
(12) STANDARD PATENT (11) Application No. AU 2015293633 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Coronavirus 

(51) International Patent Classification(s) 
C12N 7/04 (2006.01) A61K 39/215 (2006.01) 
A61K 39/00 (2006.01) C07K 14/165 (2006.01) 

(21) Application No: 2015293633 (22) Date of Filing: 2015.07.23 

(87) WIPO No: W016/012793 

(30) Priority Data 

(31) Number (32) Date (33) Country 
1413020.7 2014.07.23 GB 

(43) Publication Date: 2016.01.28 
(44) Accepted Journal Date: 2021.04.08 

(71) Applicant(s) 
The Pirbright Institute 

(72) Inventor(s) 
Bickerton, Erica;Keep, Sarah;Britton, Paul 

(74) Agent / Attorney 
Davies Collison Cave Pty Ltd, GPO Box 3876, Sydney, NSW, 2001, AU 

(56) Related Art 
V. D. MENACHERY ET AL, "Attenuation and Restoration of Severe Acute 
Respiratory Syndrome Coronavirus Mutant Lacking 2'-O-Methyltransferase 
Activity", JOURNAL OF VIROLOGY, (2014-01-29), vol. 88, no. 8, pages 4251 - 4264 
WO 2005049814 A2 
WO 2004092360 A2 
PAUL BRITTON ET AL, "Modification of the avian coronavirus infectious 
bronchitis virus for vaccine development", BIOENGINEERED, (2012-03-01), vol. 3, 
no. 2, doi:10.4161/bbug.18983, ISSN 2165-5979, pages 114 - 119



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2016/012793 Al 
28 January 2016 (28.01.2016) WIPOIPCT 

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every 
C12N 7/04 (2006.01) A61K39/00 (2006.01) kind of national protection available): AE, AG, AL, AM, 
C07K14/165 (2006.01) A61K39/215 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, 

.21) .nterntia ABZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, 
(21) InternationalApplicationNumber: DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 

PCT/GB2015/052124 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, 
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, 

23 July 2015 (23.07.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, 
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, 

(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, 

(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every 

1413020.7 23 July 2014 (23.07.2014) GB kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, 

(71) Applicant: THE PIRBRIGHT INSTITUTE [GB/GB]; TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, 
Ash Road, Pirbright, Woking, Surrey GU24 ONF (GB). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, 

(72) Inventors: BICKERTON, Erica; c/o The Pirbright Insti- DK, EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, 

tute, Ash Road, Pirbright, Woking, Surrey GU24 ONF LV,MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI,SK, 
(GB). KEEP, Sarah; c/o The Pirbright Institute, Ash SM, TR),API(BF, BJ, CF, CG, CI, CM,GA,GN,GQ, 
Road, Pirbright, Woking, Surrey GU24 ONF (GB). BRIT- GW,KM,ML,MR,NE,SN,TD,TG).  
TON, Paul; c/o The Pirbright Institute, Ash Road, Pir- Published: 
bright, Woking, Surrey GU24 ONF (GB). with international search report (Art. 21(3)) 

(74) Agent: ELMHIRST, Elizabeth; 120 Holborn, London 
EClN 2DY (GB).  

(54) Title: CORONAVIRUS 

(57) Abstract: The present invention provides a live, attenuated coronavirus comprising a variant replicase gene encoding polypro 
teins comprising a mutation in one or more of non- structural protein(s) (nsp)-10, nsp-14, nsp-15 or nsp-16. The coronavirus may be 
used as a vaccine for treating and/or preventing a disease, such as infectious bronchitis, in a subject.



WO 2016/012793 PCT/GB2015/052124 
1 

CORONAVIRUS 

FIELD OF THE INVENTION 

The present invention relates to an attenuated coronavirus comprising a variant replicase 

gene, which causes the virus to have reduced pathogenicity. The present invention also 

relates to the use of such a coronavirus in a vaccine to prevent and/or treat a disease.  

BACKGROUND TO THE INVENTION 

Avian infectious bronchitis virus (IBV), the aetiological 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 Coronavirinae and 

Genus Gamrnacoronavirus; genetically very similar coronaviruses cause disease in 

turkeys, guinea fowl and pheasants.  

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.  

IBV has been reported to be responsible for more economic loss to the poultry industry 

than any other infectious disease. Although live attenuated vaccines and inactivated 

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.  

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 embryonated 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
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in ovo vaccination as they cause reduced hatchability. A 70% reduction in hatchability is 

seen in some cases.  

Attenuation following multiple passage in embryonated 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 

vaccine may not protect against the required serotype. In addition there are problems 

associated with reversion to virulence and stability of vaccines.  

It is important that new and safer vaccines are developed for the control of IBV. Thus 

there is a need for IBV vaccines which are not associated with these issues, in particular 

vaccines which may be used for in ov vaccination.  

SUMMARY OF ASPECTS OF THE INVENTION 

The present inventors have used a reverse genetics approach in order to rationally 

attenuate IBV. This approach is much more controllable than random attenuation 

following 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.  

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 replicating without being pathogenic to the embryo.  

Such viruses may be suitable for in ov vaccination, which is a significant advantage and 

has improvement over attenuated IBV vaccines produced following multiple passage in 

embryonated eggs.  

Thus in a first aspect, the present invention provides 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, nsp-14, nsp-15 or nsp-16.
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The variant replicase gene may encode 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.  

In a particular embodiment of the first aspect the coronavirus is an infectious bronchitis virus 

(IBV).  

In a particular embodiment of the first aspect there is provided a live, attenuated IBV 

comprising a variant replicase gene encoding polyproteins comprising a mutation in one or 

more of the non-structural protein(s) (nsp)-10 and nsp-14; wherein the variant replicase gene 

encodes a protein comprising an amino acid mutation of Pro to Leu at the position 

corresponding to position 85 of SEQ ID NO: 6, and/or wherein the variant replicase gene 

encodes a protein comprising an amino acid mutation of Val to Leu at the position 

corresponding to position 393 of SEQ ID NO: 7.  

The IBV may further comprise a mutation in one or more of nsp-15 corresponding to SEQ ID 

NO: 8 and nsp-16 corresponding to SEQ ID NO: 9.  

The replicase gene may encode a protein comprising the amino acid mutation Pro to Leu at 

position 85 of SEQ ID NO: 6.  

The replicase gene may encode a protein comprising the amino acid mutations 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.  

The replicase gene may 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 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.  

The replicase gene may comprise one or more nucleotide substitutions selected from the list 

of:
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C to T at 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.  

The coronavirus may be an infectious bronchitis virus (IBV).  

The coronavirus may be IBV M41.  

The coronavirus may comprise an S protein at least part of which is from an IBV serotype 

other than M41.  

For example, the S1 subunit or the entire S protein may be from an IBV serotype other than 

M41.
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The coronavirus according to the first aspect of the invention 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.  

In a second aspect, the present invention provides a variant replicase gene as defined in 

connection with the first aspect of the invention.  

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.  

In a fourth aspect, the present invention provides a plasmid comprising a replicase gene 

according to the second aspect of the invention.  

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: 

(i) transfecting a plasmid according to the fourth aspect of the invention 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 modified replicase gene.  

The recombining virus may be a vaccinia virus.  

The method may also include the step: 

(v) recovering recombinant coronavirus comprising the modified replicase gene 

from the DNA from the recombining virus from step (iv).  

In a sixth aspect, the present invention provides a cell capable of producing a coronavirus 

according to the first aspect of the invention.  

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.
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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 

according to the seventh aspect of the invention to the subject.  

Further aspects of the invention provide: 

• the vaccine according to the seventh aspect of the invention for use in treating 

and/or preventing a disease in a subject.  

• 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.  

The disease may be infectious bronchitis (8).  

The method of administration of the vaccine may be selected from the group consisting 

of; eye drop administration, intranasal administration, drinking water administration, post

hatch injection and in ovo injection.  

Vaccination may be by in ovo vaccination.  

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 coronavirus according to the first aspect of the 

invention.  

DESCRIPTION OF THE FIGURES 

Figure 1 - Growth kinetics of M41-R-6 and M41-R-12 compared to M41-CK (M41 EP4) 
on CK cells 

Figure 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).  

Figure 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; apathogenic, 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).
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Figure 4 - Clinical signs, snicking, associated with M41R-nsplOrep and M41R

nspl4,15,16rep compared to M41-R-12 and M41-CK (M41 EP5) (Bars show mock, M41

R12; M41R-nsplOrep; M41R-nsp14,15,16rep and M41-CK EP5 from left to right of each 

timepoint).  

Figure 5 - Ciliary activity of M41R-nsp1Orep and M41R-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; M41R-nsplOrep; M41R-nsp14,15,16rep and M41-CK EPS 

from left to right of each timepoint).  

Figure 6 - Clinical signs, snicking, associated with M41R-nsp10, 15rep, M41R-nsp10, 14, 

15rep, M41R-nspl0, 14, 16rep, M41R-nspl0, 15, 16rep and M41-K compared to M41-CK 

(Bars show mock, M41R-nspi0,15repl; M41 R-nsp10,14,16rep4; M41R-nspl0,15,16rep8; 

M41R-nsp10,14,15repl0; M41-K6 and M41-CK EP4 from left to right of each timepoint).  

Figure 7 - Clinical signs, wheezing, associated with M41R-nspl0, 15rep, M41R-nspl0, 

14, 15rep, M41R-nsp10, 14, 16rep, M41R-nspl0, 15, 16rep and M41-K compared to 

M41-CK (Bars show mock, M41R-nsplO,15repl; M41R-nsp10,14,16rep4; M41R

nsplO,15,16rep8; M41R-nsp1O,14,15rep1O; M41-K6 and M41-CK EP4 from left to right of 

each timepoint).  

Figure 8 - Ciliary activity of M41R-nsp10, 15rep, M41R-nsp10, 14, 15rep, M41R-nsp10, 

14, 16rep, M41R-nsp10, 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; 

M41R-nsp10,14,16rep4; M41R-nsp10,15,16rep8; M41R-nsp10,14,15rep10; M41-K6 and 

M41-CK EP4 from left to right of each timepoint).  

Figure 9 - Growth kinetics of rlBVs 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-nspi0 rep; M41R-nspi4, 

15, 16 rep; M41R-nsp10, 15 rep; M41R-nsp10, 15, 16 rep; M41R-nsp10, 14, 15 rep; and 

M41R-nspl0, 14,16.  

Figure 10 - Position of amino acid mutations in mutated nsp10, nspl4, nspl5 and nsp16 

sequences.
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Figure 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, M41R-nsp10,14rep; M41R-nsp10,16rep and M41-K from left 

to right of each timepoint).  

DETAILED DESCRIPTION 

The present invention provides a coronavirus comprising a variant replicase gene which, 

when expressed in the coronavirus, causes the virus to have reduced pathogenicity 

compared to a corresponding coronavirus which comprises the wild-type replicase gene.  

CORONAVIRUS 

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.  

The genomic size of coronaviruses ranges from approximately 27 to 32 kilobases, which 

is the longest size for any known RNA virus.  

Coronaviruses primarily infect the upper respiratory 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.  

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.  

Economically 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 (transmissible 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 peritonitis (FIP), a 

disease associated with high mortality.
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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.  

Coronaviruses are divided into four groups, as shown below: 

Alpha 

" Canine coronavirus (CCoV) 

• Feline coronavirus (FeCoV) 

• Human coronavirus 229E (HCoV-229E) 

• Porcine epidemic diarrhoea virus (PEDV) 

" Transmissible gastroenteritis virus (TGEV) 

5 Human Coronavirus NL63 (NL or New Haven) 

Beta 

" Bovine coronavirus (BCoV) 

• Canine respiratory coronavirus (CRCoV) - Common in SE Asia and 

Micronesia 

" Human coronavirus OC43 (HCoV-OC43) 

" Mouse hepatitis virus (MHV) 

• Porcine haemagglutinating encephalomyelitis virus (HEV) 

• Rat coronavirus (RCV). Rat Coronavirus is quite prevalent in Eastern 

Australia where, as of March/April 2008, it has been found among native 

and feral rodent colonies.  

" (No common name as of yet) (HCoV-HKU1) 

Severe acute respiratory syndrome coronavirus (SARS-CoV) 

• Middle East respiratory syndrome coronavirus (MERS-CoV) 

Gamma 

" Infectious bronchitis virus (IBV) 

• Turkey coronavirus (Bluecomb disease virus) 

" Pheasant coronavirus 

5 Guinea fowl coronavirus 

Delta
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• Bulbul coronavirus (BuCoV) 

• Thrush coronavirus (ThCoV) 

• Munia coronavirus (MuCoV) 

• Porcine coronavirus (PorCov) HKU15 

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.  

As used herein the term "derived from" means that the replicase gene comprises 

substantially the same nucleotide 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, nsp-14, nsp-15 or nsp-16 

when compared to the wild-type sequence of the non-structural protein.  

IBV 

Avian infectious bronchitis (1) is an acute and highly contagious respiratory disease of 

chickens which causes significant economic losses. The disease is characterized 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 common.  

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. Mortality varies 

depending on age, virus strain, and secondary infections but may be up to 60% in non

vaccinated flocks.  

The first IBV serotype to be identified was Massachusetts, but in the United States 

several serotypes, including Arkansas and Delaware, are currently circulating, in addition 

to the originally identified Massachusetts type.
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The IBV strain Beaudette was derived following at least 150 passages in chick embryos.  

IBV Beaudette is no longer pathogenic for hatched chickens but rapidly kills embryos.  

H120 is a commercial live attenuated IBV Massachusetts serotype vaccine strain, 

attenuated by approximately 120 passages in embryonated chicken eggs. H52 is another 

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.  

l1BO X 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.  

The virus isolated from the Dutch cases was identified 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.  

IBV is an enveloped virus that replicates in the cell cytoplasm and contains an non

segmented, single-stranded, positive sense RNA genome. BV has a 27.6 kb RNA 

genome and like all coronaviruses contains the four structural proteins; spike glycoprotein 

(S), small membrane protein (E), integral membrane protein (M) and nucleocapsid protein 

(N) which interacts with the genomic RNA.  

The genome is organised in the following manner: 5'UTR - polymerase (replicase) gene 

structural protein genes (S-E-M-N) - UTR 3'; where the UTR are untranslated regions 

(each ~ 500 nucleotides in IBV).  

The lipid envelope contains three membrane proteins: S, M and E. The IBV S 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 of the viral and cellular membranes. The S glycoprotein consists of
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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.  

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, respectively.  

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.  

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 inventors chose to use this strain as 

they had worked for many years on this virus, and because the sequence of the complete 

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.  

The genome sequence of IBV M41-CK is provided as SEQ ID NO: 1.  

