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(57) ABSTRACT 

The present invention provides a live, attenuated coronavi 
rus comprising a variant replicase gene encoding polypro 
teins comprising a mutation in one or more of non-structural 
protein(s) (insp)-10, insp-14, insp-15 or insp-16. The corona 
virus may be used as a vaccine for treating and/or preventing 
a disease. Such as infectious bronchitis, in a Subject. 
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CORONAVIRUS 

FIELD OF THE INVENTION 

0001. The present invention relates to an attenuated coro 
navirus comprising a variant replicase gene, which causes 
the virus to have reduced pathogenicity. The present inven 
tion also relates to the use of such a coronavirus in a vaccine 
to prevent and/or treat a disease. 

BACKGROUND TO THE INVENTION 

0002 Avian infectious bronchitis virus (IBV), the aetio 
logical agent of infectious bronchitis (IB), is a highly 
infectious and contagious pathogen of domestic fowl that 
replicates primarily in the respiratory tract but also in 
epithelial cells of the gut, kidney and oviduct. IBV is a 
member of the Order Nidovirales, Family Coronaviridae, 
Subfamily Corona virinae and Genus Gammacoronavirus; 
genetically very similar coronaviruses cause disease in tur 
keys, guinea fowl and pheasants. 
0003 Clinical signs of IB include sneezing, tracheal 
rales, nasal discharge and wheezing. Meat-type birds have 
reduced weight gain, whilst egg-laying birds lay fewer eggs 
and produce poor quality eggs. The respiratory infection 
predisposes chickens to secondary bacterial infections 
which can be fatal in chicks. The virus can also cause 
permanent damage to the oviduct, especially in chicks, 
leading to reduced egg production and quality; and kidney, 
sometimes leading to kidney disease which can be fatal. 
0004 IBV has been reported to be responsible for more 
economic loss to the poultry industry than any other infec 
tious disease. Although live attenuated vaccines and inacti 
vated vaccines are universally used in the control of IBV, the 
protection gained by use of vaccination can be lost either due 
to vaccine breakdown or the introduction of a new IBV. 
serotype that is not related to the vaccine used, posing a risk 
to the poultry industry. 
0005. Further, there is a need in the industry to develop 
vaccines which are suitable for use in ovo, in order to 
improve the efficiency and cost-effectiveness of vaccination 
programmes. A major challenge associated with in ovo 
vaccination is that the virus must be capable of replicating 
in the presence of maternally-derived antibodies against the 
virus, without being pathogenic to the embryo. Current IBV 
vaccines are derived following multiple passage in embryo 
nated eggs, this results in viruses with reduced pathogenicity 
for chickens, so that they can be used as live attenuated 
vaccines. However Such viruses almost always show an 
increased virulence to embryos and therefore cannot be used 
for in ova vaccination as they cause reduced hatchability. A 
70% reduction in hatchability is seen in some cases. 
0006 Attenuation following multiple passage in embryo 
nated eggs also Suffers from other disadvantages. It is an 
empirical method, as attenuation of the viruses is random 
and will differ every time the virus is passaged, so passage 
of the same virus through a different series of eggs for 
attenuation purposes will lead to a different set of mutations 
leading to attenuation. There are also efficacy problems 
associated with the process: some mutations will affect the 
replication of the virus and some of the mutations may make 
the virus too attenuated. Mutations can also occur in the S 
gene which may also affect immunogenicity so that the 
desired immune response is affected and the potential vac 
cine may not protect against the required serotype. In 
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addition there are problems associated with reversion to 
virulence and stability of vaccines. 
0007. It is important that new and safer vaccines are 
developed for the control of By. Thus there is a need for IBV 
vaccines which are not associated with these issues, in 
particular vaccines which may be used for in ova vaccina 
tion. 

SUMMARY OF ASPECTS OF THE INVENTION 

0008. The present inventors have used a reverse genetics 
approach in order to rationally attenuate IBV. This approach 
is much more controllable than random attenuation follow 
ing multiple passages in embryonated eggs because the 
position of each mutation is known and its effect on the 
virus, i.e. the reason for attenuation, can be derived. 
0009. Using their reverse genetics approach, the present 
inventors have identified various mutations which cause the 
virus to have reduced levels of pathogenicity. The levels of 
pathogenicity may be reduced such that when the virus is 
administered to an embryonated egg, it is capable of repli 
cating without being pathogenic to the embryo. Such viruses 
may be suitable for in ova vaccination, which is a significant 
advantage and has improvement over attenuated IBV Vac 
cines produced following multiple passage in embryonated 
eggS. 
0010 Thus in a first aspect, the present invention pro 
vides a live, attenuated coronavirus comprising a variant 
replicase gene encoding polyproteins comprising a mutation 
in one or more of non-structural protein(s) (nsp)-10, insp-14, 
insp-15 or insp-16. 
0011. The variant replicase gene may encode a protein 
comprising one or more amino acid mutations selected from 
the list of: 

0012 Pro to Leu at position 85 of SEQ ID NO: 6, 
0013 Val to Leu at position 393 of SEQ ID NO: 7; 
(0.014) Leu to Ile at position 183 of SEQ ID NO: 8: 
0.015 Val to Ile at position 209 of SEQ ID NO: 9. 

0016. The replicase gene may encode a protein compris 
ing the amino acid mutation Pro to Leu at position 85 of SEQ 
ID NO: 6. 
0017. The replicase gene may encode a protein compris 
ing the amino acid mutations Val to Leu at position 393 of 
SEQ ID NO: 7:Leu to Ile at position 183 of SEQID NO:8: 
and Val to Ile at position 209 of SEQ ID NO: 9. 
0018. The replicase gene may encodes a protein com 
prising the amino acid mutations Pro to Leu at position 85 
of SEQ ID NO: 6: Val to Leu at position 393 of SEQ ID 
NO:7: Leu to Ile at position 183 of SEQ ID NO:8; and Val 
to Ile at position 209 of SEQ ID NO: 9. 
0019. The replicase gene may comprise one or more 
nucleotide substitutions selected from the list of: 
(0020 C to Tat nucleotide position 12137; 
0021 G to C at nucleotide position 18114; 
0022 T to A at nucleotide position 19047; and 
(0023 G to A at nucleotide position 20139; 
0024 compared to the sequence shown as SEQ ID NO: 
1. 

0025. The coronavirus may be an infectious bronchitis 
virus (IBV). 
(0026. The coronavirus may be IBV M41. 
0027. The coronavirus may comprise an Sprotein at least 
part of which is from an IBV serotype other than M41. 
0028. For example, the S1 subunit or the entire S protein 
may be from an IBV serotype other than M41. 
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0029. The coronavirus according to the first aspect of the 
invention has reduced pathogenicity compared to a corona 
virus expressing a corresponding wild-type replicase, Such 
that when the virus is administered to an embryonated egg, 
it is capable of replicating without being pathogenic to the 
embryo. 
0030. In a second aspect, the present invention provides 
a variant replicase gene as defined in connection with the 
first aspect of the invention. 
0031. In a third aspect, the present invention provides a 
protein encoded by a variant coronavirus replicase gene 
according to the second aspect of the invention. 
0032. In a fourth aspect, the present invention provides a 
plasmid comprising a replicase gene according to the second 
aspect of the invention. 
0033. In a fifth aspect, the present invention provides a 
method for making the coronavirus according to the first 
aspect of the invention which comprises the following steps: 

0034 (i) transfecting a plasmid according to the fourth 
aspect of the invention into a host cell; 

0035 (ii) infecting the host cell with a recombining 
virus comprising the genome of a coronavirus strain 
with a replicase gene; 

0036 (iii) allowing homologous recombination to 
occur between the replicase gene sequences in the 
plasmid and the corresponding sequences in the recom 
bining virus genome to produce a modified replicase 
gene; and 

0037 (iv) selecting for recombining virus comprising 
the modified replicase gene. 

0038. The recombining virus may be a vaccinia virus. 
0039. The method may also include the step: 
0040 (v) recovering recombinant coronavirus com 
prising the modified replicase gene from the DNA from 
the recombining virus from step (iv). 

0041. In a sixth aspect, the present invention provides a 
cell capable of producing a coronavirus according to the first 
aspect of the invention. 
0042. In a seventh aspect, the present invention provides 
a vaccine comprising a coronavirus according to the first 
aspect of the invention and a pharmaceutically acceptable 
carrier. 
0043. In an eighth aspect, the present invention provides 
a method for treating and/or preventing a disease in a subject 
which comprises the step of administering a vaccine accord 
ing to the seventh aspect of the invention to the Subject. 
0044) Further aspects of the invention provide: 
0045 the vaccine according to the seventh aspect of 
the invention for use in treating and/or preventing a 
disease in a Subject. 

0046 use of a coronavirus according to the first aspect 
of the invention in the manufacture of a vaccine for 
treating and/or preventing a disease in a Subject. 

0047. The disease may be infectious bronchitis (IB). 
0048. The method of administration of the vaccine may 
be selected from the group consisting of eye drop admin 
istration, intranasal administration, drinking water adminis 
tration, post-hatch injection and in ovo injection. 
0049 Vaccination may be by in ova vaccination. 
0050. The present invention also provides a method for 
producing a vaccine according to the seventh aspect of the 
invention, which comprises the step of infecting a cell 
according to the sixth aspect of the invention with a coro 
navirus according to the first aspect of the invention. 
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DESCRIPTION OF THE FIGURES 

0051 FIG. 1 Growth kinetics of M41-R-6 and M41-R- 
12 compared to M41-CK (M41 EP4) on CK cells 
0.052 FIG. 2 Clinical signs, Snicking and wheezing, 
associated with M41-R-6 and M41-R-12 compared to M41 
CK (M41 EP4) and Beau-R (Bars show mock, Beau-R, 
M41-R 6, M41-R 12, M41-CK EP4 from left to right of each 
timepoint). 
0053 FIG. 3 Ciliary activity of the viruses in tracheal 
rings isolated from tracheas taken from infected chicks. 
100% ciliary activity indicates no effect by the virus; apatho 
genic, 0% activity indicates complete loss of ciliary activity, 
complete ciliostasis, indicating the virus is pathogenic (Bars 
show mock, Beau-R, M41-R 6, M41-R 12, M41-CK EP4 
from left to right of each timepoint). 
0054 FIG. 4 Clinical signs, snicking, associated with 
M41 R-nsp10rep and M41 R-nsp14, 15, 16rep compared to 
M41-R-12 and M41-CK (M41 EP5) (Bars show mock, 
M41-R12; M41R-nsp10rep; M41 R-nsp14, 15, 16rep and 
M41-CK EP5 from left to right of each timepoint). 
0055 FIG. 5 Ciliary activity of M41R-nsp10rep and 
M41 R-nsp14, 15, 16rep compared to M41-R-12 and M41 
CK in tracheal rings isolated from tracheas taken from 
infected chicks (Bars show mock; M41-R12; M41 R 
insp10rep; M41R-nsp14, 15, 16rep and M41-CK EP5 from 
left to right of each timepoint). 
0056 FIG. 6 Clinical signs, snicking, associated with 
M41R-insp10, 15rep, M41R-insp10, 14, 15rep, M41 
R-nsp10, 14, 16rep, M41R-nsp10, 15, 16rep and M41-K 
compared to M41-CK (Bars show mock, M41 R-nsp10, 
15rep1; M41 R-nsp10, 14, 16rep4; M41 R-nsp10,15,16rep8; 
M41R-nsp10, 14, 15rep10; M41-K6 and M41-CK EP4 from 
left to right of each timepoint). 
0057 FIG. 7 Clinical signs, wheezing, associated with 
M41 R-nsp10, 15rep, M41 R-nsp10, 14, 15rep, M41 R-nsp10, 
14, 16rep, M41R-nsp10, 15, 16rep and M41-K compared to 
M41-CK (Bars show mock, M41R-nsp10,15rep 1: M14R 
insp10, 14,16rep4; M41 R-nsp10, 15, 16rep8; M41 R-nsp10, 
14, 15rep10; M41-K6 and M41-CK EP4 from left to right of 
each timepoint). 
0058 FIG. 8 Ciliary activity of M41R-nsp10, 15rep, 
M41R-nsp10, 14, 15rep, M41R-nsp10, 14, 16rep, M41R 
insp10, 15, 16rep and M41-K compared to M41-CK in 
tracheal rings isolated from tracheas taken from infected 
chicks (Bars show mock, M41R-nsp10, 15rep1; M41 R 
insp10, 14, 16rep4; M41 R-nsp10, 15, 16rep8; M41 R-nsp10, 
14, 15rep10; M41-K6 and M41-CK EP4 from left to right of 
each timepoint). 
0059 FIG. 9 Growth kinetics of rIBVs compared to 
M41-CK on CK cells. FIG. 9A shows the results for M41-R 
and M41-K. FIG.9B shows the results for M41-nsp10 rep; 
M41 R-nspl 4, 15, 16 rep; M41R-nsp10, 15 rep; M41R 
insp10, 15, 16 rep; M41R-nsp10, 14, 15 rep; and M41 R 
insp10, 14, 16. 
0060 FIG. 10—Position of amino acid mutations in 
mutated insp10, insp14, insp15 and insp16 sequences. 
0061 FIG. 11—A) Snicking; B) Respiratory symptoms 
(wheezing and rales combined) and C) Ciliary activity of 
rIBV M41R-nsp 10, 14 rep and rIBV M41R-nsp 10, 16 rep 
compared to M41-CK (Bars show mock, M41 R-nsp10, 
14rep; M41R-nsp10, 16rep and M41-K from left to right of 
each timepoint). 
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DETAILED DESCRIPTION 

0062. The present invention provides a coronavirus com 
prising a variant replicase gene which, when expressed in 
the coronavirus, causes the virus to have reduced pathoge 
nicity compared to a corresponding coronavirus which com 
prises the wild-type replicase gene. 
0063 Coronavirus 
0.064 Gammacoronavirus is a genus of animal virus 
belonging to the family Coronaviridae. Coronaviruses are 
enveloped viruses with a positive-sense single-stranded 
RNA genome and a helical symmetry. 
0065. The genomic size of coronaviruses ranges from 
approximately 27 to 32 kilobases, which is the longest size 
for any known RNA virus. 
0066 Coronaviruses primarily infect the upper respira 
tory or gastrointestinal tract of mammals and birds. Five to 
six different currently known strains of coronaviruses infect 
humans. The most publicized human coronavirus, SARS 
CoV which causes severe acute respiratory syndrome 
(SARS), has a unique pathogenesis because it causes both 
upper and lower respiratory tract infections and can also 
cause gastroenteritis. Middle East respiratory syndrome 
coronavirus (MERS-CoV) also causes a lower respiratory 
tract infection in humans. Coronaviruses are believed to 
cause a significant percentage of all common colds in human 
adults. 
0067 Coronaviruses also cause a range of diseases in 
livestock animals and domesticated pets, some of which can 
be serious and are a threat to the farming industry. Eco 
nomically significant coronaviruses of livestock animals 
include infectious bronchitis virus (IBV) which mainly 
causes respiratory disease in chickens and seriously affects 
the poultry industry worldwide; porcine coronavirus (trans 
missible gastroenteritis, TGE) and bovine coronavirus, 
which both result in diarrhoea in young animals. Feline 
coronavirus has two forms, feline enteric coronavirus is a 
pathogen of minor clinical significance, but spontaneous 
mutation of this virus can result in feline infectious perito 
nitis (FIP), a disease associated with high mortality. 
0068. There are also two types of canine coronavirus 
(CCoV), one that causes mild gastrointestinal disease and 
one that has been found to cause respiratory disease. Mouse 
hepatitis virus (MHV) is a coronavirus that causes an 
epidemic murine illness with high mortality, especially 
among colonies of laboratory mice. 
0069 Coronaviruses are divided into four groups, as 
shown below: 

0070 Alpha 
(0071 Canine coronavirus (CCoV) 
(0072. Feline coronavirus (FeCoV) 
(0073 Human coronavirus 229E (HCoV-229E) 
(0074 Porcine epidemic diarrhoea virus (PEDV) 
(0075 Transmissible gastroenteritis virus (TGEV) 
(0076 Human Coronavirus NL63 (NL or New 
Haven) 

0.077 Beta 
(0078 Bovine coronavirus (BCoV) 
0079 Canine respiratory coronavirus (CRCoV)— 
Common in SE Asia and Micronesia 

0080 Human coronavirus OC43 (HCoV-OC43) 
I0081 Mouse hepatitis virus (MHV) 
I0082 Porcine haemagglutinating encephalomyelitis 

virus (HEV) 
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I0083. Rat coronavirus (Roy). Rat Coronavirus is 
quite prevalent in Eastern Australia where, as of 
March/April 2008, it has been found among native 
and feral rodent colonies. 

I0084 (No common name as of yet) (HCoV-HKU1) 
Severe acute respiratory syndrome coronavirus 
(SARS-CoV) 

I0085 Middle East respiratory syndrome coronavi 
rus (MERS-CoV) 

0086 Gamma 
I0087 Infectious bronchitis virus (IBV) 
I0088 Turkey coronavirus (Bluecomb disease virus) 
0089 Pheasant coronavirus 
0090 Guinea fowl coronavirus 

0.091 Delta 
0092 Bulbul coronavirus (BuCoV) 
(0093. Thrush coronavirus (ThCoV) 
(0094 Munia coronavirus (MuCoV) 
(0095 Porcine coronavirus (PorCov) HKU15 

0096. The variant replicase gene of the coronavirus of the 
present invention may be derived from an alphacoronavirus 
such as TGEV; a betacoronavirus such as MHV or a 
gammacoronavirus Such as IBV. 
0097. As used herein the term “derived from means that 
the replicase gene comprises Substantially the same nucleo 
tide sequence as the wild-type replicase gene of the relevant 
coronavirus. For example, the variant replicase gene of the 
present invention may have up to 80%, 85%, 90%, 95%, 
98% or 99% identity with the wild type replicase sequence. 
The variant coronavirus replicase gene encodes a protein 
comprising a mutation in one or more of non-structural 
protein (nsp)-10, insp-14, insp-15 or nsp-16 when compared 
to the wild-type sequence of the non-structural protein. 
0.098 IBV 
0099 Avian infectious bronchitis (IB) is an acute and 
highly contagious respiratory disease of chickens which 
causes significant economic losses. The disease is charac 
terized by respiratory signs including gasping, coughing, 
Sneezing, tracheal rales, and nasal discharge. In young 
chickens, severe respiratory distress may occur. In layers, 
respiratory distress, nephritis, decrease in egg production, 
and loss of internal egg quality and egg shell quality are 
COO. 

