
I 111111 111111111111 11111111111E111 1 *159159*     SIMIAN ADENOVIRUS AND
HYBRID ADENOVIRAL VECTORS The present invention relates to novel adenoviral
vectors derived from a chimpanzee adenovirus, immunogenic compositions
thereof and their use in medicine. 5 All publications, patents and patent
applications cited herein are incorporated in full by reference. 10
Background 111111111111111111111 *G00002*  Traditionally, vaccines have
been based on whole inactivated or attenuated pathogens. However, for many
infectious diseases such as malaria, this approach is impractical and the
focus of research has changed to the development of 'subunit vaccines'
expressing only those pathogen-derived antigens that induce immune
correlates of 15protection. Subunit vaccines present an antigen to the
immune system without introducing a 



whole infectious organism. One such method involves the administration of a
specific, isolated protein from an infectious organism. However, this
technique often 20 induces only a weak immune response and the isolated
proteins may have a different three-dimensional structure than the protein
in its normal context, resulting in the production of antibodies that may
not recognize the infectious organism. An alternative method has therefore
been developed which utilizes viral vectors for 25 the delivery of
antigens. Viruses are obligate intracellular parasites which replicate by
transfecting their DNA into a host cell, and inducing the host cell to
express the viral genome. This reproductive strategy has been harnessed to
create vectored vaccines by creating recombinant, non-replicating viral
vectors which carry one or more heterologous transgenes. Transfection or
transduction of the recombinant viral 30 genome into the host cell results
in the expression of the heterologous transgene in the host cell. When the
heterologous transgene encodes an antigen, for example, expression of the
antigen within the host cell can elicit a protective or therapeutic  2
immune response by the host immune system. As such, the viral vectors may
function as effective vaccines. Alternatively, the heterologous transgene
may encode a functional allele of a gene, expression of which can be used
to counteract the effects of a deleterious mutant allele of the gene, in a
process known as gene therapy. 5 Particularly suitable for use as viral
vectors are adenoviruses. Adenoviruses are non-enveloped viruses,
approximately 90 - 100nm in diameter, comprising a nucleocapsid and a
linear double stranded DNA genome. The viral nucleocapsid comprises penton
and hexon capsomers. A unique fibre is associated with each penton base and
aids in 10 the attachment of the virus to the host cell via the
Coxsackie-adenovirus receptor on the surface of the host cell. Over 50
serotype strains of adenoviruses have been identified, most of which cause
respiratory tract infections, conjunctivitis and gastroentiritus in humans.
Rather than integrating into the host genome, adenoviruses normally
replicate as episomal elements in the nucleus of the host cell. The genome
of 15 adenoviruses comprises 4 early transcriptional units (El, E2, E3 and
E4), which have mainly regulatory functions and prepare the host cell for
viral replication. The genome also comprises 5 late transcriptional units
(L1, L2, L3, L4 and L5), which encode structural proteins including the
penton (L2), the hexon (L3), the scaffolding protein (L4) and the fiber
protein (L5), which are under the control of a single 20  promoter. Each
extremity of the genome comprises an Inverted Terminal Repeat (ITR) which
is necessary for viral replication. Recombinant adenoviruses were
originally developed for gene therapy, but the strong and sustained
transgene-specific immune responses elicited by these gene delivery 25
agents prompted their use as vaccine carriers. In addition to being highly
immunogenic, adenoviruses offer many other advantages for clinical vaccine
development. The adenoviral genome is relatively small (between 26 and 45
kbp), well characterised and easy to manipulate. The deletion of a single
transcriptional unit, El, renders the virus replication-incompetent which
increases its predictability 30 and reduces side effects in clinical
applications. Recombinant adenoviruses can accommodate relatively large
transgenes, in some cases up to 8kb, allowing flexibility in subunit
design, and have a relatively broad tropism facilitating transgene delivery



3 to a wide variety of cells and tissues. Importantly for clinical
applications, methods for scaled-up production and purification of
recombinant adenoviruses to high titre are well established. Thus far,
subgroup C serotypes AdHu2 or AdHu5 have predominantly been used as
vectors. 5 However, the first generation of vaccine vectors based on the
archetypal human adenovirus AdHu5 showed poor efficacy in clinical trials,
despite encouraging pre-clinical data'. It was subsequently discovered that
a large proportion of human adults harbour significant titres of
neutralising antibodies to common human serotypes such 10 as AdHu2 and
AdHu5, as a result of natural infection. Neutralising antibodies could
reduce the potency of viral vector vaccines by blocking viral entry into
host cells and hence delivery of the target transgene. The occurence of
pre-existing anti-vector immunity is being addressed through the 15
development of new adenoviral vectors based on serotypes to which the human
population is less likely to have been exposed, including those of
chimpanzee origin2'3. However, some such chimpanzee adenoviral vectors have
limited efficacy on the grounds of unexplained immunity in human
populations, varying levels of cross-reactivity with human adenoviruses,
and sub-optimal growth in transformed cell 20 lines. In addition, it is
advantageous to have a range of different adenoviral vectors available for
use in immunising against different diseases, on the grounds that induction
of neutralising antibodies against a vector may prevent its
re-administration for another indication. 25Thus, there continues to be a
need in the art for highly immunogenic, non-human adenoviral vectors which
effectively deliver the target transgene, minimize the effect of
pre-existing immunity to adenovirus serotypes and replicate efficiently in
transformed cell lines.  4 Summary of Invention In a first aspect, the
present invention provides the complete genomic sequence of a chimpanzee
adenovirus referred to herein as AdY25. 5 In a second aspect, the present
invention provides an adenovinis vector comprising a capsid derived from
chimpanzee adenovinis AdY25, wherein said capsid encapsidates a nucleic
acid molecule comprising an exogeneous nucleotide sequence of interest
operably linked to expression control sequences which direct the
translation, 10transcription and/or expression thereof in an animal cell
and an adenoviral packaging signal sequence. A third aspect provides
immunogenic compositions comprising the adenoviral vector 



according to the second aspect, optionally in combination with one or more
additional 15active ingredients, a pharmaceutically acceptable carrier,
diluent, excipient or adjuvant.  A fourth aspect provides the use of the
adenoviral vector according to the second aspect or the immunogenic
composition according to the third aspect in medicine. In 20 particular,
the adenoviral vector and immunogenic compositions are provided for
delivery of a transgene into a host cell, elicitation of an immune response
in an animal, boosting an immune response in an animal, treating or
preventing at least one disease, inducing an immune response in an animal
that will break tolerance to a self antigen and gene therapy. 25 A fifth
aspect of the present invention provides a polynucleotide sequence encoding
the adenoviral vector according to the second aspect of the present
invention.  5 A seventh aspect of the present invention provides a method
of producing the viral vector according to the second aspect of the present
invention, preferably by generating a molecular clone of AdY25 in a
Bacterial Artificial Chromosome (BAC). 5An eighth aspect of the present
invention therefore provides a Bacterial Artificial Chromosome (BAC) clone
comprising the polynucleotide sequence according to the fifth aspect of the
present invention.       A ninth aspect of the present invention provides a
packaging cell line producing the 10viral vector according to the second
aspect of the present invention. A tenth aspect of the present invention
provides an adenoviral vector other than AdHu5 having a nucleic acid
molecule comprising the E40rf4, E40rf6 and E40rf6/7 coding regions from
AdHu5. 15 Figures The present invention is described with reference to the
following figures in which: 



20Figure 1 shows a phylogenetic sequence alignment of the amino acid
sequences of (A) the hexon protein and (B) the fiber protein of different
adenovirus serotypes. Sequences are clustered into the six adenovirus
groups A-F.    Figure 2 shows a phylogenetic sequence alignment based on
the whole genomic 25nucleotide sequence of wild type adenoviruses of
different species. Sequences are clustered into the six adenovirus groups
A-F. Figure 3A is a histogram of the viral yield (infectious units/nil) of
AdHu5 and three AdY25-based vectors expressing Green Fluorescent Protein
(GFP): i) AdY25 E4 30wildtype ("Y25E4wt"); ii) AdY25 E4 AdHu5 Orf6
("Y25Ad5E4Orf6") and iii) AdY25 AdHu5 E40rf4/6/7 ("AdCh0X1").  6 Figure 3B
is a histogram of the ratio of GFP foci to anti-hexon titer for AdHu5,
AdCh63, AdY25 E4 wildtype and the constructs A-E as described in Figure 3C,
all expressing the TIPeGFP antigen. 5Figure 3C is a table detailing the
construction of the E4-modified AdY25 vector constructs A, B, C, D and E.
Figure 3D is a histogram of the ratio of marker gene: hexon titer for
AdCh0X1-based vectors expressing TIPeGFP, having either GFP or mCherry
fluorescent transgenes. 10All data is representative of at least two
independent experiments. Error bars show mean and SEM. Figure 4 is a
graphical representation of cellular immunogenicity (spot forming cells
(SFC)/million) of ChAdOX1 as compared to AdCh63 and AdCh68. 15 



Figure 5 is a graphical representation of the effect of E4 modification on
IFN-y spleen ELISpot responses (SFC/million) to two epitopes, Pb9 and P15,
two weeks after intramuscular immunisation of Balb/c mice (4/group) with
either 108 or 106 infectious units (ifu) of AdY25-based vectors with the
following E4 regions: i) wildtype E4 20region ("E4wt"); ii) E40rf6 from
AdHu5 ("E40rf6"); or iii) E40rf4, 6 and 7 from AdHu5 ("E40rf4/6/7").
Figure 6 is a histogram showing the prevalence of vector-neutralising
antibodies in human sera from (A) the UK and (B) the Gambia, against
Y25Ad5E4Orf6 (referred to 25in Figure 6 as "ChAdOX1") and AdCh63. Figure 7
is a graphical representation of the humoral immunogenicity of ChAdOX1 and
AdCh68-based vectors carrying TIPeGFP antigen. After 56 days post prime,
mice were boosted with 106 pfu MVA-TIPeGFP Serum was collected and
responses 30measured by endpoint ELISA a) 50 days post prime and b) 10 days
post boost. Mean and significance indicated. Statistical analyses performed
by one way ANOVA. Dotted line indicates limit of detection of the assay.  7
Figure 8A is a graphical representation of cellular immunogenicity (spot
forming cells (SFC)/million splenocyltes) of ChAdOX1 vector carrying the
Mycobacterium tuberculosis Ag85A antigen, at three different doses.
Cellular immune responses to Ag85A were determined by IFN- y ELIspot assay
using splenocytes stimulated with 5synthetic peptides corresponding to the
known immunodominant CD4+ T cell H-2d restricted epitope in Ag85A (p15).
Figure 8B is a graphical representation of cellular immunogenicity (spot
forming cells (SFC)/million splenocyltes) of C1iAdOX1 carrying the
Mycobacterium tuberculosis 10Ag85A antigen, at three different doses.
Cellular immune responses to Ag85A were determined by IFN- y ELIspot assay
using splenocytes stimulated with synthetic peptides corresponding to the
known immunodominant CD8+ T cell H-2d restricted epitope in Ag85A (p11).
15Figure 9 is a graphical representation of cellular immunogenicity (spot
forming cells 



(SFC)/million splenocyltes) of ChAdOX1 and HAdV-5 carrying the
nucleoprotein (NP) and matrix protein 1 (M1) of Influenza A virus, at two
different doses. Cellular immune responses to nucleoprotein (NP) were
determined by IFN-y ELIspot assay using splenocytes stimulated with
synthetic peptides corresponding to the known 20immunodominant CD8+ T cell
H-2" restricted epitope in NP. Detailed Description        The present
invention relates to novel adenoviral vectors derived from a chimpanzee
25adenovirus, AdY25, immunogenic compositions thereof and their use in
medicine. AdY25 is a chimpanzee adenovirus which has been sequenced for the
first time by the present inventors. The nucleotide sequence is provided in
SEQ ID NO. 1. 30A first aspect of the present invention therefore provides
a nucleic acid molecule having the sequence of SEQ ID NO. 1. In one
embodiment, the nucleic acid molecule is isolated.  8 The person skilled in
the art will appreciate that there are homologues, equivalents and
derivatives of all of the nucleic acid sequences described herein. Thus,
the invention also encompasses nucleic acid molecules having a sequence
substantially 5identical to the nucleic acid sequences described herein
over their entire length. One of skill in the art will appreciate that the
present invention can also include variants of those particular nucleic
acid molecules which are exemplified herein. These may occur in nature, for
example because of strain variation. For example, 10additions,
substitutions and/or deletions are included. One of skill in the art will
also appreciate that variation from the particular nucleic acid molecules
exemplified herein will be possible in view of the degeneracy of the
genetic code. Preferably, the variants have substantial identity to the
nucleic acid sequences described herein over their entire length. 15 



As used herein, nucleic acid sequences which have "substantial identity"
preferably have at least 80%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98%,
98.1%, 98.2%, 98.3%, 98.4%, 98.5%, 98.6%, 98.7%, 98.8%, 98.9%, 99%, 99.1%,
99.2%, 99.3%, 99.4% 99.5%, 99.6%, 99.7%, 99.8% or 99.9% identity with said
20 sequences. Desirably, the term "substantial identity" indicates that
said sequence has a greater degree of identity with any of the sequences
described herein than with prior art nucleic acid sequences. When comparing
nucleic acid sequences for the purposes of determining the degree 25of
homology or identity one can use programs such as BESTFIT and GAP (both
from the Wisconsin Genetics Computer Group (GCG) software package).
BESTFIT, for example, compares two sequences and produces an optimal
alignment of the most similar segments. GAP enables sequences to be aligned
along their whole length and fmds the optimal alignment by inserting spaces
in either sequence 30as appropriate. Suitably, in the context of the
present invention, when discussing identity of nucleic acid sequences, the
comparison is made by alignment of the  9 sequences along their whole
length. The above applied mutatis mutandis to all nucleic acid sequences
disclosed in the present application.    Preferably, the nucleic acid
molecule according to the first aspect has a sequence at 5least 98%
identical to SEQ ID NO.1, more preferably at least 98.6% identical to SEQ
ID NO.1. Preferably, the nucleic acid molecule according to the first
aspect comprises one or more nucleotide sequences selected from the group
consisting of 10  (a) nucleotides 18302 to 21130 of SEQ ID NO. 1 or a
sequence substantially identical thereto;  (b) nucleotides 13891 to 15486
of SEQ ID NO. 1 or a sequence substantially identical thereto; and 15(c)
nucleotides 32290 to 33621 of SEQ ID NO. 1 or a sequence substantially 



identical thereto.    These nucleotide sequences encode the (a) hexon, (b)
penton and (c) fibre capsid proteins of AdY25, the exterior regions of
which determine the properties of the 20viral vector, including serotype.
The nucleic acid molecule according to the first aspect may also comprise
one or more nucleotide sequences selected from the group consisting of:
25(a) a nucleotide sequence encoding a hexon protein comprising the amino
acid sequence of SEQ ID NO.2, or a sequence at least 98.2% identical
thereto; or a nucleotide sequence encoding a hexon protein having a
sequence at least 98.2% identical to the protein encoded by nucleotides
18302 to 21130 of SEQ ID NO. 1; 30(b) a nucleotide sequence encoding a
penton protein comprising the amino acid sequence of SEQ ID NO.3, or a
sequence at least 98.3% identical thereto;  10 or a nucleotide sequence
encoding a penton protein having a sequence at least 98.3% identical to the
protein encoded by nucleotides 13891 to 15486 of SEQ ID NO. 1; and (c) a
nucleotide sequence encoding a fiber protein comprising the amino acid
5sequence of SEQ ID NO.4 or a sequence at least 99.1% identical thereto; or
a nucleotide sequence encoding a fiber protein having a sequence at least
99.1% identical to the protein encoded by nucleotides 32290 to 33621 of SEQ
ID NO. 1. 10Nucleic acid molecules comprising a sequence complementary to
the nucleic acid molecule according to the first aspect of the present
invention are within the scope of the present invention. Nucleic acid
molecules which hybridize only to the nucleic acid molecule according  15
to the first aspect of the present invention are also encompassed by the
present application. Thus, the conditions used for hybridisation are
sufficiently stringent that only such nucleic acid sequences would remain
hybridised. The person skilled in the art would easily be able to determine
such conditions. 20The nucleic acid can be DNA, including cDNA, RNA
including mRNA or PNA 



(peptide nucleic acid) or a mixture thereof.       Table 1 provides an
overview of the wildtype AdY25 sequences disclosed herein: 25Table 1 SEQ ID
NO. Description Corresponding nucleotides in SEQ ID NO.1 1 Genome
(nucleotide sequence) N/A 2 Hexon protein Nucleotides 18302 to 21130 (L3) 3
Penton protein Nucleotides 13891 to 15486 (L2) 4 Fibre protein Nucleotides
32290 to 33621 (L5) 5 



ElA Nucleotides 577 to 1143 and 1237 to 1443 6 ElB 19KDa Nucleotides 1602
to 2165  11 7 El B 551(Da Nucleotides 1907 to 3406 8 pIX Nucleotides 3491
to 3919 9 IVa2 Nucleotides 5587 to 5602 and 3978 to 5311 (E2) 10 Polymerase
Nucleotides 13838 to13846 and 



5081 to 8662 (E2) 11 pTP Nucleotides13838 to13846 and 8463 to 10392 (E2) 12
52/5510a Nucleotides 10827 to 12017 (L1) 13 Ma Nucleotides 12041 to 13807
(L1) 14 VII Nucleotides 15493 to 16074 15 V Nucleotides 16119 to 17141 16
Mu 



Nucleotides 17161 to 17394 17 VI Nucleotides 17470 to 18201 18 Endoprotease
Nucleotides 21146 to 21775 19 DNA binding protein Nucleotides 21852 to
23390 20 1001(Da Nucleotides 23419 to 25827 (L4) 21 221(Da Nucleotides
25544 to 26098 22 33ICDa Nucleotides 25544 to 25871 and 26041 to 26372 (L4)



23 pVIII Nucleotides 25602 to 26285 (L4) 24 E3 12.5KDa Nucleotides 27139 to
27459 25 E3 CRIaI Nucleotides 27413 to 28051 26 E3 gp191CDa Nucleotides
28033 to 28563 27 E3 22.31(Da Nucleotides 29350 to 29979 28 E3 311CDa
Nucleotides 29999 to 30907 29 



E3 10.4ICDa Nucleotides 30916 to 31191 30 E3 15.2ICDa Nucleotides 31200 to
31643 31 E3 14.7ICDa Nucleotides 31636 to 32040 32 E4 Orf 6/7 Nucleotides
34688 to 34861 and 33716 to 33965 33 E4 Orf 6 Nucleotides 33965 to 34861 34
E4 Orf 4 Nucleotides 34764 to 35132 35 E4 Orf 3 



Nucleotides 35141 to 35494 36 E4 0r12 Nucleotides 35491 to 35880 37 E4 Orf
1 Nucleotides 35930 to 36304  The genome sequence data has confirmed early
serological studies that simian AdY25 is closely related to human group E
adenovirus, AdHu44. Alignment of the amino acid 5 sequences of hexon and
fibre proteins from different adenoviral serotypes have been used to create
the phylogenetic trees in Figure 1. These are the major surface-exposed
capsid components and are believed to be the primary determinants of vector
tropism.  12 Alignment of whole genomic nucleotide sequences of different
adenoviral species have been used to create the phylogenetic tree in Figure
2. The genome and the fibre proteins align AdY25 with the group E
adenoviruses. However, the hexon proteins align AdY25 with the group D
adenoviruses. 5 Merely for the convenience of those of skill in the art, a
sample of E. coli strain DH1OB containing bacterial artificial chromosomes
(BACs) containing the cloned genome of chimpanzee adenovirus Y25 (pBACe3.6
Y25, cell line name "Y25") was deposited by Isis Innovation Limited on 24
May 2012 with the European Collection 10of Cell Cultures (ECACC) at the
Health Protection Agency Culture Collections, Health Protection Agency,
Porton Down, Salisbury SP4 OJG, United Kingdom under the Budapest Treaty
and designated by provisional accession no. 12052401.       The E. coli
containing the BAC is a class I genetically modified organism. The
15genotype of E. coli strain DH1OB is: F- mcrA A (mrr-hsdRMS-mcrBC) 



080dlacZAM15 4lacX74 endAl recA 1 deoR 4(ara,leu)7697 araD139 galU galK
nupG rpsL A-. Chimpanzee adenovinis Y25 is provisionally classified within
the species Human adenovirus E based on the nucleotide sequence of the
viral DNA polymerase. 20 The BAC propagates within the bacteria during
replication and can be maintained by selection with chloramphenicol. The E.
coli strain DH1OB containing the BAC into which the genome is cloned can be
propagated in Luria-Bertani broth or agar containing 12.5gg/mL
chloramphenicol at 37C. 25 Converting the BAC clones of the viral genomes
into viruses ("rescue") can be carried out by the following steps. The E.
coli host is propagated and the BAC DNA is purified from the bacteria
according to standard methods. The DNA is linearised with the restriction
endonuclease Pmel and transfected into any cell line supporting growth 30of
human adenoviruses (e.g. A549 cells). The resulting adenovirus can then be
propagated and purified for use as a vaccine, for example. All of these
reagents and  13 cells are publicly available. If the deposition were
rescued, the resulting virus would be a wild-type adenovirus. In respect of
all designated states to which such action is possible and to the extent
5that it is legally permissible under the law of the designated state, it
is requested that a sample of the deposited material be made available only
by the issue thereof to an independent expert, in accordance with the
relevant patent legislation, e.g. Rule 32(1) EPC, Rule 13(1) and Schedule 1
of the UK Patent Rules 2007, Regulation 3.25(3) of the Australian Patent
Regulations and generally similar provisions mutatis mutandis 10for any
other designated state. Furthermore, merely for the convenience of those of
skill in the art, a sample of E. coli strain DH1OB containing bacterial
artificial chromosomes (BACs) containing the cloned genome of chimpanzee
adenovirus Y25 with deletion of the El region 15(pBACe3.6 Y25delE1, cell
line name "Y25delE1") was deposited by Isis Innovation 



Limited on 24 May 2012 with the European Collection of Cell Cultures
(ECACC) at the Health Protection Agency Culture Collections, Health
Protection Agency, Porton Down, Salisbury SP4 OJG, United Kingdom under the
Budapest Treaty and designated by provisional accession no. 12052402. 20
The E. coli containing the BAC is a class I genetically modified organism.
The genotype of E. coli strain DH1OB is: F- mcrA (mrr-hsdRMS-mcrBC)
080dlacZAM15 AlacX74 endA 1 recAl deoR (ara,leu)7697 araD139 galU galK nupG
rpsL A-. Chimpanzee adenovirus Y25 is provisionally classified within the
25species Human adenovirus E based on the nucleotide sequence of the viral
DNA polymerase. The BAC propagates within the bacteria during replication
and can be maintained by selection with chloramphenicol. The E. coli strain
DH1OB containing the bacterial 30artificial chromosomes into which the
genomes are cloned can be propagated in Luria-Bertani broth or agar
containing 12.5gg/mL chloramphenicol at 37C.  14 Converting the BAC clones
of the viral genomes into viruses ("rescue") can be carried out by the
following steps. The E. coli host is propagated and the BAC DNA is purified
from the bacteria according to standard methods. The DNA is linearised with
the restriction endonuclease Pnzel and transfected into HEK293 cells (or a
similar El 5complementing cell line). The resulting adenovirus can then be
propagated and purified for use as a vaccine for example. All of these
reagents and cells are publicly available. If the deposition were rescued,
the resulting virus would be a class I genetically modified organism. 10In
respect of all designated states to which such action is possible and to
the extent that it is legally permissible under the law of the designated
state, it is requested that a sample of the deposited material be made
available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation, e.g. Rule 32(1) EPC, Rule 13(1) and
Schedule 1 of the UK Patent Rules 2007, Regulation 3.25(3) of 15the
Australian Patent Regulations and generally similar provisions mutatis
mutandis 



for any other designated state. A specific embodiment of the first aspect
of the present invention provides the complete genomic sequence of a
chimpanzee adenovirus referred to herein as AdY25, 20wherein said genomic
sequence comprises or consists of the genomic sequence deposited in a BAC
in E. coli strain DH1OB by Isis Innovation Limited on 24 May 2012 with the
European Collection of Cell Cultures (ECACC) at the Health Protection
Agency Culture Collections, Health Protection Agency, Porton Down,
Salisbury SP4 OJG, United Kingdom under the Budapest Treaty and designated
by 25provisional accession no. 12052401, or the genomic sequence deposited
in a BAC in E. coli strain DH1OB by Isis Innovation Limited on 24 May 2012
with the European Collection of Cell Cultures (ECACC) at the Health
Protection Agency Culture Collections, Health Protection Agency, Porton
Down, Salisbury SP4 OJG, United Kingdom under the Budapest Treaty and
designated by provisional accession no. 3012052402.  15 The inventors have
discovered that viral vectors based on the newly sequenced AdY25 can be
highly effective. A second aspect of the present invention therefore
provides an adenovirus vector comprising a capsid derived from chimpanzee
adenovirus AdY25, wherein said capsid encapsidates a nucleic acid molecule
5 comprising an exogeneous nucleotide sequence of interest operably linked
to expression control sequences which direct the translation, transcription
and/or expression thereof in an animal cell and an adenoviral packaging
signal sequence. As used herein, the phrase "viral vector" refers to a
recombinant virus or a derivative  10 thereof which is capable of
introducing genetic material, including recombinant DNA, into a host cell
or host organism by means of transduction or non-productive infection. For
example, the vector of the present invention may be a gene delivery vector,
a vaccine vector, an antisense delivery vector or a gene therapy vector.
15As used herein, "AdY25" and "Y25" refer to the chimpanzee adenovirus
AdY25 or vectors derived therefrom or based thereon. Shorthand terms are
used to indicate modifications made to the wildtype virus. For example,
"AEl" or "delE 1" indicates deletion or functional deletion of the El
locus. The phrase "Ad5E4Orf6" indicates that the viral vector comprises
heterologous E4 open reading frame 6 from the Ad5 20virus. The vector of
the present invention comprises a capsid derived from chimpanzee adenovirus
AdY25. Preferably, the capsid comprises the native or wildtype AdY25 capsid
proteins, including penton proteins, hexon proteins, fiber proteins and/or 



25scaffolding proteins. However, one of skill in the art will readily
appreciate that small modifications can be made to the capsid proteins
without adversely altering vector tropism. In a particularly preferred
embodiment, the vector capsid comprises one or more capsid proteins
selected from the group consisting of:  16  (b) a penton protein comprising
amino acid sequence of SEQ ID NO. 3 or a sequence substantially identical
thereto; and  (c) a fibre protein comprising the amino acid sequence of SEQ
ID NO. 4 or a sequence substantially identical thereto. 5 One of skill in
the art will appreciate that the present invention can include variants of
those particular amino acid sequences which are exemplified herein.
Particularly preferred are variants having an amino acid sequence similar
to that of the parent protein, in which one or more amino acid residues are
substituted, deleted or added in 10any combination. Especially preferred
are silent substitutions, additions and deletions, which do not alter the
properties and activities of the protein of the present invention. Various
amino acids have similar properties, and one or more such amino acids of a
substance can often be substituted by one or more other such amino acids
without eliminating a desired activity of that substance. Thus, the amino
acids glycine, 15 alanine, valine, leucine and isoleucine can often be
substituted for one another (amino acids having aliphatic side chains). Of
these possible substitutions it is preferred that glycine and alanine are
used to substitute for one another (since they have relatively short side
chains) and that valine, leucine and isoleucine are used to substitute for
one another (since they have larger aliphatic side chains which are
hydrophobic). Other 20amino acids which can often be substituted for one
another include: phenylalanine, tyrosine and tryptophan (amino acids having
aromatic side chains); lysine, arginine and histidine (amino acids having
basic side chains); aspartate and glutamate (amino acids having acidic side
chains); asparagine and glutamine (amino acids having amide side chains);
and cysteine and methionine (amino acids having sulphur containing side
25chains).Variants include naturally occurring and artificial variants.
Artificial variants may be generated using mutagenesis techniques,
including those applied to nucleic acid molecules, cells or organisms.
Preferably, the variants have substantial identity to the amino acid
sequences exemplified herein. 30As used herein, amino acid sequences which
have "substantial identity" preferably have at least 80%, 90%, 91%, 92%,
93%, 94%, 95% 96%, 97%, 98%, 



98.1%, 98.2%, 98.3%, 98.4%, 98.5%, 98.6%, 98.7%, 98.8%, 98.9%, 99%, 99.1%,
17 99.2%, 99.3%, 99.4% ,99.5 %, 99.6%, 99.7%, 99.8% or 99.9% identity with
said sequences. Desirably, the term "substantial identity" indicates that
said sequence has a greater degree of identity with any of the sequences
described herein than with prior art amino acid sequences. 5 One can use a
program such as the CLUSTAL program to compare amino acid sequences. This
program compares amino acid sequences and finds the optimal alignment by
inserting spaces in either sequence as appropriate. It is possible to
calculate amino acid identity or similarity (identity plus conservation of
amino acid 10type) for an optimal alignment. A program like BLASTx will
align the longest stretch of similar sequences and assign a value to the
fit. It is thus possible to obtain a comparison where several regions of
similarity are found, each having a different score. The above applied
mutatis mutandis to all amino acid sequences disclosed in the present
application. 15 Preferably, the hexon protein comprises an amino acid
sequence at least 98.2% identical to SEQ ID NO. 2. Preferably, the penton
protein comprises an amino acid sequence at least 98.3% identical to SEQ ID
NO. 3. Preferably, the fiber protein comprises an amino acid sequence at
least 99.1% identical to SEQ ID NO. 4. 20 The nucleotide sequences for the
AdY25 hexon, penton and fibre proteins are set out in nucleotides 18302 to
21130 of SEQ ID NO.1 (hexon protein), nucleotides 13891 to 15486 of SEQ ID
NO. 1 (penton protein) and nucleotides 32290 - 33621 of SEQ ID NO.1 (fibre
protein). The vector capsid may comprise one or more AdY25 capsid
25proteins encoded by these nucleotide sequences or sequences substantially
identical thereto.    The vector according to the second aspect of the
present invention may comprise one of the hexon, penton and fibre proteins
as described above, any combination of two of 30said proteins, or all three
of said proteins. 



18 The vector of the present invention also comprises a nucleic acid
molecule. As a minimum, the nucleic acid molecule comprises an exogeneous
nucleotide sequence of interest, operably linked to expression control
sequences which direct the translation, transcription and/or expression
thereof in an animal cell and an adenoviral packaging 5signal sequence.
Preferably, the exogeneous nucleotide sequence encodes a molecule of
interest. The molecule of interest may be a protein, polypeptide or nucleic
acid molecule of interest. The exogeneous nucleotide sequence may encode
one or more, two or more 10or three or more molecules of interest. Proteins
and polypeptides of interest include antigens, molecular adjuvants,
immunostimulatory proteins and recombinases. 15Preferably, the protein or
polypeptide of interest is an antigen. In one embodiment, the antigen is a
pathogen-derived antigen. Preferably, the pathogen is selected from the
group consisting of bacteria, viruses, prions, fungi, protists and
helminthes. Preferably, the antigen is derived from the group consisting of
M tuberculosis, Plasomodium sp, influenza virus, HIV, Hepatitis C virus,
Cytomegalovirus, Human 20papilloma virus, malaria parasites, leishmania
parasites or any mycobacterial species. Preferred antigens include TRAP,
MSP-1, AMA-1 and CSP from Plasmodium, influenza virus antigens and ESAT6,
TB 10.4 85A and 85B antigens from Mycobacterium tuberculosis. Particularly
preferred antigens include Ag85A from Mycobacterium tuberculosis and
nucleoprotein (NP) and matrix protein 1 (M1) from 25influenza A virus,
preferably Influenza A virus. In an alternative embodiment, the antigen is
a self-antigen. Suitable self-antigens include antigens expressed by tumour
cells which allow the immune system to differentiate between tumour cells
and other cell types. Suitable self-antigens include  30 antigens that are
either inappropriate for the cell type and/or its environment, or are only
normally present during the organisms' development (e.g. foetal antigens).
For example, GD2 is normally only expressed at a significant level on the
outer surface 



19 membranes of neuronal cells, where its exposure to the immune system is
limited by the blood-brain barrier. However, GD2 is expressed on the
surfaces of a wide range of tumour cells including small-cell lung cancer,
neuroblastoma, melanomas and osteosarcomas. Other suitable self-antigens
include cell-surface receptors that are  5 found on tumour cells but are
rare or absent on the surface of healthy cells. Such receptors may be
responsible for activating cellular signalling pathways that result in the
unregulated growth and division of the tumour cell. For example, ErbB2 is
produced at abnormally high levels on the surface of breast cancer tumour
cells. Preferably, the self antigen comprises a tumour-associated antigen
(TAA). 10 As used herein, the term 'antigen' encompasses one or more
epitopes from an antigen and includes the parent antigen, and fragments and
variants thereof. These fragments and variants retain essentially the same
biological activity or function as the parent antigen. Preferably, they
retain or improve upon the antigenicity and/or  15 immunogenicity of the
parent antigen. Generally, "antigenic" is taken to mean that the protein or
polypeptide is capable of being used to raise antibodies or T cells or
indeed is capable of inducing an antibody or T cell response in a subject.
"Immunogenic" is taken to mean that the protein or polypeptide is capable
of eliciting a potent and preferably a protective immune response in a
subject. Thus, in the latter case, the  20 protein or polypeptide may be
capable of generating an antibody response and a non-antibody based immune
response. Preferably, fragments of the antigens comprise at least n
consecutive amino acids from the sequence of the parent antigen, wherein n
is preferably at least, or more than, 25    or more epitopic regions from
the parent antigen. Indeed, the fragment may comprise or consist of an
epitope from the parent antigen. Alternatively, the fragment may be
30sufficiently similar to such regions to retain their
antigenic/immunogenic properties.  20 The antigens of the present invention
include variants such as derivatives, analogues, homologues or functional
equivalents of the parent antigen. Particularly preferred are derivatives,
analogues, homologues or functional equivalents having an amino acid
sequence similar to that of the parent antigen, in which one or more amino
acid 5residues are substituted, deleted or added in any combination.
Preferably, these variants retain an antigenic determinant or epitope in
common with the parent antigen.    Preferably, the derivatives, analogues,
homologues, and functional equivalents have an amino acid sequence
substantially identical to amino acid sequence of the parent 10antigen. 



