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1
CORONAVIRUS

FIELD OF THE INVENTION

The present invention relales to an attenuated coronavirus comprising a variant replicase
gene, which causes the virus 1o have reduced pathogenicity. The present invention also

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

BACKGROUND TO THE INVENTION

Avian infectious bronchitis virus {IBV), the aetiological agent of infectious bronchitis (1B)
is a highly infectious and contagious pathogen of domestic fow! that replicates primarily in
the respiratory fract but also in epithelial celis of the gut, Kidney and oviduct. 1BV is a
member of the Order Nidovirales, Family Coronaviridae, Subfamily Coronavirinae and
Genus Gammacoronavirus, genetically very similar coronaviruses cause disease in

turkeys, guinea fowl and pheasanis.

Clinical signs of 1B 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 guality eggs. The respiratory infection predisposes chickens {o secondary
bacterial infections which can be fatal in chicks. The virus can also cause permanent
damage o the oviduct, especially in chicks, leading o reduced egg production and
quality; and Kidney, sometimes leading o kidney disease which can be fatal.

IBY has been reported o be responsible for more economic toss o the poultry indusiry
than any cther infectious disease. Although live altenuated vaccines and inactivated
vaccines are universally used in the control of IBY, the protection gained by use of
vaccination can be lost either due to vaccine breakdown or the introduction of a new IBY

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-effecliveness of vaccination programmes.
A major challenge associated with in ovo vaccination is thai the virus must be capable of
replicating in the presence of maternally-derived antibodies against the virus, without
being pathogenic to the embryo. Current 1BV vaccines are derived following multiple
passage in embryonaled eggs, this resulls in viruses with reduced pathogenicity for
chickens, so that they can be used as live atienuated 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 haichability. A 70% reduction in haichability is

seen in 5ome cases.

Attenuation foliowing multiple passage in embryonated eggs also suffers from other
5 disadvantages. ltis 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
altenuation. 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
16 virus oo attenuated. Mutations can also cccur in the § 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 1o virulence and stability of vaccines.

15 Itis important that new and safer vaccines are developed for the confrol of 1BV, Thus
there is a need for IBV vaccines which are not associated with these issues, in particular

vaccines which may be used for in ovo vaccination.

SUMMARY OF ASPECTS OF THE INVENTION

The present inveniors have used a reverse genetics approach in order to rationally
altenuate 1BV, This approach is much more controllable than random atienuation
following multiple passages in embryonated eggs because the posilion of each mutation

is known and iis effect on the virus, i.e. the reason for attenuation, can be derived.

Using their reverse genetics approach, the present inventors have identified various
mutalions which cause the virus {0 have reduced levels of pathogenicity. The levels of
pathogenicity may be reduced such that when the virus is adminisiered to an
embryanated egg, it is capable of replicating without being pathogenic to the embryo.

30 Such viruses may be suitable for in ovo vaccination, which is a significant advaniage and
has improvement over atienuated 1BV vaccines produced following mulliple passage in
embryonated eggs.

Thus in a first aspect, the present invention provides a live, atienuated coronavirus
35 comprising a variant replicase geneg 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 aming acid

mutations selected from the list of:

Pro to Leu at position 85 of S3EQ 1D NO: g,
Val to Leu at position 393 of SEQ ID NG 7;
Leu to He at position 183 of SEQ 1D NO: 8;
Val to lle at position 209 of SEQ 1D NO: 8.

The replicase gene may encode a protein comprising the amino acid mutation Pro o Leu
at position 85 of SEQ 1D NC: 6.

The replicase gene may encode a protein comprising the amino acid mutations Val io Leu
at position 393 of SEQ 1D NO: 7;Leu to lle at position 183 of SEQ 1D NO: §; and Val to lie
at position 209 of SEQ 1D NO: 9.

The replicase gene may encodes a protein comprising the amino acid mutations Pro to
Leu at position 85 of 3EQ 1D NO: 6; Val to Leu at position 393 of SEQ 1D NO:7; Leu to lle
at position 183 of SEQ 1D NO:8; and Val to lle at position 208 of SEQ iD NOG: 8.

The replicase gene may comprise one or more nucleotide substifutions selecied from the
fist of:

C te T at nucleotide position 12137,

G to C at nucleotide position 18114;

T 1o A at nucleotide position 19047; and

G to A at nucieotide position 20139;

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

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

The coronavirus may be IBY M41.

The coronavirus may comprise an 8 protein at least part of which is from an 1BV 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 fo 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 capabie of replicating without
5  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.

10 In a third aspect, the present invention provides a prolein 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 o the second aspect of the invention.

15
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 foliowing steps:

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

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

(i) allowing homoiogous recombination o occur between the replicase gene
sequences in the plasmid and the corresponding sequences in the recombining virus
genome o produce a modified replicase gene; and

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

The recombining virus may be a vaccinia virus.
The method may also include the siep:
30 {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 aspecl, the present invention provides a method for treating and/or
preventing a disease in a subject which comprises the siep of administering a vaccine
according to the seventh aspect of the invention o the subject.

Further aspects of the invention provide:

« the vaccine according 1o 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

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

The disease may be infectious bronchitis (1B).

The method of administration of the vaccine may be selected from the group consisting
15 of; eye drop administration, intranasal administration, drinking water administraiion, post-

haich injection and in ovo injection.

Vaccination may be by in ovo vaccination.

20 The present invention also provides a method for producing a vaccine according o 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.

25 DESCRIPTION OF THE FIGURES

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

30 Figure 2 — Clinical signs, snicking and wheezing, associated with M41-R-6 and M41-RB-12
compared to M41-CK (M41 EP4) and Beau-R (Bars show mock, Beau-R, M41-R 6, M41-
R 12, Md41-CK EP4 from left to right of each timepoint).

Figure 3 - Ciliary aclivity of the viruses in tracheal rings isolated from tracheas taken from
35 infected chicks. 1009% ciliary activity indicates no effect by the virus; apathogenic, 0%
activity indicates complete ioss 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).



WO 2016/012793 PCT/GB2015/052124

Figure 4 - Clinical signs, snicking, associated with M41R-nspi0rep and M41R-

nspi4,15,16rep compared to M41-R-12 and M41-CK (Md1 EP5) (Bars show mock, M41-

H12; M41R-nspi0rep; M41R-nspi4,15,16rep and M41-CK EPS from left to right of each
5 fimepoint).

Figure 5 - Ciliary aclivity of M41B-nspi0rep and M41R-nsp14,15,16rep compared to

M41-R-12 and M41-CiCin tracheal rings isolated from tracheas taken from infecied chicks

{Bars show mock; M41-B12; M41R-nspl0rep; M41R-nsp14,15,16rep and M41-CK EPS
16 from left to right of each imepaoint).

Figure 6 - Clinical signs, snicking, associated with M41R-nsp10, 15rep, M41R-nspt0, 14,

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

{Bars show mock, M41R-nspi16,15rept; M41R-nsp10,14,16rep4; M41R-nsp10,15,16rep8;
15 M41R-nspi0,14,15rep10; M41-K6 and M41-CK EP4 from left to right of each timepoint).

Figure 7 - Clinical signs, wheezing, associated with M41R-nsp10, 15rep, M41R-nspiQ,
14, 1brep, MA1R-nspt0, 14, 16rep, M41H-nspl0, 15, 16rep and M41-K compared to
M41-CK  (Bars show mock, M41R-nsp10,15rept; M41R-nspl10,14,16repd; M41R-

20 nspi0,15,16rep8; M41R-nsp10,14,15repi0; M41-K6 and M41-CK EP4 from left to right of
each limepoint).

Figure 8 - Ciliary activity of Md1R-nsp10, 15rep, M41R-nspi0, 14, 15rep, M41B-nspi0,
14, 16rep, M41R-nspi0, 15, 16rep and M41-K compared to M41-CK in fracheal rings

25 isolated from tracheas taken from infected chicks (Bars show mock, M418R-nsp10,15rept;
MAdTH-nsp10,14,16rep4; Md1R-nspt10,15,16rep8; M41R-nspi10,14,15repi10; M41-KB6 and
M41-CK EP4 from left to right of each timepoint).

Figure 8 - Growth kinetics of riBVs compared to M41-CK on CK cells. Fig SA shows the

30 resulis for M41-R and M41-K. Fig 9B shows the results for Md1-nspi0 rep; M41R-nspi4,
15, 16 rep; Md1R-nspi0, 15 rep; M41R-nspi0, 15, 16 rep; M41R-nspi0, 14, 15 rep; and
M41R-nspi0, 14, 16.

Figure 10 — Position of amino acid mutations in mutated nspl0, nspi4, nsptb and nspl16

35 seguences.
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Figure 11 — A) Snicking; B) Respiratory symptoms (wheezing and rales combined) and
C) Ciliary activity of riBY M41R-nsp 10,14 rep and rIBY M41R-nsp 10,16 rep compared 1o
M41-CK (Bars show mock, M41B-nsp10,i4rep; M41R-nspt0,16rep and M41-K from left
to right of each timepeint).

DETAILED DESCRIPTION

The present invention provides a coronavirus comprising a variant replicase gene which,
when expressed in the coronavirus, causes the virus o have reduced pathogenicity
10 compared to a corresponding coronavirus which comprises the wild-type replicase gene.

CORONAVIRUS

Gammacoronavirus is a genus of animal virus belonging o the family Coronaviridae.

A

Coronaviruses are enveloped viruses with a positive-sense single-stranded BENA 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.
20
Coronaviruses primarily infect the upper respiratory or gasirointestinal 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
25 and lower respiratory tract infections and can also cause gastroenteritis. Middie 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 adulis.

42
<

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 livesiock animals include infectious bronchitis
virus (IBV) which mainly causes respiratory disease in chickens and seriously affects the
pouliry industry worldwide; porcine coronavirus {fransmissible gastroenteritis, TGE) and
35  bovine coronavirus, which both result in diarrhoea in young animals. Feline coronavirus
has two forms, feline enteric coronavirus is a pathogen of minor dlinical significance, but
spontanecus mutation of this virus can result in feline infectious peritonitis (FIP), a

disease associated with high moriality.
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There are also two iypes of canine coronavirus (CCoV), one thal 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 iliness with

high mortality, especially among colonies of laboratory mice.

Coronaviruses are divided into four groups, as shown below:

Alpha
e Canine coronavirus (CCoV)
¢ [eline coronavirus {FeCoV)
s Human coronavirus 229 (HCoV-229E)
« Porcine epidemic diarrhoea virus (PEDV)
e Transmissible gastroenteritis virus (TGEVY)

e Human Coronavirus NLE3 (NL or New Haven}

¢ Bovine coronavirus (BCoV)

s Canine respiralory coronavirus (CRCoV) - Common in SE Asia and
Micronesia

s Human coronavirus OC43 {(HCoV-0C43)

e Mouse hepatitis virus {(MHV)

e Porcine haemagglutinating encephalomyelitis virus (HEV)

s Hal coronavirus (RCV). Ral Coronavirus is quite prevalent in Eastern
Australia where, as of March/April 2008, it has been found among native
and feral rodent colonies.

s {No common name as of yet) (HCoV-HKU1)

Severe acute respiratory syndrome coronavirus (SARS-CoV)

s Middie East respiratory syndrome coronavirus (MERS-CoV)

Gamma
s Infectious bronchitis virus {IBVY)
e« Turkey coronavirus (Bluecomb disease virus)
¢ Pheasant coronavirus

e Guinea fowl coronavirus

Delia
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9
. Buibul coronavirus {BuCoV)
. Thrush coronavirus (ThCoV)
. Munia coronavirus (MuCoV)
. Porcine corenavirus (PorCov) HKU1S

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.
10
As used herein the term “derived from” means that the replicase gene comprises
substantially the same nuclectide sequence as the wild-type replicase gene of the
relevant coronavirus. For example, the variant replicase gene of the present invention
may have up 1o 80%, 85%, 90%, 95%, 98% or 999% ideniity with the wild type replicase
15 sequence. The variant coronavirus replicase gene encodes a profein 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.

IBY

Avian infectious bronchitis {iB) 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,
25 respiratory distress, nephritis, decrease in egg production, and loss of internal egg quality

and egg shell quality are common.

in broilers, coughing and ratlling are common clinical signs, rapidly spreading in all the
birds of the premises. Morbidity is 100% in non-vaccinated flocks., Mortality varies

30 depending on age, virus strain, and secondary infections but may be up to 80% in non-
vaccinated flocks.

The first IBV serotype to be identified was Massachuselts, but in the United Siates
several serotypes, including Arkansas and Delaware, are currently circulating, in addition
35 1o the originally identified Massachusetts type.
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The 1BV strain Beaudette was derived following at least 150 passages in chick embryos.
BY Beaudette is no longer pathogenic for hatched chickens but rapidly Kills embryos.

H120 is a commercial live aftenuated 1BV Massachusells serotype vaccine strain,
5  attenuated by approximately 120 passages in embryonated chicken eggs. H52 is another
Massachusetts vaccine, and represenis an earlier and slightly more pathogenic passage
virus {passage 52} during the development of H120. Vaccines based on H120 are

commonly used.

10 1B QX is a virulent field isolate of IBV. it is somelimes known as "Chinese QX" as it was
originally isolated following oulbreaks of disease in the Qingdao region in China in the mid
1990s. Since that time the virus has crept towards Eurcpe. 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,

15 Belgium, Denmark and in the UK.

The virus isolated from the Duich 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 thal the virus was 99% similar to the Chinese QX viruses. A
20 live attenuated QX-like 1BV vaccine sirain has now been developed.

IBY is an enveloped virus that replicates in the cell cyloplasm and contains an non-
segmenied, single-stranded, positive sense RNA genome. IBY has a 27.6 kb BNA
genome and like all coronaviruses contains the four structural proteins; spike glycoprotein

25 (8}, small membrane protein (B}, integral membrane protein (M) and nucleocapsid protein
{N} which interacts with the genomic RNA.

The genome is organised in the following manner: 5UTR - polymerase (replicase) gene ~
structural protein genes (S-BE-M-N) - UTR 3'; where the UTR are untransiated regions
30 {each ~ 500 nucleotides in 1BV).

The lipid envelope containg three membrane proteins: S, Mand E. The 1BV S protein is a
type | glycoprotein which oligomerizes in the endoplasmic reticuium and is assembled into
homolrimer inserted in the virion membrane via the transmembrane domain and is
35  associated through non-covalent interactions with the M protein. Foliowing incorporation
into coronavirus particles, the S protein is responsible for binding o the target cell

receptor and fusion of the viral and cellular membranes. The S glycoprolein consists of
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four domains: a signal sequence that is cleaved during synthesis; the ectodomain, which
is present on the oulside of the virion particle; the transmembrane region responsible for

anchoring the S protein into the lipid bilayer of the virion particie; and the cytoplasmic tail.

All coronaviruses also encede a set of accessory protein genes of unknown function that
are not required for replication in vitro, but may play a role in pathogenesis. 1BV encodes
two accessory genes, genes 3 and 5, which both express two accessory proteins 3a, 3b
and 5Ha, &b, respectively.

The variant replicase gene of the coronavirus of the present invention may be derived
from an IBV. For example the 1BV may be IBY Beaudette, H120, H52, 1B QX, D388 or
M4t

The IBY may be 1BV M41. M41 is a protolypic Massachuseits serotype that was isolated
in the USA in 1941. It is an isolate used in many labs throughoui the world as a
pathogenic lab stain and can be obtained from ATCC (VR-21™). Attenuated variants are
also used by several vaccine producers as BV vaccines against Massachusetis
serotypes causing problems in the field. The present inventors chose 1o use this sirain 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) celis and was therefore deemed amenable
for recovery as an infectious virus from a cDNA of the complete genome. It is
representalive of a pathogenic 1BV and therefore can be analysed for mutations thal
cause either loss or reduction in pathogenicity.

