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ABSTRACT 

The present invention provides both QuilA-loaded chitosan 
(QAC)-encapsulated NA vaccine compositions and viral 
vaccine compositions that encode an Infectious Bronchitis 
Virus (IBV) spike (S) protein, an IBV nucleocapsid (N) 
protein, or both the S protein and the N protein. Additionally, 
the present invention provides methods in which the dis
closed vaccines are administered to a subject to induce an 
immune response against IBV or to vaccinate the subject 
against IBV. 

Specification includes a Sequence Listing. 
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MODIFIED GENE VACCINES AGAINST 
AVIAN CORONAVIRUSES AND METHODS 

OF USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority to U.S. 
Provisional Patent Application No. 63/282,482 that was filed 
Nov. 23, 2021 , the entire contents of which are hereby 
incorporated by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] This invention was made with government support 
under 2016-67021-25042 and 2020-67021-31256 awarded 
by the USDA/NIFA. The government has certain rights in 
the invention. 

SEQUENCE LISTING 

[0003] This application is being filed electronically via 
Patent Center and includes an electronically submitted 
Sequence Listing in .xml format. The .xml file contains a 
sequence listing entitled "960296_04361" created on Nov. 
23 , 2022 and is 122,399 bytes in size. The Sequence Listing 
contained in this .xml file is part of the specification and is 
hereby incorporated by reference herein in its entirety. 

BACKGROUND 

[0004] Coronavirus infections, such as infection by infec
tious bronchitis virus (IBV) in poultry, cause significant 
health problems for avian subjects as well as economic 
losses to the poultry industry. A major hurdle to combat 
these infections is the diversity of viral antigens that can be 
present in a given outbreak. In addition, a critical failure in 
preparation for coronavirus infections in avian subjects is 
the absence of effective vaccines that can be delivered to 
thousands of animals at the same time. Consequently, there 
is a dire need for an objective vaccination method that 
effectively, yet parsimoniously, encompasses existing and 
emerging isolates of coronavirus, e.g. , IBV, to protect 
against coronavirus infection in avian subjects. 

SUMMARY 

[0005] In a first aspect of the current disclosure, vaccine 
compositions are provided. In some embodiments, the vac
cine compositions comprise a polynucleotide that encodes 
an infectious bronchitis virus (IBV) spike (S) protein, an 
IBV nucleocapsid (N) protein, or both the S protein and the 
N protein. The polynucleotide may be a DNA or RNA and 
maybe codon optimized for expression in the subject tar
geted for vaccination. The compositions may further com
prise an adjuvant and the adjuvant may include disaggre
gated spherical nanostructures comprising Quil-A and 
chitosan. 
[0006] In another aspect of the current disclosure, vaccine 
compositions comprising a viral vector are provided. In 
some embodiments, the viral vector comprises a polynucle
otide encoding an infectious bronchitis virus (IBV) (S) 
protein, an IBV nucleocapsid (N) protein, or both the S 
protein and the N protein. 
[0007] In still another aspect, a vaccine composition com
prising an infectious bronchitis virus (IBV) (S) protein, an 
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IBV nucleocapsid (N) protein, or both the S protein and the 
N protein. The S and N proteins may include one or more of 
SEQ ID NOs: 11-17, 21 , 23 , 25, 27, 29, 31 , 33, 10, 18, 35, 
and 37. The vaccine compositions may further comprise an 
adjuvant such as the Quil-A-chitosan adjuvant. 

[0008] In another aspect of the current disclosure, methods 
of inducing an immune response against infectious bronchi
tis virus (IBV) in a subject are provided. In some embodi
ments, the method comprises: administering the vaccine 
compositions of current disclosure in an amount effective to 
induce the immune response against at least one IBV antigen 
in the subject. 

[0009] In another aspect of the current disclosure, methods 
of inducing an immune response against infectious bronchi
tis virus (IBV) in a subject are provided. In some embodi
ments, the method comprises: administering a first vaccine 
composition comprising a polynucleotide that encodes an 
infectious bronchitis virus (IBV) spike (S) protein, an IBV 
nucleocapsid (N) protein, or both the S protein and the N 
protein and a viral vector comprising a polynucleotide 
encoding an infectious bronchitis virus (IBV) (S) protein, an 
IBV nucleocapsid (N) protein, or both the S protein and the 
N protein, wherein administration of the first vaccine com
position and the second vaccine composition induces the 
immune response against at least one IBV antigen in the 
subject. The first and second vaccine compositions may be 
administered at separate times with at least two weeks 
separating the two administrations. In one embodiment the 
first vaccine composition comprising a polynucleotide is 
administered prior to the second vaccine composition com
prising a viral vector expressing a polypeptide encoded by 
the polynucleotide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1. Design and characterization of MVA-IBV 
vaccine constructs. a) MVA vaccine construct expressing N 
protein with the addition ofC-terminal 6xHis tag. Gene map 
was generated using Snap gene software. b) Western blot 
analysis with anti 6xHis-HRP antibody for pCAG-N plas
mid (left) and MVA-N (right) confirming expression of N 
protein from vaccine constructs. Lanes are as follows: Left, 
supernatant (lane 2) CEF cells transfected with control 
plasmid, supernatant (lane 1) CEF cells transfected with 
pCAG-N plasmid. Cell pellet (lane 4) CEF cells transfected 
with control plasmid, cell pellet (lane 3) CEF cells trans
fected with pCAG-N plasmid and control purified N6xHis 
protein (lane 5). Right, cell pellet (lane 1) from CEF cells 
infected with MVA-TrN and control purified N6xHis protein 
(lane 2). Cell pellet (lane 2) from CEF cells infected with 
MVA-N. c) Single step and d) Multi step growth curve of 
parental MVA-GFP and recombinant MVA-N vaccine vec
tors. 

[0011] FIG. 2. Vaccine experimental design. Experimental 
design of IBV immunization and challenge studies. Outline 
for vaccine construct and immunization protocol using 
groups of white leghorn SPF birds vaccinated with 2 doses 
of MVA-N (IN) or pQAC-CoV (I.N) at day-0 followed by 
boost with MVA-CoV (IN) day-14. Control groups include 
unvaccinated PBS group and commercial MLV vaccination 
at day-0 (IN). 

[0012] FIG. 3. Humoral responses in vaccinated SPF 
chicks. IBV specific a) IgY in serum and b) IgAin lachrymal 
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fluid, significance (*, P<0.05; ***, P<0.001; ****, P<0. 
0001) was determined by two-way ANOVA. Data show 
means±SEM. 
[0013] FIG. 4. Localized T-cell immune responses in 
vaccinated chicks. Lung cell proliferative capacity measured 
by CellTrace Violet dye dilution in unvaccinated, MLV, 
2xMVA-N and pQAC/MVA-N vaccinated chickens. Prolif
eration was measured in a) total lung cells, (b) CD4+, (c) 
CDS+ and (d) TCRyo+ lung T cells after 4 days in culture 
post antigen stimulation. Non-significance, ns or signifi
cance(*, P<0.05; **, P<0.01) was determined by one-way 
ANOVA with multiple comparisons. Data show 
means±SEM. 
[0014] FIG. 5. Increased protection with heterologous 
vaccine strategy against IBV. a) Clinical sign severity rep
resented as average score/bird over 8 days post challenge in 
each group. b) IBV log viral load/10 ul lachrymal fluid at 6 
days post challenge. c) IBV log viral load in tracheal swab 
at 6 days post challenge. Non-significance, ns or significance 
(***, P<0.001 ; ****, P<0.0001) was determined by one
way ANOVA with multiple comparisons. Data show 
means±SEM. 
[0015] FIG. 6. Protective efficacy of the MPLA-QAC 
triple adjuvant system. a) Clinical sign severity represented 
as average score/bird over 8 days post challenge in each 
group. b) IBV log viral load in tracheal swab at 6 days post 
challenge Significance(***, P<0.001 ; ****, P<0.0001) was 
determined by one-way ANOVA with multiple comparisons. 
Data show means±SEM. 
[0016] FIG. 7. Shows a map of the Mass41 S antigen with 
the modified 7 features ( codon optimization is not shown 
with an arrow). All of the other sequences below have the 
same features. 
[0017] FIG. 8. Alignment of 7 IBV S protein amino acid 
sequences. Sequences correspond to, from top to bottom, 
SEQ ID NOs: 39-45. 

DETAILED DESCRIPTION 

[0018] The present invention provides nucleic acid-based 
vaccine compositions (DNA vaccines), protein subunit 
based vaccines and viral vaccine compositions encoding an 
infectious bronchitis virus (IBV) spike (S) protein, an IBV 
nucleocapsid (N) protein, or both the S protein and the N 
protein. Further, the present invention provides methods in 
which the disclosed vaccines are administered to a subject to 
induce an immune response directed against IBV. 
[0019] Compositions: 
[0020] In a first aspect, the present invention provides 
vaccine compositions. In some embodiments, the vaccine 
composition comprises a polynucleotide that encodes an 
infectious bronchitis virus (IBV) spike (S) protein, an IBV 
nucleocapsid (N) protein, or both the S protein and the N 
protein. Alternatively, the compositions may comprise a 
viral vector encoding an infectious bronchitis virus (IBV) 
spike (S) protein, an IBV nucleocapsid (N) protein, or both 
the S protein and the N protein. AS another alternative, 
protein subunit vaccine compositions comprising an infec
tious bronchitis virus (IBV) spike (S) protein, an IBV 
nucleocapsid (N) protein, or both the S protein and the N 
protein are also provided. The nucleic acids encoding the 
proteins may be RNA or DNA and may be codon optimized 
for expression in the subject targeted for vaccination. The S 
and N proteins and nucleic acids encoding the same may be 
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modified to allow for increased inducement of the immune 
response after administration. 

[0021] As used herein, the terms "DNA vaccine," "nucleic 
acid vaccine," "NA vaccine" and "plasmid vaccine" are used 
interchangeably to refer to a polynucleotide encoding at 
least one antigen. Following immunization, a subject' s cells 
take up the polynucleotide and express the encoded antigen 
from it, inducing an immune response against the antigen. 
NA vaccines offers several potential advantages over tradi
tional vaccine strategies, including the stimulation of both 
B- and T-cell responses, improved storage stability, the 
absence of any infectious agent, and the relative ease of 
large-scale manufacture. However, NA vaccines also come 
with several challenges, including in vivo degradation of the 
construct by DNases or RNases, inefficient uptake by anti
gen presenting cells, and low immunogenicity. See, for 
example, P. Cai, X. Zhang, M. Wang, Y. L. Wu, X. Chen, 
Combinatorial Nano-Bio Interfaces. ACS Nano 12, 5078-
5084 (2018); and D. H. a. M. Bros, DNA Vaccines-How 
Far From Clinical Use? Int J Mo] Sci. 19, (2018), both of 
which are incorporated by reference herein. Nucleic acid
based vaccines generally contain additional elements in 
addition to the polynucleotide encoding the antigen such as 
a promoter functional in cells of the subject to be immunized 
or may be altered to offer increased stability or resistance to 
degradation in the host cell. 

[0022] As used herein, "antigen" refers to a substance that 
induces a targeted immune response in a subject. For 
example, in some embodiments, the compositions disclosed 
herein comprise one or more polynucleotides that encode an 
infectious bronchitis virus (IBV) spike (S) protein, an IBV 
nucleocapsid (N) protein, or both the S protein and the N 
protein. Therefore, in the foregoing example, the antigens 
are the IBV S and N proteins that are encoded by the one or 
more polynucleotides. In some embodiments, the S proteins 
are encoded by one or more of the group consisting of SEQ 
ID NOs: 1-7, 22, 24, 26, 28, 30, 32, and 34. The S proteins 
encoded by these polynucleotides are provided as SEQ ID 
NOs: 11-17, 21, 23, 25, 27, 29, 31 , and 33, and any 
polynucleotide encoding SEQ ID NO: 11-17, 21 , 23, 25, 27, 
29, 31 , and 33, is included, as the coding sequence for the 
proteins may be optimized for expression in particular cell 
types. In some embodiments, the N proteins are encoded by 
one or more of SEQ ID NOs: 8, 9, 36 and 38. The N proteins 
encoded by these polynucleotides are provided as SEQ ID 
NOs: 10, 18, 35, and 37, respectively, and any polynucle
otide encoding SEQ ID NO: 10, 18, 35, or 37 is also 
encompassed herein. The polynucleotides provided herein 
may be altered to optimize codon usage for maximal expres
sion in a particular host such as a poultry. Thus, the 
sequences provided herein also include sequences with 70%, 
75%, 80%, 85%, 900/o, 92%, 94%, 95%, 96%, 97%, 98%, or 
99% identity to the sequences of SEQ ID NO: 1-9, 22, 24, 
26, 28, 30, 32, 34, 36, and 38. The proteins encoded by the 
polynucleotides may also encompass changes especially as 
these proteins are known to exist in various isoforms and be 
antigenically diverse in outbreaks of IBV. The sequences 
provided herein also include sequences with 70%, 75%, 
800/o, 85%, 90%, 92%, 94%, 95%, 96%, 97%, 98%, or 99% 
identity to the amino acid sequences of SEQ ID NO: 10-18, 
21 , 23, 25, 27, 29, 31, 33, 35 or 37. In some embodiments, 
the polynucleotide encodes both the S and N proteins on a 
single molecule. As such, in some embodiments, the poly
nucleotide comprises sequences linking the S and N pro-
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teins. The N and S sequences may be linked via a poly
nucleotide of any length but should be in frame or contain 
independent regulatory regions such as an internal ribosome 
entry site to allow for expression of both proteins from the 
polynucleotide. 
[0023] As used herein, a " fragment" is a portion of an 
amino acid sequence which is identical in sequence to, but 
shorter in length than a reference sequence. A fragment may 
comprise up to the entire length of the reference sequence, 
minus at least one amino acid residue. For example, a 
fragment may comprise from 5 to 1000 contiguous amino 
acid residues of a reference polypeptide, respectively. In 
some embodiments, a fragment may comprise at least 5, 10, 
15, 20, 25, 30,40, 50, 60, 70, 80, 90, 100, 150, 250,or500 
contiguous amino acid residues of a reference polypeptide. 
Fragments may be preferentially selected from certain 
regions of a molecule. A fragment may include an N-termi
nal truncation, a C-terminal truncation, or both N-terminal 
and C-terminal truncations relative to the full-length refer
ence polypeptide. 
[0024] The term "recombinant" when used with reference, 
e.g., to a cell , or nucleic acid, protein, expression cassette, or 
vector, indicates that the cell, nucleic acid, protein, expres
sion cassette, or vector, has been modified by the introduc
tion of a heterologous nucleic acid or protein or the altera
tion of a native nucleic acid or protein, or that the cell is 
derived from a cell so modified. Thus, for example, recom
binant cells express genes that are not found within the 
native (non-recombinant) form of the cell or express native 
genes that are otherwise abnormally expressed, have higher 
than normal expression, are under-expressed, or not 
expressed at all. 
[0025] The polynucleotide vaccine compositions provided 
herein may be DNA or RNA and may include regulatory 
regions to allow for transcription and/or translation of the 
polynucleotides into polypeptides once in a cell of a vacci
nated subject. The polynucleotides may be operably linked 
to promoters that are capable of recruiting transcriptional 
machinery in target cells of the vaccinated subject, e.g. , cells 
of the upper respiratory tract, or, in some embodiments, any 
somatic cell of the subject. 
[0026] However, as discussed above, NA vaccines can 
suffer from several drawbacks including in vivo degradation 
of the construct by DNases or RNases, inefficient uptake by 
antigen presenting cells, and low immunogenicity. In some 
embodiments, the vaccine composition further comprises an 
adjuvant. In some embodiments, the adjuvant comprises 
disaggregated spherical nanostructures comprising Quil-A 
and chitosan, which are present at a ratio between 1: 15 and 
1: 100. As used herein, the term "adjuvant" or "vaccine 
adjuvant" refers to any substance that enhances the immune 
response to an antigen. The inventors envision that the use 
of articulate delivery systems, such as QuilA-loaded Chito
san (QAC) nanoparticles used with the present invention, 
may overcome these challenges by facilitating a prolonged 
release of active plasmid. See, for example, S. S. Chan
drasekar, B. A. Kingstad-Bakke, C. W. Wu, M. Suresh, A. M. 
Talaat, A Novel Mucosa] Adjuvant System for the Immuni
zation Against Avian Coronavirus Causing Infectious Bron
chitis. J Viral, (2020), which is incorporated by reference 
herein. An exemplary adjuvant used with the vaccine com
positions disclosed herein is a Quil-A chitosan (QAC) 
complex, in which Quil-A and chitosan are combined to 
form distinct disaggregated spherical nanostructures. The 
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QAC complexes are loaded with one or more payload 
molecules (in this case, the antigen-encoding polynucle
otide) with which the QAC complex stimulates an immune 
response. The QAC complex adjuvant was previously 
described in International Application No. PCT/US2020/ 
037438, which is incorporated by reference, and Chan
drasekar et al. 2020, supra. Advantageously, QAC-adju
vanted vaccines appear to target local mucosa] immunity, 
which results in a more effective immune response to IBV 
given that airway epithelium T cells and IgA humoral 
responses have been shown to be critical for restricting 
respiratory viral pathogens. See, for example, N. v. D. 
Emmie de Wit, Darryl Falzarano and Vincent J. Munster, 
SARS and MERS: recent insights into emerging coronavi
ruses. Nature Reviews Microbiology 14, (2016), which is 
incorporated by reference herein. 
[0027] "Quil-A" refers to the powdered saponin fraction 
isolated from extract of the bark of Quillaja saponaria trees. 
Quil-A is commercially available, for example from Desert 
King sold under the product name Vet-Sap™. 
[0028] "Chitosan" refers to a linear polysaccharide com
posed of randomly distributed ~-linked D-glucosamine and 
N-acetyl-D-glucosamine. Chitosan can be obtained from the 
chitin shells of shrimp and other crustaceans by treatment of 
the shells with an alkaline substance. Chitosan is a non
toxic, naturally occurring cationic polymer that readily com
plexes with DNA and negatively charged proteins that is 
biocompatible and biodegradable. Compositions incorporat
ing chitosan have sustained release kinetics and are immu
nomodulatory, enhancing the T-cell response. In some 
embodiments, chitosan is deacetylated chitosan, for example 
deacetylated chitosan (>75%). Deacetylated chitosan is 
available commercially from Sigma (C3646). Higher 
deacetylation percentages, for example about 90%, will 
meditate stronger binding with nucleic acids resulting in 
slower release kinetics from the nanoparticle structures of 
the QAC complex. In some embodiments, the chitosan is at 
least 70%, 75%, 80°/c,, 85%, 900/o, or 95% deacetylated. In 
some embodiments, the chitosan is between about 60% and 
about 90% deacetylated. 
[0029] In some embodiments, the chitosan is functional
ized. Chitosan may be functionalized with negatively 
charged sulfonate groups by reaction of the amino group of 
chitosan with 5-formyl-2-furan sulfonic acid (FFSA) fol
lowed by treatment using sodium borohydride to form a 
negatively charged chitosan surface. Use of the negatively 
charged chitosan in the formation of the QAC complex will 
generally be favorable for loading of positively charged 
payload molecules. 
[0030] The QAC complex is loaded with the antigen
encoding polynucleotide by mixing a solution ofQuil-Aand 
polynucleotide into a solution of chitosan to form a final 
mixed solution containing a QAC-polynucleotide complex. 
In the final mixed solution, the Quil-A and the chitosan are 
present at a ratio of between 1: 15 to 1: 100. In some 
embodiments, the Quil-A and the chitosan are present at a 
ratio of about 1:20 (e.g. , 1:15, 1:16, 1:1 7, 1:18, 1:19, 1:20, 
1:21, 1:22, 1:23, 1:24, or 1 :25) in the final mixed solution. 
In some embodiments, in the final solution Quil-A is at a 
concentration of 0.001 % and chitosan is at a concentration 
between about 0.02% and about 0.1%. 
[0031] In some embodiments, the QAC complex nano
structures are less 100 nm in diameter when measured in the 
absence of any payload molecules. For example, the nano-
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structures may be between about 5 nm and about 100 nm, 
between about 10 nm and about 95 nm, between about 15 
nm an about 90 nm, between about 20 nm and about 90 nm, 
or between about 25 nm and about 85 nm in the absence of 
a payload molecule. The QAC complex may be loaded with 
one or more payload molecules such as the polynucleotides 
described herein encoding an IBV spike (S) protein, an IBV 
nucleocapsid (N) protein, or both the S protein and the N 
protein. The nucleotide-QAC complex may be between 
about 20 nm and about 1000 nm in diameter. The specific 
size of the nucleotide-QAC complex will vary depending on 
the size and amount of payload in the nanostructure. As used 
herein, "disaggregated," refers to the formation of discrete 
observable particles as opposed to aggregated non-discrete 
assemblies with non-distinct boundaries and "spherical" 
means roughly spherical in nature and is not meant to be a 
precise definition of the structure. 
[0032] Though the QAC adjuvant strategy significantly 
improves the immunogenicity and protective immune 
response generated by the NA vaccine compositions of the 
current disclosure, the inventors hypothesized that a heter
ologous vaccine approach may further increase the effec
tiveness of the compositions. As used herein, "heterologous 
vaccine approach" refers to practice of inducing a first 
immune response with a first vaccine composition, then 
inducing a second immune response with a second different 
vaccine composition. Accordingly, a "heterologous vaccine" 
may also refer to the "second different vaccine composition" 
in the preceding example. 
[0033] Therefore, in a second aspect, vaccine composi
tions comprising a viral vector are provided. In some 
embodiments, the viral vector comprises a polynucleotide 
encoding an infectious bronchitis virus (IBV) (S) protein, an 
IBV nucleocapsid (N) protein, or both the S protein and the 
N protein. 
[0034] As used herein, a "viral vector" refers to a virus or 
viral particle that comprises a polynucleotide encoding at 
least one antigen. The viral vector delivers the polynucle
otide into a subject' s cells. Within the cell, the polynucle
otide is transcribed and translated, producing the encoded 
antigen. Depending on the cell that is expressing the viral 
antigen, the antigen may be presented on major histocom
patibility complex I or II (MHC-I or MHC-II). Thus, the 
adaptive immune system, e.g., T and B cells, may recognize 
the antigen and become activated. The viral vectors may be 
used to induce an immune response to the S or N protein of 
IBV. The viral vectors of the present invention are "recom
binant viruses," in which foreign genetic material encoding 
an antigenic protein (i.e., from infectious bronchitis virus) 
has been inserted into the viral genome. 
[0035] The viral vectors may be a weakened or killed 
version of a virus. For example, the viral vector can be based 
on an attenuated virus, which does not replicate or exhibits 
very little replication in a host but is able to introduce and 
express a foreign gene in infected cells. As used herein, an 
"attenuated virus" is a strain of a virus whose pathogenicity 
has been reduced compared to its natural counterpart. A 
virus may be attenuated using serial passaging, plaque 
purification, or other means. The viruses used herein may be 
viral like particles (VLP) that are not capable of replication 
in the subject but do carry the antigenic proteins. 
[0036] In some embodiments, the viral vector is selected 
from an adeno-associated virus or a poxvirus. Suitable 
poxviruses for use with the present invention include, with-
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out limitation, canary poxvirus, raccoon poxvirus, vaccinia 
virus, fowl poxvirus, turkey herpes virus (HVT), and 
myxoma virus (MYXV). Poxviruses are advantageous for 
transferring genetic material into new hosts due to their 
relatively large genome size (approximately 150-200 kb) 
and because of their ability to replicate in the infected cell's 
cytoplasm rather than the nucleus, thereby minimizing the 
risk of integrating genetic material into the genome of the 
host cell. Of the poxviruses, the vaccinia and variola species 
are the two that are most studied. Vaccinia virus is highly 
immunogenic, provoking strong B-cell (humoral) and T-cell 
mediated (cellular) immune responses against its encoded 
gene products. Of these viruses, the modified vaccinia virus 
Ankara (MVA) is particularly safe, as it has diminished 
virulence while maintaining good immunogenicity. Thus, in 
some embodiments, the viral vector is a modified vaccinia 
Ankara (MVA) virus. Exemplary MVA virus strains include 
MVA 572, MVA 575, and MVA-BN, which have been 
deposited at the European Collection of Animal Cell Cul
tures (ECACC), Salisbury (UK) with the deposition num
bers ECACC V94012707, ECACC V00120707 and ECACC 
V00083008, respectively, and are described in U.S. Pat. 
Nos. 7,094,412 and 7,189,536, incorporated herein by ref
erence in their entireties. 

[0037] In yet another embodiment, a vaccine composition 
including IBV spike (S) protein, an IBV nucleocapsid (N) 
protein, or both the S protein and the N protein is provided. 
These proteins may be modified from those found natively 
in the IBV virus such that the protein subunit vaccine 
composition comprising these proteins induces an immune 
response in a subject after administration of the vaccine 
composition. 

[0038] Both the NA vaccine compositions and the viral 
vaccine compositions of the present invention comprise a 
polynucleotide encoding an IBV spike (S) protein, an IBV 
nucleocapsid (N) protein, or both the S protein and the N 
protein. The protein subunit vaccine compositions provided 
herein comprise the IBV S protein, the N protein or a 
combination thereof. The vaccine compositions may also 
include more than one of the S proteins or N proteins or 
nucleic acids encoding more than one S protein or more than 
one N protein provided herein. Such vaccine compositions 
would be considered as multivalent vaccine compositions 
and any combination of S and N protein may be combined 
and the combination may vary depending on the circulating 
IBV virus in a particular area or at a particular point in time. 

[0039] IBV S protein is the major antigen against which 
neutralizing and protective antibodies are produced. The S 
protein is partially or completely cleaved into the amino
terminal 51 and into the carboxy-terminal S2 subunits post 
translationally by a host furin-like protease. Furthermore, 
the 51 subunit is highly variable among different isolates of 
IBV and is responsible for viral attachment to host cell and 
contains major neutralizing epitopes . In some embodiments, 
the compositions of the current disclosure comprise poly
nucleotides encoding the S protein selected from the group 
consisting of SEQ ID NOs: 1-7, 22, 24, 26, 28, 30, 32, and 
34 (DNA) or SEQ ID NOs: 11-17, 21 , 23, 25 , 27, 29, 31, and 
33 (amino acid), sequences with 90% or more identity to 
SEQ ID NO: 1-7, 22, 24, 26, 28, 30, 32, and 34 or SEQ ID 
NOs: 11-17, 21 , 23, 25, 27, 29, 31 , and 33 or fragments or 
portions thereof. The S2 subunit is highly conserved among 
IBV strains and contributes to viral fusion activity and elicits 
some minor but broadly reactive neutralizing antibodies. 
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See, for example, Shirvani et al., "A Recombinant 
Newcastle Disease Virus (NOV) Expressing S Protein of 
Infectious Bronchitis Virus (IBV) Protects Chickens against 
IBV and NOV", Scientific Reports volume 8, Article num
ber: 11951 (2018), incorporated by reference herein in its 
entirety. 
[0040] IBV N protein is associated with the RNA genome 
and forms the ribonucleoprotein. In some embodiments of 
the disclosed compositions, the N protein is encoded by a 
sequence selected from the group consisting of SEQ ID 
NOs: 8, 9, 36, and 38 (DNA) or SEQ ID NOs: 10, 18, 35, 
and 3 7 ( amino acid), sequences with 90% or more identity 
to SEQ ID NO: 8-9, 36, and 38, SEQ ID NO: 10, 18, 35, and 
37 or fragments or portions thereof. 
[0041] The compositions of the current disclosure are 
administered, in some embodiments, intranasally, intramus
cularly, or are administered in ovo. In some embodiments, 
the compositions are administered to greater than one sub
ject at a time through means known in the art, for example, 
through mass intranasal administration of a group of ani
mals. In some embodiments, the compositions of the current 
disclosure are administered by aerosol delivery to a flock of 
birds, for example, chickens. 
[0042] The vaccine compositions of the present invention 
may be used as a prophylactic, e.g. , to prevent or ameliorate 
the effects of a future infection by IBV, or may be used as 
a therapeutic, e.g. , to treat IBV. The vaccines provided 
herein are expected to induce and enhance the immune 
response of the subject to IBV. The immune response 
enhanced is suitably a polyfunctional response. As used 
herein, a "polyfunctional response" refers to an immune 
response comprising both B and T cells directed to the 
pathogen. 
[0043] The vaccine compositions may further comprise 
other suitable agents or ingredients. Suitable agents may 
include a suitable carrier or vehicle for delivery. As used 
herein, the term "carrier" refers to a pharmaceutically 
acceptable solid or liquid filler, diluent or encapsulating 
material. A water-containing liquid carrier can contain phar
maceutically acceptable additives such as acidifying agents, 
alkalizing agents, antimicrobial preservatives, antioxidants, 
buffering agents, chelating agents, complexing agents, solu
bilizing agents, humectants, solvents, suspending and/or 
viscosity-increasing agents, tonicity agents, wetting agents 
or other biocompatible materials. A tabulation of ingredients 
listed by the above categories may be found in the U.S. 
Pharmacopeia National Formulary, 1857-1859, (1990). 
[0044] The vaccine formulation may be separated into 
vials or other suitable containers. The vaccine formulation 
herein described may then be packaged in individual or 
multi-dose ampoules or be subsequently lyophilized (freeze
dried) before packaging in individual or multi-dose 
ampoules. The vaccine formulation herein contemplated 
also includes the lyophilized version. The lyophilized vac
cine formulation may be stored for extended periods of time 
without loss of viability at ambient temperatures. The lyo
philized vaccine may be reconstituted by the end user and 
administered to a patient. 
[0045] Methods: 
[0046] In another aspect of the current disclosure, methods 
of inducing an immune response against infectious bronchi
tis virus (IBV) in a subject are provided. In some embodi
ments, the method comprises: administering a first vaccine 
composition and administering a second vaccine composi-
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tion wherein administration of the first vaccine composition 
and the second vaccine composition induces the immune 
response against at least one IBV antigen in the subject. In 
some embodiments, a first vaccine compositions comprises 
a polynucleotide that encodes an infectious bronchitis virus 
(IBV) spike (S) protein, an IBV nucleocapsid (N) protein, or 
both the S protein and the N protein. In some embodiments, 
the vaccine composition further comprises an adjuvant. In 
some embodiments, the adjuvant comprises disaggregated 
spherical nanostructures comprising Quil-A and chitosan, 
and wherein the Quil-A and chitosan are present at a ratio 
between 1: 15 and 1: 100. In some embodiments, the chitosan 
is functionalized by treatment with 5-formyl-2-furan sulfo
nic acid and sodium borohydride, such that the chitosan 
surface is negatively charged. In some embodiments, the 
vaccine composition comprises spherical nanostructures 
between about 5 nm and about 100 nm in diameter in the 
absence of a payload molecule. 
[0047] The vaccine composition may be a polynucleotide. 
In some embodiments, the S protein is encoded by one or 
more of the group consisting of SEQ ID NO: 1-7, 22, 24, 26, 
28, 30, 32, and 34 or a sequence capable of encoding at least 
one of SEQ ID NO: 11-17, 21 , 23, 25, 27, 29, 31, and 33. 
In some embodiments, the N protein is encoded by SEQ ID 
NO:8, 9, 36 or 38, or a sequence capable of encoding at least 
one of SEQ ID NO: 10, 18, 35, or 37. In some embodiments, 
the polynucleotide encodes both an S protein and an N 
protein. 
[0048] In some embodiments, the vaccine composition 
comprises a viral vector. In some embodiments, the viral 
vector comprises a polynucleotide encoding an infectious 
bronchitis virus (IBV) (S) protein, an IBV nucleocapsid (N) 
protein, or both the S protein and the N protein. In some 
embodiments, the viral vector is selected from an adeno
associated virus or a poxvirus. In some embodiments, the 
viral vector is a modified vaccinia Ankara (MVA) virus or 
turkey herpes virus (HVT). In some embodiments, the 
sequence encoding the S protein comprises one or more of 
the group consisting of SEQ ID NO:1-7, 22, 24, 26, 28, 30, 
32, and 34 or a sequence encoding SEQ ID NO: 11-17, 21, 
23, 25, 27, 29, 31. In some embodiments, the sequence 
encoding the N protein comprises SEQ ID NO:8, 9, 36 or 38 
or a sequence encoding SEQ ID NO: 10, 18, 35, or 37. In 
some embodiments, the viral vector encodes both the S 
protein and the N protein. 
[0049] In other embodiments, the vaccine compos1t1on 
comprises a protein subunit vaccine composition. The pro
tein subunits in the vaccine composition may include one or 
more of a IBV S protein or an IBV N protein or portion 
thereof. The vaccine compositions may further comprise an 
adjuvant and the adjuvant may be a Quil-A chitosan adju
vant. In one embodiment the the vaccine composition may 
include both an S protein and an N protein or combinations 
of more than one S protein and more than on N protein. The 
S protein may be selected from SEQ ID NO: 11-17, 21, 23, 
25, 27, 29, 31 or combinations thereof. The N protein may 
be selected from SEQ ID NO: 10, 18, 35, or 37 or combi
nations thereof. 
[0050] The methods of the current disclosure comprise 
administration of vaccine composition that elicits an 
immune response against IBV. The timing of the adminis
tration of the vaccine compositions may be varied. Accord
ingly, in some embodiments, administration of the second 
vaccine composition occurs at least three weeks after admin-
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istration of the first vaccine composition. In some embodi
ments, administration of the second vaccine composition 
occurs at least six weeks after administration of the first 
vaccine composition. A hallmark of the QAC adjuvant 
system is slow release of payload with continual priming of 
the immune system. Thus, the inventors hypothesize that 
release of DNA payload can be sustained up to six weeks 
after which another immunization will further boost immune 
responses. 
[0051] The inventors disclose herein that heterologous 
vaccine strategies for eliciting an immune response against 
IBV are highly successful. Therefore, in some embodiments, 
the first vaccine composition comprises a NA vaccine com
position, and the second vaccine composition comprises a 
viral vector or protein subunit vaccine composition. 
[0052] The methods of the current disclosure comprise 
administering two vaccine compositions. In some embodi
ments, both the administration events comprise administer
ing the vaccine compositions via the same route. In other 
embodiments, the first and second vaccine compositions are 
administered via different routes. For example, in some 
embodiments, the vaccine compositions are administered 
intranasally, intramuscularly, or administered in ovo. Thus, 
in some embodiments, the first vaccine composition is 
administered in ovo and the second vaccine composition is 
administered intranasally. In some embodiments, the first 
vaccine composition is administered in ovo and the second 
vaccine composition is administered in ovo. In some 
embodiments, the first vaccine composition is administered 
in ovo and the second vaccine composition is administered 
intramuscularly. In some embodiments, the first vaccine 
composition is administered intranasally and the second 
vaccine composition is administered intranasally. In some 
embodiments, the first vaccine composition is administered 
intranasally and the second vaccine composition is admin
istered intramuscularly. In some embodiments, the first 
vaccine composition is administered intramuscularly and the 
second vaccine composition is administered intramuscu
larly. In some embodiments, the first vaccine composition is 
administered intramuscularly and the second vaccine com
position is administered intranasally. 
[0053] As used herein, "subject" refers to avian and non
avian animals. An "avian subject" may be any member of 
the class Ayes including, but not limited to, chickens, 
turkeys, ducks, or other fowl. The term "poultry" refers 
generally to any avian subject that is agriculturally relevant, 
e.g., chickens, ducks, ostriches, guinea fowl, turkeys, quail , 
pheasants, Muscovy ducks, and the like. The term "subject" 
does not denote a particular age or sex. In one embodiment, 
the subject is a chicken. In a preferred embodiment, the 
chicken is at risk of being infected IBV. 
[0054] The phrase "amount effective to induce the 
immune response," as used herein, refers to an amount of a 
vaccine composition that would induce a humoral immune 
response against at least one IBV antigen ( e.g., the spike or 
nucleocapsid protein encoded by the disclosed vaccines) and 
suitably also induces a polyfunctional T cell response as 
well. Humoral immunity or cell mediated immunity or both 
humoral and cell mediated immunity may be induced. The 
immunogenic response of an animal to a vaccine may be 
evaluated, e.g., indirectly through measurement of antibody 
titers, lymphocyte proliferation assays, or directly through 
monitoring signs and symptoms after challenge with the 
virus. The protective immunity conferred by a vaccine may 
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also be evaluated by measuring, e.g., clinical signs such as 
mortality, morbidity, temperature, overall physical condi
tion, overall health, and the performance of the subject. The 
amount of a vaccine that is therapeutically effective may 
vary depending on the particular strain of virus used, the 
antigen used in the vaccine, the species of the subject, the 
condition of the subject ( e.g., age, body weight, gender, 
health), and should be determined by a veterinarian or 
physician. The therapeutically effective amount may be 
administered in one or more doses and is preferably in the 
range of about 0.01-10 mL, most preferably 0.05-1 mL, 
containing 1-200 micrograms, most preferably 1-100 micro
grams of vaccine formulation/dose. 