The exogeneous nucleotide sequence may encode more than one antigen. The
viral vector may be designed to express the one or more antigen genes as an
epitope string. Preferably, the epitopes in a string of multiple epitopes
are linked together without  15 intervening sequences such that unnecessary
nucleic acid and/or amino acid material is avoided. The creation of the
epitope string is preferably achieved using a recombinant DNA construct
that encodes the amino acid sequence of the epitope string, with the DNA
encoding the one or more epitopes in the same reading frame. An exemplary
antigen, TIPeGFP, comprises an epitope string which includes the
20following epitopes: E6FP, SW-gag, PyCD4 and Py3. Alternatively, the
antigens may be expressed as separate polypeptides. One or more of the
antigens or antigen genes may be truncated at the C-terminus and/or the
N-terminus. This may facilitate cloning and construction of the vectored
25vaccine and/or enhance the immunogenicity or antigenicity of the antigen.
Methods for truncation will be known to those of skill in the art. For
example, various well- known techniques of genetic engineering can be used
to selectively delete the encoding nucleic acid sequence at either end of
the antigen gene, and then insert the desired coding sequence into the
viral vector. For example, truncations of the 30candidate protein are
created using 3' and/or 5' exonuclease strategies selectively to erode the
3' and/or 5' ends of the encoding nucleic acid, respectively. Preferably,
the wild type gene sequence is truncated such that the expressed antigen is
truncated  21 by 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20 or more amino acids relative to the parent antigen. Preferably,
the antigen gene is truncated by 10 - 20 amino acids at the C- terminus
relative to the wild type antigen. More preferably, the antigen gene is
truncated by 13 - 18 amino acids, most preferably by 515 amino acids at the
C- terminus relative to the wild type antigen. Preferably, the Ag85A
antigen is C-terminally truncated in this manner. One or more of the
antigen genes may also comprise a leader sequence. The leader sequence may
affect processing of the primary transcript to mRNA, translation 



10efficiency, mRNA stability, and may enhance expression and/or
immunogenicity of the antigen. Preferably, the leader sequence is tissue
plasminogen activator (tPA). Preferably, the tPA leader sequence is
positioned N-terminal to the one or more antigens. 15The leader sequence
such as the tPA leaders sequence may be linked to the sequence of the
antigen via a peptide linker. Peptide linkers are generally from 2 to about
50 amino acids in length, and can have any sequence, provided that it does
not form a secondary structure that would interfere with domain folding of
the fusion protein. 20One or more of the antigen genes may comprise a
marker such as the Green Fluorescent Protein (GFP) marker to facilitate
detection of the expressed product of the inserted gene sequence. One or
more of the antigen genes may comprise a nucleic acid sequence encoding a
25tag polypeptide that is covalently linked to the antigen upon
translation. Preferably the tag polypeptide is selected from the group
consisting of a PK tag, a FLAG tag, a MYC tag, a polyhistidine tag or any
tag that can be detected by a monoclonal antibody. The nucleic acid
sequence encoding the tag polypeptide may be positioned such that,
following translation, the tag is located at the C-terminus or the N-
30terminus of the expressed antigen or may be internal to the expressed
antigen. Preferably, the tag is located at the C-terminus of the expressed
antigen. In a  22 preferred embodiment, one or more of the antigen genes
encode a PK tag. A tag of this type may facilitate detection of antigen
expression and clones expressing the antigen, and/or enhance the
inamunogenicity or antigenicity of the antigen. If a tag polypeptide is
used, nucleotides encoding a linker sequence are preferably inserted
between the nucleic acid encoding the tag polypeptide and the nucleic acid
encoding the expressed antigen. An exemplary linker is IPNPLLGLD (SEQ ID
NO.49). 10In an alternative embodiment, the exogeneous sequence of interest
may be non- 



protein encoding. For example, the exogeneous nucleotide sequence may be an
miRNA or immunostimulatory RNA sequence. The adenoviral vector may comprise
one or more exogeneous nucleotide sequences, 15 for example 1, 2 or 3 or
more exogeneous nucleotide sequences. Preferably, each exogeneous
nucleotide sequence embodies a transgene. The exogeneous nucleotide
sequence embodying the transgene can be a gene or a functional part of the
gene. The adenoviral vector may comprise one nucleotide sequence encoding a
single molecule of interest. Alternatively, the adenoviral vector may
comprise one nucleotide 20sequence or more than one nucleotide sequence
encoding more than one molecule of interest. Preferably, the exogeneous
nucleotide sequence is located in a nucleic acid molecule that contains
other, adenoviral sequences. The exogeneous nucleotide sequence may 25 be
inserted into the site of a partially or fully deleted AdY25 gene, for
example into the site of an El deletion or an E3 deletion. The exogeneous
nucleotide sequence may be inserted into an existing AdY25 gene region to
disrupt the function of that region. Alternatively, the exogeneous
nucleotide sequence may be inserted into a region of the AdY25 genome with
no alteration to the function or seqeuence of the surrounding 30genes.  23
The exogeneous nucleotide sequence or transgene is preferably operably
linked to regulatory sequences necessary to drive translation,
transcription and/or expression of the exogeneous nucleotide sequence
/transgene in a host cell, for example a mammalian cell. As used herein,
the phrase "operably linked" means that the 5regulatory sequences are
contiguous with the nucleic acid sequences they regulate or that said
regulatory sequences act in trans, or at a distance, to control the
regulated nucleic acid sequence. Such regulatory sequences include
appropriate expression control sequences such as transcription initiation,
termination, enhancer and promoter sequences, efficient RNA processing
signals, such as splicing and polyadenylation 10signals, sequences that
enhance translation efficiency and protein stability and sequences promote
protein secretion. Additionally they may contain sequences for repression
of transgene expression, for example during production in cell lines
expression a transactivating receptor. Promoters and other regulatory
sequences which control expression of a nucleic acid have been identified
and are known in the art. 15Preferably, the promoter is selected from the
group consisting of human CMV 



promoters, simian CMV promoters, murine CMV promoters, ubiquitin, the EF1
promoter, frog EF1 promoter, actin and other mammalian promoters. Most
preferred are human CMV promoters and in particular the human CMV major
immediate early promoter. 20 The exogeneous nucleotide sequence(s) of
interest may be introduced into the viral vector as part of a cassette. As
used herein, the term "cassette" refers to a nucleic acid molecule
comprising at least one nucleotide sequence to be expressed, along with its
transcriptional and translational control sequences to allow the expression
of the 25nucleotide sequence(s) in a host cell, and optionally restriction
sites at the 5' and 3' ends of the cassette. Because of the restriction
endonuclease sites, the cassettes can easily be inserted, removed or
replaced with another cassette. Changing the cassette will result in the
expression of different sequence(s) by the vector into which the cassette
is incorporated. Alternatively, any method known to one of skill in the art
30could be used to construct, modify or derive said cassette, for example
PCR mutagenesis, In-Fusion(r), recombineering, Gateway(r) cloning,
site-specific recombination or topoisomerase cloning.  24 The expression
control sequences preferably include the adenovirus elements necessary for
replication and virion encapsidation. Preferably, the elements flank the
exogeneous nucleotide sequence. Preferably, the Y25 vector comprises the 5'
inverted 5terminal repeat (ITR) sequences of Y25, which function as origins
of replication, and 3' ITR sequences. The packaging signal sequence
functions to direct the assembly of the viral vector. 10As one of skill in
the art will appreciate, there are minimum and maximum contraints upon the
length of the nucleic acid molecule that can be encapsidated in the viral
vector. Therefore, if required, the nucleic acid molecule may also comprise
"stuffing", i.e. extra nucleotide sequence to bring the final vector genome
up to the required size. Preferably, the nucleic acid molecule comprises
sufficient "stuffing" to ensure that the 15nucleic acid molecule is about
80% to about 108% of the length of the wild-type 



nucleic acid molecule. The nucleic acid molecule may also comprise one or
more genes or loci from the AdY25 genome. The wildtype AdY25 genome
comprises 4 early transcriptional units  20 (El, E2, E3 and E4), which have
mainly regulatory functions and prepare the host cell for viral
replication. The genome also comprises 5 late transcriptional units (L1,
L2, L3, L4 and L5), which encode structural proteins including the penton
(L2), the hexon (L3), the scaffolding protein (L4) and the fiber protein
(L5), which are under the control of a single promoter. Each extremity of
the genome comprises an Inverted  25 Terminal Repeat (ITR) which is
necessary for viral replication. The viral vector of the present invention
may comprise the complete native AdY25 genome, into which the exogeneous
nucleotide sequence has been inserted. However, one of skill in the art
will appreciate that various modifications to the native AdY25 genome are
possible, and indeed desirable, when creating a viral vector. 30  25 of a
gene, whilst "functional deletion" refers to a partial deletion of a
gene/locus, or some other modification such as a frame shift mutation,
which destroys the ability of the adenovirus to express the gene/locus or
renders the gene product non-functional. The AdY25 genome may be modified
to increase the insert capacity or hinder  5 replication in host cells
and/or increase growth and yield of the viral vector in transformed
packaging cell lines. One of skill in the art will appreciate that any
number of early or late genes can be functionally deleted. Replication of
such modified viral vectors will still be possible in transformed cell
lines which comprise a complement of the deleted genes. For example, the
viral proteins necessary for 10replication and assembly can be provided in
trans by engineered packaging cell lines or by a helper virus. Therefore,
in addition to the exogeneous nucleotide sequence, the vector of the
present invention may comprise the minimal adenoviral sequences, the
adenoviral  15 genome with one or more deletions or functional deletions of
particular genes, or the complete native adenoviral genome, into which has
been inserted the exogeneous nucleotide sequence. Preferably, the vector of
the present invention comprises the native Y25 late  20 transcriptional
units (L1 - L5) and/or the native Y25 Inverted Terminal Repeats (ITR) or
sequences substantially identical thereto. The amino acid sequences of the
native L 1 , L2, L3, L4, L5 loci, and the corresponding nucleic sequences,
are set out in Table 1, above. 25Preferably, one or more of the early
transcriptional units are modified, deleted or functionally deleted. 



In one embodiment, the viral vector is non-replicating or
replication-impaired. As used herein, the term "non-replicating" or
"replication-impaired" means not capable of 30replicating to any
significant extent in the majority of normal mammalian cells, preferably
normal human cells. It is preferred that the viral vector is incapable of
causing a productive infection or disease in the human patient. However,
the viral  26 vector is preferably capable of stimulating an immune
response. Viruses which are non-replicating or replication-impaired may
have become so naturally, i.e. they may be isolated as such from nature.
Alternatively, the viruses may be rendered non-replicating or
replication-impaired artificially, e.g. by breeding in vitro or by genetic
5manipulation. For example, a gene which is critical for replication may be
functionally deleted. Preferably, the adenoviral vector replication is
rendered incompetent by functional deletion of a single transcriptional
unit which is essential for viral replication. Preferably, the El
gene/locus is deleted or functionally deleted. The El gene/locus may be
replaced with a heterologous transgene, for example a 10nucleotide sequence
or expression cassette encoding a protein or polypeptide of interest. The
wildtype AdY25 El amino acid sequence, and the corresponding nucleic acid
sequence, are set out in Table 1, above. 15 As discussed herein, the
recombinant adenovirus may be created by generating a molecular clone of
AdY25 in a Bacterial Artificial Chromosome (BAC), and the El locus is
preferably deleted by including an extra homology flank downstream of the
adenovinis El region to enable simultaneous deletion of El during
homologous 20recombination between the AdY25 viral DNA and a linearised BAC
"rescue vector", as described in Example 1. Preferably, the viral vector
according to the present invention comprises one or more recombination
sites to enable the insertion of one or more transgenes or cassettes  25
comprising the exogeneous nucleotide sequence. Preferably, the
recombination sites comprise phage lambda site specific recombination
sites. These recombination sites may be introduced at any suitable locus,
but are preferably introduced at the Ad El locus. Thus, the non-replicating
or replication-impaired vector may be prepared by replacing the El gene
with a nucleotide sequence encoding the protein or polypeptide  30 of
interest. Preferably, the recombination sites attR1 and attR2 are
introduced at the Ad El locus as part of an Invitrogen Gateway(r)
destination cassette as described in Example 1. 



27 Preferably, the vector lacks an adenovirus E3 gene/locus. Deletion of
the adenovirus E3 region increases the insert capacity of the new vector by
approximately 5kb. Deletion of E3 has little consequence to viral vector
yield since this region is not  5 required for virus replication and
therefore does not need to be provided in trans in the packaging cell line.
The E3 locus may be deleted using GalK recombineering as described in
Example 2.       The wildtype AdY25 E3 amino acid sequence, and the
corresponding nucleic acid 10sequence, are set out in Table 1, above. In a
particularly preferred embodiment of the present invention, both the El and
E3 loci are deleted from the AdY25 genome. 15Preferably, the vector of the
present invention comprises the native E2 locus. E2 is a transcriptional
unit comprising the open reading frames encoding the Polymerase, PTP and
IVa2 proteins. The wildtype AdY25 E4 amino acid sequence, and the
corresponding nucleotide sequence, are set out in Table 1, above.
Preferably, the vector of the present invention comprises a nucleotide
sequence encoding E2 or a 20sequence substantially identical thereto. As
stated above, the viral vectors of the present invention may be produced in
engineered cell lines containing a complement of any deleted genes required
for viral replication. However, replication of viral vectors according to
the present invention  25 may be sub-optimal in cells designed to
facilitate replication of other serotypes. For example, as shown in Figure
3A, the first generation of AdY25-based vectors comprising the wildtype E4
locus were found to grow inefficiently in HEK293 cells and yield was
approximately two logs lower than for comparable AdHu5-based vectors. It is
hypothesized that the low yield resulted from suboptimal interaction  30
between the cell-expressed El proteins (designed to support propagation of
AdHu5 viruses) and vector-encoded E4 gene products. Therefore, the
adenoviral vectors according to the present invention preferably further
comprise one or more  28 



modifications designed to optimise vector growth and yield in transformed
cell lines, such as HEK293, expressing the genes functionally deleted in
the adenoviral vector according to the present invention. 5In one
embodiment, the native E4 region may be replaced in its entirety with a
heterologous E4 region from other serotype(s), which heterologous E4 region
preferably increases vector yield and growth in a transformed cell line.
For example, the native E4 region may be replaced with the E4 region from
AdHu5 to increase vector yield and growth in HEK293. 10 The adenovirus E4
region comprises at least 6 Open Reading Frames (ORFs or Orfs). Thus, in an
alternative embodiment, one or more of the ORFs in the E4 region may be
replaced with one or more heterologous ORFs from the E4 region of other
adenoviral serotype(s), which heterologous ORF(s) preferably increase(s)
vector yield and  15 growth in a transformed cell line. Preferably, 1, 2,
3, 4, 5 or 6 ORFs in the E4 region may be replaced 1, 2, 3, 4, 5 or 6
heterologous ORFs from the E4 region of other serotype(s), e.g. AdHu5. Of
particular importance for viral replication in HEK293 cells is the gene
product of  20 E40rf6, a multifunctional protein implicated in late viral
mRNA splicing and selective export of viral mRNA, viral DNA synthesis and
inhibition of apoptosis. Suboptimal interaction between E40rf6 and the
cell-expressed E 1B-55K is believed to reduce the yield of AdCh0X1 vectors
in HEK293 cells. Therefore, the native E40rf6 region may be replaced with a
heterologous E40rf6 region. For example, the  25 entire native E4 locus may
be replaced with the E40rf6 gene from AdHu5, as described in Example 3. The
amino acid sequence of E4Orf6 from AdHu5 is found in SEQ ID NO.40. A
corresponding nucleotide sequence is found at nucleotides 28248 to 29132 of
SEQ ID NO. 38. In one embodiment, the vector of the present invention
comprises the nucleotide sequence of AdHu5E4Orf6 or a sequence
substantially 30identical thereto. As described in Example 3 and shown in
Figure 3A, this modification was found to improve viral yield and growth.
29 In a preferred embodiment, more than one ORF in the E4 region is
replaced with more than one heterologous ORF from the E4 region of other
serotype(s). For example, native E40rf4, E40rf6 and E40rf7 may be replaced
with the E40rf4, E40rf6 and E40rf6/7 coding regions from AdHu5. In a
particularly preferred  5 embodiment, the recombinant E4 region comprises
the E4Orfl , E40rf2 and E40rf3 coding regions from AdY25 and the E40rf4,
E40rf6 and E40rf6/7 coding regions from AdHu5. The amino acid sequence of
E40rf4 from AdHu5 is found in SEQ ID NO. 41. A corresponding nucleotide
sequence is found at nucleotides 29053 to 29397 of SEQ ID NO. 38. The amino
acid sequence of the E40rf6 from AdHu5 is found in  10 SEQ ID NO. 40. A
corresponding nucleotide sequence is found at nucleotides 28248 to 29132 of
SEQ ID NO. 38. The amino acid sequence of the E4Orf6/7 from AdHu5 is found
in SEQ ID NO. 39. A corresponding nucleotide sequence is found at
nucleotides 28959 to 29132 and 27969 to 28247 of SEQ ID NO. 38. In one
embodiment, the vector of the present invention comprises the nucleotide
sequences 15of AdHu5 E4Orf4, E4Orf6 and E4Orf6/7 or sequences substantially
identical thereto. In a particularly preferred embodiment of the present
invention, the genome of the viral vector according to the present
invention lacks the nucleotide sequences which 



encode the adenovirus El and E3 regions, and has the native E4 locus
replaced with  20 E4Orf4, E4Orf6 and E4Orf6/7 coding regions from AdHu5,
and the E4Orfl, E4Orf2 and E4Orf3 coding regions from AdY25. This
particularly preferred embodiment is referred to herein interchangeably as
"ChAdOX1" or "AdCh0X1". As described in Example 3, and shown in Figure 3A,
the modification of the vector in this way was surprisingly found to
increase the rate of hexon production and the growth and 25replication of
the virus. An exemplary nucleotide sequence encoding ChAdOX1 is set out in
SEQ ID NO. 38. In this embodiment, El A, ElB 19kDa and ElB 551(Da are
deleted and replaced with a Gateway(r) Destination Cassette (nucleotides
592 to 2550 of SEQ ID NO. 38). E3  30 CRlal, E3 gpl9kDa, E3 22.3 kDa, E3 31
kDa, E3 10.4 kDa, E3 15.2 kDa and E3 14.7 kDa are deleted and replaced with
a Pad l site (nucleotides 26286 to 26293 of SEQ ID NO. 38). The native E4
region is deleted and replaced with E4Orf4, E4Orf6  30 and E40rf6/7 coding
regions from AdHu5, and the E4Orfl, E40rf2 and E40rf3 coding regions from
AdY25, as described above. The viral vector encoded by SEQ ID NO. 38 also
comprises a number of wild-type AdY25 proteins, the nucleotide sequences of
which are set out in Table 2, below: 5 Table 2 Protein Corresponding
nucleotides in SEQ ID NO.38 pIX 2638 to 3066 IVa2 4734 to 4749 and 3125 to
4458 Polymerase 12985 to 12993 and 4228 to 7809 



pTP 12985 to 12993 and 7610 to 9539 52/551cD 9974 to 11164  Ma 11188 to
12954  Penton 13038 to 14633  VII 14640 to 15221  V 15266 to 16288  Mu
16308 to 16541 



VI 16617 to 17348  Hexon 17449 to 20277  Endoprotease 20293 to 20922  DNA
Binding Protein 20999 to 22537  1001cDa 22566 to 24974  22K 24691 to 25245



33K 24691 to 25018, 25188..25519 VIII 25602 to 26285  Fiber 26543 to 27874
E40rf3 29406 to 29759  E40rf2 29756 to 30145  E4Orfl 30195 to 30569   



10 Preferably, the genome of the viral vector according to the present
invention comprises the nucleotide sequence of SEQ ID NO.38 or a sequence
substantially identical thereto, into which is inserted the exogeneous
nucleotide sequence encoding 15the protein of interest.  31 As described in
Example 5 and shown in Figure 5, modification of the E4 region was found to
have little impact on immunogenicity of the viral vector, but did improve
the rate of viral growth and replication. Therefore, such E4 modifications
can be used to enhance the rate of production of the viral vectors, but
will not have a negative impact 5on the immunogenicity of the vectors.
Example 4 and Figure 4 demonstrate that the immune responses elicited by
the AdY25-based vector ChAdOX1 are robust and comparable to those elicited
by AdCh63 (also known as ChAd63) and AdCh68 (also known as AdC68, ChAd68,
C9 10 or SAdV-25). However, the humoral immunogenicity of ChAdOX1 was found
to be superior to that of AdCh68, as described in Example 7 and Figure 7.
One of skill in the art would expect T-cell responses and antibody
responses to correlate fully with one another. The superiority of the
humoral responses to ChAdOX1 is therefore surprising. 15 The prevalence of
vector neutralising antibodies in human sera from the UK and the Gambia was
also surprisingly found to be much lower for the AdY25-based vectors than
for another chimpanzee adenoviral vector, AdCh63 (see Example 6 and Figure
6). This data suggest that vectors based on AdY25 may encounter less
pre-existing 20 immunity within the human population, not only in
comparison to vectors based on human adenoviruses, but also in comparison
to other existing vectors based on chimpanzee adenoviruses. Example 8 and
Figures 8A and 8B demonstrate that ChAdOX1 is capable of inducing 25 immune
responses against Mycobacterium tuberculosis, whilst Example 9 and Figure 9
demonstrate that ChAdOX1 is capable of inducing immune responses against
Influenza A. A third aspect of the present invention provides a
pharmaceutical or immunogenic 



30 composition comprising the viral vector according to the second aspect
of the present invention optionally in combination with one or more
additional active ingredients, a pharmaceutically acceptable carrier,
diluent, excipient or adjuvant.  32 Preferably, the composition is an
immunogenic and/or antigenic composition. The immunogenic and/or antigenic
compositions according to the present invention may be prophylactic (to
prevent infection), post-exposure (to treat after infection but 5before
disease) or therapeutic (to treat disease). Preferably, the composition is
prophylactic or post-exposure. Preferably, the composition is a vaccine.
Where the immunogenic composition is for prophylactic use, the subject is
preferably an infant, young child, older child or teenager. Where the
immunogenic 10composition is for therapeutic use, the subject is preferably
an adult. The composition may comprise one or more additional active
agents, such as an anti- inflammatory agent (for example a p38 inhibitor,
glutamate receptor antagonist, or a calcium channel antagonist), AMPA
receptor antagonist, a chemotherapeutic agent  15 and/or an
antiproliferative agent. The composition may also comprise one or more
antimicrobial compounds. Examples of suitable antimicrobial compounds
include antituberculous chemotherapeutics such as rifampicin, isoniazid,
ethambutol and pyrizinamide. 20Suitable carriers and/or diluents are well
known in the art and include pharmaceutical grade starch, mannitol,
lactose, magnesium stearate, sodium saccharin, talcum, cellulose, glucose,
sucrose, (or other sugar), magnesium carbonate, gelatin, oil, alcohol,
detergents, emulsifiers or water (preferably sterile). The composition may
be a mixed preparation of a composition or may be a combined preparation
for 25simultaneous, separate or sequential use (including administration).
Suitable adjuvants are well known in the art and include incomplete
Freund's adjuvant, complete Freund's adjuvant, Freund's adjuvant with MDP
(muramyldipeptide), alum (aluminium hydroxide), alum plus Bordatella
pertussis and 



30immune stimulatory complexes (ISCOMs, typically a matrix of Quil A
containing viral proteins).  33 The composition according to the invention
for use in the aforementioned indications may be administered by any
convenient method, for example by oral (including by inhalation),
parenteral, mucosal (e.g. buccal, sublingual, nasal), rectal or transdermal
administration and the compositions adapted accordingly. 5 For oral
administration, the composition can be formulated as liquids or solids, for
example solutions, syrups, suspensions or emulsions, tablets, capsules and
lozenges. A liquid formulation will generally consist of a suspension or
solution of the 10 compound or physiologically acceptable salt in a
suitable aqueous or non-aqueous liquid carrier(s) for example water,
ethanol, glycerine, polyethylene glycol or oil. The formulation may also
contain a suspending agent, preservative, flavouring or colouring agent.
15A composition in the form of a tablet can be prepared using any suitable
pharmaceutical carrier(s) routinely used for preparing solid formulations.
Examples of such carriers include magnesium stearate, starch, lactose,
sucrose and microcrystalline cellulose. 20A composition in the form of a
capsule can be prepared using routine encapsulation procedures. For
example, powders, granules or pellets containing the active ingredient can
be prepared using standard carriers and then filled into a hard gelatine
capsule; alternatively, a dispersion or suspension can be prepared using
any suitable pharmaceutical carrier(s), for example aqueous gums,
celluloses, silicates or oils and 25the dispersion or suspension then
filled into a soft gelatine capsule. Compositions for oral administration
may be designed to protect the active ingredient against degradation as it
passes through the alimentary tract, for example by an outer coating of the
formulation on a tablet or capsule. 30  34 parenterally acceptable oil, for
example polyethylene glycol, polyvinyl pyrrolidone, lecithin, arachis oil
or sesame oil. Alternatively, the solution can be lyophilised and then
reconstituted with a suitable solvent just prior to administration. 



5Compositions for nasal or oral administration may conveniently be
formulated as aerosols, drops, gels and powders. Aerosol formulations
typically comprise a solution or fine suspension of the active substance in
a physiologically acceptable aqueous or non-aqueous solvent and are usually
presented in single or multidose quantities in sterile form in a sealed
container, which can take the form of a cartridge or refill for  10 use
with an atomising device. Alternatively the sealed container may be a
unitary dispensing device such as a single dose nasal inhaler or an aerosol
dispenser fitted with a metering valve, which is intended for disposal once
the contents of the container have been exhausted. Where the dosage form
comprises an aerosol dispenser, it will contain a pharmaceutically
acceptable propellant. The aerosol 15dosage forms can also take the form of
a pump-atomiser. Compositions suitable for buccal or sublingual
administration include tablets, lozenges and pastilles, wherein the active
ingredient is formulated with a carrier such as sugar and acacia,
tragacanth, or gelatin and glycerin. 20 Compositions for rectal or vaginal
administration are conveniently in the form of suppositories (containing a
conventional suppository base such as cocoa butter), pessaries, vaginal
tabs, foams or enemas. 25Compositions suitable for transdermal
administration include ointments, gels, patches and injections including
powder injections. Conveniently the composition is in unit dose form such
as a tablet, capsule or ampoule. 30  35 Preferably, the composition is
substantially isotonic with humans. Preferably, the pharmaceutical
compositions of the present invention deliver an immunogenically or
pharmaceutically effective amount of the viral vector to a patient.  5 As
used herein 'immunogenically or pharmaceutically effective amount' means
that the administration of that amount to an individual, either as a single
dose or as a series of doses, is effective for prevention or treatment of a
disease or condition. In particular, this phrase means that a sufficient
amount of the viral vector is delivered to the patient over a suitable
timeframe such that a sufficient amount of the antigen is  10 produced by
the patient's cells to stimulate an immune response which is effective for
prevention or treatment of a disease or condition. This amount varies
depending on the health and physical condition of the individual to be
treated, age, the capacity of the individual's immune system, the degree of
protection desired, the formulation of the vaccine, the doctor's assessment
of the medical situation and other relevant 15factors. 



In general, a pharmaceutically effective dose comprises 1 x 107 to 1 x 1012
viral particles, preferably 1 x 1010 to 1 x 1011 particles. 20The
immunogenic composition of the present invention may also comprise one or
more other viral vectors, preferably other adenoviral vectors. A fourth
aspect of the present invention provides the use of the viral vector
according to the second aspect of the present invention or the immunogenic
composition  25 according to the third aspect of the present invention. In
particular, the fourth aspect provides the use of the viral vector or the
immunogenic composition of the present invention in medicine.    This
aspect also provides: i) the viral vector or the immunogenic composition
30according to the present invention for use in medicine and ii) the use of
the viral vector or the immunogenic composition according to the present
invention in the  36 manufacture of a medicament for use in medicine. Some
exemplary medical uses are described in further detail below.    In one
embodiment, the viral vector according to the second aspect of the present
5invention or the immunogenic composition according to the third aspect of
the present invention may be used to deliver a transgene into a host cell.
This method preferably comprises the step of administering to said host
cell a viral vector according to the second aspect of the present invention
or the immunogenic 10composition according to the third aspect of the
present invention. Preferably, the host cell is an animal cell, more
preferably a mammalian cell. Preferred mammals include chickens, other
poultry, cows, sheep, goats, pigs, wild boar, buffalo, bison, horses,
camelids, deer, elephants, badgers, possums, cats, 15lions, monkeys and
humans. Preferably, the host cell is a somatic cell. The host cell 



may be selected from the group consisting of an antigen-presenting
dendritic cell, langerhans cell, macrophage, B cell, lymphocyte, leukocyte,
myocyte and fibroblast. 20This method may be carried out in vitro or in
vivo. Where the method is carried out in vitro, the viral vector or
immunogenic composition is brought into contact with the host cell under
suitable conditions such that transduction or non-productive infection of
the host cell with the viral vector is facilitated. In this embodiment, the
host cell may comprise an isolated host cell or a sample from an animal
subject. Where the  25 method is carried out in vivo, the viral vector or
immunogenic composition is preferably administered to the animal subject
such that transduction of one or more cells of the subject with the viral
vector is facilitated. Preferably, the viral vector or immunogenic
composition is administered to the subject by oral (including by
inhalation), parenteral, mucosal (e.g. buccal, sublingual, nasal), rectal
or transdermal 30administration.  37 Preferably, the transduction of the
host cell with the viral vector of the present invention results in the
stable delivery of the exogeneous nucleotide sequence of interest into the
host cell. 5Therefore, in another embodiment, the viral vector according to
the second aspect of the present invention or the immunogenic composition
according to the third aspect of the present invention may be used to
elicit an immune response in an animal. This method preferably comprises
the step of administering to said animal a viral vector according to the
second aspect of the present invention or the immunogenic 10composition
according to the third aspect of the present invention. Where the protein
or polypeptide of interest is an antigen, expression of the protein or
polypeptide in an animal will result in the elicitation of a primary immune
response to that antigen, leading to the development of an immunological
memory which will 15provide an enhanced response in the event of a
secondary encounter, for example upon infection by the pathogen from which
the antigen was derived. Preferably, the animal is a nave animal, i.e. an
animal that has not previously been exposed to the pathogen or antigens in
question. 20 As well as eliciting an immune response in an animal, the
viral vector of the present invention or the immunogenic composition
thereof can be used to boost the immune response of an animal previously
exposed to the antigen. 



25Therefore, in a further embodiment, the viral vector according to the
second aspect of the present invention or the immunogenic composition
according to the third aspect of the present invention may be used to boost
an immune response in an animal. This method preferably comprises the step
of administering to said animal a viral vector according to the second
aspect of the present invention or the immunogenic 30composition according
to the third aspect of the present invention.  38 Preferably, the animal
subject has been previously exposed to the antigen in question, or
"primed". For example, the subject may have previously been inoculated or
vaccinated with a composition comprising the antigen, or may have
previously been infected with the pathogen from which the antigen was
derived. The subject may be latently infected with the pathogen from which
the antigen was derived. In another embodiment, the vector according to the
second aspect of the present invention or the immunogenic composition
according to the third aspect of the present invention may be used to treat
or prevent at least one disease in a patient. This method 10 preferably
comprising the step of administering to said patient a viral vector
according to the second aspect of the present invention or the immunogenic
composition according to the third aspect of the present invention.
Preferably, the disease is selected from the group consisting of
Tuberculosis and other 15 mycobacteri al infections, malaria, influenza,
HIV/AIDS, Hepatitis C, Cytomegalovirus infection, Human papilloma virus
infection, adenoviral infection, leishmaniasis, streptococcus spp.,
staphylococcus spp., meningococcus spp., infection, rift valley fever, foot
and mouth disease and chikungunya virus infection. 20As well as inducing an
immune response against the pathogenic organism from which the heterologous
antigen is derived, the adenoviral vector of the present invention may also
induce an immune response against the adenovirus from which the viral
vector is derived. As such, an immune response against AdY25 may be
elicited. The immune response induced against AdY25 may also be
cross-reactive with other 25 adenoviral serotypes, and as such an immune
response against more than one adenovirus may be elicited. The viral vector
according to the second aspect of the present invention or the immunogenic
composition according to the third aspect of the present invention can
therefore also be used for treating or preventing an adenoviral disease.
39 This embodiment of the present invention therefore also provides the
treatment or prevention of at least one adenoviral disease and at least one
non-adenoviral disease in a patient. 



5In a further embodiment, the viral vector according to the second aspect
of the present invention or the immunogenic composition according to the
third aspect of the present invention may be used to induce an immune
response in an animal that will break tolerance to a self antigen. This
method preferably comprises the step of administering to said animal a
viral vector according to the second aspect of the  10 present invention or
the immunogenic composition according to the third aspect of the present
invention. Many tumour cells are tolerated by the patient's immune system,
on the grounds that tumour cells are essentially the patient's own cells
that are growing, dividing and  15 spreading without proper regulatory
control. Thus, cancerous tumours are able to grow unchecked within the
patient's body. However, the viral vector of the present invention can be
used to stimulate a patient's immune system to attack the tumour cells in a
process known as "cancer immunotherapy". Specifically, the vector of the
present invention can be used to 'train' the patient's immune system to
recognise  20 tumour cells as targets to be destroyed. This can be achieved
by including within the viral vector an exogeneous nucleotide sequence
encoding a suitable self-antigen. As described previously, suitable
self-antigens include antigens expressed by tumour cells which allow the
immune system to differentiate between tumour cells and other cell types.
Suitable self-antigens include antigens that are either inappropriate for
the  25 cell type and/or its environment, or are only normally present
during the organisms' development (e.g. foetal antigens). For example, GD2
is normally only expressed at a significant level on the outer surface
membranes of neuronal cells, where its exposure to the immune system is
limited by the blood-brain barrier. However, GD2 is expressed on the
surfaces of a wide range of tumour cells including small-cell lung  30
cancer, neuroblastoma, melanomas and osteosarcomas. Other suitable
self-antigens include cell-surface receptors that are found on tumour cells
but are rare or absent on the surface of healthy cells. Such receptors may
be responsible for activating cellular  40 signalling pathways that result
in the unregulated growth and division of the tumour cell. For example,
ErbB2 is produced at abnormally high levels on the surface of breast cancer
tumour cells. Thus, the adenoviral vector of the present invention may be
used to induce an immune response against a tumour cell, and can therefore
be 5used in the treatment of cancer. The following details apply mutatis
mutandis to all of the above uses of the vector and immunogenic composition
of the present invention. 10The treatment and prevention of many diseases,
including liver stage malaria, tuberculosis and influenza, are associated
with the maintenance of a strong cell-mediated response to infection
involving both CD4+ and CD8+ T cells and the ability to respond with
Thl-type cytolcines, particularly IFN-7, TNF-a, IL-2 and IL-17. Although
many subunit vaccine platforms effectively generate human immunity,  15 the
generation of robust cell-mediated immune responses, particularly CD4+ and
CD8+ T cell immune responses, has been much more challenging. The viral
vector of the present invention preferably stimulates both cellular and
humoral immune responses against the encoded antigen. 20It is also
desirable to induce a memory immune response. Memory immune responses are
classically attributed to the reactivation of long-lived, antigen-specific
T lymphocytes that arise directly from differentiated effector T cells and
persist in a uniformly quiescent state. Memory T cells have been shown to
be heterogeneous and to comprise at least two subsets, endowed with
different migratory capacity and 



25effector function; effector memory T cells (TEM) and central memory T
cells (CTM). TEM resemble the effector cells generated in the primary
response in that they lack the lymph node-homing receptors L-selectin and
CCR7 and express receptors for migration into inflamed tissues. Upon
re-encounter with antigen, these TEM can rapidly produce IFN-y or IL-4 or
release pre- stored perform. TCM express L-selectin 30and CCR7 and lack
immediate effector function. These cells have a low activation threshold
and, upon restimulation in secondary lymphoid organs, proliferate and
differentiate to effectors.  41 Preferably, the viral vector according to
the second aspect of the present invention or the immunogenic composition
according to the third aspect of the present invention is capable of
eliciting, inducing or boosting an antigen-specific immune response.  5
Preferably, the immune response is a strong T cell immune response, for
example a strong CD8+ and CD4+ T cell response. Preferably, the T cell
immune response is a protective T cell immune response. Preferably, the T
cell immune response is long lasting and persists for at least 1, 2, 5, 10,
15, 20, 25 or more years. Preferably, the immune response induced is a
memory T cell immune response. 10 The viral vector of the second aspect of
the present invention or immunogenic composition according to the third
aspect of the present invention may be administered to the host cell or
subject either as a single immunisation or multiple immunisations.
Preferably, the viral vector or immunogenic composition thereof are
15administered as part of a single, double or triple vaccination strategy.
They may also be administered as part of a homologous or heterologous
prime-boost immunisation regime. The vaccination strategy or immunisation
regime may include second or subsequent 20administrations of the viral
vector or immunogenic composition of the present invention. The second
administration can be administered over a short time period or over a long
time period. The doses may be administered over a period of hours, days,
weeks, months or years, for example up to or at least 1, 2, 3, 4, 5, 6, 7,
8, 9, or 10 or more weeks or 0.25, 0.5, 0.75, 1, 5, 10, 15, 20, 25, 30, 35
or 40 or more years after the 25first administration. Preferably, the
second administration occurs at least 2 months after the first
administration. Preferably, the second administration occurs up to 10 years
after the first administration. These time intervals preferably apply
mutatis mutandis to the period between any subsequent doses. 30The viral
vector and/or immunogenic composition may be administered alone or in
combination with other viral or non-viral DNA/protein vaccines. Preferred
examples include MVA, FP9 and other adenoviral vector vaccines. 



42 The viral vector and/or immunogenic composition may be administered to
the subject by oral (including by inhalation), parenteral, mucosal (e.g.
buccal, sublingual, nasal), rectal or transdermal administration.
Alternatively, the viral vector and/or  5 immunogenic composition may be
administered to an isolated host cell or sample from a subject by
contacting the cell(s) with the viral vector or immunogenic composition in
vitro under conditions that facilitate the transduction of the host cell
with the viral vector. 10The viral vector and immunogenic composition of
the present invention are not limited to the delivery of nucleic acid
sequences encoding antigens. Many diseases, including cancer, are
associated with one or more deleterious mutant alleles in a patient's
genome. Gene therapy is a process involving the insertion of genes into the
patient's cells or tissues to replace the deleterious mutant or
non-functional allele(s) 15with 'normal' or functional allele(s). Commonly,
a functional allele is inserted into a non-specific location within the
genome to replace the non-functional allele. Alternatively, the
non-functional allele may be swapped for the functional allele through
homologous recombination. Subsequent expression of the functional allele
within the target cell restores the target cell to a normal state and thus
provides a 20treatment for the disease. The 'normal' or functional
allele(s) may be inserted into a patient's genome using a viral vector. The
present invention therefore also provides the use of the viral vector
according to the second aspect of the present invention or the immunogenic
composition according to the third aspect of the present invention in gene
therapy. 25 This method preferably comprises the step of administering to
said animal a viral vector according to the second aspect of the present
invention or the immunogenic composition according to the third aspect of
the present invention. 30The vector of the present invention may comprise
an exogeneous nucleotide sequence encoding the functional or 'normal'
protein, the non-functional or 'mutant' version of which is associated with
a disease or condition.  43 



Preferably, the target cell is a somatic cell. The subject to be treated is
preferably mammalian. Preferred mammals include chickens, other poultry,
cows, sheep, goats, pigs, wild boar, buffalo, bison, horses, camelids,
deer, elephants, badgers, 5possums, cats, lions, monkeys and humans. A
fifth aspect of the present invention provides a polynucleotide sequence
encoding the viral vector according to the second aspect of the present
invention. Preferably, the polynucleotide sequence comprises the sequence
of SEQ ID NO. 38 or a sequence 10substantially identical thereto. The
polynucleotide may 'additionally comprise the exogeneous nucleotide
sequence of interest. A sixth aspect of the present invention provides a
host cell transduced or infected with the viral vector according to the
second aspect of the present invention. Following 15transduction or
infection, the host cell will express the exogeneous nucleotide sequence in
the nucleic acid molecule to produce the molecule of interest, in addition
to any other adenoviral proteins encoded by the nucleic acid molecule.
Preferably, the host cell is stably transduced and suitable for viral
propagation. 20The host cell may be an isolated host cell, part of a tissue
sample from an organism, or part of a multicellular organism or organ or
tissue thereof. Preferably, the host cell is a somatic cell. Preferably,
the host cell is not a stem cell, more particularly an embryonic stem cell,
more particularly a human embryonic 25stem cell. The host cell may be
selected from the group consisting of an antigen-presenting dendritic cell,
langerhans cell, macrophage, B cell, lymphocyte, leukocyte, myocyte and
fibroblast.  44 



Preferably, the host cell is an animal cell, more preferably a mammalian
cell. Preferred mammals include chickens, other poultry, cows, sheep,
goats, pigs, wild boar, buffalo, bison, horses, camelids, deer, elephants,
badgers, possums, cats, lions, monkeys and humans. 5 The fifth aspect of
the present invention also encompasses an animal transduced or infected
with the viral vector according to the second aspect of the present
invention. Preferably, the animal comprises one or more cells transformed
or transfected with the viral vector according to the second aspect of the
present 10invention. Preferably, the animal is a mammal. Preferred mammals
include chickens, other poultry, cows, sheep, goats, pigs, wild boar,
buffalo, bison, horses, camelids, deer, elephants, badgers, possums, cats,
lions, monkeys and humans. In a seventh aspect, the present invention
provides a method of producing the viral 15 vector according to the second
aspect of the present invention. Preferably, the method comprises the step
of incorporating a nucleotide sequence derived from AdY25 into a Bacterial
Artificial Chromosome (BAC) to produce an Ad-BAC vector. Unlike plasmid
vectors, BACs are present within E. Coli in single copy conferring 20
increased genetic stability. In addition, the single copy BAC vectors
permit very precise modifications to be made to the viral genome by
recombineering (recombination mediated genetic engineering).
Preferably, incorporation of the nucleotide sequence derived from AdY25
into a 25Bacterial Artificial Chromosome (BAC) comprises the steps of:
i)constructing a BAC rescue vector comprising regions of homology to the
left and right flanks of the viral nucleotide sequence; linearising the BAC
rescue vector; and  45 iii)performing homologous recombination in a host
cell between the viral nucleotide sequence and the linearised BAC rescue
vector to incorporate the viral nucleotide sequence into the BAC rescue
vector. 



