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DNA ENCODING CANINE YON
WILLEBRAND FACTOR AND METHODS OF
USE

RELATED APPLICATIONS

The presen! invention is a continuatiop-in-part of US.
Ser. No. 08/896,449, filed Jul, 18, 1997, which claims
priority from U.S. Ser. No. 60/020,998, filed Jul. 19, 1996,
both hereby expressly incorporated by reference.

FIELD OF THE INVENTION

This invention relates generally to canine von Willebrand
factor (vWF), and more particularly, to the gene encoding
vWE as well as a pepetic defect that causes canine von
Willebrand’s disease.

BACKGROUND OF THE INVENTION

In both dogs and humans, von Willebrand’s disease
(vWD) is a'bleeding disorder of variable severity that resuls
from a quantitative or qualitative defeet in von Willebrand
factor (VWF) (Ginsburg, D. et al,, Blood 79:2507-2519
(1992); Ruggeri, Z, M., et al,, FASEBJ7:308-316 (1993),
Dodds, W. 1., Mod Vet Pract681-686 (1984); Johnson, G. S.
et al,, JAVMA 176:1261-1263 (1988); Brooks, M., Probl In
Vet Med 4:636-646 (1992)). This clotting factor has two
known functions, stabilization of Factor VIII (hemophilic
factor A) in the blood, and aiding the adhesion of platelets
to the subendothelinum, which allows them to provide hemo-
slasis more effectively. If the factor is missing or defective,
the patient, whether human or dog, may bleed severely.

Fhe discase is the most common hereditary bleeding
disorder in both species, and is genetically and clinicaily
heterogenons, Three clinical types, called 1, 2, and 3
(formerty I, II, and III; sec Sadler, J. E. et al, Blood
B4:676-679 (1994) for nomenclature changes), have been
described. Type 1 vWD is inherited in a dominant, incom-
pletely penetrant fashion, Bleeding appears to be due to the
reduced level of vWF ratber than a qualifative difference.
Although this is the most common form of vWD found in
moesi mamimals, and can cause serious bleeding preblems, it
is generally loss severe than the other two types. In addition,
a relatively inexpensive vasopressin analog (DDDAVP) can
help alleviate symptoms (Kraus, K. H, et al, Ver Surg
18:103-109 (1989)).

Tn Type 2 vWD, palients may have essentially normal
tevels of vWE, buf the factor {s abnormal as determined by
specialized tests (Ruggeri, Z. M., et al., FASEB J 7:308-316
(1993); Brooks, M., Probl In Vet Med 4:636-646 (1992)).
This type is also inherited in a dominant fashion and has
only rarely been described in dogs (Turrentine, M. A, et al,,
Ver Clin North Am Small Anim Pract 18:275 (1988)).

Type 3 vWD is the most severe form of the discase. It is
inherited as an autosomal recessive traif, and affected indi-
viduals have no detectable vWE in their blood. Serious
bleeding episodes require transfusions of blood or cryopre-

cipitate to supply the missing vWT. Heterozygous carriers-

have moderately reduced factor concentrations, buf gener-
ally appear to have normal hemostasis.

Scottish terriers have Type 3 vWD (Dodds, W. I, Mod Vet
Pract 681-686 (1984); Johnson, G. S. et al, JAVMA
176:1261-1263 (1988)). Homozygotes have no detectable
vWFE and have a severe bleeding disorder, Heterozygotes
have reduced levels of the faclor, and are clinically normal
(Brooks, M. et al, JAVMA 200:1123-1127 (1992)). The
prevalence of vWD among Scottish terriers including both

g

15

35

40

45

55

60

465

2

heterozygotes and homozygotes has been variously esti-
mated from 27-31% (Stokol, T. et al, Res. Vet Sci
59:152-155 (1995); Brooks, M., Proc. %th ACVIM Forum
89-91 (1991)}.

Currently, detection of affceted and carrier Scottish terrier
dogs is done by vWF antigen testing (Benson, R, E. et al,,
AmJ Vet Res 44:399-403 (1983); Stokol, T. et al., Res. Vet,
Sei, 59:152-155 (1995)) or by coagulation assays
(Rosborough, T. K. et al.,, J. Lab. Clin. Med. 96:47-56
(1980); Read, M. S. et al., J. Lab. Clin, Med. 101:74-82
(1983)). These procedures yield variable results, as the
protein-based tfests can be influenced by such things as
sample collection, sample handling, estrous, pregnancy,
vaccinafion, age, and hypothyroidism (Strauss, FL. S. et al,,
New EngJ Med 269:1251-1252 (1963); Bloom, A. L., Mayo
Clin Proc 66:743-751 (1991); Stirling, Y. et al., Thromb
Haemostasis 52:176-182 (1984); Manseli, P. D. et al., Br
Ver, J. 148:320-337 (1992); Avgeris, S. et al, JAVMA
196:921-924 (1990); Panciera, D. P et al., JAVMA
205:1550~-1553 (1994)). Thus, for example, a dog that tests
within the normal range on one day, can test within the
carrier tange on another day. Il is therefore difficylt for
breeders to use this information.