SEQ ID NO: I IBV M41-CK Sequence 

ACTTAAGATAGATATTATATAATCTATACA(TAGCCTTGCGCTAGATTTCCAACTTA 
3 AAACGCTATCTACAGCT1,GGT&~rCC.TC.-ATAGGTGITTCC rA'TT,,GCAGTGCACTT 

AGTCCCTGGrATGCACCTG ICCACCTGTA GGTTTTT TI'ATAAATTATTGT 
TGGTi[ACACTCTGTTTTG'CCGTTCTCAC TTATACATCCTTGCTTGGGCCTACCTAG' 
TATCCACGTCCTACGGCGCCGTGCTGTTCGAGCG'IAAGAACCTCGCTTCATTA 
GCGGIqAIGGCGGTGTGGAA'GTAGCACTTCAGACG'TIACCGTICTCTTT'G"CTAAATAC 

CCGGGTCACCT(CCCCCCACAT'IACCTCTAAGGGCT'TTTGAGCCTACGTTGGCTACGTITCTE 
CGCATIAAGGCGCTC[ATACGACGTTTGTIAGGGGTACTCCAAACAACCCCTG['AGGTGAC 
AG'TTCTC'G'TGTTAGGAGCAGACATACAATACAGTGACAACATGGCTTCCAAC 
CTAAAACAGGAGTATCTCCCAAACTIAAGGGATGTC'CATCTTGTATCCAAAGACATTCCT 

GACATTTAGTTTTTTCTAACAACCCTAAGGATGGTGCTGA 
I3 GCTTTGCGTTGGCGAATTTATCGAATTGCGACGGGAACGTTAAA'TTT( 

(CGlACGTGTGTTCTCCCTGAAGGGTArCAAAA1TACACTGCTCC 
GCIG AC GTCTT ACCACTTCT1AATGAATGAAACTGTTTT 

C'G ,.r' A 3 'I"G ''' ;(' A ,T,'G ~ ,r l ;, 
qC, Ir T 

C3, 4]TL T A ,G ,- ''(.% ''(4(A GAA.'GA 
CG IpIIS G T I
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CCC TT GICAACAAAATAT CGT GAAC'? T TTGAAGACAG(AT GCCAG TGGT CT C TT AC TA 
GAAACACT GGAT GC TCCACAAACTCT[ G CAT GAAA T T T TACCC T ACT AAATACT 
T GCTT [CAGGCTGGCAGCAAAAA TCCAAT TTI'CGCT ATGCGCATCGCCAGCCTTCGTTCGGA 
GAAkG TAAC-TGCA-PAAG T CAT G-GAT G CT T TGGG C T CPAAT AT GAGl-T GC T CT T T TCCAGAT T 
TTTAPACAACAPATAGTCAGAATTTTTCAAAAACGCTGGCTATTTTTGAGAATGTGAGT 
GAATTACCACAGCGCT AT TGCAGCAC TTAAGAT GGCTTTTGCT AAGTGTGCCAAGTCCATT 
ACTCTTGTGGTTATGGAGAGACTCTAGTTGT TAGAGAGT TCCCAGGAACTTGTCT TGCA 

AG CATTAATGGTGCTGT TGCAAAAT TTC TTTGAAGAACTCCCAAATCTGGT T TCATGGGTCGCT 
AAAAT TTT CACTACCAT TGCCTT C TT TACCGGAGCTGCAGTGAAAAT TG TCGAT AACAT A 

3CCA-PATGCACCGAG \,AGGCAC-TA-AAGGGTTTGAAkGTC-GTTGGTzATGCCA-PAGGTACAZC.A 
GCTTGTGTGCGT4GCAT GCGAAATGACTTAACACT GC T T GACCAAAAAGCTCAAAT T CCT 
GTGGAGTCAGAAGGTCT GGCT C TGCAATTT TGGGTCG4AATCTT TCTATCGTCTTTAAGAGT 
GGCTCAT CGCTTTTACCrCGCACCT CT T TCAGAAATTTTGCATTGCATGATCGTGCAT TCGT 
T GT GAGCG T CGT CT CT TTCT GAT GGTGT AACACCG GAGAT AAAT GATGGAC TTATT 
CTTGCAGCAATCTA'C mCTTTTAGTGTCCGACA TG GCAGCCATTAAAAGGGGT 
GAACCATTT AAGCTT T CCCTTGGGTCATAALATTTGTGT ATGCAA'GGATCGCAGCAGTTT CTTTT 
ACAT T AGC GAAGGC T GCT. AC T AT T GCAGAT G T T T T GAAIGCT G T T T Cl AAT CAGCG CG T G T G 
Jt T AGTA o,7\GA,,T GT T TGG TC T T CA C TT AC T G2LATAGT CT T TT GAT T CT GGAGGCT TGCA 

T AT GGAAG T GCG TAT CT CGAAAAT T T G T T AAGACT T G T T T T T G T AAGGCT CTJAAT G 
SCGCATTCTCATTTTACGCACAGTCCTTCGACACCCCATTTCCCATCTTCTTTCCCAACTC 

AT CT AT AAAC T G T G T T T T ACCT C TAAAG TT G GCA T T T T GT CTGAAAAT AT TC GCGAAA 
CC T T T T -T G TCCACAG T GAAAACT T AAC CAT T G T GCAC T GAAACCC T CT G ET G T T GT 

AAAGGAGTTGCACAGCAT T T T CAACT AT(T CT A GCAA IACAT TT ATC A 
AGCTT T T AAGAAGTGTGCACTTC' G AGAAT CCATGACACTTGCCTCT I]CTCAAAGGAGGT 

C TGCACAAAATTATTCAACACCCCATGCAAA'ITTGGTTITGACCCCATTGATAGTATTGAT 
CT TCGAAGAT CT GCCCTGT T TTCAACAAAAAT TCGAITC T GA T T T T GA GT TTGTGATAT GTA ,'ITAIT GT 
ACACTT CCACACAACCAACCCCGTCATAT GGIT T CAAA CTCAGCAT GACCCAAACAAITGA 
AT GC T T CCGC?T'TCAAAAAGGA'T'GGACA'TT T A ACACCAAT'GT'CACACTCT'GG 

CT AIT TAAT C G'G T T7C Gt]CACAGCCG TAAAAC TCTGCACIT T 'T GAGAAACTACT G TC 
) CAACAAA'ITACCACCACCTCATCTI'TGCTTATAAGGTT']?ACATTG[rCATCGGTTGTGGTGAA 

CCATCGGAA'TACAATC'TTCAAAAAGGCTTTAT AAGGACCCAlT (-Tq GTAGAA AGACT ACG GAAA G TCT GG ITC T GAAT G TGT C T AGC T 

CCGAGCIT CCAAACCACCACCATT T GACAATCT CACACTTCGTTCA GIT'AAGAATCGG'T'AAA 
CAITTCTCGATTC CATAAAAT _ C! TC CA T C TATCT ATICGCT GATT[ATGAGAGCGATGCATGAC 
ACCACCGAGAAGAACATGCAGAAAATGTGTACACGGATTCAGGTCA]TCAGGAGTG1AC 
ACTAATTCACAATTGAACAACAAGATC AGAITACTAAACTT TTC TCTTATACAACAC 
CCGGCAAC T AACAAATI A'CC TC TCCCT CT]T GATCGATGATTATACTCTACAAT GGATGIT 
AG IAT CAT AACCACCCTCGATCG TCT GTCAA'TTTACCAT CT GGT[GAAGAAACC TITTTT 

GT CIAAT AACTGCCTTTCGAAGGGGCTCGT'TIAAACCTT CCCCACAAACT T AT'TTCATCGT TCTA 
CCGGTACCCCTGGCTGACTCTTATCCAAAACAATTGTTCAACAACAAT[CAACTCC 

GCAT1E AIT C AGAAAT CATI['GAGGTI]T'TACTGTATTTCAAGT GACA 
CITATT GTCTGAACACCCAGAA'AT'G'ACC TCG(TC T[' GTAACAAA'(CACGATCTAGITTGAT 

TITACACC'GCAGACCT AGAAGTTCGTAAAGAAACAGCAGAAGCAGGTTCATC AGT T ' AT 
C( CATTEC ;T CTCGTC'CCCT AAACAAGAAG]TCGTCTCACCAGAAACACCACCACA T ' 

C ACCAACACC(TACCICTACGTGTTAAAGCACAA.CGTGAGAAGAAGCCTAAAAACGTTCAAA 
GTTAAACICACCITACATIT GAAAAACCCAAAT TIT? T GAGCTACAAAACAlTCTCCTC GG AT 
TTGGCTGTGTAAT TC CCAACATTCGATGAGTrTTAAAGAGTTCTCATTGTAAACCT 
GCAAATACGTCTGTGGTGCTGCAGCATTCAATTGTGG 
CCGACT T TC AATATTCCGAC TATT TAAAACATGTCCACACA~AAAACT T 

3 GTnCAC~ACCTTCATTTTTAAAGCATTCAATTTAATAATGTTGTAGGACCTCGCCAT 

CCACACAGCAA-CTTGCTAAACTTT TCTCT TACAAAG4TGT TCTGTAGCGTCGGA 
GCTCCGTT AACT AT GTTCGTGCCAGCT TC TC TCAT CAGGGAT T TT m T'TGTAATT T TAAAAT A 

Cq T GT CAA GCACTGAT AT TGIT,[(r CAIT AC T G T GAAGCA(TTA C. _(ICTC ' G G ,- '' 1 4A 1 .111G 

ACCGAGGATCCTGTTAATACCCGCTCTGTTGTTTTAAAACCTGGTGATTCTTTGGGTCAA 

GTTGACAGGG TGG CAAAT AGGT AGT CA TlTTCGGIT GT GAG T T GA IAAG 

GCAAT CCT CTTT ATACCCACAACT GACAAGACTATTCTTCGAAT ATTATGGT TTAGAT C
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CAAAAG TAT G T AACATAT TC T CAAACGCTITCGCAGAAATGGA[T TT CAATAT AGAGAC 
AAJ'TTT TTTAT ATITAGATGGCTACGAAAT TCT GAT Ti AGT]?TCAGCAAT AGT T 'CTC 
CT'T CAAGCTCGCT AAAAT T AGAT'T]TAAACGG]T TTI'CTTCCAGAACATGGGCT AAACT GTCTTG 

5CATTTTTr'CATGCTIAATTGCTTTGGCATTAGAGAATTTACCAATA 

A. mmGC C Pm C ' C ' mm-'m 

ACAAATGCACTTCTTAAGAAGTGTGGTCGTGC ATTGTGGTCTTAAGAGTTATGACTT 
AGGT CT TC AAGCCT GT ATIT CAG CCAGT TG CIACACCT AAT C TT CT ACATTTTAAAACG 
CAATATTCAAATT CCCAACCT GT GTCAA T AT AC AT GAAT AATAGAA CTTCA 
TT ACCG TACT T ATTGCCTTTGCTATCATCCTCTACAGCT TC ATCTTAT GAAAAT 

3 CCTCTAGCACTTTTTTTCATTGGCTCTACATAGTGGCCATTGTTACACAACC 
GATCGGTAAGCTT T T ACAATC TTCCTAAGCGAT AGAAAATTTTGAAGCAACT CGCCTTAC 
A T ACGCAATT G AT ACAC C T T T CT CT TA 7AG T AAAAT CCCCT AC T T G T T G T T A 

CAT ACTAAGGGT AAAGCTAAGCT AG TAAAAGAAGATCGT TT C TAACCT TCGCT ACT AGCTTCT 

AAAG. CCG TT 7T T GCT T T AGCT GAC T GTG T GACT GG T A,T GAT GAAT C T .ATA 

GATCTTACAATGTCGGACACACTGATAAATTAATATCGATCAGTTTACACAA 
GAAGAT T C T T T GCAACT T T AG T T AGAGGT AAT CAAA G T T G T T GCT T A 

AG TCTAAATG TT TTACG T T AT AA CT CT AAACC GIT GATl A CC TA GAAT T CAATGML DGCA 

CAT ACTACAGCT TGT AT T AGT T T C ACTAAT T G G T T CT 
G C TAAT T T T T T GTUT GG CAT CCAAAT TAT TAT AACTAAGT C T T TCCGATTCCCACG T TT 

3 TAAA, TGCAGAGCTT GTTNA.AATG-mGGTTAAAATGTGTGATA ACTAG 

CTTT GC T GAACC TAAATCCTTTATAGTAAGAGAA T TTAT T CA T GC TAA 

AAAGCTACTATGCT TTGGAT C TACTTIT GPTAC TACGCAGT]GTTGGTIAACAATAC TAGT Cl ?ITJAAGCA 

CCTACATACTT C?GCCGAIT AAAGT[ ATAT AGCT GTAG TGCAAIT' AT'T' ACAT AAATT 
AAGGCT TT T GT GIAT TCACACGT CCCA TT'T TAAAAGAAA T- GC CCT ACAA'TC T T A 

S AAGACACTIGTGTT?[C'ITI'TTTTC']TTTArTTTCTAAACTAGTTAAA GTTT'p\'7,~~''?[AGTITTCTE 

ACTAT [AAATC G ]TGTT AGTAACTGGT GT T TC TACC T TAT TGCT GTC TCTITAT A 
TACACA T CATCCAT AGC]?[T TTACT GAAACG' T]GCTCT' AAC T T'CCAT GCAACG?G 
TC TTTATCCTGGTCCTTATATAC T ACGGTAAAGAT rCTI GAT GAIT G[(T yT ACCTAT' ]?C'] 

CAGGT]?CAIT'TTTACT''TCCGT CT'- GGT GT TTACATCATAGACAT T ACT T CAT['CIGI' TACAAT 
SCATGCCTTATACGTAGACAAATA'T'AAGAT'CCTCTGGCATAACTTT''AATT 

AATT GCTT TATTITI T C I TCT AACA T T, T1 TTAGCGTGCAG TTA 

ATL''I'T'GT'TAT'GTGT]?TAA'T'ATTT 'GGATIT AGIT GCAAC']GTT T GCIAAACT]GG T T rAG T 

T T T C T AGAT T GT T rT G- TIAAAT rf T] Tl T T IACCCAT TI T AAT' T( T TGGGGGT[I T[T 

TATITCTGGCT['TTACA''TCCI'CAA T ATAGT r-1I IGACCATGCTAATTTACT G C AITI 

CIGTAACATGTGA'ATGGCICAAGAGAGTCACCACAACAGCCAACACGGTT[ACGT'TGTA 
GT'I'CCGT['CACCAACAAAT AGACT]CATCI["TTT'ACACT'A T']'IC T'GCCTAT AACI"T(TT'GTCA 
ACA'TAA 'TC T A T IT UAAAT T T I AT ATA GGTICACCAAAACATTTATGTC 
CC''AAT''TCGCT GCGAGl'C CTAAAC T TIAACGCCAT G TTLAAACCT ACAGCALT T 
C T TACCACG T' T GT GTATIGAGGCAl'CGT'GGITCATGAlTITCTGTTAAT'T'AATAT' 'A'AAG 