5Preferably, the nucleotide sequence incorporated into the BAC rescue
vector comprises the sequence of SEQ ID NO. 1 or SEQ ID NO. 38 or a
sequence substantially identical thereto. Preferably, the method
additionally comprises the step of further modifying the Ad-  10 BAC vector
genome. These further modifications may be carried out by GalK
recombineering. This technique, pioneered by Soren Warming and colleagues,
utilises the GalK gene for both positive and negative selection of
recombinant clones6. 5W102 E. Coli cells, in which recombination may be
performed, have been specifically engineered to lack the GalK gene which is
required for the utilisation of  15 galactose as the sole carbon source.
Gene deletion is performed by recombination between the vector genome and a
PCR amplified GalK cassette, flanked by 50bp regions of homology either
side of the gene targeted for deletion. Selection on mimimal media
containing only galactose should ensure that only recombinants containing
the GalK gene (in place of the target gene) should grow. Replacement of  20
GalK with a different gene sequence can be performed in a similar fashion,
this time using GalK for negative selection. The addition of
2-deoxygalactose (DOG) to selection media will select clones in which GalK
has been replaced since the product of GalK, galactokinase, metabolises DOG
into a product that is highly toxic to E. Coli. Preferably, the host cell
is BJ5183 E. Coli for steps i) to iii) above and SW102 25for further
modifications. Preferably, an extra homology flank is included downstream
of the adenovirus El region to enable simultaneous deletion of El, as
described in Example 1. 30Preferably, the method further includes deletion
of the E3 region of the Ad-BAC vector genome. Deletion of the E3 region may
be carried out by GalK recombineering, as described in Example 2.  46
Preferably, the method further includes modifying the E4 region to optimise
vector growth and yield. In one embodiment, the entire native E4 locus is
replaced with the E40rf6 gene from AdHu5. In a second embodiment, the
native E4 locus is replaced 5with E40rf4, E40rf6 and E40rf6/7 coding
regions from AdHu5, and the E4Orfl , E4Orf 2 and E4Orf 3 coding regions
from AdY25, as described in Example 3. Preferably, the method further
includes introducing phage lambda site specific recombination sites attR1
and attR2 at the Ad El locus as part of an Invitrogen 



10 Gateway(r) destination cassette. Such a modification enables the
efficient directional insertion of vaccine transgenes. Transgenes could
also be inserted by recombineering, In-Fusion(r), conventional ligation or
gap repair.    An eighth aspect of the present invention provides a
Bacterial Artificial Chromosome 15(BAC) clone comprising a polynucleotide
sequence encoding the viral vector according to the second aspect of the
present invention. Preferably, the BAC clone comprises: (a) a BAC backbone;
20(b) the polynucleotide sequence according to the fifth aspect of the
present invention. As described above, the viral vector according to the
second aspect of the present invention may be replicated in a transformed
cell line or helper virus (gutless vector  25 system) which, if necessary,
comprises the complement of any genes deleted from the virus. Such genes
may be deleted from the virus in order to hinder replication in host cells,
but are of course required in order to replicate the viral vector to
produce immunogenic compositions according to the second aspect of the
present invention. One can make use of any cell line permissive of wild
type adenovirus replication that  30 has been modified to express the
functionally deleted genes, or a cell line which is not permissive of
wild-type virus replication which has additionally or alternatively been
modified to express CAR or integrins in addition to the functionally
deleted genes.  47 The present invention provides host cells comprising a
Bacterial Artificial Chromosome (BAC) in accordance with the eighth aspect
of the present invention, and suitable for propagation thereof. Preferably
such host cells are bacteria, most 5preferably E.coli. Suitable examples
include E.coli strains DH1OB and SW1029. A ninth aspect of the present
invention therefore provides a packaging cell or cell line producing or
capable of producing the viral vector according to the second aspect of the
present invention. The packaging cell or cell line comprises one or more 



10 nucleotide sequences which encode the viral vector of the second aspect
of the present invention. Expression of these sequences results in the
production of the viral vector. Some of the required genes may be provided
by infection of the cell or cell line with a viral vector according to the
second aspect. Preferably, the cell comprises the complement of any genes
deleted or functionally deleted from the viral vector. 15Preferably, the
cell comprises the complement of the AdY25 El gene. Preferably, the cell is
an HEK293 cell or a PER.C6(r) cell. As described above, modification of the
E4 locus of the adenoviral vector to include the E40rf4, E40rf6 and
E40rf617 coding regions from AdHu5 increased the rate of  20 hexon
production, increasing the sensitivity of anti-hexon titre to allow
quantification of the infectious titre of the viral vector, in particular
those viral vectors developed for clinical use which do not contain a
fluorescent marker gene. In addition, this modification was surprisingly
found to increase the yield and rate of growth of the vector. One of skill
in the art would appreciate that such a modification is expected to 25have
a beneficial effect on a wide variety of adenoviruses, and not simply those
derived from AdY25.    A tenth aspect of the present invention therefore
provides an adenoviral vector other than AdHu5 comprising a nucleic acid
molecule, wherein said nucleic acid molecule 30comprises heterologous
E40rf4, E40rf6 and E40rf6/7 coding regions from AdHu5.  48 In one
embodiment, the native E4 locus is deleted and replaced with heterologous
E40rf4, E40rf6 and E40rf6/7 coding regions from AdHu5. Alternatively,
nucleic acid molecule may comprise the native coding regions in addition to
heterologous E40rf4, E40rf6 and E40rf6/7 coding regions from AdHu5.
Preferably, the native 5coding regions are E4Orfl , E40rf2 and E40rf3.
Preferred adenoviral vectors are selected from the group consisting of
AdY25 and AdY68. 10Preferably, the adenoviral vector according to the tenth
aspect lacks and El and an E3 locus. Merely for the convenience of those of
skill in the art, a sample of E. coli strain SW102 (a derivative of DH 10B)
containing bacterial artificial chromosomes (BACs) 15containing the cloned
genome of AdCh0X1 (pBACe3.6 AdChOxl (E4 modified) 



TIPeGFP, cell line name "AdChOxl (E4 modified) TIPeGFP") was deposited by
Isis Innovation Limited on 24 May 2012 with the European Collection of Cell
Cultures (ECACC) at the Health Protection Agency Culture Collections,
Health Protection Agency, Porton Down, Salisbury SP4 OJG, United Kingdom
under the Budapest 20Treaty and designated by provisional accession no.
12052403. As described herein, the vector AdChOxl is derived from
chimpanzee adenovirus Y25, with deletion of El region, E3 region,
modification of E4 region and insertion of TIPeGFP model antigen into El
locus. The E. coli containing the BAC is a class I 25genetically modified
organism. The BAC propagates within the bacteria during replication and can
be maintained by selection with chloramphenicol. The E. coli strain SW102
containing the bacterial artificial chromosomes into which the genomes are
cloned can be propagated in 30Luria-Bertani broth or agar containing
12.51.tg/mL chloramphenicol at 32C. The genome may be modified by genetic
engineering in E. coli according to standard  49 methods, as described in
the specification, e.g. to insert an alternative recombinant antigen in
place of TIPeGFP. Converting the BAC clones of the viral genomes into
viruses ("rescue") can be carried 5out by the following steps. The E. colt
host is propagated and the BAC DNA is purified from the bacteria according
to standard methods. The DNA is linearised with the restriction
endonuclease Pmel and transfected into HEK293 cells (or a similar El
complementing cell line). The resulting adenovirus can then be propagated
and purified for use as a vaccine, for example. All of these reagents arid
cells are publicly 10available. If the deposition were rescued, the
resulting virus would be a class I genetically modified organism. In
respect of all designated states to which such action is possible and to
the extent that it is legally permissible under the law of the designated
state, it is requested that a 15sample of the deposited material be made
available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation, e.g. Rule 32(1) EPC, Rule 13(1) and
Schedule 1 of the UK Patent Rules 2007, Regulation 3.25(3) of the
Australian Patent Regulations and generally similar provisions mutatis
mutandis for any other designated state. 



20 A specific embodiment of the fifth aspect of the present invention
provides a polynucleotide sequence encoding an adenoviral vector according
to the second aspect of the present invention, wherein said polynucleotide
sequence comprises or consists of the polynucleotide sequence of the viral
vector AdCh0X1, deposited in a 25BAC contained in E.coli strain SW1029 by
Isis Innovation Limited on 24 May 2012 with the European Collection of Cell
Cultures (ECACC) at the Health Protection Agency Culture Collections,
Health Protection Agency, Porton Down, Salisbury SP4 OJG, United Kingdom
under the Budapest Treaty and designated by provisional accession
no.12052403. The deposited BAC additionally comprises a transgene
30encoding the antigen TIPeGFP. In this aspect of the present invention,
the polynucleotide sequence for AdCh0X1 preferably does not include the
sequence encoding the TIPeGFP antigen.  50 A further embodiment of the
present invention provides a host cell transduced with the viral vector
according to the second aspect of the present invention, wherein said host
cell is preferably a bacterium, more preferably E.coli strain SW1029
containing a 5bacterial artificial chromosome (BAC) containing the cloned
genome of AdCh0X1 deposited by Isis Innovation Limited on 24 May 2012 with
the European Collection of Cell Cultures (ECACC) at the Health Protection
Agency Culture Collections, Health Protection Agency, Porton Down,
Salisbury SP4 OJG, United Kingdom under the Budapest Treaty and designated
by provisional accession no.12052403. The 10deposited BAC additionally
comprises a transgene encoding the antigen TIPeGFP. In this aspect of the
present invention, the polynucleotide sequence for AdCh0X1 preferably does
not include the sequence encoding the TIPeGFP antigen. Such a host cell may
be used for BAC propagation. 15A specific embodiment of the seventh aspect
of the present invention provides a method of producing the viral vector
according to the second aspect of the present invention by generating a
molecular clone of AdY25 in a Bacterial Artificial Chromosome (BAC),
wherein said BAC is the BAC containing the cloned genome of AdCh0X1,
deposited in E.coli strain SW1029 by Isis Innovation Limited on 24 May
202012 with the European Collection of Cell Cultures (ECACC) at the Health
Protection Agency Culture Collections, Health Protection Agency, Porton
Down, Salisbury SP4 OJG, United Kingdom under the Budapest Treaty and
designated by provisional accession no.12052403. The deposited BAC
additionally comprises a transgene encoding the antigen TIPeGFP. In this
aspect of the present invention, the 25polynucleotide sequence for AdCh0X1
preferably does not include the sequence 



encoding the TIPeGFP antigen. A specific embodiment of the eighth aspect of
the present invention provides a Bacterial Artificial Chromosome (BAC)
clone comprising the polynucleotide 30sequence according to the fifth
aspect of the present invention, wherein said BAC is the BAC containing the
cloned genome of AdCh0X1, deposited in E. coli strain SW102 by Isis
Innovation Limited on 24 May 2012 with the European Collection of  51 Cell
Cultures (ECACC) at the Health Protection Agency Culture Collections,
Health Protection Agency, Porton Down, Salisbury SP4 OJG, United Kingdom
under the Budapest Treaty and designated by provisional accession
no.12052403. The deposited BAC additionally comprises a transgene encoding
the antigen TIPeGFP. In this aspect 5of the present invention, the
polynucleotide sequence for AdCh0X1 preferably does not include the
sequence encoding the TIPeGFP antigen. For the avoidance of doubt, it is
hereby expressly stated that features described herein as 'preferred',
'preferable', "alternative" or the like may be present in the invention in
10isolation or in any combination with any one or more other features so
described (unless the context dictates otherwise) and this constitutes and
explicit disclosure of such combinations of features.       All the
features of each embodiment described above apply mutatis mutandis to all
15other embodiments of the present invention. Examples        Example 1:
Generation of a molecular clone of AdY25 in a Bacterial Artificial
20Chromosome  



Wild type chimpanzee adenovirus AdY25 was obtained from Goran Wade11 of
Umea University, Sweden. The virus was propagated to high titer in HEK293
cells and the viral DNA phenol extracted and sequenced. The nucleotide
sequence of the wild type  25 AdY25 virus is found in SEQ ID NO. 1. Based
on the sequencing data, a BAC 'rescue vector' was constructed containing
regions of homology to the left and right flanks of the viral genome
(homology flanks were PCR amplified from viral DNA). Homologous
recombination was then performed in BJ5183 E. Coli cells between viral DNA
and the linearised rescue vector to incorporate the viral genome into the
BAC 30vector.  52 An extra homology flank downstream of the adenovirus El
region was included to enable simultaneous deletion of El in order to
render the new vector immediately replication incompetent. 5Phage lambda
site specific recombination sites attR1 and attR2 were introduced at the Ad
El locus as part of an Invitrogen Gateway(r) destination cassette to enable
the efficient directional insertion of vaccine transgenes. A modified
destination cassette was ligated into the AsiSI restriction site introduced
at the El locus during isolation of the genomic clone. 10 The resulting AE1
Ad-BAC vector was screened by both PCR and restriction digest before
replication incompetent clones were transfected into El complementing
HEK293 cells, where the new vector demonstrated the ability to produce
infectious virions capable of replication and cytopathic effect in HEK293
cells. 15 Example 2: Deletion of the adenoviral E3 region     The AE1
Ad-BAC vector genome produced in accordance with Example 1 was further
modified using GalK recombineering to delete the adenoviral E3 region and
20thus increase the insert capacity of the new vector by approximately 5kb.
The E3 region was deleted by recombination between the vector genome and a
PCR amplified GalK cassette, flanked by 50bp regions of homology either
side of the E3 gene. Recombination was performed in SW102 E. coli cells,
which have been 25 specifically engineered to lack the GalK gene which is
required for the utilisation of galactose as the sole carbon source.
Recombinant cells were selected using mimimal media containing only
galactose, in which only recombinants containing the GalK gene in place of
the E3 locus were able to grow6. 



30Example 3: Modification of the E4 region and effects thereof i)
Modification of E4 region  53 The E4 locus of the AE1 AE3 Ad-BAC vector
genome produced in accordance with Example 2 was then modified. The E4
region was deleted by recombination in SW102 E. Coli cells between the
vector genome and a PCR-amplified GalK cassette,  5 flanked by 50bp regions
of homology either side of the E4 gene. Recombinant cells were selected
using mimimal media containing only galactose. The GalK gene was then
replaced with the required E4 open reading frames from AdHu5 and AdY25 in a
similar manner to provide the 5 constructs listed in Figure 3C. Recombinant
cells comprising the gene in place of the GalK gene were then selected
using media 10comprising 2-deoxygalactose (DOG)6. ii) Effect of E4
modification on viral yield       HEK293 cells were infected with the
following viral vectors at a multiplicity of 15infention of 9 and incubated
at 37C for 48 hours before harvesting: i) AdHu5 ("Ad5") ii) AdY25 E4
wildtype ("Y25E4wt") iii) AdY25 E4 AdHu5 E4Orf 6 ("Y25Ad5E4Orf') 20iv)AdY25
E4 AdHu5 E4Orf 4, 6, 6/7 ("AdCh0X1") Infectious titre of the harvested
material was measured by quantifying GFP positive foci 48 hours post
infection. 25As can be seen in Figure 3A, the infectious titre of the
AdY25-based viral vector comprising the wildtype E4 locus was significantly
lower than that of AdHu5. Modification of the viral vector to replace the
wildtype E4 locus with the E4Orf6 gene from AdHu5 signficantly increased
the infectious titre. Replacement of the wildtype E4 locus with the E4Orf4,
E40rf6 and E40rf6/7 coding regions from AdHu5, and the 



30E4Orfl, E4Orf2 and E40rf3 coding regions from AdY25 (to create ChAdOX1)
surprisingly further increased the infectious titre.  54 iii) GFP vs.
Anti-hexon titre In order to assess vaccine vector immunogenicity and
efficacy it is essential to develop a reliable method of quantifying the
infectious titer of the virus. Traditionally,  5 plaque assays in HEK293
cells have been the method of choice, but these require a long incubation
period and titers are often inconsistent. Furthermore the plaque assay is
inherently insensitive, not all infectious virions will induce plaque
formation. One method is the single cell infectivity assay which simply
involves quantifying the number of virally infected cells. The first
recombinant AdY25-derived viral vectors  10 expressed green fluorescent
protein (GFP), enabling viruses that had initiated recombinant transgene
expression within a cell to be visualised directly by fluorescence
microscopy. However, an alternative method of assessing cell infectivity
must be used where the vaccine antigen constructs do not contain a
fluorescent marker gene, for example where the vaccine antigen constructs
are for clinical use. 15 An anti-hexon immunostaining assay has now been
developed that enables visualisation of infected cells in which the viral
hexon protein is being expressed. This assay uses a polyclonal anti-hexon
antibody so can be used to titer virtually any adenovirus vaccine vector
and we have found the assay to be reliable and consistent  20 for both
AdHu5 and AdCh63 based vectors. It does of course rely on the assumption
that the rate of hexon production relative to transgene expression is
consistent between vectors. The titers of GFP-expressing AdY25-derived
viral vectors were compared by GFP and anti-hexon based assays. Titers were
assessed at 48 hours post infection for AdHu5, AdC63, AdY25 E4 wildtype,
and constructs A - E as described 25in Figure 3C, all expressing the
TIPeGFP antigen. TIP is essentially an epitope string consisting of a
number of strong murine T cell epitopes including Pb9 (a dominant CD8+
epitope from malarial antigen PbCSP) and P15 (a strong CD4+ epitope from M
tuberculosis antigen 85A). The TIP epitope 30string is fused to the 5' end
of eGFP which enables transgene expression to be visualised directly and
simplifies vaccine titration.  



55 Figure 3B illustrates the ratio of GFP foci to anti-hexon titer. For
Ad5- and AdC63- based vectors, GFP titers were approximately twice as
sensitive as anti-hexon titers. However, for AdY25-based vectors, the
sensitivity of the anti-hexon assay varied considerably with E4
modification. For the AdY25 E4 wildtype vector, anti-hexon  5 titers were
over 40 fold less sensitive than GFP titers after 48hrs, suggesting that
the rate of hexon production is considerably slower than for AdHu5 and
AdCh63 vectors. This was to be expected, given the poor yield of AdY25 E4
wildtype vector. Surprisingly, however, the construct A ("Y25Ad5E4Orf6")
was still 30 fold less sensitive by anti-hexon than by GFP. The best
results were obtained with construct E  10 ("ChAdOX1"), in which the
wildtype E4 locus was replaced with the E40rf4, E40rf6 and E40rf6/7 coding
regions from AdHu5, and the E4Orfl , E40rf2 and E40rf3 coding regions from
AdY25. iii) Hexon expression 15 The ratio of marker gene to hexon titre for
ChAdOX1 viral vectors expressing TIPeGFP was measured using GFP and mCherry
fluorescent transgenes in order to control for the sensitivity of the
fluorescent detection. 20The results are provided in Figure 3D. In both
cases, the marker gene:hexon titre ratio was approximately twofold, and
thus the particular marker gene used did not affect the resulting marker
gene:hexon titre ratio. The marker gene:hexon titre ratio for the ChAdOX1
vector is the same as that for HAdV-5, indicating that the E4 modification
to the ChAdOX1 vector has been optimised. 25 Example 4: Immunogenicity of
AdY25-based vectors    Immunogenicity was assessed using the model antigen
TIPeGFP in order to determine whether comparable immunogenicity to AdC63
and AdC68 could be obtained in mice 30using an AdY25-based vector.  56
Balb/c mice (4/group) were immunised intramuscularly with 109 infectious
units (ifu) of each of the following viral vectors, all expressing the
TIPeGFP antigen: i) AdCh63; 5ii) AE1 AE3 AdCh68; and iii) ChAdOX1. After 14
days post-prime, spleen immunogenicity against a strong CD8+ epitope (Pb9)
was assessed by IFN-y ELISpot 



The IFN-y spleen ELISpot responses are shown in Figure 4. Responses
elicited by ChAdOX1 were robust and comparable to those seen using AdCh63
and the AdCh68- based vector. These data support the continued development
of AdY25-based vectors for clinical application. Example 5: Effect of E4
modification on immunogenicity of AdY25-based vectors The impact of two
different E4 modifications on the immunogenicity of AdY25-based vectors was
assessed using the following constructs: (i) AdY25 E4 wildtype ("E4wt")
(ii) AdY25 E4AdHu5Orf6 ("E40rf6"); and (iii) AdY25
E4AdHu5Orf4/6/7("E40rf4/6/7"). 25Balb/c mice (4/group) were immunised
intramuscularly with either 106 ifu or 108 ifu of each vector. Responses to
Pb9 and P15 epitopes were assayed two weeks post immunisation. Titers
calculated once again on GFP to remove the effect of hexon production rates
on vaccine titer.  57 Therefore, such modifications can be used to enhance
the rate of production of the viral vectors, without having a negative
impact on the immunogenicity of the vectors. Example 6: Prevalence of
vector-neutralising antibodies 5 The prevalence of vector neutralising
antibodies in human sera from the UK and The Gambia against AdY25-based
vectors and AdCh63-based vectors was assessed. HEK293 cells were infected
with Y25Ad5E4Orf6-SEAP or AdCh63-SEAP (SEAP = 10Secreted Placental Alkaline
Phosphatase). Recombinant adenoviruses were incubated with five serial
dilutions of serum in FBS-DMEM before infection. The final serum dilutions
were 1:18, 1:72, 1:288, 1:1152, 1:4608; each serum sample was tested in
duplicate. Supernatants were collected and assayed for SEAP concentration
using CSPD (Tropix) according to the manufacturer's instructions.
Luminescence intensity 15was measured using a Varioskan flash luminometer
(Thermo Scientific). 



Neutralization titers were defined as the serum dilution required to reduce
SEAP concentration by 50% compared to wells infected with virus alone.
Neutralization titer was calculated by linear interpolation of adjacent
values. 20As shown in Figure 6, the seroprevalence of neutralising
antibodies against Y25Ad5E4Orf6 was surprisingly found to be much lower
than that for AdCh63 in both the UK and The Gambia. Example 7: Humoral
inununogenicity of AdY25-based vectors 25 Balb/c mice (6/group) were
immunised with 108 infectious units of either of the following vectors,
both expressing TIPeGFP:        i) AE1 AE3 AdCh68; or 30ii) ChAdOX1.  58
After 56 days post prime, mice were boosted with 106 pfu MVA-TIPeGFP. Serum
was collected 50days post-prime and 10 days post-boost to compare pre- and
post-boost anti-GFP antibody responses. Responses were measured by endpoint
ELISA. Statistical analyses were performed by one way ANOVA. As shown in
Figure 7, humoral immunogenicity of the AdY25-based vector ChAdOX1 is
superior to current chimpanzee adenovirus vector AdCh68, indicating an
enhanced antibody response elicited by the AdY25-based vector in comparison
to the AdCh68-based vector. Example 8: Induction of immune response against
Mycobacterium tuberculosis 15A transgene encoding the Mycobacterium
tuberculosis protein Ag85A was inserted into the El locus of ChAdOX1 under
control of the human cytomegalovirus immediate early promoter, using the
BAC technology as described in Example 1. The nucleotide sequence of the
transgene (SEQ ID NO. 42) encodes residues 1 to 323 of the antigen, encoded
by a sequence optimised to human codon usage (nucleotides 103 20 to 1071),
fused at the N-terminus to tPA (the signal peptide from human tissue
plasminogen activator)(nucleotides 1 to 102) and at the C-terminus to a PK
tag (nucleotides 1072 to 1104). The amino acid sequence of the Ag85A
antigen is provided in SEQ ID NO.43. 25The BAC clone was transfected into
HEK293 cells and the virus vector was amplified, purified and titred using
the anti-hexon immunostaining assay described in Example 3. The
immunogenicity of the vector was assessed in Balb/c mice immunized with
30varying doses, expressed in infectious units, of the vaccine,
administered 



intramuscularly. After 14 days cellular immune responses to Ag85A were
determined by IFN-y ELIspot assay using splenocytes stimulated with
synthetic peptides  59 corresponding to the known immunodominant CD8+ (pll;
WYDQSGLSV (SEQ ID NO. 44)) and CD4+ T cell (p15; TFLTSELPGWLQANRHVKPT (SEQ
ID NO. 45)) H-2" restricted epitopes in Ag85A. 5The results are shown in
Figures 8A and 8B. These results indicate that the ChAdOX1 vector is
capable of inducing immune responses against Mycobacterium tuberculosis.
The magnitude of these responses is similar to that induced by vectors
based on other adenoviruses. 10 Example 9: Induction of immune response
against Influenza A 15A transgene encoding the nucleoprotein (NP) and
matrix protein 1 (M1) of influenza A virus was inserted into the El locus
of ChAdOX1 under control of the human cytomegalovirus major immediate early
promoter, using the BAC technology as described in Example 1. The
nucleotide sequence of the transgene (SEQ ID NO. 46) encodes the influenza
A nucleoprotein (nucleotides 1 to 1494) fused to the matrix  20 protein 1
(nucleotides 1516 to 2274) and separated by a linker (nucleotides 1495 to
1515). The amino acid sequence of the NPM1 fusion protein is provided in
SEQ ID NO. 47. The BAC clone was transfected into HEK293 cells and the
virus vector was 25amplified, purified and titred using the anti-hexon
immunostaining assay described in Example 3. A similar vector based on
human adenovinis type 5 (HAdV-5) was similarly generated and titred for
comparative purposes. The immunogenicity of the vector was assessed in
Balb/c mice immunized with 30varying doses, expressed in infectious units,
of the vaccine, administered intramuscularly. After 14 days cellular immune
responses to NP were determined by IFN-y ELIspot assay using splenocytes
stimulated with synthetic peptides  



60 corresponding to the known immunodominant CD8+ T cell H-2d restricted
epitope in NP ((TYQRTRALV) (SEQ ID NO. 48)).    The results are shown in
Figure 9. These results indicate that the ChAdOX1 vector is 5capable of
inducing immune responses against influenza A virus and that, at the doses
tested, these are similar to those induced by a HAdV-5 vector. The
ChAdOX1-NPM1 vaccine has recently been produced for human clinical trials
according to current good manufacturing practice at the University of
Oxford Clinical 10Biomanufacturing Facility. This indicates the suitability
of the vector for deployment as a medical product. References 15
1. Buchbinder et al, Lancet, Vol 372, Nov 2008 2. Farina et al, J. Virol,
Dec 2001, p11603-11613 3. Dudareva eta!, Vaccine 27, 2009, 3501-3504
4. R. Wigand et al, Intervirology, Vo130; 1 1989 205. Roy et al, Hum. Gen.
Ther., 2004, 15:519-530 6. Warming et al. Nuc. Acid. Res, 2005, Vo133;4 7.
http://www.invitrogen.com/gateway 8. Havenga eta!, J.G.V., 2006, 87,
2135-214 9. Warming, S. et al. Nucleic Acids Res, 2005, Feb 24; 33(4): e36 



25 30  5 10 Sequences 15 SEQ ID NO.1 (Chimpanzee Adenovirus AdY25 genome)
CCATCATCAATAATATACCTCAAACTTTTTGTGCGCGTTAATATGCAAATGAGGCGTTTGA
ATTTGGGAAGGGAGGAAGGTGATTGGCCGAGAGAAGGGCGACCGTTAGGGGCGGGGCGA 20
GTGACGTTTTGATGACGTGACCGCGAGGAGGAGCCAGTTTGCAAGTTCTCGTGGGAAAAG
TGACGTCAAACGAGGTGTGGTTTGAACACGGAAATACTCAATTTTCCCGCGCTCTCTGACA
GGAAATGAGGTGTTTCTAGGCGGATGCAAGTGAAAACGGGCCATTTTCGCGCGAAAACTG
AATGAGGAAGTGAAAATCTGAGTAATTTCGCGTTTATGACAGGGAGGAGTATTTGCCGAG
GGCCGAGTAGACTTTGACCGATTACGTGGGGGTTTCGATTACCGTGTTTTTCACCTAAATT 25
TCCGCGTACGGTGTCAAAGTCCGGTGTTTTTACGTAGGTGTCAGCTGATCGCCAGGGTATT
TAAACCTGCGCTCTCCAGTCAAGAGGCCACTCTTGAGTGCCAGCGAGAAGAGTTTTCTCCT
CCGCGCCGCGAGTCAGATCTACACTTTGAAAGATGAGGCACCTGAGAGACCTGCCCGATG
AGAAAATCATCATCGCTTCCGGGAACGAGATTCTGGAACTGGTGGTAAATGCCATGATGG
GCGACGACCCTCCGGAGCCCCCCACCCCATTTGAGGCACCTTCGCTACACGATTTGTATGA 30
TCTGGAGGTGGATGTGCCCGAGGACGACCCCAACGAGGAGGCGGTAAATGATTTATTTAG
CGATGCCGCGCTGCTAGCTGCCGAGGAGGCTTCGAGCCCTAGCTCAGACAGCGACTCTTC
ACTGCATACCCCTAGACCCGGCAGAGGTGAGAAAAAGATCCCCGAGCTTAAAGGGGAAG
AGATGGACTTGCGCTGCTATGAGGAATGCTTGCCCCCGAGCGATGATGAGGACGAGCAGG
CGATCCAGAACGCAGCGAGCCAGGGAATGCAAGCCGCCAGCGAGAGTTTTGCGCTGGACT 35
GCCCGCCTCTGCCCGGACACGGCTGTAAGTCTTGTGAATTTCATCGCTTGAATACTGGAGA
TAAAGCTGTGTTATGTGCACTTTGCTATATGAGAGCTTACAACCATTGTGTTTACAGTAAG
TGTGATTAAGTTGAACTTTAGAGGGAGGCAGAGAGCAGGGTGACTGGGCGATGACTGGTT
TATTTATGTATATATGTTCTTTATATAGGTCCCGTCTCTGACGCAGATGATGAGACCCCCA
CTACAGAGTCCACTTCGTCACCCCCAGAAATTGGCACATCTCCACCTGAGAATATTGTTAG 40
ACCAGTTCCTGTTAGAGCCACTGGGAGGAGAGCAGCTGTGGAATGTTTGGATGACTTGCT
ACAGGCTGGGGATGAACCTTTGGACTTGTGTACCCGGAAACGCCCCAGGCACTAAGTGCC
ACACATGTGTGTTTACTTGAGGTGATGTCAGTATTTATAGGGTGTGGAGTGCAATAAAAA
ATGTGTTGACTTTAAGTGCGTGGTTTATGACTCAGGGGTGGGGACTGTGGGTATATAAGCA
GGTGCAGACCTGTGTGGTTAGCTCAGAGCGGCATGGAGATTTGGACGATCTTGGAAGATC
45TTCACAAGACTAGACAGCTGCTAGAGAACGCCTCGAACGGAGTCTCTCACCTGTGGAGAT  62
TCTGCTTCGGTGGCGACCTAGCTAAGCTAGTCTATAGGGCCAAACAGGATTATAGCGAAC
AATTTGAGGTTATTTTGAGAGAGTGTCCGGGTCTTTTTGACGCTCTTAATTTGGGTCATCA
GACTCACTTTAACCAGAGGATTGTAAGAGCCCTTGATTTTACTACTCCCGGCAGATCCACT
GCGGCAGTAGCCTTTTTTGCTTTTCTTCTTGACAAATGGAGTCAAGAAACCCATTTCAGCA 