[0055] The present disclosure is not limited to the specific 
details of construction, arrangement of components, or 
method steps set forth herein. The compositions and meth
ods disclosed herein are capable of being made, practiced, 
used, carried out and/or formed in various ways that will be 
apparent to one of skill in the art in light of the disclosure 
that follows. The phraseology and terminology used herein 
is for the purpose of description only and should not be 
regarded as limiting to the scope of the claims. Ordinal 
indicators, such as first, second, and third, as used in the 
description and the claims to refer to various structures or 
method steps, are not meant to be construed to indicate any 
specific structures or steps, or any particular order or con
figuration to such structures or steps. All methods described 
herein can be performed in any suitable order unless other
wise indicated herein or otherwise clearly contradicted by 
context. The use of any and all examples, or exemplary 
language (e.g. , "such as") provided herein, is intended 
merely to facilitate the disclosure and does not imply any 
limitation on the scope of the disclosure unless otherwise 
claimed. No language in the specification, and no structures 
shown in the drawings, should be construed as indicating 
that any non-claimed element is essential to the practice of 
the disclosed subject matter. The use herein of the terms 
"including," "comprising," or "having," and variations 
thereof, is meant to encompass the elements listed thereafter 
and equivalents thereof, as well as additional elements. 
Embodiments recited as "including," "comprising," or "hav
ing" certain elements are also contemplated as "consisting 
essentially of' and "consisting of' those certain elements. 

[0056] While some claims provided herein are directed to 
methods of treating a subject, both human and non-human 
subjects are envisioned. In addition, use of the compositions 
provided herein as medicaments for uses in therapy or for 
treating disease are also provided herein. Use of the com
positions provided herein in the manufacture of a medica
ment for the treatment of a disease or condition are also 
encompassed. 

[0057] Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring indi
vidually to each separate value falling within the range, 
unless otherwise indicated herein, and each separate value is 
incorporated into the specification as if it were individually 
recited herein. For example, if a concentration range is 
stated as 1 % to 50%, it is intended that values such as 2% 
to 40%, 10% to 30%, or 1 % to 3%, etc., are expressly 
enumerated in this specification. These are only examples of 
what is specifically intended, and all possible combinations 
of numerical values between and including the lowest value 
and the highest value enumerated are to be considered to be 
expressly stated in this disclosure. Use of the word "about" 
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to describe a particular recited amount or range of amounts 
is meant to indicate that values very near to the recited 
amount are included in that amount, such as values that 
could or naturally would be accounted for due to manufac
turing tolerances, instrument and human error in forming 
measurements, and the like. All percentages referring to 
amounts are by weight unless indicated otherwise. 
[0058] No admission is made that any reference, including 
any non-patent or patent document cited in this specifica
tion, constitutes prior art. In particular, it will be understood 
that, unless otherwise stated, reference to any document 
herein does not constitute an admission that any of these 
documents forms part of the common general knowledge in 
the art in the United States or in any other country. Any 
discussion of the references states what their authors assert, 
and the applicant reserves the right to challenge the accuracy 
and pertinence of any of the documents cited herein. All 
references cited herein are fully incorporated by reference, 
unless explicitly indicated otherwise. The present disclosure 
shall control in the event there are any disparities between 
any definitions and/or description found in the cited refer
ences. 
[0059] The following examples are meant only to be 
illustrative and are not meant as limitations on the scope of 
the invention or of the appended claims. 

EXAMPLES 

Example 1-Heterologous and Homologous DNA 
Confer Protection Against Avian Coronavirus 

[0060] Infectious bronchitis (IB) is an acute respiratory 
disease of chicken caused by the avian coronavirus, Infec
tious Bronchitis Virus (IBV). Modified Live Virus (MLV) 
vaccines commercially used can revert to virulence in the 
field, recombine with circulating serotypes and can cause 
tissue damage in vaccinated birds. Previously, we showed 
that a mucosa) adjuvant system, QuilA-loaded Chitosan 
(QAC) nanoparticles encapsulating plasmid vaccine encod
ing for IBV Nucleocapsid (N) is protective against IBV. 
Here, we report a heterologous strategy using QAC encap
sulated plasmid vaccine followed by a Modified Vaccinia 
Ankara (MVA) expressing the same IBV N antigen. Heter
ologous vaccination led to the development of robust T-cell 
responses. Heterologous vaccine immunized birds had 
reduced clinical severity and >2-fold reduction viral burden 
in lachrymal fluid and tracheal swabs post-challenge in 
contrast to homologous MV A vaccination where no protec
tion was observed. Outcomes of this study indicate that the 
heterologous vaccine strategy is more immunogenic and 
protective than homologous vaccination. 
[0061] Coronaviruses (Co Vs) are enveloped, large viruses 
with a positive-sense, single-strand, RNA genome ranging 
from 27-31 Kb in length. They are broadly classified into 
four genera: Alphacoronavirus, Betacoronavirus, Gamma
coronavirus, and Deltacoronavirus CoVs can infect a wide 
range of hosts, including humans, poultry, mice, pigs, cats, 
camels, bats, etc. CoVs infections usually cause acute dis
eases, primarily in the respiratory and gastrointestinal tract 
[I]. Human Co Vs like OC43, 229E, HKUl, and NL63 cause 
mild respiratory disease. Other CoVs like SARS-CoV-2, 
SARS, MERS in humans, and Avian Co V like Infectious 
Bronchitis Virus (IBV) in chickens can cause more acute 
severe respiratory disease [1-3]. IBV is classified within the 
genus gammacoronavirus encoding for major structural pro-
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teins, spike glycoprotein (S), envelope (E), membrane (M), 
and nucleocapsid (N) [4] and is the etiological agent of 
infectious bronchitis in chickens. In a typical infectious 
bronchitis infection, chickens develop respiratory signs, 
including sneezing, tracheal rales, nasal discharge, and 
labored breathing[5]. Mortality associated with infectious 
bronchitis is low; however, concomitant secondary bacterial 
infections can increase mortality[3]. Infectious bronchitis 
has a significant economic impact on the commercial US 
poultry industry, valued at over $35 billion in the US [6]. 
Infectious bronchitis infections in broilers can lead to 
reduced weight gain, and low feed conversion and infections 
in layers can lead to a drop in egg production and quality[7]. 
Typically, losses of around $450,000 per week can be 
expected due to IB outbreaks in facilities producing about 1 
million broilers per week, which is unsustainable in the 
poultry industry characterized by low-profit margins[8]. 
IBV control currently revolves around extensive vaccination 
and acceptable flock management practices like optimal 
stocking densities, house temperature, water and air quality, 
etc. to prevent increased mortality due to secondary bacterial 
infections. Modified live virus (MLV) and inactivated vac
cines are the leading vaccine types used against D3. 
Although effective, MLVs have an inferior safety profile. 
MLVs have a propensity to persist, revert to virulence in the 
field, and readily recombine with other circulating serotypes, 
leading to novel serotypes' emergence due to single muta
tions as a consequence of lack of polymerase proof-reading 
activity [9-11]. The emergence of GA98 serotype has been 
linked to the extensive use of DE072 vaccine [12]. More
over, current vaccines do not cross-protect against multiple 
circulating serotypes because of variations in the S protein 
[13-15]. Unfortunately, safer inactivated vaccines are poorly 
immunogenic underscoring the need to develop an effective 
and safe vaccine for IBV control [8]. 

[0062] Experimental plasmid DNA vaccines have been 
developed against multiple poultry pathogens, and most 
recently, conditional approval for a DNA vaccine against H5 
avian flu was given [16]. Varying protection levels are 
observed with experimental plasmid DNA vaccines express
ing IBV Sl , N, and M genes delivered via the intramuscular, 
intranasal and in ovo routes[1 7-25]. DNA vaccines offer 
several advantages over traditional vaccine approaches; they 
are safe, thermostable, comparatively inexpensive, and can 
be rapidly developed in the face of a novel serotype field 
outbreak [26]. A significant problem with DNA vaccines is 
their low immunogenicity owing to in vivo degradation 
leading to reduced cellular uptake and bioavailability. Vac
cine hostile surfaces like the nasal mucosa can degrade DNA 
vaccine before target immune cell uptake[27, 28] . Nanopar
ticle adjuvant systems like QAC can protect against DNA 
degradation and boost immune responses observed with 
DNA vaccines as described by our group previously for the 
intranasal delivery of DNA immunogens[29, 30]. 

[0063] Similarly, viral vector vaccines against IBV based 
on Newcastle disease virus, Herpesvirus of turkeys and 
avian metapneumovirus backbones have been developed 
with great promise [31 , 32]. However, none of them have 
been licensed for use owing to limited efficacy and regula
tory concerns. The heterologous vaccine has been evaluated 
against viral pathogens like HIV-1 , HPV, HCV, and Influ
enza [33-36]. Although the concept ofheterologous vaccine 
for the poultry industry refers to a broadly cross-protective 
vaccine, for the purpose of this paper the heterologous 
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vaccination refers to the concept of using a different vaccine 
platform for boosting from the vaccine that was used for 
priming. Particularly in this study, we evaluated DNA 
priming followed by viral vector boosting in comparison to 
viral vector homologous priming and boosting. The efficacy 
of heterologous vaccine strategies has been shown with 
different routes and viral vectors for boosting like vaccinia 
(e.g., Modified Vaccinia Ankara-MVA), adeno, and VSV 
(Vesicular Stomatitis Virus )[35]. Heterologous vaccination 
compared to homologous immunization can lead to a 4 to 10 
fold increase in T-cell responses[35]. Previously, we have 
shown that a heterologous vaccination involving QAC 
encapsulated plasmid DNA priming followed by MVA 
boosting was shown to be immunogenic and protective 
against SARS-CoV-2 challenge in transgenic mice[37 , 38]. 
Although the heterologous vaccine approach has been char
acterized and extensively evaluated for human viral patho
gens, not much work has been done in the context of viral 
poultry pathogens. 
[0064] We have previously shown that a two-dose QAC 
encapsulated plasmid DNA (pQAC-N) encoding the N pro
tein was protective against IBV challenge to levels seen with 
MLV vaccination[30]. We hypothesized that a heterologous 
vaccine strategy with pQAC-N prime followed by an MVA 
viral vector boost expressing the N protein (MVA-N) would 
also protect immunized chicks against IBV challenge similar 
to our findings with human coronavirus, SARS-CoV-2[37, 
38]. The prime/boost of the experimental vaccines were 
delivered via the intranasal route and hereafter referred to as 
either heterologous vaccine or pQAC/MVA-N. Our results 
indicate that pQAC/MVA-N vaccine elicits a robust IBV 
specific CD8+ and TCRyo+ T-cells which protect vaccinated 
birds against IBV challenge. Levels of protection in vacci
nated birds were higher when compared to homologous 
2xMVA-N vaccine. Our data demonstrate that intranasal 
immunization with pQAC/MVA-N protected vaccinated 
birds with a significant reduction in clinical signs and viral 
load in trachea and lachrymal fluid to levels on par with 
commercial MLV vaccinated birds. Also, addition of another 
adjuvant MPLA (Synthetic Monophosphoryl Lipid A), did 
not significantly improve protection observed with pQAC/ 
MVA-N. 
[0065] Materials and Methods: 
[0066] Ethics Statement 
[0067] All the animals used in this study were cared for in 
accordance with established guidelines, and the experimen
tal protocols were approved by the Institutional Animal Care 
and Use Committee (IACUC) of the University of Wiscon
sin at Madison. 
[0068] Cells and Viruses 
[0069] Chicken Embryonic Fibroblasts (CEF) were pre
pared from 9-day-old specific pathogen free (SPF) white 
leghorn eggs (Charles River Laboratories, Inc., WA, USA) 
as described previously[39] and used for confirming expres
sion of IBV Ark N6xHis protein from vaccine constructs. 
The cells were cultured in DMEM (Dulbecco's Modified 
Eagle Medium) at 37° C., 5% CO2 atmosphere in plastic 
flasks with ventilated caps. The virulent IBV Arkansas DPI 
strain (a kind gift from Dr. Ladman and Dr. Gelb) was 
propagated in 9-day old SPF ECEs and allantoic fluid 
harvested four days after infection. The stock virus titer was 
determined using RT-qPCR (see below) and also titrated and 
expressed as 50% embryo infectious dose (EID50)[40]. IBV 
51 gene sequence of Ark DPI challenge isolate is AF006624. 
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[0070] Preparation of IBV Vaccine Constructs 

[0071] pCAG-N encoding IBV Arkansas N protein was 
constructed and loaded into QAC nanoparticles as described 
previously[30]. To confirm insertion of genes in the correct 
orientation, DNA sequencing was performed at the UW
Madison Biotechnology Center with an ABI Prism 3 730XL 
DNA analyzer using BigDye terminators (Applied Biosys
tems, CA). To confirm expression of N protein, CEF cells 
seeded in 6-well format was transfected with an optimized 
ratio of DNA ( 4 ug): TransIT PRO transfection reagent (2 ul) 
according to manufacturer' s instructions (Minis Bio, WI, 
USA). Three days post transfection, cells and supernatant 
(separately) were harvested for western blot analysis. The 
MVA expressing N was generated as described before in 
CEF cells[41]. The cell and supernatant fractions were 
boiled in Laemmli sample buffer (BioRad, Hercules, Calif., 
USA) and resolved on a 4-20% SOS-PAGE gel by electro
phoresis using a Mini-PROTEAN 3 system (BIO-RAD, 
CA). Polyacrylamide gels were electroblotted onto nitrocel
lulose membranes using a Turboblot® system. Membranes 
were blocked in 5% (W/V) skim milk and probed with 
polyclonal anti-6xHis HRP antibody (ThermoFisher Scien
tific, MAl-21315-HRP). Membranes were developed using 
a solid phase 3, 30, 5, 50-tetramethylbenzidine (TMB) 
substrate system. 

[0072] Vaccine Efficacy Study. 

[0073] The protective efficacy of pQAC/MVA-N construct 
was evaluated in 1-day-old white leghorn SPF chicks 
(Charles River Laboratories). A total of 40 chicks was 
divided equally into 4 groups (N=l0 each) and used for the 
efficacy study, first 2 groups were inoculated with PBS 
(negative control) or commercial Arkansas MLV (Mildvac
Ark®, Merck Animal Health USA, positive control) via 
direct intranasal instillations ( dose according to manufac
turer's instructions). The other groups were either vacci
nated with MVA-N (108 pfu/bird) at day-1 and followed by 
a booster dose at day-14 via intranasal (IN) route or 
pQAC-N (100 ug/bird) at day-1 and followed by a booster 
MVA-N (108 pfu/bird) dose at day-14 via intranasal (IN) 
route. Birds were challenged with a dose of 6.5E9 genome 
copy no or 106 5 EID5 J bird of virulent IBV Arkansas DPI 
strain via direct intranasal instillations at day-21 of age. The 
challenge dose was determined in an independent infection 
experiment wherein the challenge dose resulted in discern
able clinical signs as early as 3 dpc and peak viral load 
replication was observed at 6 dpc. At 10, 20 dpv & 3 days 
post challenge (DPC) serum and lachrymal fluid samples 
were harvested for ELISA and at 6 DPC for viral load 
estimation (see below). Lachrymation was induced by plac
ing sodium chloride (salt) crystals on the eyes and lachrymal 
fluid were collected using micropipettes [ 42]. Clinical sever
ity was noted every day post challenge for 8 days, as 
described before [31]. The severity scores of clinical signs of 
IBV were as follows ; 0=normal, 1 =Infrequent sneezing 
(single event during observation), 2=frequent sneezing 
(more than one event during observation), 1 =mild rales, 
2=severe rales , 2=presence of nasal exudate. The severity 
scores of IBV clinical signs, described in the figure legends 
were recorded once a day for each chicken for 8 days after 
challenge. Lachrymal fluid and tracheal swabs harvested at 
6 dpc was analyzed for viral RNA using IBV N gene specific 
qRT-PCR. A similar experimental design was used to test the 
efficacy of the pmQAC/MVA-N vaccine candidate in a 
follow-up trial. 10 ug MPLA/bird (PHAD®, Avanti® Polar 
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Lipids) was added to QAC-pCAG-N formulation before IN 
inoculation and followed by a booster MVA-N (108 pfu/bird) 
dose at day-14 via intranasal (IN) route. Birds were chal
lenged with a dose of 6.5E9 genome copy no or 106

·
5 

EID50/bird of virulent IBV Arkansas DPI strain via direct 
intranasal instillations at day-21 of age. Vaccine efficacy 
read outs including viral shedding and clinical severity 
scoring as detailed for the previous primary trial were 
evaluated. 
[0074] IBV Specific ELISA 
[0075] Sera and lachrymal fluid from different time-points 
were screened for humoral response against IBV Arkansas 
serotype. In order to measure IgY and IgA antibody levels in 
plasma and lachrymal fluid of chicken respectively, an 
!BY-specific enzyme-linked immunosorbent assay (ELISA) 
was developed as described previously with modifications 
[ 43]. Briefly, ELISA plates were coated with inactivated 
IBV Arkansas (100 ng/well , IgY) or IBV Arkansas Sl and 
N6xHis protein (50 ng total/well, IgA) diluted in carbonate/ 
bicarbonate buffer, pH 9.6 and incubated overnight at 4C 
followed by blocking with 5% Skim milk to reduce back
ground. A 50 ul of diluted serum (½oo) or lachrymal fluid 
(1/so) harvested at different time-points from immunized 
chickens was added to the wells and incubated at 37 C for 
1 hour. Post washing (PBS-TritonX 100, 0.1 %), either HRP 
conjugated anti-chicken lg Y (NB Pl-74 778, NOVUS Bio) or 
anti-chicken IgA (NB7284, NOVUS Bio) at dilutions of 
½ooo was added to the wells and incubated at 37° C. for 1 hr. 
Post washing, 50 ul of TMB substrate solution was added 
and incubated for 20 minutes or until color developed. The 
reaction was stopped by the addition of IM sulphuric acid 
and plates are read at 450 nm. To generate standard curves, 
sera and lachrymal fluid from severely IBV infected chick
ens from previous experiments was used. Two-fold serial 
dilutions was assigned and arbitrary value and used for 
analysis. 
[0076] Flow Cytometric Assessment ofIBV Specific Pro
liferation 
[0077] In a separate follow-up study, 16 chicks were 
divided equally into 4 groups (N=l0 each) and used for the 
flow cytometric assessment, first 2 groups were inoculated 
with PBS (negative control) or commercial Arkansas MLV 
(Mildvac-Ark®, Merck Animal Health USA, positive con
trol) via direct intranasal instillations (dose according to 
manufacturer's instructions). The other groups were either 
vaccinated with MVA-N (108 pfu/bird) at day-1 and fol
lowed by a booster dose at day-14 via intranasal (IN) route 
or pQAC-N (100 ug/bird) at day-1 and followed by a booster 
MVA-N (108 pfu/bird) dose at day-14 via intranasal (IN) 
route. All chicks were euthanized at 20 dpv and single cell 
suspensions from lungs were prepared using standard tech
niques and used for T-cell proliferation assay. Briefly, lungs 
were excised and placed in a gentleMACS dissociator M 
tube (Miltenyi 130-093-236) with 5 mL collagenase B (2 
mg/ml, Roche). Lung tissue was processed using the gen
tleMACS dissociator followed by incubation for 30 min at 
37° C. with gentle shaking. Single-cell suspensions lung 
were prepared by gently squeezing through a 70-mm cell 
strainer (Falcon) after lysing RBCs using ix BD Biosciences 
BD Pharm Lyse™. Total of 10' cells/ml were stained with 
Cell Trace™ Violet Cell Proliferation dye (Thermo Scientific 
C34557) according to manufacturer' s instructions and 100 
ul of cells plated/well in RPMI 1640 with 10% chicken 
immune serum. After overnight incubation at 41 ° C., 5% 

9 
May 25, 2023 

CO2 , cells were stimulated with 130 ng of IBV Arkansas 
N6xHis protein complexed with chitosan per well in 100 ul 
ofRPMI 1640 with 10% chicken immune serum. Four days 
post stimulation, cells were stained for surface markers, 
CD4-AF647 (clone CT-4), CD8a-FITC (clone 3-298) 
together and TCRyo-FITC (clone TCR-1) independently for 
flow cytometry analysis. All antibodies were purchased from 
SouthemBiotech (Birmingham, Ala., USA). All samples 
were acquired on an BD LSR Fortessa flow cytometer. Data 
were analyzed with Flow Jo software (BD Biosciences). The 
strategy for gating on proliferating CD4+ and CD8a+ T cells 
was debris exclusion on the Forward Scatter (FSC}-Side 
Scatter (SSC) dot plot followed by exclusion of dead cells by 
fixable viability dye eFluor 780 (Invitrogen™, #65-0865-
14) staining. Out of the live cells, total proliferated cells 
were gated positive using a histogram plot with ef450 on the 
x-axis (for CellTrace™ Violet). Finally, CD4 cells were 
gated positive at the AF647 axis and CD8a cells were gated 
positive at the FITC axis in a FITC-AF647 dot plot. A 
similar approach was used for identifying proliferating 
TCRyo+ T-cells. The output, stimulation index (SI) is the 
ratio of % proliferating cells post stimulation to the % 
proliferating cells in unstimulated condition. The chicks 
from different groups used here were part of another bigger 
study and the data for only the control groups (PBS and 
MLV) have already been published[30]. 
[0078] Viral Load Measurement 
[0079] RNA was extracted from lachrymal fluid (10 µl) or 
Tracheal swabs (100 µl) collected from chickens using 
Zymo Direct-Zol™ RNA mini prep kit (Zymo Research, 
CA, USA) according to manufacturer's instructions. RT
qPCR was conducted in two steps: cDNA synthesis (Invit
rogen™ SuperScript™ III First-Strand Synthesis System) 
and qPCR reactions. cDNA synthesis was performed with 
0.5 µl (50 ng/µ1) random hexamers, 0.5 µl of 10 mM dNTPs, 
and 4 µl RNA and heated at 65° C. for 5 min and chilled on 
ice followed by addition of 1 µl of l0xRT buffer, 1 µl of0.1 
M DTT, 1 µl of25 mM MgC1 2 , 0.5 µl ofRNaseOUT and 0.5 
µl of SuperScript III enzyme in final volume of 10 µI. The 
reaction conditions include 25° C. for 5 min, 50° C. for 60 
min and 70° C. for 15 min. SYBR green RT-qPCR was 
performed using an IBV N gene specific primer pair set 
forward primer: 5' ATGCTCAACCTAGTCCCTAGCA 3' 
(SEQ ID NO: 46) and reverse primer: 5' TCAAACTGCG
GATCATCACGT 3' (SEQ ID NO: 47) amplifying 128 nt of 
N gene of IBV Arkansas DPI. PCRs were performed using 
a StepOnePlus™ Real-Time PCR System (Applied Biosys
tems, Foster City, Calif., U.S.A) under the following con
ditions: one cycle 95 C for 2 min followed by 40 cycles of 
95 C for 3 sec and 60 C for 30 sec. Each 20 µl reaction was 
carried out using 1 µ1 of diluted cDNA (½o), 10 µl of 
GoTaq® qPCR mastermix (Promega), 2 µl of forward and 
reverse primers and 7 µl of nuclease free water. A serial 
10-fold dilution of pCAG-IBV Ark N6xHis plasmid was 
used to establish the standard curve. Temperature melt curve 
analysis was used to confirm the specificity of the product. 
The challenge dose as estimated with the above-described 
method was 6.5E9 genome copy no which roughly trans
lated to 106

·
5 EID50 . 

[0080] Statistical Analysis 
[0081] Statistical analyses were performed using Graph
Pad software (La Jolla, Calif.). Cellular immune assays, 
clinical severity scoring, viral loads were compared using an 
ordinary one-way ANOVA test with multiple comparisons 
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where*, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001 
were considered significantly different among groups. Anti
body titers were compared using a two-way ANOVA test 
where*, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001 
were considered significantly different among groups. 
[0082] Results: 
[0083] Design and Construction of MVA-IBV Constructs 
[0084] The expression of recombinant N from the plasmid 
DNA vaccine (pCAG-N) was confirmed using western blot 
analysis on cells and supernatant harvested from transfected 
chicken embryonic fibroblast (CEF) cells (FIG. lB). The 
SEIL promoter controls the expression of the recombinant 
N-6xHis protein in the MVA vaccine candidate (MVA-N, 
FIG. lA). As observed with pCAG-N construct, expression 
of N-6xHis antigen was also confirmed using western blot 
analysis with anti-6xHis antibody staining in the cell pellets 
from MVA-N infected CEF cells (FIG. lB). To characterize 
and understand if the expression of IBV N-6xHis protein 
affects MVA replication in cell culture, we evaluated the 
growth kinetics of MV A-N and parental MV A-GFP in per
missive CEF cells. CEF cells were either infected at a MOI 
of 1 (single step) or 0.1 (multi-step) and viral titers subse
quently determined on CEF cells (FIGS. lC and lD). 
MVA-N replicated at rates similar to parental MVA-GFP, 
although the final titers of the recombinant MVA were about 
100-fold lower than that of the parental virus (FIGS. lC and 
lD). 
[0085] Heterologous Vaccine Strategy Elicits Robust 
Localized T-Cell Responses 
[0086] We have previously reported the safety, and pro
tective efficacy ofQAC complexed pCAG-N DNA vaccine 
(pQAC-N) in chickens against IBV Arkansas challenge 
although no humoral responses were observed [30]. We 
hypothesized that a heterologous mucosa! strategy of prim
ing with pQAC-N followed by boosting with MVA-N would 
offer a similar or better level of protection than observed 
with 2-dose intranasal (IN) pQAC-N vaccination with 
complementing humoral responses. We examined the ability 
of our experimental vaccines to elicit local and systemic 
IBV- specific immune responses following IN immuniza
tion (FIG. 2). Lachrymal fluid samples and serum harvested 
at different time points, 10, 20 days post-vaccination (dpv, 
pre-challenge) and three days post-challenge (dpc) were 
examined for IBV specific IgA (lachrymal fluid, local) and 
IgY (serum, systemic) using ELISA. IBV specific IgA and 
IgY were significantly higher in the MLV groups when 
compared to the unvaccinated PBS group (FIGS. 3A and 
3B). Although detectable at multiple time points, both IgA 
and IgY levels were not significantly high in birds vacci
nated with either the homologous or heterologous vaccine 
strategy (FIGS. 3A and 3B). 
[0087] We next evaluated the ability of the experimental 
vaccines to elicit local (lung) IBV N specific cellular 
immune responses. Antigen-specific T-cell proliferation 
assay based on Cell Trace™ Violet Cell dye staining of lung 
cells to trace proliferating T cells was used as described 
previously[30]. The stimulation index (SI) , which is the fold 
increase in stimulated to unstimulated cells was calculated. 
Total lung cells from pQAC/MVA-N vaccinated birds had 
significantly higher proliferation in response to N antigen 
stimulation which was higher than the control and 
2xMVA-N groups (FIG. 4A). An increase in the stimulation 
of proliferating TCRyo+ and CDS+ T-cells was observed in 
pQAC/MVA-N vaccinated birds in comparison to control 
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birds (FIGS. 4C & 4D) while CD4+ T-cell proliferation was 
higher in MLV vaccinated birds (FIG. 4B), albeit non
significant. These results highlight the ability of the heter
ologous pQAC/MVA-N vaccine strategy to elicit robust 
!BY-specific immune responses. 
[0088] Heterologous Vaccine is More Effective than the 
Homologous Vaccine Strategy. 
[0089] Twenty-one days post initial vaccination (21 dpv) 
and seven days post final boost, immunized birds were 
challenged with a virulent strain of IBV Arkansas DPI 
Serotype via the intranasal route to evaluate vaccine efficacy. 
Immunization with homologous 2xMVA-N did not confer 
any protection against the challenge; no reduction in clinical 
severity was observed (FIG. SA). In contrast, immunization 
with heterologous pQAC/MVA-N and MLV resulted in a 
significant reduction in clinical severity with the birds 
asymptomatic when compared to unvaccinated PBS group 
birds (FIG. SA). Viral RNA in lachrymal fluid and tracheal 
swabs were evaluated using qRT-PCR. Only the best per
forming experimental vaccine group as determined by viral 
shedding in lachrymal fluid along with the control groups 
was taken for quantifying viral shedding in the tracheal 
swabs. A significant reduction in viral load was observed 
both in the lachrymal fluid and swabs of pQAC/MVA-N 
vaccinated birds in comparison to the unvaccinated and 
2xMVA-N vaccinated birds (FIG. SB). More importantly, 
reduction in viral load in tracheal swabs was comparable to 
levels seen in commercial MLV vaccinated birds (FIG. SC). 
In contrast, no reduction in viral load was observed in 
2xMVA-N vaccinated birds, which correlated well with 
clinical severity scoring (FIGS. SA and SB). Vaccination 
with the heterologous pQAC/MVA-N confers protection 
against IBV challenge significantly higher than the homolo
gous 2xMVA-N (FIG. SB). This protection might be attrib
uted to the induction of CDS+ and TCRyo+ memory T-cell 
responses (FIG. 4). 
[0090] Impact of MPLAAddition on IBV Vaccine Protec
tion. 
[0091] MPLA is a potent mucosa! adjuvant and TLR 4 
ligand that stimulates expression of inflammatory-related 
genes, important of viral control in poultry. We hypothesized 
that inclusion of MPLA in addition to Quil-A and Chitosan 
would further improve protection observed with pQAC/ 
MVA-N vaccination. To investigate this, we immunized SPF 
birds with a triple adjuvant system (MPLA+QAC) loaded 
withpCAG-N plasmid at day-1 followed by MVA-N immu
nization (pmQAC/MVA-N) at day-14 similar to the pQAC/ 
MVA-N group in the previous trial. Reduction in clinical 
severity and viral burden in tracheal swabs was observed 
comparable to the MLV group (FIGS. 6A-B). Protective 
efficacy of pmQAC/MVA-N was very similar to and not 
significantly different from pQAC/MVA-N (FIGS. 6A-B). 
Our results indicate that addition of MPLA does not improve 
vaccine performance. Overall, these results highlight the 
ability of the heterologous vaccine strategy to elicit potent 
IBV specific T-cell responses and protect vaccinated birds 
against virulent IBV challenge. 
[0092] Discussion: 
[0093] Many experimental viral vectored vaccines primar
ily based on Newcastle Disease Virus (NDV) have been 
developed against IBV [31 , 44, 45]. Recombinant NDV 
encoding for IBV Spike protects against homologous chal
lenge and resulted in a reduction of clinical severity and viral 
shedding[31, 45]. Recombinant MVA based vaccines have 
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been developed for use in chickens against Infectious Bursa! 
Disease Virus (IBDV) and Influenza[ 46-48]. The heterolo
gous vaccine strategy involving a DNA prime followed by 
a viral vector booster dose has been evaluated against 
multiple human and animal viruses with modest success[37, 
38, 49-51]. Intranasally administered vaccines are highly 
favorable for mass vaccinations in the field. Unfortunately, 
mucosa! surfaces are vaccine hostile leading to poor immu
nogen uptake and bioavailability, rapid degradation and 
weak immune responses[27]. In a previous study, we dem
onstrated the ability of a nano adjuvant system, QAC to 
facilitate the intranasal delivery of DNA immunogens lead
ing to a protection against IBV in poultry and SARS-Co V-2 
in transgenic mice [30, 37, 38]. In this study we evaluated 
the efficacy of an intranasally delivered heterologous QAC 
complexed DNA prime-MVA boost vaccine strategy. To our 
knowledge, the use ofheterologous and MVA based vaccine 
strategies against IBV infection in chickens have not been 
extensively studied. 