3 CCAATITCCTGGCTAAGGATrAATG'CAC?T[CTGICTGTTI'AACTGTTT]'ICAC'r']?TTACACAT 
T T'T'T['TAAGAAAG'C' TGTTC "", T AAGAGGCAT T T AAAT IT GAACAAA AT CT I AAT GAT 
GG TT TTAT'AGTCT GATACACACT CGCAI GCACAGAACAAATCAGCC 
GC'rAT TIAT CCAA'A"'CTGT]GT AAGCCCAA IAT'TrA TACT TCACCAGGCAC IT T CAA 
CA IT AATI AGTArA1CCT GCTCI AGG TI'CTATIAGACAPAGT'GC']? TACAT'TTGC"' 

5 MATAATAT(CGTAGA"TCTCACTTTI"]AATTAAAGCAGCACACTTIIICGTGATGCT~' 
CTC'TT['T]C T AT'rTAC AAACAAAACCGT AGAT ATGC'T ATCT T CT'CCACMT C'AT 

GAA T r -T GAACTCI A GGGTTTTTGTAA AA TTT AT ~qi-,T CT T 

TTAAAGTCAACATCCTCACCCCTTGGTTTTCTG~nrCATCTTATTAATTCTAT 

A C"TCA`A'lAC 

AAGACACTCCTTATATTTAATCACTACCTATCAGAGTCTTTTTCTTA 

ACApAG T Crr- T GG T GC`TAAA AGTT TT T T G T CA ACCCGAC G T T GG T AGAAT 

T A C T AAGCTT 

AAATTI T l T , CAC CAGTAGA T GTAAC CC ' A AT GCAT(AGT T'AAGG TCA 

C GTTATAGACAAAGCTCTTATTACACACATTCTCTCACAACATAATTCTTTCTCTAATAAG 
TTTCGTTAATTTTCGACCCTT TTC TAT CTAT AAAT AAT AAAAACT GT CCAATT 
GT TGA GGACATAGL CTG1 GT GrTT CC GG TT % GTAl
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IGGGTT AT GAT T ATGT'T TIG T CATATGACACAGAC'T GA CG T AGACCT T GT AC 
ATCCTACCT GGTTITAAT AGAGAAAT TGT]T GT IT ACAC'TCAGGATTCAAT T ATCACTCAG 
GG T AGT T[ TLITTA'CACTATAG CCA' T A''T I C[GC C AAG TI[TATATATTAACACCIAGC 

AAT ACACC TCAAT TGTAT TGTTTAATGCGACAAT GATGCACCTGGAGCCTTACCAT TT 
GGTAGTATTATTCCTCATAGAGTATACTTCCAACCTAATGGTGTTAGGCTTATAGTTCCA 
CAACAAATAC T'CATACACCCTACAT AGTCGAACGTTTGTTTCAGACAGCT AT TGTGAGGT 
AGTGTrATGT GAGTATACTAACCAGGTT ACTCGT GTGTrTACT AGAC TCCCAATGCGGTT TTG 

Ti T TAAT GAT GzAT AC-AT TAGT A-AACC -T GGC-GT T T T C T G TGG-T TCT AC T G -T TGAGA ACT T 
AT G T T T AAT AT GGT T AG T ACAT T CT T T AI T G T GT CAACCC T AAT A T T AT AT T CAGC T A 
GCAACTAGrTTrTTTAATACTAGTTGTTATTGTGTTAATTTTTGCAATGGTTATAAAGTTT 

CAAGGT GT TT TTAAAGCT TATGCGACCAT TG T GT T TACAATAATGTT AGT TT GG GT T ATT 
A'AT GCAT TT GT\TTTGTGTGTAC-ATCGT T.AT AAT AG TGTT T T AGCTGT T AT ATT AT T AG TA 
CTCTATTGCT AT GCATCAT TTGGTTACAAGTCGCAATACTGCT ATAAT AATGCAT TGTTG 
CTTGTTTTTACCTTTGGT TAATAGT ACCCACAT GGT TGGCTTGTTGCT AT CT G GATTT 
ATTCTTTATATGTAC''ACACCGTTGGTTTTTCGGTGTTACGG-TATACTAAAAATACTCGT 

AGTTGTATGA-TGGCAACGAGTTTGT T GTATTATGACCTTGCT GCGAAGAGCACTTTT 

GTT ATTCGTGGTACTGAATT TCTm7G ' T TGCTTACGAATGAGAT AGGTGATAJAATTTGAAGCC 

TAT C T T T C T GCGTATCTAGACTTATTJ{ TAT T CAGcCACTGGT AG TGACMGAT TAC 
T T GCAAGC T TGT CGT GCAT GGST TAGCT TAT G C T T T GGAC CAAT AT AGhATAGT GG T GT T 

3GAGGTTGTTTATACCCCACCCGTTACTCTATTGTTTAGTAGACTACACGCTGGTTTT 

AAAAAACT AG T T T C T C CTWGTAGT GC T GT T GAGAAGT GCAT GT TAG T G T C T C T TATAGA 

GGCAAT'AAT C"T TAAT GCT GT'1GC AT T T'ACT>' GCCCACGCCTCGTGT[TA 

GGTAAC' TT'AGT GGTGACCAGTc GGGIkcG GAGTAC' AAACCITC CTAAT AA1 CATC GAGTTI 
GAAG T T GT AAIT CAAAATGG TITT ACT T T GAA'T GTT[GTCAGCAGGCCT TAAAGCA0 
'GTTTTAAFl 71TT C-AAACTG CA GTC CAATCTAAACCCAACGTA'AAGT'GP 
G T - AATT T GT AT ACTTGTT CTT ATGG'TGGT CGTTAAC 1 T 

T ACCCT GT C[AC'ATC CTTCT' AGGT AC IAITAGAGCATCT'T'T CCT AGCACGACCT GT 

GC'T [ALACATT]G T A A A TAGT T- AA T C T ATA GA CATrCrT T 

GALCT CC TIAAT GCCAIAA'CAC]?CGAAACCAATACILLILT GA TTAT G T GGT[T A 

G- GAA GAGATTGGCAAAGGCACAGTATCTGTACAAAAATGT 

TGGCAGAGT ACTAC' T-GT TC'TAT'T'GAAGA T'TACGIkIPAT AG T GCrA T GA AA GG T T TT 
ACIFCCATICCAC T AT AC CTAT T ACITAAAT T AATGCT ATAACTGGGGTTCGTI' 

T GT AAC C TT CCC ATT TGG AAAAAT C T CAA GGGG AGTGA CCT A[I 

CCGA.CAATAl'AATTTTG'AAGACGAA'TTGACA.CCGAATCTGTIA.'LTTAAT'CAACG[TCC'GTGGT 
GTI'.AGG T' TACAGCI TTCTLT'TITGLTTAAGAAAAC 'ACAT CT E GGTT' EGGAGTAGATGTCG[TA 

TI'A.GCTEC T GCTIECCTTGTGTLGCTl'TITTTTGTG'TTGTCIT(lT AT Tl ACGGCAr T CCACT' TA 

IT IT T' T IA ACAT' GCAGCGTTA TTIT'CT'TTEATGCT GIT CCT T AlTI 'CTT T IACI GIT 

AAACAT GT TAT' GGCAIT ACAT GACAC'r-.T I(CALIT'CCTIACATIT'GATACAG T'T AT'T'ATT 

CCGAGTTTGGCTGAAGT'CCCTTCATATA.ATATIACCAATT'AGTECAAGTTGTT'LIA'ITTTI[C 
TI'AGCCAAT GG T A TCA'CC['GI['AG CT[TEGCAlAC T A TCGGT'AC CAT'GGAT G''TE TAI T C[CA 

T -TAGLTC AT TACAAGG T GATTC T TT 

TFC TT]TGCI[T AA'C1 TACIATT A GAATPTAGGTI'CTGTTATIACACCT CTICAAA 
ACT'ICTT IACIT CA[AT ACAGAAGl'AATIT GAT TAT T'C T'T TlGACTIGGITCACAC"T AT 

IGTGTGCTIAATTCITACTAGTAATTCCTTAAT'CTTTTAATTGTT AAGTCT'AA 
TGGATTE'TTAl'ATTAT['GCAATCGCAACATLACETTTAATAA TTATG'LT' T TAAT GGCAG T CAT G 

GTTAATGGCCATAGGCTCGGCCTTT GCCT'-'C ACTTTGGAT TGTAT T TTAAT AAA 
GCT T T T T GGTTTAACCT TAGG TAATACAAT TT TAAT T TCATAATCAAT ATmAGGTAT 

ATGT GTT TCAT AA MA 'CCT AAAACTCGTCGTGGCAGGCT CT T TACT ACAAAT AT A 

3 CTTATACAAGGAATTGGAGCG"ATCG m TTTTGCCTATAGCTACAGTGCAATCTAAATTG 
AGCTGATGT AAAGCTCGTACAAC T T C T TT TAATGCACTT T TCGACT AAG C TTAATCGTT GAA 
GCCAAAT T CAAAATrGCA T GCCT T AT TGT.TCGAGCTT ACACAAT AAAAT CC TCG CAT C T GAT 

T C TTGTTTGGTGG TTGTGTGTA CTAGGT CACT G T AT TACAA 

5TCGGTTACTCAAGATTTTCCA'CATACCCTCGTATGCTGAATATGAGkAGCTAAGAGCT 
ATTT AT CAAGGTTTTAGCCGAT TCTAAAAATGGT GGT GTAACACAGCAAGAGCT T 
GCAT ATCGTAAAGCTGCCAAT ATTGCAAAGTCAT TTTTGAT AAGACTT CT G TCAA
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AAGAAG TAATACATCCAAACTCTAT GACAACAAT GTA'AAACAGGCGCGT GTA 
ACTGATACAAGACCAAAATTAC i T CAT CATT ACATGCACT AC T ITTCAA CTT AA 

AAAATAAT TCT GAGAAGCT T AATCGT C T T ATTI'TGACCAGGCCAAIAC GGTGTTTACCC 

CT AG CAAC T G T TCCAAT T GT T T GT AGT AATAAGCT TACCCT T G T T AT ACCAGACCCCA4 

ACGTGGGTCAAGTGTGTGGAGGGTGTGCATGTTACATA 7 TCACAGTTGTTTGGAATATA 
GACT GT GT TACT GAT G CC GAT GGCACAGAGT T ACACCCCAC T T CTACAGGTAGT G GAT T C 

ACT T ACT TAT G T GG T GAT AAT AT AGCAT GG CC T T T AAAGC T T AACT T GACT AG GAAT 
GGGCATAAT AAGGT T GAT GT T GCCT T GCAAAAT'AT GAG CT T AT GCC T CACGGT G T AAG 
AC.AAAGGC T T GC GT AGCAGtGT G TAGAT CAAG CACAT T GT AGCG T T GAGT CT AAAT G T- TAT 
3 ACAAGTTCTATGCAGTTCATGTAGCTGCTTTACCCTTCAATCTAATCTG 

A-7AG4T AGCCT CTT T T T T GZATGAGGCAGG TAATCAG~'-AT TTAT G T AGACT T AZGACCCAC-CA 
T G T A\AAT T T GG T A\TGAA,-AGT G-GGT GAT AAGG T T GAAG T TGT T T ACCT -'-G TT T T TAT ZA-PA 
AAT ACGAGGTCTATTGT AAGCACGGT ATCGTACT TGGTGCT AT AT CT AATGTTGTTGTGTTA 
CAAkTCT AAAGG T CAT GAGAC-AGAGGAAG -T GGAT G CT G-T AGG CAZT T 'T CT CAC-T T T GT T C T 
TTTCCAGTAGATCCTGCGGAATACATATTCTATATGTGGCACCAGGTAATCAACCTTTA 

GGCTAAC T GT GT TAAAATCGT TGACAGCT' ACTCATGTACTGGCTT TTCGCAAT AACAT CAAAC 
SCA CICT CCGGAT CAGGAT T CT TAT G GGGAGCT T C T G T GT G T C T T TAT T G TAGA 

GCACATATAGCACACCCTGGCGAGCACGAAATT TAGATCGGACCTGCTCT CAATTT AAGGT 
T C T T T TGT GCAAA.,T AC CT. AC-T ACGGA1-11-l,-L-AGA, T CC TG T TGGA11T T C T G TC T ACGT -,-CAAG 

3GT TTGCACT GT TT GT CAG TGT TGGAT TGGT TAT GGA-lT GT CAGTGTGA'T TCACTTAG.AC,1A 
CCTAAACT CTGTTCAGT CAGCTT GCTGTTGCAT CTGGTCT TTGAT AAGAATTAT TT AAAC 

GGGT ~ CGGG T CATGAC TCGGC TC AT ACCCCT AGCT AATATT ACCCC GATG 
TI'TTAAAGCCGACCTTTTGATC']T TTTATTAAGGAATCACCCCGTAI'T TT TCAAAAT TTG 
ACT AAC] TGTGA T- CG GATA G A GA CT ITAG TTT 
GTGATTCCATTTGGGTAAACAAAtACACCACTAGAATTA'TAACATCAAAAGCT 

GTTA AGC TAAGT CAGAAGT AACAG'C' ATCATGT C GT GT ~QCT CAAT AAGA 

ACATT']ATAT AG IT ACAGAGCTT ACT AAGT ATACTIATC A]GGAT TTT I'G'CT ATG 
CT T'CGGCACTTTGACCCAAAGA TCAAG T 'TCT]TTAAACAAA'T ACTTTCACT T T' 

CTCIAI C 11 1TAC TT 

GTT GTA. CCT TT A TTAA T G' G 'T T GAAGAGAT GAT 1"T GT AGACCCAA 

kTAGAAAACCCAAA~TTAiTGCCATGCTAAAALCCTGGCCT]?ATTGTTACACTGCTT T AT C T G T'[GAAAG.CTAT GCCT GA'T'TAT[k 

CT IT G AACCAAAT, CA TAA" GAAA TT T GT T GTATT T T-CGACG 

CGCC'T]GGT GCACT GGT'GT T CCTG TTTTATCATATCT T CATGAT CvC CTCAT AG 

5AATCTT]ATCAT'ICTCCT'CAAGT'ATG'ATTATLACTCACCACAAACAAATTGTTTICACAAGT 
AC T'T TAAGCTAT TGGACAAAT'ACACCC TAA'CT GCCACT'GT'ATATGACAGGT 
GlTIT'TCATEACAl'ITC'T['CAAACIT'TCAACAT'C'TT'TT TI'T CTACAC'T'T'C'T[ACCGCCACACT"T'CITT 
TCGG'T'AAITI'CTIGT']TAGAAAGGI'T'ITTlT TTCATGGTC'TAC CATIT'T'AT AGC TACT T GTGGCT 
Al'CIAT"]?CTAAGGCAACITCC'GGT]GT T'ATITTAT'GAAT CAACAT AACACCATCGT CAT"T T TTCAA'A 

ICCTGGG?TCACTCAACTCATCCACTTT'LTGGCAGATCCTCCTTGTT[']ACGTGGGGACATCCA 
Al'AAAT]T ACTCGATCT'TACAACCT C TT GT]T'TETAGT'CT T'T]GT CITT]TEAGCTC GAT'' A 

CT CAT CAAACGI T AAAACCAC T CACT'TTEAACAAGGATTCTACCATTITCCACACAACC 
CTCC G'ATC TTT AAAAC T'CTCT AT ACCACTTTAAACATLCTT CTACCCACAGACLT G 

CT AA'ICTI'GC TAT'AAACAT''T'AT GAT T lAT T''ATC'T'T'AT [AACAGGCCT AC CATEGTTTI'CAT'A 
5TACGTICAACTTTT'IA'TI'TGTTT]AGAAGTGCACTTCT'AAATAlTITTTGAATGTTlATAAGCG 

CTCG'TLA'TACCAGCAAGCCAAC'TTCTAC'TAACAAT'LT"T ACAT AACACTGCAG'' T T A CC']? 