It would thus be desirable to provide the nucleic acid
sequence encoding canine vWE It would also be desirable
to provide the genetic defect responsible for canine vWID. It
would further be desirable to oblain the amino acid sequence
of canine vWE. It would also be desirable to provide a
method for detecting carriers of the defective vWF gene
based on the nucleic acid sequence of the normal and
defective vWE gene.

SUMMARY OF THE INVENTION

The present invention provides a novel purified and
isolated nucleic acid sequence encoding canine vWE.
Nucleic acid sequences containing the mutations that cause
vWD in Scoftish terriers, Doberman pinschers, Shetland
sheepdogs, Manchester ferriers and Poodles arc also pro-
vided. The nucleic acid sequences of the present invention
may be used in methods for detecting carriers of the muta-
tion that causes vWD. Such methods may be used by
breeders to reduce the frequency of the disease-causing
allele and the incidence of disease, In addition, the nucleic
acid sequence of the canine vWF provided herein may be
used to determine the genetic defect that causes vWD in
other breeds as well as other species.

Additional objects, advantages, and features of the present
invention will become apparent from the following
description, faken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The various advantages of the present invention will
become apparent to one skilled in the art by reading the
following specification and by referencing the following
drawings in which:

FIGS, 1A-1C is the nucleic acid sequence of the canine
von Willebrand factor of the present invention (SEQ [D NO:
1

FIGS. 2A-2C is a comparison of the human and canine
prepro-von Willebrand factor amino acid sequences (SEQ
ID NOC: 2);

FIG. 3 provides nucleotide sequencing ladders for the von
Willebrand's disease mutation region for normal (clear),
carrier, and affected Scoitish lerriers, the sequences being
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obtained directly from PCR products derived from genomic
DNAs in exon 4;

FIG. 4 illusirates the results of a method of the present
invention used {o detect the Scottish terrier vWD mutation
(SEQ ID NOS: 3-13);

FIG. 5 shows the Scottish terrier pedipree, which in turn
illustrafes segregation of the mutant and normal vWF alle-
les;

FIG. 6 is an illustration showing the splice site compari-
son between normal and mutant Doberman pinscher vWF
alleles (SEQ 1D NOS: 14-17);

FIG. 7 is a photograph of a sequencing ladder showing the
cryptic splice cite from the mutant allele (SEQ ID NO: 18);

FIG. 8 is a photograph of an agarose gel showing repre-
sentative results of the PCR-based diagnostic test;

FIG. 9 is a histogram of genotypes versus reporied vWF
values;

FIG. 19 is a photograph of a sequencing gel showing the
mutation region between a VWD affected and a homozygous
normal Shetland sheepdog (SEQ ID NOS: 19 and 20);

FIG. 11 is a diagram illustrating the Mwo I diagnostic test
for the Shetland sheepdog Type 3 vWD mutation (SEQ ID
NOS: 21-25); and

FIG. 12 is a photograph of an agarose gel showing the
resulfs of the diagnostic test for the Shetland sheepdog Type
3 vWD mutation.

DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENTS

The ¢cDNA encoding canine von Willebrand Factor (vWF)
has been sequenced, and is set forth in FIGS. 1A-1C and
SEQ ID NO: 1. The deduced amino acid sequence is set
forth in FIGS., 2A-2C and SEQ ID NO: 2. Ia one
embodiment, the mutation of the normal vWF gene which
causes von Willebrand’s Disease (vWD) in Scottish terriers,
a deletion at coden 88 of the normal gene resulting in a
frameshift, is provided. In another embodiment, a splice
junction mutation at nucleotide position 7639 of the normal
gene, which causes vWD ir Doberman pinschers, Manches-
ter terriers and Poodles, is provided. In yet another
embodiment, a single base deletion at nucleotide position
937 of the normal gene, causing vWD in Shetiand
sheepdogs, is provided. The nucleic acid sequences of the
present invention may be used in methods for detecting
homozygous and heterozygous carriers of the defective vWF
gene.

In a preferred method of detecting the presence of the von
Willebrand allele in canines, DINA samples are first collecied
by relatively noninvasive techniques, i.e., DNA samples are
obtained with minimal penetration into body tissues of the
animals to be tested. Common' noninvasive tissue sample
collection methods may be used and include withdrawing
buccal cells via cheek swabs and withdrawing blood
samples. Following isolation of the DNA by standard
techniques, PCR is performed on the DNA utilizing pre-
designed primers that produce enzyme resiriction siles on
those DNA samples that harbor the defective gene. Treat-
ment of the amplified DNA with appropriate restriction
enzymes such as BsiE I thus allows one fo analyze for the
presence of the defective allele. One skilled in the art will
appreciate that this method may be applied not only to
Scottish terriers, Doberman pinschers, Shetland sheepdogs,
Manchester terriers and Poodles, but to other breeds such as
Dutch Kooikers, as well,

The presence of the von Willebrand allele in canines can
also be detected utilizing ligation amplification reaction
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technology (LAR) known to those skilled in the art. TAR is
a method analogous to PCR for DNA amplification wherein
ligases are employed for elongation in place of polymerases
used for PCR. Another alternate method for detecting the
presence of the canine von Willebrand allele also known fo
those skilled in the art, is allele specific oligonucleotide
hybridization, wherein an oligonucleotide of about 20 bp
containing the contignous nucleotides of the atlele of interest
is hybridized to the canine DNA.