5 GGGATTACCAGCTGGATTTCTTAGCAGTAGCTTTGTGGAGAACATGGAAATCCCAGCGCC
TGAATGCAATCTCAGGCTACTTGCCGGTACAGCCACTAGACACTCTGAAGATCCTGAATCT
CCAGGAGAGTCCCAGGGCACGCCAACGTCGCCGGCAGCAGCAGCGGCAGCAGGAGGAGG
ATCAAGAAGAGAACCCGAGAGCCGGCCTGGACCCTCCGGCGGAGGAGGAGTAGCTGACC
TGTTTCCTGAACTGCGCCGGGTGCTGACTAGGTCTTCGAGTGGTCGGGAGAGGGGGATTA  10
AGCGGGAGAGGCATGATGAGACTAATCACAGAACTGAACTGACTGTGGGTCTGATGAGCC
GCAAGCGTCCAGAAACAGTGTGGTGGCATGAGGTGCAGTCGACTGGCACAGATGAGGTGT
CAGTGATGCATGAGAGGTTTTCCCTAGAACAAGTCAAGACTTGTTGGTTAGAGCCTGAGG
ATGATTGGGAGGTAGCCATCAGGAATTATGCCAAGCTGGCTCTGAGGCCAGACAAGAAGT
ACAAGATTACTAAGCTGATAAATATCAGAAATGCCTGCTACATCTCAGGGAATGGGGCTG  15
AAGTGGAGATCTGTCTTCAGGAAAGGGTGGCTTTCAGATGCTGCATGATGAATATGTACC
CGGGAGTGGTGGGCATGGATGGGGTCACCTTTATGAACATGAGGTTCAGGGGAGATGGGT
ATAATGGCACGGTCTTTATGGCCAATACCAAGCTGACAGTTCATGGCTGCTCCTTCTTTGG
GTTTAATAACACCTGCATTGAGGCCTGGGGTCAGGTTGGTGTGAGGGGCTGTAGTTTTTCA
GCCAACTGGATGGGGGTCGTGGGCAGGACCAAGAGTATGCTGTCCGTGAAGAAATGCTTG  20
TTCGAGAGGTGCCACCTGGGGGTGATGAGCGAGGGCGAAGCCAGAATCCGCCACTGCGCC
TCTACCGAGACGGGCTGTTTTGTGCTGTGCAAGGGCAATGCTAAGATCAAGCATAATATG
ATCTGTGGAGCCTCGGACGAGCGCGGCTACCAGATGCTGACCTGCGCCGGTGGGAACAGC
CATATGCTGGCCACCGTGCATGTGGCCTCCCATGCCCGCAAGCCCTGGCCCGAGTTCGAGC
ACAATGTCATGACCAGGTGCAATATGCATCTGGGGTCCCGCCGAGGCATGTTCATGCCCT  25
ATCAGTGCAACCTGAATTATGTGAAGGTGCTGCTGGAGCCCGATGCCATGTCCAGAGTGA
GCCTGACGGGGGTGTTTGACATGAATGTGGAGGTGTGGAAGATTCTGAGATATGATGAAT
CCAAGACCAGGTGCCGAGCCTGCGAGTGCGGAGGGAAGCATGCCAGGTTCCAGCCCGTGT
GTGTGGAGGTGACGGAGGACCTGCGACCCGATCATTTGGTGTTGTCCTGCACCGGGACGG
AGTTCGGTTCCAGCGGGGAAGAATCTGACTAGAGTGAGTAGTGTTCTGGGGCGGGGGAGG  30
ACCTGCATGAGGGCCAGAATGACTGAAATCTGTGCTTTTCTGTGTGTTGCAGCATCATGAG
CGGAAGCGGCTCCTTTGAGGGAGGGGTATTCAGCCCTTATCTGACGGGGCGTCTCCCCTCC
TGGGCGGGAGTGCGTCAGAATGTGATGGGATCCACGGTGGACGGCCGGCCCGTGCAGCCC
GCGAACTCTTCAACCCTGACCTATGCAACCCTGAGCTCTTCGTCGGTGGACGCAGCTGCCG
CCGCAGCTGCTGCATCCGCCGCCAGCGCCGTGCGCGGAATGGCCATGGGCGCCGGCTACT  35
ACGGCACTCTGGTGGCCAACTCGAGTTCCACCAATAATCCCGCCAGCCTGAACGAGGAGA
AGCTGCTGCTGCTGATGGCCCAGCTTGAGGCCTTGACCCAGCGCCTGGGCGAGCTGACCC
AGCAGGTGGCTCAGCTGCAGGAGCAGACGCGGGCCGCGGTTGCCACGGTGAAATCCAAA
TAAAAAATGAATCAATAAATAAACGGAGACGGTTGTTGATTTTAACACAGAGTCTGAATC
TTTATTTGATTTTTCGCGCGCGGTAGGCCCTGGACCACCGGTCTCGATCATTGAGCACCCG  40
GTGGATCTTTTCCAGGACCCGGTAGAGGTGGGCTTGGATGTTGAGGTACATGGGCATGAG
CCCGTCCCGGGGGTGGAGGTAGCTCCATTGCAGGGCCTCGTGCTCGGGGGTGGTGTTGTA
AATCACCCAGTCATAGCAGGGGCGCAGGGCGTGGTGTTGCACAATATCTTTGAGGAGGAG
ACTGATGGCCACGGGCAGCCCTTTGGTGTAGGTGTTTACAAATCTGTTGAGCTGGGAGGG
ATGCATGCGGGGGGAGATGAGGTGCATCTTGGCCTGGATCTTGAGATTGGCGATGTTACC  45
GCCCAGATCCCGCCTGGGGTTCATGTTGTGCAGGACCACCAGCACGGTGTATCCGGTGCA
CTTGGGGAATTTATCATGCAACTTGGAAGGGAAGGCGTGAAAGAATTTGGCGACGCCCTT
GTGTCCGCCCAGGTTTTCCATGCACTCATCCATGATGATGGCAATGGGCCCGTGGGCGGCG
GCCTGGGCAAAGACGTTTCGGGGGTCGGACACATCATAGTTGTGGTCCTGGGTGAGGTCA
TCATAGGCCATTTTAATGAATTTGGGGCGGAGGGTGCCGGACTGGGGGACAAAGGTACCC  50
TCGATCCCGGGGGCGTAGTTCCCCTCACAGATCTGCATCTCCCAGGCTTTGAGCTCAGAGG
GGGGGATCATGTCCACCTGCGGGGCGATAAAGAACACGGTTTCCGGGGCGGGGGAGATG
AGCTGGGCCGAAAGCAAGTTCCGGAGCAGCTGGGACTTGCCGCAGCCGGTGGGGCCGTA
AATGACCCCGATGACCGGCTGCAGGTGGTAGTTGAGGGAGAGACAGCTGCCGTCCTCCCG
GAGGAGGGGGGCCACCTCGTTCATCATCTCGCGCACGTGCATGTTCTCGCGCACCAGTTCC  55
GCCAGGAGGCGCTCTCCCCCCAGAGATAGGAGCTCCTGGAGCGAGGCGAAGTTTTTCAGC
GGCTTGAGTCCGTCGGCCATGGGCATTTTGGAGAGGGTCTGTTGCAAGAGTTCCAAGCGG
TCCCAGAGCTCGGTGATGTGCTCTACGGCATCTCGATCCAGCAGACCTCCTCGTTTCGCGG  63
GTTGGGACGACTGCGGGAGTAGGGCACCAGACGATGGGCGTCCAGCGCAGCCAGGGTCC
GGTCCTTCCAGGGCCGCAGCGTCCGCGTCAGGGTGGTCTCCGTCACGGTGAAGGGGTGCG
CGCCGGGCTGGGCGCTTGCGAGGGTGCGCTTCAGGCTCATCCGGCTGGTCGAAAACCGCT
CCCGATCGGCGCCCTGCGCGTCGGCCAGGTAGCAATTGACCATGAGTTCGTAGTTGAGCG  5
CCTCGGCCGCGTGGCCTTTGGCGCGGAGCTTACCTTTGGAAGTCTGCCCGCAGGCGGGAC
AGAGGAGGGACTTGAGGGCGTAGAGCTTGGGGGCGAGGAAGACGGAATCGGGGGCGTAG
GCGTCCGCGCCGCAGTGGGCGCAGACGGTCTCGCACTCCACGAGCCAGGTGAGGTCGGGC
TGGTCGGGGTCAAAAACCAGTTTCCCGCCGTTCTTTTTGATGCGTTTCTTACCTTTGGTCTC
CATGAGCTCGTGTCCCCGCTGGGTGACAAAGAGGCTGTCCGTGTCCCCGTAGACCGACTTT  10
ATGGGCCGGTCCTCGAGCGGTGTGCCGCGGTCCTCCTCGTAGAGGAACCCCGCCCACTCC
GAGACGAAAGCCCGGGTCCAGGCCAGCACGAAGGAGGCCACGTGGGACGGGTAGCGGTC
GTTGTCCACCAGCGGGTCCACTTTTTCCAGGGTATGCAAACACATGTCCCCCTCGTCCACA
TCCAGGAAGGTGATTGGCTTGTAAGTGTAGGCCACGTGACCGGGGGTCCCGGCCGGGGGG
GTATAAAAGGGGGCGGGCCCCTGCTCGTCCTCACTGTCTTCCGGATCGCTGTCCAGGAGC  15
GCCAGCTGTTGGGGTAGGTATTCCCTCTCGAAGGCGGGCATGACCTCGGCACTCAGGTTGT
CAGTTTCTAGAAACGAGGAGGATTTGATATTGACGGTGCCAGCGGAGATGCCTTTCAAGA
GCCCCTCGTCCATCTGGTCAGAAAAGACGATTTTTTTGTTGTCGAGCTTGGTGGCGAAGGA
GCCGTAGAGGGCGTTGGAAAGGAGCTTGGCGATGGAGCGCATGGTCTGGTTTTTTTCCTTG
TCGGCGCGCTCCTTGGCCGCGATGTTGAGCTGCACGTACTCGCGCGCCACGCACTTCCATT  20
CGGGGAAGACGGTGGTCATCTCGTCGGGCACGATTCTGACCTGCCAACCTCGATTATGCA
GGGTGATGAGGTCCACACTGGTGGCCACCTCGCCGCGCAGGGGCTCGTTGGTCCAGCAGA
GGCGGCCGCCCTTGCGCGAGCAGAAGGGGGGCAGAGGGTCCAGCATGACCTCGTCGGGG
GGGTCGGCATCGATGGTGAAGATGCCGGGCAGGAGATCGGGGTCGAAGTAGCTGATGGA
AGTGGCCAGATCGTCCAGGGAAGCTTGCCATTCGCGCACGGCCAGCGCGCGCTCGTAGGG  25
ACTGAGGGGCGTGCCCCAGGGCATGGGGTGGGTGAGCGCGGAGGCGTACATGCCGCAGA
TGTCGTAGACGTAGAGGGGCTCCTCGAGGATGCCGATGTAGGTGGGGTAGCAGCGCCCCC
CGCGGATGCTGGCGCGCACGTAGTCATACAGCTCGTGCGAGGGCGCGAGGAGCCCCGGGC
CCAGGTTGGTGCGACTGGGCTTTTCGGCGCGGTAGACGATCTGGCGAAAGATGGCATGCG
AGTTGGAGGAGATGGTGGGCCTTTGGAAGATGTTGAAGTGGGCGTGGGGGAGGCCGACC 



30 GAGTCGCGGATGAAGTGGGCGTAGGAGTCTTGCAGTTTGGCGACGAGCTCGGCGGTGACG
AGGACGTCCAGAGCGCAGTAGTCGAGGGTCTCCTGGATGATGTCATACTTGAGCTGGCCC
TTTTGTTTCCACAGCTCGCGGTTGAGAAGGAACTCTTCGCGGTCCTTCCAGTACTCTTCGA
GGGGGAACCCGTCCTGATCTGCACGGTAAGAGCCTAGCATGTAGAACTGGTTGACGGCCT
TGTAGGCGCAGCAGCCCTTCTCCACGGGGAGGGCGTAGGCCTGGGCGGCCTTGCGCAGGG  35
AGGTGTGCGTGAGGGCGAAGGTGTCCCTGACCATGACCTTGAGGAACTGGTGCTTGAAAT
CGATATCGTCGCAGCCCCCCTGCTCCCAGAGCTGGAAGTCCGTGCGCTTCTTGTAGGCGGG
GTTGGGCAAAGCGAAAGTAACATCGTTGAAAAGGATCTTGCCCGCGCGGGGCATAAAGTT
GCGAGTGATGCGGAAAGGCTGGGGCACCTCGGCCCGGTTGTTGATGACCTGGGCGGCGAG
CACGATCTCGTCGAAACCGTTGATGTTGTGGCCCACGATGTAGAGTTCCACGAATCGCGG  40
GCGGCCCTTGACGTGGGGCAGCTTCTTGAGCTCCTCGTAGGTGAGCTCGTCGGGGTCGCTG
AGACCGTGCTGCTCGAGCGCCCAGTCGGCGAGATGGGGGTTGGCGCGGAGGAAGGAAGT
CCAGAGATCCACGGCCAGGGCGGTTTGCAGACGGTCCCGGTACTGACGGAACTGCTGCCC
GACGGCCATTTTTTCGGGGGTGACGCAGTAGAAGGTGCGGGGGTCCCCGTGCCAGCGGTC
CCATTTGAGCTGGAGGGCGAGATCGAGGGCGAGCTCGACGAGGCGGTCGTCCCCTGAGAG  45
TTTCATGACCAGCATGAAGGGGACGAGCTGCTTGCCGAAGGACCCCATCCAGGTGTAGGT
TTCCACATCGTAGGTGAGGAAGAGCCTTTCGGTGCGAGGATGCGAGCCGATGGGGAAGAA
CTGGATCTCCTGCCACCAATTGGAGGAATGGCTGTTGATGTGATGGAAGTAGAAATGCCG
ACGGCGCGCCGAACACTCGTGCTTGTGTTTATACAAGCGGCCACAGTGCTCGCAACGCTG
CACGGGATGCACGTGCTGCACGAGCTGTACCTGAGTTCCTTTGACGAGGAATTTCAGTGG  50
GAAGTGGAGTCGTGGCGCCTGCATCTCGTGCTGTACTACGTCGTGGTGGTCGGCCTGGCCC
TCTTCTGCCTCGATGGTGGTCATGCTGACGAGCCCGCGCGGGAGGCAGGTCCAGACCTCG
GCGCGAGCGGGTCGGAGAGCGAGGACGAGGGCGCGCAGGCCGGAGCTGTCCAGGGTCCT
GAGACGCTGCGGAGTCAGGTCAGTGGGCAGCGGCGGCGCGCGGTTGACTTGCAGGAGTTT
TTCCAGGGCGCGCGGGAGGTCCAGATGGTACTTGATCTCCACCGCGCCGTTGGTGGCGAC  55
GTCGATGGCTTGCAGGGTCCCGTGCCCCTGGGGTGTGACCACCGTCCCCCGTTTCTTCTTG
GGCGGCTGGGGCGACGGGGGCGGTGCCTCTTCCATGGTTAGAAGCGGCGGCGAGGACGC
GCGCCGGGCGGCAGAGGCGGCTCGGGGCCCGGAGGCAGGGGCGGCAGGGGCACGTCGGC  64
GCCGCGCGCGGGTAGGTTCTGGTACTGCGCCCGGAGAAGACTGGCGTGAGCGACGACGCG
ACGGTTGACGTCCTGGATCTGACGCCTCTGGGTGAAGGCCACGGGACCCGTGAGTTTGAA
CCTGAAAGAGAGTTCGACAGAATCAATCTCGGTATCGTTGACGGCGGCCTGCCGCAGGAT
CTCTTGCACGTCGCCCGAGTTGTCCTGGTAGGCGATCTCGGTCATGAACTGCTCGATCTCC  5
TCCTCCTGAAGGTCTCCGCGACCGGCGCGCTCCACGGTGGCCGCGAGGTCGTTGGAGATG
CGGCCCATGAGCTGCGAGAAGGCGTTCATGCCCGCCTCGTTCCAGACGCGGCTGTAGACC
ACGACGCCCTCGGGATCGCGGGCGCGCATGACCACCTGGGCGAGGTTGAGCTCCACGTGG
CGCGTGAAGACCGCGTAGTTGCAGAGGCGCTGGTAGAGGTAGTTGAGCGTGGTGGCGATG
TGCTCGGTGACGAAGAAATACATGATCCAGCGGCGGAGCGGCATCTCGCTGACGTCGCCC  10
AGCGCCTCCAAGCGTTCCATGGCCTCGTAAAAGTCCACGGCGAAGTTGAAAAACTGGGAG
TTGCGCGCCGAGACGGTCAACTCCTCCTCCAGAAGACGGATGAGCTCGGCGATGGTGGCG
CGCACCTCGCGCTCGAAGGCCCCCGGGAGTTCCTCCACTTCCTCCTCTTCTTCCTCCTCCAC
TAACATCTCTTCTACTTCCTCCTCAGGCGGTGGTGGTGGCGGGGGAGGGGGCCTGCGTCGC
CGGCGGCGCACGGGCAGACGGTCGATGAAGCGCTCGATGGTCTCGCCGCGCCGGCGTCGC  15
ATGGTCTCGGTGACGGCGCGCCCGTCCTCGCGGGGCCGCAGCGTGAAGACGCCGCCGCGC
ATCTCCAGGTGGCCGGGGGGGTCCCCGTTGGGCAGGGAGAGGGCGCTGACGATGCATCTT
ATCAATTGCCCCGTAGGGACTCCGCGCAAGGACCTGAGCGTCTCGAGATCCACGGGATCT
GAAAACCGTTGAACGAAGGCTTCGAGCCAGTCGCAGTCGCAAGGTAGGCTGAGCACGGTT
TCTTCTGCCGGGTCATGTTGGGGAGCGGGGCGGGCGATGCTGCTGGTGATGAAGTTGAAA  20
TAGGCGGTTCTGAGACGGCGGATGGTGGCGAGGAGCACCAGGTCTTTGGGCCCGGCTTGC
TGGATGCGCAGACGGTCGGCCATGCCCCAGGCGTGGTCCTGACACCTGGCCAGGTCCTTG
TAGTAGTCCTGCATGAGCCGCTCCACGGGCACCTCCTCCTCGCCCGCGCGGCCGTGCATGC
GCGTGAGCCCGAAGCCGCGCTGGGGCTGGACGAGCGCCAGGTCGGCGACGACGCGCTCG
GCGAGGATGGCCTGCTGGATCTGGGTGAGGGTGGTCTGGAAGTCGTCAAAGTCGACGAAG  25
CGGTGGTAGGCTCCGGTGTTGATGGTGTAGGAGCAGTTGGCCATGACGGACCAGTTGACG
GTCTGGTGGCCCGGACGCACGAGCTCGTGGTACTTGAGGCGCGAGTAGGCGCGCGTGTCG
AAGATGTAGTCGTTGCAGGTGCGCACCAGGTACTGGTAGCCGATGAGGAAGTGCGGCGGC
GGCTGGCGGTAGAGCGGCCATCGCTCGGTGGCGGGGGCGCCGGGCGCGAGGTCCTCGAG
CATGGTGCGGTGGTAGCCGTAGATGTACCTGGACATCCAGGTGATGCCGGCGGCGGTGGT  30
GGAGGCGCGCGGGAACTCGCGGACGCGGTTCCAGATGTTGCGCAGCGGCAGGAAGTAGT
TCATGGTGGGCACGGTCTGGCCCGTGAGGCGCGCGCAGTCGTGGATGCTCTATACGGGCA
AAAACGAAAGCGGTCAGCGGCTCGACTCCGTGGCCTGGAGGCTAAGCGAACGGGTTGGG
CTGCGCGTGTACCCCGGTTCGAATCTCGAATCAGGCTGGAGCCGCAGCTAACGTGGTACT
GGCACTCCCGTCTCGACCCAAGCCTGCACCAACCCTCCAGGATACGGAGGCGGGTCGTTT  35
TGCAACTTTTTTTGGAGGCCGGAAATGAAACTAGTAAGCGCGGAAAGCGGCCGACCGCGA
TGGCTCGCTGCCGTAGTCTGGAGAAGAATCGCCAGGGTTGCGTTGCGGTGTGCCCCGGTTC
GAGGCCGGCCGGATTCCGCGGCTAACGAGGGCGTGGCTGCCCCGTCGTTTCCAAGACCCC
ATAGCCAGCCGACTTCTCCAGTTACGGAGCGAGCCCCTCTTTTGTTTTGTTTGTTTTTGCCA
GATGCATCCCGTACTGCGGCAGATGCGCCCCCACCACCCTCCACCGCAACAACAGCCCCC  40
TCCTCCACAGCCGGCGCTTCTGCCCCCGCCCCAGCAGCAGCAGCAACTTCCAGCCACGAC
CGCCGCGGCCGCCGTGAGCGGGGCTGGACAGACTTCTCAGTATGATCACCTGGCCTTGGA
AGAGGGCGAGGGGCTGGCGCGCCTGGGGGCGTCGTCGCCGGAGCGGCACCCGCGCGTGC
AGATGAAAAGGGACGCTCGCGAGGCCTACGTGCCCAAGCAGAACCTGTTCAGAGACAGG
AGCGGCGAGGAGCCCGAGGAGATGCGCGCGGCCCGGTTCCACGCGGGGCGGGAGCTGCG  45
GCGCGGCCTGGACCGAAAGAGGGTGCTGAGGGACGAGGATTTCGAGGCGGACGAGCTGA
CGGGGATCAGCCCCGCGCGCGCGCACGTGGCCGCGGCCAACCTGGTCACGGCGTACGAGC
AGACCGTGAAGGAGGAGAGCAACTTCCAAAAATCCTTCAACAACCACGTGCGCACCCTGA
TCGCGCGCGAGGAGGTGACCCTGGGCCTGATGCACCTGTGGGACCTGCTGGAGGCCATCG
TGCAGAACCCCACCAGCAAGCCGCTGACGGCGCAGCTGTTCCTGGTGGTGCAGCATAGTC  50
GGGACAACGAGGCGTTCAGGGAGGCGCTGCTGAATATCACCGAGCCCGAGGGCCGCTGG
CTCCTGGACCTGGTGAACATTCTGCAGAGCATCGTGGTGCAGGAGCGCGGGCTGCCGCTG
TCCGAGAAGCTGGCGGCCATCAACTTCTCGGTGCTGAGTCTGGGCAAGTACTACGCTAGG
AAGATCTACAAGACCCCGTACGTGCCCATAGACAAGGAGGTGAAGATCGACGGGTTTTAC
ATGCGCATGACCCTGAAAGTGCTGACCCTGAGCGACGATCTGGGGGTGTACCGCAACGAC 



55 AGGATGCACCGCGCGGTGAGCGCCAGCAGGCGGCGCGAGCTGAGCGACCAGGAGCTGAT
GCACAGCCTGCAGCGGGCCCTGACCGGGGCCGGGACCGAGGGGGAGAGCTACTTTGACA
TGGGCGCGGACCTGCACTGGCAGCCCAGCCGCCGGGCCTTGGAGGCGGCAGGCGGTCCCC  65
CCTACATAGAAGAGGTGGACGATGAGGTGGACGAGGAGGGCGAGTACCTGGAAGACTGA
TGGCGCGACCGTATTTTTGCTAGATGCAACAACAGCCACCTCCTGATCCCGCGATGCGGGC
GGCGCTGCAGAGCCAGCCGTCCGGCATTAACTCCTCGGACGATTGGACCCAGGCCATGCA
ACGCATCATGGCGCTGACGACCCGCAACCCCGAAGCCTTTAGACAGCAGCCCCAGGCCAA  5
CCGGCTCTCGGCCATCCTGGAGGCCGTGGTGCCCTCGCGCTCCAACCCCACGCACGAGAA
GGTCCTGGCCATCGTGAACGCGCTGGTGGAGAACAAGGCCATCCGCGGCGACGAGGCCG
GCCTGGTGTACAACGCGCTGCTGGAGCGCGTGGCCCGCTACAACAGCACCAACGTGCAGA
CCAACCTGGACCGCATGGTGACCGACGTGCGCGAGGCCGTGGCCCAGCGCGAGCGGTTCC
ACCGCGAGTCCAACCTGGGATCCATGGTGGCGCTGAACGCCTTCCTCAGCACCCAGCCCG  10
CCAACGTGCCCCGGGGCCAGGAGGACTACACCAACTTCATCAGCGCCCTGCGCCTGATGG
TGACCGAGGTGCCCCAGAGCGAGGTGTACCAGTCCGGGCCGGACTACTTCTTCCAGACCA
GTCGCCAGGGCTTGCAGACCGTGAACCTGAGCCAGGCGTTCAAGAACTTGCAGGGCCTGT
GGGGCGTGCAGGCCCCGGTCGGGGACCGCGCGACGGTGTCGAGCCTGCTGACGCCGAACT
CGCGCCTGCTGCTGCTGCTGGTGGCCCCCTTCACGGACAGCGGCAGCATCAACCGCAACT  15
CGTACCTGGGCTACCTGATTAACCTGTACCGCGAGGCCATCGGCCAGGCGCACGTGGACG
AGCAGACCTACCAGGAGATCACCCACGTGAGCCGCGCCCTGGGCCAGGACGACCCGGGC
AATCTGGAAGCCACCCTGAACTTTTTGCTGACCAACCGGTCGCAGAAGATCCCGCCCCAG
TACACGCTCAGCGCCGAGGAGGAGCGCATCCTGCGATACGTGCAGCAGAGCGTGGGCCTG
TTCCTGATGCAGGAGGGGGCCACCCCCAGCGCCGCGCTCGACATGACCGCGCGCAACATG  20
GAGCCCAGCATGTACGCCAGCAACCGCCCGTTCATCAATAAACTGATGGACTACTTGCAT
CGGGCGGCCGCCATGAACTCTGACTATTTCACCAACGCCATCCTGAATCCCCACTGGCTCC
CGCCGCCGGGGTTCTACACGGGCGAGTACGACATGCCCGACCCCAATGACGGGTTCCTGT
GGGACGATGTGGACAGCAGCGTGTTCTCCCCCCGACCGGGTGCTAACGAGCGCCCCTTGT
GGAAGAAGGAAGGCAGCGACCGACGCCCGTCCTCGGCGCTGTCCGGCCGCGAGGGTGCT  25
GCCGCGGCGGTGCCCGAGGCCGCCAGTCCTTTCCCGAGCTTGCCCTTCTCGCTGAACAGTA
TTCGCAGCAGCGAGCTGGGCAGGATCACGCGCCCGCGCTTGCTGGGCGAGGAGGAGTACT
TGAATGACTCGCTGTTGAGACCCGAGCGGGAGAAGAACTTCCCCAATAACGGGATAGAGA
GCCTGGTGGACAAGATGAGCCGCTGGAAGACGTATGCGCAGGAGCACAGGGACGATCCG
TCGCAGGGGGCCACGAGCCGGGGCAGCGCCGCCCGTAAACGCCGGTGGCACGACAGGCA  30
GCGGGGACTGATGTGGGACGATGAGGATTCCGCCGACGACAGCAGCGTGTTGGACTTGGG
TGGGAGTGGTAACCCGTTCGCTCACCTGCGCCCCCGCATCGGGCGCATGATGTAAGAGAA
ACCGAAAATAAATGATACTCACCAAGGCCATGGCGACCAGCGTGCGTTCGTTTCTTCTCTG
TTGTTGTATCTAGTATGATGAGGCGTGCGTACCCGGAGGGTCCTCCTCCCTCGTACGAGAG
CGTGATGCAGCAGGCGATGGCGGCGGCGGCGGCGATGCAGCCCCCGCTGGAGGCTCCTTA  35
CGTGCCCCCGCGGTACCTGGCGCCTACGGAGGGGCGGAACAGCATTCGTTACTCGGAGCT
GGCACCCTTGTACGATACCACCCGGTTGTACCTGGTGGACAACAAGTCGGCGGACATCGC
CTCGCTGAACTACCAGAACGACCACAGCAACTTCCTGACCACCGTGGTGCAGAACAATGA
CTTCACCCCCACGGAGGCCAGCACCCAGACCATCAACTTTGACGAGCGCTCGCGGTGGGG
CGGTCAGCTGAAAACCATCATGCACACCAACATGCCCAACGTGAACGAGTTCATGTACAG  40
CAACAAGTTCAAGGCGCGGGTGATGGTCTCCCGCAAGACCCCCAACGGGGTGACAGTGAC
AGATGGTAGTCAGGATATCTTGGAGTATGAATGGGTGGAGTTTGAGCTGCCCGAAGGCAA
CTTCTCGGTGACCATGACCATCGACCTGATGAACAACGCCATCATCGACAATTACTTGGCG
GTGGGGCGGCAGAACGGGGTCCTGGAGAGCGATATCGGCGTGAAGTTCGACACTAGGAA
CTTCAGGCTGGGCTGGGACCCCGTGACCGAGCTGGTCATGCCCGGGGTGTACACCAACGA  45
GGCCTTCCACCCCGATATTGTCTTGCTGCCCGGCTGCGGGGTGGACTTCACCGAGAGCCGC
CTCAGCAACCTGCTGGGCATTCGCAAGAGGCAGCCCTTCCAGGAGGGCTTCCAGATCATG
TACGAGGATCTGGAGGGGGGCAACATCCCCGCGCTCCTGGATGTCGACGCCTATGAGAAA
AGCAAGGAGGAGAGCGCCGCCGCGGCGACTGCAGCTGTAGCCACCGCCTCTACCGAGGTC
AGGGGCGATAATTTTGCCAGCCCTGCAGCAGTGGCAGCGGCCGAGGCGGCTGAAACCGA  50
AAGTAAGATAGTCATTCAGCCGGTGGAGAAGGATAGCAAGGACAGGAGCTACAACGTGC
TGCCGGACAAGATAAACACCGCCTACCGCAGCTGGTACCTGGCCTACAACTATGGCGACC
CCGAGAAGGGCGTGCGCTCCTGGACGCTGCTCACCACCTCGGACGTCACCTGCGGCGTGG
AGCAAGTCTACTGGTCGCTGCCCGACATGATGCAAGACCCGGTCACCTTCCGCTCCACGC
GTCAAGTTAGCAACTACCCGGTGGTGGGCGCCGAGCTCCTGCCCGTCTACTCCAAGAGCTT  55
CTTCAACGAGCAGGCCGTCTACTCGCAGCAGCTGCGCGCCTTCACCTCGCTCACGCACGTC
TTCAACCGCTTCCCCGAGAACCAGATCCTCGTCCGCCCGCCCGCGCCCACCATTACCACCG
TCAGTGAAAACGTTCCTGCTCTCACAGATCACGGGACCCTGCCGCTGCGCAGCAGTATCC  66
GGGGAGTCCAGCGCGTGACCGTTACTGACGCCAGACGCCGCACCTGCCCCTACGTCTACA
AGGCCCTGGGCATAGTCGCGCCGCGCGTCCTCTCGAGCCGCACCTTCTAAAAAATGTCCAT
TCTCATCTCGCCCAGTAATAACACCGGTTGGGGCCTGCGCGCGCCCAGCAAGATGTACGG
AGGCGCTCGCCAACGCTCCACGCAACACCCCGTGCGCGTGCGCGGGCACTTCCGCGCTCC  5
CTGGGGCGCCCTCAAGGGCCGCGTGCGGTCGCGCACCACCGTCGACGACGTGATCGACCA
GGTGGTGGCCGACGCGCGCAACTACACCCCCGCCGCCGCGCCCGTCTCCACCGTGGACGC
CGTCATCGACAGCGTGGTGGCCGACGCGCGCCGGTACGCCCGCGCCAAGAGCCGGCGGCG
GCGCATCGCCCGGCGGCACCGGAGCACCCCCGCCATGCGCGCGGCGCGAGCCTTGCTGCG
CAGGGCCAGGCGCACGGGACGCAGGGCCATGCTCAGGGCGGCCAGACGCGCGGCTTCAG 



10 GCGCCAGCGCCGGCAGGACCCGGAGACGCGCGGCCACGGCGGCGGCAGCGGCCATCGCC
AGCATGTCCCGCCCGCGGCGAGGGAACGTGTACTGGGTGCGCGACGCCGCCACCGGTGTG
CGCGTGCCCGTGCGCACCCGCCCCCCTCGCACTTGAAGATGTTCACTTCGCGATGTTGATG
TGTCCCAGCGGCGAGGAGGATGTCCAAGCGCAAATTCAAGGAAGAGATGCTCCAGGTCAT
CGCGCCTGAGATCTACGGCCCCGCGGTGGTGAAGGAGGAAAGAAAGCCCCGCAAAATCA  15
AGCGGGTCAAAAAGGACAAAAAGGAAGAAGATGACGATCTGGTGGAGTTTGTGCGCGAG
TTCGCCCCCCGGCGGCGCGTGCAGTGGCGCGGGCGGAAAGTGCACCCGGTGCTGAGACCC
GGCACCACCGTGGTCTTCACGCCCGGCGAGCGCTCCGGCAGCGCTTCCAAGCGCTCCTAC
GACGAGGTGTACGGGGACGAGGACATCCTCGAGCAGGCGGCCGAGCGCCTGGGCGAGTT
TGCTTACGGCAAGCGCAGCCGCCCCGCCCTGAAGGAAGAGGCGGTGTCCATCCCGCTGGA  20
CCACGGCAACCCCACGCCGAGCCTCAAGCCCGTGACCCTGCAGCAGGTGCTGCCGAGCGC
AGCGCCGCGCCGGGGGTTCAAGCGCGAGGGCGAGGATCTGTACCCCACCATGCAGCTGAT
GGTGCCCAAGCGCCAGAAGCTGGAAGACGTGCTGGAGACCATGAAGGTGGACCCGGACG
TGCAGCCCGAGGTCAAGGTGCGGCCCATCAAGCAGGTGGCCCCGGGCCTGGGCGTGCAGA
CCGTGGACATCAAGATCCCCACGGAGCCCATGGAAACGCAGACCGAGCCCATGATCAAGC  25
CCAGCACCAGCACCATGGAGGTGCAGACGGATCCCTGGATGCCATCGGCTCCTAGCCGAA
GACCCCGGCGCAAGTACGGCGCGGCCAGCCTGCTGATGCCCAACTACGCGCTGCATCCTT
CCATCATCCCCACGCCGGGCTACCGCGGCACGCGCTTCTACCGCGGTCATACAACCAGCC
GCCGCCGCAAGACCACCACCCGCCGCCGCCGTCGCCGCACAGCCGCTGCATCTACCCCTG
CCGCCCTGGTGCGGAGAGTGTACCGCCGCGGCCGCGCGCCTCTGACCCTACCGCGCGCGC  30
GCTACCACCCGAGCATCGCCATTTAAACTTTCGCCTGCTTTGCAGATGGCCCTCACATGCC
GCCTCCGCGTTCCCATTACGGGCTACCGAGGAAGAAAACCGCGCCGTAGAAGGCTGGCGG
GGAACGGGATGCGTCGCCACCACCATCGGCGGCGGCGCGCCATCAGCAAGCGGTTGGGG
GGAGGCTTCCTGCCCGCGCTGATCCCCATCATCGCCGCGGCGATCGGGGCGATCCCCGGC
ATTGCTTCCGTGGCGGTGCAGGCCTCTCAGCGCCACTGAGACACTTGGAAAACATCTTGTA  35
ATAAACCAATGGACTCTGACGCTCCTGGTCCTGTGATGTGTTTTCGTAGACAGATGGAAGA
CATCAATTTTTCGTCCCTGGCTCCGCGACACGGCACGCGGCCGTTCATGGGCACCTGGAGC
GACATCGGCACCAGCCAACTGAACGGGGGCGCCTTCAATTGGAGCAGTCTCTGGAGCGGG
CTTAAGAATTTCGGGTCCACGCTTAAAACCTATGGCAGCAAGGCGTGGAACAGCACCACA
GGGCAGGCGCTGAGGGATAAGCTGAAAGAGCAGAACTTCCAGCAGAAGGTGGTCGATGG  40
GCTCGCCTCGGGCATCAACGGGGTGGTGGACCTGGCCAACCAGGCCGTGCAGCGGCAGAT
CAACAGCCGCCTGGACCCGGTGCCGCCCGCCGGCTCCGTGGAGATGCCGCAGGTGGAGGA
GGAGCTGCCTCCCCTGGACAAGCGGGGCGAGAAGCGACCCCGCCCCGACGCGGAGGAGA
CGCTGCTGACGCACACGGACGAGCCGCCCCCGTACGAGGAGGCGGTGAAACTGGGTCTGC
CCACCACGCGGCCCATCGCGCCCCTGGCCACCGGGGTGCTGAAACCCGAAAGTAATAAGC  45
CCGCGACCCTGGACTTGCCTCCTCCCGCTTCCCGCCCCTCTACAGTGGCTAAGCCCCTGCC
GCCGGTGGCCGTGGCCCGCGCGCGACCCGGGGGCTCCGCCCGCCCTCATGCGAACTGGCA
GAGCACTCTGAACAGCATCGTGGGTCTGGGAGTGCAGAGTGTGAAGCGCCGCCGCTGCTA
TTAAACCTACCGTAGCGCTTAACTTGCTTGTCTGTGTGTGTATGTATTATGTCGCCGCTGTC
CGCCAGAAGGAGGAGTGAAGAGGCGCGTCGCCGAGTTGCAAGATGGCCACCCCATCGAT  50
GCTGCCCCAGTGGGCGTACATGCACATCGCCGGACAGGACGCTTCGGAGTACCTGAGTCC
GGGTCTGGTGCAGTTCGCCCGCGCCACAGACACCTACTTCAGTCTGGGGAACAAGTTTAG
GAACCCCACGGTGGCGCCCACGCACGATGTGACCACCGACCGCAGCCAGCGGCTGACGCT
GCGCTTCGTGCCCGTGGACCGCGAGGACAACACCTACTCGTACAAAGTGCGCTACACGCT
GGCCGTGGGCGACAACCGCGTGCTGGACATGGCCAGCACCTACTTTGACATCCGCGGCGT  55
GCTGGATCGGGGCCCTAGCTTCAAACCCTACTCCGGCACCGCCTACAACAGCCTGGCTCCC
AAGGGAGCGCCCAATTCCAGCCAGTGGGAGCAAAAAAAGGCAGGCAATGGTGACACTAT
GGAAACACACACATTTGGTGTGGCCCCAATGGGCGGTGAGAATATTACAATCGACGGATT  67
ACAAATTGGAACTGACGCTACAGCTGATCAGGATAAACCAATTTATGCTGACAAAACATT
CCAGCCTGAACCTCAAGTAGGAGAAGAAAATTGGCAAGAAACTGAAAGCTTTTATGGCGG
TAGGGCTCTTAAAAAAGACACAAGCATGAAACCTTGCTATGGCTCCTATGCTAGACCCAC
CAATGTAAAGGGAGGTCAAGCTAAACTTAAAGTTGGAGCTGATGGAGTTCCTACCAAAGA  5
ATTTGACATAGACCTGGCTTTCTTTGATACTCCCGGTGGCACAGTGAATGGACAAGATGAG
TATAAAGCAGACATTGTCATGTATACCGAAAACACGTATCTGGAAACTCCAGACACGCAT
GTGGTATACAAACCAGGCAAGGATGATGCAAGTTCTGAAATTAACCTGGTTCAGCAGTCC
ATGCCCAATAGACCCAACTATATTGGGTTCAGAGACAACTTTATTGGGCTCATGTATTACA
ACAGTACTGGCAATATGGGGGTGCTGGCTGGTCAGGCCTCACAGCTGAATGCTGTGGTCG  10
ACTTGCAAGACAGAAACACCGAGCTGTCATACCAGCTCTTGCTTGACTCTTTGGGTGACAG
AACCCGGTATTTCAGTATGTGGAATCAGGCGGTGGACAGTTATGATCCTGATGTGCGCATT
ATTGAAAACCATGGTGTGGAAGACGAACTTCCCAACTATTGCTTCCCCCTGGATGGGTCTG
GCACTAATGCCGCTTACCAAGGTGTGAAAGTAAAAAATGGTAACGATGGTGATGTTGAGA
GCGAATGGGAAAATGATGATACTGTCGCAGCTCGAAATCAATTATGCAAGGGCAACATTT  15
TTGCCATGGAAATTAACCTCCAAGCCAACCTGTGGAGAAGTTTCCTCTACTCGAACGTGGC
CCTGTACCTGCCCGACTCTTACAAGTACACGCCAGCCAACATCACCCTGCCCACCAACACC
AACACTTATGATTACATGAACGGGAGAGTGGTGCCTCCCTCGCTGGTGGACGCCTACATC
AACATCGGGGCGCGCTGGTCGCTGGACCCCATGGACAACGTCAATCCCTTCAACCACCAC
CGCAACGCGGGCCTGCGCTACCGCTCCATGCTCCTGGGCAACGGGCGCTACGTGCCCTTCC  20
ACATCCAGGTGCCCCAGAAATTTTTCGCCATCAAGAGCCTCCTGCTCCTGCCCGGGTCCTA
CACCTACGAGTGGAACTTCCGCAAGGACGTCAACATGATCCTGCAGAGCTCCCTCGGCAA
CGACCTGCGCACGGACGGGGCCTCCATCTCCTTCACCAGCATCAACCTCTACGCCACCTTC
TTCCCCATGGCGCACAACACGGCCTCCACGCTCGAGGCCATGCTGCGCAACGACACCAAC
GACCAGTCCTTCAACGACTACCTCTCGGCGGCCAACATGCTCTACCCCATCCCGGCCAACG  25
CCACCAACGTGCCCATCTCCATCCCCTCGCGCAACTGGGCCGCCTTCCGCGGCTGGTCCTT
CACGCGCCTCAAGACCAAGGAGACGCCCTCGCTGGGCTCCGGGTTCGACCCCTACTTCGT
CTACTCGGGCTCCATCCCCTACCTCGACGGCACCTTCTACCTCAACCACACCTTCAAGAAG
GTCTCCATCACCTTCGACTCCTCCGTCAGCTGGCCCGGCAACGACCGGCTCCTGACGCCCA
ACGAGTTCGAAATCAAGCGCACCGTCGACGGCGAGGGATACAACGTGGCCCAGTGCAAC  30
ATGACCAAGGACTGGTTCCTGGTCCAGATGCTGGCCCACTACAACATCGGCTACCAGGGC
TTCTACGTGCCCGAGGGCTACAAGGACCGCATGTACTCCTTCTTCCGCAACTTCCAGCCCA
TGAGCCGCCAGGTGGTGGACGAGGTCAACTACAAGGACTACCAGGCCGTCACCCTGGCCT
ACCAGCACAACAACTCGGGCTTCGTCGGCTACCTCGCGCCCACCATGCGCCAGGGCCAGC
CCTACCCCGCCAACTACCCGTACCCGCTCATCGGCAAGAGCGCCGTCACCAGCGTCACCC 