0100. In broilers, coughing and rattling are common 
clinical signs, rapidly spreading in all the birds of the 
premises. Morbidity is 100% in non-vaccinated flocks. Mor 
tality varies depending on age, virus Strain, and secondary 
infections but may be up to 60% in non-vaccinated flocks. 
0101. The first IBV serotype to be identified was Mas 
sachusetts, but in the United States several serotypes, includ 
ing Arkansas and Delaware, are currently circulating, in 
addition to the originally identified Massachusetts type. 
0102 The IBV strain Beaudette was derived fallowing at 
least 150 passages in chick embryos. IBV Beaudette is no 
longer pathogenic for hatched chickens but rapidly kills 
embryos. 
(0103 H120 is a commercial live attenuated IBV Massa 
chusetts Serotype vaccine strain, attenuated by approxi 
mately 120 passages in embryonated chicken eggs. H52 is 
another 
0104 Massachusetts vaccine, and represents an earlier 
and slightly more pathogenic passage virus (passage 52) 
during the development of H120. Vaccines based on H120 
are commonly used. 
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0105 IB QX is a virulent field isolate of IBV. It is 
sometimes known as “Chinese QX' as it was originally 
isolated following outbreaks of disease in the Qingdao 
region in China in the mid 1990s. Since that time the virus 
has crept towards Europe. From 2004, severe egg production 
issues have been identified with a very similar virus in parts 
of Western Europe, predominantly in the Netherlands, but 
also reported from Germany, France, Belgium, Denmark 
and in the UK. 
0106. The virus isolated from the Dutch cases was iden 

tified by the Dutch Research Institute at Deventer as a new 
strain that they called D388. The Chinese connection came 
from further tests which showed that the virus was 99% 
similar to the Chinese QX viruses. A live attenuated QX-like 
IBV vaccine strain has now been developed. 
0107 IBV is an enveloped virus that replicates in the cell 
cytoplasm and contains an non-segmented, single-stranded, 
positive sense RNA genome. IBV has a 27.6 kb RNA 
genome and like all coronaviruses contains the four struc 
tural proteins; spike glycoprotein (S), Small membrane pro 
tein (E), integral membrane protein (M) and nucleocapsid 
protein (N) which interacts with the genomic RNA. 
0108. The genome is organised in the following manner: 
5'UTR polymerase (replicase) gene—structural protein 
genes (S-E-M-N)—UTR3'; where the UTR are untranslated 
regions (each ~500 nucleotides in IBV). 
0109 The lipid envelope contains three membrane pro 

teins: S.M and E. The IBVS protein is a type I glycoprotein 
which oligomerizes in the endoplasmic reticulum and is 
assembled into homotrimer inserted in the virion membrane 
via the transmembrane domain and is associated through 
non-covalent interactions with the M protein. Following 
incorporation into coronavirus particles, the S protein is 
responsible for binding to the target cell receptor and fusion 
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of the viral and cellular membranes. The S glycoprotein 
consists of four domains: a signal sequence that is cleaved 
during synthesis; the ectodomain, which is present on the 
outside of the virion particle; the transmembrane region 
responsible for anchoring the S protein into the lipid bilayer 
of the virion particle; and the cytoplasmic tail. 
0110 All coronaviruses also encode a set of accessory 
protein genes of unknown function that are not required for 
replication in vitro, but may play a role in pathogenesis. IBV. 
encodes two accessory genes, genes 3 and 5, which both 
express two accessory proteins 3a, 3b and 5a, 5b, respec 
tively. 
0111. The variant replicase gene of the coronavirus of the 
present invention may be derived from an IBV. For example 
the IBV may be IBV Beaudette, H120, H52, IB QX, D388 
or M41. 
(O112 The IBV may be IBV M41. M41 is a prototypic 
Massachusetts serotype that was isolated in the USA in 
1941. It is an isolate used in many labs throughout the world 
as a pathogenic lab stain and can be obtained from ATCC 
(VR-21TM). Attenuated variants are also used by several 
vaccine producers as IBV Vaccines against Massachusetts 
serotypes causing problems in the field. The present inven 
tors chose to use this strain as they had worked for many 
years on this virus, and because the sequence of the com 
plete virus genome is available. The M41 isolate, M41-CK, 
used by the present inventors was adapted to grow in 
primary chick kidney (CK) cells and was therefore deemed 
amenable for recovery as an infectious virus from a cDNA 
of the complete genome. It is representative of a pathogenic 
IBV and therefore can be analysed for mutations that cause 
either loss or reduction in pathogenicity. 
0113. The genome sequence of IBV M41-CK is provided 
as SEQ ID NO: 1. 

IBV M41 - CK Sequence 
SEO ID NO: 1 

ACTTAAGATAGATATTAATATATATCTATCACACTAGCCTTGCGCTAGATTTCCAACTTA 

ACAAAACGGACTTAAATAC CTACAGCTGGTCCTCATAGGTGTTCCATTGCAGTGCACTTT 

AGTGCCCTGGATGGCACCTGGCCACCTGTCAGGTTTTTGTTATTAAAATCTTATTGTTGC 

TGGTATCAC 

TATCCAGCG 

GCTTGTTTTGCCGTGTCTCACTTTATACATCCGTTGCTTGGGCTACCTAG 

CCTACGGGCGCCGTGGCTGGTTCGAGTGCGAAGAACCTCTGGTTCATCTA 

GCGGTAGGCGGGTGTGTGGAAGTAGCACTTCAGACGTACCGGTTCTGTTGTGTGAAATAC 

GGGGTCACC 

CGCATAAGG 

AGGTTCTGG 

CCCCCCACATAC CTCTAAGGGCTTTTGAGCCTAGCGTTGGGCTACGTTCT 

CGGCTATACGACGTTTGTAGGGGGTAGTGCCAAACAACCCCTGAGGTGAC 

GGTGTTTAGTGAGCAGACATACAATAGACAGTGACAACATGGCTTCAAGC 

CTAAAACAGGGAGTATCTGCGAAACTAAGGGATGTCATTGTTGTATCCAAAGAGATTGCT 

GAACAACTT GTGACGCTTTGTTTTTCTATACGTCACACAACCCTAAGGATTACGCTGAT 

GCTTTTGCAGTTAGGCAGAAGTTTGATCGTAATCTGCAGACTGGGAAACAGTTCAAATTT 

GAAACTGTG 

GCAAAAGTC 

GTGGTCTCTTCCTCTTGAAGGGAGTTGACAAAATAACACCTGGCGTCCCA 

TAAAAGCCACTTCTAAGTTGGCAGATTTAGAAGACATCTTTGGTGTCTCT 

CCCTTTGCAAGAAAATATCGTGAACTTTTGAAGACAGCATGCCAGTGGTCTCTTACTGTA 

GAAACACTGGATGCTCGTGCACAAACTCTTGATGAAATTTTTGACCCTACTGAAATACTT 

TGGCTTCAGGTGGCAGCAAAAATCCAAGTTTCGGCTATGGCGATGCGCAGGCTTGTTGGA 
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CTTTGCGGCACTTTGACCCAAAGGATTGCGAAGTTCTTAAAGAAATACTTGTCACTTATG 

GTTGTATAGAAGATTATCACCCTAAGTGGTTTGAAGAGAATAAGGATTGGTACGACCCAA 

TAGAAAACCCTAAATATTATGCCATGTTGGCTAAAATGGGACCTATTGTACGAGGTGCTT 

TATTGAATGCTATTGAGTTCGGAAACCTCATGGTTGAAAAAGGTTATGTTGGTGTTATTA 

CACTTGATAACCAAGATCTTAATGGCAAATTTTATGATTTTGGTGATTTTCAGAAGACAG 

CGCCTGGTGCTGGTGTTCCTGTTTTTGATACGTATTATTCTTACATGATGCCCATCATAG 

CCATGACTGATGCGTTGGCAC CTGAGAGGTATTTTGAATATGATGTGCATAAGGGTTATA 

AATCTTATGATCTCCTCAAGTATGATTATACTGAGGAGAAACAAGATTTGTTTCAGAAGT 

ACTTTAAGTATTGGGATCAAGAGTATCACCCTAACTGTCGCGACTGTAGTGATGACAGGT 

GTTTGATACATTGTGCAAACTTCAACATCTTGTTTTCTACACTTGTACCGCAGACTTCTT 

TCGGTAATTTGTGTAGAAAGGTTTTTGTTGATGGTGTACCATTTATAGCTACTTGTGGCT 

ATCATTCTAAGGAACTTGGTGTTATTATGAATCAAGATAACACCATGTCATTTTCAAAAA 

TGGGTTTGAGTGAACTCATGGAGTTTGTTGGAGATCGTGGCTTGTTAGTGGGGACATGCA 

ATAAATTAGTGGATCTTAGAACGTCTTGTTTTAGTGTTTGTGCTTTAGCGTCTGGTATTA 

CTCATCAAACGGTAAAACCAGGTCACTTTAACAAGGATTTCTACGATTTTGCAGAGAAGG 

CTGGTATGTTTAAGGAAGGTTCTTCTATACCACTTAAACATTTCTTCTACCCACAGACTG 

GTAATGCTGCTATAAACGATTATGATTATTATCGTTATAACAGGCCTACCATGTTTGATA 

TACGTCAACTTTTATTTTGTTTAGAAGTGACTTCTAAATATTTTGAATGTTATGAAGGCG 

GCTGTATACCAGCAAGCCAAGTTGTAGTTAACAATTTAGATAAGAGTGCAGGTTATCCGT 

TCAATAAGTTTGGAAAGGCCCGTCTCTATTATGAAATGAGTCTAGAGGAGCAGGACCAAC 

TCTTTGAGAGTACAAAGAAGAACGTCCTGCCTACTATAACTCAGATGAATTTAAAATATG 

CCATATCCGCGAAAAATAGAGCGCGTACAGTGGCAGGTGTGTCTATCCTTTCTACTATGA 

CTAATAGGCAGTTTCATCAGAAGATTCTTAAGTCTATAGTCAACACTAGAAACGCTCCTG 

TAGTTATTGGAACAACCAAGTTTTATGGCGGTTGGGATAACATGTTGAGAAACCTTATTC 

AGGGTGTTGAAGACCCGATTCTTATGGGTTGGGATTATCCAAAGTGTGATAGAGCAATGC 

CTAATTTGTTGCGTATAGCAGCATCTTTAGTACTCGCTCGTAAACACACTAATTGTTGTA 

CTTGGTCTGAACGCGTTTATAGGTTGTATAATGAATGCGCTCAGGTTTTATCTGAAACTG 

TCTTAGCTACAGGTGGTATATATGTGAAACCTGGTGGTACTAGCAGTGGAGATGCTACTA 

CTGCTTATGCAAACAGTGTTTTCAACATAATACAAGCCACATCTGCTAATGTTGCGCGTC 

TTTTGAGTGTTATAACGCGTGATATTGTATATGATGACATTAAGAGCTTGCAGTATGAAT 

TGTACCAGCAGGTTTATAGGCGAGTCAATTTTGACCCAGCATTTGTTGAAAAGTTTTATT 

CTTATTTGTGTAAGAATTTCTCATTGATGATCTTGTCTGACGACGGTGTTGTTTGTTATA 

ACAACACATTAGCCAAACAAGGTCTTGTAGCAGATATTTCTGGTTTTAGAGAAGTTCTCT 

ACTATCAGAACAATGTTTTTATGGCTGATTCTAAATGTTGGGTTGAACCAGATTTAGAAA 

AAGGCCCACATGAATTTTGTTCACAGCACACAATGTTAGTGGAGGTTGATGGTGAGCCTA 

GATACTTGCCATATCCAGACCCATCACGTATTTTGTGTGCATGTGTTTTTGTAGATGATT 

TGGATAAGACAGAATCTGTGGCTGTTATGGAGCGTTATATCGCTCTTGCCATAGATGCGT 

ACCCACTAGTACATCATGAAAATGAGGAGTACAAGAAGGTATTCTTTGTGCTTCTTTCAT 

ACATCAGAAAACTCTATCAAGAGCTTTCTCAGAATATGCTTATGGACTACTCTTTTGTAA 
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TGGCTCCAGGTAGTACTGTTCTTAAACAATGGCTCCCAGAAGGGACACTCCTTGTCGATA 

