 2 to 5, 2 to 10, 5 to 10,
5to 15, 5t0 20, 10 to 15, or 15 to 20 amino acid mutations (i.e., additions, deletions,
substitutions or any combination thereof) relative to a non-NDV APMYV HN protein. In some
embodiments, a variant of a non-NDV APMYV HN protein comprises the amino acid
sequence of the non-NDV APMV HN protein with 20, 15, 10,9, 8,7, 6, 5, 4, 3, 2 or 1 amino
acid residues of the non-NDV APMYV HN protein substituted (e.g., conservatively
substituted) with other amino acids. In certain embodiments, a variant of a non-NDV APMV
HN protein comprises the amino acid sequence of the non-NDV APMV HN protein with up
to about 20, 15, 10, 9, 8, 7, 6, 5, 4, 3, 2 or 1 conservatively substituted amino acids.
Examples of conservative amino acid substitutions include, e.g., replacement of an amino
acid of one class with another amino acid of the same class. In a particular embodiment, a
conservative substitution does not alter the structure or function, or both, of a polypeptide.
Classes of amino acids may include hydrophobic (Met, Ala, Val, Leu, Ile), neutral
hydrophylic (Cys, Ser, Thr), acidic (Asp, Glu), basic (Asn, Gln, His, Lys, Arg), conformation
disruptors (Gly, Pro) and aromatic (Trp, Tyr, Phe).

[0079] In some embodiments, a variant of a non-NDV APMYV HN protein is a
polypeptide encoded by nucleic acid sequence that can hybridize under high, moderate or
typical stringency hybridization conditions to a nucleic acid sequence encoding the non-NDV
APMYV HN protein. Hybridization conditions are known to one of skill in the art (see, e.g.,
U.S. Patent Application No. 2005/0048549 at, e.g., paragraphs 72 and 73).

[0080] In a specific embodiment, a non-NDV APMYV HN protein is any non-NDV
AMPYV HN protein that is immunologically distinct from an NDV HN protein. In some
embodiments, a non-NDV APMV HN protein is the HN protein of an APMV shown in FIG.
3B. In some embodiments, a non-NDV APMYV HN protein is the HN protein of a member of
a genus shown in FIG. 3B or FIG. 6A. In certain embodiments, a non-NDV APMV HN
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protein is the HN protein of AMPV-2, AMPV-3, AMPV-4, AMPV-5, AMPV-6, AMPV-7,
AMPV-8, AMPV-9, AMPV-10, AMPV-11, AMPV-12, AMPV-13, AMPV-14, AMPV-15,
AMPV-16, AMPV-17, AMPV-18, AMPV-19, AMPV-20, or AMPV-21. In some
embodiments, a non-NDV APMYV HN protein is the HN protein of APMV-2, such as, e.g.,
Chicken/California/Yucaipa/56 (Accession No. EU338414). In certain embodiments, a non-
NDV APMYV HN protein is the HN protein of APMV-2 Yucaipa. In other embodiments, a
non-NDV APMYV HN protein is not the HN protein of APMV-2 Yucaipa. In certain
embodiments, a non-NDV APMYV HN protein is the HN protein of APMV-3, such as, e.g.,
APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In some embodiments, a non-
NDV APMYV HN protein is the HN protein of APMV-4, such as, e.g.,
aAPMV4/duck/Hongkong/D3/75 (Accession No. FJ177514),
APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),

APMV4/Uriah aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
anon-NDV APMYV HN protein is the HN protein of APMV-5, such as, e.g., APMV-5
budgerigar/Kunitachi/74 (Accession No. GU206351) or APMVS5/budgerigar/Japan/T1l/75
(Accession No. LC168750). In some embodiments, a non-NDV APMYV HN protein is the
HN protein of APMV-6, such as, e.g., APMV-6 Goose/FarEast/4440/2003 (Accession No.
EF569970) or APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain
embodiments, a non-NDV APMYV HN protein is the HN protein of APMV-7, such as, e.g.,
APMV-7 dove/Tennessee/4/75 (Accession No. FJ231524). In some embodiments, a non-
NDV APMYV HN protein is the HN protein of APMV-8, such as, e.g., APMV-8
goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments, a non-NDV
APMYV HN protein is the HN protein of APMV-9, such as, e.g., APMV9/duck/New
York/22/78 (Accession No. EU910942). In some embodiments, a non-NDV APMV HN
protein is the HN protein of APMV-10, such as, e.g., APMV-10 penguin/Falkland
Islands/324/2007 (Accession No. HM 147142 or NC 025349). In certain embodiments, a
non-NDV APMYV HN protein is the HN protein of APMV-11, such as, e.g., APMV-11
common_snipe/France/100212/2010 (Accession No. JQ886184). In some embodiments, a
non-NDV APMYV HN protein is the HN protein of APMV-12, such as, e.g.,
APMV12/Wigeon/Italy/3920 1/05 (Accession No. KC333050). In some embodiments, a
non-NDV APMYV HN protein is the HN protein of APMV-14, such as, e.g., APMV-14
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duck/Japan/110G0352/2011 (Accession No. KX258200). In certain embodiments, a non-
NDV APMYV HN protein is the HN protein of APMV-15, such as, e.g., APMV-15
calidris_fuscicollis/Brazil/RS-1177/2012 (Accession No. KX932454). In some
embodiments, a non-NDV APMYV HN protein is the HN protein of APMV-17, such as, e.g.,
APMV17/Antarctica/107/13 (Accession No. MK167211). In some embodiments, a non-
NDV APMYV HN protein is the HN protein of APMV-20, such as, e.g., APMV-20
Gull/Kazakhstan/2014 (Accession No. MF033136). In certain embodiments, a non-NDV
APMYV HN protein is the HN protein of APMV-21, such as, e.g.,
APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[0081] In certain embodiments, a variant of a non-NDV APMYV HN protein is a variant of
the HN protein of AMPV-2, AMPV-3, AMPV-4, AMPV-5, AMPV-6, AMPV-7, AMPV-8,
AMPV-9, AMPV-10, AMPV-11, AMPV-12, AMPV-13, AMPV-14, AMPV-15, AMPV-16,
AMPV-17, AMPV-18, AMPV-19, AMPV-20, or AMPV-21. In some embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-2, such as,
e.g., Chicken/California/Yucaipa/56 (Accession No. EU338414). In certain embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-3, such as,
e.g., APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In some embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-4, such as,
e.g., APMV4/duck/Hongkong/D3/75 (Accession No. FJ177514),
APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),

APMV4/Uriah aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
a variant of a non-NDV APMV HN protein is a variant of the HN protein of APMV-5, such
as, e.g., APMV-5 budgerigar/Kunitachi/74 (Accession No. GU206351) or
APMYVS5/budgerigar/Japan/Tl/75 (Accession No. LC168750). In some embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-6, such as,
e.g., APMV-6 Goose/FarEast/4440/2003 (Accession No. EF569970) or
APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-7, such as,
e.g., APMV-7 dove/Tennessee/4/75 (Accession No. FJ231524). In some embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-8, such as,
e.g., APMV-8 goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments,
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a variant of a non-NDV APMV HN protein is a variant of the HN protein of APMV-9, such
as, e.g., APMV9/duck/New York/22/78 (Accession No. EU910942). In some embodiments,
a variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-10, such
as, e.g., APMV-10 penguin/Falkland Islands/324/2007 (Accession No. HM 147142 or

NC 025349). In certain embodiments, a variant of a non-NDV APMYV HN protein is a
variant of the HN protein of APMV-11, such as, e.g., APMV-11
common_snipe/France/100212/2010 (Accession No. JQ886184). In some embodiments, a
variant of a non-NDV APMV HN protein is a variant of the HN protein of APMV-12, such
as, e.g., APMV12/Wigeon/Italy/3920 1/05 (Accession No. KC333050). In some
embodiments, a variant of a non-NDV APMYV HN protein is a variant of the HN protein of
APMYV-14, such as, e.g., APMV-14 duck/Japan/110G0352/2011 (Accession No.
KX258200). In certain embodiments, a variant of a non-NDV APMYV HN protein is a variant
of the HN protein of APMV-15, such as, e.g., APMV-15 calidris_fuscicollis/Brazil/RS-
1177/2012 (Accession No. KX932454). In some embodiments, a variant of a non-NDV
APMYV HN protein is a variant of the HN protein of APMV-17, such as, e.g.,
APMV17/Antarctica/107/13 (Accession No. MK167211). In some embodiments, a variant
of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-20, such as, e.g.,
APMV-20 Gull/Kazakhstan/2014 (Accession No. MF033136). In certain embodiments, a
variant of a non-NDV APMV HN protein is a variant of the HN protein of APMV-21, such
as, e.g., APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[0082] In some embodiments, a non-NDV APMYV HN protein has less than 65% identity
to an NDV HN protein. In some embodiments, a non-NDV APMYV HN protein has less than
60% identity to an NDV HN protein. In some embodiments, a non-NDV APMYV HN protein
has less than 50% identity to an NDV HN protein. In some embodiments, a non-NDV
APMYV HN protein has less than 55% identity to an NDV HN protein. In some embodiments
anon-NDV APMYV HN protein has less than 50% identity to an NDV HN protein. In some
embodiments, a non-NDV APMYV HN protein has less than 45% identity to an NDV HN
protein. In some embodiments, a non-NDV APMYV HN protein has less than 40% identity to
an NDV HN protein. In some embodiments, a non-NDV APMYV HN protein has less than
35% identity to an NDV HN protein. In some embodiments, a non-NDV APMYV HN protein
has at least 20% or at least 25% identity to an NDV HN protein but less than 65%, less than

2

60%, less than 55%, less than 50%, or less than 45% identity. In some embodiments, the
NDYV HN protein is the NDV LaSota HN protein.
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[0083] In a specific embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which the coding sequences of NDV HN protein and the
NDV F protein have been replaced with an RNA sequence corresponding to the negative
sense of the coding sequence of the cDNA sequence set forth in SEQ ID NO:1. In a specific
embodiment, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which the coding sequences of NDV HN protein and the NDV F protein have
been replaced with an RNA sequence corresponding to the negative sense of the coding
sequence of the cDNA sequence set forth in SEQ ID NO:2. In a specific embodiment,
provided herein is a recombinant NDV comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in
which the coding sequences of NDV HN protein and the NDV F protein have been replaced
with an RNA sequence corresponding to the negative sense of the coding sequence of the
cDNA sequence set forth in SEQ ID NO:3. In a specific embodiment, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with an RNA sequence
corresponding to the negative sense of the coding sequence of the cDNA sequence set forth
in SEQ ID NO:4. In a specific embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which the coding sequences of NDV HN
protein and the NDV F protein have been replaced with an RNA sequence corresponding to
the negative sense of the coding sequence of the cDNA sequence set forth in SEQ ID NO:5.
In a specific embodiment, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which the coding sequences of NDV HN protein and the NDV F
protein have been replaced with an RNA sequence corresponding to the negative sense of the
coding sequence of the cDNA sequence set forth in SEQ ID NO:6. In a specific embodiment,
provided herein is a recombinant NDV comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in
which the coding sequences of NDV HN protein and the NDV F protein have been replaced
with an RNA sequence corresponding to the negative sense of the coding sequence of the

cDNA sequence set forth in SEQ ID NO:7. In a specific embodiment, provided herein is a
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recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with an RNA sequence
corresponding to the negative sense of the coding sequence of the cDNA sequence set forth
in SEQ ID NO:8. In a specific embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which the coding sequences of NDV HN
protein and the NDV F protein have been replaced with an RNA sequence corresponding to
the negative sense of the coding sequence of the cDNA sequence set forth in SEQ ID NO:9.
In a specific embodiment, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which the coding sequences of NDV HN protein and the NDV F
protein have been replaced with an RNA sequence corresponding to the negative sense of the
coding sequence of the cDNA sequence set forth in SEQ ID NO:10. In a specific
embodiment, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which the coding sequences of NDV HN protein and the NDV F protein have
been replaced with an RNA sequence corresponding to the negative sense of the coding
sequence of the cDNA sequence set forth in SEQ ID NO:11. In a specific embodiment,
provided herein is a recombinant NDV comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in
which the coding sequences of NDV HN protein and the NDV F protein have been replaced
with an RNA sequence corresponding to the negative sense of the coding sequence of the
cDNA sequence set forth in SEQ ID NO:12. In a specific embodiment, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with an RNA sequence
corresponding to the negative sense of the coding sequence of the cDNA sequence set forth
in SEQ ID NO:13. In a specific embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which the coding sequences of NDV HN
protein and the NDV F protein have been replaced with an RNA sequence corresponding to
the negative sense of the coding sequence of the cDNA sequence set forth in SEQ ID NO:14.
In specific embodiments, the NDV genome comprises the replaced NDV HN and F protein
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coding sequences as well as (1) a transcription unit encoding a NDV nucleocapsid (N)
protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a transcription unit
encoding a NDV matrix (M) protein, and (4) a transcription unit encoding a NDV large
polymerase (L).

[0084] In a specific embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which the coding sequences of NDV HN protein and the
NDV F protein have been replaced with an RNA sequence corresponding to the negative
sense of a nucleotide sequence coding sequence that is at least 75%, at least 80%, at least
85%, at least 90%, at least 95% or at least 98% identical to the coding sequence of the cDNA
sequence set forth in SEQ ID NO:1. In a specific embodiment, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with an RNA sequence
corresponding to the negative sense of a nucleotide sequence coding sequence that is at least
75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identical to the
coding sequence of the cDNA sequence set forth in SEQ ID NO:2. In a specific embodiment,
provided herein is a recombinant NDV comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in
which the coding sequences of NDV HN protein and the NDV F protein have been replaced
with an RNA sequence corresponding to the negative sense of a nucleotide sequence coding
sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least
98% identical to the coding sequence of the cDNA sequence set forth in SEQ ID NO:3. In a
specific embodiment, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which the coding sequences of NDV HN protein and the NDV F protein have
been replaced with an RNA sequence corresponding to the negative sense of a nucleotide
sequence coding sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at
least 95% or at least 98% identical to the coding sequence of the cDNA sequence set forth in
SEQ ID NO:4. In a specific embodiment, provided herein is a recombinant NDV comprising
a packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which the coding sequences of NDV HN protein and the
NDV F protein have been replaced with an RNA sequence corresponding to the negative

sense of a nucleotide sequence coding sequence that is at least 75%, at least 80%, at least
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85%, at least 90%, at least 95% or at least 98% identical to the coding sequence of the cDNA
sequence set forth in SEQ ID NO:5. In a specific embodiment, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with an RNA sequence
corresponding to the negative sense of a nucleotide sequence coding sequence that is at least
75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identical to the
coding sequence of the cDNA sequence set forth in SEQ ID NO:6. In a specific embodiment,
provided herein is a recombinant NDV comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in
which the coding sequences of NDV HN protein and the NDV F protein have been replaced
with an RNA sequence corresponding to the negative sense of a nucleotide sequence coding
sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least
98% identical to the coding sequence of the cDNA sequence set forth in SEQ ID NO:7. In a
specific embodiment, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which the coding sequences of NDV HN protein and the NDV F protein have
been replaced with an RNA sequence corresponding to the negative sense of a nucleotide
sequence coding sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at
least 95% or at least 98% identical to the coding sequence of the cDNA sequence set forth in
SEQ ID NO:8. In a specific embodiment, provided herein is a recombinant NDV comprising
a packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which the coding sequences of NDV HN protein and the
NDV F protein have been replaced with an RNA sequence corresponding to the negative
sense of a nucleotide sequence coding sequence that is at least 75%, at least 80%, at least
85%, at least 90%, at least 95% or at least 98% identical to the coding sequence of the cDNA
sequence set forth in SEQ ID NO:9. In a specific embodiment, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with an RNA sequence
corresponding to the negative sense of a nucleotide sequence coding sequence that is at least
75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identical to the
coding sequence of the cDNA sequence set forth in SEQ ID NO:10. In a specific

embodiment, provided herein is a recombinant NDV comprising a packaged genome,
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wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which the coding sequences of NDV HN protein and the NDV F protein have
been replaced with an RNA sequence corresponding to the negative sense of a nucleotide
sequence coding sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at
least 95% or at least 98% identical to the coding sequence of the cDNA sequence set forth in
SEQ ID NO:11. In a specific embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which the coding sequences of NDV HN
protein and the NDV F protein have been replaced with an RNA sequence corresponding to
the negative sense of a nucleotide sequence coding sequence that is at least 75%, at least
80%, at least 85%, at least 90%, at least 95% or at least 98% identical to the coding sequence
of the cDNA sequence set forth in SEQ ID NO:12. In a specific embodiment, provided
herein is a recombinant NDV comprising a packaged genome, wherein the packaged genome
comprises a nucleotide sequence of a Newcastle disease virus genome in which the coding
sequences of NDV HN protein and the NDV F protein have been replaced with an RNA
sequence corresponding to the negative sense of a nucleotide sequence coding sequence that
is at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identical
to the coding sequence of the cDNA sequence set forth in SEQ ID NO:13. In a specific
embodiment, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which the coding sequences of NDV HN protein and the NDV F protein have
been replaced with an RNA sequence corresponding to the negative sense of a nucleotide
sequence coding sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at
least 95% or at least 98% identical to the coding sequence of the cDNA sequence set forth in
SEQ ID NO:14. In specific embodiments, the NDV genome comprises the replaced NDV
HN and F protein coding sequences as well as (1) a transcription unit encoding a NDV
nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a
transcription unit encoding a NDV matrix (M) protein, and (4) a transcription unit encoding a
NDYV large polymerase (L).

[0085] Techniques known to one of skill in the art can be used to determine the percent
identity between two amino acid sequences or between two nucleotide sequences. Generally,
to determine the percent identity of two amino acid sequences or of two nucleic acid
sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be

introduced in the sequence of a first amino acid or nucleic acid sequence for optimal
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alignment with a second amino acid or nucleic acid sequence). The amino acid residues or
nucleotides at corresponding amino acid positions or nucleotide positions are then compared.
When a position in the first sequence is occupied by the same amino acid residue or
nucleotide as the corresponding position in the second sequence, then the molecules are
identical at that position. The percent identity between the two sequences is a function of the
number of identical positions shared by the sequences (i.e., % identity = number of identical
overlapping positions/total number of positions X 100%). In one embodiment, the two
sequences are the same length. In a certain embodiment, the percent identity is determined
over the entire length of an amino acid sequence or nucleotide sequence. In some
embodiments, the length of sequence identity comparison may be over the full-length of the
two sequences being compared (e.g., the full-length of a gene coding sequence, or a fragment
thereof). In some embodiments, a fragment of a nucleotide sequence is at least 25, at least
50, at least 75, or at least 100 nucleotides. Similarly, "percent sequence identity" may be
readily determined for amino acid sequences, over the full-length of a protein, or a fragment
thereof. In some embodiments, a fragment of a protein comprises at least 20, at least 30, at
least 40, at least S0 or more contiguous amino acids of the protein. In certain embodiments, a
fragment of a protein comprises at least 75, at least 100, at least 125, at least 150 or more
contiguous amino acids of the protein.

[0086] The determination of percent identity between two sequences (e.g., amino acid
sequences or nucleic acid sequences) can be accomplished using a mathematical algorithm.
A preferred, non-limiting example of a mathematical algorithm utilized for the comparison of
two sequences is the algorithm of Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A.
87:2264 2268, modified as in Karlin and Altschul, 1993, Proc. Natl. Acad. Sci. U.S.A.
90:5873 5877. Such an algorithm is incorporated into the NBLAST and XBLAST programs
of Altschul ef al., 1990, J. Mol. Biol. 215:403. BLAST nucleotide searches can be performed
with the NBLAST nucleotide program parameters set, e.g., for score=100, wordlength=12 to
obtain nucleotide sequences homologous to nucleic acid molecules described herein. BLAST
protein searches can be performed with the XBLAST program parameters set, e.g., to score
50, wordlength=3 to obtain amino acid sequences homologous to a protein molecule
described herein. To obtain gapped alignments for comparison purposes, Gapped BLAST
can be utilized as described in Altschul ez al., 1997, Nucleic Acids Res. 25:3389 3402.
Alternatively, PSI BLAST can be used to perform an iterated search which detects distant
relationships between molecules (/d.). When utilizing BLAST, Gapped BLAST, and PSI
Blast programs, the default parameters of the respective programs (e.g., of XBLAST and
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NBLAST) can be used (see, e.g., National Center for Biotechnology Information (NCBI) on
the worldwide web, ncbi.nlm.nih.gov). Another preferred, non-limiting example of a
mathematical algorithm utilized for the comparison of sequences is the algorithm of Myers
and Miller, 1988, CABIOS 4:11 17. Such an algorithm is incorporated in the ALIGN
program (version 2.0) which is part of the GCG sequence alignment software package. When
utilizing the ALIGN program for comparing amino acid sequences, a PAM120 weight
residue table, a gap length penalty of 12, and a gap penalty of 4 can be used.

[0087] The percent identity between two sequences can be determined using techniques
similar to those described above, with or without allowing gaps. In calculating percent
identity, typically only exact matches are counted.

[0088] In another specific embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which the nucleotide sequences encoding
the NDV HN protein and the NDV F protein have been replaced with an RNA sequence
corresponding to the negative sense of the cDNA sequence set forth in SEQ ID NO:1. In
another specific embodiment, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which the nucleotide sequences encoding the NDV HN protein and
the NDV F protein have been replaced with an RNA sequence corresponding to the negative
sense of the cDNA sequence set forth in SEQ ID NO:2. In another specific embodiment,
provided herein is a recombinant NDV comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in
which the nucleotide sequences encoding the NDV HN protein and the NDV F protein have
been replaced with an RNA sequence corresponding to the negative sense of the cDNA
sequence set forth in SEQ ID NO:3. In another specific embodiment, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a nucleotide sequence of a Newcastle disease virus genome in which the nucleotide
sequences encoding the NDV HN protein and the NDV F protein have been replaced with an
RNA sequence corresponding to the negative sense of the cDNA sequence set forth in SEQ
ID NO:4. In another specific embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which the nucleotide sequences encoding
the NDV HN protein and the NDV F protein have been replaced with an RNA sequence
corresponding to the negative sense of the cDNA sequence set forth in SEQ ID NO:5. In
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another specific embodiment, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which the nucleotide sequences encoding the NDV HN protein and
the NDV F protein have been replaced with an RNA sequence corresponding to the negative
sense of the cDNA sequence set forth in SEQ ID NO:6. In another specific embodiment,
provided herein is a recombinant NDV comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in
which the nucleotide sequences encoding the NDV HN protein and the NDV F protein have
been replaced with a nucleotide sequence comprising the nucleotide sequence an RNA
sequence corresponding to the negative sense of the cDNA sequence set forth in SEQ ID
NO:7. In another specific embodiment, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises a nucleotide sequence of a
Newcastle disease virus genome in which the nucleotide sequences encoding the NDV HN
protein and the NDV F protein have been replaced with an RNA sequence corresponding to
the negative sense of the cDNA sequence set forth in SEQ ID NO:8. In another specific
embodiment, provided herein is a recombinant NDV comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which the nucleotide sequences encoding the NDV HN protein and the NDV F
protein have been replaced with an RNA sequence corresponding to the negative sense of the
cDNA sequence set forth in SEQ ID NO:9. In another specific embodiment, provided herein
is a recombinant NDV comprising a packaged genome, wherein the packaged genome
comprises a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with an RNA sequence corresponding to the negative sense of the cDNA sequence
set forth in SEQ ID NO:10. In another specific embodiment, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a nucleotide sequence of a Newcastle disease virus genome in which the nucleotide
sequences encoding the NDV HN protein and the NDV F protein have been replaced with an
RNA sequence corresponding to the negative sense of the cDNA sequence set forth in SEQ
ID NO:11. In another specific embodiment, provided herein is a recombinant NDV
comprising a packaged genome, wherein the packaged genome comprises a nucleotide
sequence of a Newcastle disease virus genome in which the nucleotide sequences encoding
the NDV HN protein and the NDV F protein have been replaced with an RNA sequence
corresponding to the negative sense of the cDNA sequence set forth in SEQ ID NO:12. In
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another specific embodiment, provided herein is a recombinant NDV comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which the nucleotide sequences encoding the NDV HN protein and
the NDV F protein have been replaced with an RNA sequence corresponding to the negative
sense of the cDNA sequence set forth in SEQ ID NO:13. In another specific embodiment,
provided herein a recombinant NDV comprising a packaged genome, wherein the packaged
genome comprises a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with an RNA sequence corresponding to the negative sense of the cDNA sequence
set forth in SEQ ID NO:14. In specific embodiments, the NDV genome comprises the
replaced NDV HN and F protein coding sequences as well as (1) a transcription unit
encoding a NDV nucleocapsid (N) protein, (2) a transcription unit encoding a NDV
phosphoprotein (P), (3) a transcription unit encoding a NDV matrix (M) protein, and (4) a
transcription unit encoding a NDV large polymerase (L).

[0089] One skilled in the art will understand that the NDV genomic RNA sequence is an
RNA sequence corresponding to the negative sense of a cDNA sequence encoding the NDV
genome. Thus, any program that converts a nucleotide sequence to its reverse complement
sequence may be utilized to convert a cDNA sequence encoding an NDV genome into the
genomic RNA sequence (see, e.g., www.bioinformatics.org/sms/rev_comp.html,

www.fr33 net/seqedit.php, and DNAStar). Accordingly, the nucleotide sequences provided
in Table 1 and Table 3, infra, may be readily converted to the negative-sense RNA sequence
of the NDV genome by one of skill in the art.

[0090] In some embodiments, the nucleotide sequence of a NDV genome is of an NDV
of any strain known to one of skill in the art. See, e.g., Section 5.1.2 for exemplary strains.
In a specific embodiments, the nucleotide sequence of a NDV genome is of the LaSota strain.
In some embodiments, the nucleotide sequence of a NDV genome comprises an RNA
sequence corresponding to the cDNA sequence set forth in SEQ ID NO:15. In certain
embodiments, the nucleotide sequence of a NDV genome is of a lentogenic strain. In some
embodiments, the nucleotide sequence of a NDV genome is of a mesogenic strain. In certain
embodiments, the nucleotide sequence of a NDV genome is of a velogenic. The nucleotide
sequence of a NDV genome may be a cDNA sequence or an RNA sequence (e.g., negative
sense RNA or positive sense RNA).

[0091] In some embodiments, provided herein is a recombinant NDV comprising a

packaged genome, wherein the packaged genome comprises a negative sense RNA sequence
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corresponding to the cDNA sequence of SEQ ID NO:44. In some embodiments, provided
herein is a recombinant NDV comprising a packaged genome, wherein the packaged genome
comprises a negative sense RNA sequence corresponding to the cDNA sequence of SEQ ID
NO:44 without the GFP coding sequence. In some embodiments, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a negative sense RNA sequence corresponding to a nucleotide sequence that is at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical
to the cDNA sequence of SEQ ID NO:44. In some embodiments, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a negative sense RNA sequence corresponding to a nucleotide sequence that is at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical
to the cDNA sequence of SEQ ID NO:44 without the GFP coding sequence.

[0092] In some embodiments, provided herein is a recombinant NDV comprising a
packaged genome, wherein the packaged genome comprises a negative sense RNA sequence
corresponding to the cDNA sequence of SEQ ID NO:45. In some embodiments, provided
herein is a recombinant NDV comprising a packaged genome, wherein the packaged genome
comprises a negative sense RNA sequence corresponding to the cDNA sequence of SEQ ID
NO:45 without the GFP coding sequence. In some embodiments, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a negative sense RNA sequence corresponding to a nucleotide sequence that is at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical
to the cDNA sequence of SEQ ID NO:45. In some embodiments, provided herein is a
recombinant NDV comprising a packaged genome, wherein the packaged genome comprises
a negative sense RNA sequence corresponding to a nucleotide sequence that is at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical
to the cDNA sequence of SEQ ID NO:45 without the GFP coding sequence.

[0093] In some embodiments, a nucleotide sequence described herein is codon optimized.
See Section 5.1.4 for a description of codon optimization information and techniques.

[0094] In a specific embodiment, a recombinant NDV is one described in Section 6.
[0095] In certain embodiments, a packaged genome described herein does not comprise a
heterologous sequence encoding a heterologous protein other than the non-NDV APMYV HN
protein or variant thereof. In certain embodiments, a packaged genome described herein does
not comprise a heterologous sequence encoding a heterologous protein other than the non-

NDV APMV F protein or variant thereof. In certain embodiments, a packaged genome
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described herein does not comprise a heterologous sequence encoding a heterologous protein
other than the non-NDV APMYV HN protein or variant thereof and non-NDV APMV F
protein or variant thereof.

[0096] In certain embodiments, a packaged genome described herein further comprises a
transgene comprising a nucleotide sequence encoding a heterologous sequence. In certain
embodiments, a packaged genome described herein further comprises a transgene comprising
a nucleotide sequence encoding an antigen. In some embodiments, a packaged genome
described herein further comprises two or more transgenes, wherein each transgene
comprises a nucleotide sequence encoding an antigen. See Section 5.1.3 for a description of
transgenes that may be incorporated into a packaged genome described herein. In some
embodiments, the antigen is a chimeric protein, such as described in Section 5.1.3, infra. In
specific embodiments, a virion of a recombinant NDV described herein comprises an antigen
encoded by a transgene described herein.

[0097] In some embodiments, a virion of a recombinant NDV described herein comprises
anon-NDV APMV F protein or a variant thereof. In certain embodiments, a virion of a
recombinant NDV described herein comprises a non-NDV APMYV HN protein or a variant
thereof. In specific embodiments, a virion of a recombinant NDV described herein comprises
anon-NDV APMV F protein or a variant thereof and a non-NDV APMV HN protein or a
variant thereof. In some embodiments, a virion of a recombinant NDV described herein
comprises a chimeric F protein described herein. In certain embodiments, a virion of a
recombinant NDV described herein comprises a chimeric HN protein described herein. In
specific embodiments, a virion of a recombinant NDV described herein comprises a chimeric
F protein described herein and a chimeric HN protein described herein.

[0098] In some embodiments, the presence of a non-NDV APMYV F protein or variant
thereof (e.g., APMV-4 F protein) and/or a non-NDV APMYV HN protein (e.g., APMV-4 HN
protein) in the virion of a recombinant NDV confers a functional benefit, such as increased
interferon (Type 1 interferon) induction in cells infected with the virus relative to NDV
without the non-NDV APMYV F protein or variant thereof and/or non-NDV APMV HN
protein (e.g., an NDV strain described in Section 6, infra). In some embodiments, the
presence of an APMV-4 F protein and APMV-4 HN protein in the virion of a recombinant
NDYV confers a functional benefit, such as increased interferon (Type 1 interferon) induction
in cells infected with the virus relative to NDV without the APMV-4 F protein and/or
APMV-4 HN protein (e.g., an NDV strain described in Section 6, infra). In certain
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embodiments, interferon induction is assessed in vifro in an assay, such as described herein
(e.g., in Section 6, infra) or known to one of skill in the art.

3.1.1 Recombinant Nucleic Acid Sequence

[0099] In one aspect, provided herein is a nucleic acid sequence comprising a nucleotide
sequence of a Newcastle disease virus genome in which the nucleotide sequence encoding the
NDYV HN protein has been replaced with a nucleotide sequence encoding the HN protein of
an avian paramyxovirus (APMV) other than NDV or a variant of the non-NDV-APMV HN
protein, or the nucleotide sequence encoding the NDV F protein has been replaced with a
nucleotide sequence encoding the F protein of an APMYV other than NDV or a variant of the
non-NDV-APMYV F protein. In certain instances herein, the term “non-NDV APMV” is used
to refer to an APMYV other than NDV. In one embodiment, provided herein is a nucleic acid
sequence comprising a nucleotide sequence of a Newcastle disease virus genome in which (1)
the nucleotide sequence encoding the NDV HN protein has been replaced with a nucleotide
sequence encoding a non-NDV APMYV HN protein or a variant thereof, wherein NDV
intergenic regions are before and after the non-NDV APMYV HN protein coding sequence or
variant HN protein coding sequence; or (2) the nucleotide sequence encoding the NDV F
protein has been replaced with a nucleotide sequence encoding a non-NDV APMV F protein
or a variant thereof, wherein NDV intergenic regions are before and after the non-NDV
APMYV F protein coding sequence or variant F protein coding sequence. In specific
embodiments, the NDV intergenic regions before and after the non-NDV APMYV HN protein
coding sequence or variant non-NDV APMYV HN protein coding sequence are NDV HN
intergenic regions. In specific embodiments, the NDV intergenic regions before and after the
non-NDV APMYV F protein coding sequence or variant non-NDV APMYV F protein coding
sequence are NDV F intergenic regions. In another embodiment, provided herein is a nucleic
acid sequence comprising a nucleotide sequence of a Newcastle disease virus genome in
which (1) the transcription unit encoding the NDV HN protein has been replaced with a
transcription unit comprising a nucleotide sequence encoding a non-NDV APMYV HN protein
or a variant thereof; or (2) the transcription unit encoding the NDV F protein has been
replaced with a transcription unit comprising a nucleotide sequence encoding a non-NDV
APMV F protein or a variant thereof. In specific embodiments, the non-NDV APMV F
protein or variant thereof has one or more, or all of the functions of NDV F protein required
for NDV to replicate in vitro, in vivo or both. In specific embodiments, the non-NDV APMV

HN protein or variant thereof has one or more, or all of the functions of NDV HN protein

53



WO 2022/232052 PCT/US2022/026185

required for NDV to replicate in vitro, in vivo or both. The NDV genome typically comprises
the N gene, P gene, L gene, M gene, HN gene, and F gene.

[00100] In another embodiment, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which (1) the nucleotide
sequence encoding the NDV HN protein has been replaced with a nucleotide sequence
encoding a non-NDV APMYV HN protein, wherein NDV intergenic regions are before and
after the non-NDV APMYV HN protein coding sequence; or (2) the nucleotide sequence
encoding the NDV F protein has been replaced with a nucleotide sequence encoding a non-
NDV APMV F protein, wherein NDV intergenic regions are before and after the non-NDV
APMYV F protein coding sequence. In specific embodiments, the NDV intergenic regions
before and after the non-NDV APMYV HN protein coding sequence are NDV HN intergenic
regions. In specific embodiments, the NDV intergenic regions before and after the non-NDV
APMYV F protein coding sequence are NDV F intergenic regions. In another embodiment,
provided herein is a nucleic acid sequence comprising a nucleotide sequence of a Newcastle
disease virus genome in which (1) the transcription unit encoding the NDV HN protein has
been replaced with a transcription unit comprising a nucleotide sequence encoding a non-
NDV APMYV HN protein; or (2) the transcription unit encoding the NDV F protein has been
replaced with a transcription unit comprising a nucleotide sequence encoding a non-NDV
APMV F protein. In specific embodiments, the non-NDV APMYV F protein has one or more,
or all of the functions of NDV F protein required for NDV to replicate in vitro, in vivo or
both. In specific embodiments, the non-NDV APMV HN protein has one or more, or all of
the functions of NDV HN protein required for NDV to replicate in vitro, in vivo or both.
[00101] In another embodiment, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which (1) the nucleotide
sequence encoding the NDV HN protein has been replaced with a nucleotide sequence
encoding a variant of a non-NDV APMV HN protein, wherein NDV intergenic regions are
before and after the variant HN protein coding sequence; or (2) the nucleotide sequence
encoding the NDV F protein has been replaced with a nucleotide sequence encoding a variant
of a non-NDV APMYV F protein, wherein NDV intergenic regions are before and after the
variant F protein coding sequence. In specific embodiments, the NDV intergenic regions
before and after the variant of the non-NDV APMYV HN protein coding sequence are NDV
HN intergenic regions. In specific embodiments, the NDV intergenic regions before and
after the variant of the non-NDV APMYV F protein coding sequence are NDV F intergenic

regions. In another embodiment, provided herein is a nucleic acid sequence comprising a
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nucleotide sequence of a Newcastle disease virus genome in which (1) the transcription unit
encoding the NDV HN protein has been replaced with a transcription unit comprising a
nucleotide sequence encoding a variant of a non-NDV APMV HN protein; or (2) the
transcription unit encoding the NDV F protein has been replaced with a transcription unit
comprising a nucleotide sequence encoding a variant of a non-NDV APMYV F protein. In
specific embodiments, the variant of the non-NDV APMV F protein has one or more, or all
of the functions of NDV F protein required for NDV to replicate in vifro, in vivo or both. In
specific embodiments, the variant of the non-NDV APMYV HN protein has one or more, or all
of the functions of NDV HN protein required for NDV to replicate in vitro, in vivo or both.
[00102] In another aspect, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which the nucleotide sequence
encoding the NDV HN protein has been replaced with a nucleotide sequence encoding the
HN protein of an avian paramyxovirus (APMV) other than NDV or a variant of the non-
NDV-APMYV HN protein, and the nucleotide sequence encoding the NDV F protein has been
replaced with a nucleotide sequence encoding the F protein of an APMV other than NDV or a
variant of the non-NDV-APMYV F protein. In one embodiment, provided herein is a nucleic
acid sequence comprising a nucleotide sequence of a Newcastle disease virus genome in
which (1) the nucleotide sequence encoding the NDV HN protein has been replaced with a
nucleotide sequence encoding a non-NDV APMYV HN protein or a variant thereof; and (2) the
nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide
sequence encoding a non-NDV APMYV F protein or a variant thereof, wherein NDV
intergenic regions are before, in between and after the non-NDV APMYV HN and F protein
coding sequences or variant HN and F protein coding sequences. In specific embodiments,
the NDV intergenic regions before and after the non-NDV APMV HN protein coding
sequence or variant non-NDV APMYV HN protein coding sequence are NDV HN intergenic
regions. In specific embodiments, the NDV intergenic regions before and after the non-NDV
APMV F protein coding sequence or variant non-NDV APMYV F protein coding sequence are
NDV F intergenic regions. In another embodiment, provided herein is a nucleic acid
sequence comprising a nucleotide sequence of a Newcastle disease virus genome in which (1)
the transcription unit encoding the NDV HN protein has been replaced with a transcription
unit comprising a nucleotide sequence encoding a non-NDV APMV HN protein or a variant
thereof; and (2) the transcription unit encoding the NDV F protein has been replaced with a
transcription unit comprising a nucleotide sequence encoding a non-NDV APMYV F protein or

a variant thereof. In specific embodiments, the non-NDV APMV F protein or variant thereof
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has one or more, or all of the functions of NDV F protein required for NDV to replicate in
vitro, in vivo or both. In specific embodiments, the non-NDV APMYV HN protein or variant
thereof has one or more, or all of the functions of NDV HN protein required for NDV to
replicate in vitro, in vivo or both.

[00103] In another embodiment, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which (1) the nucleotide
sequence encoding the NDV HN protein has been replaced with a nucleotide sequence
encoding a non-NDV APMYV HN protein; and (2) the nucleotide sequence encoding the NDV
F protein has been replaced with a nucleotide sequence encoding a non-NDV APMV F
protein, wherein NDV intergenic regions are before, in between and after the non-NDV
APMYV HN and F protein coding sequences. In specific embodiments, the NDV intergenic
regions before and after the nucleotide sequence encoding the non-NDV APMYV HN protein
are NDV HN intergenic regions. In specific embodiments, the NDV intergenic regions
before and after the nucleotide sequence encoding the non-NDV APMYV F protein are NDV F
intergenic regions. In another embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which (1) the
transcription unit encoding the NDV HN protein has been replaced with a transcription unit
comprising a nucleotide sequence encoding a non-NDV APMYV HN protein; and (2) the
transcription unit encoding the NDV F protein has been replaced with a transcription unit
comprising a nucleotide sequence encoding a non-NDV APMV F protein. In specific
embodiments, the non-NDV APMYV HN and F proteins are found in nature in the same strain
of APMV. For example, the non-NDV APMYV HN and F proteins may both be found in
nature in the same APMV-15 strain. In other embodiments, the non-NDV APMYV HN and F
proteins are found in nature in the different strains of APMV. In specific embodiments, the
non-NDV AMPYV F protein has one or more, or all of the functions of NDV F protein
required for NDV to replicate in vitro, in vivo or both. In specific embodiments, the non-
NDV AMPYV HN protein has one or more, or all of the functions of NDV HN protein
required for NDV to replicate in vitro, in vivo or both.

[00104] In another embodiment, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which (1) the nucleotide
sequence encoding the NDV HN protein has been replaced with a nucleotide sequence
encoding a variant of a non-NDV APMV HN protein; and (2) the nucleotide sequence
encoding the NDV F protein has been replaced with a nucleotide sequence encoding a variant

of a non-NDV APMYV F protein, wherein NDV intergenic regions are before, in between and
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after the variant HN and F protein coding sequences. In specific embodiments, the NDV
intergenic regions before and after the nucleotide sequence encoding the variant of the non-
NDV APMYV HN protein are NDV HN intergenic regions. In specific embodiments, the
NDYV intergenic regions before and after the nucleotide sequence encoding the variant of the
non-NDV APMYV F protein are NDV F intergenic regions. In another embodiment, provided
herein is a nucleic acid sequence comprising a nucleotide sequence of a Newcastle disease
virus genome in which (1) the transcription unit encoding the NDV HN protein has been
replaced with a transcription unit comprising a nucleotide sequence encoding a variant of a
non-NDV APMYV HN protein; and (2) the transcription unit encoding the NDV F protein has
been replaced with a transcription unit comprising a nucleotide sequence encoding a variant
of a non-NDV APMYV F protein. In specific embodiments, the variant HN and F proteins are
derived from the same strain of APMV. For example, the variant HN and F proteins may
both be derived from the same APMV-15 strain. In other embodiments, the variant HN and F
proteins are derived from different strains of APMV. In specific embodiments, the variant of
the non-NDV APMV F protein has one or more, or all of the functions of NDV F protein
required for NDV to replicate in vitro, in vivo or both. In specific embodiments, the variant
of the non-NDV APMYV HN protein has one or more, or all of the functions of NDV HN
protein required for NDV to replicate in vitro, in vivo or both.

[00105] In another aspect, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which the nucleotide sequence
encoding the NDV HN protein has been replaced with a nucleotide sequence encoding a
chimeric HN protein, or the nucleotide sequence encoding the NDV F protein has been
replaced with a nucleotide sequence encoding a chimeric F protein. In one embodiment,
provided herein is a nucleic acid sequence comprising a nucleotide sequence of a Newcastle
disease virus genome in which (1) the nucleotide sequence encoding the NDV HN protein
has been replaced with a nucleotide sequence encoding a chimeric HN protein, wherein NDV
intergenic regions are before and after the chimeric HN protein coding sequence; or (2) the
nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide
sequence encoding a chimeric F protein, wherein NDV intergenic regions are before and after
the chimeric F protein coding sequence. In specific embodiments, the NDV intergenic
regions before and after the nucleotide sequence encoding the chimeric HN protein are NDV
HN intergenic regions. In specific embodiments, the NDV intergenic regions before and
after the nucleotide sequence encoding the chimeric F protein are NDV F intergenic regions.

In another embodiment, provided herein is a nucleic acid sequence comprising a nucleotide
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sequence of a Newcastle disease virus genome in which (1) the transcription unit encoding
the NDV HN protein has been replaced with a transcription unit comprising a nucleotide
sequence encoding a chimeric HN protein; or (2) the transcription unit encoding the NDV F
protein has been replaced with a transcription unit comprising a nucleotide sequence
encoding a chimeric F protein. In specific embodiments, the chimeric HN protein comprises
anon-NDV APMYV HN protein ectodomain and NDV HN protein transmembrane and
cytoplasmic domains. In other words, the NDV HN protein transmembrane and cytoplasmic
domains replace the non-NDV APMV HN protein transmembrane and cytoplasmic domains
so that the chimeric HN protein does not include the non-NDV APMV HN protein
transmembrane and cytoplasmic domains. The ectodomain, transmembrane and cytoplasmic
domains of the non-NDV APMYV HN protein and NDV HN protein may be determined using
techniques known to one of skill in the art. For example, published information, GenBank or
websites such as VIPR virus pathogen website (www.viprbre.org), DTU Bioinformatics
domain website (www.cbs.dtu.dk/services/ TMHMMY/) or programs available to determine the
transmembrane domain may be used to determine the ectodomain, transmembrane and
cytoplasmic domains of the non-NDV APMYV HN protein and NDV HN protein. In specific
embodiments, the chimeric HN protein comprises an ectodomain of a variant of a non-NDV
APMYV HN protein and NDV HN protein transmembrane and cytoplasmic domains. In
specific embodiments, the chimeric HN protein has one or more, or all of the functions of
NDYV HN required for NDV to replicate in vitro, in vivo or both. In specific embodiments,
the chimeric F protein comprises a non-NDV APMYV F protein ectodomain and NDV F
protein transmembrane and cytoplasmic domains. In other words, the NDV F protein
transmembrane and cytoplasmic domains replace the non-NDV APMYV F protein
transmembrane and cytoplasmic domains so that the chimeric F protein does not include the
non-NDV APMYV F protein transmembrane and cytoplasmic domains. The ectodomain,
transmembrane and cytoplasmic domains of the non-NDV APMYV F protein and NDV F
protein may be determined using techniques known to one of skill in the art. For example,
published information, GenBank or websites such as VIPR virus pathogen website

(www viprbrc.org), DTU Bioinformatics domain website

(www.cbs.dtu.dk/services/ TMHMMY/) or programs available to determine the transmembrane
domain may be used to determine the ectodomain, transmembrane and cytoplasmic domains
of the non-NDV APMV F protein and NDV F protein. In specific embodiments, the
chimeric F protein comprises an ectodomain of a variant of a non-NDV APMV F protein and

NDV F protein transmembrane and cytoplasmic domains. In specific embodiments, the
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chimeric F protein has one or more, or all of the functions of NDV F protein required for
NDV to replicate in vitro, in vivo or both.

[00106] In another aspect, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which the nucleotide sequence
encoding the NDV HN protein has been replaced with a nucleotide sequence encoding a
chimeric HN protein, and the nucleotide sequence encoding the NDV F protein has been
replaced with a nucleotide sequence encoding a chimeric F protein. In one embodiment,
provided herein is a nucleic acid sequence comprising a nucleotide sequence of a Newcastle
disease virus genome in which (1) the nucleotide sequence encoding the NDV HN protein
has been replaced with a nucleotide sequence encoding a chimeric HN protein, wherein NDV
intergenic regions are before and after the chimeric HN protein coding sequence; and (2) the
nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide
sequence encoding a chimeric F protein, wherein NDV intergenic regions are before and after
the chimeric F protein coding sequence. In specific embodiments, the NDV intergenic
regions before and after the nucleotide sequence encoding the chimeric HN protein are NDV
HN intergenic regions. In specific embodiments, the NDV intergenic regions before and
after the nucleotide sequence encoding the chimeric F protein are NDV F intergenic regions.
In another embodiment, provided herein is a nucleic acid sequence comprising a nucleotide
sequence of a Newcastle disease virus genome in which (1) the transcription unit encoding
the NDV HN protein has been replaced with a transcription unit comprising a nucleotide
sequence encoding a chimeric HN protein; and (2) the transcription unit encoding the NDV F
protein has been replaced with a transcription unit comprising a nucleotide sequence
encoding a chimeric F protein. In specific embodiments, the chimeric HN protein comprises
a non-NDV APMYV HN protein ectodomain and NDV HN protein transmembrane and
cytoplasmic domains. In other words, the NDV HN protein transmembrane and cytoplasmic
domains replace the non-NDV APMV HN protein transmembrane and cytoplasmic domains
so that the chimeric HN protein does not include the non-NDV APMYV HN protein
transmembrane and cytoplasmic domains. The ectodomain, transmembrane and cytoplasmic
domains of the non-NDV APMYV HN protein and NDV HN protein may be determined using
techniques known to one of skill in the art or described herein. In specific embodiments, the
chimeric HN protein has one or more, or all of the functions of NDV HN required for NDV
to replicate in vitro, in vivo or both. In specific embodiments, the chimeric HN protein
comprises an ectodomain of a variant of a non-NDV APMYV HN protein and NDV HN

protein transmembrane and cytoplasmic domains. In specific embodiments, the chimeric F
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protein comprises a non-NDV APMYV F protein ectodomain and NDV F protein
transmembrane and cytoplasmic domains. In other words, the NDV F protein transmembrane
and cytoplasmic domains replace the non-NDV APMYV F protein transmembrane and
cytoplasmic domains so that the chimeric F protein does not include the non-NDV APMYV F
protein transmembrane and cytoplasmic domains. The ectodomain, transmembrane and
cytoplasmic domains of the non-NDV APMYV F protein and NDV F protein may be
determined using techniques known to one of skill in the art or described herein. In specific
embodiments, the chimeric F protein comprises an ectodomain of a variant of a non-NDV
APMYV F protein and NDV F protein transmembrane and cytoplasmic domains. In specific
embodiments, the chimeric F protein has one or more, or all of the functions of NDV F
protein required for NDV to replicate in vitro, in vivo or both. In specific embodiments, the
ectodomains of the non-NDV APMYV HN and F proteins are found in nature in the same
strain of APMV. For example, the ectodomains of the non-NDV APMYV HN and F proteins
may both be found in nature in the same APMV-15 strain. In other embodiments, the
ectodomains of the non-NDV APMYV HN and F proteins are found in nature in the different
strains of APMV.

[00107] In another aspect, provided herein is a nucleic acid sequence comprising: (1) a
transcription unit encoding a NDV nucleocapsid (N) protein, (2) a transcription unit encoding
a NDV phosphoprotein (P), (3) a transcription unit encoding a NDV matrix (M) protein, (4) a
transcription unit encoding a NDV fusion (F) protein, (5) a transcription unit encoding a non-
NDV APMYV hemagglutinin-neuraminidase (HN) or a variant thereof, and (6) a transcription
unit encoding a NDV large polymerase (L). In another aspect, provided herein is a nucleic
acid sequence comprising: (1) a transcription unit encoding a NDV nucleocapsid (N) protein,
(2) a transcription unit encoding a NDV phosphoprotein (P), (3) a transcription unit encoding
a NDV matrix (M) protein, (4) a transcription unit encoding a non-NDV APMYV fusion (F)
protein or a variant thereof, (5) a transcription unit encoding a NDV hemagglutinin-
neuraminidase (HN), and (6) a transcription unit encoding a NDV large polymerase (L). In
specific embodiments, the non-NDV AMPYV F protein or variant thereof has one or more, or
all of the functions of NDV F protein required for NDV to replicate in vitro, in vivo or both.
In specific embodiments, the non-NDV APMYV HN protein or variant thereof has one or
more, or all of the functions of NDV HN protein required for NDV to replicate in vitro, in
vivo or both.

[00108] In another aspect, provided herein is a nucleic acid sequence comprising: (1) a

transcription unit encoding a NDV nucleocapsid (N) protein, (2) a transcription unit encoding
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a NDV phosphoprotein (P), (3) a transcription unit encoding a NDV matrix (M) protein, (4) a
transcription unit encoding a non-NDV APMYV fusion (F) protein or a variant thereof, (5) a
transcription unit encoding a non-NDV APMYV hemagglutinin-neuraminidase (HN) or a
variant thereof, and (6) a transcription unit encoding a NDV large polymerase (L). In
specific embodiments, the non-NDV AMPYV F protein or variant thereof has one or more, or
all of the functions of NDV F protein required for NDV to replicate in vifro, in vivo or both.
In specific embodiments, the non-NDV APMV HN protein or variant thereof has one or
more, or all of the functions of NDV HN protein required for NDV to replicate in vitro, in
vivo or both.

[00109] In one embodiment, provided herein is a nucleic acid sequence comprising: (1) a
transcription unit encoding a NDV nucleocapsid (N) protein, (2) a transcription unit encoding
a NDV phosphoprotein (P), (3) a transcription unit encoding a NDV matrix (M) protein, (4) a
transcription unit encoding a non-NDV APMYV fusion (F) protein, (5) a transcription unit
encoding a non-NDV APMYV hemagglutinin-neuraminidase (HN), and (6) a transcription unit
encoding a NDV large polymerase (L). In specific embodiments, the non-NDV APMV HN
and F proteins are found in nature in the same strain of APMV. For example, the non-NDV
APMYV HN and F proteins may both be found in nature in the same APMV-15 strain. In
other embodiments, the non-NDV APMYV HN and F proteins are found in nature in the
different strains of APMV. In specific embodiments, the non-NDV APMYV F protein has one
or more, or all of the functions of NDV F protein required for NDV to replicate in vitro, in
vivo or both. In specific embodiments, the non-NDV APMYV HN protein has one or more, or
all of the functions of NDV HN protein required for NDV to replicate in vitro, in vivo or
both.

[00110] In another embodiment, provided herein is a nucleic acid sequence comprising:
(1) a transcription unit encoding a NDV nucleocapsid (N) protein, (2) a transcription unit
encoding a NDV phosphoprotein (P), (3) a transcription unit encoding a NDV matrix (M)
protein, (4) a transcription unit encoding a variant of a non-NDV APMYV fusion (F) protein,
(5) a transcription unit encoding a variant of a non-NDV APMYV hemagglutinin-
neuraminidase (HN), and (6) a transcription unit encoding a NDV large polymerase (L). In
specific embodiments, the variants of the non-NDV APMYV HN and F proteins are derived
from the same strain of APMV. For example, the variants of the non-NDV APMYV HN and F
proteins may both be derived from the same APMV-15 strain. In other embodiments, the
variants of the non-NDV APMYV HN and F proteins are derived from the different strains of
APMV. In specific embodiments, the variant of the non-NDV APMV F protein has one or
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more, or all of the functions of NDV F protein required for NDV to replicate in vitro, in vivo
or both. In specific embodiments, the variant of the non-NDV APMYV HN protein has one or
more, or all of the functions of NDV HN protein required for NDV to replicate in vitro, in
vivo or both.

[00111] In another aspect, provided herein is a nucleic acid sequence comprising: (1) a
transcription unit encoding a NDV nucleocapsid (N) protein, (2) a transcription unit encoding
a NDV phosphoprotein (P), (3) a transcription unit encoding a NDV matrix (M) protein, (4) a
transcription unit encoding a NDV fusion (F) protein, (5) a transcription unit encoding a
chimeric hemagglutinin-neuraminidase (HN), and (6) a transcription unit encoding a NDV
large polymerase (L). In another aspect, provided herein is a nucleic acid sequence
comprising: (1) a transcription unit encoding a NDV nucleocapsid (N) protein, (2) a
transcription unit encoding a NDV phosphoprotein (P), (3) a transcription unit encoding a
NDV matrix (M) protein, (4) a transcription unit encoding a chimeric fusion (F) protein, (5) a
transcription unit encoding a NDV hemagglutinin-neuraminidase (HN), and (6) a
transcription unit encoding a NDV large polymerase (L). In another aspect, provided herein
is a nucleic acid sequence comprising: (1) a transcription unit encoding a NDV nucleocapsid
(N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a transcription
unit encoding a NDV matrix (M) protein, (4) a transcription unit encoding a chimeric fusion
(F) protein, (5) a transcription unit encoding a chimeric hemagglutinin-neuraminidase (HN),
and (6) a transcription unit encoding a NDV large polymerase (L). In specific embodiments,
the chimeric HN protein comprises a non-NDV APMYV HN protein ectodomain and NDV
HN protein transmembrane and cytoplasmic domains. In other words, the NDV HN protein
transmembrane and cytoplasmic domains replace the non-NDV APMYV HN protein
transmembrane and cytoplasmic domains so that the chimeric HN protein does not include
the non-NDV APMYV HN protein transmembrane and cytoplasmic domains. The
ectodomain, transmembrane and cytoplasmic domains of the non-NDV APMYV HN protein
and NDV HN protein may be determined using techniques known to one of skill in the art.
For example, published information, GenBank or websites such as VIPR virus pathogen

website (www viprbre.org), DTU Bioinformatics domain website

(www.cbs.dtu.dk/services/ TMHMMY/) or programs available to determine the transmembrane
domain may be used to determine the ectodomain, transmembrane and cytoplasmic domains
of the non-NDV APMYV HN protein and NDV HN protein. In specific embodiments, the
chimeric HN protein has one or more, or all of the functions of NDV HN required for NDV

to replicate in vitro, in vivo or both. In specific embodiments, the chimeric F protein
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comprises a non-NDV APMYV F protein ectodomain and NDV F protein transmembrane and
cytoplasmic domains. In other words, the NDV F protein transmembrane and cytoplasmic
domains replace the non-NDV APMYV F protein transmembrane and cytoplasmic domains so
that the chimeric F protein does not include the non-NDV APMYV F protein transmembrane
and cytoplasmic domains. The ectodomain, transmembrane and cytoplasmic domains of the
non-NDV APMYV F protein and NDV F protein may be determined using techniques known
to one of skill in the art. For example, published information, GenBank or websites such as

VIPR virus pathogen website (www.viprbre org}, DTU Bioinformatics domain website

(www.cbs.dtu.dk/services/ TMHMMY/) or programs available to determine the transmembrane
domain may be used to determine the ectodomain, transmembrane and cytoplasmic domains
of the non-NDV APMV F protein and NDV F protein. In specific embodiments, the
chimeric F protein has one or more, or all of the functions of NDV F protein required for
NDYV to replicate in vitro, in vivo or both. In specific embodiments, the ectodomains of the
non-NDV APMYV HN and F proteins are found in nature in the same strain of APMV. For
example, the ectodomains of the non-NDV APMYV HN and F proteins may both be found in
nature in the same APMV-15 strain. In other embodiments, the ectodomains of the non-NDV
APMYV HN and F proteins are found in nature in the different strains of APMV.

[00112] In specific embodiments, the non-NDV APMYV is immunologically distinct from
NDV. In certain embodiments, a non-NDV APMV is immunologically distinct from NDV if
the non-NDV APMYV and NDV do not induce antibodies that substantially inhibit replication
of the other as assessed by a virus neutralization assay, such as described in Chumbe et al .,
2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al.,
2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein.
In a specific embodiment, a non-NDV APMYV is considered immunologically distinct from
NDYV if the non-NDV APMYV and NDV induce antibodies that inhibit the replication of each
other in a virus neutralization assay, such as described, e.g., in Chumbe et al., 2017, Virology
Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020,
EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein, by less
than about 0.5 logs, less than about 1 log, less than about 1.5 logs, or less than about 2 logs.
In a specific embodiment, a non-NDV APMYV is considered immunologically distinct from
NDV if NDV antiserum HI activity is significantly reduced against the non-NDV APMYV in
an HI assay, such as described below (e.g., in Example 3). In a specific embodiment, a non-
NDV APMV is considered immunologically distinct from NDV if NDV antiserum HI
activity is reduced by at least 2 fold, 3 fold, 4 fold, 5 fold, 10 fold, or more against the non-
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NDV APMV in an HI assay, such as described below (e.g., in Example 3), relative the NDV
antiserum HI activity against NDV. In certain embodiments, the non-NDV APMYV is
AMPV-2, AMPV-3, AMPV-4, AMPV-5, AMPV-6, AMPV-7, AMPV-8, AMPV-9, AMPV-
10, AMPV-11, AMPV-12, AMPV-13, AMPV-14, AMPV-15, AMPV-16, AMPV-17,
AMPV-18, AMPV-19, AMPV-20, or AMPV-21. In some embodiments, the non-NDV
APMYV is an APMV-2, such as, e.g., Chicken/California/Yucaipa/56 (Accession No.
EU338414). In certain embodiments, the non-NDV APMYV is APMV-3, such as, e.g.,
APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In some embodiments, the non-
NDV APMV is APMV-4, such as, e.g., APMV4/duck/Hongkong/D3/75 (Accession No.
FJ177514), APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),
APMV4/Uriah_aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
the non-NDV APMYV is an APMV-5, such as, e.g., APMV-5 budgerigar/Kunitachi/74
(Accession No. GU206351) or APMV5/budgerigar/Japan/T1/75 (Accession No. LC168750).
In some embodiments, the non-NDV APMYV is APMV-6, such as, e.g., APMV-6
Goose/FarEast/4440/2003 (Accession No. EF569970) or
APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain embodiments,
the non-NDV APMYV is APMV-7, such as, e.g., APMV-7 dove/Tennessee/4/75 (Accession
No. FJ231524). In some embodiments, the non-NDV APMYV is APMV-8, such as, e.g.,
APMV-8 goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments, the
non-NDV APMYV is APMV-9, such as, e.g., APMV9/duck/New York/22/78 (Accession No.
EU910942). In some embodiments, the non-NDV APMV is APMV-10, such as, e.g.,
APMV-10 penguin/Falkland Islands/324/2007 (Accession No. HM 147142 or NC_025349).
In certain embodiments, the non-NDV APMYV is APMV-11, such as, e.g., APMV-11
common_snipe/France/100212/2010 (Accession No. JQ886184). In some embodiments, the
non-NDV APMYV is APMV-12, such as, e.g., APMV12/Wigeon/Italy/3920 1/05 (Accession
No. KC333050). In some embodiments, the non-NDV APMYV is APMV-14, such as, e.g.,
APMV-14 duck/Japan/110G0352/2011 (Accession No. KX258200). In certain
embodiments, the non-NDV APMYV is APMV-15, such as, e.g., APMV-15
calidris_fuscicollis/Brazil/RS-1177/2012 (Accession No. KX932454). In some
embodiments, the non-NDV APMYV is APMV-17, such as, e.g., APMV17/Antarctica/107/13
(Accession No. MK167211). In some embodiments, the non-NDV APMYV is APMV-20,
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such as, e.g., APMV-20 Gull/Kazakhstan/2014 (Accession No. MF033136). In certain
embodiments, the non-NDV APMYV is APMV-21, such as, e.g.,
APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[00113] In a specific embodiment, the non-NDV APMYV is
APMV4/duck/Hongkong/D3/75 (Accession No. FJ177514). In another specific embodiment,
the non-NDV APMYV is APMV 17/Antarctica/107/13 (Accession No. MK167211). In another
specific embodiment, the non-NDV APMYV is APMV9/duck/New York/22/78 (Accession
No. EU910942). In another specific embodiment, the non-NDV is APMV7/
dove/Tennessee/4/75 (Accession No. FJ231524). In another specific embodiment, the non-
NDV APMV is APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743). In
another specific embodiment, the non-NDV APMYV is APMV6/duck/HongKong/18/199/77
(Accession No. EU622637). In another specific embodiment, the non-NDV APMYV is
APMV11/common_snipe/France/100212/10 (Accession No. JQ886184). In another specific
embodiment, the non-NDV APMYV is APMV15/calidris_fuscicollis/Brazil/RS-1177/12
(Accession No. NC_034968). In another specific embodiment, the non-NDV APMYV is
APMV8/Goose/Delaware/1053/76 (Accession No. FJ215863). In another specific
embodiment, the non-NDV APMYV is APMV2/Chicken/California/Yucaipa/56 (Accession
No. EU338414). In another specific embodiment, the non-NDV APMYV is
APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In another specific embodiment,
the non-NDV APMYV is APMV12/Wigeon/Italy/3920 1/05 (Accession No. KC333050). In
another specific embodiment, the non-NDV APMYV is APMV5/budgerigar/Japan/T1/75
(Accession No. LC168750). In another specific embodiment, the non-NDV APMYV is
APMV10/penguin/Falkland Islands/324/07 (Accession No. NC_025349).

[00114] In some embodiments, the non-NDV APMYV is a member of the subfamily
Avulavirinae from a different genus than NDV. In some embodiments, the non-NDV APMV
is from a member of the subfamily Avulavirinae, but is not NDV. In some embodiments, the
non-NDV APMYV is a member of the subfamily Avulavirinae and the genus Metaavulavirus.
In some embodiments, the non-NDV APMYV is a member of the subfamily Avulavirinae and
the genus paraavulavirus. In some embodiments, the non-NDV APMYV is a member of the
subfamily Avulavirinae and the genus orthoavulavirus but is not NDV.

[00115] In certain embodiments, a non-NDV APMYV F protein is immunologically distinct
from an NDV F protein. In certain embodiments, a variant of a non-NDV APMV F protein is
immunologically distinct from an NDV F protein. In certain embodiments, a non-NDV

APMV F protein or a variant thereof is immunologically distinct from an NDV F protein if
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antibodies directed to the NDV F protein do not cross-react with the non-NDV APMV F
protein or variant thereof. In some embodiments, a non-NDV APMYV F protein or a variant
thereof is immunologically distinct from an NDV F protein if antibodies directed to the NDV
F protein bind to the non-NDV APMYV F protein or variant thereof with a 2-fold, 5-fold, 10-
fold, 15-fold, 20-fold or lower affinity than to NDV F protein in an assay known to one of
skill in the art or described herein. In certain embodiments, a non-NDV APMYV F protein or
a variant thereof is immunologically distinct from an NDV F protein if antibodies directed to
the NDV F protein bind to the non-NDV APMV F protein or variant thereof with a 0.5 log, 1
log, 1.5 log, 2 log, 2.5 log, 3 log or lower affinity than to NDV F protein in an assay known
to one of skill in the art or described herein. In certain embodiments, a non-NDV APMV F
protein or a variant thereof is immunologically distinct from an NDV F protein if anti-NDV F
antibodies do not substantially inhibit replication of NDV expressing the non-NDV APMV F
protein or a variant thereof as assessed by a virus neutralization assay, such as described in
Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis.
143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771,
or described herein. In a specific embodiment, a non-NDV APMYV F protein or a variant
thereof is immunologically distinct from an NDV F protein if anti-NDV F antibodies inhibit
replication of NDV expressing the non-NDV APMYV F protein or variant thereof in a virus
neutralization assay, such as described, e.g., in Chumbe et al., 2017, Virology Journal 14: 232
and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62:
103132, or Sun et al., 2020, Vaccines 8: 771, or described herein, by less than about 0.5 logs,
less than about 1 log, less than about 1.5 logs, or less than about 2 logs.