35 AGAAAAAGTTCCTCTGCGACAGGGTCATGTGGCGCATCCCCTTCTCCAGCAACTTCATGTC
CATGGGCGCGCTCACCGACCTCGGCCAGAACATGCTCTATGCCAACTCCGCCCACGCGCT
AGACATGAATTTCGAAGTCGACCCCATGGATGAGTCCACCCTTCTCTATGTTGTCTTCGAA
GTCTTCGACGTCGTCCGAGTGCACCAGCCCCACCGCGGCGTCATCGAGGCCGTCTACCTGC
GCACCCCCTTCTCGGCCGGTAACGCCACCACCTAAATTGCTACTTGCATGATGGCTGAGCC  40
CACAGGCTCCGGCGAGCAGGAGCTCAGGGCCATCATCCGCGACCTGGGCTGCGGGCCCTA
CTTCCTGGGCACCTTCGATAAGCGCTTCCCGGGATTCATGGCCCCGCACAAGCTGGCCTGC
GCCATCGTCAACACGGCCGGCCGCGAGACCGGGGGCGAGCACTGGCTGGCCTTCGCCTGG
AACCCGCGCTCGAACACCTGCTACCTCTTCGACCCCTTCGGGTTCTCGGACGAGCGCCTCA
AGCAGATCTACCAGTTCGAGTACGAGGGCCTGCTGCGCCGTAGCGCCCTGGCCACCGAGG  45
ACCGCTGCGTCACCCTGGAAAAGTCCACCCAGACCGTGCAGGGTCCGCGCTCGGCCGCCT
GCGGGCTCTTCTGCTGCATGTTCCTGCACGCCTTCGTGCACTGGCCCGACCGCCCCATGGA
CAAGAACCCCACCATGAACTTGCTGACGGGGGTGCCCAACGGCATGCTCCAGTCGCCCCA
GGTGGAACCCACCCTGCGCCGCAACCAGGAGGCGCTCTACCGCTTCCTCAACTCCCACTCC
GCCTACTTTCGCTCCCACCGCGCGCGCATCGAGAAGGCCACCGCCTTCGACCGCATGAAC  50
AATCAAGACATGTAAACCGTGTGTGTATGTTTAAAATATCTTTTAATAAACAGCACTTTAA
TGTTACACATGCATCTGAGATGATTTTATTTTAGAAATCGAAAGGGTTCTGCCGGGTCTCG
GCATGGCCCGCGGGCAGGGACACGTTGCGGAACTGGTACTTGGCCAGCCACTTGAACTCG
GGGATCAGCAGTTTGGGCAGCGGGGTGTCGGGGAAGGAGTCGGTCCACAGCTTCCGCGTC
AGCTGCAGGGCGCCCAGCAGGTCGGGCGCGGAGATCTTGAAATCGCAGTTGGGACCCGCG  55
TTCTGCGCGCGAGAGTTGCGGTACACGGGGTTGCAGCACTGGAACACCATCAGGGCCGGG
TGCTTCACGCTCGCCAGCACCGCCGCGTCGGTGATGCTCTCCACGTCGAGGTCCTCGGCGT
TGGCCATCCCGAAGGGGGTCATCTTGCAGGTCTGCCTTCCCATGGTGGGCACGCACCCGG  68
GCTTGTGGTTGCAATCGCAGTGCAGGGGGATCAGCATCATCTGGGCCTGGTCGGCGTTCAT
CCCCGGGTACATGGCCTTCATGAAAGCCTCCAATTGCCTGAACGCCTGCTGGGCCTTGGCT
CCCTCGGTGAAGAAGACCCCGCAGGACTTGCTAGAGAACTGGTTGGTGGCACAGCCGGCA
TCGTGCACGCAGCAGCGCGCGTCGTTGTTGGCCAGCTGCACCACGCTGCGCCCCCAGCGG  5
TTCTGGGTGATCTTGGCCCGGTCGGGGTTCTCCTTCAGCGCGCGCTGCCCGTTCTCGCTCG
CCACATCCATCTCGATCATGTGCTCCTTCTGGATCATGGTGGTCCCGTGCAGGCACCGCAG
TTTGCCCTCGGCCTCGGTGCACCCGTGCAGCCACAGCGCGCACCCGGTGCACTCCCAGTTC
TTGTGGGCGATCTGGGAATGCGCGTGCACGAACCCTTGCAGGAAGCGGCCCATCATGGTC
GTCAGGGTCTTGTTGCTAGTGAAGGTCAACGGGATGCCGCGGTGCTCCTCGTTGATGTACA  10
GGTGGCAGATGCGGCGGTACACCTCGCCCTGCTCGGGCATCAGTTGGAAGTTGGCTTTCA
GGTCGGTCTCCACGCGGTAGCGGTCCATCAGCATAGTCATGATTTCCATGCCCTTCTCCCA
GGCCGAGACGATGGGCAGGCTCATAGGGTTCTTCACCATCATCTTAGCACTAGCAGCCGC
GGCCAGGGGGTCGCTCTCATCCAGGGTCTCAAAGCTCCGCTTGCCGTCCTTCTCGGTGATC
CGCACCGGGGGGTAGCTGAAGCCCACGGCCGCCAGCTCCTCCTCGGCCTGTCTTTCGTCCT  15
CGCTGTCCTGGCTGACGTCCTGCATGACCACATGCTTGGTCTTGCGGGGTTTCTTCTTGGG
CGGCAGTGGCGGCGGAGATGCTTGTGGCGAGGGGGAGCGCGAGTTCTCGCTCACCACTAC
TATCTCTTCCTCTTCTTGGTCCGAGGCCACGCGGCGGTAGGTATGTCTCTTCGGGGGCAGA
GGCGGAGGCGACGGGCTCTCGCCGCCGCGACTTGGCGGATGGCTGGCAGAGCCCCTTCCG
CGTTCGGGGGTGCGCTCCCGGCGGCGCTCTGACTGACTTCCTCCGCGGCCGGCCATTGTGT  20
TCTCCTAGGGAGGAACAACAAGCATGGAGACTCAGCCATCGCCAACCTCGCCATCTGCCC
CCACCGCCGGCGACGAGAAGCAGCAGCAGCAGAATGAAAGCTTAACCGCCCCGCCGCCC
AGCCCCGCCTCCGACGCAGCCGCGGTCCCAGACATGCAAGAGATGGAGGAATCCATCGAG
ATTGACCTGGGCTATGTGACGCCCGCGGAGCATGAGGAGGAGCTGGCAGTGCGCTTTCAA
TCGTCAAGCCAGGAAGATAAAGAACAGCCAGAGCAGGAAGCAGAGAACGAGCAGAGTCA  25
GGCTGGGCTCGAGCATGGCGACTACCTCCACCTGAGCGGGGAGGAGGACGCGCTCATCAA
GCATCTGGCCCGGCAGGCCACCATCGTCAAGGACGCGCTGCTCGACCGCACCGAGGTGCC
CCTCAGCGTGGAGGAGCTCAGCCGCGCCTACGAGCTCAACCTCTTCTCGCCGCGCGTGCCC
CCCAAGCGCCAGCCCAACGGCACCTGCGAGCCCAACCCCCGCCTCAACTTCTACCCGGTC
TTCGCGGTGCCCGAGGCCCTGGCCACCTACCACATCTTTTTCAAGAACCAAAAGATCCCCG  30
TCTCCTGCCGCGCCAACCGCACCCGCGCCGACGCCCTCTTCAACCTGGGTCCCGGCGCCCG
CCTACCTGATATCGCCTCCTTGGAAGAGGTTCCCAAGATCTTCGAGGGTCTGGGCAGCGAC
GAGACTCGGGCCGCGAACGCTCTGCAAGGAGAAGGAGGAGGAGAGCATGAGCACCACAG
CGCCCTGGTCGAGTTGGAAGGCGACAACGCGCGGCTGGCGGTGCTCAAACGCACGGTCGA
GCTGACCCATTTCGCCTACCCGGCTCTGAACCTGCCCCCGAAAGTCATGAGCGCGGTCATG  35
GACCAGGTGCTCATCAAGCGCGCGTCGCCCATCTCCGAGGACGAGGGCATGCAAGACTCC
GAGGAGGGCAAGCCCGTGGTCAGCGACGAGCAGCTGGCCCGGTGGCTGGGTCCTAATGCT
ACCCCTCAAAGTTTGGAAGAGCGGCGCAAGCTCATGATGGCCGTGGTCCTGGTGACCGTG
GAGCTGGAGTGCCTGCGCCGCTTCTTCGCCGACGCGGAGACCCTGCGCAAGGTCGAGGAG
AACCTGCACTACCTCTTCAGGCACGGGTTCGTGCGCCAGGCCTGCAAGATCTCCAACGTG  40
GAGCTGACCAACCTGGTCTCCTACATGGGCATCTTGCACGAGAACCGCCTGGGGCAGAAC
GTGCTGCACACCACCCTGCGCGGGGAGGCCCGCCGCGACTACATCCGCGACTGCGTCTAC
CTCTACCTCTGCCACACCTGGCAGACGGGCATGGGCGTGTGGCAGCAGTGTCTGGAGGAG
CAGAACCTGAAAGAGCTCTGCAAGCTCCTGCAAAAGAACCTCAAGGGTCTGTGGACCGGG
TTCGACGAGCGGACCACCGCCTCGGACCTGGCCGACCTCATCTTCCCCGAGCGCCTCAGG  45
CTGACGCTGCGCAACGGCCTGCCCGACTTTATGAGCCAAAGCATGTTGCAAAACTTTCGCT
CTTTCATCCTCGAACGCTCCGGAATCCTGCCCGCCACCTGCTCCGCGCTGCCCTCGGACTT
CGTGCCGCTGACCTTCCGCGAGTGCCCCCCGCCGCTGTGGAGCCACTGCTACCTGCTGCGC
CTGGCCAACTACCTGGCCTACCACTCGGACGTGATCGAGGACGTCAGCGGCGAGGGCCTG
CTCGAGTGCCACTGCCGCTGCAACCTCTGCACGCCGCACCGCTCCCTGGCCTGCAACCCCC  50
AGCTGCTGAGCGAGACCCAGATCATCGGCACCTTCGAGTTGCAAGGGCCCAGCGAGGGCG
AGGGAGCCAAGGGGGGTCTGAAACTCACCCCGGGGCTGTGGACCTCGGCCTACTTGCGCA
AGTTCGTGCCCGAGGATTACCATCCCTTCGAGATCAGGTTCTACGAGGACCAATCCCAGCC
GCCCAAGGCCGAGCTGTCGGCCTGCGTCATCACCCAGGGGGCGATCCTGGCCCAATTGCA
AGCCATCCAGAAATCCCGCCAAGAATTCTTGCTGAAAAAGGGCCGCGGGGTCTACCTCGA  55
CCCCCAGACCGGTGAGGAGCTCAACCCCGGCTTCCCCCAGGATGCCCCGAGGAAACAAGA
AGCTGAAAGTGGAGCTGCCGCCCGTGGAGGATTTGGAGGAAGACTGGGAGAACAGCAGT
CAGGCAGAGGAGATGGAGGAAGACTGGGACAGCACTCAGGCAGAGGAGGACAGCCTGCA 



69 AGACAGTCTGGAGGAAGACGAGGAGGAGGCAGAGGAGGAGGTGGAAGAAGCAGCCGCC
GCCAGACCGTCGTCCTCGGCGGGGGAGAAAGCAAGCAGCACGGATACCATCTCCGCTCCG
GGTCGGGGTCCCGCTCGGCCCCACAGTAGATGGGACGAGACCGGGCGATTCCCGAACCCC
ACCACCCAGACCGGTAAGAAGGAGCGGCAGGGATACAAGTCCTGGCGGGGGCACAAAAA  5
CGCCATCGTCTCCTGCTTGCAGGCCTGCGGGGGCAACATCTCCTTCACCCGGCGCTACCTG
CTCTTCCACCGCGGGGTGAACTTCCCCCGCAACATCTTGCATTACTACCGTCACCTCCACA
GCCCCTACTACTTCCAAGAAGAGGCAGCAGCAGCAGAAAAAGACCAGAAAACCAGCTAG
AAAATCCACAGCGGCGGCAGCGGCAGGTGGACTGAGGATCGCGGCGAACGAGCCGGCGC
AGACCCGGGAGCTGAGGAACCGGATCTTTCCCACCCTCTATGCCATCTTCCAGCAGAGTC  10
GGGGGCAGGAGCAGGAACTGAAAGTCAAGAACCGTTCTCTGCGCTCGCTCACCCGCAGTT
GTCTGTATCACAAGAGCGAAGACCAACTTCAGCGCACTCTCGAGGACGCCGAGGCTCTCT
TCAACAAGTACTGCGCGCTCACTCTTAAAGAGTAGCCCGCGCCCGCCCAGTCGCAGAAAA
AGGCGGGAATTACGTCACCTGTGCCCTTCGCCCTAGCCGCCTCCACCCAGCACCGCCATGA
GCAAAGAGATTCCCACGCCTTACATGTGGAGCTACCAGCCCCAGATGGGCCTGGCCGCCG  15
GCGCCGCCCAGGACTACTCCACCCGCATGAATTGGCTCAGCGCCGGGCCCGCGATGATCT
CACGGGTGAATGACATCCGCGCCCACCGAAACCAGATACTCCTAGAACAGTCAGCGCTCA
CCGCCACGCCCCGCAATCACCTCAATCCGCGTAATTGGCCCGCCGCCCTGGTGTACCAGG
AAATTCCCCAGCCCACGACCGTACTACTTCCGCGAGACGCCCAGGCCGAAGTCCAGCTGA
CTAACTCAGGTGTCCAGCTGGCGGGCGGCGCCACCCTGTGTCGTCACCGCCCCGCTCAGG  20
GTATAAAGCGGCTGGTGATCCGGGGCAGAGGCACACAGCTCAACGACGAGGTGGTGAGC
TCTTCGCTGGGTCTGCGACCTGACGGAGTCTTCCAACTCGCCGGATCGGGGAGATCTTCCT
TCACGCCTCGTCAGGCGGTCCTGACTTTGGAGAGTTCGTCCTCGCAGCCCCGCTCGGGCGG
CATCGGCACTCTCCAGTTCGTGGAGGAGTTCACTCCCTCGGTCTACTTCAACCCCTTCTCC
GGCTCCCCCGGCCACTACCCGGACGAGTTCATCCCGAACTTTGACGCCATCAGCGAGTCG  25
GTGGACGGCTACGATTGAATGTCCCATGGTGGCGCGGCTGACCTAGCTCGGCTTCGACAC
CTGGACCACTGCCGCCGCTTTCGCTGCTTCGCTCGGGACCTCGCCGAGTTCACCTACTTTG
AGCTGCCCGAGGAGCATCCTCAGGGCCCGGCCCACGGAGTGCGGATCGTCGTCGAAGGGG
GCCTAGACTCCCACCTGCTTCGGATCTTCAGCCAGCGCCCGATCCTGGTCGAGCGCCAACA
GGGCAACACCCTCCTGACCCTCTACTGCATCTGCGACCACCCCGGCCTGCATGAAAGTCTT  30
TGTTGTCTGCTGTGTACTGAGTATAATAAAAGCTGAGATCAGCGACTACTCCGGACTCAAC
TGTGGTGTTTCTGCATCCATCAATCGGTCTCTGACCTTCACCGGGAACGAGACCGAGCTCC
AGGTCCAGTGTAAGCCCCACAAGAAGTACCTCACCTGGCTGTACCAGGGCTCCCCGATCG
CCGTTGTTAACCACTGCGACGACGACGGAGTCCTGCTGAACGGCCCCGCCAACCTTACTTT
TTCCACCCGCAGAAGCAAGCTACTGCTCTTCCGACCCTTCCTCCCCGGCACCTATCAGTGC  35
ATCTCGGGACCCTGCCATCACACCTTCCACCTGATCCCGAATACCACCTCTTCCCCAGCAC
CGCTCCCCACTAACAACCAAACTAACCACCACCAACGCTACCGACGCGACCTCGTTTCTG
AATCTAATACCACCCACACCGGAGGTGAGCTCCGAGGTCGCAAACCCTCTGGGATTTATT
ACGGCCCCTGGGAGGTGGTGGGGTTAATAGCTTTAGGCTTAGTGGCGGGTGGGCTTTTGG
CTCTCTGCTACCTATACCTCCCTTGCTTTTCCTACTTAGTGGTGCTTTGTTGCTGGTTTAAG  40
AAATGGGGAAGATCACCCTAGTGTGCGGTGTGCTGGTGACGGTGGTGCTTTCGATTCTGG
GAGGGGGAAGCGCGGCTGTAGTGACGGAGAAGAAGGCCGATCCCTGCTTGACTTTCAACC
CCGATAAATGCCGGCTGAGTTTTCAGCCCGATGGCAATCGGTGCGCGGTGTTGATCAAGT
GCGGATGGGAATGCGAGAGCGTGTTGGTCCAGTATAAAAACAAGACCTGGAACAATACTC
TCGCGTCCACATGGCAGCCCGGGGACCCCGAGTGGTACACCGTCTCTGTCCCTGGTGCTGA  45
CGGCTCCCTCCGCACGGTGAACAACACTTTCATTTTTGAGCACATGTGCGAGACCGCCATG
TTCATGAGCAAGCAGTACGGTATGTGGCCCCCACGTAAAGAGAATATCGTGGTCTTCTCC
ATCGCTTACAGCGCGTGCACGGTGCTAATCACCGCGATCGTGTGCCTGAGCATTCACATGC
TCATCGCTATTCGCCCCAGAAATAATGCCGAGAAAGAGAAACAGCCATAACACACTTTTC
ACATACCTTTTTCAGACCATGGCCTCTGTTACAATCCTTATTTATTTTTTGGGACTTGTGGG  50
CACTAGCAGCACTTTTCAGCATATAAACAAAACTGTTTATGCTGGTTCAAATTCTGTGTTA
GCTGGACATCAGTCATACCAGAAAGTTTCATGGTACTGGTATGATAAAAATCAAACACCC
GTTACACTCTGCAAGGGTCCACAACAGCCCGTAAACCGTAGTGGGATTTTTTTTAGCTGTA
ATCATAATAATATCACACTACTTTCAATTACAAAGCACTATGCTGGAACTTACTATGGAAC
CAATTTCAATATCAAACATGACACTTACTATAGTGTCAGAGTATTGGATCCAACTACCCCT  55
AGAACAACTACAAAGCCCACCACAACTAAGAAGCCCACTACACCTAAGAAGCCTACCAC
GCCCAAAACCACTAAGACAACTACTAAGACCACTACCACAGAGCCAACCACAACCAGCA
CCCACACTTGCTATAACTACACACACACACACACacTGAGCTGACCTCACAGGCAACTACT  70
GAAAATGGTTTTGCCCTGTTACAAAAGGGGGAAAACAGTAGCAGCAGTCCTCTGCCTACC
ACCCCCAGTGAGGAAATACCTAAATCCATGGTTGGCATTATCGCTGCTGTAGTGGTGTGTA
TGCTGATTATCATCTTGTGCATGATGTACTATGCCTGCTACTACAGAAAACACAGGCTGAA
CAACAAGCTGGACCCCCTACTGAATGTTGATTTTTAATTTTTTAGAACCATGAAGATCCTA  5
AGCCTTTTTTGTTTTTCTATAATTATTACCTCTGCTATTTGTAACTCAGTGGATAAGGACGT
TACTGTCACCACTGGCTCTAATTATACACTGAAAGGACCTCCCTCAGGTATGCTTTCGTGG
TATTGCTATTTTGGAACTGATGTTTCACAAACTGAATTGTGTAATTTTCAAAAAGGCAAAA
CCCAAAATCCTAAAATTCATAACTATCAATGCAATGGTACTGATTTAGTACTGTTCAATAT
CACGAAAACATATGCTGGAAGTTATTACTGCCCGGGAGATAATGTTGACAATATGATTTTT  10
TACGAATTACAAGTAGTTGATCCCACTACTCCAGCACCACCCACCACAACTACCAAGGCA
CATAGCACAGACACACAGGAAACCACTCCAGAGGCAGAAGTAGCAGAGTTAGCAAAGCA
GATTCATGAAGATTCCTTTGTTGCCAATACCCCCACACACCCCGGACCGCAATGTCCAGGG
CCATTAGTCAGCGGCATTGTCGGTGTGCTTTGCGGGTTAGCAGTTATAATCATCTGCATGT
TCATTTTTGCTTGCTGCTACAGAAGGCTTCACCGACAAAAATCAGACCCACTGCTGAACCT 



15 CTATGTTTAATTTTTGATTTTCCAGAGCCATGAAGGCACTTAGCACTTTAGTTTTTTTGACC
TTGATTGGCATTGTTTTTAATAGTAAAATTACCAGGGTTAGCTTTCTCAAACATGTTAATGT
TACTGAAGGAAATAATATCACACTAGTAGGTGTAGAAGGTGCTCAAAACACCACCTGGAC
AAAATACCATCTCGGGTGGAAAGATATTTGCACCTGGAATGTCACTTATTTTTGCATAGGA
GTTAATCTTACCATTGTTAATGCTAATCAATCTCAGAATGGATTAATTAAAGGGCAGAGCG  20
TGAGTGTTACCAGTGATGGGTACTATACCCAGCATAATTTCAACTACAACATTACTGTTAT
ACCACTGCCAACACCTAGCCCACCTAGCACTACTCAGACCACACAAACAACTCACACTAC
ACAGAGCTCCACAACTACCATGCAGACCACTCAGACAACCACATACACTACTTCCCCTCA
GCCCACCACCACTACAGCAGAGGCGAGTAGCTCACCCACCATCAAAGTGGCATTTTTAAT
GCTGGCCCCATCTAGCAGTCCCACTGCTAGTACCAATGAGCAGACTACTGAATTTTTGTCC  25
ACTATTCAGAGCAGCACCACAGCTACCTCGAGTGCCTTCTCTAGCACCGCCAATCTCACCT
CGCTTTCCTCTATGCCAATCAGTAATGCTACTACCTCCCCCGCTCCTCTTCCCACTCCTCTG
AAGCAATCCGAGTCCAGCACGCAGCTGCAGATCACCCTGCTCATTGTGATCGGGGTGGTC
ATCCTGGCAGTGCTGCTCTACTTTATCTTCTGCCGTCGCATCCCCAACGCAAAGCCGGCCT
ACAAGCCCATTGTTATCGGGACGCCGGAGCCGCTTCAGGTGGAGGGAGGTCTAAGGAATC  30
TTCTCTTCTCTTTTACAGTATGGTGATTTGAACTATGATTCCTAGACATTTCATTATCACTT
CTCTAATCTGTGTGCTCCAAGTCTGTGCCACCCTCGCTCTCGTGGCTAACGCGAGTCCAGA
CTGCATTGGAGCGTTCGCCTCCTACGTGCTCTTTGCCTTCATCACCTGCATCTGCTGCTGTA
GCATAGTCTGCCTGCTTATCACCTTCTTCCAGTTCGTTGACTGGGTCTTTGTGCGCATCGCC
TACCTGCGCCACCACCCCCAGTACCGCGACCAGAGAGTGGCGCAACTGTTGAGACTCATC  35
TGATGATAAGCATGCGGGCTCTGCTACTACTTCTCGCGCTTCTGCTAGCTCCCCTCGCCGC
CCCCCTATCCCTCAAATCCCCCACCCAGTCCCCTGAAGAGGTTCGAAAATGTAAATTCCAA
GAACCCTGGAAATTCCTTTCATGCTACAAACTCAAATCAGAAATGCACCCCAGCTGGATC
ATGATCGTTGGAATCGTGAACATCCTTGCCTGTACCCTCTTCTCCTTTGTGATTTACCCCCG
CTTTGACTTTGGGTGGAACGCACCCGAGGCGCTCTGGCTCCCGCCTGATCCCGACACACCA  40
CCACAGCAGCAGCAGCAAAATCAGGCACAGGCACACGCACCACCACAGCCTAGGCCACA
ATACATGCCCATCTTAAACTATGAGGCCGAGGCACAGCGAGCCATGCTTCCTGCTATTAGT
TACTTCAATCTAACCGGCGGAGATGACTGACCCCATGGCCAACAACACCGTCAACGACCT
CCTGGACATGGACGGCCGCGCCTCGGAGCAGCGACTCGCCCAACTCCGCATCCGCCAGCA
GCAGGAGAGAGCCGTCAAGGAGCTGCAGGATGCGGTGGCCATCCACCAGTGCAAGAGAG  45
GCATCTTCTGCCTGGTGAAGCAGGCCAAGATCTCCTTCGAGGTCACGTCCACCGACCATCG
CCTCTCCTACGAGCTCCTGCAGCAGCGCCAGAAGTTCACCTGCCTGGTCGGAGTCAACCCC
ATCGTCATCACCCAGCAGTCTGGCGATACCAAGGGTTGCATCCACTGCTCCTGCGACTCCC
CCGAGTGCGTTCACACCCTGATCAAGACCCTCTGCGGCCTCCGCGACCTCCTCCCCATGAA
CTAATCAACTAACCCCCTACCCCTTTACCCTCCAGTAAAAATAAAGATTAAAAATGATTGA  50
ATTGATCAATAAAGAATCACTTACTTGAAATCTGAAACCAGGTCTCTGTCCATGTTTTCTG
TCAGCAGCACTTCACTCCCCTCTTCCCAACTCTGGTACTGCAGGCCCCGGCGGGCTGCAAA
CTTCCTCCACACTCTGAAGGGGATGTCAAATTCCTCCTGTCCCTCAATCTTCATTTTTATCT
TCTATCAGATGTCCAAAAAGCGCGCGCGGGTGGATGATGGCTTCGACCCCGTGTACCCCT
ACGATGCAGACAACGCACCGACTGTGCCCTTCATCAACCCTCCCTTCGTCTCTTCAGATGG  55
ATTCCAAGAAAAGCCCCTGGGGGTGTTGTCCCTGCGACTGGCCGACCCCGTCACCACCAA
GAATGGGGCTGTCACCCTCAAGCTGGGGGAGGGGGTGGACCTCGACGACTCGGGAAAAC
TCATCTCCAAAAATGCCACCAAGGCCACTGCCCCTCTCAGTATTTCCAACGGCACCATTTC  71
CCTTAACATGGCTGCCCCTTTTTACAACAACAATGGAACGTTAAGTCTCAATGTTTCTACA
CCATTAGCAGTATTTCCCACTTTTAACACTTTAGGTATCAGTCTTGGAAACGGTCTTCAAA
CTTCTAATAAGTTGCTGACTGTACAGTTAACTCATCCTCTTACATTCAGCTCAAATAGCAT
CACAGTAAAAACAGACAAAGGACTCTATATTAATTCTAGTGGAAACAGAGGGCTTGAGGC  5
TAACATAAGCCTAAAAAGAGGACTGATTTTTGATGGTAATGCTATTGCAACATACCTTGG
AAGTGGTTTAGACTATGGATCCTATGATAGCGATGGGAAAACAAGACCCATCATCACCAA
AATTGGAGCAGGTTTGAATTTTGATGCTAATAATGCCATGGCTGTGAAGCTAGGCACAGG
TTTAAGTTTTGACTCTGCCGGTGCCTTAACAGCTGGAAACAAAGAGGATGACAAGCTAAC
ACTTTGGACTACACCTGACCCAAGCCCTAATTGTCAATTACTTTCAGACAGAGATGCCAAA  10
TTTACCCTATGTCTTACAAAATGCGGTAGTCAAATACTAGGCACTGTTGCAGTAGCTGCTG
TTACTGTAGGTTCAGCACTAAATCCAATTAATGACACAGTAAAAAGCGCCATAGTATTCCT
TAGATTTGACTCTGACGGTGTGCTCATGTCAAACTCATCAATGGTAGGTGATTACTGGAAC
TTTAGGGAAGGACAGACCACCCAAAGTGTGGCCTATACAAATGCTGTGGGATTCATGCCC
AATCTAGGTGCATATCCTAAAACCCAAAGCAAAACACCAAAAAATAGTATAGTAAGTCAG  15
GTATATTTAAATGGAGAAACTACTATGCCAATGACACTGACAATAACTTTCAATGGCACT
GATGAAAAAGACACAACACCTGTGAGCACTTACTCCATGACTTTTACATGGCAGTGGACT
GGAGACTATAAGGACAAGAATATTACCTTTGCTACCAACTCCTTTACTTTCTCCTACATGG
CCCAAGAATAAACCCTGCATGCCAACCCCATTGTTCCCACCACTATGGAAAACTCTGAAG
CAGAAAAAAATAAAGTTCAAGTGTTTTATTGATTCAACAGTTTTCACAGAATTCGAGTAGT  20
TATTTTCCCTCCTCCCTCCCAACTCATGGAATACACCACCCTCTCCCCACGCACAGCCTTAA
ACATCTGAATGCCATTGGTAATGGACATGGTTTTGGTCTCCACATTCCACACAGTTTCAGA
GCGAGCCAGTCTCGGGTCGGTCAGGGAGATGAAACCCTCCGGGCACTCCTGCATCTGCAC
CTCAAAGTTCAGTAGCTGAGGGCTGTCCTCGGTGGTCGGGATCACAGTTATCTGGAAGAA
GAGCGGTGAGAGTCATAATCCGCGAACGGGATCGGGCGGTTGTGGCGCATCAGGCCCCGC  25
AGCAGTCGCTGTCTGCGCCGCTCCGTCAAGCTGCTGCTCAAGGGGTCTGGGTCCAGGGAC
TCCCTGCGCATGATGCCGATGGCCCTGAGCATCAGTCGCCTGGTGCGGCGGGCGCAGCAG
CGGATGCGGATCTCACTCAGGTCGGAGCAGTACGTGCAGCACAGCACTACCAAGTTGTTC
AACAGTCCATAGTTCAACGTGCTCCAGCCAAAACTCATCTGTGGAACTATGCTGCCCACAT
GTCCATCGTACCAGATCCTGATGTAAATCAGGTGGCGCCCCCTCCAGAACACACTGCCCAT  30
GTACATGATCTCCTTGGGCATGTGCAGGTTCACCACCTCCCGGTACCACATCACCCGCTGG
TTGAACATGCAGCCCTGGATAATCCTGCGGAACCAGATGGCCAGCACCGCCCCGCCCGCC
ATGCAGCGCAGGGACCCCGGGTCCTGGCAATGGCAGTGGAGCACCCACCGCTCACGGCCG
TGGATTAACTGGGAGCTGAACAAGTCTATGTTGGCACAGCACAGGCACACGCTCATGCAT
GTCTTCAGCACTCTCAGTTCCTCGGGGGTCAGGACCATGTCCCAGGGCACGGGGAACTCTT  35
GCAGGACAGTGAACCCGGCAGAACAGGGCAGCCCTCGCACACAACTTACATTGTGCATGG
ACAGGGTATCGCAATCAGGCAGCACCGGATGATCCTCCACCAGAGAAGCGCGGGTCTCGG
TCTCCTCACAGCGAGGTAAGGGGGCCGGCGGTTGGTACGGATGATGGCGGGATGACGCTA
ATCGTGTTCTGGATCGTGTCATGATGGAGCTGTTTCCTGACATTTTCGTACTTCACGAAGC
AGAACCTGGTACGGGCACTGCACACCGCTCGCCGGCGACGGTCTCGGCGCTTCGAGCGCT 



40 CGGTGTTGAAGTTATAGAACAGCCACTCCCTCAGAGCGTGCAGTATCTCCTGAGCCTCTTG
GGTGATGAAAATCCCATCCGCTCTGATGGCTCTGATCACATCGGCCACGGTGGAATGGGC
CAGACCCAGCCAGATGATGCAATTTTGTTGGGTTTCGGTGACGGAGGGAGAGGGAAGAAC
AGGAAGAACCATGATTAACTTTATTCCAAACGGTCTCGGAGCACTTCAAAATGCAGGTCC
CGGAGGTGGCACCTCTCGCCCCCACTGTGtTGGTGGAAAATAACAGCCAGGTCAAAGGTG  45
ACACGGTTCTCGAGATGTTCCACGGTGGCTTCCAGCAAAGCCTCCACGCGCACATCCAGA
AACAAGAGGACAGCGAAAGCGGGAGCGTTTTCTAATTCCTCAATCATCATATTACACTCC
TGCACCATCCCCAGATAATTTTCATTTTTCCAGCCTTGAATGATTCGTATTAGTTCCTGAGG
TAAATCCAAGCCAGCCATGATAAAAAGCTCGCGCAGAGCGCCCTCCACCGGCATTCTTAA
GCACACCCTCATAATTCCAAGAGATTCTGCTCCTGGTTCACCTGCAGCAGATTAACAATGG  50
GAATATCAAAATCTCTGCCGCGATCCCTAAGCTCCTCCCTCAACAATAACTGTATGTAATC
TTTCATATCATCTCCGAAATTTTTAGCCATAGGGCCGCCAGGAATAAGAGCAGGGCAAGC
CACATTACAGATAAAGCGAAGTCCTCCCCAGTGAGCATTGCCAAATGTAAGATTGAAATA
AGCATGCTGGCTAGACCCTGTGATATCTTCCAGATAACTGGACAGAAAATCAGGCAAGCA
ATTTTTAAGAAAATCAACAAAAGAAAAGTCGTCCAGGTGCAGGTTTAGAGCCTCAGGAAC  55
AACGATGGAATAAGTGCAAGGAGTGCGTTCCAGCATGGTTAGTGTTTTTTTGGTGATCTGT
AGAACAAAAAATAAACATGCAATATTAAACCATGCTAGCCTGGCGAACAGGTGGGTAAA
TCACTCTTTCCAGCACCAGGCAGGCTACGGGGTCTCCGGCGCGACCCTCGTAGAAGCTGTC  72
GCCATGATTGAAAAGCATCACCGAGAGACCTTCCCGGTGGCCGGCATGGATGATTCGAGA
AGAAGCATACACTCCGGGAACATTGGCATCCGTGAGTGAAAAAAAGCGACCTATAAAGC
CTCGGGGCACTACAATGCTCAATCTCAATTCCAGCAAAGCCACCCCATGCGGATGGAGCA
CAAAATTGGCAGGTGCGTAAAAAATGTAATTACTCCCCTCCTGCACAGGCAGCAAAGCCC  5
CCGCTCCCTCCAGAAACACATACAAAGCCTCAGCGTCCATAGCTTACCGAGCACGGCAGG
CGCAAGAGTCAGAGAAAAGGCTGAGCTCTAACCTGACTGCCCGCTCCTGTGCTCAATATA
TAGCCCTAACCTACACTGACGTAAAGGCCAAAGTCTAAAAATACCCGCCAAAATGACACA
CACGCCCAGCACACGCCCAGAAACCGGTGACACACTCAAAAAAATACGTGCGCTTCCTCA
AACGCCCAAACCGGCGTCATTTCCGGGTTCCCACGCTACGTCACCGCTCAGCGACTTTCAA  10
ATTCCGTCGACCGTTAAAAACGTCACTCGCCCCGCCCCTAACGGTCGCCCTTCTCTCGGCC
AATCACCTTCCTCCCTTCCCAAATTCAAACGCCTCATTTGCATATTAACGCGCACAAAAAG
TTTGAGGTATATATTTGAATGATG SEQ ID NO.2 (AdY25 Hexon protein (L3)) 15
MATPSMLPQWAYMHIAGQDASEYLSPGLVQFARATDTYFSLGNICFRNPTVAPTHDVTTDRSQ
RLTLRFVPVDREDNTYSYKVRYTLAVGDNRVLDMASTYFDIRGVLDRGPSFKPYSGTAYNSL
APKGAPNSSQWEQKKAGNGDTMETHTFGVAPMGGENITIDGLQIGTDATADQDKPIYADKTF
QPEPQVGEENWQETESFYGGRALKKDTSMKPCYGSYARPTNVKGGQAKLKVGADGVPTKEF  20
DIDLAFFDTPGGTVNGQDEYKADIVMYTENTYLETPDTHVVYKPGKDDASSEINLVQQSMPN
RPNYIGFRDNFIGLMYYNSTGNMGVLAGQASQLNAVVDLQDRNTELSYQLLLDSLGDRTRYF
SMWNQAVDSYDPDVRIIENHGVEDELPNYCFPLDGSGTNAAYQGVKVKNGNDGDVESEWEN
DDTVAARNQLCKGNIFAMEINLQANLWRSFLYSNVALYLPDSYKYTPANITLPTNINTYDYM
NGRVVPPSLVDAYINIGARWSLDPMDNVNPFNHHRNAGLRYRSMLLGNGRYVPFHIQVPQKF  25
FAIKSLLLLPGSYTYEWNFRKDVNMILQSSLGNDLRTDGASISFTSINLYATFFPMAHNTASTLE
AMLR1DTNDQSFNDYLSAANMLYPIPANATNVPIS1PSRNWAAFRGWSFTRLKTKETPSLGSG
FDPYFVYSGSIPYLDGTFYLNHTFKKVSITFDSSVSWPGNDRLLTPNEFEIKRTVDGEGYNVAQ
CNMTICDWFLVQMLAHYNIGYQGFYYPEGYKDRMYSFFRNFQPMSRQVVDEVNYKDYQAVT
LAYQHNNSGFVGYLAPTMRQGQPYPANYPYPLIGKSAVTSVTQKKFLCDRVMWRIPFSSNFM  30
SMGALTDLGQNMLYANSAHALDMNFEVDPMDESTLLYVVFEVFDVVRVHQPHRGVIEAVYL RTPFSAGNATT
SEQ ID NO. 3 (AdY25 Penton protein (L2))
35MMRRAYPEGPPPSYESVMQQAMAAAAAMQPPLEAPYVPPRYLAPTEGRNSIRYSELAPLYDT
TRLYLVDNKSADIASLNYQNDHSNFLTTVVQNNDFTPTEASTQTINFDERSRWGGQLKTIMHT
NMPNVNEFMYSNKFKARVMVSRKTPNGVTVTDGSQDILEYEWVEFELPEGNFSVTMTIDLM
NNAIIDNYLAVGRQNGVLESDIGVKFDTRNFRLGWDPVTELVMPGVYTNEAFHPDIVLLPGCG
VDFTESRLSNLLGIRKRQPFQEGFQIMYEDLEGGNIPALLDVDAYEKSKEESAAAATAAVATA  40
STEVRGDNFASPAAVAAAEAAETESKIVIQPVEKDSKDRSYNVLPDKINTAYRSWYLAYNYG
DPEKGVRSWTLLTTSDVTCGVEQVYWSLPDMMQDPVTFRSTRQVSNYPVVGAELLPVYSKSF
FNEQAVYSQQLRAFTSLTHVFNRFPENQILVRPPAPTITTVSENVPALTDHGTLPLRSSIRGVQR
VTVTDARRRTCPYVYKALGIVAPRVLSSRTF 