The genome sequence of IBY M41-CK s provided as SEQ 1D NO: 1.

SEQ D NO: 11BY M41-CK Seguence

ACTTAAGATAGATATTAATATATATCTATCACACTAGCCTTGCGCTAGATTTCCAACTTA

ACRAARCGGACTTAAATACCTACAGCTGGTCCTCATAGGTGTTCCATTGCAGTGCACTTT
AGT CTGGATGECACCTGGCCACCTGETCAGGTTTTTGTTATTAAAATCTT
TGGTATCACTGCTT I'AT A’” ATCCETTGCTTGGGECTACCTAG
TATCCAGCGTCCTACGGGCGCCETGGCTGETTCGAGTGCGRAAGAACCTCTGGTTCATCTA
C:L GGETAGGCGGGETGTGTGGAAGTAGCACTTCAGACGTACCGGETTCTGTYGTGTGARATAC
GGGGTCACCTCCCCCCACATACCTCTAAGGGCTTTTGAGCCTAGCETTGGECTACGTTCT
CGCATARGGTCGGCTATACK [AGGGGGTAGTGCCRAAACARACCCCTGAGGTGAC
AGGTTCTGGETGETGETTTAGTGAGCAGACATACAATAGACAGTGACAACATGGCTTCAAGT
CTAARACAGGGAGTATCTCCCARACTAAGGGATGTCATT ‘("..”1'1 TATCCAAAGACATTCCT
GAACAACTTTGTGACGCTTTGTTTTTCTATACGTCACACAACCCTAAGGATTACGCTGAT
GCTTTTGCAGTTAGGCAGAAGTTTGATCGTAATC T«’«CP\GACTGC’ AAMCAGTTCAAATTT
GAAACTGTGTGTGGTCTCTTCCTCTTGAAGGGAGTTGACARAATAACACCTGGCGTCCCA
GCAARAGTCTTAAAAGCCACTTCTAAGTTGGCAGATTTAGAAGACATCTTTGGTGTCTCT

PP T o e
ATTGETTGC

TITTT = N S T e T
RS RC ICENC R
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CCC’.[”I"T‘G CARGRAARATATCGETGARCTTT TGAAGACAGCATGCCAGTGGTCTCTTACTGTA
GAAACACTGGATGCTCGTGCACARA L"]_":']"[GA'“(:A AATTTTTGACCCTACTGAAATACTT
TGGEE 'I"ﬁ 'CAGGTGGECAGCARRARATCCARAGTTTCGGCTATGGCGATGCGCAGGCTTGTTGGEA
"AA\JTAL—\C“CJCZX%?\_AFanTGGT—\mGLTTT'vu CTCAAATATGAGTGCTCTTTTCCAGATT
5 TTTAARACAACAAATAGTCAGAATTTTTCAALRAAG CGCT’"vGCTATTTTTG AATG“GAGT
GAATT ZCAL AGCG'TA TGCAGCACTTAAGATGGCTTTTGCTAAGTGTGCCAAGTCCATT
ACTGTTGTGGTTATGGAGAGGACTCTAGTTGTTAGAG ﬁG“me4CBG AACTTGT “m"‘CCA
AGCATTAATGGTGCTGTTGCAAAATTCTTTGAA GZX ACTCCCARATGGTTTCATGGGETGLT
ARAATTTTCACTACACTTGCCTTCTTTAGGGAGGCTGCAGTGAAAATTGTGGATAACATA
10 CCARATGCACCGAGAGGCACTAAAGGGTTTGAAGTCGTTGGTAATGCCARAGGTACACAA
T TCTTGTGCGTGGCATGCGARATGACTTAACACTGCTTGACCAARALAGCTGAAATTCCT

AG T G

c

Lot A
GTGGAGTC GGTCTGCAATTTTGGGTGGACATCTTTGCTATGTCTTTAAGAGT
r

GTTCATCG"iTTTACGJGGCAGCT’TTTTCAQGAAAT TTGCATTGCATGATGTGCATTGET
TCTGAGCGTGITGETCTGTICTTTCTGATGGTGTAACACCGGAGATALATGATGGACTTATT
CTTGCAGCAATCTACTCTICTTTTAGTGTCGCAGAACTTGTGGCAGCCATTAAARAGEGE
15 CTTGCAGCAATCTACTCTTCTTTTAGTGTCGCAGAACTTGTGGCAGCCATTAAAAGGGET
GAACCATTTAAGTTTCTGGGTCATAAATTTGTGTATGCAAAGGATGCAGCAGTTTCTTTT
ACATTAGCGAAGGCTGCTACTATTGCAGATGTTTTGAAGCTGTTTCAATCAGCGCGTETG
AAAGTAGAAGATGTTTGG ’T’“TTCKJLTA' CTGAAAAGTCTT G GCTTGCA

TTGAATTCTGCGAGGC
m
.

- e
TGCGTAATCTCGAAGAATTTGTTAAGACTTGTTTTTGTAAGGCTCALATG
T

N T !
TATGGAAANGT A

"
20 GCGATTGTGATTTTAGCGACAGTGCTTGGAGAGGGCATTTGGCATCTTGTTTCGCAAGTC
ATCTATARAGTAGGTGGTCTTTTTACTARAGTTGTTGACTTITGTGAARAATATTGGARS
GGTTTTTGTGCACAGTTGAAAAGAGCTAAGCTCATTGTCACTGAAACCCTCTGTGTTTTG

GCACAGCATTGTTTTCAACTATTIGCTGGATGCAATACAGTTTATGTATARA

ey N aizninel
F L

ARAGGAGTTH

fhit
AGTTTTAAGAAGTGTGCACTTGGTAGAATCCAT GGAGACTTGCTCTTCTGGARAAGGAGET
25 GTGCACAAARAT TATTCAAGAGGGCGAT GAAATTTGGTTTGACGCCATTGATAGTATTGAT

GUTGAAGATCTGGEG r[ GTUTGTTCAAGAARRATTGATTGA
ACACTTCCAGRAGAACCAACCCGGETCATATGGTTCARA ]’(‘GP GGATGACGGAAAGAACTAC
ATGTTCTTCCGCTT CZ‘:AA] AGGATGAGAACATTT L\'["’]”\"‘T%h,] WCCAATGTCACAGCTTGET
GCTATTAATGTGGETTTGCARAGTAGGCEGTAR n] WCTGETCACCT TTGGAGAAACTACTGET G
30 CAAGAAATACCACCACCTGATGTTGTGTTTATTAAGGTTAGCATTGAGTGTTGTGGETGAA
CCATGGAATACAATCTTCARARRAGGCT TATAAGGAGCCCATTGAAGTAGAGACAGACCTC
ACAGTTGAACAATTGCTCTCTETGGTCTATGAGAAAATGTGTGATGATCTCAAGCTGTTT
CCGGAGGCTCCAGAACCACCACCATTTGAGAATGTCACACTTGTTGATARGAATGGTARA
(” VITTGGATTGCATARRATCATGCCATCTGATCTATCETGATTAT Cﬁ € %]3 GCGATGATGAC
33 AT CG! ”ICLAAG,L GATGCAGAAGAATGTGACACGGAT TCAGGTGAT GCTGAGGAGTGTGAL
AC’" WATTCAGAATCG "[' GRAAGAAGAAGATGAGGATACTAAAGTGTTGGCTCTTATACRAGAC
CCGGCAAGTARCAAATATCCTCTGCCTCTTGATGATGATTATAGCETCTACAATGGATGT
ATTGTTCA ’Z‘AAGL ACGCTCTCGATGTTGTGAATTTACCATCTGCTGAAGARACCTTTGTT
GTCAATAACTGCTTTGAAGGGGCTGTTAAAGCTCTTCCGECE ‘GLAA’T"”A””[ 'GATGTTCTA
40 GGTGACTGGGEETGAGGCTGTTGATGCGCAAGAACAATTGTGTCAACAAGAATCAA "“CGC,
GTCATATCTGAGAARNTX /A(J]'r[ GAGGGTTTTACTGGETAGTTGTGATGCAATGGCTGAACA
GCTATTGITGAAGAGCAGGAAATAGTACCTGTYGT TGAACARAGTCAG :A']""']‘AL"l"Z‘Cr["].‘
TTTACACCTGCAGACCTAGRAGTTGTT AAAGAAJ V AGCAGAAGAGGTTGATGAGTTTATT
cr (‘ZC\'I'T TCTGCTGETCCCTAAAGARAGRAGTTGTGTCTCAGGAGARAGAGGAGCCACAGGTT
AGCAAGAGCCTACCCTAGTTGTTAAAGCACARACGT GAGARGAAGGCTARARAGTTCARA
G'.I?’I'AAAC CAGCTACATGTGARAARCCCAARATTTTTGGAGTACAAAACATGTGTGGGTGAT
TTGGCTGTTGTAATTGCCARAGTCATTC Gl 'GAGTTTAAAGAGTTCTGCATTGTAAACGCT
GCRAAATGAGCACATGTCGCATGETGGETGECGTTGCARARGGEC JXTT’"F’ AGACTTTTGTGGA
CCGGACTTTGITGAATATTGCGCGGACTATGTTAAGARACATGGTCCACAGCAAARLACTT
50 GTCACACCTTCATTTGTTAAAGGCATTCAATGTGTGAATAATC TTG“TGCJLC“CGL”Z\T
GGAGACAGCAACTTGCGTGAGAAGCTTGTTGCTGCTTACAAGAGTGTTCTTGTAGGTGGA
GTGGTTRAACTATCTTGTGCCAGTTCTCTCATCAGGCGATTTTTCGTGTAGATTTTARAATA
TCAATAGATGCTATGCGCGRAAGCTTTTAAAGGTTCGTGCCATACGCGTTCTTTTATTTTCT
CTGAGTCAAGAACACATCGATTATTTCGATGCAACTTGTAAGCAGAAGACAATTTATCTT

J
ACGGAGGATGGTGTTAAATACCGCTCTCTTGTTTTAAAACCTGE

T T TGATCT TTOTGATAATGCTG

3
T

55 TGATTCTTTGGGTCAA
TTTGGACAGGTTTTTGCAAGARATANGET TGAGG

GAAATCCTCTTTATACCCACAACTGACAAGACTATTCTTGAATATTATGGTTTAGATGCG
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CARARAGTATGTAACATATTTGCAAACGCTTGCGCAGAAATGGGATGTTCAATATAGAGAC
ARTTTTGTTATAT TAGAGTGGCETGACGGAAATTGCTGGATTAGTTCAGCAATAGTTCTC
CTTCAAGCTGCTARAATTAGATTTARAGCETTTTCTTGCAGAAGCATGGGCTARACTGTTG
GG”CGAGA“LCTACAGACTT' 'GTTGCCTGGTGTTATGCAAGTTGCAATGCTARAGTAGGT
GATTTTTCAGATGCTAATTGGCTTTTGGCCAATTTAGCAGARCATTTTGACGCAGATTAC
ACAAATGCACTTCTTAAGAAGTGTGTGTCGT 'CPATT{NﬁGGmPTT—\AJ*}GTT TGAACTT
GGGGETCT Gmﬂ”‘“””umﬂTT”'A SCCAGTTCG \CCTAATCTTCTACATTTTARARACG
ATTCARAATTGCCCAACCTGTGGET G “P\AGiAETP\'“FGATCAA"MAAMZV"“7‘1 GCTTCA

g
[}
C)
:t*
O

CAAT

TLACCGTACTTATT’CTTTTT”““ACT ATGGTCCTGCTACAGTTGATTGTGATGAARAT
GCTGTAGGGACTGTTGTTTTCATTGGEGCTCTACTAATAGTGGCCATTGTTATACACAAGCC
GATGGTAAGGCTTTTGACAATCTTGCTAAGGATAGARAATTTGGAAGGAAGTCGCCTTAC
ATTACAGCAATGTATACACGTTTTTCTCTTAGGAGTGAARATCCCCTACTTGTTGTTGAR
CATAGTAAGGGTAAAGCTAAAGTAGTARL ‘AF‘A“ATTTTTTTAACC$mGLT“”““GLTCT
ARAGCCAGTTTTGACGATCTTACTGACTTTGAACAGTGGTATGATAGCARACATCTATGAG

Bl
0
0 H O

]
,Ers
)

CTGATAATCTTGATGAATATGTCGTCATTTACGACAL

g
5!
e
p
*—J
M
%

AGTGCAGGAGACA

cC
GAAGATTCTAAGTTGCCACTGACACTTAAAGTTAGAGGTATCAAATCAGTTGTTGACTTT
AGGTCTAAGGATGGTTTTACTTATAAGTTAACACCTGATACTCGATGAAAATTCAAAAACA
CCAGTCTACTACCCAGTCTTGGATTCTATTAGTCTTAGGGCAATATGGGTTGAAGGCAGT
GCTAATTITGTTCTTGGGCATCCAARATTATTATAGTARGTCTCTCCGAATTCCCACGTTT
TGGGAARATGCCGAGAGCTTTGTTAAAATGGGTTATAARAATTGATGGTGTAACTATGGGC
CTTTGGCGTGCAGAACACCTTAATAAACCTAATTTGGAGAGAATTTTTAACATTGCTARAG
ARRGCTATTGTTGGATCTAGTGTTGTTACTACGCAGTGTGGTAL }\'T‘l‘:(* TAGTTARAGCA

GCTACATAC S’I", GCCGATARAAGTAGGT GATGGETGE]

ey Ul
GGAT'T

L A ITAT.