The present invention provides breeders with an accurate,
definitive test whereby the undesired, defective vWF gene
may be eliminated from breeding lines. The current tests
used by breeders are protein-based, and as noted previcusly,
the primary difficulty with this type of test is the variability
of resulis due to a variety of factors, The ultimate result of
such variability is that an inordinate number of animals fall
info an ambiguous grouping whereby carriers and noncar-
riers cannot be reliably distinguished. The present invention
obviates the inherent limitations of protein-based tests by
detecting the genetic mutation which causes vWD. As
described in the Specific Examples, the methods of the
present invention provide an accurate test for distinguishing
noncarriers, homozygous carriers and heterozygous carriers
of the defective vWEF gene.

It will be appreciated that because the vWF cDNA of the
present invention is substanfially homologous to vWF
cDNA throughout the canine species, the mucleic acid
sequences of the present invention may be used to detect
DNA mutations in other breeds as well, In addition, the
canine vWF sequence presented herein potentially in com-
bination with the established human sequence (Genbank
Accession No, X04385, Bonthron, D. et al., Nucleic Acids
Res. 14:7125-7128 (1986); Mancuso, D. I. et al,, Biochem-
istry 30:253-269 (1989); Meyer, D, ot al.,, Throm Haemo-
stasis 70:99-104 (1993)), may be used {o facilitate sequenc-
ing of the vWF gene and genetic defects causing vWD, in
other mamumalian species e.g., by using cross-species PCR
methods known by those skilled in the art.

11 is also within the contemplation of this invention that
the isolated and purified nucleic acid sequences of the
present invention be incorporated into an appropriate recom-
binant expression vector, e.g., virel or plasmid, which is
capable of transforming an appropriate host celi, either
eukaryotic (e.g., mammalian) or prokaryotic (e.g., E. col).
Such DNA may involve alternate muicleic acid forms, such as
cDNA, gDNA, and DNA prepared by partial or total chemi-
cal synthesis, The DNA may also be accompanied by
additional regulatory elemests, such as promoters, operators
and regulators, which are necessary and/or may enhance the
expression of the vWF gene product. In this way, cells may
be induced to over-express the vWF gene, thereby generat-
ing desired amounts of the target vWF protein, It is further
contemplated that the canine vWF polypeptide sequence of
the present invention may be utilized to manufacture canine
vWF using standard synthetic methods.

One skilled in the art will appreciate that the defective
protein encoded by the defective vWF gene of the present
invention may also be of use in formulating a complemen-
tary diagnostic test for canine vWD that may provide further
data in establishing the presence of the defective allele.
Thus, production of the defective vWF polypeptide, either
through expression in transformed host cells as described
above for the active vWF polypeptide or through chemical
synthesis, is also confemplated by the present invention,

The term “gene” as to referred herein means a nucleic acid
which encodes a protein product. The term “aucleic acid”
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refers to a linear array of nucleotides and nucleosides, such
as genomic DNA, cDNA and DNA prepared by partial or
total chemical synthesis from nucleotides. The term “encod-
ing” means that the oucleic acid may be transcribed and
translated imto the desired polypeptide. “Polypeptide” refers
to amino acid sequences which comprise both full-length
profeins and fragments thereof. “Mutation” as referred to
herein includes any alteration in a mucleic acid sequence
including, but not limited to, deletions, substitutions and
additions,

As referred to herein, the term “capable of hybridizing
under high stringency conditions™ means annealing a strand
of DNA complementary to the DNA of interest under highly
stringent conditions. Likewise, “capable of hybridizing
under low stringency conditions” refers to annealing a strand
of DNA complementary to the DNA of interest under low
stringency conditions. In the present invention, hybridizing
under ecither high or low stringency conditions would
involve hybridizing a nucleic acid sequence (e.g., the
complementary sequence to SEQ ID NO: 1 or portion
thereof), with a second target pucleic acid sequeace. “High
stringency conditions” for the annealing process may
involve, for example, high temperature and/or low salt
content, which disfavor hydrogen bonding contacts among
mismatched base pairs, “Low stringency conditions” would
involve lower temperature, and/or higher salt concentration
than that of high stringency conditions. Such conditions
allow for two DNA, strands to anneal if substantial, though
noi near complete complementarity exists between the iwo
strands, as is the case among DNA strands that code for the
same protein but differ in sequence due to the degeneracy of
the genetic code. Appropriate stringency conditions which
promote DNA hybridization, for example, 6x8SC at about
45° C,, foliowed by a wash of 2x8SC at 50° C, are known
to those skilled in the art or can be found in Curremt
Protocols in Molecular Biology, John Wiley & Sons, NY
(1989}, 6.31-6.3.6. For example, the salt concentration in
the wash step can be selected from a low stringency of about
2xSSC at 50° C. to a high stringency of about 0.2x8SC at
50° C. In addition, the temperature in the wash step can be
increased from low stringency at room {emperature, about
22° ., to high stringency conditions, at about 65° C, Other
stringency parameters are described in Maniatis, T,, et al,
Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring N.Y., (1982), at pp.
387--380; see also Sambrook I. et al., Molecular Cloning: A
Laboratory Manual, Second Edition, Volume 2, Cold Spring
Harbor Laboratory Press, Cold Spring, N.Y. at pp. 8.46-8.47
(1989).