ATGATATTGTAGACTATGTGTCTGATGCACATGTTTCTGTGCTTTCAGATTGCAATAAAT 

ATAAGACAGAGCACAAGTTTGATCTTGTGATATCTGATATGTATACAGACAATGATTCAA 

AAAGAAAGCATGAAGGCGTGATAGCCAATAATGGCAATGATGACGTTTTCATATATCTCT 

CAAGTTTTCTTCGTAATAATTTGGCTCTAGGTGGTAGTTTTGCTGTAAAAGTGACAGAGA 

CAAGTTGGCACGAAGTTTTATATGACATTGCACAGGATTGTGCATGGTGGACAATGTTTT 

GTACAGCAGTGAATGCCTCTTCTTCAGAAGCATTCTTGGTTGGTGTTAATTATTTGGGTG 

CAAGTGAAAAGGTTAAGGTTAGTGGAAAAACGCTGCACGCAAATTATATATTTTGGAGGA 

ATTGTAATTATTTACAAACCTCTGCTTATAGTATATTTGACGTTGCTAAGTTTGATTTGA 

GATTGAAAGCAACACCAGTTGTTAATTTGAAAACTGAACAAAAGAGAGACTTAGTGTTTA 

ATTTAATTAAGTGTGGTAAGTTACTGGTAAGAGATGTTGGTAACACCTCTTTTACTAGTG 

TACCAAAGTGCCTTTAGACCACCTAATGGTTGGCATTTACACGGGGGTGCTTATGCGGTA 

GTTAATATTTCTAGCGAATCTAATAATGCAGGCTCTTCACCTGGGTGTATTGTTGGTACT 

ATTCATGGTGGTCGTGTTGTTAATGCTTCTTCTATAGCTATGACGGCACCGTCATCAGGT 

ATGGCTTGGTCTAGCAGTCAGTTTTGTACTGCACACTGTAACTTTTCAGATACTACAGTG 

TTTGTTACACATTGTTATAAATATGATGGGTGTCCTATAACTGGCATGCTTCAAAAGAAT 

TTTTTACGTGTTTCTGCTATGAAAAATGGCCAGCTTTTCTATAATTTAACAGTTAGTGTA 

GCTAAGTACCCTACTTTTAAATCATTTCAGTGTGTTAATAATTTAACATCCGTATATTTA 

AATGGTGATCTTGTTTACACCTCTAATGAGACCACAGATGTTACATCTGCAGGTGTTTAT 

TTTAAAGCTGGTGGACCTATAACTTATAAAGTTATGAGAGAAGTTAAAGCCCTGGCTTAT 

TTTGTTAATGGTACTGCACAAGATGTTATTTTGTGTGATGGATCACC TAGAGGCTTGTTA 

GCATGCCAGTATAATACTGGCAATTTTTCAGATGGCTTTTATCCTTTTATTAATAGTAGT 

TTAGTTAAGCAGAAGTTTATTGTCTATCGTGAAAATAGTGTTAATACTACTTTTACGTTA 

CACAATTTCACTTTTCATAATGAGACTGGCGCCAACCCTAATCCTAGTGGTGTTCAGAAT 

ATTCAAACTTACCAAACACAAACAGCTCAGAGTGGTTATTATAATTTTAATTTTTCCTTT 

CTGAGTAGTTTTGTTTATAAGGAGTCTAATTTTATGTATGGATCTTATCACCCAAGTTGT 

AATTTTAGACTAGAAACTATTAATAATGGCTTGTGGTTTAATTCACTTTCAGTTTCAATT 

GCTTACGGTCCTCTTCAAGGTGGTTGCAAGCAATCTGTCTTTAGTGGTAGAGCAACTTGT 

TGTTATGCTTATTCATATGGAGGTCCTTCGCTGTGTAAAGGTGTTTATTCAGGTGAGTTA 

GATCTTAATTTTGAATGTGGACTGTTAGTTTATGTTACTAAGAGCGGTGGCTCTCGTATA 

CAAACAGCCACTGAACCGCCAGTTATAACTCGACACAATTATAATAATATTACTTTAAAT 

ACTTGTGTTGATTATAATATATATGGCAGAACTGGCCAAGGTTTTATTACTAATGTAACC 

GACTCAGCTGTTAGTTATAATTATCTAGCAGACGCAGGTTTGGCTATTTTAGATACATCT 

GGTTCCATAGACATCTTTGTTGTACAAGGTGAATATGGTCTTACTTATTATTAGGTTAAC 

CCTTGCGAAGATGTCAACCAGCAGTTTGTAGTTTCTGGTGGTAAATTAGTAGGTATTCTT 

ACTTCACGTAATGAGACTGGTTCTCAGCTTCTTGAGAACCAGTTTTACATTAAAATCACT 

AATGGAACACGTCGTTTTAGACGTTCTATTACTGAAAATGTTGGAAATTGCCCTTATGTT 

AGTTATGGTAAGTTTTGTATAAAACCTGATGGTTCAATTGCCACAATAGTACCAAAACAA 

TTGGAACAGTTTGTGGCACCTTTACTTAATGTTACTGAAAATGTGCTCATACCTAACAGT 
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TT 

TGTCTGCAGTATGTTTGTGGCAATTCTCTGGATTG 

CCTGTTTGTGACAACATATTGTCTGTAGTAAATAG 

CTTTTGAATTTCTATTCTTCTACTAAACCGGCTGG 

GTTAGCAC 

CGTTCTTTTATTGAAGACCTTCTATTTACAAGCGT 

GACGCATACAAAAATTGCACTGCAGGACCTTTAGG 

CGTGAATATAATGGTTTGCTTGTGTTGCCTCCCAT 

TATACTAGTTCTCTAGTAGCTTCTATGGCTTTTGG 

CC 

TTGAAGAATCAAGAAAAAATTGCTGCTTCCTTTAA 

GGTTTTAGAAGTACATCTCTAGCATTACAACAAAT 

GCTATTCTTACTGAGACTATGGCATCACT 

AT 

ATAACTGGTAGATTGTCATCACTTTCTGT 

AGAGTGTCACAACAGCGTGAGTTAGCTAC 

TCTATTAGGTACTCCTTTTGTGGTAA 

CCTAATGGTATAGTGTTTATACACTTTTC 

GCAATAGTGGGTTTTTGTGTAAAGCCAGC 

AATGGTAGGGGTATTTTTATACAAGTTAA 

TATATGCCAAGAGCTATTACTGCAGGAGA 

TATGTAAGTGTAAATAAGACCGTCATTAC 

AATGACGAATTGTCAAAATGGTGGAA 

TTCAATTACACAGTACCTATACTTGACAT 

ATACAGGGTCTTAATGACTCT 

ATTAAGTGGCCTTGGTATGTGTGGTTAGCCATAGCT 

ATACTAGGATGGGTTTTCTTCATGACTGGATGTTGTGGTTGTTG 

ATTATGCCTCTAATGAGTAAGTGTGGTAAGAAATCT 

GATGTGGTAACTTAACAATACAGACCTAAAAAGTCTG 

CCTTCCTAATAGTATTAATTTTTCTTTGGTGTAAACT 

TTATTATAGCGCTCCAACAACTAATACAAGTTTTAC 

AGCCTAGACTGACCCTTTGTCACAGTCTAGACTAATG 

AACTGGTGAGCAAGTGATTCAAAAAATCAGTTTCAA 

AAACACAGAAGTATTTGACCCCTTTGACTATTGTTA 

AATAGAGTCAGCTGAAGATTGTTCAGGTGATGATGAA 

AAAATGGAAGTTTTCTAACAGCGCTTTATATATTTG 

TAGGTAGAGCACTTCAAGCATTTGTACAGGCTGCTGA 

CATGGGTAGTAATTCCAGGAGCTAAGGGTACAGCCT 

TAGAGA 

ATTGG 

TTTAA 

GGTGAGTTTAATATTTCTCTTCTGTTAACAAC 

GAATC 

TT T.C.T. 

GGTAT 

GCCACACAACTGCAGGCTAGAATTAATCACTTGGG 

TAAGGCCATTGGTCG 

CAAGA 

AATAAAAATTT 

CAAGAAATCTACCAGCAACTTGACGCCATACAAGCAAA 

TTAGCATCTGC 

CAGAAAATTAA 

GGACGACATGTTCTAACCATACCGCAAAA 

TATACTCCAGA 

TAATGCTAGTCAGTA 

GGTAGTTACTACATCACAGCACGAGA 

ATAGTTACGCTTAC 

ACATTCGTAGACAA 

GATAGTGAAATTGA 

AATTTAACTGTTACAGATGAGTACATACAAACGCGTATGGATAAGGTCCAAATTAAT 

TTGTTTCAACAATATGGG 

CAAAAAGAAGATATGGAA 

ACACCATTTCTTAGTAAT 

CCTAGTAGTCCTAGAAGG 

GTTGGATTACCAACAGAT 

AAGGACCTTGCGTGTGCT 

ATAACAGCAGAAATGCAAATTTTG 

ACTGCAGCTGGTGCTATA 

ATTACCCAGTCACTTTTG 

ATGCAGGAA 

GTTGTTAATAAGCAGAGT 

GGTGCTATTTC TTC TATG 

GCTCAAGTGGATCGTCTT 

TAAGCAGGCGGAGCATATT 

GAGTGTGTTAAGTCACAG 

GCA 

AGTTTTGTTAATGTTACT 

GCAATAGTACCCGCT 

ATG 

TCTTGTCAAGCAAAT 

GATGATTTTGATTTT 

GACACTAAGCATGAGCTACCAGACTTTGACAAA 

CGTATTCAAGGCGTT 

TAATAGACCTTGAAAAACTTTCAATACT CAAAACTTAT 

TTGCCACTAT TATCTTCATCTTA 

TGTGGATGCTTTGGC 

CTTATTACACGACTTTTGATAAC 

TTAATGATTCAAAGTCCCACGT 

GTACTAAGTTGTTTTAGAGAGT 

CCAAATTATCAATAGTAACTTAC 

TAAACTTAGAAGCAATTATTGA 

TACAGCATATTTCAAGTGTATT 

ACAGAGGAGGTAATTTTTGGGA 

TTATTGAATAAGTCGCTAGAGG 

AGGATTTTTAGCACTTTATCTTC 

GCTTGTTGTTTATTTTGGTATA 

GTATATAAGTATACATATGGTA 

GAAAACTTAACAATCGGGAATTAGAAGCAGTTATTG CAACGAGTTTCCTAAGAACGGTT 
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TTTGAATTTACTACTGTGGTCCCACGTGATGATCCGCAGTTTGATAATTATGTAAAAATT 

TGTGATCAGTGTGTTGATGGTGTAGGAACACGTCCAAAAGATGATGAACCAAGACCAAAG 

TCACGCTCAAGTTCAAGACCTGCAACAAGAGGAAATTCTCCAGCGCCAAGACAGCAGCGC 

CCTAAGAAGGAGAAAAAGCCAAAGAAGCAGGATGATGAAGTGGATAAAGCATTGACCTCA 

GATGAGGAGAGGAACAATGCACAGCTGGAATTTGATGATGAACCCAAGGTAATTAACTGG 

GGGGATTCAGCGCTAGGAGAGAATGAACTTTGAGTAAAATTGAATAGTAAGAGTTAAGGA 

AGATAGGCATGTAGCTTGATTACC TACATGTCTATCGCCAGGGAAATGTCTAATTTGTCT 

ACTTAGTAGCCTGGAAACGAACGGTAGACCCTTAGATTTTAATTTAGTTTAATTTTTAGT 

TTAGTTTAAGTTAGTTTAGAGTAGGTATAAAGATGCCAGTGGCGGGGCCACGCGGAGTAC 

GACCGAGGGTACAGCACTAGGACGCCCATTAGGGGAAGAGCTAAATTTTAGTTTAAGTTA 

AGTTTAATTGGCTATGTATAGTTAAAATTTATAGGCTAGTATAGAGTTAGAGCAAAAAAA 

Aug. 3, 2017 

AAAAAAAAAAAAAAAAAAAA 

0114 Replicase 
0115. In addition to the structural and accessory genes, 
two-thirds of a coronavirus genome comprises the replicase 
gene (at the 5' end of the genome), which is expressed as two 
polyproteins, pp.1a and pp lab, in which pp1ab is an exten 
sion product of pp1a as a result of a -1 ribosomal shift 
mechanism. The two polyproteins are cleaved by two types 
of virus-encoded proteinases usually resulting in 16 non 
structural proteins (Nsp1-16); IBV lacks Nspl thereby 
encoding Nsp2-16. 
0116. Thus Gene 1 in IBV encodes 15 (16 in other 
coronaviruses) non-structural proteins (insp2-16), which are 
associated with RNA replication and transcription. 
0117 The term replicase protein is used herein to refer 
to the pp1a and pp lab polyproteins or individual insp Sub 
units. 

0118. The term replicase gene is used herein to refer to 
a nucleic acid sequence which encodes for replicase pro 
teins. 

0119) A summary of the functions of coronavirus insp 
proteins is provided in Table 1. 

TABLE 1. 

Nsp 
Protein Key features 

1 Conserved within but not between coronavirus genetic 
groups; potential regulatory functions in the host cell. 

2 Dispensable for MHV and SARS-CoV replication in 
tissue culture 

3 Acidic domain; macro domain with ADRP and poly 
(ADP-ribose)-binding activities; one or two ZBD 
containing papain-like proteases; Y domain 

4 Transmembrane domain 
5 3C-like main protease, homodimer 
6 Transmembrane domain 
7 Interacts with insp8 to form a hexadecamer complex 
8 Noncannonical RNA polymerase; interacts with insp7 to 

form a hexadecameric complex 
9 ssRNA-binding protein, dimer 
10 RNA-binding protein, homododecamer, zinc-binding 

domain, known to interact with insp14 and insp16 
11 Unknown 
12 RNA-dependent RNA polymerase 

TABLE 1-continued 

Nsp 
Protein Key features 

13 Zinc-binding domain, NTPase, dNTPase, 5'-to-3' RNA 
and DNA helicase, RNA 5'-triphosphate 

14 3'-to 5’ exoribonuclease, zinc-binding domain and N7 
methyltransferase 

15 Uridylate-specific endoribonuclease, homohexamer 
16 Putative ribose-2'-O-methyltransferase 

0.120. The variant replicase gene encoded by the corona 
virus of the present invention comprises a mutation in one or 
more of the sections of sequence encoding insp-10, insp-14. 
insp-15 or insp-16. 
I0121 Nsp10 has RNA-binding activity and appears to be 
involved in homo and/or heterotypic interactions within 
other insps from the pp1a/pplab region. It adopts an C/B fold 
comprised of five C-helices, one 3-helix and three 
B-strands. Two zinc-binding sites have been identified that 
are formed by conserved cysteine residues and one histidine 
residue (Cys-74/Cys-77/His-83/Cys-90; Cys-117/Cys-120/ 
Cys-128/Cys-130). The protein has been confirmed to bind 
single-stranded and double-stranded RNA and DNA without 
obvious specificity. Nsp-10 can be cross-linked with nsp-9, 
Suggesting the existing of a complex network of protein 
protein interactions involving insp-7, -8, -9 and -10. In 
addition, insp-10 is known to interact with nsp-14 and 
insp-16. 
0.122 Nsp-14 comprises a 3'-to-5' exoribonuclease 
(ExoN) active domain in the amino-terminal region. SARS 
CoV ExoN has been demonstrated to have metal ion 
dependent 3'-to-5' exoribonuclease activity that acts on both 
single-stranded and double-stranded RNA, but not on DNA. 
Nsp-14 has been shown to have proof-reading activity. This 
insp has also been shown to have N7-methyltransferase (MT) 
activity in the carboxyl-terminal region. 
I0123 Nsp-15 associated NendoU (nidoviral endoribonu 
clease, specific for U) RNase activity has been reported for 
a number of coronaviruses, including SARS-CoV, MHV and 
IBV. The activities were consistently reported to be signifi 
cantly enhanced by Mn+ions and there was little activity in 
the presence of Mg" and Ca". NendoU cleaves at the 3' 
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side of uridylate residues in both single-stranded and 
double-stranded RNA. The biologically relevant substrate(s) 
of coronavirus NendoUs remains to be identified. 

0.124 Nsp-16 has been predicted to mediate ribose-2'-O- 
methyltransferase (2'-O-MTase) activity and reverse-genet 
ics experiments have shown that the 2'-O-MTase domain is 
essential for viral RNA synthesis in HCoV-229E and SARS 
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CoV. The enzyme may be involved in the production of the 
cap 1 structures of coronavirus RNAS and it may also 
cooperate with NendoU and ExoN in other RNA processing 
pathways. 2'-O-MTase might also methylate specific RNAs 
to protect them from NendoU-mediated cleavage. 
0.125. The genomic and protein sequences for nsp-10. 
-14, -15 and -16 are provided as SEQID NO: 2-5 and 6-9, 
respectively. 

(insp-10 nucleotide sequence- nucleotides 1.1884-12318 of SEQ ID NO: 1) 
SEO ID NO: 2 

TCTAAAGGTCATGAGACAGAGGAAGTGGATGCTGTAGGCATTCTCTCACTTTGTTCTTTTGCAGTA 

GATCCTGCGGATACATATTGTAAATATGTGGCAGCAGGTAATCAACCTTTAGGTAACTGTGTTAAA 

ATGTTGACAGTACATAATGGTAGTGGTTTTGCAATAACATCAAAGCCAAGTCCAACTCCGGATCAG 

GATTCTTATGGAGGAGCTTCTGTGTGTCTTTATTGTAGAGCACATATAGCACACCTTGGCGGAGCA 

GGAAATTTAGATGGACGCTGTCAATTTAAAGGTTCTTTTGTGCAAATACCTACTACGGAGAAAGAT 

CCTGTTGGATTCTGTCTACGTAACAAGGTTTGCACTGTTTGTCAGTGTTGGATTGGTTATGGATGT 

CAGTGTGATTCACTTAGACAACCTAAACCTTCTGTTCAG 

(insp-14 nucleotide sequence- nucleotides 16938-18500 of SEQ ID NO: 1) 
SEO ID NO: 3 

GGTACAGGCTTGTTTAAAATTTGCAACAAAGAGTTTAGTGGTGTTCACCCAGCTTATGCAGTCACA 

ACTAAGGCTCTTGCTGCAACTTATAAAGTTAATGATGAACTTGCTGCACTTGTTAACGTGGAAGCT 

GGTTCAGAAATAACATATAAACATCTTATTTCTTTGTTAGGGTTTAAGATGAGTGTTAATGTTGAA 

GGCTGCCACAACATGTTTATAACACGTGATGAGGCTATCCGCAACGTAAGAGGTTGGGTAGGTTTT 

GATGTAGAAGCAACACATGCTTGCGGTACTAACATTGGTACTAACCTGCCTTTCCAAGTAGGTTTC 

TCTACTGGTGCAGACTTTGTAGTTACGCCTGAGGGACTTGTAGATACTTCAATAGGCAATAATTTT 

GAGCCTGTGAATTCTAAAGCAC CTCCAGGTGAACAATTTAATCACTTGAGAGCGTTATTCAAAAGT 

GCTAAACCTTGGCATGTTGTAAGGCCAAGGATTGTGCAAATGTTAGCGGATAACCTGTGCAACGTT 

TCAGATTGTGTAGTGTTTGTCACGTGGTGTCATGGCCTAGAACTAACCACTTTGCGCTATTTTGTT 

AAAATAGGCAAGGACCAAGTTTGTTCTTGCGGTTCTAGAGCAACAACTTTTAATTCTCATACT CAG 

GCTTATGCTTGTTGGAAGCATTGCTTGGGTTTTGATTTTGTTTATAATCCACTCTTAGTGGATATT 

CAACAGTGGGGTTATTCTGGTAACCTACAATTTAACCATGATTTGCATTGTAATGTGCATGGACAC 

GCACATGTAGCTTCTGCGGATGCTATTATGACGCGTTGTCTTGCAATTAATAATGCATTTTGTCAA 

GATGTCAACTGGGATTTAACTTACCCTCATATAGCAAATGAGGATGAAGTCAATTCTAGCTGTAGA 

TATTTACAACGCATGTATCTTAATGCATGTGTTGATGCTCTTAAAGTTAACGTTGTCTATGATATA 

GGCAACCCTAAAGGTATTAAATGTGTTAGACGTGGAGACTTAAATTTTAGATTCTATGATAAGAAT 

CCAATAGTACCCAATGTCAAGCAGTTTGAGTATGACTATAATCAGCACAAAGATAAGTTTGCTGAT 

GGTCTTTGTATGTTTTGGAATTGTAATGTGGATTGTTATCCCGACAATTCCTTACTTTGTAGGTAC 

GACACACGAAATTTGAGTGTGTTTAACCTACCTGGTTGTAATGGTGGTAGCTTGTATGTTAACAAG 

CATGCATTCCACACACCTAAATTTGATCGCACTAGCTTTCGTAATTTGAAAGCTATGCCATTCTTT 

TTCTATGACTCATCGCCTTGCGAGACCATTCAATTGGATGGAGTTGCGCAAGACCTTGTGTCATTA 

GCTACGAAAGATTGTATCACAAAATGCAACATAGGCGGTGCTGTTTGTAAAAAGCACGCACAAATG 

TATGCAGATTTTGTGACTTCTTATAATGCAGCTGTTACTGCTGGTTTTACTTTTTGGGTTACTAAT 

AATTTTAACCCATATAATTTGTGGAAAAGTTTTTCAGCTCTCCAG 
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EPVNSKAPPGEOFNHLRALFKSAKPWHVVRPRIVOMLADNLCNVSDCVWFVTWCHGLELTTLRYFW 