Tz ATTACAGATAGAATT
: T C C CTACAATTTCTA
[AAGAGTTT

TATAGTGTGGTTTATA

CTCTTT ACCTEGOCATTTT
AAGGGTC ACGTGG T

T i\/t

eV NalrissloisslmiaslanPaluaisstaaly
AL GTTCTTT

AARR G; m?.
ARGAC ey

TGTG TTT CT TARAAGGCTAGTGCT
AGCTATAAGATTGTGETTATGTAAGGTGGTGTTTGCTACCTTACT
TACACAAGTAAT CC‘?‘(”"’P GTGTTTACTGGAATACGTGETGCTAGACTTCCTATTTGAAGGT
TCTTTATGTGGETCCTTATAATGACTACGETARAC ACGCTATTGT
GCAGGTGATTTITACTTGTCGTGTGTGT TTACATGAT Z\(JA G jﬁ TTCACTTCATCTGTACAAR
CATGCTTATAGCGETAGAACAAATTTATAAGGAT GCAGCTTCTGGCATTAACTTTAA ""TCC
TTTGGETCTTTCTAATATTATTTGTTAAGCCAGTGGCAGGTTTTGTTATT
[GTTAAGTATTTGGTAT TGAGTTCAACTGET G TGGTC ",L‘AGGT
TTTCTAGATTGETTTGTAARAACAGTT TTTACCCATTTTAATTTTATGGGCGAGCGGGATTT
TTCTGGCTCTTTTACAAGATATACGTACAA AT
IGTGAAGTGTGCAAGAGAGTT w\mL/C:L;A'o\thn(:GCAA =AGGTT E}”""ﬂ‘"l'n
GTTGGETGGACGCAAGCAAATAGTGCATGTTTACACTAATTCTGGCTATAACTTTTGTAA
AGACATAATTGETATIGTAGAAATTGTGATGATTATGGTCACCARA n' TACATT i.‘A’.PGT[’CC
(“Lﬁ’l"’oAA GITGCTGGCGAGCTTTCTGAARAGCTTAAGCGCCATGTTARACCTACAGCATAT
GCTTACCACGY TGTGTATGAGGCAT GCETGETTGATGATTTTGTTAATTTARAATAT ARG
GCTGCARATTCCTGGTARAGGATAAT "(‘A"l CTTCTGCTGTTAAGTGTTTCAGTGTTACAGAT
TTITTTARAAGARAGCTGTTTTTCTTAAGGAGGCATTGARATGTGAACAAATATCTAATGAT
GGTTTTATAGTGTC "[ mﬂ"‘b "%CAGAGT GCGCATGCACTAGAGGAAGCARAG r\hTGC AGCC

AGTTTCT

AT TCTTTTGATETETT

TN N PP T
TGGCTTT

VAR T
[GCAA

TGTTA

';.']-‘ GCATCAT

ATTCTACTETARLGG

LA e B A

GTCTATTATGCGCAATATCTGTGETAAGCCAATACTTATACTTGACCAGGCACL ATGE
CAATTAATAGTAGE ’}C(“"‘ GUGTCTAAGAGTGTTATAGATAAAGTGTGTAGCATT T’I‘ G

ARTATAATATCT ”"[AGA’JA”‘T 'GCAGCTTTAAATTATAAGGCAGGCACACTTCETGATGECT

RN WCTARAGACGAAGRAGCCGET TATGGCTATCTTCTGCCACARTCAT

GAAGTGGAATAC “At TGGET AC""LTTTACTT‘ TGTGATACCGTCATATGGTATGGACACT
GATAAGTTGACACCTCGTGATAGAGGGTTTTTGATAARATGCAGATGCTTCTATTGCTAAT
TTAAGAGTCAARARAATGCTCCTCCGGTAGTATGGAAGTTTTCTGATCTTATTARAATTGTCT

CAGTTGCCTTAAATATTTAATTTCAGCTACTGTCAAGTCAGGAGGTCGTTTCTTTATA
AAAGTCTGGTGCTA. ACAAGTTATTTCTTGTCATACCCAGAARCTGTTGGTAGAGARR
ATTAATAACACTTTTARAATGGTTTATGAGTTGTTTTAAATGGCTT
TmA'*TA”“MmTTACAuCLT”TTﬂmmm”““TMLLTAC'AT“TC”AGATGAAT
ABRAAGTTTTGTTCACCCCATGTATGATGTAAACTCCACACTGCATGTTGAAGGGTTCAARA
GTTATAGACAAAGGTGTTATTAGAGAGATTGTGTCAGAAGATAATTGTTTCTCTAATAAG

TTTTCGACGCCTTTTGGGGTAAATCATATGAARATAATARAAACTGTCCAATT
GTTACAGTTGITATAGATGGTGACGGGACAGTAGCTEGTTGGTGTTCCTGGTTTTGTATCA
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TGGEETTATGGATGGTGTTATGTTTGTGCATATGACACAGACTGATCGTAGACCTTGGTAC
ATTCCTACCTGETTTAATAGAGAAATT GTTGGETTY CACT CAGGATTCAATTATCACTGAG
GGTAGTTTTTATACATCTATAGCATTATTTTCTGCTAGATGT TTATATTTAACAGCCAGC

A “f:" ACACCTCRAATTGTATTGTTTTAATGGCGACAATGATGCACCTGGAGCCTTACCATTT

AGTATTATTCCTCATAGAGTATACTTCCAACCTAATGGTGTTAGGCTTATAGTTCCA

L“A AAL—\"“ACT"%CP\TACA".CCTACALAGT"AAGTTT"T“’“Cnp \CAGCTATTGTAGAGGT

AGTGTATGTGAGTATACTAARCCAGGTTACTGTGTGTCACTAGACTCCCAATGGGTTTTG

= JXT"T‘W‘“AATACATT“CTAP\ ACCTGGCGTTTTCTGTGGTTCTACTGTTAGAGAR
CAG

Q
+-3

l

_-_3

ATGTTTAATATGGTTAGTACATTCTTTACTGGTGTCAACCCTAATATTTATATT
GCAACTATGTITTTAATACTAGTTGTTATTGTGTTAATTTTTGCAATGGTTATAAAGTTT
CAAGGTGTTTTTAAAGCT TATGCGACCATTGTGTTTACAATAATGTTAGTTTGGGTTATT
AATGCATTTGTTTTGTGIGTACATAGTTATAATAGTGTTTTAGCTGTTATATTATTAGTA
CTCTATTGCTATGCATCATTGGTTACAAGTCGCAATACTGCTATAATAATGC TmGiTGG
CTTGTTTTTACCTTTGGTTTAATAGTACCCACATGGETTGGCTTGTTGCTATCTGGGATTT
ATTCTTTATATGTACACACCGTTGGTTTTCTGGTGTTACGG AhTACT“nPCAﬁ“CmC =T

]
)]

+-3

AAGTTGTATGATGGCAACGAGTTTGTTCGEGTAATTATGACCTTGCTGCGAAGAGCACTTTT
GTTATTCGTGGTACTGAATTTGTTAAGCTTACGAATGAGATAGGTGATARATTTGAAGCC
TATCTTTCTGCGTATGCTAGACTTAAATACTATTCAGGCACTGETAGTGAGCAAGATTAC
TTGCAAGCTTGTCGTGCATGGETTAGCTTATGCTTTGCGACCAATATAGARATAGTGGTGTT
GAGGTTGTTTATACCCCACCCGCGTTACTCTATTGGTGTTAGTAGACTACACGCTGGTTTT
AADARACTAGTTTCTCCTAGTAGTGCTGTTGAGAACGTGCATTGTTAGTGTCTCTTATAGA
sGCAATAATCTTAATGGACTGTGGCTGGETGATTCTATTTACTGCCCACGCCATGTGTTA
GGTAAGTTTAGTGETGACCAGTGGGGET GACGTACTAAACCTTGCTAATAATCATGAGTTT

GAAGTTGTAL ARAATGGETGETTACTTTGAATGTTGTCAGCAGGECGGCTTARAGGAGT!
GTTTTAATTTTACAAACT GCAGTTGCCAATGCTGAAACTCCTAAGT l‘:”‘ ARGTT
GCTAAT ]’(”"‘Cﬂa‘l GATAGTTTCACTATAGCTTGTTCTTATGGTGGTACAGTTATAGGACTT
TACCCTGEICACTATGCGTTCTA Z—\T GGT ACTATTAGAGCATCTTTCC ’ETAG(‘ AGGAGCCTGET
GGCTCAGTTGGET TTTAATATAC GGGETGTAGT TAATTTCTTTTATATGCACCATCTT
GAGTTACCTAATGCATTACAC ,}\("T QGJ ACTGACCTAATGGGTGAGTTTTATGGETGGT TAT
GTAGATGAAGAGETTGCGCAAAGAGTGCCACCAGATAATCTAGTTACTAACAATATTGTA
TGCGGCAAT TATTAGTGT TAAAGAARGTAGTTTT TCACAACCTAAATGG
CTGTTTCTATTGRAGAT SGTGGGCTAGTGATAATGGETTTT
TTCCACTAGTACT GC’ET.TT."T ACT l‘J 13;."[ L\’\ GTGCTATAACTGGGGTTGATETT
L\’\?‘, AGTGCTCA AA'T‘GmeC” 2 (”"‘Cws" [CCCATTTTA
CACCAGAATCTGTATTTAATCAAGT
GUTAGGTTACAGTCTTCTTTTG ]‘AA(:A AAGCTACATCTTGGETT TTGGAGTAGATGTGTA
TTAG [GTGCTATTGTCTTATT TACGGCAGTGCCACTTARAG
'I".I.”l"r.[“]%\'[ GTACATGCAGCTGTTATTTIGTTGATGGCTGTGCTCTTTATTTCT TTTACTGTT
CATGTTATGGCAT ”n(‘»%]" G ‘Z’ACN CTTTCCTATTGCCTACATTGATTACAGTTATTATT
Gv(::u GTTTGETGCT GRAGTCCCTTY ATACAATACTCTAATTAGTCAAGTTGTTATTTTC
TTAAGCCAATGETATGATCCTCG ".[ nG’?CT TTGATACTATGGTACCATGGATGTTATTGCCA
TTAGTGTTGTACACTGCTTTTAAGTGTGT "”.AAG(""‘ [GCTATATGARTTCT TTCAATACS

TCUTTGTTAATGCTGTAT CAGT TTATGARGT TAGGT TTTGYTATTTACACCTCTT

[GTTAAA

GGCTCT

AGT

-

[ A

T
R A PIR I DA NY W R

i ('; ,II Z’“ 2\7\ </ |‘:! 2] (\1 Ix T

GTEET

TCAAAC
TTACTGCATATACAGAARGGTAATTGGGAGTTAT TCTTTGAGTTGG ""]"’”A(,nC'?Ff[ ].‘

TTAATTGTTTTTARAGTGTGCTAAG

T T T T

o

ACTH
GTGTTGGCTAATGET ]‘:\GTA”V[hﬁI TCCTTAATTGET
TGEGATTS 'GGCAGTCATG

GTTAATGCGCATAGE 'C’ GGCTTTGCACC TGGAT bT?\TTUrmGGCTTAATAAA
GTTTTTGGTTTZ ACCLTAGGTT—\MLAG“&' ﬁTm“m“ \GTTTCAGTAGATCAATATAGGTAT
ATGTGETTTGCATAAGGTAAATCCACCTARAACTGTGTGGGAGGTCTTTACTACAAATATA
CTTATACAAGGAATTGGAGGCGATCGTGTGTTGCCTATAGCTACAGTGCAATCTAAATTG
AGTGATGTAAAGTGTACAACTGTTGTTTTAATGCAGCTTTTGACTAAGCTTAATGTTGAL
GCP \ATTCAR m“}\T'vLALG CTTATCTTGTTGAGTTACACAATAAAATCCTCGCATCTGAT

GATGTTGGAGAGTGCATGGATAATTTATTCGGTATGCTTATAACACTATTTTCTATAGAT
TCTACTATTGATTTGGGTGAGTATTGTGATGATATACTTAAGAGGTCAACTGTATTACARN

C'

;_i

]:J

TCGGTTACTCAAGAGTTTTCGCACATACCCTCGTATGCTGAATATGARAAGAGCTAAGAGT
ATTTATGAAAAGCGTTTTAGCCGATTCTAAANATGGTGGTGTAACACAGCAAGAGCTTGCT
GCATATCGTAAAGCTGCCAATATTGCAAAGTCAGTTTTTGATACGAGACTTGGCTGTTCAL
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AAGAAGTTAGATAGCATGGCAGAACGTGCTATGACARCARTGTATAAAGAGECGCGETG ‘r[h
ACTGATAGRAAGAGCAAARATTAGTTTCATCA ""”A(‘A TGCACTACTTTTTTCAATGCTTAAG
AARATAGATTCTGAGAAGCTTAATGTCT TATTYGE TAGTGGTGETTGTACCC

TTATTTGACCAGGCGAA
CT Af\ CAACTGTTCCAATTGTTTGTAGTAATAAGCTTACCCTTGTTATACCAGACCCAGAL
STGGGTCAAGTGTGTGGAGGGETGTGCATGTTACATATTCAACAGTTGTTTGGAATATA
TETGTTACTGATGCCGATGGCACAGAGTTACACCCCACTTCTACAGGTAGTGGATTG
TACTGTATAAGTGGTGATAATATAGCATGGCCTTTAAAGGTTAACTTGACTAGGAAT
GGGCATAATAAGGTTGATGTTGCCTTGCARAATAATGAGCTTATGCCTCACGLTGTAALAG
: CTTGCGTAGCAGETG |AGATC1_AJL CATTGTAGCGTTGAGTCTAAATGTTAT
TATACAAGTATTAGTGGCAGTTCAGTTGTAGCTGCTATTACCTC TTLA. ATCCTAATCTG
TGAATGAGGCAG 'TAAT CAGATTTATGTAGACTTAGACCCACCA
AAGTGGGTGATAAGGTTGAAGT ""'""IZX“”"“r ATTTTATAADL
AATACGAGGTCTATTGTAAGAGGTATGGTACTYGGTGCTATATCTAATGTTGTTIGTGTTA
AATCTARAGGTCATGAGACAGAGGAAGTGGATGCTGTAGGCATTCTCTCACTTTGTTCT
TTTGCAGTAGATCCTGCGGATACATATTGCTARATATGTGGCAGCAGGTAATCAACCTTTA
TAATGGTAGTGGTTTTGCAATAACATCAAAG

G T ACA
CCAAGTCCAACTCCGGATCAGGATTCTTATGGAGGAGCTT
~ cnc ~ ~

i

;_4
»ﬂﬂ(
5

- FICTGTGTGTCTTTATTGTAGA
GCACATATAGCACACCCTGGCGGAGCAGGAAATTTAGATGGACGCTGTCAATTTAAAGET
TCTTTTGTGCAAATACCTACTACGGAGARAGAT CCTGTTGGATTCTGTCTACGTARCAAG
GITTGCACTGITTGTCAGTGTTGGATTGETTATGCGATGTCAGTGTGATTCACTTAGACAR
CCTARACCTTCTGTTCAGTCAGTTGCTGTTGCATCTGGTTTTGATAAGAATTATTTAARAC

GGGTACGGGGTAGCAGTGAGGCTCGGCTGATACCCCTAGCTAATGGATGTGACCCCGATG

ARAGCGAGCCTTTGATGTTTGTAATAAGGRAATCAGCCGGTATGTTTCAAARTTTGA
STAARCTGTUGCACGATTCCAAGAAGTACGTGATACTGAAGAT GGAARTCTTGAGTATT
GUGATTCTTATTTTGTGGTTARRACAAACCACTCCTAGTAATTATGAACATGAGARAGCTT
GUTATGAAGARCT TAAAGT CAGAAGTAACAGCTGAT CATGATTTCTTTGTGTTCAATAAGA
ACATTTATAATATTAGTAGGCAGAGGCTTACTAAGTATACTATGATGGATTTTTGCTAT G
CTTTGCGGCAT GACCCAAAGGATTGCGAAGTTCTTARAGAAATACTTGTCACTTATG
GTTGTAT l‘:(w%AGA’[”].’R TCACCCTARGTGCTTTGAAGAGAAT AAGGATTGGTACGACCCAA
TAGAAAACCCTAAATATTATGCCATGTTGGCTAARA' .”f GGACCTATTGTACGACGTGCTT
’,I. ATTGAATGCT. z“\ T’[ GAGTTCGGARACCTCATGGTTGARAAAAGGTTATGT ’T'CC’[ GTTATTA

CACTY ATC ’“T["E’%"].’GG(‘ AAATTT

e
NGAAGACAG

CGCCTGETGE ’T'CC’ C'I‘ TCOCTGETTITTTGATACGTATTATTCTTACATGAT Gi?CC‘A'T‘f’P TAG
CCATGACTGATGCGTTGGCACCTGAGAGETATTTT GAATL‘ATE’ GATGTGCATAAGGGTTATA

TATACTGAGGAGAARACALAGA TCAGRAGT
ACCCTRACTGTCGCGACTGTAGTGATGACAGET

ACTT

ARTCTTATGATC TGA PTG
ACTTTARGTATTGGGATCA LAKJACT. T

TGCAARACTTCARCA] [CTACACTTGTACCGCAG
TCGET [ GTAGRAAGGT ]."I".P’I"L_ [ TGATGGTGTACCATTTATAGCTACTTGTGGCT
ATCAT ]"”"‘AA(:\, ACTTGGTGETTA! "’“N[ 'G "Xn‘fku WAGATAACACCATGTCATTTTCARARA