45SEQ ID NO.4 (AdY25 Fibre Protein (L5))
MSKKRARVDDGFDPVYPYDADNAPTVPFINPPFVSSDGFQEKPLGVLSLRLADPVTTKNGAVT
LICLGEGVDLDDSGKLISKNATKATAPLSISNGTISLNMAAPFYNNNGTLSLNVSTPLAVFPTFN
TLGISLGNGLQTSNKLLTVQLTHPLTFSSNSITVKTDKGLYINSSGNRGLEANISLKRGLIFDGN  50
AIATYLGSGLDYGSYDSDGKTRPIITKIGAGLNFDANNAMAVKLGTGLSFDSAGALTAGNKED
DKLTLWTTPDPSPNCQLLSDRDAKFTLCLTKCGSQILGTVAVAAVTVGSALNPINDTVKSAIVF
LRFDSDGVLMSNSSMVGDYWNFREGQTTQSVAYTNAVGFMPNLGAYPKTQSKTPKNSIVSQ
VYLNGETTMPMTLTITFNGTDEKDTTPVSTYSMTFTWQWTGDYKDKNITFATNSFTFSYMAQ  73 SEQ ID
NO. 5 (AdY25 ElA)
MRHLRDLPDEKIIIASGNEILELVVNAMMGDDPPEPPTPFEAPSLHDLYDLEVDVPEDDPNEEA
VNDLFSDAALLAAEEASSPSSDSDSSLHTPRPGRGEKKIPELKGEEMDLRCYEECLPPSDDEDE 5
QAIQNAASQGMQAASESFALDCPPLPGHGCKSCEFFIRLNTGDKAVLCALCYMRAYNHCVYS
PVSDADDETPTTESTSSPPEIGTSPPENIVRPVPVRATGRRAAVECLDDLLQAGDEPLDLCTRKR PRH SEQ
ID NO. 6 (AdY25 ElB 19I(1)a) 10
MEIWTILEDLHKTRQLLENASNGVSHLWRFCFGGDLAKLVYRAKQDYSEQFEVILRECPGLFD
ALNLGHQTHENQRIVRALDFTTPGRSTAAVAFFAFLLDKWSQETHFSRDYQLDFLAVALWRT
WKSQRLNAISGYLPVQPLDTLKILNLQESPRARQRRRQQQRQQEEDQEENPRAGLDPPAEEE 15SEQ ID NO.
7 (AdY25 ElB 551(Da)
MESRNPFQQGLPAGFLSSSFVENMEIPAPECNLRLLAGTATRHSEDPESPGESQGTPTSPAAAA
AAGGGSRREPESRPGPSGGGGVADLFPELRRVLTRSSSGRERGIKRERHDETNHRTELTVGLM
SRKRPETVWWHEVQSTGTDEVSVMHERFSLEQVKTCWLEPEDDWEVAIRNYAKLALRPDKK. 20
YKITKLINIRNACYISGNGAEVEICLQERVAFRCCMMNMYPGVVGMDGVTFMNMRFRGDGY
NGTVFMANTKLTVHGCSFFGFNNTCIEAWGQVGVRGCSFSANWMGVVGRIKSMLSVKKCLF
ERCHLGVMSEGEARIRHCASTETGCFVLCKGNAKIKHNMICGASDERGYQMLTCAGGNSHM
LATVHVASHARKPWPEFEHNVMTRCNMHLGSRRGMFMPYQCNLNYVKVLLEPDAMSRVSL
TGVFDMNVEVWKILRYDESKTRCRACECGGKHARFQPVCVEVTEDLRPDHLVLSCTGTEFGS 25SGEESD SEQ
ID NO. 8 (AdY25 pIX)
MSGSGSFEGGVFSPYLTGRLPSWAGVRQNVMGSTVDGRPVQPANSSTLTYATLSSSSVDAAA
30AAAAASAASAVRGMAMGAGYYGTLVANSSSTNNPASLNEEKLLLLMAQLEALTQRLGELTQ
QVAQLQEQTRAAVATVKSK 



SEQ ID NO. 9 (AdY25 IVa2 (E2))
35METKGRRRSGAVFDQPDEPEAHPRKRPARRAPLHRDGDHPDADAAALEGPDPGCAGRPSSGA
LLPQSSQPAKRGGLLDRDAVEHITELWDRLELLQQTLSKMPMADGLKPLKNFASLQELLSLGG
ERLLAELVRENMHVREMMNEVAPLLREDGSCLSLNYHLQPVIGVIYGPTGCGKSQLLRNLLS
AQLISPAPETVFFIAPQVDMIPPSELKAWEMQICEGNYAPGIEGTFVPQSGTLRPKFIKMAYDDL
TQDHNYDVSDPRNVFAQAAAHGPIAIIMDECMENLGGHKGVAKFFHAFPSKLHDKFPKCTGY 40
TVLVVLHNMNPRRDLGGNIANLKIQAKMHLISPRMHPSQLNRFVNTYTKGLPVAISLLLKDIV
QHHALRPCYDWVIYNTTPEHEALQWSYLHPRDGLMPMYLNIQAHLYRVLEKIHRVLNDRDR WSRAYRARKIK
SEQ ID NO. 10 (AdY25 Polymerase (E2)) 45
MALVQTHGSRGLHPEASDPGRQPSRRRSRQSSPGAVPEPTRARRRRAPAAPASGPRAASAARR
ASSPPLLTMEEAPPPSPQPPKKKRGTVVTPQGHGTLQAIDVATNGAVEIKYHLDLPRALEKLLQ
VNRAPPLPTDLTPQRLRILDSSGLRALVLALRPARAEVWTCLPRGLVSMTTIEAEEGQADHHD
VVQHEMQAPRLHFPLKFLVKGTQVQLVQHVHPVQRCEHCGRLYKHKHECSARRRHFYFHHI 50
NSHSSNWWQEIQFFPIGSHPRTERLFLTYDVETYTWMGSFGKQLVPFMLVMKLSGDDRLVEL
ALDLALQLKWDRWHGDPRTFYCVTPEKMAVGQQFRQYRDRLQTALAVDLWTSFLRANPHL
ADWALEQHGLSDPDELTYEELKKLPHVKGRPRFVELYIVGHNINGFDEIVLAAQVINNRAEVP
QPFRITRNFMPRAGKILFNDVTFALPNPAYKKRTDFQLWEQGGCDDIDFICHQFLKVMVRDTF
ALTHTSLRKAAQAYALPVEKGCCAYKAVNQFYMLGSYRADQDGFPLEEYWKDREEFLLNRE  74
LWKQKGQLKYDIIQETLDYCALDVLVTAELVAKLQD SYAHFIRDSVGLPHAHFNIFQRPTIS SN
SHAIFRQIVYRAEKP SRTNLGPGLLAP S HELYDYVRASIRGGRCYPTYIGILEEPLYVYDICGMY
ASALTHPMPWGTPLSPYERALAVREWQASLDDLAT S ISYFDPDLLPGIFTIDADPPDEVMLDPL PPFC
SRKGGRLCWTNEPLRGEVAT SVDLITLHNRGWQVRIVPDEMTTVFPEWKCVAREYVQL  5
NIAAKERADICEICNQTMRSIAKLLSNALYGSFATICLDNICICIVFSDQMDEGLLKGISAGTVNIKS S
SFLETDNLSAEVMPAFEREYLPQQLALLDSDPED S EDEQGPAPFYTPPAGTPGHVAYTYKPIT
FLDVDEGDMCLHTLEKVDPLVDNDRYP SHVASFVLAWTRAFVSEWAGFLYEEDRGTPLEDRP
IKSVYGDTDSLFVTQRGHELMETKGICICRIICKNGGICLVFDPDQPDLTWLVECETVCAHCGAD
AYAPDSVFLAPICLYALKSLLCPACGQTSKGKLRAKGHAAEALNYELMVNCYLADAQGADRE 10RF ST SRM
S LICRTLASAQPGAHPFTVTETTLTRTLRPWICDRTLAALDAHRLVPY SRSRPNPRNE EVCWIEMP SEQ
ID NO. 11 (AdY25 pTP (E2))
15MALSIHDCARLTGQTVPTMNYFLPLRNIWNRVREFPRASTTAAGITWMSRYIYGYHRTMLED
LAPGAPATERWPLYRQPPPHFLIGYQYLVRTCNDYIFDTRAYS RLKYHELVRPGHQTVNWSV
MANCSYTINTGAYHRFVDFDDFQTTLTQIQQAILAERVVADLALVQPQRGEGLTRMHGRAGE
EEVPVERLMQDYYKDLARCQDHAWGMADRLRIQQAGPICDLVLLATIRRLRTAYENFITSSIA
RPAPQHDPAEETVLS LPCDCDWLEAFVQRF SDPVDLETLRSLRGVPTGQLIRCIVSALS LPNGD  20
PPGHLEMRGGVFTLRPREDGRAVTETMRRRRGETIERFIDRLPVRRRRRRPPPPPPPPPEEEVEE
MLVEEEEEEEVEELPGAFEREVRATIAELIRLLEEELTVSARNSQFFNFAVDFYEAMERLEALG DVS
EMPLRRWIMYFFVTEHIATTLNYLYQRLCNYAVETRHVELNLAQVVMRARDPEGVVVY
SRVWNEAGMNAFSQLMGRI SNDLAATVERAGRGDLQEEEIEQFMTEIAYQDNSGDVQEILRQ AAVNDTEID
SVELSERFKLTGPVAFTQRRQIQDVNRRVVAHAS LLRAQYQNLPARGADVPLPP
25LPPGPEPPLPPGARPRRRF 



SEQ ID NO. 12 (AdY25 521551(Da (L1))
MHPVLRQMRPHEPPPQQQPPPPQPALLPPPQQQQQLPATTAAAAVSGAGQTSQYDHLALEEG  30
EGLARLGASSPERHPRVQMICRDAREAYVPKQNLFRDRSGEEPEEMRAARFHAGRELRRGLDR
ICRVLRDEDFEADELTGISPARAHVAAANLVTAYEQTVICEESNFQKSFNNHVRTLIAREEVTLG
LMHLWDLLEAIVQNPTSKPLTAQLFLVVQHSRDNEAFREALLNITEPEGRWLLDLVNILQSIVV
QERGLPLSEICLAAINFSVLSLGKYYARICIYKTPYVPIDICEVICIDGFYMRMTLKVLTLSDDLGV
YRNDRMHRAVSASRRRELSDQELMHSLQRALTGAGTEGESYFDMGADLHWQPSRRALEAAG
35GPPYIEEVDDEVDEEGEYLED SEQ ID NO. 13 (AdY25 ilia (L1))
MQQQPPPDPAMRAALQSQPSGINSSDDWTQAMQRIMALTTRNPEAFRQQPQANRLSAILEAV  40 VP
SRSNPTHEKVLAIVNALVENICAIRGDEAGLVYNALLERVARYNSTNVQTNLDRMVTDVRE
AVAQRERFHRESNLG SMVALNAFLSTQPANVPRGQEDYTNFISALRLMVTEVPQSEVYQSGP
DYFFQTSRQGLQTVNLSQAFKNLQGLWGVQAPVGDRATVS SLLTPNSRLLLLLVAPFTD S G SI
NRNSYLGYLINLYREAIGQAHVDEQTYQEITHVSRALGQDDPGNLEATLNFLLTNRSQICIPPQY
TLSAEEERILRYVQQSVGLFLMQEGATPSAALDMTARNMEPSMYASNRPFINKLMDYLHRAA  45
AMNSDYFTNAILNPHWLPPPGFYTGEYDMPDPNDGFLWDDVDSSVFSPRPGANERPLWICKEG SDRRP S S
ALSGREGAAAAVP EAASP FP SLPF SLNSIRS SELGRITRP RLLGEEEYLNDSLLRPERE
KNFPNNGIESLVDICMSRWKTYAQEHRDDPSQGATSRGSAARICRRWHDRQRGLMWDDEDSA
DDSSVLDLGGSGNPFAHLRPRIGRMM 50SEQ ID NO. 14 (AdY25 VII) MSILI SP SNNTGWGLRAP
SICMYGGARQRSTQHPVRVRGHFRAPWGALKGRVRSRTTVDDVID
QVVADARNYTPAAAPVSTVDAVIDSVVADARRYARAKSRRRRIARRHRSTPAMRAARALLR
RARRTGRRAMLRAARRAASGASAGRTRRRAATAAAAAIASMSRPRRGNVYWVRDAATGVR 55VPVRTRPPRT
75 SEQ ID NO. 15 (AdY25 V)
MSICRICFICEEMLQVIAPEIYGPAVVICEERKPRKIKRVICKDICKEEDDDLVEFVREFAPRRRVQW  5
RGRKVHPVLRPGTTVVFTPGERSGSASICRSYDEVYGDEDILEQAAERLGEFAYGICRSRPALICE
EAVSIPLDHGNPTPSLKPVTLQQVLPSAAPRRGFICREGEDLYPTMQLMVPICRQICLEDVLETMK
VDPDVQPEVKVRPIKQVAPGLGVQTVDIICIPTEPMETQTEPMIICPSTSTMEVQTDPWMPSAPSR
RPRRKYGAASLLMPNYALHPSIIPTPGYRGTRFYRGHTTSRRRKTTTRRRRRRTAAASTPAALV
RRVYRRGRAPLTLPRARYHPSIAI 10 SEQ ID NO. 16 (AdY25 Mu)
MALTCRLRVPITGYRGRICPRRRRLAGNGMRRHHHRRRRAISICRLGGGFLPALIPIIAAAIGAIP
GIASVAVQASQRH 



SEQ ID NO. 17 (AdY25 VI)
MEDINFSSLAPRHGTRPFMGTWSDIGTSQLNGGAFNWSSLWSGLICNFGSTLKTYGSICAWNST
TGQALRDKLICEQNFQQKVVDGLASGINGVVDLANQAVQRQINSRLDPVPPAGSVEMPQVEEE
LPPLDICRGEICRPRPDAEETLLTHTDEPPPYEEAVICLGLPTTRPIAPLATGVLICPESNICPATLDLP
PPASRPSTVAICPLPPVAVARARPGGSARPHANWQSTLNSIVGLGVQSVICRRRCY SEQ ID NO. 18
(AdY25 Endoprotease)
MAEPTGSGEQELRAIIRDLGCGPYFLGTFDICRFPGFMAPHKLACAIVNTAGRETGGEHWLAFA
WNPRSNTCYLFDPFGFSDERLKQIYQFEYEGLLRRSALATEDRCVTLEKSTQTVQGPRSAACG
30LFCCMFLHAFVHWPDRPMDICNPTMNLLTGVPNGMLQSPQVEPTLRRNQEALYRFLNSHSAY
FRSHRARIEKATAFDRMNNQDM SEQ ID NO. 19 (AdY25 DNA Binding Protein)
35MAGRGGSQSERRRERTPERGRGSASHPPSRGGESPSPPPLPPICRHTYRRVASDQEEEEIVVVSE
NSRSPSPQASPPPLPPICICKPRKTICHVVMQDVSQDSEDERQAEEELAAVGFSYPPVRITEICDGK
RSFETLDESDPLAAAASAKMMVICNPMSLPIVSAWEKGMEIMTMLMDRYRVETDLKANFQLM
PEQGEVYRRICHLYINEEHRGIPLTFTSNKTLITMMGRFLQGFVHAHSQIAHICNWECTGCALW
LHGCTEAEGICLRCLHGTTMIQICEHMIEMDVASENGQRALICENPDRAICITQNRWGRSVVQLA  40
NNDARCCVHDAGCATNQFSSKSCGVFFTEGAICAQQAFRQLEAFMICAMYPGMNADQAQMM
LIPLHCDCNHICPGCVPTMGRQTC1CMTPFGMANAEDLDVESITDAAVLASVICHPALMVFQCC
NPVYRNSRAQNAGPNCDFKISAPDLLGALQLTRKLWTDSFPDTPLPICLLIPEFKWLAKYQFRN
VSLPAGHAETRQNPFDF 45SEQ ID NO. 20 (AdY25 1001cDa (L4))
METQPSPTSPSAPTAGDEKQQQQNESLTAPPPSPASDAAAVPDMQEMEESIEIDLGYVTPAEHE
EELAVRFQSSSQEDICEQPEQEAENEQSQAGLEHGDYLHLSGEEDALIICHLARQATIVICDALLD
RTEVPLSVEELSRAYELNLFSPRVPPICRQPNGTCEPNPRLNFYPVFAVPEALATYHIFFICNQICIP  50
VSCRANRTRADALFNLGPGARLPDIASLEEVPKIFEGLGSDETRAANALQGEGGGEHEHHSAL
VELEGDNARLAVLICRTVELTHFAYPALNLPPKVMSAVMDQVLIKRASPISEDEGMQDSEEGK
PVVSDEQLARWLGPNATPQSLEERRICLMMAVVLVTVELECLRRFFADAETLRICVEENLHYLF
RHGFVRQACKISNVELTNLVSYMGILHENRLGQNVLHTTLRGEARRDYIRDCVYLYLCHTWQ  76
TGMGVWQQCLEEQNLICELCKLLQKNLKGLWTGFDERTTASDLADLIFPERLRLTLRNGLPDF
MSQSMLQNFRSFILERSGILPATCSALPSDEVPLTFRECPPPLWSHCYLLRLANYLAYHSDVIED
VSGEGLLECHCRCNLCTPHRSLACNPQLLSETQIIGTFELQGPSEGEGAKGGLKLTPGLWTSAY
LRKFVPEDYHPFEIRFYEDQSQPPICAELSACVITQGAILAQLQAIQKSRQEFLLKKGRGVYLDP
5QTGEELNPGFPQDAPRKQEAESGAAARGGFGGRLGEQQSGRGDGGRLGQHSGRGGQPARQS 



GGRRGGGRGGGGRSSRRQTVVLGGGESKQHGYHLRSGSGSRSAPQ SEQ ID NO. 21 (AdY25 221(Da)
10MPRGNKKLKVELPPVEDLEEDWENSSQAEEMEEDWDSTQAEEDSLQDSLEEDEEEAEEEVEE
AAAARPSSSAGEKASSIDTISAPGRGPARPHSRWDETGRFPNPTTQTGKKERQGYKSWRGHK
NAIVSCLQACGGNISFTRRYLLEHRGVNFPRNILHYYRHLHSPYYFQEEAAAAEKDQKTS SEQ ID NO. 22
(AdY25 331cDa (L4))
MPRGNICKLKVELPPVEDLEEDWENSSQAEEMEEDWDSTQAEEDSLQDSLEEDEEEAEEEVEE
AAAARPSSSAGEKASSTDTISAPGRGPARPHSRWDETGRFPNPTTQTAPTTSKKRQQQQKKTR
KPARKSTAAAAAGGLRIAANEPAQTRELRNRIEPTLYAIFQQSRGQEQELKVKNRSLRSLTRSC
LYHKSEDQLQRTLEDAEALFNKYCALTLKE SEQ ID NO. 23 (AdY25 pVIII (L4))
MSKEIPTPYMWSYQPQMGLAAGAAQDYSTRMNWLSAGPAMISRVNDIRAHRNQILLEQSALT  25
ATPRNHLNPRNWPAALVYQEIPQPTTVLLPRDAQAEVQLTNSGVQLAGGATLCRHRPAQGIK
RLVIRGRGTQLNDEVVSSSLGLRPDGVFQLAGSGRSSFTPRQAVLTLESSSSQPRSGGIGTLQFV
EEFTPSVYFNPFSGSPGHYPDEFIPNFDAISESVDGYD SEQ ID NO. 24 (AdY25 E3 12.51cDa)
MSHGGAADLARLRHLDHCRRERCFARDLAEFTYFELPEEHPQGPAHGVRIVVEGGLDSHLLRI
FSQRPILVERQQGNTLLTLYCICDHPGLHESLCCLLCTEYNKS SEQ ID NO. 25 (AdY25 E3 CRIaI)
MKVEVVCCVLSIIKAEISDYSGLNCGVSASINRSLIFTGNETELQVQCKPHICKYLTWLYQGSPI
AVVNHCDDDGVLLNGPANLTFSTRRSKLLLFRPFLPGTYQCISGPCHHTFHLIPNTTSSPAPLPT
NNQTNHHQRYRRDLVSESNTTHTGGELRGRKPSGIYYGPWEVVGLIALGLVAGGLLALCYLY
LPCFSYLVVLCCWFKKWGRSP SEQ ID NO. 26 (AdY25 E3 g-p19IcDa)
MGKITLVCGVLVTVVLSILGGGSAAVVTEKKADPCLTENPDKCRLSFQPDGNRCAVLIKCGW
ECESVLVQYKNKTWNNTLASTWQPGDPEWYTVSVPGADGSLRT'VNNTFIFEHMCETAMFMS
45KQYGMWPPRKENIVVESIAYSACTVLITAIVCLSIHMLIAIRPRNNAEKEKQP SEQ ID NO. 27
(AdY25 E3 22.31cDa)
MKILSLFCFSIIITSAICNSVDKDVTVTTGSNYTLKGPPSGMLSWYCYFGTDVSQTELCNFQKG  50
KTQNPKITINYQCNGTDLVLFNITKTYAGSYYCPGDNVDNMIFYELQVVDPTTPAPPTTTTKAH
STDTQETTPEAEVAELAKQIHEDSEVANTPTHPGPQCPGPLVSGIVGVLCGLAVIIICMFIFACC
YRRLHRQKSDPLLNLYV 



77 SEQ ID NO. 28 (AdY25 E3 31 kDa)
MICALSTLVFLTLIGIVFNSKITRVSFLICHVNVTEGNNITLVGVEGAQNTTWTKYHLGWICDICT
WNVTYFCIGVNLTIVNANQSQNGLIKGQSVSVTSDGYYTQHNFNYNITV1PLPTPSPPSTTQTT  5
QTTHTTQSSTTTMQTTQTTTYTTSPQPTTTTAEASSSPTIKVAFLMLAPSSSPTASTNEQTTEFLS
TIQSSTTATSSAFSSTANLTSLSSMPISNATTSPAPLPTPLKQSESSTQLQITLLIVIGVVILAVLLY
FIFCRRIPNAKPAYICPIVIGTPEPLQVEGGLRNLLFSFTVW SEQ ID NO. 29 (AdY25 E3 10.4
kDa) MIPRHFIITSLICVLQVCATLALVANASPDCIGAFASYVLFAFITCICCCSIVCLLITFFQFVDWVF
VRIAYLRHHPQYRDQRVAQLLRLI SEQ ID NO. 30 (AdY25 E3 15.21cDa)
MRALLLLLALLLAPLAAPLSLKSPTQSPEEVRKCICFQEPWICFLSCYKLKSEMHPSWIMIVGIVN
ILACTLFSFVIYPRFDEGWNAPEALWLPPDPDTPPQQQQQNQAQAHAPPQPRPQYMPILNYEA
EAQRAMLPAISYFNLTGGDD 20SEQ ID NO. 31 (AdY25 E3 14.7 lcDa)
MTDPMANNTVNDLLDMDGRASEQRLAQLRIRQQQERAVICELQDAVAIHQCICRGIFCLVKQA
KISFEVTSTDHRLSYELLQQRQKFTCLVGVNPIVITQQSGDTKGCIHCSCDSPECVHTLIKTLCG LRDLLPMN
25SEQ 1D NO. 32 (AdY25 E4 Orf 6/71
MSGNSSIMTRSRTRLASSRHHPYQPPAPLPRCEETETRASLVEDHYVLPDCDTLSMHNITVLPTT
EDSPQLLNFEVQMQECPEGFISLTDPRLARSETVWNVETKTMSITNGIQMFICAVRGERVVYSM
SWEGGGKITTRIL 30 SEQ ID NO. 33 (AdY25 E4 Orf 6)
MSGNSSIMTRSRTRLASSRHHPYQPPAPLPRCEETETRASLVEDHPVLPDCDTLSMHNVSCVR
GLPCSAGFTVLQEFPVPWDMVLTPEELRVLKTCMSVCLCCANIDLFSSQLEHGRERWVLHCHC 35
QDPGSLRCMAGGAVLAIWFRRIIQGCMFNQRVMWYREVVNLHMPICEINIYMGSVFWRGRHLI
YIRIVVYDGHVGSIVPQMSFGWSTLNYGLLNNLVVLCCTYCSDLSEIRIRCCARRTRRLMLRAIG
IMRRESLDPDPLSSSLTERRRQRLLRGLMRHNRPIPFADYDSHRSSSR SEQ ID NO. 34 (AdY25 E4
Orf 4) MVLPVLPSPSVTETQQNCHWLGLAHSTVADVIRAIRADGIFITQEAQEILHALREWLFYNFNTE
RSICRRDRRRRAVCSARTRECFVICYENVRKQLHHDTIQNTISVIPPSSVPTAGPLTSL 



SEQ ID NO. 35 (AdY25 E4 Orf 3)
MRVCLRMPVEGALRELFIMAGLDLPQELIRIIQGWICNENYLGMVQECNMMIEELENAPAFAV
LLFLDVRVEALLEATVEHLENRVTFDLAVIFHQHSGGERCHLRDLHFEVLRDRLE SEQ ID NO. 36
(AdY25 E4 Orf 2)  78 SEQ ID NO. 37 (AdY25 E4 Orf 1)
5MDAEALYVFLEGAGALLPVQEGSNYIFYAPANFVLHPHGVALLELRLSIVVPRGFIGRFFSLTD
ANVPGVYASSRIIHAGHREGLSVMLFNHGDSFYEGRAGDPVACLVLERVIYPPVRQASMV SEQ ID NO. 38
(ChAdOX1 vector sequence excluding BAC sequence)
10TTAATCGCGTTTAAACCCATCATCAATAATATACCTCAAACTTTTTGTGCGCGTTAATATG
CAAATGAGGCGTTTGAATTTGGGAAGGGAGGAAGGTGATTGGCCGAGAGAAGGGCGACC
GTTAGGGGCGGGGCGAGTGACGTTTTGATGACGTGACCGCGAGGAGGAGCCAGTTTGCAA
GTTCTCGTGGGAAAAGTGACGTCAAACGAGGTGTGGTTTGAACACGGAAATACTCAATTT
TCCCGCGCTCTCTGACAGGAAATGAGGTGTTTCTAGGCGGATGCAAGTGAAAACGGGCCA  15
TTTTCGCGCGAAAACTGAATGAGGAAGTGAAAATCTGAGTAATTTCGCGTTTATGACAGG
GAGGAGTATTTGCCGAGGGCCGAGTAGACTTTGACCGATTACGTGGGGGTTTCGATTACC
GTGTTTTTCACCTAAATTTCCGCGTACGGTGTCAAAGTCCGGTGTTTTTACGTAGGTGTCA
GCTGATCGCCAGGGTATTTAAACCTGCGCTCTCCAGTCAAGAGGCCACTCTTGAGTGCCAG
CGAGAAGAGTTTTCTCCTCCGCGCGCGAGTCAGATCTACACTTTGAAAGGCGATCGCTAG  20
CGACATCGATCACAAGTTTGTACAAAAAAGCTGAACGAGAAACGTAAAATGATATAAATA
TCAATATATTAAATTAGATTTTGCATaAAAAACAGACTACATAATACTGTAAAACACAACA
TATCCAGTCACTATGGCGGCCGCCGATTTATTCAACAAAGCCACGTTGTGTCTCAAAATCT
CTGATGTTACATTGCACAAGATAAAAATATATCATCATGAACAATAAAACTGTCTGCTTAC
ATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGG  25
CCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGTGATAATG
TCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGT
TTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAA
ACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGA
TGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATA  30
TCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCG
ATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATC
ACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCC
TGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTC
ACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTA  35
TTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACT
GCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAA
TCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTG
GTTAATTGGTTGTAACACTGGCACGCGTGGATCCGGCTTACTAAAAGCCAGATAACAGTA
TGCGTATTTGCGCGCTGATTTTTGCGGTATAAGAATATATACTGATATGTATACCCGAAGT  40
ATGTCAAAAAGAGGTATGCTATGAAGCAGCGTATTACAGTGACAGTTGACAGCGACAGCT
ATCAGTTGCTCAAGGCATATATGATGTCAATATCTCCGGTCTGGTAAGCACAACCATGCAG
AATGAAGCCCGTCGTCTGCGTGCCGAACGCTGGAAAGCGGAAAATCAGGAAGGGATGGC
TGAGGTCGCCCGGTTTATTGAAATGAACGGCTCTTTTGCTGACGAGAACAGGGGCTGGTG
AAATGCAGTTTAAGGTTTACACCTATAAAAGAGAGAGCCGTTATCGTCTGTTTGTGGATGT  45
ACAGAGTGATATTATTGACACGCCCGGGCGACGGATGGTGATCCCCCTGGCCAGTGCACG
TCTGCTGTCAGATAAAGTCTCCCGTGAACTTTACCCGGTGGTGCATATCGGGGATGAAAGC
TGGCGCATGATGACCACCGATATGGCCAGTGTGCCGGTCTCCGTTATCGGGGAAGAAGTG
GCTGATCTCAGCCACCGCGAAAATGACATCAAAAACGCCATTAACCTGATGTTCTGGGGA
ATATAAATGTCAGGCTCCCTTATACACAGCCAGTCTGCAGGTCGACCATAGTGACTGGAT  50
ATGTTGTGTTTTACAGTATTATGTAGTCTGTTTTTTATGCAAAATCTAATTTAATATATTGA
TATTTATATCATTTTACGTTTCTCGTTCAGCTTTCTTGTACAAAGTGGTGATCGATTCGACA
GATCGCGATCGCAGTGAGTAGTGTTCTGGGGCGGGGGAGGACCTGCATGAGGGCCAGAAT
GACTGAAATCTGTGCTTTTCTGTGTGTTGCAGCATCATGAGCGGAAGCGGCTCCTTTGAGG
GAGGGGTATTCAGCCCTTATCTGACGGGGCGTCTCCCCTCCTGGGCGGGAGTGCGTCAGA 



55ATGTGATGGGATCCACGGTGGACGGCCGGCCCGTGCAGCCCGCGAACTCTTCAACCCTGA
CCTATGCAACCCTGAGCTCTTCGTCGGTGGACGCAGCTGCCGCCGCAGCTGCTGCATCCGC  79
CGCCAGCGCCGTGCGCGGAATGGCCATGGGCGCCGGCTACTACGGCACTCTGGTGGCCAA
CTCGAGTTCCACCAATAATCCCGCCAGCCTGAACGAGGAGAAGCTGCTGCTGCTGATGGC
CCAGCTTGAGGCCTTGACCCAGCGCCTGGGCGAGCTGACCCAGCAGGTGGCTCAGCTGCA
GGAGCAGACGCGGGCCGCGGTTGCCACGGTGAAATCCAAATAAAAAATGAATCAATAAA  5
TAAACGGAGACGGTTGTTGATTTTAACACAGAGTCTGAATCTTTATTTGATTTTTCGCGCG
CGGTAGGCCCTGGACCACCGGTCTCGATCATTGAGCACCCGGTGGATCTTTTCCAGGACCC
GGTAGAGGTGGGCTTGGATGTTGAGGTACATGGGCATGAGCCCGTCCCGGGGGTGGAGGT
AGCTCCATTGCAGGGCCTCGTGCTCGGGGGTGGTGTTGTAAATCACCCAGTCATAGCAGG
GGCGCAGGGCGTGGTGTTGCACAATATCTTTGAGGAGGAGACTGATGGCCACGGGCAGCC  10
CTTTGGTGTAGGTGTTTACAAATCTGTTGAGCTGGGAGGGATGCATGCGGGGGGAGATGA
GGTGCATCTTGGCCTGGATCTTGAGATTGGCGATGTTACCGCCCAGATCCCGCCTGGGGTT
CATGTTGTGCAGGACCACCAGCACGGTGTATCCGGTGCACTTGGGGAATTTATCATGCAA
CTTGGAAGGGAAGGCGTGAAAGAATTTGGCGACGCCCTTGTGTCCGCCCAGGTTTTCCAT
GCACTCATCCATGATGATGGCAATGGGCCCGTGGGCGGCGGCCTGGGCAAAGACGTTTCG  15
GGGGTCGGACACATCATAGTTGTGGTCCTGGGTGAGGTCATCATAGGCCATTTTAATGAAT
TTGGGGCGGAGGGTGCCGGACTGGGGGACAAAGGTACCCTCGATCCCGGGGGCGTAGTTC
CCCTCACAGATCTGCATCTCCCAGGCTTTGAGCTCAGAGGGGGGGATCATGTCCACCTGCG
GGGCGATAAAGAACACGGTTTCCGGGGCGGGGGAGATGAGCTGGGCCGAAAGCAAGTTC
CGGAGCAGCTGGGACTTGCCGCAGCCGGTGGGGCCGTAAATGACCCCGATGACCGGCTGC  20
AGGTGGTAGTTGAGGGAGAGACAGCTGCCGTCCTCCCGGAGGAGGGGGGCCACCTCGTTC
ATCATCTCGCGCACGTGCATGTTCTCGCGCACCAGTTCCGCCAGGAGGCGCTCTCCCCCCA
GAGATAGGAGCTCCTGGAGCGAGGCGAAGTTTTTCAGCGGCTTGAGTCCGTCGGCCATGG
GCATTTTGGAGAGGGTCTGTTGCAAGAGTTCCAAGCGGTCCCAGAGCTCGGTGATGTGCT
CTACGGCATCTCGATCCAGCAGACCTCCTCGTTTCGCGGGTTGGGACGACTGCGGGAGTA  25
GGGCACCAGACGATGGGCGTCCAGCGCAGCCAGGGTCCGGTCCTTCCAGGGCCGCAGCGT
CCGCGTCAGGGTGGTCTCCGTCACGGTGAAGGGGTGCGCGCCGGGCTGGGCGCTTGCGAG
GGTGCGCTTCAGGCTCATCCGGCTGGTCGAAAACCGCTCCCGATCGGCGCCCTGCGCGTC
GGCCAGGTAGCAATTGACCATGAGTTCGTAGTTGAGCGCCTCGGCCGCGTGGCCTTTGGC
GCGGAGCTTACCTTTGGAAGTCTGCCCGCAGGCGGGACAGAGGAGGGACTTGAGGGCGTA  30
GAGCTTGGGGGCGAGGAAGACGGAATCGGGGGCGTAGGCGTCCGCGCCGCAGTGGGCGC
AGACGGTCTCGCACTCCACGAGCCAGGTGAGGTCGGGCTGGTCGGGGTCAAAAACCAGTT
TCCCGCCGTTCTTTTTGATGCGTTTCTTACCTTTGGTCTCCATGAGCTCGTGTCCCCGCTGG
GTGACAAAGAGGCTGTCCGTGTCCCCGTAGACCGACTTTATGGGCCGGTCCTCGAGCGGT
GTGCCGCGGTCCTCCTCGTAGAGGAACCCCGCCCACTCCGAGACGAAAGCCCGGGTCCAG  35
GCCAGCACGAAGGAGGCCACGTGGGACGGGTAGCGGTCGTTGTCCACCAGCGGGTCCACT
TTTTCCAGGGTATGCAAACACATGTCCCCCTCGTCCACATCCAGGAAGGTGATTGGCTTGT
AAGTGTAGGCCACGTGACCGGGGGTCCCGGCCGGGGGGGTATAAAAGGGGGCGGGCCCC
TGCTCGTCCTCACTGTCTTCCGGATCGCTGTCCAGGAGCGCCAGCTGTTGGGGTAGGTATT
CCCTCTCGAAGGCGGGCATGACCTCGGCACTCAGGTTGTCAGTTTCTAGAAACGAGGAGG  40
ATTTGATATTGACGGTGCCAGCGGAGATGCCTTTCAAGAGCCCCTCGTCCATCTGGTCAGA
AAAGACGAtTTTTTTGTTGTCGAGCTTGGTGGCGAAGGAGCCGTAGAGGGCGTTGGAAAG
GAGCTTGGCGATGGAGCGCATGGTCTGGTTTTTTtCCTtGTCGGCGCGCTCCTTGGCCGCGA
TGTTGAGCTGCACGTACTCGCGCGCACGCACTTCCATTCGGGGAAGACGGTGGTCATCTC
GTCGGGCACGATTCTGACCTGCCAACCTCGATTATGCAGGGTGATGAGGTCCACACTGGT  45
GGCCACCTCGCCGCGCAGGGGCTCGTTGGTCCAGCAGAGGCGGCCGCCCTTGCGCGAGCA
GAAGGGGGGCAGAGGGTCCAGCATGACCTCGTCGGGGGGGTCGGCATCGATGGTGAAGA
TGCCGGGCAGGAGATCGGGGTCGAAGTAGCTGATGGAAGTGGCCAGATCGTCCAGGGAA
GCTTGCCATTCGCGCACGGCCAGCGCGCGCTCGTAGGGACTGAGGGGCGTGCCCCAGGGC
ATGGGGTGGGTGAGCGCGGAGGCGTACATGCCGCAGATGTCGTAGACGTAGAGGGGCTC  50
CTCGAGGATGCCGATGTAGGTGGGGTAGCAGCGCCCCCCGCGGATGCTGGCGCGCACGTA
GTCATACAGCTCGTGCGAGGGCGCGAGGAGCCCCGGGCCCAGGTTGGTGCGACTGGGCTT
TTCGGCGCGGTAGACGATCTGGCGAAAGATGGCATGCGAGTTGGAGGAGATGGTGGGCCT
TTGGAAGATGTTGAAGTGGGCGTGGGGGAGGCCGACCGAGTCGCGGATGAAGTGGGCGT
AGGAGTCTTGCAGTTTGGCGACGAGCTCGGCGGTGACGAGGACGTCCAGAGCGCAGTAGT  55
CGAGGGTCTCCTGGATGATGTCATACTTGAGCTGGCCCTTTTGTTTCCACAGCTCGCGGTT
GAGAAGGAACTCTTCGCGGTCCTTCCAGTACTCTTCGAGGGGGAACCCGTCCTGATCTGCA
CGGTAAGAGCCTAGCATGTAGAACTGGTTGACGGCCTTGTAGGCGCAGCAGCCCTTCTCC  80
ACGGGGAGGGCGTAGGCCTGGGCGGCCTTGCGCAGGGAGGTGTGCGTGAGGGCGAAGGT
GTCCCTGACCATGACCTTGAGGAACTGGTGCTTGAAATCGATATCGTCGCAGcCCCCCTGC
TCCCAGAGCTGGAAGTCCGTGCGCTTCTTGTAGGCGGGGTTGGGCAAAGCGAAAGTAACA
TCGTTGAAAAGGATCTTGCCCGCGCGGGGCATAAAGTTGCGAGTGATGCGGAAAGGCTGG 