[0094] DNA viral vectors like MVA can accommodate and 
stably express multiple foreign immunogens, making them 
ideal candidates for vaccine use. In our hands, although the 
recombinant MVA-N had similar replication rates in cell
culture when compared to the parental MVA-GFP, the titers 
were 100-fold lower, albeit non-significant. This could mean 
that constitutive expression of IBV N-6xHis protein poten
tially weakened the MVA vector replication in permissive 
CEF cells. The safety and efficacy of MVA-based vaccines 
in chicken hosts have been well documented[52-54]. Experi
mental MVA-hemagglutinin based influenza vaccines pro
tects chickens against both lethal high- and low-pathogenic
ity avian influenza[52, 53]. Furthermore, the safety and 
replication of MVA in chicken embryos have been exten
sively characterized with no embryonic death observed even 
after in ovo inoculation[54]. We have previously shown that 
QAC based DNA vaccines are well tolerated by chicken 
hosts when administered via the IN and in ovo routes. 
Similarly, we observed that chickens intranasally adminis
tered MVA-N and pQAC/MVA-N did not show any signs of 
respiratory distress, in appetence or depression pre-chal
lenge. 

[0095] Very few studies have investigated the efficacy of 
MVA based vaccines in poultry. Ocular administration of 
MV A based flu vaccine protects birds against avian influenza 
challenge[ 4 7]. Mixing and matching viral vector and nucleic 
acid SARS-CoV-2-vaccines also boost the immunogenic
ity of homologous vaccines[55 , 56]. In our hands, the 
heterologous DNA prime followed by MV A boost was more 
immunogenic and protective than the homologous MVA 
vaccination. Reduction in clinical severity and viral burden 
both in lachrymal fluid and tracheal swabs were observed to 
levels comparable with MLV vaccination. The protection is 
most likely due to the induction of local lymphocyte 
responses by the pQAC-N priming followed by the expan
sion ofT-cells facilitated by the MVA-N boost. We observed 
a similar phenomenon with our QAC-based COVID-19 
vaccines in mice, where the heterologous DNA/MVA vac
cine was more immunogenic than the homologous vaccine 
strategy[37, 38]. 
[0096] In a previous study we showed that 2 doses of 
pQAC-N vaccine protected vaccinated SPF and commercial 
birds against IBV challenge comparable to protection 
observed with MLV[30]. A robust T-cell immune response 
without a complementing humoral response was induced 
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post vaccination with 2xpQAC-N. We hypothesized that 
boosting with MVA viral vector instead of DNA vaccine 
would further expand CD4+ T-cells leading to an induction 
of complementing humoral responses. We observed that 
immunization with MVA-N, both in the homologous and 
heterologous group did not lead to significant induction of 
both IgY and IgA as assayed using IBV specific binding 
ELISA. Instead, low level !BY-specific IgA and IgY was 
observed in the experimental vaccine groups at 3 dpc, 
indicating presence of an anarnnestic response with 
pQAC-N based vaccines. In contrast, significant induction 
of humoral responses was observed with commercial MLV 
vaccine. Irrespective of the vaccine platform used, homolo
gous MVA and heterologous DNA/MVA used in this study 
and homologous DNA used in the previous study, significant 
induction ofN specific humoral responses are not observed 
[30]. The absence of humoral responses could be a conse
quence of using the N immunogen exclusively and not the 
vaccine platform itself. The N protein here will be intrac
ellularly expressed in cells that take up the vaccine and not 
secreted. Moreover, it is unlikely that antibodies generated 
against N will be neutralizing given the intra-virion nature of 
the protein. With mouse hepatitis virus (MHV), a Co V 
infecting mice, N specific antibodies fail to neutralize MHV 
in cell culture[57]. 

[0097] Previously, sequential immunization approach of 
DNA prime-viral vector boost has led to the initial induction 
of cell-mediated immune (CMI) responses followed by 
MVA boost which expands induced CDS+ T-cells and Thi 
T-cells[58]. We have previously shown that the potency of 
unadjuvanted plasmid DNA vaccine was enhanced by QAC 
nanoparticle formulation leading to induction of robust 
CDS+ and TCRyo+ T-cells, potentially a hallmark of the 
QAC adjuvant system[30]. Similarly, lung cells harvested 
from pQAC/MVA-N immunized chickens responded well to 
IBV-N antigen recall stimulation. Furthermore, higher 
stimulation of TCRyo+ and CDS+ T-cells was observed in 
pQAC/MVA-N immunized chickens, albeit non-significant. 
Although no significance was observed in T-cell specific 
responses, statistically higher proliferation was observed 
with total lung cells. This could mean that there are other 
lymphocytes (non TCRyo+, CDS+ or CD4+ T-cells) in the 
lungs responding to IBV antigen that were not specifically 
evaluated in this study. We believe that an MVA boost after 
DNA prime further expanded the lung lymphocytes elicited 
by the initial DNA vaccination leading to protection. These 
results are in accordance with our previous data where a 
similar heterologous DNA/MV A vaccine elicited better local 
type-I and type-17 T-cell responses in mice not observed 
with the homologous vaccine strategy[38]. Further studies 
are still warranted to evaluate the exact mechanism of action 
for the pQAC/MVA-N vaccine. 

[0098] To further improve on the efficacy of the pQAC/ 
MVA-N vaccine we added MPLA to our QAC vaccine 
formulation. MPLA is a synthetic low toxic form of LPS can 
engage with TLR4 (toll-like receptor) leading to an 
enhanced Thi response[59]. MPLAis the only licensed TLR 
agonist approved for human use and is currently used as part 
of AS04 adjuvant in hepatitis B and human papillomavirus 
vaccines[60, 61]. Engagement of TLRs by agonists like 
lipopolysaccharides (LPS), Poly I:C and CpG dinucleotides 
leads to a cascade of intracellular signaling leading to 
induction of factors and cytokines which enhance immunity 
[62]. The new tri-adjuvant system based heterologous vac-
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cine dubbed pmQAC/MVA-N with MPLA did not signifi
cantly improve protection observed with pQAC/MVA-N 
when administered intranasally. 

[0099] Results presented here highlight the utility of a 
nano-adjuvant complexed DNA prime/viral vector boost 
vaccine strategy against IBV in chickens which reduces 
clinical severity and viral load in trachea and lachrymal 
fluid. The heterologous vaccine strategy outperformed the 
homologous MV A/MV A immunization and resulted in the 
induction of local-IBV specific T-cells in the lungs. More
over, the protection observed with the heterologous vaccine 
strategy was very comparable with the commercial MLV 
vaccine's efficacy. 

[0100] In general, CDS+ T-cells are important for early 
protection against IBV infection but CD4+ T-cells and 
systemic humoral responses are needed for sterilizing long 
term immunity[63]. We did not observe IBV specific anti
body responses with the heterologous vaccine. The use of 
additional adjuvants and a secreted IBV S protein as an 
additional immunogen to the pQAC/MVA-N formulation 
could help in generating a complementing humoral immune 
response [64]. 2-dose vaccine regimens like the heterolo
gous vaccine strategy described here might also have poor 
field applicability. Single dose vaccines administered at 
day-I are preferred for poultry considering the need for early 
protection against IBV and the short lifespan of broilers in 
the poultry industry. Many experimental MVA based vac
cines for use in humans are currently undergoing clinical 
trials. Therefore, use of MV A in poultry might confer people 
coming in contact with vaccinated birds with pre-existing 
immunity against the viral vector limiting the efficacy of 
subsequent human MV A based vaccines. That being said, the 
utility of this heterologous vaccine platform can be extended 
for use against other respiratory coronaviruses which neces
sitate robust local immune responses for protection. As 
highlighted with the ongoing COVID-19 pandemic, mix and 
match heterologous vaccines can not only improve immu
nogenicity, but also help in mitigating global vaccine supply 
chain shortages . 
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Sequence total quantity , 47 
SEQ ID NO , 1 moltype = DNA length 3522 
FEATURE Location/Qua lifiers 
sourc e 1.. 3 52 2 

mol type other DNA 
organism Infectio us Bronchitis Virus 

SEQUENCE, 1 
atgcttgtga cgcctctgc t gctggtgact ttgctgtgtg ccct c tgct c cgccgtcc tg 6 0 
tacgatagct ct tcatatgt gtactattat cagagcgcc t tccggccacc taacggttgg 120 
catctgcagg gtggcgcgta tgccgttgtc aatatctctt cagaatttaa taatgcaggg 180 
tccagtagcg gttgcacggt cgggatcatc cacggtggc c gcgtggtgaa cgcctctt c a 240 
attgccatga ctgctccatc ttccggcatg gcctggtcct c ttcc caatt ctgtactgct 300 
cactgtaac t ttagcgacac aaccgtcttt gttacacatt gttacaaaca tggtggctgt 360 
cccattaccg gaatgttgca acaaaatctt atccgggtga gcgcaatgaa gaacggtcaa 420 
c tcttttaca atttgacggt gtctgtggcc aagtacccaa cgtttcgcag ctttcagtgt 480 
gtcaacaacc tcacatccgt ctacctcaat ggagacctgg tgtataccag taacgagacc 540 
attgatgtta ct tcagcagg agtctacttt aaagcaggtg gccccattac atataaggtt 6 00 
atgcgggaag tcaaagcttt ggcatatttc gtcaatggca c tgctcagga cgttatcctt 660 
tgtgatggat ccccaagggg tttgctggct tgtcaataca acaccgggaa ct tttcagac 720 
ggattttacc catttactaa tagttctttg gttaaacaga aattcattgt gtaccgggag 780 
aactccgtta ataccacatg tactctgcac aactttatct tccacaacga aacaggcgcg 840 
aatcctaatc caagcggtgt acagaatatt caaa c ctatc agacgaaaac ggcccagtca 900 
ggatactaca attttaactt tagctttctc agcagctttg tgtataaaga aagcaatttc 960 
atgtatgggt cc tac catc c ctcttgtaat tttcgactgg aaacgattaa taacgggttg 1020 
tggttcaatt ctctc agtgt cagcattgcc tatggaccac tccaaggcgg ctgcaagcag 1080 
tccgttttca aggggagagc aacatgttgt tacgcttact c ttac ggcgg cccatccc tg 1140 
tgcaaaggtg tgtactccgg agagttggat cataactttg aatgcgggct tctggtttac 1200 
gttactaagt ccggcggcag caggatacaa acggctacag aaccacccgt cattacccaa 1260 
aacaactaca ataatatcac actcaacacg tgtgtagatt ataacatcta cgggc ggac a 1320 
ggtcagggct tcatcacgaa tgtcaccgat tccgcggttt catataatta cc tggccgat 1380 
gcaggacttg cgattttgga cacgagcggg tccatagata tatttgtcgt gcagggagag 1440 
tacgggctca actactataa agtgaatcca tgtgaggacg taaatcaaca atttgttgtt 1500 
tccggcggta aacttgtggg aatcctgaca agcagaaatg aaactggctc tcaacttctc 1560 
gagaaccaat tctacatcaa aataacaaac ggtacgggtg gcggcgttcc aagcatcact 1620 
gagaatgtgg cgaattgcc c ttatgtctca tatggcaagt tctgtattaa acctgatgga 1680 
tccatcgcca ctatc gtac c taagcagttg gaacaatttg tggcgccatt gtttaatgtg 1740 
actgagaacg tactgattcc caattcattt aacctcacgg tgacagacga atatattcaa 1800 
actcgtatgg ataaggtaca aattaactgc ctgcaatatg tgtgcggaag tagtttggat 1860 
tgcagaaaac tgtttcaaca atatggacca gtatgtgata atattttgag cgtggttaat 1920 
tccgtaggcc agaaagaaga tatggagctc ttgaactttt actcaagcac taagccagct 1980 
ggatttaaca cc ccggtac t gagcaatgtc tctacagggg aatttaacat atcattgttg 2040 
ttgaccaccc cgagc tctag acgaaagcgt tccctgatcg aggacctctt gtttacgagc 2100 
gtggagtctg tcggtctgcc aacgaacgac gcgtataaga actgcacggc agggcccttg 2160 
gggttcttca aagatcttgc atgcgcacgg gaatacaacg ggctcctcgt ct tgc cgccc 2220 
ataataaccg cggagatgca ggcgttgtat acttcatccc tggttgcttc aatggcattc 2280 
ggtggaataa cagctgccgg agctatcccc tttgccacgc aactccaggc caggattaac 2340 
catctcggta ttacccaatc cc tgc tgc tc aagaaccaag agaaaatcgc ggcaagtttc 2400 
aataaagcga taggtcatat gcaggaagga tttcgcagta cgtcattggc ct tgc aacaa 2460 
attcaagatg tcgtgtctaa gcaatctgcc atactcaccg aaaccatggc gagcctgaac 2520 
aagaattttg gtgcaatttc atccgtaatt caggagattt atcaacaatt tgacgcaata 2580 
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caagcaaatg cacaagttga tagactgata actggacggc ttagcagtct gtc tgtc ctg 2 64 0 
gcatccgcca aacaagctga atatattaga gtatctc agc aaagggagct ggc tacacaa 2 70 0 
aagattaacg agtgtgttaa aagtcaaagt atccgttaca gcttctgtgg caacggtcgc 27 6 0 
catgtcct ta ccattcctca aaacgccc c c aacggaattg ttttcataca ttttagttac 2 82 0 
accc cggaca gtttcgtaaa tgtgaccgc c atcgtggggt tctgtgtcaa acc tgcaaat 2 88 0 
gcatcc c agt acgccatagt tcccgcgaat ggccggggta tatttattca agtcaatgga 2 94 0 
tcatactata tcacagcacg tgatatgtat atgccacggg caattaccg c tggcgacgt c 30 0 0 
gttacac tta catcctgcca agccaac tat gtatctgtta ataaaaccgt tattacaac c 3 06 0 
tttgtcgaca atgacgactt tgattttaac gacgagc tca gtaaatggtg gaacgacac c 3120 
aagcatgagc tgcccgattt tgacaaattt aattataccg tacccattct cgacatagac 31 8 0 
tctgaaattg ataggataca aggggtgatt caaggac tga atgattccct tatcgacctt 3 24 0 
gagaaactgt ccatcctcaa aacatac att aaatggcccg gctctggata catccctgaa 3 30 0 
gccc cacgcg atggacaagc ttatgtccgg aaggacggtg agtgggtcct gctgtcaac c 3 36 0 
ttcctcggca ggagcctgga agtactgttt caagggccag gtcaccatca tcatcatcac 3420 
catcacagcg cttggt c aca tccacaattc gagaaaggag gaggctc agg cggcggtggt 34 8 0 
tcaggcggat cagcatggtc ccatcccc aa ttcgaaaagt ag 3522 

SEQ ID NO, 2 moltype = DNA length 3543 
FEATURE Location/ Qualifiers 
source 1. .3543 

mol type other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 2 

atgttggtca aaagtctgtt cctcgtc act attttgttcg cac tctgct c tgccaacctg 6 0 
tacgataacg agtcattcgt gtattact a c cagtcagcat tcaggcc cgg gcacggttgg 1 20 
cacc tctacg gtggcgccta cgccgtcgtg aatgtctcct cagagaataa caacgccggg 1 80 
accgcacc aa gctgcac tgc tggggcaatc ggatattcta aaaatctct c cgcagcc tc c 24 0 
gtggctatga ctgctcct tt gagtggc atg agctggtctg caaattc ttt ctgtactgca 30 0 
cattgcaact tcacctccta tattgtgttc gtcacacact gttataagag cggaagcaat 3 60 
tcctgc cc c c tgaccggact gatcccc agt ggctatatca ggattgc agc tatgaagcac 4 20 
ggatccgcca tgccgggaca cttgttttac aatttgacgg tctcagtcac caagtatcc c 4 80 
aaattcagaa gcctgcagtg cgtgaataac tataccagcg tctacctcaa tggagacctg 54 0 
gtctttacct caaattacac cgaggatgtg gttgctgccg gggttcattt taaaagtggg 6 00 
ggccctatta cctataaggt aatgcgggaa gtgaaagccc tggcctactt tgtgaacggg 6 60 
accgcac acg acgtgattct gtgcgatgat acccctaggg gactgctcgc ctgtcagtac 720 
aatacgggga atttcagtga tggtttc tac cctttcacca acacttccat cgtgaaagac 780 
aaatttatcg tgtacaggga gtcttccgtt aatactaccc tcacactgac aaacttc acg 84 0 
tttagcaatg agagcggagc tcccccc aat actgggggag tggacagttt tatcctctac 90 0 
cagact c aga cagcccagtc tggctactac aacttcaact tcagctttct gagttcatt c 9 60 
gtgtacagag agtcttacta tatgtatggg agctacc acc cccggtgtag ttttcgacca 1 02 0 
gagacactga ataatggtct gtggttc aac tcactgtcag tatctctcac ctacgggccg 108 0 
attcagggtg gatgcaagca gagtgtgttc aatggtaagg ctacttgttg ttatgcctat 1140 
tcttacggtg gcccacgggc ttgcaaaggg gtgtacagag gagaactgac gcaacac tt c 1 20 0 
gagtgtgggc tgc tggtcta cgtgactaaa agcgatggaa gccggattca aacagcgac c 1 26 0 
cagcctcc tg ttcttaccca gaacttct a c aacaatatta atttaggaaa atgtgtggac 1320 
tacaatatct acggccgcat aggccagggc ctcatcacca atgtgacgga tctggctgtg 1380 
tcctataact atc tct ccga cgccggactt gcgatattgg atacgagcgg agccatcga c 1440 
atattcgtcg tacaaggtga gtacggccca aactactata aagttaacc c ttgcgaagat 15 0 0 
gtcaat c aac agttcgtagt gtccggcgga aaattagtgg gcatattaac atccagaaac 1560 
gagaccggct cacaattgct ggaaaacc ag ttctacataa agatcaccaa cggcacaggc 1 62 0 
ggcggcgttc catccgtaac cgaaaacgtt acaaactgcc catacgtct c ctatgggaag 1680 
ttttgtatta aacctgatgg atccatttca gtgatcgtgc ctaaagaact tgaccagtt c 1740 
gtggccccat tgttgaacgt gactgagtac gtgctcatcc ctaacagctt caacctgact 1 80 0 
gtcacggatg aatatataca aaccagaatg gacaaaattc agataaactg tcttcagtat 1 86 0 
gtgtgcggga actcccttgc gtgcaggaag ctctttc agc agtatggac c cgtttgtgac 1 92 0 
aacattttga gcgtggttaa ctccgtggga cagaaagaag acatggagct ccttaatttt 1 98 0 
tacagcagta caaagcctg c aaggttc aat actccggtat tcagtaacct tagtactggg 2040 
gagtttaaca taagcctctt gctgacccct ccctcctccc cgcgcaggag gagtttcatt 21 0 0 
gaagatctg c tgtttactag tgtcgaatcc gtgggac tgc caacagacga cgcctataaa 21 6 0 
atgcggacgg ctggcccact cggatttctg aaggacc tgg cttgtgc cag agaatataat 2 22 0 
ggcc ttct tg ttctgccacc aatcatc aca gccgagatgc aaaccctgta cacctcttct 2 28 0 
ttggtagcta gtatggcc tt cggtgggatt acggctgccg gggctatcc c ctttgcc ac c 2 34 0 

cagctc c agg ctaggattaa ccaccttggg atcaccc agt ctctgctcct caagaaccag 24 0 0 
gagaagatcg ccgcaagctt caataaagca ataggccaca tgcaagaggg cttccggtca 2460 
accagcctgg ctttgcaaca gattcaggac gtcgttaaca aacagtc tgc gatcctcac c 2520 

gagacaatgt tggccttgaa taaaaact t c ggtgccattt ctagcgttat acaagatatt 25 8 0 
tatcaac aac ttgacagtat ccaagctgac gcacaggtgg atcggctgat tac tggacgt 2 64 0 
ctttcaagtc tcagcgtgct ggcatctgca aagcagtcag aatacatcag ggtgtctcag 27 0 0 

cagcgggagc tggccac aca gaagatc aat gagtgcgtga agtcacagt c aatcagatac 2760 
tctttttgtg gcaacgggcg acacgtgttg acaatcccac aaaatgccc c aaacgggat c 2 82 0 
gtgttcattc atttcact ta cactccggaa tcttttatca atgtcacgg c ggtcgtgggc 2 88 0 

ttctgtgtgt ctcctgcgaa cgccagcc ag tacgccattg tcccagc aaa cggtagagga 2 94 0 
atattcatcc aggtcaacgg atcatact a c atcactgccc gtgatatgta catgccccgg 3 00 0 
gacatcaccg ctggagacat cgtgactctg actagttgtc aggctaatta cgtcagcgt c 3 06 0 

aataaaacag tgatcacc a c cttcgtagac aacgacgact tcgacttcga cgatgagct c 3120 
tccaagtggt ggaatgagac caaacatgag ttacccgatt ttgataagtt caactacact 31 8 0 
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gtccccattc tggacattga tagcgagatc gatcgcatac agggggtcat ccagggc ctg 3 24 0 
aatgacagcc ttatcgacct ggagacactt tccatcc tca agacatacat taagtggcca 3 30 0 
ggctctgggt atattccaga agcacctagg gacggcc agg cctacgtgcg gaaggatgga 3 36 0 
gaatgggtgt tgctctctac cttcctcggt aggtcactcg aagtcctgtt tcaaggacca 3420 
ggccat c acc atcaccacca ccatcattct gcctggtccc accctcagtt cgagaaaggg 34 8 0 
ggcgggagtg gtggtggggg gtcaggcgg c agcgcttgga gccatcc tca gttcgagaaa 3540 
tga 3543 

SEQ ID NO, 3 mo ltype = DNA length 3552 
FEATURE Location/ Qualifiers 
source 1. . 3552 

mo l t ype other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 3 
atgctggtga agtcac c att tatcgtgacg ctgctgtgcg ctttgtgctc agcaagtctt 60 
tatgataacg gcagctatgt gtattac tac caatccgcat ttagacctt c aattgggtgg 1 20 
catctt c acg gcggagcc ta cgcagtggtg aatgtgaccc aggaatacaa caatgccgg c 18 0 
agtgcctcag agtgcactg c gggagcgata gtttggtcca aaaatttcag tgcagcaagt 240 
gtggccatga ccgcccccca ttccgggatg agctggagtg ttaaacagtt ttgcactgct 30 0 
cattgcaact ttaccaattt tgtcgtgttt gtgacgcatt gttttaagga cggcctcaat 3 60 
acatgc cc c c tcaccggccg cattgatcag gggtatatta ggattgc agc gatgaagaat 4 20 
accggaactg gccctcggga cttattc tac aactttacag tctccgtgac taaataccct 4 80 
tcttttaaat ctctgcagtg tgtaaacaac cagacaagtg tctaccttaa cggggacct c 54 0 
gtct tcactt ccaatgagac tgttgatgtg tcaggcgcgg gcgtgcactt caaggcagga 600 
ggcc ccatca cctataaagt catgagagaa gtaaaggccc tcgcctactt tgtgaatggg 6 60 
actgcc c agg acgtgattct gtgtgactca tcccccaggg ggctgttagc atgtcagtat 720 
aacaccggga attttt ccga cggtttttac cccttcacga atagctc cgt ggtgaaggag 780 
aagttcatcg tgtatagcga gaacagcgtg aacactacac tggtcctgca taattttacg 84 0 
ttctacaacg agtctgatgc cccacccaat tctcagcaat cctcagc cgg tgtagggggc 90 0 
cttactacgt accagac aca gaccgccc ag agtggctatt acaattttaa cttcagc ttt 9 60 
ctttctagtt ttgtctataa agagagc aac ttcatgtatg gttcatatca tccacaatgt 1020 
aatttt cgtc cagagaatat taataatggg ttgtggttta actcactgt c cgtgtccat c 108 0 
acttacgggc ctc tgcaagg cggttgtaaa caatcagtgt tcagtcaccg cgcaacttgt 1140 
tgctatgcct atagttacaa cggtcccc a c atttgcaagg gtgtgtatt c tggacagctg 1 20 0 
cacaataatt tcgaatgtgg attgctggtc tacatcacca aaaccgatgg ctcaaggat c 1 26 0 
caaacagcca ccacac cc c c cgttcggaca caacattttt acaataatat taccctgcac 1320 
aaatgcgtgg agtacaacat ttatggc aga gtggggc agg gatttataac caacgtgaca 1380 
gactctgtag ctggttacaa ttaccttcag gatggggggc tcgctatcct tgacaccagt 1440 
ggagcaatag atatatttgc tgtgcagggc ggatacgggc tgaattttta caaggtcaac 15 0 0 
ccgtgcgaag acgtcaacca gcagtttgtg gtgtccggtg gaaacctggt tggcatc ct c 15 6 0 
accagccgaa acgaaacgga cagccaacct ctcgagaatc agtttttcgt gaagctgat c 1 62 0 
aacggcaccg gcgggggggt gccctccata tccgaaaatg tgaccagctg ttcctttgtg 1680 
agctacggca agttttgcat caagccagac ggttccatct ctactattgt accgaaggag 1740 
atggagcagt ttgtagcgcc actgctgaac gtcactgaac atgtgctgat tcccgatagt 1 80 0 
tttaacctga ccgttactga cgaatacatc cagacacgaa tggacaaggt ccagattaac 1 86 0 
tgcctgc agt acgtgtgtgg caatagtttt gagtgtagac agc tttttca acagtatggg 1 92 0 
ccagtttgcg acaacatcct gtcagtggtg aacagcgttg gccaaaagga agacatggag 1 98 0 
cttctgtcct tttactccag tacaaaaccg gccggctata atacccc agt gttcaacat c 2040 
agcacaggag acttcaatat ctctttactg cttcctccaa gttcagcgc c aagtggtcgg 21 0 0 
tcct tcatcg aggaccttct ctttacct c c gtcgaaagtg ttggtcttc c tacagatgag 21 6 0 
gcatataaaa aatgtacagc gggccctctg ggcttcctga aggaccttgc atgtgcccgg 2 22 0 
gagtataatg ggc tcttggt tctccccc c c ataattaccg ccgagatgca aac tttatat 2 28 0 
acttcttcac tggtcgcc t c catggccc t c ggaggtatca ccgccgc tgg agcgattccg 2 34 0 
tttgcaaccc aattgcaggc ccgcattaac cacctgggaa taacccaaac agtgctcctg 24 0 0 
aaaaac c agg agaagatagc tgcctcattt aacaaggcaa tcggtcacat gcaggaaggt 2460 
tttaaaagca ctagcctcgc cctgcaacag attcaggatg ttgtgaataa gcaaagcgct 2520 
attcttaccg aaactatggc ctccctgaac aaaaatttcg gagctatcag tagcgttatt 25 8 0 
caggagatct atcaacagct ggatgctatc caggccaatg ctcaagtcga taggctcat c 2 64 0 
acgggc cgc c tcagtagcct gtctgtgctg gccagctcca agcaggccga gtacttacgg 2 70 0 
gtttcccaac agcgtgagtt ggccacacag aaaatcaacg aatgcgtcaa aagtcagagt 27 6 0 
acgcggtact ccttctgtgg caacgggaga catgttctta caatacccca gaacgcccca 2 82 0 
aatggcatcg tgtttataca ctttacc tat acacccgagt cctttgtgaa cgtcaccgcg 28 8 0 

attgttggat tctgtataaa tccagcc aac gcctccc aat acgccatagt ccccgcc aa c 2 94 0 
ggcagaggca tcttcatcca ggtgaacggc acttactaca tcactgc tcg agacatgttt 30 0 0 
atgcctcgcg acattacagc cggagatgtt gtgacgc tca cctcttgcca ggccaactac 30 6 0 

gtgagtgtga ataagacggt catcacaacc ttcgtcgaaa gcgacgattt cgacttcgac 3120 
gacgaact ca gcaagtggtg gaacgagaca aagcacgagt tccctgactt tgatcaatt c 31 8 0 
aattacacca tacctgtgct gaatatc aca tacgatatcg acaaaatcga agaggttat c 3 24 0 

aagggcttga acgacagttt gatcgacc tg gaaactc tgt ccattctcaa gacgtatat c 3 30 0 
aagtggcc cg gatcaggata tatccctgag gcccctaggg acggacaggc ttatgttcgt 3 36 0 
aaggacggcg agtgggtgct tttgagtact tttctgggcc gcagcctgga ggtactcttt 3420 

cagggccccg gacaccacca tcatcaccac caccactcag catggagtca cccccagtt c 34 8 0 
gaaaaaggcg gcgggagtgg cggcgggggg agcggcggaa gcgcatggt c ccaccctcag 3540 
tttgaaaaat ga 3552 