[00116] In some embodiments, a non-NDV APMYV F protein is an F protein from a
member of the subfamily Avulavirinae, but not NDV. In some embodiments, a non-NDV
APMV F protein is an F protein from a member of the subfamily Avulavirinae and the genus
Metaavulavirus. In some embodiments, a non-NDV APMYV F protein is an F protein from a
member of the subfamily Avulavirinae and genus paraavulavirus. In some embodiments, a
non-NDV APMYV F protein is an F protein from a member of the subfamily Avulavirinae and
the genus orthoavulavirus but is not NDV.

[00117] In certain embodiments, a chimeric F protein is immunologically distinct from an
NDV F protein. In certain embodiments, a chimeric F protein is immunologically distinct
from an NDV F protein if antibodies directed to the NDV F protein do not cross-react with
the chimeric F protein. In some embodiments, a chimeric F protein is immunologically

distinct from an NDV F protein if antibodies directed to the NDV F protein bind to the
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chimeric F protein with a 2-fold, 5-fold, 10-fold, 15-fold, 20-fold or lower affinity than to
NDV F protein in an assay known to one of skill in the art or described herein. In certain
embodiments, a chimeric F protein is immunologically distinct from an NDV F protein if
antibodies directed to the NDV F protein bind to the chimeric F protein with a 0.5 log, 1 log,
1.5 log, 2 log, 2.5 log, 3 log or lower affinity than to NDV F protein in an assay known to one
of skill in the art or described herein. In certain embodiments, a chimeric F protein is
immunologically distinct from an NDV F protein if anti-NDV F antibodies do not
substantially inhibit replication of NDV expressing the non-NDV APMYV F protein or a
variant thereof as assessed by a virus neutralization assay, such as described in Chumbe et al.,
2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al.,
2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein.
In a specific embodiment, a chimeric F protein is immunologically distinct from an NDV F
protein if anti-NDV F antibodies inhibit replication of NDV expressing the chimeric F
protein in a virus neutralization assay, such as described, e.g., in Chumbe et al ., 2017,
Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020,
EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein, by less
than about 0.5 logs, less than about 1 log, less than about 1.5 logs, or less than about 2 logs.
[00118] In specific embodiments, a non-NDV APMYV F protein does not contain a
multibasic cleavage site. In certain embodiments, a non-NDV APMYV F protein is modified
by, e.g., one or more amino acid substitutions so that the non-NDV APMYV F protein no
longer contains a multi-basic cleavage. In some embodiments, the original sequence of the
cleavage site of the non-NDV APMV F protein is modified by, e.g., one or more amino acid
substitutions. For example, a leucine at the amino acid position of the non-NDV APMV F
protein corresponding to amino acid position 289 of NDV F protein (as counted by the
LaSota strain F protein) may be substituted for alanine to eliminate a multi-basic cleavage
site.

[00119] In specific embodiments, a variant of a non-NDV APMYV F protein does not
contain a multibasic cleavage site. In certain embodiments, a variant of a non-NDV APMV F
protein includes one or more amino acid substitutions so that the non-NDV APMV F protein
no longer contains a multi-basic cleavage. In some embodiments, the original sequence of
the cleavage site of the variant of the non-NDV APMYV F protein is modified by, e.g., one or
more amino acid substitutions. For example, a variant of a non-NDV APMYV F protein

includes an amino acid substitution of alanine for leucine at the amino acid position of the
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non-NDV APMYV F protein corresponding to amino acid position 289 of NDV F protein (as
counted by the LaSota strain F protein).

[00120] In specific embodiments, a chimeric F protein does not contain a multibasic
cleavage site. In certain embodiments, a chimeric F protein includes one or more amino acid
substitutions so that the ectodomain of the non-NDV APMYV F protein no longer contains a
multi-basic cleavage. In some embodiments, the original sequence of the cleavage site of the
ectodomain of the non-NDV APMV F protein is modified by, e.g., one or more amino acid
substitutions. For example, a chimeric protein includes an amino acid substitution of alanine
for leucine at the amino acid position of the ectodomain of the non-NDV APMYV F protein
corresponding to amino acid position 289 of NDV F protein (as counted by the LaSota strain
F protein).

[00121] In specific embodiments, a variant of a non-NDV APMYV F protein retains one or
more functions of the non-NDV APMYV F protein.

[00122] In certain embodiments, a variant of a non-NDV APMYV F protein is at least 75%,
at least 80%, or at least 85% identical to the non-NDV AMPYV F protein. In some
embodiments, a variant of a non-NDV APMYV F protein is at least 90%, at least 95%, or at
least 99% identical to the non-NDV APMYV F protein. In certain embodiments, a variant of a
non-NDV APMYV F protein is 75% to 90%, 80% to 95% or 90% to 99.5% identical to the
non-NDV AMPYV F protein.

[00123] In certain embodiment, a variant of a non-NDV APMYV F protein contains 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or 2t0 5, 2 to 10, 5 to 10, 5
to 15, 5t0 20, 10 to 15, or 15 to 20 amino acid mutations (i.e., additions, deletions,
substitutions or any combination thereof) relative to a non-NDV APMYV F protein. In some
embodiments, a variant of a non-NDV APMYV F protein comprises the amino acid sequence
of the non-NDV APMV F protein with 20, 15, 10,9, 8,7, 6, 5, 4, 3, 2 or 1 amino acid
residues of the non-NDV APMYV F protein substituted (e.g., conservatively substituted) with
other amino acids. In certain embodiments, a variant of a non-NDV APMYV F protein
comprises the amino acid sequence of the non-NDV APMV F protein with up to about 20,
15,10,9,8,7,6,5,4, 3,2 or 1 conservatively substituted amino acids. Examples of
conservative amino acid substitutions include, e.g., replacement of an amino acid of one class
with another amino acid of the same class. In a particular embodiment, a conservative
substitution does not alter the structure or function, or both, of a polypeptide. Classes of

amino acids may include hydrophobic (Met, Ala, Val, Leu, Ile), neutral hydrophylic (Cys,
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Ser, Thr), acidic (Asp, Glu), basic (Asn, Gln, His, Lys, Arg), conformation disruptors (Gly,
Pro) and aromatic (Trp, Tyr, Phe).

[00124] In some embodiments, a variant of a non-NDV APMYV F protein is a polypeptide
encoded by nucleic acid sequence that can hybridize under high, moderate or typical
stringency hybridization conditions to a nucleic acid sequence encoding the non-NDV
APMV F protein. Hybridization conditions are known to one of skill in the art (see, e.g., U.S.
Patent Application No. 2005/0048549 at, e.g., paragraphs 72 and 73).

[00125] In some embodiments, a non-NDV APMYV F protein is the F protein of an APMV
shown in FIG. 3A. In some embodiments, a non-NDV APMYV F protein is the F protein of a
member of a genus shown in FIG. 3A or FIG. 6A. In certain embodiments, a non-NDV
APMYV F protein is the F protein of AMPV-2, AMPV-3, AMPV-4, AMPV-5, AMPV-6,
AMPV-7, AMPV-8, AMPV-9, AMPV-10, AMPV-11, AMPV-12, AMPV-13, AMPV-14,
AMPV-15, AMPV-16, AMPV-17, AMPV-18, AMPV-19, AMPV-20, or AMPV-21. In some
embodiments, a non-NDV APMYV F protein is the F protein of APMV-2, such as, e.g.,
Chicken/California/Yucaipa/56 (Accession No. EU338414). In certain embodiments, a non-
NDV APMV F protein is the F protein of APMV-2 Yucaipa. In other embodiments, non-
NDV APMV F protein is not the F protein of APMV-2 Yucaipa. In certain embodiments, a
non-NDV APMYV F protein is the F protein of APMV-3, such as, e.g.,
APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In some embodiments, a non-
NDV APMV F protein is the F protein of APMV-4, such as, e.g.,
APMV4/duck/Hongkong/D3/75 (Accession No. FJ177514), ),
APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),

APMV4/Uriah aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
anon-NDV APMYV F protein is the F protein of APMV-5, such as, e.g., APMV-5
budgerigar/Kunitachi/74 (Accession No. GU206351) or APMVS5/budgerigar/Japan/T1l/75
(Accession No. LC168750). In some embodiments, a non-NDV APMV F protein is the F
protein of APMV-6, such as, e.g., APMV-6 Goose/FarEast/4440/2003 (Accession No.
EF569970) or APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain
embodiments, a non-NDV APMYV F protein is the F protein of APMV-7, such as, e.g.,
APMV-7 dove/Tennessee/4/75 (Accession No. FJ231524). In some embodiments, a non-
NDV APMV F protein is the F protein of APMV-8, such as, e.g., APMV-8
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goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments, a non-NDV
APMYV F protein is the F protein of APMV-9, such as, e.g., APMV9/duck/New York/22/78
(Accession No. EU910942). In some embodiments, a non-NDV APMYV F protein is the F
protein of APMV-10, such as, e.g., APMV-10 penguin/Falkland Islands/324/2007 (Accession
No. HM147142 or NC _025349). In certain embodiments, a non-NDV APMYV F protein is
the F protein of APMV-11, such as, e.g., APMV-11 common_snipe/France/100212/2010
(Accession No. JQ886184). In some embodiments, a non-NDV APMYV F protein is the F
protein of APMV-12, such as, e.g., APMV12/Wigeon/Italy/3920 1/05 (Accession No.
KC333050). In some embodiments, a non-NDV APMYV F protein is the F protein of APMV-
14, such as, e.g., APMV-14 duck/Japan/110G0352/2011 (Accession No. KX258200). In
certain embodiments, a non-NDV APMYV F protein is the F protein of APMV-15, such as,
e.g., APMV-15 calidris_fuscicollis/Brazil/RS-1177/2012 (Accession No. KX932454). In
some embodiments, a non-NDV APMYV F protein is the F protein of APMV-17, such as, e.g.,
APMV17/Antarctica/107/13 (Accession No. MK167211). In some embodiments, a non-
NDV APMV F protein is the F protein of APMV-20, such as, e.g., APMV-20
Gull/Kazakhstan/2014 (Accession No. MF033136). In certain embodiments, a non-NDV
APMYV F protein is the F protein of APMV-21, such as, e.g.,
APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[00126] In certain embodiments, a variant of a non-NDV APMYV F protein is a variant of
the F protein of AMPV-2, AMPV-3, AMPV-4, AMPV-5, AMPV-6, AMPV-7, AMPV.-8,
AMPV-9, AMPV-10, AMPV-11, AMPV-12, AMPV-13, AMPV-14, AMPV-15, AMPV-16,
AMPV-17, AMPV-18, AMPV-19, AMPV-20, or AMPV-21. In some embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-2, such as, e.g.,
Chicken/California/Yucaipa/56 (Accession No. EU338414). In certain embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-3, such as, e.g.,
APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In some embodiments, a variant
of a non-NDV APMYV F protein is a variant of the F protein of APMV-4, such as, e.g.,
APMV4/duck/Hongkong/D3/75 (Accession No. FJ177514), ),
APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),

APMV4/Uriah aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
a variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-5, such as,
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e.g., APMV-5 budgerigar/Kunitachi/74 (Accession No. GU206351) or
APMYVS5/budgerigar/Japan/Tl/75 (Accession No. LC168750). In some embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-6, such as, e.g.,
APMV-6 Goose/FarEast/4440/2003 (Accession No. EF569970) or
APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-7, such as, e.g.,
APMV-7 dove/Tennessee/4/75 (Accession No. FJ231524). In some embodiments, a variant
of a non-NDV APMYV F protein is a variant of the F protein of APMV-8, such as, e.g.,
APMYV-8 goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-9, such as, e.g.,
APMV9/duck/New York/22/78 (Accession No. EU910942). In some embodiments, a variant
of a non-NDV APMYV F protein is a variant of the F protein of APMV-10, such as, e.g.,
APMV-10 penguin/Falkland Islands/324/2007 (Accession No. HM 147142 or NC_025349).
In certain embodiments, a variant of a non-NDV APMV F protein is a variant of the F protein
of APMV-11, such as, e.g., APMV-11 common_snipe/France/100212/2010 (Accession No.
JQ886184). In some embodiments, a variant of a non-NDV APMYV F protein is a variant of
the F protein of APMV-12, such as, e.g., APMV12/Wigeon/Italy/3920 1/05 (Accession No.
KC333050). In some embodiments, a variant of a non-NDV APMYV F protein is a variant of
the F protein of APMV-14, such as, e.g., APMV-14 duck/Japan/110G0352/2011 (Accession
No. KX258200). In certain embodiments, a variant of a non-NDV APMYV F protein is a
variant of the F protein of APMV-15, such as, e.g., APMV-15 calidris_fuscicollis/Brazil/RS-
1177/2012 (Accession No. KX932454). In some embodiments, a variant of a non-NDV
APMYV F protein is a variant of the F protein of APMV-17, such as, e.g.,
APMV17/Antarctica/107/13 (Accession No. MK167211). In some embodiments, a variant
of a non-NDV APMYV F protein is a variant of the F protein of APMV-20, such as, e.g.,
APMV-20 Gull/Kazakhstan/2014 (Accession No. MF033136). In certain embodiments, a
variant of a non-NDV APMYV F protein is a variant of the F protein of APMV-21, such as,
e.g., APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[00127] In some embodiments, a non-NDV APMYV F protein has less than 65% identity to
an NDV F protein. In some embodiments, a non-NDV APMV F protein has less than 60%
identity to an NDV F protein. In some embodiments, a non-NDV APMYV F protein has less
than 50% identity to an NDV F protein. In some embodiments, a non-NDV APMYV F protein
has less than 55% identity to an NDV F protein. In some embodiments, a non-NDV APMV

F protein has less than 50% identity to an NDV F protein. In some embodiments, a non-
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NDV APMV F protein has less than 45% identity to an NDV F protein. In some
embodiments, a non-NDV APMYV F protein has less than 40% identity to an NDV F protein.
In some embodiments, a non-NDV APMYV F protein has less than 35% identity to an NDV F
protein. In some embodiments, a non-NDV APMV F protein has at least 20% or at least 25%
identity to an NDV F protein but less than 65%, less than 60%, less than 55%, less than 50%,
or less than 45% identity. In some embodiments, the NDV F protein is the NDV LaSota HN
protein.

[00128] In certain embodiments, a non-NDV APMYV HN protein or a variant thereof is
immunologically distinct from an NDV HN protein. In certain embodiments, a non-NDV
APMYV HN protein or a variant thereof is immunologically distinct from an NDV HN protein
if antibodies directed to the NDV HN protein do not cross-react with the non-NDV APMV
HN protein or variant thereof. In some embodiments, a non-NDV APMV HN protein or a
variant thereof is immunologically distinct from an NDV HN protein if antibodies directed to
the NDV HN protein bind to the variant with a 2-fold, 5-fold, 10-fold, 15-fold, 20-fold or
lower affinity than to the non-NDV APMYV HN protein or variant thereof in an assay known
to one of skill in the art or described herein. In certain embodiments, a non-NDV APMV HN
protein or a variant thereof is immunologically distinct from an NDV HN protein if
antibodies directed to the NDV HN protein bind to the non-NDV APMYV HN protein or
variant thereof with a 0.5 log, 1 log, 1.5 log, 2 log, 2.5 log, 3 log or lower affinity than to
NDYV HN protein in an assay known to one of skill in the art or described herein. In certain
embodiments, a non-NDV APMV HN protein or a variant thereof is immunologically distinct
from an NDV HN protein if anti-NDV HN antibodies do not substantially inhibit replication
of NDV expressing the non-NDV APMYV HN protein or variant thereof as assessed by a virus
neutralization assay, such as described in Chumbe et al., 2017, Virology Journal 14: 232 and
Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or
Sun et al., 2020, Vaccines 8: 771, or described herein. In a specific embodiment, a non-NDV
APMYV HN protein or a variant thereof is immunologically distinct from an NDV HN protein
if anti-NDV HN antibodies inhibit replication of NDV expressing the non-NDV APMV HN
protein or variant thereof in a virus neutralization assay, such as described, e.g., in Chumbe et
al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et
al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described
herein, by less than about 0.5 logs, less than about 1 log, less than about 1.5 logs, or less than

about 2 logs.
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[00129] In some embodiments, a non-NDV APMYV HN protein is an HN protein from a
member of the subfamily Avulavirinae, but not NDV. In some embodiments, a non-NDV
APMYV HN protein is an HN protein from a member of the subfamily Avulavirinae and the
genus Metaavulavirus. In some embodiments, a non-NDV APMV HN protein is an HN
protein from a member of the subfamily Avulavirinae and genus paraavulavirus. In some
embodiments, a non-NDV APMV HN protein is an HN protein from a member of the
subfamily Avulavirinae and the genus orthoavulavirus but is not NDV.

[00130] In certain embodiments, a chimeric HN protein is immunologically distinct from
an NDV HN protein. In certain embodiments, a chimeric HN protein is immunologically
distinct from an NDV HN protein if antibodies directed to the NDV HN protein do not cross-
react with the chimeric HN protein. In some embodiments, a chimeric HN protein is
immunologically distinct from an NDV HN protein if antibodies directed to the NDV HN
protein bind to the chimeric HN protein with a 2-fold, 5-fold, 10-fold, 15-fold, 20-fold or
lower affinity than to NDV HN protein in an assay known to one of skill in the art or
described herein. In certain embodiments, a chimeric HN protein is immunologically distinct
from an NDV HN protein if antibodies directed to the NDV HN protein bind to the chimeric
HN protein with a 0.5 log, 1 log, 1.5 log, 2 log, 2.5 log, 3 log or lower affinity than to NDV
HN protein in an assay known to one of skill in the art or described herein. In certain
embodiments, a chimeric HN protein is immunologically distinct from an NDV HN protein if
anti-NDV HN antibodies do not substantially inhibit replication of NDV expressing the non-
NDV APMV F protein or a variant thereof as assessed by a virus neutralization assay, such as
described in Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian
Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8:
771, or described herein. In a specific embodiment, a chimeric HN protein is
immunologically distinct from an NDV HN protein if anti-NDV HN antibodies inhibit
replication of NDV expressing the chimeric HN protein in a virus neutralization assay, such
as described, e.g., in Chumbe et al ., 2017, Virology Journal 14: 232 and Reynolds et al .,
1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al.,
2020, Vaccines 8: 771, or described herein by less than about 0.5 logs, less than about 1 log,
less than about 1.5 logs, or less than about 2 logs.

[00131] In specific embodiments, a variant of a non-NDV APMYV HN protein retains one
or more functions of the non-NDV APMYV HN protein.

[00132] In certain embodiments, a variant of a non-NDV APMYV HN protein is at least
75%, at least 80%, or at least 85% identical to the non-NDV AMPYV HN protein. In some
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embodiments, a variant of a non-NDV HN protein is at least 90%, at least 95%, or at least
99% identical to the non-NDV APMYV HN protein. In certain embodiments, a variant of a
non-NDV APMYV HN protein is 75% to 90%, 80% to 95% or 90% to 99.5% identical to the
non-NDV AMPYV HN protein.

[00133] In certain embodiment, a variant of a non-NDV APMYV HN protein contains 1, 2,
3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or 2 to 5, 2 to 10, 5 to 10,
5to 15, 5t0 20, 10 to 15, or 15 to 20 amino acid mutations (i.e., additions, deletions,
substitutions or any combination thereof) relative to a non-NDV APMYV HN protein. In some
embodiments, a variant of a non-NDV APMYV HN protein comprises the amino acid
sequence of the non-NDV APMV HN protein with 20, 15, 10,9, 8,7, 6, 5, 4, 3, 2 or 1 amino
acid residues of the non-NDV APMYV HN protein substituted (e.g., conservatively
substituted) with other amino acids. In certain embodiments, a variant of a non-NDV APMV
HN protein comprises the amino acid sequence of the non-NDV APMV HN protein with up
to about 20, 15, 10, 9, 8, 7, 6, 5, 4, 3, 2 or 1 conservatively substituted amino acids.
Examples of conservative amino acid substitutions include, e.g., replacement of an amino
acid of one class with another amino acid of the same class. In a particular embodiment, a
conservative substitution does not alter the structure or function, or both, of a polypeptide.
Classes of amino acids may include hydrophobic (Met, Ala, Val, Leu, Ile), neutral
hydrophylic (Cys, Ser, Thr), acidic (Asp, Glu), basic (Asn, Gln, His, Lys, Arg), conformation
disruptors (Gly, Pro) and aromatic (Trp, Tyr, Phe).

[00134] In some embodiments, a variant of a non-NDV APMYV HN protein is a
polypeptide encoded by nucleic acid sequence that can hybridize under high, moderate or
typical stringency hybridization conditions to a nucleic acid sequence encoding the non-NDV
APMYV HN protein. Hybridization conditions are known to one of skill in the art (see, e.g.,
U.S. Patent Application No. 2005/0048549 at, e.g., paragraphs 72 and 73).

[00135] In some embodiments, a non-NDV APMYV HN protein is the HN protein of an
APMYV shown in FIG. 3B. In some embodiments, a non-NDV APMYV HN protein is the F
protein of a member of a genus shown in FIG. 3B or FIG. 6A. In certain embodiments, a non-
NDV APMYV HN protein is the HN protein of AMPV-2, AMPV-3, AMPV-4, AMPV-5,
AMPV-6, AMPV-7, AMPV-8, AMPV-9, AMPV-10, AMPV-11, AMPV-12, AMPV-13,
AMPV-14, AMPV-15, AMPV-16, AMPV-17, AMPV-18, AMPV-19, AMPV-20, or AMPV-
21. In some embodiments, a non-NDV APMV HN protein is the HN protein of APMV-2,
such as, e.g., Chicken/California/Yucaipa/56 (Accession No. EU338414). In certain
embodiments, a non-NDV APMV HN protein is the HN protein of APMV-2 Yucaipa. In
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other embodiments, a non-NDV APMV HN protein is not the HN protein of APMV-2
Yucaipa. In certain embodiments, a non-NDV APMV HN protein is the HN protein of
APMV-3, such as, e.g., APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In some
embodiments, a non-NDV APMYV HN protein is the HN protein of APMV-4, such as, e.g., a
APMV4/duck/Hongkong/D3/75 (Accession No. FJ177514),
APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),
APMV4/Uriah_aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
anon-NDV APMYV HN protein is the HN protein of APMV-5, such as, e.g., APMV-5
budgerigar/Kunitachi/74 (Accession No. GU206351) or APMVS5/budgerigar/Japan/T1l/75
(Accession No. LC168750). In some embodiments, a non-NDV APMYV HN protein is the
HN protein of APMV-6, such as, e.g., APMV-6 Goose/FarEast/4440/2003 (Accession No.
EF569970) or APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain
embodiments, a non-NDV APMYV HN protein is the HN protein of APMV-7, such as, e.g.,
APMV-7 dove/Tennessee/4/75 (Accession No. FJ231524). In some embodiments, a non-
NDV APMYV HN protein is the HN protein of APMV-8, such as, e.g., APMV-8
goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments, a non-NDV
APMYV HN protein is the HN protein of APMV-9, such as, e.g., APMV9/duck/New
York/22/78 (Accession No. EU910942). In some embodiments, a non-NDV APMV HN
protein is the HN protein of APMV-10, such as, e.g., APMV-10 penguin/Falkland
Islands/324/2007 (Accession No. HM 147142 or NC 025349). In certain embodiments, a
non-NDV APMYV HN protein is the HN protein of APMV-11, such as, e.g., APMV-11
common_snipe/France/100212/2010 (Accession No. JQ886184). In some embodiments, a
non-NDV APMYV HN protein is the HN protein of APMV-12, such as, e.g.,
APMV12/Wigeon/Italy/3920 1/05 (Accession No. KC333050). In some embodiments, a
non-NDV APMYV HN protein is the HN protein of APMV-14, such as, e.g., APMV-14
duck/Japan/110G0352/2011 (Accession No. KX258200). In certain embodiments, a non-
NDV APMYV HN protein is the HN protein of APMV-15, such as, e.g., APMV-15
calidris_fuscicollis/Brazil/RS-1177/2012 (Accession No. KX932454). In some
embodiments, a non-NDV APMYV HN protein is the HN protein of APMV-17, such as, e.g.,
APMV17/Antarctica/107/13 (Accession No. MK167211). In some embodiments, a non-
NDV APMYV HN protein is the HN protein of APMV-20, such as, e.g., APMV-20

75



WO 2022/232052 PCT/US2022/026185

Gull/Kazakhstan/2014 (Accession No. MF033136). In certain embodiments, a non-NDV
APMYV HN protein is the HN protein of APMV-21, such as, e.g.,
APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[00136] In certain embodiments, a variant of a non-NDV APMYV HN protein is a variant of
the HN protein of AMPV-2, AMPV-3, AMPV-4, AMPV-5, AMPV-6, AMPV-7, AMPV-8,
AMPV-9, AMPV-10, AMPV-11, AMPV-12, AMPV-13, AMPV-14, AMPV-15, AMPV-16,
AMPV-17, AMPV-18, AMPV-19, AMPV-20, or AMPV-21. In some embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-2, such as,
e.g., Chicken/California/Yucaipa/56 (Accession No. EU338414). In certain embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-3, such as,
e.g., APMV3/Turkey/Wisconsin/68 (Accession No. EU782025). In some embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-4, such as,
e.g., APMV4/duck/Hongkong/D3/75 (Accession No. FJ177514), ),
APMV4/Duck/China/G302/2012 (GenBank No. KC439346.1),
APMV4/mallard/Belgium/15129/07 (GenBank No. JIN571485),

APMV4/Uriah aalge/Russia/Tyuleniy Island/115/2015 (GenBank No. KU601399.1)
APMV-4/Egyptian goose/South Africa/N1468/2010 (GenBank No. JX133079.1), or
APMV4/duck/Delaware/549227/2010 (GenBank No. JX987283.1). In certain embodiments,
a variant of a non-NDV APMV HN protein is a variant of the HN protein of APMV-5, such
as, e.g., APMV-5 budgerigar/Kunitachi/74 (Accession No. GU206351) or
APMYVS5/budgerigar/Japan/Tl/75 (Accession No. LC168750). In some embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-6, such as,
e.g., APMV-6 Goose/FarEast/4440/2003 (Accession No. EF569970) or
APMV6/duck/HongKong/18/199/77 (Accession No. EU622637). In certain embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-7, such as,
e.g., APMV-7 dove/Tennessee/4/75 (Accession No. FJ231524). In some embodiments, a
variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-8, such as,
e.g., APMV-8 goose/Delaware/1053/76 (Accession No. FJ215863). In certain embodiments,
a variant of a non-NDV APMV HN protein is a variant of the HN protein of APMV-9, such
as, e.g., APMV9/duck/New York/22/78 (Accession No. EU910942). In some embodiments,
a variant of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-10, such
as, e.g., APMV-10 penguin/Falkland Islands/324/2007 (Accession No. HM 147142 or
NC_025349). In certain embodiments, a variant of a non-NDV APMYV HN protein is a
variant of the HN protein of APMV-11, such as, e.g., APMV-11
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common_snipe/France/100212/2010 (Accession No. JQ886184). In some embodiments, a
variant of a non-NDV APMV HN protein is a variant of the HN protein of APMV-12, such
as, e.g., APMV12/Wigeon/Italy/3920 1/05 (Accession No. KC333050). In some
embodiments, a variant of a non-NDV APMYV HN protein is a variant of the HN protein of
APMYV-14, such as, e.g., APMV-14 duck/Japan/110G0352/2011 (Accession No.
KX258200). In certain embodiments, a variant of a non-NDV APMYV HN protein is a variant
of the HN protein of APMV-15, such as, e.g., APMV-15 calidris_fuscicollis/Brazil/RS-
1177/2012 (Accession No. KX932454). In some embodiments, a variant of a non-NDV
APMYV HN protein is a variant of the HN protein of APMV-17, such as, e.g.,
APMV17/Antarctica/107/13 (Accession No. MK167211). In some embodiments, a variant
of a non-NDV APMYV HN protein is a variant of the HN protein of APMV-20, such as, e.g.,
APMV-20 Gull/Kazakhstan/2014 (Accession No. MF033136). In certain embodiments, a
variant of a non-NDV APMV HN protein is a variant of the HN protein of APMV-21, such
as, e.g., APMV21/pigeon/Taiwan/AHRI128/17 (Accession No. MK67743).

[00137] In some embodiments, a non-NDV APMYV HN protein has less than 65% identity
to an NDV HN protein. In some embodiments, a non-NDV APMYV HN protein has less than
60% identity to an NDV HN protein. In some embodiments, a non-NDV APMYV HN protein
has less than 50% identity to an NDV HN protein. In some embodiments, a non-NDV
APMYV HN protein has less than 55% identity to an NDV HN protein. In some embodiments,
anon-NDV APMYV HN protein has less than 50% identity to an NDV HN protein. In some
embodiments, a non-NDV APMYV HN protein has less than 45% identity to an NDV HN
protein. In some embodiments, a non-NDV APMYV HN protein has less than 40% identity to
an NDV HN protein. In some embodiments, a non-NDV APMYV HN protein has less than
35% identity to an NDV HN protein. In some embodiments, a non-NDV APMYV HN protein
has at least 20% or at least 25% identity to an NDV HN protein but less than 65%, less than
60%, less than 55%, less than 50%, or less than 45% identity. In some embodiments, the
NDYV HN protein is the NDV LaSota HN protein.

[00138] In a specific embodiment, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with a nucleotide sequence
comprising the coding sequence set forth in SEQ ID NO:1. In a specific embodiment,
provided herein is a nucleic acid sequence comprising a nucleotide sequence of a Newcastle
disease virus genome in which the coding sequences of NDV HN protein and the NDV F

protein have been replaced with a nucleotide sequence comprising the coding sequence set
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forth in SEQ ID NO:2. In a specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the coding
sequences of NDV HN protein and the NDV F protein have been replaced with a nucleotide
sequence comprising the coding sequence set forth in SEQ ID NO:3. In a specific
embodiment, provided herein is a nucleic acid sequence comprising a nucleotide sequence of
a Newcastle disease virus genome in which the coding sequences of NDV HN protein and the
NDV F protein have been replaced with a nucleotide sequence comprising the coding
sequence set forth in SEQ ID NO:4. In a specific embodiment, provided herein is a nucleic
acid sequence comprising a nucleotide sequence of a Newcastle disease virus genome in
which the coding sequences of NDV HN protein and the NDV F protein have been replaced
with a nucleotide sequence comprising the coding sequence set forth in SEQ ID NO:5. Ina
specific embodiment, provided herein is a nucleic acid sequence comprising a nucleotide
sequence of a Newcastle disease virus genome in which the coding sequences of NDV HN
protein and the NDV F protein have been replaced with a nucleotide sequence comprising the
coding sequence set forth in SEQ ID NO:6. In a specific embodiment, provided herein is a
nucleic acid sequence comprising a nucleotide sequence of a Newcastle disease virus genome
in which the coding sequences of NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the coding sequence set forth in SEQ ID
NO:7. In a specific embodiment, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with a nucleotide sequence
comprising the coding sequence set forth in SEQ ID NO:8. In a specific embodiment,
provided herein is a nucleic acid sequence comprising a nucleotide sequence of a Newcastle
disease virus genome in which the coding sequences of NDV HN protein and the NDV F
protein have been replaced with a nucleotide sequence comprising the coding sequence set
forth in SEQ ID NO:9. In a specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the coding
sequences of NDV HN protein and the NDV F protein have been replaced with a nucleotide
sequence comprising the coding sequence set forth in SEQ ID NO:10. In a specific
embodiment, provided herein is a nucleic acid sequence comprising a nucleotide sequence of
a Newcastle disease virus genome in which the coding sequences of NDV HN protein and the
NDV F protein have been replaced with a nucleotide sequence comprising the coding
sequence set forth in SEQ ID NO:11. In a specific embodiment, provided herein is a nucleic

acid sequence comprising a nucleotide sequence of a Newcastle disease virus genome in
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which the coding sequences of NDV HN protein and the NDV F protein have been replaced
with a nucleotide sequence comprising the coding sequence set forth in SEQ ID NO:12. Ina
specific embodiment, provided herein is a nucleic acid sequence comprising a nucleotide
sequence of a Newcastle disease virus genome in which the coding sequences of NDV HN
protein and the NDV F protein have been replaced with a nucleotide sequence comprising the
coding sequence set forth in SEQ ID NO:13. In a specific embodiment, provided herein is a
nucleic acid sequence comprising a nucleotide sequence of a Newcastle disease virus genome
in which the coding sequences of NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the coding sequence set forth in SEQ ID
NO:14. In specific embodiments, the NDV genome comprises the replaced NDV HN and F
protein coding sequences as well as (1) a transcription unit encoding a NDV nucleocapsid (N)
protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a transcription unit
encoding a NDV matrix (M) protein, and (4) a transcription unit encoding a NDV large
polymerase (L).

[00139] In a specific embodiment, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with a nucleotide sequence
comprising a coding sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at
least 95% or at least 98% identical to the coding sequence set forth in SEQ ID NO:1. In a
specific embodiment, provided herein is a nucleic acid sequence comprising a nucleotide
sequence of a Newcastle disease virus genome in which the coding sequences of NDV HN
protein and the NDV F protein have been replaced with a nucleotide sequence comprising a
coding sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or
at least 98% identical to the coding sequence set forth in SEQ ID NO:2. In a specific
embodiment, provided herein is a nucleic acid sequence comprising a nucleotide sequence of
a Newcastle disease virus genome in which the coding sequences of NDV HN protein and the
NDV F protein have been replaced with a nucleotide sequence comprising a coding sequence
that is at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98%
identical to the coding sequence set forth in SEQ ID NO:3. In a specific embodiment,
provided herein is a nucleic acid sequence comprising a nucleotide sequence of a Newcastle
disease virus genome in which the coding sequences of NDV HN protein and the NDV F
protein have been replaced with a nucleotide sequence comprising a coding sequence that is
at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identical to

the coding sequence set forth in SEQ ID NO:4. In a specific embodiment, provided herein is
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a nucleic acid sequence comprising a nucleotide sequence of a Newcastle disease virus
genome in which the coding sequences of NDV HN protein and the NDV F protein have
been replaced with a nucleotide sequence comprising a coding sequence that is at least 75%,
at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identical to the coding
sequence set forth in SEQ ID NO:5. In a specific embodiment, provided herein is a nucleic
acid sequence comprising a nucleotide sequence of a Newcastle disease virus genome in
which the coding sequences of NDV HN protein and the NDV F protein have been replaced
with a nucleotide sequence comprising a coding sequence that is at least 75%, at least 80%, at
least 85%, at least 90%, at least 95% or at least 98% identical to the coding sequence set forth
in SEQ ID NO:6. In a specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the coding
sequences of NDV HN protein and the NDV F protein have been replaced with a nucleotide
sequence comprising a coding sequence that is at least 75%, at least 80%, at least 85%, at
least 90%, at least 95% or at least 98% identical to the coding sequence set forth in SEQ ID
NO:7. In a specific embodiment, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of a Newcastle disease virus genome in which the coding sequences of
NDYV HN protein and the NDV F protein have been replaced with a nucleotide sequence
comprising a coding sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at
least 95% or at least 98% identical to the coding sequence set forth in SEQ ID NO:8. In a
specific embodiment, provided herein is a nucleic acid sequence comprising a nucleotide
sequence of a Newcastle disease virus genome in which the coding sequences of NDV HN
protein and the NDV F protein have been replaced with a nucleotide sequence comprising a
coding sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or
at least 98% identical to the coding sequence set forth in SEQ ID NO:9. In a specific
embodiment, provided herein is a nucleic acid sequence comprising a nucleotide sequence of
a Newcastle disease virus genome in which the coding sequences of NDV HN protein and the
NDV F protein have been replaced with a nucleotide sequence comprising a coding sequence
that is at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98%
identical to the coding sequence set forth in SEQ ID NO:10. In a specific embodiment,
provided herein is a nucleic acid sequence comprising a nucleotide sequence of a Newcastle
disease virus genome in which the coding sequences of NDV HN protein and the NDV F
protein have been replaced with a nucleotide sequence comprising a coding sequence that is
at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identical to

the coding sequence set forth in SEQ ID NO:11. In a specific embodiment, provided herein
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is a nucleic acid sequence comprising a nucleotide sequence of a Newcastle disease virus
genome in which the coding sequences of NDV HN protein and the NDV F protein have
been replaced with a nucleotide sequence comprising a coding sequence that is at least 75%,
at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identical to the coding
sequence set forth in SEQ ID NO:12. In a specific embodiment, provided herein is a nucleic
acid sequence comprising a nucleotide sequence of a Newcastle disease virus genome in
which the coding sequences of NDV HN protein and the NDV F protein have been replaced
with a nucleotide sequence comprising a coding sequence that is at least 75%, at least 80%, at
least 85%, at least 90%, at least 95% or at least 98% identical to the coding sequence set forth
in SEQ ID NO:13. In a specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the coding
sequences of NDV HN protein and the NDV F protein have been replaced with a nucleotide
sequence comprising a coding sequence that is at least 75%, at least 80%, at least 85%, at
least 90%, at least 95% or at least 98% identical to the coding sequence set forth in SEQ ID
NO:14. In specific embodiments, the NDV genome comprises the replaced NDV HN and F
protein coding sequences as well as (1) a transcription unit encoding a NDV nucleocapsid (N)
protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a transcription unit
encoding a NDV matrix (M) protein, and (4) a transcription unit encoding a NDV large
polymerase (L).

[00140] In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:1. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:2. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:3. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the

nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
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replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:4. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:5. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:6. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:7. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:8. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:9. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:10. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:11. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID

NO:12. In another specific embodiment, provided herein is a nucleic acid sequence
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comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:13. In another specific embodiment, provided herein is a nucleic acid sequence
comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequences encoding the NDV HN protein and the NDV F protein have been
replaced with a nucleotide sequence comprising the nucleotide sequence set forth in SEQ ID
NO:14. In specific embodiments, the NDV genome comprises the replaced NDV HN and F
protein coding sequences as well as (1) a transcription unit encoding a NDV nucleocapsid (N)
protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a transcription unit
encoding a NDV matrix (M) protein, and (4) a transcription unit encoding a NDV large
polymerase (L).

[00141] One skilled in the art will understand that the NDV genomic RNA sequence is an
RNA sequence corresponding to the negative sense of a cDNA sequence encoding the NDV
genome. Thus, any program that converts a nucleotide sequence to its reverse complement
sequence may be utilized to convert a cDNA sequence encoding an NDV genome into the
genomic RNA sequence (see, e.g., www.bioinformatics.org/sms/rev_comp.html,

www.fr33 net/seqedit.php, and DNAStar). Accordingly, the nucleotide sequences provided
in Tables 1 and 3, infra, may be readily converted to the negative-sense RNA sequence of the
NDYV genome by one of skill in the art. In some embodiments, the nucleotide sequence of a
NDYV genome is of an NDV of any strain known to one of skill in the art. See, e.g., Section
5.1.2 for exemplary strains. In a specific embodiments, the nucleotide sequence of a NDV
genome is of the LaSota strain. In certain embodiments, the nucleotide sequence of a NDV
genome is of a lentogenic strain. In some embodiments, the nucleotide sequence of a NDV
genome is of a mesogenic strain. In certain embodiments, the nucleotide sequence of a NDV
genome is of a velogenic. The nucleotide sequence of a NDV genome may be a cDNA
sequence or an RNA sequence (e.g., negative sense RNA or positive sense RNA).

[00142] In some embodiments, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of SEQ ID NO:44. In some embodiments, provided herein is a nucleic
acid sequence comprising a nucleotide sequence of SEQ ID NO:44 without the GFP coding
sequence. In some embodiments, provided herein is a nucleic acid sequence comprising a
nucleotide sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 98%, or at least 99% identical to the nucleotide sequence of SEQ ID NO:44. In

some embodiments, provided herein is a nucleic acid sequence comprising a nucleotide
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sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
98%, or at least 99% identical to the nucleotide sequence of SEQ ID NO:44 without the GFP
coding sequence. In some embodiment, provided herein is a nucleic acid sequence
comprising the nucleotide sequence of SEQ ID NO:44 without the GFP coding sequence and
a transgene encoding a heterologous sequence, such as an antigen.

[00143] In some embodiments, provided herein is a nucleic acid sequence comprising a
nucleotide sequence of SEQ ID NO:45. In some embodiments, provided herein is a nucleic
acid sequence comprising a nucleotide sequence of SEQ ID NO:45 without the GFP coding
sequence. In some embodiments, provided herein is a nucleic acid sequence comprising a
nucleotide sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 98%, or at least 99% identical to the nucleotide sequence of SEQ ID NO:45. In
some embodiments, provided herein is a nucleic acid sequence comprising a nucleotide
sequence that is at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
98%, or at least 99% identical to the nucleotide sequence of SEQ ID NO:45 without the GFP
coding sequence. In some embodiment, provided herein is a nucleic acid sequence
comprising the nucleotide sequence of SEQ ID NO:45 without the GFP coding sequence and
a transgene encoding a heterologous sequence, such as an antigen.

[00144] In some embodiments, a nucleic acid sequence or nucleotide sequence described
herein is codon optimized. See Section 5.1.4 for a description of codon optimization
information and techniques.

[00145] In certain embodiments, a nucleic acid sequence described herein does not
comprise a heterologous sequence encoding a heterologous protein other than the non-NDV
APMYV HN protein or variant thereof. In certain embodiments, a nucleic acid sequence
described herein does not comprise a heterologous sequence encoding a heterologous protein
other than the non-NDV APMV F protein or variant thereof. In certain embodiments, a
nucleic acid sequence described herein does not comprise a heterologous sequence encoding
a heterologous protein other than the non-NDV APMYV HN protein or variant thereof and
non-NDV APMYV F protein or variant thereof.

[00146] In certain embodiments, a nucleic acid sequence described herein further
comprises a transgene comprising a nucleotide sequence encoding a heterologous sequence
(e.g., a heterologous protein). In certain embodiments, a nucleic acid sequence described
herein further comprises a transgene comprising a nucleotide sequence encoding an antigen.
See Section 5.1.3 for a description of transgenes that may be incorporated into a nucleic acid

sequence described herein.
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[00147] In specific embodiments, a nucleic acid sequence described herein is used in the
production of a recombinant NDV described herein. In specific embodiments, a nucleic acid
sequence described herein is part of a recombinant NDV described herein.

[00148] In specific embodiments, a nucleic acid sequence or nucleotide sequence
described herein is a recombinant nucleic acid sequence or recombinant nucleotide sequence.
In certain embodiments, a nucleotide sequence or nucleic acid sequence described herein may
be a DNA molecule (e.g., cDNA), an RNA molecule, or a combination of a DNA and RNA
molecule. In some embodiments, a nucleotide sequence or nucleic acid sequence described
herein may comprise analogs of DNA or RNA molecules. Such analogs can be generated
using, for example, nucleotide analogs, which include, but are not limited to, inosine,
methylcytosine, pseudouridine, or tritylated bases. Such analogs can also comprise DNA or
RNA molecules comprising modified backbones that lend beneficial attributes to the
molecules such as, for example, nuclease resistance or an increased ability to cross cellular
membranes. The nucleic acid or nucleotide sequences can be single-stranded, double-
stranded, may contain both single- stranded and double-stranded portions, and may contain
triple-stranded portions. In a specific embodiment, a nucleotide sequence or nucleic acid
sequence described herein is a negative sense single-stranded RNA. In another specific
embodiment, a nucleotide sequence or nucleic acid sequence described herein is a positive
sense single-stranded RNA. In another specific embodiment, a nucleotide sequence or
nucleic acid sequence described herein is a cDNA.

[00149] In specific embodiments, a nucleic acid sequence is isolated. In certain
embodiments, an “isolated” nucleic acid sequence refers to a nucleic acid molecule which is
separated from other nucleic acid molecules which are present in the natural source of the
nucleic acid. In other words, the isolated nucleic acid sequence can comprise heterologous
nucleic acids that are not associated with it in nature. In other embodiments, an “isolated”
nucleic acid sequence, such as a cDNA or RNA sequence, can be substantially free of other
cellular material, or culture medium when produced by recombinant techniques, or
substantially free of chemical precursors or other chemicals when chemically synthesized.
The term “substantially free of cellular material” includes preparations of nucleic acid
sequences in which the nucleic acid sequence is separated from cellular components of the
cells from which it is isolated or recombinantly produced. Thus, nucleic acid sequence that is
substantially free of cellular material includes preparations of nucleic acid sequence having
less than about 30%, 20%, 10%, or 5% (by dry weight) of other nucleic acids. The term

“substantially free of culture medium” includes preparations of nucleic acid sequence in
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which the culture medium represents less than about 50%, 20%, 10%, or 5% of the volume of
the preparation. The term “substantially free of chemical precursors or other chemicals”
includes preparations in which the nucleic acid sequence is separated from chemical
precursors or other chemicals which are involved in the synthesis of the nucleic acid
sequence. In specific embodiments, such preparations of the nucleic acid sequence have less
than about 50%, 30%, 20%, 10%, 5% (by dry weight) of chemical precursors or compounds
other than the nucleic acid sequence of interest.

5.1.2 NDV BACKBONE

[00150] Any NDV type or strain may be serve as the “backbone” into which the nucleotide
sequence encoding the NDV F protein and/or the nucleotide sequence encoding the NDV HN
protein are replaced with a non-NDV APMYV F protein coding sequence or a variant thereof
and/or a non-NDV HN coding sequence or variant thereof, respectively. In addition, any
NDYV type or strain may be serve as the “backbone” in which the nucleotide sequence
encoding the NDV F protein and/or the nucleotide sequence encoding the NDV HN protein
are replaced with a chimeric F protein coding sequence and/or a chimeric HN coding
sequence, respectively. For example the NDV may be a naturally-occurring strain, a variant,
a mutant, a mutagenized virus, and/or a genetically engineered virus. In a specific
embodiment, the NDV backbone is a lentogenic NDV. In another specific embodiment, the
NDYV backbone is strain LaSota. Other examples of NDV strains which may be used as the
NDYV backbone include the NDV Fuller, the NDV Ulster strain or the NDV Hitchner B1
strain. In some embodiments, a lentogenic strain other than NDV Hitchner B1 strain is used
as the backbone. In a specific embodiment, the NDV backbone is a naturally-occurring strain.
In certain embodiments, the NDV backbone is a lytic strain. In other embodiments, the NDV
backbone is a non-lytic strain. In certain embodiments, the NDV backbone is lentogenic
strain. In some embodiments, the NDV backbone is a mesogenic strain. In other
embodiments, the NDV backbone is a velogenic strain. Specific examples of NDV strains
include, but are not limited to, the 73-T strain, NDV HUJ strain, Ulster strain (see, e.g.,
GenBank No. U25837), Fuller strain, MTH-68 strain, Italien strain (see, e.g., GenBank No.
EU293914), Hickman strain (see, e.g., Genbank No. AF309418), PV701 strain, Hitchner B1
strain (see, e.g., GenBank No. AF309418 or NC _002617), La Sota strain (see, e.g., GenBank
Nos. AY845400, AF07761.1 and JF950510.1 and GI No. 56799463), YG97 strain (see, e.g.,
GenBank Nos. AY351959 or AY390310), METOS strain (see, e.g., GenBank No.
AY143159), Roakin strain (see, e.g., GenBank No. AF124443), and F48E9 strain (see, e.g.,
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GenBank Nos. AF163440 and U25837). In a specific embodiment, the NDV backbone is the
Hitchner B1 strain. In another embodiment, the NDV backbone is a B1 strain as identified by
GenBank No. AF309418 or NC_002617. In another specific embodiment, the NDV
backbone is the La Sota strain. In a specific embodiment, the nucleotide sequence of the La
Sota genome comprises an RNA sequence corresponding to the negative sense of the cDNA
sequence set forth in SEQ ID NO:15. In another embodiment, the NDV backbone is a LaSota
strain as identified by GenBank Nos. AY845400, AF07761.1 or JF950510.1.

[00151] One skilled in the art will understand that the NDV genomic RNA sequence is an
RNA sequence corresponding to the negative sense of a cDNA sequence encoding the NDV
genome. Thus, any program that converts a nucleotide sequence to its reverse complement
sequence may be utilized to convert a cDNA sequence encoding an NDV genome into the
genomic RNA sequence (see, e.g., www.bioinformatics.org/sms/rev_comp.html,

www.fr33 net/seqedit.php, and DNAStar).

[00152] In specific embodiments, the NDV backbone is not pathogenic in birds as
assessed by a technique known to one of skill. In certain specific embodiments, the NDV
backbone is not pathogenic as assessed by intracranial injection of 1-day-old chicks with the
virus, and disease development and death as scored for 8 days. In some embodiments, the
NDYV backbone has an intracranial pathogenicity index of less than 0.7, less than 0.6, less
than 0.5, less than 0.4, less than 0.3, less than 0.2 or less than 0.1. In certain embodiments,
the NDV backbone has an intracranial pathogenicity index of zero. See, e.g., OIE Terrestrial
Manual 2012, Chapter 2.3.14, entitled “Newcastle Disease (Infection With Newcastle
Disease Virus) for a description of this assay, which is found at the following website
www.oie.int/fileadmin/Home/eng/Health standards/tahm/2.03.14 NEWCASTLE DIS pdf,
which is incorporated herein by reference in its entirety.

[00153] In certain embodiments, the NDV backbone is a mesogenic strain that has been
genetically engineered so as not be a considered pathogenic in birds as assessed by
techniques known to one skilled in the art. In certain embodiments, the NDV backbone is a
velogenic strain that has been genetically engineered so as not be a considered pathogenic in
birds as assessed by techniques known to one skilled in the art.

[00154] In preferred embodiments, the NDV backbone is non-pathogenic in humans or
bovine. In preferred embodiments, the NDV backbone is non-pathogenic in humans, bovines
and avians. In certain embodiments, the NDV backbone is attenuated such that the NDV
remains, at least partially, infectious and can replicate in vivo, but only generate low titers

resulting in subclinical levels of infection that are non-pathogenic (see, e.g., Khattar et al.,
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2009, J. Virol. 83:7779-7782). Such attenuated NDVs may be especially suited for
embodiments wherein the virus is administered to a subject in order to act as an immunogen,
e.g., alive vaccine. The viruses may be attenuated by any method known in the art. In a
specific embodiment, the NDV genome comprises sequences necessary for infection and
replication of the attenuated virus such that progeny is produced and the infection level is

subclinical.

5.1.3 TRANSGENES

[00155] In a specific embodiment, a transgene comprising a nucleotide sequence encoding
an antigen is incorporated into the nucleic acid sequence described herein (e.g., Section 5.1.1
or Section 6), which comprises a nucleotide sequence of a NDV genome in which the NDV F
protein coding sequence and/or NDV HN protein coding sequence have been replaced as
described herein. The transgene may inserted into a nucleotide sequence of a NDV genome
of any NDV type or strain (e.g., NDV LaSota strain) in which the NDV F protein coding
sequence and/or NDV HN protein coding sequence have been replaced as described herein.
One of skill in the art would be able to use the sequence information of the antigen to produce
a transgene for incorporation into the nucleotide sequence of a NDV genome of any NDV
type or strain in which the NDV F protein coding sequence and/or NDV HN protein coding
sequence have been replaced as described herein. Given the degeneracy of the nucleic acid
code, there are a number of different nucleic acid sequences that may encode the same
antigen. In a specific embodiment, a transgene comprising a nucleotide sequence encoding
an antigen is codon optimized. In a specific embodiment, the coding sequence of an antigen
is codon optimized. See, e.g., Section 5.1.4, infra, for a discussion regarding codon
optimization. The transgene comprising a nucleotide sequence encoding an antigen may be
incorporated between any two NDV transcription units (e.g., between the NDV P and M
transcription units, or between the HN and L transcription units). A transgene described
herein, which is incorporated into the genome of a NDV, results in the expression of an
antigen encoded by the transgene by a cell(s) infected with a recombinant NDV described
herein.

[00156] In another embodiment, described herein are transgenes comprising a nucleotide
sequence encoding a chimeric antigen, wherein the chimeric antigen comprises an antigen
ectodomain and NDV F protein transmembrane and cytoplasmic domains. In other words,
the NDV F protein transmembrane and cytoplasmic domains replace the antigen’s

transmembrane and cytoplasmic domains so that the chimeric protein does not include the
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antigen transmembrane and cytoplasmic domains. In certain embodiments, one, two or more
amino acid residues of the transmembrane domain of the antigen but less than 10 amino acid
residues of the transmembrane domain of the antigen are part of the chimeric antigen. The
ectodomain, transmembrane and cytoplasmic domains of the antigen and NDV F protein may
be determined using techniques known to one of skill in the art. For example, published
information, GenBank or websites such as VIPR virus pathogen website (www.viprbrc.org),
DTU Bioinformatics domain website (www.cbs.dtu.dk/servicess TMHMMY/) or programs
available to determine the transmembrane domain may be used to determine the ectodomain,
transmembrane and cytoplasmic domains of the antigen and NDV F protein. See, e.g., Park
et al., 2006, PNAS May 23, 2006 103 (21) 8203-8208, International Patent Application No.
W02007/064802, and U.S. 9,387,242 B2 for methods for producing chimeric antigens. In a
specific embodiment, described herein are transgenes comprising a nucleotide sequence
encoding a chimeric antigen, wherein the chimeric antigen comprises an ectodomain of a
class I protein antigen and NDV F protein transmembrane and cytoplasmic domains.

[00157] In another embodiment, described herein are transgenes comprising a nucleotide
sequence encoding a chimeric antigen, wherein the chimeric antigen comprises an antigen
ectodomain and NDV HN protein transmembrane and cytoplasmic domains. In other words,
the NDV HN protein transmembrane and cytoplasmic domains replace the antigen’s
transmembrane and cytoplasmic domains so that the chimeric protein does not include the
antigen transmembrane and cytoplasmic domains. In certain embodiments, one, two or more
amino acid residues of the transmembrane domain of the antigen but less than 10 amino acid
residues of the transmembrane domain of the antigen are part of the chimeric antigen. The
ectodomain, transmembrane and cytoplasmic domains of the antigen and NDV HN protein
may be determined using techniques known to one of skill in the art. For example, published
information, GenBank or websites such as VIPR virus pathogen website (www.viprbrc.org),
DTU Bioinformatics domain website (www.cbs.dtu.dk/servicess TMHMMY/) or programs
available to determine the transmembrane domain may be used to determine the ectodomain,
transmembrane and cytoplasmic domains of the antigen and NDV HN protein. See, e.g.,
Park et al., 2006, PNAS May 23, 2006 103 (21) 8203-8208, International Patent Application
No. W02007/064802, and U.S. 9,387,242 B2 for methods for producing chimeric antigens.
In a specific embodiment, described herein are transgenes comprising a nucleotide sequence
encoding a chimeric antigen, wherein the chimeric antigen comprises an ectodomain of a

class II protein antigen and NDV HN protein transmembrane and cytoplasmic domains.
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[00158] In certain embodiments, a transgene comprises a nucleotide sequence encoding a
chimeric antigen, wherein the chimeric antigen comprises a SARS-CoV-2 spike protein
ectodomain or fragment thereof (e.g., a fragment comprising the receptor binding domain)
and NDV F protein transmembrane and cytoplasmic domains. In some embodiments, a
transgene comprises a nucleotide sequence encoding a chimeric antigen, wherein the
chimeric antigen comprises an hMPV F protein ectodomain or fragment thereof and NDV F
protein transmembrane and cytoplasmic domains. In certain embodiments, a transgene
comprises a nucleotide sequence encoding a chimeric antigen, wherein the chimeric antigen
comprises an RSV F protein ectodomain or a fragment thereof and NDV F protein
transmembrane and cytoplasmic domains.

[00159] The transgene may inserted into a nucleotide sequence of a NDV genome of any
NDYV type or strain (e.g., NDV LaSota strain) in which the NDV F protein coding sequence
and/or NDV HN protein coding sequence have been replaced as described herein. One of
skill in the art would be able to use the sequence information of the chimeric antigen to
produce a transgene for incorporation into the nucleotide sequence of a NDV genome of any
NDYV type or strain in which the NDV F protein coding sequence and/or NDV HN protein
coding sequence have been replaced as described herein. Given the degeneracy of the
nucleic acid code, there are a number of different nucleic acid sequences that may encode the
same chimeric antigen. In a specific embodiment, a transgene comprising a nucleotide
sequence encoding a chimeric antigen is codon optimized. In a specific embodiment,
described herein is a transgene comprising a nucleotide sequence encoding a chimeric
antigen, wherein the chimeric antigen comprises an antigen ectodomain and NDV F protein
transmembrane and cytoplasmic domains, and wherein the ectodomain of the antigen is
encoded by a codon optimized nucleic acid sequence. See, e.g., Section 5.1.4, infra, for a
discussion regarding codon optimization. The transgene encoding a nucleotide sequence
encoding chimeric antigen may be incorporated between any two NDV transcription units
(e.g., between the NDV P and M transcription units, or between the HN and L transcription
units).

[00160] In certain embodiments, a transgene comprising a nucleotide sequence encoding
an antigen or a chimeric antigen comprises NDV regulatory signals (e.g., gene end,
intergenic, and gene start sequences) and Kozak sequences. In some embodiments, a
transgene comprising a nucleotide sequence encoding an antigen or a chimeric antigen
comprises NDV regulatory signals (e.g., gene end, intergenic, and gene start sequences),

Kozak sequences and restriction sites to facilitate cloning. In certain embodiments, a
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transgene encoding an antigen or a chimeric antigen comprises NDV regulatory signals (gene
end, intergenic and gene start sequences), Kozak sequences, restriction sites to facilitate
cloning, and additional nucleotides in the non-coding region to ensure compliance with the
rule of six. In a preferred embodiment, the transgene complies with the rule of six.

[00161] In certain embodiments, an antigen is an infectious disease antigen. Infectious
diseases include those diseases caused by viruses, bacteria, fungi, and protozoa. In some
embodiments, an antigen is an antigen of a pathogen. In certain embodiments, an antigen is a
viral, bacterial, fungal or protozoa antigen. The antigen may be a fragment of a protein
expressed by a virus, bacteria, fungus, protozoa or other pathogen. In a specific embodiment,
an antigen is viral antigen. The viral antigen may be a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) antigen, human metapneumovirus antigen, respiratory
syncytial virus antigen, an Ebola antigen, Lassa virus antigen, Nipah virus antigen, or Middle
East respiratory syndrome coronavirus (MERS-CoV) antigen. In some embodiments, the
viral antigen is a surface glycoprotein. The viral antigen may be a fragment of a surface
glycoprotein or envelope protein. In some embodiments, an antigen used herein has at least
75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identity to an
antigen found in nature. For example, an antigen may have at least 75%, at least 80%, at
least 85%, at least 90%, at least 95% or at least 98% identity to a naturally occurring a viral
antigen (e.g., a SARS-CoV-2 antigen, a RSV antigen, an Ebola virus antigen, a MERS-CoV
antigen, a hMPYV antigen, Lassa virus antigen or Nipah virus antigen). In certain
embodiment, an antigen is an antigen from or derived from a pathogen (e.g., virus, bacteria,
etc.) that causes a pandemic or epidemic.

[00162] In one embodiment, the viral antigen is a SARS-CoV-2 antigen. In another
embodiment, the viral antigen is a SARS-CoV-2 nucleocapsid protein or a fragment thereof.
As used herein, the terms “SARS-CoV-2 nucleocapsid” refers to a SARS-CoV-2
nucleocapsid known to those of skill in the art. In certain embodiments, the nucleocapsid
protein comprises the amino acid or nucleic acid sequence found at GenBank Accession No.
MTO081068.1, MT081066.1 or MN908947.3. See also, e.g., GenBank Accession Nos.
MN908947 .3, MT447160, MT44636, MT446360, MT444593, MT444529, MT370887, and
MT334558 for examples of amino acid sequences of SARS-CoV-2 nucleocapsid protein and
nucleotide sequences encoding SARS-CoV-2 nucleocapsid protein.

[00163] In another embodiment, the viral antigen 1s a SARS-CoV-2 spike protein or a
fragment thereof. In some embodiments, the fragment of the SARS-CoV-2 spike protein

comprises (or consists of) the receptor binding domain of the protein. In certain
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embodiments, the fragment of the SARS-CoV-2 spike protein comprises (or consists of) the
S1 or S2 domain of the protein. In some embodiments, the fragment of the SARS-CoV-2
spike protein comprises (or consists of) the ectodomain of the protein. As used herein, the
terms “SARS-CoV-2 spike protein” and “spike protein of SARS-CoV-2” refer to a SARS-
CoV-2 spike protein known to those of skill in the art. See, e.g., GenBank Accession Nos.
MN908947 .3, MT447160, MT44636, MT446360, MT444593, MT444529, MT370887, and
MT334558 for examples of amino acid sequences of SARS-CoV-2 spike protein and
nucleotide sequences encoding SARS-CoV-2 spike protein. In certain embodiments, the
spike protein comprises the amino acid or nucleic acid sequence found at GenBank
Accession No. MN908947.3. In certain embodiments, the spike protein comprises the amino
acid or nucleic acid sequence of a variant of SARS-CoV-2. In some embodiments, the spike
protein comprises the amino acid or nucleic acid sequence of B.1.1.7. In specific
embodiments, the spike protein comprises the amino acid or nucleic acid sequence of
20I/501Y.V1 (BEI Reference isolate NR-54000). In some embodiments, the spike protein
comprises the amino acid or nucleic acid sequence of P.1. In specific embodiments, the spike
protein comprises the amino acid or nucleic acid sequence of 20J/501Y.V3 (BEI Reference
isolate NR-54982). In some embodiments, the spike protein comprises the amino acid or
nucleic acid sequence of B.1.351. In specific embodiments, the spike protein comprises the
amino acid or nucleic acid sequence of 20H/501.V2 (BEI Reference isolate NR-54009). In
some embodiments, the spike protein comprises the amino acid or nucleic acid sequence of
B.1.4271. In specific embodiments, the spike protein comprises the amino acid or nucleic
acid sequence of 20C/S:452R. In some embodiments, the spike protein comprises the amino
acid or nucleic acid sequence of B.1.429. In specific embodiments, the spike protein
comprises the amino acid or nucleic acid sequence of 20C/S:452R. A typical spike protein
comprises domains known to those of skill in the art including an S1 domain, a receptor
binding domain, an S2 domain, a transmembrane domain and a cytoplasmic domain. See,
e.g., Wrapp et al., 2020, Science 367: 1260-1263 for a description of SARS-CoV-2 spike
protein (in particular, the structure of such protein). The spike protein may be characterized
has having a signal peptide (e.,g a signal peptide of 1-14 amino acid residues of the amino
acid sequence of GenBank Accession No. MN908947.3), a receptor binding domain (e.g., a
receptor binding domain of 319-541 amino acid residues of GenBank Accession No.
MNO908947 3), an ectodomain (e.g., an ectodomain of 15-1213 amino acid residues of
GenBank Accession No. MN908947 3), and a transmembrane and endodomain (e.g,. a

transmembrane and endodomain of 1214-1273 amino acid residues of GenBank Accession
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No. MN908947.3). In certain embodiments, the viral antigen is a fragment of a SARS-CoV-
2 spike protein. The fragment may comprise the receptor binding domain of the SARS-CoV-
2 spike protein. The fragment may comprise the S1 domain, S2 domain or the ectodomain of
the SARS-CoV-2 spike protein. The terms “SARS-CoV-2 spike protein” encompass SARS-
CoV-2 spike polypeptides that are modified by post-translational processing such as signal
peptide cleavage, disulfide bond formation, glycosylation (e.g., N-linked glycosylation),
protease cleavage and lipid modification (e.g. S-palmitoylation). In some embodiments, the
SARS-CoV-2 spike protein includes a signal sequence. In other embodiments, SARS-CoV-2
spike protein does not include a signal sequence. The signal sequence can be the naturally
occurring signal peptide sequence or a variant thereof. In some embodiments, the signal
peptide is an SARS-CoV-2 spike protein signal peptide. In some embodiments, the signal
peptide is heterologous to an SARS-CoV-2 spike protein signal peptide.