5 GGCACCTCGGCCCGGTTGTTGATGACCTGGGCGGCGAGCACGATCTCGTCGAAACCGTTG
ATGTTGTGGCCCACGATGTAGAGTTCCACGAATCGCGGGCGGCCCTTGACGTGGGGCAGC
TTCTTGAGCTCCTCGTAGGTGAGCTCGTCGGGGTCGCTGAGACCGTGCTGCTCGAGCGCCC
AGTCGGCGAGATGGGGGTTGGCGCGGAGGAAGGAAGTCCAGAGATCCACGGCCAGGGCG
GTTTGCAGACGGTCCCGGTACTGACGGAACTGCTGCCCGACGGCCATTTTTTCGGGGGTGA 10
CGCAGTAGAAGGTGCGGGGGTCCCCGTGCCAGCGGTCCCATTTGAGCTGGAGGGCGAGAT
CGAGGGCGAGCTCGACGAGGCGGTCGTCCCCTGAGAGTTTCATGACCAGCATGAAGGGGA
CGAGCTGCTTGCCGAAGGACCCCATCCAGGTGTAGGTTTCCACATCGTAGGTGAGGAAGA
GCCTTTCGGTGCGAGGATGCGAGCCGATGGGGAAGAACTGGATCTCCTGCCACCAATTGG
AGGAATGGCTGTTGATGTGATGGAAGTAGAAATGCCGACGGCGCGCCGAACACTCGTGCT 15
TGTGTTTATACAAGCGGCCACAGTGCTCGCAACGCTGCACGGGATGCACGTGCTGCACGA
GCTGTACCTGAGTTCCTTTGACGAGGAATTTCAGTGGGAAGTGGAGTCGTGGCGCCTGCAT
CTCGTGCTGTACTACGTCGTGGTGGTCGGCCTGGCCCTCTTCTGCCTCGATGGTGGTCATG
CTGACGAGCCCGCGCGGGAGGCAGGTCCAGACCTCGGCGCGAGCGGGTCGGAGAGCGAG
GACGAGGGCGCGCAGGCCGGAGCTGTCCAGGGTCCTGAGACGCTGCGGAGTCAGGTCAG 20
TGGGCAGCGGCGGCGCGCGGTTGACTTGCAGGAGTTTTTCCAGGGCGCGCGGGAGGTCCA
GATGGTACTTGATCTCCACCGCGCCGTTGGTGGCGACGTCGATGGCTTGCAGGGTCCCGTG
CCCCTGGGGTGTGACCACCGTCCCCCGTTTCTTCTTGGGCGGCTGGGGCGACGGGGGCGGT
GCCTCTTCCATGGTTAGAAGCGGCGGCGAGGACGCGCGCCGGGCGGCAGAGGCGGCTCG
GGGCCCGGAGGCAGGGGCGGCAGGGGCACGTCGGCGCCGCGCGCGGGTAGGTTCTGGTA 25
CTGCGCCCGGAGAAGACTGGCGTGAGCGACGACGCGACGGTTGACGTCCTGGATCTGACG
CCTCTGGGTGAAGGCCACGGGACCCGTGAGTTTGAACCTGAAAGAGAGTTCGACAGAATC
AATCTCGGTATCGTTGACGGCGGCCTGCCGCAGGATCTCTTGCACGTCGCCCGAGTTGTCC
TGGTAGGCGATCTCGGTCATGAACTGCTCGATCTCCTCCTCCTGAAGGTCTCCGCGACCGG
CGCGCTCCACGGTGGCCGCGAGGTCGTTGGAGATGCGGCCCATGAGCTGCGAGAAGGCGT 30
TCATGCCCGCCTCGTTCCAGACGCGGCTGTAGACCACGACGCCCTCGGGATCGCGGGCGC
GCATGACCACCTGGGCGAGGTTGAGCTCCACGTGGCGCGTGAAGACCGCGTAGTTGCAGA
GGCGCTGGTAGAGGTAGTTGAGCGTGGTGGCGATGTGCTCGGTGACGAAGAAATACATGA
TCCAGCGGCGGAGCGGCATCTCGCTGACGTCGCCCAGCGCCTCCAAGCGTTCCATGGCCT
CGTAAAAGTCCACGGCGAAGTTGAAAAACTGGGAGTTGCGCGCCGAGACGGTCAACTCCT 35
CCTCCAGAAGACGGATGAGCTCGGCGATGGTGGCGCGCACCTCGCGCTCGAAGGCCCCCG
GGAGTTCCTCCACTTCCTCCTCTTCTTCCTCCTCCACTAACATCTCTTCTACTTCCTCCTCAG
GCGGTGGTGGTGGCGGGGGAGGGGGCCTGCGTCGCCGGCGGCGCACGGGCAGACGGTCG
ATGAAGCGCTCGATGGTCTCGCCGCGCCGGCGTCGCATGGTCTCGGTGACGGCGCGCCCG
TCCTCGCGGGGCCGCAGCGTGAAGACGCCGCCGCGCATCTCCAGGTGGCCGGGGGGGTCC 40
CCGTTGGGCAGGGAGAGGGCGCTGACGATGCATCTTATCAATTGCCCCGTAGGGACTCCG
CGCAAGGACCTGAGCGTCTCGAGATCCACGGGATCTGAAAACCGTTGAACGAAGGCTTCG
AGCCAGTCGCAGTCGCAAGGTAGGCTGAGCACGGTTTCTTCTGCCGGGTCATGTTGGGGA
GCGGGGCGGGCGATGCTGCTGGTGATGAAGTTGAAATAGGCGGTTCTGAGACGGCGGATG
GTGGCGAGGAGCACCAGGTCTTTGGGCCCGGCTTGCTGGATGCGCAGACGGTCGGCCATG 45
CCCCAGGCGTGGTCCTGACACCTGGCCAGGTCCTTGTAGTAGTCCTGCATGAGCCGCTCCA
CGGGCACCTCCTCCTCGCCCGCGCGGCCGTGCATGCGCGTGAGCCCGAAGCCGCGCTGGG
GCTGGACGAGCGCCAGGTCGGCGACGACGCGCTCGGCGAGGATGGCCTGCTGGATCTGGG
TGAGGGTGGTCTGGAAGTCGTCAAAGTCGACGAAGCGGTGGTAGGCTCCGGTGTTGATGG
TGTAGGAGCAGTTGGCCATGACGGACCAGTTGACGGTCTGGTGGCCCGGACGCACGAGCT 50
CGTGGTACTTGAGGCGCGAGTAGGCGCGCGTGTCGAAGATGTAGTCGTTGCAGGTGCGCA
CCAGGTACTGGTAGCCGATGAGGAAGTGCGGCGGCGGCTGGCGGTAGAGCGGCCATCGCT
CGGTGGCGGGGGCGCCGGGCGCGAGGTCCTCGAGCATGGTGCGGTGGTAGCCGTAGATGT
ACCTGGACATCCAGGTGATGCCGGCGGCGGTGGTGGAGGCGCGCGGGAACTCGCGGACG
CGGTTCCAGATGTTGCGCAGCGGCAGGAAGTAGTTCATGGTGGGCACGGTCTGGCCCGTG 55
AGGCGCGCGCAGTCGTGGATGCTCTATACGGGCAAAAACGAAAGCGGTCAGCGGCTCGA
CTCCGTGGCCTGGAGGCTAAGCGAACGGGTTGGGCTGCGCGTGTACCCCGGTTCGAATCT
CGAATCAGGCTGGAGCCGCAGCTAACGTGGTACTGGCACTCCCGTCTCGACCCAAGCCTG  81
CACCAACCCTCCAGGATACGGAGGCGGGTCGTTTTGCAACTTTTTTtGGAGGCCGGAAATG
AAACTAGTAAGCGCGGAAAGCGGCCGACCGCGATGGCTCGCTGCCGTAGTCTGGAGAAG
AATCGCCAGGGTTGCGTTGCGGTGTGCCCCGGTTCGAGGCCGGCCGGATTCCGCGGCTAA
CGAGGGCGTGGCTGCCCCGTCGTTTCCAAGACCCCATAGCCAGCCGACTTCTCCAGTTACG 5
GAGCGAGCCCCTCTTTTGTTTTGTTTGTTTTTGCCAGATGCATCCCGTACTGCGGCAGATGC
GCCCCCACCACCCTCCACCGCAACAACAGCCCCCTCCTCCACAGCCGGCGCTTCTGCCCCC
GCCCCAGCAGCAGCAGCAACTTCCAGCCACGACCGCCGCGGCCGCCGTGAGCGGGGCTGG
ACAGACTTCTCAGTATGATCACCTGGCCTTGGAAGAGGGCGAGGGGCTGGCGCGCCTGGG
GGCGTCGTCGCCGGAGCGGCACCCGCGCGTGCAGATGAAAAGGGACGCTCGCGAGGCCT 10
ACGTGCCCAAGCAGAACCTGTTCAGAGACAGGAGCGGCGAGGAGCCCGAGGAGATGCGC
GCGGCCCGGTTCCACGCGGGGCGGGAGCTGCGGCGCGGCCTGGACCGAAAGAGGGTGCT
GAGGGACGAGGATTTCGAGGCGGACGAGCTGACGGGGATCAGCCCCGCGCGCGCGCACG
TGGCCGCGGCCAACCTGGTCACGGCGTACGAGCAGACCGTGAAGGAGGAGAGCAACTTC
CAAAAATCCTTCAACAACCACGTGCGCACCCTGATCGCGCGCGAGGAGGTGACCCTGGGC 15
CTGATGCACCTGTGGGACCTGCTGGAGGCCATCGTGCAGAACCCCACCAGCAAGCCGCTG
ACGGCGCAGCTGTTCCTGGTGGTGCAGCATAGTCGGGACAACGAGGCGTTCAGGGAGGCG
CTGCTGAATATCACCGAGCCCGAGGGCCGCTGGCTCCTGGACCTGGTGAACATTCTGCAG
AGCATCGTGGTGCAGGAGCGCGGGCTGCCGCTGTCCGAGAAGCTGGCGGCCATCAACTTC
TCGGTGCTGAGTCTGGGCAAGTACTACGCTAGGAAGATCTACAAGACCCCGTACGTGCCC 20
ATAGACAAGGAGGTGAAGATCGACGGGTTTTACATGCGCATGACCCTGAAAGTGCTGACC
CTGAGCGACGATCTGGGGGTGTACCGCAACGACAGGATGCACCGCGCGGTGAGCGCCAG
CAGGCGGCGCGAGCTGAGCGACCAGGAGCTGATGCACAGCCTGCAGCGGGCCCTGACCG
GGGCCGGGACCGAGGGGGAGAGCTACTTTGACATGGGCGCGGACCTGCACTGGCAGCCC
AGCCGCCGGGCCTTGGAGGCGGCAGGCGGTCCCCCCTACATAGAAGAGGTGGACGATGA 25
GGTGGACGAGGAGGGCGAGTACCTGGAAGACTGATGGCGCGACCGTATTTTTGCTAGATG
CAACAACAGCCACCTCCTGATCCCGCGATGCGGGCGGCGCTGCAGAGCCAGCCGTCCGGC
ATTAACTCCTCGGACGATTGGACCCAGGCCATGCAACGCATCATGGCGCTGACGACCCGC
AACCCCGAAGCCTTTAGACAGCAGCCCCAGGCCAACCGGCTCTCGGCCATCCTGGAGGCC
GTGGTGCCCTCGCGCTCCAACCCCACGCACGAGAAGGTCCTGGCCATCGTGAACGCGCTG 



30 GTGGAGAACAAGGCCATCCGCGGCGACGAGGCCGGCCTGGTGTACAACGCGCTGCTGGA
GCGCGTGGCCCGCTACAACAGCACCAACGTGCAGACCAACCTGGACCGCATGGTGACCGA
CGTGCGCGAGGCCGTGGCCCAGCGCGAGCGGTTCCACCGCGAGTCCAACCTGGGATCCAT
GGTGGCGCTGAACGCCTTCCTCAGCACCCAGCCCGCCAACGTGCCCCGGGGCCAGGAGGA
CTACACCAACTTCATCAGCGCCCTGCGCCTGATGGTGACCGAGGTGCCCCAGAGCGAGGT 35
GTACCAGTCCGGGCCGGACTACTTCTTCCAGACCAGTCGCCAGGGCTTGCAGACCGTGAA
CCTGAGCCAGGCGTTCAAGAACTTGCAGGGCCTGTGGGGCGTGCAGGCCCCGGTCGGGGA
CCGCGCGACGGTGTCGAGCCTGCTGACGCCGAACTCGCGCCTGCTGCTGCTGCTGGTGGC
CCCCTTCACGGACAGCGGCAGCATCAACCGCAACTCGTACCTGGGCTACCTGATTAACCT
GTACCGCGAGGCCATCGGCCAGGCGCACGTGGACGAGCAGACCTACCAGGAGATCACCC 40
ACGTGAGCCGCGCCCTGGGCCAGGACGACCCGGGCAATCTGGAAGCCACCCTGAACTTTT
TGCTGACCAACCGGTCGCAGAAGATCCCGCCCCAGTACACGCTCAGCGCCGAGGAGGAGC
GCATCCTGCGATACGTGCAGCAGAGCGTGGGCCTGTTCCTGATGCAGGAGGGGGCCACCC
CCAGCGCCGCGCTCGACATGACCGCGCGCAACATGGAGCCCAGCATGTACGCCAGCAACC
GCCCGTTCATCAATAAACTGATGGACTACTTGCATCGGGCGGCCGCCATGAACTCTGACTA 45
TTTCACCAACGCCATCCTGAATCCCCACTGGCTCCCGCCGCCGGGGTTCTACACGGGCGAG
TACGACATGCCCGACCCCAATGACGGGTTCCTGTGGGACGATGTGGACAGCAGCGTGTTC
TCCCCCCGACCGGGTGCTAACGAGCGCCCCTTGTGGAAGAAGGAAGGCAGCGACCGACGC
CCGTCCTCGGCGCTGTCCGGCCGCGAGGGTGCTGCCGCGGCGGTGCCCGAGGCCGCCAGT
CCTTTCCCGAGCTTGCCCTTCTCGCTGAACAGTATTCGCAGCAGCGAGCTGGGCAGGATCA 50
CGCGCCCGCGCTTGCTGGGCGAGGAGGAGTACTTGAATGACTCGCTGTTGAGACCCGAGC
GGGAGAAGAACTTCCCCAATAACGGGATAGAGAGCCTGGTGGACAAGATGAGCCGCTGG
AAGACGTATGCGCAGGAGCACAGGGACGATCCGTCGCAGGGGGCCACGAGCCGGGGCAG
CGCCGCCCGTAAACGCCGGTGGCACGACAGGCAGCGGGGACTGATGTGGGACGATGAGG
ATTCCGCCGACGACAGCAGCGTGTTGGACTTGGGTGGGAGTGGTAACCCGTTCGCTCACC 55
TGCGCCCCCGCATCGGGCGCATGATGTAAGAGAAACCGAAAATAAATGATACTCACCAAG
GCCATGGCGACCAGCGTGCGTTCGTTTCTTCTCTGTTGTTGTATCTAGTATGATGAGGCGT
GCGTACCCGGAGGGTCCTCCTCCCTCGTACGAGAGCGTGATGCAGCAGGCGATGGCGGCG  82
GCGGCGGCGATGCAGCCCCCGCTGGAGGCTCCTTACGTGCCCCCGCGGTACCTGGCGCCT
ACGGAGGGGCGGAACAGCATTCGTTACTCGGAGCTGGCACCCTTGTACGATACCACCCGG
TTGTACCTGGTGGACAACAAGTCGGCGGACATCGCCTCGCTGAACTACCAGAACGACCAC
AGCAACTTCCTGACCACCGTGGTGCAGAACAATGACTTCACCCCCACGGAGGCCAGCACC  5
CAGACCATCAACTTTGACGAGCGCTCGCGGTGGGGCGGTCAGCTGAAAACCATCATGCAC
ACCAACATGCCCAACGTGAACGAGTTCATGTACAGCAACAAGTTCAAGGCGCGGGTGATG
GTCTCCCGCAAGACCCCCAACGGGGTGACAGTGACAGATGGTAGTCAGGATATCTTGGAG
TATGAATGGGTGGAGTTTGAGCTGCCCGAAGGCAACTTCTCGGTGACCATGACCATCGAC
CTGATGAACAACGCCATCATCGACAATTACTTGGCGGTGGGGCGGCAGAACGGGGTCCTG  10
GAGAGCGATATCGGCGTGAAGTTCGACACTAGGAACTTCAGGCTGGGCTGGGACCCCGTG
ACCGAGCTGGTCATGCCCGGGGTGTACACCAACGAGGCCTTCCACCCCGATATTGTCTTGC
TGCCCGGCTGCGGGGTGGACTTCACCGAGAGCCGCCTCAGCAACCTGCTGGGCATTCGCA
AGAGGCAGCCCTTCCAGGAGGGCTTCCAGATCATGTACGAGGATCTGGAGGGGGGCAAC
ATCCCCGCGCTCCTGGATGTCGACGCCTATGAGAAAAGCAAGGAGGAGAGCGCCGCCGCG  15
GCGACTGCAGCTGTAGCCACCGCCTCTACCGAGGTCAGGGGCGATAATTTTGCCAGCCCT
GCAGCAGTGGCAGCGGCCGAGGCGGCTGAAACCGAAAGTAAGATAGTCATTCAGCCGGT
GGAGAAGGATAGCAAGGACAGGAGCTACAACGTGCTGCCGGACAAGATAAACACCGCCT
ACCGCAGCTGGTACCTGGCCTACAACTATGGCGACCCCGAGAAGGGCGTGCGCTCCTGGA
CGCTGCTCACCACCTCGGACGTCACCTGCGGCGTGGAGCAAGTCTACTGGTCGCTGCCCG  20
ACATGATGCAAGACCCGGTCACCTTCCGCTCCACGCGTCAAGTTAGCAACTACCCGGTGG
TGGGCGCCGAGCTCCTGCCCGTCTACTCCAAGAGCTTCTTCAACGAGCAGGCCGTCTACTC
GCAGCAGCTGCGCGCCTTCACCTCGCTCACGCACGTCTTCAACCGCTTCCCCGAGAACCAG
ATCCTCGTCCGCCCGCCCGCGCCCACCATTACCACCGTCAGTGAAAACGTTCCTGCTCTCA
CAGATCACGGGACCCTGCCGCTGCGCAGCAGTATCCGGGGAGTCCAGCGCGTGACCGTTA  25
CTGACGCCAGACGCCGCACCTGCCCCTACGTCTACAAGGCCCTGGGCATAGTCGCGCCGC
GCGTCCTCTCGAGCCGCACCTTCTAAAAAATGTCCATTCTCATCTCGCCCAGTAATAACAC
CGGTTGGGGCCTGCGCGCGCCCAGCAAGATGTACGGAGGCGCTCGCCAACGCTCCACGCA
ACACCCCGTGCGCGTGCGCGGGCACTTCCGCGCTCCCTGGGGCGCCCTCAAGGGCCGCGT
GCGGTCGCGCACCACCGTCGACGACGTGATCGACCAGGTGGTGGCCGACGCGCGCAACTA  30
CACCCCCGCCGCCGCGCCCGTCTCCACCGTGGACGCCGTCATCGACAGCGTGGTGGCCGA
CGCGCGCCGGTACGCCCGCGCCAAGAGCCGGCGGCGGCGCATCGCCCGGCGGCACCGGA
GCACCCCCGCCATGCGCGCGGCGCGAGCCTTGCTGCGCAGGGCCAGGCGCACGGGACGCA
GGGCCATGCTCAGGGCGGCCAGACGCGCGGCTTCAGGCGCCAGCGCCGGCAGGACCCGG
AGACGCGCGGCCACGGCGGCGGCAGCGGCCATCGCCAGCATGTCCCGCCCGCGGCGAGG  35
GAACGTGTACTGGGTGCGCGACGCCGCCACCGGTGTGCGCGTGCCCGTGCGCACCCGcCC
CCCTCGCACTTGAAGATGTTCACTTCGCGATGTTGATGTGTCCCAGCGGCGAGGAGGATGT
CCAAGCGCAAATTCAAGGAAGAGATGCTCCAGGTCATCGCGCCTGAGATCTACGGCCCCG
CGGTGGTGAAGGAGGAAAGAAAGCCCCGCAAAATCAAGCGGGTCAAAAAGGACAAAAA
GGAAGAAGATGACGATCTGGTGGAGTTTGTGCGCGAGTTCGCCCCCcGGCGGCGCGTGCA  40
GTGGCGCGGGCGGAAAGTGCACCCGGTGCTGAGACCCGGCACCACCGTGGTCTTCACGCC
CGGCGAGCGCTCCGGCAGCGCTTCCAAGCGCTCCTACGACGAGGTGTACGGGGACGAGGA
CATCCTCGAGCAGGCGGCCGAGCGCCTGGGCGAGTTTGCTTACGGCAAGCGCAGCCGCCC
CGCCCTGAAGGAAGAGGCGGTGTCCATCCCGCTGGACCACGGCAACCCCACGCCGAGCCT
CAAGCCCGTGACCCTGCAGCAGGTGCTGCCGAGCGCAGCGCCGCGCCGGGGGTTCAAGCG  45
CGAGGGCGAGGATCTGTACCCCACCATGCAGCTGATGGTGCCCAAGCGCCAGAAGCTGGA
AGACGTGCTGGAGACCATGAAGGTGGACCCGGACGTGCAGCCCGAGGTCAAGGTGCGGC
CCATCAAGCAGGTGGCCCCGGGCCTGGGCGTGCAGACCGTGGACATCAAGATCCCCACGG
AGCCCATGGAAACGCAGACCGAGCCCATGATCAAGCCCAGCACCAGCACCATGGAGGTG
CAGACGGATCCCTGGATGCCATCGGCTCCTAGCCGAAGACCCCGGCGCAAGTACGGCGCG  50
GCCAGCCTGCTGATGCCCAACTACGCGCTGCATCCTTCCATCATCCCCACGCCGGGCTACC
GCGGCACGCGCTTCTACCGCGGTCATACAACCAGCCGCCGCCGCAAGACCACCACCCGCC
GCCGCCGTCGCCGCACAGCCGCTGCATCTACCCCTGCCGCCCTGGTGCGGAGAGTGTACC
GCCGCGGCCGCGCGCCTCTGACCCTACCGCGCGCGCGCTACCACCCGAGCATCGCCATTT
AAACTTTCGCCTGCTTTGCAGATGGCCCTCACATGCCGCCTCCGCGTTCCCATTACGGGCT 



55 ACCGAGGAAGAAAACCGCGCCGTAGAAGGCTGGCGGGGAACGGGATGCGTCGCCACCAC
CATCGGCGGCGGCGCGCCATCAGCAAGCGGTTGGGGGgAGGCTTCCTGCCCGCGCTGATC
CCCATCATCGCCGCGGCGATCGGGGCGATCCCCGGCATTGCTTCCGTGGCGGTGCAGGCC  83
TCTCAGCGCCACTGAGACACTTGGAAAACATCTTGTAATAAACCAATGGACTCTGACGCT
CCTGGTCCTGTGATGTGTTTTCGTAGACAGATGGAAGACATCAATTTTTCGTCCCTGGCTC
CGCGACACGGCACGCGGCCGTTCATGGGCACCTGGAGCGACATCGGCACCAGCCAACTGA
ACGGGGGCGCCTTCAATTGGAGCAGTCTCTGGAGCGGGCTTAAGAATTTCGGGTCCACGC  5
TTAAAACCTATGGCAGCAAGGCGTGGAACAGCACCACAGGGCAGGCGCTGAGGGATAAG
CTGAAAGAGCAGAACTTCCAGCAGAAGGTGGTCGATGGGCTCGCCTCGGGCATCAACGGG
GTGGTGGACCTGGCCAACCAGGCCGTGCAGCGGCAGATCAACAGCCGCCTGGACCCGGTG
CCGCCCGCCGGCTCCGTGGAGATGCCGCAGGTGGAGGAGGAGCTGCCTCCCCTGGACAAG
CGGGGCGAGAAGCGACCCCGCCCCGACGCGGAGGAGACGCTGCTGACGCACACGGACGA  10
GCCGCCCCCGTACGAGGAGGCGGTGAAACTGGGTCTGCCCACCACGCGGCCCATCGCGCC
CCTGGCCACCGGGGTGCTGAAACCCGAAAGTAATAAGCCCGCGACCCTGGACTTGCCTCC
TCCCGCTTCCCGCCCCTCTACAGTGGCTAAGCCCCTGCCGCCGGTGGCCGTGGCCCGCGCG
CGACCCGGGGGCTCCGCCCGCCCTCATGCGAACTGGCAGAGCACTCTGAACAGCATCGTG
GGTCTGGGAGTGCAGAGTGTGAAGCGCCGCCGCTGCTATTAAACCTACCGTAGCGCTTAA  15
CTTGCTTGTCTGTGTGTGTATGTATTATGTCGCCGCTGTCCGCCAGAAGGAGGAGTGAAGA
GGCGCGTCGCCGAGTTGCAAGATGGCCACCCCATCGATGCTGCCCCAGTGGGCGTACATG
CACATCGCCGGACAGGACGCTTCGGAGTACCTGAGTCCGGGTCTGGTGCAGTTCGCCCGC
GCCACAGACACCTACTTCAGTCTGGGGAACAAGTTTAGGAACCCCACGGTGGCGCCCACG
CACGATGTGACCACCGACCGCAGCCAGCGGCTGACGCTGCGCTTCGTGCCCGTGGACCGC  20
GAGGACAACACCTACTCGTACAAAGTGCGCTACACGCTGGCCGTGGGCGACAACCGCGTG
CTGGACATGGCCAGCACCTACTTTGACATCCGCGGCGTGCTGGATCGGGGCCCTAGCTTCA
AACCCTACTCCGGCACCGCCTACAACAGCCTGGCTCCCAAGGGAGCGCCCAATTCCAGCC
AGTGGGAGCaAAAAAAGGCAGGCAATGGTGACACTATGGAAACACACACATTTGGTGTGG
CCCCAATGGGCGGTGAGAATATTACAATCGACGGATTACAAATTGGAACTGACGCTACAG  25
CTGATCAGGATAAACCAATTTATGCTGACAAAACATTCCAGCCTGAACCTCAAGTAGGAG
AAGAAAATTGGCAAGAAACTGAAAGCTTTTATGGCGGTAGGGCTCTTAAAAAAGACACA
AGCATGAAACCTTGCTATGGCTCCTATGCTAGACCCACCAATGTAAAGGGAGGTCAAGCT
AAACTTAAAGTTGGAGCTGATGGAGTTCCTACCAAAGAATTTGACATAGACCTGGCTTTCT
TTGATACTCCCGGTGGCACAGTGAATGGACAAGATGAGTATAAAGCAGACATTGTCATGT  30
ATACCGAAAACACGTATCTGGAAACTCCAGACACGCATGTGGTATACAAACCAGGCAAGG
ATGATGCAAGTTCTGAAATTAACCTGGTTCAGCAGTCCATGCCCAATAGACCCAACTATAT
TGGGTTCAGAGACAACTTTATTGGGCTCATGTATTACAACAGTACTGGCAATATGGGGGT
GCTGGCTGGTCAGGCCTCACAGCTGAATGCTGTGGTCGACTTGCAAGACAGAAACACCGA
GCTGTCATACCAGCTCTTGCTTGACTCTTTGGGTGACAGAACCCGGTATTTCAGTATGTGG  35
AATCAGGCGGTGGACAGTTATGATCCTGATGTGCGCATTATTGAAAACCATGGTGTGGAA
GACGAACTTCCCAACTATTGCTTCCCCCTGGATGGGTCTGGCACTAATGCCGCTTACCAAG
GTGTGAAAGTAAAAAATGGTAACGATGGTGATGTTGAGAGCGAATGGGAAAATGATGAT
ACTGTCGCAGCTCGAAATCAATTATGCAAGGGCAACATTTTTGCCATGGAAATTAACCTCC
AAGCCAACCTGTGGAGAAGTTTCCTCTACTCGAACGTGGCCCTGTACCTGCCCGACTCTTA  40
CAAGTACACGCCAGCCAACATCACCCTGCCCACCAACACCAACACTTATGATTACATGAA
CGGGAGAGTGGTGCCTCCCTCGCTGGTGGACGCCTACATCAACATCGGGGCGCGCTGGTC
GCTGGACCCCATGGACAACGTCAATCCCTTCAACCACCACCGCAACGCGGGCCTGCGCTA
CCGCTCCATGCTCCTGGGCAACGGGCGCTACGTGCCCTTCCACATCCAGGTGCCCCAGAA
ATTTTTCGCCATCAAGAGCCTCCTGCTCCTGCCCGGGTCCTACACCTACGAGTGGAACTTC  45
CGCAAGGACGTCAACATGATCCTGCAGAGCTCCCTCGGCAACGACCTGCGCACGGACGGG
GCCTCCATCTCCTTCACCAGCATCAACCTCTACGCCACCTTCTTCCCCATGGCGCACAACA
CGGCCTCCACGCTCGAGGCCATGCTGCGCAACGACACCAACGACCAGTCCTTCAACGACT
ACCTCTCGGCGGCCAACATGCTCTACCCCATCCCGGCCAACGCCACCAACGTGCCCATCTC
CATCCCCTCGCGCAACTGGGCCGCCTTCCGCGGCTGGTCCTTCACGCGCCTCAAGACCAAG  50
GAGACGCCCTCGCTGGGCTCCGGGTTCGACCCCTACTTCGTCTACTCGGGCTCCATCCCCT
ACCTCGACGGCACCTTCTACCTCAACCACACCTTCAAGAAGGTCTCCATCACCTTCGACTC
CTCCGTCAGCTGGCCCGGCAACGACCGGCTCCTGACGCCCAACGAGTTCGAAATCAAGCG
CACCGTCGACGGCGAGGGATACAACGTGGCCCAGTGCAACATGACCAAGGACTGGTTCCT
GGTCCAGATGCTGGCCCACTACAACATCGGCTACCAGGGCTTCTACGTGCCCGAGGGCTA  55
CAAGGACCGCATGTACTCCTTCTTCCGCAACTTCCAGCCCATGAGCCGCCAGGTGGTGGAC
GAGGTCAACTACAAGGACTACCAGGCCGTCACCCTGGCCTACCAGCACAACAACTCGGGC
TTCGTCGGCTACCTCGCGCCCACCATGCGCCAGGGCCAGCCCTACCCCGCCAACTACCCGT  84
ACCCGCTCATCGGCAAGAGCGCCGTCACCAGCGTCACCCAGAAAAAGTTCCTCTGCGACA
GGGTCATGTGGCGCATCCCCTTCTCCAGCAACTTCATGTCCATGGGCGCGCTCACCGACCT
CGGCCAGAACATGCTCTATGCCAACTCCGCCCACGCGCTAGACATGAATTTCGAAGTCGA
CCCCATGGATGAGTCCACCCTTCTCTATGTTGTCTTCGAAGTCTTCGACGTCGTCCGAGTG  5
CACCAGCCCCACCGCGGCGTCATCGAGGCCGTCTACCTGCGCACCCCCTTCTCGGCCGGTA
ACGCCACCACCTAAATTGCTACTTGCATGATGGCTGAGCCCACAGGCTCCGGCGAGCAGG
AGCTCAGGGCCATCATCCGCGACCTGGGCTGCGGGCCCTACTTCCTGGGCACCTTCGATAA
GCGCTTCCCGGGATTCATGGCCCCGCACAAGCTGGCCTGCGCCATCGTCAACACGGCCGG
CCGCGAGACCGGGGGCGAGCACTGGCTGGCCTTCGCCTGGAACCCGCGCTCGAACACCTG 