SPECIFIC EXAMPLE 1
Scottish Terriers ’

Materials And Methods

Isolation of RNA. The source of the RNA was a uterus
from a Scottish Terrier affected with vWD (factor
level<0.1% and a clinical bleeder), that was surgically
removed because of infection. Spleen tissue was obtained
from a Doberman pinscher affected with vWD that died
from dilated cardiomyopathy (factor level 7% and a clinical
bleeder). Total RNA was cxtracted from the tissues using
Trizol (Life Technologies, Gaithersburg, Md.). The integrity
of the RNA was assessed by agarose gel electrophoresis.

Design of PCR primer sefs. Primers were designed 1o a
few regions of the gene, where sequences from two species
were available (Lavergne, J. M. ot al., Biochem Biophys Res
Commun 194:1019-1024 (1993); Bakhshi, M. R. et al,
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Biochem Biophys Acta 1132:325-328 (1992)). 'These prim-
ers were designed using rules for cross-species” amplifica-
tions {Venta et al,, “Gene-Specific Universal Mammalian
Scequence-Tagged Sites: Application To The Canine
Genome™ Biochem. Genet. 34:321-341 (1996)). Most of the
primers had to be designed to other regions of the gene using
the human sequence alone (Mancuso, D. L. et al., Biochem-
istry 30:253-269 (1991)). Good amplification conditions
canine genomic DNAs,

Reverse Transcriptase-PCR. Total RNA was reverse fran-
scribed using random primers (Bergenhem, N. C. H. et al,,
PNAS (USA) 89:8783-8802 (1992)). The cDNA was ampli-
fied using the primer sets shown to work on canine genomic

DNA,

DNA Sequence Analysis. Amplification products of the
predicted sizes were isolated from agarose gels by adsorp-
tion onto silica gel particles using the mamufacturer’s
method (Qiagen, Chatsworth, Calif.), Sequences were deter-
mined using **P-5' end-labeled primers and a cycle sequenc-
ing kit (United States Biochemical Corp., Cleveland, Ohio).
The sequences of the 5° and 3' untranslated regions were
determined after amplification using Marathon™ RACE kits
(Clontech, Palo Alto, Calif.). Sequences were aligned using
the Eugene software analysis package (Lark Technologies,
Houston, Tex.). The sequence of the canine intron four was
determined from PCR-amplified genomic DNA.

Design of a Diagnostic Test. PCR mutagenesis was used
1o create diagnostic and control BsiE I and Sau96 { restric-
tion enzyme sites for the test. Amplification conditions for
the test are: 94° C., 1 min, 61° C., 1 min, and 72° C., 1 min,
for 50 eycles using cheek swab DNA (Richards, B. et al,
Human Molecular Genetics 2:159-163 {(1992)).

Population Survey. DNA was collected from 87 Scottish
terriers from 16 pedigrees. DNA was isolated either from
blood using standard procedures (Sambrook, J. et al., Cold
Harbor Spring Lab, Cold Iarbor Spring N.Y., 2nd Edition,
(1989)) or by check swab samples {Richards, B. et al,
Human Molecular Genetics 2:159-163 (1992)). The genetic
status of cach animal in the survey was determined using the
BsiE I test described above.

Results

Comparisonr of the canine and human sequences. The
alignment of the canine and human prepro-von Willebrand
Factor amino acid sequences is shown in FIGS. 2A-2C
(SEQ ID NO: 2}. The location of the Scollish terrier vWD
mutation is indicated by the “*”. Potential N-glycosylation
sites are shown in bold type. The known and postulated
integrin binding sites are boxed. Amino acid numbers are
shown on the right side of the figure. The human sequence
is derived from Genbank accession number X04385.