[00164] In some embodiments, provided herein is a SARS-CoV-2 antigen comprises a
derivative SARS-CoV-2 spike protein ectodomain and NDV F protein transmembrane and
cytoplasmic domains, wherein the derivative comprises a SARS-CoV-2 spike protein
ectodomain in which: (1) amino acid residues corresponding to amino acid residues 817, 892,
899, 942, 986, and 987 of SARS-CoV-2 spike protein found at GenBank Accession No.
MN908947 3 are substituted with prolines, and (2) amino acid residues corresponding to
amino acid residues 682 to 685 are substituted such that the polybasic cleavage site is
inactivated. In specific embodiments, a polybasic cleavage site is inactivated if the site
cannot be cleaved by, e.g., furin. In a specific embodiment, amino acid residues
corresponding to amino acid residues 682 to 685 of the polybasic cleavage site of the SARS-
CoV-2 spike protein found at GenBank Accession No. MN908947.3 are substituted with a
single alanine. In certain embodiments, the NDV F protein transmembrane and cytoplasmic
domains are fused to the derivative of the SARS-CoV-2 spike protein ectodomain through a
linker sequence (e.g., GGGGS (SEQ ID NO:46)). In some embodiments, the linker is a
glycine (G) linker or glycine and serine (GS) linker. For example, the linker may comprise
the sequence of (GGGGS)n, whereinn is 1, 2, 3, 4, 5 or more (SEQ ID NO:47). In another
example, the linker may comprise (G)n, whereinnis 2, 3, 4, 5, 6, 7, 8 or more. In a specific
embodiment, the linker comprises the sequence GGGGS (SEQ ID NO:46). In some
embodiments, the NDV F protein transmembrane and cytoplasmic domains are fused directly
to the derivative of the SARS-CoV-2 spike protein ectodomain. In a specific embodiment,

the NDV F protein and chimeric F protein is incorporated into the NDV virion.
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[00165] In one embodiment, the viral antigen is a human metapneumovirus antigen. In
another embodiment, the viral antigen is a human metapneumovirus G protein or a fragment
thereof. “Human Metapneumovirus G protein” and “hMPV G protein” refer to any Human
Metapneumovirus G protein known to those of skill in the art. In another embodiment, the
viral antigen is a human metapneumovirus F protein or a fragment thereof. “Human
Metapneumovirus F protein” and “hMPYV F protein” refer to any Human Metapneumovirus F
protein known to those of skill in the art. The hMPV F protein is synthesized as a FO inactive
precursor. The FO inactive precursor requires cleavage during intracellular maturation. The
hMPYV F is cleaved to form F1 and F2. The hMPV F protein exists in two conformations,
prefusion and post-fusion. GenBank™ accession number AY145301.1 and KJ627437.1,
provide exemplary nucleic acid sequences encoding hMPV F protein. GenBank™ accession
numbers AAN52915.1, AHV79975.1, AGJ74035.1, and AGZ48845.1 provide exemplary
hMPYV F protein amino acid sequences. The terms “hMPV F protein” and “human
metapneumovirus F protein” encompass hMPV F polypeptides that are modified by post-
translational processing such as signal peptide cleavage, disulfide bond formation,
glycosylation (e.g., N-linked glycosylation), protease cleavage and lipid modification (e.g. S-
palmitoylation). In some embodiments, the hMPV F protein includes a signal sequence. In
other embodiments, hMPV F protein does not include a signal sequence. The signal
sequence can be the naturally occurring signal peptide sequence or a variant thereof. The
hMPYV F protein signal sequence is typically 18 amino acids in length. In some
embodiments, the signal peptide is an hMPV F protein signal peptide. In some embodiments,
the signal peptide is heterologous to an hMPV F protein signal peptide.

[00166] In one embodiment, the viral antigen is a RSV G protein or a fragment thereof.
“RSV G protein” and “respiratory syncytial virus G protein” refer to any respiratory syncytial
G protein known to those of skill in the art. In one embodiment, the viral antigen is a RSV F
protein or a fragment thereof. “RSV F protein” and “respiratory syncytial virus F protein”
refer to any respiratory syncytial F protein known to those of skill in the art. The RSV F
protein typically exists as a homotrimer. The RSV F protein is synthesized as a FO inactive
precursor which is heavily N-glycosylated. The FO inactive precursor requires cleavage
during intracellular maturation by a furin-like proteases. The RSV F contains two furin sites,
and cleavage by furin-like proteases leads to three polypeptides: F2, p27 and F1, with the
latter containing a hydrophobic fusion peptide at its N terminus. The RSV F protein exists in
two conformations, prefusion and post-fusion. The RSV F protein may be human RSV F

protein or bovine F protein. GenBank™ accession numbers KJ155694.1, KU950686.1,
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KJ672481.1, KP119747, and AF035006.1 provide exemplary nucleic acid sequences
encoding human RSV F protein. GenBank™ accession numbers AHL84194.1,
AMT79817.1, AHX57603.1, AIY70220.1 and AAC14902.1 provide exemplary human RSV
F protein amino acid sequences. GenBank™ accession numbers AF295543.1, AF092942.1,
and Y17970.1 provide exemplary nucleic acid sequences encoding bovine RSV F protein.
GenBank™ accession numbers AAL49399.1, NP_048055.1, AAC96308.1, and CAA76980.1
provide exemplary bovine RSV F protein amino acid sequences. The terms “RSV F protein”
and “respiratory syncytial virus F protein” encompass RSV F polypeptides that are modified
by post-translational processing such as signal peptide cleavage, disulfide bond formation,
glycosylation (e.g., N-linked glycosylation), protease cleavage and lipid modification (e.g. S-
palmitoylation). In some embodiments, the RSV F protein includes a signal sequence. In
other embodiments, RSV F protein does not include a signal sequence. The signal sequence
can be the naturally occurring signal peptide sequence or a variant thereof. The RSV F
protein signal sequence is typically 25 amino acids in length. In some embodiments, the
signal peptide is an RSV F protein signal peptide. In some embodiments, the signal peptide
is heterologous to an RSV F protein signal peptide.

[00167] In one embodiment, an antigen is an Ebola virus antigen (e.g., Ebola virus
glycoprotein GP or a fragment thereof, or Ebola virus nucleocapsid or a fragment thereof). In
another embodiment, an antigen is a Lassa virus antigen (e.g., a Lassa virus envelope
glycoprotein GP1 or a fragment thereof, or a Lassa virus envelope glycoprotein GP2 or a
fragment thereof). In another embodiment, an antigen is Nipah virus antigen (e.g., Nipah
virus F or a fragment thereof, or a Nipah virus G protein or a fragment thereof). In another
embodiment, an antigen is a MERS-CoV antigen (e.g, a MERS-CoV spike protein or a
fragment thereof, or nucleocapsid protein or a fragment thereof).

[00168] In certain embodiments, a fragment of a protein comprises at least 8, at least 10, at
least 12, at least 15 or more contiguous amino acids of the protein. In some embodiments, a
fragment of a protein comprises at least 20, at least 30, at least 40, at least 50 or more
contiguous amino acids of the protein. In certain embodiments, a fragment of a protein
comprises at least 75, at least 100, at least 125, at least 150 or more contiguous amino acids
of the protein. In some embodiments, a fragment of a protein comprises at least 175, at least
200, at least 250, at least 300, at least 350 or more contiguous amino acids of the protein.
[00169] In some embodiments, an antigen is a cancer or tumor antigen or tumor antigen
(e.g., tumor-associated antigens and tumor-specific antigens). Antigens that are characteristic

of tumor antigens can be derived from the cell surface, cytoplasm, nucleus, organelles and the
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like of cells of tumor tissue. Examples include antigens characteristic of tumor proteins,
including proteins encoded by mutated oncogenes, viral proteins associated with tumors, and
glycoproteins. Tumors include, but are not limited to, those derived from the types of cancer:
lip, nasopharynx, pharynx and oral cavity, esophagus, stomach, colon, rectum, liver, gall
bladder, pancreas, larynx, lung and bronchus, melanoma of skin, breast, cervix, uterine,
ovary, bladder, kidney, uterus, brain and other parts of the nervous system, thyroid, prostate,
testes, Hodgkin’s disease, non-Hodgkin’s lymphoma, multiple myeloma and leukemia. In
some embodiments, the cancer antigen or tumor antigen is HER2, EGFR, VEGF, CD33,
CD20, ErbB2, prostate specific membrane antigen (PSMA), APO-1, or MUC-1.

5.1.4 CODON OPTIMIZATION

[00170] Any codon optimization technique known to one of skill in the art may be used to
codon optimize a nucleic acid sequence or nucleotide sequence described herein. Methods of
codon optimization are known in the art, e.g., the OptimumGene™ (GenScript®) protocol
and Genewiz® protocol, which are incorporated by reference herein in its entirety. See also
U.S. Patent No. 8,326,547 for methods for codon optimization, which is incorporated herein
by reference in its entirety.

[00171] As an exemplary method for codon optimization, each codon in the open frame of
the nucleic acid sequence or nucleotide sequence described herein) is replaced by the codon
most frequently used in mammalian proteins. This may be done using a web-based program
(www .encorbio.com/protocols/Codon.htm) that uses the Codon Usage Database, maintained
by the Department of Plant Gene Research in Kazusa, Japan. The nucleic acid sequence or
nucleotide sequence optimized for mammalian expression may be inspected for: (1) the
presence of stretches of 5XA or more that may act as transcription terminators; (2) the
presence of restriction sites that may interfere with subcloning; (3) compliance with the rule
of six. Following inspection, (1) stretches of 5xA or more that may act as transcription
terminators may be replaced by synonymous mutations; (2) restriction sites that may interfere
with subcloning may be replaced by synonymous mutations; (3) NDV regulatory signals
(gene end, intergenic and gene start sequences), and Kozak sequences for optimal protein
expression may be added; and (4) nucleotides may be added in the non-coding region to
ensure compliance with the rule of six. Synonymous mutations are typically nucleotide
changes that do not change the amino acid encoded. For example, in the case of a stretch of 6
As (AAAAAA), which sequence encodes Lys-Lys, a synonymous sequence would be
AAGAAG, which sequence also encodes Lys-Lys.

96



WO 2022/232052 PCT/US2022/026185

5.2  CONSTRUCTION OF NDVS

[00172] The recombinant NDVs described herein (see, e.g., Sections 5.1 and 6) can be
generated using the reverse genetics technique. The reverse genetics technique involves the
preparation of synthetic recombinant viral RNAs that contain the non-coding regions of the
negative-strand, viral RNA which are essential for the recognition by viral polymerases and
for packaging signals necessary to generate a mature virion. The recombinant RNAs are
synthesized from a recombinant DNA template and reconstituted in vifro with purified viral
polymerase complex to form recombinant ribonucleoproteins (RNPs) which can be used to
transfect cells. A more efficient transfection is achieved if the viral polymerase proteins are
present during transcription of the synthetic RNAs either in vifro or in vivo. The synthetic
recombinant RNPs can be rescued into infectious virus particles. The foregoing techniques
are described in U.S. Patent No. 5,166,057 issued November 24, 1992; in U.S. Patent No.
5,854,037 issued December 29, 1998; in U.S. Patent No. 6,146,642 issued November 14,
2000; in European Patent Publication EP 0702085A1, published February 20, 1996; in U.S.
Patent Application Serial No. 09/152,845; in International Patent Publications PCT
WO097/12032 published April 3, 1997, W096/34625 published November 7, 1996; in
European Patent Publication EP A780475; WO 99/02657 published January 21, 1999; WO
98/53078 published November 26, 1998; WO 98/02530 published January 22, 1998; WO
99/15672 published April 1, 1999; WO 98/13501 published April 2, 1998; WO 97/06270
published February 20, 1997; and EPO 780 475A1 published June 25, 1997, each of which is
incorporated by reference herein in its entirety.

[00173] The helper-free plasmid technology can also be utilized to engineer a NDV
described herein. Briefly, a complete cDNA of a NDV (e.g., the Hitchner B1 strain or
LaSota strain) is constructed, inserted into a plasmid vector and engineered to contain a
unique restriction site between two transcription units (e.g., the NDV P and M genes; or the
NDV HN and L genes). A nucleotide sequence encoding a heterologous amino acid
sequence (e.g., a transgene or other sequence described herein such as, e.g., a nucleotide
sequence encoding a SARS-CoV-2 spike protein, a nucleotide sequence encoding an RSV F
protein, a chimeric F protein, h(MPV F protein) may be inserted into the viral genome at the
unique restriction site. Alternatively, a nucleotide sequence encoding a heterologous amino
acid sequence (e.g., a transgene or other sequence described herein such as, e.g., a nucleotide
sequence encoding a SARS-CoV-2 spike protein, a nucleotide sequence encoding an RSV F

protein, a chimeric F protein, hMPV F protein) may be engineered into a NDV transcription
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unit so long as the insertion does not affect the ability of the virus to infect and replicate. The
single segment is positioned between a T7 promoter and the hepatitis delta virus ribozyme to
produce an exact negative or positive transcript from the T7 polymerase. The plasmid vector
and expression vectors comprising the necessary viral proteins are transfected into cells
leading to production of recombinant viral particles (see, e.g., International Publication No.
WO 01/04333; U.S. Patent Nos. 7,442,379, 6,146,642, 6,649,372, 6,544,785 and 7,384,774;
Swayne ef al. (2003). Avian Dis. 47:1047-1050; and Swayne ef al. (2001). J. Virol. 11868-
11873, each of which is incorporated by reference in its entirety).

[00174] Bicistronic techniques to produce multiple proteins from a single mRNA are
known to one of skill in the art. Bicistronic techniques allow the engineering of coding
sequences of multiple proteins into a single mRNA through the use of IRES sequences. IRES
sequences direct the internal recruitment of ribosomes to the RNA molecule and allow
downstream translation in a cap independent manner. Briefly, a coding region of one protein
is inserted downstream of the ORF of a second protein. The insertion is flanked by an IRES
and any untranslated signal sequences necessary for proper expression and/or function. The
insertion must not disrupt the open reading frame, polyadenylation or transcriptional
promoters of the second protein (see, e.g., Garcia-Sastre ef al., 1994, J. Virol. 68:6254-6261
and Garcia-Sastre ef al., 1994 Dev. Biol. Stand. 82:237-246, each of which are incorporated
by reference herein in their entirety).

[00175] Methods for cloning recombinant NDV to encode a transgene and express a
heterologous protein encoded by the transgene (e.g., a transgene encoding a SARS-CoV-2
spike protein, an RSV F protein, a chimeric F protein, hMPV F protein) are known to one
skilled in the art, such as, e.g., insertion of the transgene into a restriction site that has been
engineered into the NDV genome, inclusion an appropriate signals in the transgene for
recognition by the NDV RNA-dependent-RNA polymerase (e.g., sequences upstream of the
open reading frame of the transgene that allow for the NDV polymerase to recognize the end
of the previous gene and the beginning of the transgene, which may be, e.g., spaced by a
single nucleotide intergenic sequence), inclusion of a valid Kozak sequence (e.g., to improve
eukaryotic ribosomal translation); incorporation of a transgene that satisfies the “rule of six”
for NDV cloning; and inclusion of silent mutations to remove extraneous gene end and/or
gene start sequences within the transgene. Regarding the rule of six, one skilled in the art
will understand that efficient replication of NDV (and more generally, most members of the
paramyxoviridae tamily) is dependent on the genome length being a multiple of six, known

as the “rule of six” (see, e.g., Calain, P. & Roux, L. The rule of six, a basic feature of efficient
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replication of Sendai virus defective interfering RNA. J. Virol. 67, 4822-4830 (1993)).

Thus, when constructing a recombinant NDV described herein, care should be taken to
satisfy the “Rule of Six” for NDV cloning. Methods known to one skilled in the art to satisty
the Rule of Six for NDV cloning may be used, such as, e.g., addition of nucleotides
downstream of the transgene. See, e.g., Ayllon et al., Rescue of Recombinant Newcastle
Disease Virus from cDNA. J. Vis. Exp. (80), €50830, doi1:10.3791/50830 (2013) for a
discussion of methods for cloning and rescuing of NDV (e.g., recombinant NDV), which is
incorporated by reference herein in its entirety.

[00176] In a specific embodiment, an NDV described herein (see, e.g., Sections 5.1 and 6)
may be generated according to a method described in Section 6, infra.

5.3 PROPAGATION OF NDVS

[00177] The recombinant NDVs described herein (e.g., Sections 5.1 and 6) can be
propagated in any substrate that allows the virus to grow to titers that permit the uses of the
viruses described herein. In one embodiment, the substrate allows the recombinant NDVs
described herein to grow to titers comparable to those determined for the corresponding wild-
type viruses.

[00178] The recombinant NDVs described herein (e.g., Sections 5.1 and 6) may be grown
in cells (e.g., avian cells, chicken cells, etc.) that are susceptible to infection by the viruses,
embryonated eggs (e.g., chicken eggs or quail eggs) or animals (e.g., birds). Such methods
are well-known to those skilled in the art. In a specific embodiment, the recombinant NDVs
described herein may be propagated in cancer cells, e.g., carcinoma cells (e.g., breast cancer
cells and prostate cancer cells), sarcoma cells, leukemia cells, lymphoma cells, and germ cell
tumor cells (e.g., testicular cancer cells and ovarian cancer cells). In another specific
embodiment, the recombinant NDVs described herein may be propagated in cell lines, e.g.,
cancer cell lines such as HeLa cells, MCF7 cells, THP-1 cells, U87 cells, DU145 cells, Lncap
cells, and T47D cells. In certain embodiments, the cells or cell lines (e.g., cancer cells or
cancer cell lines) are obtained, derived, or obtained and derived from a human(s). In another
embodiment, the recombinant NDVs described herein are propagated in interferon deficient
systems or interferon (IFN) deficient substrates, such as, e.g., IFN deficient cells (e.g., IFN
deficient cell lines) or IFN deficient embyronated eggs. In another embodiment, the
recombinant NDVs described herein are propagated in chicken cells or embryonated chicken
eggs. Representative chicken cells include, but are not limited to, chicken embryo fibroblasts

and chicken embryo kidney cells. In a specific embodiment, the recombinant NDVs
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described herein are propagated in Vero cells. In another specific embodiment, the
recombinant NDVs described herein are propagated in chicken eggs or quail eggs. In certain
embodiments, a recombinant NDV virus described herein is first propagated in embryonated
eggs and then propagated in cells (e.g., a cell line).

[00179] The recombinant NDVs described herein may be propagated in embryonated
eggs, e.g., from 6 to 14 days old, 6 to 12 days old, 6 to 10 days old, 6 to 9 days old, 6 to 8
days old, 8 to 10 day old, or 10 to 12 days old. In a specific embodiment, 10 day old
embryonated chicken eggs are used to propagate the recombinant NDVs described herein.
Young or immature embryonated eggs can be used to propagate the recombinant NDVs
described herein. Immature embryonated eggs encompass eggs which are less than ten day
old eggs, e.g., eggs 6 to 9 days old or 6 to 8 days old that are IFN-deficient. Immature
embryonated eggs also encompass eggs which artificially mimic immature eggs up to, but
less than ten day old, as a result of alterations to the growth conditions, e.g., changes in
incubation temperatures; treating with drugs; or any other alteration which results in an egg
with a retarded development, such that the IFN system is not fully developed as compared
with ten to twelve day old eggs. The recombinant NDV's described herein can be propagated
in different locations of the embryonated egg, e.g., the allantoic cavity. For a detailed
discussion on the growth and propagation viruses, see, e.g., U.S. Patent No. 6,852,522 and
U.S. Patent No. 7,494,808, both of which are hereby incorporated by reference in their
entireties.

[00180] For virus isolation, the recombinant NDVs described herein can be removed from
embryonated eggs or cell culture and separated from cellular components, typically by well-
known clarification procedures, e.g., such as centrifugation, depth filtration, and
microfiltration, and may be further purified as desired using procedures well known to those
skilled in the art, e.g., tangential flow filtration (TFF), density gradient centrifugation,
differential extraction, or chromatography.

[00181] In a specific embodiment, virus isolation from allantoic fluid of an infected egg
(e.g., a chicken egg) begins with harvesting allantoic fluid, which is clarified using a filtration
system to remove cells and other large debris, specifically, comprising a membrane having a
net positive charge such that there is a measurable reduction in host cell DNA. The clarified
bulk is subsequently processed by tangential flow filtration. The concentrated clarified bulk
is then diafiltered against four diavolumes of high salt buffer, followed by four diavolumes of
low salt formulation buffer and subsequently concentrated approximately 10-fold.

Accordingly, residual egg proteins, e.g., primarily ovalbumin, and residual DNA are reduced
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to acceptable levels, and the buffer is exchanged to a buffer compatible with formulation of
the recombinant NDV for a composition to be administered to a subject. The resulting
product is then sterile filtered through a filter, e.g., a 0.2 um filter, dispensed into appropriate
sterile storage containers, frozen, and stored at -70 degrees Celsius.

[00182] In a specific embodiment, a recombinant NDV described herein (see, e.g.,
Sections 5.1 and 6) is propagated, isolated, and/or purified according to a method described
in Section 6. In a specific embodiment, a recombinant NDV described herein (see, e.g.,
Sections 5.1 and 6) is either propagated, isolated, or purified, or any two or all of the
foregoing.

[00183] In a specific embodiment, provided herein is a cell (e.g., a cell line) or
embryonated egg (e.g., a chicken embryonated egg) comprising a recombinant NDV
described herein. In some embodiments, the cell is in vitro or ex vivo. The cell may be a
primary cell or cell line. The cell may be a mammalian (e.g., human) cell or cell line. In
some embodiments, the cell is a cell or cell line recited herein. In some embodiments, the
embryonated egg is an IFN-deficient substrate. In some embodiments, the embryonated egg
is one described herein. In another specific embodiment, provided herein is a method for
propagating a recombinant NDV described herein, the method comprising culturing a cell
(e.g., a cell line) or embryonated egg (e.g., a chicken embryonated egg) infected with the
recombinant NDV. In some embodiments, the method may further comprise isolating or
purifying the recombinant NDV from the cell or embryonated egg. In a specific embodiment,
provided herein is a method for propagating a recombinant NDV described herein, the
method comprising (a) culturing a cell (e.g., a cell line) or embyronated egg infected with a
recombinant NDV described herein; and (b) isolating the recombinant NDV from the cell or
embyronated egg. The cell or embyronated egg may be one described herein or known to
one of skill in the art. In some embodiments, the cell or embyronated egg is IFN deficient.
[00184] In a specific embodiment, provided herein is a method for producing a
pharmaceutical composition (e.g., an immunogenic composition) comprising a recombinant
NDYV described herein, the method comprising (a) propagating a recombinant NDV described
herein a cell (e.g., a cell line) or embyronated egg; and (b) isolating the recombinant NDV
from the cell or embyronated egg. The method may further comprise adding the recombinant

NDYV to a container along with a pharmaceutically acceptable carrier.
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5.4 COMPOSITIONS AND ROUTES OF ADMINISTRATION

[00185] Provided herein are compositions comprising a recombinant NDV described
herein (e.g., Section 5.1 or 6). In a specific embodiment, the compositions are
pharmaceutical compositions, such as immunogenic compositions (e.g., vaccine
compositions). In a specific embodiment, provided herein are immunogenic compositions
comprising a recombinant NDV described herein (e.g., Section 5.1 or 6). The compositions
may be used in methods of inducing an immune response to an antigen, such as described
herein (e.g., in Section 5.1.3). The compositions may be used in methods for immunizing
against an antigen (e.g., an antigen described herein (e.g., in Section 5.1.3)). The
compositions may be used in methods for immunizing against a disease associated with an
antigen (e.g., an antigen described herein (e.g., in Section 5.1.3)). The compositions may be
used in methods for preventing a disease with which an antigen, such as an antigen described
herein, is associated.

[00186] In one embodiments, a pharmaceutical composition (e.g., immunogenic
composition) comprises a recombinant NDV described herein (e.g., Section 5.1 or 6), in an
admixture with a pharmaceutically acceptable carrier. The composition may comprise 10* to
10'2 PFU of a recombinant NDV described herein. In some embodiments, the
pharmaceutical composition further comprises one or more additional prophylactic or
therapeutic agents, such as described in Section 5.5.2, infra. In a specific embodiment, a
pharmaceutical composition comprises an effective amount of a recombinant NDV described
herein (e.g., Section 5.1 or 6), and optionally one or more additional prophylactic or
therapeutic agents, in a pharmaceutically acceptable carrier. In certain embodiments, a
pharmaceutical composition described herein comprises two recombinant NDV described
herein, wherein the two recombinant NDV described herein are immunologically distinct
from each other. In some embodiments, the recombinant NDV (e.g., Section 5.1 or 6) is the
only active ingredient included in the pharmaceutical composition. In specific embodiments,
two or more recombinant NDV are included in the pharmaceutical composition. In a
particular embodiment, the pharmaceutical composition is an immunogenic composition.
[00187] In a specific embodiment, the recombinant NDV included in a pharmaceutical
composition described herein is a live virus. In particular, embodiment, the recombinant
NDYV included in a pharmaceutical composition described herein is an attenuated live virus.

In some embodiments, the recombinant NDV included in a pharmaceutical composition
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described herein is inactivated. Techniques known to one of skill in the art may be used to
inactivate recombinant NDV.

[00188] The pharmaceutical compositions provided herein can be in any form that allows
for the composition to be administered to a subject. In a specific embodiment, the
pharmaceutical compositions are suitable for veterinary administration, human
administration, or both. As used herein, the term “pharmaceutically acceptable” means
approved by a regulatory agency of the Federal or a state government or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
particularly in humans. The term “carrier” refers to a diluent, adjuvant, excipient, or vehicle
with which the pharmaceutical composition is administered. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as liquid carriers, particularly for
injectable solutions. Suitable excipients include starch, glucose, lactose, sucrose, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium
chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the like. Examples
of suitable pharmaceutical carriers are described in “Remington’s Pharmaceutical Sciences”
by E.-W. Martin. The formulation should suit the mode of administration.

[00189] In a specific embodiment, the pharmaceutical compositions are formulated to be
suitable for the intended route of administration to a subject. For example, the
pharmaceutical composition may be formulated to be suitable for parenteral, intravenous,
intra-arterial, intrapleural, inhalation, intranasal, intraperitoneal, oral, intradermal, colorectal,
intraperitoneal, intracranial, and intratumoral administration. In one embodiment, the
pharmaceutical composition may be formulated for intravenous, intra-arterial, oral,
intraperitoneal, intranasal, intratracheal, intrapleural, intracranial, subcutaneous,
intramuscular, topical, pulmonary, or intratumoral administration. In a specific embodiment,
the pharmaceutical composition may be formulated for intranasal administration.

[00190] In a specific embodiment, the pharmaceutical composition comprising a
recombinant NDV described herein (see, e.g., Section 5.1 or 6) is formulated to be suitable
for intranasal administration to the subject (e.g., human subject).

5.5 USES OF A RECOMBINANT NDV

[00191] In another aspect, provided herein are methods for inducing an immune response
in a subject (e.g., a human subject), the methods comprising administering the subject (e.g., a
human subject) a recombinant NDV described herein or a composition thereof. In one

embodiment, provided herein is a method for inducing an immune response in a subject (e.g.,
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a human subject), the method comprising administering the subject (e.g., a human subject) an
effective amount of a recombinant NDV described herein. See, e.g., Section 5.1 and 6 for
recombinant NDV. In a specific embodiment, the immune response induced is an immune
response to an antigen (e.g., an infectious disease antigen, or cancer or tumor antigen). The
recombinant NDV may be administered to a subject by any route of administration. In
another specific embodiment, the recombinant NDV is administered to a subject intranasally.
In some embodiments, the recombinant NDV is administered to a subject intramuscularly.
[00192] In some embodiments, provided herein are methods for inducing antibodies in a
subject. In some embodiments, provided herein are methods for inducing antibodies in a
subject, comprising administering to the subject a recombinant NDV described herein, or a
composition described herein. In certain embodiments, the subject is a non-human subject
(e.g., a mouse, guinea pig, dog, cat, rabbit, monkey, chimpanzee, etc.) In other embodiments,
the subject is human. The antibodies produced may be isolated and cloned as well as
recombinantly engineered to, e.g., improve one or more of the properties of the antibody. In
some embodiments, the antibodies induced bind to an antigen expressed by the recombinant
NDV.

[00193] In another aspect, provided herein are methods for immunizing against a disease
associated with an antigen (e.g., an infectious disease antigen, or cancer or tumor antigen),
the methods comprising administering to a subject (e.g., a human subject) a recombinant
NDYV described herein or a composition thereof, wherein the recombinant NDV comprises a
packaged genome comprising a transgene, wherein the transgene comprises a nucleotide
sequence encoding an antigen associated with the disease (e.g., an infectious disease antigen,
or cancer or tumor antigen). In one embodiment, provided herein is a method for
immunizing against a disease associated with an antigen (e.g., an infectious disease antigen,
or cancer or tumor antigen) in a subject (e.g., a human subject), the method comprising
administering the subject (e.g., a human subject) an effective amount of a recombinant NDV
described herein, wherein the recombinant NDV comprises a packaged genome comprising a
transgene encoding an antigen associated with the disease (e.g., an infectious disease antigen,
or cancer or tumor antigen). See, e.g., Section 5.1 and 6 for recombinant NDV. In a specific
embodiment, the antigen is expressed by cells infected with the recombinant NDV. The
recombinant NDV may be administered to a subject by any route of administration. In
another specific embodiment, the recombinant NDV is administered to a subject intranasally.

In some embodiments, the recombinant NDV is administered to a subject intramuscularly.
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[00194] In a specific embodiment, provided herein are methods for immunizing against a
SARS-CoV-2 disease (e.g., COVID-19) comprising administering to a subject (e.g., a human
subject) a recombinant NDV described herein or a composition thereof, wherein the
recombinant NDV comprises a packaged genome comprising a transgene, and wherein the
transgene comprises a nucleotide sequence encoding SARS-CoV-2 antigen (e.g., SARS-
CoV-2 spike protein or a fragment thereof, such as a fragment comprising the receptor
binding domain). In a specific embodiment, the SARS-CoV-2 antigen is expressed by cells
infected with the recombinant NDV. The recombinant NDV may be administered to a
subject by any route of administration. In another specific embodiment, the recombinant
NDYV is administered to a subject intranasally. In some embodiments, the recombinant NDV
is administered to a subject intramuscularly.

[00195] In a specific embodiment, provided herein are methods for immunizing against
Ebola virus disease comprising administering to a subject (e.g., a human subject) a
recombinant NDV described herein or a composition thereof, wherein the recombinant NDV
comprises a packaged genome comprising a transgene, and wherein the transgene comprises
a nucleotide sequence encoding an Ebola virus disease antigen. In a specific embodiment,
the Ebola virus antigen is expressed by cells infected with the recombinant NDV. The
recombinant NDV may be administered to a subject by any route of administration. In
another specific embodiment, the recombinant NDV is administered to a subject intranasally.
In some embodiments, the recombinant NDV is administered to a subject intramuscularly.
[00196] In a specific embodiment, provided herein are methods for immunizing against
Nipah virus disease comprising administering to a subject (e.g., a human subject) a
recombinant NDV described herein or a composition thereof, wherein the recombinant NDV
comprises a packaged genome comprising a transgene, and wherein the transgene comprises
a nucleotide sequence encoding a Nipah virus disease antigen. In a specific embodiment, the
Nipah virus antigen is expressed by cells infected with the recombinant NDV. The
recombinant NDV may be administered to a subject by any route of administration. In
another specific embodiment, the recombinant NDV is administered to a subject intranasally.
In some embodiments, the recombinant NDV is administered to a subject intramuscularly.
[00197] In a specific embodiment, provided herein are methods for immunizing against
MERS-CoV disease comprising administering to a subject (e.g., a human subject) a
recombinant NDV described herein or a composition thereof, wherein the recombinant NDV
comprises a packaged genome comprising a transgene, and wherein the transgene comprises

a nucleotide sequence encoding a MERS-CoV disease antigen. In a specific embodiment, the
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MERS-CoV antigen is expressed by cells infected with the recombinant NDV. The
recombinant NDV may be administered to a subject by any route of administration. In
another specific embodiment, the recombinant NDV is administered to a subject intranasally.
In some embodiments, the recombinant NDV is administered to a subject intramuscularly.
[00198] In a specific embodiment, provided herein are methods for immunizing against
Lassa virus disease comprising administering to a subject (e.g., a human subject) a
recombinant NDV described herein or a composition thereof, wherein the recombinant NDV
comprises a packaged genome comprising a transgene, and wherein the transgene comprises
a nucleotide sequence encoding a Lassa virus disease antigen. In a specific embodiment, the
Lassa virus antigen is expressed by cells infected with the recombinant NDV. The
recombinant NDV may be administered to a subject by any route of administration. In
another specific embodiment, the recombinant NDV is administered to a subject intranasally.
In some embodiments, the recombinant NDV is administered to a subject intramuscularly.
[00199] In another aspect, provided herein are methods for immunizing a subject (e.g., a
human subject) against an infectious disease, comprising administering to the subject a first
recombinant NDV or a composition thereof and administering to the subject a second
recombinant NDV or a composition thereof, wherein the first and second recombinant NDV
are immunologically distinct from each other. In one embodiment, provided herein are
methods for sequentially immunizing a subject (e.g., a human subject) against an infectious
disease, comprising administering to the subject a first recombinant NDV or a composition
thereof and administering to the subject a second recombinant NDV or a composition thereof,
wherein the first and second recombinant NDV are immunologically distinct from each other.
In certain embodiments, the first and second recombinant NDV may be administered 2
weeks, 3 weeks, 4 weeks, 6 weeks, 1 month, 3 months, 6 months, 9 months or 1 year apart.
In some embodiments, the first and second recombinant NDV may be administered 2 to 4
weeks, 4 to 6 weeks, 1 to 3 months, 3 to 6 months, 3 to 9 months, 6 months to 1 year, or 1 to
2 years apart. The first and second recombinant NDVs or compositions thereof may be
administered by the same route of administration or different routes of administration. In a
specific embodiment, the first and second recombinant NDV are immunologically distinct
from each other due to the replacement of the NDV F protein and/or HN protein with
different a non-NDV APMYV F protein and/or a different non-NDV APMYV HN protein from
each other. For example, the first recombinant NDV may comprise the F and HN proteins of
APMYV-15 and the second recombinant NDV may comprise the F and HN proteins from
APMV-21. In certain embodiments, the first recombinant NDV is immunologically distinct
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from the second recombinant NDV if the first recombinant NDV and second recombinant
NDYV do not induce antibodies that substantially inhibit replication of the other as assessed by
a virus neutralization assay, such as described in Chumbe et al., 2017, Virology Journal 14:
232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62:
103132, or Sun et al., 2020, Vaccines 8: 771, or described herein. In a specific embodiment,
a first recombinant NDV is considered immunologically distinct from a second recombinant
NDV if the first recombinant NDV and the second recombinant NDV induce antibodies that
inhibit the replication of each other in a virus neutralization assay, such as described, e.g., in
Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis.
143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771,
or described herein, by less than about 0.5 logs, less than about 1 log, less than about 1.5 logs,
or less than about 2 logs. In some embodiments, the method further comprises administering
to the subject a third recombinant NDV or a composition thereof, wherein the third
recombinant NDV is immunologically distinct from the first recombinant NDV, second
recombinant NDV, or both the first and second recombinant NDVs. In certain embodiments,
the method further comprises administering to the subject a third recombinant NDV or a
composition thereof and a fourth recombinant NDV or a composition thereof, wherein the
third recombinant NDV and fourth recombinant NDV are immunologically distinct from
each other and third and fourth recombinant NDVs are immunologically distinct from the
first recombinant NDV, second recombinant NDV, or both the first and second recombinant
NDVs. In a specific embodiment, a recombinant NDV is considered immunologically distinct
from another recombinant NDV if the recombinant NDV induces antibodies that inhibit the
replication of another recombinant NDV in a virus neutralization assay, such as described,
e.g., in Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis.
143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771,
or described herein, by less than about 0.5 logs, less than about 1 log, less than about 1.5 logs,
or less than about 2 logs.

[00200] In one embodiment, provided herein are methods for sequentially immunizing a
subject (e.g., a human subject) against an infectious disease, comprising administering to the
subject a first recombinant NDV, administering to the subject a second recombinant NDV,
and administering the subject a third recombinant NDV, wherein the first recombinant NDV,
the second recombinant NDV and the third recombinant NDV are immunologically distinct
from each other. In certain embodiments, the first and second recombinant NDV may be

administered 2 weeks, 3 weeks, 4 weeks, 6 weeks, 1 month, 3 months, 6 months, 9 months or
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1 year apart. In some embodiments, the first and second recombinant NDV may be
administered 2 to 4 weeks, 4 to 6 weeks, 1 to 3 months, 3 to 6 months, 3 to 9 months, 6
months to 1 year, or 1 to 2 years apart. In a specific embodiment, the first, second and third
recombinant NDV are immunologically distinct from each other due to the replacement of
the NDV F protein and/or HN protein with different a non-NDV APMYV F protein and/or a
different non-NDV APMYV HN protein from each other. For example, the first recombinant
NDV may comprise the F and HN proteins of APMV-15, the second recombinant NDV may
comprise the F and HN proteins from APMV-21, and the third recombinant NDV may
comprise the F and HN proteins of APMV-10.

[00201] In a specific embodiment, two or more recombinant NDV described herein that
are immunologically distinct from each other may be used to immunize a subject (e.g.,
human) against an infectious disease. In another specific embodiment, two or more
recombinant NDV described herein that are immunologically distinct from each other may be
used to immunize a subject (e.g., human) against cancer. In specific embodiments, the use of
two or more recombinant NDVs having the NDV F protein and/or NDV HN protein replaced
with a different non-NDV APMYV F protein or variant thereof and/or a different non-NDV
APMYV HN protein or a variant thereof from each other permits multiple administrations of
an antigen(s) to a subject (e.g., a human) in order to induce a robust immune response against
the antigen(s).

[00202] In another aspect, provided herein are methods for inducing an immune response
to an infectious disease antigen in a subject (e.g., a human subject), comprising administering
to the subject a first recombinant NDV or a composition thereof and administering to the
subject a second recombinant NDV or a composition thereof, wherein the first and second
recombinant NDV are immunologically distinct from each other. In certain embodiments,
the first and second recombinant NDV may be administered 2 weeks, 3 weeks, 4 weeks, 6
weeks, 1 month, 3 months, 6 months, 9 months or 1 year apart. In some embodiments, the
first and second recombinant NDV may be administered 2 to 4 weeks, 4 to 6 weeks, 1to 3
months, 3 to 6 months, 3 to 9 months, 6 months to 1 year, or 1 to 2 years apart. The first and
second recombinant NDVs or compositions thereof may be administered by the same route of
administration or different routes of administration. In some embodiments, the antigen
expressed by the first recombinant NDV and the antigen expressed by the second
recombinant NDV are from or derived from different pathogens. In other embodiments, the
antigen expressed by the first recombinant NDV and the antigen expressed by the second

recombinant NDV are from or derived from the same pathogen. The antigens expressed by
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the first and second recombinant NDV's may be identical or the antigen expressed by the
second recombinant NDV may a variant thereof. For example, the antigen expressed by the
first recombinant NDV may be a SARS-CoV-2 spike protein or a fragment thereof (e.g., a
fragment comprising the receptor binding domain) from one strain and the antigen expressed
by the second recombinant NDV may be a SARS-CoV-2 spike protein or a fragment thereof
(e.g., a fragment comprising the receptor binding domain) from a variant strain of SARS-
CoV-2. In a specific embodiment, the first and second recombinant NDV are
immunologically distinct from each other due to the replacement of the NDV F protein and/or
HN protein with different a non-NDV APMYV F protein and/or a different non-NDV APMV
HN protein from each other. For example, the first recombinant NDV may comprise the F
and HN proteins of APMV-15 and the second recombinant NDV may comprise the F and HN
proteins from APMV-21. In certain embodiments, the first recombinant NDV is
immunologically distinct from the second recombinant NDV if the first recombinant NDV
and second recombinant NDV do not induce antibodies that substantially inhibit replication
of the other as assessed by a virus neutralization assay, such as described in Chumbe et al .,
2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al.,
2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771, or described herein.

In a specific embodiment, a first recombinant NDV is considered immunologically distinct
from a second recombinant NDV if the first recombinant NDV and the second recombinant
NDYV induce antibodies that inhibit the replication of each other in a virus neutralization
assay, such as described, e.g., in Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds
et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al ,
2020, Vaccines 8: 771, or described herein, by less than about 0.5 logs, less than about 1 log,
less than about 1.5 logs, or less than about 2 logs. In some embodiments, the method further
comprises administering to the subject a third recombinant NDV or a composition thereof,
wherein the third recombinant NDV is immunologically distinct from the first recombinant
NDV, second recombinant NDV, or both the first and second recombinant NDVs. In certain
embodiments, the method further comprises administering to the subject a third recombinant
NDYV or a composition thereof and a fourth recombinant NDV or a composition thereof,
wherein the third recombinant NDV and fourth recombinant NDV are immunologically
distinct from each other and third and fourth recombinant NDVs are immunologically distinct
from the first recombinant NDV, second recombinant NDV, or both the first and second

recombinant NDVs.
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[00203] In another aspect, provided herein are methods for immunizing a subject (e.g., a
human subject) against cancer, comprising administering to the subject a first recombinant
NDYV or a composition thereof and administering to the subject a second recombinant NDV
or a composition thereof, wherein the first and second recombinant NDV are
immunologically distinct from each other. In one embodiment, provided herein are methods
for sequentially immunizing a subject (e.g., a human subject) against cancer, comprising
administering to the subject a first recombinant NDV or a composition thereof and
administering to the subject a second recombinant NDV or a composition thereof, wherein
the first and second recombinant NDV are immunologically distinct from each other. In
certain embodiments, the first and second recombinant NDV may be administered 2 weeks, 3
weeks, 4 weeks, 6 weeks, 1 month, 3 months, 6 months, 9 months or 1 year apart. In some
embodiments, the first and second recombinant NDV may be administered 2 to 4 weeks, 4 to
6 weeks, 1 to 3 months, 3 to 6 months, 3 to 9 months, 6 months to 1 year, or 1 to 2 years
apart. The first and second recombinant NDV's or compositions thereof may be administered
by the same route of administration or different routes of administration. In a specific
embodiment, the first and second recombinant NDV are immunologically distinct from each
other due to the replacement of the NDV F protein and/or HN protein with different a non-
NDV APMV F protein and/or a different non-NDV APMYV HN protein from each other. For
example, the first recombinant NDV may comprise the F and HN proteins of APMV-15 and
the second recombinant NDV may comprise the F and HN proteins from APMV-21. In
certain embodiments, the first recombinant NDV is immunologically distinct from the second
recombinant NDV if the first recombinant NDV and second recombinant NDV do not induce
antibodies that substantially inhibit replication of the other as assessed by a virus
neutralization assay, such as described in Chumbe et al., 2017, Virology Journal 14: 232 and
Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or
Sun et al., 2020, Vaccines 8: 771, or described herein. In a specific embodiment, a first
recombinant NDV is considered immunologically distinct from a second recombinant NDV
if the first recombinant NDV and the second recombinant NDV induce antibodies that inhibit
the replication of each other in a virus neutralization assay, such as described, e.g., in
Chumbe et al, 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis.
143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771,
or described herein, by less than about 0.5 logs, less than about 1 log, less than about 1.5 logs,
or less than about 2 logs. In some embodiments, the method further comprises administering

to the subject a third recombinant NDV or a composition thereof, wherein the third
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recombinant NDV is immunologically distinct from the first recombinant NDV, the second
recombinant NDV, or both the first and second recombinant NDVs. In certain embodiments,
the method further comprises administering to the subject a third recombinant NDV or a
composition thereof and a fourth recombinant NDV or a composition thereof, wherein the
third recombinant NDV and fourth recombinant NDV are immunologically distinct from
each other and third and fourth recombinant NDVs are immunologically distinct from the
first recombinant NDV, the second recombinant NDV, or both the first and second
recombinant NDVs.

[00204] In another aspect, provided herein are methods for inducing an immune response
to a cancer or tumor antigen in a subject (e.g., a human subject), comprising administering to
the subject a first recombinant NDV or a composition thereof and administering to the subject
a second recombinant NDV or a composition thereof, wherein the first and second
recombinant NDV are immunologically distinct from each other. In certain embodiments,
the first and second recombinant NDV may be administered 2 weeks, 3 weeks, 4 weeks, 6
weeks, 1 month, 3 months, 6 months, 9 months or 1 year apart. In some embodiments, the
first and second recombinant NDV may be administered 2 to 4 weeks, 4 to 6 weeks, 1to 3
months, 3 to 6 months, 3 to 9 months, 6 months to 1 year, or 1 to 2 years apart. In some
embodiments, the cancer or tumor antigen expressed by the first recombinant NDV and the
cancer or tumor antigen expressed by the second recombinant NDV are different. In certain
embodiments, the cancer or tumor antigen expressed by the first recombinant NDV and the
cancer or tumor antigen expressed by the second recombinant NDV are from or derived from
the same type of cancer or tumor. The cancer or tumor antigen expressed by the first and
second recombinant NDVs may be identical or the cancer or tumor antigen expressed by the
second recombinant NDV may a variant thereof. In a specific embodiment, the first and
second recombinant NDV are immunologically distinct from each other due to the
replacement of the NDV F protein and/or HN protein with different a non-NDV APMV F
protein and/or a different non-NDV APMYV HN protein from each other. For example, the
first recombinant NDV may comprise the F and HN proteins of APMV-15 and the second
recombinant NDV may comprise the F and HN proteins from APMV-21. In certain
embodiments, the first recombinant NDV is immunologically distinct from the second
recombinant NDV if the first recombinant NDV and second recombinant NDV do not induce
antibodies that substantially inhibit replication of the other as assessed by a virus
neutralization assay, such as described in Chumbe et al., 2017, Virology Journal 14: 232 and

Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or
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Sun et al., 2020, Vaccines 8: 771, or described herein. In a specific embodiment, a first
recombinant NDV is considered immunologically distinct from a second recombinant NDV
if the first recombinant NDV and the second recombinant NDV induce antibodies that inhibit
the replication of each other in a virus neutralization assay, such as described, e.g., in
Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis.
143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771,
or described herein, by less than about 0.5 logs, less than about 1 log, less than about 1.5 logs,
or less than about 2 logs. In some embodiments, the method further comprises administering
to the subject a third recombinant NDV or a composition thereof, wherein the third
recombinant NDV is immunologically distinct from the first recombinant NDV, the second
recombinant NDV, or both the first and second recombinant NDVs. In certain embodiments,
the method further comprises administering to the subject a third recombinant NDV or a
composition thereof and a fourth recombinant NDV or a composition thereof, wherein the
third recombinant NDV and fourth recombinant NDV are immunologically distinct from
each other and third and fourth recombinant NDVs are immunologically distinct from the
first recombinant NDV, the second recombinant NDV, or both the first and second
recombinant NDVs.

[00205] In another aspect, provided herein are methods for the prevention of an infectious
disease, the methods comprising administering to a subject (e.g., a human subject) the
recombinant NDV described herein or a composition thereof, wherein the recombinant NDV
comprises a packaged genome comprising a transgene encoding an antigen associated with
the infectious disease. In one embodiment, provided herein is a method for the prevention of
an infectious disease, the method comprising administering the subject (e.g., a human
subject) an effective amount of a recombinant NDV described herein, wherein the
recombinant NDV comprises a packaged genome comprising a transgene encoding an
antigen associated with the infectious disease. See, e.g., Section 5.1 and 6 for recombinant
NDV. The recombinant NDV may be administered to a subject by any route of
administration. In another specific embodiment, the recombinant NDV is administered to a
subject intranasally. In some embodiments, the recombinant NDV is administered to a
subject intramuscularly. In some embodiments, the method further comprise administering to
the subject a second recombinant NDV or a composition thereof, wherein the second
recombinant NDV is immunologically distinct than the first recombinant NDV. In certain
embodiments, the first and second recombinant NDV may be administered 2 weeks, 3 weeks,

4 weeks, 6 weeks, 1 month, 3 months, 6 months, 9 months or 1 year apart. In some
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embodiments, the first and second recombinant NDV may be administered 2 to 4 weeks, 4 to
6 weeks, 1 to 3 months, 3 to 6 months, 3 to 9 months, 6 months to 1 year, or 1 to 2 years
apart. The first and second recombinant NDV's or compositions thereof may be administered
by the same route of administration or different routes of administration. In a specific
embodiment, the first and second recombinant NDV are immunologically distinct from each
other due to the replacement of the NDV F protein and/or HN protein with different a non-
NDV APMV F protein and/or a different non-NDV APMYV HN protein from each other. For
example, the first recombinant NDV may comprise the F and HN proteins of APMV-15 and
the second recombinant NDV may comprise the F and HN proteins from APMV-21. In
certain embodiments, the first recombinant NDV is immunologically distinct from the second
recombinant NDV if the first recombinant NDV and second recombinant NDV do not induce
antibodies that substantially inhibit replication of the other as assessed by a virus
neutralization assay, such as described in Chumbe et al., 2017, Virology Journal 14: 232 and
Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or
Sun et al., 2020, Vaccines 8: 771, or described herein. In a specific embodiment, a first
recombinant NDV is considered immunologically distinct from a second recombinant NDV
if the first recombinant NDV and the second recombinant NDV induce antibodies that inhibit
the replication of each other in a virus neutralization assay, such as described, e.g., in
Chumbe et al, 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis.
143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771,
or described herein, by less than about 0.5 logs, less than about 1 log, less than about 1.5 logs,
or less than about 2 logs. In some embodiments, the method further comprises administering
to the subject a third recombinant NDV or a composition thereof, wherein the third
recombinant NDV is immunologically distinct from the first recombinant NDV, the second
recombinant NDV, or both the first and second recombinant NDVs. In certain embodiments,
the method further comprises administering to the subject a third recombinant NDV or a
composition thereof and a fourth recombinant NDV or a composition thereof, wherein the
third recombinant NDV and fourth recombinant NDV are immunologically distinct from
each other and third and fourth recombinant NDVs are immunologically distinct from the
first recombinant NDV, the second recombinant NDV, or both the first and second
recombinant NDVs.

[00206] In a specific embodiment, provided herein are methods for the prevention of RSV
disease comprising administering to a subject (e.g., a human subject) a recombinant NDV

described herein or a composition thereof, wherein the recombinant NDV comprises a
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packaged genome comprising a transgene, and wherein the transgene comprises a nucleotide
sequence encoding a RSV antigen. In a specific embodiment, the RSV antigen is expressed
by cells infected with the recombinant NDV. The recombinant NDV may be administered to
a subject by any route of administration. In another specific embodiment, the recombinant
NDYV is administered to a subject intranasally. In some embodiments, the recombinant NDV
is administered to a subject intramuscularly. In some embodiments, the method further
comprise administering to the subject a second recombinant NDV or a composition thereof,
wherein the second recombinant NDV is immunologically distinct than the first recombinant
NDYV. The second recombinant NDV may comprise transgene comprising a nucleotide
sequence encoding the same RSV antigen or a different RSV antigen.

[00207] In a specific embodiment, provided herein are methods for preventing human
metapneumovirus disease comprising administering to a subject (e.g., a human subject) a
recombinant NDV described herein or a composition thereof, wherein the recombinant NDV
comprises a packaged genome comprising a transgene, and wherein the transgene comprises
a nucleotide sequence encoding a human metapneumovirus antigen. In a specific
embodiment, the human metapneumovirus antigen is expressed by cells infected with the
recombinant NDV. The recombinant NDV may be administered to a subject by any route of
administration. In another specific embodiment, the recombinant NDV is administered to a
subject intranasally. In some embodiments, the recombinant NDV is administered to a
subject intramuscularly. In some embodiments, the method further comprise administering to
the subject a second recombinant NDV or a composition thereof, wherein the second
recombinant NDV is immunologically distinct than the first recombinant NDV. The second
recombinant NDV may comprise transgene comprising a nucleotide sequence encoding the
same hMPV antigen or a different h\MPV antigen.

[00208] In a specific embodiment, provided herein are methods for preventing COVID-19
comprising administering to a subject (e.g., a human subject) a recombinant NDV described
herein or a composition thereof, wherein the recombinant NDV comprises a packaged
genome comprising a transgene, and wherein the transgene comprises a nucleotide sequence
encoding a SARS-CoV-2 antigen (e.g., SARS-CoV-2 spike protein or a fragment thereof,
such a fragment comprising the receptor binding domain). In a specific embodiment, the
SARS-CoV-2 antigen is expressed by cells infected with the recombinant NDV. The
recombinant NDV may be administered to a subject by any route of administration. In
another specific embodiment, the recombinant NDV is administered to a subject intranasally.

In some embodiments, the recombinant NDV is administered to a subject intramuscularly.
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In some embodiments, the method further comprise administering to the subject a second
recombinant NDV or a composition thereof, wherein the second recombinant NDV 1s
immunologically distinct than the first recombinant NDV. The second recombinant NDV
may comprise transgene comprising a nucleotide sequence encoding the same SARS-CoV-2
antigen or a different SARS-CoV-2 antigen.

[00209] In a specific embodiment, provided herein are methods for preventing Ebola virus
disease comprising administering to a subject (e.g., a human subject) a recombinant NDV
described herein or a composition thereof, wherein the recombinant NDV comprises a
packaged genome comprising a transgene, and wherein the transgene comprises a Ebola virus
disease antigen. In a specific embodiment, the Ebola virus antigen is expressed by cells
infected with the recombinant NDV. The recombinant NDV may be administered to a
subject by any route of administration. In another specific embodiment, the recombinant
NDYV is administered to a subject intranasally. In some embodiments, the recombinant NDV
is administered to a subject intramuscularly. In some embodiments, the method further
comprise administering to the subject a second recombinant NDV or a composition thereof,
wherein the second recombinant NDV is immunologically distinct than the first recombinant
NDYV. The second recombinant NDV may comprise transgene comprising a nucleotide
sequence encoding the same Ebola virus antigen or a different Ebola antigen.

[00210] In a specific embodiment, provided herein are methods for preventing Nipah virus
disease comprising administering to a subject (e.g., a human subject) a recombinant NDV
described herein or a composition thereof, wherein the recombinant NDV comprises a
packaged genome comprising a transgene, and wherein the transgene comprises a Nipah
virus disease antigen. In a specific embodiment, the Nipah virus antigen is expressed by cells
infected with the recombinant NDV. The recombinant NDV may be administered to a
subject by any route of administration. In another specific embodiment, the recombinant
NDYV is administered to a subject intranasally. In some embodiments, the recombinant NDV
is administered to a subject intramuscularly. In some embodiments, the method further
comprise administering to the subject a second recombinant NDV or a composition thereof,
wherein the second recombinant NDV is immunologically distinct than the first recombinant
NDYV. The second recombinant NDV may comprise transgene comprising a nucleotide
sequence encoding the same Nipah antigen or a different Nipah antigen.

[00211] In a specific embodiment, provided herein are methods for preventing MER S-
CoV disease comprising administering to a subject (e.g., a human subject) a recombinant

NDYV described herein or a composition thereof, wherein the recombinant NDV comprises a
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packaged genome comprising a transgene, and wherein the transgene comprises a MERS-
CoV disease antigen. In a specific embodiment, the MERS-CoV antigen is expressed by
cells infected with the recombinant NDV. The recombinant NDV may be administered to a
subject by any route of administration. In another specific embodiment, the recombinant
NDYV is administered to a subject intranasally. In some embodiments, the recombinant NDV
is administered to a subject intramuscularly. In some embodiments, the method further
comprise administering to the subject a second recombinant NDV or a composition thereof,
wherein the second recombinant NDV is immunologically distinct than the first recombinant
NDYV. The second recombinant NDV may comprise transgene comprising a nucleotide
sequence encoding the same MERS-CoV antigen or a different MERS-CoV antigen.

[00212] In a specific embodiment, provided herein are methods for preventing Lassa virus
disease comprising administering to a subject (e.g., a human subject) a recombinant NDV
described herein or a composition thereof, wherein the recombinant NDV comprises a
packaged genome comprising a transgene, and wherein the transgene comprises a Lassa virus
disease antigen. In a specific embodiment, the Lassa virus antigen is expressed by cells
infected with the recombinant NDV. The recombinant NDV may be administered to a
subject by any route of administration. In another specific embodiment, the recombinant
NDYV is administered to a subject intranasally. In some embodiments, the recombinant NDV
is administered to a subject intramuscularly. In some embodiments, the method further
comprise administering to the subject a second recombinant NDV or a composition thereof,
wherein the second recombinant NDV is immunologically distinct than the first recombinant
NDYV. The second recombinant NDV may comprise transgene comprising a nucleotide
sequence encoding the same Lassa virus antigen or a different Lassa virus antigen.

[00213] In a specific embodiment, a first recombinant NDV is considered
immunologically distinct from a second recombinant NDV if the first recombinant NDV and
the second recombinant NDV induce antibodies that inhibit the replication of each other in a
virus neutralization assay, such as described, e.g., in Chumbe et al., 2017, Virology Journal
14: 232 and Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine
62: 103132, or Sun et al., 2020, Vaccines 8: 771, , or described herein, by less than about 0.5
logs, less than about 1 log, less than about 1.5 logs, or less than about 2 logs.

[00214] In another aspect, provided herein are methods for treating cancer, the methods
comprising administering to a subject (e.g., a human subject) a recombinant NDV described
herein or a composition thereof. See, e.g., Sections 5.1 and 6 for recombinant NDV. The

recombinant NDV may be administered to a subject by any route of administration. In
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another specific embodiment, the recombinant NDV is administered to a subject intranasally.
In some embodiments, the recombinant NDV is administered to a subject intramuscularly. In
some embodiments, the method further comprise administering to the subject a second
recombinant NDV or a composition thereof, wherein the second recombinant NDV 1s
immunologically distinct than the first recombinant NDV. In certain embodiments, the first
and second recombinant NDV may be administered 2 weeks, 3 weeks, 4 weeks, 6 weeks, 1
month, 3 months, 6 months, 9 months or 1 year apart. In some embodiments, the first and
second recombinant NDV may be administered 2 to 4 weeks, 4 to 6 weeks, 1 to 3 months, 3
to 6 months, 3 to 9 months, 6 months to 1 year, or 1 to 2 years apart. The first and second
recombinant NDVs or compositions thereof may be administered by the same route of
administration or different routes of administration. In a specific embodiment, the first and
second recombinant NDV are immunologically distinct from each other due to the
replacement of the NDV F protein and/or HN protein with different a non-NDV APMV F
protein and/or a different non-NDV APMYV HN protein from each other. For example, the
first recombinant NDV may comprise the F and HN proteins of APMV-15 and the second
recombinant NDV may comprise the F and HN proteins from APMV-21. In certain
embodiments, the first recombinant NDV is immunologically distinct from the second
recombinant NDV if the first recombinant NDV and second recombinant NDV do not induce
antibodies that substantially inhibit replication of the other as assessed by a virus
neutralization assay, such as described in Chumbe et al., 2017, Virology Journal 14: 232 and
Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or
Sun et al., 2020, Vaccines 8: 771, or described herein. In a specific embodiment, a first
recombinant NDV is considered immunologically distinct from a second recombinant NDV
if the first recombinant NDV and the second recombinant NDV induce antibodies that inhibit
the replication of each other in a virus neutralization assay, such as described, e.g., in
Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis.
143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771,
, or described herein, by less than about 0.5 logs, less than about 1 log, less than about 1.5
logs, or less than about 2 logs. In some embodiments, the method further comprises
administering to the subject a third recombinant NDV or a composition thereof, wherein the
third recombinant NDV is immunologically distinct from the first recombinant NDV, the
second recombinant NDV, or both the first and second recombinant NDVs. In certain
embodiments, the method further comprises administering to the subject a third recombinant

NDYV or a composition thereof and a fourth recombinant NDV or a composition thereof,
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wherein the third recombinant NDV and fourth recombinant NDV are immunologically
distinct from each other and third and fourth recombinant NDVs are immunologically distinct
from the first recombinant NDV, the second recombinant NDV, or both the first and second
recombinant NDVs.

[00215] In another aspect, provided herein are methods for treating cancer, the methods
comprising administering to a subject (e.g., a human subject) a recombinant NDV described
herein or a composition thereof, wherein the recombinant NDV comprises a packaged
genome comprising a transgene, wherein the transgene comprises a nucleotide sequence
encoding a cancer or tumor antigen. In one embodiment, provided herein is a method for
treating cancer, the method comprising administering the subject (e.g., a human subject) an
effective amount of a recombinant NDV described herein, wherein the recombinant NDV
comprises a packaged genome comprising a transgene, and wherein the transgene comprises
a nucleotide sequence encoding a cancer or tumor antigen associated with the cancer. See,
e.g., Sections 5.1 and 6 for recombinant NDV. The recombinant NDV may be administered
to a subject by any route of administration. In another specific embodiment, the recombinant
NDYV is administered to a subject intranasally. In some embodiments, the recombinant NDV
is administered to a subject intramuscularly. In some embodiments, the method further
comprise administering to the subject a second recombinant NDV or a composition thereof,
wherein the second recombinant NDV is immunologically distinct than the first recombinant
NDV. In certain embodiments, the first and second recombinant NDV may be administered 2
weeks, 3 weeks, 4 weeks, 6 weeks, 1 month, 3 months, 6 months, 9 months or 1 year apart.
In some embodiments, the first and second recombinant NDV may be administered 2 to 4
weeks, 4 to 6 weeks, 1 to 3 months, 3 to 6 months, 3 to 9 months, 6 months to 1 year, or 1 to
2 years apart. The cancer or tumor antigen expressed by the first recombinant NDV may be
the same or different than the cancer or tumor antigen expressed by the second recombinant
NDV. The first and second recombinant NDVs or compositions thereof may be administered
by the same route of administration or different routes of administration. In a specific
embodiment, the first and second recombinant NDV are immunologically distinct from each
other due to the replacement of the NDV F protein and/or HN protein with different a non-
NDV APMV F protein and/or a different non-NDV APMYV HN protein from each other. For
example, the first recombinant NDV may comprise the F and HN proteins of APMV-15 and
the second recombinant NDV may comprise the F and HN proteins from APMV-21. In
certain embodiments, the first recombinant NDV is immunologically distinct from the second

recombinant NDV if the first recombinant NDV and second recombinant NDV do not induce
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antibodies that substantially inhibit replication of the other as assessed by a virus
neutralization assay, such as described in Chumbe et al., 2017, Virology Journal 14: 232 and
Reynolds et al., 1999, Avian Dis. 143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or
Sun et al., 2020, Vaccines 8: 771, or described herein. In a specific embodiment, a first
recombinant NDV is considered immunologically distinct from a second recombinant NDV
if the first recombinant NDV and the second recombinant NDV induce antibodies that inhibit
the replication of each other in a virus neutralization assay, such as described, e.g., in
Chumbe et al., 2017, Virology Journal 14: 232 and Reynolds et al., 1999, Avian Dis.
143:564-71, Sun et al., 2020, EBioMedicine 62: 103132, or Sun et al., 2020, Vaccines 8: 771,
, or described herein, by less than about 0.5 logs, less than about 1 log, less than about 1.5
logs, or less than about 2 logs. In some embodiments, the method further comprises
administering to the subject a third recombinant NDV or a composition thereof, wherein the
third recombinant NDV is immunologically distinct from the first recombinant NDV, the
second recombinant NDV, or both the first and second recombinant NDVs. In certain
embodiments, the method further comprises administering to the subject a third recombinant
NDYV or a composition thereof and a fourth recombinant NDV or a composition thereof,
wherein the third recombinant NDV and fourth recombinant NDV are immunologically
distinct from each other and third and fourth recombinant NDVs are immunologically distinct
from the first recombinant NDV, the second recombinant NDV, or both the first and second
recombinant NDVs.

[00216] The recombinant NDV described herein may be administered to a subject in
combination with one or more other therapies. The recombinant NDV and one or more other
therapies may be administered by the same or different routes of administration to the
subject. In a specific embodiment, the recombinant NDV is administered to a subject
intranasally. See, e.g., Sections 5.1, and 6, infra for information regarding recombinant
NDYV, Section 5.5.2 for information regarding other therapies, and Section 5.4, infra, for
information regarding compositions and routes of administration.

[00217] The recombinant NDV and one or more additional therapies may be administered
concurrently or sequentially to the subject. In certain embodiments, the recombinant NDV
and one or more additional therapies are administered in the same composition. In other
embodiments, the recombinant NDV and one or more additional therapies are administered in
different compositions. The recombinant NDV and one or more other therapies may be
administered by the same or different routes of administration to the subject. Any route

known to one of skill in the art or described herein may be used to administer the
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recombinant NDV and one or more other therapies. In a specific embodiment, the
recombinant NDV is administered intranasally and the one or more other therapies is
administered intravenously.