10 CTACCTCTTCGACCCCTTCGGGTTCTCGGACGAGCGCCTCAAGCAGATCTACCAGTTCGAG
TACGAGGGCCTGCTGCGCCGTAGCGCCCTGGCCACCGAGGACCGCTGCGTCACCCTGGAA
AAGTCCACCCAGACCGTGCAGGGTCCGCGCTCGGCCGCCTGCGGGCTCTTCTGCTGCATGT
TCCTGCACGCCTTCGTGCACTGGCCCGACCGCCCCATGGACAAGAACCCCACCATGAACTT
GCTGACGGGGGTGCCCAACGGCATGCTCCAGTCGCCCCAGGTGGAACCCACCCTGCGCCG  15
CAACCAGGAGGCGCTCTACCGCTTCCTCAACTCCCACTCCGCCTACTTTCGCTCCCACCGC
GCGCGCATCGAGAAGGCCACCGCCTTCGACCGCATGAACAATCAAGACATGTAAACCGTG
TGTGTATGTTTAAAATATCTTTTAATAAACAGCACTTTAATGTTACACATGCATCTGAGAT
GATTTTATTTTAGAAATCGAAAGGGTTCTGCCGGGTCTCGGCATGGCCCGCGGGCAGGGA
CACGTTGCGGAACTGGTACTTGGCCAGCCACTTGAACTCGGGGATCAGCAGTTTGGGCAG  20
CGGGGTGTCGGGGAAGGAGTCGGTCCACAGCTTCCGCGTCAGCTGCAGGGCGCCCAGCAG
GTCGGGCGCGGAGATCTTGAAATCGCAGTTGGGACCCGCGTTCTGCGCGCGAGAGTTGCG
GTACACGGGGTTGCAGCACTGGAACACCATCAGGGCCGGGTGCTTCACGCTCGCCAGCAC
CGCCGCGTCGGTGATGCTCTCCACGTCGAGGTCCTCGGCGTTGGCCATCCCGAAGGGGGT
CATCTTGCAGGTCTGCCTTCCCATGGTGGGCACGCACCCGGGCTTGTGGTTGCAATCGCAG  25
TGCAGGGGGATCAGCATCATCTGGGCCTGGTCGGCGTTCATCCCCGGGTACATGGCCTTCA
TGAAAGCCTCCAATTGCCTGAACGCCTGCTGGGCCTTGGCTCCCTCGGTGAAGAAGACCC
CGCAGGACTTGCTAGAGAACTGGTTGGTGGCACAGCCGGCATCGTGCACGCAGCAGCGCG
CGTCGTTGTTGGCCAGCTGCACCACGCTGCGCCCCCAGCGGTTCTGGGTGATCTTGGCCCG
GTCGGGGTTCTCCTTCAGCGCGCGCTGCCCGTTCTCGCTCGCCACATCCATCTCGATCATG  30
TGCTCCTTCTGGATCATGGTGGTCCCGTGCAGGCACCGCAGTTTGCCCTCGGCCTCGGTGC
ACCCGTGCAGCCACAGCGCGCACCCGGTGCACTCCCAGTTCTTGTGGGCGATCTGGGAAT
GCGCGTGCACGAACCCTTGCAGGAAGCGGCCCATCATGGTCGTCAGGGTCTTGTTGCTAG
TGAAGGTCAACGGGATGCCGCGGTGCTCCTCGTTGATGTACAGGTGGCAGATGCGGCGGT
ACACCTCGCCCTGCTCGGGCATCAGTTGGAAGTTGGCTTTCAGGTCGGTCTCCACGCGGTA  35
GCGGTCCATCAGCATAGTCATGATTTCCATGCCCTTCTCCCAGGCCGAGACGATGGGCAG
GCTCATAGGGTTCTTCACCATCATCTTAGCACTAGCAGCCGCGGCCAGGGGGTCGCTCTCA
TCCAGGGTCTCAAAGCTCCGCTTGCCGTCCTTCTCGGTGATCCGCACCGGGGGGTAGCTGA
AGCCCACGGCCGCCAGCTCCTCCTCGGCCTGTCTTTCGTCCTCGCTGTCCTGGCTGACGTC
CTGCATGACCACATGCTTGGTCTTGCGGGGTTTCTTCTTGGGCGGCAGTGGCGGCGGAGAT  40
GCTTGTGGCGAGGGGGAGCGCGAGTTCTCGCTCACCACTACTATCTCTTCCTCTTCTTGGT
CCGAGGCCACGCGGCGGTAGGTATGTCTCTTCGGGGGCAGAGGCGGAGGCGACGGGCTCT
CGCCGCCGCGACTTGGCGGATGGCTGGCAGAGCCCCTTCCGCGTTCGGGGGTGCGCTCCC
GGCGGCGCTCTGACTGACTTCCTCCGCGGCCGGCCATTGTGTTCTCCTAGGGAGGAACAAC
AAGCATGGAGACTCAGCCATCGCCAACCTCGCCATCTGCCCCCACCGCCGGCGACGAGAA  45
GCAGCAGCAGCAGAATGAAAGCTTAACCGCCCCGCCGCCCAGCCCCGCCTCCGACGCAGC
CGCGGTCCCAGACATGCAAGAGATGGAGGAATCCATCGAGATTGACCTGGGCTATGTGAC
GCCCGCGGAGCATGAGGAGGAGCTGGCAGTGCGCTTTCAATCGTCAAGCCAGGAAGATA
AAGAACAGCCAGAGCAGGAAGCAGAGAACGAGCAGAGTCAGGCTGGGCTCGAGCATGGC
GACTACCTCCACCTGAGCGGGGAGGAGGACGCGCTCATCAAGCATCTGGCCCGGCAGGCC  50
ACCATCGTCAAGGACGCGCTGCTCGACCGCACCGAGGTGCCCCTCAGCGTGGAGGAGCTC
AGCCGCGCCTACGAGCTCAACCTCTTCTCGCCGCGCGTGcCCCCCAAGCGCCAGCCCAACG
GCACCTGCGAGCCCAACCCCCGCCTCAACTTCTACCCGGTCTTCGCGGTGCCCGAGGCCCT
GGCCACCTACCACATCTITTtCAAGAACCAAAAGATCCCCGTCTCCTGCCGCGCCAACCGC
ACCCGCGCCGACGCCCTCTTCAACCTGGGTCCCGGCGCCCGCCTACCTGATATCGCCTCCT  55
TGGAAGAGGTTCCCAAGATCTTCGAGGGTCTGGGCAGCGACGAGACTCGGGCCGCGAACG
CTCTGCAAGGAGAAGGAGGAGGAGAGCATGAGCACCACAGCGCCCTGGTCGAGTTGGAA
GGCGACAACGCGCGGCTGGCGGTGCTCAAACGCACGGTCGAGCTGACCCATTTCGCCTAC  85
CCGGCTCTGAACCTGeCCCCGAAAGTCATGAGCGCGGTCATGGACCAGGTGCTCATCAAG
CGCGCGTCGCCCATCTCCGAGGACGAGGGCATGCAAGACTCCGAGGAGGGCAAGCCCGT
GGTCAGCGACGAGCAGCTGGCCCGGTGGCTGGGTCCTAATGCTACCCCTCAAAGTTTGGA
AGAGCGGCGCAAGCTCATGATGGCCGTGGTCCTGGTGACCGTGGAGCTGGAGTGCCTGCG 5
CCGCTTCTTCGCCGACGCGGAGACCCTGCGCAAGGTCGAGGAGAACCTGCACTACCTCTT
CAGGCACGGGTTCGTGCGCCAGGCCTGCAAGATCTCCAACGTGGAGCTGACCAACCTGGT
CTCCTACATGGGCATCTTGCACGAGAACCGCCTGGGGCAGAACGTGCTGCACACCACCCT
GCGCGGGGAGGCCCGCCGCGACTACATCCGCGACTGCGTCTACCTCTACCTCTGCCACAC
CTGGCAGACGGGCATGGGCGTGTGGCAGCAGTGTCTGGAGGAGCAGAACCTGAAAGAGC 10
TCTGCAAGCTCCTGCAAAAGAACCTCAAGGGTCTGTGGACCGGGTTCGACGAGCGGACCA
CCGCCTCGGACCTGGCCGACCTCATCTTCCCCGAGCGCCTCAGGCTGACGCTGCGCAACG
GCCTGCCCGACTTTATGAGCCAAAGCATGTTGCAAAACTTTCGCTCTTTCATCCTCGAACG
CTCCGGAATCCTGCCCGCCACCTGCTCCGCGCTGCCCTCGGACTTCGTGCCGCTGACCTTC
CGCGAGTGCCCCCCGCCGCTGTGGAGCCACTGCTACCTGCTGCGCCTGGCCAACTACCTGG 15
CCTACCACTCGGACGTGATCGAGGACGTCAGCGGCGAGGGCCTGCTCGAGTGCCACTGCC
GCTGCAACCTCTGCACGCCGCACCGCTCCCTGGCCTGCAACCCCCAGCTGCTGAGCGAGA
CCCAGATCATCGGCACCTTCGAGTTGCAAGGGCCCAGCGAGGGCGAGGGAGCCAAGGGG
GGTCTGAAACTCACCCCGGGGCTGTGGACCTCGGCCTACTTGCGCAAGTTCGTGCCCGAG
GATTACCATCCCTTCGAGATCAGGTTCTACGAGGACCAATCCCAGCCGCCCAAGGCCGAG 20
CTGTCGGCCTGCGTCATCACCCAGGGGGCGATCCTGGCCCAATTGCAAGCCATCCAGAAA
TCCCGCCAAGAATTCTTGCTGAAAAAGGGCCGCGGGGTCTACCTCGACCCCCAGACCGGT
GAGGAGCTCAACCCCGGCTTCCCCCAGGATGCCCCGAGGAAACAAGAAGCTGAAAGTGG
AGCTGCCGCCCGTGGAGGATTTGGAGGAAGACTGGGAGAACAGCAGTCAGGCAGAGGAG
ATGGAGGAAGACTGGGACAGCACTCAGGCAGAGGAGGACAGCCTGCAAGACAGTCTGGA 25
GGAAGACGAGGAGGAGGCAGAGGAGGAGGTGGAAGAAGCAGCCGCCGCCAGACCGTCG
TCCTCGGCGGGGGAGAAAGCAAGCAGCACGGATACCATCTCCGCTCCGGGTCGGGGTCCC
GCTCGGCCCCACAGTAGATGGGACGAGACCGGGCGATTCCCGAACCCCACCACCCAGACC
GGTAAGAAGGAGCGGCAGGGATACAAGTCCTGGCGGGGGCACAAAAACGCCATCGTCTC
CTGCTTGCAGGCCTGCGGGGGCAACATCTCCTTCACCCGGCGCTACCTGCTCTTCCACCGC 



30 GGGGTGAACTTCCCCCGCAACATCTTGCATTACTACCGTCACCTCCACAGCCCCTACTACT
TCCAAGAAGAGGCAGCAGCAGCAGaAAAAGACCAGAAAACCAGCTAGAAAATCCACAGC
GGCGGCAGCGGCAGGTGGACTGAGGATCGCGGCGAACGAGCCGGCGCAGACCCGGGAGC
TGAGGAACCGGATCTTTCCCACCCTCTATGCCATCTTCCAGCAGAGTCGGGGGCAGGAGC
AGGAACTGAAAGTCAAGAACCGTTCTCTGCGCTCGCTCACCCGCAGTTGTCTGTATCACAA 35
GAGCGAAGACCAACTTCAGCGCACTCTCGAGGACGCCGAGGCTCTCTTCAACAAGTACTG
CGCGCTCACTCTTAAAGAGTAGCCCGCGCCCGCCCAGTCGCAGAAAAAGGCGGGAATTAC
GTCACCTGTGCCCTTCGCCCTAGCCGCCTCCACCCAGCACCGCCATGAGCAAAGAGATTCC
CACGCCTTACATGTGGAGCTACCAGCCCCAGATGGGCCTGGCCGCCGGCGCCGCCCAGGA
CTACTCCACCCGCATGAATTGGCTCAGCGCCGGGCCCGCGATGATCTCACGGGTGAATGA 40
CATCCGCGCCCACCGAAACCAGATACTCCTAGAACAGTCAGCGCTCACCGCCACGCCCCG
CAATCACCTCAATCCGCGTAATTGGCCCGCCGCCCTGGTGTACCAGGAAATTCCCCAGCCC
ACGACCGTACTACTTCCGCGAGACGCCCAGGCCGAAGTCCAGCTGACTAACTCAGGTGTC
CAGCTGGCGGGCGGCGCCACCCTGTGTCGTCACCGCCCCGCTCAGGGTATAAAGCGGCTG
GTGATCCGGGGCAGAGGCACACAGCTCAACGACGAGGTGGTGAGCTCTTCGCTGGGTCTG 45
CGACCTGACGGAGTCTTCCAACTCGCCGGATCGGGGAGATCTTCCTTCACGCCTCGTCAGG
CGGTCCTGACTTTGGAGAGTTCGTCCTCGCAGCCCCGCTCGGGCGGCATCGGCACTCTCCA
GTTCGTGGAGGAGTTCACTCCCTCGGTCTACTTCAACCCCTTCTCCGGCTCCCCCGGCCAC
TACCCGGACGAGTTCATCCCGAACTTTGACGCCATCAGCGAGTCGGTGGACGGCTACGAT
TGATTAATTAATCAACTAACCCCTTACCCCTTTACCCTCCAGTAAAAATAAAGATTAAAAA 50
TGATTGAATTGATCAATAAAGAATCACTTACTTGAAATCTGAAACCAGGTCTCTGTCCATG
TTTTCTGTCAGCAGCACTTCACTCCCCTCTTCCCAACTCTGGTACTGCAGGCCCCGGCGGG
CTGCAAACTTCCTCCACACTCTGAAGGGGATGTCAAATTCCTCCTGTCCCTCAATCTTCATT
TTTATCTTCTATCAGATGTCCAAAAAGCGCGCGCGGGTGGATGATGGCTTCGACCCCGTGT
ACCCCTACGATGCAGACAACGCACCGACTGTGCCCTTCATCAACCCTCCCTTCGTCTCTTC 55
AGATGGATTCCAAGAAAAGCCCCTGGGGGTGTTGTCCCTGCGACTGGCCGACCCCGTCAC
CACCAAGAATGGGGCTGTCACCCTCAAGCTGGGGGAGGGGGTGGACCTCGACGACTCGG
GAAAACTCATCTCCAAAAATGCCACCAAGGCCACTGCCCCTCTCAGTATTTCCAACGGCA  86
CCATTTCCCTTAACATGGCTGCCCCTTTTTACAACAACAATGGAACGTTAAGTCTCAATGT
TTCTACACCATTAGCAGTATTTCCCACTTTTAACACTTTAGGTATCAGTCTTGGAAACGGTC
TTCAAACTTCTAATAAGTTGCTGACTGTACAGTTAACTCATCCTCTTACATTCAGCTCAAAT
AGCATCACAGTAAAAACAGACAAAGGACTCTATATTAATTCTAGTGGAAACAGAGGGCTT 5
GAGGCTAACATAAGCCTAAAAAGAGGACTGATTTTTGATGGTAATGCTATTGCAACATAC
CTTGGAAGTGGTTTAGACTATGGATCCTATGATAGCGATGGGAAAACAAGACCCATCATC
ACCAAAATTGGAGCAGGTTTGAATTTTGATGCTAATAATGCCATGGCTGTGAAGCTAGGC
ACAGGTTTAAGTTTTGACTCTGCCGGTGCCTTAACAGCTGGAAACAAAGAGGATGACAAG
CTAACACTTTGGACTACACCTGACCCAAGCCCTAATTGTCAATTACTTTCAGACAGAGATG 10
CCAAATTTACCCTATGTCTTACAAAATGCGGTAGTCAAATACTAGGCACTGTTGCAGTAGC
TGCTGTTACTGTAGGTTCAGCACTAAATCCAATTAATGACACAGTAAAAAGCGCCATAGT
ATTCCTTAGATTTGACTCTGACGGTGTGCTCATGTCAAACTCATCAATGGTAGGTGATTAC
TGGAACTTTAGGGAAGGACAGACCACCCAAAGTGTGGCCTATACAAATGCTGTGGGATTC
ATGCCCAATCTAGGTGCATATCCTAAAACCCAAAGCAAAACACCAAAAAATAGTATAGTA 15
AGTCAGGTATATTTAAATGGAGAAACTACTATGCCAATGACACTGACAATAACTTTCAAT
GGCACTGATGAAAAAGACACAACACCTGTGAGCACTTACTCCATGACTTTTACATGGCAG
TGGACTGGAGACTATAAGGACAAGAATATTACCTTTGCTACCAACTCCTTTACTTTCTCCT
ACATGGCCCAAGAATAAACCCTGCATGCCAACCCCATTGTTCCCACCACTATGGAAAACT
CTGAAGCAGaAAAAAATAAAGTTCAAGTGTTTTATTGATTCAACAGTTTTCACAGAATTCG 20
AGTAGTTATTTTCCCTCCTCCCTCCCAACTCATGGAATACACCACCCTCTCCCCACGCACA
GCCTTAAACATCTGAATGCCATTGGTAATGGACATGGTTTTGGTCTCCACATTCCACACAG
TTTCAGAGCGAGCCAGTCTCGGGTCGGTCAGGGAGATGAAACCCTCCGGGCACTCCTGCA
TCTGCACCTCAAAGTTCAGTAGCTGAGGGCTGTCCTCGGTGGTCGGGATCACAGTTATCTG
GAAGAAGAGCGGTGAGAGTCATAATCCGCGAACGGGATCGGGCGGTTGTGGCGCATCAG 25
GCCCCGCAGCAGTCGCTGTCTGCGCCGCTCCGTCAAGCTGCTGCTCAAGGGGTCTGGGTCC
AGGGACTCCCTGCGCATGATGCCGATGGCCCTGAGCATCAGTCGCCTGGTGCGGCGGGCG
CAGCAGCGGATGCGGATCTCACTCAGGTCGGAGCAGTACGTGCAGCACAGCACTACCAAG
TTGTTCAACAGTCCATAGTTCAACGTGCTCCAGCCAAAACTCATCTGTGGAACTATGCTGC
CCACATGTCCATCGTACCAGATCCTGATGTAAATCAGGTGGCGCCCCCTCCAGAACACACT 30
GCCCATGTACATGATCTCCTTGGGCATGTGCAGGTTCACCACCTCCCGGTACCACATCACC
CGCTGGTTGAACATGCAGCCCTGGATAATCCTGCGGAACCAGATGGCCAGCACCGCCCCG
CCCGCCATGCAGCGCAGGGACCCCGGGTCCTGGCAATGGCAGTGGAGCACCCACCGCTCA
CGGCCGTGGATTAACTGGGAGCTGAACAAGTCTATGTTGGCACAGCACAGGCACACGCTC
ATGCATGTCTTCAGCACTCTCAGTTCCTCGGGGGTCAGGACCATGTCCCAGGGCACGGGG 35
AACTCTTGCAGGACAGTGAACCCGGCAGAACAGGGCAGCCCTCGCACACAACTTACATTG
TGCATGGACAGGGTATCGCAATCAGGCAGCACCGGATGATCCTCCACCAGAGAAGCGCGG
GTCTCGGTCTCCTCACAGCGAGGTAAGGGGGCCGGCGGTTGGTACGGATGATGGCGGGAT
GACGCTAATCGTGTTCTGGATCGTGTCATGATGGAGCTGTTTCCTGACATTTTCGTACTTCA
CGAAGCAGAACCTGGTACGGGCACTGCACACCGCTCGCCGGCGACGGTCTCGGCGCTTCG 40
AGCGCTCGGTGTTGAAGTTATAGAACAGCCACTCCCTCAGAGCGTGCAGTATCTCCTGAG
CCTCTTGGGTGATGAAAATCCCATCCGCTCTGATGGCTCTGATCACATCGGCCACGGTGGA
ATGGGCCAGACCCAGCCAGATGATGCAATTTTGTTGGGTTTCGGTGACGGAGGGAGAGGG
AAGAACAGGAAGAACCATGATTAACTTTATTCCAAACGGTCTCGGAGCACTTCAAAATGC
AGGTCCCGGAGGTGGCACCTCTCGCCCCCACTGTGTTGGTGGAAAATAACAGCCAGGTCA 45
AAGGTGACACGGTTCTCGAGATGTTCCACGGTGGCTTCCAGCAAAGCCTCCACGCGCACA
TCCAGAAACAAGAGGACAGCGAAAGCGGGAGCGTTTTCTAATTCCTCAATCATCATATTA
CACTCCTGCACCATCCCCAGATAATTTTCATTTTTCCAGCCTTGAATGATTCGTATTAGTTC
CTGAGGTAAATCCAAGCCAGCCATGATAAAAAGCTCGCGCAGAGCGCCCTCCACCGGCAT
TCTTAAGCACACCCTCATAATTCCAAGAGATTCTGCTCCTGGTTCACCTGCAGCAGATTAA 50
CAATGGGAATATCAAAATCTCTGCCGCGATCCCTAAGCTCCTCCCTCAACAATAACTGTAT
GTAATCTTTCATATCATCTCCGAAATTTTTAGCCATAGGGCCGCCAGGAATAAGAGCAGG
GCAAGCCACATTACAGATAAAGCGAAGTCCTCCCCAGTGAGCATTGCCAAATGTAAGATT
GAAATAAGCATGCTGGCTAGACCCTGTGATATCTTCCAGATAACTGGACAGAAAATCAGG
CAAGCAATTTTTAAGAAAATCAACAAAAGAAAAGTCGTCCAGGTGCAGGTTTAGAGCCTC 



55 AGGAACAACGATGGAATAAGTGCAAGGAGTGCGTTCCAGCATGGTTAGTGtTTTTTTGGTG
ATCTGTAGAACAAAAAATAAACATGCAATATTAAACCATGCTAGCCTGGCGAACAGGTGG
GTAAATCACTCTTTCCAGCACCAGGCAGGCTACGGGGTCTCCGGCGCGACCCTCGTAGAA  87
GCTGTCGCCATGATTGAAAAGCATCACCGAGAGACCTTCCCGGTGGCCGGCATGGATGAT
TCGAGAAGAAGCATACACTCCGGGAACATTGGCATCCGTGAGTGAAAAAAaGCGACCTAT
AAAGCCTCGGGGCACTACAATGCTCAATCTCAATTCCAGCAAAGCCACCCCATGCGGATG
GAGCACAAAATTGGCAGGTGCGTAAAAAATGTAATTACTCCCCTCCTGCACAGGCAGCAA  5
AGCCCCCGCTCCCTCCAGAAACACATACAAAGCCTCAGCGTCCATAGCTTACCGAGCACG
GCAGGCGCAAGAGTCAGAGAAAAGGCTGAGCTCTAACCTGACTGCCCGCTCCTGTGCTCA
ATATATAGCCCTAACCTACACTGACGTAAAGGCCAAAGTCTAAAAATACCCGCCAAAATG
ACACACACGCCCAGCACACGCCCAGAAACCGGTGACACACTCAAAAAAATACGTGCGCTT
CCTCAAACGCCCAAACCGGCGTCATTTCCGGGTTCCCACGCTACGTCACCGCTCAGCGACT  10
TTCAAATTCCGTCGACCGTTAAAAACGTCACTCGCCCCGCCCCTAACGGTCGCCCTTCTCT
CGGCCAATCACCTTCCTCCCTTCCCAAATTCAAACGCCTCATTTGCATATTAACGCGCACA
AAAAGTTTGAGGTATATATTTGAATGATG SEQ ID NO. 39 (AdHu5 E40rf6/7) 15
MTTSGVPFGMTLRPTRSRLSRRTPYSRDRLPPFETETRATILEDHPLLPECNTLTMENAWTSP SP
PVKQPQVGQQPVAQQLDSDMNLSELPGEFINITDERLARQETVWNITPKNMSVTITDMMLFKA
SRGERTVYSVCWEGGGRLNTRVL 20SEQ ID NO. 40 (AdHu5 E40rf6)
MTTSGVPFGMTLRPTRSRLSRRTPYSRDRLPPFETETRATILEDBPLLPECNTLTMENVSYVRG
LPCSVGFTLIQEWVVPWDMVLTREELVILRKCMHVCLCCANIDIMTSMMIEIGYESWALHCHC
SSPGSLQCIAGGQVLASWFRMVVDGAMENQRFIWYREVVNYNMPKEVMFMSSVFMRGRHLI
25YLRLWYDGHVGSVVPAMSEGYSALHCGILNNIVVLCCSYCADLSEIRVRCCARRTRRLMLRA
VRIIAEETTAMLYSCRTERRRQQFIRALLQHHRPILMHDYDSTPM SEQ ID NO. 41 (AdHu5 E40rf4)
30MVLPALPAPPVCDSQNECVGWLGVAYSAVVDVIRAAAHEGVYIEPEARGRLDALREWIYYN
YYTERSKRRDRRRRSVCHARTWECFRKYDYVRRSIWHDTTTNTISVVSAHSVQ SEQ ID NO. 42
(Mycobacterium tuberculosis protein Ag85A - nucleic acid sequence)  35
ATGGACGCCATGAAGAGGGGCCTGTGCTGCGTGCTGCTGCTGTGTGGCGCCGTGTTCGTG
TCCCCCAGCCAGGAAATCCACGCCCGGTTCAGACGGGGCAGCATGCAGCTGGTGGACAGA
GTCAGAGGCGCCGTGACCGGCATGAGCAGACGGCTGGTCGTGGGAGCTGTCGGAGCCGCT
CTGGTGTCTGGACTCGTGGGAGCCGTGGGCGGAACAGCTACAGCCGGCGCTTTCAGCAGA 



40 CCCGGCCTGCCCGTGGAATATCTGCAGGTCCCCAGCCCCAGCATGGGCCGGGACATCAAG
GTGCAGTTCCAGTCTGGCGGAGCCAACAGCCCTGCTCTGTACCTGCTGGACGGCCTGAGA
GCCCAGGACGACTTCAGCGGCTGGGACATCAACACCCCCGCCTTCGAGTGGTACGACCAG
AGCGGCCTGTCTGTGGTCATGCCTGTGGGCGGCCAGAGCAGCTTCTACAGCGACTGGTAT
CAGCCCGCTTGTGGCAAGGCCGGCTGCCAGACCTACAAGTGGGAGACATTCCTGACCAGC 45
GAGCTGCCCGGCTGGCTGCAGGCCAACAGACACGTGAAGCCCACCGGCTCTGCCGTCGTG
GGCCTGTCTATGGCTGCCAGCTCTGCCCTGACCCTGGCCATCTACCACCCCCAGCAGTTC
GTGTACGCTGGCGCCATGTCTGGCCTGCTGGATCCTTCTCAGGCCATGGGACCCACCCTG
ATCGGACTGGCTATGGGAGATGCCGGCGGATACAAGGCCAGCGACATGTGGGGCCCTAA
AGAGGACCCCGCCTGGCAGAGAAACGACCCCCTGCTGAACGTGGGCAAGCTGATCGCCA 50
ACAACACCAGAGTGTGGGTGTACTGCGGCAACGGCAAGCTGAGCGACCTGGGCGGCAAC
AACCTGCCCGCCAAGTTCCTGGAAGGCTTCGTGCGGACCAGCAACATCAAGTTCCAGGAC
GCCTACAACGCTGGCGGCGGACACAACGGCGTGTTCGACTTCCCCGACAGCGGCACCCAC
AGCTGGGAGTATTGGGGAGCCCAGCTGAATGCCATGAAGCCCGACCTGCAGAGAGGCAG
CATCCCTAATCCTCTGCTGGGCCTGGACTGA  88 SEQ ID NO. 43 (Mycobacterium
tuberculosis protein Ag85A -amino acid sequence)
MDAMKRGLCCVLLLCGAVFVSPSQEIHARFRRGSMQLVDRVRGAVTGMSRRLVVGAVGAA  5
LVSGLVGAVGGTATAGAFSRPGLPVEYLQVPSP SMGRDIKVQFQSGGANSPALYLLDGLRAQ
DDFSGWDINTPAFEWYDQSGLSVVMPVGGQSSFYSDWYQPACGKAGCQTYKWETFLTSELP
GWLQANRHVKPTGSAVVGLSMAASSALTLAIYHPQQFVYAGAMSGLLDPSQAMGPTLIGLA
MGDAGGYKASDMWGPKEDPAWQRNDPLLNVGKLIANNTRVWVYCGNGKLSDLGGNNLPA
KFLEGFVRTSNIKFQDAYNAGGGHNGVFDFPDSGTHSWEYWGAQLNAMKPDLQRGSPNPLL 10GLD. SR) ID
NO. 44 (synthetic peptide corresponding to the known immunodominant CD8+ T
cell H-2d restricted epitopes in Ag85A - pll)  15WYDQSGLSV SEQ ID NO. 45
(synthetic peptide corresponding to the known immunodominant CD4+ T cell
H-2" restricted epitopes in Ag85A - p15)  20TFLTSELPGWLQANRHVICPT SEQ ID
NO. 46 (nucleoprotein (NP) and matrix protein 1 (M1) of influenza A virus -
nucleic acid sequence)
25ATGGCCAGCCAGGGCACCAAGCGGAGCTACGAGCAGATGGAAACCGACGGCGACCGGCA
GAACGCCACCGAGATCCGGGCCAGCGTGGGCAAGATGATCGACGGCATCGGCCGGTTCTA
CATCCAGATGTGCACCGAGCTGAAGCTGTCCGACTACGAGGGCCGGCTGATCCAGAACAG
CCTGACCATCGAGAAGATGGTGCTGTCCGCCTTCGACGAGCGGCGGAACAGATACCTGGA
AGAGCACCCCAGCGCCGGCAAGGACCCCAAGAAAACCGGCGGACCCATCTACCGGCGGG  30
TGGACGGCAAGTGGATGCGGGAGCTGGTGCTGTACGACAAAGAGGAAATCCGGCGGATC
TGGCGGCAGGCCAACAACGGCGAGGACGCCACAGCCGGCCTGACCCACATGATGATCTG
GCACAGCAACCTGAACGACACCACCTACCAGCGGACCAGGGCCCTCGTGCGGACCGGCAT
GGACCCCCGGATGTGCAGCCTGATGCAGGGCAGCACACTGCCCAGAAGAAGCGGAGCTG
CCGGAGCCGCCGTGAAGGGCATCGGCACCATGGTGATGGAACTGATCCGGATGGTGAAGC  35
GGGGCATCAACGACCGGAATTTTTGGAGGGGCGAGAACGGCAGAAAGACTAGAAGCGCC
TACGAGCGGATGTGCAACATCCTGAAGGGCAAGTTCCAGACAGCCGCCCAGCGGGCCATG
GTGGACCAGGTCCGGGAGAGCCGGAACCCCGGCAACGCCGAGATCGAGGACCTGATCTTC
CTGGCCCGGTCCGCCCTGATCCTGCGGGGCAGCGTGGCCCACAAGAGCTGCCTGCCCGCC
TGCGTGTACGGCCCTGCCGTGAGCAGCGGCTACGACTTCGAGAAAGAGGGCTACAGCCTG  40
GTCGGCATCGACCCCTTCAAGCTGCTGCAGAACAGCCAGGTGTACAGCCTGATCCGGCCC
AACGAGAACCCCGCCCACAAGTCCCAGCTGGTCTGGATGGCCTGCCACAGCGCCGCCTTC
GAGGATCTGCGGCTGCTGTCCTTCATCCGGGGCACCAAGGTGTCCCCCAGGGGCAAGCTG
TCCACCAGAGGCGTGCAGATCGCCAGCAACGAGAACATGGACAACATGGGCAGCAGCAC
CCTGGAACTGCGGAGCGGCTACTGGGCCATCCGGACCCGGTCCGGCGGCAACACCAACCA 



45 GCAGCGGGCCAGCGCCGGACAGATCAGCGTGCAGCCCACCTTCTCCGTGCAGCGGAACCT
GCCCTTCGAGAAGAGCACCGTGATGGCCGCCTTCACCGGCAACACCGAGGGCCGGACCAG
CGACATGCGGGCCGAGATTATCCGGATGATGGAAGGCGCCAAGCCCGAGGAAGTGAGCT
TCCGGGGCAGGGGCGTGTTCGAGCTGTCCGATGAGAAGGCCACCAACCCCATCGTGCCCA
GCTTCGAGATGAGCAACGAGGGCAGCTACTTCTTCGGCGACAACGCCGAGGAATACGACA  50
ATGGCGGCGGACCAGGCGGCGGAATGAGCCTGCTGACCGAGGTGGAGACCTACGTGCTGT
CCATCGTGCCTAGCGGCCCTCTGAAGGCCGAGATCGCCCAGCGGCTGGAAGATGTGTTCG
CCGGCAAGAACACCGACCTGGAAGCCCTGATGGAATGGCTGAAAACCCGGCCCATCCTGA
GCCCCCTGACCAAGGGCATCCTGGGCTTCGTGTTCACCCTGACCGTGCCCAGCGAGCGGG  89
GCCTGCAGCGGCGGAGATTCGTGCAGAACGCCCTGAACGGCAACGGCGACCCCAACAAC
ATGGATAAGGCCGTGAAGCTGTACCGGAAGCTGAAGCGGGAGATCACCTTCCACGGCGCC
AAAGAGATCGCCCTGAGCTACAGCGCCGGAGCCCTGGCCAGCTGCATGGGCCTGATCTAC
AACCGGATGGGCGCCGTGACCACCGAGGTGGCCTTCGGCCTGGTCTGCGCCACCTGCGAG  5
CAGATCGCCGACAGCCAGCACAGATCCCACCGGCAGATGGTGGCCACAACCAACCCTCTG
ATCAAGCACGAGAACCGGATGGTGCTGGCTAGCACCACCGCCAAGGCCATGGAACAGAT
GGCCGGCAGCAGCGAGCAGGCCGCCGAAGCCATGGAAATCGCCAGCCAGGCCAGACAGA
TGGTGCAGGCCATGCGGACCGTGGGCACCCACCCCAGCAGCTCCACCGGCCTGCGGGACG
ACCTGCTGGAAAACCTGCAGACCTACCAGAAACGGATGGGGGTGCAGATGCAGCGGTTCA 10AGTGA SEQ ID
NO. 47 (nucleoprotein (NP) and matrix protein 1 (M1) of influenza A virus -
amino acid sequence)  15
MASQGTKRSYEQMETDGDRQNATEIRASVGKMIDGIGRFYIQMCTELKLSDYEGRLIQNSLTI
EKMVLSAFDERRNRYLEEHPSAGKDPKKIGGPIYRRVDGKWMRELVLYDKEEIRRIWRQAN
NGEDATAGLTHMMIWHSNLNDTTYQRTRALVRTGMDPRMCSLMQGSTLPRRSGAAGAAVK
GIGTMVMELIRMVKRGINDRNFWRGENGRKTRSAYERMCNILKGKFQTAAQRAMVDQVRES  20
RNPGNAEIEDLIFLARSALILRGSVAHKSCLPACVYGPAVSSGYDFEKEGYSLVGIDPFKLLQNS
QVYSLIRPNENPAHKSQLVWMACHSAAFEDLRLLSFIRGTKVSPRGICLSTRGVQIASNENMDN
MGSSTLELRSGYWAIRTRSGGNTNQQRASAGQISVQPTFSVQRNLPFEKSTVMAAFTGNTEGR
TSDMRAEIIRMMEGAKPEEVSFRGRGVFELSDEKATNPIVPSFEMSNEGSYFFGDNAEEYDNG
GGPGGGMSLLTEVETYVLSIVPSGPLKAEIAQRLEDVFAGKNTDLEALMEWLKTRPILSPLTKG  25
ILGFVFTLTVPSERGLQRRRFVQNALNGNGDPNNMDKAVKLYRKLKREITFHGAKEIALSYSA
GALASCMGLIYNRMGAVTTEVAFGLVCATCEQIADSQHRSHRQMVATTNPLIKHENRMVLAS
TTAKAMEQMAGSSEQAAEAMEIASQARQMVQAMRTVGTHPSSSTGLRDDLLENLQTYQKR MGVQMQRFK.
30SEQ ID NO. 48 (immunodominant CD8+ T cell H-2d restricted epitope in NP)
TYQRTRALV SEQ ID NO. 49 (linker sequence) IPNPLLGLD  90 Claims        1. An
adenovirus vector comprising a capsid derived from chimpanzee adenovirus
AdY25, 



wherein said capsid encapsidates a nucleic acid molecule comprising an
exogeneous nucleotide 5sequence of interest operably linked to expression
control sequences which direct the translation, transcription and/or
expression thereof in an animal cell and an adenoviral packaging signal
sequence. 2. The vector of claim 1, wherein said vector lacks a functional
El locus. 3. The vector of claim 1 or claim 2, wherein said vector lacks an
E3 locus.       4. The vector of any of claims 1 to 3 wherein the vector
comprises at least one heterologous E4 open reading frame from another
adenoviral serotype.  5. The vector of claim 4 wherein the vector lacks the
native E4 locus and comprises an heterologous E4 locus or an open reading
frame thereof from another adenoviral serotype.       6. The vector of
claim 5 wherein the vector lacks the native E4 locus and comprises the
E40rf6 20 coding region from AdHu5.  7. The vector of claim 4 wherein the
E4 locus comprises the native E4Orfl, E40rf2 and E40rf3 coding regions and
the heterologous E40rf4, Orf6 and Orf6/7 coding regions from AdHu5. 258.The
vector of any of claims 1 to 7 wherein the exogeneous nucleotide sequence
of interest encodes a protein or polypeptide. 9.The vector of claim 8
wherein said protein or polypeptide is selected from the group comprising
an antigen, a molecular adjuvant, an immunostimulatory protein or a
recombinase. 30  91 11.The vector of any of claims 1 to 7 wherein said
exogeneous nucleotide sequence of interest is an miRNA or immunostimulatory
RNA sequence. 



12.The vector of any of claims 1 to 11 wherein said capsid comprises one or
more capsid 5proteins selected from the group consisting of: (a) an AdY25
hexon protein comprising the amino acid sequence of SEQ ID NO. 2 or a
sequence at least 98.2%identical thereto; (b) an AdY25 penton protein
comprising the amino acid sequence of SEQ ID NO. 3 or a sequence at least
98.3% identical thereto; and 10(c) an AdY25 fibre protein comprising the
amino acid sequence of SEQ ID NO. 4 or a sequence at least 99.1% identical
thereto. 13.An immunogenic composition comprising the adenovirus vector
according to any of claims 1     to 12 and optionally one or more
additional active ingredients, a pharmaceutically acceptable carrier,
15diluent, excipient or adjuvant. 14.The immunogenic composition of claim
13 for use in medicine. 15.The use of the immunogenic composition of claim
13 in the manufacture of a medicament for 20use in medicine. 16.The
immunogenic composition of claim 14 or use of claim 15 wherein said use
comprises delivering a transgene into a host cell. 2517.The immunogenic
composition of claim 14 or use of claim 15 wherein said use comprises
eliciting an immune response in an animal. 18.The immunogenic composition
of claim 14 or use of claim 15 wherein said use comprises boosting an
immune response in an animal. 30 



92 20. The immunogenic composition of claim 14 or use of claim 15 wherein
said use comprises inducing an immune response in an animal that will break
tolerance to a self antigen. 21. The immunogenic composition of claim 14 or
use of claim 15 wherein said use comprises 5gene therapy. 22. A
polynucleotide sequence encoding the viral vector of any of claims 1 to 12.
23. A host cell transduced with the viral vector of any of claims 1 to 12.
24. A method of producing the viral vector of any of claims 1 to 12.  25.
The method of claim 24 comprising the step of incorporating the
polynucleotide of claim 22 into a Bacterial Artificial Chromosome (BAC) to
produce an Ad-BAC vector.  26. A Bacterial Artificial Chromosome (BAC)
clone comprising the polynucleotide sequence of claim 22. 27. A packaging
cell line producing the viral vector of any of claims 1 to 12. 28. The
packaging cell line of claim 27, wherein said cell comprises the complement
of any genes functionally deleted in the viral vector of any of claims 1 to
12.  29. An adenoviral vector other than AdHu5 comprising a nucleic acid
molecule comprising the 25 E40rf4, E40rf6 and E40rf6/7 coding regions from
AdHu5. 30. The adenoviral vector of claim 29, wherein said nucleic acid
molecule additionally comprises the native E4Orfl , E40rf2 and E40rf3
coding regions. 3031.The adenoviral vector of claim 29 or 30, wherein said
adenoviral vector is derived from AdY25 or AdCh68.  



93  32. The adenoviral vector of any of claims 29 to 31, wherein said
adenoviral vector lacks an El and an E3 locus.  33. An isolated nucleic
acid molecule having a sequence at least 90% identical to SEQ ID NO. 1
5over its entire length.  34. The isolated nucleic acid molecule of claim
33 comprising one or more nucleotide sequences selected from the group
consisting of;      (a) nucleotides 18302 to 21130 of SEQ ID NO. 1 or a
sequence at least 90% identical thereto; 10(b) nucleotides 13891 to 15486
of SEQ ID NO. 1 or a sequence at least 90% identical thereto; and  (c)
nucleotides 32290 to 33621 of SEQ ID NO. 1 or a sequence at least 90%
identical thereto. 1535.An isolated nucleic acid molecule having a sequence
selected from: (a) a sequence complementary to the sequence of claim 33 or
34; and (b) a sequence which hybridises to the sequence of claim 33 or 34
under stringent conditions. 36.An adenovirus vector comprising a capsid
derived from chimpanzee adenovirus AdY25, 20wherein said capsid
encapsidates a nucleic acid molecule comprising an exogeneous nucleotide
sequence encoding antigen Ag85A from Mycobacterium tuberculosis operably
linked to expression control sequences which direct the translation,
transcription and/or expression thereof in an animal cell and an adenoviral
packaging signal sequence. 