Overall, 85.1% sequence identity is seen belween the
prepro-vWF sequences. The pro-region is slightly fess con-
served than the mature protein (81.4% vs. 87.5%). There
were no other noteworthy percentage sequence identity
differences seen in other regions of the gene, or between the
known repeats contained within the gene (data not shown).
Fourteen potential N-linked glycosylation sites are present
in the canine sequence, all of which correspond to similar
sites contained within the human sequence. The two integrin
binding sites identified in the human vWE protein sequence
(Lankhof, H. et al., Blood 86:1035-1042 (1995)} are con-
served in the canine sequence as well (FIGS, 2A-2C; SEQ
ID NO: 2). The 5' ard 3" untranslated regions have diverged
to a greater extent than the coding region {data not shown),
comparable fo that found between the human and bovine
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sequences derived for the 5' flanking region (Janel, N. et al,,
Gene 167:291-295 (1995)). Additional insights into the
structure and function of the von Willebrand factor can be
gained by comparison of the complete human sequence
(Genbank Accession No. X04385; Bonthron, D. et al, $
Nucleic Acids Res. 14:7125-7128 (1986); Mancuso, D.J. et
al., Biochemistry 30:253-269 (1989); Meyer, D. et al,,
Throm Haemostasis 70:99-104 (1993)) and the complete
canine sequence reported here,

The sequence for most of exon 28 was determined
(Mancuso, 1. ). et al, Twomb Haemost 69:980 (1993);
Porter, C. A, ot al., Mol Phylogenet Evol 5:89-101 (199G)).
All three sequences are in complete agreement, although two
silent variants have been found in other breeds (Table i,
exon 28). Partial sequences of exons 40 and 41 (¢cDNA 15
nucleotide numbers 6923 to 7155, from the initiation codon)
were also determined as part of the development of a
polymorphic simple tandem repeat genetic marker (Shibuya,
H. et al, Anim Genet 24:122 (1994)). There is a single
nucleotide sequence difference between this sequence (*T)
and the sequence of the present invention, (“C”) at mucle-
otide position 6928.

Scottish Terrier vWD mutation. FIG, 3 shows nucleotide
sequencing ladders for the vWID mutation region for nomnal
(clear), carrier, and affected Scotlish terriers. The sequences
were obtained directly from PCR products derived from
genomic DNAs in exon 4, The arrowheads show the location
of the C nucicotide that is deleted in the discase-causing
allele, Note that in the carrier ladder ¢ach base above the
point of the mutation has a donblet appearance, as predicted
for deletion mutations. The factor levels reported for these
animals were: Normal, 54%,; Carrier, 34%; Affected, <0.1%.

As a result of the deletion, a frameshift mutation at codon
88 leads to a new stop codon 103 bases downstream:, The
resulting severely truncated protein of 119 amino acids does
not include any of the mature vWF region, The identity of
the base in the normal allele was determined from an
unaffected dog.

Development of a diagnostic tesl. A PCR primer was
designed to produce a BsiE I site in the mutant allele bui not
in the normal allele (FIG. 4; SEQ ID NOS 3 and 10). The
position of the deleted nucleotide is indicated by an asterisk.
The altered nucleotides in cach primer are underlined. The
normal and mutant allele can also be distinguished using
Sau96 1. The naturally occurring Sau96 1 sites are shown by
double underlines. The highly conserved donor and acceptor
dinucleotide splice sequences are shown in bold type.
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In order o ensure that the resiriction enzyme cut the
amplified DNA to completion, an internal control restriction
site common {o both alleles was designed into the non-
diagnostic primer. The fest was verified by digestion of the
DNA from animals that were affected, obligate carriers, or
normal (based on high factor levels [greater than 1060% of
normal] obtained from commonly used testing labs and
reported by the owners, and also using breeds in which Type
3 vWD has not been observed). The expected results were
obtained (e.g., FIG. 5). Five vWD-affected animals from a
colony founded from Scottish terriers (Brinkhous, K. M. et
al., Ann. New York Acad. Sci. 370:191-203 {1981)) were
also shown to be homozygous for this mutation. An addi-
tional unaffected animal from this same colony was found to
be clear.

1t would still be possible to misinterpret the results of the
test if restriction enzyme digestion was not complete, and if
the rates of cleavage of the control and diagnostic sites were
vastly different. The rates of cleavage of the two BsiE I sites
were thus examined by partially digesting the PCR products
and running them on capillary electrophoresis. The rates
were found to be very nearly equal (the diagnostic site is cut
12% faster than the control site).

The mutagenesis primer was also designed to produce a
Sau%6 1 site into the normal allele but not the mutant aliele,
This is the reverse relationship compared to the BsiE
I-dependent test, with respect to which allele is cut. Natural
internai Sau96 I sites serve as digestion control sites (shown
in FIG. 4). The test using this enzyme produced identical
genotypic results compared to the BsiE I for all animals
examined (data not shown),

Mendelian inheritance. One test often used to verify the
correct identification of a mutant allele is ils inherijance
eccording 1o Mendel’s law of segregation. Three pedigrees
were examined in which the normal and mutant alleles were
segregating, as shown in FIG. 5. Exon four of the vWF gene
was PCR-amptlified from genomic DNA. The PCR products
were examined for the presence of the normal and mutant
vWF alleles by agazose gel electrophoresis affer digestion
with BsiE I (se¢ FIG. 5). The affected animals are homozy-
gous for the mutant allele (229 bp; lanes 3 and 5). The other
animals in this pedigree are heterozygotes (251 bp and 229
bp; lanes 1, 2, 4, and 6), including the obligate carrier
parents.