[00218] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a subject that has
previously been vaccinated or administered NDV composition (e.g., a vaccine). In certain
embodiments, a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein is administered to a subject that has previously been
vaccinated or administered an APMV-based composition (e.g. a vaccine). In some
embodiments, a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein is administered to a subject that has previously been
vaccinated or administered NDV composition (e.g., a vaccine) and an APMV-based
composition (e.g. a vaccine). In specific embodiments, the APMV-based composition is a
non-NDV APMV.

[00219] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a patient to prevent the
onset of one, two or more symptoms of an infectious disease (such a patient may be at risk of
developing an infection). In a specific embodiment, the administration of a recombinant
NDYV described herein or a composition thereof, or a combination therapy described herein to
a subject prevents the onset or development of one, two or more symptoms of infectious
disease, reduces the severity of one, two or more symptoms of infectious disease, or prevents
the onset or development of one, two or more symptoms of infectious disease and reduces the
severity of one, two or more symptoms of infectious disease.

[00220] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a patient to prevent the
onset of one, two or more symptoms of RSV disease. In a specific embodiment, the
administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject prevents the onset or development of one,
two or more symptoms of RSV disease, reduces the severity of one, two or more symptoms
of RSV disease, or prevents the onset or development of one, two or more symptoms of RSV
disease and reduces the severity of one, two or more symptoms of RSV disease. Symptoms
of RSV disease include congested or runny nose, cough, fever, sore throat, headache,
wheezing, rapid or shallow breathing or difficulty breathing, bluish color the skin due to lack

of oxygen, lack of appetite, lethargy and irritability. In another specific embodiment, the

120



WO 2022/232052 PCT/US2022/026185

administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject prevents otitis media caused by a RSV
infection. In another specific embodiment, the administration of a recombinant NDV
described herein or a composition thereof, or a combination therapy described herein to a
subject prevents bronchiolitis caused by a RSV infection. In another specific embodiment,
the administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject prevents pneumonia caused by a RSV
infection.

[00221] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a patient to prevent the
onset of one, two or more symptoms of Ebola virus disease. In a specific embodiment, the
administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject prevents the onset or development of one,
two or more symptoms of Ebola virus disease, reduces the severity of one, two or more
symptoms of Ebola virus disease, or prevents the onset or development of one, two or more
symptoms of Ebola virus disease and reduces the severity of one, two or more symptoms of
Ebola virus disease. Symptoms of Ebola virus disease include fever, aches and pains (e.g., a
severe headache, muscle and joint pain, and abdominal (stomach) pain), weakness and
fatigue, gastrointestinal symptoms (e.g., diarrhea and vomiting), abdominal (stomach) pain,
and unexplained hemorrhaging, bleeding or bruising.

[00222] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a patient to prevent the
onset of one, two or more symptoms of an hMPYV disease (e.g., such a patient is at risk of
developing an hMPV infection). In a specific embodiment, the administration of a
recombinant NDV described herein or a composition thereof, or a combination therapy
described herein to a subject prevents the onset or development of one, two or more
symptoms of hMPV disease, reduces the severity of one, two or more symptoms of hMPV
disease, or prevents the onset or development of one, two or more symptoms of hMPV
disease and reduces the severity of one, two or more symptoms of hMPV disease. Symptoms
of hMPYV disease include nasal congestion, runny nose, fever, cough, sore throat, wheezing,
difficulty breathing, lack of appetite, lethargy, and irritability. In another specific
embodiment, the administration of a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein to a subject prevents bronchiolitis caused

by an hMPV infection. In another specific embodiment, the administration of a recombinant
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NDYV described herein or a composition thereof, or a combination therapy described herein to
a subject prevents pneumonia caused by an hMPV infection.

[00223] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a patient to prevent the
onset of one, two or more symptoms of Lassa virus disease. In a specific embodiment, the
administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject prevents the onset or development of one,
two or more symptoms of Lassa virus disease, reduces the severity of one, two or more
symptoms of Lassa virus disease, or prevents the onset or development of one, two or more
symptoms of Lassa virus disease and reduces the severity of one, two or more symptoms of
Lassa virus disease. Symptoms of Lassa virus disease include light fever, general malaise
and weakness, headache, hemorrhaging, respiratory distress, repeated vomiting, facial
swelling, pain in the chest, back, and abdomen, shock, hearing loss, tremors, and encephalitis.
[00224] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a patient to prevent the
onset of one, two or more symptoms of MERS-CoV disease. In a specific embodiment, the
administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject prevents the onset or development of one,
two or more symptoms of MERS-CoV disease, reduces the severity of one, two or more
symptoms of MERS-CoV disease, or prevents the onset or development of one, two or more
symptoms of MERS-CoV disease and reduces the severity of one, two or more symptoms of
MERS-CoV disease. Symptoms of MERS-CoV disease include fever, cough, and shortness
of breath.

[00225] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a patient to prevent the
onset of one, two or more symptoms of Nipah virus disease. In a specific embodiment, the
administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject prevents the onset or development of one,
two or more symptoms of Nipah virus disease, reduces the severity of one, two or more
symptoms of Nipah virus disease, or prevents the onset or development of one, two or more
symptoms of Nipah virus disease and reduces the severity of one, two or more symptoms of
Nipah virus disease. Symptoms of Nipah virus disease include disorientation, drowsiness,

confusion, seizures, coma, and brain swelling (encephalitis).
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[00226] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a patient to prevent the
onset of one, two or more symptoms of COVID-19. In a specific embodiment, the
administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject prevents the onset or development of one,
two or more symptoms of COVID-19, reduces the severity of one, two or more symptoms of
COVID-19, or prevents the onset or development of one, two or more symptoms of COVID-
19 and reduces the severity of one, two or more symptoms of COVID-19. Symptoms of
COVID-19 include congested or runny nose, cough, fever, sore throat, headache, wheezing,
rapid or shallow breathing or difficulty breathing, bluish color the skin due to lack of oxygen,
chills, muscle pain, loss of taste and/or smell, nausea, vomiting, and diarrhea. In another
specific embodiment, the administration of a recombinant NDV described herein or a
composition thereof, or a combination therapy described herein to a subject prevents
pneumonia caused by a SARS-CoV-2 infection.

[00227] In a specific embodiment, the administration of a recombinant NDV described
herein or a composition thereof, or a combination therapy described herein to a subject
prevents the spread of an infection. In another specific embodiment, the administration of a
recombinant NDV described herein or a composition thereof, or a combination therapy
described herein to a subject prevents hospitalization. In another specific embodiment, the
administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject prevents recurring infections.

[00228] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a subject suffering from
an infectious disease. In other embodiments, an NDV (e.g., a recombinant NDV) described
herein or a composition thereof, or a combination therapy described herein is administered to
a subject predisposed or susceptible to an infectious disease. In some embodiments, a
recombinant NDV described herein or a composition thereof, or a combination therapy
described herein is administered to a subject diagnosed as having an infectious disease. In
some embodiments, an NDV (e.g., a recombinant NDV) or a composition thereof, or a
combination therapy described herein is administered to a subject seronegative for antibodies
to a pathogen (e.g., antibodies to a SARS-CoV-2 antigen, RSV antigen, human
metapneumovirus antigen, Nipah virus antigen, MERS-CoV antigen, Lassa virus antigen or
Ebola virus antigen). In some embodiments, an NDV (e.g., a recombinant NDV) or a

composition thereof, or a combination therapy described herein is administered to a subject
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seropositive for antibodies to a pathogen (e.g., antibodies to a SARS-CoV-2 antigen, RSV
antigen, human metapneumovirus antigen, Nipah virus antigen, MERS-CoV antigen, Lassa
virus antigen or Ebola virus antigen). In certain embodiments, the subject is assessed for
antibodies prior to administration of a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein. In other embodiments, the subject is not
assessed for antibodies prior to administration of a recombinant NDV described herein or a
composition thereof, or a combination therapy described herein.

[00229] In a specific embodiment, a method of treating cancer described herein may result
in a beneficial effect for a subject, such as the reduction, decrease, attenuation, diminishment,
stabilization, remission, suppression, inhibition or arrest of the development or progression of
cancer, or a symptom thereof. In certain embodiments, a method of treating cancer described
herein results in at least one, two or more of the following effects: (i) the reduction or
amelioration of the severity of cancer and/or a symptom associated therewith; (ii) the
reduction in the duration of a symptom associated with cancer; (iii) the prevention in the
recurrence of a symptom associated with cancer; (iv) the regression of cancer and/or a
symptom associated therewith; (v) the reduction in hospitalization of a subject; (vi) the
reduction in hospitalization length; (vii) the increase in the survival of a subject; (viii) the
inhibition of the progression of cancer and/or a symptom associated therewith; (ix) the
enhancement or improvement of the therapeutic effect of another therapy; (x) a reduction or
elimination in the cancer cell population; (xi) a reduction in the growth of a tumor or
neoplasm; (xii) a decrease in tumor size; (xiii) a reduction in the formation of a tumor; (xiv)
eradication, removal, or control of primary, regional and/or metastatic cancer; (xv) a decrease
in the number or size of metastases; (xvi) a reduction in mortality; (xvii) an increase in
cancer-free survival rate of patients; (xviii) an increase in relapse-free survival; (xix) an
increase in the number of patients in remission; (xx) a decrease in hospitalization rate; (xxi)
the size of the tumor is maintained and does not increase in size or increases the size of the
tumor by less than 5% or 10% after administration of a therapy as measured by conventional
methods available to one of skill in the art, such as MRI, X-ray, CT Scan and PET scan;
(xxi1) the prevention of the development or onset of cancer and/or a symptom associated
therewith; (xxiii) an increase in the length of remission in patients; (xxiv) the reduction in the
number of symptoms associated with cancer; (xxv) an increase in symptom-free survival of
cancer patients; (xxvi) limitation of or reduction in metastasis; (xxvii) overall survival;
(xxviii) progression-free survival (as assessed, e.g., by RECIST v1.1.); (xxix) overall

response rate; and/or (xxx) an increase in response duration. In some embodiments, the
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treatment/therapy that a subject receives does not cure cancer, but prevents the progression or
worsening of the disease. In certain embodiments, a method of treating cancer described
herein does not prevent the onset/development of cancer, but may prevent the onset of cancer
symptoms. Any method known to the skilled artisan may be utilized to evaluate the
treatment/therapy that a subject receives. In a specific embodiment, the efficacy of a
treatment/therapy is evaluated according to the Response Evaluation Criteria In Solid Tumors
(“RECIST”) published rules. In a specific embodiment, the efficacy of a treatment/therapy is
evaluated according to the RECIST rules published in February 2000 (also referred to as
“RECIST 17) (see, e.g., Therasse ef al., 2000, Journal of National Cancer Institute,
92(3):205-216, which is incorporated by reference herein in its entirety). In a specific
embodiment, the efficacy of a treatment/therapy is evaluated according to the RECIST rules
published in January 2009 (also referred to as “RECIST 1.17) (see, e.g., Eisenhauer et al.,
2009, European Journal of Cancer, 45:228-247, which is incorporated by reference herein in
its entirety). In a specific embodiment, the efficacy of a treatment/therapy is evaluated
according to the RECIST rules utilized by the skilled artisan at the time of the evaluation. In
a specific embodiment, the efficacy is evaluated according to the immune related RECIST
(“irRECIST”) published rules (see, e.g., Bohnsack et al., 2014, ESMO Abstract 4958, which
is incorporated by reference herein in its entirety).

[00230] In some embodiments, the administration of a recombinant NDV described herein
or a composition thereof, or a combination therapy described herein to a subject increases
infiltration of one, two or all of the following cell types into a tumor: (i) T-cells, (i1) natural
killer (NK) cells, and (ii1) dendritic cells. In certain embodiments, the administration of a
recombinant NDV described herein or a composition thereof, or a combination therapy
described herein to a subject described herein increases lymphocyte infiltration into a tumor.
In a specific embodiment, the administration of a recombinant NDV described herein or a
composition thereof, or a combination therapy described herein to a subject increases T cell
infiltration (CD4+ T cell infiltration and/or CD8+ T cell infiltration) into a tumor. In certain
embodiments, the administration of a recombinant NDV described herein or a composition
thereof, or a combination therapy to a subject increases cytokine production in a tumor (e.g.,
increases INFy, IL-2, and/or TNF production).

[00231] In another specific embodiment, the administration of a recombinant NDV
described herein or a composition thereof, or a combination therapy described herein induces
antibodies to an antigen (e.g., an infectious disease antigen, or cancer or tumor antigen). In

another specific embodiment, the administration of a recombinant NDV described herein or a
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composition thereof, or a combination therapy described herein induces both mucosal and
systemic antibodies to an antigen (e.g., an infectious disease antigen, or cancer or tumor
antigen), such as, e.g., neutralizing antibodies. In another specific embodiment, the
administration of a recombinant NDV described herein or a composition thereof, or a
combination therapy described herein to a subject induces neutralizing antibody to an antigen
(e.g., an infectious disease antigen, or cancer or tumor antigen).

[00232] In some embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a subject suffering
cancer. In other embodiments, an NDV (e.g., a recombinant NDV) described herein or a
composition thereof, or a combination therapy described herein is administered to a subject
predisposed or susceptible to cancer. In some embodiments, a recombinant NDV described
herein or a composition thereof, or a combination therapy described herein is administered to
a subject diagnosed as having cancer.

[00233] In specific embodiments, a recombinant NDV described herein or a composition
thereof, or a combination therapy described herein is administered to a human.

3.5.1 DOSAGE AND FREQUENCY

[00234] The amount of a recombinant NDV or a composition thereof, which will be
effective in the prevention of disease, immunization against a pathogen, or in treating cancer
will depend on the route of administration, the general health of the subject, etc. Suitable
dosage ranges of a recombinant NDV for administration are generally about 10* to about
10'2, and can be administered to a subject once, twice, three, four or more times with
intervals as often as needed. In certain embodiments, dosages similar to those currently being
used in clinical trials for NDV are administered to a subject.

[00235] In certain embodiments, a recombinant NDV or a composition thereof is
administered to a subject as a single dose followed by a second dose 1 to 6 weeks, 1 to 5
weeks, 1to 4 weeks, 1 to 3 weeks, 1 to 2 weeks, 6 to 12 weeks, 3 to 6 months, 6 to 9 months,
6 to 12 months, or 6 to 9 months later. In accordance with these embodiments, booster
inoculations may be administered to the subject at 3 to 6 month or 6 to 12 month intervals
following the second inoculation.

[00236] In certain embodiments, administration of the same recombinant NDV or a
composition thereof may be repeated and the administrations may be separated by at least 1
day, 2 days, 3 days, 5 days, 6 says, 7 days, 10 days, 14 days, 15 days, 21 days, 28 days, 30

days, 45 days, 2 months, 75 days, 3 months, or at least 6 months. In other embodiments,
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administration of the same recombinant NDV or a composition thereof may be repeated and
the administrations may be separated by 1 to 14 days, 1 to 7 days, 7 to 14 days, 1 to 30 days,
15 to 30 days, 15 to 45 days, 15 to 75 days, 15 to 90 days, 1 to 3 months, 3 to 6 months, 3 to
12 months, or 6 to 12 months. In some embodiments, a first recombinant NDV or a
composition thereof is administered to a subject followed by the administration of a second
recombinant NDV or a composition thereof. In some embodiments, the first and second
recombinant NDV are different from each other. For example, the first recombinant NDV
may comprise nucleotide sequences encoding the F and HN proteins of a first type of non-
NDV APMV (e.g. APMV-12) and the second recombinant NDV may comprise nucleotide
sequences encoding the F and HN proteins of a second type of non-NDV APMV (e.g.,
APMV-10). In a specific embodiment, the first and second recombinant NDV are
immunologically distinct from each other. In certain embodiments, the first and second
recombinant NDVs or compositions thereof may be separated by at least 1 day, 2 days, 3
days, 5 days, 6 days, 7 days, 10 days, 14 days, 15 days, 21 days, 28 days, 30 days, 45 days, 2
months, 75 days, 3 months, or at least 6 months. In other embodiments, the first and second
recombinant NDVs or compositions thereof may be separated by 1 to 14 days, 1 to 7 days, 7
to 14 days, 1 to 30 days, 15 to 30 days, 15 to 45 days, 15 to 75 days, 15 to 90 days, 1 to 3
months, 3 to 6 months, 3 to 12 months, or 6 to 12 months.

[00237] In certain embodiments, a recombinant NDV or composition thereof is
administered to a subject in combination with one or more additional therapies, such as a
therapy described in Section 5.5.2, infra. The dosage of the other one or more additional
therapies will depend upon various factors including, e.g., the therapy, the route of
administration, the general health of the subject, etc. and should be decided according to the
judgment of a medical practitioner. In specific embodiments, the dose of the other therapy is
the dose and/or frequency of administration of the therapy recommended for the therapy for
use as a single agent is used in accordance with the methods disclosed herein. Recommended
doses for approved therapies can be found in the Physician’s Desk Reference.

[00238] In certain embodiments, a recombinant NDV or composition thereof is
administered to a subject concurrently with the administration of one or more additional
therapies. In certain embodiments, the recombinant NDV and or composition thereof and
one or more additional therapies are administered to the subject within 1 minute, 2 minutes, 5
minutes, 10 minutes, 15 minutes, 20 minutes, 30 minutes, 45 minutes, 60 minutes, 1.5 hours,
2 hours, 3 hours, 4 hours, 5 hours, or 6 hours of each other. In certain embodiments, the

recombinant NDV and or composition thereof and one or more additional therapies are
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administered to the subject within 12 hours, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7
days, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks or 12 weeks of each
other. In certain embodiments, the recombinant NDV and or composition thereof and one or
more additional therapies are administered to the subject within 3-6 months, 6-9 months, 6-12
months, or 3 months, 4 months, 6 months, 9 months, or 12 months of each other.
[00239] In certain embodiments, a first pharmaceutical composition is administered to a
subject as a priming dose and after a certain period (e.g., 1 month, 2 months, 3 months, 4
months, 5 months, 6 months, or 1-6 months) a booster dose of a second pharmaceutical
composition is administered. In some embodiments, the second pharmaceutical composition
comprises the same recombinant NDV as the first pharmaceutical composition. In other
embodiments, the second pharmaceutical composition comprises a recombinant NDV that is
immunologically distinct than the recombinant NDV of the first pharmaceutical composition.
In specific embodiments, the second pharmaceutical composition comprises the same
recombinant NDV as the first pharmaceutical composition with the exception that the F
protein and/or HN protein, are from a different non-NDV APMYV F protein or variant thereof
and/or a different non-NDV APMYV HN protein or a variant thereof.

3.5.2 ADDITIONAL THERAPIES

[00240] Additional therapies that can be used in a combination with a recombinant NDV
described herein or a composition thereof include, but are not limited to, acetaminophen, a
chemotherapeutic, a checkpoint inhibitor, an immunotherapy, ibuprofen, throat lozenges,
cough suppressants, inhalers, antibiotics and oxygen. In a specific embodiment, the
additional therapy is a second recombinant NDV described herein.

5.6 BIOLOGICAL ASSAYS

[00241] In a specific embodiment, a biological assay known to one of skill in the art to
characterize a recombinant NDV described herein, or an antigen. In specific embodiments, a
microneutralization assay known to one of skill in the art or described herein is used to assess
for antibodies that bind to a recombinant NDV described herein. In some embodiments, the
ability of anti-NDV F antibodies to bind to a non-NDV APMYV F protein or a variant thereof
may be assessed by any method know to one of skill in the art (e.g., an immunoassay). In
certain embodiments, the ability of anti-NDV HN antibodies to bind to a non-NDV APMV
HN protein or a variant thereof may be assessed by any method know to one of skill in the art
(e.g., an immunoassay). In some embodiments, a hemagglutinin inhibition assay, which is

known to one of skill in the art or described herein, may be used may be used to assess
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whether two recombinant NDV's described herein, or an NDV and non-NDV APMYV are
immunologically distinct.

5.6.1 INVITRO VIRAL ASSAYS

[00242] Viral assays include those that indirectly measure viral replication (as determined,
e.g., by plaque formation) or the production of viral proteins (as determined, e.g., by western
blot analysis) or viral RNAs (as determined, e.g., by RT-PCR or northern blot analysis) in
cultured cells in vitro using methods which are well known in the art.

[00243]  Growth of the recombinant NDVs described herein can be assessed by any
method known in the art or described herein (e.g., in cell culture (e.g., cultures of chicken
embryonic kidney cells or cultures of chicken embryonic fibroblasts (CEF)). Viral titer may
be determined by inoculating serial dilutions of a recombinant NDV described herein into
cell cultures (e.g., CEF, MDCK, EFK-2 cells, Vero cells, primary human umbilical vein
endothelial cells (HUVEC), H292 human epithelial cell line or HeLa cells), chick embryos,
or live animals (e.g., avians). After incubation of the virus for a specified time, the virus is
isolated using standard methods. Physical quantitation of the virus titer can be performed
using PCR applied to viral supernatants (Quinn & Trevor, 1997; Morgan et al., 1990),
hemagglutination assays, tissue culture infectious doses (TCIDS50) or egg infectious doses
(EID50).

[00244] Incorporation of nucleotide sequences encoding a heterologous peptide or protein
(e.g., a transgene into the genome of a recombinant NDV described herein can be assessed by
any method known in the art or described herein (e.g., in cell culture, an animal model or
viral culture in embryonated eggs)). For example, viral particles from cell culture of the
allantoic fluid of embryonated eggs can be purified by centrifugation through a sucrose
cushion and subsequently analyzed for protein expression by Western blotting using methods
well known in the art. Other immunoassays, such as ELISA may be used to detect protein
expression.

[00245] Immunofluorescence-based approaches may also be used to detect virus and
assess viral growth. Such approaches are well known to those of skill in the art, e.g.,
fluorescence microscopy and flow cytometry. Methods for flow cytometry, including
fluorescence activated cell sorting (FACS), are available (see, e.g., Owens, ef al. (1994) Flow
Cytometry Principles for Clinical Laboratory Practice, John Wiley and Sons, Hoboken, NJ;
Givan (2001) Flow Cytometry, 2" ed.,; Wiley-Liss, Hoboken, NJ; Shapiro (2003) Practical
Flow Cytometry, John Wiley and Sons, Hoboken, NJ). Fluorescent reagents suitable for
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modifying nucleic acids, including nucleic acid primers and probes, polypeptides, and
antibodies, for use, e.g., as diagnostic reagents, are available (Molecular Probesy (2003)
Catalogue, Molecular Probes, Inc., Eugene, OR; Sigma-Aldrich (2003) Catalogue, St. Louis,
MO).
[00246] Standard methods of histology of the immune system are described (see, e.g.,
Muller-Harmelink (ed.) (1986) Human Thymus: Histopathology and Pathology, Springer
Verlag, New York, NY; Hiatt, et al. (2000) Color Atlas of Histology, Lippincott, Williams,
and Wilkins, Phila, PA; Louis, ef al. (2002) Basic Histology: Text and Atlas, McGraw-Hill,
New York, NY).

5.6.2 INTERFERON ASSAYS

[00247] IFN induction and release by a recombinant NDV described herein may be
determined using techniques known to one of skill in the art. For example, the amount of
IFN induced in cells following infection with a recombinant NDV described herein may be
determined using an immunoassay (e.g., an ELISA or Western blot assay) to measure [FN
expression or to measure the expression of a protein whose expression is induced by IFN.
Alternatively, the amount of IFN induced may be measured at the RNA level by assays, such
as Northern blots and quantitative RT-PCR, known to one of skill in the art. In specific
embodiments, the amount of IFN released may be measured using an ELISPOT assay.
Further, the induction and release of cytokines and/or interferon-stimulated genes may be
determined by, e.g., an immunoassay or ELISPOT assay at the protein level and/or
quantitative RT-PCR or northern blots at the RNA level.

85.6.3 ACTIVATION MARKER ASSAYS AND IMMUNE CELL
INFILTRATION ASSAY

[00248] Techniques for assessing the expression of T cell marker, B cell marker, activation
marker, co-stimulatory molecule, ligand, or inhibitory molecule by immune cells are known
to one of skill in the art. For example, the expression of T cell marker, B cell marker, an
activation marker, co-stimulatory molecule, ligand, or inhibitory molecule by an immune cell
can be assessed by flow cytometry.

5.6.4 TOXICITY STUDIES

[00249] In some embodiments, the recombinant NDVs described herein or compositions
thereof, or combination therapies described herein are tested for cytotoxicity in mammalian,
preferably human, cell lines. In certain embodiments, cytotoxicity is assessed in one or more

of the following non-limiting examples of cell lines: U937, a human monocyte cell line;
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primary peripheral blood mononuclear cells (PBMC); Huh7, a human hepatoblastoma cell
line; HL60 cells, HT1080, HEK 293T and 293H, MLPC cells, human embryonic kidney cell
lines; human melanoma cell lines, such as SkMel2, SkMel-119 and SkMel-197; THP-1,
monocytic cells; a HeLa cell line; and neuroblastoma cells lines, such as MC-IXC, SK-N-
MC, SK-N-MC, SK-N-DZ, SH-SYS5Y, and BE(2)-C. In some embodiments, the ToxLite
assay is used to assess cytotoxicity.

[00250] Many assays well-known in the art can be used to assess viability of cells or cell
lines following infection with a recombinant NDV described herein or composition thereof,
and, thus, determine the cytotoxicity of the recombinant NDV or composition thereof. For
example, cell proliferation can be assayed by measuring Bromodeoxyuridine (BrdU)
incorporation, (*H) thymidine incorporation, by direct cell count, or by detecting changes in
transcription, translation or activity of known genes such as proto-oncogenes (e.g., fos, myc)
or cell cycle markers (Rb, cdc2, cyclin A, D1, D2, D3, E, etc.). The levels of such protein
and mRNA and activity can be determined by any method well known in the art. For
example, protein can be quantitated by known immunodiagnostic methods such as ELISA,
Western blotting or immunoprecipitation using antibodies, including commercially available
antibodies. mRNA can be quantitated using methods that are well known and routine in the
art, for example, using northern analysis, RNase protection, or polymerase chain reaction in
connection with reverse transcription. Cell viability can be assessed by using trypan-blue
staining or other cell death or viability markers known in the art. In a specific embodiment,
the level of cellular ATP is measured to determined cell viability. In preferred embodiments,
a recombinant NDV described herein or composition thereof does not kill healthy (i.e., non-
cancerous) cells.

[00251] In specific embodiments, cell viability may be measured in three-day and seven-
day periods using an assay standard in the art, such as the CellTiter-Glo Assay Kit (Promega)
which measures levels of intracellular ATP. A reduction in cellular ATP is indicative of a
cytotoxic effect. In another specific embodiment, cell viability can be measured in the
neutral red uptake assay. In other embodiments, visual observation for morphological
changes may include enlargement, granularity, cells with ragged edges, a filmy appearance,
rounding, detachment from the surface of the well, or other changes.

[00252] The recombinant NDVs described herein or compositions thereof, or combination
therapies can be tested for in vivo toxicity in animal models. For example, animal models,
known in the art to test the effects of compounds on RSV infection or hMPV infection can

also be used to determine the in vivo toxicity of the recombinant NDV's described herein or
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compositions thereof, or combination therapies. For example, animals are administered a
range of pfu of a recombinant NDV described herein, and subsequently, the animals are
monitored over time for various parameters, such as one, two or more of the following:
lethality, weight loss or failure to gain weight, and levels of serum markers that may be
indicative of tissue damage (e.g., creatine phosphokinase level as an indicator of general
tissue damage, level of glutamic oxalic acid transaminase or pyruvic acid transaminase as
indicators for possible liver damage). These in vivo assays may also be adapted to test the
toxicity of various administration mode and regimen in addition to dosages.

[00253] The toxicity, efficacy or both of a recombinant NDV described herein or a
composition thereof, or a combination therapy described herein can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LD50 (the dose lethal to 50% of the population) and the EDS0 (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio LDS0/EDS50.
Therapies that exhibit large therapeutic indices are preferred.

[00254] The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage of the therapies for use in subjects. The dosage of such agents
lies preferably within a range of circulating concentrations that include the ED50 with little or
no toxicity. The dosage may vary within this range depending upon the dosage form
employed and the route of administration utilized. For any therapy described herein, the
therapeutically effective dose can be estimated initially from cell culture assays.

5.6.5 BIOLOGICAL ACTIVITY ASSAYS

[00255] The recombinant NDVs described herein or compositions thereof, or combination
therapies described herein can be tested for biological activity using animal models for
inhibiting an infectious disease or cancer, antibody response to the recombinant NDVs, etc.
Such animal model systems include, but are not limited to, rats, mice, hamsters, cotton rats,
chicken, cows, monkeys (e.g., African green monkey), pigs, dogs, rabbits, etc.

[00256] In a specific embodiment, the recombinant NDV's described herein or
compositions thereof, or combination therapies described herein may be tested using animal
models for the ability to induce a certain geometric mean titer of antibody(ies) that binds to
the antigen. In another specific embodiment, the recombinant NDVs described herein or
compositions thereof, or combination therapies described herein may be tested using animal

models for the ability to induce antibodies that have neutralizing activity against an antigen in

132



WO 2022/232052 PCT/US2022/026185

a microneutralization assay. In some embodiments, the recombinant NDVs described herein
or compositions thereof, or combination therapies described herein may be tested using
animal models for the ability to induce a certain geometric mean titer of antibody(ies) that
binds to the antigen (e.g., SARS-CoV-2 antigen, Ebola virus antigen, MERS-CoV antigen,
Lassa virus antigen, RSV antigen, or human metapneumovirus antigen) and neutralizes the
virus associated with the antigen in a microneutralization assay. In a specific embodiment,
the recombinant NDVs described herein or compositions thereof, or combination therapies
described herein may be tested using animal models for the ability to induce a certain fold
increase in levels of antibody(ies) that binds to antigen post-immunization with a
recombinant NDV described herein or a composition thereof relative to the levels of such
antibody pre-immunization. For example, a 3 fold, 4 fold, 5 fold, 6 fold, 7 fold, 8 fold or
greater increase in levels of antibody(ies) that binds antigen post-immunization with a
recombinant NDV described herein or a composition thereof relative to the levels of such
antibody(ies) pre-immunization.

5.6.6 EXPRESSION OF TRANSGENE

[00257]  Assays for testing the expression of a non-NDV APMYV F protein, a non-NDV
APMYV HN protein, a chimeric F protein, a chimeric HN protein, an antigen (including a
chimeric antigen) in cells infected with a recombinant NDV described herein may be
conducted using any assay known in the art, such as, e.g., western blot, immunofluorescence,
and ELISA, or any assay described herein.

[00258] In a specific aspect, ELISA is utilized to detect expression of a non-NDV APMV
F protein, a non-NDV APMV HN protein, a chimeric F protein, a chimeric HN protein, an
antigen (including a chimeric antigen) in cells infected with a recombinant NDV described
herein.

[00259] In one embodiment, a non-NDV APMYV F protein, a non-NDV APMV HN
protein, a chimeric F protein, a chimeric HN protein, an antigen (including a chimeric
antigen) encoded by a packaged genome of a recombinant NDV described herein is assayed
for proper folding by testing its ability to bind specifically to an antibody using any assay for
antibody-antigen interaction known in the art. In another embodiment, encoded by a
packaged genome of a recombinant NDV described herein is assayed for proper folding by
determination of the structure or conformation of a non-NDV APMYV F protein, a non-NDV
APMYV HN protein, a chimeric F protein, a chimeric HN protein, an antigen (including a

chimeric antigen) using any method known in the art such as, e.g., NMR, X-ray
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crystallographic methods, or secondary structure prediction methods, e.g., circular dichroism.
Additional assays assessing the conformation and antigenicity of a non-NDV APMV F
protein, a non-NDV APMYV HN protein, a chimeric F protein, a chimeric HN protein, an
antigen (including a chimeric antigen) may include, e.g., immunofluorescence microscopy,
flow cytometry, western blot, and ELISA may be used. /n vivo immunization in animal
models, such as cotton rats or mice, may also be used to assess the antigenicity of a non-NDV
APMV F protein, a non-NDV APMYV HN protein, a chimeric F protein, a chimeric HN
protein, an antigen (including a chimeric antigen).

[00260] Assays for testing the functionality of a non-NDV APMYV F protein, a non-NDV
APMYV HN protein, a chimeric F protein, a chimeric HN protein, an antigen (including a
chimeric antigen) in cells infected with a recombinant NDV described herein may be
conducted using any assay known in the art. For example, the receptor binding and
neuraminidase activities of the HN protein may be assessed. The fusion of the virus to host
cell may also be assessed.

5.7 KITS

[00261] In one aspect, provided herein is a pharmaceutical pack or kit comprising one or
more containers filled with one or more of the ingredients of a composition (e.g., a
pharmaceutical compositions) described herein. In a specific embodiment, provided herein is
a pharmaceutical pack or kit comprising a container, wherein the container comprises a
recombinant NDV described herein, or a pharmaceutical composition comprising the
recombinant NDV. In certain embodiments, the pharmaceutical pack or kit further comprises
a second recombinant NDV, or a pharmaceutical composition comprising the second
recombinant NDV. In specific embodiments, that is second recombinant NDV is
immunologically distinct from the first recombinant NDV. In some embodiments, provided
herein is pharmaceutical pack or kit comprising the pNDV-F-HNless acceptor plasmid
described in Section 6. In certain embodiments, the pack or kit further comprises a nucleic
acid sequence comprising a nucleotide of any one of SEQ ID NOS:1-14. In certain
embodiments, provided herein is a pharmaceutical pack or kit comprising a nucleic acid
sequence comprising a nucleotide sequence of any one of SEQ ID NOS:1-14, or a nucleotide
sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 98%
identical to the nucleotide sequence of any one of SEQ ID NOS:1-14. Optionally associated

with such container(s) can be a notice in the form prescribed by a governmental agency
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regulating the manufacture, use or sale of pharmaceuticals or biological products, which
notice reflects approval by the agency of manufacture, use or sale for human administration.
[00262] In some embodiments, provided herein is pharmaceutical pack or kit comprising a
nucleic acid sequence comprising a nucleotide sequence that is at least 80%, at least 85%, at
least 90%, at least 95%, or at least 98% identical to the nucleotide sequence of any one of
SEQ ID NOS:1-14. In some embodiments, the pack or kit further comprises a nucleic acid
sequence comprising (or consisting of): (1) a transcription unit encoding a NDV nucleocapsid
(N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a transcription
unit encoding a NDV matrix (M) protein, and (4) a transcription unit encoding a NDV large
polymerase (L). In some embodiments, the NDV is of the LaSota strain.

[00263] In some embodiments, provided herein is pharmaceutical pack or kit comprising a
nucleic acid sequence comprising SEQ ID NO:44 or 45. In some embodiments, provided
herein is pharmaceutical pack or kit comprising a nucleic acid sequence comprising SEQ ID
NO:44 or 45 without the GFP coding sequence. In some embodiments, the pack or kit further
comprises a nucleic acid sequence comprising a nucleotide sequence of any one of SEQ ID
NOS:1-14. In some embodiments, the pack or kit further comprises a nucleic acid sequence
comprising a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least
95%, or at least 98% identical to the nucleotide sequence of any one of SEQ ID NOS:1-14.
Optionally associated with such container(s) can be a notice in the form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals or biological
products, which notice reflects approval by the agency of manufacture, use or sale for human
administration.

5.8 SEQUENCES

[00264] The sequences disclosed in this section may be used to produce the recombinant
NDYV described herein.
[00265] Table 1: Synthetic sequences for the generation of chimeric NDV-APMV

rescue plasmids and NDV LaSota Sequence

. SEQ ID
Description Sequence NO.
APMV4/du | atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg 1

ck/Hongko | gttggcgcccteccaggtecaagATGAGGCTATCAAACACAATCTTG
ng/D3/75 ACCTTGATTCTCATCATACTTACCGGCTATTTGATAGGT
(lower cases | GTCCACTCCACCGATGTGAATGAGAAACCAAAGTCCG

correspond | AAGGGATTAGGGGTGATCTTACACCAGGTGCGGGTATT
to NDV TTCGTAACTCAAGTCCGACAGCTCCAGATCTACCAACA
derived GTCTGGGTACCATGATCTTGTCATCAGATTGTTACCTCT
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Description

Sequence

SEQ ID
NO.

sequences
and upper
cases
correspond
to APMV F
and HN
coding
sequences)

TCTACCAACAGAGCTTAATGATTGTCAAAGGGAAGTTG
TCACAGAGTACAATAACACTGTATCACAGCTGTTGCAG
CCTATCAAAACCAACCTGGATACTTTGTTGGCAGATGG
TAGCACAAGGGATGTTGATATACAGCCGCGATTCATTG
GGGCAATAATAGCCACAGGTGCCCTGGCTGTAGCAAC
GGTAGCTGAGGTAACTGCAGCTCAAGCACTATCTCAGT
CAAAAACGAATGCTCAAAATATTCTCAAGTTGAGAGA
TAGTATTCAGGCCACCAACCAAGCAGTTTTTGAAATTT
CACAGGGACTCGAAGCAACTGCAACCGTGCTATCAAA
ACTGCAAACTGAGCTCAATGAGAATATCATCCCAAGTC
TGAACAACTTGTCCTGTGCTGCCATGGGGAATCGCCTT
GGTGTATCACTCTCACTCTATTTGACCTTAATGACCACT
CTATTTGGGGACCAGATCACAAACCCAGTGCTGACGCC
AATCTCTTACAGCACCCTATCGGCAATGGCGGGTGGTC
ACATTGGTCCAGTGATGAGTAAGATATTAGCCGGATCT
GTCACAAGTCAGTTGGGGGCAGAACAACTGATTGCTA
GTGGCTTAATACAGTCACAGGTAGTAGGTTATGATTCC
CAGTATCAGCTGTTGGTTATCAGGGTCAACCTTGTACG
GATTCAGGAAGTCCAGAATACTAGGGTTGTATCACTAA
GAACACTAGCAGTCAATAGGGATGGTGGACTTTACAG
AGCCCAGGTGCCACCCGAGGTAGTTGAGCGATCTGGC
ATTGCAGAGCGGTTTTATGCAGATGATTGTGTTCTAAC
TACAACTGATTACATCTGCTCATCGATCCGATCTTCTCG
GCTTAATCCAGAGTTAGTCAAGTGTCTCAGTGGGGCAC
TTGATTCATGCACATTTGAGAGGGAAAGTGCATTACTG
TCAACTCCCTTCTTTGTATACAACAAGGCAGTCGTCGC
AAATTGTAAAGCAGCGACATGTAGATGTAATAAACCG
CCATCTATCATTGCCCAATACTCTGCATCAGCTCTAGT
AACCATCACCACCGACACTTGTGCTGACCTTGAAATTG
AGGGTTATCGTTTCAACATACAGACTGAATCCAACTCA
TGGGTTGCACCAAACTTCACGGTCTCAACCTCACAAAT
AGTATCGGTTGATCCAATAGACATATCCTCTGACATTG
CCAAAATTAACAATTCTATCGAGGCTGCGCGAGAGCA
GCTGGAACTGAGCAACCAGATCCTTTCCCGAATCAACC
CACGGATTGTGAACGACGAATCACTAATAGCTATTATC
GTGACAATTGTTGTGCTTAGTCTCCTTGTAATTGGTCTT
ATTATTGTTCTCGGTGTGATGTACAAGAATCTTAAGAA
AGTCCAACGAGCTCAAGCTGCTATGATGATGCAGCAA
ATGAGCTCATCACAGCCTGTGACCACCAAATTGGGGAC
ACCCTTCTGAtgaacacagatgaggaacgaaggtttccctaatagtaatttgtgtea
aagttctggtagtctgtcagttcagagagttaagaaaaaactaccggttgtagatgaccaaa
ggacgatatacgggtagaacggtaagagaggccgeccctcaattgecgagecaggettca
caacctccgttctaccgcettcaccgacaacagtcctcaatc ATGCAGGGCGACA
TGGAGGGTAGCCGTGATAACCTCACAGTAGATGATGA
ATTAAAGACAACATGGAGGTTAGCTTATAGAGTTGTAT
CCCTCCTATTGATGGTGAGTGCCTTGATAATCTCTATA
GTAATCCTGACGAGAGATAACAGCCAAAGCATAATCA
CGGCGATCAACCAGTCGTATGACGCAGACTCAAAGTG
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Description

Sequence

SEQ ID
NO.

GCAAACAGGGATAGAAGGGAAAATCACCTCAATCATG
ACTGATACGCTCGATACCAGGAATGCAGCTCTTCTCCA
CATTCCACTCCAGCTCAATACACTTGAGGCAAACCTGT
TGTCCGCCCTCGGAGGTTACACGGGAATTGGCCCCGGA
GATCTAGAGCACTGTCGTTATCCGGTTCATGACTCCGC
TTACCTGCATGGAGTCAATCGATTACTCATCAATCAAA
CAGCTGACTACACAGCAGAAGGCCCCCTGGATCATGT
GAACTTCATTCCGGCACCAGTTACGACTACTGGATGCA
CAAGGATCCCATCCTTTTCTGTATCATCATCCATTTGGT
GCTATACACACAATGTGATTGAAACAGGTTGCAATGAC
CACTCAGGTAGTAATCAATATATCAGTATGGGGGTGAT
TAAGAGGGCTGGCAACGGCTTACCTTACTTCTCAACAG
TCGTGAGTAAGTATCTGACCGATGGGTTGAATAGAAA
AAGCTGTTCCGTAGCTGCGGGATCCGGGCATTGTTACC
TCCTTTGTAGCCTAGTGTCAGAGCCCGAACCTGATGAC
TATGTGTCACCAGATCCCACACCGATGAGGTTAGGGGT
GCTAACAAGGGATGGGTCTTACACTGAACAGGTGGTA
CCCGAAAGAATATTTAAGAACATATGGAGCGCAAACT
ACCCTGGGGTAGGGTCAGGTGCTATAGCAGGAAATAA
GGTGTTATTCCCATTTTACGGCGGAGTGAAGAATGGAT
CAACCCCTGAGGTGATGAATAGGGGAAGATATTACTA
CATCCAGGATCCAAATGACTATTGCCCTGACCCGCTGC
AAGATCAGATCTTAAGGGCAGAACAATCGTATTATCCT
ACTCGATTTGGTAGGAGGATGGTAATGCAGGGAGTCCT
AACATGTCCAGTATCCAACAATTCAACAATAGCCAGCC
AATGCCAATCTTACTATTTCAACAACTCATTAGGATTC
ATCGGGGCGGAATCTAGGATCTATTACCTCAATGGTAA
CATTTACCTTTATCAAAGAAGCTCGAGCTGGTGGCCTC
ACCCCCAAATTTACCTACTTGATTCCAGGATTGCAAGT
CCGGGTACGCAGAACATTGACTCAGGCGTTAACCTCAA
GATGTTAAATGTTACTGTCATTACACGACCATCATCTG
GCTTTTGTAATAGTCAGTCAAGATGCCCTAATGACTGC
TTATTCGGGGTTTATTCAGATGTCTGGCCTCTTAGCCTT
ACCTCAGACAGCATATTTGCATTTACAATGTACTTACA
AGGGAAGACGACACGTATTGACCCAGCTTGGGCGCTA
TTCTCCAATCATGTAATTGGGCATGAGGCTCGTTTGTTC
AACAAGGAGGTTAGTGCTGCTTATTCTACCACCACTTG
TTTTTCGGACACCATCCAAAACCAGGTGTATTGTCTGA
GTATACTTGAAGTCAGAAGTGAGCTCTTGGGGGCATTC
AAGATAGTGCCATTCCTCTATCGTGTCTTAtagttgagtcaatta
taaaggagttggaaagatggcattgtatcacctatcttctgegacatcaagaatca

APMV17/A
ntarctica/l
07/13
(lower cases
correspond
to NDV
derived

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGCAATTGTACTCAGTCCTGGCT
CTGGCCTTACTGGCAGTTCAAGCGGAGCTCGGTATAAT
CCCCTCCCTGAGCAACACACACTCAATAGATGCAGGAT
TTGTGTTCCAGTCTGAGCGAGCAGTCAATATCTACACC
AATTCATTAACCGGGAGTGTGGTAGTTAAACTGCTCCC
TAACTTACCAGATCACCTCAAAAGCTGCCACCTTGATG
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Description

Sequence

SEQ ID

NO.
sequences TCCTAAGCAGTTACAACCGCACCCTTACATCTATCTTC
and upper CAACCGCTAGGTGAGAGTATAAAGCATATATGGGGTA
cases ACACTACAGGAGGGTCAGCCGCAGGAGGAATCCAGTC
correspond | TCGGATAGTGGGTGCCATACTTGGAGGTGTAGCCTTAG
to APMV F | GTGTAGCAACATCAGCACAGATTACAGCAGGAGTTGC
and HN CTTAGCACAATCCAGGCAGAATGCAGAGAATATCTTA
coding AAGTTGAAACAGTCTATTGCTGCAACAAATGATGCTGT
sequences) | GCAAGAGGTTATTGCAGGACAACGAGAGCTTGTGATT

GCAATAGGTAAAATGCAGGATTACATCAATCAAGCGC
TTAACAGCACTATCCAGCAAATCGACTGTGTTACTGCT
GCAAATCGGCTCGGAGTGGAACTTAGCTTGTATCTGAC
TCAGCTTACCACCGCCTTCAGTAATCAAATCCAGAACC
CTGCACTCACTCCGTTGTCTATTCAGGCGTTATATAACC
TAGCTGGAGGTAATTTGGATAGGTTCCTCAATCGCATT
GGAGCTACCACATCTAATCTACAGTCCATCATATCAAG
TGGGCTAATTCAGGGGCAACCTATTGGCTACGACTCTG
AGAAGCAGCTATTGATCCTGTCTGTATCTGTACCAAGC
ATAAATGCAGTGGATAATTTGCGCATGGCGCAGCTGAC
CCCCATAGTGGTGTCCACTAGCCAGGGGCTGGGAGCTG
TAGTTATCCCCAAATATATCATTGCAATCGCAGACTTA
ATAGAGGAGTTTGTGGCTGATGACTGTATCTTCACAAC
ATCTGATGCATATTGTACCAGCCTTACCACACTACCTC
TCAGCAATTCACTGCAGCAATGCATCAGGGGCAATGTG
TCAGCATGCTCGTACTCGCTGGTGAGGGGAGTACTATC
GACCAAGTTCATCACCCTTGATGGCTCTGTTATAGCCA
ACTGCCAAGCAGTGACATGTAGATGCATTGATCCCCCC
AAAATCATATCACAATTTGCCGGGAAGCCGCTCACCAT
TATCAATAGCAAGATATGCAACATTATCAATATTGAGC
AAGTTACGCTAAGGCTGTCTGGTCATTTCATGTCACAA
TATGGTGCTAATCTTAGTATCAGCGAAGGGCAAATTGT
GGTTACTGGACCCCTGGACATTAGCAATGAGCTTGGTC
GAGTCAACCAAAGTATCACGAATGCGCAAGCATCCAT
AGATAAGAGTAACCAGATTCTGGAAGGTGTCAATGTC
AGGCTGATACAGGTGCCAGCCTTAGCAACGTCACTTGC
TCTGGCAATTGCAGGGACTGTATTGGGCGCGCTGGCAA
TAATTGGGATCTTAGTGTTATGGGCAGCTAATAAGAAG
CAGAGCAAAAAGATGGAGTGGCTGCTCGCATCAAAGG
CATCAAGGATGTGAtgaacacagatgaggaacgaaggtttccctaatagtaat
ttgtgtgaaagttctggtagtctgtcagttcagagagttaagaaaaaactaccggttgtagatg
accaaaggacgatatacgggtagaacggtaagagaggccgeccctcaattgegagecag
gcttcacaacctecgttctaccgettcaccgacaacagtectcaatc ATGCCATCCA
TCATGACATCCACCTCATCGCAAAGTCGGGAGCATCTT
GCATCACGGGATGATGACGATGACAGCAAGTGTACCT
GGCGGCTGGTGTTCAGGGTGTCGGCCATAGCCCTACTT
CTTACCATTCTTGGTCTCTCGATTGCAACATTCTGTAAA
ATACCTTCAAAGGATTTTGAACCCATAATAGAAGAAGC
TGTACATGAGATCACTTCGATATTGACACCGCTAGGTG
CAGGGATTACTGCAATCTTGGATTACTGCCAAAAGATA
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Description
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SEQ ID
NO.

TACCGCCAGAGTGTGCTAGAGACTCCCCTGCAGTTGTC
AGCCATGCAAACTAGTATACTTCAGAGCCTCAGTGCGT
TGTCTTATCAAATTAGTCTGGAGGCCAACGGGAGTAAT
TGCGGCGCACCCATTCATGATGAGGCCTTTGCAGGAGG
TATTGAGACACCTCTTTTCTCTGGGAAATTCACTAATG
GTAAGCAATTCAGGGTAAGTAAGTATATAGAACACCTT
AACTTCATACCGGCACCTACCACTGGGAGAGGCTGCAC
CAGAATACCATCGTTCTCTCTGTCCACTAGTCACGGAT
GCTACACACACAATGTGATCTTGGACGGATGTGCAGAT
CATGGCGCGTCCCACCAGTATATATCAATCGGAACTCT
AAGAGTGTCCCCATCTGGGAGAATATACTTCTCAACCC
TCCGGAGTGTCAACTTGGATGATGGGGTGAACCGGAA
GTCATGCAGCATCGCAGCTACCCGCTATGGGTGTGACC
TGTTATGCTCAGTGGTAACAGAAACGGAAAGGAGCGA
CTATGCGTCAAACCCACCTACCCGGATGATACACGGAA
GGTTGGATTTCGGGGGTTCTTATAGCGAGACTGATATC
AATAGTCAGGTGCTCTTCTCTGACTGGGCAGCTAACTA
CCCAGGTGTGGGGTCAGGAGTTGCAGTAGATGATAGG
ATTCTGTTCCCGATATATGGGGGACTCAGAGCGGGAAC
CCCTTCCTATAACAGGAACTATGGTTCATATGCCATCT
ATCAGAGAAGCGGTGATGTGTGTCCTGACAACAATGCT
ACTCAAGTAAGAAATGCAAAAGCATCTTACATTGTGCC
TCTATTCTCCAATCGATTGATACAACAGGCCATCCTAT
CTATCAAGTTAGATCCCGGTCTAGGGAAGGATACTACA
CTTCACATTTCATCTAATAATGTGACATTGATGGGTGC
AGAGGCTAGACTAGTAGCCATTGATGGCCAGGTGTAC
ATGTATCAAAGAGGCAGCTCATGGTTCCCAGCTGCAGT
CCTGTACCCCATACACAGAAAGAATGGCACATTCGCAT
TTGGGAGACCATACATATATGATAACTTTACGAGGCCT
GGCACAGGCTTCTGTTCTGCAGCTAGCAGATGCCCAAA
CACATGTATTACAGGGGTTTACACGGATGCTTTCCCAA
TTGTCTTTTCTGCGGACAAAAAGCCGATAGGGGTGTTC
GGGACTTATCTCAACCATCGTAGTGATCGTCAAAATCC
TAGATCTGCTGTGTTCTTTGATGTCTCCATGAGCAATGC
AACTAATGTCTCCACACCCCCCGTAGGTGCTGCATACA
CTACATCCACATGTTTCAAAATGACCTCAACCGGACGG
CGGTACTGCATATCAATAGCAGAAATTAGGAACACCA
TTTTCGGGGAATACAGAATTGTGCCTCTCCTTGTTGAA
ATAGAACAGGTGtagttgagtcaattataaaggagttggaaagatggcattgtat
cacctatcttctgcgacatcaagaatca

APMV9/du
ck/New
York/22/78
(lower cases
correspond
to NDV
derived
sequences

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgcectecaggtgcaagATGGGGTACTTCCACCTATTACTT
ATACTAACAGCGATTGCCATATCTGCGCACCTCTGCTA
TACCACGACATTGGATGGTAGAAAACTGCTTGGTGCAG
GCATAGTGATAACAGAAGAGAAGCAAGTTAGGGTGTA
CACAGCTGCGCAATCAGGAACAATTGTCTTAAGGTCTT
TCCGTGTGGTCTCCTTAGACAGATACTCGTGCATGGAA
TCCACTATTGAGTCATATAACAAGACTGTATATAACAT
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Description

Sequence

SEQ ID

NO.
and upper ACTTGCACCTCTGGGCGATGCAATCCGCCGAATACAGG
cases CAAGTGGTGTATCGGTTGAGCGTATCCGAGAGGGCCG
correspond | CATATTTGGTGCCATCCTTGGGGGAGTTGCCTTAGGTG
to APMV F | TAGCCACCGCAGCACAGATAACAGCTGCAATTGCTTTG
and HN ATTCAGGCTAACGAGAACGCAAAAAACATCCTGCGTA
coding TTAAAGACAGTATAACTAAGACCAACGAGGCAGTGAG
sequences) | AGATGTAACTAATGGCGTGTCGCAGTTAACTATCGCTG

TAGGTAAATTACAGGACTTCGTCAATAAGGAATTCAAT
AAGACAACTGAGGCCATTAATTGTGTACAGGCAGCTC
AACAATTAGGTGTGGAGCTAAGCCTCTATCTGACCGAG
ATCACTACAGTCTTCGGACCTCAGATAACCTCTCCTGC
TTTAAGCAAATTGACTATCCAAGCGCTGTATAATTTGG
CGGGCGTAAGCTTGGATGTACTACTGGGAAGGCTCGG
AGCAGACAATTCACAGTTATCATCTTTGGTTAGTAGTG
GTCTTATTACCGGACAGCCCATTCTCTACGACTCGGAA
TCTCAAATATTGGCACTGCAAGTGTCACTACCCTCCAT
TAGTGACTTAAGGGGAGTGAGAGCGACATACTTAGAC
ACGTTGGCTGTCAACACTGCAGCAGGACTTGCATCTGC
TATGATTCCAAAGGTAGTAATCCAATCTAATAATATAG
TTGAAGAATTAGATACTACAGCATGTATAGCAGCAGA
AGCTGACTTATACTGTACGAGGATTACTACATTCCCCA
TTGCGTCGGCTGTATCAGCCTGCATTCTTGGGGATGTA
TCGCAATGCCTTTATTCAAAGACTAATGGCGTCTTAAC
CACTCCATATGTAGCAGTAAAGGGGAAAATTGTAGCC
AATTGTAAGCATGTCACATGTAGGTGTGTAGATCCTAC
ATCCATCATATCTCAAAATTACGGTGAAGCAGCGACTC
TTATCGATGATCAGCTATGCAAGGTAATCAACTTAGAT
GGTGTGTCCATACAGCTGAGCGGCACATTTGAATCGAC
TTATGTGCGCAACGTCTCGATAAGTGCAAACAAGGTCA
TTGTCTCAAGCAGTATAGATATATCTAATGAGCTGGAG
AATGTTAACAGCTCTTTAAGTTCGGCTCTGGAAAAACT
GGATGAAAGTGACGCTGCGCTAAGCAAAGTAAATGTT
CACTTAACTAGCACCTCAGCTATGGCCACATACATTGT
TCTAACTGTAATTGCTCTTATCTTGGGGTTTGTCGGCCT
AGGATTGGGTTGCTTTGCTATGATAAAAGTAAAGTCTC
AAGCAAAGACACTACTATGGCTTGGTGCACATGCTGAC
CGATCATATATACTCCAGAGTAAGCCGGCTCAATCGTC
CACAtgaacacagatgaggaacgaaggtttccctaatagtaatttgtgtgaaagttctggt
agtctgtcagttcagagagttaagaaaaaactaccggttgtagatgaccaaaggacgatata
cgggtagaacggtaagagaggccgeccctcaattgegagecaggettcacaacctecgtt
ctaccgcttcaccgacaacagtcctcaatc ATGGAATCAGGAATCAGCC
AGGCATCTCTTGTCAATGACAACATAGAATTAAGGAAT
ACGTGGCGCACGGCCTTCCGTGTGGTCTCCTTATTACT
CGGCTTCACCAGCTTGGTGCTCACTGCTTGCGCTTTAC
ACTTCGCTTTGAATGCCGCTACCCCTGCGGATCTCTCTA
GTATCCCAGTCGCTGTTGACCAAAGTCATCATGAAATT
CTACAAACCTTGAGTCTGATGAGCGACATTGGCAATAA
GATTTACAAGCAGGTAGCACTAGATAGTCCAGTGGCG

140




WO 2022/232052

PCT/US2022/026185

Description
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SEQ ID
NO.