KIGKDOVCSCGSRATTFNSHTOAYACWKHCLGFDFWYNPLLVDIOOWGYSGNLOFNHDLHCNVHGH 

AHVASADAIMTRCLAINNAFCODVNWDLTYPHIANEDEVNSSCRYLORMYLNACVDALKVNVVYDI 

GNPKGIKCVRRGDLNFRFYDKNPIVPNVKOFEYDYNOHKDKFADGLCMFWNCNVDCYPDNSLVCRY 

DTRNLSWFNLPGCNGGSLYWNKHAFHTPKFDRTSFRNLKAMPFFFYDSSPCETIOLDGVAODLVSL 

ATKDCITKCNICGAVCKKKAOMYADFWTSYNAAVTAGFTFWVTNNFNPYNLWKSFSALO 

(insp-15 amino acid sequence) 
SEQ ID NO: 8 

SIDNIAYNMYKGGHYDAIAGEMPTIVTGDKVFWIDOGWEKAVFFNOTILPTSVAFELYAKRNIRTL 

PNNRILKGLGVDWTNGFWIWDYTNOTPLYRNTVKVCAYTDIEPNGLIVLYDDRYGDYOSFLAADNA 

WLVSTOCYKRYSYVEIPSNLLVONGIPLKDGANLYWYKRVNGAFVTLPNTLNTOGRSYETFEPRSD 

VERDFLDMSEESFVEKYGKELGLOHILYGEVDKPOLGGLHTWIGMCRLLRANKLNAKSVTNSDSDV 

MONYFWLADNGSYKOVCTVVDLLLDDFLELLRNILKEYGTNKSKVWTVSIDYHSINFMTWFEDGII 

KTCYPOLO 

(insp-16 amino acid sequence) 
SEO ID NO: 9 

SAWTCGYNMPELYKVONCVMEPCNIPNYGVGIALPSGIMMNVAKYTOLCOYLSKTTMCVPHNMRVM 

HFGAGSDKGVAPGSTVLKOWLPEGTLLVDNDIVDYVSDAHVSVLSDCNKYKTEHKFDLVISDMYTD 

NDSKRKHEGVIANNGNDDVFIYLSSFLRNNLALGGSFAVKVTETSWHEVLYDIAODCAWWTMFCTA 

WNASSSEAFLVGVNYLGASEKVIWSGKTLHANYIFWRNCNYLOTSAYSIFDVAKFDLRLKATPVVN 

LKTEOKTDLVFNLIKCGKLLVRDVGNTSFTSDSFVCTM 

0126 Reduced Pathogenicity 
0127. The live, attenuated coronavirus of the present 
invention comprises a variant replicase gene which causes 
the virus to have reduced pathogenicity compared to a 
coronavirus expressing the corresponding wild-type gene. 
0128. The term “attenuated” as used herein, refers to a 
virus that exhibits said reduced pathogenicity and may be 
classified as non-virulent. A live, attenuated virus is a 
weakened replicating virus still capable of stimulating an 
immune response and producing immunity but not causing 
the actual illness. 
0129. The term “pathogenicity' is used herein according 
to its normal meaning to refer to the potential of the virus to 
cause disease in a Subject. Typically the pathogenicity of a 
coronavirus is determined by assaying disease associated 
symptoms, for example Sneezing, Snicking and reduction in 
tracheal ciliary activity. 
0130. The term “reduced pathogenicity' is used to 
describe that the level of pathogenicity of a coronavirus is 
decreased, lessened or diminished compared to a corre 
sponding, wild-type coronavirus. 
0131. In one embodiment, the coronavirus of the present 
invention has a reduced pathogenicity compared to the 
parental M41-CK virus from which it was derived or a 
control coronavirus. The control coronavirus may be a 
coronavirus with a known pathogenicity, for example a 
coronavirus expressing the wild-type replicase protein. 
0132) The pathogenicity of a coronavirus may be 
assessed utilising methods well-known in the art. Typically, 
pathogenicity is assessed by assaying clinical symptoms in 
a subject challenged with the virus, for example a chicken. 

0.133 As an illustration, the chicken may be challenged at 
8-24 days old by nasal or ocular inoculation. Clinical 
symptoms, associated with IBV infection, may be assessed 
3-10 days post-infection. Clinical symptoms commonly 
assessed to determine the pathogenicity of a coronavirus, for 
example an IBV, include gasping, coughing, Sneezing, 
Snicking, depression, ruffled feathers and loss of tracheal 
ciliary activity. 
I0134. The variant replicase of the present invention, 
when expressed in a coronavirus, may cause a reduced level 
of clinical symptoms compared to a coronavirus expressing 
a wild-type replicase. 
0.135 For example a coronavirus expressing the variant 
replicase may cause a number of Snicks per bird per minute 
which is less than 90%, less than 80%, less than 70%, less 
than 60%, less than 50%, less than 40%, less than 30%, less 
than 20% or less than 10% of the number of Snicks caused 
by a virus expressing the wild type replicase. 
0.136. A coronavirus expressing a variant replicase 
according to the present invention may cause wheezing in 
less than 70%, less than 60%, less than 50%, less than 40%, 
less than 30%, less than 20% or less than 10% of the number 
of birds in a flock infected with the a virus expressing the 
wild type replicase. 
0.137. A coronavirus expressing a variant replicase 
according to the present invention may result in tracheal 
ciliary activity which is at least 60%, at least 70%, at least 
80%, at least 90% or at least 95% of the level of tracheal 
ciliary activity in uninfected birds. 
0.138 A coronavirus expressing a variant replicase 
according to the present invention may cause clinical Symp 
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toms, as defined in Table 2, at a lower level than a corona 
virus expressing the wild type replicase. 

TABLE 2 

20 

IBV severity limits based on clinical signs: 

Snicking (Sneezing) 
Nasal exudate 
Watery eyes 
Swollen infraorbital sinuses up to 7d). 
Rales (vibration in trachea or bronchi region) 

Hunched posture/depressed 
Fluffed up feathers 

derat Eating and drinking less Olege 

Drinking in excess: evident by fluid filled crop or 
measured water intake 

Less active but still evade capture 
Weight loss 

- moderate. 
Not eating or drinking 

Birds sit alone and does not evade capture 
Severe respiratory distress: e.g. excessive gasping method. 
Snicking and/or rales for 7d in total 

Mild, if exceed 2d increase to 

Mild, if exceed 1d increase to 
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0144. A suitable variant replicase may be identified using 
methods which are known in the art. For example compara 

IBV specific: Mild (N.B. Respiratory signs 
become apparent from 2-3 dpi if they 
are going to occur and can continue for 

IBV specific: Mild, if exceed 24h increase to 
moderate for a max of 2d. If still drinking in excess 
then kill by schedule 1 method. 

Moderate: birds at end point. Kill by schedule 1 

Severe: report to project license 
Found dead holder. 

Full post-mortem to be performed. 

0.139. The variant replicase of the present invention, 
when expressed in a coronavirus, may cause the virus to 
replicate at non-pathogenic levels in ovo. 
0140. While developing vaccines to be administered in 
ovo to chicken embryos, attention must be paid to two 
points: the effect of maternal antibodies on the vaccines and 
the effect of the vaccines on the embryo. Maternal antibodies 
are known to interfere with active immunization. For 
example, vaccines with mild strains do not induce protective 
antibody levels when administered to broiler chickens with 
maternal antibodies as these strains are neutralized by the 
maternal antibody pool. 
0141 Thus a viral particle must be sufficiently efficient at 
replicating and propagating to ensure that it is not neutral 
ized by the maternally-derived antibodies against the virus. 
Maternally-derived antibodies are a finite pool of effective 
antibodies, which decrease as the chicken ages, and neu 
tralization of the virus in this manner does not equate to the 
establishment of long-term immunity for the embryo/chick. 
In order to develop long-term immunity against the virus, 
the embryo and hatched chicken must develop an appropri 
ate protective immune response which is distinct to the effect 
of the maternally-derived antibodies. 
0142. To be useful for in ovo vaccination, the virus must 
also not replicate and propagate at a level which causes it to 
be pathogenic to the embryo. 
0143 Reduced pathogenicity in terms of the embryo may 
mean that the coronavirus causes less reduction in hatch 
ability compared to a corresponding, wild-type control coro 
navirus. Thus the term “without being pathogenic to the 
embryo” in the context of the present invention may mean 
“without causing reduced hatchability” when compared to a 
control coronavirus. 

tive challenge experiments following in ovo vaccination of 
embryos with or without maternally-derived antibodies may 
be performed (i.e. wherein the layer has or has not been 
vaccinated against IBV). 
0145 If the variant replicase enables the virus to propa 
gate at a level which is too high, the embryo will not hatch 
or will not be viable following hatching (i.e. the virus is 
pathogenic to the embryo). A virus which is pathogenic to 
the embryo may kill the embryo. 
0146 If the variant replicase causes a reduction in viral 
replication and propagation which is too great, the virus will 
be neutralised by the maternally-derived antibodies. Subse 
quent challenge of the chick with IBV will therefore result 
in the development of clinical symptoms (for example 
wheezing, Snicking, loss of ciliary activity) and the onset of 
disease in the challenged chick; as it will have failed to 
develop effective immunity against the virus. 
0147 Variant 
0.148. As used herein, the term variant is synonymous 
with mutant and refers to a nucleic acid or amino acid 
sequence which differs in comparison to the corresponding 
wild-type sequence. 
0149. A variant/mutant sequence may arise naturally, or 
may be created artificially (for example by site-directed 
mutagenesis). The mutant may have at least 70, 80, 90, 95, 
98 or 99% sequence identity with the corresponding portion 
of the wild type sequence. The mutant may have less than 
20, 10, 5, 4, 3, 2 or 1 mutation(s) over the corresponding 
portion of the wild-type sequence. 
0150. The term “wild type' is used to mean a gene or 
protein having a nucleotide or amino acid sequence which is 
identical with the native gene or protein respectively (i.e. the 
viral gene or protein). 
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0151. Identity comparisons can be conducted by eye, or 
more usually, with the aid of readily available sequence 
comparison programs. These commercially available com 
puter programs can calculate % identity between two or 
more sequences. A suitable computer program for carrying 
out such an alignment is the GCG Wisconsin Bestfit package 
(University of Wisconsin, U.S.A.: Devereux et al., 1984, 
Nucleic Acids Research 12:387). Examples of other soft 
ware that can perform sequence comparisons include, but 
are not limited to, the BLAST package (see Ausubel et al., 
1999 ibid Chapter 18), FASTA (Atschul et al., 1990, J. 
Mol. Biol. 403-410) and the GENEWORKS suite of com 
parison tools, ClustalX (see Larkin et al. (2007) Clustal W 
and Clustal X version 2.0. Bioinformatics, 23:2947-2948). 
Both BLAST and FASTA are available for offline and online 
searching (see Ausubel et al., 1999 ibid, pages 7-58 to 7-60). 
However, for some applications, it is preferred to use the 
GCG Bestf it program. A new tool, called BLAST 2 
Sequences is also available for comparing protein and 
nucleotide sequence (see FEMS Microbiol Lett 1999 174(2): 
247-50; FEMS Microbiol Lett 1999 177(1): 187-8 and 
tatiana(ancbi.nlm.nih.gov). 
0152 The sequence may have one or more deletions, 
insertions or Substitutions of amino acid residues which 
produce a silent change and result in a functionally equiva 
lent molecule. Deliberate amino acid substitutions may be 
made on the basis of similarity in polarity, charge, solubility, 
hydrophobicity, hydrophilicity, and/or the amphipathic 
nature of the residues as long as the activity is retained. For 
example, negatively charged amino acids include aspartic 
acid and glutamic acid; positively charged amino acids 
include lysine and arginine; and amino acids with uncharged 
polar head groups having similar hydrophilicity values 
include leucine, isoleucine, Valine, glycine, alanine, aspara 
gine, glutamine, serine, threonine, phenylalanine, and tyro 
sine. 

0153 Conservative substitutions may be made, for 
example according to the Table below. Amino acids in the 
same block in the second column and preferably in the same 
line in the third column may be substituted for each other: 

ALIPHATIC Non-polar G. A. P 
I L W 

Polar- uncharged C S T M 
N Q 

Polar - charged D E 
K. R. 

AROMATIC H. F W Y 

0154 The coronavirus of the present invention may com 
prise a variant replicase gene which encodes a protein which 
comprises a mutation compared to any one of SEQ ID NO: 
6, 7, 8 or 9 which, when expressed in a coronavirus, causes 
the virus to have reduced pathogenicity compared to a 
coronavirus expressing the corresponding wild-type repli 
CaSC. 

0155 The variant replicase gene may encode a protein 
which comprises at least one or more amino acid mutations 
in any combination of nsp-10, insp-14, insp-15 and insp-16. 
0156 The variant replicase gene of the coronavirus of the 
present invention may encode a protein comprising a muta 
tion as defined in the M41 mod sequences presented in FIG. 
10. 
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0157. The variant replicase gene of the coronavirus of the 
present invention may encode a protein which comprises 
one or more amino acid mutations selected from the list of 

0158 Pro to Leu at position 85 of SEQ ID NO: 6, 
0159 Val to Leu at position 393 of SEQ ID NO: 7; 
(0160 Leu to Ile at position 183 of SEQ ID NO: 8: 
(0161 Val to Ile at position 209 of SEQ ID NO: 9. 

0162 The variant replicase gene of the coronavirus of the 
present invention may encode a protein which does not 
comprise a mutation in nsp-2, insp-3, insp-6 or insp-13. 
0163 The variant replicase gene of the coronavirus of the 
present invention may encode a protein which does not 
comprise a mutation in nsp10 which corresponds to the 
threonine to isoleucine mutation caused by a mutation at 
nucleotide position 12,008 in the gene reported by Ammay 
appan el al. (Arch Virol (2009) 154:495-499). 
0164 Ammayappan et al (as above) reports the identifi 
cation of sequence changes responsible for the attenuation of 
IBV strain Arkansas DPI. The study identified 17 amino acid 
changes in a variety of IBV proteins following multiple 
passages, approx. 100, of the virus in embryonated eggs. It 
was not investigated whether the attenuated virus (Ark DPI 
101) is capable of replicating in the presence of maternally 
derived antibodies against the virus in ovo, without being 
pathogenic to the embryo. Given that this virus was pro 
duced by multiple passage in SPF embryonated eggs, similar 
methodology for classical IBV vaccines, it is likely that this 
virus is pathogenic for embryos. The virus may also be 
sensitive to maternally-derived antibodies if the hens were 
vaccinated with a similar serotype. 
0.165. The variant replicase gene of the coronavirus of the 
present invention may encode a protein which comprises 
any combination of one or more amino acid mutations 
provided in the list above. 
0166 The variant replicase gene may encode a protein 
which comprises the amino acid mutation Pro to Leu at 
position 85 of SEQ ID NO: 6. 
0167. The variant replicase gene may encode a protein 
which comprises the amino acid mutation Val to Leu at 
position 393 of SEQID NO: 7. 
0.168. The variant replicase gene may encode a protein 
which comprises the amino acid mutation Leu to Ile at 
position 183 of SEQ ID NO: 8. 
0169. The variant replicase gene may encode a protein 
which comprises the amino acid mutation Val to Ile at 
position 209 of SEQID NO: 9. 
0170 The variant replicase gene may encode a protein 
which comprises the amino acid mutations Pro to Leu at 
position 85 of SEQID NO: 6, and Val to Leu at position 393 
of SEQ ID NO: 7. 
0171 The variant replicase gene may encode a protein 
which comprises the amino acid mutations Pro to Leu at 
position 85 of SEQ ID NO: 6 Leu to Ile at position 183 of 
SEQ ID NO: 8. 
0172. The variant replicase gene may encode a protein 
which comprises the amino acid mutations Pro to Leu at 
position 85 of SEQ ID NO: 6 and Val to Ile at position 209 
of SEQ ID NO: 9. 
0173 The variant replicase gene may encode a protein 
which comprises the amino acid mutations Val to Leu at 
position 393 of SEQID NO: 7 and Leu to Ile at position 183 
of SEQ ID NO: 8. 
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0.174. The variant replicase gene may encode a protein 
which comprises the amino acid mutations Val to Leu at 
position 393 of SEQID NO: 7 and Val to Ile at position 209 
of SEQ ID NO: 9. 
0.175. The variant replicase gene may encode a protein 
which comprises the amino acid mutations Leu to Ile at 
position 183 of SEQID NO: 8 and Val to Ile at position 209 
of SEQ ID NO: 9. 
0176 The variant replicase gene may encode a protein 
which comprises the amino acid mutations Pro to Leu at 
position 85 of SEQID NO: 6, Val to Leu at position 393 of 
SEQID NO: 7 and Leu to Ile at position 183 of SEQID NO: 
8 
0177. The variant replicase gene may encode a protein 
which comprises the amino acid mutations Pro to Leu at 
position 85 of SEQ ID NO: 6 Leu to Ile at position 183 of 
SEQ ID NO: 8 and Val to Ile at position 209 of SEQID NO: 
9 
0.178 The variant replicase gene may encode a protein 
which comprises the amino acid mutations Pro to Leu at 
position 85 of SEQID NO: 6, Val to Leu at position 393 of 
SEQ ID NO: 7 and Val to Ile at position 209 of SEQID NO: 
9 
0179 The variant replicase gene may encode a protein 
which comprises the amino acid mutations Val to Leu at 
position 393 of SEQID NO: 7, Leu to Ile at position 183 of 
SEQ ID NO: 8 and Val to Ile at position 209 of SEQID NO: 
9 
0180. The variant replicase gene may encode a protein 
which comprises the amino acid mutations Pro to Leu at 
position 85 of SEQID NO: 6, Val to Leu at position 393 of 
SEQ ID NO: 7, Leu to Ile at position 183 of SEQ ID NO: 
8 and Val to Ile at position 209 of SEQ ID NO: 9. 
0181. The variant replicase gene may also be defined at 
the nucleotide level. 
0182 For example the nucleotide sequence of the variant 
replicase gene of the coronavirus of the present invention 
may comprise one or more nucleotide Substitutions within 
the regions selected from the list of 1 1884-12318, 16938 
18500, 18501-19514 and 19515-20423 of SEQ ID NO:1. 
0183 For example the nucleotide sequence of the variant 
replicase gene of the coronavirus of the present invention 
may comprise one or more nucleotide Substitutions selected 
from the list of: 