TGGEETTTGAGTCARCTCATGCAGTTTIGTT pGA(zA]"‘ CTGCCTTGTTAGYGGGGACATCCA
ATAAATTAGTGEG

SATCTTAGAACGTCTTGTTTTAGTGTTIGTGCTTTAGCGTCTGGTATTA
CTCATCAAACGGTRAAARCCAGGTCACTTTAACAAGGATTTCTACGATTTTGCE
CTGGTATGTTTAAGGAAGGT TCTTCE ITCTTCTACCCACAGA

I'GCAGAGARGG
TACCACTTAARCATT
GTAAT

SURE:
{ }C'I‘GCT;A TAAACGATTATGATTATTATCGT TATAACAGGCCTACCATGTTTGATA
TACGT CAAC'.I."I‘T[”I‘A"]."I‘TI."I‘ GTTTAGAAGTGACTTCTAAATATTT TGAATGTT AII‘C‘}AA(;’C'(:\..-
GCTGTATACCH AAGCCRAGTTGTAGTTAARCAAT TTAGATAAGAGTGCAGGETTATCCGT
TCAATAL "“mm"‘CA_AAUGLCCCTC"‘LTZ‘«TTATLAA“ 'GAGTCTAGAGGAGCAGGACCARAL
TCTTTG A AGTACAAAGAAGALACGTCCTGCCTACTATAACTCAGATGAATTTARAATATG
CCATATCCGCGARAAATAGAGCGCGTACAGTGGCAGGTGTGTCTATCCTTTCTACTATGA
CTAATA ’"”CAGTTTCAT CAGAAGATTCTTAAGTCTATAGTCAACACTAGARACGCTCCTG
TAGTTATTGGAACAACCAAGTTTTATGGEC f4GTme4CATA]&CATGTTGAGP$_A CCTTATTC
AGGGTGTTGAAGACCCGATTCTTATGGGTTGGGATTATCCARAGTGTGATAGAG
CTAATTTGTTGCGTATAGCAGCATCTTTAGTACTCGCTCGTARACACACTAAT
T T GTATAATGAATGCGCTCAGGTTTTATCT

— o~ 7
TGGTCTGAACCGCGT

N ol
[CCTCARAG]

['C 3 T TETTTT

l

A
.
C C
GTTGETA
~
G

bl

P
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[
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TCTTAGCTACAGH '?GTATATATGTG?\ AACCTGGTGGTACTAGCAGTGGAGATGCTACTA
TGCTTATGCAAACAGTGITTTCAACATAATACALRGCCACATCTGETAATGTTGCGCGETC
TTGAGTGTTATAACGCGTGATATTGTATATGATGACATTAAGAGCTTGCAGTATGAAT
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TGTACCAGCAGGTTTATAGGCGAGTCAATTTTGACCCAGCATTTGTTGAABAGT TTTATT

CTTATTTGTGTARGAR W“T'ri?czt["czy“”'Jﬂ TGATCTTGTCTGACGACGETETTGTTTGTTATA
ACAACACATTAGCCAARCAAGETCTTGTAGCAGAT AT TTCTGET T TTAGAGRAGTTCTCT

ACTATCAGAACAATGTTITTATGGCTGATTCTARATCTTGGGETTGAACCAGATTTAGARR
AAGGCCCACATGAATTTTGTTCACAGCACACAATGTTAGTGGAGGTTGATGGTGAGCCTA
GATACTTGCCATATCCAGACCCATCACGTATTITTGTGTGCATGTGTTTITIGTAGATGATT
TGGATAAGACAGAATCTIGTGGCTGTTATGGAGCETTATATCGCTCTTGCCATAGATGCET

C".CACTAJTAFT TCATGARAATGAGGAGTACAAGRAAGGTATTCTTTGTGCTTCTTTCAT

+]

I

A 'CTATCAAGAGCTTTCTCAGAATATGCTTATGGACTACTCTTITTGTAA
PGGATATAGATAAGGGTAGTAAATTTTGGGAACAGGAGTTCTATGAAAATATGCTATAGAL

CCCCTACAACATTACAGTCTTGTGGCGTTTGTGTAGTGTGTAATAGTC

3]
S?
T
5;4
q
;_i

f
GCTGTGGTAATTGTATTCGCAAACCATTTTTGTGTTGTAAGTGTTGCTATGACCATGTCA
TGCACACAGACCACAAAAATGTTTTGTCTATARATCCTTACATTTGCTCACAGCCAGGTT
GTGGTGAAGCAGATGTTACTAAATTGTACCTCGGAGGTATGTCATACTTCTGCGGTAATC
ATAAACCAAAGTTATCAATACCGTTAGTATCTAATGGTACAGTGTTTGGAATTTACAGGG
CTAATT AAATGTTGATGATTTTAAT TTGGET
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CTACTGTGGAACCTTATATTTTGGCAAATCGTTGTGTAGATTCGTTGAGACGCTTTGCTG
CAGAGACAGTAAARGCTACAGAAGAATTACATAAGCAACARTTTGCTAGTGCGCAGAAGTGA
GAGAAGTACTCTCAGATCGTGAATTGATTCTGTCTTGGGAGCCAGGTAARACCAGGCCTC
CATTGAATAGAAATTATGTTTTCACTGGCTTTCACTTTACTAGAACTAGTAARGTTCAGC
TCGGTGATTT iACATTTGAPQ\J\_AGGTG?@«!T}G TAAGCGACGTTGTCTATTATCGAGCGACGET
ATTGTCTGTTGGAGACATTTTTGTTTTAACCTCACACARATGT ]’(” TTTCTC

,2“\(%(“ ‘(‘ JM\CT TTGTGETCCTCA GCAJ VACCTTTTCTAGGTT TGTGAATTTAAGACTTA
TGATGGTACCTGCGTGTTTTGTAAATAACATTCCATTGTACCATTTAGTE GG CARGC

¥ CCTACTACACT
AMGCETAC AGTACAI

=CG FAC AAGGCCCTCCTGGCAGTGETARATCICA

SGCCCTCE GG TCCCATTTTGCTATAGGAT
TACTGCATGCTCTCATGCAGCTGTTG
AT 'SC’[ T r[ l‘:”‘(" TGAARAAGCTTTTAAGT TTCTTAAAGTAGAT GATTGCACTCGTATAGTAC
CTACTATCGATTGCTTCTCTAAGTTTARAGCTAATGACACAGGCARARARNGT
'["]”[ "‘TH'%’I'Z“\ CTATTAATGCCTTGCCA \w}‘:f“a’f", AGTTGTGACATTCTITTGGTTGACE
AGGTTAGTATGTTGACCAATTACGAATTGTCTTTTATTAATGGETAAGATARACTATCAAT
TETTGTGTATGTAGGTGAT CCTGCTCAATTAC (,wCC‘C(‘ CTCGTACGTTGCTTAARCGETT
CACTCTCTCCAAAGGATTATAATGTTGTCACARAACCT TATGGTTTGTGTE
AGTGTTACCGTTGTCCTAAAGRAATTGTAGATACTGTTTCTAC 'E.‘CTE."]."G
ATGGARAGTTTATTGCARATAACCCGGAATCACGTCAGT \)'T‘ TTCAAGGTTATA
AATGGTAATTCTGATGTAGGACATGARAGTGGECTCAGCCTACRACATAACTCA
TAGAATTTIGTGAAAGATTTTGTCTGTCGCAATAAGGAAT GGCEGEEGAAGCAACATTCAT T‘T
CACCTTATAATGCTATGAACCAGAGAGCCTACCGTATGCTYGGACTTAATGTTCAGACAG
TAGACTCGTCTCARGGTTCGGAGTATGATTATGTTATCS [GTTACTGCA C;r'n I'CGC
AGCATGCACTGAATATTAACAGATTCAATGTAGCGCTTACAAG CC CAAGCGTGGTATAC
TAGTTGTCATGCETCAGCGTGATGARCTATATTCAGCTCTTAAC "[ TTATAGAGCTTGATA
GUGTAGCAAGTCTGCAAGGTACAGGCTTGT ]?'I‘?‘;AZ ATTTGCAACAL *nGAGT']""['AC""‘(:G]"
TTCACCCAGCTTATG L/AG’l";A’”}mC TAAGGCTCTTGCTGCARCTTATARAGTTAATGATG
ARCTTGCTGCACT TGTTAACGTGGAAGCTGGTTCAGAARATAACATATAARAC h'.["k”'”'“br[ T
CTTTGTTAGGGET TTAAGATGAGTGTTAATGTTGAAGGCTGCCACAACATGT TTATAACAC
GUGATGAGGCTATCCGCAACGTAAGAGETTGGGTAGGETT TTGATGTAGARGCAACACATG
CTTGCEETACTAACATTGGETAC [GCCTTTCCAAGTAGETTTCTCT
ACTTTGTA mTACGCCTGAGGCﬁCTmCTA"ATACTT”'AA’“A GCAATAATTTTGAGCCTG
TGAATTCTAAAGCACCTCCAGGTGAARCAATTTAATCACTTGAGAGCGTTATTCAARAGTG
CTARACCTTGGCAT "“MG AAGGCCRAAGGATTGTGCAAATGTTAGCGGATARCCTGTGCA
ACGTTTCAGATTGTGTAGTGTTTGTCACGTGGTGTCATGGCCTAGAACTAACCACTTTGC
GCTATTTTGTTARAR TT‘G CAAGGACCAAGTTTGTTCTTIGCGGTTCTAGAGCAACARCTT

.
T
GAAGCATTGCTTGGGTTTTGATTTTGTTT

TEGOGECTT : XUy NS N T T N P T T
TGGCGEE TACTTTAGTARCGCCCGTETCETTTT

ACCTGARACA

TTTTCCTTGEE

aaNaalits

LA

CCAGLARTTCGES

yalealuule
R S T N

e
N

ITGGTGCAG

C)

TTAATTCTCATACTCAGGCTTATGCTTGTTGG =

ATAATCCACTCTTAGTGGATATTCAACAGTGGGGTTATTCTGGTAACCTACAATTTAACC
ATGATTTGCATTCGTAATGTGCATGGACACGCACATGTAGCTTCTGCGGATGCTATTATGA
CGCGTTGTCTTGCAATTAATAATGCATTTTGTCAAGATGTCAACTGGGATTTAACTTACC
CTCATATAGCAAATGAGGATGAAGTCAATTCTAGCTGTAGATATTTACAACGCATGTATC
TTAATGCATGTIGTTGATGCTCTTARAGTTAACGTTGTCTATGATATAGGCAACCCTARAG



W
w

WO 2016/012793 PCT/GB2015/052124
17

GTATAAAATGTGTTAGACGTGGAGACTTAAATTTTAGATTICTATGATAAGAATCCAATAG
TACCCAATGTCAAGCAGT TTGAGTATGACTATAATCAGCACAAAGATAAGTTTGCTGATG
GUCTTTGIATGTTTTGGAATTGTAATGTGGATTGTTATCCCGACAATTCCT TAGTTTGTA
GGTACGACACACGAAATT TGAGTGIGTTTAACCTACCTGETTGTAATGETGGTAGCTTGT
ATGTTAACAAGCATGCATTICCACACACCTAAATTTGATCGCACTAGCTTTCGTAATTT

CG
AAGCTATGCCATTCTTITTTCTATGACTCATCGCCTTGCGAGACCATTCAATTGGAT GGAG

T

Lo

e
W

(3]

TTGCGCAAGACCTTGTGTCATTAGCTACGAAAGATTGTATCACAAAATGCAACATAGECG
GTGCTGTTTGTARAAAGCACGCACAAATGTATGCAGATTTTGTGACTTCTTATAATGCAG

O

CTGTTACTGCTGETTTTACTTITTTGGCTTACTAATAATTTTAACCCATATARTTTGTGE

AAAGTTTTTCAGCTCTICCAGTCTATCGACAATATTGCTTATAATATGTATAAGGGTGGTC

ATTATGATGCTATTGCAGGAGAAATGCCCACTATCGTAACTGGAGATAAAGTTTITTGTTA
Iy

hCD'

TAGATCAAGGCGTAGARAAAAGCAGTTTTTTTTAATCARACAATTCTGCCTACATCTGTAG
CGTTTGAGCTGTATGCGAAGAGAAATATTCGCACACTGCCARACAACCGTATTTTGARAG
GITTGGGTGTAGATGTGACTAATGGATTTGTAATTTGGGATTACACGAACCARACACCALC
TATACCGTAATACTGTTAAGGTATGTGCATATACAGACATAGAACCARATGGCCTAATAG
TGCTGTATGATGATAGATATGGTGATTACCAGTCTTTTCTAGCTGCTGATAATGCTGTTT
TAGTTTCTACACAGTGTTACAAGCGGTATTCGTATGTAGAAATACCGTCAARCCTGCTTG
TTCAGAACGGTATTCCGTTAAARGAT GGAGCGAACCTGTATGTTTATAAGCGTGTTAATG
GTGCGTTIGTTACGCTACCTAACACATTAAACACACAGGGTCGCAGTTATGAAACTTTTG
AACCTCGTAGTCGATGTTGAGCGTGATTTTCTCGACATGTCTGAGGAGAGTTTTGTAGAAR
Z\GT“TG GTARAGAATTAGGTCTACAGCACATACTGTATGGTGAAGTTGATARAGCC JCAAT

TAGGTGE!