CT CATr AAG T -pTp AAGC.-CCAG ITCTA TA GAAT GA GTAGAGA G CGGCCAA 

T CT TTCGACAGCTACA'AAAAACTCCTCCT AC TATAACT CACATCGAAT T TAAAAT ATCG 

CCAT AT CCCGAAAAT AAGrCCG TACTCGGCAGGCTT G(T TATCT TTT C TACT ATCGA 

3 CCTAGA 

AGGG~ ~ ~ ~ ~~[ T GI AGCCA TC TGGTT GGA TATCCAAGT GT GA GACAA 
CIT AT GI T GT TGCGATACATCTT T AAGGT~ A GC T GANACCCTATT 

T TIG TGAGG TA GTTGTA A AATp GGCTAGTT T T, AC T GA T'G 

5TCTTGTCAGG-,(.'TG ATATTALTAAC TGTACTACAGTGGAATGCTACTA 

CTCTTATCG CCTTTCAACATAATIACAACCCACAT CT CCT uATC GTT CGCGT C 

TTTT AGCT GT T AT ACCT AT ATT GTAT ATC AT GAAT T TAAAC T T CAT AT AAT
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TG T ACCAGCAGTTIAT ACGAGT CAAT'1T T ACCCAGCAT T T G T AAAT T T AT] 

CTTATT']TGT G'T AAGAAT TTCT CAT TIATTT GAIC TC GACACGCT G TT GTTATA 
ACAACACATT'AGACAACCAAG ATuCT T TACA ATTCTCTTTAG'AAGAAG T ICTCT 
ACT ATCAGAACAAT GT T T T TAT GGC T GAT TCT AAATGTT GGGT TGAACCAGATT T AGAAA 
AAGGCCCACATGAATTTTGTTCACAGCACACAATGTTAGTGGAGGTTGATGGTGAGCCTA 
GAT ACTTGCCAT ATCCAGACCCATCACGTATmTCTTCAT TCTTTTTCTAATGATT 

TGGATAAGACAGAATC TG T GCCTGT TATGGAGCGTTATAT CGCT C TTGCCATAGATGCGT 

ACCCAC TAG TAATGAAAATGAGGAGTACAAGGT AT 7<4T'fCT4TT GTGCTTC T T TCAT 
ACAT ICAGA:-AAC T C T AT CRAGAGICT T T CT CAGAAT AT GC T T AT GGAC T AC T C T T T T GT AA 

3 GGATATAG ATAAGGGTAGTAA-ATTTT,-GGAACAGGAGTTCTATGAAAATATGTATAA 

CCCCTACAACATTACCTAGTCTTfGTGGC' TTT"GTGTACTGTTTAATAGTCAAAC T AT ATTC 
GCTGT GGT ATTGTAT T CGCAAACCAT TTTT GTGTT GT AAGTGTTGCTATCGAC CATGT CA 
TCCAACACCACAAAT GTTT T GT CTAT AA ATCC T TACATTTGCTCAAGCCAGGTT 
GTGGTGAAGCAA4TGTTACTAAAT T GTACCrCGGAGGT ATCG T CATAC TT CTGCCGG TAT C 

ATAACCAAAGTTATCAATACCGT'TGTATCTATCTACAGTGTTTGGAATTTACAGG 
C TAATTT G CAGT ACGAAATCGT TGGAT T T TTAT CACT AGCTAC TACT AAT TCGGT 
CT AC -T G T G GA-ACC-T T A T AT T T TGG CAAAT CG T TGT G T AGAT T C-GT T GAGACG-CT T T GCT G 

A CACAGT AAAAGCT ACAGAAATTACATAACAACATTTC CTAGTCGCAGAAGTGA 
GAGAAG -T AC T CT CAGAT CGT GAAT T GAT TCT GT CT T GGGAGCCAG,, -GT-, :AAC- %CAGG CCT C 

3CT TGAAITAGAATTTATG TT TT C-ACTGGCT T T CACTTTACTAGAAC7 %TAGTAAA,,--GT TCAGC 
T CGGTGAT TTCATT GAAAAAGGT GTAGGTAAGGACGT TGTCT ATT CAGCGACGT 
(L'CT I TGAT J C T I'T GGAACAT L[ TTT AACC'T'CACACAAT'' GTT'GTITTC T'C 
T' ATAACGCCAAC"T C'CT CCAAAC'CC T T TTC G TCGAATTAACACC T 

AT? GT GATGGTIACC]?CCGT(IG'T'TTTGTAAAT' AACAT"TCCAT T'IGCTIACCA'T'T TIAGT AGCAC/\ 
5AGAAGCGTAC'TACGTACAAGCCCTC.I'CTATGGAAATCCCAT'TTTGCTATAGGAT[ 

TC GCCTT ACTTTA' T AACCCC T C T CT 'T'T 
T TACTC CATGCCTTCATC CACCT G TG 

AT GC['T TA'TC C T AAAAACT'TTT AACT'CrT''AAAGTACATGA'T T GCAC TCCT'AAAC 

C TCAAGGC AT A CATT GT C CTAAT T( AACT AGCCAGAAAG 

ATGTTG TI GTATGTAGG T2r GT CCTCTCAAT TT CCCCICT C CT AC IT IT GCT ITACGG TT 

CAC CT CCAAGATACC'TATAA'T'CT GC CCA CCT T ?ATCGGTTT'T'T TAAACCGACA 
T' TITC T '-CAAAG T'C GT'T'ACCC TTT Cl'C.T AA T] GTAA'ACT G'T' 'T TC AC T CTTG 

TTAATAA IAA'T TCATGTACACA']GCAAAGCTCACCTACAACATAACTCAAT 
TI'AGCAAT T']T'GAAA'T'T'CTCGCAATAAGGAAT GCGGGAACAACA ITCAT T T 

'ICAC' TTTA CITGACCAG'IAG''ACCT ]A~]CG TAT'"' GICTC' GAC TCAT CAGCAGC 

T-1 CAGAC C TAC TCAG , CGAGT AT, GA T AT Gf T[,L t ATG CTGAA G 

ACAT'CCACTCGAAT'AlTTAACACAT''CAA'TGT AGCC T' ACAGACCCAAGCCCCTAT 'AC 

'I'AGTTGTIC']CAl'CGT']CAGCCTGATGAACTATATCACCTT?"~[ACGTTT'A'TAGCAGCTI'CATA 
GT'CT ACCAA''T CTCAACT ACACCT T GT"T TAAT"]'T['CAACAAAGAG[TTT'AGCTCGGTC 
'ITTCACCCAGCIT TAT]GCAC'T'CACAAC'AA C C T TGT GCTCAACTT'Al'AAAC'G T AATCAT 
AACT TIGCTCAC'TIT [ TAACG GCAAGCT GG TT CCAAAA AACAT AT AAACATI C'TT AT'TT 

CT TCGIT ]AGIT TT"AAGATGACG TTAT CTTGAGCTC]GCCCACAACAT'GTT[T]ATAACAC 
GTAIT['ACT'ATCCGCCAACC'GTAAGAG"GT'AGT'' TIAGAAGCAACACATG 

CT' TCCTC ACT AACAT IT GGACT]AA.CC]T GCC" T' TCCAA'T'AGGCTT'TC T CT ACC C'TCCAC 

AC T T T G T- AG T T ACGC T GGG TqG T AAT AC Tl~ CAA AGCA AAU T T'AGC T G 

TCGAAT. GCACC T CCAT AACATTTCACTTC AGAGCTTATTCAAAAGCTCG 
CT AACC T CAT CT lT AACCAACCATTC TCAAATCTTACGAT AACCTGTCCA 

3 ACGTTTCAGATTTGTAGTCTTTCTCACGTCCTGTCATCCCCTAGA\ACTAACCACTTTC 
GC TATTTT TAIAAA AGCAAGGACCAAGT TTTTCCGGTTCT AGAGCAACAACTT 
TTATT C C CT CACCTT ATCGCTTCTTC G AACAT TCTTCTTTTCATTTTCTTT 

ATAA CATCTAT GGT ( TACATGA %GGTTT T CT AGG 'T - lA'A.(AAACC A CAATAC 

ATCGATTTCGCAT TC TTTCGCATC GACACCCACATCGTACCTT CTCC GATC CTATTATC A 

5CGCGTTCTCTTCCAATTAATAATCCATTTTCTCAAGATCTCAACTCCCATTTMACTTACC 
CTCATATACCAAATGAGATCAAGTCAATTCTACCTTACAT AT TTACAACGCATGTATC 
T;TAT AG T T G T T T AT GT AT A AAT AA
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GT'AT AAAAT G TG T T AGACGT GGAGAC T T AAATTTTAGA T TICt ATGATAAGAA'CCAATIAG 
T ACCCAATGCAACAGTTT'GAGT AT GACTEAT AAT CAGCACAAAGAT AAGT'TTCTI GATC 
GT 'CT'TET GT AT GTIIT']?TGAA T'G T AAI G''GGAT' Gl TA CCCGACAAT TCCTTI'ATT T'G T'A 

GG T ACGACACACAAAT TT GATT TT T AACCT ACCT G T TTAATGGTGGTAGCTTGT 

5ATGTTAAC'AAGC'ATCATTCCACACACCTAAATTTGATCGCACTAGCTTTCGTAATTTGA~ 
AAGCTATGCCAT TCTTTTTCT ATGACITCAT CGCCTTGCGAGACCATTCAATTGGAT GGAG 

CGCAAGACCTTGTGT CATTAGCT ACGAAAGATTGTATCACAAAAT G uCACAT AGC 

G~TC T TTTTAAAAAGCACGCACAAATGT AT GCAGAT TTT TACT TC TT AT AAT GCAG 
CTTACT GC TGGTTTTACTTTTTGGGTTACTAATAATTTTACCCATATAATTTG TGA 

3 GTTTTTGCACC TCC7AGTGTATGA CTA-rTGCTTTAATTA AAG--G-GGTGT 

A TrGAT GC ATTGCACGAAAAT GCCCAC T ATCGT AACTGGAGCAT AAACGTTTTT TGTT A 

SAGATCAAGCCG TAGAAAAAGCAGT TTTTTTTAAT CAAACAATTCTGCCTACATCTGTAG 
CG T TC AGCTGT AT GCGAAGACGAAAT AT TCG CACACT GCCAAACAACCG TAT T TTGAAAG 

T TT GT G' CTTAGAT GT GACT AATGGAT TT TCAAT T TGAT TACACGAACCAAACACCAC 
TATAL'CCTAATACTGr4TTAAGTATCTGCATATACAGACATAGAACCAAATGGCCTAATAG 

CT T AT GAT GATAGAT AT GTGATTACCAG T CTTT T GCT CTGATAAT GCTGT T T 

T AGTTT CTACAC T G-T- T'ACAACGCGTAT T CGT AT GT AGIATACCGCT CAAACrCGCT T G 
T TCAGAAC G T AT TCC TAAAGATC GCCAC T A-CGTT AT T RGT T T T T T TG 
GTCGT TT GT T ACGCT CCT AACACAT TAAACACACAGGGCTCGCAGT TAT GAAC T T T T 

3 PACC~zTC-2-GGATAGCt-TG: PA'4-GGA-TTTTCTCAATGTkC-TAGAGATTGTA-AmGAAA 

AGTATT G AAACTT GCGTCTACAGCACAT ACTTAT GCT GAAGCI T T ' GCCAAT 
TIAGGIT T GGT'TTACCC TGTT'AT[AGG ATGTGCAACTT'TTIACTCCGAATAATTGAAC 
CAAGT'L]CI'IACTATTCAAT'T'( TCA['TCIICT''7'-4'CAIAAA ''AT T TGTATGG['C-AGAC\A 

TG T GT CCT GACAGT.AGAAT G T GIG T TCGT GT TT TGC TTGCT TGAT GAT ATCT T AA 

5 ATCTTAGGACATAC'TGA'il-AGAGkTCGGTCITAATAAGC'TIAAAGT'GTCAACATGTAA 

'T' TCGA'LT[AC CAT ACAT AAAT T'LTET AT GAC T'' ZT'T'Z\\ T AGTGGATTA1 AACTG 

"TCCACC T'T'CAATLCAG CAT GCGTL G~T' T TAA'LTAT GCCIT'GAAC Tm T T A AAAT'TL 
AGAAT''TT GT' TCILAT'GGAACCTLCAACA'TTCC'AATT 'ATGGTIT'CGAAT' AGCTGT'W'Cf TCA 

GTI'GGI['AIT TAT GATLGAATGG T GGCAAAGTL AT'\ ACAAACTE'CT'GT'CAALACCL''T'T[CGAAAACA 
CAATGTGTGTACCGCATAATATGCGATAT'GI"'TGGAGC'TGGAAGTGACAAAGGAG'CI 