TABLE 1

Differences Between Scottie And Doberman Pinscher

Protein And Nucleotide von Willebrand Factor Sequences

With Comparison To The Human Seguences

Amino Acid Codon
Exon AAL Human Scottie Doberman  Human  Scottie  Doberman
5 UT? nuc- 35" N/A? NiA N/A NiA A G
4 85 s S/E.Shifs s TCC TCOTC—  TCC
5 173 M E ATG AGG AAG
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TABLE 1-costimied

10

Differences Between Scottie And Doberman Pinscher
Protein And Nucleotide von Willebrand Factor Sequences

With Comparisen To The Human Sequences

Amino Acid Codaon
Exon AAL Human Scoltie Doberman  Fluman  Scolie  Doberman
11 422 S T T TCC ACA ACC
pal 808 C C C TGC TGT TGC
21 905 F F TIT TTC TTA
24 1041 S 5 S TCA TCA TCG
24 1042 S S 5 TCC TCC TCA
28 1333 D D III GAC GAC GAG
28 1349 Y Y Y TAT TAT TAC*
42 2381 P P cce CIG [eleic)
43 24795 s s 5 TCG TCG TCA
45 2555 P P P cce cce coG
47 2591 P P P cee CCT cce
49 2672 D D s GAT GAT GAC
51 2744 E E B GAG GAG GAA

*Amino acid residue position

2Untranslated region

*Nuclecticle position

“Nat Applicable

*Frameshift mutation

“Splice site mutalicn for Doberman pinscher, Manchesler lerrier and Poodle
Boxed tesidues show antino acid differences between breeds

*This site has been shown to be pelymorphic in some breeds

The mature VWF protein begins in exon 18

The alleles, as typed by both the BsiE I and Sau96 I tests,
showed no inconsistencies with Mendelian inheritance. One
of these pedigrees included two affected animats, two phe-
notypically normal siblings, and the obligate carrier parents.
The two parents were found to be heterozygous by the test,
the two affected animals were found to be homozygous for
the mutant allele, and the normal siblings were found to be
heterozygotes.

Population survey for the mutation, Cheek swabs or blood
samples were coflected from 87 animals in order to deter-
mine the incidence of carriers in the U.S, Scottish terrier
population. Although an atternpt was made to make the
sample as random as possible, these dogs were found to
come from 16 pedigrees, several of which are more distantly
interconnected. This is due fo some ascertainment bias,
based on ownership (as opposed to phenotypic asceriain-
ment bias). In these 87 animals, 4 affected and 15 carrier
animals were found,

Discussion

These results establish that the single base deletion found
in e¢xon four of the vWF gene causes vWD in the Scottish
ferrier breed, The protein produced from the mutant allele is
extremely short and does not include any of the mature vWF
protein. Four Scottish terriers known to be affected wiih the
disease are homozygous for the mutation. Five other mixed-
breed dogs descended from Scottish terriers, and affected
with vWD, are also homozygous for the mutation. No

normal animals are homozygous for the mutation, Unaf-
fected obligate carriers are always heterozygous for the
mutation.

The gene frequency, as determined from the population
survey, appears fo be around 0.13 resulting in a heterozygote
frequency of about 23% and expected frequency of affected
arimals of about 2%. Although the sample size is relatively
small and somewhat biased, these data are in general agree-
ment with the protein-based surveys (Stokol, T, ¢t al,, Res
Vet Sci 59:152-155 (1995); Brooks, M., Probl In Vet Med
4:636-646 (1992)), i that the allele frequency is substantial.

All data collected thus far indicate that this mutation may
account for essentially all of the von Willebrand’s discase
found in Scoltish terriers, This result is consistent with the
resulls found for other genetic diseases, defined al the
molecular level, in various domestic animals (Shuster, D. E.
et al., PNAS (USA) 89:9225-9229 (1992); Rudoiph, 1. A. et
al, Nat Genet 2:144-147 (1992); O’Brien, P. 1. et al,
JAVMA 203:842-851 (1993)). A likely explanation may be
found in the pronounced founder effect that occurs in
domestic animals, compared to most hman and wild animal
populations.

Published data using the protein-based factor assays have
shown that, at least in several instances, obligate carriers
have had factor levels that would lead 10 a diagnosis of
“clear” of the disease allele. For example, in one study an
obligate carrier had a factor level of 78% (Johnson, G. S. et
al., JAVMA 176:1261-1263 (1980)). In another study, at
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least some of the oblipate carriers had factor levels of 65%
or greater (Brinkhous, K. M. et al., Anr. New YorkAcad. Sci.
370:191-203 (1981)). In addition, the number of animals
that fall into an cquivocal range can be substantial. In one
study, 19% of Scottish terriers fell in this range (50-65% of
the normal vWF antigen level) (Stokol, T. et al., Res Vet Sci
59:152-155 (1995)). Thus, although the protein-based tests
have been useful, the certainty of the DNA-based test
described herein should relieve the necessity of repeated
testing and the variabilily associated with the proiein-based
assays,

The mutation is present in the pre-vWF part of the
molecile. This part of the molecule is processed off prior to
delivery of the mature protein into the plasma. This pre-
portion of the moelecule is imporiant for the assembly of the
mature vWF protein (Verwiej, L. et al.,, EBMO J
6:2885-2890 (1987); Wise, R.J. et al., Cell 52:229-236
{1988)). With the Scottish terrier frareshift vWD mutation,
neither this pre-portion nor any of the mature factor is cver
produced, in keeping with the fact that no factor has ever
been detected in the blood of affected dogs.