CTGCTCAACACTGAATCAACCTTAATGAGCGCAATTAC
ATCACTATCTTATCAGATTAACAATGCAGCGAATAACT
CAGGTTGTGGCGCCCCTGTGCATGATAAGGATTTTATC
AATGGAGTGGCAAAGGAATTATTTGTAGGGTCTCAATA
CAATGCCTCGAACTATCGACCCTCCAGGTTCCTTGAGC
ATCTAAATTTCATCCCCGCCCCTACTACGGGAAAAGGT
TGCACCAGAATTCCGTCCTTTGATCTAGCTGCAACACA
TTGGTGTTATACTCACAATGTGATTCTTAATGGTTGTAA
TGATCATGCTCAATCTTATCAATACATATCCCTCGGGA
TACTCAAGGTGTCAGCCACGGGAAACGTGTTCTTATCT
ACTCTCAGATCTATCAACCTGGATGATGATGAAAACCG
GAAATCATGTAGCATATCAGCAACGCCACTAGGGTGT
GACTTACTTTGTGCTAAAGTCACTGAGAGAGAAGAGG
CAGATTACAATTCAGATGCAGCGACGAGATTAGTTCAT
GGCAGGTTAGGTTTTGATGGGGTATACCATGAGCAGGC
CCTGCCTGTAGAATCATTGTTCAGTGACTGGGTTGCAA
ACTATCCGTCAGTCGGCGGAGGCAGTTACTTTGATAAT
AGGGTATGGTTTGGCGTGTATGGGGGGATCAGACCTG
GCTCTCAGACTGATCTGCTCCAGTCTGAGAAGTACGCG
ATATATCGTAGGTACAATAATACCTGCCCTGATAATAA
TCCCACCCAGATTGAGCGGGCCAAATCATCTTATCGTC
CGCAGCGGTTTGGCCAGCGGCTTGTACAACAAGCAATT
CTATCAATTAGAGTGGAGCCATCTTTGGGTAATGATCC
TAAACTATCTGTGTTAGATAATACAGTCGTGTTGATGG
GGGCGGAAGCAAGGATAATGACATTTGGCCACGTGGC
ATTAATGTATCAAAGAGGGTCATCATATTTTCCTTCTG
CACTATTATACCCTCTCAGTTTAACAAATGGTAGTGCA
GCAGCATCCAAGCCTTTCATATTCGAGCAATATACAAG
GCCAGGTAGCCCACCTTGTCAGGCCACTGCAAGATGTC
CAAATTCATGTGTTACTGGTGTCTACACAGACGCATAC
CCGTTATTTTGGTCTGAAGATCATAAAGTGAATGGTGT
ATATGGTATGATGTTAGATGACATCACATCACGGTTAA
ACCCGGTAGCAGCTATATTTGATAGGTATGGTAGGAGT
AGAGTGACTAGGGTTAGCAGTAGCAGCACGAAGGCAG
CTTACACTACAAATACATGCTTTAAGGTTGTCAAAACA
AAGAGAGTATACTGCTTGAGCATTGCCGAGATAGAGA
ATACACTGTTTGGAGAATTCAGAATAACCCCTTTACTC
TCCGAGATAATATTTGACCCAAACCTTGAACCCTCAGA
CACGAGCCGTAACtagttgagtcaattataaaggagttggaaagatggcattgt
atcacctatcttctgcgacatcaagaatca

APMYV7/Do
ve/Tenness
ee/4/75
(lower cases
correspond
to NDV
derived
sequences

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGAGAGTACGACCTTTAATAATA
ATCCTGGTGCTTTTAGTGTTGCTGTGGTTAAATATTCTA
CCCGTAATTGGCTTAGACAATTCAAAGATTGCACAAGC
AGGTATTATCAGTGCACAAGAATATGCAGTTAATGTGT
ATTCACAGAGTAATGAGGCTTACATTGCACTGCGCACT
GTGCCATATATACCTCCACACAATCTCTCTTGTTTCCAG
GATTTAATCAACACATACAATACAACGATTCAAAACAT
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Sequence

SEQ ID
NO.

and upper
cases
correspond
to APMV F
and HN
coding
sequences)

ATTCTCACCAATTCAGGATCAAATCACATCTATAACAT
CGGCGTCAACGCTCCCCTCATCAAGATTTGCAGGATTA
GTAGTCGGTGCAATCGCTCTCGGAGTAGCGACATCTGC
ACAAATAACTGCAGCCGTGGCACTCACAAAGGCACAG
CAGAACGCTCAAGAAATAATACGATTACGTGATTCTAT
CCAAAATACTATCAATGCTGTGAATGACATAACAGTAG
GGTTAAGTTCAATAGGAGTAGCACTAAGCAAGGTCCA
AAACTACTTGAATGATGTGATAAACCCTGCTCTGCAGA
ACCTGAGCTGCCAGGTTTCTGCATTAAACTTAGGGATC
CAATTAAATCTTTATTTAACCGAAATTACAACTATCTTT
GGACCGCAAATTACAAATCCATCATTGACCCCATTGTC
AATTCAGGCATTATACACCCTAGCAGGAGATAACCTGA
TGCAATTTCTTACCAGGTATGGCTATGGAGAGACAAGT
GTTAGCAGTATTCTCGAGTCAGGACTAATATCAGCACA
AATTGTATCTTTTGATAAACAGACAGGCATTGCAATAT
TGTATGTCACATTACCATCAATTGCGACTCTTTCCGGTT
CTAGAGTTACCAAATTGATGTCAGTTAGTGTCCAAACT
GGAGTTGGAGAGGGTTCTGCTATTGTACCATCATACGT
TATTCAGCAGGGAACAGTAATAGAAGAATTTATTCCTG
ACAGTTGCATCTTCACAAGATCAGATGTTTATTGTACT
CAATTGTACAGTAAATTATTGCCTGATAGCATATTGCA
ATGCCTCCAGGGATCAATGGCAGATTGCCAATTTACTC
GCTCATTGGGTTCATTTGCAAACAGATTCATGACCGTT
GCAGGTGGGGTGATAGCAAATTGTCAGACAGTCCTGT
GCCGATGCTATAATCCAGTTATGATTATTCCCCAGAAC
AATGGAATTGCTGTCACTCTGATAGATGGTAGTTTATG
TAAAGAACTTGAATTGGAGGGGATAAGACTAACAATG
GCAGACCCAGTATTTGCTTCATACTCTCGTGATCTGATT
ATAAATGGGAATCAATTTGCTCCGTCTGATGCTTTAGA
CATTAGTAGCGAATTAGGTCAACTGAATAACTCAATTA
GCTCAGCAACTGATAATTTACAGAAGGCACAGGAATC
ATTGAATAAGAGTATCATTCCAGCTGCGACTTCCAGCT
GGTTAATTATATTACTATTTGTATTAGTATCAATCTCAT
TAGTGATAGGATGTATCTCCATTTATTTTATATATAAAC
ATTCAACCACAAATAGATCACGAAATCTCTCAAGTGAC
ATCATCAGTAATCCTTATATACAGAAAGCTAATtgaacaca
gatgaggaacgaaggtttccctaatagtaatttgtgtgaaagttctggtagtctgteagttcag
agagttaagaaaaaactaccggttgtagatgaccaaaggacgatatacgggtagaacggt
aagagaggccgeccctcaattgecgagecaggcttcacaacctecgttctaccgettcaceg
acaacagtcctcaatct ATGGAGTCAATCGGGAAAGGAACCTGG
AGAACTGTGTATAGAGTCCTTACGATTCTATTAGATGT
AGTGATCATTATTCTCTCTGTGATTGCTCTGATTTCATT
GGGTCTGAAGCCAGGTGAGAGGATCATCAATGAAGTC
AATGGATCTATCCATAATCAACTTGTTCCCTTATCGGG
GATTACTTCCGATATTCAGGCAAAAGTCAGCAGCATAT
ATCGGAGCAACTTGCTAAGTATCCCACTACAACTTGAT
CAAATCAACCAGGCAATATCATCATCTGCTAGGCAAAT
TGCTGATACAATCAACTCGTTTCTCGCTCTGAATGGCA
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GTGGAACTTTTATTTATACAAATTCACCTGAGTTTGCA
AATGGTTTCAATAGAGCAATGTTCCCAACCCTAAATCA
AAGCTTAAATATGCTAACACCTGGTAATCTAATTGAAT
TTACTAATTTTATTCCAACTCCAACAACAAAATCAGGA
TGTATCAGAATACCATCATTTTCAATGTCATCAAGTCA
CTGGTGTTATACCCATAATATCATTGCTAGTGGATGTC
AGGATCATTCAACCAGTAGTGAATACATATCGATGGG
GGTTGTTGAAGTGACTGATCAGGCTTACCCGAACTTTC
GGACAACTCTTTCTATTACATTAGCTGATAATCTAAAC
AGAAAGTCATGTAGCATTGCAGCAACTGGGTTCGGGT
GTGATATATTATGTAGTGTTGTCACTGAGACAGAAAAT
GATGATTATCAATCACCAGAACCGACTCAGATGATCTA
TGGAAGATTATTTTTTAATGGCACATATTCAGAGATGT
CATTGAATGTGAACCAAATGTTCGCAGATTGGGTTGCA
AATTATCCAGCAGTTGGATCAGGAGTAGAGTTAGCAG
ATTTTGTCATTTTCCCACTCTATGGAGGTGTTAAAATCA
CTTCAACCCTAGGAGCATCTTTAAGCCAGTATTACTAT
ATTCCCAAGGTGCCCACAGTCAATTGCTCTGAGACAGA
TGCACAACAAATAGAGAAGGCAAAAGCATCCTATTCA
CCACCTAAAGTGGCTCCAAATATCTGGGCTCAGGCAGT
CGTTAGGTGCAATAAATCTGTTAATCTTGCAAATTCAT
GTGAAATTCTGACATTTAACACTAGCACTATGATGATG
GGTGCTGAGGGAAGACTCTTGATGATAGGAAAGAATG
TATACTTTTATCAACGATCTAGTTCGTATTGGCCAGTG
GGAATTATATATAAATTAGATCTACAAGAATTGACAAC
ATTTTCATCAAATCAATTGCTGTCAACAATACCAATTC
CATTTGAGAAATTCCCTAGACCTGCATCTACTGCTGGT
GTATGTTCAAAACCAAATGTGTGTCCTGCAGTATGCCA
GACTGGTGTTTATCAAGATCTCTGGGTACTATATGATC
TTGGCAAATTAGAAAATACCACAGCAGTAGGATTGTAT
CTAAACTCAGCAGTAGGCCGAATGAACCCTTTTATTGG
GATTGCAAATACGCTATCTTGGTATAATACAACTAGAT
TATTCGCACAGGGTACTCCAGCATCATATTCAACAACG
ACCTGCTTCAAAAATACTAAGATTGACACGGCATACTG
CTTATCAATATTAGAATTAAGTGATTCTTTGTTAGGATC
ATGGAGAATTACACCATTATTGTACAATATCACTTTAA
GTATTATGAGCtagttgagtcaattataaaggagttggaaagatggcattgtatca
cctatcttctgegacatcaagaatca

APMV21/p
igeon/Taiw
an/AHRI12
8/17

(lower cases
correspond
to NDV
derived
sequences
and upper

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGACAAAGAGGATCAATCTAAC

GTTGTCCTTATATATACTGGTCACAATCTCAGTGTGTCT
CCCAACAACTCGATGTCTAGACAATAGCAAATTGGCTC
GAGCCGGGATAATAAGTTCAGCCGAATATGCAGTGAG

TGTGTATGCTCAGACAAATGAAGCATACATAGCACTTA
GAACCATTCCATATTTACCAGCCAATCCGAATAATTGC

TTCACACCAACTATAACCACATATAACACTACAATACA
ATCTATTTTCTCACCTATTGTCTCACAGATTAATGCAAT
TACTTCGAGCACCTCGACCCAACAAGAGAGACTCTTCG
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Sequence

SEQ ID
NO.

cases
correspond
to APMV F
and HN
coding
sequences)

GAGTGATCATAGGTACTGTTGCTTTGGGAGTGGCCACT
GCAGCACAAGTGACTGCTGCAGTTGCGCTAACACAAG
CTCAAAGCAATGCAAAAGCAATCCTACAACTCAAATC
ATCAATACAAAATACTATTGCTGCTGTGTCAGAAGTGA
AAGACGGGTTAAGCACAATTGGGATTGCTCTAGGAAA
AATCCAAGTTTATGTCAATGAAGTGATAAATCCCCAAC
TTGCTAACCTGACTTGCCAAACAGCTGCTGCGAATTTA
GGAGTCCAACTTAGTCTATATCTAACAGAATTGACAAC
TGTGTTTGGGCCCCAAATCACAAACCCTGCATTATCAC
CACTGACTATTCAAGCACTTTATAATCTGGCAGGATCG
AACTTAGATACATTCTTTGAGAAATATGGTTATAAGCA
AGCAACTGCAACAAGTGTGCTAGAGGCTGGACTAGTA
ACTGGCCAGATTGTATCTTTTGATCCAGCTACAGGTAT
TGGAATTATTCGAGTTTCCCTTCCTAGCATAGCAACAC
TATCTTCTGCTCGTGTCACCAAACTTGAAACTGTGAGT
GTTAGTACCTCAACAGGAGAAGCTGTAGCCATTGTCCC
GTCATTCATAATACAGCAAGGGACAGTTATAGAAGAA
TTCATAATTGACGGCTGTATAAGAACAAGTGCTGATAT
ATATTGCACTCGGCTGTTTACAAAAATACTGCCTGATA
GCGTACTGAATTGCTTGCAAGGATTAGTTAATGAGTGT
CAATTTACCCGTGGCTTAGGGACCTATGCAAATAGGTT
TGTAACAATCAATGGTGGAATTGTTGCAAATTGTCAAA
CATTACTCTGCCGCTGCTATAGCCCGTCATATATTATTA
CGCAAAATTCCAATATAGCAGTCACCTTAATCGACTCA
AGTACCTGTCGTGACTTAGACTTGGACGGCATAAGATT
AGCTTTAGGAAATACTGAATTCTCAGAGTATGCCAAAA
ATCTAACAATAGCAGAGTCCCAATTCGCACCCTCTGAT
GCATTGGATATCAGCAGTGAAATAGGGAAACTAAATG
CTACGATATCAAGAGTGGAAGACTACCTCAACCAAGC
AACAAAAGATGTCACTGCTATATCAATTAATAAGTCAG
CAGCAGACATAATTCTGATTGTGACATTAATACTTACC
ATCCTTCTAATAATTACTGTCATAGTCATAGTTGTTATC
ATCATAAAACAAAGGAGGGTAATTACACACAAAACGA
CAAATGAGGATATGATTTCGAATCCATACGTTACAAAT
GCCAAGTGAtgaacacagatgaggaacgaaggtttccctaatagtaatttgtgtgaa
agttctggtagtctgtcagttcagagagttaagaaaaaactaccggttgtagatgaccaaag
gacgatatacgggtagaacggtaagagaggccgeccctcaattgegagecaggcettcac
aacctcegttctaccgcttcaccgacaacagtcctcaatc ATGGACTCACATAT
CCCAGCCAAGAACACATGGCGGACAGTATATCGCGTG
GTGACCATACTGTTAGATATCGTGATAATTGTCCTTGC
CATCATATCTCTTGTGTCTTTAGGCTTAAAACCTGGTGA
GAAGATCTTGACAGGGGTAAATGATTCAGTGCATGCA
GAGTTAGGCATGATGAGACCAGCATTATTAGATATAG
ATAGTAAGGTGAGTACAATTTACAGGTACAATCTCATC
AACCTGCCTCTACAGTTGGATGATATCCAGACAGCCAT
AGTGTCTTCTTCAAGGCAATTAGCTGACACTATAAATA
GCTTCTTAGCAATCAATGGTTCATCTGCAGTGCTATAC
ACAACAGGTCCCGAGTTCTCAAACGGATTTAATAAGG
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AGCTTTATCCCAACTTTAATCAGACTCGAGATTCTATA
TCAATTGGGCAGCTAGTTGAGTTCACAAACTTCATACC
AACACCAACAACTAAGCCGGGGTGCATAAGAATACCC
ACATTTGCTGCAGGACAATCTCATTGGTGTTATAGTCA
CAATATAATTGCATCCGGATGTCAAGACCATTCAACAA
GTAGTCAGTACATAGCCATGGGAGTAATCATCATTAAT
CAACAACAATCACCTGACTTCAGAACAACAACTTCTAT
CACCCTGTCGGATAATAAGAATAGAAAATCATGTAGT
GTCGGAGTGTCGGAATACGGATGTGATCTTTTGTGCAG
TGTGGTAACAGAAACAGAGAATGAAGATTACAAGTCA
GAACCCCCGACAGACATGATATACGGGAGGTTATTCTT
TAACGGGACATACAGTGAAGTTGATCTCCCTGTGTCTA
CACTGTTCTCTGAATGGGTTGCGAATTACCCAGGAGTA
GGGTCAGGGGTTGTGTATCGCAGGAAGATGTATTTCCC
TATTTATGGAGGAATTAAGATTTCCTCTAATTTGGGAA
ACTACTTGTCTCACTTTTACTATATACCACAAGTTCCCA
CTGTCAATTGTACAGACAGTGATGAGATACAGATTACC
AATGCAAAGGCGTCATACTCTCCTCCTAAAGTTGCTCC
GAATTTATGGGGGCAAGCATTGCTTGCTTGTAATATCA
GCGTTAATTTGCCGAGTTCCTGTAGATTACTAGTCTTCA
ATACGTCATCAATGATGATGGGTGCTGAAGGTAGAAT
ATATAACATCAATGAGCAGTATTATTTCTACCAAAGAT
CAAGCAGTTATTGGCCAGTGGGCCTCATCTATAGGCTG
GAAATGACAAGCCTTGACAGCATGACTGATTCAGGTAT
TATCAACACTACTCCCATCCCCTTTGAGAAATTCCCAC
GGCCAGCATCACAGGCTGGTGTGTGCTCAATTCCAAGC
GTTTGTCCTCGAGTCTGTCAAACTGGCGTTTATCAGGA
CATCTGGGTGTTATCACAACCAAGTGTTGAAATGAATA
CTACAGCAATAGGTATCTATCTTAACTCAGCTGTCGGT
AGGACAAATCCGAAAATTGGCGTTGCAAATACCTTAA
GCTGGATAGACGCTGTTCAATTGTTTCAACCAACTACT
CCTGCTAGTTACTCCACAACTACTTGTTTTAAGAATAC
AGCAAGAGATATATCTTATTGTCTGTCAATCCTGGAAC
TAAGCGATTCACTACTTGGTTCTTGGAGGATAGCTCCA
TTGCTGTATAATCTTACACTGGTTCCTAATTCAtagttgagtc
aattataaaggagttggaaagatggcattgtatcacctatcttctgegacatcaagaatca

APMV6/du
ck/HongKo
ng/18/199/7
7

(lower cases
correspond
to NDV
derived
sequences
and upper
cases
correspond

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGGGAGCCCGACTGGGGCCCTTT
ACAATGGCACCCGGCCGGTATGTGATTATTTTCAACCT
CATCCTTCTCCACAAGGTTGTGTCACTAGACAATTCAA
GATTACTACAGCAGGGGATTATGAGTGCAACCGAAAG
AGAAATCAAAGTGTACACAAACTCCATAACTGGAAGC
ATTGCTGTGAGATTGATTCCCAACCTACCTCAAGAAGT
GCTTAAATGTTCTGCTGGGCAGATCAAATCATACAATG
ACACCCTTAATCGAATTTTCACACCTATCAAGGCGAAT
CTTGAGAGGTTACTGGCTACACCGAGTATGCTTGAACA
CAACCAGAACCCTGCCCCAGAACCTCGCCTGATTGGAG
CAATTATAGGCACAGCAGCACTGGGGCTGGCAACAGC
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Description

Sequence

SEQ ID

NO.
to APMV F | AGCTCAGGTTACAGCTGCACTCGCCCTTAACCAGGCCC
and HN AGGATAATGCTAAGGCCATCTTAAACCTCAAAGAGTCC
coding ATAACAAAAACAAATGAAGCTGTGCTTGAGCTTAAGG
sequences) | ATGCAACAGGGCAAATTGCGATAGCGCTAGATAAGAC

TCAAAGATTCATAAATGACAATATCTTACCGGCAATCA
ATAATCTGACATGTGAAGTAGCAGGTGCTAAAGTAGG
TGTGGAACTATCATTATACTTGACCGAGTTAAGCACTG
TGTTTGGGTCGCAGATAACCAATCCAGCACTCTCCACT
CTATCCATTCAAGCCCTCATGTCACTCTGCGGTAATGA
TTTTAATTACCTCCTGAACCTAATGGGGGCCAAACACT
CCGATCTGGGTGCACTTTATGAGGCAAACTTAATCAAT
GGCAGAATCATTCAATATGACCAAGCAAGCCAAATCA
TGGTTATCCAGGTCTCCGTGCCTAGCATATCATCGATTT
CGGGGTTGCGACTGACAGAATTGTTTACTCTGAGCATT
GAAACACCTGTCGGTGAGGGCAAGGCAGTGGTACCTC
AGTTTGTTGTAGAATCTGGCCAGCTTCTTGAAGAGATC
GACACCCAGGCATGCACACTCACTGACACCACCGCTTA
CTGTACTATAGTTAGAACAAAACCATTGCCAGAACTAG
TCGCACAATGTCTCCGAGGGGATGAGTCTAGATGCCAA
TATACGACTGGAATCGGTATGCTTGAATCTCGATTTGG
GGTATTTGATGGACTTGTTATTGCTAATTGTAAGGCCA
CCATCTGCCGATGTCTAGCCCCTGAGATGATAATAACT
CAAAACAAGGGACTCCCCCTTACAGTCATATCACAAG
AAACTTGCAAGAGAATCCTGATAGATGGGGTTACTCTG
CAGATAGAAGCTCAAGTTAGCGGATCGTATTCCAGGA
ATATAACGGTCGGGAACAGCCAAATTGCCCCATCTGG
ACCCCTTGACATCTCAAGCGAACTCGGAAAGGTCAACC
AGAGTCTATCTAATGTCGAGGATCTTATTGACCAGAGC
AATCAGCTCTTGAATAGGGTGAATCCAAACATAGTAA
ACAACACCGCAATTATAGTCACAATAGTATTGCTAGTT
ATCCTGGTATTATGGTGTTTGGCCCTAACGATTAGTAT
CTTGTATGTATCAAAACATGCTGTGCGAATGATAAAGA
CAGTTCCGAATCCGTATGTAATGCAAGCAAAGTCGCCG
GGAAGTGCCACACAGTTCtgaacacagatgaggaacgaaggtttccctaa
tagtaatttgtgtgaaagttctggtagtctgtcagttcagagagttaagaaaaaactaccggtt
gtagatgaccaaaggacgatatacgggtagaacggtaagagaggccgeccctcaattge
gagccaggcttcacaacctecgttetaccgettcaccgacaacagtectcaatcATGGC
TTCCTCAGGCGATATGAGACAGAGTCAGGCAACTCTAT
ATGAGGGTGACCCTAACAGCAAAAGGACATGGAGGAC
TGTGTACCGGGTTGTCACCATATTGCTAGATATAACCG
TCCTTTGTGTTGGCATAGTGGCAATAGTTAGGATGTCA
ACCATTACAACAAAAGATATTGATAACAGTATCTCATC
ATCTATTACATCCCTGAGTGCCGATTACCAGCCAATAT
GGTCAGATACCCATCAGAAAGTTAACAGTATTTTCAAG
GAAGTTGGAATCACTATCCCTGTCACACTCGACAAGAT
GCAAGTAGAAATGGGAACAGCGGTTAACATAATCACT
GATGCTGTAAGACAACTACAAGGAGTCAATGGGTCAG
CAGGATTTAGCATTACCAATTCCCCAGAGTATAGTGGA
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GGGATAGACACACTGATATACCCTCTTAATTCACTTAA
TGGAAAGGCTCTAGCTGTATCAGACTTACTAGAACACC
CGAGCTTCATACCGACGCCTACCACCTCTCACGGTTGT
ACCCGCATTCCTACATTCCACCTAGGGTACCGTCATTG
GTGTTATAGTCACAACACGATAGAGTCTGGTTGTCACG
ATGCAGGAGAAAGCATTATGTACGTATCCATGGGTGC
GGTAGGGGTCGGCCATCGCGGGAAACCTGTGTTTACG
ACAAGTGCAGCGACAATCCTAGATGATGGAAGGAACA
GGAAAAGTTGTAGCATCATAGCAAACCCTAATGGGTG
TGATGTCTTATGCAGCTTGGTTAAGCAGACAGAAAATG
AAGGCTACGCTGACCCTACACCGACCCCAATGATCCAC
GGTAGGCTCCACTTCAATGGCACATACACTGAGTCTGA
ACTTGACCCTGGCCTATTTAATAACCATTGGGTCGCTC
AATATCCAGCAGTTGGTAGCGGTGTCGTCAGCCACAGA
AAACTATTTTTCCCGCTCTACGGAGGGATATCACCGAA
GTCAAAACTGTTCAATGAGCTCAAGTCATTTGCTTACT
TTACTCATAATGCTGAATTGAAATGTGAGAACCTGACA
GAGAGACAGAAGGAAGACCTTTATAACGCATATAGGC
CTGGGAAAATAGCAGGATCTCTCTGGGCTCAAGGGGTT
GTAACATGTAATCTGACCAATTTAGCTGATTGCAAAGT
TGCAATTGCGAACACGAGCACCATGATGATGGCTGCC
GAGGGGAGGTTACAGCTTGTGCAAGATAAGATTGTCTT
CTACCAAAGATCCTCATCATGGTGGCCAGTCCTAATAT
ATTATGATATCCCTATTAGTGACCTTATCAGTGCCGAT
CATTTAGGGATAGTGAACTGGACTCCGTATCCACAGTC
TAAGTTTCCGAGGCCCACCTGGACAAAGGGCGTATGTG
AGAAACCGGCGATATGCCCCGCTGTATGTGTAACGGGT
GTTTACCAAGATGTTTGGGTAGTTAGTATAGGGTCACA
GAGCAATGAGACTGTTGTGGTTGGCGGGTACTTAGATG
CTGCAGCAGCCCGTCAGGATCCATGGATTGCAGCAGCT
AACCAGTACAACTGGCTGGTTAGGCGTCGCCTCTTTAC
ATCCCAAACTAAAGCAGCATACTCATCAACCACTTGCT
TCAGAAACACGAAGCAGGATAGAGTGTTCTGCCTGAC
TATAATGGAAGTCACAGACAACCTACTCGGAGACTGG
AGGATCGCCCCGCTGTTGTATGAAGTTACTGTGGCTGA
TAAGCAGCAGGGCAATCGCAATTACGTGCCTATGGGG
AGGGTGGGGACAGATAAGTTCCAATATTATACCCCAG
GTGACAGATATACTCCTCAGCATtagttgagtcaattataaaggagtte
gaaagatggcattgtatcacctatcttctgcgacatcaagaatca

APMVl1l/c
ommon_sni
pe/France/1
00212/10
(lower cases
correspond
to NDV
derived
sequences

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGGGCACATGCCTAAACAACCGT
CTGTCGACTATTCCCTCTATCAAAACTGTACAATGTATT
TTGATTATCTTATCTTACATAATACCATACTCTGCAACA
GACAACCCAATTGCCGACCGGTCATTACTGCGCGCCGG
AATTGTACCCATATATTCTAAGAGTCTCAGCGTATACA

CTAATTCAATCTCAGGTTATCTGACAGTGCGCATGTTA

CCCCCTCTTCCAAAGAATCTAACTGAATGTAGTCAAGA
AGTTGTTAGTAACTATAATAAAACAATTACAAGAATGT
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and upper
cases
correspond
to APMV F
and HN
coding
sequences)

TTCAACCTATATCTGATAATCTAATGCGAATTCAAGAG
GGGACAGATAGTGGGACAAAAAGATTTGTGGGTGCCG
TGATAGGATCAGTTGCTCTCGGTGTTGCTACTTCTGCCC
AAATTACTGCTGCTTTGGCGATGGTACAGGCTCAGGAT
AATGCAAAAGCCATCTGGAAACTCAAGGAAGCGATTT
CTTCAACAAATCAGGCTGTATTAGAGTTAAAGGAGGG
CGTAAATACATTGGGAGTCGCAGTAGACAAGATCCAA
GGATATATAAATAATGAAATACTCCCCTCATTGTCAGA
GCTAGAGTGTCGAGTTAATGCAAATAAGTTGGCCTCTC
AGTTAAATCTATATTTGATTGAGTTAACCACTATATTTG
GGGATCAGATAACGAATCCAGCATTAACACCCTTAAG
CCTTCAGGCATTGTATACTCTTGCAGGAGACACAATGG
GAAGCTTCTTACAATATATTGGTGCACAGGATAACGAA
ATTGAGTCACTATATGATAGTGGATTAATTAATGGGCA
GATTGTGTCATATGATGCATCAATCCAGACCATAATTA
TTAAGGTATCCATTCCATCCATATCATCTCTCTCACGAT
TTTCTATTATGAGGCTGGCAACAGTTAGCTCATCAGTT
GGAGGTTTTGAGAAAACTCCCTTGGTGCCTGAGTACTT
GCTCATAAGTGACAATCACATTGAAGAGTTCAGTATTG
TTGATTGCAAAGAGTCATCAGATATTTTTTATTGCCCTC
AAATTTTGTCAATGCCAATATCAACTGCCACTGTAGAA
TGCCTCAAGGGTAGAATTGATCAGTGCATATATACATC
ACAGCTAACTATACTTTCTCATCGCATAGTAACATACA
ATGGTGTCGTTGTTGCCAATTGTTTTGCAGAATTATGTA
GATGTACTAATCCTAGTTACATAATTAGACAAGACCGG
GATGTTGCTGTCACAGTAATTGATAAAGATTTGTGTAA
ACGAGTTCAGATAGGAGATATAGAACTAATTGTACAA
GCATCTATTGCTAATGAATACAAGGTTAACTTTACTGT
ATCAGAGGACCAACTTGCGCCCTCTACCCCTATCGATA
TCAGTAATGAATTAAATTCATTGAATCAAACTTTAGAT
AAGGTAGGACAATTGATCAATACGAGTAACCAAATTC
TGGCATCACTGAACCCAAAATTGGTGAACAATACATCT
ATTATTGTATTAATTGTAATGGGAGTGGTGCTAATTTT
ATGGCTGTTGGCTCTTACCATCTACTCGATATATGCTGC
AAGAAATCTAAACTCTATAGGACGACTAGCTAAATCTG
CATATGCATCTTATGTAGCTGATAAAAATGTATATAAA
AACGAATCAACTAGCTCTAGCAGTATTTGAtgaacacagatga
ggaacgaaggtttccctaatagtaatttgtgtoaaagttetggtagtetgtcagttcagagagt
taagaaaaaactaccggttgtagatgaccaaaggacgatatacgggtagaacggtaagag
aggccgeccctcaattgegagecaggcettcacaacctecgttetaccgettcaccgacaac
agtcctcaatc ATGGACCGATCTAGGAGCCTTGATTACTTAG
CTGATTCACCTGAAATCAAAAATACATGGCGACAGTTC
TTCAGAGTGGTCCTTATTATACTCCAAATTACCATGCT
GTGTATCAGCATTTCTGCACTGGCTATTACAATTCAAG
TTCGTGATCAACATCTTCCTTCTCTAATAAAAGAGAAT
CCTAAAACCACCTCATCACTTATATCAAGTGAACTCAA
CCCGCTGCTATCCTATCTTCCTGGTATAAATAGAGAAG
TTCAGTTGAATATACCTATTCAATTAGATAAAATTCAA
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CAATCTGCGACCTCAGAAATCAATCGGCTTACTGCTGC
TATTAATCAGATGGCATTTGGCACTCTTTCACCTGGAC
TCCTGCTAAAGAACTCAAAGGATTATGTAGGAGGTATT
AATAAGCCGCTTATTCCTTCTGACAAACTCAATTGGAC
AAATGCAACAATATCAGGATTTATTGAACACCCTAGTT
TCATACCCGGACCAACCACCAAAAAGGGGTGTACACG
AATACCATCTTTCCATTTGGCCGAGTCTCATTGGTGCTA
TACACATAATACTATAGCTTCAGGGTGTGAAGACCATG
GTGTGTCTTCTATGTATATCTCTGGTGGGATTTTATATA
AGGGCTCTAATAAAGAGCCTTCTCTTCTAACGACAGTA
AGTATCTTGTTGGCAGACGAGCTTAATAGGAAAAGCTG
CAGTATAATTGCTTCTTCTTATGGATGTGATGTCCTCTG
TTCTCTAGTCACAGAAAGCGAGAGTCAAGATTATAAGT
CAGTTAATCCGACACCCATGGTACATGGTCGGTTGTTT
TTTAATGGATCATATTCTGAACAGGAACTTGATCCCAG
GATTTTTGGAGATTTGTGGACTGCGAACTACCCTGGAG
TCGGATCAGGGATACTTTTAAAAGATAGACTTGTGTTC
CCAATTTATGGAGGTCTAGATGAGACAAAGCTGAATCT
AACATCTTATCTTAACCATCCCTTGTACACAAAAAATG
AATGGGTGTCATGTAATAAATCATATGACGAGGTTGTA
CAGACATTAAGAGCTGCATATCGGCCTTCTTGGTTCGC
TGGGAGAGTTGTTACTCAAGGAGTGATGGTCTGCCATT
ATGATAGAGAATTGCTAGGGAGGTGTCTCATAGCACG
CTTTAATACATCTACAGTAATGATGGGAGCAGAAAGTA
GATTAGTGATGCAAGGTGACTCACTCCTTCTATACCAA
CGATCAAGTTCATGGTGGCCAGTTGGAATTGTTTATTT
AGTTCCGGAATCCATCATCTCAATTAATGAGACAAATT
CGGTATTCGACTTATCGCCTATCCCATTGTCCAAATTCC
CGAGACCTACTAATAAGAAAGGATATTGTGAACGACC
TGCTGTTTGTCCTGCAGTTTGTGTGACCGGTGTGTATCA
AGATCTTTGGCCGTTATCACCATTAGCTATTGAGAACA
GGACAGCCACCAACCCTACTTTTGCAGGTGCATTCCTT
AATGCATTTACAACAAGAACAGCTCCTTACTTTGGAGT
AGCAGGGCCAAACAAGTGGGCTCGGTCAGTACAGTTA
TTTACTGACCAGACTCCAGCATCATATTCAACAACTAC
TTGCTTTAAGGACACCATAACTACACAAACTTATTGCT
TAATTATCATTGAACTACAAGAGAATCTTTTGGGTACC
TGGAAAATTGTACCCCTTTTGGTTAAAGTATCTTTAGTT
TACTCGtagttgagtcaattataaaggagttggaaagatggcattgtatcacctatcttct
gcgacatcaagaatca

APMV15/c
alidris_fusc
icollis/Brazi
I/RS-
1177/12
(lower cases
correspond
to NDV

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGTATGTACCAGGTGTAATTCTA
GCTCTCTTGATGATCAATCCCTGTCTAACTCTAGACAA
TTCTAAGCTAGCACCCGTGGGTATTATTAGTGCTGCGG
AGCATGAGTTGGCTATATATACGAATACACTCTCTGGC
TCTATTGCTGTCAGATTCCTGCCCAATTTGCCAGCTAAT
CTTACACATTGTCAGAAGACAATCTTAGATAACTACAA
TGTAACTGTGACACGCATTTTGAAGCCGATTGCGGATA
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ATCTGAATATACTCAAGCATGGATTAGAAGTTCCAAAA
GAGAGATTAGTAGGTGCTATCATAGGCACTGTTGCTCT
TGGTGTGGCCACATCAGCTCAAATCACAGCTGCAGTTG
CAGTTGCCCAAGCTCAGCAGAATGCAAAAGATATCTG
GAAGCTTAAAAATGCAATCCTTAGTACTAATGAGGCTG
TACTAGAATTAAAGACAGGCTTGCAACAAACTGCCATC
GCACTAGACAAAATACAGGATTATATCAATAATGAGA
TTATACCAACAGTTAATAATTTAACCTGTGAAGTGATG
GCAAACAGACTTGGTGTATATTTGTCCTTGTATTTGAC
GGAGCTAACCACAGTATTTGGGAATCAAATAACCAAT
CCTGCCCTCAGCACAATTTCATATCAAGGACTGACGAA
TTTGTGTGGGAATAATATTGGAGCACTGACAAAATTAA
TAGGGTTAAAAGATGATAATGTAGAATCAATATATGA
AGCGGGATTAATAACTGGTCAAGTAGTTGACTATGACC
CTGCAAGTCAAATCTTAATCATCCAGGTTAGTTATCCA
AGTATATCAAGATTGAGTGATATAAGAGCTACTGAGTT
AATCACTGTTGGTGTGACAACTCCTTTTGGTGAAGGAA
GGGCAATTGTCCCGAAGTATGTAGCACAGAGCACTGT
ATTAATTGAGGAGTTGGACATCTCATCTTGTAAATTCA
GTTCAACTACATTATACTGTACTCAGATTAATACTCGC
CCGTTACCTCCGAGAGTATCAAGCTGCCTTAAAGGTGA
TTATGAGAATTGTCAGTTTACAACAGAAGTGGGGGTGC
TTGCATCTAGGTATGCATCTATAGGGAAGGGAGTAGTA
GTCAATTGCAGATCAATTATATGTAAATGTTTAGAGCC
TCCTAGAATTATACCTCAGAATAGCTTGGCATCTATAA
CAGTCATAGATAGCAAGATCTGTAAGAAGCTCCAATTA
CCTGATGTTATATTGCGTCTAGATGGTAACCTCGAATC
TCAGTATTTCACTAATATATCAATCAATGGTGGGCAAG
TGACCCCTTCTGGGCCACTTGATATTAGCAGTGAGATA
GGGAACATCAATCAAACTGTAAATCGAGTTGAGGATTT
GATTCATGAATCTGAAAGCTGGCTGTCTCGAGTCAATC
CCAAGCTAATATCAAACACAGCAATCATTGTTCTCTGT
GTCTTATCATCGCTGTGTGTGCTTTGGCTTATATTAATC
ACTGCATTCATGGCTAAATTACTAAGTAATGTTAAAAA
GATAGAAAGGAAGGTAGCGGTATCTTCCCTAATAGGT
AATCCTTATGTTTATACCAATCCTGGCTATTCAGGTTCT
AAGAGCGCATGAtgaacacagatgaggaacgaaggtttccctaatagtaatttgt
gtgaaagttctggtagtctgtcagttcagagagttaagaaaaaactaccggttgtagatgacc
aaaggacgatatacgggtagaacggtaagagaggccgeccctcaattgecgagecaggct
tcacaacctcegttctaccgcettcaccgacaacagtectcaatc ATGAATTCAAG
TTACTCTCAAGATAATTTATATACAAATCAAACTGCTG
CTCAACCTAGAGGAACTTGGAGAGTTCTTTATAGGGCC
GTATCATTGATATTCCAGATATTAATCTTCTCACTAGTA
CTGACAAATGTCATCCAATATTCAAATCTCCATAGCCC
CTCTGTGTCAGAGATTTCTGCAGCCACTACAACTGAGA
CCATTGATGGGTTAAAACCACACTTAGAAACTCCACTT
AACCAGATAAATGACATCTTTCGCTTAACTGCCCTTGA
CTTGCCCATACAGATGAACACGATGACTCGAGAAATC
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ACAAGTCAACTCAATATCCTGACCAGTGGAATTAATGA
GCTTGTTACCTCGAATAATTCGGGAAGACTTCTCCAGA
CTACAGACCCTGCATATACAGGTGGTATTGGAGTCTTT
GTGCTCAATAATTACTTAGATTATCCACCGAATCTGCA
GAACATGTCATTATTAGAGCAGCCTAATTTTGTACCCG
GTTCTACCACCACTGGGGGTTGTACACGGATTCCCACT
TTCCATTTGTCATCAACTCATTGGTGTTATTCTCATAAC
ATCATTGAGAAAGGCTGCCATGATGCAGGACACTCGA
GTATGTACATATCTATTGGTGTGGTCCAAGTATCCTCA
CGCGGTGTTCCAGTGTTTCTGACGACTCAGAGTGTAAT
TGTTGACGACGAAACCAACCGAAAATCCTGTAGCATTG
TGTCAACTGAATATGGTTGTGATATATTATGCAGCATA
GTTACTGAGCGTGAGTCAGATGACTATAAATCAGATCC
ACCTACTAGAATGCTACATGGTAGACTCTTGTTCAACG
GCTCTTATGTAGAAGCTGCTGTCAAATTCACCAATGAC
ATCAATAAATTCTCCGCAAATTACCCGGGAGTCGGTTC
AGGAATCCTCCTAGGCAATAAAATTCTATTCCCTCTGT
ATGGAGGCATAAAGCAGAGTACAGATTTGTTTAATTAC
TTACACAACAGGACTGCTCAAGTATCAAACAATAAAA
CAGTATGTAGCACCGGTTATGATAAAAAGAAACTAGA
AGCTGCATATCGACCGCCACTAATTGGAGGGAGATTTT
GGGCAATCGGGATAGTTATATGTAAGTTCAGCATAAAT
TCACTTGGAGATTGCAGATACAAAATATATGACAGCA
GCGTAGTCATGATGGGTTCAGAAAATCGCCTCATGAAG
GTAGGCAATCAGGTATTCTTGTATCAGAGATCCAGCTC
ATGGTGGCCTATTGGATTGACCTACATACTCAATAGCA
CTGACTTGCTTAACACCGATTCTGACATAGTCAGCAGT
ATAATCCCCATATATCATACAAAATTCCCGCGCCCTAC
TTATGATAGGAATGCATGCACTAGACCAAACGTTTGTC
CTGCCACATGCATAGAAGGTGTTTATGCAGATATTTGG
CCACTTAATAATCCGGCAGAACCGAGTAAAATTATATG
GGTCAGTCATTATCTCAATTCAGAAGTAGGGAGAGAAT
TCCCTGCTATCGGTGTTGCCAACCAATATGAATGGGTA
AAAGAATTTCGTCCACTTCCACCCACAACAGGTGCAGC
GTATGCAACTACTTCTTGTTTTAAGAATACAATAAGCA
ACCGCATCTTCTGTGTTAGTGTAGCTGAATTCAAGGAC
AATTTATTTGGGCAATTCAGAATCGTACCGCTTCTATA
TGAGATTAAAGTAATCAACtagttgagtcaattataaaggagttggaaag
atggcattgtatcacctatcttctgcgacatcaagaatca

APMVS8/Go
ose/Delawa
re/1053/76
(lower cases
correspond
to NDV
derived
sequences
and upper

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGGGTAAAATATCAATATATCTA
ATTAATAGCGTGCTATTATTGCTGGTATATCCTGTGAA
TTCGATTGACAATACACTCGTTGCCCCAATCGGAGTCG
CCAGCGCAAATGAATGGCAGCTTGCTGCATATACAAC
ATCACTTTCAGGGACAATTGCCGTGCGATTCCTACCTG
TGCTCCCGGATAATATGACTACCTGTCTTAGAGAAACA
ATAACTACATATAATAATACTGTCAACAACATCTTAGG
CCCACTCAAATCCAATCTGGATGCACTGCTCTCATCTG
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sequences)

AGACTTATCCCCAGACAAGATTAATTGGGGCAGTTATA
GGTTCAATTGCTCTTGGTGTTGCAACATCGGCTCAAAT
CACTGCTGCAGTCGCTCTCAAGCAAGCACAAGATAATG
CAAGAAACATACTGGCACTCAAAGAGGCACTGTCCAA
AACTAATGAGGCGGTCAAGGAGCTTAGCAGTGGATTG
CAACAAACAGCTATTGCACTTGGTAAGATACAGAGCTT
TGTGAATGAGGAAATTCTGCCATCTATCAACCAACTGA
GCTGCGAGGTGACAGCCAATAAACTTGGGGTGTATTTA
TCTCTGTATCTCACAGAACTGACCACTATATTCGGTGC
ACAGTTGACTAACCCTGCATTGACTTCATTATCATATC
AAGCGCTGTACAACCTGTGTGGTGGCAACATGGCAAT
GCTTACTCAGAAGATTGGAATTAAACAGCAAGACGTT
AATTCGCTATATGAAGCCGGACTAATCACAGGACAAG
TCATTGGTTATGACTCTCAGTACCAGCTGCTGGTCATC
CAGGTCAATTATCCAAGCATTTCTGAGGTAACTGGTGT
GCGTGCGACAGAATTAGTCACTGTTAGTGTAACAACAG
ACAAGGGTGAAGGGAAAGCAATTGTACCCCAATTTGT
AGCTGAAAGTCGGGTGACTATTGAGGAGCTTGATGTA
GCATCTTGTAAATTCAGCAGCACAACCCTATACTGCAG
GCAGGTCAACACAAGGGCACTTCCCCCGCTAGTGGCTA
GCTGTCTCCGAGGTAACTATGATGATTGTCAATATACC
ACAGAGATTGGAGCATTATCATCCCGGTATATAACACT
AGATGGAGGGGTCTTAGTCAATTGTAAGTCAATTGTTT
GTAGGTGCCTTAATCCAAGTAAGATCATCTCTCAAAAT
ACAAATGCTGCAGTAACATATGTTGATGCTACAATATG
CAAAACAATTCAATTGGATGACATACAACTCCAGTTGG
AAGGGTCACTATCATCAGTTTATGCAAGGAACATCTCA
ATTGAGATCAGTCAGGTGACTACCTCCGGTTCTTTGGA
TATCAGCAGTGAGATAGGGAACATCAATAATACGGTG
AATCGTGTGGAGGATTTAATCCACCAATCGGAGGAAT
GGCTGGCAAAAGTTAACCCACACATTGTTAATAATACT
ACACTAATTGTACTCTGTGTGTTAAGTGCGCTTGCTGT
GATCTGGCTGGCAGTATTAACGGCTATTATAATATACT
TGAGAACAAAGTTGAAGACTATATCGGCATTGGCTGTA
ACCAATACAATACAGTCTAATCCCTATGTTAACCAAAC
GAAACGTGAATCTAAGTTTtgaacacagatgaggaacgaaggtttcect
aatagtaatttgtgtgaaagttctggtagtctgtcagttcagagagttaagaaaaaactaccg
gttgtagatgaccaaaggacgatatacgggtagaacggtaagagaggccgeccctcaatt
gcgagccaggcttcacaacctecgttetaccgettcaccgacaacagtectcaatcATG
AGTAACATTGCATCCAGTTTAGAAAATATTGTGGAGCA
GGATAGTCGAAAAACAACTTGGAGGGCCATCTTTAGA
TGGTCCGTTCTTCTTATTACAACAGGATGCTTAGCCTTA
TCCATTGTTAGCATAGTTCAAATTGGGAATTTGAAAAT
TCCTTCTGTAGGGGATCTGGCGGACGAGGTGGTAACAC
CTTTGAAAACCACTCTGTCTGATACACTCAGGAATCCA
ATTAACCAGATAAATGACATATTCAGGATTGTTGCCCT
TGATATTCCATTGCAAGTAACTAGTATCCAAAAAGACC
TCGCAAGTCAATTTAGCATGTTGATAGATAGTTTAAAT
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GCTATCAAATTGGGCAACGGGACCAACCTTATCATACC
TACATCAGATAAGGAGTATGCAGGAGGAATTGGAAAC
CCTGTCTTTACTGTCGATGCTGGAGGTTCTATAGGATTC
AAGCAATTTAGCTTAATAGAACATCCGAGCTTTATTGC
TGGACCTACAACGACCCGAGGCTGTACAAGAATACCC
ACTTTTCACATGTCAGAAAGTCATTGGTGCTACTCACA
CAACATCATCGCTGCTGGCTGTCAAGATGCCAGTGCAT
CTAGTATGTATATCTCAATGGGGGTTCTCCATGTGTCTT
CATCTGGCACTCCTATCTTTCTTACTACTGCAAGTGAAC
TGATAGACGATGGAGTTAATCGTAAGTCATGCAGTATT
GTAGCAACCCAATTCGGCTGTGACATTTTGTGCAGTAT
TGTCATAGAGAAGGAGGGAGATGATTATTGGTCTGAT
ACTCCGACTCCAATGCGCCACGGCCGTTTTTCATTCAA
TGGGAGTTTTGTAGAAACCGAACTACCCGTGTCCAGTA
TGTTCTCGTCATTCTCTGCCAACTACCCTGCTGTGGGAT
CAGGCGAAATTGTAAAAGATAGAATATTATTCCCAATT
TACGGAGGTATAAAGCAGACTTCACCAGAGTTTACCG
AATTAGTGAAATATGGACTCTTTGTGTCAACACCTACA
ACTGTATGTCAGAGTAGCTGGACTTATGACCAGGTAAA
AGCAGCGTATAGGCCAGATTACATATCAGGCCGGTTCT
GGGCACAAGTGATACTCAGCTGCGCTCTTGATGCAGTC
GACTTATCAAGTTGTATTGTAAAGATTATGAATAGCAG
CACAGTGATGATGGCAGCAGAAGGAAGGATAATAAAG
ATAGGGATTGATTACTTTTACTATCAGCGGTCATCTTCT
TGGTGGCCATTGGCATTTGTTACAAAACTAGACCCGCA
AGAGTTAGCAGACACAAACTCGATATGGCTGACCAAT
TCCATACCAATCCCACAATCAAAGTTCCCTCGGCCTTC
ATATTCAGAAAATTATTGCACAAAGCCAGCAGTTTGCC
CTGCTACTTGTGTCACTGGTGTATACTCTGATATTTGGC
CCTTGACCTCATCTTCATCACTCCCGAGCATAATTTGG
ATCGGCCAGTACCTTGATGCCCCTGTTGGAAGGACTTA
TCCCAGATTTGGAATTGCAAATCAATCACACTGGTACC
TTCAAGAAGATATTCTACCCACCTCCACTGCAAGTGCG
TATTCAACCACTACATGTTTTAAGAATACTGCCAGGAA
TAGAGTGTTCTGCGTCACCATTGCTGAATTTGCAGATG
GGTTGTTTGGAGAGTACAGGATAACACCTCAGTTGTAT
GAATTAGTGAGAAATAATtagttgagtcaattataaaggagttggaaagat
ggcattgtatcacctatcttctgcgacatcaagaatca

APMV2/Ch
icken/Calif
ornia/Yucai
pa/S6
(lower cases
correspond
to NDV
derived
sequences
and upper

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGAATCAAGCACTCGTGATTTTG
TTGGTATCTTTCCAGCTCGGCGTTGCCTTAGATAACTCA
GTGTTGGCTCCAATAGGAGTAGCTAGCGCACAGGAGT
GGCAACTGGCGGCATATACAACGACCCTCACAGGGAC
CATCGCAGTGAGATTTATCCCGGTCCTGCCTGGGAACC
TATCAACATGTGCACAGGAGACGCTGCAGGAATATAA
TAGAACTGTGACTAATATCTTAGGCCCGTTGAGAGAGA
ACTTGGATGCTCTCCTATCTGACTTCGATAAACCTGCA
TCGAGGTTCGTGGGCGCCATCATTGGGTCGGTGGCCTT

10

153




WO 2022/232052

PCT/US2022/026185

Description

Sequence

SEQ ID
NO.

cases
correspond
to APMV F
and HN
coding
sequences)

GGGGGTAGCAACAGCTGCACAAATCACAGCCGCCGTG
GCTCTCAATCAAGCACAAGAGAATGCCCGGAATATAT
GGCGTCTCAAGGAATCGATAAAGAAAACCAATGCGGC
TGTGTTGGAATTGAAGGATGGACTTGCAACGACTGCTA
TAGCTTTGGACAAAGTGCAAAAGTTTATCAATGATGAT
ATTATACCACAGATTAAGGACATTGACTGCCAGGTAGT
TGCAAATAAATTAGGCGTCTACCTCTCCTTATACTTAA
CAGAGCTTACAACTGTATTTGGTTCTCAGATCACTAAT
CCTGCATTATCAACGCTCTCTTACCAGGCGCTGTACAG
CTTATGTGGAGGGGATATGGGAAAGCTAACTGAGCTG
ATCGGTGTCAATGCAAAGGATGTGGGATCCCTCTACGA
GGCTAACCTCATAACCGGCCAAATCGTTGGATATGACC
CTGAACTACAGATAATCCTCATACAAGTATCTTACCCA
AGTGTGTCTGAAGTGACAGGAGTCCGGGCTACTGAGTT
AGTCACTGTCAGTGTCACTACACCAAAAGGAGAAGGG
CAGGCAATTGTTCCGAGATATGTGGCACAGAGTAGAG
TGCTGACAGAGGAGTTGGATGTCTCGACTTGTAGGTTT
AGCAAAACAACTCTTTATTGTAGGTCGATTCTCACACG
GCCCCTACCAACTTTGATCGCCAGCTGCCTGTCAGGGA
AGTACGACGATTGTCAGTACACAACAGAGATAGGAGC
GCTATCTTCGAGATTCATCACAGTCAATGGTGGAGTCC
TTGCAAACTGCAGAGCAATTGTGTGTAAGTGTGTCTCA
CCCCCGCATATAATACCACAAAACGACATTGGCTCCGT
AACAGTTATTGACTCAAGTATATGCAAGGAAGTTGTCT
TAGAGAGTGTGCAGCTTAGGTTAGAAGGAAAGCTGTC
ATCCCAATACTTCTCCAACGTGACAATTGACCTTTCCC
AAATCACAACGTCAGGGTCGCTGGATATAAGCAGTGA
AATTGGTAGCATTAACAACACAGTTAATCGGGTCGACG
AGTTAATCAAGGAATCCAACGAGTGGCTGAACGCTGT
GAACCCCCGCCTTGTGAACAATACGAGCATCATAGTCC
TCTGTGTCCTTGCCGCCCTGATTATTGTCTGGCTAATAG
CGCTGACAGTATGCTTCTGTTACTCCGCAAGATACTCA
GCTAAGTCAAAACAGATGAGGGGCGCTATGACAGGGA
TCGATAATCCATATGTAATACAGAGTGCAACTAAGATG
tgaacacagatgaggaacgaaggtttccctaatagtaatttgtgtgaaagttctggtagtetgt
cagttcagagagttaagaaaaaactaccggttgtagatgaccaaaggacgatatacgggta
gaacggtaagagaggccgeccctcaattgecgagecaggettcacaacctecgttctaceg
cttcaccgacaacagtcctcaatct ATGGATTTCCCATCTAGGGAGAA
CCTGGCAGCAGGTGACATATCGGGGCGGAAGACTTGG
AGATTACTGTTCCGGATCCTCACATTGAGCATAGGTGT
GGTCTGTCTTGCCATCAATATTGCCACAATTGCAAAAT
TGGATCACCTGGATAACATGGCTTCGAACACATGGACA
ACAACTGAGGCTGACCGTGTGATATCTAGCATCACGAC
TCCGCTCAAAGTCCCTGTCAACCAGATTAATGACATGT
TTCGGATTGTAGCGCTTGACCTACCTCTGCAGATGACA
TCATTACAGAAAGAAATAACATCCCAAGTCGGGTTCTT
GGCTGAAAGTATCAACAATGTTTTATCCAAGAATGGAT
CTGCAGGCCTGGTTCTTGTTAATGACCCTGAATATGCA

154




WO 2022/232052

PCT/US2022/026185

Description

Sequence

SEQ ID
NO.

GGGGGGATCGCTGTCAGCTTGTACCAAGGAGATGCAT
CTGCAGGCCTAAATTTCCAGCCCATTTCTTTAATAGAA
CATCCAAGTTTTGTCCCTGGTCCTACTACTGCTAAGGG
CTGTATAAGGATCCCGACCTTCCATATGGGCCCTTCAC
ATTGGTGTTACTCACATAACATCATTGCATCAGGTTGC
CAGGATGCGAGCCACTCCAGTATGTATATCTCTCTGGG
GGTGCTGAAAGCATCGCAGACCGGGTCGCCTATCTTCT
TGACAACGGCCAGCCATCTCGTGGATGACAACATCAA
CCGGAAGTCATGCAGCATCGTAGCCTCAAAATACGGTT
GTGATATCCTATGCAGTATTGTGATTGAAACAGAGAAT
GAGGATTATAGGTCTGATCCGGCTACTAGCATGATTAT
AGGTAGGCTGTTCTTCAACGGGTCATACACAGAGAGC
AAGATTAACACAGGGTCCATCTTCAGTCTATTCTCTGC
TAACTACCCTGCGGTGGGGTCGGGTATTGTAGTCGGGG
ATGAAGCCGCATTCCCAATATATGGTGGGGTCAAGCA
GAACACATGGTTGTTCAACCAGCTCAAGGATTTTGGTT
ACTTCACCCATAATGATGTGTACAAGTGCAATCGGACT
GATATACAGCAAACTATCCTGGATGCATACAGGCCACC
TAAAATCTCAGGAAGGTTATGGGTACAAGGCATCCTAT
TGTGCCCAGTTTCACTGAGACCTGATCCTGGCTGTCGC
TTAAAGGTGTTCAATACCAGCAATGTGATGATGGGGGC
AGAAGCGAGGTTGATCCAAGTAGGCTCAACCGTGTAT
CTATACCAACGCTCATCCTCATGGTGGGTGGTAGGACT
GACTTACAAATTAGATGTGTCAGAAATAACTTCACAGA
CAGGTAACACACTCAACCATGTAGACCCCATTGCCCAT
ACAAAGTTCCCAAGACCATCTTTCAGGCGAGATGCGTG
TGCGAGGCCAAACATATGCCCTGCTGTCTGTGTCTCCG
GAGTTTATCAGGACATTTGGCCGATCAGTACAGCCACC
AATAACAGCAACATTGTGTGGGTTGGACAGTACTTAGA
AGCATTCTATTCCAGGAAAGACCCAAGAATAGGGATA
GCAACCCAGTATGAGTGGAAAGTCACCAACCAGCTGT
TCAATTCGAATACTGAGGGAGGGTACTCAACCACAAC
ATGCTTCCGGAACACCAAACGGGACAAGGCATATTGT
GTAGTGATATCAGAGTACGCTGATGGGGTGTTCGGATC
ATACAGGATCGTTCCTCAGCTTATAGAGATTAGAACAA
CCACCGGTAAATCTGAGtagttgagtcaattataaaggagttggaaagatg
gcattgtatcacctatcttctgcgacatcaagaatca

APMV3/Tu
rkey/Wisco
nsin/68
(lower cases
correspond
to NDV
derived
sequences
and upper
cases
correspond

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGGCCTCCCCAATGGTCCCACTA
CTCATCATAACGGTAGTACCCGCACTCATTTCAAGTCA
ATCAGCTAATATTGATAAGCTCATTCAAGCAGGGATTA
TCATGGGCTCAGGGAAGGAACTCCACATTTATCAAGA
ATCTGGCTCTCTTGATTTGTATCTTAGACTATTGCCAGT
TATCCCTTCAAATCTTTCTCATTGCCAGAGTGAAGTAA
TAACACAATATAACTCGACTGTAACGAGACTATTATCA
CCAATTGCAAAAAATCTAAACCATTTGCTACAACCGAG
ACCGTCTGGCAGGTTATTTGGCGCTGTAATTGGATCGA
TTGCCTTAGGGGTAGCTACATCCGCACAGATTTCAGCT

11
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WO 2022/232052
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Description

Sequence

SEQ ID

NO.
to APMV F | GCTATAGCATTGGTCCGTGCTCAACAGAATGCAAACGA
and HN TATCCTCGCTCTTAAAGCTGCAATACAATCTAGTAATG
coding AGGCAATAAAACAACTTACTTATGGCCAAGAAAAGCA
sequences) | ACTACTAGCAATATCAAAAATACAAAAAGCCGTAAAT

GAACAAGTAATCCCTGCATTGACTGCACTTGACTGTGC
AGTTCTTGGAAATAAACTAGCTGCACAACTGAACCTCT
ACCTCATTGAAATGACGACTATTTTTGGTGACCAAATA
AATAACCCAGTCCTAACTCCAATACCACTCAGTTATCT
CCTGCGGTTGACAGGCTCTGAGTTAAATGATGTATTAT
TACAACAGACTCGATCCTCTTTGAGCCTAATCCACCTT
GTCTCTAAAGGCTTATTAAGTGGTCAGATTATAGGATA
TGACCCTTCAGTACAAGGCATCATTATCAGAATAGGAC
TGATCAGGACTCAAAGAATAGATCGGTCACTAGTTTTC
CaACCTTACGTATTACCAATTACTATTAGTTCTAACATA
GCCACACCAATTATACCCGACTGTGTGGTCAAGAAGG
GAGTAATAATTGAGGGAATGCTTAAGAGTAATTGTATA
GAATTGGAACGAGATATAATTTGCAAGACTATCAACA
CATACCAAATAACTAAGGAAACTAGAGCATGCTTACA
AGGTAATATAACAATGTGTAAGTACCAGCAGTCCAGG
ACACAGTTGAGCACCCCCTTTATTACATATAATGGAGT
TGTAATTGCAAATTGTGATTTGGTATCATGCCGATGCA
TAAGACCCCCTATGATTATCACACAAGTAAAAGGTTAC
CCTCTGACAATTATAAATAGGAATTTATGTACCGAGTT
GTCGGTGGATAATTTAATTTTAAATATTGAAACAAACC
ATAACTTTTCATTAAACCCTACTATTATAGATTCACAAT
CCCGGCTTATAGCTACTAGTCCATTAGAAATAGATGCC
CTTATTCAAGATGCGCAACATCACGCGGCTGCGGCCCT
TCTTAAAGTAGAAGAAAGCAATGCTCACTTATTAAGAG
TTACAGGGCTGGGCTCATCAAGTTGGCACATCATACTT
ATATTAACATTGCTTGTATGCACCATAGCATGGCTCAT
TGGTTTATCTATTTATGTCTGCCGCATTAAAAATGATG
ACTCGACCGACAAAGAACCTACAACCCAATCATCGAA
CCGaGGCATTGGGGTTGGATCTATACAATATATGACAT
GAtgaacacagatgaggaacgaaggtttccctaatagtaatttgtgtgaaagttctggtagt
ctgtcagttcagagagttaagaaaaaactaccggttgtagatgaccaaaggacgatatacg
ggtagaacggtaagagaggccgeccctcaattgegagecaggettcacaacctecgttct
accgcttcaccgacaacagtcctcaatct ATGGAGCCGACAGGATCAAA
AGTTGACATTGTCCCTTCCCAAGGTACCAAGAGAACAT
GTCGAACCTTTTATCGCCTCTTAATTCTTATTTTGAATC
TTATTATAATTATATTAACAATTATCAGTATTTATGTCT
CTATCTCAACAGATCAACACAAATTGTGCAATAATGAG
GCTGACTCACTTTTACACTCAATAGTAGAACCCATAAC
AGTCCCCCTAGGAACAGACTCGGATGTTGAGGATGAA
TTACGTGAGATTCGACGTGATACAGGCATAAATATTCC
TATCCAAATTGACAACACAGAGAACATCATATTAACTA
CATTAGCAAGTATCAACTCTAACATTGCACGCCTTCAT
AACGCCACCGATGAAAGCCCAACATGCCTGTCACCAG
TTAATGATCCCAGGTTTATAGCAGGGATTAATAAGATA
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WO 2022/232052

PCT/US2022/026185

Description

Sequence

SEQ ID
NO.

ACCAAAGGGTCGATGATATATAGGAATTTCAGCAATTT
GATAGAACATGTTAACTTTATACCATCTCCAACGACAT
TATCAGGCTGTACAAGAATTCCATCTTTTTCACTATCTA
AAACACATTGGTGTTACTCGCATAATGTAATATCTACT
GGTTGTCAAGACCATGCTGCGAGTTCACAGTATATTTC
CATAGGAATAGTAGATACAGGATTGAATAATGAGCCC
TATTTGCGTACAATGTCTTCACGCTTGCTAAATGATGG
CCTAAATAGAAAGAGCTGCTCTGTCACAGCCGGCGCTG
GTGTCTGTTGGCTATTGTGTAGTGTTGTAACAGAAAGT
GAATCAGCTGACTACAGATCAAGAGCCCCCACTGCAA
TGATTCTCGGAAGGTTCAATTTTTATGGTGATTACACT
GAATCCCCTGTTCCTGCATCTTTGTTCAGCGGTCGTTTC
ACTGCTAATTACCCTGGAGTTGGCTCAGGAACCCAATT
AAATGGGACCCTTTATTTTCCAATATATGGGGGTGTTG
TTAACGACTCTGATATTGAGTTATCGAACCGAGGGAAG
TCATTCAGACCTAGGAACCCTACAAACCCATGTCCAGA
TCCTGAGGTGACCCAAAGTCAGAGGGCTCAGGCAAGT
TACTATCCGACAAGGTTTGGCAGGCTGCTCATACAACA
AGCAATACTAGCTTGTCGTATTAGTGACACTACATGCA
CTGATTATTATCTTCTATACTTTGATAATAATCAAGTCA
TGATGGGTGCAGAAGCCCGAATTTATTATTTAAACAAT
CAGATGTACTTATATCAAAGATCTTCGAGTTGGTGGCC
GCATCCGCTTTTTTACAGATTCTCACTGCCTCATTGTGA
ACCTATGTCTGTCTGTATGATCACCGATACACACTTAA
TATTGACATATGCTACCTCACGCCCTGGCACTTCAATTT
GTACAGGGGCCTCGCGATGTCCTAATAACTGTGTTGAT
GGTGTCTATACAGACGTTTGGCCCTTGACTGAGGGTAC
AACACAAGATCCAGATTCCTACTACACAGTATTCCTCA
ACAGTCCCAACCGCAGGATCAGTCCTACAATTAGCATT
TACAGCTACAACCAGAAGATTAGCTCTCGTCTGGCTGT
AGGAAGTGAAATAGGAGCTGCTTACACGACCAGTACA
TGTTTTAGCAGGACAGACACTGGGGCACTATACTGCAT
CACTATAATAGAAGCTGTAAACACAATCTTTGGACAAT
ACCGAATAGTACCGATCCTTGTTCAACTAATTAGTGACt
agttgagtcaattataaaggagttggaaagatggcattgtatcacctatcttctgegacatcaa
gaatca

APMV12/
Wigeon/Ital
y/3920_1/05
(lower cases
correspond
to NDV
derived
sequences
and upper
cases
correspond
to APMV F

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGGCCATCCCAGTGCCCTCTTCG
ACCGCTCTGATGATCTTCAACATTCTAGTGTCCCTCGCC
CCCGCCTCCGCTCTGGATGGCAGACTGTTGTTAGGAGC
AGGTATCGTACCTACGGGAGACAGACAGGTAAATGTG
TATACTTCATCTCAAACCGGTATAATTGCCTTAAAATT
GCTGCCCAACCTCCCAAAGGATAAGGAGAATTGCGCT
GAGGTGTCTATCAGATCCTACAACGAGACTCTGACCCG
CATCCTCACCCCTCTCGCTCAATCCATGGCAGCCATAA
GGGGTAATTCAACAGTATCAACTCGTGGAAGAGAGCC
AAGACTAGTGGGTGCCATCATAGGAGGCGTAGCTCTA
GGTGTAGCTACGGCAGCACAGATCACAGCGGCAACGG

12

157




WO 2022/232052
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Description

Sequence

SEQ ID

NO.
and HN CCCTTATCCAAGCCAATCAAAATGCAGAGAACATTGCA
coding AGACTTGCCAAAGGTCTAGCAGCTACCAATGAGGCAG
sequences) | TGACGGATTTAACGAAAGGAGTGGGCTCTCTTGCTATT

GGGGTTGGAAAGTTACAGGATTATGTAAATGAGCAAT
TTAATAGGACGGGAGAGGCAATCGAATGTTTGACGAT
CGAATCTAGAGTAGGTGTCCAGCTCAGTCTCTATCTAA
CAGAGGTTATTGGAGTCTTCGGTGATCAGATCACATCT
CCAGCATTATCTGATATCAGTATTCAGGCATTATACAA
TCTGGCTGGAGGGAACTTGAACGTCTTGCTGCAGAAGA
TGGGTATTGAAGGGACACAGCTAGGCTCCTTAATCAAC
AGCGGATTGATAAAAGGCAGACCAATCATGTATGATG
ATGGTAACAAAATTTTAGGTATCCAAGTAACTCTTCCA
TCAGTGGGTAGGATCAATGGCGCACGAGCAACTCTACT
TGAGGCAATTGCGGTGGCTACTCCTAAAGGGAATGCTA
GCCCATTAATACCTAGAGCTGTTATCTCAGTGGGATCG
CTAGTGGAAGAATTAGATATGACTCCATGCGTGCTGAC
TCCAACAGACATCTTTTGCACCAGGATCTTGTCTTATCC
ATTAAGTGATTCTCTCACCACTTGTCTCAAAGGGAATC
TTTCGTCTTGCGTCTTCTCACGTACGGAAGGGGCATTA
TCGACACCTTATGTTTCTGTGCATGGTAAGATTGTTGCC
AATTGTAAGTCTGTGGTTTGCCGATGTGTGGAGCCACA
ACAAATCATATCCCAAAACTATGGGGAGGCCCTTAGCC
TGATAGATGAGTCCCTATGTAGGATCTTAGAACTAAAC
GGAGTGATCCTTAAGATGGACGGACAGTTCACATCAG
AATACACAAAAAACATAACTATAGATCCTGTGCAGGT
CATAATATCTGGACCGATCGATATATCTTCTGAGCTTT
CGCAGGTCAACCAATCACTAGATAGCGCACTGGAAAA
TATAAAAGAGAGCAATTCATACCTGTCAAAAGTGAAT
GTGAAGCTGATCAGCTCCTCGGCCATGATCACGTACAT
TGTGATAACTGTGATTTGCCTGATTTTGACTTTCGTAGC
GTTAGTCCTTGGGATATACTCATATACAAAAATCAGGT
CTCAACAGAAGACTCTGATATGGATGGGTAATAACATT
GCGAGGTCAAAAGAGGGGAACCGGTTTtgaacacagatgagga
acgaaggtttccctaatagtaatttgtgtoaaagttctggtagtetgtcagttcagagagttaa
gaaaaaactaccggttgtagatgaccaaaggacgatatacgggtagaacggtaagagag
gecgeccctcaattgegagecaggcettcacaaccteegttctaccgettcaccgacaacag
tcctcaatc ATGGAGAGTGCAACCAGCCAAGTGTCCTTTGA
AAATGACAAAACCTCTGATCGTCGGACTTGGCGAGCA
GTATTTAGAGTACTGATGATAATACTCGCTCTTAGTAG
CCTATGTGTAACTGTAGCAGCTCTTATATACTCAGCGA
AGGCCGCAATCCCTGGGAACATCGATGCATCTGAACA
AAGGATATTATCATCCGTTGAGGCCGTTCAGGTGCCCG
TATCAAGGTTAGAAGACACCAGTCAGAAGATATACCG
CCAGGTCATTCTCGAGGCGCCGGTAACTCAGCTCAACA
TGGAGACGAATATTCTAAATGCTATTACATCCCTTTCA
TATCAAATTGATGCTTCAGCCAACTCTTCTGGTTGCGG
TGCCCCTGTCCATGACTCTGACTTCACAGGGGGTGTCG
GTCGAGAGCTACTTCAAGAGGCAGAAGTTAATCTGAC

158
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Description

Sequence

SEQ ID
NO.