TGGCIT[CCAGGT 'AGTACT GTTCTTEAAACA'rATC ' CCICAGAAGGGACIAC TCCT[TGCG''C-'AT A 

ATI] GA A T T GT AGA T T Gi TG A C A TGTGTTTCGTTGATAA GG1111 -AA. P ..C "' (AAAA 

ATl'AAGA(IAGAGACAAGTTT'GA C TI'" G 7T AT CT 'GAT IAT GT'AITAiiAGACAAT'GATi A 

AAAAAGCAT GiAACG T GTAT r AGCCT AAT GGCAA GAT GACG T T T' T C AT 'A' CTC 
CAAGTTTTECTTCTIAA'TGAATGGCTCTAGCIGGTATTTGCTAAAAGACAGAGA 
CAAG'LTE'GGCIACGCAAGT TI'IT'TIATLA'TGACATT G'CACACGATET GT GCAl'CGG TGGACAAT PG TIITI 
GTACACCAGT IGAAT GCC CTCE T TCAGAAGC IAT T'CTTGC GT T TAATTIAT'TIT G 
CAAG' GLAAAAGG T T AAGGT 'IA GGAAACCTCfrACGCAAATT AT ATi ITE I IT GA 
Al'ITGIT'AAT TI'Al'IT TACAAACCCTICT TCIIIA AT'ATAT'TIT GACGT T GCAAGT['TT G'AT T'T GA 

) GATTG'AAA~CAACACCAGTTGTTIE']AATTT''GAAACTGACAAACAAAGCTTIEAGTPCTTTA 
Al'1T1T'AATE'T AAT[''GG TAA TT AC" GGTAGAGAT GT T E'GGTAACACCI TCII T TTT'ACTAACG 

AC'T'CI'TE'TIITCGTCGTTACI'T'AlCGTACGT'GCT GCT' T G CT'AT['GACIAGCTAGTE'T CIT'T'ACGTT'T ACT'AC 
T ACICAAAGCTGCC'TTE'T AGACCACT AAT EGG GCATIT"T ACACGGGGCTCCTI'CT''AT GCGC'LA 

Gi IT AAT PAT IC' LAGCAA' C'TIAAT TCGCAGGCTCIT T CACC T' GiGGAT T G'T T]GGTCACT 
AlITICAT]GCGITCIGTGTCTAATGCTT'C TAGC'AGACCIACCICACAGI 

AT GGCT TE 'GT CT AGCAGT CAGT' TTGTAnCL T ACICTGAACTT'LIE''CAGATACT 'ACAG( t 
TTTGTTACACATT"GA AAATATGATGGT G T CCTATAACTGCATG CTTCAAAAGAAT 
TTTTTACGTGTT TC GCTGAAAAAT GCCAG CTTTTCTATAATTTAACAG TTAGTA 

GC TAAG TACCCT ACT T T T ANATCAT TT CAGT GT GT TAAT AAT TT AACAT CCGCTATAT T TA 

3 AATGGTGATCTTGiTTACCCTCTAATAACCACAGATGTTACATCTGCAGGTGTTTAT 
T TT AAAGC TGT'GACCT ATTAACTTAT AAATT ATAAAAGT TAAAGCCC TCGGC TTAT 
TTTGTTAATGTATC'TGACAAGATGTTATT TTGT GT GATGGAT CACCTAGAGGCTT TT A 
GCATC CAGTATAAT ACT GGCAATTTTAT TCAAT GGCT T T TATCCTT TTAT T AAT AGTAGT 

TI GTTAGAAG T AT TC TA GTGJ~TATGTTATA TATTTTAG 

5TCAAATTT tCACTTTTATGAGACTCGCAACCCTATAGTGTTTCACGA 

AT T CAAACTT ACCAACACAAACGCTCAGAGTGGTTATTATAATT"TT AATTTTTCCTTT 

CAT GAGTAGTTTTGCTTTATAAGGAGTCTAAT T T TTATGGATCTTATCACCCAAGTTGT
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AAT'TTAGAC TAGAAACTATTAATAAT[ GGCTT GT GGT T TAAT T C ICT ICAG TIT T CAATT 
GCTTACGG TCCTCT T CAAGGT GGT T GCAAGCAATCTG TCTT AGT GGTAGAG CAACT TG ~~~~I q.VK AGA IT,. '[sI'i~.  

'TIG TI T AT GC T IT A T T~ CAT ATGAG CTTCC TG AGG T I TT CAGG T lGAG'T T A 

GATTCT A-kTTICCAAGT GGACITGTT AGTT TAT GTTACTIAAGAC -GGTGGCTCTCGTATA 
CAAACAGCCACTGAACCGCCAGTTATAACITCGACACAATTATAATAATAT TACTTTAAAT 
AC T TGT GT 7 GAT T AT AAT AT ATAT GGCAGAACT GGCCAAGG T T T T AT T ACT AAT G TAA.C 
GACT C-AGC T G T TAG T TAT NA2 T TAT CT AGCAGACGCAGG T T T GGC-T ATT T T AG-AT ACAT C T 

GG T- T CCAT AGACIAT C T T T GT T G TACAAGG 4T GAAT AT GGT CT T ACT T AT Ti AT AAGG T T AAC 

CC T T GCGAAGAT GT CAAC CAGC-AG T T T GT AG T T T C T GGT G GT A-AAT T AG Ti AGGT AT T C T T 
3 ACTTCACGTCAATGAGACTGGTTCTCAGCTTCTTGAGAACCAGITTTTACATTAAAATCACT 

AAT GAACACGT CG T T T T AGACGT T C TAT T AC T GAAAT G TT GCAAAT T GCCC T T AT G T T 
AGT TAT GGT AAGTT T T GT ATAAAACCT GATGGT T CATT GCCACAAT AGT ACCAAAACAA 
T T GG'4 \AC-AG-T TTGG CACCT T TAC-T T AT G TT AC'T GA-A-AAk-T G GC CAT ACCT A---ACAGlt-T 

m T TAATT TAACTGTTACAGAITGAGT ACAT ACAAACGCGTAT GGAT AAGG TCCAkAT TAAT 
5 GTCTGCAGTATGITTTGTGGCAATTCTCTGGATTGTAGAGATTTGTTCAACAATATGGG 

CC "T T TG TGACTACA AT GTCT AT AAAT AG TAT TGG TCAAAIAAGAAGAT AT GGAA 
CT T T TG-AAT T T C TAT T CT T-C TACT AAACCGIC GG CT TT T AAT ACACCATf TTC TT AG TAAT 

GT TI ACAC T GG TGAGT T T AA:,T AT T TCT C-T T C T G T T AA-'CAA C TCC-T AG T AGT CCT AGA-AGG 
CG T T CT TT TATT G-AAGACCT T C T AT T T ACAA-GCGT T GTf C T GT TGG-AT T A.lC2TCAACGAT 

3GA,,CGC-ATA,"Cz',AAAA,-TT GCA"CTGCA,"GGAC, -CTTTAz"GG-TTTT CTT-AAGGA,'CCT TGC-GTGT GCT 
CG T GAT- ATAT= GT T TGCTTGTGTTGCTCCATTTAACGAGAATT TT G I G _rCr r [ 

T AT ACT GAGLT TiCT C AG T AC T T CT AT GCT T T T GG T GGT AT' T'AT G7"CA 'CGC;GTCT IA 

CCT T T CCAC AAACGCAGGCT AGAA\TC/T AECACTGGG T AT T ACCCAGT CAC T TT 

TT GAAAT CAAGAkAAAAAT t,GC G T GT T, G AAT AAGGCCAT[GTCGT'ATGCl]AGGAAk
GGTTTTAI['iGAA/GTAACTCAGTT CA'CAATTCAAGAqT [GTITAKTAAGCAGAGT 

GC T AT CQT''T ACTGAGA TAT GG CATGLC T''/IAT AAAAT'TI GGC TTTCTIT C T AT G 

ATTAC A I ACCAGCAAC TGACGCCT ACAAGCAAAT CT CAAG T GA CG( TT 

AT'AACT'GG'T AGAT[TGCA CACLT T C TIC"' G T T GtA[ C GCL AAGCAGGCGGAGCAT AT T 
AGAG TCTCACAACAGC GT GAGT AG IAC T[CAGAAAAIT T AAT GAGIT G'T G T T[AAG'T CACAG 

CCGT AAT] GG TI ATLAGT[ GT T TE ATACA"C T T T TGC T T AT AC., T CAATAT TG AA GIET'ACT 
GCAA'IT AGTGG.-'GT TTGTC GT GCCACT1AATIGCT[AG'TCAGT[AT GCAATAGT]ACC CG T 
AAIT rGGT AIGT AT TTTTIAT ACAG T rAAT GGT AG TTACjT ACA (ACAGCACGAGA A G 
TI AT AC GCAAGAGC T AIT AC T GCGAA T AGTTACGCIT'IACT'ITCTG AACAAMAT 

5TATGTI[AALGGTAAATAAGCCGCATACACATCGAGACAAGAGATTTTG[']7ATTTTIII 
AA i GAC GAAT T TCAAAAT GGT GGAAT CGAC iL AAGCAT GAGC T ACCAGAC TG T GACAAA 
TIT'CAAT] T [ACACAGT CACCT ATA TTGAAT T GAT AGT GAAT T ACGT AT T CAAGGG TT[ 

AT ACAG TCAAT GAC T C" T T AATAGCTTGAAAAACT TTlAAT ACTCAAAACTTAT 
ACT'TAAGIT'GGCCGT'TGGTCATI GTlGT]GGTITTAGC CATA.GC'lTT'T T GCCIACT]AT T ATLCT]?TCAT CTTLA 

3ATACTCAGGAT'GCGG]'lTTTCTT'CATGACTGGATGTT'IGTGGTTLGTTGTTI']GTGGAT[GCTTLTGGC 
ATE AT GCCTCTAAA'AAAG'LAAGTGTGGT AAGAAACTT PIACT TATTAAGAICT' T' TT GAT AAC 
GATI GT GGT AACTT AACAAT AAGACC A AAG T C GT T iAATGA T TCIAAAG CCACGT' 
ClClIT'T CCIT AAT AG'IAT 'AI MT1T'T T T CT T T']GG TG TAAACT T G T EACT AAGTEIT'G'1T T T T [AGAGAGT 

AGCCTAGACITGAClTITGTCACAGCTAGACTAAG'AAAGCTAGAAGCAATAlTTA 
AACT GCG TGAGCIAAGI['GATE T CAAAAAATCGAGT TIT'CAATT TTACAGCAT ATLTGTAAG T G T ATT 
AAACACAGAAGTTT TIC. GCCCT TTGACT AT TG T TAT TACAGAGGAGG TAAT T TT TGGGA 
AATACAGTCAGCT GAAGATT TT CAGGTGAG AATT T ATT AATAAGTCCT AGAGc 
AAAATGGAAGTTTT CT AGCGCTT TATATATT GT AGGATTTTTAGCACTTTATCTTC 

3 TAGG*TAGAGCACTTCAGCATTTGCTACAGGCTCGAGCGTTGTTATTTTCIGGTATCA 
CATG CTA ATAT ]C r GGCTAAGGGTACAGCTTT GTATATAAGTATACATATGGTA 

GAAAACTTAACAAT"CCGG ATTAGAAGCAGTTATTGTC±-AACAGTTTCCTAACAAGGTTC 
GAAT AAT AAAAATCCCAAATTTTCAAGAT GT CAACGAGACAAATTT ACTCTT GAC 

TCITGCAACGICAIT GIG T GAGCT T T T'G[A CA TATA A[AC GCA CAGTG 

5 TCTAACATATATTAGTTGCTAGCACAGAGTAGTTATATATCTG 
AAAAIT GAT AGT G T T[AT G TIGCTITCTTGG C'CCCTTAACATTGCA TAGCCG AATTTC 
ATATCACCAA"ACCGGAGGCG T CGCA CGA CAA AC IT T ACAG ICGITTGCG TAGT
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CCT([ T[TTTGG T, IT ATTGATCCAGATCATAG AC TC T TT AA-GCG GT AGGTCATGG 
T GGTCAIT T TAACCCAGAAT CTAATGCCGTAGG TTCAA TACT CC TACT AATCGTCAACAA 

T G'T'AAT T TGCT AT AGAGAGT G T GCCAA G IT GC ]T T CTCCAAM'T'A AAAAATG TG]TT 
CT T TAT T GT GAGGGGT CAG T GGC T T GCT AAGT G T GAACCAGA CCAC T T GCCT AAAGAT AT A 

5 -TTTTTGTAzCAz\CCGGATAz \GACGAATAz\TCT-ACCGTATGGT-GCAz\GAAAT, -ATACT--GGT-GAC 
CAAAGCGGAAAT AAGAAACG TTTTGCTACr-GT mTTGTCTATCGCAPAGCAGT CAGTAGATACT 
GGCt-.GGCT AGAPAG T G TAGC.\AC-AGGAGGGAGT AG T C T T TACACC --T A:-ATGT GT GT GT G-T 
AGAGAG TAT T TA AAT T AZT TCT T T AATAG TGCC T C TAT T T T AAG'AGCGCAZT AAT AGT AT T 
ATTTTTGAGGATATT AA T ' AT AAAT CCT CT CTCGT T TTATACT CT CT TTT CAAGAGCT ATTA 

TTT CAAGT AGATAATGGAAAG T'TA CTACGAAGGAAAACCAATTTTTCAGAAACGG TT GT 
TGT TAGGT T G T GtGT T GAGT TA.\TAAAA AAtGAT T AAACTACCT ACT ACACT T AT T TT T TAT AAG 
AGGCGTTTTATCTTACAAGCGCTTAATATACGGACGATGAAATGGCTGACTAG-TTTG 
TAAGGGCAGTTATTTCAT GTTATAAACCCCTATTATTAACTCAATTAAGAGTATTAGATA 
GGTTAACTTCTTACATCATGGACCAAAAC.rAC T TAACGTGTGTTAGGTGCGTGATTTTGT 
TT CAATTAGATTTAGTTTATAGGTTGGCGTATACGCCTACTCAATCGCTGGTATAATAA 
TAGTAAAGATAATCCTTTTCGACAATAGCAAGTTAAAGCCGAATT TTTGAGAGA 

AGGATTAGATTGTGTTTA CTTTCTTAACAAGCAGGCACAACAGAGTCTTGTCC CGCGTG 
TACCTCTCTAGTATTCCAGGGGAAAACTTGTGAGGA CACAAATATAA TATATCTTTT 
GTCATGGCAG C GGT AAGGCAACTGGAAAGACAGATGCCCCAGCTCCACTCATCAAACTA 
GGAGGACCAAGCC"ACCTTTAACTTG TTCTTCTG AAATGTATCTTGGTT TTCAAkG CATA 
AAAGCCA kAGAAGTTAAATTkCCT CC.C-CTAAG,-IITTT TA GT 