CAAAGTOTGTTACTARLTTC

GTTCCTE

5

TTTACACACTGT TATAGGTATGTGCAGACTTTTACGTGCGAA
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'}.“',["j.l‘ﬂ}GAL [ACTGA: TATGGTACTAATAAGTCTAAAGTTGTAACAGT
ATTACCATAGCATAARTTTTATGACTTGGTTTGAAGATGGCATTATT Z,\AAZ-\CAT’C“'[“}.
A’*‘ T’CZ“\C: GCTTCAATCAGCATGGACGTGTGGTTATAATATGCCTGAACTTTATAAAGTTC
VATTGTGTTATGGAACCTTGCAACATTCCTAAT TATGGTGTTGGAATAGCGTTGCCAA
GTUGGTATTATGATGAATGTGGCAARGTATACACAACTCTGTCAATACCTTTCGAARATAA
CAATGTGTIGTACCGCATAATATGCGAGTAATGCATTTTGGAGETGGAAGTGACAARGGAG
TGGCTCCAGGTAGTACTGTTCTTARACAATGGCTCCCAGAAGGGACACTCCTTGTCGATA
TTCTGTGCTTTCAGRTTGCAATARAT
AGACAGAGCACAAGTTTGATCTTGTGATATCTGATATGTATACAGACAATGATTCAA
ARARGARAGCATGAAGGCGTGATAGCCAATAATGGCAATGATGACGTTTTCAT
RE 3(%(""” CTAGGTGGTAGTTTYGCTGTARARGT LACAGAGA
AGTTC GL/,}L/(,AA" ""”"”"A]"A TGACATTGCACAGGATTGTGCATGGTGGACARATGTTTT
G’l‘. CAGCAGTGAATGCCTCTTCTTCAGARGCATTCT TGGETYGGTGTTAATTATTIGGET
CAAGTGAARRGGT ]‘nn(:(%’l‘r[ A }"].‘GGAAZ% ACGCTGCACGCARATTATATATTTTIGGAGGA
ATTGTAATTATTTACAARCCTCTGCTTATAGTATATTTGACGT TGCTAAGTTTGATTTGA
GATTGARAGCAACAC "IAG’l”. 'GTTAATTTGARAACT GAACAARAGACAGACTTAGTCTTTA
ATTTAATTAAGTGTGGTAAGTTACTGGTAAGAGATGTTGGTAACACCTCTTT TACTAGTG
ACTCTTTIGYGTGTACTATGTAGTGCTGCTTTGTATGACAGTAGTTCTTACGTTTACTAC
TACCAAAGTGCCTTTAGACCACCTAATGGTTGGCAT TTACACGEGEETGCTTATGCGGT A
GUTAATATTTCTAGCGRAATCTAATARTGCAGGCTCTTCACCTGGETGETATTGTTGGTACT
ATTCATGGTGGETCET E}’Z"l" 'r[ AATGCTTCTTCTATAGCTATGACGGCACCETCATCAGGT
ATGGCTTGGTCT 2 x,uni;r T'CAGT ]"”’“Gr[ ACTGCACH AACTTTTCAGATACTACAGTG
TTTGTTACACATT “A"‘AAZ\T ATGGGTGTCCTATAACTGECATGCTTC _AAAGAAT
TTTTTACGTGTTTC TUCTLT _AA. TGGCCAGCTTTTCTATAATTTAACAGTTAGTGTA
GCTAAGTACCCTACTTTTA %Z‘«T”'T‘MT CAGTGTGTTAATAATTTAACATCCGTATATTTA
AATGGTGATCTTGTTTACACCTCTAATGAGACCACAGATGTTACATCTGCAGGTGTTTAT
TTTAAAGCTGGTGGACCTATAACTTATAAAGTTATGAGAGARAGTTAAAGCCCTGGCTTAT
TTTGTTAATGGTACTGCACAAGATGTITATTTTGTGTGATGGATCACCTAGAGGCTTGTTA
GCATGCCAGTATAATACTGGCAATTTTTCAGATGGCTTTTATCCTTTTATTAATAGTAGT
TTAGTTAAGCAGAAGTTTATTGTCTATCGTGAAAATAGTGTTAATACTACTTTTACGTTA

ACAATTTCACTTTTCATAATGAGACTGGCGCCAACCCTAATCCTAGTGGTGTTCAGAAT
VACTTACCAAACACARACAGCTCAGAGTGGTTATTATAATTTTAATTTTTCCTTT
WGTTTTGTTTATAAGGAGTCTAATTTITATGTATGGATCTTATCACCCAAGTTGT
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AATTTTAGACTAGAAACTATTAATAATGCECTTGTGETTTAATTCACTTTCAGTTTCAATT
GCUTTACGGTCCTCTTCAAGGTGETTGCAAGCAATCTGTCTTTAGTGGTAGAGCARCTTGT
TETTATGCTTAT TCATATGCGAGGTCCTTCGCTGTGTAAAGGTGTTTATTCAGGTGAGTTA
TT A“mmT AATGTGGACTGITAGTTTATGTTACTAAGAGCGGTGGC TC’TCLTATA
GAACCGCCAGTTATAACTCGACACAATTATARTAATATTACTTTAAAT
GATTATAATATATATGGCAGAACTGGCCAAGGTTTTATTACTAATGTAACC
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TGTTAGTTATAATTATCTAGCAGACGCAGETTTGECTATTTTACGATACATCT
STTCCATAGACATCTTTGTTGTACAAGGTH T
SCGAAGATCGTCAACCAGCAGTTTGTA
CTTCACGTAATGAGACTGGTTCTCAGCTTC
AATGGAACACGTCETTTTAGACGTTCTATTAL
AGTTATGGTAAGTTTTGTATAAAACCTCGATGC
TTG“A@CAG=L'G'C CACCTTTACTTAATG
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GAATCAAGAAAAARTTGCTGCTTCCTTTAATAAGGCCATTGGTCGTAT GCAGGA,
GGTT AGTACATCTCTAGCATTACAN CAz WATTCAAGA TC TTGETTARTA AGAGT
GCTATTCTTACTGAGACTATGGCATCACTTAATARARAATTTTGGTGCTAT ]"”[ ”"T”'“(“" ATG
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TCGTCTT

ATARCTGGTAG ?&T"]? GTCATCACTTTCTGTTTTAGCATCTGCTAAGCAGGCGGAGCATATT
AGAGTGTCACAACAGCGTGAGT TAGCTACTCAGARAATTARATCGAGTGTGTTARGTCACAG
TCTATTAGGTACTCCTTTTGTGGTAATGGACGACATGTTCTAACCATACCGCARARTGCA
C T.EL TACACTTTTCTTATACTCCAGRTAGTTTTGTI TAATGTTACT
TARAGCCAGCTARATGCTAGTCAGTATGCAR w]’ \CCCGET
ARTGGETAGGGGTATTTTTATACAAGTTAATGGTAGT TACTACATCACE 3(”2“\(2(4‘:.(7/"3’?'1“\'_"Cv
TATATGCCAAGAGCTA 'T‘"’]u,'.wCPHGAG}\ TATAGT TACGCTTY (‘”[ TCTTGTCAAGCAAAT

V'GTAAGTGTAAATAAGACCGT CTACATTCGTAGA [GATGAT A’I'r.[”l T
ARATGACGAATTGTCAAAATGGTGGARTGACACTAAGCATGAGT A\,Cn(:»%” CTTTGACRARA
TTCAATTACACAGTACCTATACTTG! .CP\.T TGATAGTGAAATTGATCGTATTCAAGGCETT
I TCTTTAATAGACCTTGAARAACTTTCAATACTCARARACTTAT
ATTAAGTGGCCTTGETATGTGTGGTTAGCCATAGCT TTTGCCACTATTATCTTCATCTTA
ATACTAGGATGGGETTTTCTTCATGACTGEGATGYTGTGETTGT TGTTGTGGATGCTTTGEC
ATTATGCCTCTAATGAGTARGTGTGGTAAGAARATCTTCTTATTACACGACTTTTGATAAL
GATGTGGTAACTTARCAATACAGACCTAAARAGTCTGTTTAATGATTCAARAGTCCCACET
CCTTCCTARATAGTATTAATTTTTCTTTGGTGTARACTTGTACT AAGTTGTTTTAGAGAGT
TTATTATAGCGCTCCARCRAACTAATACAAGTTTTAC ]":CAAN[ TATCAATAGTAACTTAC
AGCCTAGACTGACCCTTYGTCACAGTCTAGACT TARACTTAGRAGCAATTATTGA
ARCTGETGAGCAAGTGATTCARARARTCAGTTTCAAT ; TATTTCAAGTGTATT
AAACACAGAAGTATTTGACCCCTTTGA ”TP\T GTTATTACAGAGGAGGTAATTTTTGGGA
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CUGTCTTTTGTAGGTTATTGGATCCAGAGTATTAGACTCTTTAAGCGGTGTAGGTCATC
TGGTCATTTARCCCAGAATC r[fm"‘(:UC’ﬂ]‘ﬁb(""”"(‘-ﬂm TACTCCTAACTAAT CCL'Z‘ “A}A
TCTAATTTTGCTATAGAGAGTGTGCCAATGGTGCT TTCTCCAATTATARAGAATGGTGTT
CTTTATTGTGAGGETCAC mCGCTTGCTZ\_AGmF'mGA“LCAGACCACT” ,CCTAAAGATATA
TTTGTTTGTA ‘ACCC'TATA« 4ACC AATATCTACCGTATGGTGCAGAAATATACTGGTGAC
CAARAGCGGAARATAR 'T'“GLTACC’TTTGTCTATGCAAZ\GCAF'TCA’ s TAGATACT
GTCGACCTAGAAAGT'TTAGQ \VACAGGAGGGAGTAGTCTTTACACCTARAATGTGTGTGTGT
GAGAGTATTTAARATTATTCTTTAATAGTGCCTCTATTTTAAGAGCGCATAATAGTATT
'TTGAGGATATTAATATAAATCCTCTCTGTITTTATACTCTCTTTTCAAGAGCTATTA
TTTAAAAMACAGTTTTTCCACTCTTTTGTGCCARARACTATTGTTGTTAATGGTGTAACC
TTTCAAGTAGATAATGGARAAAGTCTACTACGAAGGAARACCAATTTTTCAGARAAGGTTGT
TG"‘A GGTTGTGGTTGAGTTATARAARAAGATTAAACTACCTACTACACTTATTTTTATARAG
SCGTTTTATCTTACAAGCGCTTAATAARATACGGACGATGAAATGGCTGACTAGTTITG
LAAGGCF'T‘ GTTATTTCATGTTATAAACCCCTATTATTAACTCAATTAAGAGTATTAGA
m

{

m
E
\m

TA

A
GT

H'Iﬂ

CA
GGTTAATCTTAGATCATGGACCAAARCACATCTTAACGTGTGTTAGGTGCGTGATTT
TTCAATTAGATTTAGTTTATAGGTTGGCETATACGCCTACTCAATCGCTGGTATGAATAR
TAGTAAAGATAATCCTTTTTGCGGAGCAATAGCAAGARAAGCGCGAATTTATCTGAGAGA
AGGATTAGATTGTGTITACTTTCTTARCARAGCAGGACAAGCAGAGTCTTGTCCCGCETG
TACCTCTCTAGTATTCCAGGGGARAACTTGTGAGGAACACAAATATAATAATAATCTTTT
GTCATGGCAAGCGGTAAGGCAACTGGAAAGACAGATGCCCCAGCTCCAGTCATCAAACTA
GGAGGACCAAAGCCACCTAAAGTTGGTTCTTCTGGAARATGTATCTTGGTTTCAAGCAATA
AARGCCAAGAAGTTAAATTCAC ”"T‘l CGCCTAAGTTTGRAAGGTAGCGGETGTTCCTGATAAT
GAARATCTAARACCAAGT CAGCAGCATGGATATTGCGAGACGCCAAGCTAGGTTTARGCCA
SGTARAGET AGAAARCCAL ]’(‘ CCAGATGCTTGGETATTTTITACTATACTGGAACAGGA

o~
[
\.

CCAGCCGCTH TAGC C,f AGATGGTATAGTGTGGEGT TGCTGGTAL
GGTGCTGATACTARATTTAGATCTAATCAGGGTACTCETGACTCTGACAAGT ]"T‘(' sACCARA
TATCCGCTACGETTTTCAGACGGAGGACC '[ GATGGETAATTTCCGETTG TGGP TTTCATTCCT
CTGAATCGTGGCAGGAGTGGGAGATCAACAGCAGCTT CAT.
CCATCACGTGAAGTTTCGCGTGETCGCAGGAGTGET TCTGAAGAT .”“l‘:'T‘C’T’, ATT
GCAGCAAGGATAATTCAGGAT CAGCAGAAGAAGGGTTCTCGCATTACARAGGCTAAGGET
GATGAAATGGCTCACCG ‘Z’Cw]’ ATTGCAAGCGCACTATTCCACCTAATTATAAGGTTGAT
CAAGT ( 'A\Z—\GGA TTGGTGATGACAAG l‘:’I‘ GAAT
GAGGAAGGTATTAAGGAT GGGCECGTTACAGCART CC‘ [CARCCTAGTTCCTAGCAGCCAT
AGTGAC SCCCZ\ ‘mﬁ”*", CAACCAGATC (”(' sCTG CI\C’,'."T‘("] AR
[CCCACGTGATGATCCGCAGTTTGATAATT z“[ 'GTARAAATT
[GATGGTGTAGGARCAC G’l‘ CCAARAAGATGA] ufm(‘ AAGACCARAAG
TCACGCTCAAGTTCAAGACCTGCARCAAGAGGARATTCTCCAGCGT "*AA(: CAGCAGCGC
CCTARAGAAGGAGARAARGCCARAGARGCAGGATGATGAAGTGGATARAGCATTGACCTCA
GATGAGGAGAGGAACAATGCACAGCTGGAATTTGATGATGRACCCAAGGTARTTAACTGE
GGGGATTCAGCCCTAGGAGAGAATGAL CI“]‘TG GTARAATTCAATAGTAAGAGTTAAGGA
AGATAGGCATGTAGCTTGATTACCTACATGTCTATCGCCAGGGARATGTCTARATTTGTCT
ACTTAGTAGCCTGGAAACGAACGGTAGACCCTTAGATTTTAATT TAGTTTAL PTTAGT

T OTGCART TGEGET
CCTGAATTGGEGETG

7 e e h-| S Yol ~ R o A
£ CAGCAGC CTAGTAGAGCA

"GOTCET

$-]

~

GGAA

/‘“rﬂr*{ 1(~ T
AL

(5]

GOTTETCTTTTCGEAAGT
T FGZC\ e 'I‘ACT‘ WCTGTGE
TGTGATCAGTGTGET

ATCOEC

VT

TTAGTTTAAGT TAGTTTAGAGTAGGTATAAAGATGCCAGTGCCLGEGCCACGUGGAGTAL
GACCGAGGGTACAGCACTAGGACGCCCATTAGGGGAAGAGCTAAATTTTAGTTTARGT TA

AGTTTAATT 3(”"- TATGTATAGTTARAATTTATAGGCTAGTATAGAGTTAGAGCARARALA

REPLICASE

In addition to the structural and accessory genes, twe-thirds of a coronavirus genome
comprises the replicase gene (af the § end of the genome), which is expressed as two
polyproteins, ppla and pplab, in which pplab is an extension product of ppla as a result
of a -1 ribosomal shift mechanism. The two polyproteins are cleaved by two types of
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virus-encoded proteinases usually resulting in 16 non-structural proteins (Nspi1-186); 1BV
lacks Nsp1 thereby encoding Nsp2-16.

Thus Gene 1 in BV encodes 15 {16 in other coronaviruses) non-structural proteins (nap2-
186}, which are associated with RNA replication and transcription.

The term ‘replicase protein’ is used herein to refer to the ppla and pplab 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 Dispensabie for MHV and SARS-CoV replication in tissug culiure

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

4 Transmembrang domain

5 3C-like main profease, homodimer

8 Transmeambrane domain

7 Infgracts with nsp8 to form a hexadecamer complex

8 Noncannonical RNA polymerase; interacts with nsp7 to form a
hexadecameric complex

g ssBNA-binding protein, dimer

10 RNA-binding protein, homododecamer, zinc-binding domain, known 1o
interact with nsp14 and nspt6

11 Unknown

12 BRNA-dependent BNA polymerase

13 Zing-binding domain, NTPase, dNTPase, 5-10-3° RNA and DNA helicase,
RNA 5-triphosphate
3-10 & exoribonuclease, zinc-binding domain and N7-methvitransferase

15 Uridylate-specific endoribonuclease, homohexamer

‘ Putative ribose-2'-O-methyltransferase

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

w

comprises a mutation in one or more of the seclions of sequence encoding nsp-10, nsp-
14, nsp-15 or nsp-16.

Nsp10 has RNA-binding activity and appears o be involved in homo and/or heterotypic
interactions within other nsps from the ppla/ppiab region. |t adopts an o/ fold

10 comprised of five o-helices, one 3y¢-helix and three B-strands. Two zinc-binding sites
have been identified that are formed by conserved cysteine residues and one histidine
residue {Cys-74/Cys-77/His-83/Cys-90; Cys-117/Cys-120/Cys-128/Cys-130). The protein
has been confirmed to bind single-stranded and double-stranded RNA and DNA without
obvious specificity. Nsp-10 can be cross-linked with nsp-8, suggesting the existing of a

15  complex network of protein-protein interactions involving nsp-7, -8, -8 and -1¢. In
addition, nsp-10 is known to interact with nap-14 and nsp-16.