SEQ ID NO, 4 moltype DNA length 3534 
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FEATURE Location/ Qualifiers 
source 1. .3534 

mo l type other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 4 
atgctggtga agtctctgtt cacagttata cctctgttcg ccctctgcag cgc tacgct c 60 
tacgactctg gctcctacgt gtattactac caaagcgcct tccggccgc c gaatggctgg 1 20 
cagc tt c atg gaggagcc ta cgc tgtcgtt aatgtgtcta cggagac tgg ctccgcaaac 18 0 
cggtgcacgg cgggtgc aat ctcattttca aagaacttta gcgcggc at c cgtggcaatg 24 0 
acggcc cc ag caaacgggat gacctggtca gacgcacaat tttgtac tgc tcactgtaat 30 0 
tttactaaca tcgtcgtgtt cgtcaccc a c tgcttcaaaa accggcccaa ttattgttc c 3 60 
ttgacgggac ttatac cc ca gaactatatc cgaattgctg caatgaagag caacggc aca 4 20 
ggcc caagcg atttattcta taatttgacc gttccagtca caaagtatc c aaagtttagg 4 80 
agcc tt c aat gtgtgaataa ccagacc agt gtgtatc tta acggtgacct cgtgttc ac c 54 0 
agcaacgaga ccgtggacat tagcggagca ggagtgc act tcgccgccgg tggcccaatt 6 00 
acatacaagg tgatgcgcga ggtgaaggcc ctcgcctact tcgtcaatgg gacagcgcag 6 60 
gatgtgatcc tctgtgacgg cacgcctcgg ggcctcc tgg catgtcagta caatactggt 720 
aattttagcg acgggttcta cccattc acc aatagctcac tcgtcaagga gagattc ata 780 
gtgtataggg agaattctgt taacacc aca ctcgtcc tgc acaatgttac gttcttcaac 84 0 
gaaacttcag ccccgaacgg cggggacctt aatgcgaact ttcagatcta tcagaccgtg 90 0 
actgcc c agt ccggctacta caactttaac ttttctttct tatccgggtt cgtgtataaa 9 60 
gaaagtgact ttatgtacgg ctcatacc a c cccaactgta acttccggc c cgagaatata 1020 
aacaatggcc tctggttcaa ctccttatcc atcagcctgg catacggcc c tttgcaaggt 108 0 
ggttgcaagc agagcgtgtt caataggaga gccacatgtt gctacgcgta ttcatataac 1140 
ggccct c atg cctgtaaggg agtctaccga ggccagttaa ctcaactctt cgaatgcggt 1 20 0 
cttctggtgt acattaccaa gtctgacggg agccgcatcc agactgc tac gaaggcgttg 1 26 0 
gttgtcacca ccaactttta caataac atc accctggata gatgcgtcga atacaatat c 1320 
tacgggcgcg tagggcaggg atttattact aatgtcacag atagtac ag c tgattacaat 1380 
tatctggccg acggtgggtt ggccatcc tg gatacttccg gggctattga tatcttcgtg 1440 
gttcaggggg tatatggcct gaatttttac aaggtcaatc cctgcgagga tgtgaaccag 15 0 0 
caattcgttg ttagcggagg caagttggtg ggcatac tga cttcccggaa tgagaccga c 15 6 0 
agccaatttc tcgagaacca gttctatatc aagctcacca atgagaccca tgggggcgga 1 62 0 
gtcccagtgt cagaaaacgt gaccagc tgc ccctatgtct cttatggcaa gttttgc ata 1680 
aaacccgatg ggtccatctc tactattgtt cctgaggagc tcaaacaatt tgtgtcacc c 1 74 0 
ctcc tcaacg tcaccgaata cgtgctgatt cctgattctt ttaatttaac tgtgacagac 1 80 0 
gagtatattc aaacacgtat ggataaggta cagatcaatt gtctgcagta cgtctgtggg 1860 
aatagcttcg agtgtagaaa cctgttcc ag caatatgggc ccgtttgtga taacatact c 1 92 0 
tcagtggtca acagcgtggg gcagaaggaa gatatggagc tcctcac ctt ttattcctct 1 98 0 
acaaaacc cg ccggttataa cactcccgtg ttcaacaata tttccac tgg agattttaat 2040 
atttcactg c tcc tcact c c ccctagc acg ccctcaggga ggtcctttat tgaagatctg 21 0 0 
ctttttacca gcgtggagag tgtgggcc t c ccaactgatg aggcctacaa aaagtgcac c 21 6 0 
gcgggc ccg c tggggtttct taaggacctg gcttgcgcta gagaatataa cgggctgct c 2 22 0 
gtgttgcc c c ccattataac agc tgagatg cagacac tct acacatcct c tctggttgcg 2 28 0 
agcatggccc ttggcgggat aactgctgca ggtgcaatac ctttcgcga c gcagctccag 2 34 0 
gcccgtatta atcatttggg tatcactcaa actattcttc tcaaaaacca ggagaaaatt 24 0 0 
gcggcttcct tcaataaggc aatcggacac atgcaagagg gatttaaat c tacgtctttg 2460 
gcactt c agc agattcaaga cgtggtc aac aaacaatcag caattctcac tgagacc atg 2520 
gccagtctga ataagaattt cggcgcgatc tccagcgtga tccaggagat ataccagcag 25 8 0 
ctggactcca ttcaagcc aa cgcacaagtt gaccgtatta tcaccggtcg cctcagttct 2 64 0 
ctgagcgtgc tggccagttc taaacaggct gagtacttgc gcgtgtc aca gcagagggag 2 70 0 
ctggcaaccc agaagataaa cgaatgcgtc aaatcacaga gcacacgcta ttccttttgc 2 76 0 
ggcaacggca ggcatgtgct gaccatcc c c cagaatgcac ctaacggtat cgtctttata 2820 
cattttacat acaccc ccga gtccttcgtg aatgttaccg ccatcgtggg gttttgcgtt 2 88 0 
aaccctgcta atgcgagcca atatgcc att gttccggcca acggccgggg cattttcatt 2 94 0 
caggtgaacg gcagttacta tatcactgcc agggatatgt atatgcc acg ggatattaca 3 00 0 
gccggcgaca ttgttac att aactagttgc caggccaact acgtctccgt gaataaaac c 3 06 0 
gtgatcacga ccc tggtcga caatgacga c ttcgatttcc acgacgaact gagcaaatgg 3120 
tggaacgaga ctaaacacga gctgcctgat ttcgaccagt ttaattacac aatccccgtg 31 8 0 
ttaaacatta catatgacat agacaagata gaggaggtaa taaagggttt aaacgactct 3 24 0 
ctcattgatc ttgaaactct gagcatcc tg aagacttata tcaaatggc c aggctccgga 3 30 0 
tatatcccgg aagcaccacg agacgggcaa gcttatgtca gaaaagatgg tgagtgggtg 3 36 0 
ctgctgtcta cctttctggg aaggtccc tg gaagtgttgt ttcaagggc c aggccatcat 3420 

catcac c atc accaccacag tgc ttggtct caccctc agt ttgagaaggg cggtggc agc 34 8 0 
ggtgggggcg ggtccggggg gagtgcatgg tcacacccgc aattcgagaa ataa 3534 

SEQ ID NO, 5 moltype = DNA length = 3543 
FEATURE Location/ Qualifiers 
source 1. .3543 

mol type other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 5 

atgtcagtat tgttaccgct gttagtgacg ctgttatgcg cgctgtgtt c cgccgttttg 60 
tacgacatca acagttacgt ttattattac caaagtgcct ttcggcc aag caacggctgg 1 20 
cacctttacg ggggcgc tta tgccgtagtt aatgtgagca atgagaacaa taatgcaggg 18 0 

tctgcctcca cttgtac tgc gggcgcc ata ggttactcaa agaattttt c cgccgcc tc c 24 0 
attgccatga ctgctccacc tagtggaatg gcctggagca ctgccgcctt ttgcactgc c 30 0 
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cac tgtaact ttacgaatat agtggtgttt gtcaccc act gttacaaaag cggcagcgga 3 60 
agctgt cc c c ttactggctt tatacagagc ggctatatcc gcattagcgc tatgaagaaa 4 20 
gaatgctcag gtccctcctg tctgttttat aatctcaccg agagtgtgag caagtaccc c 4 80 
acattcagaa gccttcaatg cgtgaacaat tacacatccg tgtaccttaa tggtgacctt 54 0 
gtgttcactt ccaactacac tcaggacgt c gtggctgctg gcgtacattt taaaagcgga 600 
gggcccatta cctacaaggt gatgagggag gtcaaggcac tggcttattt cgtgaatggg 6 60 
actgcc c agg acgttatcct gtgtgacgat accccgaggg gactgctggc ttgccaatac 720 
aacacgggga acttctccga cggcttttat cctttcacca acacctc aat cgtcaaagac 780 
aaatttattg tgtaccggga gtcaagcgtc aacacaaccc tgacactgac caattttaca 84 0 
tttagtaacg agtccggagc accaccaaat accggaggtg tgaattc att tatactctat 90 0 
cagacgc aga cggcccaatc tggatac tac aattttaact ttagcttcct gtc tggttt c 9 60 
gtgtacgaag agagcaacta tatgtatggc tcttacc atc ccc tttgcag tttcaggcct 1020 
gagaacatca ataatggtct gtggttcaat tccttatctg tctccatcac atatggacca 108 0 
ttgcaggggg ggtgtaagca aagctttttt caggggcggg caacgtgctg ctacgcc tac 1140 
tcatacaacg gtcctcgcgc atgtaaagga gtgtattccg gcgagctcac gcagtctttt 1 20 0 
gagtgcggct tac ttgtgta catcactaag tctgacgggt ctcgaataca gacagccact 1 26 0 
aaagcacc ag tggtgacc a c taacttttat aataacataa ctc tggacaa gtgcgtcgag 1320 
tacaacattt acgggcgtgt gggacagggc ttcatcacaa atgtgac cga ttccgctttt 1380 
ggctataatt atttacagga tggcggcctg gcgattc tgg atacatcagg agccatcgat 1440 
atttttgtgg tgaaaggcgt atacgggctt aactattata aggttaacc c ctgcgaggac 15 0 0 
gtgaat c aac aattcgtagt aagcggcggt actctggttg gggtcttgac aagtaggaac 15 6 0 
gaaacagggt cacagttttt agaaaaccag ttctatatca agcttacaaa tggtactcat 1 62 0 
ggtggtggcg tgccggtgaa cgaaaacgtg accagttgcc catacgtgag ttacggaaag 1680 
ttctgtatta agcctgacgg cagtacct c c gttattgtcc caaaggagct cgagcaatt c 1 74 0 
gttactcctc tgc tcaacgc tactgagtat gtccccattc cggactcttt caacctcacg 1 80 0 
gtgaccgatg agtacatcca gacccgcatg gataaagttc agatcaattg cctgcagtat 1 86 0 
gtgtgcggga actctttcga atgtaggaat ctgtttc aac agtatggcc c tgtgtgtgat 1 92 0 
aatattctta gcatcgtaaa cagcgtatcc cagaaagagg atatggagct tctcacattt 1 98 0 
tatagcagca ccaaaccgtt tggttttaac acgcctattc tctctaactt gtc taccggt 2040 
gatttcaata tcagccttct gctgactcct ccatccagta ccactgggag gagctttatt 21 0 0 
gaggacct tt tgttcact t c cgtggagtct gtgggac tcc ccactgacga tgcctac aaa 21 6 0 
aaatgtactg ccgggcctct ggggttcctg aaagacctgg cctgcgc acg ggagtacaat 2 22 0 
gggctgc tgg tcc tgc c acc tatcattacc gccgaaatgc agactatgta tacctcc tct 2 28 0 
ctggtcgcca gtatggc act tggggggatc accgccgcag gagctattc c tttcgcaact 2 34 0 
cagctgcagg ccaggatcaa ccacctcggg attactc aag ccgtactgtt aaagaatcag 24 0 0 
gaaaagattg ctgcct c att caataaggca attgggc aga tgcaggaagg ttttagatca 2460 
acttcactgg ccttacagca gatccaggac gttgtgaaca aacaatccg c catactc act 2520 
gagaccatgg catcactcaa caagaact t c ggagctatct caagtgtgat ccaggacat c 25 8 0 
tacc ag c agt tggacgtgat ccaagccgat gctcaggtgg accggctgat taccggtaga 2 64 0 
cttagcagtc tgagtgtgct cgcatcagct aagcaatcag aacacattat cgcctcccaa 2 70 0 
cagagagagt tggcaacaca aaaaatc aac gaatgtgtga aatctcagt c aacccggtac 27 6 0 
tcattttgtg ggaatggccg acatgtcctt accatcccac agaacgccc c aaacggtatt 2 82 0 
gtgttcatcc acttcac tta cacccccgag tcattcgtga acgtaac ag c catcgtcgga 28 8 0 
ttttgtgtta agccagcaaa cgcgagccag tacgccatcg tgcctgccaa cggtcggggc 2 94 0 
attttcattc agttcaatgg ctcttactac atcactgcaa gagacatgta catgcctagg 30 0 0 
aatatcactg caggcgacat cgtaactctt acctcatgcc agtctaacta cgtgtccgtg 3 06 0 
aataagactg tcatcacc a c ctttgtggac aacgacgatt tcgacttcga cgatgaactg 3120 
tcaaagtggt ggaatgacac taagcacgag ctgcctgact tcgatgagtt caactatac c 31 8 0 
gcccctattc tggatattga tagcgagata gatagaatac agggtgtcat ccagggcctg 3 24 0 
aatgactcct taatcgacct cgagacattg tcaatac tga aaacatacat caaatggcca 3 30 0 
ggatcagggt acattccgga agctcctaga gacgggcagg catacgtgcg gaaggacgga 3 36 0 
gagtgggtgc tcc ttt c tac ttttctgggc cgctccc tgg aggtgctgtt tcaaggccc c 3420 
ggtcat c atc accaccatca ccatcattct gcttggtctc acccccagtt tgagaagggg 34 8 0 
ggcggcagtg gtggaggtgg ctccggtgga tccgcctggt cccatccaca attcgaaaag 3540 
taa 3543 

SEQ ID NO, moltype = DNA length 3513 
FEATURE Location/ Qualifiers 
source 1. . 3513 

mol type other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 6 

atgctcgtga caccccttct cctggtgaca ctcctcttcg ctctgtgcag cgccgcgtta 6 0 
tatgataatt cttcctatgt ctactattac cagagcgcat ttcggcccc c gaatggttgg 1 20 
catctgcacg gtggcgcata tgctgtagtg aacacctcca tcgagtccaa taacctcaga 1 80 

gagtgcatcg tgggcatcat cgggggcgat cgtgtggtga acgcctctag cattgcaatg 24 0 
accgcc cc a c aaccagggat ggactggtcc tctcggc agt tctgtaccg c ccattgc aa c 300 
ttttccgata ttacggtatt cgtaactcac tgttataagc ataatgggtg ccccatc aca 3 60 

ggcagtatcc cccaacactc cataagggtg tccgccatga agaagggtcg actgttc tat 4 20 
aacc tcaccg tgtcagtgaa taagtaccct acattcaaga gcttccagtg cgttaataac 4 80 
tttactagcg tgtaccttaa tggagacctt gtttacacga gcaacgaaac caccgatgtg 54 0 

acaagcgccg gggtgtactt caatgccggg ggacctatca cttacaaggt gatgagagag 60 0 
gtgaaggcct tggcctattt tgttaacgga accgccc agg atgtgatctt gtgcgatgga 6 60 
tccccc cggg ggttgctgag ttgccaatat aatactggga atttttc aga cgggttttat 720 

cccttcacca acagtagttt ggtgaagcag aaattcatag tgtacaggga gaattcc at c 780 
aatacaacac tgaagctcca caatttcacg ttccataatg aaacaggagc caacccaaac 84 0 
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ctgagcgggg tgcagaacat tcagacttac caaacac aga ctgctcagt c aggttac tat 9 00 
aact ttaact tttccttcct gtccggc ttt gtgtacaaag agtcaaattt tatgtacggt 9 60 
agctac c acc caagttgcaa cttccgccct gagaccatta acaatggcct ctggttc aac 1020 
tctcttagtg tttccattgc ttatggtccc ttgcaaggag gctgtaagca gagcgtcttt 108 0 
tccggaagag ccacctgctg ttatgcttat agctacggag gcccttccct gtgcaaaggt 1140 
gtgtatctgg gagaattaaa gagtgact t c gaatgcggcc tgcttgtgta cgtgactaaa 1 20 0 
agcgatggtt caaggattca aaccgcc aca gagcccccgg tgatcac tca gcataattac 1 26 0 
aataacatta ccc tgaacac ttgcgttgat tacaacattt acgggaggac aggccaggga 1320 
ttcatcacta atgtgaccga tagcgccg t c tcttacaact atctggc aga tgc tggtatg 1380 
gcaatcctgg atacatcagg aagcattgat atcttcgtgg tgcaaggcga atatggcct c 1440 
acctattaca aagttaaccc atgtgaggac gtgaatc aac agtttgtggt gtc tggtggc 15 0 0 
aagctcgtcg gtattttgac cagtcggaat gaaacaggct cccagcttct ggagaatcaa 15 6 0 
ttctatatta agattacaaa cggcacaggc ggcggagtcc catccattac tgc taatgta 1 62 0 
actaattgtc cttacgtgtc atatggaaag ttctgcatca agcctgatgg gagcgtgagc 1680 
gccatcgtgc caaaagaact tgaacaattc gtcgcacct c tgc tgaacgt gac tgaaaac 1 74 0 
gtgctcatac ccaactcctt taacttaacc gtgactgatg aatacataca aaccagaatg 1 80 0 
gacaaaatcc aaattaactg tatgcagtac gtctgcggga atagccttga ttgtcgc aag 1860 
ctgttcc agc aatacgggcc agtatgcga c aatattc tgt cagtggtgaa tagtgtcgg c 1 92 0 
caaaaagagg acatggaact tctgaact tt tacagttcca caaagcc ct c aggatttaac 1 98 0 
acaccagtct tctccaatct gtctactggt gatttcaata tctctctgct ccttacacca 2040 
ccttcctcta cgaccggaag gagttttatc gaggatc tgc tgtttac aag tgtggagtct 21 0 0 
gtggggctcc ccacagatga agcttataaa aagtgcaccg caggtcc cct gggtttcctg 21 6 0 
aaggacttgg cctgcgcccg agaatacaac ggcctccttg tcctccccc c aattatcaca 2 22 0 
gccgaaatgc agacactgta cacaagctct ctcgtagcgt ccatggc ttt tggcggtata 2 28 0 
accgcagccg gagctattcc tttcgcc act cagctgc aag ctcggattaa tcatctgggg 2 34 0 
atcacc c aaa gcctccttca gaagaatcag gagaagattg ccgcgtc ttt taacaaggc c 24 0 0 
atcgccgtgg tgcaggaagg atttcggtcc actagtttgg ccctgcagca agtccaggac 2460 
gtcgtgaaca agcagagtgc aattttgact gagaccatgg ctagccttaa caagaacttt 2520 
ggcgcgatta gttctgtaat tcaagacata taccagcagc tcgacgc tat ccaagccaac 25 8 0 
gcccaggtgg atagactgat cac tggaagg ctgtcatctt tatccgtact ggccagtgcg 2 64 0 
aaacaggctg aatacattcg ggtttcacag caaagagagc tcgccaccca gaaaattaat 2 70 0 
gaatgtgtca aaagccagtc tattagatat tctttttgtg gtaatgggag acacgtttta 2 76 0 
accatc ccg c aaaacgc acc taatgggatt gtgttcattc actttaccta tacaccagag 2820 
tctttcgtca atgttaccg c cattgtgggc ttctgcgtga aacctgccaa cgcatcacag 2 88 0 
tacgccatcg ttcctgcgaa cgggcgcggg attttcattc aggtgaacgg ttc ttactac 2 94 0 
attacagccc gggatatgta tatgccacga gatatcacag ctggcgatat tgtgacgttg 3 00 0 
acctcatgcc aagccaacta tgtctcagtg aacaaaacag tcatcacca c attcgtggat 3 06 0 
aacgatgact ttgatttcga tgatgagctc tctaagtggt ggaatgatac caaacacgaa 3120 
ttacccgact tcgatgaatt taattacacc gtgcccatac ttgatatcgg ctcagagatt 31 8 0 
gacaggatcc agggggtaat ccaggggctg aatgactctc ttatcgactt ggagaccctg 3 24 0 
tccattttga aaacatacat aaagtggccc ggatctgggt atattccgga agcgcccagg 3 30 0 
gacggc c agg cgtatgtgcg taaagacggc gaatgggtgc tgctttc tac gttcctgggg 3 36 0 
agaagt c tgg aggtgctgtt ccagggacct ggccatc acc accaccatca tcatcatagc 3420 
gcttggagcc atcctcagtt tgaaaaaggc gggggaagtg gcggcggtgg ctc tggtggt 34 8 0 
tccgcttggt cacatccaca gttcgagaag taa 3513 

SEQ ID NO, 7 moltype = DNA length 3513 
FEATURE Location/ Qualifiers 
source 1. . 3513 

mol type other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 7 
atgctcggga aatcactgtt tatcgtgaca ctgctgc tcg ccc tctgtga aggcggattg 6 0 
gttggcgtca attatact ta ctactatcag tccagatata ggccacc aaa cggatggcat 1 20 
atgcagggcg gcgcatataa ggtagttaat aagaccacaa ttagttacac ctcacaagaa 18 0 
tgtaccatcg gcgtaatccg gggtggcgta acgattaacc aatcagccat tgcctttaca 24 0 
agcgccactg gcagagttgg cgttaagaag ggcgtttgta ccgtctattg taattatac c 30 0 
tcattttatg tatttgtgac acactgcggt ggcacggggc ataactgcat cgtcaatac c 3 60 
aagaagctcg gtgtgttggt gtttggtgtg aagaactata acgatcaatt tatctataat 4 20 
attaccctga acgccgccgg accttatgcg aatttcaaag cttggcagtg cttgagtaat 4 80 
tacacaagtg tgttcctcaa cggaaacttg ctctatacta gcaattatac tgaagatgtg 54 0 
aaagctgctg gagtgtacgc taagcaggtc aacggac tgg aaagacgagt catgcgggat 6 00 

accccagtta tggcatattt cgtcaacgga acggtgc agg acgttatcct gtgcgatgat 6 60 
agcc caaagg gacggctcgc gtgtcagtat aataccggta actttagtga cgggctgtat 720 
cctgtgtatg aggaaccggt agcatcaaat tttacctttg ttcctttgca tac ttcaagc 780 

acatcctacg gagttctgca caactttacc tttaataatg tgacgggagt cgcaccaaac 84 0 
caagaac ata ttgcccggtt caacatttca actatcagcg aggggtatgt gaacttc aag 9 00 
ttcaattttc ttaatt cc tt cac ttatgtc gagagcgact tcgatcgggg cagctac tat 9 60 

ggtaaaccgg gttcaagatg taattttggg ttggagagta tcaatagagg gctgagtttt 1 02 0 
aattccct ca cggtttctat tggatacggg ccaatttctg gcggctgcaa acagagcgta 108 0 
tggaagaatg aggccacatg ctgtttcgct tataagtaca atggcggat c taggaactgt 1140 

aagggact tt acactttcga tcgggatgtc aattatgaat gcgttttgct cgtgttcata 1 20 0 
agcaaacc ag atggctctcg cattaggaca gctacctcac cccctgtcta ttcaaac aat 1 26 0 
aacgtaaaca tcaatctggg gctgtgtgta gattataacg tctatggtat tacaggccgg 1320 

ggct tgatca ccaacattac cgaatccgt c catcccggtt atctggatca tggtgggctg 1380 
gtct tgctcg acgctactgg ctcaattgac accttcgtac tgcatagtga caagctcac c 1440 
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agc tactaca aggtgaaccc atgtagcgat attaacgaac agtacgtcgt gtc tggcgg c 15 0 0 
aact tggtgg ggaaattgac ttctaataat caaactgtgg cccagcaact gggc gatatg 15 6 0 
ttttatgtca agtttt c aac aagcggtggc ggcggcgtgc cggctac tt c cgagaatgtt 1 62 0 
accagctgcc cctatgtgac gtacggcaaa ttctgcatca aaccagacgg ggatataagt 1680 
aatattgttc cggaagaggt caaagac tat acctctttgc tcc tgaatcg cacggac tac 1 74 0 
gtgttgatcc ccaacagctt taatcttaca gtcacagatg aattcatcca aacccaatt c 1 80 0 
cagaaaatcc agataaactg tatccaatat gtctgtgggt catcaattca atgcaaacaa 1 86 0 
ttgttc c agc aatatgggag cgtgtgcggg aacatcc ttt ctattgtcaa cggcatagct 1 92 0 
cttcaagaca atgccgagat gctgcac ttt tatagttcca ctaagcc aag aggattcga c 1 98 0 
accaactcat tcgttaattt taccgccgg c gagttcaata tctccttggt cctgccaaag 2040 
aatggac aac ctacaggaag atgtttgatc gaagatttgt tgttcgacaa agtcgaatc c 21 0 0 
ctgggtct c c ctggggatag tgcttacc ag aaatgtacat caggacc tct cggatttgtg 21 6 0 
aaagatct cg tgtgtgcgca gaattacaat ggtctgttgg tattgccgc c aatcattacg 2 22 0 
gcggaaatgc aaacattgta tac ttcttcc ctggttgtta gtatggc ttt tggcggtatt 2 28 0 
acagctgcta gggctatccc tttcgcc acc caaatcc aag cgcgcatcaa ccatctggga 2 34 0 
atcact c aaa cagttttgca aaagaatcag gagaaaattg ccgcctc ttt taataaggc c 24 0 0 
atgaagc ata tgcaagatgg tttctccgca acaagcttgg cattgcaaca agttcaagat 2460 
gttgtaaatg aacaaggagc catcttgcag caaaccatgc acagcctgaa taagaac ttt 2520 
ggcgccattt cccacgttat ccaagatatt tacaagc aac ttgacgc cct ggaagcaaat 25 8 0 
gcgcaagttg accggatcat taccggccgc ttgagtagcc tttctgtcct tgcatccgc c 2 64 0 
aagcaactgg aatatac aaa ggtttctcaa cagcgagagc tcgcaaaaga aaagattaat 2 70 0 
gagtgtgtta aaagtcagtc aaacaggcac ggcttttgtg gtgaaggaat gcatatcatg 27 6 0 
tcaatc cc c c agaatgcgcc taatgggatc gtgtttctgc actttacgta tacacctgag 2 82 0 
acgtatgcta acgtgactg c agtcgtcgg c ttttgtgtca aacccggtaa tgggaccgaa 2 88 0 
tatggcttgg ttccagtagt tgggcgaggt atatttattg aggtgaacgg cac ttattac 2 94 0 
atcactggga gagatatgta tagccctagg gccatcaccg ctggggacgt cgttaaact c 30 0 0 
actccatgcc aagccaatta tcagtcc atc aatagaacag tcatcacca c attcgtggat 3 06 0 
gaggatgact tcgatttcga tcatgagctc agtaagtggt ggaacgagac ttcacgtgat 3120 
ttcc caaatc tcgatgagtt caactacacg atacctgtgt tgaatatcag caacgaaat c 31 8 0 
gacaagattc aagaggttat tcaaggcc tt aatgatagca tcattgactt ggagaccctg 3 24 0 
agcatcctga aaacatacat caaatggcca ggatctggtt atattcc tga agc tccaagg 3 30 0 
gatggc c aag cttacgtcag aaaggatggc gaatgggtcc ttttgtcca c atttcttggg 3 36 0 
cgctct c tcg aggttttgtt tcaaggcc c c ggccatc atc atcaccatca tcatcattc c 3420 
gcttggagcc accctcaatt tgaaaagggt ggtggctctg gtggcggcgg ctcaggcggt 34 8 0 
tcagcctggt cccatcccca atttgaaaag taa 3513 

SEQ ID NO, 8 moltype = DNA length 125 7 
FEATURE Location/ Qualifiers 
source 1. .1257 

mol type other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 8 
atggcaagcg gtaaagc aac tggaaagaca gacgccccag cgccagtcat caaactagga 6 0 
ggaccaaagc cacctaaagt tggttcttct ggaaatgcat cttggtttca agcaataaaa 1 20 
gccaagaagc taaattcaca tccacctaag tttgaaggta gcggtgttc c tgataatgaa 1 80 
aatcttaaaa caagtcagca acatggatac tggaggcgcc aagccaggtt taagccagtt 24 0 
aaaggcggaa gaaaac c agt cccagatgct tggtacttct attatac tgg aacaggacca 300 
gccgctgacc tgaattgggg tgatagccaa gatggtatag tgtgggttgc tgcaaagggt 3 60 
gctgatgtta aatctagatc tcaccagggt acaagggacc ctgacaagtt tgaccaatat 4 20 
ccactacgat tctcggacgg aggacctgat ggtaatttcc gttgggactt cattcctctg 4 80 
aatcgtggta ggagtggaag atcaacagca gcttcatcag cagcatc tag tagagcaccg 54 0 
tcgcgtgacg gctcgcgtgg tcgtagaagt ggttctgaag atgatcttat tgc tcgtgca 6 00 
gcaaagataa tccaggatca gcagaagaag ggttctcgca ttactaaggt taaggctgat 6 60 
gaaatggctc accgccggta ttgcaagcgc actattccac ctggttataa ggttgatcaa 720 
gtctttggcc cccgtac taa aggtaaggag ggaaattttg gtgatgacaa gatgaatgag 780 
gaaggtatta aggatgggcg tgttacagca atgctcaacc tagtccc tag cagccatgct 840 
tgtctttttg gaagtagagt gacgccc aaa ctacaaccag atgggctgca cttgaaattt 90 0 
gaatttacta ctgtggtccc acgtgatgat ccgcagtttg ataattatgt taaaatttgt 9 60 
gatcagtgtg ttgatggtgt aggaacacgt ccaaaagatg atgaaccgag accaaagtca 1020 
cgctcaagtt caagacctg c tacaagaaca agttctccgg cgccaagaca acaacgccca 108 0 
aagaaggaga aaaagccaaa gaagcaggat gatgaagtag ataaagc att gacctcaaat 1140 
gaggagagga acaatgc aca gctggaattt gatgaggaac ccaaggtgat taactggggg 1 20 0 

gatgcagctc taggagagaa tgaacttgga ggaggtc atc atcaccatca ccactaa 1 25 7 

SEQ ID NO, 9 moltype = DNA length = 1257 

FEATURE Location/ Qualifiers 
source 1. .1257 

mol type other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 9 
atggcaagcg gtaaggcaac tggaaagaca gatgccccag ctccagtcat caaactagga 60 

ggaccaaagc cacctaaagt tggttcttct ggaaatgtat cttggtttca agcaataaaa 1 20 
gccaagaagt taaatt c acc tccgcctaag tttgaaggta gcggtgttc c tgataatgaa 1 80 
aatctaaaac caagtcagca gcatggatat tggagacgcc aagctaggtt taagccaggt 24 0 

aaaggtggaa gaaaac c agt cccagatgct tggtattttt actatac tgg aacaggacca 3 00 
gccgctaacc tgaattgggg tgatagccaa gatggtatag tgtgggttgc tggtaagggt 3 60 



��������������	��� 
���������	�

US 2023/0158138 Al May 25, 2023 
21 

-continued 

gctgatacta aatttagatc taatcagggt actcgtgact ctgacaagtt tgaccaatat 4 20 
ccgctacggt tttcagacgg aggacctgat ggtaatttcc gttgggattt cattcctctg 4 80 
aatcgtggca ggagtgggag atcaacagca gcttcatcag cagcatc tag tagagcacca 54 0 
tcacgtgaag tttcgcgtgg tcgcaggagt ggttctgaag atgatcttat tgc tcgtgca 60 0 
gcaaggataa ttcaggatca gcagaagaag ggttctcgca ttacaaaggc taaggctgat 6 60 
gaaatggctc accgccggta ttgcaagcgc actattccac ctaattataa ggttgatcaa 720 
gtgtttggtc cccgtactaa aggtaaggag ggaaattttg gtgatgacaa gatgaatgag 780 
gaaggtatta aggatgggcg cgttacagca atgctcaacc tagttcc tag cagccatgct 840 
tgtcttttcg gaagtagagt gacgccc aga cttcaaccag atgggctgca cttgaaattt 90 0 
gaatttacta ctgtggtccc acgtgatgat ccgcagtttg ataattatgt aaaaatttgt 9 60 
gatcagtgtg ttgatggtgt aggaacacgt ccaacagatg atgaacc aag accaaagtca 1 02 0 
cgctcaagtt caagacctg c aacaagagga aattctccag cgccaagaca gcagcgccct 1 08 0 
aagaaggaga aaaagccaaa gaagcaggat gatgaagtgg ataaagc att gacctcagat 1140 
gaggagagga acaatgc aca gctggaattt gatgatgaac ccaaggtaat taactggggg 1 20 0 
gattcagccc taggagagaa tgaacttgga ggaggtc atc atcaccatca ccactaa 1 25 7 

SEQ ID NO, 10 moltype = AA length = 412 
FEATURE Location/ Qualifiers 
source 1. .412 

mol type protein 
organism Infectious Bronchitis Virus 

SEQUENCE, 10 
MASGKATGKT DAPAPVIKLG GPKPP KVGSS GNVSWFQAIK AKKLNSPPPK FEGSGVPDNE 60 
NLKPSQQHGY WRRQARFKPG KGGRKPVPDA WYFYYTGTGP AANLNWGDSQ DGIVWVAGKG 1 20 
ADTKFRSNQG TRDSDKFDQY PLRFSDGGPD GNFRWDFIPL NRGRSGRSTA ASSAASSRAP 1 80 
SREVSRGRRS GSEDDLIARA ARIIQDQQKK GSRITKAKAD EMAHRRYCKR TIPPNYKVDQ 24 0 
VFGPRTKGKE GNFGDDKMNE EGIKDGRVTA MLNLVPSSHA CLFGSRVTPR LQPDGLHLKF 3 00 
EFTTWPRDD PQFDNYVKIC DQCVDGVGTR PTDDEPRPKS RSSSRPATRG NSPAPRQQRP 3 60 
KKEKKPKKQD DEVDKALTSD EERNNAQL EF DDEPKVINWG DSALGENELG GG 412 

SEQ ID NO, 11 moltype = AA length = 1165 
FEATURE Location/ Qualifiers 
source 1. .1165 

mol type protein 
organism Infectious Bronchitis Virus 

SEQUENCE, 11 
MLVTPLLLVT LLCALCSAVL YDSSS YVYYY QSAFRPPNGW HLQGGAYAVV NISSEFNNAG 60 
SSSGCTVGII HGGRWNASS IAMTAPSSGM AWSSSQFCTA HCNFSDTTVF VTHCYKHGGC 1 20 
PITGMLQQNL IRVSAMKNGQ LFYNL TVSVA KYPTFRSFQC VNNLTSVYLN GDLVYTSNET 1 80 
IDVTSAGVYF KAGGPITYKV MREVKALAYF VNGTAQDVIL CDGSPRGLLA CQYNTGNFSD 240 
GFYP FTNSSL VKQKFI VYRE NSVNTTCTLH NFIFHNETGA NPNPS GVQNI QTYQTKTAQS 30 0 
GYYNFNFSFL SSFVYKESNF MYGSYHPSCN FRLETINNGL WFNSLSVSIA YGPLQGGCKQ 3 60 
SVFKGRATCC YAYSYGGPSL CKGVYSGELD HNFECGLLVY VTKSGGSRIQ TATEPPVITQ 4 20 
NNYNNITLNT CVDYNI YGRT GQGFITNVTD SAVSYNYLAD AGLAILDTSG SIDIFWQGE 4 80 
YGLNYYKVNP CEDVNQQFW SGGKLVGILT SRNETGSQLL ENQFYIKITN GTGGGVPS IT 54 0 
ENVANCPYVS YGKFCIKPDG SIAT I VPKQL EQFVAPLFNV TENVLIPNSF NLTVTDEYI Q 6 00 
TRMDKVQINC LQYVCGSSLD CRKLFQQYGP VCDNILSVVN SVGQKEDMEL LNFYSSTKPA 6 60 
GFNTPVLSNV STGEFNISLL LTTPSSRRKR SLIEDLLFTS VESVGLPTND AYKNCTAGPL 720 
GFFKDLACAR EYNGLLVLPP IITAEMQALY TSSLVASMAF GGITAAGAIP FATQLQARIN 780 
HLGITQSLLL KNQEKI AASF NKAIGHMQEG FRSTSLALQQ IQDWSKQSA ILTETMAS LN 840 
KNFGAISSVI QEIYQQFDAI QANAQVDRLI TGRLSSLSVL ASAKQAEYIR VSQQRELATQ 90 0 
KINECVKSQS IRYSFCGNGR HVLTIPQNAP NGI VFIHFSY TPDSFVNVTA IVGFCVKPAN 9 60 
ASQYAI VPAN GRGIFI QVNG SYYI TARDMY MPRAITAGDV VTLTSCQANY VSVNKTVITT 1020 
FVDNDDFDFN DELS KWWNDT KHELPDFDKF NYTVPILDID SEIDRIQGVI QGLNDSLIDL 108 0 
EKLSILKTYI KWPGSGYIPE APRDGQAYVR KDGEWVLLST FLGRSLEVLF QGPGSAWSHP 1140 
QFEKGGGSGG GGSGGSAWSH PQFEK 11 6 5 