CATAATCAGGCCCTCCAAATTCTTGGAGCACTTAAACT
TCATACCAGCCCCGACAACAGGGAATGGCTGCACAAG
GATACCATCGTTTGATCTAGGCCAAACTCATTGGTGCT
ACACACACAACGTCGTGCTCAATGGCTGCAGAGACCGa
GGCCACTCTTTTCAATATGTTGCACTAGGCATACTCAG
GACATCAGCTACAGGGTCAGTATTCTTATCAACACTCC
GATCTGTAAATTTAGACGACGACCGTAACAGAAAGTC
ATGTAGTGTAAGTGCAACCCCGATAGGCTGCGAGATG
CTCTGTTCTCTTGTCACAGAGACTGAAGAAGGAGATTA
TGATAGCATCGACCCGACCCCTATGGTGCATGGCAGGT
TAGGATTTGATGGCAAATATAGGGAAGTGGACCTTAG
CGAAAAGGAGATATTCGCTGACTGGCGCGCCAATTATC
CTGCTGTTGGCGGTGGCGCTTTTTTTGGTAATCGTGTAT
GGTTCCCTGTTTATGGAGGTCTGAAGGAAGGAACCCAA
AGTGAGAGAGATGCAGAGAAAGGTTATGCAATATATA
AACGCTTCAATAACACTTGCCCTGACGATAATACAACT
CAAATCGCGAATGCTAAAGCATCATATCGGCCATCTCG
ATTTGGCGGACGATTTATCCAACAGGGTATCCTCTCTT
TTAAAGTTGAAGGGAACTTAGGATCAGATCCGATCCTC
AGCCTGACTGACAACTCAATCACATTGATGGGTGCCGA
GGCACGTGTGATGAATATTGAGAATAAACTATACCTCT
ATCAGAGAGGTACTTCTTGGTTTCCATCTGCCTTAGTAT
ACCCCTTGGATGTAGCTAATACAGCTGTAAAAGTGCGG
GCGCCATACATTTTTGACAAATTCACTAGGCCCGGAGG
ACATCCATGCAGCGCCAGTTCACGGTGCCCTAACGTAT
GCGTCACAGGGGTTTATACGGATGCCTATCCACTTGTA
TTTTCAAGGAGTCATGACATTGTGGCAGTCTACGGTAT
GCAGTTGGCGGCGGGCACTGCACGACTTGATCCTCAGG
CAGCAATATGGTATGGGAACGAGATGAGTACACCTAC
TAAAGTAAGTAGCTCAACTACTAAAGCTGCCTATACTA
CTTCCACATGTTTTAAGGTGACAAAAACTAAGAGAATC
TACTGTATAAGTATAGCAGAAATAGGGAACACACTCTT
TGGCGAGTTTAGGATAGTGCCACTATTAATCGAAGTAC
AAAAGACTCCTCTCACTAGGAGAAGCGAGCTCCGGCA
ACAAATGCCCCAACCTCCCATCGATTTGGTTATTGACA
ATCCGTTCTGTGCGCCCTCTGGTAACTTGAGCAGAAAG
AATGCCATTGACGAGTATGCCAATTCATGGCCAtagttgagt
caattataaaggagttggaaagatggcattgtatcacctatcttctgcgacatcaagaatca

APMVS5/bu
dgerigar/Ja
pan/T1/75
(lower cases
correspond
to NDV
derived
sequences
and upper
cases

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGTTCCAACTTCCTTTGACCATTC
TTCTTAGCATTCTTAGTGTTCACCAGTCGCTTTGTCTAG

ACAACAGTAAGCTCATTCATGCAGGAATCATGAGTACT
ACTGAGAGAGAAGTTAATGTTTATGCACAATCTATTAC

TGGGTCAATAGTGGTGAGGTTGATTCCAAATATCCCAA
GTAACCATAAATCTTGTGCAACTAGCCAAATCAAACTA
TACAATGACACGTTAACAAGATTGTTGACCCCAATTAG
AGCTAATCTAGAAGGACTTATTAGTGCTGTTTCTCAGG

ACCAATCGCAGAATTCTGGGAtaAGAgAGecGCGTTTTGT

13
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Description

Sequence

SEQ ID

NO.
correspond | AGGCGCAGTAATTGGAGCAGCTGCCCTCGGCTTGGCA
to APMV F | ACCGCTGCACAGGTGACTGCCACTGTAGCGTTAAATCA
and HN AGCGCAAGAAAACGCTCGGAATATCCTAAAGCTTAAA
coding AACTCGATTCAGAAGACAAACGAGGCGGTGATGGAAC
sequences) | TTAAAGATGCTGTGGGCCAAACAGCAGTAGCTATTGAC

AAAACTCAGGCCTTCATAAATAATCAAATCTTGCCTGC
AATTTCAAATCTCTCATGTGAGGTCCTAGGGAATAAAA
TTGGGGTCCAATTATCTTTGTACCTTACTGAATTAACA
ACAGTATTCGGCAATCAACTGACAAACCCAGCCCTTAC
CACACTGTCATTACAAGCCTTGTACAATCTTTGTGGAG
ATGACTTCAATTACTTAATCAACCTATTAAATGCAAAA
AATCGTAACTTAGCCTCACTTTATGAAGCAAACCTAAT
TCAGGGGAGAATCACTCAATATGACTCAATGAATCAGT
TATTAATTATTCAGGTACAAATACCAAGCATCTCCATA
GTGTCAGGAATGAGGGTCACAGAATTATTCACACTTAG
TGTTGATACACCTATAGGAGAGGGAAAGGCCCTAGTA
CCAAAATATGTCCTGTCCTCAGGGAGAATAATGGAAG
AGGTTGACCTAAGCAGTTGCGCTATAACATCAACATCA
GTTTTCTGTTCCTCTATCATCTCTAGACCCCTTCCACTT
GAAACAATAAATTGCCTGAATGGGAATGTTACACAGT
GTCAATTTACCGCCAACACAGGAACCCTTGAATCGAGA
TACGCTGTTATAGGAGGCTTGGTGATTGCTAACTGTAA
GGCTATAGTATGCAGGTGCCTAAATCCACCAGGTGTCA
TTGCGCAAAATCTTGGCTTACCAATTACAATCATCTCA
TCCAATACTTGTCAGCGAATTAATTTAGAACAAATCAC
TTTGTCTCTTGGGAACAGCATATTATCTACATACAGTG
CCAATTTATCCCAAGTTGAGATGAATTTAGCTCCATCA
AATCCTCTGGATATCTCAGTTGAATTGAATCGAGTCAA
CACCAGTCTCTCTAAAGTGGAATCTCTAATAAAAGAAA
GCAATAGTATCCTGGACTCAGTTAACCCTCAAATTTTA
AATGTCAAGACAGTAATTATCCTGGCCTTCATAATAGG
ACTCATTGTTGTGTGGTGTTTCATATTGACATGTCTAAT
AATTAGAGGATTTATGCTTCTTGTAAAACAACAAAAGT
TTAAAGGACTCTCTGTTCAGAATAATCCGTATGTTTCT
AACAATTCTCATtgaacacagatgaggaacgaaggtttccctaatagtaatttgt
gtgaaagttctggtagtctgtcagttcagagagttaagaaaaaactaccggttgtagatgace
aaaggacgatatacgggtagaacggtaagagaggcecgeccctcaattgegagecaggct
tcacaacctccgttctaccgcettcaccgacaacagtectcaatc ATGGACAAATC
ATATTACATAGAGCCTGAAGATCAAAGAGGTAACTCTC
GAACATGGAGACTATTATTTAGGTTGATTGTATTAACG
TTGCTCTGTCTGATCGCATGTATCTTAGTAAGTCAATTG
TTCTACCCTTGGCTCCCCCAAGTCTTGTCCACTCTGATC
AGCCTAAATAACTCAATTATCACAAGCAGCAATGGTCT
CAAAAAGGAAATCCTGAACCAGAACATAAAAGAGGAC
CTCATATATAGAGAAGTTGCTATAAATATACCTTTAAC
ATTAGATAGGGTTACTGTTGAGGTAGGGACTGCAGTAA
ACCAGATTACTGATGCACTCAGGCAACTCCAGTCAGTT
AATGGATCTGCTGCATTCGCCTCATCAAACTCTCCTGA

160
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Description

Sequence

SEQ ID
NO.

TTATAGTGGGGGAATAGAACACCTGATTTTCCAAAGGA
ATACGCTTATTAATCGCTCAGTGAGTGTCTCAGATTTA
ATAGAACACCCCAGTTTCATACCAACTCCTACTACACA
GCATGGTTGTACCAGAATCCCCACATTCCACCTAGGAA
CTCGCCACTGGTGCTATAGTCACAATATAATAGGTCAG
GGATGTGCTGATTCTAGAGCTAGTGTGATGTATATTTC
AATGGGAGCACTGGGTGTCAGTTCATTGGGAACCCCG
ACCTTCACAACATCTGCTGCATCAATATTATCTGATAG
CCTCAATCGGAAGAGTTGCAGTATAGTAGCAACAACT
GAGGGTTGTGACGTACTCTGCAGTATAGTTACACAAAC
AGAAGACCAAGATTATGCTGATCACACTCCTACTCCAA
TGATACATGGTAGATTATGGTTTAATGGCACATACACA
GAGAGATCCTTATCCCAGAGTTTATTCCTTGGAACATG
GGCTGCGCAATATCCGGCTGTAGGATCTGGTATAATGA
CACCTGGGCGAGTTATATTCCCTTTCTATGGAGGTGTG
ATCCCTAACTCTCCTCTCTTCTTGGATCTCGAAAGATTC
GCTTTATTCACACATAATGGAGACTTAGAATGCATGAA
CTTAACACAATATCAGAAAGAAGCAATTTACTCTGCAT
ATAAGCCTCCCAAGATTAGAGGATCACTGTGGGCACA
AGGCTTCATAGTATGTTCAGTAGGAGACATGGGGAATT
GCTCTCTTAAAGTGATCAATACAAGCACAGTTATGATG
GGTGCAGAAGGTCGGCTACAATTAGTTGGGGACTCCGT
TATGTACTATCAGAGATCATCATCCTGGTGGCCTGTAG
GAATTCTTTATCGGTTGAGTCTTGTAGACATCATCGCC
GGAGATATACAGGTCGTCATAAACAGTGAACCACTCC
CTCTGAGCAAGTTCCCaCGGCCAACCTGGACTCCAGGA
GTGTGTCAAAAACCAAATGTATGCCCTGCAGTTTGTGT
AACTGGGGTCTATCAAGACCTTTGGGCAATTTCCGCAG
GGGAGACACTATCTGAAATGACATTCTTTGGAGGATAT
TTAGAGGCATCCACCCAACGAAAAGATCCATGGATAG
GCGTTGCTAATCAATATAGTTGGTTCATGAGAAGAAGA
TTATTCAAGACAAGCACTGAAGCTGCATATTCGTCATC
AACGTGTTTTAGGAACACTAGACTGGATCGAAATTTCT
GCCTATTAGTCTTTGAATTAACTGATAACTTACTTGGA
GACTGGAGAATTGTCCCCCTCTTATTTGAATTAACCAT
CGTAtagttgagtcaattataaaggagttggaaagatggcattgtatcacctatcttctgeg
acatcaagaatca

APMV10/p
enguin/Fal
kland
Islands/324
/07

(lower cases
correspond
to NDV
derived
sequences
and upper

atttacagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcecg
gttggcgccctecaggtgcaagATGACTCGTACTCGGTTGCTCTTT
CTCCTCACTTGTTACATTCCAGGTGCTGTCTCACTTGAC
AACTCTATATTAGCTCCAGCTGGGATAATAAGCGCTTC
GGAGAGACAGATTGCTATATATACTCAAACTCTGCAGG
GAACTATTGCACTTCGATTTATACCTGTACTTCCGCAG
AACTTATCATCATGTGCTAAAGACACCCTGGAATCCTA
TAACTCCACTGTTTCAAATCTTTTATTGCCTATTGCTGA
GAACCTAAATGCCTTGTTAAAAGACGCCGATAAGCCAT
CCCAACGAATTATTGGGGCTATCATAGGATCAGTAGCG
CTAGGCGTAGCAACAACTGCACAAGTGACTGCAGCCC
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TTGCAATGACGCAGGCACAACAAAATGCACGAAATAT
ATGGAAGTTGAAAGAGTCTATCAAAAATACAAATCAA
GCAGTATTGGAACTAAAAGACGGGCTACAACAATCTG
CTATTGCACTTGACAAGGTCCAGTCCTTCATCAACTCG
GAAATATTACCTCAAATAAATCAGTTAGGATGCGAGGT
TGCAGCAAACAAATTGGGAATATTTCTATCTCTCTACC
TAACTGAAATCACTACAGTGTTCAAAAATCAAATCACG
AATCCCGCTCTTTCCACATTATCATACCAAGCCCTTTAT
AATTTGTGTGGGGGCAATATGGCTGCTTTAACAAAACA
AATAGGAATTAAAGATACAGAAATTAACTCATTATATG
AAGCAGAATTGATCACAGGACAAGTTATAGGGTATGA
TTCAGCAGACCAGATACTGTTGATTCAAGTATCATATC
CAAGTGTTTCAAGGGTCCAAGGGGTTAGGGCAGTAGA
ACTCTTGACAGTCAGTGTGGCAACACCAAAAGGTGAG
GGGAAAGCAATTGCTCCAAGCTTTATAGCTCAGAGCA
ATATAATTGCTGAAGAGTTAGATACACAACCATGTAAG
TTTAGTAAGACAACACTCTACTGTAGACAAGTTAACAC
TAGGACATTACCAGTTAGGGTAGCAAACTGCCTTAAAG
GCAAATATAATGACTGCCAATATACCACAGAAATAGG
TGCATTGGCATCACGATATGTCACGATTACAAATGGGG
TTGTTGCCAACTGCAGATCTATCATCTGTAGGTGCCTG
GACCCGGAGGGAATAGTTGCCCAAAATTCTGACGCAG
CAATCACTGTTATTGATAGGTCCACTTGCAAGTTGATC
CAGTTAGGTGATATTACCCTCAGATTAGAAGGCAAATT
ATCCTCATCATACTCAAAGAATATAACCATTGATATAT
CTCAAGTAACTACATCTGGTTCTTTAGATATAAGTAGC
GAATTAGGCTCTATTAATAATACTATAACCAAAGTAGA
AGATTTGATAAGTAAGTCCAATGATTGGTTGAGTAAAG
TAAATCCTACCCTAATATCGAATGACACTATCATTGCC
CTCTGTGTGATTGCTGGTATTGTCGTTATCTGGTTAGTT
ATAATCACAATACTATCGTATTATATACTCATAAAACT
TAAAAATGTAGCATTGCTTTCAACCATGCCAAAGAAAG
ATCTAAACCCGTATGTTAACAACACTAAATTTTGAtgaac
acagatgaggaacgaaggtttccctaatagtaatttgtgtoaaagttctggtagtetgtcagtt
cagagagttaagaaaaaactaccggttgtagatgaccaaaggacgatatacgggtagaac
ggtaagagaggccgeccctcaattgecgagecaggcttcacaacctecgttctacegettca
ccgacaacagtcctcaatc ATGGACTCATCACAAATGAATATTTT
GGATGCTATGGATAGGGAAAGTAGTAAAAGGACATGG
AGGGGAGTATTCCGAGTTACTACTATAATCATGGTTGT
CACATGTGTCGTCCTATCTGCAATCACACTATCGAAGG
TTGCCCATCCTCAGGGGTTCGACACCAATGAGCTGGGT
AATGGCATCGTGGATCGAGTCAGCGATAAAATAACTG
AGGCGTTAACAGTGCCAAACAATCAAATAGGTGAAAT
ATTCAAAATTGTGGCACTGGACTTGCATGTTCTGGTCA
GCTCATCGCAACAGGCAATTGCAGGACAAATTGGCAT
GCTTGCTGAGAGTATCAACAGTATATTAAGCCAAAATG
GATCTGCATCGACCATTCTATCATCCAGCCCAGAATAT
GCAGGGGGTATAGGTGTCCCTCTCTTTAGCAATAAGTT
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AACAAATGGAACTGTAATAAAACCCATAACCTTAATTG
AACACCCTAGTTTCATCCCGGGCCCAACTACTATAGGA
GGTTGCACTCGGATTCCCACATTCCATATGGCCTCGTC
TCATTGGTGTTACTCTCATAATATCATAGAGAAAGGTT
GTAAGGATAGTGGGATATCATCCATGTATATATCATTA
GGAGTATTACAAGTATTGAAGAAAGGAACTCCTGTATT
TTTGGTAACTGCAAGCGCTGTACTATCTGATGATAGGA
ACCGGAAATCGTGCAGTATTATAAGTTCAAGGTTTGGG
TGTGAGATACTATGCAGCCTTGTAACAGAAGCAGAGTC
TGACGATTACAAATCTGATACGCCAACTGGAATGGTGC
ACGGCAGATTATATTTCAATGGGACATACAGAGAAGG
GCTGGTAGATACAGAGACTATATTCCGAGACTTTTCTG
CTAATTATCCCGGGGTCGGATCAGGGGAAATTGTAGA
GGGGCACATACATTTTCCCATATACGGAGGAGTGAAG
CAGAATACTGGCCTATACAACAGTCTTACCCCTTATTG
GCTCGATGCAAAGAACAAATATGACTATTGCAAGTTGC
CATATACAAATCAAACAATCCAGAACTCGTATAAACCC
CCATTCATCCACGGAAGATTTTGGGCACAAGGAATACT
ATCATGTGAATTAGATCTATTCAATTTGGGGAATTGCA
ATCTCAAGATAATCCGAAGTGATAAAGTCATGATGGG
AGCAGAAAGTCGGTTAATGCTTGTGGGGTCAAAATTGC
TAATGTATCAGAGGGCATCGTCCTGGTGGCCGCTGGGG
ATTACACAGGAGATAGATATAGCTGAGCTACACTCAA
GTAATACTACCATATTAAGAGAAGTTAAACCCATACTG
TCATCGAAGTTCCCaCGGCCGTCCTATCAGCCGAATTAT
TGCACGAAGCCAAGTGTATGTCCTGCAGTGTGTGTCAC
AGGAGTATACACTGACATGTGGCCTATTTCAATCACTG
GCAACATATCTGATTATGCTTGGATTAGCCATTATTTG
GATGCACCAACATCAAGACAACAGCCGAGGATTGGGA
TTGCAAACCAATATTTCTGGATCCATCAGACGACTATA
TTTCCAACCAATACTCAGAGCTCCTACTCCACTACCAC
ATGCTTTAGGAATCAGGTGAGAAGTAGGATGTTTTGTT
TATCCATTGCAGAGTTTGCAGATGGAGTGTTTGGGGAA
TTTAGGATCGTGCCCTTATTATATGAGTTGAGAGT Atagtt
gagtcaattataaaggagttggaaagatggcattgtatcacctatcttctgegacatcaagaa
tca

c¢DNA of
genomic
sequence of
NDYV strain
LaSota

accaaacagagaatccgtgagttacgataaaaggcgaaggagceaattgaagtcgeacgg
gtagaaggtgtgaatctcgagtgcgageccgaageacaaactcgagaaagecttetgeca
acatgtcttccgtatttgatgagtacgaacagctcctcgeggetcagactcgecccaatgga
gctcatggaggggoagaaaaagggagtaccttaaaagtagacgteccggtattcactctta
acagtgatgacccagaagatagatggagctttgtggtattctgectceggattgctgttageg
aagatgccaacaaaccactcaggcaaggtgctctcatatetcttttatgctcccactcacagg
taatgaggaaccatgttgccCttgcagggaaacagaatgaagecacattggecgtgcttga
gattgatggctttgccaacggeacgecccagttcaacaataggagtggagtgatetgaagag
agagcacagagatttgcgatgatagcaggatctctcectcgggeatgcageaacggaace
ccgttcgtcacagecggggcCgaagatgatgcaccagaagacatcaccgatacectgga
gaggatcctctctatccaggctcaagtatgggtcacagtagcaaaagecatgactgegtatg
agactgcagatgagtcggaaacaaggcgaatcaataagtatatgcagcaaggeagggte

15

163




WO 2022/232052 PCT/US2022/026185
.. SEQ ID
Description Sequence N%

caaaagaaatacatcctctacccegtatgcaggageacaatccaactcacgatcagacagt
ctcttgeagtecgeatctttttggttagcgagetcaagagaggecgeaacacggeaggtggt
acctctacttattataacctggtaggggacgtagactcatacatcaggaataccgggcettact
gcattcttcttgacactcaagtacggaatcaacaccaagacatcageccttgeacttagtage
ctctcaggcgacatccagaagatgaageagcetcatgegtitgtatcggatgaaaggagata
atgcgcecgtacatgacattacttggtgatagtgaccagatgagetttgegectgecgagtat

gcacaactttactcctttgecatgggtatggcatcagtcctagataaaggtactgggaaatac
caatttgccagggactttatgagcacatcattctggagacttggagtagagtacgctcagget
cagggaagtagcattaacgaggatatggctgccgagetaaagetaaccccageageaaG
gaGgggcctggcagcetgetgcccaacgggtcteccgaGgaGaccageageataGaca
tgcctactcaacaagtcggagtecteactgggcttagegagggggggtcccaagetetaca
aggcggatcgaatagatcgcaagggcaaccagaagecggggatggggagacccaattc
ctggatctgatgagagcggtagcaaatageatgagggaggcgecaaactctgeacaggg
cactccccaatcggggectceecccaactectgggecatcccaagataacgacaccgactg
ggggtattgatggacaaaacccagectgettccacaaaaacatcccaatgeecteaccegt
agtcgacccctcgatttgcggctctatatgaccacaccctcaaacaaacatcccectetttee
tcectececectgetgtacaactAcgTacgecctagataccacaggcacaatgeggetcac
taacaatcaaaacagagccgagggaattagaaaaaagtacgggtagaagagggatattca
gagatcagggcaagtctcccgagtetetgetctetectctacctgatagaccaggacaaaca
tggccacctttacagatgcagagatcgacgagctatttgagacaagtggaactgtcattgac
aacataattacagcccagggtaaaccagcagagactgttggaaggagtgcaatcecacaa
ggcaagaccaaggtgctgagcgeageatgggagaageatgggageatccagecaccg

gccagtcaagacaaccecgatcgacaggacagatctgacaaacaaccatccacaccega
gcaaacgaccccgeatgacageecgecggecacatccgecgaccageeccccacccag
gccacagacgaagecgtcgacacacagCtcaggaccggageaageaactctetgetgtt
gatgcttgacaagetcagcaataaatcgtecaatgctaaaaagggeccatggtcgagecce
caagaggggaatcaccaacgtccgactcaacagcaggggagtcaacccagtcgeggaa
acagtcaggaaagaccgcagaaccaagtcaaggecgeccctggaaaccagggeacag

acgtgaacacagcatatcatggacaatgggaggagtcacaactatcagetggtgcaacce

ctcatgctctccgatcaaggcagagecaagacaatacecttgtatctgecggatcatgtccag
ccacctgtagactttgtgcaagcgatgatgtctatgatggaggcgatatcacagagagtaag
taaggttgactatcagctagatcttgtcttgaaacagacatcctccatecctatgatgeggtee
gaaatccaacagctgaaaacatctgttgcagtcatggaagecaacttgggaatgatgaaga
ttctggatcceggttgteccaacatttcatctctgagtgatctacgggeagttgecegatctea
cccggttttagtttcaggecctggagaccectetccctatgtgacacaaggaggcgaaatg

gcacttaataaactttcgcaaccagtgecacatccatctgaattgattaaacccgecactgea
tgcgggcctgatataggagtggaaaaggacactgtccgtgcattgatcatgtcacgeccaa
tgcacccgagttcttcagecaagetectaagcaagttagatgcagecgggtcgatcgagga
aatcaggaaaatcaagcgccttgctctaaatggetaattactactgecacacgtagegggte
cctgtccacteggeatcacacggaatctgeaccgagttececccecgeGgacccaaggtee
aactctccaagcggcaatcectctetegettectcageecccactgaatgAtcgegtaaccgta
attaatctagctacatttaagattaagaaaaaatacgggtagaattggagtgccccaattgtg

ccaagatggactcatctaggacaattgggctgtactttgattctgeccattcttctagcaacct

gttagcatttccgatcgtcctacaagA cacaggagatgggaagaagcaaatcgeecegea
atataggatccagcgecttgacttgtggactgatagtaaggaggactcagtattcatcacca

cctatggattcatctttcaagttgggoaatgaagaagccacCgtecggeatgatcgatgataaa
cccaagcgegagttactttccgetgegatgcetetgectaggaagegteccaaataccggag
accttattgagctggcaagggcctgtctcactatgatagtcacatgcaagaagagtgcaact
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aatactgagagaatggttttctcagtagtgcaggcaccccaagtgctgcaaagetgtagggt
tgtggcaaacaaatactcatcagtgaatgcagtcaageacgtgaaagcgecagagaagatt
cccgggagtggaaccctagaatacaaggtgaactttgtetecttgactgtggtaccgaaga
Gggatgtctacaagatcccagetgcagtattgaaggtttctggctcgagtetgtacaatcttg
cgctcaatgtcactattaatgtggaggtagacccgaggagtectttggttaaatctCtgteta
agtctgacagcggatactatgctaacctcttettgeatattggacttatgaccacT gtagata
ggaaggggoaagaaagtgacatttgacaagctggaaaagaaaataaggagcecttgatctat
ctgtcgggctcagtgatgtectcgggccttcegtgttggtaaaagcaagaggtgcacggac
taagcttttggcacctttcttctctagcagtgggacagectgcetatcccatagcaaatgcttete
ctcaggtggccaagatactctggagtcaaaccgegtgectgeggagegttaaaatcattate
caagcaggtacccaacgegetgtegeagtgaccgecgaccacgaggttacctctactaag
ctggagaaggggcacacccttgccaaatacaatecttttaagaaataagetgegtctctgag
attgcgetccgeccactcacccagatcatcatgacacaaaaaactaatctgtcttgattattta
cagttagtttacctgtctatcaagttagaaaaaacacgggtagaagattctggatcccggttg
gegecectccaggtgcaagatgggctecagaccttctaccaagaacccageacctatgatg
ctgactatccgggttgcgetggtactgagttgcatctgtccggcaaactecattgatggeag
gectettgcagetgcaggaattgtggttacaggagacaaagecgtcaacatatacacctcat
cccagacaggatcaatcatagttaagetecteccgaatctgeccaaggataaggaggcatg
tgcgaaagcccccttggatgeatacaacaggacattgaccactttgetcaccecccettggtg
actctatccgtaggatacaagagtctgtgactacatctggaggggogagacagggecgce
ttataggcgccattattggeggtgtggctettggggttgcaactgecgeacaaataacageg
gccgeagetctgatacaagecaaacaaaatgetgecaacatectccgacttaaagagage
attgccgcaaccaatgaggetgtgcatgaggtcactgacggattatcgcaactageagtgg
cagttgggaagatgcageagtttgttaatgaccaatttaataaaacagetcaggaattagact
gcatcaaaattgcacagcaagttggtgtagagetcaacctgtacctaaccgaattgactaca
gtattcggaccacaaatcacttcacctgctttaaacaagetgactattcaggeactttacaatce
tagctggtggaaatatggattacttattgactaagttaggtaotagggaacaatcaactcaget
cattaatcggtagcggcttaatcaccggtaaccctattctatacgactcacagactcaactctt
gggtatacaggtaactctaccttcagtcgggaacctaaataatatgegtgccacctacttgga
aaccttatccgtaagcacaaccaggggatttgcctcggeacttgtcccAaaagtggtgaca
caggtcggttctgtgatagaagaacttgacacctcatactgtatagaaactgacttagatttat
attgtacaagaatagtaacgttccctatgtccectggtatttattcctgettgageggcaatacg
tcggcectgtatgtactcaaagaccgaaggegceacttactacaccatacatgactatcaaagg
ttcagtcatcgccaactgcaagatgacaacatgtagatgtgtaaaccccccgggtatcatat
cgcaaaactatggagaagcecgtgtctctaatagataaacaatcatgcaatgttttatccttagg
cgggataactttaaggctcagtggggaattcgatgtaacttatcagaagaatatctcaataca
agattctcaagtaataataacaggcaatcttgatatctcaactgagettgggaatgtcaacaa
ctcgatcagtaatgctttgaataagttagaggaaagcaacagaaaactagacaaagtcaatg
tcaaactgactagcacatctgctcteattacctatatcgttttgactatcatatetettgtttttggt
atacttagcctgattctagcatgetacctaatgtacaagcaaaaggegcaacaaaagacctt
attatggcttgggaataatactctagatcagatgagagccactacaaaaatgtgaacacaga
tgaggaacgaaggtttccctaatagtaatttgtgtgaaagttctggtagtctgtcagttcagag
agttaagaaaaaactaccggttgtagatgaccaaaggacgatatacgggtagaacggtaa
gagaggccgeccctcaattgegagecaggcettcacaaccteegttctacegettcaccgac
aacagtcctcaatcatggaccgegecgttagecaagttgcgttagagaatgatgaaagaga
ggcaaaaaatacatggegcttgatattccggattgcaatcttattcttaacagtagtgaccttg
gctatatctgtagecteccttttatatagcatgggggctagcacacctagegatcttgtaggea
taccgactaggatttccagggcagaagaaaagattacatctacacttggttccaatcaagat
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gtagtagataggatatataagcaagtggcccttgagtctcegttggcattgttaaatactgag

accacaattatgaacgcaataacatctctctcttatcagattaatggagcetgcaaacaacagt

gggtggoooocacctatccatgacccagattatatagggggoataggcaaagaactcatt

gtagatgatgctagtgatgtcacatcattctatccctetgeatttcaagaacatctgaattttate
ccggegectactacaggatcaggttgcactcgaatacceteatttgacatgagtgctaccca
ttactgctacacccataatgtaatattgtctggatgcagagatcactcacattcatatcagtattt
agcacttggtgtgctccggacatctgcaacagggagggtattcttttctactctgegttecatce
aacctggacgacacccaaaatcggaagtcttgcagtgtgagtgcaacteccctgggttatg
atatgctgtgctcgaaagtcacggagacagaggaagaagattataactcagetgteectac

gcggatggtacatgggaggttagggttcgacggccagtaccacgaaaaggacctagatgt
cacaacattattcggggactgggtgoccaactacccaggagtaggggstagatcttttattg
acagccgcegtatggttctcagtctacggagggttaaaacccaattcacccagtgacactgta
caggaagggaaatatgtgatatacaagcgatacaatgacacatgeccagatgageaagac
taccagattcgaatggccaagtcttcgtataagectggacggtttggtogoaaacgceataca
gcaggctatcttatctatcaaggtgtcaacatccttaggcgaagacceggtactgactgtace
gcccaacacagtcacactcatgggggccgaaggeagaattetcacagtagggacatctca
tttcttgtatcaacgagggtcatcatacttctctcccgegttattatatcctatgacagtcageaa
caaaacagccactcttcatagtccttatacattcaatgecttcactcggecaggtagtateect
tgccaggcettcagcaagatgecccaactegtgtgttactggagtctatacagatccatatcee
ctaatcttctatagaaaccacaccttgcgaggggtattcgggacaatgettgatggtgtacaa
gcaagacttaaccctgegtctgeagtattcgatagcacatcccgeagtegceattactcgagt

gagttcaagcagtaccaaagcagcatacacaacatcaacttgttttaaagtggtcaagacta

ataagacctattgtctcagcattgctgaaatatctaatactctcttcggagaattcagaatcgtc
ccgttactagttgagatcctcaaagatgacggggttagagaagecaggtetggctagttea

gtcaattataaaggagttggaaagatggcattgtatcacctatcttctgcgacatcaagaatc

aaaccgaatgccggegegtgctegaattecatgttgccagttgaccacaatcagecagtge
tcatgcgatcagattaagecttgtcaAtaGtctcttgattaagaaaaaatgtaagtggcaatg
agatacaaggcaaaacagctcatggtTaaCaatacgggtaggacatggcgageteccggt
cctgaaagggcagagcatcagattatcctaccagagTcacacctgtcttcaccattggtca

agcacaaactactctattactggaaattaactgggcetaccgettcctgatgaatgtgacttcga
ccacctcattctcagccgacaatggaaaaaaatacttgaatcggectetectgatactgaga

gaatgataaaactcggaagggcagtacaccaaactcttaaccacaattccagaataaccgg
agtgctccaccccaggtgtttagaaGaactggctaatattgaggtcccagattcaaccaac

aaatttcggaagattgagaagaagatccaaattcacaacacgagatatggagaactgttcac
aaggctgtgtacgcatatagagaagaaactgetggggtceatcttggtctaacaatgteeece
ggtcagaggagttcagcageattcgtacggatccggeattetggtttcactcaaaatggtee

acagccaagtttgcatggctccatataaaacagatccagaggeatctgatggtegcageta

Ggacaaggtctgeggccaacaaattggtgatgctaacccataaggtaggecaagtctttgt
cactcctgaacttgtegttgtgacgcatacgaatgagaacaagttcacatgtcttacccagga
acttgtattgatgtatgcagatatgatggagggcagagatatggtcaacataatatcaaccac
ggcggtgcatctcagaagcettatcagagaaaattgatgacattttgcggttaatagacgetct
ggcaaaagacttgggtaatcaagtctacgatgttgtatcactaatggagggatttgeatacg

gagctgtccagcetactcgagecgteaggtacatttgcaggagatttcttcgeattcaacctge
aggagcttaaagacattctaattggcctectecccaatgatatagcagaateegtgactcatg
caatcgctactgtattctetggtttagaacagaatcaagcagetgagatgttgtgtetgttgegt
ctgtggggtcacccactgettgagtccegtattgcageaaaggeagtcaggagecaaatgt
gcgcaccgaaaatggtagactttgatatgatecttcaggtactgtetttcttcaagggaacaat
catcaacgggtacagaaagaagaatgcaggtatgteoccgegagtcaaagtggatacaat
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atatgggaaggtcattgggcaactacatgcagattcagcagagatttcacacgatatcatgtt
gagagagtataagagtttatctgcacttgaatttgagecatgtatagaatatgacectgtcace
aacctgagcatgttcctaaaagacaaggcaatcgecacaccccaacgataattggcttgect
cgtttaggcggaaccttctctccgaagaccagaagaaacatgtaaaagaagceaacttcgac
taatcgcctcttgatagagtttttagagtcaaatgattttgatccatataaagagatggaatatct
gacgacccttgagtaccttagagatgacaatgtggcagtatcatactcgetcaaggagaag
gaagtgaaagttaatggacggatcttcgctaagetgacaaagaagttaaggaactgtcagg
tgatggcggaagggatcctagecgatcagattgeacctttctttcagggaaatggagteatt
caggatagcatatccttgaccaagagtatgctagcgatgagtcaactgtcttttaacagcaat
aagaaacgtatcactgactgtaaagaaagagtatcttcaaaccgcaatcatgatccgaaaa
gcaagaaccgtcggagagttgcaaccttcataacaactgacctgcaaaagtactgtcttaat
tggagatatcagacaatcaaattgttcgctcatgecatcaatcagttgatgggectaccteact
tcttcgaatggattcacctaagactgatggacactacgatgttcgtaggagaccctttcaate
ctccaagtgaccctactgactgtgacctctcaagagtecctaatgatgacatatatattgtcag
tgccagaggggogtatcgaaggattatgccagaagcetatggacaatgatctcaattgetgea
atccaacttgctgcagctagatcgeattgtegtgttgcctgtatggtacagggtgataatcaa
gtaatagcagtaacgagagaggtaagatcagacgactctccggagatggtgtteacacag
ttgcatcaagccagtgataatttcttcaaggaattaattcatgtcaatcatttgattggccataat
ttgaaggatcgtgaaaccatcaggtcagacacattcttcatatacagcaaacgaatcttcaaa
gatggagcaatcctcagtcaagtcctcaaaaattcatctaaattagtgctagtgtcaggtgat
ctcagtgaaaacaccgtaatgtcetgtgccaacattgectctactgtagecacggetatgega
gaacgggcttcccaaagacttetgttactatttaaactatataatgagttgtgtgcagacatact
ttgactctgagttctccatcaccaacaattcgecacccegatcttaatcagtegtggattgagga
catctcttttgtgcactcatatgttctgactcctgeccaattagggggactgagtaaccttcaat
actcaaggctctacactagaaatatcggtgacccggggactactgcettttgcagagatcaag
cgactagaagcagtgggattactgagtcctaacattatgactaatatcttaactaggecgect
gggaatggagattggoccagtctgtgcaacgacccatactctttcaattttgagactgttgea
agcccaaatattgttcttaagaaacatacgcaaagagtcctatttgaaacttgttcaaatcectt
attgtctggagtgcacacagaggataatgaggcagaagagaaggcattggetgaattettg
cttaatcaagaggtgattcatccccgegttgegeatgecatcatggaggcaagetetgtagg
taggagaaagcaaattcaagggcttgttgacacaacaaacaccgtaattaagattgegetta
ctaggaggccattaggcatcaagaggctgatgcggatagtcaattattctagecatgeatgea
atgctgtttagagacgatgttttttcctccagtagatccaaccaccccttagtetcttctaatatg
tgttctetgacactggeagactatgecacggaatagaagetggtcacctttgacgggaggca
ggaaaatactgggtgtatctaatcctgatacgatagaactcgtagagggtgagattettagtg
taagcggagggtotacaagatgtgacageggagatgaacaatttacttggttccatcetteca
agcaatatagaattgaccgatgacaccagcaagaatcctccgatgagggtaccatateteg
ggtcaaagacacaggagaggagagetgccteacttgcaaaaatagetcatatgtcgecac
atgtaaaggctgccctaagggeatcatcegtgttgatctgggcttatggggataatgaagta
aattggactgctgctcttacgattgcaaaatcteggtgtaatgtaaacttagagtatcttcggtt
actgtccectttacccacggetgggaatcttcaacatagactagatgatggtataactcagat
gacattcacccctgceatctctctacaggGtgtcaccttacattcacatatccaatgattctcaa
aggctgttcactgaagaaggagtcaaagaggggaatgtggtttaccaacagatcatgcetcett
gggtttatctctaatcgaatcgatctttccaatgacaacaaccaggacatatgatgagatcac
actgcacctacatagtaaatttagttgctgtatcagagaagcacctgttgcggttectttcgag
ctacttggggtegtaccggaactgaggacagtgacctcaaataagtttatgtatgatcctage
cctgtatcggagggagactttgcgagacttgacttagetatcttcaagagttatgagcettaate
tggagtcatatcccacgatagagctaatgaacattctttcaatatccagcgggaagttgattg
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gccagtetgtggtttcttatgatgaagatacctccataaagaatgacgecataatagtgtatga
caatacccgaaattggatcagtgaagcetcagaattcagatgtggtecgectatttgaatatge
agcacttgaagtgctcctcgactgttcttaccaactctattacctgagagtaagaggectGg
acaatattgtcttatatatgggtgatttatacaagaatatgccaggaattctactttccaacattg
cagctacaatatctcatcccgtcattcattcaaggttacatgcagtgggcctggtcaaccatg
acggatcacaccaacttgcagatacggattttatcgaaatgtctgcaaaactattagtatcttg
cacccgacgtgtgatctecggcttatattcaggaaataagtatgatctgetgttcecatetgtet
tagatgataacctgaatgagaagatgcttcagetgatatcccggttatgetgtctgtacacgg
tactctttgctacaacaagagaaatcccgaaaataagaggcttaactgcagaagagaaatgt
tcaatactcactgagtatttactgtcggatgetgtgaaaccattacttageccccgatcaagtga
gctctatcatgtctcctaacataattacattcccagetaatctgtactacatgtctcggaagage
ctcaatttgatcagggaaagggaggacagggatactatcctggegttgttattcccccaaga
gccattattagagttcecttctgtgcaagatattggtgctcgagtgaaagatccattcaccega
caacctgcggcatttttgcaagagttagatttgagtectccagcaaggtatgacgceattcaca
cttagtcagattcatcctgaactcacatctccaaatccggaggaagactacttagtacgatac
ttgttcagagggatagggactgcatcttcctettggtataaggeatctcatetectttetgtace
cgaggtaagatgtgcaagacacgggaactccttatacttagetgaagggageggagecat
catgagtcttctcgaactgcatgtaccacatgaaactatctattacaatacgctcttttcaaatg
agatgaaccccccgeaacgacatttcgggccgaccccaactcagtttttgaattcggttgttt
ataggaatctacaggcggaggtaacatgcaaagatggatttgtccaagagttccgtecatta
tggagagaaaatacagaggaaagCgacctgacctcagataaagTagtggggtatattac
atctgcagtgccctacagatctgtatcattgetgcattgtgacattgaaattcctccagggtec
aatcaaagcttactagatcaactagctatcaatttatctctgattgccatgeattctgtaaggga
gggcgggotagtaatcatcaaagtgttgtatgcaatgggatactactttcatctactcatgaa
cttgtttgctccgtgttccacaaaaggatatattctctctaatggttatgeatgtcgaggagatat
ggagtgttacctggtatttgtcatgggttacctgggcgggcctacatttgtacatgaggtgget
gaggatggcGaaaactctggtgcageggeacggtacget Tttgtctaaatcagatgagat
cacactgaccaggttattcacctcacagcggeagegtgtgacagacatcctatccagtectt
taccaagattaataaagtacttgaggaagaatattgacactgegctgattgaageeggggeg
acagcccgteegtceattetgtgcggagagtetggtgageacgetagegaacataactcag
ataacccagatCatcgctagtcacattgacacagttatccggtctgtgatatatatggaagcet
gagggtgatctcgetgacacagtatttctatttaccecttacaatctctetactgacgggaaaa
agaggacatcacttaAacagtgcacgagacagatcctagaggttacaatactaggtcttag
agtcgaaaatctcaataaaataggcgatataatcagectagtgcttaaaggcatgatctceat
ggaggaccttatcccactaaggacatacttgaagcatagtacctgecctaaatatttgaagg
ctgtcctaggtattaccaaactcaaagaaatgtttacagacacttctgtaCtgtacttgactcg
tgctcaacaaaaattctacatgaaaactataggcaatgcagtcaaaggatattacagtaactg
tgactcttaacgaaaatcacatattaataggctecttttttggccaattgtattcttgttgatttaat
catattatgttagaaaaaagttgaaccctgactccttaggactcgaattcgaactcaaataaat
gtcttaaaaaaaggttgcgcacaattattcttgagtgtagtctegtcattcaccaaatctttgttt

ggt

5.9

EMBODIMENTS

Exemplary embodiments are provided herein below.

1. A nucleic acid sequence comprising a nucleotide sequence of a Newcastle disease

virus genome in which (1) the nucleotide sequence encoding the NDV HN protein has been
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replaced with a nucleotide sequence encoding a non-NDV APMYV HN protein, wherein NDV
intergenic regions are before and after the non-NDV APMYV HN protein coding sequence;
and (2) the nucleotide sequence encoding the NDV F protein has been replaced with a
nucleotide sequence encoding a non-NDV APMV F protein, wherein NDV intergenic regions
are before and after the non-NDV APMYV F protein coding sequence, and wherein the non-
NDV APMYV HN protein and non-NDV APMV F protein are not NDV HN protein and F

proteins, respectively.

2. The nucleic acid sequence of embodiment 1, wherein the non-NDV APMYV F protein
and non-NDV APMYV HN protein are immunologically distinct from the NDF F protein and
NDYV HN protein, respectively.

3. The nucleic acid sequence of embodiment 1, wherein the non-NDV APMV HN is the
HN protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMYVS5/budgerigar/Japan/T1/75, or APMV10/penguin/Falkland Islands/324/07.

4. The nucleic acid sequence of embodiment 1 or 3, wherein the non-NDV APMV F is
the F protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMYVS5/budgerigar/Japan/T1/75, or APMV10/penguin/Falkland Islands/324/07.

5. The nucleic acid sequence of embodiment 1, wherein the non-NDV APMV HN
protein is an HN protein from the subfamily Avulavirinae and the genus orthoavulavirus,

metaavulavirus, or paraavulavirus.
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6. The nucleic acid sequence of embodiment 1 or 5, wherein the non-NDV APMV F
protein is an F protein from the subfamily Avulavirinae and the genus orthoavulavirus,

metaavulavirus, or paraavulavirus.

7. The nucleic acid sequence of any one of embodiments 1 to 6, wherein the NDV

genome comprises the NP gene, P gene, M gene, and L gene of NDV LaSota strain.

8. A nucleic acid sequence comprising: (1) a transcription unit encoding a NDV
nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a
transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit encoding a
NDYV large polymerase (L), and (5) the nucleotide sequence of any one of SEQ ID NOS:1-14,
or a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at

least 98% identical to the nucleotide sequence of any one of SEQ ID NOS:1-14.

9. The nucleic acid sequence of embodiment 8, wherein the NDV nucleocapsid protein,
NDYV phosphoprotein, NDV matrix protein, and NDV large polymerase are of the NDV

LaSota strain.

10. A nucleic acid sequence comprising the nucleotide sequence of SEQ ID NO:44, or

SEQ ID NO:44 without the GFP coding sequence.

11. A nucleic acid sequence comprising a nucleotide sequence that is at least 80%, at least
85%, at least 90%, at least 95%, or at least 98% identical to the nucleotide sequence of SEQ
ID NO:44, or SEQ ID NO:44 without the GFP coding sequence.

12. A nucleic acid sequence comprising the nucleotide sequence of SEQ ID NO:45, or

SEQ ID NO:45 without the GFP coding sequence.

13. A nucleic acid sequence comprising a nucleotide sequence that is at least 80%, at least
85%, at least 90%, at least 95%, or at least 98% identical to the nucleotide sequence of SEQ
ID NO:45, or SEQ ID NO:45 without the GFP coding sequence.

14. The nucleic acid sequence of any one of embodiments 1 to 13, which further

comprises a transgene.
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15. The nucleic acid sequence of any one of embodiments 1 to 13, which further

comprises a transgene encoding an antigen.

16. The nucleic acid sequence of embodiment 14, wherein the antigen is viral, bacterial,

fungal or protozoan antigen.

17. The nucleic acid sequence of embodiment 14, wherein the antigen comprises a SARS-

CoV-2 spike protein or a fragment thereof.

18. The nucleic acid sequence of embodiment 17, wherein the fragment comprises the

receptor binding domain of the SARS-CoV-2 spike protein.

19. The nucleic acid sequence of embodiment 17, wherein the fragment comprises the

ectodomain of the SARS-CoV-2 spike protein.

20. The nucleic acid sequence of embodiment 15, wherein the antigen is a MERS-CoV
antigen, respiratory syncytial virus antigen, human metapneumovirus antigen, a Lassa virus

antigen, Ebola virus antigen, or Nipah virus antigen.

21. The nucleic acid sequence of embodiment 15, wherein the antigen is a cancer or

tumor antigen.

22. A recombinant Newcastle disease virus (NDV) comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which (1) the nucleotide sequence encoding the NDV HN protein has been
replaced with a nucleotide sequence encoding a non-NDV APMYV HN protein, wherein NDV
intergenic regions are before and after the non-NDV AMPYV HN protein coding sequence;
and (2) the nucleotide sequence encoding the NDV F protein has been replaced with a
nucleotide sequence encoding a non-NDV APMV F protein, wherein NDV intergenic regions
are before and after the non-NDV AMPYV F protein coding sequence, and wherein the non-
NDV APMYV HN protein and non-NDV APMV F protein are not NDV HN protein and F

proteins, respectively.
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23. The recombinant NDV of embodiment 22, wherein the non-NDV APMYV F protein
and non-NDV APMYV HN protein are immunologically distinct from the NDF F protein and
NDYV HN protein, respectively.

24. The recombinant NDV of embodiment 22, wherein the non-NDV APMYV HN protein
is an HN protein from the subfamily Avulavirinae and the genus orthoavulavirus,

metaavulavirus, or paraavulavirus.

25. The recombinant NDV of embodiment 22 or 23, wherein the non-NDV APMV F
protein is an F protein from the subfamily Avulavirinae and the genus orthoavulavirus,

metaavulavirus, or paraavulavirus.

26. The recombinant NDV of embodiment 22, wherein the non-NDV APMYV HN is the
HN protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMYVS5/budgerigar/Japan/T1/75, or APMV10/penguin/Falkland Islands/324/07.

27. The recombinant NDV of embodiment 22 or 26, wherein the non-NDV APMYV F is
the F protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMYVS5/budgerigar/Japan/T1/75, or APMV10/penguin/Falkland Islands/324/07.

28. A recombinant Newcastle disease virus (NDV) comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus

genome in which the nucleotide sequences encoding the NDV HN protein and NDV F
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protein are replaced with a nucleotide sequence comprising a negative sense RNA sequence

transcribed from the cDNA sequence set forth in any one of SEQ ID NOs:1-14.

29. A recombinant Newcastle disease virus (NDV) comprising a packaged genome,
wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus
genome in which the nucleotide sequences encoding the NDV HN protein and NDV F
protein are replaced with a nucleotide sequence comprising a negative sense RNA sequence
transcribed from a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least

95%, or at least 98% identical to the nucleotide sequence of any one of SEQ ID NOS:1-14.

30. The recombinant NDV of any one of embodiments 22 to 29, wherein the NDV
genome comprises the NP gene, P gene, M gene, and L gene of NDV LaSota.

31. The recombinant NDV of any one of embodiments 22 to 30, wherein the packaged

genome further comprises a transgene.

32. The recombinant NDV of embodiment 31, wherein the transgene comprises a

nucleotide sequence encoding a viral, bacterial, fungal or protozoan antigen.

33. The recombinant NDV of embodiment 31, wherein the transgene comprises a

nucleotide sequence encoding a SARS-CoV-2 antigen.

34. The recombinant NDV of embodiment 33, wherein the SARS-CoV-2 antigen
comprises the SARS-CoV-2 spike protein or a fragment thereof.

35. The recombinant NDV of embodiment 34, wherein the fragment comprises the

receptor binding domain of the SARS-CoV-2 spike protein.

36. The recombinant NDV of embodiment 31, wherein the transgene comprises a

nucleotide sequence encoding a MERS-CoV antigen.

37. The recombinant NDV of embodiment 31, wherein the transgene comprises a
nucleotide sequence encoding a respiratory syncytial virus antigen or human

metapneumovirus antigen.
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38. The recombinant NDV of embodiment 31, wherein the transgene comprises a
nucleotide sequence encoding a Lassa virus antigen, Ebola virus antigen or Nipah virus

antigen.

39. The recombinant NDV of embodiment 31, wherein the transgene comprises a

nucleotide sequence encoding a cancer or tumor antigen.

40. An immunogenic composition comprising a first recombinant NDV, which is the

recombinant NDV of any one of embodiments 22 to 31.

41. An immunogenic composition comprising a first recombinant NDV, which is the

recombinant NDV of any one of embodiments 32 to 38.

42. An immunogenic composition comprising a first recombinant NDV, which is the

recombinant NDV of embodiment 39.

43. A method for inducing an immune response to an antigen, comprising administering

the immunogenic composition of embodiment 40, 41, or 42 to a subject.

44. A method for preventing an infectious disease, comprising administering the

immunogenic composition of embodiment 40 or 41 to a subject.

45. A method for immunizing a subject against an infectious disease, comprising

administering the immunogenic composition of embodiment 40 or 41 the subject.

46. A method for treating cancer, comprising administering the immunogenic

composition of embodiment 40 or 42 to a subject.

47. The method of any one of embodiment 43 to 46, wherein the composition is

administered to the subject intranasally.

48. The method of any one of embodiments 43 to 47, wherein the method further
comprises administering a second recombinant NDV comprising a packaged genome,
wherein the packaged genome of the second recombinant NDV comprises a nucleotide

sequence of a Newcastle disease virus genome in which (1) the nucleotide sequence encoding
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the NDV HN protein has been replaced with a nucleotide sequence encoding a non-NDV
APMYV HN protein, wherein NDV intergenic regions are before and after the non-NDV
AMPYV HN protein coding sequence; and (2) the nucleotide sequence encoding the NDV F
protein has been replaced with a nucleotide sequence encoding a non-NDV APMV F protein,
wherein NDV intergenic regions are before and after the non-NDV AMPV F protein coding
sequence, and wherein the second recombinant NDV is immunologically distinct than the

first recombinant NDV.

49. The method of any one of embodiments 43 to 48, wherein the subject is a human.

50. A kit comprising the recombinant NDV of any one of embodiments 22 to 39.

51. A kit comprising the nucleic acid sequence of any one of embodiments 1 to 21.

52. An in vitro or ex vivo cell comprising the recombinant NDV of any one of

embodiments 22 to 39.

53. A cell line or chicken embryonated egg comprising the recombinant NDV of any one

of embodiments 22 to 39.

54. A method for propagating the recombinant NDV of any one of embodiments 22 to 39,

the method comprising culturing the cell or embryonated egg of embodiment 52 or 53.

55. The method of embodiment 54, wherein the method further comprises isolating the

recombinant NDV from the cell or embryonated egg.

6. EXAMPLES

6.1 EXAMPLE 1: CHIMERIC NEWCASTLE DISEASE VIRUS (NDV)-
AVIAN PARAMYXOVIRUSES (APMV) CONSTRUCTS

[00266] This example describes the production of chimeric NDV-APMYV constructs. In
this example the coding regions of the viral glycoproteins F and HN of NDV (avian
paramyxovirus 1) are replaced with the coding regions of homologous glycoproteins (i.e., F
and HN) from another avian paramyxoviruses (APMV) to generate a recombinant chimeric

NDV-APMV vector (FIG. 1).
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6.1.1 Materials & Methods

[00267] The chimeric NDV-APMYV vectors are produced by reverse genetics using the
protocol described in, e.g., Ayllon et al. Rescue of recombinant Newcastle disease virus from
cDNA. J Vis Exp. 2013 Oct 11;(80):50830. doi: 10.3791/50830.

6.1.1.1 Generation of acceptor plasmid pNDV-F-HNless

[00268] In brief, a 3.7 Kb region containing the F and HN coding sequences in a rescue
plasmid, pNDV-LaSota, containing a full-length cDNA of the NDV genome under the
control of the T7 RNA polymerase promoter is removed and replaced with a short sequence
containing two new unique restriction sites (Pmel and Nrul) to generate an acceptor plasmid,
pNDV-F-HNIless (FIGs. 2A-2B). Synthetic inserts encoding the F and HN proteins of other
APMYV5s are then inserted between the M and L genes of the acceptor plasmid pNDV-F-
HNIless. To show that inserting F and HN sequences into the acceptor plasmid (pNDV-F-
HNIless) results in a functional plasmid, a sequence coding for the F and HN protein of NDV
was inserted in the cDNA of the acceptor plasmid pNDV-F-HNless between the M and L
genes to generate a functional rescue plasmid pNDV-LaSota as shown in FIG. 2C. This
functional rescue plasmid pNDV-LaSota successfully rescued a viable virus (data not
shown).

6.1.1.2 Design of the APMYV F and HN sequence inserts

[00269] Phylogenetic trees using the F and HN sequences from all the APMYV full
genomes available in GenBank were used to select the F and HN sequences to be cloned into
the pNDV-F-HNIless acceptor plasmids (FIGs. 3A and 3B). Fourteen (14) candidates were
selected from the phylogenetic trees to represent the genetic diversity of the whole tree. For
example, the F and HN sequences from the AMPV full genomes having GenBank accession
numbers FJ177514, MK 167211, EU910942, FJ231524, MK 677433, EU622637, JQ886184,
NC 034968, FJ215863, EU338414, EU782025, KC333050, LC168750, and NC 025349
were selected.

[00270] In order to synthesize the AMPV F-HN sequences, NDV intergenic regions were
added before, in between, and after the F and HN open reading frames. The APMV F
sequences (indicative of virulence) are checked for multi-basic cleavage sites and replaced, if
necessary, by the closest non-virulent cleavage site available. Any Sacll restriction sites in
the APMV-F-HN sequences are removed by a silent point mutation since a unique Sacll
restriction site is used for the cloning of additional genes. Further, since the complete

nucleotide size of any paramyxovirus genome must be a multiple of six, the APMV-F-HN
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sequences are checked for compliance with the rule of six and a second stop codon was
added, if necessary, after the F open reading frame in order to comply with this requirement.
[00271] The AMPV F-HN sequences are synthesized by Genewiz (www genewiz con)
and can be any one of, for example, SEQ ID NOs: 1-14. See Table 1. Since all the APMV F

and HN sequence inserts have common NDV-derived sequences at both ends, such inserts
can be amplified and cloned with the same primers. In brief, AMPV F-HN sequences are
amplified by PCR using PCR primers designed for reconstitution of the NDV sequences
flanking the F and HN open reading frames (FIGs. 4A-4C). Each AMPV F-HN sequence (or
the PCR product) is then cloned into a pNDV-F-HNless acceptor plasmid between the M and
L genes to generate a chimeric NDV-APMYV plasmid. Each of the sequences in Table 1 has
been cloned into a pNDV-F-HNless acceptor plasmid between the M and L genes to generate
a chimeric NDV-APMYV plasmid.

6.1.1.3 Assessment of Viability

[00272] The viability of rescued chimeric NDV-APMYV is assessed by, e.g., a plaque
assay. The chimeric NDV-APMYV are tested to confirm that they are not neutralized by pre-
existing NDV-specific humoral immunity using, e.g., a microneutralization assay.

6.1.2 Results

[00273] This example describes the production of chimeric vectors. Since F and HN are
the main targets for the neutralizing antibody response, and different APMVs are
antigenically different, the chimeric vectors are antigenically different and therefore are not
neutralized by pre-existing NDV-specific humoral immunity. On the other hand, since
growth properties are determined by the combined functions of all the viral proteins, and
since all avian paramyxoviruses share a common replication strategy, the chimeric vectors
are fully viable and replicate similarly to the parental NDV vector.

6.2 EXAMPLE 2: APMV-4

[00274] This example provides data demonstrating that APMV-4 was found to be a more
potent immune stimulator than NDV.

6.2.1 Materials & Methods

[00275]  Cell lines, antibodies and other reagents

[00276] Murine cancer cell lines B16-F10 (mouse skin melanoma cells; ATCC Cat# CRL-
6475) and CT26.WT (mouse colon carcinoma cells; ATCC Cat# CRL-2638) were maintained
in RPMI medium supplemented with 10% FBS (fetal bovine serum) and 2% penicillin and
streptomycin. Human melanoma SK-MEL-2 (ATCC Cat# HTB-68TM) and colon carcinoma
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RKO-E6 cells (ATCC Cat#CRL-2578TM) were propagated using ATCC-formulated Eagle's
Minimum Essential Medium. Master cancer cells-banks were created after purchase and
early-passage cells were thawed in every experimental step. Once in culture, cells were
maintained no longer than 8 weeks to guarantee genotypic stability and were monitored
routinely by microscopy. Required IMPACT test for cancer cells involved in our in vivo
experiments was performed by the Center for Comparative Medicine and Surgery at Icahn
School of Medicine at Mt. Sinai (Mount Sinai Hospital, New York, NY). Reduced serum
media Opti-MEMTM (GibcoTM) was used for in vitro viral infection medium.

[00277]  Viruses

[00278] Modified Newcastle disease virus LaSota-L289A has been previously described
(Vijayakumar G, Palese P, Goff PH. Oncolytic Newcastle disease virus expressing a
checkpoint inhibitor as a radioenhancing agent for murine melanoma. EBioMedicine
2019;49:96-105). APMV-4 Duck/Hong Kong/D3/1975 (175ADV0601) isolate was obtained
from National Veterinary Services Laboratories, United States Department of Agriculture
(USDA, Ames, IA). Viral stocks were propagated in 9 day-old embryonated chicken eggs
and clear-purified from the allantoic fluid by discontinuous sucrose density gradient
ultracentrifugation for resuspension and storage in PBS. Viral titers were calculated by
indirect immuno-fluorescence on Vero cells.

[00279] Transcription analysis by RT-qPCR

[00280] Cancer cells were mock-treated or infected with specified virus at a MOI of 1
PFU/cell in 250 pl of OptiMEM-1. After allowing virus adsorption for 1 hour, the cells were
incubated with an additional 750 ul of supplemented media. Total RNA was isolated using a
Qiagen RNeasy Minikit (Cat#74106, Qiagen) at the indicated time post-infection. cDNA
synthesis was performed using the Maxima First Strand cDNA Synthesis Kit for RT-qPCR
(Cat#K 1671, Thermo Scientific). Mean n-fold expression levels of cDNA from three
individual biological samples were normalized to 18S rRNA levels and calibrated to mock-
treated samples according to the 2—AACT method (Livak KJ, Schmittgen TD. Analysis of
relative gene expression data using real-time quantitative PCR and the 2(-Delta C(T))
Method. Methods 2001;25:402-8). Heat maps were created using Morpheus,

https://software broadinstitute.org/morpheus. Human and murine primer sequences have been
compiled in Table 2.

Table 2: RT-qPCR Primers' Sequences

FORWARD PRIMER SEQ REVERSE PRIMER SEQ

GEN SEQUENCE D NO. SEQUENCE ID NO.

SPECIES
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IFN-B iAACC}CTCCAAGAAAGGACG 16 SSSAGTGTAACTCTTCTG 17 MOUSE
TCTGGCACAACAGGTAGT GAGAAGCACAACAGGAG

IFN-B AGGC 18 AGCAA 19 HUMAN
CTGCAAGAGACTTCCATC AGTGGTATAGACAGGTCT

IL-6 CAG 20 GTTGG 21 MOUSE
AGAGGCACTGGCAGAAA AGGCAAGTCTCCTCATTG

IL-6 ACAAC 22 AATCC 23 HUMAN

IL-1B gl("gGCCAGTGAAATGATG o gi%GGAGATTCGTAGCTG 75 HUMAN
TGGGCTGGACTGTTTCTA TGTCTTGGCCGAGGACTA

IL-1B ATGC 26 AGG 27 MOUSE

ISG-15 gg;l:GTCCGTGACTAACTC 8 ECc}gAAAGGGTAAGACCGT 29 MOUSE

ISG-15 i%%"l;}GGTGAGGAATAACA 30 ?"CFCAGCCAGAACAGGTCG 31 HUMAN
GACCATAGGGGTCTTGAC AGACTTGCTCTTTCTGAA

MX1 CAA 32 AAGCC 33 MOUSE

MX1 ggiTCCGAAGTGGACATC 34 g?AGGGCAACTCCTGACA 35 HUMAN

STAT-1 "l(;iéCAGTGGTTCGAGCTT 36 ggﬁAACGAGACATCATAG 37 MOUSE
ATGTCTCAGTGGTACGAA TGTGCCAGGTACTGTCTG

STAT-1 CTTCA 38 ATT 39 HUMAN

N SéACCATGTTGCCCTTGC 40 giTCTCCAGGGTATCGGT 41 LS-L289A

N ATCGGTCCTTAGCAGGAG 4 GGGTCCAGTCGTTGACAC 43 APMV-4
GA TT

[00281]  Statistical analysis
[00282] Data analysis was performed using GraphPad Prism 9. One-way ANOVA or two-

way ANOVA were used to compare multiple groups with one or two independent variables,

respectively. Results are expressed as mean value = SEM or + SD as indicated.

Comparisons of survival curves were performed using the Log-rank (Mantel-Cox) test. p

values > 0.05 were considered statistically non-significant (ns); * p <0.05, ** p <0.01, *** p

<0.001,

[00283]

ki < 0.0001.
6.2.2 Results

An infectious clone of APMV-4 (recombinant APMV-4) was generated by

designing a plasmid-based rescue strategy modeled after the already established system for

NDYV and other paramyxoviruses (Ayllon J, Garcia-Sastre A, Martinez-Sobrido L. Rescue of

recombinant Newcastle disease virus from cDNA. J Vis Exp 2013).

[00284]

The proinflammatory response elicited by APMV-4 or recombinant APMV-4

(rAPMV-4) infected cancers was evaluated at 8- and 16-hours post-infection (FIG. SE-5H).

mRNA expression analysis by qPCR showed increased upregulation of INF-f3, STAT-1,
ISG15, OAS1 and MX1 genes by APMV-4 infected cells, when compared to the expression
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levels induced by LS-L289A at 8 hours post-infection. This earlier and stronger Type-I
interferon signature was displayed by all cancer cell lines independently of their origin, and
this signature was replicated by rAPMV-4 infection. At either 8 hours or 16 hours,
significant differences between APMV-4 viruses and NDV were found in the expression of
ISG-15 and MX-1. IL-6 was particularly upregulated in murine cancer cells, while OAS1
was significantly upregulated by human cancer cells. Analysis of mRNA expression levels of
the viral nucleoprotein N (FIG. SA-5D) did not show a direct association between the viral
replication activity and the early immune signatures, with B16-F10 (FIG. 5A, SE) and SK-
MEL-2 melanoma cancer cells (FIG. 5C, 5G) showing higher levels of N mRNA of the LS-
L289A virus, but a stronger immune stimulation in response to APMV-4 and rAPMV-4.

6.2.3 Discussion

[00285] APMV-4 Duck/Hong Kong/D3/1975 was the first identified APMV-4 virus and is
considered the prototype strain of the species Avian paraavulavirus (Gogoi P, Ganar K,
Kumar S. Avian Paramyxovirus: A Brief Review. Transbound Emerg Dis 2017;64:53-67,
Shortridge KF, Alexander DJ. Incidence and preliminary characterisation of a hitherto
unreported, serologically distinct, avian paramyxovirus isolated in Hong Kong. Res Vet Sci
1978;25:128-30). This isolate has typically been recovered from wild waterfowl worldwide,
and occasionally from domestic ducks, geese and chickens, although no clinical signs of
disease were ever reported in these infected animals (Alexander DJ. Newcastle disease and
other avian paramyxoviruses. Rev Sci Tech 2000;19:443-62; Warke A, Stallknecht D,
Williams SM, Pritchard N, Mundt E. Comparative study on the pathogenicity and
immunogenicity of wild bird isolates of avian paramyxovirus 2, 4, and 6 in chickens. Avian
Pathol 2008;37:429-34). This avirulent phenotype has been confirmed by experimental
inoculations of birds and mammals (Samuel AS, Subbiah M, Shive H, Collins PL, Samal SK.
Experimental infection of hamsters with avian paramyxovirus serotypes 1 to 9. Vet Res
2011;42:38). Intranasal administration of a high dose of APMV-4 (10’ PFU) did not
compromise the health of inoculated mice (Data not shown). A complete genome sequence
and molecular characterization of the Duck/Hong Kong/D3/1975 strain has been previously
reported (Nayak B, Kumar S, Collins PL, Samal SK. Molecular characterization and
complete genome sequence of avian paramyxovirus type 4 prototype strain duck/Hong
Kong/D3/75. Virol J 2008;5:124). APMV-4’s RBP HN protein has hemagglutinin and
neuroaminidase activities and is predicted to recognize sialic acids. Its F protein has a

monobasic cleavage site (DIPQR | F) that, although resembling those in avirulent lentogenic
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NDYV strains, has been suggested to capacitate APMV-4 for multicycle replication in certain
cell lines in vitro, despite not displaying a canonical furin cleavage site. In replication studies
in cancer cells conducted by the inventors, only multicycle replication with the addition of
exogenous TPCK-Trypsin to the infectious media was able to be followed. However,
APMV-4 was observed to be able to reach higher titers than the LS-L289A virus while
exhibiting similar growth kinetics (Data not shown). Considering all of the above, the
distinct dependency of APMV4’s F protein on proteolytic activation by either endogenous or
secretory proteases could support these differences in viral fitness.