(0.184 C to Tat nucleotide position 12137; 
0185. G to C at nucleotide position 18114; 
0186 I to A at nucleotide position 19047; and 
0187 G to A at nucleotide position 20139; 

compared to the sequence shown as SEQ ID NO: 1. 
0188 As used herein, the term “substitution' is synony 
mous with the term mutation and means that the nucleotide 
at the identified position differs to that of the wild-type 
nucleotide sequence. 
0189 The nucleotide sequence may comprise any com 
bination of the nucleotide substitutions selected from the list 
of: 

(0190 C to Tat nucleotide position 12137; 
(0191 G to Cat nucleotide position 18114; 
(0192 T to A at nucleotide position 19047; and 
(0193 G to A at nucleotide position 20139; 

compared to the sequence shown as SEQ ID NO: 1. 
0194 The nucleotide sequence may comprise the substi 
tution C12137T. 
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0.195 The nucleotide sequence may comprise substitu 
tion G18114C. 
0196. The nucleotide sequence may comprise the substi 
tution T 19047A. 
0197) The nucleotide sequence may comprise the substi 
tution G20139A. 
0198 The nucleotide sequence may comprise the substi 
tutions C12137T and G 18114C. 
0199 The nucleotide sequence may comprise the substi 
tutions C12137T and T19047A. 
0200. The nucleotide sequence may comprise the substi 
tutions C12137T and G20139A. 
0201 The nucleotide sequence may comprise the substi 
tutions G 18114C and T19047A. 
0202 The nucleotide sequence may comprise the substi 
tutions G 18114C and G20139A. 
0203 The nucleotide sequence may comprise the substi 
tutions T19047A and G20139A. 
0204 The nucleotide sequence may comprise the substi 
tutions C12137T, G18114C and T19047A. 
0205 The nucleotide sequence may comprise the substi 
tutions C12137T, T19047A and G20139A. 
0206. The nucleotide sequence may comprise the substi 
tutions C12137T, G18114C and G20139A. 
0207. The nucleotide sequence may comprise the substi 
tutions G 18114C, T19047A and G20139A. 
0208. The nucleotide sequence may comprise the substi 
tutions C12137T, G18114C, T19047A and G20139A. 
0209. The nucleotide sequence may not comprise a sub 
stitution which corresponds to the C12008T substitution 
reported by Ammayappan et al. (as above). 
0210. The nucleotide sequence may be natural, synthetic 
or recombinant. It may be double or single Stranded, it may 
be DNA or RNA or combinations thereof. It may, for 
example, be cDNA, PCR product, genomic sequence or 
mRNA. 
0211. The nucleotide sequence may be codon optimised 
for production in the host/host cell of choice. 
0212. It may be isolated, or as part of a plasmid, virus or 
host cell. 
0213 Plasmid 
0214) A plasmid is an extra-chromosomal DNA molecule 
separate from the chromosomal DNA which is capable of 
replicating independently of the chromosomal DNA. They 
are usually circular and double-stranded. 
0215 Plasmids, or vectors (as they are sometimes 
known), may be used to express a protein in a host cell. For 
example a bacterial host cell may be transfected with a 
plasmid capable of encoding a particular protein, in order to 
express that protein. The term also includes yeast artificial 
chromosomes and bacterial artificial chromosomes which 
are capable of accommodating longer portions of DNA. 
0216. The plasmid of the present invention comprises a 
nucleotide sequence capable of encoding a defined region of 
the replicase protein. It may also comprise one or more 
additional coronavirus nucleotide sequence(s), or nucleotide 
sequence(s) capable of encoding one or more other corona 
virus proteins such as the S gene and/or gene 3. 
0217. The plasmid may also comprise a resistance 
marker, such as the guanine Xanthine phosphoribosyltrans 
ferase gene (gpt) from Escherichia coil, which confers 
resistance to mycophenolic acid (MPA) in the presence of 
Xanthine and hypoxanthine and is controlled by the vaccinia 
virus P7.5 early/late promoter. 
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0218. Recombinant Vaccinia Virus 
0219. The present invention also relates to a recombinant 
vaccinia virus (rVV) comprising a variant replicase gene as 
defined herein. 

0220. The recombinant vaccinia virus (rVV) may be 
made using a vaccinia-virus based reverse genetics system. 
0221. In this respect, the present invention also provides 
a method for making a viral particle by: 

0222 (i) transfecting a plasmid as described in the 
previous section into a host cell; 

0223 (ii) infecting the host cell with a recombining 
virus comprising the genome of a coronavirus strain 
with a replicase gene; 

0224 (iii) allowing homologous recombination to 
occur between the replicase gene sequences in the 
plasmid and the corresponding sequences in the recom 
bining virus genome to produce a modified replicase 
gene. 

0225 (iv) selecting for recombining virus comprising 
the modified replicase gene. 

0226. The term modified replicase gene refers to a 
replicase gene which comprises a variant replicase gene as 
described in connection with the first aspect of the present 
invention. Specifically, the term refers to a gene which is 
derived from a wild-type replicase gene but comprises a 
nucleotide sequence which causes it to encode a variant 
replicase protein as defined herein. 
0227. The recombination may involve all or part of the 
replicase gene. For example the recombination may involve 
a nucleotide sequence encoding for any combination of 
insp-10, insp-14, insp-15 and/or insp-16. The recombination 
may involve a nucleotide sequence which encodes for an 
amino acid mutation or comprises a nucleotide Substitution 
as defined above. 

0228. The genome of the coronavirus strain may lack the 
part of the replicase protein corresponding to the part 
provided by the plasmid, so that a modified protein is formed 
through insertion of the nucleotide sequence provided by the 
plasmid. 
0229. The recombining virus is one suitable to allow 
homologous recombination between its genome and the 
plasmid. The vaccinia virus is particularly Suitable as 
homologous recombination is routinely used to insert and 
delete sequences for the vaccinia virus genome. 
0230. The above method optionally includes the step: 

0231 (v) recovery of recombinant coronavirus com 
prising the modified replicase gene from the DNA from 
the recombining virus from step (iv). 

0232 Methods for recovering recombinant coronavirus, 
such as recombinant IBV. are known in the art (See Britton 
et al (2005) see page 24; and PCT/GB2010/001293). 
0233. For example, the DNA from the recombining virus 
from step (iv) may be inserted into a plasmid and used to 
transfect cells which express cytoplasmic T7 RNA poly 
merase. The cells may, for example be pre-infected with a 
fowlpox virus expressing T7 RNA polymerase. Recombi 
nant coronavirus may then be isolated, for example, from the 
growth medium. 
0234. When the plasmid is inserted into the vaccinia virus 
genome, an unstable intermediate is formed. Recombinants 
comprising the plasmid may be selected for e.g. using a 
resistance marker on the plasmid. 
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0235 Positive recombinants may then be verified to 
contain the modified replicase gene by, for example, PCR 
and sequencing. 
0236 Large stocks of the recombining virus including the 
modified replicase gene (e.g. recombinant vaccinia virus, 
(rVV) may be grown up and the DNA extracted in order to 
carry out step (V)). 
0237 Suitable reverse genetics systems are known in the 
art (Casais etal (2001).J. Virol 75:12359-12369; Casais etal 
(2003) J. Virol. 77:9084-9089; Britton et al (2005) J. Viro 
logical Methods 123:203-211; Armesto et al (2008) Methods 
in Molecular Biology 454:255-273). 
0238 Cell 
0239. The coronavirus may be used to infect a cell. 
0240 Coronavirus particles may be harvested, for 
example from the Supernatant, by methods known in the art, 
and optionally purified. 
0241 The cell may be used to produce the coronavirus 
particle. 
0242. Thus the present invention also provides a method 
for producing a coronavirus which comprises the following 
steps: 
0243 (i) infection of a cell with a coronavirus according 
to the invention; 
0244 (ii) allowing the virus to replicate in the cell; and 
0245 (iii) harvesting the progeny virus. 
0246 The present invention also provides a cell capable 
of producing a coronavirus according to the invention using 
a reverse genetics system. For example, the cell may com 
prise a recombining virus genome comprising a nucleotide 
sequence capable of encoding the replicase gene of the 
present invention. 
0247 The cell may be able to produce recombinant 
recombining virus (e.g. Vaccinia virus) containing the rep 
licase gene. 
0248 Alternatively the cell may be capable of producing 
recombinant coronavirus by a reverse genetics system. The 
cell may express or be induced to express T7 polymerase in 
order to rescue the recombinant viral particle. 
0249 Vaccine 
0250. The coronavirus may be used to produce a vaccine. 
The vaccine may by a live attenuated form of the corona 
virus of the present invention and may further comprise a 
pharmaceutically acceptable carrier. As defined herein, 
“pharmaceutically acceptable carriers' suitable for use in the 
invention are well known to those of skill in the art. Such 
carriers include, without limitation, water, saline, buffered 
saline, phosphate buffer, alcohol/acqueous Solutions, emul 
sions or Suspensions. Other conventionally employed 
diluents and excipients may be added in accordance with 
conventional techniques. Such carriers can include ethanol, 
polyols, and Suitable mixtures thereof, vegetable oils, and 
injectable organic esters. Buffers and pH adjusting agents 
may also be employed. Buffers include, without limitation, 
salts prepared from an organic acid or base. Representative 
buffers include, without limitation, organic acid salts, such 
as salts of citric acid, e.g., citrates, ascorbic acid, gluconic 
acid, histidine-Hel, carbonic acid, tartaric acid, Succinic 
acid, acetic acid, or phthalic acid, Iris, trimethanmine hydro 
chloride, or phosphate buffers. Parenteral carriers can 
include Sodium chloride Solution, Ringer's dextrose, dex 
trose, trehalose, Sucrose, and sodium chloride, lactated Ring 
er's or fixed oils. Intravenous carriers can include fluid and 
nutrient replenishers, electrolyte replenishers, such as those 
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based on Ringer's dextrose and the like. Preservatives and 
other additives such as, for example, antimicrobials, anti 
oxidants, chelating agents (e.g., EDTA), inert gases and the 
like may also be provided in the pharmaceutical carriers. 
The present invention is not limited by the selection of the 
carrier. The preparation of these pharmaceutically accept 
able compositions, from the above-described components, 
having appropriate pH isotonicity, stability and other con 
ventional characteristics is within the skill of the art. See, 
e.g., texts such as Remington: The Science and Practice of 
Pharmacy, 20th ed, Lippincott Williams & Wilkins, pub. 
2000; and The Handbook of Pharmaceutical Excipients, 
4.sup.th edit., eds. R. C. Rowe et al. APhA Publications, 
2003. 

0251. The vaccine of the invention will be administered 
in a “therapeutically effective amount', which refers to an 
amount of an active ingredient, e.g., an agent according to 
the invention, sufficient to effect beneficial or desired results 
when administered to a subject or patient. An effective 
amount can be administered in one or more administrations, 
applications or dosages. A therapeutically effective amount 
of a composition according to the invention may be readily 
determined by one of ordinary skill in the art. In the context 
of this invention, a “therapeutically effective amount is one 
that produces an objectively measured change in one or 
more parameters associated Infectious Bronchitis condition 
sufficient to effect beneficial or desired results. An effective 
amount can be administered in one or more administrations. 
For purposes of this invention, an effective amount of drug, 
compound, or pharmaceutical composition is an amount 
sufficient to reduce the incidence of Infectious Bronchitis. 
As used herein, the term “therapeutic' encompasses the full 
spectrum of treatments for a disease, condition or disorder. 
A “therapeutic' agent of the invention may act in a manner 
that is prophylactic or preventive, including those that 
incorporate procedures designed to target animals that can 
be identified as being at risk (pharmacogenetics); or in a 
manner that is ameliorative or curative in nature; or may act 
to slow the rate or extent of the progression of at least one 
symptom of a disease or disorder being treated. 
0252. The present invention also relates to a method for 
producing Such a vaccine which comprises the step of 
infecting cells, for example Vero cells, with a viral particle 
comprising a replicase protein as defined in connection with 
the first aspect of the invention. 
0253 Vaccination Method 
0254 The coronavirus of the present invention may be 
used to treat and/or prevent a disease. 
0255 To “treat” means to administer the vaccine to a 
Subject having an existing disease in order to lessen, reduce 
or improve at least one symptom associated with the disease 
and/or to slow down, reduce or block the progression of the 
disease. 

0256 To “prevent’ means to administer the vaccine to a 
Subject who has not yet contracted the disease and/or who is 
not showing any symptoms of the disease to prevent or 
impair the cause of the disease (e.g. infection) or to reduce 
or prevent development of at least one symptom associated 
with the disease. 

0257 The disease may be any disease caused by a 
coronavirus, such as a respiratory disease and and/or gas 
troenteritis in humans and hepatitis, gastroenteritis, 
encephalitis, or a respiratory disease in other animals. 
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0258. The disease may be infectious bronchitis (IB); 
Porcine epidemic diarrhoea; Transmissible gastroenteritis; 
Mouse hepatitis virus; Porcine haemagglutinating encepha 
lomyelitis; Severe acute respiratory syndrome (SARS); or 
Bluecomb disease. 
0259. The disease may be infectious bronchitis. 
0260 The vaccine may be administered to hatched chicks 
or chickens, for example by eye drop or intranasal admin 
istration. Although accurate, these methods can be expensive 
e.g. for large broiler flocks. Alternatives include spray 
inoculation of administration to drinking water but it can be 
difficult to ensure uniform vaccine application using Such 
methods. 
0261 The vaccine may be provided in a form suitable for 

its administration, such as an eye-dropper for intra-ocular 
SC. 

0262 The vaccine may be administered by in ovo inocu 
lation, for example by injection of embryonated eggs. In ovo 
vaccination has the advantage that it provides an early stage 
resistance to the disease. It also facilitates the administration 
of a uniform dose per Subject, unlike spray inoculation and 
administration via drinking water. 
0263. The vaccine may be administered to any suitable 
compartment of the egg, including allantoic fluid, yolk sac, 
amnion, air cell or embryo. It may be administered below the 
shell (aircell) membrane and chorioallantoic membrane. 
0264. Usually the vaccine is injected into embryonated 
eggs during late stages of embryonic development, generally 
during the final quarter of the incubation period, such as 3-4 
days prior to hatch. In chickens, the vaccine may be admin 
istered between day 15-19 of the 21-day incubation period, 
for example at day 17 or 18. 
0265. The process can be automated using a robotic 
injection process, such as those described in WO 2004/ 
O782O3. 
0266 The vaccine may be administered together with one 
or more other vaccines, for example, vaccines for other 
diseases, such as Newcastle disease virus (NDV). The 
present invention also provides a vaccine composition com 
prising a vaccine according to the invention together with 
one or more other vaccine(s). The present invention also 
provides a kit comprising a vaccine according to the inven 
tion together with one or more other vaccine(s) for separate, 
sequential or simultaneous administration. 
0267. The vaccine or vaccine composition of the inven 
tion may be used to treat a human, animal or avian Subject. 
For example, the Subject may be a chick, chicken or mouse 
(such as a laboratory mouse, e.g. transgenic mouse). 
0268 Typically, a physician or veterinarian will deter 
mine the actual dosage which will be most suitable for an 
individual subject or group of subjects and it will vary with 
the age, weight and response of the particular Subject(s). 
0269. The composition may optionally comprise a phar 
maceutically acceptable carrier, diluent, excipient or adju 
vant. The choice of pharmaceutical carrier, excipient or 
diluent can be selected with regard to the intended route of 
administration and standard pharmaceutical practice. The 
pharmaceutical compositions may comprise as (or in addi 
tion to) the carrier, excipient or diluent, any suitable binder 
(S), lubricant(s), Suspending agent(s), coating agent(s), Solu 
bilising agent(s), and other carrier agents that may aid or 
increase the delivery or immunogenicity of the virus. 
(0270. The invention will now be further described by 
way of Examples, which are meant to serve to assist one of 
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ordinary skill in the art in carrying out the invention and are 
not intended in any way to limit the scope of the invention. 

EXAMPLES 

Example 1 

Generation of an IBV Reverse Genetics System Based on 
M41-CK 

(0271 A M41-CK full-length cDNA was produced by 
replacement of the Beaudette cDNA in the Vaccinia virus 
reverse genetics system previously described in PCT/ 
GB2010/001293 (herein incorporated by reference) with 
synthetic cDNA derived from the M41 consensus sequence. 
0272. The IBV cDNA within recombinant Vaccinia virus 
(rVV) rVV-BeauR-Rep-M41 structure described in Arm 
esto, Cavanagh and Britton (2009). PLoS ONE 4(10): 
e7384. doi:10.1371/journal.pone.0007384, which consisted 
of the replicase derived from IBV 
0273 Beaudette strain and the structural and accessory 
genes and 3' UTR from IBV M41-CK, was further modified 
by replacement of the Beaudette 5' UTR-Nsp2-Nsp3 
sequence with the corresponding sequence from IBV M41 
CK. The resulting IBV cDNA consisted of 5' UTR-Nsp2 
Nsp3 from M41, Nsp4-Nsp16 from Beaudette and the 
structural and accessory genes and 3' UTR from M41. This 
cDNA was further modified by the deletion of the Beaudette 
Nsp4-Nsp16 sequence. The resulting cDNA, lacking Nsp4 
16, was modified in four further steps in which the deleted 
Nsps were sequentially replaced with the corresponding 
sequences from M41-CK, the replacement cDNAs repre 
sented M41-CK Nsp4-8, Nsp9-12. Nsp12-14 and finally 
Nsp15-16. Each replacement cloNA contained approx. 500 
nucleotides at the 5' end corresponding to the 3' most M41 
sequence previously inserted and approx. 500 nucleotides at 
the 3' end corresponding to the M41 S gene sequence. This 
allowed insertion of the M41 c)NA sequence by homolo 
gous recombination and sequential addition of contiguous 
M41 replicase gene sequence. The synthetic cDNAS con 
taining the M41-derived Nsp sequences were added by 
homologous recombination utilising the inventor's previous 
described transient dominant selection (IDS) system (see 
PCT/GB2010/001293). The M41-derived cDNAs contain 
ing sequence corresponding to the M41 NSps-10, -14, -15 
and -16 contained the modified amino acids at positions 85. 
393, 183 and 209, respectively, as indicated in FIG. 10. 
0274. A full-length cDNA representing the genome of 
M41-CK was generated in Vaccinia virus representing the 
synthetic sequences. Two riBVs, M41-R-6 and M41-R-12, 
were rescued and shown to grow in a similar manner as 
M41-CK (FIG. 1). 