SEQ ID NO, 12 moltype = AA length 1172 
FEATURE Location/ Qualifiers 
source 1. .11 7 2 

mol type protein 
organism Infectious Bronchitis Virus 

SEQUENCE, 12 
MLVKSLFLVT ILFALCSANL YDNES FVYYY QSAFRPGHGW HLYGGAYAVV NVSSENNNAG 60 
TAPSCTAGAI GYSKNLSAAS VAMTAPLSGM SWSANSFCTA HCNFTSYIVF VTHCYKSGSN 1 20 

SCPLTGLIPS GYIRIAAMKH GSAMPGHLFY NLTVSVTKYP KFRSLQCVNN YTSVYLNGDL 1 80 
VFTSNYTEDV VAAGVHFKSG GPITYKVMRE VKALAYFVNG TAHDVILCDD TPRGLLACQY 240 
NTGNFSDGFY PFTNTSIVKD KFI VYRESSV NTTLTLTNFT FSNESGAPPN TGGVDSFILY 3 00 

QTQTAQSGYY NFNFSFLSSF VYRESYYMYG SYHPRCSFRP ETLNNGLWFN SLSVSLTYGP 3 60 
IQGGCKQSVF NGKATC CYAY SYGGPRACKG VYRGELTQHF ECGLLVYVTK SDGSRIQTAT 4 20 
QPPVLTQNFY NNINLGKCVD YNIYGRIGQG LITNVTDLAV SYNYLSDAGL AILDTSGAID 4 80 

I FWQGEYGP NYYKVNPC ED VNQQFWSGG KLVGILTSRN ETGSQLLENQ FYIKITNGTG 54 0 
GGVPSVTENV TNCPYVSYGK FCIKPDGSIS VIVPKELDQF VAPLLNVTEY VLIPNSFNLT 600 
VTDEYI QTRM DKIQINCLQY VCGNSLACRK LFQQYGPVCD NILSVVNSVG QKEDMELLNF 6 60 

YSSTKPARFN TPVFSNLSTG EFNISLLLTP PSSPRRRSFI EDLLFTSVES VGLPTDDAYK 720 
MRTAGPLGFL KDLACAREYN GLLVLPPIIT AEMQTLYTSS LVASMAFGGI TAAGAIPFAT 7 80 
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QLQARINHLG ITQS LLLKNQ EKIAASFNKA IGHMQEGFRS TSLALQQ IQD VVNKQSAILT 840 
ETMLALNKNF GAI SSVIQDI YQQLDSIQAD AQVDRLITGR LSS LSVLASA KQSEYI RVSQ 9 00 
QRELATQKIN ECVKSQS IRY SFCGNGRHVL TIPQNAPNGI VFIHFTYTPE SFINVTAWG 9 60 
FCVS PANASQ YAI VPANGRG IFI QVNGS YY ITARDMYMPR DITAGDI VTL TS CQANYVSV 1 02 0 
NKTV ITTFVD NDDFDFDDEL SKWWNETKHE LPDFDKFNYT VPILDIDSEI DRIQGVIQGL 1 08 0 
NDSLIDLETL SILKTYIKWP GSGYIPEAPR DGQAYVRKDG EWVLLSTFLG RSLEVLFQGP 1140 
GSAWSHPQFE KGGGSGGGGS GGSAWSHPQF EK 11 7 2 

SEQ ID NO, 13 mo ltype = AA length 1175 
FEATURE Location/ Qualifie rs 
source 1. .11 75 

mo l t ype pro tein 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 13 

MLVKSPFIVT LLCALCSASL YDNGSYVYYY QSAFRPS IGW HLHGGAYAVV NVTQEYNNAG 6 0 
SAS ECTAGAI VWSKNFSAAS VAMTAPHSGM SWSVKQFCTA HCNFTNFWF VTHCFKDGLN 1 20 
TCPLTGRIDQ GYIRIAAMKN TGTGPRDLFY NFTVSVTKYP SFKS LQCVNN QTSVYLNGDL 1 80 
VFTSNETVDV SGAGVHFKAG GPITYKVMRE VKALAYFVNG TAQDVILCDS SPRGLLACQY 24 0 
NTGNFSDGFY PFTNSSW KE KFI VYSENSV NTTLVLHNFT FYNESDAPPN SQQSSAGVGG 3 00 
LTTYQTQTAQ SGYYNFNFSF LSS FVYKESN FMYGSYHPQC NFRPENINNG LWFNSLSVSI 3 60 
TYGP LQGGCK QSVFSHRATC CYAYSYNGPH ICKGVYSGQL HNNFECGLLV YIT KTDGSRI 4 20 
QTATTPPVRT QHFYNNITLH KCVEYNIYGR VGQGFITNVT DSVAGYNYLQ DGGLAILDTS 4 80 
GAIDIFAVQG GYGLNFYKVN PCEDVNQQFV VSGGNLVGIL TSRNETDSQP LENQFFVKLI 54 0 
NGTGGGVPSI SENVTS CS FV SYGKFCIKPD GSI STIVPKE MEQFVAP LLN VTEHVLIPDS 6 00 
FNLTVTDEYI QTRMDKVQ IN CLQYVCGNSF ECRQLFQQYG PVCDNILSVV NSVGQKEDME 6 60 
LLSFYS STKP AGYNTPVFNI STGDFNISLL LPPSSAP SGR SFIEDLLFTS VESVGLPTDE 720 
AYKKCTAGPL GFLKDLACAR EYNGLLVLPP IITAEMQTLY TSS LVASMAL GGITAAGAIP 780 
FATQLQAR IN HLGI TQTVLL KNQEKIAASF NKAI GHMQEG FKSTSLALQQ IQDWNKQSA 84 0 
ILTETMAS LN KNFGAI SSVI QEI YQQLDAI QANAQVDRLI TGRLSSLSVL ASSKQAEYLR 9 00 
VSQQRELATQ KINECVKS QS TRYS FCGNGR HVLTIPQNAP NGI VFIHFTY TPESFVNVTA 9 60 
IVGF CINPAN ASQYAI VPAN GRGI FIQVNG TYYI TARDMF MPRDITAGDV VTLTSCQANY 1 02 0 
VSVNKTVITT FVESDDFDFD DELSKWWNET KHEFPDFDQF NYTIPVLNIT YDIDKIEEVI 1 08 0 
KGLNDSLIDL ETLSILKTYI KWPGSGYIPE APRDGQAYVR KDGEWVLLST FLGRSLEVLF 1140 
QGPGSAWSHP QFEKGGGS GG GGSGGSAWSH PQFEK 11 7 5 

SEQ ID NO, 14 mol t ype = AA length 1169 
FEATURE Location/ Qualifie rs 
source 1. .1169 

mo l t ype pro tein 
org anism I n fectiou s Bro nchiti s Virus 

SEQUENCE, 14 
MLVKSLFTVI PLFALCSATL YDSGSYVYYY QSAFRPPNGW QLHGGAYAVV NVSTETGSAN 6 0 
RCTAGAISFS KNFSAASVAM TAPANGMTWS DAQFCTAHCN FTNIVVFVTH CFKNRPNYC S 1 20 
LTGL IPQNYI RIAAMKSNGT GPSDLFYNLT VPVTKYPKFR SLQCVNNQTS VYLNGDLVFT 1 80 
SNETVDISGA GVHFAAGGPI TYKVMREVKA LAYFVNGTAQ DVILCDGTPR GLLACQYNTG 24 0 
NFSDGFYPFT NSSLVKERFI VYRENSVNTT LVLHNVTFFN ETSAPNGGDL NANFQI YQTV 3 00 
TAQSGYYNFN FSFLSGFVYK ESDFMYGS YH PNCNFRPENI NNGLWFNSLS ISLAYGPLQG 3 60 
GCKQSVFNRR ATCCYAYSYN GPHACKGVYR GQLTQLFECG LLVYITKSDG SRI QTATKAL 4 20 
VVTTNFYNNI TLDRCVEYNI YGRVGQGFIT NVTDSTADYN YLADGGLAIL DTSGAIDIFV 4 80 
VQGVYGLNFY KVNPCEDVNQ QFWSGGKLV GILTSRNETD SQFLENQFYI KLTNETHGGG 54 0 
VPVSENVTSC PYVSYGKFCI KPDGSI STIV PEELKQFVSP LLNVTEYVLI PDSFNLTVTD 6 00 
EYIQTRMDKV QINCLQYVCG NSFECRNLFQ QYGPVCDNIL SVVNSVGQKE DMELLTFYS S 6 60 
TKPAGYNTPV FNNISTGD FN ISLLLTPPST PSGRSFIEDL LFTSVESVGL PTDEAYKKCT 720 
AGPLGFLKDL ACAREYNGLL VLPPIITAEM QTLYTSS LVA SMALGGITAA GAIPFATQLQ 7 80 
ARINHLGITQ TILLKNQEKI AASFNKAIGH MQEGFKS TSL ALQQIQDWN KQSAILTETM 840 
ASLNKNFGAI SSVIQEIYQQ LDSIQANAQV DRIITGRLSS LSVLASSKQA EYLRVSQQRE 9 00 
LATQKINECV KSQS TRYS FC GNGRHVLTIP QNAPNGI VFI HFTYTPESFV NVTAI VGFCV 9 60 
NPANASQYAI VPANGRGIFI QVNGSYYITA RDMYMPRDIT AGDIVTLTSC QANYVSVNKT 1 02 0 
VITTLVDNDD FDFHDELS KW WNETKHELPD FDQFNYTIPV LNITYDIDKI EEVI KGLND S 1 08 0 
LIDLETLSIL KTYIKWPGSG YIPEAPRDGQ AYVRKDGEWV LLSTFLGRSL EVLFQGPGSA 1140 
WSHPQFEKGG GSGGGGSGGS AWSHPQFEK 11 6 9 

SEQ ID NO, 15 mol t ype = AA length 1172 
FEATURE Location/ Qualifie rs 
source 1. .11 7 2 

mo l type pro tein 
org anism I n fectiou s Bro nchiti s Virus 

SEQUENCE, 15 

MSVLLPLLVT LLCALCSAVL YDINS YVYYY QSAFRPSNGW HLYGGAYAVV NVSNENNNAG 6 0 
SASTCTAGAI GYS KNF SAAS I AMTAPPSGM AWSTAAFCTA HCNFTNIWF VTHCYKSGSG 1 20 
SCPLTGFIQS GYIRISAMKK ECSGPSCLFY NLTESVSKYP TFRSLQCVNN YTSVYLNGDL 1 80 

VFTSNYTQDV VAAGVHFKSG GPITYKVMRE VKALAYFVNG TAQDVILCDD TPRGLLACQY 24 0 
NTGNFSDGFY PFTNTSIVKD KFI VYRESSV NTTLTLTNFT FSNESGAPPN TGGVNSFILY 3 00 
QTQTAQSGYY NFNFSFLSGF VYEESNYMYG SYHPLCSFRP ENINNGLWFN SLSVSITYGP 3 60 

LQGGCKQS FF QGRATC CYAY SYNGPRAC KG VYSGELTQSF ECGLLVY ITK SDGSRI QTAT 4 20 
KAPVVTTNFY NNITLDKCVE YNI YGRVGQG FITNVTDSAF GYNYLQDGGL AILDTSGAID 4 80 
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I FVVKGVYGL NYYKVNPC ED VNQQFVVS GG TLVGVLTSRN ETGSQFLENQ FYI KLTNGTH 54 0 
GGGVPVNENV TSCPYVSYGK FCI KPDGS TS VIVPKELEQF VTPLLNATEY VPIPDSFNLT 6 00 
VTDEYI QTRM DKVQINCLQY VCGNSFECRN LFQQYGPVCD NILSI VNSVS QKEDMELLTF 6 60 
YSSTKPFGFN TPILSNLSTG DFNISLLLTP PSSTTGRSFI EDLLFTSVES VGLPTDDAYK 720 
KCTAGPLGFL KDLACAREYN GLLVLPPIIT AEMQTMYTSS LVASMALGGI TAAGAIPFAT 7 80 
QLQARINHLG ITQAVLLKNQ EKIAASFNKA I GQMQEGFRS TSLALQQ IQD VVNKQSAILT 84 0 
ETMASLNKNF GAI SSVIQDI YQQLDVIQAD AQVDRLITGR LSS LSVLASA KQSEHII ASQ 9 00 
QRELATQKIN ECVKSQSTRY SFCGNGRHVL TIPQNAPNGI VFIHFTYTPE SFVNVTAIVG 9 60 
FCVKPANASQ YAI VPANGRG IFI QFNGS YY ITARDMYMPR NITAGDI VTL TS CQSNYVSV 1 02 0 
NKTV ITTFVD NDDFDFDDEL SKWWNDTKHE LPDFDEFNYT APILDIDSEI DRIQGVIQGL 1 08 0 
NDSLIDLETL SILKTYIKWP GSGYIPEAPR DGQAYVRKDG EWVLLSTFLG RSLEVLFQGP 1140 
GSAWSHPQFE KGGGSGGGGS GGSAWSHPQF EK 11 7 2 

SEQ ID NO, 16 mol t ype = AA length 1162 
FEATURE Location/ Qualifie rs 
source 1. .1162 

mol t ype pro tein 
org anism I n fectiou s Bro nchiti s Virus 

SEQUENCE, 16 
MLVTPLLLVT LLFALC SAAL YDNSSYVYYY QSAFRPPNGW HLHGGAYAVV NTS IESNNLR 6 0 
ECI VGIIGGD RVVNAS S IAM TAPQPGMDWS SRQFCTAHCN FSDITVFVTH CYKHNGCPIT 1 20 
GSIPQHSIRV SAMKKGRL FY NLTVSVNKYP TFKS FQCVNN FTSVYLNGDL VYTSNETTDV 1 80 
TSAGVYFNAG GPITYKVMRE VKALAYFVNG TAQDVILCDG SPRGLLSCQY NTGNFSDGFY 24 0 
PFTNSSLVKQ KFI VYRENSI NTTLKLHNFT FHNETGANPN LSGVQNIQTY QTQTAQSGYY 3 00 
NFNFSFLSGF VYKESNFMYG SYHPS CNFRP ETINNGLWFN SLSVSIAYGP LQGGCKQSVF 3 60 
SGRATC CYAY SYGGPSLCKG VYLGELKSDF ECGLLVYVTK SDGSRI QTAT EPPVITQHNY 4 20 
NNITLNTCVD YNI YGRTGQG FITNVTDSAV SYNYLADAGM AILDTSGSID I FVVQGEYGL 4 80 
TYYKVNPCED VNQQFVVSGG KLVGILTSRN ETGSQLLENQ FYI KITNGTG GGVPSITANV 54 0 
TNCPYVSYGK FCI KPDGSVS AIVPKELEQF VAPLLNVTEN VLIPNSFNLT VTDEYIQTRM 6 00 
DKIQINCMQY VCGNSLDCRK LFQQYGPVCD NILSVVNSVG QKEDMELLNF YSSTKPSGFN 6 60 
TPVFSNLSTG DFNISLLLTP PSSTTGRSFI EDLLFTSVES VGLPTDEAYK KCTAGPLGFL 720 
KDLACAREYN GLLVLPPIIT AEMQTLYTSS LVASMAFGGI TAAGAIPFAT QLQAR I NHLG 7 80 
ITQS LLQKNQ EKIAASFNKA IAVVQEGFRS TSLALQQVQD VVNKQSAILT ETMASLNKNF 840 
GAI SSVIQDI YQQLDAIQAN AQVDRLITGR LSS LSVLASA KQAEYI RVSQ QRELATQKIN 9 00 
ECVKSQS IRY SFCGNGRHVL TIPQNAPNGI VFIHFTYTPE SFVNVTAIVG FCVKPANASQ 9 60 
YAI VPANGRG IFI QVNGS YY ITARDMYMPR DITAGDI VTL TS CQANYVSV NKTVITTFVD 1 02 0 
NDDFDFDDEL SKWWNDTKHE LPDFDEFNYT VPILDIGSEI DRIQGVIQGL NDSLIDLETL 1 08 0 
SILKTYIKWP GSGYIPEAPR DGQAYVRKDG EWVLLSTFLG RSLEVLFQGP GSAWSHPQFE 1140 
KGGGSGGGGS GGSAWS HPQF EK 11 6 2 

SEQ ID NO, 17 mo ltype = AA length 1162 
FEATURE Location/ Qualifie rs 
source 1. .1162 

mo l type pro tein 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 17 
MLGKSLFIVT LLLALCEGGL VGVNYTYYYQ SRYRPPNGWH MQGGAYKVVN KTTIS YTSQE 6 0 
CTIGVIRGGV TINQSAI AFT SATGRVGVKK GVCTVYCNYT SFYVFVTHCG GTGHNCIVNT 1 20 
KKLGVLVFGV KNYNDQFIYN ITLNAAGPYA NFKAWQC LSN YTSVFLNGNL LYTSNYTEDV 1 80 
KAAGVYAKQV NGLERRVMRD TPVMAYFVNG TVQDVILCDD SPKGRLACQY NTGNFSDGLY 24 0 
PVYEEPVASN FTFVPLHTSS TSYGVLHNFT FNNVTGVAPN QEHIARFNI S TI S EGYVNFK 3 00 
FNFLNSFTYV ESDFDRGS YY GKPGSRCNFG LESINRGLSF NSLTVSIGYG PI SGGCKQSV 3 60 
WKNEATCCFA YKYNGGSRNC KGLYTFDRDV NYECVLLVFI SKPDGSRIRT ATSPPVYSNN 4 20 
NVNINLGL CV DYNVYGITGR GLITNITESV HPGYLDHGGL VLLDATGSID TFVLHSDKLT 4 80 
SYYKVNPCSD INEQYVVS GG NLVGKLTSNN QTVAQQLGDM FYVKFSTSGG GGVPATS ENV 54 0 
TSCPYVTYGK FCIKPDGD I S NIVPE EVKDY TSLLLNRTDY VLIPNSFNLT VTDEFIQTQF 6 00 
QKIQINCIQY VCGSSIQCKQ LFQQYGSVCG NILSI VNGI A LQDNAEMLHF YSSTKPRGFD 6 60 
TNSFVNFTAG EFNISLVLPK NGQPTGRCLI EDLLFDKVES LGLPGDSAYQ KCTSGPLGFV 720 
KDLVCAQNYN GLLVLPPIIT AEMQTLYTSS LVVSMAFGGI TAARAIPFAT QI QAR INHLG 7 80 
ITQTVLQKNQ EKIAASFNKA MKHMQDGFSA TSLALQQVQD VVNEQGAILQ QTMHSLNKNF 84 0 
GAI SHVIQDI YKQLDALEAN AQVDRIITGR LSSLSVLASA KQLEYTKVSQ QRELAKEKIN 9 00 
ECVKSQSNRH GFCGEGMH I M SIPQNAPNGI VFLHFTYTPE TYANVTAVVG FCVKPGNGTE 9 60 

YGLVPVVGRG IFIEVNGTYY ITGRDMYS PR AITAGDVVKL TPCQANYQSI NRTVITTFVD 1 02 0 
EDDFDFDHEL SKWWNETSRD FPNLDEFNYT IPVLNISNEI DKI QEVIQGL NDS IIDLETL 1 08 0 
SILKTYIKWP GSGYIPEAPR DGQAYVRKDG EWVLLSTFLG RSLEVLFQGP GSAWSHPQFE 1140 

KGGGSGGGGS GGSAWSHPQF EK 11 6 2 

SEQ ID NO, 18 mol t ype = AA length 412 

FEATURE Location/ Qualifie rs 
source 1. .412 

mo l type pro tein 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 18 
MASGKATGKT DAPAPVIKLG GPKPP KVGSS GNASWFQAI K AKKLNSHPPK FEGSGVPDNE 6 0 

NLKT SQQHGY WRRQARFKPV KGGRKPVPDA WYFYYTGTGP AADLNWGDSQ DGI VWVAAKG 1 20 
ADVKSRSHQG TRDPDKFDQY PLRFSDGGPD GNFRWDFIPL NRGRSGRSTA ASSAASSRAP 1 80 
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SRDGSRGRRS GSEDDLIARA AKIIQDQQKK GSRIT KVKAD EMAHRRYCKR TIPPGYKVDQ 24 0 
VFGPRTKGKE GNFGDDKMNE EGIKDGRVTA MLNLVPSSHA CLFGSRVTP K LQPDGLHLKF 3 00 
EFTTWPRDD PQFDNYVKIC DQCVDGVGTR PKDDEPRPKS RS SSRPATRT SSPAPRQQRP 3 60 
KKEKKPKKQD DEVDKALTSN EERNNAQLEF DEEPKVINWG DAALGENELG GG 41 2 

SEQ ID NO, 19 mo ltype = DNA length = 2 2 
FEATURE Location/ Qualifie rs 
source 1. .22 

mo l type ot her DNA 
org anism s y nthetic construct 

SEQUENCE, 19 
atgc tc a acc tag tccctag ca 2 2 

SEQ ID NO, 20 mol t ype = DNA length 2 1 
FEATURE Location/ Qualifie rs 
source 1. .21 

mol t ype ot her DNA 
org anism s y nthetic construct 

SEQUENCE, 2 0 
tcaaactgcg gat c at c acg t 21 

SEQ ID NO, 21 mo ltype = AA length 1169 
FEATURE Location/ Qualifie rs 
source 1. .1169 

mo l type pro tein 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 2 1 
MLVKSLFLVT ILFALC SANL YDNES FVYYY QSAFRPGHGW HLYGGAYAVV NVSSENNNAG 6 0 
TAPS CTAGAI GYS KNLSAAS VAMTAPLSGM SWSANSFCTA HCNFTSYIVF VTHCYKSGSN 1 20 
SCPLTGLIPS GYIRIAAMKH GSAMPGHLFY NLTVSVTKYP KFRSLQCVNN YTSVYLNGDL 1 80 
VFTSNYTEDV VAAGVHFKSG GPITYKVMRE VKALAYFVNG TAHDVILCDD TPRGLLACQY 24 0 
NTGNFSDGFY PFTNTSIVKD KFI VYRESSV NTTLTLTNFT FSNESGAPPN TGGVDSFILY 3 00 
QTQTAQSGYY NFNFSFLSSF VYRES YYMYG SYHPRCSFRP ETLNNGLWFN SLSVSLTYGP 3 60 
I QGGCKQSVF NGKATC CYAY SYGGPRAC KG VYRGELTQHF ECGLLVYVTK SDGSRI QTAT 4 20 
QPPVLTQNFY NNINLGKCVD YNI YGRIGQG LITNVTDLAV SYNYLSDAGL AILDTSGAID 4 80 
I FWQGEYGP NYYKVNPC ED VNQQFWS GG KLVGILTSRN ETGSQLLENQ FYIKITNGTR 54 0 
RSRRSVTENV TNCPYVSYGK FCIKPDGS I S VIVPKELDQF VAPLLNVTEY VLIPNSFNLT 6 00 
VTDEYI QTRM DKI QINCLQY VCGNSLACRK LFQQYGPVCD NILSVVNSVG QKEDMELLNF 6 60 
YSST KPARFN TPVFSNLSTG EFNISLLLTP PSSPRRRSFI EDLLFTSVES VGLPTDDAYK 720 
MRTAGPLGFL KDLACAREYN GLLVLPPIIT AEMQTLYTSS LVASMAFGGI TAAGAIPFAT 7 80 
QLQARINHLG ITQS LLLKNQ EKIAASFNKA IGHMQEGFRS TSLALQQ IQD VVNKQSAILT 84 0 
ETMLALNKNF GAI SSVIQDI YQQLDSIQAD AQVDRLITGR LSS LSVLASA KQSEYI RVSQ 9 00 
QRELATQKIN ECVKSQSIRY SFCGNGRHVL TIPQNAPNGI VFIHFTYTPE SFINVTAWG 9 60 
FCVS PANASQ YAI VPANGRG IFI QVNGS YY ITARDMYMPR DITAGDI VTL TS CQANYVSV 1 02 0 
NKTV ITTFVD NDDFDFDDEL SKWWNETKHE LPDFDKFNYT VPILDIDSEI DRIQGVIQGL 1 08 0 
NDSLIDLETL SILKTYIKWP WYVWLAIAFA TIIFILILGW LFFMTGCCGC CCGCFGIIPL 1140 
MS KCGKKSSY YTTFDNDVVT EQYRPKKSV 11 6 9 

SEQ ID NO, 22 mol t ype = AA length 3 51 0 
FEATURE Location/ Qualifie rs 
source 1. . 3510 

mol t ype pro tein 
org anism I n fectiou s Bro nchiti s Virus 

SEQUENCE, 2 2 
ATGCTTGTAA AATCCCTGTT TTTGGTGACT ATCCTTTTTG CACTGTGCTC CGCTAATCTT 6 0 
TACGACAACG AGTCCTTTGT CTACTACTAC CAGTCCGCCT TCAGGCCAGG CCATGGATGG 1 20 
CACC TCTACG GAGGCGCC TA TGCAGTGGTA AATGTGTCTA GTGAAAACAA TAACGCCGGG 1 80 
ACCGCGCCGT CCTGCACAGC AGGGGCCATT GGCTATTCCA AAAACCTCAG TGCTGCCTC C 24 0 
GTAGCCATGA CAGCTC CC CT CTCTGGGATG TCCTGGAGTG CCAATTCATT CTGCACCGCT 3 00 
CATTGCAATT TCACAT CATA TATTGTGTTT GTTACGCACT GCTACAAGAG CGGCTCTAAC 3 60 
AGTTGCCCCC TCACAGGGTT GATACCTTCT GGATATATCC GAATTGCAGC AATGAAGCAC 4 20 
GGTAGTGC TA TGCCTGGACA TCTTTTTTAC AATCTGACTG TGAGCGTGAC CAAGTATCCA 4 80 

AAAT TC CGTT CCCTGCAGTG TGTGAACAAC TACACTTCTG TTTACTTGAA CGGAGACCTA 54 0 
GTCT TCAC TA GCAATTATAC CGAAGATGTG GTCGCTGCTG GGGTGCACTT CAAATCAGGG 6 00 
GGCCCAATTA CGTACAAGGT GATGAGAGAA GTGAAGGCAC TAGCCTATTT CGTAAACGGT 6 60 

ACTGCACACG ATGTCATCCT ATGTGACGAC ACACCTCGCG GATTGTTAGC CTGCCAGTAT 720 
AACACAGGAA ACTTCTCAGA TGGTTTTTAT CCATTTACGA ACACCTCCAT TGTGAAGGAC 7 80 
AAAT TTATTG TTTACCGGGA GAGTTCTGTC AACACAACAC TAACACTCAC AAATTTTACA 840 

TTCT CTAATG AATCAGGAGC GCCACCAAAT ACGGGTGGAG TGGATTCTTT CATACTCTAT 9 00 
CAGACACAAA CCGCTCAATC AGGGTATTAC AACTTTAATT TCAGCTTTCT CAGTTCATTT 9 60 
GTTTACAGGG AGTCTTACTA CATGTATGGC TCCTACCACC CACGCTGCAG TTTCAGACCT 1 02 0 

GAGACATTGA ACAACGGCCT GTGGTTCAAC TCGCTATCGG TATCCCTAAC CTATGGGCCG 1 08 0 
ATTCAGGGCG GCTGCAAACA GTCTGTCTTC AACGGAAAAG CTACCTGCTG CTATGCTTAC 1140 
TCGTATGGAG GGCCCAGAGC TTGCAAGGGA GTGTATCGAG GAGAACTCAC ACAGCACTTT 1 20 0 

GAGTGCGGCC TGTTGGTTTA CGTCACTAAA TCCGACGGCA GTAGGATTCA GACAGCAACA 1 26 0 
CAGC CACCAG TGTTAACC CA GAACTTTTAT AATAATATAA ACCTAGGGAA ATGTGTTGAC 132 0 
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TACAACATTT ATGGAAGAAT CGGGCAGGGG CTGATCACCA ATGTCACAGA TCTTGCTGTT 138 0 
TCTTATAATT ACCTTTCAGA TGCTGGTCTG GCAATCCTGG ACACCAGTGG CGCTATCGAC 1440 
ATCT TTGTCG TGCAAGGAGA GTATGGTCCC AATTATTACA AAGTGAACCC CTGTGAGGAC 15 0 0 
GTGAACCAGC AGTTTGTTGT TAGCGGGGGC AAGCTTGTTG GCATACTCAC CAGCAGAAAT 15 6 0 
GAAACTGGAT CCCAGTTACT TGAAAATCAG TTCTACATCA AAATCAC TAA CGGTACACGA 1 62 0 
AGGAGC CGAA GGTCAGTCAC GGAGAACGTT ACTAACTGTC CTTATGTCAG TTACGGTAAG 168 0 
TTCTGCATTA AGCCAGATGG AAGCATTAGC GTGATCGTCC CCAAGGAACT GGATCAGTTT 1 74 0 
GTAGCT CCAT TGCTTAATGT TACAGAATAT GTGCTTATTC CAAACTCCTT CAACCTGACT 1 80 0 
GTGACTGATG AATACATTCA GACCAGGATG GACAAGATAC AAATAAACTG CCTGCAATAT 1 86 0 
GTTTGTGGGA ATAGTCTAGC ATGCAGGAAA CTGTTTCAGC AGTATGGCCC CGTGTGTGAT 1 92 0 
AATATCCTTA GTGTCGTTAA TAGTGTTGGA CAGAAGGAGG ATATGGAGCT GCTCAATTTC 1 98 0 
TACAGCAGTA CTAAACCAGC CCGGTTCAAT ACTCCTGTGT TTTCCAACCT CTCTACAGGA 2 04 0 
GAAT TTAATA TCTCTCTGCT GTTAACCCCG CCCTCCAGCC CTCGGCGGCG GTCATTTATC 21 0 0 
GAAGAC CTCC TTTTCACC TC AGTGGAGTCA GTAGGTCTGC CCACGGATGA TGCATACAAG 21 6 0 
ATGAGAACCG CGGGGC CTCT GGGCTTCTTG AAAGATCTCG CGTGTGCTAG AGAGTACAAT 2 22 0 
GGTCTGCTGG TGTTGCCTCC GATTATTACC GCTGAGATGC AGACTCTGTA CACTAGCTCA 2 28 0 
CTGGTGGCAT CAATGGCGTT CGGAGGAATA ACCGCCGCCG GAGCAATTCC CTTCGCCACA 2 34 0 
CAAC TGCAGG CCAGAATCAA CCATCTGGGG ATCACTCAGA GCTTATTGCT GAAGAACCAG 24 0 0 
GAGAAGATCG CTGCAT CGTT CAACAAAGCG ATAGGCCACA TGCAGGAAGG TTTCCGCTC C 24 6 0 
ACCTCTTTGG CTTTGCAACA GATACAGGAC GTAGTCAATA AGCAGTCTGC AATCTTGACG 25 2 0 
GAAACCATGC TGGCTCTGAA CAAAAATTTT GGAGCCATAT CTAGTGTGAT TCAAGATATT 25 8 0 
TACCAGCAGC TGGACAGCAT CCAGGCAGAT GCACAAGTCG ATCGTCTGAT TACCGGTCGG 2 64 0 
TTAAGCAGCC TATCTGTTTT GGCCAGCGCA AAACAATCTG AATATATCCG GGTCTCCCAA 2 70 0 
CAGAGAGAAT TAGCAACGCA AAAAATAAAT GAATGTGTCA AGAGTCAATC CATCCGCTAC 2 76 0 
TCGTTCTGTG GGAACGGCAG GCATGTGC TG ACT AT CC CCC AGAATGCTCC TAACGGTATC 2 82 0 
GTAT TTATAC ATTTCACATA TACACCAGAA TCTTTTATTA ATGTGACGGC GGTAGTCGGT 2 88 0 
TTTTGTGTGT CACCTGCCAA TGCATCTCAG TACGCTATAG TGCCCGCAAA TGGGAGAGGG 2 94 0 
ATTTTCATTC AGGTGAACGG AAGCTATTAC ATCACGGCCC GCGACATGTA CATGCCTCGT 3 00 0 
GACATCACAG CTGGCGACAT AGTAACACTT ACTAGCTGTC AAGCGAACTA CGTGAGTGT C 3 06 0 
AATAAAACTG TTATCACGAC CTTCGTGGAC AATGATGATT TTGACTTCGA CGATGAGCTT 31 2 0 
TCTAAATGGT GGAATGAGAC TAAGCATGAG CTGCCCGACT TTGATAAGTT TAACTACACA 31 8 0 
GTAC CCATTC TCGATATTGA TAGTGAGATC GATCGTATTC AGGGTGTTAT CCAAGGACTT 3 24 0 
AACGACAGCC TGATAGAC CT GGAGACGC TG AGCATTCTGA AGACATACAT AAAGTGGCCA 3 30 0 
TGGTACGTCT GGCTGGCCAT TGCCTTTGCG ACAATAATTT TTATTTTGAT TCTGGGCTGG 3 36 0 
CTCTTCTTCA TGACTGGTTG CTGTGGCTGT TGTTGCGGGT GCTTCGGTAT CATCCCTCTG 34 2 0 
ATGAGCAAGT GTGGCAAAAA GTCAAGCTAT TATACTACCT TTGATAACGA TGTGGTAACA 34 8 0 
GAGCAGTACC GCCCGAAAAA GTCCGTGTGA 3510 