[00286] Additionally, APMV-4 has demonstrated its ability to trigger proinflammatory
and death responses in infected cancer cells (see, FIG. SA-5H). When compared with NDV,
APMV-4 was found to be a more potent immune stimulator, leading to the host (/d.). When
compared with NDV, APMV-4 was found to be a more potent immune stimulator, leading to
an earlier and more robust upregulation of Type-I interferon responses. Interestingly, this
effect was preserved among the different cancer cells tested (FIG. SE-5H) and is independent
of the levels of viral replication (FIG. 5A-5D).

6.3 EXAMPLE 3: CHIMERIC NEWCASTLE DISEASE VIRUS (NDV)-
AVIAN PARAMYXOVIRUSES (APMYV) CONSTRUCTS NDV-APMV2
AND NDV-APMV3

[00287] Avian paramyxoviruses (APMYV) belong to the subfamily of Avulavirinae.
APMVs comprise a high diversity of members that are antigenically different. APMVs are
further categorized into the genera of Metaavulavirus, Orthoavulavirus and Paraavulavirus.
Newcastle disease virus (NDV) belongs to the genus of Orthoavulavirus and is also known as
AMPYV serotype-1 (APMV-1) (FIG. 6A). To exploit the potential of NDV as vaccine vectors
for different viral pathogens and overcome pre-existing immunity introduced by NDV-based
vaccines, this example describes the generation of chimeric NDV-APMV2 and NDV-
APMV3 viruses and provides data demonstrating that these viruses are antigenically distinct
from the wild type NDV. In this example the coding regions of the viral glycoproteins F and
HN of NDV (avian paramyxovirus 1) were replaced with the coding regions of homologous
glycoproteins (i.e., F and HN) from another avian paramyxoviruses (APMV) to generate
recombinant chimeric NDV-APMYV viruses (FIG. 6B).

6.3.1 Materials & Methods

[00288] Viruses
[00289] The chimeric NDV-APMYV vectors were produced as describe in Example 1.
Briefly, the F and HN sequences from APMV2/Chicken/California/ Yucaipa/56 were cloned
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into the pNDV-F-HNIless acceptor plasmids to make the chimeric NDV-APMV2 vector. The
F and HN sequences from APMV3/Turkey/Wisconsin/68 were cloned into the pNDV-F-
HNIless acceptor plasmids to make the chimeric NDV-APMV3. As shown in the
phylogenetic tree (FIG. 6A), APMV2 belonged to the genus of Metaavulavirus and AMPV3
belonged to the genus of Paraavulavirus. APMV2 and APMV3 were not only antigenically
different from NDV (Orthoavulavirus), but also antigenically different from each other (FIG.
7).

[00290] As a biomarker and for imaging purpose, a gene of green fluorescent protein
(GFP) was inserted between the P and M genes of chimeric NDV-APMV2 to produce the
chimeric NDV-APMV2-GFP construct. See SEQ ID NO: 44 for the nucleotide sequence of
the chimeric NDV-APMV2-GFP. Similarly, the GFP gene was inserted between the P and M
genes of chimeric NDV-APMV3 to produce the chimeric NDV-APMV3-GFP construct
(FIG. 7). See SEQ ID NO: 45 for the nucleotide sequence of the chimeric NDV-APMV3.
Rescue of recombinant viruses was performed using standard techniques (see, e.g., J. Ayllon,
A. Garcia-Sastre, L. Martinez-Sobrido, Rescue of recombinant Newcastle disease virus from
¢DNA. J Vis Exp, (2013)).

[00291] Transgene Expression and Antigenicity

[00292] To demonstrate the expression of the transgene, chicken embryo fibroblasts (CEF)
cells were infected with viruses of chimeric NDV-APMV2-GFP and chimeric NDV-
APMV3-GFP, respectively. The expression of the transgene was verified by examining GFP
expression at 18 hours post-infection using fluorescent microscopy. To investigate whether
the chimeric NDV-APMV2-GFP and chimeric NDV-APMV3-GFP viruses were
antigenically different from NDV, a hemagglutination inhibition (HI) assay was used
because the HN protein of APMVs could agglutinate red blood cells. The HI assays were
performed in rabbit sera that were raised against the wild type (WT) NDV viruses.

6.3.2 Results

[00293] The expression of the transgene was demonstrated by GFP expression observed
under fluorescent microscopy. As shown in FIG. 8A, the signal of GFP expression was
observed in both chimeric NDV-APMV2-GFP and chimeric NDV-APMV3-GFP virus
infected CEF cells at 18 hours post-infection. The results indicated that both chimeric NDV-
APMV2-GFP and chimeric NDV-APMV3-GFP virus could express transgene.

[00294] The antigenic difference between the chimeric NDV-APMYV viruses and WT
NDYV was assessed by HI assays. The results in FIG. 8B show that the HI activity of the
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rabbit serum was significantly reduced against both chimeric NDV-APMV-2-GFP and
chimeric NDV-APMYV-3-GFP constructs as compared to that against the NDV-GFP
construct. The results indicate that both chimeric NDV-APMYV viruses are antigenically
distinct from wild-type NDV.

[00295] Table 3: Nucleotide Sequences of NDV-APMV2-GFP:
APMV2/Chicken/California/ Yucaipa/56 and NDV-APMV3-GFP:
APMYV3/Turkey/Wisconsin/68

Description Sequence S];%ID
NDV- TCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCT 44
APMV2- GCGGCGAGCGGTATCAGCTCACTCARAGGCGGTAATACGGTTATCCA
GFP: CAGAATCAGGGGATAACGCAGGARAGAACATGTGAGCARAAGGCCAG
APMV2/Ch | CAAAAGGCCAGGAACCGTAAARAGGCCGCGTTGCTGGCGTTTTTCCA
icken/Calif | TAGGCTCCGCCCCCCTGACGAGCATCACARAAATCGACGCTCAAGTC
ornia/ AGAGGTGGCGARAACCCGACAGGACTATAAAGATACCAGGCGTTTCCC
Yucaipa/56 | CCTGGRAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTAC
(GFP- CGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTC
encoding ATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCC
sequence is | ARGCTGGECTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGE
i boldand | CTTATCCGGTARCTATCGTCTTGAGTCCAACCCGGTAAGACACGACT
italics, TATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGE
APMV2 F | TATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTARCTACGG
protein. CTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAG
encoding TTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCARACARACC
. | ACCGCTGETAGCGGTGETTTTTTTGTTTGCAAGCAGCAGATTACGCG
SEQUENCEIS | -/ G AAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGT
underline, CTGACGCTCAGTGGAACGARAACTCACGTTAAGGGATTTTGGTCATG
and AGATTATCAAARAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATG
APMV2 AAGTTTTAAATCAATCTAAAGTATATATGAGTARACTTGGTCTGACA
HAN- GTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTA
encoding | pprCGTTCATCCATAGT TGCCTGACTCCCCGTCGTGTAGATAACTAC
SeqUencels | cATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGEC
double GAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATARACCAGCCA
underlined) | coceEARGEECCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTC

CATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGC
CAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTG
GTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCA
ACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAARAANAGCGG
TTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCA
GTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGT
CATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCA
AGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCG
GCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGT
GCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCT
TACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAAC
TGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAA
AACAGGAAGGCAAAATGCCGCAARAAAGGGAATAAGGGCGACACGGA
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AATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATT
TATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTA
GAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGC
CACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAARA
AATAGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGA
CGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTT
GTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCA
GCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGA
GCAGATTGTACTGAGAGTGCACCATAAAATTGTAAACGTTAATATTT
TGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAAC
CAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGCC
CGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTAT
TAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAG
GGCGATGGCCCACTACGTGAACCATCACCCAAATCAAGTTTTTTGGG
GTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCC
GATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAA
GGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGC
GGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGC
TACAGGGCGCGTACTATGGTTGCTTTGACGTATGCGGTGTGAAATAC
CGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCATTCGCCA
TTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTC
GCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAA
GTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACG
GCCAGTGCCAAGCTTTAATACGACTCACTATAGGGAGATTGGTCTGA
TGAGTCCGTGAGGACGAAACGGAGTCTAGACTCCGTCACCAAACAGA
GAATCCGTGAGTTACGATAAAAGGCGAAGGAGCAATTGAAGTCGCAC
GGGTAGAAGGTGTGAATCTCGAGTGCGAGCCCGAAGCACAAACTCGA
GAAAGCCTTCTGCCAACATGTCTTCCGTATTTGATGAGTACGAACAG
CTCCTCGCGGCTCAGACTCGCCCCAATGGAGCT CATGGAGGGGGAGA
AAAAGGGAGTACCTTAARAAGTAGACGTCCCGGTATTCACTCTTAACA
GTGATGACCCAGAAGATAGATGGAGCTTTGTGGTATTCTGCCTCCGG
ATTGCTGTTAGCGAAGATGCCAACAAACCACTCAGGCAAGGTGCTCT
CATATCTCTTTTATGCTCCCACTCACAGGTAATGAGGAACCATGTTG
CCCTTGCAGGGAAACAGAATGAAGCCACATTGGCCGTGCTTGAGATT
GATGGCTTTGCCAACGGCACGCCCCAGTTCAACAATAGGAGTGGAGT
GTCTGAAGAGAGAGCACAGAGATTTGCGATGATAGCAGGATCTCTCC
CTCGGGCATGCAGCAACGGAACCCCGTTCGTCACAGCCGGGGCCGAA
GATGATGCACCAGAAGACATCACCGATACCCTGGAGAGGATCCTCTC
TATCCAGGCTCAAGTATGGGTCACAGTAGCAAAAGCCATGACTGCGT
ATGAGACTGCAGATGAGTCGGAAACAAGGCGAATCAATAAGTATATG
CAGCAAGGCAGGGTCCAAAAGAAATACATCCTCTACCCCGTATGCAG
GAGCACAATCCAACTCACGATCAGACAGTCTCTTGCAGTCCGCATCT
TTTTGGTTAGCGAGCTCAAGAGAGGCCGCAACACGGCAGGTGGTACC
TCTACTTATTATAACCTGGTAGGGGACGTAGACTCATACATCAGGAA
TACCGGGCTTACTGCATTCTTCTTGACACTCAAGTACGGAATCAACA
CCAAGACATCAGCCCTTGCACTTAGTAGCCTCTCAGGCGACATCCAG
AAGATGAAGCAGCTCATGCGTTTGTATCGGATGAAAGGAGATAATGC
GCCGTACATGACATTACTTGGTGATAGTGACCAGATGAGCTTTGCGC
CTGCCGAGTATGCACAACTTTACTCCTTTGCCATGGGTATGGCATCA
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GTCCTAGATAAAGGTACTGGGAAATACCAATTTGCCAGGGACTTTAT
GAGCACATCATTCTGGAGACTTGGAGTAGAGTACGCTCAGGCTCAGG
GAAGTAGCATTAACGAGGATATGGCTGCCGAGCTAAAGCTAACCCCA
GCAGCAAGGAGGGGCCTGGCAGCTGCTGCCCAACGGGTCTCCGAGGA
GACCAGCAGCATAGACATGCCTACTCAACAAGTCGGAGTCCTCACTG
GGCTTAGCGAGGGGGGGTCCCAAGCTCTACAAGGCGGATCGAATAGA
TCGCAAGGGCAACCAGAAGCCGGGGATGGGGAGACCCAATTCCTGGA
TCTGATGAGAGCGGTAGCAAATAGCATGAGGGAGGCGCCAAACTCTG
CACAGGGCACTCCCCAATCGGGGCCTCCCCCAACTCCTGGGCCATCC
CAAGATAACGACACCGACTGGGGGTATTGATGGACAAAACCCAGCCT
GCTTCCACAAAAACATCCCAATGCCCTCACCCGTAGTCGACCCCTCG
ATTTGCGGCTCTATATGACCACACCCTCAAACAAACATCCCCCTCTT
TCCTCCCTCCCCCTGCTGTACAACTACGTACGCCCTAGATACCACAG
GCACAATGCGGCTCACTAACAATCAAAACAGAGCCGAGGGAATTAGA
AAAAAGTACGGGTAGAAGAGGGATATTCAGAGATCAGGGCAAGTCTC
CCGAGTCTCTGCTCTCTCCTCTACCTGATAGACCAGGACAAACATGG
CCACCTTTACAGATGCAGAGATCGACGAGCTATTTGAGACAAGTGGA
ACTGTCATTGACAACATAATTACAGCCCAGGGTAAACCAGCAGAGAC
TGTTGGAAGGAGTGCAATCCCACAAGGCAAGACCAAGGTGCTGAGCG
CAGCATGGGAGAAGCATGGGAGCATCCAGCCACCGGCCAGTCAAGAC
AACCCCGATCGACAGGACAGATCTGACAAACAACCATCCACACCCGA
GCARAACGACCCCGCATGACAGCCCGCCGGCCACATCCGCCGACCAGC
CCCCCACCCAGGCCACAGACGAAGCCGTCGACACACAGCTCAGGACC
GGAGCAAGCAACTCTCTGCTGTTGATGCTTGACAAGCTCAGCAATAA
ATCGTCCAATGCTAAAAAGGGCCCATGGTCGAGCCCCCAAGAGGGGA
ATCACCAACGTCCGACTCAACAGCAGGGGAGTCAACCCAGTCGCGGA
AACAGTCAGGAAAGACCGCAGAACCAAGTCAAGGCCGCCCCTGGARAA
CCAGGGCACAGACGTGAACACAGCATATCATGGACAATGGGAGGAGT
CACAACTATCAGCTGGTGCAACCCCTCATGCTCTCCGATCAAGGCAG
AGCCAAGACAATACCCTTGTATCTGCGGATCATGTCCAGCCACCTGT
AGACTTTGTGCAAGCGATGATGTCTATGATGGAGGCGATATCACAGA
GAGTAAGTAAGGTTGACTATCAGCTAGATCTTGTCTTGAAACAGACA
TCCTCCATCCCTATGATGCGGTCCGAAATCCAACAGCTGAAAACATC
TGTTGCAGTCATGGAAGCCAACTTGGGAATGATGAAGATTCTGGATC
CCGGTTGTGCCAACATTTCATCTCTGAGTGATCTACGGGCAGTTGCC
CGATCTCACCCGGTTTTAGTTTCAGGCCCTGGAGACCCCTCTCCCTA
TGTGACACAAGGAGGCGAAATGGCACTTAATAAACTTTCGCAACCAG
TGCCACATCCATCTGAATTGATTAAACCCGCCACTGCATGCGGGCCT
GATATAGGAGTGGAAAAGGACACTGTCCGTGCATTGATCATGTCACG
CCCAATGCACCCGAGTTCTTCAGCCAAGCTCCTAAGCAAGTTAGATG
CAGCCGGGTCGATCGAGGAAATCAGGAAAATCAAGCGCCTTGCTCTA
AATGGCTAATTACTACTGCCACACGTAGCGGGTCCCTGTCCACTCGG
CATCACACGGAATCTGCACCGAGTTCCCCCCCGCGGTTAGAAAAAAT
ACGGGTAGAACCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCAC
CGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCC
ACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGC
AAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCC
CTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCA
GCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCC
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ATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGA
CGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCC
TGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGC
AACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGT
CTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCA
AGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCAC
TACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGA
CAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACG
AGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGG
ATCACTCTCGGCATGGACGAGCTGTACAAGTGACCCGCGGACCCAAG
GTCCAACTCTCCAAGCGGCAATCCTCTCTCGCTTCCTCAGCCCCACT
GAATGATCGCGTAACCGTAATTAATCTAGCTACATTTAAGATTAAGA
AAAAATACGGGTAGAATTGGAGTGCCCCAATTGTGCCAAGATGGACT
CATCTAGGACAATTGGGCTGTACTTTGATTCTGCCCATTCTTCTAGC
AACCTGTTAGCATTTCCGATCGTCCTACAAGACACAGGAGATGGGAA
GAAGCAAATCGCCCCGCAATATAGGATCCAGCGCCTTGACTTGTGGA
CTGATAGTAAGGAGGACTCAGTATTCATCACCACCTATGGATTCATC
TTTCAAGTTGGGAATGAAGAAGCCACCGTCGGCATGATCGATGATAA
ACCCAAGCGCGAGTTACTTTCCGCTGCGATGCTCTGCCTAGGAAGCG
TCCCAAATACCGGAGACCTTATTGAGCTGGCAAGGGCCTGTCTCACT
ATGATAGTCACATGCAAGAAGAGTGCAACTAATACTGAGAGAATGGT
TTTCTCAGTAGTGCAGGCACCCCAAGTGCTGCAAAGCTGTAGGGTTG
TGGCAAACAAATACTCATCAGTGAATGCAGTCAAGCACGTGAAAGCG
CCAGAGAAGATTCCCGGGAGTGGAACCCTAGAATACAAGGTGAACTT
TGTCTCCTTGACTGTGGTACCGAAGAGGGATGTCTACAAGATCCCAG
CTGCAGTATTGAAGGTTTCTGGCTCGAGTCTGTACAATCTTGCGCTC
AATGTCACTATTAATGTGGAGGTAGACCCGAGGAGTCCTTTGGTTAA
ATCTCTGTCTAAGTCTGACAGCGGATACTATGCTAACCTCTTCTTGC
ATATTGGACTTATGACCACTGTAGATAGGAAGGGGAAGARAAGTGACA
TTTGACAAGCTGGAAAAGAARATAAGGAGCCTTGATCTATCTGTCGG
GCTCAGTGATGTGCTCGGGCCTTCCGTGTTGGTAAAAGCAAGAGGTG
CACGGACTAAGCTTTTGGCACCTTTCTTCTCTAGCAGTGGGACAGCC
TGCTATCCCATAGCAAATGCTTCTCCTCAGGTGGCCAARGATACTCTG
GAGTCAAACCGCGTGCCTGCGGAGCGTTAAAATCATTATCCAAGCAG
GTACCCAACGCGCTGTCGCAGTGACCGCCGACCACGAGGTTACCTCT
ACTAAGCTGGAGAAGGGGCACACCCTTGCCAAATACAATCCTTTTAA
GAAATAAGCTGCGTCTCTGAGATTGCGCTCCGCCCACTCACCCAGAT
CATCATGACACAAAARAACTAATCTGTCTTGATTatttacagttagtt
tacctgtctatcaagttagaaaaaacacgggtagaagattctggate
ccggttggegeccteccaggtgecaagATGAATCAAGCACTCGTGATTT
TCGTTGGTATCTTTCCAGCTCGGCGTTGCCTTAGATAACTCAGTGTTG
GCTCCAATAGGAGTAGCTAGCGCACAGGAGTGGCAACTGGCGGCATA
TACAACGACCCTCACAGGGACCATCGCAGTGAGATTTATCCCGGTCC
TGCCTGGGAACCTATCAACATGTGCACAGGAGACGCTGCAGGAATAT
AATAGAACTGTGACTAATATCTTAGGCCCGTTGAGAGAGAACTTGGA
TGCTCTCCTATCTGACTTCGATAAACCTGCATCGAGGTTCGTGGGCG
CCATCATTGGGTCGGTGGCCTTGGGGGTAGCAACAGCTGCACARATC
ACAGCCGCCGTGGCTCTCAATCAAGCACAAGAGAATGCCCGGAATAT
ATGGCGTCTCAAGGAATCGATAAAGAAAACCAATGCGGCTGTGTTGG
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AATTGAAGGATGGACTTGCAACGACTGCTATAGCTTTGGACAAAGTG
CAAAAGTTTATCAATGATGATATTATACCACAGATTAAGGACATTGA
CTGCCAGGTAGTTGCAAATARATTAGGCGTCTACCTCTCCTTATACT
TAACAGAGCTTACAACTGTATTTGGTTCTCAGATCACTAATCCTGCA
TTATCAACGCTCTCTTACCAGGCGCTGTACAGCTTATGTGGAGGGGA
TATGGGAAAGCTAACTGAGCTGATCGGTGTCAATGCARAGGATGTGG
GATCCCTCTACGAGGCTAACCTCATAACCGGCCAAATCGTTGGATAT
GACCCTGAACTACAGATAATCCTCATACAAGTATCTTACCCAAGTGT
GTCTGAAGTGACAGGAGTCCGGGCTACTGAGTTAGTCACTGTCAGTG
TCACTACACCAAAAGGAGAAGGGCAGGCAATTGTTCCGAGATATGTG
GCACAGAGTAGAGTGCTGACAGAGGAGTTGGATGTCTCGACTTGTAG
GTTTAGCAAAACAACTCTTTATTGTAGGTCGATTCTCACACGGCCCC
TACCAACTTTGATCGCCAGCTGCCTGTCAGGGAAGTACGACGATTGT
CAGTACACAACAGAGATAGGAGCGCTATCTTCGAGATTCATCACAGT
CAATGGTGGAGTCCTTGCAAACTGCAGAGCAATTGTGTGTAAGTGTG
TCTCACCCCCGCATATAATACCACARARACGACATTGGCTCCGTAACA
GTTATTGACTCAAGTATATGCAAGGAAGTTGTCTTAGAGAGTGTGCA
GCTTAGGTTAGAAGGAAAGCTGTCATCCCAATACTTCTCCAACGTGA
CAATTGACCTTTCCCAAATCACAACGTCAGGGTCGCTGGATATAAGC
AGTGAAATTGGTAGCATTAACAACACAGTTAATCGGGTCGACGAGTT
AATCAAGGAATCCAACGAGTGGCTGAACGCTGTGAACCCCCGCCTTG
TGAACAATACGAGCATCATAGTCCTCTGTGTCCTTGCCGCCCTGATT
ATTGTCTGGCTAATAGCGCTGACAGTATGCTTCTGTTACTCCGCAAG
ATACTCAGCTAAGTCAAAACAGATGAGGGGCGCTATGACAGGGATCG
ATAATCCATATGTAATACAGAGTGCAACTAAGATGtgaacacagatyg
aggaacgaaggtttccecctaatagtaatttgtgtgaaagttctggtag
tctgtcagttcagagagttaagaaaaaactaccggttgtagatgacce
aaaggacgatatacgggtagaacggtaagagaggccgeccecctcaatt
gcgagccaggcttcacaacctececgttcectacecgettcaccgacaacag
tcctcaatcATGCGATTTCCCATCTAGGGAGAACCTGGCAGCAGGTGA
CATATCGGGGCGGAAGACTTGGAGATTACTGTTCCGGATCCTCACAT
TGAGCATAGGTGTGCTCTGTCTTGCCATCAATATTGCCACAATTGCA
AAATTGGATCACCTGGATAACATGGCTTCGAACACATGGACAACAAC
TGAGGCTGACCGTGTGATATCTAGCATCACGACTCCGCTCAAAGTCC
CTGTCAACCAGATTAATGACATGTTTCGGATTGTAGCGCTTGACCTA
CCTCTGCAGATGACATCATTACAGAAAGAAATAACATCCCAAGTCGG
GTTCTTGGCTGAAAGTATCAACAATGTTTTATCCAAGAATGGATCTG
CAGGCCTGGTTCTTGTTAATGACCCTGAATATGCAGGGGGGATCGCT
GTCAGCTTGTACCAAGGAGATGCATCTGCAGGCCTAAATTTCCAGCC
CATTTCTTTAATAGAACATCCAAGTTTTGTCCCTGGTCCTACTACTG
CTAAGGGCTGTATAAGGATCCCGACCTTCCATATGGGCCCTTCACAT
TGCGTGTTACTCACATAACATCATTGCATCAGCTTGCCAGGATGCGAG
CCACTCCAGTATGTATATCTCTCTGCGGGGCTGCTGAAAGCATCGCAGA
CCGGGTCGCCTATCTTCTTGACAACGGCCAGCCATCTCCTGGATGAC
AACATCAACCGGAAGTCATGCAGCATCGTAGCCTCAAAATACGGTTG
TGATATCCTATGCAGTATTGTGATTGAAACAGAGAATGAGGATTATA
GGTCTGATCCGGCTACTAGCATGATTATAGGTAGGCTGTTCTTCAAC
GGGTCATACACAGAGAGCAAGATTAACACAGGGTCCATCTTCAGTCT
ATTCTCTGCTAACTACCCTGCGGTGGGGTCGGGTATTGTAGTCGGGG
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ATGAAGCCGCATTCCCAATATATGGTGGGGCGTCAAGCAGAARCACATGG
TTGTTCAACCAGCTCAAGGATTTTGCGTTACTTCACCCATAATGATGT
GTACAAGTGCAATCGGACTGATATACAGCAAACTATCCTGGATGCAT
ACAGGCCACCTAAAATCTCAGGAAGGCGTTATGGGTACAAGGCATCCTA
TTGTGCCCAGTTTCACTGAGACCTGATCCTGGCTGTCGCTTAAAGGT
GTTCAATACCAGCAATGTGATGATGGGGGCGCAGAAGCGAGGTTGATCC
AAGTAGGCTCAACCGTGTATCTATACCAACGCTCATCCTCATGGTGG
GTGGTAGGACTGACTTACAAATTAGATGTGTCAGAAATAACTTCACA
GACAGGTAACACACTCAACCATGTAGACCCCATTGCCCATACAAAGT
TCCCAAGACCATCTTTCAGGCGAGATGCGCTCGTGCGAGGCCARACATA
TGCCCTGCTGTCTGTGTCTCCGGAGTTTATCAGGACATTTGGCCGAT
CAGTACAGCCACCAATAACAGCAACATTGTCGTGGGTTGGACAGTACT
TAGAAGCATTCTATTCCAGGAAAGACCCAAGAATAGGGATAGCAACC
CAGTATGAGTGGAAAGTCACCAACCAGCTGTTCAATTCGAATACTGA
GGGAGGGTACTCAACCACAACATGCTTCCGGAACACCAAACGGGACA
AGGCATATTGTGTAGTGATATCAGAGTACGCTGATGGGGTGTTCGGA
TCATACAGGATCGTTCCTCAGCTTATAGAGATTAGAACAACCACCGG
TAAATCTGAGtagttgagtcaattataaaggagttggaaagatggceca
ttgtatcacctatcttctgecgacatcaagaatcaAACCGAATGCCGG
CGCGTGCTCGAATTCCATGTTGCCAGTTGACCACAATCAGCCAGTGC
TCATGCGATCAGATTAAGCCTTGTCAATAGTCTCTTGATTAAGAAAA
AATGTAAGTGGCAATGAGATACAAGGCAAAACAGCTCATGGTTAACA
ATACGGGTAGGACATGGCGAGCTCCGGTCCTGARAGGGCAGAGCATC
AGATTATCCTACCAGAGTCACACCTGTCTTCACCATTGGTCAAGCAC
AAACTACTCTATTACTGGAAATTAACTGGGCTACCGCTTCCTGATGA
ATGTGACTTCGACCACCTCATTCTCAGCCGACAATGGAAARAAATAC
TTGAATCGGCCTCTCCTGATACTGAGAGAATGATAAARCTCGGAAGG
GCAGTACACCAAACTCTTAACCACAATTCCAGAATAACCGGAGTGCT
CCACCCCAGGTGTTTAGAAGAACTGGCTAATATTGAGGTCCCAGATT
CAACCAACAAATTTCGGAAGATTGAGAAGAAGATCCAAATTCACAAC
ACGAGATATGGAGAACTGTTCACAAGGCTGTGTACGCATATAGAGAA
GAAACTGCTGGGGTCATCTTGGTCTAACAATGTCCCCCGGTCAGAGG
AGTTCAGCAGCATTCGTACGGATCCGGCATTCTGGTTTCACTCAARA
TGGTCCACAGCCAAGTTTGCATGGCTCCATATAAAACAGATCCAGAG
GCATCTGATGGTGGCAGCTAGGACAAGGTCTGCGGCCAACAAATTGG
TGATGCTAACCCATAAGGTAGGCCAAGTCTTTGTCACTCCTGAACTT
GTCGTTGTGACGCATACGAATGAGAARCAAGTTCACATGTCTTACCCA
GGAACTTGTATTGATGTATGCAGATATGATGGAGGGCAGAGATATGG
TCAACATAATATCAACCACGGCGGTGCATCTCAGAAGCTTATCAGAG
AAAATTGATGACATTTTGCGGTTAATAGACGCTCTGGCAARAAGACTT
GGGTAATCAAGTCTACGATGTTGTATCACTAATGGAGGGATTTGCAT
ACGGAGCTGTCCAGCTACTCGAGCCGTCAGGTACATTTGCAGGAGAT
TTCTTCGCATTCAACCTGCAGGAGCTTAAAGACATTCTAATTGGCCT
CCTCCCCAATGATATAGCAGAATCCGTGACTCATGCAATCGCTACTG
TATTCTCTGGTTTAGAACAGAATCAAGCAGCTGAGATGTTGTGTCTG
TTGCGTCTGTGGGGTCACCCACTGCTTGAGTCCCGTATTGCAGCARAA
GGCAGTCAGGAGCCAAATGTGCGCACCGAAAATGGTAGACTTTGATA
TGATCCTTCAGGTACTGTCTTTCTTCAAGGGAACAATCATCAACGGG
TACAGAAAGAAGAATGCAGGTGTGTGGCCGCGAGTCARAGTGGATAC
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AATATATGGGAAGGTCATTGGGCAACTACATGCAGATTCAGCAGAGA
TTTCACACGATATCATGTTGAGAGAGTATAAGAGTTTATCTGCACTT
GAATTTGAGCCATGTATAGAATATGACCCTGTCACCAACCTGAGCAT
GTTCCTAAAAGACAAGGCAATCGCACACCCCAACGATAATTGGCTTG
CCTCGTTTAGGCGGAACCTTCTCTCCGAAGACCAGAAGAAACATGTA
AAAGAAGCAACTTCGACTAATCGCCTCTTGATAGAGTTTTTAGAGTC
AAATGATTTTGATCCATATAAAGAGATGGAATATCTGACGACCCTTG
AGTACCTTAGAGATGACAATGTGGCAGTATCATACTCGCTCAAGGAG
AAGGAAGTGAAAGTTAATGGACGGATCTTCGCTAAGCTGACAAAGAA
GTTAAGGAACTGTCAGGTGATGGCGGAAGGGATCCTAGCCGATCAGA
TTGCACCTTTCTTTCAGGGAAATGGAGTCATTCAGGATAGCATATCC
TTGACCAAGAGTATGCTAGCGATGAGTCAACTGTCTTTTAACAGCAA
TAAGAAACGTATCACTGACTGTAAAGAAAGAGTATCTTCAAACCGCA
ATCATGATCCGAAAAGCAAGAACCGTCGGAGAGTTGCAACCTTCATA
ACAACTGACCTGCAAAAGTACTGTCTTAATTGGAGATATCAGACAAT
CAAATTGTTCGCTCATGCCATCAATCAGTTGATGGGCCTACCTCACT
TCTTCGAATGGATTCACCTAAGACTGATGGACACTACGATGTTCGTA
GGAGACCCTTTCAATCCTCCAAGTGACCCTACTGACTGTGACCTCTC
AAGAGTCCCTAATGATGACATATATATTGTCAGTGCCAGAGGGGGTA
TCGAAGGATTATGCCAGAAGCTATGGACAATGATCTCAATTGCTGCA
ATCCAACTTGCTGCAGCTAGATCGCATTGTCGTGTTGCCTGTATGGT
ACAGGGTGATAATCAAGTAATAGCAGTAACGAGAGAGGTAAGATCAG
ACGACTCTCCGGAGATGGTGTTGACACAGTTGCATCAAGCCAGTGAT
AATTTCTTCAAGGAATTAATTCATGTCAATCATTTGATTGGCCATAA
TTTGAAGGATCGTGAAACCATCAGGTCAGACACATTCTTCATATACA
GCAAACGAATCTTCAAAGATGGAGCAATCCTCAGTCAAGTCCTCAAA
AATTCATCTAAATTAGTGCTAGTGTCAGGTGATCTCAGTGAAARACAC
CGTAATGTCCTGTGCCAACATTGCCTCTACTGTAGCACGGCTATGCG
AGAACGGGCTTCCCAAAGACTTCTGTTACTATTTAAACTATATAATG
AGTTGTGTGCAGACATACTTTGACTCTGAGTTCTCCATCACCAACAA
TTCGCACCCCGATCTTAATCAGTCGTGGATTGAGGACATCTCTTTTG
TGCACTCATATGTTCTGACTCCTGCCCAATTAGGGGGACTGAGTAAC
CTTCAATACTCAAGGCTCTACACTAGAAATATCGGTGACCCGGGGAC
TACTGCTTTTGCAGAGATCAAGCGACTAGAAGCAGTGGGATTACTGA
GTCCTAACATTATGACTAATATCTTAACTAGGCCGCCTGGGAATGGA
GATTGGGCCAGTCTGTGCAACGACCCATACTCTTTCAATTTTGAGAC
TGTTGCAAGCCCAAATATTGTTCTTAAGAAACATACGCAAAGAGTCC
TATTTGAAACTTGTTCAAATCCCTTATTGTCTGGAGTGCACACAGAG
GATAATGAGGCAGAAGAGAAGGCATTGGCTGAATTCTTGCTTAATCA
AGAGGTGATTCATCCCCGCGTTGCGCATGCCATCATGGAGGCAAGCT
CTGTAGGTAGGAGAAAGCAAATTCAAGGGCTTGTTGACACAACAAAC
ACCGTAATTAAGATTGCGCTTACTAGGAGGCCATTAGGCATCAAGAG
GCTGATGCGGATAGTCAATTATTCTAGCATGCATGCAATGCTGTTTA
GAGACGATGTTTTTTCCTCCAGTAGATCCAACCACCCCTTAGTCTCT
TCTAATATGTGTTCTCTGACACTGGCAGACTATGCACGGAATAGAAG
CTGGTCACCTTTGACGGGAGGCAGGAAAATACTGGGTGTATCTAATC
CTGATACGATAGAACTCGTAGAGGGTGAGATTCTTAGTGTAAGCGGA
GGGTGTACAAGATGTGACAGCGGAGATGAACAATTTACTTGGTTCCA
TCTTCCAAGCAATATAGAATTGACCGATGACACCAGCAAGAATCCTC
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CGATGAGGGTACCATATCTCGGGTCAAAGACACAGGAGAGGAGAGCT
GCCTCACTTGCAAAAATAGCTCATATGTCGCCACATGTAAAGGCTGC
CCTAAGGGCATCATCCGTGTTGATCTGGGCTTATGGGGATAATGAAG
TAAATTGGACTGCTGCTCTTACGATTGCAAAATCTCGGTGTAATGTA
AACTTAGAGTATCTTCGGTTACTGTCCCCTTTACCCACGGCTGGGAA
TCTTCAACATAGACTAGATGATGGTATAACTCAGATGACATTCACCC
CTGCATCTCTCTACAGGGTGTCACCTTACATTCACATATCCAATGAT
TCTCAAAGGCTGTTCACTGAAGAAGGAGTCAAAGAGGGGAATGTGGT
TTACCAACAGATCATGCTCTTGGGTTTATCTCTAATCGAATCGATCT
TTCCAATGACAACAACCAGGACATATGATGAGATCACACTGCACCTA
CATAGTAAATTTAGTTGCTGTATCAGAGAAGCACCTGTTGCGGTTCC
TTTCGAGCTACTTGGGGTGGTACCGGAACTGAGGACAGTGACCTCAA
ATAAGTTTATGTATGATCCTAGCCCTGTATCGGAGGGAGACTTTGCG
AGACTTGACTTAGCTATCTTCAAGAGTTATGAGCTTAATCTGGAGTC
ATATCCCACGATAGAGCTAATGAACATTCTTTCAATATCCAGCGGGA
AGTTGATTGGCCAGTCTGTGGTTTCTTATGATGAAGATACCTCCATA
AAGAATGACGCCATAATAGTGTATGACAATACCCGAAATTGGATCAG
TGAAGCTCAGAATTCAGATGTGGTCCGCCTATTTGAATATGCAGCAC
TTGAAGTGCTCCTCGACTGTTCTTACCAACTCTATTACCTGAGAGTA
AGAGGCCTGGACAATATTGTCTTATATATGGGTGATTTATACAAGAA
TATGCCAGGAATTCTACTTTCCAACATTGCAGCTACAATATCTCATC
CCGTCATTCATTCAAGGTTACATGCAGTGGGCCTGGTCAACCATGAC
GGATCACACCAACTTGCAGATACGGATTTTATCGAAATGTCTGCAAA
ACTATTAGTATCTTGCACCCGACGTGTGATCTCCGGCTTATATTCAG
GAAATAAGTATGATCTGCTGTTCCCATCTGTCTTAGATGATAACCTG
AATGAGAAGATGCTTCAGCTGATATCCCGGTTATGCTGTCTGTACAC
GGTACTCTTTGCTACAACAAGAGAAATCCCGAAAATARAGAGGCTTAA
CTGCAGAAGAGAAATGTTCAATACTCACTGAGTATTTACTGTCGGAT
GCTGTGAAACCATTACTTAGCCCCGATCAAGTGAGCTCTATCATGTC
TCCTAACATAATTACATTCCCAGCTAATCTGTACTACATGTCTCGGA
AGAGCCTCAATTTGATCAGGGAAAGGGAGGACAGGGATACTATCCTG
GCGTTGTTGTTCCCCCAAGAGCCATTATTAGAGTTCCCTTCTGTGCA
AGATATTGGTGCTCGAGTGAAAGATCCATTCACCCGACAACCTGCGG
CATTTTTGCAAGAGTTAGATTTGAGTGCTCCAGCAAGGTATGACGCA
TTCACACTTAGTCAGATTCATCCTGAACTCACATCTCCAAATCCGGA
GGAAGACTACTTAGTACGATACTTGTTCAGAGGGATAGGGACTGCAT
CTTCCTCTTGGTATAAGGCATCTCATCTCCTTTCTGTACCCGAGGTA
AGATGTGCAAGACACGGGAACTCCTTATACTTAGCTGAAGGGAGCGG
AGCCATCATGAGTCTTCTCGAACTGCATGTACCACATGAAACTATCT
ATTACAATACGCTCTTTTCAAATGAGATGAACCCCCCGCAACGACAT
TTCGGGCCGACCCCAACTCAGTTTTTGAATTCGGTTGTTTATAGGAA
TCTACAGGCGGAGGTAACATGCAAAGATGGATTTGTCCAAGAGTTCC
GTCCATTATGGAGAGAAAATACAGAGGAAAGCGACCTGACCTCAGAT
AAAGTAGTGGGGTATATTACATCTGCAGTGCCCTACAGATCTGTATC
ATTGCTGCATTGTGACATTGAAATTCCTCCAGGGTCCAATCAAAGCT
TACTAGATCAACTAGCTATCAATTTATCTCTGATTGCCATGCATTCT
GTAAGGGAGGGCGGGGTAGTAATCATCAAAGTGTTGTATGCAATGGG
ATACTACTTTCATCTACTCATGAACTTGTTTGCTCCGTGTTCCACAA
AAGGATATATTCTCTCTAATGGTTATGCATGTCGAGGAGATATGGAG
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TGTTACCTGGTATTTGTCATGGGTTACCTGGGCGGGCCTACATTTGT
ACATGAGGTGGTGAGGATGGCGARAACTCTGGTGCAGCGGCACGGTA
CGCTTTTGTCTAAATCAGATGAGATCACACTGACCAGGTTATTCACC
TCACAGCGGCAGCGTGTGACAGACATCCTATCCAGTCCTTTACCAAG
ATTAATAAAGTACTTGAGGAAGAATATTGACACTGCGCTGATTGAAG
CCGGGGGACAGCCCGTCCGTCCATTCTGTGCGGAGAGTCTGGTGAGC
ACGCTAGCGAACATAACTCAGATAACCCAGATCATCGCTAGTCACAT
TGACACAGTTATCCGGTCTGTGATATATATGGAAGCTGAGGGTGATC
TCGCTGACACAGTATTTCTATTTACCCCTTACAATCTCTCTACTGAC
GGGAAAAAGAGGACATCACTTAAACAGTGCACGAGACAGATCCTAGA
GGTTACAATACTAGGTCTTAGAGTCGAAAATCTCAATAAAATAGGCG
ATATAATCAGCCTAGTGCTTAAAGGCATGATCTCCATGGAGGACCTT
ATCCCACTAAGGACATACTTGAAGCATAGTACCTGCCCTAAATATTT
GAAGGCTGTCCTAGGTATTACCAAACTCAAAGAAATGTTTACAGACA
CTTCTGTACTGTACTTGACTCGTGCTCAACAAAAATTCTACATGAARA
ACTATAGGCAATGCAGTCAAAGGATATTACAGTAACTGTGACTCTTA
ACGAAAATCACATATTAATAGGCTCCTTTTTTGGCCAATTGTATTCT
TGTTGATTTAATCATATTATGTTAGAAARAAGTTGAACCCTGACTCC
TTAGGACTCGAATTCGAACTCAAATAAATGTCTTAAAAAAAGGTTGC
GCACAATTATTCTTGAGTGTAGTCTCGTCATTCACCAAATCTTTGTT
TGGTGCGCGCGGCCGGCATGGTCCCAGCCTCCTCGCTGGCGCCGGLCT
GGGCAACATTCCGAGGGGACCGTCCCCTCGGTAATGGCGAATGGGAC
GTCGACTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCA
CCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTC
TTGAGGGGTTTTTTGCTGAAAGGAGGAACTATATGCGCGCAGATCTG
TCATGATGATCATTGCAATTGGATCCATATATAGGGCCCGGGTTATA
ATTACCTCAGGTCGACGTCCCATGGCCATTCGAATTCGTAATCATGG
TCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACA
CAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAAT
GAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTC
CAGTCGGGARAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACG
CGCGGGGAGAGGCGGTTTGCGTATTGGGCGLC

NDV-
APMV3-
GFP:
APMV3/Tu
rkey/Wisco
nsin/68
(GFP-
encoding
sequence is
in bold and
italics,
APMV3F
protein-
encoding
sequence is
underline,

TCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTC
GGCTGCGGCGAGCGGTATCAGCTCACTCARAAGGCGGTAATACG
GTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGA
GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGT
TGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCA
CAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGA
CTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGC
GCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGC
CTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGC
TGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG
GCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTT
ATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGAC
TTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAG
CGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCC
TAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCT
CTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTT
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and GATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGT
APMV3 TTGCAAGCAGCAGATTACGCGCAGAAAAAANGGATCTCAAGAA
HN- GATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACG
mmo&ng AAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAG
sapwnaﬁs GATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAA
double TCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACC
undmﬁnaD AATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATT

TCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACT
ACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGA
TACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAAT
ARNCCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCA
ACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAG
CTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGT
TGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGT
ATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTA
CATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGG
TCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCA
CTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGC
CATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAA
GTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGC
CCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTT
TAARAGTGCTCATCATTGGAARACGTTCTTCGGGGCGAARACT
CTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCC
ACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCA
GCGTTTCTGGGTGAGCAAAANCAGGAAGGCAAAATGCCGCARAA
ARNGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTC
TTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTC
TCATGAGCGGATACATATTTGAATGTATTTAGAAARAATARAACA
AATAGGGGTTCCGCGCACATTTCCCCGAARAGTGCCACCTGAC
GTCTAAGAAACCATTATTATCATGACATTAACCTATAAARAATA
GGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGA
CGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACA
GCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGG
GCGCGTCAGCGGGTGTTGGCGEGETGTCGGEGCTGGCTTAACTA
TGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATAARATT
GTAAACGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTT
AAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAAT
CCCTTATAAATCAAAAGAATAGCCCGAGATAGGGTTGAGTGTT
GTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACT
CCAACGTCAAAGGGCGAAAANCCGTCTATCAGGGCGATGGCCC
ACTACGTGAACCATCACCCAAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGAT
TTAGAGCTTGACGGGGARAAGCCGGCGAACGTGGCGAGAAAGGA
AGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGT
GTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTA
ATGCGCCGCTACAGGGCGCGTACTATGGTTGCTTTGACGTATG
CGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCA
TCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGG
GCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGARAA
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GGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGT
TTTCCCAGTCACGACGTTGTAAARACGACGGCCAGTGCCAAGCT
TTAATACGACTCACTATAGGGAGATTGGTCTGATGAGTCCGTG
AGGACGAAACGGAGTCTAGACTCCGTCACCAAACAGAGAATCC
GTGAGTTACGATAAAAGGCGAAGGAGCAATTGAAGTCGCACGG
GTAGAAGGTGTGAATCTCGAGTGCGAGCCCGAAGCACAAACTC
GAGAAAGCCTTCTGCCAACATGTCTTCCGTATTTGATGAGTAC
GAACAGCTCCTCGCGGCTCAGACTCGCCCCAATGGAGCTCATG
GAGGGGGAGAAAAAGGGAGTACCTTAAAAGTAGACGTCCCGGT
ATTCACTCTTAACAGTGATGACCCAGAAGATAGATGGAGCTTT
GTGGTATTCTGCCTCCGGATTGCTGTTAGCGAAGATGCCAACA
AACCACTCAGGCAAGGTGCTCTCATATCTCTTTTATGCTCCCA
CTCACAGGTAATGAGGAACCATGTTGCCCTTGCAGGGAAACAG
AATGAAGCCACATTGGCCGTGCTTGAGATTGATGGCTTTGCCA
ACGGCACGCCCCAGTTCAACAATAGGAGTGGAGTGTCTGAAGA
GAGAGCACAGAGATTTGCGATGATAGCAGGATCTCTCCCTCGG
GCATGCAGCAACGGAACCCCGTTCGTCACAGCCGGGGCCGAAG
ATGATGCACCAGAAGACATCACCGATACCCTGGAGAGGATCCT
CTCTATCCAGGCTCAAGTATGGGTCACAGTAGCAAAAGCCATG
ACTGCGTATGAGACTGCAGATGAGTCGGARACAAGGCGAATCA
ATAAGTATATGCAGCAAGGCAGGGTCCAAAAGAAATACATCCT
CTACCCCGTATGCAGGAGCACAATCCAACTCACGATCAGACAG
TCTCTTGCAGTCCGCATCTTTTTGGTTAGCGAGCTCAAGAGAG
GCCGCAACACGGCAGGTGGTACCTCTACTTATTATAACCTGGT
AGGGGACGTAGACTCATACATCAGGAATACCGGGCTTACTGCA
TTCTTCTTGACACTCAAGTACGGAATCAACACCAAGACATCAG
CCCTTGCACTTAGTAGCCTCTCAGGCGACATCCAGAAGATGAA
GCAGCTCATGCGTTTGTATCGGATGAAAGGAGATAATGCGCCG
TACATGACATTACTTGGTGATAGTGACCAGATGAGCTTTGCGC
CTGCCGAGTATGCACAACTTTACTCCTTTGCCATGGGTATGGC
ATCAGTCCTAGATAAAGGTACTGGGAAATACCAATTTGCCAGG
GACTTTATGAGCACATCATTCTGGAGACTTGGAGTAGAGTACG
CTCAGGCTCAGGGAAGTAGCATTAACGAGGATATGGCTGCCGA
GCTAAAGCTAACCCCAGCAGCAAGGAGGGGCCTGGCAGCTGCT
GCCCAACGGGTCTCCGAGGAGACCAGCAGCATAGACATGCCTA
CTCAACAAGTCGGAGTCCTCACTGGGCTTAGCGAGGGGGGGETC
CCAAGCTCTACAAGGCGGATCGAATAGATCGCAAGGGCAACCA
GAAGCCGGGGATGGGGAGACCCAATTCCTGGATCTGATGAGAG
CGGTAGCAAATAGCATGAGGGAGGCGCCARAACTCTGCACAGGG
CACTCCCCAATCGGGGCCTCCCCCAACTCCTGGGCCATCCCAA
GATAACGACACCGACTGGGGGTATTGATGGACAAAACCCAGCC
TGCTTCCACAARARCATCCCAATGCCCTCACCCGTAGTCGACC
CCTCGATTTGCGGCTCTATATGACCACACCCTCAAACAAACAT
CCCCCTCTTTCCTCCCTCCCCCTGCTGTACAACTACGTACGCC
CTAGATACCACAGGCACAATGCGGCTCACTAACAATCAARANACA
GAGCCGAGGGAATTAGAAAANAGTACGGGTAGAAGAGGGATAT
TCAGAGATCAGGGCAAGTCTCCCGAGTCTCTGCTCTCTCCTCT
ACCTGATAGACCAGGACAAACATGGCCACCTTTACAGATGCAG
AGATCGACGAGCTATTTGAGACAAGTGGAACTGTCATTGACAA

193




WO 2022/232052 PCT/US2022/026185
.. SEQ ID
Description Sequence N%.

CATAATTACAGCCCAGGGTAAACCAGCAGAGACTGTTGGAAGG
AGTGCAATCCCACAAGGCAAGACCAAGGTGCTGAGCGCAGCAT
GGGAGAAGCATGGGAGCATCCAGCCACCGGCCAGTCAAGACAA
CCCCGATCGACAGGACAGATCTGACAAACAACCATCCACACCC
GAGCAAACGACCCCGCATGACAGCCCGCCGGCCACATCCGCCG
ACCAGCCCCCCACCCAGGCCACAGACGAAGCCGTCGACACACA
GCTCAGGACCGGAGCAAGCAACTCTCTGCTGTTGATGCTTGAC
AAGCTCAGCAATAAATCGTCCAATGCTAAAAAGGGCCCATGGT
CGAGCCCCCAAGAGGGGAATCACCAACGTCCGACTCAACAGCA
GGGGAGTCAACCCAGTCGCGGAAACAGTCAGGARAAGACCGCAG
AACCAAGTCAAGGCCGCCCCTGGAAACCAGGGCACAGACGTGA
ACACAGCATATCATGGACAATGGGAGGAGTCACAACTATCAGC
TGGTGCAACCCCTCATGCTCTCCGATCAAGGCAGAGCCAAGAC
AATACCCTTGTATCTGCGGATCATGTCCAGCCACCTGTAGACT
TTGTGCAAGCGATGATGTCTATGATGGAGGCGATATCACAGAG
AGTAAGTAAGGTTGACTATCAGCTAGATCTTGTCTTGAAACAG
ACATCCTCCATCCCTATGATGCGGTCCGARATCCAACAGCTGA
ARAACATCTGTTGCAGTCATGGAAGCCAACTTGGGAATGATGAA
GATTCTGGATCCCGGTTGTGCCAACATTTCATCTCTGAGTGAT
CTACGGGCAGTTGCCCGATCTCACCCGGTTTTAGTTTCAGGCC
CTGGAGACCCCTCTCCCTATGTGACACAAGGAGGCGAAATGGC
ACTTAATAAACTTTCGCAACCAGTGCCACATCCATCTGAATTG
ATTAAACCCGCCACTGCATGCGGGCCTGATATAGGAGTGGARAA
AGGACACTGTCCGTGCATTGATCATGTCACGCCCAATGCACCC
GAGTTCTTCAGCCAAGCTCCTAAGCAAGTTAGATGCAGCCGGG
TCGATCGAGGAAATCAGGAAAATCAAGCGCCTTGCTCTAAATG
GCTAATTACTACTGCCACACGTAGCGGGTCCCTGTCCACTCGG
CATCACACGGAATCTGCACCGAGTTCCCCCCCGCGGTTAGARAA
ARATACGGGTAGAACCGCCACCATGGTGAGCAAGGGCGAGGAG
CTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCG
ACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGG
CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACC
ACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCC
TGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACAT
GAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTAC
GTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACA
AGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAA
CCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAAC
ATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACG
TCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAA
CTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTC
GCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGLCCCCG
TGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCT
GAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTG
GAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGC
TGTACAAGTGACCCGCGGACCCAAGGTCCAACTCTCCAAGCGG
CAATCCTCTCTCGCTTCCTCAGCCCCACTGAATGATCGCGTAA
CCGTAATTAATCTAGCTACATTTAAGATTAAGAAAAAATACGG
GTAGAATTGGAGTGCCCCAATTGTGCCAAGATGGACTCATCTA
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GGACAATTGGGCTGTACTTTGATTCTGCCCATTCTTCTAGCAA
CCTGTTAGCATTTCCGATCGTCCTACAAGACACAGGAGATGGG
AAGAAGCAAATCGCCCCGCAATATAGGATCCAGCGCCTTGACT
TGTGGACTGATAGTAAGGAGGACTCAGTATTCATCACCACCTA
TGGATTCATCTTTCAAGTTGGGAATGAAGAAGCCACCGTCGGC
ATGATCGATGATAAACCCAAGCGCGAGTTACTTTCCGCTGCGA
TGCTCTGCCTAGGAAGCGTCCCAAATACCGGAGACCTTATTGA
GCTGGCAAGGGCCTGTCTCACTATGATAGTCACATGCAAGAAG
AGTGCAACTAATACTGAGAGAATGGTTTTCTCAGTAGTGCAGG
CACCCCAAGTGCTGCAAAGCTGTAGGGTTGTGGCAAACAAATA
CTCATCAGTGAATGCAGTCAAGCACGTGAAAGCGCCAGAGAAG
ATTCCCGGGAGTGGAACCCTAGAATACAAGGTGAACTTTGTCT
CCTTGACTGTGGTACCGAAGAGGGATGTCTACAAGATCCCAGC
TGCAGTATTGAAGGTTTCTGGCTCGAGTCTGTACAATCTTGCG
CTCAATGTCACTATTAATGTGGAGGTAGACCCGAGGAGTCCTT
TGGTTAAATCTCTGTCTAAGTCTGACAGCGGATACTATGCTAA
CCTCTTCTTGCATATTGGACTTATGACCACTGTAGATAGGAAG
GGGAAGAAAGTGACATTTGACAAGCTGGAAAAGAAAATAAGGA
GCCTTGATCTATCTGTCGGGCTCAGTGATGTGCTCGGGCCTTC
CGTGTTGGTAAAAGCAAGAGGTGCACGGACTAAGCTTTTGGCA
CCTTTCTTCTCTAGCAGTGGGACAGCCTGCTATCCCATAGCAA
ATGCTTCTCCTCAGGTGGCCAAGATACTCTGGAGTCARACCGC
GTGCCTGCGGAGCGTTAAAATCATTATCCAAGCAGGTACCCAA
CGCGCTGTCGCAGTGACCGCCGACCACGAGGTTACCTCTACTA
AGCTGGAGAAGGGGCACACCCTTGCCAAATACAATCCTTTTAA
GARAATAAGCTGCGTCTCTGAGATTGCGCTCCGCCCACTCACCC
AGATCATCATGACACAAAAAACTAATCTGTCTTGATTatttac
agttagtttacctgtctatcaagttagaaaaaacacgggtaga
agattctggatcccggttggegeccteccaggtgecaagATGGCC
TCCCCAATGGTCCCACTACTCATCATAACGGTAGTACCCGCAC
TCATTTCAAGTCAATCAGCTAATATTGATAAGCTCATTCAAGC
AGGGATTATCATGGGCTCAGGGAAGGAACTCCACATTTATCAA
GAATCTGGCTCTCTTGATTTGTATCTTAGACTATTGCCAGTTA
TCCCTTCAAATCTTTCTCATTGCCAGAGTGAAGTAATAACACA
ATATAACTCGACTGTAACGAGACTATTATCACCAATTGCAAAA
AATCTAAACCATTTGCTACAACCGAGACCGTCTGGCAGGTTAT
TTGGCGCTGTAATTGGATCGATTGCCTTAGGGGTAGCTACATC
CGCACAGATTTCAGCTGCTATAGCATTGGTCCGTGCTCAACAG
AATGCAAACGATATCCTCGCTCTTAAAGCTGCAATACAATCTA
GTAATGAGGCAATAAAACAACTTACTTATGGCCAAGAAAAGCA
ACTACTAGCAATATCAAAAATACAAAAAGCCGTAAATGAACAA
GTAATCCCTGCATTGACTGCACTTGACTGTGCAGTTCTTGGAA
ATAAACTAGCTGCACAACTGAACCTCTACCTCATTGAAATGAC
GACTATTTTTGGTGACCAAATAAATAACCCAGTCCTAACTCCA
ATACCACTCAGTTATCTCCTGCGGTTGACAGGCTCTGAGTTAA
ATGATGTATTATTACAACAGACTCGATCCTCTTTGAGCCTAAT
CCACCTTGTCTCTAAAGGCTTATTAAGTGGTCAGATTATAGGA
TATGACCCTTCAGTACAAGGCATCATTATCAGAATAGGACTGA
TCAGGACTCAAAGAATAGATCGGTCACTAGTTTTCCaACCTTA
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CGTATTACCAATTACTATTAGTTCTAACATAGCCACACCAATT
ATACCCGACTGTGTGGTCAAGAAGGGAGTAATAATTGAGGGAA
TGCTTAAGAGTAATTGTATAGAATTGGAACGAGATATAATTTG
CAAGACTATCAACACATACCAAATAACTAAGGAAACTAGAGCA
TGCTTACAAGGTAATATAACAATGTGTAAGTACCAGCAGTCCA
GGACACAGTTGAGCACCCCCTTTATTACATATAATGGAGTTGT
AATTGCAAATTGTGATTTGGTATCATGCCGATGCATAAGACCC
CCTATGATTATCACACAAGTAAAAGGTTACCCTCTGACAATTA
TAAATAGGAATTTATGTACCGAGTTGTCGGTGGATAATTTAAT
TTTAAATATTGAAACAAACCATAACTTTTCATTAAACCCTACT
ATTATAGATTCACAATCCCGGCTTATAGCTACTAGTCCATTAG
AAATAGATGCCCTTATTCAAGATGCGCAACATCACGCGGCTGC
GGCCCTTCTTAAAGTAGAAGAAAGCAATGCTCACTTATTAAGA
GTTACAGGGCTGGGCTCATCAAGTTGGCACATCATACTTATAT
TAACATTGCTTGTATGCACCATAGCATGGCTCATTGGTTTATC
TATTTATGTCTGCCGCATTAAAAATGATGACTCGACCGACAAA
GAACCTACAACCCAATCATCGAACCGaGGCATTGGGGTTGGAT
CTATACAATATATGACATGAtgaacacagatgaggaacgaagqg
tttccctaatagtaatttgtgtgaaagttctggtagtctgtea
gttcagagagttaagaaaaaactaccggttgtagatgaccaaa
ggacgatatacgggtagaacggtaagagaggccgcccctcaat
tgcgagccaggcttcacaacctececgttcetacecgettecacecgac
aacagtcctcaatcATGGAGCCGACAGGATCAAAAGTTGACAT
TGTCCCTTCCCAAGGTACCAAGAGAACATGTCGAACCTTTTAT
CGCCTCTTAATTCTTATTTTGAATCTTATTATAATTATATTAA
CAATTATCAGTATTTATGTCTCTATCTCAACAGATCAACACAA
ATTGTGCAATAATGAGGCTGACTCACTTTTACACTCAATAGTA
GAACCCATAACAGTCCCCCTAGGAACAGACTCGGATGTTGAGG
ATGAATTACGTGAGATTCGACGTGATACAGGCATAAATATTCC
TATCCAAATTGACAACACAGAGAACATCATATTAACTACATTA
GCAAGTATCAACTCTAACATTGCACGCCTTCATAACGCCACCG
ATGAAAGCCCAACATGCCTGTCACCAGTTAATGATCCCAGGTT
TATAGCAGGGATTAATAAGATAACCAAAGGGTCGATGATATAT
AGGAATTTCAGCAATTTGATAGAACATGTTAACTTTATACCAT
CTCCAACGACATTATCAGGCTGTACAAGAATTCCATCTTTTTC
ACTATCTAAAACACATTGGTGTTACTCGCATAATGTAATATCT
ACTGGTTGTCAAGACCATGCTGCGAGTTCACAGTATATTTCCA
TAGGAATAGTAGATACAGGATTGAATAATGAGCCCTATTTGCG
TACAATGTCTTCACGCTTGCTAAATGATGGCCTAAATAGARAG
AGCTGCTCTGTCACAGCCGGCGCTGGETGTCTGTTGGCTATTGT
GTAGTGTTGTAACAGAAAGTGAATCAGCTGACTACAGATCAAG
AGCCCCCACTGCAATGATTCTCGGAAGGTTCAATTTTTATGGT
GATTACACTGAATCCCCTGTTCCTGCATCTTTGTTCAGCGGTC
GTTTCACTGCTAATTACCCTGGAGTTGGCTCAGGAACCCAATT
AAATGGGACCCTTTATTTTCCAATATATGGGGGTGTTGTTAAC
GACTCTGATATTGAGTTATCGAACCGAGGGAAGTCATTCAGAC
CTAGGAACCCTACAAACCCATGTCCAGATCCTGAGGTGACCCA
AAGTCAGAGGGCTCAGGCAAGTTACTATCCGACAAGGTTTGGC
AGGCTGCTCATACAACAAGCAATACTAGCTTGTCGTATTAGTG
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ACACTACATGCACTGATTATTATCTTCTATACTTTGATAATAA
TCAAGTCATGATGGGTGCAGAAGCCCGAATTTATTATTTAAAC
AATCAGATGTACTTATATCAAAGATCTTCGAGTTGGTGGCCGC
ATCCGCTTTTTTACAGATTCTCACTGCCTCATTGTGAACCTAT
GTCTGTCTGTATGATCACCGATACACACTTAATATTGACATAT
GCTACCTCACGCCCTGGCACTTCAATTTGTACAGGGGCCTCGC
GATGTCCTAATAACTGTGTTGATGGTGTCTATACAGACGTTTG
GCCCTTGACTGAGGGTACAACACAAGATCCAGATTCCTACTAC
ACAGTATTCCTCAACAGTCCCAACCGCAGGATCAGTCCTACAA
TTAGCATTTACAGCTACAACCAGAAGATTAGCTCTCGTCTGGC
TGTAGGAAGTGAAATAGGAGCTGCTTACACGACCAGTACATGT
TTTAGCAGGACAGACACTGGGGCACTATACTGCATCACTATAA
TAGAAGCTGTAAACACAATCTTTGGACAATACCGAATAGTACC
GATCCTTGTTCAACTAATTAGTGACtagttgagtcaattataa
aggagttggaaagatggcattgtatcacctatcttctgcgaca
tcaagaatcaAACCGAATGCCGGCGCGTGCTCGAATTCCATGT
TGCCAGTTGACCACAATCAGCCAGTGCTCATGCGATCAGATTA
AGCCTTGTCAATAGTCTCTTGATTAAGAAAAAATGTAAGTGGC
AATGAGATACAAGGCAAAACAGCTCATGGTTAACAATACGGGT
AGGACATGGCGAGCTCCGGTCCTGARAAGGGCAGAGCATCAGAT
TATCCTACCAGAGTCACACCTGTCTTCACCATTGGTCAAGCAC
AAACTACTCTATTACTGGAAATTAACTGGGCTACCGCTTCCTG
ATGAATGTGACTTCGACCACCTCATTCTCAGCCGACAATGGAA
AAAAATACTTGAATCGGCCTCTCCTGATACTGAGAGAATGATA
AAACTCGGAAGGGCAGTACACCAAACTCTTAACCACAATTCCA
GAATAACCGGAGTGCTCCACCCCAGGTGTTTAGAAGAACTGGC
TAATATTGAGGTCCCAGATTCAACCAACAAATTTCGGAAGATT
GAGAAGAAGATCCAAATTCACAACACGAGATATGGAGAACTGT
TCACAAGGCTGTGTACGCATATAGAGAAGAAACTGCTGGGGTC
ATCTTGGTCTAACAATGTCCCCCGGTCAGAGGAGTTCAGCAGC
ATTCGTACGGATCCGGCATTCTGGTTTCACTCAAAATGGTCCA
CAGCCAAGTTTGCATGGCTCCATATAAAACAGATCCAGAGGCA
TCTGATGGTGGCAGCTAGGACAAGGTCTGCGGCCAACAAATTG
GTGATGCTAACCCATAAGGTAGGCCAAGTCTTTGTCACTCCTG
AACTTGTCGTTGTGACGCATACGAATGAGAACAAGTTCACATG
TCTTACCCAGGAACTTGTATTGATGTATGCAGATATGATGGAG
GGCAGAGATATGGTCAACATAATATCAACCACGGCGGTGCATC
TCAGAAGCTTATCAGAGAAAATTGATGACATTTTGCGGTTAAT
AGACGCTCTGGCAAAAGACTTGGGTAATCAAGTCTACGATGTT
GTATCACTAATGGAGGGATTTGCATACGGAGCTGTCCAGCTAC
TCGAGCCGTCAGGTACATTTGCAGGAGATTTCTTCGCATTCAA
CCTGCAGGAGCTTAAAGACATTCTAATTGGCCTCCTCCCCAAT
GATATAGCAGAATCCGTGACTCATGCAATCGCTACTGTATTCT
CTGGTTTAGAACAGAATCAAGCAGCTGAGATGTTGTGTCTGTT
GCGTCTGTGGGGTCACCCACTGCTTGAGTCCCGTATTGCAGCA
AAGGCAGTCAGGAGCCAAATGTGCGCACCGAAAATGGTAGACT
TTGATATGATCCTTCAGGTACTGTCTTTCTTCAAGGGAACAAT
CATCAACGGGTACAGAAAGAAGAATGCAGGTGTGTGGCCGCGA
GTCAAAGTGGATACAATATATGGGAAGGTCATTGGGCAACTAC
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ATGCAGATTCAGCAGAGATTTCACACGATATCATGTTGAGAGA
GTATAAGAGTTTATCTGCACTTGAATTTGAGCCATGTATAGAA
TATGACCCTGTCACCAACCTGAGCATGTTCCTAAAAGACAAGG
CAATCGCACACCCCAACGATAATTGGCTTGCCTCGTTTAGGCG
GAACCTTCTCTCCGAAGACCAGAAGAAACATGTAAAAGAAGCA
ACTTCGACTAATCGCCTCTTGATAGAGTTTTTAGAGTCAAATG
ATTTTGATCCATATAAAGAGATGGAATATCTGACGACCCTTGA
GTACCTTAGAGATGACAATGTGGCAGTATCATACTCGCTCAAG
GAGAAGGAAGTGAAAGTTAATGGACGGATCTTCGCTAAGCTGA
CAAAGAAGTTAAGGAACTGTCAGGTGATGGCGGAAGGGATCCT
AGCCGATCAGATTGCACCTTTCTTTCAGGGAAATGGAGTCATT
CAGGATAGCATATCCTTGACCAAGAGTATGCTAGCGATGAGTC
AACTGTCTTTTAACAGCAATAAGAAACGTATCACTGACTGTAA
AGAAAGAGTATCTTCAAACCGCAATCATGATCCGAAAAGCAAG
AACCGTCGGAGAGTTGCAACCTTCATAACAACTGACCTGCARAA
AGTACTGTCTTAATTGGAGATATCAGACAATCARAATTGTTCGC
TCATGCCATCAATCAGTTGATGGGCCTACCTCACTTCTTCGAA
TGGATTCACCTAAGACTGATGGACACTACGATGTTCGTAGGAG
ACCCTTTCAATCCTCCAAGTGACCCTACTGACTGTGACCTCTC
AAGAGTCCCTAATGATGACATATATATTGTCAGTGCCAGAGGG
GGTATCGAAGGATTATGCCAGAAGCTATGGACAATGATCTCAA
TTGCTGCAATCCAACTTGCTGCAGCTAGATCGCATTGTCGTGT
TGCCTGTATGGTACAGGGTGATAATCAAGTAATAGCAGTAACG
AGAGAGGTAAGATCAGACGACTCTCCGGAGATGGTGTTGACAC
AGTTGCATCAAGCCAGTGATAATTTCTTCAAGGAATTAATTCA
TGTCAATCATTTGATTGGCCATAATTTGAAGGATCGTGAAACC
ATCAGGTCAGACACATTCTTCATATACAGCAAACGAATCTTCA
AAGATGGAGCAATCCTCAGTCAAGTCCTCAAAAATTCATCTAA
ATTAGTGCTAGTGTCAGGTGATCTCAGTGAAAACACCGTAATG
TCCTGTGCCAACATTGCCTCTACTGTAGCACGGCTATGCGAGA
ACGGGCTTCCCAAAGACTTCTGTTACTATTTAAACTATATAAT
GAGTTGTGTGCAGACATACTTTGACTCTGAGTTCTCCATCACC
AACAATTCGCACCCCGATCTTAATCAGTCGTGGATTGAGGACA
TCTCTTTTGTGCACTCATATGTTCTGACTCCTGCCCAATTAGG
GGGACTGAGTAACCTTCAATACTCAAGGCTCTACACTAGAAAT
ATCGGTGACCCGGGGACTACTGCTTTTGCAGAGATCAAGCGAC
TAGAAGCAGTGGGATTACTGAGTCCTAACATTATGACTAATAT
CTTAACTAGGCCGCCTGGGAATGGAGATTGGGCCAGTCTGTGC
AACGACCCATACTCTTTCAATTTTGAGACTGTTGCAAGCCCAA
ATATTGTTCTTAAGAAACATACGCAAAGAGTCCTATTTGAAAC
TTGTTCAAATCCCTTATTGTCTGGAGTGCACACAGAGGATAAT
GAGGCAGAAGAGAAGGCATTGGCTGAATTCTTGCTTAATCAAG
AGGTGATTCATCCCCGCGTTGCGCATGCCATCATGGAGGCAAG
CTCTGTAGGTAGGAGAAAGCAAATTCAAGGGCTTGTTGACACA
ACAAACACCGTAATTAAGATTGCGCTTACTAGGAGGCCATTAG
GCATCAAGAGGCTGATGCGGATAGTCAATTATTCTAGCATGCA
TGCAATGCTGTTTAGAGACGATGTTTTTTCCTCCAGTAGATCC
AACCACCCCTTAGTCTCTTCTAATATGTGTTCTCTGACACTGG
CAGACTATGCACGGAATAGAAGCTGGTCACCTTTGACGGGAGG
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CAGGAAAATACTGGGTGTATCTAATCCTGATACGATAGAACTC
GTAGAGGGTGAGATTCTTAGTGTAAGCGGAGGGTGTACAAGAT
GTGACAGCGGAGATGAACAATTTACTTGGTTCCATCTTCCAAG
CAATATAGAATTGACCGATGACACCAGCAAGAATCCTCCGATG
AGGGTACCATATCTCGGGTCAAAGACACAGGAGAGGAGAGCTG
CCTCACTTGCAAAAATAGCTCATATGTCGCCACATGTAAAGGC
TGCCCTAAGGGCATCATCCGTGTTGATCTGGGCTTATGGGGAT
AATGAAGTAAATTGGACTGCTGCTCTTACGATTGCAAAATCTC
GGTGTAATGTAAACTTAGAGTATCTTCGGTTACTGTCCCCTTT
ACCCACGGCTGGGAATCTTCAACATAGACTAGATGATGGTATA
ACTCAGATGACATTCACCCCTGCATCTCTCTACAGGGTGTCAC
CTTACATTCACATATCCAATGATTCTCAAAGGCTGTTCACTGA
AGAAGGAGTCAAAGAGGGGAATGTGGTTTACCAACAGATCATG
CTCTTGGGTTTATCTCTAATCGAATCGATCTTTCCAATGACAA
CAACCAGGACATATGATGAGATCACACTGCACCTACATAGTAA
ATTTAGTTGCTGTATCAGAGAAGCACCTGTTGCGGTTCCTTTC
GAGCTACTTGGGGTGGTACCGGAACTGAGGACAGTGACCTCAA
ATAAGTTTATGTATGATCCTAGCCCTGTATCGGAGGGAGACTT
TGCGAGACTTGACTTAGCTATCTTCAAGAGTTATGAGCTTAAT
CTGGAGTCATATCCCACGATAGAGCTAATGAACATTCTTTCAA
TATCCAGCGGGAAGTTGATTGGCCAGTCTGTGGTTTCTTATGA
TGAAGATACCTCCATAAAGAATGACGCCATAATAGTGTATGAC
AATACCCGAAATTGGATCAGTGAAGCTCAGAATTCAGATGTGG
TCCGCCTATTTGAATATGCAGCACTTGAAGTGCTCCTCGACTG
TTCTTACCAACTCTATTACCTGAGAGTAAGAGGCCTGGACAAT
ATTGTCTTATATATGGGTGATTTATACAAGAATATGCCAGGAA
TTCTACTTTCCAACATTGCAGCTACAATATCTCATCCCGTCAT
TCATTCAAGGTTACATGCAGTGGGCCTGGTCAACCATGACGGA
TCACACCAACTTGCAGATACGGATTTTATCGAAATGTCTGCAA
AACTATTAGTATCTTGCACCCGACGTGTGATCTCCGGCTTATA
TTCAGGAAATAAGTATGATCTGCTGTTCCCATCTGTCTTAGAT
GATAACCTGAATGAGAAGATGCTTCAGCTGATATCCCGGTTAT
GCTGTCTGTACACGGTACTCTTTGCTACAACAAGAGAAATCCC
GAAAATAAGAGGCTTAACTGCAGAAGAGAAATGTTCAATACTC
ACTGAGTATTTACTGTCGGATGCTGTGAAACCATTACTTAGCC
CCGATCAAGTGAGCTCTATCATGTCTCCTAACATAATTACATT
CCCAGCTAATCTGTACTACATGTCTCGGAAGAGCCTCAATTTG
ATCAGGGAAAGGGAGGACAGGGATACTATCCTGGCGTTGTTGT
TCCCCCAAGAGCCATTATTAGAGTTCCCTTCTGTGCAAGATAT
TGGTGCTCGAGTGAAAGATCCATTCACCCGACAACCTGCGGCA
TTTTTGCAAGAGTTAGATTTGAGTGCTCCAGCAAGGTATGACG
CATTCACACTTAGTCAGATTCATCCTGAACTCACATCTCCARAA
TCCGGAGGAAGACTACTTAGTACGATACTTGTTCAGAGGGATA
GGGACTGCATCTTCCTCTTGGTATAAGGCATCTCATCTCCTTT
CTGTACCCGAGGTAAGATGTGCAAGACACGGGAACTCCTTATA
CTTAGCTGAAGGGAGCGGAGCCATCATGAGTCTTCTCGAACTG
CATGTACCACATGAAACTATCTATTACAATACGCTCTTTTCAA
ATGAGATGAACCCCCCGCAACGACATTTCGGGCCGACCCCAAC
TCAGTTTTTGAATTCGGTTGTTTATAGGAATCTACAGGCGGAG
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GTAACATGCAAAGATGGATTTGTCCAAGAGTTCCGTCCATTAT
GGAGAGAAAATACAGAGGAAAGCGACCTGACCTCAGATAAAGT
AGTGGGGTATATTACATCTGCAGTGCCCTACAGATCTGTATCA
TTGCTGCATTGTGACATTGAAATTCCTCCAGGGTCCAATCARAA
GCTTACTAGATCAACTAGCTATCAATTTATCTCTGATTGCCAT
GCATTCTGTAAGGGAGGGCGGGGTAGTAATCATCAAAGTGTTG
TATGCAATGGGATACTACTTTCATCTACTCATGAACTTGTTTG
CTCCGTGTTCCACAAAAGGATATATTCTCTCTAATGGTTATGC
ATGTCGAGGAGATATGGAGTGTTACCTGGTATTTGTCATGGGT
TACCTGGGCGGGCCTACATTTGTACATGAGGTGGTGAGGATGG
CGAAAACTCTGGTGCAGCGGCACGGTACGCTTTTGTCTARATC
AGATGAGATCACACTGACCAGGTTATTCACCTCACAGCGGCAG
CGTGTGACAGACATCCTATCCAGTCCTTTACCAAGATTAATAA
AGTACTTGAGGAAGAATATTGACACTGCGCTGATTGAAGCCGG
GGGACAGCCCGTCCGTCCATTCTGTGCGGAGAGTCTGGTGAGC
ACGCTAGCGAACATAACTCAGATAACCCAGATCATCGCTAGTC
ACATTGACACAGTTATCCGGTCTGTGATATATATGGAAGCTGA
GGGTGATCTCGCTGACACAGTATTTCTATTTACCCCTTACAAT
CTCTCTACTGACGGGAAAAAGAGGACATCACTTAAACAGTGCA
CGAGACAGATCCTAGAGGTTACAATACTAGGTCTTAGAGTCGA
AAATCTCAATAAAATAGGCGATATAATCAGCCTAGTGCTTARAA
GGCATGATCTCCATGGAGGACCTTATCCCACTAAGGACATACT
TGAAGCATAGTACCTGCCCTAAATATTTGAAGGCTGTCCTAGG
TATTACCAAACTCAAAGAAATGTTTACAGACACTTCTGTACTG
TACTTGACTCGTGCTCAACAARAAATTCTACATGAAAACTATAG
GCAATGCAGTCAAAGGATATTACAGTAACTGTGACTCTTAACG
AAAATCACATATTAATAGGCTCCTTTTTTGGCCAATTGTATTC
TTGTTGATTTAATCATATTATGTTAGAAARAANGTTGAACCCTG
ACTCCTTAGGACTCGAATTCGAACTCAAATAAATGTCTTAARAA
ARAAGGTTGCGCACAATTATTCTTGAGTGTAGTCTCGTCATTCA
CCAAATCTTTGTTTGGTGCGCGCGGCCGGCATGGTCCCAGCCT
CCTCGCTGGCGCCGGLCTGGGCAACATTCCGAGGGGACCGTCCC
CTCGGTAATGGCGAATGGGACGTCGACTGCTAACAAAGCCCGA
AAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAG
CATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTT
GCTGAAAGGAGGAACTATATGCGCGCAGATCTGTCATGATGAT
CATTGCAATTGGATCCATATATAGGGCCCGGGTTATAATTACC
TCAGGTCGACGTCCCATGGCCATTCGAATTCGTAATCATGGTC
ATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCA
CACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGEGTG
CCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACT
GCCCGCTTTCCAGTCGGGARAACCTGTCGTGCCAGCTGCATTAA
TGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGC
GC