Example 2 

Determining the Pathogenicity of Rescued M41 Viruses 
0275. The viruses rescued in Example 1 were used to 
infect 8-day-old specific pathogen free (SPF) chicks by 
ocular and nasal inoculation to test them for pathogenicity, 
as observed by clinical signs on a daily basis 3-7 days 
post-infection and for ciliary activity days 4 and 6 post 
infection. Loss of ciliary activity is a well-established 
method for determining the pathogenicity of IBV. The two 
M41-R viruses were found to be apathogenic when com 
pared to M41 -CK though they did show some clinical signs 
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in comparison to uninfected control chicks (FIG. 2) and 
some but inconsistent loss in ciliary activity (FIG. 3). 
0276. Thus, the M41-R molecular clones of M41-CK 
were not pathogenic when compared to the parental virus 
M41-CK. 

(0277. The inventors identified several nucleotide differ 
ences in the M41-R compared to the M41-CK sequences. 
The majority of these were synonymous mutations, as the 
nucleotide change did not affect the amino acid sequence of 
the protein associated with the sequence. However, four 
non-synonymous mutations were identified in the IBV rep 
licase gene specific to Nsp-10. Nsp-14, Nsp-15 and Nsp-16 
components of the replicase gene, these mutations resulted 
in amino acid changes (Table 3). 

TABLE 3 

Non-Synonymous mutations identified in the Nsps of M41-R 
full-length genome 

Region of Nucleotide Nucleotide 
Replicase position Mutation Amino Acid Change 

Nsp10 12137 C-T Pro->Leu 
Nsp14 18114 G-C Wal->Leu 
Nsp15 19047 T->A Leu->Ile 
Nsp16 20139 G->A Wal->Ile 

Example 3 

0278 Repair of M41-R rIBVs 
0279. In order to determine whether the identified muta 
tions were responsible for the loss of pathogenicity associ 
ated with M41-R, the Nsp10 mutation was repaired and the 
mutations in Nsp-14, -15 & -16 were repaired and shown to 
grow in a similar manner as M41-CK (FIG. 9). The inven 
tors thus generated the riBVs, M41R-nspl Orep and M41 R 
insp14, 15, 16rep, using synthetic cDNAS containing the 
correct nucleotides utilising the inventor's previous 
described (TDS) system (see PCT/GB2010/001293). 
0280. The rBVs were assessed for pathogenicity in 
chicks as described previously. Both rIBVs showed 
increased pathogenicity when compared to M41-R but not to 
the level observed with M41-CK (FIGS. 4 and 5). M41R 
insp14, 15, 16rep gave more clinical signs and more reduc 
tion in ciliary activity than M41R-nsp10rep, overall these 
results indicated that the changes associated with the four 
Nsps appear to affect pathogenicity. 
0281 To determine the roles of the Nsps in pathogenicity 
the full-length cDNA corresponding to M41 R-nspl Orep 
was used to repair the mutations in Nsps 14, 15 & 16 using 
a synthetic cDNA containing the correct nucleotides utilis 
ing the TDS system. 
(0282. The following rlBVs were produced: 
(0283 M41R-nsp10, 15rep M41-R with the mutations 
in Nsp-10 and Nsp-15 repaired 
0284 M41 R-nsp10, 14, 15rep—M41-R with mutations 
in Nsp-10, -14 and -15 repaired 
(0285 M41R-nsp10, 14, 16rep-M41-R with mutations 
in Nsp-10, -14 and -16 repaired 
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0286 M41 R-nsp10, 15, 16rep M41-R with mutations 
in Nsp-10, -15 and -16 repaired 
0287 M41-K All four mutations, Nsp-10,-14-15 & -16 
repaired in M41-R 
0288 The r|BVs were shown to grow in a similar manner 
as M41-CK (FIG. 9) and assessed for pathogenicity as 
described previously. M41-K (in which all four mutations 
had been repaired) resulted in clinical signs and 100% loss 
of ciliary activity (complete ciliostasis) by 4 days post 
infection (FIGS. 6, 7 & 8). The other rIBVs demonstrated 
varying levels of pathogenicity, apart from M41 R-nsp10, 15, 
16rep, which was essentially apathogenic. These results 
confirmed that repair of all four Nsps restored pathogenicity 
to M41-R, again Supporting the previous evidence that the 
mutations described in the four Nsps are implicated in 
attenuating M41-CK. 
0289. The inventors also generated rIBV M41R-nsp 10, 
14 rep (insp 10 and 14 are repaired, insp 15 and 16 contain 
mutations) and rIBV M41R-nsp 10, 16 rep (nsp 10 and 16 
are repaired, insp 14 and 15 contain mutations) and assessed 
the pathogenicity of these viruses. 
0290 rIBV M41 R-nsp 10, 14 rep less pathogenic than 
M41-K but caused around 50% ciliostasis on days 4-6 
post-infection. rIBV M41R-nsp 10, 16 rep was almost 
apathogenic and caused no ciliostasis (see FIG. 11a-c). 
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0291 Thus the genome associated with M41-R is a 
potentialbackbone genome for a rationally attenuated IBV. 

Example 4 
0292 Vaccination/Challenge Study with M41-R 
0293 Candidate vaccine viruses were tested in studies in 
which fertilized chicken eggs were vaccinated in ovo at 18 
days embryonation and in which the hatchability of the 
inoculated eggs was determined. The clinical health of the 
chickens was investigated and the chickens were challenged 
at 21 days of age with a virulent IB M41 challenge virus at 
10. EIDso per dose. 
0294 Clinical signs were investigated after challenge 
protection by the vaccine and a ciliostasis test was per 
formed at 5 days after challenge to investigate the effect of 
the challenge viruses on movement of the cilia and protec 
tion by the vaccine against ciliostasis (inhibition of cilia 
movement). 
0295. In Ovo Vaccination in Commercial Broiler Eggs 
0296. The design of the experiment is given in Table 4 
and the clinical results are given in Table 5. Hatchability of 
the eggs inoculated with IBM41-R was good and chickens 
were healthy. IBM41-R protected against clinical signs after 
challenge in the broilers (placebo: 19/19 affected, 1B M41 
R: 3/1s affected and 1 dead). The results of the ciliostasis test 
are given in Table 6. IBM41-R generated protection against 
ciliostasis. 

TABLE 4 

Design of a hatchability, safety, efficacy study in commercial eggs 

EIDso Route Day(s) Day(s) End Nr. of 
Treatment per of of of of eggs per 

Treatment Description dose Admin Admin Challenge’ Study treatinent 

TO1 None NA NA NA NA NA 30 

TO2 IBM41-R 104 In ovo 18 days At 21 days At 26 30 
NTX Saline NA In ovo embryo- of age, 20 days 30 

nation chickens of age 
per group 

Dose volume 0.1 ml, NA, not applicable, 
2103.65 E 250 per dose. 

TABLE 5 

Hatch percentages and clinical data before and after 
challenge in commercial chickens, for design see Table 1. 

Before After 
challenge 

Hatch Vital Deaths 
Treatment total total total total 

None 28.30 
IBM41-R 28.30 28,28 1,2O Of 19 
Saline 29.30 29:29 1,2O Of 19 

Disturbed respiratory system 
'Whizzing 
Change of voice 
'Breathing difficult 
Swollen intra-orbital sinuses 
Uneven growth 
Weak 

Symptoms 
total 

1.19 
Of 19 

challenge 

Deaths. Symptoms 
total 

Euthanized directly after hatch for blood collection 
3.1817 

19, 1912. 3, 4, 5, 6, 7 
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TABLE 6 

Results of the ciliostasis test after challenge, for design see Table 1. 

Aug. 3, 2017 

0301 In conclusion, IBM41-R was safe in commercial 
eggs, generated protection against clinical signs and to an 
extent against ciliostasis. 

Treatment Protected total Percentage protection (0302) In SPF eggs vaccinated with IBM41 R a relatively 

Saline Of 19 O% low number of chickens hatched. This may be due to the 10 
IBM41R S.18 28% EIDso per egg of 1B M41-R used. This was 10-fold higher 

than the dose used in earlier studies in which there was a 
0297. In Ovo Vaccination in Specific Pathogen-Free higher level of hatchability. The lower hatch percentages 
(SPF) Eggs may also be caused by a particularly high Susceptibility of 
0298. The design of the study in SPF eggs is given in the batch of SPF eggs for viruses, as in other studies the level 
Table 7 and is similar with the design of the studies with 
commercial broilers, but the vaccination dose for 1 BM41-R 
was higher, (10 EIDso per dose). 
0299. The results (Table 8) show that the hatch percent 
age for IBM41-R hatch was low, and 19 of 40 hatched and 
the chicks were weak. Eight chicks died. The remaining 11 
chickens were challenged and 11 of the chicks hatched from 
the eggs which had been inoculated with Saline were chal 
lenged. 
0300. In the ciliostasis test after challenge it appeared that 

all chickens vaccinated in ovo with IB M41-R were pro 
tected, whereas none of the controls was protected, see Table 
9. 

TABLE 7 

Design of a hatchability, Safety, efficacy study in SPF eggs 

of embryo mortality was also higher that had previously 
been observed. 

0303. After challenge all surviving chickens after hatch 
were completely protected against ciliostasis. It is concluded 
that IBM41-R has great potential as vaccine to be admin 
istered in ovo. 

0304 All publications mentioned in the above specifica 
tion are herein incorporated by reference. Various modifi 
cations and variations of the described methods and system 
of the invention will be apparent to those skilled in the art 
without departing from the scope and spirit of the invention. 

EIDso Route Day Day End Nr. of 
Treatment per of of of of eggs per 

Treatment Description dose Admin Admin Challenge’ Study treatinent 

TO1 IB M41-R 105 In ovo 18 days At 21 days At 26 40 
embryo- of age days 

TO4 Saline NA In ovo nation of age 40 
NTX NA NA NA NA 10 

'Dose volume 0.1 ml, NA, not applicable, 
*Challenge dose 10 EDso in 0.2 ml. 

TABLE 8 

Hatch percentages and clinical data before and after 
challenge in SPF chickens, for design see Table 7. 

Before 
challenge 

After 
challenge 

Hatch Vital Deaths. Symptoms Deaths Symptoms 
Treatment total total total total total total 

IBM41-R 1940 11.f40 8/40 weak O 
Saline 30.40 30.40 O O O 
NA 9,10 9,10 O 

TABLE 9 Although the invention has been described in connection 

Results of the ciliostasis test after challenge, for design see Table 7. 

Treatment Protected total Percentage protection 

Saline Of 11 O% 
IBM41R 11.11 100% 

with specific preferred embodiments, it should be under 
stood that the invention as claimed should not be unduly 
limited to Such specific embodiments. Indeed, various modi 
fications of the described modes for carrying out the inven 
tion which are obvious to those skilled in molecular biology, 
Virology or related fields are intended to be within the scope 
of the following claims. 
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attgtaatta tttacaaacc tictogcttata gtatatttga cqttgctaag tittgatttga 2028O 

gattgaaag.c aacaccagtt gttaatttga aaactgaaca aaagacagac ttagt ctitta 2034. O 

atttaattaa gtgtgg taag titactggtaa gagatgttgg taacaccitct tttac tagtg 204 OO 

actic titttgt gtgtactato tagtgctgct ttg tatgaca gtagttctta cott tactac 20460 

taccaaagtg cctittaga cc acctaatggit tdgcatttac acgggggtgc titatgcggta 2052O 

gttaat attt ctagogaatc taataatgca ggct citt cac ctdggtgitat tdttgg tact 2058O 

att catggtg gtcgtgttgt taatgcttct tctatagcta togacggcacc gtcat caggt 2064 O 

atggcttggit ctagoagt ca gttttgtact gcacactgta acttitt caga tact acagtg 207OO 

tttgttacac attgttataa atatgatggg tdtcc tataa citggcatgct tcaaaagaat 2076 O 

tttittacgtg tttctgctat gaaaaatggc cagcttittct ataatttaac agittagtgta 2082O 

gctaagtacc ct acttittaa at cattt cag tdtgttaata atttalacat c cqtat attta 2088O 

aatggtgatc ttgtttacac citctaatgag accacagatgttacatctgc aggtgttitat 2094. O 

tittaaagctg gtggacct at aacttataaa gttatgagag aagttaaagc cctdgctitat 21 OOO 

tttgttaatg gtactgcaca agatgttatt ttgttgttgatg gat caccitag aggcttgtta 2106 O 

gcatgc.ca.gt ataatactgg caatttitt ca gatggcttitt atccttittat taatagtagt 2112 O 

ttagittaa.gc agaagttt at tdt citat cqt gaaaatagtg ttaatactac titttacgitta 2118O 

cacaattitca cittitt cataa tdagactggc gccaa.cccta atcc tagtgg togttcagaat 2124 O 

attcaaactt accaaacaca aac agcticag agtggittatt ataattittaa tttitt cottt 213 OO 

ctgagtagtt ttgtttataa gogagtictaat tittatgtatg gat cittatca cccaagttgt 21360 

aattittagac tagaaact at taataatggc titgtggittta attcactitt c agitttcaatt 2142O 

gcttacggtc ct cittcaagg toggttgcaag caatctgtct ttagtgg tag agcaacttgt 21480 

tgttatgctt att catatgg aggtoctitcg ctgtgtaaag gtgtttatt c aggtgagtta 2154 O 

gat cittaatt ttgaatgtgg actgttagtt tatgttacta agagcggtgg ct citcgtata 216 OO 

caaacago.ca citgaac cqcc agittataact coacacaatt ataataatat tactittaaat 21660 

acttgttgttg attataatat atatggcaga actggccaag gttitt attac taatgta acc 2172O 

gacticagotg ttagttataa titatic tag ca gacgcaggitt toggct attitt agata catct 21780 

ggttccatag acatctttgt totacaaggt gaatatggtc titact tatta taaggittaac 2184 O 

ccttgcgaag atgtcaiacca gcagtttgta gtttctggtg gtaaattagt agg tatt citt 219 OO 

actt cacgta atgagactgg ttct cagott cittgaga acc agttttacat taaaat cact 21960 

aatggalacac gtcgttittag acgttctatt actgaaaatgttgcaaattig ccct tatgtt 22 O2O 

agittatggta agttttgt at aaaacctdat gigttcaattig ccacaatagt accaaaacaa 2208 O 

ttggaacagt ttgttggcacc titt acttaat gttactgaaa atgtgct cat accta acagt 2214 O 

tittaatttaa citgttacaga tigagtacata caaacg.cgta toggataaggit coaaattaat 222 OO 

tgtctgcagt atgtttgtgg caatt citctg gattgtagag atttgtttca acaatatggg 2226 O 

cctgtttgttg acaacatatt gttctgtagta aatag tattg gtcaaaaaga agatatggaa 2232O 

cittittgaatt totatt ctitc tactaaac cq gotggittitta atacaccatt tottagtaat 2238 O 

gttagcactg gtgagtttaa tatttct citt ctdttaacaa citcc tagtag toctagaagg 2244. O 

cgttcttitta ttgaag acct tct atttaca agcgttgaat citgttggatt accaacagat 225 OO 
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gacgcataca aaaattgcac togcaggacct ttaggitttitc ttaaggacct togcgtgtgct 22560 