The determination of the complete canine vWF cDNA
sequence will have an impact upon the development of
carrier tests for other breeds and other species as well.
Currently, Shetland sheepdogs (see Specific Example 3) and
Duich Kooikers are known to have a significant amount of
Type 3 vWD (Brooks, M., el al., JAVMA 200:1123-1127
(1992); Stappendel, R. J., Ver-Q 17:821-822 (1995)). Type
3 vWD has occasionally be seen in other breeds as well (e.g.,
Johnson, G. 8. et al, JAVMA 176:1261-1263 (1980)). All
Type 3 vWD mutations described in hwmans fo date have
been found within the vWFE gene itsclf. The avaiiability of
the canine secuence will make it easier to find the mutations
in these breeds. In addition, at least some Type 1 mutations
have been found within the human vWF gens, and thus Type
1 mutations may also be found within the vWF gene for
breeds affected with that form of the discase. The availabil-
ity of iwo divergent mammalian vWF cDNA sequences will
also make it much easier to sequence the gene from other
mamalian species using cross-species PCR methods (e.g.,
Venta et al., Biochem. Genet. 34:321-341 (1996)).

The test described herein for the detection of the mutation
in Scottish terriers may be performed on small amounis of
DNA from any tissue. The tissues that are the least invasive
to obtain are blood and buccal cells. For maximum
convenience, a cheek swab as a source of DNA is preferred.

SPECIFIC EXAMPLE 2
Doberman Pinscher

Materials and Methods

RE-PCR and DNA Sequence Analysis. RNA was isolated
by using Trizol (Life Technologies, Gaitherburg, Md.) from
the spleen of a Doberman pinscher that was affected with
vWD (factor value of 7% of normal) and that had died from
dilated cardiomyopathy, RT-PCR. was performed as previ-
ously described using primers to the canine vWE cDNA,
Most PCR products were determined directly using a cycle
sequencing kit (Amersham Corp, Chicago, I.). A minor
band containing the four base deletion (sce Resulls) was
subcloned inlo a plasmid vector prior to sequence analysis.
The five kb intron 43 was amplified using a commercially
available kit for long PCR (Boehringer-Mannheim,
Indianapolis, Ind.). The cycling times und temperatures were
as follows: initial denaturation, 93° C., 2 min; 10 cycles of
93° C,, 15 sec, 62° C., 30 sec, 68° C., 4 min; 20 cycles of
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93° C,, 15 sec, 62° C.,, 30 sec, 68° C, 4 min with 20
additional sec per cycle. This was followed by a final
extension at 68° C. for 7 min, The sequences of the primers
used were: exon 43 sense primer),
S.TCTACCCTGTGGGCCAGTTC-3' (SEQ ID NO: 28),
and exon 44 (antisense primer),
5“GACCACCTCACAGGCAGAT-3' (SEQ ID NO: 27).

PCR-Based Mutation Test. PCR mutagenesis was used to
create an Msp I site in the normal allele bug not In the mutant
allele. An internal Msp I digestion controf site was also
created by PCR mutagenesis within the anti-sense primer,
whose target is within infron 43, The controf site is contained
within the amplification products of both alleles. The
sequences of the primers are: diagnostic (sense) primer,
5-CTGTGAGGACAACTGCCTGCC-3' (SEQ ID NO: 28),
and common (anti-sense) primer, 5~TGGCCCTGAAC
CGGAAATTACTCAAG-3 (SEQ ID NO: 29) (the altered
bases within cach primer are underlined). A ‘touchdown’
PCR protocol was used for the amplification. The amplifi-
cation conditions are: 94° C,, 30 sec, 63 to 55° C,, 40 sec,
and 72° C., 50 sec, for the first 8 cycles, with the annealing
temperature dropping one degree per cycle. Twenty-cight
additional cycies were run, with the annealing temperature
held at 55° C. The DNA was digested with Msp [ after PCR
amplification.

Population Survey. Owners who pariicipated in a popu-
lation survey supplied cheek swabs [rom their dogs for
genotype analysis. Richards, B. et al., Hum. Mol Genet,
2:159 (1992), A number of these dogs had associated vWF
values that were determined by varicus testing laboratories
that provide this service to breeders.