[00296] The invention is not to be limited in scope by the specific embodiments described

herein. Indeed, various modifications of the invention in addition to those described will
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become apparent to those skilled in the art from the foregoing description and accompanying
Figures. Such modifications are intended to fall within the scope of the appended claims.
[00297]  All references cited herein are incorporated herein by reference in their entirety
and for all purposes to the same extent as if each individual publication or patent or patent
application was specifically and individually indicated to be incorporated by reference in its

entirety for all purposes.
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WHAT IS CLAIMED:

1. A nucleic acid sequence comprising a nucleotide sequence of a Newcastle
disease virus genome in which (1) the nucleotide sequence encoding the NDV HN protein
has been replaced with a nucleotide sequence encoding a non-NDV APMYV HN protein,
wherein NDV intergenic regions are before and after the non-NDV APMV HN protein
coding sequence; and (2) the nucleotide sequence encoding the NDV F protein has been
replaced with a nucleotide sequence encoding a non-NDV APMYV F protein, wherein NDV
intergenic regions are before and after the non-NDV APMYV F protein coding sequence, and
wherein the non-NDV APMYV HN protein and non-NDV APMV F protein are not NDV HN

protein and F proteins, respectively.

2. The nucleic acid sequence of claim 1, wherein the non-NDV APMYV F protein
and non-NDV APMYV HN protein are immunologically distinct from the NDF F protein and
NDYV HN protein, respectively.

3. The nucleic acid sequence of claim 1, wherein the non-NDV APMYV HN is the
HN protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMYVS5/budgerigar/Japan/T1/75, or APMV10/penguin/Falkland Islands/324/07.

4. The nucleic acid sequence of claim 1 or 3, wherein the non-NDV APMV F is
the F protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMYVS5/budgerigar/Japan/T1/75, or APMV10/penguin/Falkland Islands/324/07.
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5. The nucleic acid sequence of claim 1, wherein the non-NDV APMV HN
protein is an HN protein from the subfamily Avulavirinae and the genus orthoavulavirus,

metaavulavirus, or paraavulavirus.

6. The nucleic acid sequence of claim 1 or 5, wherein the non-NDV APMYV F
protein is an F protein from the subfamily Avulavirinae and the genus orthoavulavirus,

metaavulavirus, or paraavulavirus.

7. The nucleic acid sequence of any one of claims 1 to 6, wherein the NDV

genome comprises the NP gene, P gene, M gene, and L gene of NDV LaSota strain.

8. A nucleic acid sequence comprising: (1) a transcription unit encoding a NDV
nucleocapsid (N) protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a
transcription unit encoding a NDV matrix (M) protein, (4) a transcription unit encoding a
NDYV large polymerase (L), and (5) the nucleotide sequence of any one of SEQ ID NOS:1-14,
or a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at

least 98% identical to the nucleotide sequence of any one of SEQ ID NOS:1-14.

0. The nucleic acid sequence of claim 8, wherein the NDV nucleocapsid protein,
NDYV phosphoprotein, NDV matrix protein, and NDV large polymerase are of the NDV

LaSota strain.

10. A nucleic acid sequence comprising the nucleotide sequence of SEQ ID

NO:44, or SEQ ID NO:44 without the GFP coding sequence.

11. A nucleic acid sequence comprising a nucleotide sequence that is at least 80%,
at least 85%, at least 90%, at least 95%, or at least 98% identical to the nucleotide sequence

of SEQ ID NO:44, or SEQ ID NO:44 without the GFP coding sequence.

12. A nucleic acid sequence comprising the nucleotide sequence of SEQ ID

NO:45, or SEQ ID NO:45 without the GFP coding sequence.

13. A nucleic acid sequence comprising a nucleotide sequence that is at least 80%,
at least 85%, at least 90%, at least 95%, or at least 98% identical to the nucleotide sequence

of SEQ ID NO:45, or SEQ ID NO:45 without the GFP coding sequence.
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14. The nucleic acid sequence of any one of claims 1 to 13, which further

comprises a transgene.

15. The nucleic acid sequence of any one of claims 1 to 13, which further

comprises a transgene encoding an antigen.

16. The nucleic acid sequence of claim 14, wherein the antigen is viral, bacterial,

fungal or protozoan antigen.

17. The nucleic acid sequence of claim 14, wherein the antigen comprises a

SARS-CoV-2 spike protein or a fragment thereof.

18. The nucleic acid sequence of claim 17, wherein the fragment comprises the

receptor binding domain of the SARS-CoV-2 spike protein.

19. The nucleic acid sequence of claim 17, wherein the fragment comprises the

ectodomain of the SARS-CoV-2 spike protein.

20.  The nucleic acid sequence of claim 15, wherein the antigen is a MERS-CoV
antigen, respiratory syncytial virus antigen, human metapneumovirus antigen, a Lassa virus

antigen, Ebola virus antigen, or Nipah virus antigen.

21.  The nucleic acid sequence of claim 15, wherein the antigen is a cancer or

tumor antigen.

22. A recombinant Newcastle disease virus (NDV) comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which (1) the nucleotide sequence encoding the NDV HN protein
has been replaced with a nucleotide sequence encoding a non-NDV APMYV HN protein,
wherein NDV intergenic regions are before and after the non-NDV AMPV HN protein
coding sequence; and (2) the nucleotide sequence encoding the NDV F protein has been
replaced with a nucleotide sequence encoding a non-NDV APMYV F protein, wherein NDV
intergenic regions are before and after the non-NDV AMPYV F protein coding sequence, and
wherein the non-NDV APMYV HN protein and non-NDV APMV F protein are not NDV HN

protein and F proteins, respectively.
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23. The recombinant NDV of claim 22, wherein the non-NDV APMYV F protein
and non-NDV APMYV HN protein are immunologically distinct from the NDF F protein and
NDYV HN protein, respectively.

24. The recombinant NDV of claim 22, wherein the non-NDV APMYV HN protein
is an HN protein from the subfamily Avulavirinae and the genus orthoavulavirus,

metaavulavirus, or paraavulavirus.

25. The recombinant NDV of claim 22 or 23, wherein the non-NDV APMYV F
protein is an F protein from the subfamily Avulavirinae and the genus orthoavulavirus,

metaavulavirus, or paraavulavirus.

26. The recombinant NDV of claim 22, wherein the non-NDV APMYV HN is the
HN protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMYVS5/budgerigar/Japan/T1/75, or APMV10/penguin/Falkland Islands/324/07.

27. The recombinant NDV of claim 22 or 26, wherein the non-NDV APMYV F is
the F protein of APMV4/duck/Hongkong/D3/75, APMV17/Antarctica/107/13,
APMV9/duck/New York/22/78, APMV7/Dove/Tennessee/4/75,
APMV21/pigeon/Taiwan/AHRI128/17, APMV6/duck/HongKong/18/199/77,
APMV11/common_snipe/France/100212/10, APMV15/calidris_fuscicollis/Brazil/RS-
1177/12, APMV8/Goose/Delaware/1053/76, APMV2/Chicken/California/Yucaipa/56,
APMV3/Turkey/Wisconsin/68, APMV12/Wigeon/Italy/3920 1/05,
APMYVS5/budgerigar/Japan/T1/75, or APMV10/penguin/Falkland Islands/324/07.

28. A recombinant Newcastle disease virus (NDV) comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle

disease virus genome in which the nucleotide sequences encoding the NDV HN protein and
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NDYV F protein are replaced with a nucleotide sequence comprising a negative sense RNA

sequence transcribed from the cDNA sequence set forth in any one of SEQ ID NOs:1-14.

29. A recombinant Newcastle disease virus (NDV) comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle
disease virus genome in which the nucleotide sequences encoding the NDV HN protein and
NDYV F protein are replaced with a nucleotide sequence comprising a negative sense RNA
sequence transcribed from a nucleotide sequence that is at least 80%, at least 85%, at least
90%, at least 95%, or at least 98% identical to the nucleotide sequence of any one of SEQ ID
NOS:1-14.

30. The recombinant NDV of any one of claims 22 to 29, wherein the NDV
genome comprises the NP gene, P gene, M gene, and L gene of NDV LaSota.

31 The recombinant NDV of any one of claims 22 to 30, wherein the packaged

genome further comprises a transgene.

32. The recombinant NDV of claim 31, wherein the transgene comprises a

nucleotide sequence encoding a viral, bacterial, fungal or protozoan antigen.

33. The recombinant NDV of claim 31, wherein the transgene comprises a

nucleotide sequence encoding a SARS-CoV-2 antigen.

34. The recombinant NDV of claim 33, wherein the SARS-CoV-2 antigen
comprises the SARS-CoV-2 spike protein or a fragment thereof.

35. The recombinant NDV of claim 34, wherein the fragment comprises the

receptor binding domain of the SARS-CoV-2 spike protein.

36. The recombinant NDV of claim 31, wherein the transgene comprises a

nucleotide sequence encoding a MERS-CoV antigen.

37. The recombinant NDV of claim 31, wherein the transgene comprises a
nucleotide sequence encoding a respiratory syncytial virus antigen or human

metapneumovirus antigen.
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38. The recombinant NDV of claim 31, wherein the transgene comprises a
nucleotide sequence encoding a Lassa virus antigen, Ebola virus antigen or Nipah virus

antigen.

39. The recombinant NDV of claim 31, wherein the transgene comprises a

nucleotide sequence encoding a cancer or tumor antigen.

40.  An immunogenic composition comprising a first recombinant NDV, which is

the recombinant NDV of any one of claims 22 to 31.

41.  An immunogenic composition comprising a first recombinant NDV, which is

the recombinant NDV of any one of claims 32 to 38.

42, An immunogenic composition comprising a first recombinant NDV, which is

the recombinant NDV of claim 39.

43. A method for inducing an immune response to an antigen, comprising

administering the immunogenic composition of claim 40, 41, or 42 to a subject.

44. A method for preventing an infectious disease, comprising administering the

immunogenic composition of claim 40 or 41 to a subject.

45. A method for immunizing a subject against an infectious disease, comprising

administering the immunogenic composition of claim 40 or 41 the subject.

46. A method for treating cancer, comprising administering the immunogenic

composition of claim 40 or 42 to a subject.

47.  The method of any one of claim 43 to 46, wherein the composition is

administered to the subject intranasally.

48.  The method of any one of claims 43 to 47, wherein the method further
comprises administering a second recombinant NDV comprising a packaged genome,
wherein the packaged genome of the second recombinant NDV comprises a nucleotide

sequence of a Newcastle disease virus genome in which (1) the nucleotide sequence encoding
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the NDV HN protein has been replaced with a nucleotide sequence encoding a non-NDV
APMYV HN protein, wherein NDV intergenic regions are before and after the non-NDV
AMPYV HN protein coding sequence; and (2) the nucleotide sequence encoding the NDV F
protein has been replaced with a nucleotide sequence encoding a non-NDV APMV F protein,
wherein NDV intergenic regions are before and after the non-NDV AMPV F protein coding
sequence, and wherein the second recombinant NDV is immunologically distinct than the

first recombinant NDV.

49.  The method of any one of claims 43 to 48, wherein the subject is a human.

50. A kit comprising the recombinant NDV of any one of claims 22 to 39.

51. A kit comprising the nucleic acid sequence of any one of claims 1 to 21.
52.  Aninvitro or ex vivo cell comprising the recombinant NDV of any one of
claims 22 to 39.

53. A cell line or chicken embryonated egg comprising the recombinant NDV of

any one of claims 22 to 39.

54. A method for propagating the recombinant NDV of any one of claims 22 to

39, the method comprising culturing the cell or embryonated egg of claim 52 or 53.

55. The method of claim 54, wherein the method further comprises isolating the

recombinant NDV from the cell or embryonated egg.

208



PCT/US2022/026185

WO 2022/232052

119

AN ©} saipadosd yymosb ppwis
AGN 0} juasoyip Ajjpatuabiuy

I "Old

¥¢|>zn_<|>n_z ousuwlyy [ 1

¥—ANdV

(1—ANdV) AON [T

INH[ 4 [ [ d [dN]

SUBSTITUTE SHEET (RULE 26)



WO 2022/232052 PCT/US2022/026185
2/19
Sacll
NP({P |M|F [HN L
pNDV-LaSota
Amp’
Removal of the F and HN coding
sequences leaving unique restriction
sites Pmel and Nrul
Sacll
Pmel/Nrul
NP(P M — L
pNDV—F—HNless
Amp'
Re—insertion of the F and HN genes
from NDV
Sacll
NP|P|[M|F |HN L

pNDV-LaSota

Amp'

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/026185

WO 2022/232052

3/19

Ve ©Old

/0 \N‘iﬁ }E \63jéﬁwj3;2?3@3932
2002/¢ ﬁ@om%\%%iéméégggw@\%s%é%ggD;{\@
L0706 /Uiy /papjouajpjosi—gsmmoxwoind oy
L10Z/LZ), /i /paojoursjpjosi— g snamoxiwniod oy g
0107/ 748G,/ ysouog,/pioyod pajsaio—parajojosi g sninoxhwpinduoiy g
96/ LA/ 40D /40np/9—Afidy 9

11661 \9 \m__s_go_._\v_gt\©|>§%l___gwum-we_>o;seaucc_><|o
0007/ 0y /15030 /35009 /g~ Ay U1 ™g SnumoxALIDIoduoiny g
£0/5577)/1uniblag /paojoul /ANy UIDLS ™9 SnaIoxALIDIOd Uiy g

penuluog ve “Jl4 ol

_|

~

0102/1,2001/20un44 /adius ™ uowwioa~)0josI™ | | ~sninoxAwoiod~uoiny | |
TH0T/LL1|-S4/1zoag /sjooiasny™Sup3 /G| —AWdy21osi™G | ~SnuoxAuiod™uniny G|
L0075/ SPUBIS|UDJYID /UInbua /() ~AWdy Ui ~snioxduonduoiy |
L007,/695,/5puols|puofn/umbuad/ 0| -y uois™) ~smioxdunpd uoiy ),
1007475 /spubjs|~pubpyjo4/uinbuad~smunoxkwoiod ~uoiny )|
L00Z,/52% /Spupjsypunpyio-/unbuad /(| - Apidy Ui} Snmoxdwoinduoiy ™)

9£,/£601 /u0moja /45006 unAs g smmoxfwoind uomy g

@N\@N\igUi\%ga\ggmww\éaéggag9><w@
@N\BS \ec;c_oo\owooo\m|>zn_<| a0j0s g SnuinoxAwo.0d~uDIy g
02,/10bung /puojaIrN /yauig/Z- Ay wions ™7 Stmoxiwoinduomy 7

£107,/4.6,/buiuobuixcg /ouiy) /ojpydasopods™nzuaquig /7-\Wdy210j0sI 7 shuoxfwnind Uo7 _
107,/901/Buning /oun /Sy snujuy /gy 401081 samoxhwond uowy
£107/56,/bugng /oui) /sisua[pdiusianpInolg /z-ppdy81jos g shuokAniod "oy

N e1DJ0SI™ZSnuoxAwDIDduniny 7

047 210]0SI 7 SnuIoxALIBIDG UDINY 7

08/¢ /0o [8MpD9 /7NNy~ UInays ™7 ~SunoxALDIDE T UDIAY 7
96,/odioony,/oiusopo) fuskoiy) /7AWy uinas ™ srunoxAuoioduoiny g
@@\SEEg@ﬁ\éu.,;Q\N‘\g%w%:m‘m\méé;g93\%2&

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/026185

WO 2022/232052

419

PONURUOYD VE Ol

Y SN UNbUadanm Uy Y
102/ 11, /o0y /umbuadajpy | -y~ apjos! s Smmojy ™/ |y
|02/297 /pargoimuy Jumbuad~alapy/ £ -\~ o}Dj0s!ds™SmID Y/ |ty
|07,/82 1 /oonoimyuy/unbuada1ape/ | -\ aJ0j0sI dSTSIUMDINAY ™/ | ANy
g%mﬁ\éggc/&\gggi:@gslzi ﬁ
%
%

|
|
10[0SI " ds TSI Y/ | Y
|02/, /voryaumuy/umbuad~alapy |~y ojj0sI S SID Y |
|
%

s
¢
y
¢
¢
C102/£71/oayoiopuyfunbuod™apy,/ | ~pys10josIds™Smmomy ™ |y
CL07,/97 1 /oonaoyuy /unbusd™alapy /1 | - My o10j0Sdssmo Ay | py

0107,/ 17,/vonosmnuy /unbusd™syapy /1 | ~pya10josds TSm0y |y

£107/97 /oaroujuy /uinbuad a3y /1 |~y 210[0SIdsSIDINAY ™/ | Ay

£10//101,/0on21oyuy/unbusday8py// | -\ 10j0sIdsSIUADIAY 7 | ARY

0107,/ /0o0juy /unbuad—alapy/ | -y o0j0sI dSTSMIDIIAY ™/ | Y
£107,/06 foonauojuy/unbuadaiapy /| ANy S1DI0SI T dSTSIDINY ™/ [ A
£107,/067,/oanauniuy,/unbuad™alspy /| -y o1Dj0sI dsSIUIDINY/ [\

0L07,/167,/0onomnuy /unbuad ~alopy/ /| -y o1DjosIdSTSMOAY ™/ | A
| } } |

|

210)
¢ @N\%N\S %E\gj@%i%giT>><<‘® DIOSIT ST SIUIAD|RY ™/ | AR
£107,/76z /ooy /unbuad™sispy /| -y SDjosIdsSIumojNy/ |\

_panunuog vg "I4 ol

ﬁ\{%wmm__% H\go_u\T\,s%.___Em ~/~snuoxkwoind ~uoiny~/

6007,/ IHHY,/ UOMID | /310 /Ay ™210]0S1™ | ZSNUIADIMADD}LI UMY |7

£10//87 14k ubmio  /ucabid /Ay ~8)0]0SI™ | SPUIADIIADD}RLIUDINY |

9107, /40114HY/UDNID | /30D /ANy~ 21DI0SI™ | 7 STUIAD|ADDIBUI ™ UDIAY | 7

OLO7,/0GI4HY,/UOMID | /340D /Ay~ 2DI0SI™ |7 STUID|ADTaL ™ UDIRY | 7
i\gDEE3Xs%ggggsﬁwﬁz;2?9aw%;j

G/11/uodor /10b1ssbpng /G- Ay ™G STUIDIRADD} I UDIAY G

d

Ve Jl4 wold =

7

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/026185

WO 2022/232052

519

PONURUOYD VE Ol

$96 /UOJbuSOYUIDLS™ | —AldH1N0
GL /Gty /PUBLIaUJRN, LY/ CANY DA ¢ SnamoxAwo.0d"uoiny ¢ _

9,/uisuoosyy /ey uns ¢ snmofwniod wopy g ——

Q 107/ R%Nm / gﬁg%@}é \f%%wggﬁmmg%ggcjgéy _I

G//60,/Buoybuoy /xonp /p—AWdyuionssnumoxfwound uomy
ZL02/2029/ouy) Pronp fondy ums ™ snamoxfuiod vy
00/ PARDY/ b ANy 210j0sSnuoxAunIod"uoiny
C107,/800/ 4)1/10np ™ UUBPUD 4Ny 10083 SIUMONAD DAY
£0/6216 /unibjag /paojou /pafdyuons ™y snimoxhuniod uomy Ty
F102/920// 41/ 2108 /41 /4Ny 10j0sI ™y SRIADMD DAY *
ZJ0Z/510, 0210 / W/ P00 Ay 210j0si ™ snaoxAunindubiky
010Z/89% IN/09LAN0S /5000 uoncdb3 /p—pindy 310108y~ snumoxfuiniod"uomy ™y
G107,/ | /puojsyhuapnd ] foissny fabjon™ DUy ajojost ™~ snoxAwoioduomy ._
FLOC/ 710/ 80/ N030/BI0IIDH 5 ~Ay SADIoSI 4™ SIIADIAD ™ UDIAY
L107/A005, /0D 1anq /-y sjolost—y sumoxfuioiod vy 4
0107,/ 90HD,/IDMPDD /Al UIDAS ™ SNIDIAD™ LAY
9107, /ouy)/MuDin/paq Pl /b—ANUIDAS SOk AWD.A DAY
6002/ 026 /Ay /uoabisjojosi7 | ~srunoxAuniod"uoiny 7

G107,/ 1-£6/129nH/0u1y) /8500b Py /¢ | -AyOyUDAIS ™ | ~SIRD[IDOY0™UDIY G |
C107/16L6,/Unjsipipzny /350007 | ~StumoxAnIod oy |
0007,/ 9,/ 3UntuILS /35000 smnoxAnod ™ Uoisy ™ 3s00b

8161 /77,/voAMaN /yonpuinas ™6~ sruoxAwolod upiny g |

e

01,6 NSU0BYY)~2D|0ST™/ | ~SnuIoxALDIDd DIy /| |
FL02/9120d0/%/ 3051 -ANdY 21010191 704N~ SrumosAwoioduoiny G|, —

DJOSDUIDAS ~STUIA~aSDasIpalSBIMAN AON
7045 smnoxALLIDIDd 35009 25000

panuluo) v¢ 914 wiold

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/026185

WO 2022/232052

6/19

m m . mu _ H_ 0107/217001/39us4 /adius~uowwioa81ojosi™ | | ~snumoxAwosoduoimy | |
b1 /ooyuny/aubuebpngup s TG smumoxiinod "Wy G 4

G/,/11,/uodor /106usbpng /G-Apdy~GSrumonADDjoW DIy G -
£0/2-5758/A0y)/1onpupAs ™9 sumoxAuniod Loy
9007,/ 1905,/ undop /Junls ™ py23L—PaI ™ SnIADJIADD}aLIUDIAY g g

11/661/81 /buoyBuo /yonp /Ay uions™gsnumoxkuniod uony g

uoj 8¢ "Jl4 o1

[T

10/5572),/unibiog /paojows /9wy unais~ g~ smnoxiwpand " uniy g

0007/ 0t 1503104 /93009 /9~y UDAS ™o~ sumoxAupiod"uoiny g

86/ 1/UOMDL/ M /9-MV 9 -

10Z/17 ﬁ\c;\éD:ogw%§Qde;§ggaw%;j -

107,/06 | /U /paofou 31008 SnamoxAwoioduoiy g 4

£107/ 7496 /usoupog,/pioyood "pe)saio—par~apojosi g sninoxwoind uoiy g -

TH0T/ LL1 -S4/ izoagstjoaiosny~supioa/G| ~\dy 1pjosI™G| ~SrunoxAuiniod™ubiny G
912601 /aionojag /35000 ™gsnuoxAunid U0y g _

0./ /okmyoy /o uiogs g snakoxAwniod uniny g

0//5601/2Jomoja(] /38009 /@~ Ay =10j0sI™gSnumoxAInId"uniay g
007525,/ SPUDIST pUDp4,/uUmbuB /|~y Wndjs ™0 | ~Smumoxhnnd iy )
L007/ L4/ 5Pusis|puopo4/umbuag /|~y unas ™0 | ~Sminaxfuninduoiwy )

1007/ 25 /$punjs|puopyiod,/umbuadsruioxfuwnind uoiy ()
L00Z/525,/3punjs|punptod/unbuad /oL —Ady s 0| ~Smanoxfwoanduoiy |
90,/204 £/ Punjbu3 /usyay) /7 Ay~ unas™ g smnoxAwoinduniny 7 .

9G,/odioon,/oiuopg /sy /7~ AW uinas 7 stuikoxAwoiodubiy 7
YN TA010SI 7 SIOXALIDIDA " UDlny 7

047 10j0sI™ 7 SnuoxAWDDd uDIRy 7
(1 /0bug /punjal N/ yauid /7 gy uinis ™z snioxkwninduoiy 7 |_
08,5 /Ausy /j8mp0g /7-ANdyuibdls ™7 sniroxAwinduoiny 7
£107,/901,/Bunns /ouyy /snimnasnuiuy /7-Ady@iplosi - snamoxdwoinduoiy 7
0107,/ L6,/ Buunbutxog /ouiny) /ojoLda20pods ™ pzuaqui /z-Adya10j0s 7 SnumoxAuniod"uony 7
£107//55,/Buyng /ouiy) /sisua|odiusyanpIod0lg /7 - Ay 8)aj0s g SamoxAniod oy 7

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/026185
719

WO 2022/232052

penunuo) gg "ol ponuuo) g "9l oL

TS uinbuad “anaouy ) |
107199,/ oay0juyumbuad™doAsUy) /| -y 1DjosidsTSnIARJIAY ™/ | ARy
0102/ 191 /oonaioiry/umbusd~alapy /6| -y al0jsIdsSnuDInAY 6| AR
€102/101,/oan0i0yy/umbuad™a1apy /|~y ayojos!dsSIIADINAY ™[ | Y
£107/9z 1 /vanoioquy, umbuadalapy /| Ay a)0j0sIdsTSnIDAY |\
0102/ L1, /Danoumiuig/unbusd™apy/ /| ANy B10josIdsTSIDINAY /| Ay
Y snun~uinbuad Tanuoyuy Ty
107,/87 /a0 0yg /umbuad™alapy /|~y ojosIdSTSADlAY ™ | My
|02/ L7100y fumbuad™aiapy,/ | ~pey5)0]08I s TSmO ARy
|02/721 /oatoiouy/umbusd™aopy, s | gy eiojost dsTsmumopny /Ly
07/ 151 /ooy fumbuad™a1apy/ | ity ajojostdsTSnADA | Aty
C107/€7 1 /oayoiouny fumbusd™alapy/ | -y aj0josidsTSmIADIAY ™ | Ay
J02/06 1 /0onoumuy fuinbusd a18py/ |~y a10j0sIdSTSIMDINAY ™/ | ARy
102,/947, /iy ojug/Umbuad ™3y / |~y jojos! s ShsDIIAY | Ay
|0/0G7,/ o0y umbuad™aliapy /| -y 3)0]0SI ST SruDIAY ™ | AfY
102,/ 162 /otpo0jusg/umbuad a1y / |~y B1ojostds SO/ | ARy
|02,/ 75z /vty /umbuad™allapy /| Ny~ ajojosIds SO/ | Ay
| Joun) |~ 9] |
| o) | =AY 3] |
| |

i
0
3
{

iy
2D
2D
3D

07,/297 /ooty umbusda1py /| Ay 8J0j0s1dSTSIUIDINAY ™/ | ARy
02,/067,/0otouy /umbusda1py /£ |~y 810j0sI S SrumDnAY ™/ | ARy
0,/78g,/oon201uy /unbuad™iepy /| - ANy~ 8)josTdsSumojy ™/ | Aty
G/ /0ssauua] fanop /1~ AWy woays ™~/ ~snumoxAwoioduoiy
9107,/ 701 |4y UOMIDL /30D /APy B10j0SI™ |7 SNINDIADDIWUDIAY ™| Z
BO0Z/5E HHY/ UMD /300D /AN~ 91D10SI™ | 7 SIID|MOD}aLIUDIY | g
0102,/ 0GIH/UDRDL /310p /iy 31Dj0SI™ | SRDIDDJaUIUDlNy ™| g
L102/87 Hy/ uomipy /uoabid /AWy ~910j0s!™ 2 SnAAOMADDTRU UDIY |

¢
{
{
{
{
{
{
{

—

g¢ "ol woiq

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/026185

WO 2022/232052

8/19

panuRuo) g¢ "Old

§961 /UORDUIGSDIUIDLS ™| A 10

GL/§i/PUBHRIAN Lid /Sy Umiis™¢~snioxduioind™uoiay ™
g9 /uisuoasy/Aoymy~umas ¢ snunoxAwniod uoiny ¢ H_‘

0107,/897 LN/ 03y Unos /35006 unnddb3 /p—ppidy8)0j0s Ty srumoxAuniod oy
£0/671G1/uinibiag /panjous /pANdyuioxs ™y snanoxduo od uoiy
0107/ 1726YS/210moj3( /Yanp /4=y Unis ™~ smkaxAwoind ™oy

L

G/5.0/Buoxbuoy/onp /4~y uinis T smunoxkoiod oIy~
§107,/920/43,/18)0M /90| FHAN Y 310[0ST ™ SIINDINADUDIAY
2007/610,/0310% /W T/ PA0[ION, r—AB1Dj0sIstumoxAwoJod"uoiy
2007,/2089,/ 0w Lyonp /pandyuons ™y sumoxwoiod uomy Ty
gm\ﬁ f\Egm2:%r\%é\%7géDEESQ\WESOX?gaggj ]
@@\Q\i\ﬁ;z%agmeQ‘ma;i?gaé;i

C107//800,/4),/10Np ULIDPUDHY /5~y 810]0ST SN |D™ DRy
B107/b10/40/ N0/ PIDIIDN /5~ AWy~ 310]08I ™ SNIAD]AD DAY

807 /ouiy) /bubin/pag D /= Ay uIoAS T smioxkwniod Uiy
9107/ 90H?,/IDMPDD /5~ Ay UIDLIS ™ SNIADINAD™LDIAY
LL07/KDS,/0uy) /4o /o ANy 3)0j0sy samoxhuiniod"uomy ™y

—
L

6007,/ ~0z6¢ /Ko /ucsbiy~a1ojosi 7| ~snuoxkuniod uoy 7|
G171 =06 T, DUy /35005l /€~ g0 UIDS™ | SINDIABOUYO LDy ¢ |

0107/ 164G/ uDjsyspzoy /as006™¢ | “smnoxkwpand unimy e |
0002/ 19,/ auntuingS /5000 ~samoxAuniod oy~ ssoob

8/61,/77,/ Mok~ MaN /Yonp™uoAs g~ snumoxAwoJod oy g
016 [NSUOBYY31Dj0SI ™/ | ~SrummoxALIDIDd~UDIny /| H_‘

B 107/9120d0/9/8 /51 -ANdY 2101089 70dn s moxiwolod“upiwy G —

DJOSDUIDAS SIUIA~3SDASIp9[1SDIMAN~AON
2045 SnUA0xAUIDIDA 500535000

P

panufjucy g¢ "9I4 Wol4

SUBSTITUTE SHEET (RULE 26)



WO 2022/232052 PCT/US2022/026185

9/19

—> <— PCR primers

i a1l

LU FIG. 4A
B 1

\ /
Pmel/Nrul

..

G

NP P [M— L
pNDV—F-HNless
Amp'

FIG. 4B

Sq
NP| P

SUBSTITUTE SHEET (RULE 26)



WO 2022/232052 PCT/US2022/026185

10/19
2 v 3
Y 2 2
T =
Q& =
® o
2| = s M
<< 2 -
S E 0
5 S
*‘ | . = LL
“ L S A S PRk
(losuoa Jaao uononpu| pjo4) 0} boT
uoissaldxa YNYW SAD|dY
g v 1
3 31 =
I = B
9 = <
] ®
N &
= E 6
4 E :
o = O
L LW

1 (louod Jaao uonanpu| plo4) oLbo]

uoissaldxa YNNW 9AID[RY

SUBSTITUTE SHEET (RULE 26)



WO 2022/232052 PCT/US2022/026185

11/19
S <+ 1
Y 1 z
L S
a9 <
® ©
» &
EL: - S %
< <* 1|__% .
g S g T
oz = (7
;‘ o, —< 5
L&
.@ S e Sy
(losquoo Jsao uononpu| pjo4) 0607
uoissaidxe YNYW SAlD|SY
2 <~ T
Y 4 =2
T S &
9 T <
N\ ©
w—H
B e =
g TLEL g .
= E
x| = ”£ (,_,—?

L L L L L
.@ N © 0D < M N T

(losuoo Jsao uonanpu| pjo4) Lboq
uoissaldxa YNYW SA)D|Y

SUBSTITUTE SHEET (RULE 26)



WO 2022/232052

12119

’Q B16-F10

LS-L289A APW-4 rAPWV-4
123123123

e STAT-1

N\ OAST

ISG1 5+
MX1*##*
IL-1B
-6

DONN  [FN-BH+*
s SN\
0 2 4
[S-1289A APMV-4 rAPNV-4

123123123

STAT-1
0AST
1S615
X1
IL-18
|L_6****
. IPN-B#

16H |

SN\

16H

PCT/US2022/026185

’QM

LS-1289A APMV-4  rAPMV-4

12312_3123

STAT-1
0AS1
15615
MX ] ¥
IL-1B
-6

LS-1289A APMV-4 rAPMV-4

12_3123123

STAT-1
0AS1
~ISG15

N X
||__1 Brekk

Relative mRNA expression
Log10 (Fold Induction over control)

FIG. 5E

FIG. 5F

SUBSTITUTE SHEET (RULE 26)



WO 2022/232052

PCT/US2022/026185

13/19

[ ]
'E SK—MEL—2

LS-1289A APMV-4  rAPMV-4
123123123

N s
QAS ++x
ISG15#*#
MY ] H¥%
IL-1B
IL-6
IFN-Beess

-

16H

I e

Relative mRNA expression

[
‘I\ RKO—E6

LS-1289A APMV-4  rAPMV-4
123 3
...................... ey
QAT ++++

8H

. FN-B
NN
0 2 4
S-1289A APMV-4 rAPW-4
123123123

AS ] ¥k
. LR
16H | L

N
2 4

O O ey

Log10 (Fold Induction over control)

FIG. 5G

FIG. 5H

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/026185

WO 2022/232052

14/19

SDULIIADINAY

Awpyqns

SNLIDINADDID

SNJIADINADOY()

SNJIADINADD)SH

snuab

V9 ‘Ol

¢ srumoxAwpuod uoD GZ0Z8/NIO 00}
 snunoxAwoiod ubiAb 9/6//803 @H_‘

1z snumoxAwoind ubiAD QEGYEGIN @— 001
6 snunoxAwoind uIAD Z¥6016N3 @
9| SruoxAwoiod UDIAD 401 LSAN®
(snuin aspasip ofysnomaN) | snunoxAwniod UDIAD | GEZIGAY D

¢| snumoxAwosad uoiAp Z¢11%001 @

001

001

001

¢l snuoxAwp.nd ubiAD OGOEEEIN@— 001

9 sruia uinbuad 202DJUY FHZCYAN ®|_
g snua uinbusd oI CHYZISTAN @ 00l
v snun umbuad onoIOMY Zi¥ZSHA @— 00}
£ snumoxAwound UDIAD $7G1CZM @

{1 snunoxAwoind UbD (OZESZXN @

G SnunoxAwpiod UDIAD |GEI0ZNT @ 0ol

9 SnumoxAwnind ubiwD (/669643 @ —
|| snumoxAwnind upinD $819880M @
G| snuoxAwoiod UDIAD $GHZEEXN @
01 snuinoxAwniod uoiD Zy1/¥INH @ 1
Z snuinoxAwniod ubiAD §14886N7 @

07 snunoxAwpiod ubiAD 9¢1eC0IN B
g snunoxAwoipd ubD ¢98GIZMo @

001

(epunapinay Ajiwojqns) sasmuinoxAwoiod UDIAY

66

001

SUBSTITUTE SHEET (RULE 26)



WO 2022/232052 PCT/US2022/026185

15119

WT NDV
NP g P M F HN L

@ Remove the F and HN sequences

NDV without HN and F
NP P M L

Introduce the F and HN of distant Avian
Paramyxoviruses

Chimeric NDV—-APMV

@ Re—introduce the different transgene
(e.g. GFP)

Chimeric NDV-APMV-GFP

FIG. 6B

SUBSTITUTE SHEET (RULE 26)



WO 2022/232052 PCT/US2022/026185

16/19
} 2_vian_paramysovirus_2_strain_APWN~2/Chicken, Calforia/Yucaipo/56  —=()

2_fvian_paramyxovirus_2_strain_APMV=2/Gadwell/Kenya/3/80
2_hvian_paramyxovirus_2_isolate_F8
2_vien_paramyxovirus_2_strain_APMY=2,/Finch/N.Irelond / Bangor /73
2_vian_paramyxovirus_2_isolate_APMY-2/Anthus_rufulus/China,/Stiling/106/2013
- 8_Avian_paramyxovirus_8_strain_goose/Delaware/1053/76
W
1

B_Avion_paramyxovirus_8_strain_pintail/Wakuya/20/ 18
0_Avion_paramyxovirus_10_strain_APMY-10,/Penguin/Falklond_lslands/437,/2007
0_Avion_paramysovirus_10_strain_APMY-10//penguin/ Falkland_lslands/323/2007
10_Aviun_puromyxovirus_genguin Falkland_Islands/ 324 /2007
15_Avian_paramyxovirus _15_isolate _APMV~15/calidris_fuscicollis/Brazi/RS-1177/2012
11_Avian_paramyxovirus_11_isolate_common_snipe,/France/100212/2010

| 6. Avian_paramyxovirus_6_strain_duck/ltaly/4524-2/07
6_Avian_paramyxovirus_6_isolate_mallord/Jiin/190/2011
6_Avian_paromyxovirus_6_isolate_red-crested_pochard/Balkhash/5842/2013

6_Avian_paramyovirus_6_strain_APMVG/mallard /Belgium /12245,/07
6_Avian_paramyovirus_6_strain_APMV-6/duck/HongKong/18/199/77
5_ Avian_metaavulavirus_5_APMV-5/budgerigar /Japan/T1/ 75
5_Avian_pararmyxovirus _5_strain_bud eWr/Kummchi/M
- 21 _Avian_metoavulavirus_21_isolate_APMV/pigeon/ Taiwan/AHRI128/2017
21_vion_metaavulavirus_21_isolate_APMV/dove,/Taiwan/AHRIS0,/ 2010
7_Avian_paramyxovirus_7_strain_APMV-7/dove//Tennessee,/4/75
AT _Avulovirus_sp.__isolate_ARW-17/Adelie_penguin/Antarctica/'130,/2013
MW7 Avulavirus_sp. isolate_MwW~17/Adelie_penquin/Antarctica/127/2013
| MW7 _Awulavirus_sp. _isolate_ARW~17/Adelie_penquin/Antarctica/262/2013
A_Antarctic_penguin_virus_A
MW7 _Avulavirus_sp. _isolote_ARW-17 /Adelie_penquin/Antarctica/217/2013
AW1T_Avulavirus_sp._isolate_AAW~17 /Adelie_penguin/Antarctica/107/2013
MW7 _Awlavirus_sp. _isolate_ARW~17/Adelie_penguin/Antarctica/290/2013
AT _Avulavirus_sp. _isolote_AW-17/Adelie_penquin/Antarctica/251/2013
M7 _Awulavirus_sp. _isolate_AAW-17/Adelie_penquin /Antarctica/252/2013
— B_Antarclic_penquin_virus_B

|| _':L NV _Newcastle_disease_virus_strain_LoSota—s»()

1_Goose_paramyxovirus_SF07
| WSAv'onpqmmyxov'rusUPOQ%'SOQT}APMV15 W;/M/UPOQ%/ZOM
— 9_Avian_paramyxovirus_9_strain_duck/New_York/22/1978
—_ 177Avmn[ip0mgwyxowusj77&50\0te?€heonsu1510
13_Avian_orthoovulavirus_13_strain_AOAY=13/wild_qoose,/China/Hubei/V93-1/2015
4' 13_qoose_Avian_paramyxovirus_goose/Shimane,/67/2000
13 Avin_paramyxovirus_13_goose/Kazakhstan/5751 /2013
—— 12_Avian_paramyxovirus_12_isolate_Wigeon,/ltaly/3920_1/2005
4 hvion_paramyrovirus_4_strain_APWV-4/duck /Delaware /549227 /2010
4_Avian_paramyxovirus_4_strain_APMV~4/duck/Hongkong/D3/75
4 hvion_paramyrovirus_4_isolete_APMY=4/Mallord /[BM Korea /0192012
4 hvion_avulovius_4._isolate_APMYV-4/luke /water/KR/026/2014
4 Avion_paramyovirus_4_strain_APMV-4/mallard/Belqium/15129/07
4 hvian_paramyxovirus_4_strain_APMV-4/duck,/China/6302/201
4 fvian_paramyxovirus_4_isolate_APMV~4/Duck/China/SDQY /2017
4 fvian_paramyxovinus_&_isolate_Uria_aclge/Russia/Tyuleniy_Islond/115,/2015
4 fvion_ovulovirus_4_strain_APMV-4/qadwall /CHO6,/2016
— 3_Avian_paramyxovirus_3_strain_turkey/Wisconsin/68 —>@
3_hvian_paramyxovirus_3_strain_APNV3/PKT /Netherland /449 /75
OUT_HPN~1 _strain_Washington,/1964

FIG. 7

SUBSTITUTE SHEET (RULE 26)




WO 2022/232052 PCT/US2022/026185

17119

@ Chimeric NDV-APMV2-GFP
GFP

@ NDV-GFP

GFP F HN

@ Chimeric NDV-APMV3—GFP

L

FIG. 7 (cont.)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/026185

WO 2022/232052

18/19

V8 Old

Adoasouoiw juadsason)y Aq paulwpxe som [pubis d49

d y g1 1 (439) sispjqoiqy oliquie usyaIy)

d49—-CANdY—AON duawiyy

d49—CANdY—AON Juswiyy

SUBSTITUTE SHEET (RULE 26)



WO 2022/232052 PCT/US2022/026185

19/19
HI assay
150
£ 100- B NDV-GFP
= Chimeric NDV-APMV2-GFP
50- [ Chimeric NDV—-APMV3—-GFP
0_
& & &
¥ & &
S
¥ X
N
S
S &
FIG. 8B

SUBSTITUTE SHEET (RULE 26)



1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 22/26185

CLASSIFICATION OF SUBJECT MATTER
see supplemental sheet

Al
IPC -

CPC - INv. AB1P 31/14, AB1P 31/12, AB1K 39/17, A61K 39/12, C12N 7/04, A61K 2039/51, C12N
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 22/26185

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.
D on paper ot in the form of an image file.

b. .fumished together with the international application under PCT Rule 13/er:1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. |:| furnished subsequent to the international filing date for the purposes of international search only:
in the form of an Annex C/ST.25 text file (Rule 13/er:1(a)).
on paper or in the form of an image file (Rule 13/er.1(b) and Administrative lustructions, Section 713).
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. " Additional comments:

Form PCT/ISA/210 (continuation of lirst sheet (1)) (July 2019)
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 22/26185

Box No. IT Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international scarch report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:] Claims Nos.:
because they relate to parts of the international application that do not comply with.the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 6-7, 14-21, 30-55
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

continued on supplemental sheet

1. D As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

(98]

No required additional search fees were timely paid by the applicant. Consequently, this intermational search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.: ‘
1-5, 22-27, limited to wherein non-NDV APMV HN is HN protein of APMV4/duck/Hongkong/D3/75 and the non-NDV APMV F is
the F protein of APMV4/duck/Hongkong/D3/75 ;o :

ks

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. '

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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PCT/US 22/26185

Box Ill: Observations where unity of invention is lacking:

Group I+: Claims 1-5, 22-27 directed to to a nucleic acid sequence comprising a nucleatide sequence of a Newcastle disease virus
genome in which the nucleotide sequence encoding the NDV HN protein has been replaced with a nucleotide sequence encoding a non-
NDV APMV HN protein and the nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide sequence
encoding a non-NDV APMV F protein. The nucleic acid sequence will be searched to the extent wherein the non-NDV APMV HN is the
HN protein of APMV4/duck/Hongkong/D3/75 and wherein the non-NDV APMV F is the F protein of APMV4/duck/Hongkong/D3/75, The
first named invention was determined based on the first mentioned non-NDV APMV HN of claim 3 and first mentioned non-NDV APMV
F protein of claim 4. This first named invention has been selected based on the guidance set forth in section 10.54 of the PCT
International Search and Preliminary Examination Guidelines. It is believed that claims 1-5 and 22-27 encompass this first named
invention, and thus these claims will be searched without fee to the extent wherein the non-NDV APMV HN is the HN protein of
APMV4/duck/Hongkong/D3/75 and wherein the non-NDV APMV F is the F protein of APMV4/duck/Hongkong/D3/75. Additional nucleic
acid sequences will be searched upon the payment of additional fees. Applicants must specify the claims that encompass any
additionally elected nucleic acid sequence. Applicants must further indicate, if applicable, the claims which encompass the first named
invention, if different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are
to be applied to the "+" group(s) will result in anly the first claimed invention to be searched. An exemplary election would be wherein
the non-NDV APMV HN is the HN protein of APMV17/Antarctica/107/13 and wherein the non-NDV APMV F is the F protein of
APMV17/Antarctica/107/13 (claims 1-5, 22-27). .

Group Il+: Claims 8-13, 28-29, directed to a recombinant Newcastle disease virus (NDV) comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle

disease virus genome in which the nucleotide sequences encoding the NDV HN protein and NDV F protein are replaced with a
nucleotide sequence comprising a negative sense RNA. Group I+ will be searched upon payment of additional fees. The recombinant
NDV may be searched for an additional fee and election as such, for example, to the extent wherein the cONA sequence set forth in any
one of SEQ ID No:1 and a nucleic acid sequence comprising the nucleotide sequence of SEQ ID NO:44 (claims 8-11, 28-29). Additional
recombinant NDV will be searched upon the payment of additional fees. Applicants must specify the claims that encompass any
additionally elected recombinant NDV. Failure to clearly identify how any paid additional invention fees are to be applied to the "+"
group(s) will result in only the first claimed invention to be searched. Another exemplary election would be wherein the cDNA sequence
set forth in any one of SEQ ID No:1 and a nucleic acid sequence comprising the nucleotide sequence of SEQ ID NO:44 (claims 8-9, 12-
13, 28-29).

The inventions listed as Groups I+ and |1+ do not relate to a singlé general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group I+ requires a nucleic acid sequence comprising a nucleotide sequence of a Newcastle disease virus genome in which the
nucleotide sequence encoding the NDV HN protein has been replaced with a nucleotide sequence encoding a non-NDV APMV HN
protein and the nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide sequence encoding a non-NDV
APMYV F protein, not required by Group Il+.

Group I+ requires a recombinant Newcastle disease virus (NDV) comprising a packaged genome, wherein the packaged genome
comprises a nucleotide sequence of a Newcastle disease virus genome in which the nucleotide sequences encoding the NDV HN
protein and NDV F protein are replaced with a nucleotide sequence comprising a negative sense RNA, not required by Group |+.

Common Technical Features

The features shared by the inventions listed as Group I+ and I+ are nucleotide sequence encoding the NDV HN protein has been
replaced and the nucleotide sequence encoding the NDV F protein has been replaced.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
taught by an article entitled "Chimeric Newcastle Disease Virus Protects Chickens against Avian Influenza in the Presence of Maternally
Derived NDV Immunity” by Steglich et al. (hereinafter 'Steglich').

Steglich discloses nucleotide sequence encoding the NDV HN protein has been replaced and the nucleotide sequence encoding the
NDV F protein has been replaced (Abstract- "an NDV vector was constructed which carries the fusion (F) and
hemagglutininneuraminidase (HN) proteins of avian paramyxovirus type 8 (APMV-8) instead of the corresponding NDV proteins in an
NDV backbone derived from the lentogenic NDV Clone 30 and a gene expressing HPAIV H5 inserted between the F and HN genes").

The features shared by the inventions listed as Group [+ are a nucleic acid sequence comprising a.nucleotide sequence of a Newcastle
disease virus genome in which the nucleotide sequence encoding the NDV HN protein has been replaced with a nucleotide sequence
encoding a non-NDV APMV HN protein and the nucleotide sequence encoding the NDV F protein has been replaced with a nucleotide
sequence encoding a non-NDV APMV F protein.

onfinued on next sheet
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However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
taught by Steglich in view of WO 2020/037215 A1 to Icahn School Of Medicine At Mount Sinai (hereinafter 'Icahn').

Steglich discloses (instant claim 1 and claim 22) a nucleic acid sequence comprising a nucleotide sequence of a Newcastle disease
virus genome in which (1) the nucleotide sequence encoding the NDV HN protein has been replaced with a nucleotide sequence
encoding a non-NDV APMV HN protein,; and (2) the nucleotide sequence encoding the NDV F protein has been replaced with a
nucleotide sequence encoding a non-NDV APMV F protein, and wherein the non-NDV APMV HN protein and non-NDV APMV F protein
are not NDV HN protein and F proteins, respectively (Abstract- "an NDV vector was constructed which carries the fusion (F) and
hemagglutininneuraminidase (HN) proteins of avian paramyxovirus type 8 (APMV-8) instead of the corresponding NDV proteins in an
NDV backbone derived from the lentogenic NDV Clone 30 and a gene expressing HPAIV H5 inserted between the F and HN genes"),
but does not teach wherein NDV intergenic regions are before and after the non-NDV APMV KN protein coding sequence and wherein
NDYV intergenic regions are before and after the non-NDV APMV F protein coding sequence.

Icahn discloses chimeric NDV comprising F protein wherein the NDV comprises intergenic sequences (para [00106]- " a transgene
encoding an RSV F protein or a chimeric F protein comprises NDV regulatory signals (e.g, gene end, intergenic, and gene start
sequences) ") and use of the antibody for treating neonatal myasthenia gravis (para [0042]). Since lcahn teaches that the disclosed NDV
can be used for disease immunizations (Abstract- "The recombinant NDVs and compositions thereof are useful for the immunizing
against RSV or hMPV as well as the prevention of RSV disease or hMPV disease"), it would have been obvious to one of ordinary skill
in the art, to have combined the the teachings of Steglich with Icahn and optimized the nucleic acid sequence and have NDV intergenic
regions before and after the non-NDV APMV HN and F protein, using routine experimentation.

The features shared by the inventions listed as Group I+ are a recombinant Newcastle disease virus (NDV) comprising a packaged
genome, wherein the packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in which the nucleotide
sequences encoding the NDV HN protein and NDV F protein are replaced with a nucleotide sequence comprising a negative sense
RNA.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
taught by Steglich in view of Icahn.

Steglich discloses (instant claim 8) a nucleic acid sequence corﬁprising: (1) a transcription unit encoding a NDV nucleocapsid (N)
protein, (2) a transcription unit encoding a NDV phosphoprotein (P), (3) a transcription unit encoding a NDV matrix (M) protein, (4) a
transcription unit encoding a NDV large polymerase (L), and (5) the nucleotide sequence (Fig. 1).

- Steglich discloses (instant claim 28 and 29) a recombinant Newcastle disease virus (NDV) comprising a packaged genome, wherein the
packaged genome comprises a nucleotide sequence of a Newcastle disease virus genome in which the nucleotide sequences encoding
the NDV HN protein and NDV F protein are replaced with a nucleotide sequence (Abstract- "an NDV vector was constructed which
carries the fusion (F) and hemagglutininneuraminidase (HN) proteins of avian paramyxovirus type 8 (APMV-8) instead of the
corresponding NDV proteins in an NDV backbone derived from the lentogenic NDV Clone 30 and a gene expressing HPAIV H5 inserted
between the F and HN genes") but does not teach comprising a negative sense RNA sequence transcribed from the cDNA sequence.
Icahn discloses chimeric NDV comprising wherein the genome comprises a negative sense RNA sequence transcribed from the cDNA
sequence (claim 13). Since Icahn teaches that the disclosed NDV can be used for disease immunizations (Abstract- "The recombinant
NDVs and compositions thereof are useful for the immunizing against RSV or hMPV as well as the prevention of RSV disease or hMPV
disease"), it would have been obvious to one of ordinary skill in the art, to have combined the teachings of Steglich with fcahn and
optimized the nucleic acid sequence and have a negative sense RNA sequence franscribed from the cDNA sequence, using routine
experimentation. '

'

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Groups I+ and [+ therefore lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special
technical feature.

Item 4 (continued) .
Claims 6-7, 14-21, and 30-55 are dependent claims and are not drafted in accordance with the second and third sentences of Rule
6.4(a).
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