cgtgaatata atggtttgct tdtgttgcct c cc attataa cagcagaaat gcaaattittg 2262O 

tatact agtt citctagtagc titctatgct tttggtggta t tactgcagc tiggtgctata 2268O 

ccttittgcca cacaactgca ggctagaatt aat cacttgg g tatt accca gtcacttittg 2274. O 

ttgaagaatc aagaaaaaat togctgct tcc tittaataagg ccattggtcg tatgcaggaa 228 OO 

ggttittagaa gtacat ct ct agcattacaa caaattcaag atgttgttaa taa.gcagagt 2286 O 

gctatt citta citgagacitat gigcatcactt aataaaaatt ttggtgctat ttcttctatg 2292 O 

attcaagaaa totaccagca acttgacgcc atacaa.gcaa atgct caagt gigatcgt.ctt 2298 O 

ataactggta gattgtcatc actittctgtt ttagcatctg ctaag caggc ggagcatatt 23 O4 O 

agagtgtcac alacagcgtga gttagctact Cagaaaatta atgagtgtgt taagt cacag 231OO 

tct attaggit act cottttgtgg taatgga cacatgttc taaccatacc gcaaaatgca 2316 O 

cctaatggta tagtgttitat acacttittct tatactic cag at agttttgt taatgttact 2322 O 

gcaatagtgg gttitttgttgt aaa.gc.cagct aatgctagt c agtatgcaat agtaccc.gct 2328O 

aatgg taggg g tatttitt at acaagttaat gig tagttact acat cacagc acgagatatg 2334 O 

tatatgccaa gagct attac togcaggagat at agttacgc titact tcttg toaa.gcaaat 234 OO 

tatgtaagtg taaataagac cqt cattact acatt cqtag acaatgatga ttittgattitt 2346 O 

aatgacgaat tdtcaaaatg gtggaatgac actaa.gcatg agctaccaga ctittgacaaa 2352O 

ttcaattaca cagtacct at acttgacatt gatagtgaaa ttgat cqtat t caaggcgtt 2358O 

atacagggit c ttaatgactic tittaatagac ctitgaaaaac tittcaatact caaaactitat 23 64 O 

attaagtggc cittgg tatgt gtggittagcc atagottttg ccact attat citt catc.tta 237OO 

at act aggat gggittittctt catgactgga tigttgttggitt gttgttgttgg atgctttggc 23760 

attatgcctic taatgagtaa gtgtggtaag aaatc.ttctt attacacgac ttittgataac 2382 O 

gatgtggtaa cittaacaata cagacctaaa aagttctgttt aatgattcaa agt cocacgt 2388O 

cct tcc taat agt attaatt tttctittggt gtaaacttgt actaagttgt tittagagagt 2394 O 

ttattatago got coaacaa ctaatacaag titt tact coa aattatcaat agtaacttac 24 OOO 

agcc tagact gaccctttgt cacagtictag actaatgtta aacttagaag caattattga 24O6 O 

aactggtgag caagtgattic aaaaaatcag tittcaattta cagcatattt caagtgtatt 24.12 O 

aaacacagaa gtatttgacc cctittgacta ttgtt attac agaggaggta atttittggga 2418O 

aatagagt ca gctgaagatt gttcaggtga tigatgaattt attgaataag ticgctagagg 2424 O 

aaaatggaag ttitt ctaa.ca gcgctittata tatttgtagg atttittagca ctittatctt c 243 OO 

tagg tagagc acttcaagca tttgtacagg ctgctgatgc titgttgttta ttittggtata 24360 

catggg tagt aatticcagga gctaagggita cagcc tttgt atataagtat a catatggta 2442O 

gaaaacttaa caatc.cggaa ttagaagcag titattgttcaa cdagttt colt aagaacggitt 24480 

ggaataataa aaatccagca aattittcaag atgtccaacg agacaaattig tact cittgac 24.54 O 

tittgaacagt cagttgagct ttittaaagag tataattitat ttata actgc attcttgttg 24 6OO 

ttcttalacca taatacttica gitatggctat gcaacaagaa gtaagttitat ttatatact g 24 660 

aaaatgatag tdt tatggtg ctitttggc cc cittaa cattg cagtaggtgt aattt catgt 2472 O 

at at acccac caaacacagg aggtottgtc gcagogataa tacttacagt gtttgcgtgt 2478O 
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t cagcatgga cqtgtggitta taatatgcct gaactittata aagttcagaa ttgttgttatg 6 O 

gaac Cttgca acatt cct aa ttatggtgtt ggaat agcgt to Caagtgg tatt atgatg 12 O 

aatgtggcaa agtatacaca actctgtcaa tacctitt cqa aaacaacaat gtgtgtaccg 18O 

Cataatatgc gagtaatgca ttittggagct ggaagtgaca aaggagtggit gcc agg tagt 24 O 

actgttctta aacaatggct c cc agaaggg acact cottgtcgataatga tattgtagac 3OO 

tatgtgtctg atgcacatgt ttctgtgctt toagattgca ataaatataa gacagagcac 360 

aagtttgatc ttgttgatat c tdatatgt at acagacaatig attcaaaaag aaag.catgaa 42O 

gg.cgtgatag ccaataatgg caatgatgac gttitt catat atctotcaag titt tott cqt 48O 

aataatttgg Ct c taggtgg tagttittgct gtaaaagtga cagagacaag ttggcacgaa 54 O 

gttittatatg acattgcaca ggattgttgca ttggacaa tottttgtac agcagtgaat 6OO 

gcct Cttctt Cagaag catt Cttgattggit gttaattatt tdggtgcaag taaaaggitt 660 

aaggittagtg gaaaaacgct gcacgcaaat tatatattitt ggaggaattig taattattta 72 O 

caaacctctg cittatagitat atttgacgtt gctaagtttg atttgagatt gaaagcaacg 78O 

c cagttgtta atttgaaaac togaacaaaag acagacittag totttaattit aattalagtgt 84 O 

ggtaagttac tdgtaagaga tigttggtaac acct cittitta ctagtgactic titttgttgttgt 9 OO 

actatogtag 909 

<210 SEQ ID NO 6 
&211s LENGTH: 145 
212. TYPE: PRT 

<213> ORGANISM: Infectious bronchitis virus 

<4 OOs, SEQUENCE: 6 

Ser Lys Gly. His Glu Thr Glu Glu Val Asp Ala Val Gly Ile Lieu. Ser 
1. 5 1O 15 

Lieu. Cys Ser Phe Ala Val Asp Pro Ala Asp Thr Tyr Cys Llys Tyr Val 
2O 25 3O 

Ala Ala Gly Asn Gln Pro Lieu. Gly Asn. CyS Val Llys Met Lieu. Thr Val 
35 4 O 45 

His Asn Gly Ser Gly Phe Ala Ile Thr Ser Llys Pro Ser Pro Thr Pro 
SO 55 6 O 

Asp Glin Asp Ser Tyr Gly Gly Ala Ser Val Cys Lieu. Tyr Cys Arg Ala 
65 70 7s 8O 

His Ile Ala His Pro Gly Gly Ala Gly Asn Lieu. Asp Gly Arg Cys Glin 
85 90 95 

Phe Lys Gly Ser Phe Val Glin Ile Pro Thr Thr Glu Lys Asp Pro Val 
1OO 105 11 O 

Gly Phe Cys Lieu. Arg Asn Llys Val Cys Thr Val Cys Gln Cys Trp Ile 
115 12 O 125 

Gly Tyr Gly Cys Glin Cys Asp Ser Lieu. Arg Glin Pro Llys Pro Ser Val 
13 O 135 14 O 

Glin 
145 

<210s, SEQ ID NO 7 
&211s LENGTH: 521 
212. TYPE: PRT 

<213> ORGANISM: Infectious bronchitis virus 
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- Continued 

<4 OO > SEQUENCE: 7 

Gly Thr Gly Lieu Phe Lys Ile Cys Asn Lys Glu Phe Ser Gly Val His 
1. 5 1O 15 

Pro Ala Tyr Ala Val Thir Thr Lys Ala Lieu Ala Ala Thr Tyr Llys Val 
2O 25 3O 

Asn Asp Glu Lieu Ala Ala Lieu Val Asn Val Glu Ala Gly Ser Glu Ile 
35 4 O 45 

Thr Tyr Lys His Lieu. Ile Ser Lieu. Leu Gly Phe Lys Met Ser Val Asn 
SO 55 6 O 

Val Glu Gly Cys His Asn Met Phe Ile Thr Arg Asp Glu Ala Ile Arg 
65 70 7s 8O 

Asn Val Arg Gly Trp Val Gly Phe Asp Val Glu Ala Thr His Ala Cys 
85 90 95 

Gly Thr Asn Ile Gly Thr Asn Lieu Pro Phe Glin Val Gly Phe Ser Thr 
1OO 105 11 O 

Gly Ala Asp Phe Val Val Thr Pro Glu Gly Lieu Val Asp Thr Ser Ile 
115 12 O 125 

Gly Asn Asn Phe Glu Pro Val Asn Ser Lys Ala Pro Pro Gly Glu Gln 
13 O 135 14 O 

Phe Asn His Lieu. Arg Ala Lieu. Phe Llys Ser Ala Lys Pro Trp His Val 
145 150 155 160 

Val Arg Pro Arg Ile Val Glin Met Lieu Ala Asp Asn Lieu. Cys Asn Val 
1.65 170 175 

Ser Asp Cys Val Val Phe Val Thir Trp Cys His Gly Lieu. Glu Lieu. Thr 
18O 185 19 O 

Thir Lieu. Arg Tyr Phe Val Lys Ile Gly Lys Asp Glin Val Cys Ser Cys 
195 2OO 2O5 

Gly Ser Arg Ala Thr Thr Phe Asin Ser His Thr Glin Ala Tyr Ala Cys 
21 O 215 22O 

Trp Llys His Cys Lieu. Gly Phe Asp Phe Val Tyr Asn Pro Lieu. Lieu Val 
225 23 O 235 24 O 

Asp Ile Glin Glin Trp Gly Tyr Ser Gly Asn Lieu. Glin Phe Asn His Asp 
245 250 255 

Lieu. His Cys Asn. Wal His Gly His Ala His Val Ala Ser Ala Asp Ala 
26 O 265 27 O 

Ile Met Thr Arg Cys Lieu Ala Ile Asin Asn Ala Phe Cys Glin Asp Val 
27s 28O 285 

Asn Trp Asp Lieu. Thir Tyr Pro His Ile Ala Asn. Glu Asp Glu Val Asn 
29 O 295 3 OO 

Ser Ser Cys Arg Tyr Lieu. Glin Arg Met Tyr Lieu. Asn Ala Cys Val Asp 
3. OS 310 315 32O 

Ala Lieu Lys Val Asn Val Val Tyr Asp Ile Gly ASn Pro Lys Gly Ile 
3.25 330 335 

Lys Cys Val Arg Arg Gly Asp Lieu. Asn. Phe Arg Phe Tyr Asp Lys Asn 
34 O 345 35. O 

Pro Ile Val Pro Asn Val Lys Glin Phe Glu Tyr Asp Tyr Asn Gln His 
355 360 365 

Lys Asp Llys Phe Ala Asp Gly Lieu. Cys Met Phe Trp Asn. Cys Asn. Wall 
37 O 375 38O 

Asp Cys Tyr Pro Asp Asn. Ser Lieu Val Cys Arg Tyr Asp Thr Arg Asn 
385 390 395 4 OO 
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- Continued 

Lieu. Ser Val Phe Asn Lieu Pro Gly Cys Asn Gly Gly Ser Lieu. Tyr Val 
4 OS 41O 415 

Asn Llys His Ala Phe His Thr Pro Llys Phe Asp Arg Thr Ser Phe Arg 
42O 425 43 O 

Asn Lieu Lys Ala Met Pro Phe Phe Phe Tyr Asp Ser Ser Pro Cys Glu 
435 44 O 445 

Thir Ile Glin Lieu. Asp Gly Val Ala Glin Asp Lieu Val Ser Lieu Ala Thr 
450 45.5 460 

Lys Asp Cys Ile Thr Lys Cys Asn. Ile Gly Gly Ala Val Cys Llys Llys 
465 470 47s 48O 

His Ala Gln Met Tyr Ala Asp Phe Val Thr Ser Tyr Asn Ala Ala Val 
485 490 495 

Thr Ala Gly Phe Thr Phe Trp Val Thr Asn Asn Phe Asn Pro Tyr Asn 
SOO 505 51O 

Lieu. Trp Llys Ser Phe Ser Ala Lieu. Glin 
515 52O 

<210s, SEQ ID NO 8 
&211s LENGTH: 338 
212. TYPE: PRT 

<213> ORGANISM: Infectious bronchitis virus 

<4 OOs, SEQUENCE: 8 

Ser Ile Asp ASn Ile Ala Tyr ASn Met Tyr Lys Gly Gly His Tyr Asp 
1. 5 1O 15 

Ala Ile Ala Gly Glu Met Pro Thr Ile Val Thr Gly Asp Llys Val Phe 
2O 25 3O 

Val Ile Asp Glin Gly Val Glu Lys Ala Val Phe Phe Asn Gln Thr Ile 
35 4 O 45 

Lieu Pro Thir Ser Val Ala Phe Glu Lieu. Tyr Ala Lys Arg Asn. Ile Arg 
SO 55 6 O 

Thir Lieu Pro Asn. Asn Arg Ile Lieu Lys Gly Lieu. Gly Val Asp Val Thr 
65 70 7s 8O 

Asn Gly Phe Val Ile Trp Asp Tyr Thr Asn Gln Thr Pro Leu Tyr Arg 
85 90 95 

Asn Thr Val Llys Val Cys Ala Tyr Thr Asp Ile Glu Pro Asn Gly Lieu 
1OO 105 11 O 

Ile Val Lieu. Tyr Asp Asp Arg Tyr Gly Asp Tyr Glin Ser Phe Lieu Ala 
115 12 O 125 

Ala Asp Asn Ala Val Lieu Val Ser Thr Glin Cys Tyr Lys Arg Tyr Ser 
13 O 135 14 O 

Tyr Val Glu Ile Pro Ser Asn Lieu. Lieu Val Glin Asn Gly Ile Pro Lieu. 
145 150 155 160 

Lys Asp Gly Ala Asn Lieu. Tyr Val Tyr Lys Arg Val Asn Gly Ala Phe 
1.65 17O 17s 

Val Thr Lieu Pro Asn Thr Lieu. Asn Thr Glin Gly Arg Ser Tyr Glu Thr 
18O 185 19 O 

Phe Glu Pro Arg Ser Asp Val Glu Arg Asp Phe Lieu. Asp Met Ser Glu 
195 2OO 2O5 

Glu Ser Phe Val Glu Lys Tyr Gly Lys Glu Lieu. Gly Lieu Gln His Ile 
21 O 215 22O 

Lieu. Tyr Gly Glu Val Asp Llys Pro Glin Lieu. Gly Gly Lieu. His Thr Val 
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225 

Ile 

Wall 

Asp 

Asp 

Asn 
3. OS 

Phe 

Lell 

Gly 

Thir 

Asn 

Asp 
29 O 

Met 

Glin 

Met 

Asn 

Gly 

Phe 

Ser 

Thir 

Ser 
26 O 

Ser 

Luell 

Trp 

23 O 

Arg Lieu. 
245 

Asp Ser 

Glu Lieu. 

Wall Wall 
310 

Phe Glu 
3.25 

<210s, SEQ ID NO 9 
&211s LENGTH: 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 

Ser 
1. 

Asn 

Ala 

Wall 
65 

Thir 

Asp 

Met 

Asn 
145 

Asn 

Ser 

Thir 

Wall 

Lys 
225 

Glin 

Ala 

Cys 

Luell 

Glin 
SO 

Met 

Wall 

Ile 

Asn 

Tyr 
13 O 

Asn 

Asn 

Trp 

Met 

Gly 
21 O 

Thir 

Thir 

Trp 

Wall 

Pro 
35 

Tyr 

His 

Luell 

Wall 

Lys 
115 

Thir 

Gly 

Luell 

His 

Phe 
195 

Wall 

Luell 

Ser 

Thir 

Met 

Ser 

Luell 

Phe 

Asp 
1OO 

Asp 

Asn 

Ala 

Glu 
18O 

Asn 

His 

Ala 

Lell 

Asp 

Glin 

Lell 
295 

Thir 

Asp 

Arg 

Wall 

Wall 

Arg 

Wall 

Gly 

Ala 

Met 
265 

Asn 

Ser 

Ile 

Asn 
250 

Glin 

Thir 

Ile 

Ile 

Ile 
330 

235 

Lys 

ASn 

Wall 

Luell 

Asp 
315 

Infectious bronchitis virus 

Cys Gly 

Glu Pro 

Gly Ile 

Ser Lys 

Gly Ala 
70 

Gln Trp 
85 

Tyr Val 

Lys Thr 

Asn Asp 

Asp Asp 
150 

Lieu. Gly 
1.65 

Wall Lieu 

Thir Ala 

Tyr Lieu. 