SEQ ID NO, 23 mo ltype = AA length 1172 
FEATURE Location/ Qualifie rs 
source 1. .11 7 2 

mo l t ype pro tein 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 2 3 
MLVKSPFIVT LLCALCSASL YDNGSYVYYY QSAFRPS I GW HLHGGAYAVV NVTQEYNNAG 6 0 
SASECTAGAI VWS KNF SAAS VAMTAPHSGM SWSVKQFCTA HCNFTNFWF VTHCFKDGLN 1 20 
TCPLTGRIDQ GYIRIAAMKN TGTGPRDLFY NFTVSVTKYP SFKS LQCVNN QTSVYLNGDL 1 80 
VFTSNETVDV SGAGVHFKAG GPITYKVMRE VKALAYFVNG TAQDVILCDS SPRGLLACQY 24 0 
NTGNFSDGFY PFTNSSW KE KFI VYSENSV NTTLVLHNFT FYNESDAPPN SQQSSAGVGG 3 00 
LTTYQTQTAQ SGYYNFNFSF LSS FVYKESN FMYGSYHPQC NFRPENINNG LWFNSLSVSI 3 60 
TYGP LQGGCK QSVFSHRATC CYAYSYNGPH ICKGVYSGQL HNNFECGLLV YIT KTDGSRI 4 20 
QTAT TPPVRT QHFYNNITLH KCVEYNIYGR VGQGFITNVT DSVAGYNYLQ DGGLAILDTS 4 80 
GAIDIFAVQG GYGLNFYKVN PCEDVNQQFV VSGGNLVGIL TSRNETDSQP LENQFFVKLI 54 0 
NGTRRSRRSI SENVTSCS FV SYGKFCIKPD GSI STIVPKE MEQFVAP LLN VTEHVLIPDS 6 00 
FNLTVTDEYI QTRMDKVQ IN CLQYVCGNSF ECRQLFQQYG PVCDNILSVV NSVGQKEDME 6 60 
LLSFYSSTKP AGYNTPVFNI STGDFNISLL LPPSSAP SGR SFIEDLLFTS VESVGLPTDE 720 
AYKKCTAGPL GFLKDLACAR EYNGLLVLPP IITAEMQTLY TSS LVASMAL GGITAAGAIP 7 80 
FATQLQAR IN HLGITQTVLL KNQEKIAASF NKAI GHMQEG FKSTS LALQQ IQDWNKQSA 84 0 
ILTETMAS LN KNFGAI SSVI QEI YQQLDAI QANAQVDRLI TGRLS SLSVL ASSKQAEYLR 9 00 
VSQQRELATQ KINECVKS QS TRYS FCGNGR HVLTIPQNAP NGI VFIHFTY TPESFVNVTA 9 60 
IVGFCINPAN ASQYAI VPAN GRGI FIQVNG TYYI TARDMF MPRDITAGDV VTLTSCQANY 1 02 0 
VSVNKTVITT FVESDDFDFD DELSKWWNET KHEFPDFDQF NYTIPVLNIT YDIDKIEEVI 1 08 0 

KGLNDSLIDL ETLSILKTYI KWPWYVWLAI FFAIIIFILV LGW IFFMTGC CGCCCGCFGI 1140 
IPLMSKCGKK SSYYTTFDND VVTEQYRPKK sv 11 7 2 

SEQ ID NO, 24 mo ltype = DNA length 3519 
FEATURE Location/ Qualifie rs 
source 1. . 3519 

mol t ype other DNA 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 2 4 

atgc tggtca agt c ac cgtt catagttacg ctgttatgtg ctc tgtgtt c tgcctca tta 6 0 
tatg ac a acg gcag ct a cgt atattac tac cagtctgcgt ttcgccc tag tattggg tgg 1 20 
cacc tc c atg gcgg agc ata cgccgtggtt aatgtcac t c aggaata taa caacgctggc 1 80 

agtg ctag tg aatg cacgg c aggcgcgatc gtttggagca agaactttag cgc tgctagt 24 0 
gttg ct a tga cggc ac ct ca ctctggc atg agctggtctg taaagcagtt ctgc acggct 3 00 
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cac tgcaact tcaccaactt tgttgtgttt gtgacac att gcttcaagga tggccttaac 3 60 
acctgc cc tt tgacgggtcg gattgacc aa gggtatatcc gcattgc cgc catgaagaac 4 20 
acagggacag gaccccggga cctattttac aactttaccg tatctgttac caaatatcca 4 80 
tcgttcaaat cattgcagtg cgtgaacaac cagacttccg tgtacctaaa tggtgaccta 54 0 
gttttcacct ctaatgaaac tgtggacgtt agcggagctg gagtgcactt taaggctggt 600 
gggccgataa catataaagt gatgagagaa gtgaaagcgc ttgcatactt cgtaaacggt 6 60 
acagcc c agg atgtgattct ctgtgattcc tcgccgcggg ggctgctcgc ttgtcagtac 720 
aataccggaa actttagtga tggcttc tac ccattcacaa attcatc agt cgtaaaggaa 780 
aagttcattg tctactctga aaacagtgtg aatacaacat tggtcctcca caatttcact 84 0 
ttttataatg aatcagatgc tccaccaaac tcacagcagt cttcagc agg ggtgggtggg 90 0 
ctcaccacct accaaa c aca gaccgccc aa tcagggtact acaacttcaa tttctcttt c 9 60 
ctttcttcct tcgtatacaa ggagtcaaac ttcatgtatg gtagctatca ccc tcagtgt 1020 
aatttccgcc ctgagaacat caacaacggt ctgtggttta acagcctgag cgtgagcatt 108 0 
acctacggcc ccttacaagg ggggtgc aaa cagtccgtct tcagccatag agccacgtgt 1140 
tgttacgctt actcctacaa cgggcccc a c atctgcaagg gagtttacag cggccagctg 1 20 0 
cataacaatt ttgaatgtgg cctactggtg tatattacta aaacagatgg atccaggat c 1 26 0 
caaaccgcaa ctactc c acc cgtgcgc act cagcacttct ataataacat aac tctgcac 1320 
aaatgcgtcg aatacaacat ttatggaaga gtcggac aag gtttcatcac aaacgtc act 1380 
gacagcgtag cgggctacaa ctaccttcag gatggcggtt tagcaatcct tgacacatct 1440 
ggtgccattg atatttttgc tgtccaggga ggctatggat tgaattttta taaggtcaac 15 0 0 
ccctgtgaag atgtgaacca gcaatttgta gttagtggag ggaatctcgt aggaatc tta 15 6 0 
acgtcacgca atgagacgga cagtcagccg ctcgagaatc agttcttcgt caagctgata 1 62 0 
aatggtaccc gccgttctag gagaagcatc agcgaaaatg tgacatc atg cagctttgtg 1680 
tcctatggca agttttgcat caagcctgac gggtctatct ctactatcgt acccaaagag 1 74 0 
atggaacagt ttgttgcccc gctcttgaat gtcaccgaac atgtcctgat tccagatagc 1 80 0 
ttcaatctga cagtgactga tgagtacatt cagaccagaa tggataaggt gcagatcaac 1 86 0 
tgcttgc aat atgtgtgcgg gaactcc ttt gagtgtaggc agc tcttcca gcaatacggg 1 92 0 
ccagtctgtg acaatatcct ctctgtagtt aactccgtcg gacagaagga ggacatggag 1 98 0 
cttctcagct tttacagctc cacgaagcca gccggttata acactcc cgt cttcaatatt 2040 
tctacaggag actttaatat ctccctgctg ctccctc cat cctccgc ac c ctcaggtaga 21 0 0 
tcatttattg aggatctgct gtttacc agt gttgagtctg tgggcttgc c aac tgatgaa 21 6 0 
gcctacaaaa agtgtaccgc tggcccactg ggattcctga aagatttggc ctgcgcgaga 2 22 0 
gagtataacg gac tgctcgt tttacccc c c attattaccg ctgaaatgca gacactgtac 2 28 0 
acgagctctt tggtggcc t c catggcactg ggaggcatca ctgcggcggg tgcaatc ccg 2 34 0 
tttgctacac aac tgcaggc caggataaac cacctgggca taacacaaac agtgctgttg 24 0 0 
aaaaac c aag agaagattgc cgcatctttc aacaaagcta taggacacat gcaggaggga 2460 
tttaagagta cttcacttgc tttacagcaa atacaggacg tggtgaataa acaatcagc c 2520 
atattaactg agacaatggc ctcccttaac aaaaattttg gcgccattag ttccgttat c 25 8 0 
caagaaatat atcaacaact ggacgcaatt caagcaaatg cacaggtgga tcgtctaat c 2 64 0 
actggacgg c taagct cgct gtccgtactg gcgtcgagca aacaggc aga gtatttgcga 2 70 0 
gtaagccagc agcgggagtt ggcaaccc ag aaaataaacg agtgtgtgaa aagccagtct 27 6 0 
acgcgatatt cgttctgtgg taatggtagg catgtgctga ctatccc tca gaatgcccct 2 82 0 
aacggcattg tgttcatcca tttcacttac acacctgaaa gttttgtgaa cgtaacagct 28 8 0 
attgtgggat tctgcattaa tccagcaaac gcttcgc agt acgcaattgt tcccgctaat 2 94 0 
ggccgtggaa tattcatcca ggtcaatgga acctactata taacagccag ggatatgtt c 30 0 0 
atgcctaggg acatcac agc aggcgatgtt gtgacgc tga ccagctgcca ggcaaac tat 3 06 0 
gttagtgtca ataagac agt cattacaacc ttcgttgaat cagacgattt tgactttgat 3120 
gacgagct tt caaaatggtg gaatgaaaca aaacatgaat ttccagattt tgatcagtt c 31 8 0 
aattacacca tccccgttct aaatatc acg tatgatatag acaaaatcga ggaggtgat c 3 24 0 
aaagggct ta atgact cgct catcgatctg gagactc taa gtattctgaa aacctac att 3 30 0 
aagtggccct ggtacgtgtg gctggccata ttttttgcaa tcataatctt catccttgtt 3 36 0 
ttaggctgga tcttctttat gaccggatgc tgtggctgtt gctgtgggtg ctttgggatt 3420 
atccctct ca tgtctaagtg cgggaagaaa tcttcctatt atacaac ttt tgacaatgat 34 8 0 
gtggtgacag agcagtatcg acctaagaag agtgtttga 3519 

SEQ ID NO, 25 moltype = AA length 1166 
FEATURE Location/ Qualifiers 
source 1. .1166 

mol type protein 
organism Infectious Bronchitis Virus 

SEQUENCE, 2 5 
MLVKSLFTVI PLFALCSATL YDSGS YVYYY QSAFRPPNGW QLHGGAYAVV NVSTETGSAN 6 0 

RCTAGAISFS KNFSAASVAM TAPANGMTWS DAQFCTAHCN FTNIVVFVTH CFKNRPNYCS 1 20 
LTGLIPQNYI RIAAMKSNGT GPSDLFYNLT VPVTKYPKFR SLQCVNNQTS VYLNGDLVFT 1 80 
SNETVDISGA GVHFAAGGPI TYKVMREVKA LAYFVNGTAQ DVILCDGTPR GLLACQYNTG 24 0 

NFSDGFYPFT NSSLVKERFI VYRENSVNTT LVLHNVTFFN ETSAPNGGDL NANFQI YQTV 30 0 
TAQS GYYNFN FSFLSGFVYK ESDFMYGSYH PNCNFRPENI NNGLWFNSLS ISLAYGPLQG 3 60 
GCKQSVFNRR ATCCYAYSYN GPHACKGVYR GQLTQLFECG LLVYITKSDG SRIQTATKAL 4 20 

VVTTNFYNNI TLDRCVEYNI YGRVGQGFIT NVTDSTADYN YLADGGLAIL DTSGAIDIFV 48 0 
VQGVYGLNFY KVNPCEDVNQ QFVVSGGKLV GILTSRNETD SQFLENQFYI KLTNETHRSR 54 0 
RSVSENVTSC PYVSYGKFCI KPDGSISTIV PEELKQFVSP LLNVTEYVLI PDSFNLTVTD 60 0 

EYIQTRMDKV QINCLQYVCG NSFECRNLFQ QYGPVCDNIL SWNSVGQKE DMELLTFYS S 6 60 
TKPAGYNTPV FNNISTGDFN ISLLLTPPST PSGRSFIEDL LFTSVESVGL PTDEAYKKCT 720 
AGPLGFLKDL ACAREYNGLL VLPPIITAEM QTLYTSSLVA SMALGGITAA GAIPFATQLQ 780 

ARINHLGITQ TILLKNQEKI AASFNKAIGH MQEGFKSTSL ALQQIQDWN KQSAILTETM 840 
ASLNKNFGAI SSVIQEIYQQ LDSIQANAQV DRIITGRLSS LSVLASSKQA EYLRVSQQRE 90 0 
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LATQKINECV KSQS TRYS FC GNGRHVLTIP QNAPNGIVFI HFTYTPESFV NVTAIVGFCV 9 60 
NPANASQYAI VPANGRGIFI QVNGSYYITA RDMYMPRDIT AGDIVTLTSC QANYVSVNKT 1020 
VITTLVDNDD FDFHDELS KW WNETKHELPD FDQFNYTIPV LNITYDIDKI EEVIKGLNDS 108 0 
LIDLETLSIL KTYIKWPWYV WLAIFFAIII FILILGWVFF MTGCCGCCCG CFGIIPLMSK 1140 
CGKKSSYYTT FDNDWTEQY RPKKSV 1166 

SEQ ID NO, 26 mo ltype = DNA length 3501 
FEATURE Location/ Qualifiers 
source 1. . 3501 

mo l type other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 2 6 
atgctggtga agagcttgtt tacagtcatt cctctgtttg ctctgtgctc cgc tactctg 60 
tatgacagcg gtagttatgt ctattac tac cagtcagcat tccgccc ac c taatggttgg 1 20 
cagctgc atg gaggcgccta tgcagtggtg aatgtctcaa ccgagac agg ttccgccaac 1 80 
aggtgtactg cgggagccat aagtttc agc aaaaattttt ccgccgcgag cgtagctatg 24 0 
accgctcc ag cgaacggtat gacgtggtca gatgcacagt tttgcac agc ccattgcaat 30 0 
ttcactaata ttgtggtctt cgtgacacac tgcttcaaga acagacc caa ctactgtagc 3 60 
ctcacggggc tcataccaca gaactatatc agaatagccg ccatgaaat c gaatgggac c 4 20 
ggtccttccg acctctttta caacctcact gtgccggtta cgaaatacc c caagttcagg 4 80 
tctctt c agt gtgttaacaa ccagacttca gtatacc tga atggtgattt agtatttact 540 
tccaacgaaa cagtggatat ttctggggcc ggggttc act tcgcagccgg tggtcccatt 60 0 
acgtacaagg tgatgagaga agttaaggct cttgcatatt ttgtcaatgg cacagcgcag 6 60 
gacgtgattt tatgtgatgg aactccaaga gggctcttgg catgtcagta taacactggt 720 
aact tttccg atgggttcta tccatttacc aacagcagcc tggtgaagga gaggtttatt 7 80 
gtatatcggg agaactcagt caacaccacg cttgttctgc acaacgttac attctttaat 84 0 
gaaacatcag cacctaatgg aggagatctc aatgccaatt ttcagatcta tcagaccgtg 9 00 
acagcgcaaa gtggatatta taacttc aac ttttctttcc tgtctggatt cgtttataaa 9 60 
gaaagcgatt ttatgtatgg atcctaccat ccaaactgca acttccgcc c tgaaaatatt 1020 
aataatgggc tgtggtttaa cagtctgagc atcagcc tgg cttatggtcc cctgcaaggc 1 08 0 
ggttgcaagc aaagtgtctt taaccgaaga gcaacctgtt gctacgc tta cagctac aa c 1140 
ggccct c atg cctgcaaagg ggtgtaccgg ggccagctca ctcagctatt tgaatgcggc 1 20 0 
ttgctcgtat acatcacc aa aagtgatggt agccgcattc agacggc tac aaaagcactg 1 26 0 
gtcgttacaa caaacttcta taataac atc actctcgatc ggtgcgttga gtacaac att 1320 
tatggccggg tgggacaagg cttcatc aca aatgtgacag actcaacagc agactacaat 1380 
taccttgctg acggcgggct ggcgatactg gacacgtccg gggcaattga tatttttgtg 1440 
gtgcaggggg tctacggatt gaacttc tac aaggttaacc cctgtgaaga tgtgaac caa 1500 
cagtttgttg tttccggtgg caagctggtg gggattttga catcgaggaa cgagacagac 15 6 0 
agccagttcc tagagaatca attctatata aagcttacta atgaaac cca ccgtagcagg 1 62 0 
agatctgtga gcgaaaacgt aacatcttgt ccctatgtca gctatggtaa attctgc at c 1680 
aagccagatg gatcaataag taccattgtt ccagaagaat tgaagcagtt cgttagcccg 1740 
ttgttaaatg tgacagagta tgtgctcatt cctgatagtt tcaatctgac tgttacggat 1 80 0 
gagtatattc aaactcgcat ggacaaggtc cagataaact gcc tgcagta tgtctgcgga 1860 
aattcttttg agtgccgtaa cctcttcc ag caatacggcc cagtatgtga caacatcctt 1 92 0 
tctgtggtga actccgtagg acagaaggag gacatggagt tactcac ctt ctactcttcg 1 98 0 
acaaagcc cg cgggctacaa cacgccagta ttcaacaata tatctac tgg ggattttaat 2 04 0 
atatctct tt tgc tgacc c c tccttcaaca ccatcaggga gaagttttat tgaggatctg 2100 
ctattcacct ccgtggagtc tgttgggctg cccacagatg aagcttacaa aaagtgcac c 2160 
gctggaccgc tgggatttct aaaggac ttg gcttgtgctc gagaatataa tggcctgtta 2 22 0 
gtgttacc a c ccatcatcac tgcagaaatg cagacac ttt acacttc at c ccttgttgcc 2 28 0 
agcatggctt taggcgggat cactgctgca ggcgccatac ccttcgc cac acagctgcag 2 34 0 
gctcggatca accacctggg catcacacaa acaattc ttt tgaaaaatca ggagaaaat c 24 0 0 
gcggcatcgt tcaataaagc tattggacac atgcaagaag gctttaaat c cac ttctctg 24 6 0 
gctttgcaac aaattcaaga tgttgtgaat aaacagtccg ccattttgac tgaaacaatg 2520 
gcatcac tca acaaaaactt cggggcc atc tcaagtgtta tccaggagat ctaccagcag 25 8 0 
ctggatagta ttcaggctaa tgctcaagtt gaccgcatca ttacgggaag gctctcc tc c 2 64 0 
ctcagtgttc ttgcctct t c caaacaagca gagtacc tgc gtgtgtctca gcagagggag 27 0 0 
ctggccaccc aaaagatcaa tgagtgtgtc aagagtcaga gcacccgcta ctcattctgt 2760 
ggaaacgggc ggcacgtgct tacaataccg cagaatgccc caaatggcat tgtattc att 2 82 0 
cact ttacgt atacacctga gtcctttgta aatgtcaccg ctatcgtggg cttctgcgtc 2 88 0 
aacc cggcta acgcatctca atacgccatc gtgcctgcca atggacgagg aattttcata 2 94 0 
caggtcaacg gcagctacta catcactgct agagatatgt acatgcc tag ggacatc act 3 00 0 

gcaggtgaca ttgtgac tct tacaagc tgc caggctaact acgtttc tgt aaataagacg 3 06 0 
gtaataacta ccctggtgga caatgacgac tttgactttc atgatgaact atc taaatgg 3120 
tggaatgaaa ctaaacatga actgcctgac ttcgacc agt tcaactatac catccctgtg 31 8 0 

ttgaacataa cctatgatat agataaaatc gaggaggtga tcaaaggact gaatgattc c 3 24 0 
ttgatcgacc tggagaccct aagcatc tta aaaacataca ttaagtggc c ctggtacgtg 3 30 0 
tggctggcca tcttttttgc aataatc atc ttcattc taa ttc tgggctg ggtgttttt c 3 36 0 

atgactggct gctgtggatg ctgttgtggc tgctttggaa ttatccc cct gatgtctaag 3420 
tgtggtaaga aatctagtta ctacaccacc tttgataatg acgtggttac cgagcagtac 34 8 0 
aggccaaaga agagtgtgtg a 35 0 1 

SEQ ID NO, 27 mo ltype = AA length 1169 
FEATURE Location/ Qualifiers 
source 1. .1169 

mo l type = protein 
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org anism= Infectious Bro nchiti s Virus 
SEQUENCE, 2 7 
MSVLLPLLVT LLCALCSAVL YDINS YVYYY QSAFRPSNGW HLYGGAYAVV NVSNENNNAG 6 0 
SASTCTAGAI GYS KNF SAAS I AMTAPPSGM AWSTAAFCTA HCNFTNIWF VTHCYKSGSG 1 20 
SCPLTGFIQS GYIRISAMKK ECSGPSCLFY NLTESVSKYP TFRSLQCVNN YTSVYLNGDL 1 80 
VFTSNYTQDV VAAGVHFKSG GPITYKVMRE VKALAYFVNG TAQDVILCDD TPRGLLACQY 24 0 
NTGNFSDGFY PFTNTSIVKD KFI VYRESSV NTTLTLTNFT FSNESGAPPN TGGVNSF ILY 3 00 
QTQTAQSGYY NFNFSFLSGF VYEESNYMYG SYHPLCSFRP ENINNGLWFN SLSVSITYGP 3 60 
LQGGCKQS FF QGRATC CYAY SYNGPRAC KG VYSGELTQSF ECGLLVY ITK SDGSRI QTAT 4 20 
KAPVVTTNFY NNITLDKCVE YNI YGRVGQG FITNVTDSAF GYNYLQDGGL AILDTSGAID 4 80 
I FVVKGVYGL NYYKVNPC ED VNQQFWS GG TLVGVLTSRN ETGSQFLENQ FYIKLTNGTH 54 0 
RSRRSVNENV TSCPYVSYGK FCIKPDGS TS VIVPKELEQF VTPLLNATEY VPIPDSFNLT 6 00 
VTDEYI QTRM DKVQINCLQY VCGNSFECRN LFQQYGPVCD NILSI VNSVS QKEDMELLTF 6 60 
YSSTKPFGFN TPILSNLSTG DFNISLLLTP PSSTTGRSFI EDLLFTSVES VGLPTDDAYK 720 
KCTAGPLGFL KDLACAREYN GLLVLPPIIT AEMQTMYTSS LVASMALGGI TAAGAIPFAT 7 80 
QLQARINHLG ITQAVLLKNQ EKIAASFNKA I GQMQEGFRS TSLALQQ IQD VVNKQSAILT 84 0 
ETMASLNKNF GAI SSVIQDI YQQLDVIQAD AQVDRLITGR LSS LSVLASA KQSEHIIASQ 9 00 
QRELATQKIN ECVKSQSTRY SFCGNGRHVL TIPQNAPNGI VFIHFTYTPE SFVNVTAIVG 9 60 
FCVKPANASQ YAI VPANGRG IFI QFNGS YY ITARDMYMPR NITAGDI VTL TS CQSNYVSV 1 02 0 
NKTV ITTFVD NDDFDFDDEL SKWWNDTKHE LPDFDEFNYT APILDIDSEI DRIQGVIQGL 1 08 0 
NDSLIDLETL SILKTYIKWP WYVWLAIAFA TIIFILILGW VFFMTGCCGC CCGCFGIIPL 1140 
MS KCGKKSSY YTTFDNDVVT EQYRPKKSV 11 6 9 

SEQ ID NO, 28 mo ltype = DNA length 3 51 0 
FEATURE Location/ Qualifie rs 
source 1. . 3510 

mol t ype ot her DNA 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 2 8 
atgagcgtcc tgc tcc cc tt gctggttact ctcttgtgtg cgc tttgct c ggc tgta ttg 6 0 
tatg atat ca att c at acgt atactac tac caaagtgctt ttcgtccga g taacggc tgg 1 20 
cact tgtatg gggg agcc ta tgcagtggtt aatg tctcca atgaaaa taa caatgccgg c 1 80 
tccgcttcca cttg cac tgc tggagctatt ggctacagca aaaatttct c tgc tgca tct 24 0 
atagccatga ccgcac c acc ttcagggatg gcctggagta ctgctgc ct t ctgcacggcg 3 00 
cattgc a at t tcaccaac a t cgttgtttt t gttacac act gctataagt c cggaagtgg t 3 60 
agc tgc cc tt taacggggtt tattcag tcc gggtaca tcc gca tctc ag c tatg aag aag 4 20 
gag tgc agcg gcccat cc tg cctg ttc tat aacctga cag aat c tgtat c taaatac cc t 4 80 
acct tc aga t cac ttc agtg cgtg aac aat tacactagcg tgtatttgaa tggggactta 54 0 
gtgt tt ac ta gcaactat a c tcaggatgta gtcgccgccg ggg tgca ct t caaatccgga 6 00 
ggcc cgat aa cttacaagg t gatg agagag gtgaaggc t c tcgccta ct t cgtaaacggg 6 60 
accgcgc agg acg tcatcct ctgtgatgat acgccacgcg gcctcctggc ttgccagta t 720 
aatacaggaa actttt c aga cgggttc tac cccttca cta acacaagcat tgtg aagga t 7 80 
aag ttc a ttg tctacaggga gagctccgtg aatactac t c tgaccttgac caacttc act 840 
ttcagt a atg aaagcggtg c tccccca aac accggcgggg tcaacagct t cattctgta c 9 00 
caaact c aaa cggccc a atc aggttac tac aacttta act tcagcttcc t ttc tggc tt c 9 60 
gtg tatgagg agt c aaac ta tatg tatgga agctacc acc cac tgtgct c ttt c agg cct 1 02 0 
gagaatat ta ataacggt c t gtggttc aat agcctctctg tgt c gataac ctatggtcc t 1 08 0 
ctgc agggtg ggtg caa aca atcattc ttc cagggaaggg caacctgctg ctacgcgtac 1140 
tcttac a atg ggcccaggg c ctgcaaagg c gtttattctg gagaactaac gcaatca ttt 1 20 0 
gag tgtgggc tgttggttta tat c a caaag agtg atggaa gcaggatcc a gac tgca acg 1 26 0 
aaagctccgg ttgtgac aac caacttc tac aacaata tta ctttgga caa gtgtgtggag 132 0 
tacaac a tat acggccg tgt tgg tcaagga ttcattacca atg taac tga ctccgca ttt 138 0 
ggttac a act acc tgc agga tggtggtcta gcgatac tgg acacgagtgg cgccatcga c 1440 
attttcgttg tgaaagg agt gtatggac tg aactattaca aag tcaa tc c atg tgaaga t 15 0 0 
gtgaat c agc aatttgtagt ttcagggggg acacttg tgg gcg tcttaac ttc tcgg aac 15 6 0 
gagactggat ctcagttcct ggaaaacc ag ttttaca taa aattgac aaa cggaactcat 1 62 0 
cgttctagg c ggagtgtgaa tgaaaatgtg accagctgtc cttacgttt c ttacggg aag 168 0 
ttttgcat ca agcctga cgg atctacttct gttatcgtgc cgaagga ac t agagcagtt t 1 74 0 
gtcacc cc c c tgttgaatg c aacagag tat gtgccta tcc ctgacagct t caaccttaca 1 80 0 
gtgaccgacg agtacatcca aaccaggatg gataaag tgc aga tcaa ctg cct c cagta c 1 86 0 
gtgtgtggga act c atttga atgcaga aat ttatttc agc agtatgggc c tgtg tgtgac 1 92 0 
aatatt c tga gcatcgtgaa cag tgtttca cagaaag aag ata tggagct cttg acc ttt 1 98 0 

tatagttcaa ccaagc c att cggcttc aac act c c ca tac tgt c taa tct gag tactgga 2 04 0 
gatttt a ata tct c actgt t gctaacac c c cccagcagc a ccactggaag atcctttat c 21 0 0 
gaagac ct c c tttttact t c cgt c gag tc t gttggac ttc ctacaga tga tgcatataag 21 6 0 

aaa tgc acgg caggccct c t gggcttc tta aaagatc tcg catg cgc tcg ggaatataac 2 22 0 
gggc tgctgg tgc tgc cc c c cattattact gcagaga tgc agacaatgt a tacgtcc tcg 2 28 0 
cttg tggctt ccatggc att aggcggc att acagctgccg gggcaattc c atttgca aca 2 34 0 

cagc tgc agg caagaatcaa tca tctcgg c atcaccc agg ctg tgctttt gaagaatcaa 24 0 0 
gaaaagat ag cagcctcc t t taataaggcg atagggc aga tgcagga agg gtt c cga tc c 24 6 0 
acaagtct cg cac tgc a aca aattcagga c gtagtaa aca aacagtc tgc gattctc ac c 25 2 0 

gaaaccatgg ctagcctcaa caagaac tt t ggggcta tta gctcggtcat acaggac at c 25 8 0 
tatc ag c aac tggatgttat tcaggctgat gcccagg tgg atagattgat cacaggc aga 2 64 0 
ctttccagc c tgt c tgtctt agcctctgct aagcagagtg agcatattat agcaagc cag 2 70 0 

cagcgcgagt tagccac aca gaaaattaac gaatgtg tta aaagtcaga g tacaaga tac 2 76 0 
agct tttgtg gaaatggccg acacgtgctt acaatac cgc agaatgc tc c aaatgga at c 2 82 0 
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gtc ttt a ttc atttcacgta tacaccagaa tcatttg tta acg tcac tgc aattgtggg c 2 88 0 
ttctgcgt ta agcccgcc aa cgccagcc aa tatg cca tcg taccagcga a cgg tcgggga 2 94 0 
ata tttat c c agttcaacgg ctcttattat atcaccg cac gggacatgt a catg ccacga 3 00 0 
aatatt ac ag ctggtgac a t cgt c acgc ta acatcctgtc agagtaa tt a tgtg tcagt a 3 06 0 
aacaaaac ag tcatcacc a c ctttgtgga c aacgatg ac t ttgacttcga cgatgaactg 31 2 0 
tcgaagtggt ggaatgac a c caagcacgag ctgccag ac t tcgatgagt t taactac acg 31 8 0 
gctc ctat c c tggatattga ttccgagata gaccgca tcc agggtgtaa t acaaggac t a 3 24 0 
aatg attctc tcat tga tct cgagacac tg tccatcc taa aaacctaca t taagtggcca 3 30 0 
tgg tacgt t t ggc tggc aat agcttttgcc acaatca tc t tta ttcttat cct c ggatgg 3 36 0 
gtct ttttca tgacaggctg ttgtggatg t tgt t gtggtt gctttgggat aatacccctg 34 2 0 
atgagc a aat gtggcaa aaa atcatcttac tacacaacat ttgataa tga tgtggtc act 34 8 0 
gagc agtacc gcccgaa aaa gtccgtttga 3510 