Nsp-14 comprises a 3-10-5" exoribonuclease (ExoN) aclive domain in the amingc-terminal
region. SARS-CoV ExoN has been demonstrated to have metal ion-dependent 3-10-8
20 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 aclivity. This nsp has aiso
been shown to have N7-methyltransferase (MT) aclivily in the carboxyl-terminal region.
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Nsp-15 asscciated NendolU (nidoviral endoribonuclease, specific for U) RNase activily
has been reporled 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 Ca®. NendoU cleaves at the 3’ side
5 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 (2-0O-MTase)
activity and reverse-genetlics experiments have shown that the 2-O-MTase domain is

10 essential for viral BNA synthesis in HCoV-2238E and SARS-CeV. The enzyme may be
involved in the production of the cap 1 structures of coronavirus BNAs and it may also
cooperate with Nendol and ExoN in other RNA processing pathways. 2-O-MTase might
alse methylate specific RNAs to protect them from NendolU-mediated cleavage.

15 The genomic and protein sequences for nsp-10, -14, -15 and -16 are provided as SEQ ID
NO: 2-5 and 6-9, respectively.

SEQ 1D NOG: 2 {(nsp-10 nuclectide seguance — nucleotides 11884-12318 of SEQ (D NO)

20 TCTARAGGTCATGAGACAGAGGAAGTGGATGCTGTAGGCATTCTCTCACTTTGT TCTTTTGCAGTA
GATCCTGCGGATACAT ATTGT ARATATGTGGCAGCAGGT AATCAACCT T TAGG TAACTGTGTTARA
ATGTTGACAGTACATAATGCTAGTGET TT TGCARTAACATCARAGCCARGTCCARCTCCGGAT
GATTCTTATGGAGS: CTGTCTTTATTGCTAGA CACCTTG
GGARATTTAGATGGACGCTCTCAAT TTARAGETTCT TTTGTGCARATACCTACTACGGAGARAGAT

25 COTGTTGGATTCTGTCTACGTAACAAGGTT TGCACTGTTIGTCAGTGTTGGAT TGGTTATGGATGT

CAGTGTGATTCACTTAGACAACTTARACCTTCTGTTCAG

o

o
SAGCA

SEQ 1D NO: 3 (nsp-14 nucleclide sequence — nuclectides 16938-18500 of SEQ D NO:1)

CCAGCTTATGCAGTCACR
ACTTGTTAACGTGGARGCT
TGAGTGTTARTGTTGAR
\GETTGGGTAGETTTT
TTTCCAAGTAGGTTTC

6]

ACTAAGGCTCT T\W\/TUC*—;‘%&JTTA*- A AGTTAAT
GGTTCAGAAATAACATATARACATCTTATTTCTT
GGCTGCCACAACATGTTITATAACACGTGATGAGEG CTAT’,
GATGTAGAAGCAACACATGCTTGCGGTACTARACATTG
TCTACTGGTGCAGACTTTGTAGTTZ &CG’\“CTGAGG\,ACTTG
GAGCCTGTGAATTCTAAAGCACCTCCAGGTGAACAATTT AL ;CGTTA
GCTAAACCTTGGCATGTTGTARGGCCAAGGATTGTGCAAAT CGGATAACCTGTGCAAC

TCAGATTGTGT A\,TC‘TTTCT\/KCCTG\,TCTLZ\mGG’\“CTZ\uzu&’“T ACCACTTTGCGCTATTTTGT
AARATAGGCAAGGAC CZ-\_AGTTTCTT CTTGCGGETTCTAGAGCAACAACTTTTAATTCTCATACTCAG
40 GCTTATGCTTGTTGGAAGCATTGCTTGGETTTTGATTTTIGTITTATAATCCACTCTTAGTGGATATT
CAACAGTGGGGTTA ]"T‘C’T'HC', AACCTACAATTTAACCATGATTTGCATTGTAATGTGCATGGACAC
GCACATGTAGCTTCTGCGGATGCTATTATGACGCGTTGTCTTGCAATTAATARATGCATTTTGTCAA
GATGTCAACTGGGATTTAACTTACCCTCATATAGCAAATGAGGAT GAAGTCAATTCTAGCTGTAGA
TATTTACAACGCATGTATCTTAATGCATG ]’(””’T'( \’[ GCTCTTARAGTTAACGTTGTCTATGATATA
TGTTAGACE! ”GL\(“D(‘”’T' AMAATTTTAGATTCTATG L\'[ ARGAAT

CTATAATCAGCACAAAGATAAGT

30 GGTACAGGCTIGTTTAARAATTTGCAACARAGAGTTTAGT
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GGTCTTTGTATGTTTTGGAAT TGTAARTGTGGATTGTTATCCCGACAATTCCTTACTTTGTAGGTAC

GACACACGAAR T‘"I"' SAGTGTGTTTAACCTACCTGET TG ZAJI‘CG [GGTAGCTTGTATGT TAACA!
CATGCATTCCACACACCTAAATTTGATCGCACTAGCTTTCGTARTTTGAS AC}CTn"' GCC "'["‘(“'Z?”'T’

TTCTATGA r"r"CZ‘+,"]7'”""f" CTTGCGAGACCATTCAATTGGATGGAGTTGCGCAAGACCTTGTGTCATTA
5 GCTACGAAAGATTGTATCACAARAATGCAACATAGGCGLTGCTGTTTGTAARAARAGCACGCACARATG

TATGCAGATTITGTGACTTCTTATAATGCAGCTGTTACTGCTGETTTTACTTTTTGGGTTACTAAT

AATTTTAACCCATATAATTITGTGGARARCGTTTTTCAGCTCTCCAG

SEQ D NO: 4 (nsp-15 nucleolide sequence — nucleotides 18501-19514 of SEQ 1D NO:1)

i0

ATGCTATTGE

TCTATCGACAATATTGCT TATARATATGTATAAGGETGGTCAS WGGAGAA
CCCACTATCGTAACTGGAGAT ARAGT TTTTGTTATAGATCHY ]mCC‘ GTAGAARAAGCAGTTTTTTTT
ARTCAAACAATTCTGCCTACATCTGTAGCETTTGAGCTGTATGCGAAGAGAAATATTCGCACACTG
CCARACAACCGTATTTTGAAAGGTTT 'SCw ITGTAGATGTGACTARATGGATTTGETAATTTGGGATTAC
15 ACGAACCARACACCACTATACCETAATACTGTTAAGGTATGTGCATATACAGACATAGAACCARAT
sGCOCTAATAGTGCT ’NTW" sATGATAGATATGGTGATTACCAGTCTTTTCTAGCTGCTGATAATGCT
GTTTTAGTTTCTACACAGTGTTACAAGCGGETATTCGTATGTAGAAATACCGTCARACCTGCTTGTT
(“A(:AACC E}"‘An TCCG 'Z."” ARAAGATGGAGCGAACCTGTATGTTTATAAGCGTGT TAATGGETGCETTT
GTTACGCTACCTAACACAAT ARACACACAGGGTCGAAGTTATGAAACTTTTGAACCTCGTAGTGAT
20 GUTGAGCGTGATTTTCTCGACATGTCTGAGGAGAGTTTTGTAGAAAAGTATGGTARAGAATTAGGT

CTACAGCACATACTGTATGGTGAAGTTGATAAGCCCCAATTAGGTGGTTTCCACACTGTTATAGGT

ATGTGCAGACTTTTACGTGCGAATARAGTTGAACGCARA "'”C’l‘i TTACTAATTCTGATTCTGATGTC
n’l‘GCAhﬁ ATTATTTTGTATTGGCAGACAATGGTTCCTACAAGCARAGTGTGTACTGTTGTGGATTITG
CTGCTTGATGATTTCY 'i‘AGAAC"]."I‘C’I'r[ AGGAACATACTGRAARAGAGTATGGTACTAATAAGTCTARL

25 GT'TG "[fmk AGTGTCAATTGATTACCATAGCATARAT TTTATGACTTGGTTTGAAGATGGCATTATT
ARAACATGTTATCCACAGCTTCAA

SEQ D NO: & (nsp-16 nuclegiide sequence — nuclegtides 19515-20423 of SEQ D NO:1)

30

TCAGCATGGACGTGTGGETTATAATATGCCTGAACT TTATAAAGT TCAGAAT TGTGTTATGGAACCT
TGCAACATTCCTAATTATGGTGTTGGAATAGCGTTGCCAAGTGGTATTATGATGAATGTGGCARAAG
TATZXCP\CAAC"‘”T sTCAAT f‘”'TTTCGAZXAACAACAATGTGTGTBCV’GCnTAATATCJCGACTAA"'L
CATTTTGGAGCTGGAAGTGACARAAGGAGTGGTGCCAGGTAGTACTGTTCTTAAACAATGGCTCCCA

35 GAAGCCACA TCCTTGTCGATAATGATATTGTAGACTATGTGTCTGATGCACATGTTTCTGTGCTT
TCAGATT'TJAKTF}\_AT‘A’T'AE CACAGAGCACAAGTTTGATCITGTGATATCTGATATGTATACAGAC

T flAGCZX GAAGGCGTGATAGCCAATAATGGCAATGATGACGTTTTCATATAT
’T'APT ATTTGGCTCTAGGTGGTAGTTTTGCTGTAAAAGTGACAGAGACA

:t*
)__]
@

QO
] Cz

]’;J

CA \VTTGTGCATGGTGGACAATGTTTTGTACAGCA
CAT TCTTAATTATTTGGGTGCAAGTGAAAAGGTT
\/ V’GCTCCACGCA ATTATATATTTTGGAGGAATTGTAATTATTTACAAACC
TCTGCTTATAGTATATTTGACGTTGCTAAGTTITGATTTGAGATTGARAAGCAACGCCAGTTGTTAAT
TTGARAACTGAACAAAAGACAGACTTAGTCTTTAATTTAATTAAGTGTGGTAAGTTACTGGTAAGA

TACTAGTGACTCTTTTCGTGTGTACTATGTAG

Jj
'Iﬂ

TG A TTGCACAGG

TCTTGATTGE

,

(h

40 GTGAATGC
-

(]

3
K3

SEFAVDPADTYCKYVAAGNG

< )]
s~ pa
HPGGAGNLDGRCOFKGEFVQIPTTERDPVGE

SEQ D NO: 7 {(nsp-14 amino acid sequence)
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GUGLEFRICNKEFSGVHPAYAVTTRKALAATYKVNDELAALVNVEAGSEITYKHLISULGERMSVNVE
GCHENMETITRDEAIRNVRGHVGEFDVEATHACGTNIGTINLPFOVGESTGADFVVT PEGLVDT STGNNE
EPVNSKAPPGEQFNHLRALFKEAKPWHVVEPRIVOMLADNLCNVSDCVVEVTWCHGLELTTLRY EV
5 KIGKDOVCECGSRATTENSHTOAYACWKHCLGEFDEVYNPLLVDIQOWGY EGNLOEFNEDLHCNVHGH
ARVASADATIMTRCLAINNAFCODVNWDLTY PHIANEDEVNSSCRYLORMYLNACVDALKVNVVYDIT
GNPKGIKCVRRGDLNFREYDENPIVPNVKQFEY DYNQHKDKEFADGLCMEWNCNVDCYPDNSLVCRY
DTRNLSVENLPGCNGGSLYVNKHAFHT PKFDRTSEFRNLKAMPEFEFYDSEPCETIQLDGVAQDLVEL
ATKDCITKCNIGGAVCEKKEAQOMYADEVT SYNAAVTAGETEWVINNENPYNLWKSESALYO

10
SEQ 1D NO: 8 {nsp-15 aming acid seguence)

SIDNIAYNMY KGGHY DAITAGEMPTIVTGDRVEVIDOGVERAVEFNQT ILPTSVAL

PNNRILKGLGVDVTNGEVIWDYTNOQTPLYRNTVEVCAYTDIEPNGLIVLYDDRYGDYQSEFLAADNA
VLVSTQCYRKRYSYVEIFPSNLLVONGI PLEDGANLY VY KRVNGAFVTLPNTLNTQGRSYETFEFPRSE
VERDEFLDMSEESEVERYGRELGLOHILYGEVDKPOLGGLHTVIGMCRLLRANKLNAKSVTINSDSDV
MONY PVLADNGSYROQVCTVVDLLLDDEFLELLRNILRKEYGINKSKVVIVSIDY HSINEMTWEEDGI T

KTCYPQLQ

TLYAKRNIRTL

;..A
Wi

20 SEQ D NO: 9 (nsp-18 amino acid seguence)

SAWTCGYNMPELYKVONCVMEPCNIPNYGVGIALPSGIMMNVARKYTO
HEGAGSDKGVAPGSTVLEOWLPEGTLLVDNDIVDY VSDARVEV
NDSKRKI IANNGNDDVEIYLSSFLRNNLALGGSFAVEVTETSWHEVLYDIAQDCAWWTMECTA
25 VNASSSEAFLVGVNYLGASERVKVSGKTLHANY IFWRNCNYLOTSAY STFDVAKEFDLRLKATPVVN

LKTEQKTDLVENLIKCGKLLVRDVGNT SETSDSEVCTM

REDUCED PATHOGENICITY
30 The live, attenuated coronavirus of the present invention comprises a variant replicase
gene which causes the virus 1o have reduced pathogenicity compared {0 a coronavirus

expressing the corresponding wild-type gene.

The term ‘“attenuated” as used herein, refers to a virus that exhibits said reduced

o2
W

pathogenicity and may be classified as non-virulenl. A live, altenuated virus is a
weakened replicating virus still capable of stimulating an immune response and producing

immunity but not causing the actual iliness.

The term “pathogenicity” is used herein according to iis normal meaning to refer {o the

40 potential of the virus 1o cause disease in a subject. Typically the pathogenicity of a
coronavirus is determined by assaying disease associated symploms, for example
sneezing, snicking and reduction in tracheal ciliary activity.
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The term “reduced pathogenicity” is used o describe that the level of pathogenicity of a
coronavirus is decreased, lessened or diminished compared to a corresponding, wild-lype

COronavirus.

5  In one embodiment, the coronavirus of the present invention has a reduced pathogenicity
compared 1o the parental M41-CK virus from which it was derived or a control
coronavirus. The conirol coronavirus may be a coronavirus with a known pathogenicity,

for example a coronavirus expressing the wild-type replicase protein.

16 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

15 inoculation.  Clinical sympioms, associated with IBV infection, may be assessed 3-10
days post-infection. Clinical  symptoms commonly assessed to determine the
pathogenicily of a coronavirus, for example an BV, include gasping, coughing, sneezing,
snicking, depression, rufiled feathers and loss of tracheal ciliary activity.

20 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
25 snicks per bird per minuie which is less than 80%, 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

30 cause wheezing in less than 70%, less than 80%, 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
35 result in tracheal ciliary activily which is al least 60%, at least 70%, al least 80%, at least
30% or ai least 95% of the level of tracheal ciliary activity in uninfected birds.
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26
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 1BV severity limils based on clinical signs:

Snicking {sneezing} oo

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

Watery eyes = are going to occur and can continue for
up to 7dj.

Swollen infraorbital sinuses
Rales {vibration in trachea or bronchi region} o
Hunched posture / depressed

Mild, if exceed 2d increase to
Fluffed up feathers moderate

Eating and drinking less e

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

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

Less active but still evade capture

Miid, if exceed 1d increase to
Weight loss - moderate.

Not eating or drinking ool
Birds sit alone and does not evade capture

Moderate: birds at end point. Kili by scheduie 1
Severe respiratory distress: e.g. excessive gasping = method.