G TAGT A", IT G.TA'ACCATGAATATTCAACGCCAACCTAGGT'T AAGCCA 
GTAAAGGTGGCAAGAAAACATC CrCATGCTTGGTATTTACTATA.- CAACA GGA 

5CCAGCCCTAAJCCTGAATTGGGG4TGCI'ATACCAAGATGGT'IATAGTGTGGGCTTGCTGGTAAG 
GGCTGr C ,TAC"TAAT'TAGATCTM'AkTCAGCGACTCGTGACTCTGACA 1GTTGCAIA 

CTATCCCCGTTTCACGGC\'~AACCATGGTACATTTCCCTGGGAT'TCTTCT 

CCATCC G TGAATTCCTGCTCCCACCGATGGTTCTCGAAGATGATCTTATCCGT 
GA GA AG TCACCGCATTCAACGCAACITATTCCCAIC CATAAGGT 

r.,Ar.,r~7\~ 'T"rI II ' 

CAGGTTG ACGTA(TAAGGTAAG1GAGGAAAITuTTTGGTGTGA'rCAATGAAT 

GAGGAAGrAAAGATGCCCTTACAGCAATGCTCAACCTACT'ITCCTACAGCCT 

TTTGAATTTACTACTGTGGTCCCACGTGATGATCCGCAGTTTGATAATTATGT AT 

TGTlGATECACITGTTTGATGGTGTAGGAACACGT'CCAAAAGATG'ATGCAACCAAGACCAAAG 
TCACCTCAACGTTCAACACCTCCAACAAAGAAATT'CTCCAGCCGCCAACACACCAGCC 
CCT'AAGAAGGAGCAAAIAAGCCAAAGMG' CAGGATGATG'AAGTGGATAAAGCATTACCTCA 
CATGAGGAGAGGAACAATGCCACACTGGAATITTGATCATCAACCCAACGGTAATTAACTCGG 

SCGCGATTCACCCCTACCACACAA'GACTTAGITAAAATCAATAGTAAGAGTITAAGA 
ACA.TACCCATGTAGCTTCATTACCTA.CATTCTATCCCACGCAATTCTIAATTTTC'T 
ACTT'IAGTACCCTGGAAACGCAACGGTAGACCCTIAGATTTTAA[TTT'ACTITTAATITTTTAGT] 
TI'AGCTTTIAAGTTAGTTITAGAGTAGGTATAAAGATGCCCAGTGCCGGGGCCCACCGGAGTAC 
GACCGAGGGT'ACAGCACTAGGACGCCCIATTAGGGGAAGACTAAA'TTTACGTI'AAGTT'A 

5ACTTTIAATTGGCCTATCTATAGTTAAAATT'EAAGCTATATAATTAGACAAAAAAA 
AAAAAAAALAAAAAAAAAAAA 

REPLICAS 

Inaddition to the structural and accessory genes, two-thirdsofa coronavirus genome 

comprisesthereplicase gene (at the 5 end of the genoe),whichisexpressedastwo 

polyproteins, ppaand pplab, in which pplab isan extension product ofppla as aresult 

of a-1ribosomnalshift mechanism. The two polyproteins are cleaved by two types of
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virus-encoded proteinases usually resulting in 16 non-structural proteins (Nsp-16); IBV 

lacks Nspl thereby encoding Nsp2-16.  

Thus Gene 1 in IBV encodes 15 (16 in other coronaviruses) non-structural proteins (nsp2

16), which are associated with RNA replication and transcription.  

The term 'replicase protein' is used herein to refer to the ppla and ppab polyproteins or 

individual nsp subunits.  

The term 'replicase gene' is used herein to refer to a nucleic acid sequence which 

encodes for replicase proteins.  

A summary of the functions of coronavirus nsp proteins is provided in Table 1.
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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 arid poly(ADP-ribose)-binding 

activities; one or two ZBD-containing papain-like proteases; Y domain 
4 Transmenbrane domain 
5 3C-like main protease, homodimner 
6 Transmembrane domain 
7 Interacts with nsp8 to form a hexadecamer complex 
8 Noncannonical RNA polymerase; interacts with nsp7 to form a 

hexadecamericcomplex 
9 ssRNA-binding protein, diimer 
10 RNA-binding protein, homododecamer, zinc-binding domain, known to 

interact with nspl4 and nspl6 
11 Unknown 
12 RNA-dependent RNA polymerase 
13 Zinc-binding domain, NTPase, dNTPase, 5'-to-3' RNA and DNA helicase, 

RNA 5-triphosphate 
14 3-to 5' exoribonuiclease, zinc-bindina domain and N7- methvltransf erase 
15 Uridylate-specific endoribonuclease, homohexamer 
16 --------- Putative ribose-2'-O0-m ethyltransf erase ---------------------------------

The variant replicase gene encoded by the coronavirus of the present invention 

comprises a mutation in one or more of the sections of sequence encoding nsp-10, nsp

14, nsp-15 or nsp-16.  

Nsp1O has RNA-binding activity and appears to be involved in homo and/or heterotypic 

interactions within other nsps from the ppla/pplab region. It adopts an a/p fold 

comprised of five a-helices, one 3-helix and three P-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). Theprotein 

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 nsp-7, -8, -9 and-10. In 

addition, nsp-10 is known to interact with nsp-14 and nsp-16.  

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 nsp has also 

been shown to have N7-methyltransferase (MT) activity in the carboxyl-terminal region.
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Nsp-15 associated NendoU (nidoviral endoribonuclease, 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 significantly enhanced by Mn ions and 

there was little activity in the presence of Mg and Ca2 +. NendoU cleaves at the 3' side 

of uridylate residues in both single-stranded and double-stranded RNA. The biologically 

relevant substrate(s) of coronavirus NendoUs remains to be identified.  

Nsp-16 has been predicted to mediate ribose-2'-O-methyltransferase (2-O-MTase) 

activity and reverse-genetics experiments have shown that the 2'-O-MTase domain is 

essential for viral RNA synthesis in HCoV-229E and SARS-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.  

The genornic and protein sequences for nsp-10, -14,-15 and -16 are provided as SEQ ID 

NO: 2-5 and 6-9, respectively.  

SEQ ID NO: 2 (nsp-10 nucleotide sequence - nucleotides 11884-12318 of SEQ ID NO:1) 

TCTAAAGGITCATGAGACAGACGAAGTGGATGCTGTAGGCATTCTCTCACTTTGCTT TTG1CAGTA 
GATCCTGCGGATACATAT TGTAAATATGTGCGCAGGTACMCCTTAGG'TAACTTTTAAA 
ATGT TGACA CATAATGGT-'AG r,,TGGT TT TGC CAT'CAAAG C CATACTGAC 

GATTCT TATGGAGGAGCIT C]GTGTGTCTTTT T TAGAGCAATALTAGCICACCIT GCrGGAGCA 
GGATAA]??['TACkAC;C;AC(TGCAAT ITTAAAGGIT TT GTCAAAACCrACTACGGAGAAAGAT 

5 CCTGTTGG'OCATTCTGTCACGT']AACAAGGTTTPIGCAC'TGpT'TGCAZZGTGTTGATTGGTTIATPGGATGT 
CAGTGTC1AGATCACT TAGACAACCTAAACCT T'CTGTTA 

SEQ ID NO: 3 (nsp-14 nucleotide sequence - nucleotides 16938-18500 of SEQ ID NO:1) 
3 GTC ATITGTTTMTTGCIAAC AAATTGGTT [1TGITGTGTTACCCAGGTTATGCAGTCACAr 

ACTAGGCTTTGCGCAATTATMGTTATGAGAAC TGTCCT GT AGTGAAGCT 

GGTTCAGAAATAACATATAAACATCTTAT TTCT TTGT TAGGGT TTAAGATGAGTGT TAATGT TGAA 
GGCTGCCACACATTTATAACAGTAGAGTA 
GATGTAGIAGCAACACATGCTTGCGGTACT7A\CAT TGGTACTAACCTGCCTTTCCAAGTAGGTT TC 
TCTACTGGTGCAGACTTTGTAGTTACGCCTGAGGACTTGTAATACTTCAATAGGCAATAATTTT 
GAGCTCTTGAAT TCTAAAGCACCTCCAGGTGAACAAT TTAATCACTTGAGAGCGTTATTC'AT GT 

GCTAAACCTTGGCATGTTGTAAGGCCCAAGATTGTGCMATGTTAGCGGATAACCTGTGCM'7"CGTT 
TCAGATTGTGTAGTGT TTGTCACGTGGTGTCATGGCCTAGAACTAACCACTTTGCGCTAT TTTGTT 

ATAGGCAAGGACCAAPGTTTGTTCTTGOCGGT TCTAGAGCAACAACTT TTAAT TCTCATACTCAG 

3 GCTTAT GC TTGSTTGGA AGCATT GCT TGGGTT TT GATT TTGSTTTATTf CCACTC T TAGTGOGATATT 

CAACAGGCGT'TATT'CTGGAACTAAACCCCATGATT" TGCA~n~~[r''~IrTGTAGGCATGGACAC 

GCACATTACCCGCGCGATGCTATAT GCGC'GTTGACT TGCAAT TAATAATGCAT TTTGTCAA 
GATGTCAACTGGGATTTAACTTPACCCTCATATAGCAAATGAGGATGAAGTCA CTCACGTAGA 
TIATTI''TACAACGCAGTATCT TAAGCATGGTGAATGCTCT'AT'AACGTTGT'CTATPGATATA 
S GGCAACCC'T'AAAGGTPATTAAAATGTGTTAGACGTGGAGACTI'AAATTTAGATGA 
CCAATAGTACCCAAT['GT'CAAGCAGTTTGAGA T
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GGTCT[TI TGATGT T lT GGAATGI['ITAAT'TIGGAT G TPATCCCGACAA 1 CC'TAC'TT'GTAGGTAC 
GACACACGAAAT TTEGAG' GT GilT TAACCT ACCTGTT G'TAATGT GTAGCT GTATTTACAAG 
CATGCAT'T CCACACACCT AAAT T TGAT CGCACT AGCT 'T IT AAT lT GAAACT AT CCATT CT T 
T T CT AT GACT CAT CGCCT T GCGAG.ACCAT TCAAT T GGAT GGAGT TGCGCAAGACCT TG--TGT CAT T A 

GCTACGAAAGATTGTATCACAAAATGCAACATAGGCGGTGCTGTTTGTAAAGCACGCACAAATG 
T.ATGCAGAT T TTGT GACT mlT TAAT GC AGCT GT TACT GCT-GG-T T TTACTT T T TGGG-T T ACTAAT 

AAT TTTAACCCATATAAT T TGTGGAAAAGTTT T T CAGCTCT CCAG 

SEQ ID NO: 4 (nsp-15 nucleotide sequence - nucleotides 18501-19514ofSEQIDNO:1) 

TCTATCGACATTTCT TATAA"TA'AAGG]TGGT'CATTATATCTA['TTCAGAAAAkTG 
CCCACTTCTAA"' CCAGTAAAGTT TTTTm'IAAATCAAGGCGTAGAAAAAGCAGTTTT'ITTITT 

AATCALAACAATTCTCCTACATCT'j(~pGAGCGT TTGAG(CTGTATGp~cGAAGAGAAA7KvL'TCGCrjcACACTG 

CGrCAAAACCTT T TGAAAT TTGGGTGAATGTACAATGGAT TTGAA'T' IGAIT TAC 
ACGAACkCA'AACACCACTATAC G'AAC'ITTAAGAT rT CACTAG CAAAT <r--~r 1, 7" r-- ITT r-TC-rTI"r'"T ''rG' 

GGCAATACT TCACTGkrCTGATATCT? 

CAGAACCGTATTiuCCGITI AAAAGA'TGGACAACCTGAT'T TAACGTGTTAATGCGTT 
GT TAGCTACCTAACACAATAAACACACAGGTCAAT TATGAAACTTTTGAACCTC T AA 
GTTGAGCGTGATT'CT'CGACATTCAGAGATTTAAAAIATITGTAAAGAATI'TAGT 

TACAGCACA'AC'A GAAGT'TGA'TAAGCCCCAAT'AGG TT TICCACACTGTTATAGGT 
ATCTGCAGACTTTTACTCAAAAGTTG''AACCAAAGCTACTAATCTGATGAC GTCA 

ATGCCAIAATTATIE'TGTATTGGCAGA.CAATG'GT'TCCT['ACAACAATTCTACTGT'ITGAT'TC 
CTC'TTGATGA.T' TTCT AGAArl'r-I'C'TTCTAGGAACATACIE'TGAAAGAG'TATGCIACIITAATAA'ITCTAAA 
I GT1TAAC'TCAT'GCAT'TACCATAGCAT'AAAI[TTTAT'GACTTAI[GGT'ITCGAAGATCGCAT'TATTI 
AAIACATGTTATCCACAGCT TCAA 

SEQ ID NO: 5 (nsp-16 nucleotide sequence - nucleotides 19515-20423 of SEQ ID NO:1) 

ITCAGCATGGACCT'[GTT AAATATCCTGAACTTTATAAA'GCAGAAT T ' TATGGAACCT 
TCAACATITCCTAATIAT T'TGAATAGCG'CCAAGTGTATI'C TATGATGAACG'GCAAAG 

TATACACAACTCTGTCAATACCTT TCGAAAACAACAACTGTGTCTACCGCATAATATGCGAGTAATG 

C1 -_1-G A T 

5 AAGGGCACACTCCTTGTCGATAATGATATTGTAGsACTATGTGTCTCATGC AATGTTCTGTGCTT 
TCAGAT TGCAATAAATATAAGACAGAGCACAGTTATCTTGTGATATCTATA' T GTATArCGAC 

AATGAT TCAMAGAAAAGCATGAAGCGTGATAGSCCAATAATGGCAATGATGACG~T TTTCATATAT 
CTCTCAAGTT TTCT TCGTAATAATTTC G GCTCGTAGTT TTGCTGAAAAGTACACAGACA 
AGTTGGCACGAAGTTTTATATCAATTGCACAGGATTGTGCATGGTGGACATGTT GTACAGCA 
3TGAATGCCTCTTCTTCAGAAGCATTCTT'CCGATTGTTAATTATTTGGGTGCAAGTGAAAAGGTT 
AAGGTTAGTGGAAAAACG'CTGCACGCAATTATATAT TTTGGAATTGTAATTATT TACAACC 

TTGAACTCGACAAAGACACT TATCT TTAATTT A TAACTGTGGTAACTTACTCGTAAGA 
GATGTTGTAACACCTCTTTTACTAGTGACTCTT TTGTCTACTATGTAG 

SEQ ID NO: 6 (nsp-10 arnino acid sequence) 