SEQ ID NO, 29 moltype = AA length 1159 
FEATURE Location/ Qualifie rs 
source 1. . 1159 

mol t ype pro tein 
org anism I nfectious Bro nchiti s Virus 

SEQUENCE, 2 9 
MLVTPLLLVT LLFALC SAAL YDNSSYVYYY QSAFRPPNGW HLHGGAYAVV NTS IESNNLR 6 0 
ECI VGIIGGD RVVNAS S IAM TAPQPGMDWS SRQFCTAHCN FSDITVFVTH CYKHNGCPIT 1 20 
GSIPQHSIRV SAMKKGRL FY NLTVSVNKYP TFKS FQCVNN FTSVYLNGDL VYTSNETTDV 1 80 
TSAGVYFNAG GPITYKVMRE VKALAYFVNG TAQDVILCDG SPRGLLSCQY NTGNFSDGFY 24 0 
PFTNSSLVKQ KFI VYRENSI NTTLKLHNFT FHNETGANPN LSGVQNIQTY QTQTAQSGYY 3 00 
NFNFSFLSGF VYKESNFMYG SYHPS CNFRP ETINNGLWFN SLSVSIAYGP LQGGCKQSVF 3 60 
SGRATC CYAY SYGGPSLCKG VYLGELKSDF ECGLLVYVTK SDGSRI QTAT EPPVITQHNY 4 20 
NNITLNTCVD YNI YGRTGQG FITNVTDSAV SYNYLADAGM AILDTSGSID I FVVQGEYGL 4 80 
TYYKVNPC ED VNQQFVVSGG KLVGILTSRN ETGSQLLENQ FYI KITNGTR RSRRSITANV 54 0 
TNCPYVSYGK FCI KPDGSVS AIVPKELEQF VAPLLNVTEN VLIPNSFNLT VTDEYIQTRM 6 00 
DKIQINCMQY VCGNSLDCRK LFQQYGPVCD NILSVVNSVG QKEDMELLNF YSSTKPSGFN 6 60 
TPVFSNLSTG DFNISLLLTP PSSTTGRSFI EDLLFTSVES VGLPTDEAYK KCTAGPLGFL 720 
KDLACAREYN GLLVLPPIIT AEMQTLYTSS LVASMAFGGI TAAGAIPFAT QLQAR I NHLG 780 
ITQS LLQKNQ EKIAASFNKA IAVVQEGFRS TSLALQQVQD VVNKQSAILT ETMASLNKNF 840 
GAI SSVIQDI YQQLDAIQAN AQVDRLITGR LSS LSVLASA KQAEYI RVSQ QRELATQKIN 9 00 
ECVKSQS IRY SFCGNGRHVL TIPQNAPNGI VFIHFTYTPE SFVNVTAIVG FCVKPANASQ 960 
YAI VPANGRG IFI QVNGS YY ITARDMYMPR DITAGDI VTL TS CQANYVSV NKTVITTFVD 1 02 0 
NDDFDFDDEL SKWWNDTKHE LPDFDEFNYT VPILDIGSEI DRIQGVIQGL NDSLIDLETL 1 08 0 
SILKTYIKWP WYVWLAIAFA TIIFILILGW VFFMTGCCGC CCGCFGIIPL MS KCGKKS SY 11 4 0 
YTTFDNDVVT EQYRPKKSV 1159 

SEQ ID NO, 30 moltype = AA length 34 80 
FEATURE Location/ Qualifie rs 
source 1. . 34 80 

mol type pro tein 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 3 0 
ATGCTGGTGA CACCGTTGCT CCTCGTGACC CTGTTATTTG CACTGTGCAG CGCAGCACTG 6 0 
TATGATAATA GCTCGTATGT CTATTATTAC CAATCAGCAT TTCGACCCCC AAATGGATGG 1 20 
CACC TGCATG GCGGAGCC TA TGCTGTGGTA AACACTTCAA TCGAGTCAAA CAACCTGAGG 1 80 
GAATGCATTG TAGGGATTAT AGGTGGTGAC AGAGTTGTGA ATGCTAGCAG CATCGCTATG 24 0 
ACAGCTCCCC AGCCAGGAAT GGACTGGTCA AGCAGGCAAT TTTGCACCGC TCACTGTAAC 3 00 
TTTTCGGATA TAACAGTTTT CGTAACTCAC TGCTACAAGC ACAACGGTTG CCCCATTACT 3 60 
GGGAGTATCC CTCAGCACAG TATACGCGTA TCGGCTATGA AGAAAGGCCG GTTGTTCTAC 4 20 
AATTTGACGG TCTCCGTAAA TAAGTATCCA ACATTCAAGA GTTTCCAGTG CGTGAACAAT 4 80 
TTTACATCTG TGTACCTGAA CGGGGATCTT GTATACACTT CCAATGAAAC GACGGATGTT 54 0 
ACAAGTGCTG GTGTTTATTT CAATGCAGGA GGGCCTATCA CATATAAAGT GATGAGGGAG 6 00 
GTGAAAGCGC TGGCTTAC TT CGTGAACGGG ACGGCCCAGG ATGTGATCCT GTGTGATGGC 6 60 
TCTCCACGTG GCCTCTTGAG CTGTCAGTAC AACACCGGCA ATTTTAGTGA TGGATTTTAC 720 
CCTTTCAC CA ACTCTTCTTT AGTGAAACAA AAGTTTATAG TCTACAGGGA GAATTCTATT 7 80 
AATACCACAT TGAAAC TCCA TAATTTCACA TTTCACAATG AGACCGGAGC CAACCCCAAC 84 0 
CTCTCAGGAG TTCAGAATAT CCAGACCTAC CAGACGCAGA CAGCTCAGAG CGGATAC TAC 9 00 
AACTTCAACT TCTCATTCCT GTCGGGTTTT GTTTATAAAG AGAGCAACTT CATGTATGGG 9 60 

TCATAC CATC CAAGCTGCAA CTTCCGGC CT GAGACGATCA ACAATGGCCT CTGGTTCAAT 1 02 0 
TCTTTATCCG TCTCCATTGC TTATGGAC CC CTGCAGGGGG GGTGCAAGCA GTCTGTCTTT 1 08 0 
AGTGGCAGGG CAACTTGC TG CTATGCCTAC AGTTACGGGG GTCCGTCTCT GTGCAAAGGA 11 4 0 

GTATAC CTTG GAGAAC TGAA ATCAGATTTT GAGTGCGGTT TACTGGTATA TGTTACTAAG 1 20 0 
TCTGATGGCT CTCGCATCCA GACAGCGACA GAACCCCCTG TGATTACACA GCATAAC TAT 1 26 0 
AACAACATCA CTTTGAACAC ATGTGTTGAT TATAACATTT ATGGACGGAC AGGCCAGGGC 132 0 

TTTATCAC CA ATGTTACTGA CTCTGCAGTC TCCTACAATT ATCTTGCCGA TGCAGGGATG 138 0 
GCTATTTTGG ACACTTCAGG TTCCATCGAT ATCTTCGTGG TCCAAGGAGA GTATGGCCTC 1440 
ACTTATTATA AAGTGAACCC TTGTGAGGAC GTTAATCAAC AGTTCGTGGT TAGCGGTGGG 15 0 0 

AAAC TCGTGG GGATATTGAC TTCACGAAAC GAGACAGGTT CTCAGCTCCT GGAAAATCAG 15 6 0 
TTTTACATCA AAATCACAAA CGGCACACGC AGGAGCAGAC GGAGCATAAC AGCAAATGTG 1 62 0 
ACCAACTGTC CTTACGTCTC CTATGGGAAG TTCTGCATTA AGCCCGATGG AAGCGTGTCA 168 0 

GCCATTGTTC CGAAGGAACT GGAACAGTTT GTCGCTCCAC TGCTTAATGT GACTGAGAAC 1 74 0 
GTGC TGATCC CTAACTCTTT CAATCTAACA GTGACAGATG AGTACATTCA AACAAGGATG 1 80 0 
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GATAAGATAC AGATAAACTG CATGCAGTAT GTTTGTGGAA ACAGCCTCGA CTGCCGTAAG 1 86 0 
CTGT TT CAGC AATATGGCCC CGTTTGTGAC AACATCCTTT CGGTGGTGAA CAGTGTCGGA 1 92 0 
CAGAAAGAAG ATATGGAGCT CCTGAATTTT TACTCCAGTA CGAAGCCCTC CGGGTTCAAC 1 98 0 
ACACCTGTTT TCAGCAAC CT GAGCACAGGA GATTTTAACA TTTCTTTGCT ACTAACACCA 2 04 0 
CCCT CCTCCA CTACGGGC CG GTCATTCATT GAAGACTTAC TCTTCAC TTC TGTTGAAAGT 21 0 0 
GTAGGT CTAC CGACTGATGA AGCTTATAAG AAGTGTACCG CCGGCCCTCT TGGCTTCCTC 21 6 0 
AAGGATCTGG CCTGCGCAAG AGAATACAAT GGCCTAC TGG TGCTGCCGCC GATCATCACA 2 22 0 
GCCGAGATGC AAACCTTGTA TACTTCTTCC CTCGTCGCGT CCATGGCATT CGGGGGTATC 2 28 0 
ACCGCCGC TG GGGCTATTCC ATTCGCTACT CAGCTGCAAG CTAGAATTAA TCACCTTGGC 2 34 0 
ATTACGCAAT CACTTCTCCA AAAAAATCAG GAGAAGATTG CTGCCAGTTT TAACAAGGCA 24 0 0 
ATCGCCGTGG TGCAGGAAGG TTTTCGATCG ACCAGCCTGG CACTCCAGCA GGTACAGGAC 24 6 0 
GTTGTTAACA AACAGTCCGC CATACTTACC GAGACAATGG CCTCCCTCAA CAAGAAC TTT 25 2 0 
GGAGCAATCA GCAGTGTCAT CCAAGACATT TATCAGCAAT TGGATGCCAT TCAGGCAAAC 25 8 0 
GCACAGGTGG ACCGCCTGAT CACCGGGCGT CTAAGTAGCC TGTCCGTGCT GGCCAGTGC C 2 64 0 
AAGCAAGCCG AGTACATCAG AGTGTCACAG CAGAGAGAAC TTGCCACGCA GAAGATTAAT 2 70 0 
GAGTGCGTTA AGAGCCAGTC TATTCGGTAC AGCTTTTGTG GGAATGGAAG ACATGTGCTG 2 76 0 
ACAATACCAC AGAACGCGCC AAATGGTATA GTGTTTATTC ACTTCACCTA CACCCCAGAA 2 82 0 
TCCT TCGTGA ATGTCACAGC AATCGTGGGT TTCTGTGTGA AGCCAGCTAA TGCAAGTCAA 2 88 0 
TACGCGATAG TACCCGCGAA CGGCCGCGGG ATCTTCATTC AGGTCAATGG TTCCTATTAC 2 94 0 
ATAACTGCAA GGGACATGTA CATGCCTCGA GATATCACCG CGGGAGACAT CGTCACGTTA 3 00 0 
ACTTCTTGTC AGGCCAATTA CGTAAGCGTT AATAAAACTG TGATAACGAC TTTTGTAGAT 3 06 0 
AACGATGACT TCGACTTTGA TGATGAATTA AGCAAATGGT GGAATGACAC AAAGCATGAA 31 2 0 
CTTCCTGACT TTGACGAATT TAATTACACT GTGCCTATAC TGGACATAGG GTCAGAGATT 31 8 0 
GACAGAATTC AAGGAGTCAT TCAAGGCC TT AATGACTCAT TGATAGACCT GGAGACCCTG 3 24 0 
TCTATTCTGA AGACCTACAT CAAATGGC CA TGGTACGTCT GGCTGGCGAT AGCCTTTGCT 3 30 0 
ACCATTATAT TCATCCTTAT CCTGGGGTGG GTGTTCTTCA TGACTGGCTG TTGCGGATGC 3 36 0 
TGCTGTGGAT GTTTTGGGAT CATTC CCCTA ATGAGCAAAT GTGGTAAAAA AAGTTCCTAT 34 2 0 
TACACGAC CT TTGATAATGA CGTGGTAACC GAGCAGTACA GACCAAAAAA ATCTGTCTGA 34 8 0 

SEQ ID NO, 31 mol t ype = AA length = 1159 
FEATURE Location/ Qualifie rs 
source 1. .1159 

mol t ype pro tein 
org anism I n fectiou s Bro nchiti s Virus 

SEQUENCE, 3 1 
MLGKSLFIVT LLLALCEGGL VGVNYTYYYQ SRYRPPNGWH MQGGAYKWN KTTIS YTSQE 6 0 
CTIGVI RGGV TINQSAI AFT SATGRVGVKK GVCTVYCNYT SFYVFVTHCG GTGHNCIVNT 1 20 
KKLGVLVFGV KNYNDQFIYN ITLNAAGPYA NFKAWQC LSN YTSVFLNGNL LYTSNYTEDV 1 80 
KAAGVYAKQV NGLERRVMRD TPVMAYFVNG TVQDVILCDD SPKGRLACQY NTGNFSDGLY 24 0 
PVYEEPVASN FTFVPLHTSS TSYGVLHNFT FNNVTGVAPN QEHIARFNI S TI S EGYVNFK 3 00 
FNFLNSFTYV ESDFDRGS YY GKPGSRCNFG LESINRGLSF NSLTVSIGYG PI SGGCKQSV 3 60 
WKNEAT CC FA YKYNGGSRNC KGLYTFDRDV NYECVLLVFI SKPDGSRIRT ATSPPVYSNN 4 20 
NVNINLGLCV DYNVYGITGR GLITNITESV HPGYLDHGGL VLLDATGS I D TFVLHSDKLT 4 80 
SYYKVNPCSD INEQYVVSGG NLVGKLTSNN QTVAQQLGDM FYVKFSTSGR RI RRATS ENV 54 0 
TS CPYVTYGK FCI KPDGD I S NIVPE EVKDY TSLLLNRTDY VLIPNSFNLT VTDEFIQTQF 6 00 
QKIQINCIQY VCGSSI QC KQ LFQQYGSVCG NILSI VNGI A LQDNAEMLHF YSSTKPRGFD 6 60 
TNSFVNFTAG EFNISLVLPK NGQPTGRCLI EDLLFDKVES LGLPGDSAYQ KCTSGPLGFV 720 
KDLVCAQNYN GLLVLPPIIT AEMQTLYTSS LWSMAFGGI TAARAIPFAT QI QAR I NHLG 7 80 
ITQTVLQKNQ EKIAASFNKA MKHMQDGFSA TSLALQQVQD VVNEQGAILQ QTMHSLNKNF 840 
GAI SHVIQDI YKQLDALEAN AQVDRIITGR LSS LSVLASA KQLEYTKVSQ QRELAKEKIN 9 00 
ECVKSQSNRH GFCGEGMH I M SIPQNAPNGI VFLHFTYTPE TYANVTAWG FCVKPGNGTE 9 60 
YGLVPVVGRG IFIEVNGTYY ITGRDMYS PR AITAGDVVKL TPCQANYQSI NRTVITTFVD 1 02 0 
EDDFDFDHEL SKWWNETSRD FPNLDEFNYT IPVLNI SNEI DKI QEVIQGL NDS IIDLETL 1 08 0 
SILKTYIKWP WYVWLAIFFA IIIFILILGW VFFMTGCCGC CCGCFGIIPL MS KCGKKS SY 1140 
YTTFDNDVVT EQYRPKKSV 1159 

SEQ ID NO, 32 mo ltype = DNA length 3 4 80 
FEATURE Location/ Qualifie rs 
source 1. . 34 80 

mo l type ot her DNA 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 3 2 

atgc tgggca aat c tctctt cat c gttaca ctgctcc tgg cac tgtgtga aggggga ctg 6 0 
gtcggtgtaa actacac ata ttattacc ag agcagatacc ggccgcc caa cgga tggca t 1 20 
atgc agggag gtgcgtat aa agtggtgaat aagacta caa tctccta tac gag tcaagag 1 80 

tgcaccat cg gcg tgatcag aggcggagtg accatta atc agtctgc aa t cgccttc ac t 24 0 
tcagcaac tg gacgagttgg cgtg aaa aag ggggtttgta ctg tcta ctg caattatac t 3 00 
tctttttacg tttttgtgac tcactgcggg ggtactggt c acaactgcat tgttaac act 3 60 

aagaagc tcg gcg ttttggt gtttggcgt c aagaactaca atgaccagtt catttac aa c 4 20 
attactctga atgccgctgg accctatgcc aacttta aag cctggcagt g tctg agtaac 4 80 
tatacgagtg ttttcttaaa tggaaacc t c ttatata cat cgaatta cac agaagatgt t 54 0 

aaggcagcgg ggg tatatg c aaagcagg t c aacggac ttg agagaagag t gatg aggga c 6 00 
accc cagtca tggcct act t tgtaaatggt accgtgc agg atg tcatct t gtg tgatga t 6 60 
tctc caa aag ggaggctagc ctgccag tat aatacaggga actttagcga cggacta tat 720 

cctg tatatg aggaac c agt ggc ttcgaac ttcaccttcg tccctctcc a cacatcttct 780 
acttcctatg gggtcctgca taattttacg ttcaaca atg tcacgggag t tgcacctaac 84 0 
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caggagc aca tcgcgcgctt caacataagt accatatccg aaggctacgt taatttc aag 9 00 
tttaactttc ttaactct tt tacttacgtg gagtctgatt ttgacagagg gagc tactat 9 60 
ggcaaacc tg gatcacgctg caacttcgg c cttgagtcaa tcaatagggg attgagcttt 1020 
aattcact ca ccgtttctat tggttatggt cctatctccg gcgggtgcaa acagtctgtg 1 08 0 
tggaagaatg aggc cacc tg ctgctttgcg tataaataca atggtggct c gcggaactgt 1140 
aaaggcctgt acacctttga tcgtgatgtg aattatgaat gtgtgcttct ggtctttata 1 20 0 
agtaagcc tg atggctcccg tatcaggact gctacctcac cgcccgtgta ctcaaataat 1 26 0 
aacgttaaca ttaacttagg gctgtgtgtt gattacaacg tgtacggcat tacaggccgg 1320 
ggacttatta ctaacatcac tgaaagtgtc cacccggggt atcttgacca tggtggtct c 1380 
gttctactgg atgcaacagg gagcattgac acatttgtgc tgcattccga caaactgac c 1440 
agttactaca aagtgaatcc ttgctctgat attaatgaac aatatgtggt tagcggcgg c 15 0 0 
aacc ttgtag gaaaattgac atctaac aac caaacagttg cacaacagct gggtgatatg 15 6 0 
ttttatgtaa agttctccac gagtgggaga cgtattcggc gcgctacgt c agaaaatgtg 1 62 0 
acatcctgcc cctacgtgac gtatggtaaa ttctgtatca aaccagatgg agatatttca 1680 
aatatcgtgc cggaggaggt gaaggactat acaagcttgc tgc tgaaccg cacagacta c 1 74 0 
gtgctcatcc caaactcctt caatttaaca gttactgatg agttcataca gac tcagttt 1 80 0 
cagaaaatcc agattaattg tatccagtat gtgtgcggaa gctctataca gtgcaagcaa 18 6 0 
ctgttcc agc agtacggcag tgtctgcgga aatatcc ttt caattgtcaa tgggatcgca 1 92 0 
cttcaagata atgcagaaat gcttcatttc tacagctcca ccaaacc ccg tggctttgac 1 98 0 
accaacagct ttgtgaactt cacagcaggg gagttcaata tttccctcgt actgcccaag 2040 
aacgggc agc caactgggag gtgcctgatt gaggacc tgc tgtttgacaa ggtagagtc c 21 0 0 
ttgggactcc ccggggatag tgcttatcag aagtgcacat ctggacc cct aggattcgta 21 6 0 
aaagatct cg tctgtgccca gaactataac gggcttctcg ttctgcc ac c aatcatcacg 2 22 0 
gctgagatgc agacattata cacctctagc ttggtggtct ccatggc ttt tggcggaat c 2 28 0 
acagcagcaa gggcaatacc ttttgcc aca cagatcc agg ctagaatcaa ccacttgggg 2 34 0 
ataacac aga ccgtactcca aaagaaccag gagaagatcg ctgcgagttt caacaaggc c 24 0 0 
atgaagc aca tgcaagacgg ctttagtgcc acttcac tcg ctctgcagca agttcaagat 24 6 0 
gtggtgaatg agcagggtgc gatcttgcag caaaccatgc acagcttgaa caaaaatttt 2520 
ggcgccattt ctcatgtcat acaggacata tacaagcagc tcgatgc ttt agaagcaaac 25 8 0 
gctcaggtgg atcgaataat tac tggtaga ctgagcagcc tgtcggtgct ggcatcagc c 2 64 0 
aaacaact tg aatatac aaa ggtgagcc ag cagagggagt tagccaagga gaagatc aat 2 70 0 
gaatgcgtga aatcacaatc caaccggcac ggcttctgtg gtgaaggaat gcatattatg 2 76 0 
agcatacc a c agaatgc tcc aaatggc att gtcttcc tgc acttcacgta cac tccggag 2820 
acttatgcaa atgtaac agc tgtggtaggc ttctgcgtga aacccggcaa tggaacagag 2 88 0 
tatggactag tcccagtcgt ggggcgcgg c atatttattg aggtgaatgg gacatacta c 2 94 0 
atcaccggcc gggacatgta cagtccgagg gctatcacag ctggtgacgt tgtgaagctg 3 00 0 
actccctgtc aggcgaatta ccaaagtatt aaccgaacag taattacca c tttcgtggac 3 06 0 
gaggatgact tcgactttga tcatgaacta tccaaatggt ggaacgaaac gagtcgagac 3120 
ttcc ctaacc tggatgaatt taattacacc attcctgtgt tgaatattt c caatgaaatt 31 8 0 
gataaaatac aagaagtaat tcaaggtttg aacgacagca taatcgacct ggaaaccctg 3 24 0 
agcatactga agacttacat caaatggccc tggtacgttt ggctggc cat cttctttgct 3 30 0 
atcattattt ttattttgat tctggggtgg gtgttcttca tgaccggctg ttgtggatgc 3 36 0 
tgctgtggtt gcttcggtat cataccactc atgtcaaaat gtggaaagaa aagctcc tat 3420 
tacaccacct ttgacaacga tgtagtaact gaacagtaca gacctaagaa gtcagtgtga 34 8 0 

SEQ ID NO, 33 moltype = AA length = 1162 
FEATURE Location/ Qualifiers 
source 1. .1162 

mol type protein 
organism Infectious Bro nchitis Virus 

SEQUENCE, 3 3 
MLVTPLLLVT LLCVLCSAAL YDSSS YVYYY QSAFRPPNGW HLHGGAYAVV NISSESNNAG 6 0 
SSPGCIVGTI HGGRWNASS IAMTAPSSGM AWSSSQFCTA HCNFSDTTVF VTHCYKYDGC 1 20 
PITGMLQKNF LRVSAMKNGQ LFYNL TVSVA KYPTFKSFQC VNNLTSVYLN GDLVYTSNET 1 80 
TDVTSAGVYF KAGGPITYKV MREVKALAYF VNGTAQDVIL CDGS PRGLLA CQYNTGNFSD 24 0 
GFYPFINSSL VKQKFI VYRE NSVNTTFTLH NFTFHNETGA NPNPS GVQNI QTYQTQTAQS 3 00 
GYYNFNFSFL SSFVYKESNF MYGSYHPSCN FRLETINNGL WFNSLSVSIA YGPLQGGCKQ 3 60 
SVFSGRAT CC YAYSYGGPSL CKGVYSGELD LNFECGLLVY VTKSGGSRIQ TATEPPVITR 4 20 
HNYNNITLNT CVDYNI YGRT GQGFITNVTD SAVSYNYLAD AGLAILDTSG SIDIFWQGE 4 80 
YGLTYYKVNP CEDVNQQFW SGGKLVGILT SRNETGSQLL ENQFYIKITN GTRRFRRSIT 54 0 
ENVANCPYVS YGKFCIKPDG SIAT I VPKQL EQFVAPLLNV TENVLIPNSF NLTVTDEYI Q 60 0 
TRMDKVQINC LQYVCGNSLD CRDLFQQYGP VCDNILSVVN SIGQKEDMEL LNFYSSTKPA 6 60 

GFNTPFLSNV STGEFNISLL LTTPSSPRRR SFIEDLLFTS VESVGLPTDD AYKNCTAGPL 720 
GFLKDLACAR EYNGLLVLPP IITAEMQTLY TSSLVASMAF GGITAAGAIP FATQLQARIN 780 
HLGITQSLLL KNQEKI AASF NKAIGRMQEG FRSTSLALQQ IQDWNKQSA ILTETMAS LN 84 0 

KNFGAI SSVI QEIYQQLDAI QANAQVDRLI TGRLSSLSVL ASAKQAEHIR VSQQRELATQ 90 0 
KINECVKS QS IRYS FCGNGR HVLTIPQNAP NGI VFIHFSY TPDSFVNVTA IVGFCVKPAN 9 60 
ASQYAI VPAN GRGIFI QVNG SYYI TARDMY MPRAITAGDI VTLTSCQANY VSVNKTVITT 1 02 0 

FVDNDDFDFN DELSKWWNDT KHELPDFDKF NYTVPILDID SEIDRIQGVI QGLNDSLIDL 1 08 0 
EKLSILKTYI KWPWYVWLAI AFATIIFILI LGWVFFMTGC CGCCCGCFGI MPLMSKCGKK 1140 
SSYYTTFDND VVTEQNRPKK sv 11 6 2 

SEQ ID NO, 34 moltype = DNA length 3489 
FEATURE Location/ Qualifiers 
source 1. . 34 89 

mol type = other DNA 
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organism= Infectious Bro nchitis Virus 
SEQUENCE, 3 4 
atgctggtca cgcctctgct gcttgtc aca ctgttgtgcg tcttgtgtag cgcggctctg 60 
tatgattcaa gtagctatgt ttactactac cagtccgcat ttaggcc ac c taacggctgg 1 20 
cact tac acg gcggagct ta tgccgtggtt aatatttcta gtgagagcaa caacgccgg c 1 80 
agctcgcc cg gctgcattgt tggtacgatt catggagggc gggtggttaa cgc tagcagc 24 0 
atagctatga cagctccatc cagcgggatg gcttggtcgt cttcacaatt ctgcactgca 30 0 
cactgcaatt tctcagatac tac tgtgttt gtgacac att gttacaagta cgacggttgt 3 60 
cctatcacgg gtatgctcca gaagaact t c ctgcgcgtca gcgccatgaa aaatggccag 4 20 
ttgttctata acctgaccgt gtctgtagct aaatacccta ccttcaagt c tttccagtgc 4 80 
gtcaacaatc taacaagtgt gtatttgaac ggcgatc tcg tatacac tt c caatgaaac c 54 0 
acagatgtaa catctgc agg tgtttatttc aaagccggtg gcccaattac atataaagtg 6 00 
atgcgcgagg tgaaagccct cgcttacttc gtcaatggca ccgcccaaga tgtgatactt 6 60 
tgcgacgggt cacctcgtgg cttgttggcc tgccagtaca atacaggaaa ttttagcgat 720 
ggattttatc ctttcatcaa ttcatccc tg gtgaagc aaa aatttattgt atatagagaa 780 
aacagtgtaa acaccacctt tacgctgcat aacttcactt tccacaacga aac tggggca 84 0 
aacccgaatc caagtggggt acagaatata caaacatacc agacccaaac tgcccagtct 9 00 
ggctactaca actttaattt ctcttttttg agcagcttcg tttataagga gtccaact t c 9 60 
atgtatggtt cctatcaccc cagctgtaat tttaggc tgg agaccatcaa taacgggctg 1020 
tggtttaact cccttagtgt gagcattgca tatgggcccc tccaaggggg ctgtaaacaa 108 0 
tctgtcttca gcggcagagc aacatgttgt tacgcctatt cttatggagg cccgtccct c 1140 
tgcaagggag tatactccgg tgagcttgat ctcaattttg aatgcggctt attagtatat 1 20 0 
gtgacaaagt caggaggatc tagaatcc ag accgctaccg aacctcc tgt gatcacccgc 1 26 0 
cataattata ataatatcac tttgaatact tgtgtcgatt acaacatcta cggcaggacg 1320 
gggcaagggt ttataaccaa cgtgacagac agtgcagttt cctacaacta cctggctgac 1380 
gccggcctcg caatacttga tacaagtggc tcgatagata tcttcgtcgt gcagggggag 1440 
tatgggc tga cttattataa ggtgaatcct tgtgaggacg tgaaccagca gtttgtggt c 15 0 0 
agtggcggca aac tagtcgg aattctgaca tctcgtaatg aaacaggaag ccagcttcta 15 6 0 
gaaaat c aat tctacattaa aataacaaac gggaccagac gcttccgccg gagtataac c 1 62 0 
gaaaacgtag ccaactgccc ctacgtttcc tatggaaagt tctgcataaa acccgatgga 1680 
agtattgcga ctatcgtccc aaagcagttg gagcagttcg ttgcacc act gctgaatgtg 1 74 0 
actgaaaacg ttctgattcc aaactcattt aatttaacag tgacagatga atacatacag 1 80 0 
actagaatgg acaaagtaca gattaac tgt ctgcagtacg tttgtggcaa ctcactggac 1860 
tgcagggact tgtttcagca gtatgggccc gtgtgtgaca atattcttt c tgtcgtgaat 1 92 0 
tcgatcggtc agaaggagga catggaactg ctcaacttct actctagcac taaaccggct 1 98 0 
ggct ttaata cgccattcct gtcaaacgtt tccaccggtg aatttaacat ttcgcttct c 2 04 0 
ttgactactc catctt cc c c acgtcggagg agctttattg aggatctgct gttcactagt 21 0 0 
gtagagtctg tgggtctccc aacggatgat gcatacaaaa attgcac cgc ggggcccctt 21 6 0 
gggttcctaa aggatcttgc atgcgcgagg gaatacaacg gtctgctcgt actgccgcca 2 22 0 
atcattactg cagagatgca aaccctct a c acgagctcct tggtggc tt c catggccttt 2 28 0 
ggaggtatca ctgctgctgg tgctataccg tttgcaacgc agctacaagc ccgaataaac 2 34 0 
catctcggca tcacacagtc tttactct ta aaaaatcagg agaagatcgc tgcaagcttt 24 0 0 
aacaaggcca ttggtcgaat gcaggaaggc tttcgcagca caagtctggc cctccagcag 2460 
attcaggacg tagtcaacaa acagagcgca atcctgaccg aaaccatggc tagcctcaac 2520 
aagaatttcg gagcaatctc ttctgtgatt caggagatct atcagcaatt ggatgccata 25 8 0 
caagccaacg cacaggtgga caggctaata acgggtagac tgtcatccct gagcgttctt 2 64 0 
gcttcagcca agcaggcgga acacattcgg gttagtc aac agagagagct ggccactcag 2 70 0 
aaaatcaatg agtgcgtgaa aagccagtca atccggtact ccttttgtgg aaatgggcgg 2 76 0 
cacgtgc tta ctattc c tca aaatgcccct aatggaattg ttttcattca ctttagttac 2820 
acacccgatt cattcgtcaa tgtcacagct atagtgggtt tctgtgttaa gccagcgaac 2 88 0 
gcct cac aat acgcaattgt gcccgcaaat ggacgtggaa tctttattca agtgaatggg 2 94 0 
tcttactata ttaccgcgcg agatatgtat atgccaagag caataaccg c aggagac att 3 00 0 
gtcacattaa ccagctgcca ggctaattac gtaagcgtaa ataagac agt catcacaac c 3 06 0 
tttgttgaca acgatgactt cgactttaac gatgagc tat caaagtggtg gaacgatac c 3120 
aagcatgagc tgcccgattt tgacaagttc aactacacag tgcctatctt agatatcgat 31 8 0 
tcagaaatcg acaggattca aggagtgatc cagggtc tta acgactcgct tattgaccta 3 24 0 
gagaaactga gcatactgaa aacatac att aaatggccct ggtacgtgtg gctggcgat c 3 30 0 
gcgttcgcta ccatcatctt tatactgatc ttggggtggg tgttcttcat gac tggctgt 3 36 0 
tgtgggtgct gctgcggatg ttttggaatc atgcccc tga tgtccaaatg cggaaagaag 3420 
tcctcatatt atacaacatt tgacaacgat gttgtgacgg aacagaatag acccaagaaa 34 8 0 
tctgtttga 34 8 9 

SEQ ID NO, 35 moltype = AA length 409 
FEATURE Location/ Qualifiers 
source 1. .409 

mol type protein 
organism Infectious Bronchitis Virus 

SEQUENCE, 3 5 

MASGKATGKT DAPAPVIKLG GPKPP KVGSS GNVSWFQAIK AKKLNSPPPK FEGSGVPDNE 6 0 
NLKPSQQHGY WRRQARFKPG KGGRKPVPDA WYFYYTGTGP AANLNWGDSQ DGIVWVAGKG 1 20 
ADTKFRSNQG TRDSDKFDQY PLRFSDGGPD GNFRWDFIPL NRGRSGRSTA ASSAASSRAP 1 80 

SREVSRGRRS GSEDDLIARA ARIIQDQQKK GSRITKAKAD EMAHRRYCKR TIPPNYKVDQ 24 0 
VFGPRTKGKE GNFGDDKMNE EGIKDGRVTA MLNLVPSSHA CLFGSRVTPR LQPDGLHLKF 3 00 
EFTTWPRDD PQFDNYVKIC DQCVDGVGTR PTDDEPRPKS RSSSRPATRG NSPAPRQQRP 3 60 