Snicking and / or rales for 7d in total ol

Severe: report to project Hcense
found dead hoider.
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 o chicken embryos, altention must
be paid to two poinis: the effect of maternal antibodies on the vaccines and the effect of
the vaccines on the embryo. Maternal antibodies are known {o interfere with active
immunization. For example, vaccines with mild strains do not induce protective antibody
ievels when administered to broiler chickens with maternal antibodies as these sirains are

neutralized by the maternal antibody pool.
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Thus a viral particle must be sufficiently efficient at replicaling and propagating to ensure
that it is nol neutralized by the malermnally-derived anitibedies against the virus.
Maternaily-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 eguate to the

5  establishment of long-term immunity for the embryo/chick. In order to develop long-term
immunily 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.

16 To be useful for in ovo vaccination, the virus must also not replicate and propagate at a
level which causes it {0 be pathogenic 1o the embryo.

Reduced pathogenicity in terms of the embryo may mean that the coronavirus causes
less reduction in haichability compared to a corresponding, wild-type control coronavirus.
15 Thus the term “without being pathogenic to the embryo” in the contexi of the present
invention may mean “without causing reduced hatchability” when compared o a control

cCOronavirus.

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

20 For example comparative challenge experiments following in ovo vaccination of embryos
with or without maternaily-derived antibodies may be performed (i.e. wherein the layer
has or has not been vaccinated against IBVY).

if the variant replicase enables the virus {0 propagate at a level which is too high, the
25 embryo will not hatch or will not be viable following hatching (i.e. the virus is pathogenic 1o
the embryo). A virus which is pathogenic o 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
30 chalienge of the chick with IBY will therefore resull in the development of clinical
symptoms (for example wheezing, snicking, loss of ciliary achivity) and the onset of
disease in the challenged chick; as it will have failed to develop effeclive immunity against

the virus.

35 VARIANT
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As used herein, the term ‘variant’ is synonymous with ‘mutant’ and refers {0 a nucieic acid
or amino acid sequence which differs in comparison to the corresponding wild-type

seguence.

5 Avariant/mulant sequence may arise naturally, or may be created artificially (for example
by site-direcied muiagenesis). The mutant may have af least 70, 80, 90, 95, 98 or 99%
sequence identity with the corresponding portion of the wild type sequence. The mufant
may have less than 20, 10, 5, 4, 3, 2 or 1 mutation(s) over the corresponding portion of
the wild-type sequence.

10
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).

15 ldentity comparisons can be conducted by eve, or more usually, with the aid of readily
available seguence 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 Bestiit package
{University of Wisconsin, U.S.A.; Devereux et al, 1984, Nucleic Acids Research 12:387).

20 Examples of other software that can perform sequence comparisons include, but are not
iimited 1o, the BLAST package (see Ausubel ef al, 1999 ibid — Chapter 18), FASTA
{Atschul et al, 1990, J. Mol. Biol., 403-410} and the GENEWORKS suite of comparison
tools, ClustalX (see Larkin et al. (2007} Clustal W and Clustal X version 2.0.
Bioinformatics, 23:2847-2948). Both BLAST and FASTA are available for offiine and

25 online searching (see Ausubel ef al, 1999 ibid, pages 7-58 1o 7-80). However, for some
applications, it is preferred to use the GCG Bestlit program. A new tool, called BLAST 2
Seguences 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.nim.nih.gov).

30
The sequence may have one or more deletions, insertions or substifutions of amino acid
residues which produce a silent change and result in a funclionally 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

35 residues as long as the activity is retained. For example, negatively charged amino acids
include aspartic acid and glulamic acid; positively charged aming acids include lysine and
argining; 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.
5  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 GAP
LV

Polar - uncharged CSTM
NQ
Polar - charged DE

KR

AROMATIC HEWY

The coronavirus of the present invention may comprise a variant replicase gene which
16 encodes a protein which comprises a mutation compared 1o any one of SEQ 1D NOC: 8, 7,
8 or 9 which, when expressed in a coronavirus, causes ihe virus to have reduced
pathogenicity compared 1o a coronavirus expressing the corresponding wild-lype

replicase.

15 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 mulation as defined in the M41 mod sequences presented in Figure
20 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 S3EQ 1D NO: 6,
25 Val to Leu at position 393 of SEQ ID NO: 7;
Leu to lle at position 183 of SEQ 1D NO: 8;
Val to lle at position 209 of SEQ 1D NO: .
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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, nsE-3, nsp-6 or nsp-13.

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

5  protein which does not comprise a mutation in nsp10 which corresponds 1o the threonine
to iscleucine mutation caused by a mutation at nuclectide position 12,008 in the gene
reporied by Ammayappan el al. (Arch Virol (2009) 154:495-499).

Ammayappan et al {as above) reports the identification of sequence changes responsible
10 for the attenuation of IBV strain Arkansas DPL The study identified 17 amino acid
changes in a variely of IBVY proteins following mulliple passages, approx. 100, of the virus
in embryonaied eqgs. It was not investigated whether the atienuated virus (Ark DPL101)
is capabile of replicating in the presence of maternally-derived antibedies against the virus
in ovo, without being pathogenic to the embryo. Given that this virus was produced by
15 multiple passage in SPF embryonated eggs, similar methodology for classical 1BV
vacecines, it is likely that this virus is pathogenic for embryos. The virus may also be
sensitive 1o maternally-derived antibodies if the hens were vaccinated with a similar

serotype.

20 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
25 mutation Pro to Leu at position 85 of SEQ 1D NO: 6.

The variant replicase gene may encode a protein which comprises the amino acid
mutation Val to Leu at position 383 of SEQ ID NG: 7.

30 The variant replicase gene may encode a profein which comprises the amino acid
mutation Leu to lle at position 183 of SEG ID NO: 8.

The variant replicase gene may encode a protein which comprises the amino acid
mutation Val to He at position 209 of SEQ 1D 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 1D NO: 6, and Val to Leu at position 393 of
SEQIDNG: 7.

5  The variant replicase gene may encode a protein which comprises the amino acid
mutations Pro o Leu at position 85 of SEQ D NO: 6 Leu to lle at position 183 of SEQ 1D
NO: 8.

The variant replicase gene may encode a protein which comprises the amino acid
16 mutations Pro to Leu at position 85 of SEQ 1D NO: 6 and Val to lle at position 209 of SEQ
D 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 Leu lo lle at position 183 of
15 SEQIDNO: 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 lle at position 209 of
SEQ D NO: 8.

The variant replicase gene may encode a protein which comprises the amino acid
mutations Leu to lle at position 183 of SEQ 1D NO: 8 and Val {o He at position 209 of SEQ
D NO: 9.

25 The variant replicase gene may encode a protein which comprises the aming acid
mutations Pro to Leu at position 85 of SEQ 1D NO: 6, Val to Leu at position 383 of SEQ 1D
NO: 7 and Leu io lle at position 183 of SEQ 1D NO: 8.

The variant replicase gene may encode a protein which comprises the amino acid
30 mutations Pro to Leu at position 85 of SEQ ID NO: 6 Leu to lle at position 183 of SEQ ID
NO: 8 and Val to lie at position 209 of SEQ 1D NO: 8.

The variant replicase gene may encode a protein which comprises the amino acid
mutations Pro to Leu at position 85 of SEQ 1D NO: 6, Val to Leu at position 383 of SEQ 1D
35 NO: 7 and Val fo e at position 209 of SEQ 1D 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 383 of SEQ ID NO: 7, Leu to Hle at position 183 of SEQ
{0 NQO: 8 and Val io lle at position 208 of 3EQ ID NG: @

5  The variant replicase gene may encode a protein which comprises the amino acid
mutations Pro to Leu at position 85 of SEQ 1D NO: 6, Val to Leu at position 393 of SEQ 1D
NO: 7, Leu 1o lle at position 183 of SEQ D NO: 8 and Val 1o lle at position 209 of SEQ 1D
NC: 8.

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

For example the nuclectide 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-
15 20423 of SEQ D 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:
20 C 1o T at nucieotide position 12137;
G to C at nucieotide position 18114;
T 10 A at nucleotide position 18047 ; and
G to A al nucleotide position 20139;
compared to the sequence shown as SEQ 1D NG: 1.

As used herein, the term “substitution” is synonymous with the term mutation and means
that the nuclectide at the identified position differs to that of the wiid-type nucleotide

seguence.

30 The nuclectide sequence may comprise any combination of the nucleotide substitutions
selected from the list of:
C to T at nucleotide position 12137,
G 1o C at nucleotide position 18114;
T to A at nuclectide position 19047, and
35 (G to A at nucleotide position 20139;
compared to the sequence shown as SEG D NO: 1.
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The nucleotide sequence may comprise the substitution C1213771

The nucleotide sequence may comprise substitution G18114C.

The nucleotide sequence may comprise the substitution T18047A.

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 C121377T and T19047A.

The nucleotide sequence may comprise the substitutions C121377 and G2013%A.

The nucleotide sequence may comprise the substitutions G18114C and T19047A,

The nuclectide sequence may comprise the substitutions G18114C and G2013%A.

The nucleotide sequence may comprise the substitutions T19047A and G20139A.

The nucleotide sequence may comprise the substitutions C121377, G18114C and
T19047A.

The nuclectide sequence may comprise the substifutions C12137T, T18047A and
G20139A.

The nucleotide sequence may comprise the substitutions C121377T, G18114C and
(G20138A.

The nuclectide sequence may comprise the substitutions G18114C, Ti19047A and
GZ201398A.

The nucleotide sequence may comprise the substitutions C121377, G18114C, T19047A
and G20139A.

The nucleolide seguence may not comprise a substifution which corresponds o the
5120087 substitution reported by Ammayappan ef al. (as above).
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The nucleolide sequence may be natural, synthetic or recombinant. I may be double or
single stranded, it may be DNA or BNA or combinations thereof. It may, for example, be
cONA, 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 isclated, or as part of a plasmid, virus or host cell.
10
PLASMID

A plasmid is an exira-chromoscomal DNA molecule separate from the chromosomal DNA
which is capable of replicating independently of the chromosomal DNA. They are usually
15 circular and double-stranded.

Plasmids, or vectors {as they are somelimes known), may be used 1o express a profein in
a host cell. For example a bacterial host cell may be transfecied with a plasmid capable
of encoding a particular protein, in order to express that protein. The term also includes

20 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
25 additional coronavirus nucleotide sequence(s), or nucleotide seguence(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
phosphoribosyliransferase gene {(gpt) from Escherichia coli, which confers resistance to

30 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

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

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

genelics system.

fn this respect, the present invention also provides a method for making a viral particle by:
5 (i} transfecting a plasmid as described in the previous section into a host cell;
(i) infecting the host cell with a recombining virus comprising the genome of g
coronavirus sirain with a replicase gene;
(i} allowing homologous recombination to occur between the replicase gene
sequences in the plasmid and the corresponding sequences in the recombining virus
16 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 conneclion with the first aspect of the present invention.
15 Specifically, the ferm refers to a gene which is derived from a wild-type replicase gene but
comprises a nuclectide sequence which causes it {0 encode a variant replicase protein as

defined herein.

The recombination may involve all or part of the replicase gene. For example the
20 recombination may involve a nuclectide sequence encoding for any combination of nsp-
10, nap-14, nsp-15 and/or nsp-16. The recombination may involve a nuclectide seguence
which encodes for an amino acid mutation or comprises a nuciectide substitution as

detined above.

25 The genome of the coronavirus strain may lack the part of the replicase protein
corresponding o 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 betlween iis
30 genome and the plasmid. The vaccinia virus is particularly suitable as homologous
recombinagtion is routinely used to insert and delele sequences for the vaccinia virus

genome.

The above method optionally includes the step:
35 (v} recovery of recombinant coronavirus comprising the modified replicase gene

from the DNA from the recombining virus from step (iv).
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Methods for recovering recombinant coronavirus, such as recombinant 1BV, are known in
the art (See Britton ef 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
5  plasmid and used to transfect cells which express cytoplasmic T7 BNA polymerase. The
cells may, for example be pre-infected with a fowlpox virus expressing T7 RNA
polymerase. Recombinant coronavirus may then be isolated, for example, from the

growth medium.

16 When the plasmid is inserted into the vaccinia virus genome, an unstable intermediate is
formed. Recombinants comprising the plasmid may be selecied for e.g. using a

resistance marker on the plasmid.

Positive recombinants may then be verified fo contain the modified replicase gene by, for
15 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 exiracted in order fo
carry oul step (v}).

Suitable reverse genetlics systems are known in the art (Casais et al (2001) J. Virol
75:12359-12369; Casais et al (2003) J. Virol. 77:9084-9089; Brition et al (2005%) J
Virological Methods 123:203-211; Armesio et al (2008) Methods in Molecular Biology
454:255-273).

CELL

The coronavirus may be used to infect a cell.

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

knowr in the art, and optionally purified.
The cell may be used o produce the coronavirus particle.
35 Thus the present invention also provides a method for producing a coronavirus which

comprises the following sieps:

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

(i} harvesting the progeny virus.

The present invention also provides a cell capable of producing a coronavirus according
5 1o the invention using a reverse genetics system. For example, the cell may comprise a
recombining virus genome comprising a nuclectide 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}

10 containing the replicase gene.

Alternatively the cell may be capable of producing recombinant coronavirus by a reverse
genetics systemn. The cell may express or be induced 1o express T7 polymerase in order

to rescue the recombinant viral particle.

;..A
Wi

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
20 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,
alcoholaqueous solutions, emulsions or suspensions. Other conventionally employed
diluents and excipients may be added in accordance with conventional techniques. Such
25 carriers can include ethanol, polyols, and suitable mixtures therect, 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.
Represeniative 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,
30 succinic acid, acetic acid, or phihalic acid, Tris, trimethanmine hydrochlonide, or
phosphate buffers. Parenteral carriers can include sodium chioride solution, Ringer's
dexirose, dexirose, trehalose, sucrose, and sodium chloride, lactated Ringer's or fixed
oils.  Intravenous carriers can include fluid and nutrient replenishers, electrolyte
replenishers, such as those based on Ringer's dextrose and the like. Preservatives and
35 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 seleclion of the carrier. The preparation of these
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pharmaceutically acceptable compositions, from the above-described components,
having appropriate pH isolonicity, stability and other conventional characteristics is within
the skili of the art. See, e.g., texts such as Remington: The Science and Practice of
Pharmacy, 20th ed, Lippincott Williams & Wilking, publ., 2000; and The Handbook of

5  Pharmaceutical Excipients, 4.sup.th edil.,, eds. H. C. Rowe et al, APhA Publications,
2003.

The vaccine of the invention will be administered in a "therapeutically effeclive amount”,
which refers o an amount of an active ingredient, e.g., an agent according to the
16 invention, sufficient to effect beneficial or desired results when administered 1o a subject
or patient. An effective amount can be administered in one or more administrations,
applications or dosages. A therapeutically effective amount of a compaosition according o
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
15 measured change in one or more paramelers associated Infectious Bronchitis condition
sufficient to effect beneficial or desired results .An effeclive 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 Bronchilis. As used herein, the term "therapsulic” encompasses
20 the full spectrum of freatments 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 1o target animals that can be identified as being at
risk {pharmacogenetics); or in a manner that is ameliorative or curative in nalure; or may
act to slow the rate or extent of the progression of at least one sympiom of a disease or
25 disorder being treated.

The present invention also relates 10 a method for producing such a vaccine which
comprises the sitep of infecting cells, for example Vero cells, with a viral particle
30 comprising a replicase protein as defined in connection with the first aspect of the

invention.

VACCINATION METHOD

35 The coronavirus of the present invention may be used 1o treat and/or prevent a disease.
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To "reat” means o administer the vaccing o a subject having an existing disease in
order 10 lessen, reduce or improve at least one sympiom associated with the disease
and/or to slow down, reduce or block the progression of the disease.