SKGCHETEEVDAsVGILSLCSFAVDPADTYCKYVAAGNQPLGNCVKMLTVHNGUSGFAITSKPSPDTPDQ 
DSYGGASVCLYCRAHIAH-PGGAGNLDGRCQFKGSFVQIPTTEKDPVGFCLRNKVCTVCQCWIGYC 

3QCDSLRQPKPSVQ 

SEQ ID NO: 7 (nsp-14 amino acid sequence)
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GT GL FKICNKE FSGVH PAYAVT TKALAA 'Y KVNDE LAALVNVEAGSEITYKHLISLLGFKMSVNVE 
GCHNJMFIT RDEAILT RNVRGWVGFDVEATHACGTN IGTNL PFQVG FSTGADFVVTPEGLVDT SIGNNF 
EPVNSKAPPGEQFNHL PAL FKSAKPWHVVRPRIVQMLADNL CNVSDCVVF-VTWCHGLELTTLRYFV 
KIGKDQVCSCGSRATTFNSHTQAYACWKHCLGFDFVYNP T VDIQQWGYSGNLQFNHDLHCNVHGH 
AHVASADAIMT RCLAINNAFCQ DVNWDL T Y PH IANE DEVNS SCRY LQ RMY LNACVDALKVNVVY D I 
GNPKG IKCVRRGDLN FRFY DKNPIVPNVKQ FEY DYNQ HKDK FADGLCMF.-WNCNVDCY PDNSLVCRY 
DT RNL SVFNL PGCNGG SL YVNKHAF HT PKFDRT S FRNLIvP F FFY DSS PCE T IQL DGVAQDLVSL 
AT KDC ITKCNIGGAVCKKHAQMYAD FVTSYNAAVTFAG FT FVTNNFNPNLWKS FSALQ 

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

STDNIAYNMYKGGCHYDAAGEMPT 'ITGDKVFVIQGVEAVFFNQ 'ILPTSVAFELYAKRNIRTL 

PNNRILKGLGVDVTNGFVWDYIT PLYRNTVKVCAYTD EePNGLIVLYDDR FLAADNA 
VILVSTQCYKRYSYVEI PSNLLVQNGI PLKDGANILYVYKVN[GAFVTLPNTLNTG RSY T FEPRSD 
VERDFLDMSEESFVKYKGLQH LYGEVDKPQLGGLHT VIMCRLLRAKLNAKSTNSDSDV 
MQNYFVLA[DNGSYKQVCTVVDL LLDDFLELLRNILKEYGTNK SKVVTVSY SI ' IPNFMTWFDII 

SEQ ID NO: 9 (nsp-16 amino acid sequence) 

SAWTCGYNMPELYKVQNCVMEPCNTPNYGVGIALPS'GIMMNVAKYTQL.CQYLSKTTMCVPHNMRVM 
HFGAGSDKGVAPGSTVLKQWLPEGTLLVDNDIVDYVSDAHVSVLSDCNKYKTEHKLFDLVISDMYTD 

NDSKRKHEGVIANNGNDDVFIYLSSFLRNNLALGGSFAVKVTETSWHEVLYDIAQDCAWWTMFCTA 
VNASSSFAFLVGVNYLGASEKVKVSGKTLHANYIFWRNCNYLQTSAYSIFDVAKFDLLKATPVVN 
LKTEQKTDLVFNLIKCGKLLVRDVGNTSFTSDSFVC7TM 

REDUCED PATHOGENICITY 

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.  

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.  

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.
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The term "reduced pathogenicity" is used to describe that the level of pathogenicity of a 

coronavirus is decreased, lessened or diminished compared to a corresponding, wild-type 

coronavirus.  

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.  

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.  

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.  

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.  

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.  

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.  

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.
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A coronavirus expressing a variant replicase according to the present invention may 

cause clinical symptoms, as defined in Table 2, at a lower level than a coronavirus 

expressing the wild type replicase.  

Table 2 IBV severity limits based on clinical signs: 

Snicking (sneezing) 

Nasal exudate IBv specific: Mild (N.B. Respiratory signs 
become apparent from 2-3 dpi if they 

Watery eyes are going to occur and can continue for 

Swollen infraorbital sinuses up to 7d).  

Rales (vibration in trachea or bronchi region) 

Hunched posture / depressed 

FMild, if exceed 2d increase to 
Fluffed upfeathers moderate 

Eating and drinking less 

Drinking in excess: evident by fluid filled cro or IBV specific: Mild, if exceed 24h increase to 

measured Water intake moderate for a max of 2d. If still drinking in excess 
then kill by schedule 1 method.  

Less active but still evade capture 

Mild, if exceed 1d increase to 
Weight loss moderate.  

Not eating or drinking 

Birds sit alone and does not evade capture 

Moderate: birds at end point. Kill by schedule 1 
Severe respiratory distress: e.g. excessive gasping method.  

Snicking and / or rales for 7d in total 

Severe: report to projectlicense 
Found dead .... .... .... .... .... .... ... . ... holder.  

Full post-mortem to be performed.  

The variant replicase of the present invention, when expressed in a coronavirus, may 

cause the virus to replicate at non-pathogenic levels in ovo.  

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.
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Thus a viral particle must be sufficiently efficient at replicating and propagating to ensure 

that it is not neutralized 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 neutralization 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 appropriate 

protective immune response which is distinct to the effect of the maternally-derived 

antibodies.  

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.  

Reduced pathogenicity in terms of the embryo may mean that the coronavirus causes 

less reduction in hatchability compared to a corresponding, wild-type control coronavirus.  

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.  

A suitable variant replicase may be identified using methods which are known in the art.  

For example comparative 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).  

If the variant replicase enables the virus to propagate 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.  

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. Subsequent 

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.  

VARIANT
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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.  

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.  

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).  

Identity comparisons can be conducted by eye, or more usually, with the aid of readily 

available sequence comparison programs. These commercially available computer 

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 software that can perform sequence comparisons include, but are not 

limited to, the BLAST package (see Ausubel et a, 1999 ibid - Chapter 18), FASTA 

(Atschul et aL, 1990, J. Mol. Biol., 403-410) and the GENEWORKS suite of comparison 

tools, ClustaIX (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 Bestfit 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@ncbi.nlm.nih.gov).  

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 equivalent 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
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values include leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine, 

threonine, phenylalanine, and tyrosine.  

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 V 

Polar - uncharged C S T M 

N Q 

Polar - charged D E 

K R 

AROMATIC - F W Y 

The coronavirus of the present invention may comprise 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 

replicase.  

The variant replicase gene may encode a protein which comprises at least one or more 

amino acid mutations in any combination of nsp-10, nsp-14, nsp-15 and nsp-16.  

The variant replicase gene of the coronavirus of the present invention may encode a 

protein comprising a mutation as defined in the M41 mod sequences presented in Figure 

10.  

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: 

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.
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The variant replicase gene of the coronavirus of the present invention may encode a 

protein which does not comprise a mutation in nsp-2, nsp-3, nsp-6 or nsp-13.  

The variant replicase gene of the coronavirus of the present invention may encode a 

protein which does not comprise a mutation in nspl0 which corresponds to the threonine 

to isoleucine mutation caused by a mutation at nucleotide position 12,008 in the gene 

reported by Ammayappan e al. (Arch Virol (2009) 154:495-499).  

Ammayappan et al (as above) reports the identification 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 produced 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.  

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.  

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.  

The variant replicase gene may encode a protein which comprises the amino acid 

mutation Val to Leu at position 393 of SEQ ID NO: 7.  

'The variant replicase gene may encode a protein which comprises the amino acid 

mutation Leu to lie at position 183 of SEQ ID NO: 8.  

The variant replicase gene may encode a protein which comprises the amino acid 

mutation Val to lie at position 209 of SEQ ID NO: 9.
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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 Leu at position 393 of 

SEQ ID NO: 7.  

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 lie at position 183 of SEQ ID 

NO: 8.  

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 lie at position 209 of SEQ 

ID NO: 9.  

The variant replicase gene may encode a protein which comprises the amino acid 

mutations Val to Leu at position 393 of SEQ ID NO: 7 and Leu to lie at position 183 of 

SEQ ID NO: 8.  

The variant replicase gene may encode a protein which comprises the amino acid 

mutations Val to Leu at position 393 of SEQ ID NO: 7 and Val to Ile at position 209 of 

SEQ ID NO: 9.  

The variant replicase gene may encode a protein which comprises the amino acid 

mutations Leu to lie at position 183 of SEQ ID NO: 8 and Val to lie at position 209 of SEQ 

ID NO: 9.  

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, Val to Leu at position 393 of SEQ ID 

NO: 7 and Leu to lie at position 183 of SEQ ID NO: 8.  

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 lie at position 183 of SEQ ID 

NO: 8 and Val to lie at position 209 of SEQ ID NO: 9.  

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, Val to Leu at position 393 of SEQ ID 

NO: 7 and Val to lie at position 209 of SEQ ID NO: 9.
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The variant replicase gene may encode a protein which comprises the amino acid 

mutations 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 lie at position 209 of SEQ ID NO: 9.  

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, 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.  

The variant replicase gene may also be defined at the nucleotide level.  

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: 11884-12318, 16938-18500, 18501-19514 and 19515

20423 of SEQ ID NO:1.  

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: 

C to T at nucleotide position 12137; 

G to C at nucleotide position 18114; 

T to A at nucleotide position 19047; and 

G to A at nucleoide position 20139; 

compared to the sequence shown as SEQ ID NO: 1.  

As used herein, the term "substitution" is synonymous with the term mutation and means 

that the nucleotide at the identified position differs to that of the wild-type nucleotide 

sequence.  

The nucleotide sequence may comprise any combination of the nucleotide substitutions 

selected from the list of: 

C to T at nucleotide position 12137; 

G to C at nucleotide position 18114; 

Tto A at nucleotide position 19047; and 

G to A at nucleotide position 20139; 

compared to the sequence shown as SEQ ID NO: 1.
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The nucleotide sequence may comprise the substitution C12137T.  

The nucleotide sequence may comprise substitution G18114C.  

The nucleotide sequence may comprise the substitution Ti9047A.  

The nucleotide sequence may comprise the substitution G20139A.  

The nucleotide sequence may comprise the substitutions C12137T and G18114C.  

The nucleotide sequence may comprise the substitutions C12137T and TI9047A.  

The nucleotide sequence may comprise the substitutions C12137Tand G20139A.  

The nucleotide sequence may comprise the substitutions G18114C and TI9047A.  

The nucleotide sequence may comprise the substitutions G18114C and G20139A.  

The nucleotide sequence may comprise the substitutions T9047A and G20139A.  

The nucleotide sequence may comprise the substitutions C12137T, G18114C and 

Ti9047A.  

The nucleotide sequence may comprise the substitutions C12137T, T19047A and 

G20139A.  

The nucleotide sequence may comprise the substitutions C12137T, G18114C and 

G20139A.  

The nucleotide sequence may comprise the substitutions G18114C, T19047A and 

G20139A.  

The nucleotide sequence may comprise the substitutions C12137T, G18114C, T19047A 

and G20139A.  

The nucleotide sequence may not comprise a substitution which corresponds to the 

C12008T substitution reported by Ammayappan et al. (as above).
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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.  

The nucleotide sequence may be codon optimised for production in the host/host cell of 

choice.  

It may be isolated, or as part of a plasmid, virus or host cell.  

PLASMID 

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.  

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.  

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 coronavirus proteins such as the S gene and/or gene 3.  

The plasmid may also comprise a resistance marker, such as the guanine xanthine 

phosphoribosyltransferase gene (gpt) from Escherichia coli, 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.  

RECOMBINANT VACCINIA VIRUS 

The present invention also relates to a recombinant vaccinia virus (rVV) comprising a 

variant replicase gene as defined herein.
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The recombinant vaccinia virus (rVV) may be made using a vaccinia-virus based reverse 

genetics system.  

In this respect, the present invention also provides a method for making a viral particle by: 

(i) transfecting a plasmid as described in the previous section 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; 

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

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.  

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 nsp

10, nsp-14, nsp-15 and/or nsp-16. The recombination may involve a nucleotide sequence 

which encodes for an amino acid mutation or comprises a nucleotide substitution as 

defined above.  

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.  

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.  

The above method optionally includes the step: 

(v) recovery of recombinant coronavirus comprising the modified replicase gene 

from the DNA from the recombining virus from step (iv).



WO 2016/012793 PCT/GB2015/052124 
36 

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).  

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 polymerase. The 

cells may, for example be pre-infected with a fowpox virus expressing T7 RNA 

polymerase. Recombinant coronavirus may then be isolated, for example, from the 

growth medium.  

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.  

Positive recombinants may then be verified to contain the modified replicase gene by, for 

example, PCR and sequencing.  

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)).  

Suitable reverse genetics systems are known in the art (Casais et al (2001) J. Virol 

75:12359-12369; Casais et al (2003) J. Virol. 77:9084-9089; Britton et al (2005) J.  

Virological Methods 123:203-211; Armesto et al (2008) Methods in Molecular Biology 

454:255-273).  

CELL 

The coronavirus may be used to infect a cell.  

Coronavirus particles may be harvested, for example from the supernatant, by methods 

known in the art, and optionally purified.  

The cell may be used to produce the coronavirus particle.  

Thus the present invention also provides a method for producing a coronavirus which 

comprises the following steps: 

(i) infection of a cell with a coronavirus according to the invention;
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(ii) allowing the virus to replicate in the cell; and 

(iii) harvesting the progeny virus.  

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 comprise a 

recombining virus genome comprising a nucleotide sequence capable of encoding the 

replicase gene of the present invention.  

The cell may be able to produce recombinant recombining virus (e.g. vaccinia virus) 

containing the replicase gene.  

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.  

VACCINE 

The coronavirus may be used to produce a vaccine. The vaccine may by a live 

attenuated form of the coronavirus 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/aqueous solutions, emulsions 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, Tris, trimethanmine hydrochloride, or 

phosphate buffers. Parenteral carriers can include sodium chloride solution, Ringer's 

dextrose, dextrose, trehalose, sucrose, and sodium chloride, lactated Ringer's or fixed 

oils. Intravenous carriers can include fluid and nutrient replenishers, electrolyte 

replenishes, such as those based on Ringer's dextrose and the like. Preservatives and 

other additives such as, for example, antimicrobials, antioxidants, 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
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pharmaceutically acceptable compositions, from the above-described components, 

having appropriate pH isotonicity, stability and other conventional 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, pubt, 2000; and The Handbook of 

Pharmaceutical Excipients, 4.sup.th edit., eds. R. C. Rowe et al, APhA Publications, 

2003.  

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.  

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.  

VACCINATION METHOD 

The coronavirus of the present invention may be used to treat and/or prevent a disease.
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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.  

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.  