KKEKKPKKQD DEVDKALTSD EERNNAQLEF DDEPKVINWG DSALGENEL 4 09 
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SEQ ID NO, 36 moltype = DNA length = 123 0 
FEATURE Location/ Qualifiers 
source 1. .1230 

mo l t ype other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 3 6 
atggcgtcgg gtaaagctac agggaagact gatgctccag ctcccgtaat aaagttagga 60 
gggccaaagc caccaaaagt tggatcc agt ggaaatgtta gctggttcca ggcaataaaa 1 20 
gccaagaagc tgaattct c c acccccc aag tttgaaggtt ccggggtcc c tgataacgag 1 80 
aacc ttaaac ccagccagca gcatggctac tggcgcaggc aggcccgatt caagcctgga 24 0 
aaaggtggaa ggaagc ccgt cccagatgcc tggtacttct actacac cgg gac tggc cc c 3 00 
gcggccaact tgaactgggg agactccc aa gatggcattg tgtgggtggc aggcaaagga 3 60 
gctgacacca agttcagaag caaccagggg accagggaca gtgacaaatt tgatcaatat 4 20 
cctctgcgct tcagtgatgg gggtcctgac ggcaattttc gctgggactt catacctct c 48 0 
aatagaggac gtagtggtag atctacagca gcatcttcag ctgcctc tt c acgggcgccg 540 
agtagagaag tttcacgggg cagacgtagc ggctctgaag atgacctcat tgcacgggct 60 0 
gcaaggatca tccaggacca acagaagaaa ggcagccgca ttacaaaggc caaagcagat 6 60 
gaaatggctc acagacgcta ctgcaagagg acgatcc ccc caaattataa agtagac cag 720 
gtgtttggac ctagaacaaa agggaaagaa ggaaacttcg gtgatgataa aatgaatgaa 7 80 
gagggcatta aagatggacg tgttactgcc atgctaaatc ttgttcc tt c ctcccatgc c 84 0 
tgcc tctttg gtagcagagt cacacctcga ctgcagc ccg acgggctgca cctgaagttt 900 
gagttcacca ctgtggtgcc acgggatgac ccgcagtttg acaactatgt gaagatctgt 9 60 
gatcaatgtg tggatggggt aggcactaga ccaacagacg atgaacc tcg acc taaatca 1020 
cggtctagtt cccggc c agc cacccgcgg c aactccc cag caccgcggca gcaaaggcc c 108 0 
aaaaaggaga agaaaccaaa gaagcaggat gatgaggtgg acaaggcatt gacgtcagat 1140 
gaggagagga acaatgctca gctggagttt gatgacgagc ccaaagtcat caactggggg 1 20 0 
gacagcgctt tgggagaaaa tgagctgtga 1 23 0 

SEQ ID NO, 37 mo ltype = AA length 409 
FEATURE Location/ Qualifiers 
source 1. .409 

mo l type protein 
organism Infectious Bronchitis Virus 

SEQUENCE, 3 7 
MASGKATGKT DAPAPVIKLG GPKPP KVGSS GNASWFQAIK AKKLNSHPPK FEGSGVPDNE 60 
NLKTSQQHGY WRRQARFKPV KGGRKPVPDA WYFYYTGTGP AADLNWGDSQ DGIVWVAAKG 1 20 
ADVKSRSHQG TRDPDKFDQY PLRFSDGGPD GNFRWDFIPL NRGRSGRSTA ASSAASSRAP 1 80 
SRDGSRGRRS GSEDDLIARA AKIIQDQQKK GSRIT KVKAD EMAHRRYCKR TIPPGYKVDQ 24 0 
VFGPRTKGKE GNFGDDKMNE EGIKDGRVTA MLNLVPSSHA CLFGSRVTPK LQPDGLHLKF 30 0 
EFTTWPRDD PQFDNYVKIC DQCVDGVGTR PKDDEPRPKS RSSSRPATRT SSPAPRQQRP 3 60 
KKEKKPKKQD DEVDKALTSN EERNNAQLEF DEEPKVINWG DAALGENEL 409 

SEQ ID NO, 38 moltype = DNA length = 123 0 
FEATURE Location/ Qualifiers 
source 1. .1230 

mol type other DNA 
organism Infectious Bronchitis Virus 

SEQUENCE, 3 8 
atggccagtg ggaaggcga c aggtaaaact gacgcgc cag ctccagtcat caaacttggt 6 0 
ggaccgaagc ctccaaaggt gggctcc agt ggaaatgctt cttggttcca ggccattaag 1 20 
gcaaaaaaac tgaacagtca tccacctaaa tttgaggggt ctggcgtcc c cgacaatgaa 1 80 
aatctcaaaa cgtctcagca acatggttac tggagaagac aggcacgctt caagcctgt c 24 0 
aaaggcggta gaaagc c agt tcctgatgct tggtacttct attatac tgg caccggacca 300 
gcagctgatt tgaactgggg ggatagccag gatggcattg tgtgggtggc agccaaagga 3 60 
gccgacgtaa aatcccggag ccaccagggc accagagatc ctgacaagtt tgaccagtat 4 20 
cctctgcgtt tcagtgacgg gggtcctgac ggaaacttcc gctgggactt catcccc ct c 4 80 
aacaggggac gctcaggacg ctcaacggct gccagctctg cagcgtccag ccgagcacc c 54 0 
agccgcgacg gctcccgggg gaggagaagc ggttcggaag acgatctaat tgcaagagca 60 0 
gccaagatca ttcaggacca acagaagaaa ggttctcgga tcaccaaggt taaagcagat 6 60 
gagatggcac accggcggta ctgcaagagg actattc ccc caggctataa agttgatcag 720 
gtct tcgggc ccagaaccaa agggaaagaa ggcaattttg gagacgacaa gatgaatgag 7 80 
gagggaataa aggatgggag agtaactgcc atgctgaatc tggtgcc tt c tagccatgct 840 

tgcctcttcg gcagtcgagt tacaccc aag cttcagc cag atgggctgca cctgaagttt 9 00 
gaatttacaa cagtggtgcc gagggatgac cctcagtttg ataactacgt caagatatgt 9 60 
gaccagtgtg tggatggcgt gggaacacgg cctaaagatg acgagcctag gcccaaatcg 1020 

cgaagcagtt cacgtcccgc tactagaaca tcatccc cag cgccgcgtca gcaaaggcca 108 0 
aaaaaggaga agaagc cc aa gaagcaagat gatgaagtgg acaaagc tct tacctcaaat 1140 
gaagagcgca acaacgc tca attggagttt gatgaagaac ccaaagttat caattgggga 1 20 0 

gatgccgctt taggagagaa cgagctgtga 1 23 0 

SEQ ID NO, 39 mo ltype = AA length 1173 

FEATURE Location/ Qualifiers 
source 1. .11 73 

mol type protein 
organism Infectious Bronchitis Virus 

SEQUENCE, 3 9 



��������������	��� 
���	�����	�

US 2023/0158138 Al May 25, 2023 
34 

-continued 

MLVTPLLLVT LLCALCSAVL YDSSSYVYYY QSAFRPPNGW HLQGGAYAVV NI SSEFNNAG 6 0 
SSSGCTVGII HGGRWNASS I AMTAPSSGM AWSSSQFCTA HCNFSDTTVF VTHCYKHGGC 1 20 
PITGMLQQNL IRVSAMKNGQ LFYNLTVSVA KYPTFRS FQC VNNLTSVYLN GDLVYTSNET 1 80 
IDVTSAGVYF KAGGPITYKV MREVKALAYF VNGTAQDVIL CDGS PRGLLA CQYNTGNFSD 24 0 
GFYPFTNSSL VKQKFI VYRE NSVNTTCTLH NFIFHNETGA NPNPS GVQNI QTYQTKTAQS 3 00 
GYYNFNFSFL SSFVYKESNF MYGSYHPSCN FRLETINNGL WFNSLSVSIA YGPLQGGCKQ 3 60 
SVFKGRATCC YAYSYGGPSL CKGVYSGELD HNFECGLLVY VTKSGGSRI Q TATEPPVITQ 4 20 
NNYNNITLNT CVDYNI YGRT GQGFITNVTD SAVSYNYLAD AGLAILDTSG SIDIFW QGE 4 80 
YGLNYYKVNP CEDVNQQFW SGGKLVGILT SRNETGSQLL ENQFYI KITN GTGGGVPS IT 54 0 
ENVANCPYVS YGKFCI KPDG SIAT I VPKQL EQFVAPLFNV TENVLIPNSF NLTVTDEYI Q 6 00 
TRMDKVQINC LQYVCGSS LD CRKLFQQYGP VCDNILSVVN SVGQKEDMEL LNFYSSTKPA 6 60 
GFNTPVLSNV STGEFNISLL LTTPSSRRKR SLIEDLLFTS VESVGLPTND AYKNCTAGPL 720 
GFFKDLACAR EYNGLLVLPP IITAEMQALY TSSLVASMAF GGITAAGAIP FATQLQARIN 7 80 
HLGI TQSLLL KNQEKI AASF NKAI GHMQEG FRSTSLALQQ IQDWSKQSA ILTETMAS LN 840 
KNFGAI SSVI QEI YQQFDAI QANAQVDRLI TGRLSSLSVL ASAKQAEYIR VSQQRELATQ 9 00 
KINECVKS QS IRYS FCGNGR HVLTIPQNAP NGI VFIHFSY TPDSFVNVTA IVGFCVKPAN 9 60 
ASQYAI VPAN GRGI FI QVNG SYYI TARDMY MPRAITAGDV VTLTSCQANY VSVNKTV ITT 1 02 0 
FVDNDDFDFN DELSKWWNDT KHELPDFDKF NYTVPILDID SEIDRIQGVI QGLNDSLIDL 1 08 0 
EKLS ILKTYI KWPGSGYIPE APRDGQAYVR KDGEWVLLST FLGRSLEVLF QGPGHHHHHH 11 4 0 
HHSAWSHPQF EKGGGSGGGG SGGSAWSHPQ FEK 11 7 3 

SEQ ID NO, 40 mo ltype = AA length 1180 
FEATURE Location/ Qualifie rs 
source 1. . 11 80 

mo l type pro tein 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 4 0 
MLVKSLFLVT ILFALC SANL YDNES FVYYY QSAFRPGHGW HLYGGAYAVV NVSSENNNAG 6 0 
TAPS CTAGAI GYS KNLSAAS VAMTAPLSGM SWSANSFCTA HCNFTSYIVF VTHCYKSGSN 1 20 
SCPLTGLIPS GYIRIAAMKH GSAMPGHLFY NLTVSVTKYP KFRSLQCVNN YTSVYLNGDL 1 80 
VFTSNYTEDV VAAGVHFKSG GPITYKVMRE VKALAYFVNG TAHDVILCDD TPRGLLACQY 24 0 
NTGNFSDGFY PFTNTSIVKD KFI VYRESSV NTTLTLTNFT FSNESGAPPN TGGVDSFILY 3 00 
QTQTAQSGYY NFNFSFLSSF VYRES YYMYG SYHPRCSFRP ETLNNGLWFN SLSVSLTYGP 3 60 
I QGGCKQSVF NGKATC CYAY SYGGPRAC KG VYRGELTQHF ECGLLVYVTK SDGSRI QTAT 4 20 
QPPVLTQNFY NNINLGKCVD YNI YGRIGQG LITNVTDLAV SYNYLSDAGL AILDTSGAID 4 80 
I FVVQGEYGP NYYKVNPC ED VNQQFWSGG KLVGILTSRN ETGSQLLENQ FYI KITNGTG 54 0 
GGVPSVTENV TNCPYVSYGK FCI KPDGS I S VIVPKELDQF VAPLLNVTEY VLIPNSFNLT 6 00 
VTDEYI QTRM DKI QINCLQY VCGNSLACRK LFQQYGPVCD NILSVVNSVG QKEDMELLNF 6 60 
YSST KPARFN TPVFSNLSTG EFNISLLLTP PSSPRRRSFI EDLLFTSVES VGLPTDDAYK 720 
MRTAGPLGFL KDLACAREYN GLLVLPPIIT AEMQTLYTSS LVASMAFGGI TAAGAIPFAT 7 80 
QLQARINHLG ITQS LLLKNQ EKIAASFNKA IGHMQEGFRS TSLALQQ IQD VVNKQSAILT 84 0 
ETMLALNKNF GAI SSVIQDI YQQLDSIQAD AQVDRLITGR LSS LSVLASA KQSEYI RVSQ 9 00 
QRELATQKIN ECVKSQSIRY SFCGNGRHVL TIPQNAPNGI VFIHFTYTPE SFINVTAWG 9 60 
FCVS PANASQ YAI VPANGRG IFI QVNGS YY ITARDMYMPR DITAGDI VTL TS CQANYVSV 1 02 0 
NKTV ITTFVD NDDFDFDDEL SKWWNETKHE LPDFDKFNYT VPILDIDSEI DRIQGVIQGL 1 08 0 
NDSLIDLETL SILKTYIKWP GSGYIPEAPR DGQAYVRKDG EWVLLSTFLG RSLEVLFQGP 1140 
GHHHHHHHHS AWSHPQFEKG GGSGGGGS GG SAWSHPQFEK 11 8 0 

SEQ ID NO, 41 mol t ype = AA length 1183 
FEATURE Location/ Qualifie rs 
source 1. .1183 

mol t ype pro tein 
org anism I n fectiou s Bro nchiti s Virus 

SEQUENCE, 4 1 
MLVKSPFIVT LLCALCSASL YDNGSYVYYY QSAFRPS IGW HLHGGAYAVV NVTQEYNNAG 6 0 
SASECTAGAI VWSKNFSAAS VAMTAPHSGM SWSVKQFCTA HCNFTNFWF VTHCFKDGLN 1 20 
TCPLTGRIDQ GYIRIAAMKN TGTGPRDLFY NFTVSVTKYP SFKS LQCVNN QTSVYLNGDL 1 80 
VFTSNETVDV SGAGVHFKAG GPITYKVMRE VKALAYFVNG TAQDVILCDS SPRGLLACQY 24 0 
NTGNFSDGFY PFTNSSW KE KFI VYSENSV NTTLVLHNFT FYNESDAPPN SQQSSAGVGG 3 00 
LTTYQTQTAQ SGYYNFNFSF LSSFVYKESN FMYGSYHPQC NFRPENINNG LWFNSLSVSI 3 60 
TYGP LQGGCK QSVFSHRATC CYAYSYNGPH ICKGVYSGQL HNNFECGLLV YIT KTDGSRI 4 20 
QTAT TPPVRT QHFYNNITLH KCVEYNIYGR VGQGFITNVT DSVAGYNYLQ DGGLAILDTS 4 80 

GAIDIFAVQG GYGLNFYKVN PCEDVNQQFV VSGGNLVGIL TSRNETDSQP LENQFFVKLI 54 0 
NGTGGGVPSI SENVTSCSFV SYGKFCIKPD GSI STIVPKE MEQFVAPLLN VTEHVLIPDS 6 00 
FNLTVTDEYI QTRMDKVQ IN CLQYVCGNSF ECRQLFQQYG PVCDNILSVV NSVGQKEDME 6 60 

LLSFYS STKP AGYNTPVFNI STGDFNISLL LPPSSAPSGR SFIEDLLFTS VESVGLPTDE 720 
AYKKCTAGPL GFLKDLACAR EYNGLLVLPP IITAEMQTLY TSS LVASMAL GGITAAGAIP 7 80 
FATQLQAR IN HLGI TQTVLL KNQEKIAASF NKAI GHMQEG FKSTSLALQQ IQDWNKQSA 840 

ILTETMAS LN KNFGAI SSVI QEI YQQLDAI QANAQVDRLI TGRLS SLSVL ASSKQAEYLR 9 00 
VSQQRELATQ KINECVKS QS TRYS FCGNGR HVLTIPQNAP NGI VFIHFTY TPESFVNVTA 9 60 
I VGF CINPAN ASQYAI VPAN GRGI FIQVNG TYYI TARDMF MPRD ITAGDV VTLTSCQANY 1 02 0 

VSVNKTVITT FVESDDFDFD DELSKWWNET KHEFPDFDQF NYTIPVLNIT YDIDKIEEVI 1 08 0 
KGLNDSLIDL ETLSILKTYI KWPGSGYIPE APRDGQAYVR KDGEWVLLST FLGRSLEVLF 1140 
QGPGHHHHHH HHSAWSHPQF EKGGGSGGGG SGGSAWS HPQ FEK 11 8 3 

SEQ ID NO, 42 mo ltype = AA length = 117 7 
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-continued 

FEATURE Location/ Qualifie rs 
source 1. . 11 77 

mo l type pro tein 
org anism I n fectiou s Bro nchiti s Virus 

SEQUENCE, 4 2 
MLVKSLFTVI PLFALCSATL YDSGSYVYYY QSAFRPPNGW QLHGGAYAVV NVSTETGSAN 6 0 
RCTAGAISFS KNFSAASVAM TAPANGMTWS DAQFCTAHCN FTNIVVFVTH CFKNRPNYCS 1 20 
LTGLIPQNYI RIAAMKSNGT GPSDLFYNLT VPVTKYPKFR SLQCVNNQTS VYLNGDLVFT 1 80 
SNETVDISGA GVHFAAGGPI TYKVMREVKA LAYFVNGTAQ DVILCDGTPR GLLACQYNTG 24 0 
NFSDGFYPFT NSSLVKERFI VYRENSVNTT LVLHNVTFFN ETSAPNGGDL NANFQI YQTV 3 00 
TAQSGYYNFN FSFLSGFVYK ESDFMYGS YH PNCNFRP ENI NNGLWFNSLS ISLAYGPLQG 3 60 
GCKQSVFNRR ATCCYAYSYN GPHACKGVYR GQLTQLFECG LLVYITKSDG SRI QTATKAL 4 20 
VVTTNFYNNI TLDRCVEYNI YGRVGQGFIT NVTDSTADYN YLADGGLAIL DTSGAIDIFV 4 80 
VQGVYGLNFY KVNPCEDVNQ QFVVSGGKLV GILTSRNETD SQFLENQFYI KLTNETHGGG 54 0 
VPVS ENVTSC PYVSYGKFCI KPDGSI STIV PEELKQFVSP LLNVTEYVLI PDSFNLTVTD 6 00 
EYIQTRMDKV QINCLQYVCG NSFECRNLFQ QYGPVCDNIL SVVNSVGQKE DMELLTFYS S 6 60 
TKPAGYNTPV FNNISTGDFN ISLLLTPPST PSGRSFIEDL LFTSVESVGL PTDEAYKKCT 720 
AGPLGFLKDL ACAREYNGLL VLPPIITAEM QTLYTSS LVA SMALGGITAA GAIPFATQLQ 7 80 
ARINHLGITQ TILLKNQEKI AASFNKAIGH MQEGFKS TSL ALQQIQDVVN KQSAILTETM 84 0 
ASLNKNFGAI SSVIQEIYQQ LDSIQANAQV DRIITGRLSS LSVLASSKQA EYLRVSQQRE 9 00 
LATQKINECV KSQS TRYS FC GNGRHVLTIP QNAPNGI VFI HFTYTPESFV NVTAI VGFCV 9 60 
NPANASQYAI VPANGRGIFI QVNGSYYITA RDMYMPRDIT AGDIVTLTSC QANYVSVNKT 1 02 0 
VITTLVDNDD FDFHDELS KW WNETKHELPD FDQFNYTIPV LNITYDIDKI EEVI KGLND S 1 08 0 
LIDLETLSIL KTYIKWPGSG YIPEAPRDGQ AYVRKDGEWV LLSTFLGRSL EVLFQGPGSA 1140 
WSHPQFEKGG GSGGGGSGGH HHHHHHHSAW SHPQFEK 11 7 7 

SEQ ID NO, 43 mol t ype = AA length 118 0 
FEATURE Location/ Qualifie rs 
source 1. .1180 

mol t ype pro tein 
org anism I n fectiou s Bro nchiti s Virus 

SEQUENCE, 4 3 
MSVLLPLLVT LLCALCSAVL YDINS YVYYY QSAFRPSNGW HLYGGAYAVV NVSNENNNAG 6 0 
SASTCTAGAI GYS KNF SAAS I AMTAPPSGM AWSTAAFCTA HCNFTNIVVF VTHCYKSGSG 1 20 
SCPLTGFIQS GYIRISAMKK ECSGPSCLFY NLTESVSKYP TFRSLQCVNN YTSVYLNGDL 1 80 
VFTSNYTQDV VAAGVHFKSG GPITYKVMRE VKALAYFVNG TAQDVILCDD TPRGLLACQY 24 0 
NTGNFSDGFY PFTNTSIVKD KFI VYRESSV NTTLTLTNFT FSNESGAPPN TGGVNSFILY 3 00 
QTQTAQSGYY NFNFSFLSGF VYEESNYMYG SYHPLCSFRP ENINNGLWFN SLSVSITYGP 3 60 
LQGGCKQS FF QGRATC CYAY SYNGPRAC KG VYSGELTQSF ECGLLVY ITK SDGSRI QTAT 4 20 
KAPVVTTNFY NNITLDKCVE YNI YGRVGQG FITNVTDSAF GYNYLQDGGL AILDTSGAID 4 80 
I FVVKGVYGL NYYKVNPC ED VNQQFVVSGG TLVGVLTSRN ETGSQFLENQ FYI KLTNGTH 54 0 
GGGVPVNENV TSCPYVSYGK FCI KPDGS TS VIVPKELEQF VTPLLNATEY VPIPDSFNLT 6 00 
VTDEYI QTRM DKVQINCLQY VCGNSFECRN LFQQYGPVCD NILSIVNSVS QKEDMELLTF 6 60 
YSSTKPFGFN TPILSNLSTG DFNISLLLTP PSSTTGRSFI EDLLFTSVES VGLPTDDAYK 720 
KCTAGPLGFL KDLACAREYN GLLVLPPIIT AEMQTMYTSS LVASMALGGI TAAGAIPFAT 7 80 
QLQARINHLG ITQAVLLKNQ EKIAASFNKA I GQMQEGFRS TSLALQQ IQD VVNKQSAILT 840 
ETMASLNKNF GAI SSVIQDI YQQLDVIQAD AQVDRLITGR LSS LSVLASA KQSEHII ASQ 9 00 
QRELATQKIN ECVKSQSTRY SFCGNGRHVL TIPQNAPNGI VFIHFTYTPE SFVNVTAIVG 9 60 
FCVKPANASQ YAI VPANGRG IFI QFNGS YY ITARDMYMPR NITAGDI VTL TS CQSNYVSV 1 02 0 
NKTV ITTFVD NDDFDFDDEL SKWWNDTKHE LPDFDEFNYT APILDIDSEI DRIQGVIQGL 1 08 0 
NDSLIDLETL SILKTYIKWP GSGYIPEAPR DGQAYVRKDG EWVLLSTFLG RSLEVLFQGP 1140 
GHHHHHHHHS AWSHPQFEKG GGSGGGGS GG SAWSHPQFEK 11 8 0 

SEQ ID NO, 44 mo ltype = AA length 1170 
FEATURE Location/ Qualifie rs 
source 1. .11 70 

mo l type pro tein 
org anism Infectious Bro nchiti s Virus 

SEQUENCE, 4 4 
MLVTPLLLVT LLFALC SAAL YDNSSYVYYY QSAFRPPNGW HLHGGAYAVV NTS IESNNLR 6 0 
ECI VGIIGGD RVVNAS SI AM TAPQPGMDWS SRQFCTAHCN FSDITVFVTH CYKHNGCPIT 1 20 
GSIPQHSIRV SAMKKGRLFY NLTVSVNKYP TFKS FQCVNN FTSVYLNGDL VYTSNETTDV 1 80 

TSAGVYFNAG GPITYKVMRE VKALAYFVNG TAQDVILCDG SPRGLLSCQY NTGNFSDGFY 24 0 
PFTNSSLVKQ KFI VYRENSI NTTLKLHNFT FHNETGANPN LSGVQNIQTY QTQTAQSGYY 3 00 
NFNFSFLSGF VYKESNFMYG SYHPS CNFRP ETINNGLWFN SLSVSIAYGP LQGGCKQSVF 3 60 

SGRATC CYAY SYGGPSLCKG VYLGELKSDF ECGLLVYVTK SDGSRI QTAT EPPVITQHNY 4 20 
NNITLNTCVD YNI YGRTGQG FITNVTDSAV SYNYLADAGM AILDTSGSID I FVVQGEYGL 4 80 
TYYKVNPCED VNQQFVVSGG KLVGILTSRN ETGSQLLENQ FYI KITNGTG GGVPSITANV 54 0 

TNCPYVSYGK FCIKPDGSVS AIVPKELEQF VAPLLNVTEN VLIPNSFNLT VTDEYIQTRM 6 00 
DKIQINCMQY VCGNSLDCRK LFQQYGPVCD NILSVVNSVG QKEDMELLNF YSSTKPSGFN 6 60 
TPVFSNLSTG DFNISLLLTP PSSTTGRSFI EDLLFTSVES VGLPTDEAYK KCTAGPLGFL 720 

KDLACAREYN GLLVLPPIIT AEMQTLYTSS LVASMAFGGI TAAGAIPFAT QLQAR I NHLG 7 80 
ITQS LLQKNQ EKIAASFNKA IAVVQEGFRS TSLALQQVQD VVNKQSAILT ETMASLNKNF 84 0 
GAI SSVIQDI YQQLDAIQAN AQVDRLITGR LSS LSVLASA KQAEYIRVSQ QRELATQKIN 9 00 

ECVKSQSIRY SFCGNGRHVL TIPQNAPNGI VFIHFTYTPE SFVNVTAIVG FCVKPANASQ 9 60 
YAI VPANGRG IFI QVNGS YY ITARDMYMPR DITAGDI VTL TS CQANYVSV NKTVITTFVD 1 02 0 
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-continued 

NDDFDFDDEL S KWWNDTKHE LPDFDEFNYT VPILDI GSEI DRIQGVIQGL NDSLIDLETL 1 08 0 
SILKTYIKWP GSGYIPEAPR DGQAYVRKDG EWVLLSTFLG RSLEVLFQGP GHHHHHHHHS 1140 
AWSHPQFEKG GGSGGGGSGG SAWSHPQFEK 1170 

SEQ ID NO, 45 mo ltype = AA length 1170 
FEATURE Location/ Qualifiers 
source 1. .11 70 

mol type protein 
organism Infectious Bronchitis Virus 

SEQUENCE, 45 
MLGKSLFIVT LLLALCEGGL VGVNYTYYYQ SRYRPPNGWH MQGGAYKWN 
CTIGVIRGGV TINQSAIAFT SATGRVGVKK GVCTVYCNYT SFYVFVTHCG 
KKLGVLVFGV KNYNDQFIYN ITLNAAGPYA NFKAWQCLSN YTSVFLNGNL 
KAAGVYAKQV NGLERRVMRD TPVMAYFVNG TVQDVILCDD SPKGRLACQY 
PVYEEPVASN FTFVPLHTSS TSYGVLHNFT FNNVTGVAPN QEHIARFNI S 
FNFLNSFTYV ESDFDRGSYY GKPGSRCNFG LESINRGLSF NSLTVSIGYG 
WKNEATCCFA YKYNGGSRNC KGLYTFDRDV NYECVLLVFI SKPDGSRIRT 
NVNINLGLCV DYNVYGITGR GLITNITESV HPGYLDHGGL VLLDATGSID 
SYYKVNPCSD INEQYVVSGG NLVGKLTSNN QTVAQQLGDM FYVKFSTSGG 
TSCPYVTYGK FCIKPDGDIS NIVPEEVKDY TSLLLNRTDY VLIPNSFNLT 
QKIQINCIQY VCGSSIQCKQ LFQQYGSVCG NILSIVNGIA LQDNAEMLHF 
TNSFVNFTAG EFNISLVLPK NGQPTGRCLI EDLLFDKVES LGLPGDSAYQ 
KDLVCAQNYN GLLVLPPIIT AEMQTLYTSS LWSMAFGGI TAARAIPFAT 
ITQTVLQKNQ EKIAASFNKA MKHMQDGFSA TSLALQQVQD VVNEQGAILQ 
GAISHVIQDI YKQLDALEAN AQVDRIITGR LSSLSVLASA KQLEYTKVS Q 
ECVKSQSNRH GFCGEGMH I M SIPQNAPNGI VFLHFTYTPE TYANVTAWG 
YGLVPVVGRG IFIEVNGTYY ITGRDMYS PR AITAGDVVKL TPCQANYQSI 
EDDFDFDHEL S KWWNETSRD FPNLDEFNYT IPVLNISNEI DKIQEVIQGL 
SILKTYIKWP GSGYIPEAPR DGQAYVRKDG EWVLLSTFLG RSLEVLFQGP 
AWSHPQFEKG GGSGGGGSGG SAWSHPQFEK 

SEQ ID NO, 46 mo ltype = DNA length 22 
FEATURE Location/ Qualifiers 
source 1. .22 

mo l type other DNA 
organism s y nthetic construct 

SEQUENCE, 46 
atgctcaacc tagtccctag ca 

SEQ ID NO, 47 mo ltype = DNA length 21 
FEATURE Location/ Qualifiers 
source 1. .21 

mol type other DNA 
organism s y nthetic construct 

SEQUENCE, 47 
tcaaactgcg gatcatcacg t 

What is claimed: 

1. A vaccine composition compnsmg a polynucleotide 
that encodes an infectious bronchitis virus (IBV) spike (S) 
protein, an IBV nucleocapsid (N) protein, or both the S 
protein and the N protein. 

2. The vaccine composition of claim 1, further comprising 
an adjuvant. 

3. The vaccine composition of claim 2, wherein the 
adjuvant comprises disaggregated spherical nanostructures 
comprising Quil-A and chitosan, and wherein the Quil-A 
and chitosan are present at a ratio between 1:15 and 1:100. 

4. The vaccine composition of claim 3, wherein the 
chitosan is functionalized by treatment with 5-formyl-2-
furan sulfonic acid and sodium borohydride, such that the 
chitosan surface is negatively charged. 

5. The vaccine composition of claim 2, wherein the 
spherical nanostructures are between about 5 nm and about 
100 nm in diameter in the absence of a payload molecule. 

6. The vaccine composition of claim 1, wherein the S 
protein comprises one or more of the group consisting of 
SEQ ID NOs:11-17, 21 , 23, 25 , 27, 29, 31, and 33. 

KTTISYTSQE 6 0 
GTGHNCIVNT 1 20 
LYTSNYTEDV 1 80 
NTGNFSDGLY 24 0 
TISEGYVNFK 300 
PISGGCKQSV 3 60 
ATSPPVYSNN 4 20 
TFVLHSDKLT 4 80 
GGVPATSENV 54 0 
VTDEFI QTQF 60 0 
YSSTKPRGFD 6 60 
KCTSGPLGFV 720 
QI QAR INHLG 7 80 
QTMHSLNKNF 840 
QRELAKEKIN 90 0 
FCVKPGNGTE 9 60 
NRTVITTFVD 1020 
NDSIIDLETL 108 0 
GHHHHHHHHS 1140 

1170 

2 2 

21 

7. The vaccine composition of claim 1, wherein the N 
protein comprises one or more of the group consisting of 
SEQ ID NOs:10, 18, 35, and 37. 

8. A vaccine composition comprising an infectious bron
chitis virus (IBV) (S) protein, an IBV nucleocapsid (N) 
protein, or both the S protein and the N protein. 

9. The vaccine composition of claim 8, wherein the 
vaccine composition comprises a viral vector and the viral 
vector comprises a polynucleotide encoding the S protein, 
the N protein or both the S protein and the N protein. 

10. The vaccine composition of claim 9, wherein the viral 
vector is selected from an adeno-associated virus or a 
poxvirus. 

11. The vaccine composition of claim 8, wherein the S 
protein comprises one or more of the group consisting of 
SEQ ID NOs:11-17, 21 , 23, 25 , 27, 29, 31, and 33. 

12. The vaccine composition of claim 8, wherein the N 
protein comprises one or more of the group consisting of 
SEQ ID NOs:10, 18, 35, and 37. 

13. The vaccine composition of claim 8, further compris
ing an adjuvant. 

14. The vaccine composition of claim 13, wherein the 
adjuvant comprises disaggregated spherical nanostructures 
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comprising Quil-A and chitosan, and wherein the Quil-A 
and chitosan are present at a ratio between 1:15 and 1:100. 

15. The vaccine composition of claim 14, wherein the 
chitosan is functionalized by treatment with 5-formyl-2-
furan sulfonic acid and sodium borohydride, such that the 
chitosan surface is negatively charged. 

16. A method of inducing an immune response against 
infectious bronchitis virus (IBV) in a subject, the method 
comprising: administering the vaccine composition of claim 
1 in an amount effective to induce the immune response 
against at least one IBV antigen in the subject. 

17. The method of claim 16, wherein the administration is 
by a route selected from the group consisting of intranasal, 
intramuscular, aerosol via inhalation, oral and in ovo. 

18. The method of claim 16, wherein the subject is an 
avian subject. 

19. A method of claim 16, further comprising adminis
tering a second vaccine composition comprising a protein, 
nucleic acid or viral vectored vaccine composition compris-
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ing a polynucleotide encoding the IBV S protein, the IBV N 
protein, or both or a polypeptide of the IBV S protein, the 
IBV N protein or both, 

wherein administration of the vaccine composition of 
claim 1 and the second vaccine composition induces 
the immune response against at least one IBV antigen 
in the subject, and wherein administration of the second 
vaccine composition occurs at least two weeks after 
administration of the vaccine composition of claim 1. 

20. The method of claim 19, wherein the second vaccine 
composition comprises an infectious bronchitis virus (IBV) 
(S) protein, an IBV nucleocapsid (N) protein, or both the S 
protein and the N protein. 

21. The method of claim 19, wherein both the first vaccine 
composition and the second vaccine composition are admin
istered by route selected from intranasal, intramuscular, oral, 
intranasal, and in ovo and the first vaccine composition and 
the second vaccine composition may be administered via the 
same or different routes. 

* * * * * 