5 To "prevent” means o administer the vaccine o a subject who has not yet contracted the
disease and/or who is not showing any sympioms of the disease to prevent or impair the
cause of the disease (e.q. infection) or 1o reduce or prevent development of at least one
symptom associaied with the disease.

10 The disease may be any disease caused by a coronavirus, such as a respiratory disease
and and/or gastroenteritis in humans and hepatitis, gastroenteritis, encephalilis, or a

respiratory disease in other animais.

The disease may be infectious bronchitis (1B); Porcine epidemic diarrhoea; Transmissible
15 gastroenierilis; Mouse hepatitis virus; Porcine haemagglutinating encephaiomyeliiis;
Severe acute respiratory syndrome (SARS); or Bluecomb disease.

The disease may be infectious bronchitis.

20 The vaccine may be adminisiered fo hatched chicks or chickens, for example by eye drop
or infranasal administration. Although accurate, these methods can be expensive e.g. for
farge broiler flocks. Alternatives include spray inoculation of administration o drinking

water but it can be difficult to ensure uniform vaccine application using such methods.

25 The vaccineg 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. /n ovo vaccination has the advantage that it provides an early stage
30 resistance to the disease. [t also facilitates the administration of a uniform dose per

subject, unlike spray inoculation and adminisiration via drinking water.

The vaccine may be administered to any suitable compariment of the egg, inciuding
allantoic fluid, yolk sac, amnion, air cell or embryo. It may be administered below the

35 sheli {aircell) membrane and chorioallantoic membrane.
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Usually the vaccine is injected info embryonated eggs during late stages of embryonic
development, generally during the final quarter of the incubalion period, such as 3-4 days
prior to haich. in chickens, the vaccine may be adminisiered between day 15-12 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 vaccings, for example,
16 vaccines for other diseases, such as Newcastle disease virus (NDV). The present
invention also provides a vaccing 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 o the invention together with one or more other
vaccine(s) for separate, sequential or simultaneous administration.
15
The vaccine or vaccine composition of the invention may be used to freat & human,
animal or avian subject. For example, the subject may be a chick, chicken or mouse

{such as a laboratory mouse, e.g. fransgenic mouse).

20 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,
25 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 o) the
carrier, excipient or diluent, any suitable binder(s), lubricani(s), suspending ageni{s},
coating agent{s), solubilising agent(s), and other carrier agents that may aid or increase

30 the delivery or immunogenicity of the virus.
The invention will now be further described by way of Examples, which are meant o
serve o 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 1BV reverse genelics system based on M41-CK

A M41-CK full-length cDNA was produced by replacement of the Beaudetie cONA in the
Vaccinia virus reverse genetics system previously described in PCT/GB2010/001283
5  {herein incorporated by reference) with synthetic cDNA derived from the M41 consensus

sequence.

The IBY cDNA within recombinant Vaccinia virus (rVV) rVV-BeauR-Rep-M41 siructure
described in Armesto, Cavanagh and Britton (2008). PLoeS ONE 4{(10): e7384.
10 doi10.1371/journal.pone. 0007384, which consisted of the replicase derived from 1BY
Beaudelte strain and the structural and accessory genes and 3 UTR from 1BV M41-CK,
was further modified by replacement of the Beaudeite 5 UTR-Nsp2-Nsp3 seguence with
the corresponding sequence from 1BY M41-CK. The resulting [IBY cDNA consisted of &
UTR-Nsp2-Nsp3 from M41, Nspd-Nspi6 from Beaudelle and the structural and
15 accessory genes and 3 UTR from M41. This cDNA was further modified by the deletion
of the Beaudette Nsp4d-Nspi€ sequence. The resulling ¢DNA, lacking Nsp4-186, 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 Nsp4d-8, Nsp9-12, Nspi2-14 and finally Nspi5-16. Each replacement cDNA
20 contained approx. 500 nuclectides at the 5 end corresponding to the 3 most M41
sequence previously inserted and approx. 500 nuclectides at the 3 end corresponding to
the M41 S gene sequence. This allowed insertion of the M4t cDNA sequence by
homologous recombination and sequential addition of contiguous M41 replicase gene
sequence. The synthetic cBNAs containing the M41-derived Nsp sequences were added
25 by homologous recombination ulilising the inventor's previous described transient
dominant selection (TD8) system (see PCT/GB2010/001293). The M4d1-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.
30
A full-length ¢DNA representing the genome of M41-CK was generated in Vaccinia virus
representing the synthetic sequences. Two riBYs, M41-B-6 and M41-R-12, were rescued
and shown {o grow in a similar manner as M41-CK (Fig. 1).

35 EXAMPLE 2 — Determining the pathogenicity of rescued M4 1 viruses

The viruses rescued in Example 1 were used 1o infect 8-day-old specific pathogen iree
{SPF) chicks by ccular 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 1BV, 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 1BV
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-Svnonvmous muiations identified in the Nsps of M41-R full-length
gengime

negenot | Mackote | Neceetde | amino AcidChange
Nspil 12137 C—T Pro—Leu
Nsp14 18114 G0 Val--Leu
Nsp15 19047 T4 Leu—lie
Nsp16 20139 G—A Val-—lie

EXAMPLE 3 — Hepair of M41-B riBVs

in order 1o determine whether the identified mutations were responsible for the loss of
pathogenicity associated with M41-R, the Nsp10 mutation was repaired and the mutations
in Nsp-14, -15 & -16 were repaired and shown 1o grow in a similar manner as M41-CK
{Fig 9). The inventors thus generated the riBVs, M41R-nsp10rep and M41R-nspi4, 15
16rep, using synthetic ¢ODNAs containing the correct nuclectides utilising the inventor's
previous described (TDS) system {see PCT/GB2010/001293).




WO 2016/012793 PCT/GB2015/052124
43

The rIBVs were assessed for pathogenicity in chicks as described previously. Both riBVs

shiowed increased pathogenicity when compared o M41-R but not o the level observed

with M41-CK (Figs 4 and 5). M41R-nspi4, 15, 16rep gave more clinical signs and more

reduction in ciliary activity than M41H-nspi0rep, overall these resulis indicated that the
5  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-nspi10rep was used io repair the mutations in Nspsi4, 15 & 16 using a synthetic
CONA containing the correct nucleotides utilising the TDS system.

10
The following riBVs were produced:-
M41R-nsp10Q, 15rep — M41-R with the mutations in Nsp-10 and Nsp-15 repaired
M41R-nsp10, 14, 15rep — M41-H with mutations in Nsp-10, -14 and -15 repaired
M41R-nspi0, 14, 16rep — M41-R with mutations in Nsp-10, -14 and -16 repaired

15 M41R-nspi0, 15, 16rep — M41-R with mutations in Nsp-10, -15 and -16 repaired
M4 1-K - All four muiations, Nsp-10,-14,-15 & -16 repaired in M41-R

The riBVs were shown to grow in a similar manner as M41-CK {Fig 2) and assessed for

pathogenicity as described previously. M41-K {in which all four mulations had been
20 repaired) resulted in clinical signs and 100% loss of ciliary activity {complete ciliostasis)

by 4 days post-infection (Fig. 86, 7 & 8). The cther riBVs demonstrated varying levels of

pathogenicity, apart from M41R-nspl1Q, 15, 16rep, which was essentially apathogenic.

These resulls confirmed that repair of all four Nsps restored pathogenicity fo M41-R;

again supporting the previcus evidence that the mutations described in the four Nsps are
25 implicated in attenuating M41-CK.

The inventors also generated riBY M41R-nsp 10, 14 rep {nsp 10 and 14 are repaired, nsp
15 and 16 contain mutations) and riBY M41R-nsp 10, 16 rep {nsp 10 and 16 are repaired,
nsp 14 and 15 contain mutations) and assessed the pathogenicity of these viruses.

30
riBY M41R-nsp 10, 14 rep less pathogenic than M41-K but caused around 50% ciliostasis
on days 4-6 post-infection. 1BV M41R-nsp 10, 16 rep was almost apathogenic and
caused no ciliostasis (see Figure tia-c).

35 Thus the genome associated with M41-R is a potential backbone genome for g rationally
atienuated 1BV,
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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

5  chickens were challenged at 21 days of age with a virulent 1B M41 challenge virus at
10°% Ei1Dg, per dose.

Clinical signs were investigated after chalienge protection by the vaccine and a ciliostasis
test was performed at § days after challenge to investigate the effect of the challenge
10 viruses on movement of the cilia and protection by the vaccine against ciliostasis

{inhibition of cilia movement).

in ovo vaccination in commercial broifer eggs

15 The design of the experiment is given in Table 4 and the clinical results are given in Table
5. Haichability of the eggs inoculated with IB M41-R was good and chickens were
healthy. 1B M41-8 protected against clinical signs after challenge in the broilers (placebo:
19/19 affected, 1B M41-R: 3/18 affected and 1 dead). The resulis of the ciliostasis test
are given in Table 6. 1B M41-R generaled protection against ciliostasis.

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

Treatment Treatment | EiDg Route | Day(s) of Day(s) End Nr. of eggs
Description per of Admin of of per

dose Admin Challenge® Study reatment
T01 None NA NA NA NA NA 30
T02 B M41-R 10° in ovo 18 days At 21 days At 26 30
NTX Saline NA in ovo embryo- of ags, 20 days 30

nation chickens par | of age
group

' Dose volume 0.1 mi, NA, not applicable.

?10%% EIDs, per 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 Hateh/ Vital/ Before challenge After challenge
total fotal Deaths/ Symptoms/ Deaths/ Symptoms/
fotal total fotal total
None 28/30 Euthanized directly after hateh for blood collection
B M41-R 28/30 28/28 1/20 /19 1719 /18"’
Saline 29/30 | 29/29 1/20 /19 0/19 19/190=0 57

' Disturbed respiratory system
2 Whizzing

® Change of voice

* Breathing difficult

* Swollen intra-orbital sinuses
¢ Uneven growth

" Weak

Table 6 - Resulls of the ciliostasis lest gfter challenge, for design see Table 1.

Treatment Protected/total Percentage protection
Saline 0/19 (%
B M4tR 518 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 1B M41-R was higher,
(10° EIDg; per dose).

The resulis (Table 8) show that the hatch percentage for 1B 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 1B
M4 1-R were protected, whereas none of the controls was protected, see Table 8.
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Table 7. Design of a hatchability, safety,_efficacy study in SPF egags

Treatment | Treatment EiDs,' | Route Day  of | Days End Nr. of eggs
Description per of Admin of of per
dose | Admin Challenge® | Study | freatment
T01 B M41-R 107 in ovo 18 days | At 21 days | Al 26 | 40
embryo- | of age days
T04 Saline NA in ovo nation ofage | 40
NTX NA NA NA NA 10

' Dose volume 0.1 ml, NA, not applicable.
? Chalienge dose 10°° EiDs in 0.2 ml.

Table 8. Halch percentages and clinical daia before and after chailenge 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
B M41-R 19/40 11/40 | 8/40 weak O 0
Saline 30/40 30/40 | O - 0 ¢
NA 910 8/10 O - - -

10 Table 9. Resulls of the ciliosiasis test affer chalienge, for desion see Table 7.

Treatment Protected/otal Percentage protection
Saline 0/11 0%
B M4TR 11/11 100%

in conclusion, IB M41-R was safe in commercial eggs, generated protection against
clinical signs and to an extent against ciliostasis.
15
In SPF eggs vaccinated with 1B M41 B a relatively low number of chickens hatched. This
may be due to the 10° EiDg, 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
20 SPF eqgs for viruses, as in other studies the level of embryo mortalily was also higher
that had previcusly been observed.

After challenge all surviving chickens after haich were completely prolected against
ciliostasis. It is concluded that 1B M41-B has great polential as vaccine o be

25 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 fo those skilled in the art without departing from the scope
and spirit of the invention. Although the invention has been described in connection with
specitic 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 io those skilled in
molecular biology, virclogy or related fields are intended to be within the scope of the

following claims.
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CLAIMS

1. A live, altenuated coronavirus comprising a variant replicase gene encoding
polyproteins comprising a mutation in one or more of non-structural protein(s) (nsp)-10,

5 nsp-14, nsp-15 or nsp-16.

2. The coronavirus according to claim 1 wherein the variant replicase gene encodes
a protein comprising one or more amino acid mulations selecled from the list of:
Pro to Leu at position 85 of SEQ 1D NO: 6,
10 Val to Leu at position 393 of SEQ IDNGC: 7;
Leu to lle at position 183 of SEQ 1D NO: 8;
Val to lle at position 208 of SEQ 1D NO: 8.

3. The coronavirus according to claim 1 or 2, wherein the replicase gene encodes a
15 protein comprising the amino acid mutation Pro to Leu at position 85 of SEQ D NO: 6.

4. The coronavirus according io any preceding claim wherein the replicase gene

encodes a protein comprising the amino acid mutations Val {o Leu at position 393 of SEQ

0 NO: 7; Leu to lle at position 183 of SEQ 1D NO: 8; and Val to lle at position 209 of SEQ
20 ID NG9,

5, The coronavirus according to any preceding claim wherein the replicase gene

encodes a protein comprising the aming acid mutations Pro to Leu at position 85 of SEQ

12 NO: 6; Val to Leu at position 393 of SEQ 1D NC: 7; Leu to lle at position 183 of SEQ 1D
25 NO:8; and Val to He at position 209 of SEQ 1D NO: 8.

6. The coronavirus according to any preceding claim wherein the replicase gene
comprises one or more nuclectide substitutions selected from the list of:
C o T at nucleotide position 12137;
30 G to C at nucleotide position 18114;
T 1o A at nuclectide position 19047; and
G to A at nucleotide position 20139;
compared to the sequence shown as SECQ D NO: 1.

3’5 7. The coronavirus according to any preceding claim which is an infectious bronchitis
virus (IBV).

8. The coronavirus according to any preceding claim which is 1BV M41,
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9. The coronavirus according o claim 8, which comprises an S protein at least, part

of which is from an 1BV serotype other than M41.

5 10 The coronavirus according to claim 9, wherein the S1 subunit is from an IBY
serotype other than M41.

11. The coronavirus according to claim 9, wherein the 5 protein is from an 1BV
serotype other than Md41.

10
12. The coronavirus according o any preceding claim which has reduced
pathogenicity compared {0 a coronavirus expressing a corresponding wild-type replicase,
such that when the virus is administered 1o an embryonated egg, it is capable of
replicating without being pathogenic to the embryo.

15
13. A variant replicase gene as defined in any of claims 1 10 6.

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

20 15, A plasmid comprising a replicase gene according to claim 13.

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

{iy transfecting a plasmid according to claim 15 into a host cell;

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

(iiiy 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

30 {iv}) selecting for recombining virus comprising the modified replicase gene.

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

VITUS.

35 18. The methed 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).
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19. A cell capable of producing a coronavirus according to any of claims 1 1o 12.

20. A vaccine comprising a coronavirus according o any of claims tto 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 o claim 20 o the subject.

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

23. The use of a coronavirus according to any of claims 1 to 12 in the manufacture of

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

24, The method, vaccine or use according to claim 21, 22or 23 wherein the disease is
infectious bronchitis (18).

25. The method according to claim 21 wherein the method of adminisiration is
selected from the group consisting of; eye drop administration, iniranasal adminisiration,

drinking water administration, post-hatch injection and in ovo injection.
26. The method according o claim 24 wherein the vaccination is i ovo vaccination.
27. A method for producing a vaccine according 1o claim 20, which comprises the step

of infecting a cell according to claim 19 with a coronavirus according to any of claims 1 to
12.
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