The disease may be any disease caused by a coronavirus, such as a respiratory disease 

and and/or gastroenteritis in humans and hepatitis, gastroenteritis, encephalitis, or a 

respiratory disease in other animals.  

The disease may be infectious bronchitis (IB); Porcine epidemic diarrhoea; Transmissible 

gastroenteritis; Mouse hepatitis virus; Porcine haemagglutinating encephalomyelitis; 

Severe acute respiratory syndrome (SARS); or Bluecomb disease.  

The disease may be infectious bronchitis.  

The vaccine may be administered to hatched chicks or chickens, for example by eye drop 

or intranasal administration. 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.  

The vaccine may be provided in a form suitable for its administration, such as an eye

dropper for intra-ocular use.  

The vaccine may be administered by in ovo inoculation, 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.  

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.
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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 administered between day 15-19 of the 

21-day incubation period, for example at day 17 or 18.  

The process can be automated using a robotic injection process, such as those described 

in WO 2004/078203.  

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 comprising 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 invention together with one or more other 

vaccine(s) for separate, sequential or simultaneous administration.  

The vaccine or vaccine composition of the invention 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).  

Typically, a physician or veterinarian will determine 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).  

The composition may optionally comprise a pharmaceutically acceptable carrier, diluent, 

excipient or adjuvant. 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 addition to) the 

carrier, excipient or diluent, any suitable binder(s), lubricant(s), suspending agent(s), 

coating agentss, solubilising agent(s), and other carrier agents that may aid or increase 

the delivery or immunogenicity of the virus.  

The invention will now be further described by way of Examples, which are meant to 

serve to assist one of 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
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EXAMPLE 1 - Generation of an IBV reverse genetics system based on M41-CK 

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.  

The IBV cDNA within recombinant Vaccinia virus (rVV) rVV-BeauR-Rep-M41 structure 

described in Armesto, Cavanagh and Britton (2009). PLoS ONE 4(10): e7384.  

doi:10.1371/journal pone.0007384, which consisted of the replicase derived from IBV 

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-Nspl6 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 represented M41

CK Nsp4-8, Nsp9-12, Nsp12-14 and finally Nsp15-16. Each replacement cDNA 

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 cDNA sequence by 

homologous recombination and sequential addition of contiguous M41 replicase gene 

sequence. The synthetic cDNAs containing the M41-derived Nsp sequences were added 

by homologous recombination utilising the inventor's previous described transient 

dominant selection (TDS) system (see PCT/GB2010/001293). The M41-derived cDNAs 

containing 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 

Figure 10.  

A full-length cDNA representing the genome of M41-CK was generated in Vaccinia virus 

representing the synthetic sequences. Two rlBVs, 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 

The viruses rescued in Example I were used to infect 8-day-old specific pathogen free 

(SPF) chicks by ocular and nasal inoculation to test them for pathogenicity, as observed
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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 

compared to M41-CK though they did show some clinical signs in comparison to 

uninfected control chicks (Fig. 2) and some but inconsistent loss in ciliary activity (Fig. 3).  

Thus, the M41-R molecular clones of M41-CK were not pathogenic when compared to the 

parental virus M41-CK.  

The inventors identified several nucleotide differences 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 

replicase 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 

Region of Nucleotide Nucleotide AminoAcidChange 
Replicase position Mutation 

Nspl0 12137 C-+T Pro-+Leu 

Nspl4 18114 G--+C Val- Leu 

Nspl5 19047 T->A Leu -41e 

Nspl6 20139 G-+A Val-+ile 

EXAMPLE 3 - Repair of M41-R rlBVs 

In order to determine whether the identified mutations were responsible for the loss of 

pathogenicity associated with M41-R, the Nspl0 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 inventors thus generated the rlBVs, M41R-nsplOrep and M41R-nspi4, 15, 

16rep, using synthetic cDNAs containing the correct nucleotides utilising the inventor's 

previous described (TDS) system (see PCT/GB2010/001293).
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The rlBVs were assessed for pathogenicity in chicks as described previously. Both rlBVs 

showed increased pathogenicity when compared to M41-R but not to the level observed 

with M41-CK (Figs 4 and 5). M41R-nspl4, 15, 16rep gave more clinical signs and more 

reduction in ciliary activity than M41R-nsp1rep, overall these results indicated that the 

changes associated with the four Nsps appear to affect pathogenicity.  

To determine the roles of the Nsps in pathogenicity the full-length cDNA corresponding to 

M41R-nsp1rep was used to repair the mutations in Nsps14, 15 & 16 using a synthetic 

cDNA containing the correct nucleotides utilising the TDS system.  

The following rlBVs were produced:

M41R-nsp10, 15rep - M41-R with the mutations in Nsp-10 and Nsp-15 repaired 

M41R-nsp10, 14, 15rep - M41-R with mutations in Nsp-1 0, -14 and -15 repaired 

M41R-nsp10, 14, 16rep - M41-R with mutations in Nsp-10, -14 and -16 repaired 

M41R-nsp10, 15, 16rep - M41-R with mutations in Nsp-10, -15 and -16 repaired 

M41-K - All four mutations, Nsp-10,-14,-15 & -16 repaired in M41-R 

The rlBVs 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 (Fig. 6, 7 & 8). The other rlBVs demonstrated varying levels of 

pathogenicity, apart from M41R-nspl0, 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.  

The inventors also generated rlBV M41R-nsp 10, 14 rep (nsp 10 and 14 are repaired, nsp 

15 and 16 contain mutations) and rlBV M41R-nsp 10, 16 rep (nsp 10 and 16 are repaired, 

nsp 14 and 15 contain mutations) and assessed the pathogenicity of these viruses.  

rlBV M41R-nsp 10, 14 rep less pathogenic than M41-K but caused around 50% ciliostasis 

on days 4-6 post-infection. rlBV M41R-nsp 10, 16 rep was almost apathogenic and 

caused no ciliostasis (see Figure 11a-c).  

Thus the genome associated with M41-R is a potential backbone genome for a rationally 

attenuated IBV.
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EXAMPLE 4 - Vaccination/Challenge Study with M41-R 

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 

103-65 EID,5 per dose.  

Clinical signs were investigated after challenge protection by the vaccine and a ciliostasis 

test was performed at 5 days after challenge to investigate the effect of the challenge 

viruses on movement of the cilia and protection by the vaccine against ciliostasis 

(inhibition of cilia movement).  

In ovo vaccination in commercial broiler eggs 

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 18 M41-R was good and chickens were 

healthy. 18 M41-R protected against clinical signs after challenge in the broilers (placebo: 

19/19 affected, lB M41-R: 3/18 affected and 1 dead). The results of the ciliostasis test 

are given in Table 6. B M41-R generated protection against ciliostasis.  

Table 4 - Design of a hatchability, safety, efficacy study in commercial eggs 

Treatment Treatment EID, 0
1  Route Day(s) of Day(s) End Nr. of eggs 

Description per of Admin per 
dose Admin 2T OT aen 

Challenge2  Study treatment 
TO1 None NA NA NA NA NA 30 

T10 nBM Rovo 18 days Atlays At6 30 
NTX Saline NA In ovo embryo- of age, 20 days 30 

nation chickens per of age 
group 

Dose volume 0.1 ml, NA, not applicable.  
2 1065 EID 50per dose.
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Table 5 - Hatch percentages and clinical data before and after challenge in commercial 
chickens, for design see Table 1.  

Treatment Hatch! Vital! Before challenge After challenge 
total total Deaths/ Symptoms Deaths/ Symptoms/ 

total I total total total 
None 28/30 Euthanized directly after hatch for blood collection 
IB M41-R 28/30 28/28 1/20 0/19 1/1 9 3/118" 
Saline 29/30 29/29 1/20 0/19 0/19 19/19177' 

Disturbed respiratory system 
2 Whizzing 
3 Change of voice 
4 Breathing difficult 
'Swollen intra-orbital sinuses 
6 Uneven growth 

Weak 

Table 6 - Results of the ciliostasis test after challenge, for design see Table 1.  
Treatment Protected/total Percentage protection 

Saline 0/19 0% 

IB M41 R 5/18 28% 

In ovo vaccination in specific pathogen-free (SPF) eggs 

The design of the study in SPF eggs is given in Table 7 and is similar with the design of 

the studies with commercial broilers, but the vaccination dose for IB M41-R was higher, 

(105 EID5G per dose).  

The results (Table 8) show that the hatch percentage for lB M41-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 challenged.  

In the ciliostasis test after challenge it appeared that all chickens vaccinated in ovo with 11 

M41-R were protected, whereas none of the controls was protected, see Table 9.
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Table 7. Design of a hatchability, safety, efficacy study in SPF eggs 

Treatment Treatment EIDo1 Route Day of Days End Nr. of eggs 
Description per of Admin of of per 

dose Admin Challenge2  Study treatment 
T11 IB M41-R 10 In ovo 18 days At 21 days At 26 40 

emnbryo- of age days 
T04 Saline NA In ovo nation of age 40 
NTX NA NA NA NA 10 

Dose volume 0.1 ml, NA, not applicable.  
2 Challenge dose 10" EIDco in 0.2 ml.  

Table 8. Hatch percentaaes and clinical data before and after challenae in SPF chickens.  
for design see Table 7.  

Treatment Hatch/ Vital/ Before challenge After challenge 
total total Deaths! Symptoms/ Deaths/ Symptoms/ 

total total total total 
IB M41-R 19/40 11/40 8/40 weak 0 0 

Saline 30/40 30/40 0 0 0 
NA 19/1 /0 0 ------

Table 9. Results of the ciliostasis test after challenge, for desin see Table 7.  

Treatment Protected/total Percentage protection 

Saline 0/11 0% 
IB M41 R 1 1/11 1 00% 

In conclusion, lB M41-R was safe in commercial eggs, generated protection against 

clinical signs and to an extent against ciliostasis.  

In SPF eggs vaccinated with 11 M41 R a relatively low number of chickens hatched. This 

may be due to the 105 EIDo per egg of IB M41-R used. This was 10-fold higher than the 

dose used in earlier studies in which there was a higher level of hatchability. The lower 

hatch percentages may also be caused by a particularly high susceptibility of the batch of 

SPF eggs for viruses, as in other studies the level of embryo mortality was also higher 

that had previously been observed.  

After challenge all surviving chickens after hatch were completely protected against 

ciliostasis. It is concluded that lB M41-R has great potential as vaccine to be 

administered in ovo.
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All publications mentioned in the above specification are herein incorporated by reference.  

Various modifications 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. Although the invention has been described in connection with specific preferred 

embodiments, it should be understood that the invention as claimed should not be unduly 

limited to such specific embodiments. Indeed, various modifications of the described modes 

for carrying out the invention which are obvious to those skilled in molecular biology, virology 

or related fields are intended to be within the scope of the following claims.  

Throughout this specification and the claims which follow, unless the context requires 

otherwise, the word "comprise", and variations such as "comprises" or "comprising", will be 

understood to imply the inclusion of a stated integer or step or group of integers or steps but 

not the exclusion of any other integer or step or group of integers or steps.  

The reference in this specification to any prior publication (or information derived from it), or 

to any matter which is known, is not, and should not be taken as, an acknowledgement or 

admission or any form of suggestion that that prior publication (or information derived from it) 

or known matter forms part of the common general knowledge in the field of endeavour to 

which this specification relates.
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The claims defining the invention are as follows: 

1. A live, attenuated infectious bronchitis virus (IBV)comprising a variant replicase gene 

encoding polyproteins comprising a mutation in one or more of the non-structural protein(s) 

(nsp)-10and nsp-14; wherein the variant replicase gene encodes a protein comprising an 

amino acid mutation of Pro to Leu at the position corresponding to position 85 of SEQ ID 

NO: 6, and/or wherein the variant replicase gene encodes a protein comprising an amino 

acid mutation of Val to Leu at the position corresponding to position 393 of SEQ ID NO: 7.  

2. The IBV according to claim 1, further comprising a mutation in one or more of nsp-15 

corresponding to SEQ ID NO: 8 and nsp-16 corresponding to SEQ ID NO: 9.  

3. The IBV according to claim 2, wherein the variant replicase gene encodes a protein 

comprising one or more amino acid mutations selected from: an amino acid mutation of Leu 

to lle at the position corresponding to position 183 of SEQ ID NO: 8 and an amino acid 

mutation of Val to Ile at the position corresponding to position 209 of SEQ ID NO: 9.  

4. The IBV according to any one of the preceding claims, wherein the variant replicase 

gene encodes a protein comprising the amino acid mutation Pro to Leu at the position 

corresponding to position 85 of SEQ ID NO: 6.  

5. The IBV according to any one of the preceding claims, wherein the variant replicase 

gene encodes a protein comprising the amino acid mutations Val to Leu at the position 

corresponding to position 393 of SEQ ID NO: 7; Leu to Ile at the position corresponding to 

position 183 of SEQ ID NO: 8; and Val to Ile at the position corresponding to position 209 of 

SEQ ID NO: 9.  

6. The IBV according to any one of the preceding claims, wherein the variant replicase 

gene encodes a protein comprising the amino acid mutations: Pro to Leu at the position 

corresponding to position 85 of SEQ ID NO: 6; Val to Leu at the position corresponding to 

position 393 of SEQ ID NO: 7; Leu to Ile at the position corresponding to position 183 of 

SEQ ID NO: 8; and Val to Ile at the position corresponding to position 209 of SEQ ID NO: 9.  

7. The IBV according to any one of the preceding claims, wherein the variant replicase 

gene comprises one or more nucleotide substitutions selected from: 

C to T at nucleotide position 12137;
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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.  

8. The IBV according to any one of the preceding claims which is IBV M41.  

9. The IBV according to claim 8, which comprises an S protein, at least part of which is 

from an IBV serotype other than M41.  

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

than M41.  

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

than M41.  

12. The IBV according to any one of the preceding claims 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 replicase gene as defined in any one of claims 1 to 7.  

14. A protein encoded by a variant replicase gene according to claim 13.  

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

16. A method for making the IBV according to any one 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 modified replicase gene.
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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 recombining virus from step (iv).  

19. A cell capable of producing an IBV according to any one of claims 1 to 12.  

20. A vaccine comprising an IBV according to any one 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 use of an IBV according to any one of claims 1 to 12 in the manufacture of a 

vaccine for treating and/or preventing a disease in a subject.  

23. The method or use according to claim 21 or 22 wherein the disease is infectious 

bronchitis (IB).  

24. 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 injection.  

25. The method according to claim 24 wherein the vaccination is in ovo vaccination.  

26. A method for producing a vaccine according to claim 20, which comprises the step of 

infecting a cell according to claim 19 with an IBV according to any one of claims 1 to 12.
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