Ala Asn 
23 O 

Tyr Ser 

Tyr 

Met 

Thir 
55 

Gly 

Lell 

Ser 

Glu 

Ser 
135 

Wall 

Gly 

Tyr 

Wall 

Gly 
215 

Tyr 

Ile 

Asn 

Asn 

Met 
4 O 

Thir 

Ser 

Pro 

Asp 

His 
12 O 

Phe 

Ser 

Asp 

Asn 

Ala 

Ile 

Phe 

Met 

Ile 
25 

Asn 

Met 

Asp 

Glu 

Ala 
105 

Arg 

Ile 

Phe 

Ile 
185 

Ala 

Ser 

Phe 

Asp 

Pro 
1O 

Pro 

Wall 

Gly 
90 

His 

Phe 

Ala 

Ala 

Ser 

Glu 

Trp 

Wall 

Glu 

Asn 

Ala 

Wall 

Gly 

Thir 

Wall 

Asp 

His 

Luell 
155 

Wall 

Glin 

Ser 

Lys 

Arg 
235 

Ala 

45 

- Continued 

Lell 

Tyr 

Wall 

Lys 
3 OO 

Thir 

Lell 

Tyr 

Pro 
6 O 

Wall 

Lell 

Ser 

Lell 

Glu 
14 O 

Ser 

Asp 

Ser 

Wall 
22O 

Asn 

Asn 

Phe 

Asp 
285 

Glu 

His 

Tyr 

Gly 

Tyr 
45 

His 

Ala 

Lell 

Wall 

Wall 
125 

Gly 

Ser 

Wall 

Glu 
2O5 

Phe 

Ala 

Wall 
27 O 

Luell 

Tyr 

Ser 

Wall 

Thir 

Asn 

Pro 

Wall 

Luell 
11 O 

Ile 

Wall 

Phe 

Thir 

Ala 
19 O 

Ala 

Wall 

Asn 

Asp 

Lys 
255 

Luell 

Luell 

Gly 

Ile 

Pro 
335 

Wall 
15 

Gly 

Glin 

Met 

Gly 

Asp 
95 

Ser 

Ser 

Ile 

Luell 

Glu 
17s 

Trp 

Phe 

Ser 

Tyr 

Luell 

24 O 

Ser 

Ala 

Luell 

Thir 

Asn 

Glin 

Glin 

Ile 

Luell 

Arg 

Ser 

Asn 

Asp 

Asp 

Ala 

Arg 
160 

Thir 

Trp 

Luell 

Gly 

Luell 
24 O 

Arg 

Aug. 3, 2017 
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245 250 255 

Lieu Lys Ala Thr Pro Val Val Asn Lieu Lys Thr Glu Gln Lys Thr Asp 
26 O 265 27 O 

Lieu Val Phe Asn Lieu. Ile Llys Cys Gly Lys Lieu. Lieu Val Arg Asp Wall 
27s 28O 285 

Gly Asn. Thir Ser Phe Thr Ser Asp Ser Phe Val Cys Thr Met 
29 O 295 3 OO 

<210s, SEQ ID NO 10 
&211s LENGTH: 145 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Mutated Nsp10 sequence 

<4 OOs, SEQUENCE: 10 

Ser Lys Gly. His Glu Thr Glu Glu Val Asp Ala Val Gly Ile Lieu. Ser 
1. 5 1O 15 

Lieu. Cys Ser Phe Ala Val Asp Pro Ala Asp Thr Tyr Cys Llys Tyr Val 
2O 25 3O 

Ala Ala Gly Asn Gln Pro Lieu. Gly Asn. CyS Val Llys Met Lieu. Thr Val 
35 4 O 45 

His Asn Gly Ser Gly Phe Ala Ile Thr Ser Llys Pro Ser Pro Thr Pro 
SO 55 6 O 

Asp Glin Asp Ser Tyr Gly Gly Ala Ser Val Cys Lieu. Tyr Cys Arg Ala 
65 70 7s 8O 

His Ile Ala His Lieu. Gly Gly Ala Gly Asn Lieu. Asp Gly Arg Cys Glin 
85 90 95 

Phe Lys Gly Ser Phe Val Glin Ile Pro Thr Thr Glu Lys Asp Pro Val 
1OO 105 11 O 

Gly Phe Cys Lieu. Arg Asn Llys Val Cys Thr Val Cys Gln Cys Trp Ile 
115 12 O 125 

Gly Tyr Gly Cys Glin Cys Asp Ser Lieu. Arg Glin Pro Llys Pro Ser Val 
13 O 135 14 O 

Glin 
145 

<210s, SEQ ID NO 11 
&211s LENGTH: 521 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Mutated Nsp14 sequence 

<4 OOs, SEQUENCE: 11 

Gly Thr Gly Lieu Phe Lys Ile Cys Asn Lys Glu Phe Ser Gly Val His 
1. 5 1O 15 

Pro Ala Tyr Ala Val Thir Thr Lys Ala Lieu Ala Ala Thr Tyr Llys Val 
2O 25 3O 

Asn Asp Glu Lieu Ala Ala Lieu Val Asn Val Glu Ala Gly Ser Glu Ile 
35 4 O 45 

Thr Tyr Lys His Lieu. Ile Ser Lieu. Leu Gly Phe Lys Met Ser Val Asn 
SO 55 6 O 

Val Glu Gly Cys His Asn Met Phe Ile Thr Arg Asp Glu Ala Ile Arg 
65 70 7s 8O 
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Asn Val Arg Gly Trp Val Gly Phe Asp Val Glu Ala Thr His Ala Cys 
85 90 95 

Gly Thr Asn Ile Gly Thr Asn Lieu Pro Phe Glin Val Gly Phe Ser Thr 
1OO 105 11 O 

Gly Ala Asp Phe Val Val Thr Pro Glu Gly Lieu Val Asp Thr Ser Ile 
115 12 O 125 

Gly Asn Asn Phe Glu Pro Val Asn Ser Lys Ala Pro Pro Gly Glu Gln 
13 O 135 14 O 

Phe Asn His Lieu. Arg Ala Lieu. Phe Llys Ser Ala Lys Pro Trp His Val 
145 150 155 160 

Val Arg Pro Arg Ile Val Glin Met Lieu Ala Asp Asn Lieu. Cys Asn Val 
1.65 17O 17s 

Ser Asp Cys Val Val Phe Val Thir Trp Cys His Gly Lieu. Glu Lieu. Thr 
18O 185 19 O 

Thir Lieu. Arg Tyr Phe Val Lys Ile Gly Lys Asp Glin Val Cys Ser Cys 
195 2OO 2O5 

Gly Ser Arg Ala Thr Thr Phe Asin Ser His Thr Glin Ala Tyr Ala Cys 
21 O 215 22O 

Trp Llys His Cys Lieu. Gly Phe Asp Phe Val Tyr Asn Pro Lieu. Lieu Val 
225 23 O 235 24 O 

Asp Ile Glin Glin Trp Gly Tyr Ser Gly Asn Lieu. Glin Phe Asn His Asp 
245 250 255 

Lieu. His Cys ASn Val His Gly His Ala His Val Ala Ser Ala Asp Ala 
26 O 265 27 O 

Ile Met Thr Arg Cys Lieu Ala Ile Asin Asn Ala Phe Cys Glin Asp Val 
27s 28O 285 

Asn Trp Asp Lieu. Thir Tyr Pro His Ile Ala Asn. Glu Asp Glu Val Asn 
29 O 295 3 OO 

Ser Ser Cys Arg Tyr Lieu. Glin Arg Met Tyr Lieu. Asn Ala Cys Val Asp 
3. OS 310 315 32O 

Ala Lieu Lys Val Asn Val Val Tyr Asp Ile Gly ASn Pro Lys Gly Ile 
3.25 330 335 

Lys Cys Val Arg Arg Gly Asp Lieu. Asn. Phe Arg Phe Tyr Asp Lys Asn 
34 O 345 35. O 

Pro Ile Val Pro Asn Val Lys Glin Phe Glu Tyr Asp Tyr Asn Gln His 
355 360 365 

Lys Asp Llys Phe Ala Asp Gly Lieu. Cys Met Phe Trp Asn. Cys Asn. Wall 
37 O 375 38O 

Asp Cys Tyr Pro Asp Asn. Ser Lieu. Lieu. Cys Arg Tyr Asp Thr Arg Asn 
385 390 395 4 OO 

Lieu. Ser Val Phe Asn Lieu Pro Gly Cys Asn Gly Gly Ser Lieu. Tyr Val 
4 OS 41O 415 

Asn Llys His Ala Phe His Thr Pro Llys Phe Asp Arg Thr Ser Phe Arg 
42O 425 43 O 

Asn Lieu Lys Ala Met Pro Phe Phe Phe Tyr Asp Ser Ser Pro Cys Glu 
435 44 O 445 

Thir Ile Glin Lieu. Asp Gly Val Ala Glin Asp Lieu Val Ser Lieu Ala Thr 
450 45.5 460 

Lys Asp Cys Ile Thr Lys Cys Asn. Ile Gly Gly Ala Val Cys Llys Llys 
465 470 47s 48O 

His Ala Gln Met Tyr Ala Asp Phe Val Thr Ser Tyr Asn Ala Ala Val 
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485 490 495 

Thr Ala Gly Phe Thr Phe Trp Val Thr Asn Asn Phe Asn Pro Tyr Asn 
SOO 505 51O 

Lieu. Trp Llys Ser Phe Ser Ala Lieu. Glin 
515 52O 

<210s, SEQ ID NO 12 
&211s LENGTH: 338 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Mutated Nsp15 sequence 

<4 OOs, SEQUENCE: 12 

Ser Ile Asp Asn. Ile Ala Tyr Asn Met Tyr Lys Gly Gly. His Tyr Asp 
1. 5 1O 15 

Ala Ile Ala Gly Glu Met Pro Thr Ile Val Thr Gly Asp Llys Val Phe 
2O 25 3O 

Val Ile Asp Glin Gly Val Glu Lys Ala Val Phe Phe Asn Gln Thr Ile 
35 4 O 45 

Lieu Pro Thir Ser Val Ala Phe Glu Lieu. Tyr Ala Lys Arg Asn. Ile Arg 
SO 55 6 O 

Thir Lieu Pro Asn. Asn Arg Ile Lieu Lys Gly Lieu. Gly Val Asp Val Thr 
65 70 7s 8O 

ASn Gly Phe Val Ile Trp Asp Tyr Thr ASn Gln Thr Pro Lieu. Tyr Arg 
85 90 95 

Asn Thr Val Llys Val Cys Ala Tyr Thr Asp Ile Glu Pro Asn Gly Lieu 
1OO 105 11 O 

Ile Val Lieu. Tyr Asp Asp Arg Tyr Gly Asp Tyr Glin Ser Phe Lieu Ala 
115 12 O 125 

Ala Asp Asn Ala Val Lieu Val Ser Thr Glin Cys Tyr Lys Arg Tyr Ser 
13 O 135 14 O 

Tyr Val Glu Ile Pro Ser Asn Lieu. Lieu Val Glin Asn Gly Ile Pro Lieu. 
145 150 155 160 

Lys Asp Gly Ala Asn Lieu. Tyr Val Tyr Lys Arg Val Asn Gly Ala Phe 
1.65 17O 17s 

Val Thr Lieu Pro Asn. Thir Ile Asn Thr Glin Gly Arg Ser Tyr Glu Thr 
18O 185 19 O 

Phe Glu Pro Arg Ser Asp Val Glu Arg Asp Phe Lieu. Asp Met Ser Glu 
195 2OO 2O5 

Glu Ser Phe Val Glu Lys Tyr Gly Lys Glu Lieu. Gly Lieu Gln His Ile 
21 O 215 22O 

Lieu. Tyr Gly Glu Val Asp Llys Pro Glin Lieu. Gly Gly Lieu. His Thr Val 
225 23 O 235 24 O 

Ile Gly Met Cys Arg Lieu. Lieu. Arg Ala Asn Llys Lieu. Asn Ala Lys Ser 
245 250 255 

Val Thr Asn Ser Asp Ser Asp Val Met Glin Asn Tyr Phe Val Lieu Ala 
26 O 265 27 O 

Asp Asn Gly Ser Tyr Lys Glin Val Cys Thr Val Val Asp Lieu. Lieu. Lieu 
27s 28O 285 

Asp Asp Phe Lieu. Glu Lieu. Lieu. Arg Asn. Ile Lieu Lys Glu Tyr Gly Thr 
29 O 295 3 OO 

Asn Llys Ser Llys Val Val Thr Val Ser Ile Asp Tyr His Ser Ile Asn 
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3. OS 310 315 32O 

Phe Met Thr Trp Phe Glu Asp Gly Ile Ile Llys Thr Cys Tyr Pro Glin 
3.25 330 335 

Lieu. Glin 

<210s, SEQ ID NO 13 
&211s LENGTH: 3O2 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Mutated Nsp16 sequence 

<4 OOs, SEQUENCE: 13 

Ser Ala Trp Thr Cys Gly Tyr Asn Met Pro Glu Lieu. Tyr Llys Val Glin 
1. 5 1O 15 

Asn Cys Val Met Glu Pro Cys Asn Ile Pro Asn Tyr Gly Val Gly Ile 
2O 25 3O 

Ala Leu Pro Ser Gly Ile Met Met Asn Val Ala Lys Tyr Thr Glin Leu 
35 4 O 45 

Cys Glin Tyr Lieu Ser Lys Thr Thr Met Cys Val Pro His Asn Met Arg 
SO 55 6 O 

Val Met His Phe Gly Ala Gly Ser Asp Llys Gly Val Ala Pro Gly Ser 
65 70 7s 8O 

Thr Val Lieu Lys Glin Trp Lieu Pro Glu Gly Thr Lieu. Lieu Val Asp Asn 
85 90 95 

Asp Ile Val Asp Tyr Val Ser Asp Ala His Val Ser Val Lieu. Ser Asp 
1OO 105 11 O 

Cys Asn Llys Tyr Llys Thr Glu. His Llys Phe Asp Lieu Val Ile Ser Asp 
115 12 O 125 

Met Tyr Thr Asp Asn Asp Ser Lys Arg Llys His Glu Gly Val Ile Ala 
13 O 135 14 O 

Asn Asn Gly Asn Asp Asp Val Phe Ile Tyr Lieu. Ser Ser Phe Lieu. Arg 
145 150 155 160 

Asn Asn Lieu Ala Lieu. Gly Gly Ser Phe Ala Val Llys Val Thr Glu Thr 
1.65 17O 17s 

Ser Trp His Glu Val Lieu. Tyr Asp Ile Ala Glin Asp Cys Ala Trp Trp 
18O 185 19 O 

Thr Met Phe Cys Thr Ala Val Asn Ala Ser Ser Ser Glu Ala Phe Leu 
195 2OO 2O5 

Ile Gly Val Asn Tyr Lieu. Gly Ala Ser Glu Lys Val Llys Val Ser Gly 
21 O 215 22O 

Llys Thr Lieu. His Ala Asn Tyr Ile Phe Trp Arg Asn. Cys Asn Tyr Lieu. 
225 23 O 235 24 O 

Glin Thir Ser Ala Tyr Ser Ile Phe Asp Wall Ala Lys Phe Asp Lieu. Arg 
245 250 255 

Lieu Lys Ala Thr Pro Val Val Asn Lieu Lys Thr Glu Gln Lys Thr Asp 
26 O 265 27 O 

Lieu Val Phe Asn Lieu. Ile Llys Cys Gly Lys Lieu. Lieu Val Arg Asp Wall 
27s 28O 285 

Gly Asn. Thir Ser Phe Thr Ser Asp Ser Phe Val Cys Thr Met 
29 O 295 3 OO 
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1. A live, attenuated coronavirus comprising a variant 
replicase gene encoding polyproteins comprising a mutation 
in one or more of non-structural protein(s) (insp)-10, insp-14. 
insp-15 or insp-16. 

2. The coronavirus according to claim 1 wherein the 
variant replicase gene encodes a protein comprising one or 
more amino acid mutations selected from the list of 

Pro to Leu at position 85 of SEQ ID NO: 6, 
Val to Leu at position 393 of SEQ ID NO: 7: 
Leu to Ile at position 183 of SEQ ID NO: 8: 
Val to Ile at position 209 of SEQ ID NO: 9. 
3. The coronavirus according to claim 1 or 2, wherein the 

replicase gene encodes a protein comprising the amino acid 
mutation Pro to Leu at position 85 of SEQ ID NO: 6. 

4. The coronavirus according to any preceding claim 
wherein the replicase gene encodes a protein comprising the 
amino acid mutations Val to Leu at position 393 of SEQID 
NO: 7: Leu to Ile at position 183 of SEQID NO: 8; and Val 
to Ile at position 209 of SEQ ID NO: 9. 

5. The coronavirus according to any preceding claim 
wherein the replicase gene encodes a protein comprising the 
amino acid mutations Pro to Leu at position 85 of SEQ ID 
NO: 6: Val to Leu at position 393 of SEQID NO: 7: Leu to 
Ile at position 183 of SEQ ID NO: 8; and Val to Ile at 
position 209 of SEQID NO: 9. 

6. The coronavirus according to any preceding claim 
wherein the replicase gene comprises one or more nucleo 
tide substitutions selected from the list of: 
C to Tat nucleotide position 12137; 
G to C at nucleotide position 18114; 
T to A at nucleotide position 19047; and 
G to A at nucleotide position 20139; 
compared to the sequence shown as SEQ ID NO: 1. 
7. The coronavirus according to any preceding claim 

which is an infectious bronchitis virus (IBV). 
8. The coronavirus according to any preceding claim 

which is IBV M41. 
9. The coronavirus according to claim 8, which comprises 

an S protein at least, part of which is from an IBV serotype 
other than M41. 

10. The coronavirus according to claim 9, wherein the S1 
subunit is from an IBV serotype other than M41. 

11. The coronavirus according to claim 9, wherein the S 
protein is from an IBV serotype other than M41. 

12. The coronavirus according to any preceding claim 
which has reduced pathogenicity compared to a coronavirus 
expressing a corresponding wild-type replicase. Such that 
when the virus is administered to an embryonated egg, it is 
capable of replicating without being pathogenic to the 
embryo. 

13. A variant eplicase gene as defined in any of claims 1 
to 6. 
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14. A protein encoded by a variant coronavirus replicase 
gene according to claim 13. 

15. A plasmid comprising a replicase gene according to 
claim 13. 

16. A method for making the coronavirus according to any 
of claims 1 to 12 which comprises the following steps: 

(i) transfecting a plasmid according to claim 15 into a 
host cell; 

(ii) infecting the host cell with a recombining virus 
comprising the genome of a coronavirus strain with a 
replicase gene; 

(iii) allowing homologous recombination to occur 
between the replicase gene sequences in the plasmid 
and the corresponding sequences in the recombining 
virus genome to produce a modified replicase gene; and 

(iv) selecting for recombining virus comprising the modi 
fied replicase gene. 

17. The method according to claim 16, wherein the 
recombining virus is a vaccinia virus. 

18. The method according to claim 16 or 17 which also 
includes the step: 

(V) recovering recombinant coronavirus comprising the 
modified replicase gene from the DNA from the recom 
bining virus from step (iv). 

19. A cell capable of producing a coronavirus according 
to any of claims 1 to 12. 

20. A vaccine comprising a coronavirus according to any 
of claims 1 to 12 and a pharmaceutically acceptable carrier. 

21. A method for treating and/or preventing a disease in 
a subject which comprises the step of administering a 
vaccine according to claim 20 to the Subject. 

22. The vaccine according to claim 20 for use in treating 
and/or preventing a disease in a Subject. 

23. The use of a coronavirus according to any of claims 
1 to 12 in the manufacture of a vaccine for treating and/or 
preventing a disease in a Subject. 

24. The method, vaccine or use according to claim 21, 22 
or 23 wherein the disease is infectious bronchitis (IB). 

25. The method according to claim 21 wherein the method 
of administration is selected from the group consisting of 
eye drop administration, intranasal administration, drinking 
water administration, post-hatch injection and in ovo injec 
tion. 

26. The method according to claim 24 wherein the vac 
cination is in ovo vaccination. 

27. A method for producing a vaccine according to claim 
20, which comprises the step of infecting a cell according to 
claim 19 with a coronavirus according to any of claims 1 to 
12. 