Resulis

During the sequence analysis of the vWF mRNA from an
affected Doberman pinscher, a significant nucleotide differ-
ence from the Scotlish terrier sequence was discovered. This
change was found at the last base of exon 43 (nucleotide
7437 from the initiation codon, at amino acid pesition Ser
2479; G in Scotties, A in the affected Doberman) (Table 1).
Although this is a silent amino acid change, if causes the
splice junction to be Iess similar to the mammalian splice
junction consensus. Nakai, K. et al., Gene 141:171 (1994);
Krawesak, M. et al,, Gener. 90:41 (1992}, Just upstream of
the normal splice junction is another sequence that also has
significant similarity to the consensus, which is increased by
the A at oucleotide position 7437 (FIG. 6; SEQ ID NOS:
14-17). The A at the end of exon 43 could cause the normal
splice junction to be used less frequently, and that the
upstream cryptic splice site becomes the one predominantly
used. Comparison of the splice siles by a devised statistical
method (Shapiro, M. B. et al., Nucleic Acids Res. 15:7155
(1987)) gave the following scores: normal splice position
with the wild-type allele (G at 7536), 83.9; cryptic splice site
with the wild-type allele, 60.6; normal splice position with
the mutant allele (A at 7437), 72.2; cryptic splice site with
the mutant allele, 70.5. Higher scores represent a greater
likelibood of splicing potential, The scores for the normal
and cryptic splice sites are quite different with the wild-type
allels, but are very close with the mutant allele. These results
support the probability of a decreased likelihood for splicing
at the normal site, and an increased potential for splicing at
the cryptic site with the mutant allele.

A faint RT-PCR band just below the major band from
which the variant nucleotide had been detscted was
observed. This minor band was missing the four bases at the
end of exon 43 as confirmed by sequence analysis (FIG. 7;
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SEQ ID NO: 18). The position of the four deleted bases is
shown on the right side of FIG. 7 (SEQ ID NO: 18).

A PCR-based test was developed to detect the nucleotide
difference in genomic DINA as described herein in Materials
and Methods. The results of the test for several animals with
a specirum of factor values yield a significant correlation
between genotype and factor value as shown in FIG, 8. Lane
1 contains a 50 bp ladder as a size marker. The uncut PCR
product is 135 bp (lane 8). Both alleles contain a common
Msp I restriction site that serves as an internal digestion
control. The mutant (A) and normal (G) alleles are repre-
sented by the 123 bp and 102 bp bands, respectively.
Reported factor levels and deduced genotypic status for dogs
represented in the additional lanes are as follows: 2, 12%,
affected (AA); 3, 8%, affected (AA); 4, 39%, carrier (AG);
5, 68%, carrier (AG); 6, 125%, homozygous normal {GG);
7, 136%, homozygous normal (GG). A survey of 21 ran-
domly ascertained animals with associated factor values
showed a sirong correlation between genotype and factor
tevel as presented in the histogram of FIG. 9. The shaded
boxes indicate predicted genotypes based on factor levels
that are not consistent with the genotypes deduced from the
PCR-based diagnostic test. Larger factor value-only surveys
(Johnson et al., Vet. Clin. North Am. Small Anim. Pract.
18:195-229 (1988); Moser et al,, Am. J. Vet. Res.
57:1288-1293 (1996); Stokol ¢t al., Aust, Ver, J, T2:257-262
(1996)) indicate substantial overlap between genotypes
based vpon the protein-based methods. Alarger survey on 67
additional Dobermans contained in 10 independently ascer-
tained pedigrees was performed to obtain an estimate of the
mutant allele frequency within the breed. Of the total of 88
animals, 40 were AA, 35 were AG, and 13 were GG. From
these results, the A allele frequency was estimated to be
0.64.

Discussion

The splice junction mutation at the end of exon 43 is the
cause of recessive Type 1 vWD found within the Doberman
piuscher breed. The mutation decreases the similarity
between the normal splice junction and the mammalian
consensns while at {he same time increasing the similarity of
the cryptic splice site found just upstream of the normal
splice site (FIG. 6; SEQ 1D NOS: 14-17). The calculated
Shapiro-Senapathy splice site values (Shapiro, M. B. ¢ al,,
Nucleic Acids Res. 15:7155 (1987)} are very similar for the
normal and cryplic splice siles when an A is present at
nucleotide position 7536. The Shapiro-Senapathy calcula-
tion is probably not completely accurate in determining the
relative amount of splicing that can occur between different
sites. Therefore, it is not inconsistent to find that the cryptic
splice site is used more often than the normal site, in the
mutant allele. ’

The sequence of the minor amplification product seen just
below the main amplification band exactly maiches that
predicted by the use of the cryptic splice site (FIG. 7; SEQ
ID NO: 18). The fact that there is fess cryptically spliced
mRNA than normally spliced mRNA present in the cyto-
plasm can be explained by the relative instability of the
cryptically spliced message. The cryptically spliced mRNA
produces a shift in the translational reading frame, resulting
in the formation of a premature stop codon. 1t is well known
that mRNAs that produce truncated proteins are unstable,
perhaps because ribosomes do not remain attached to the
message lo protect i from degradation by intracellular
RNases or because of the incomplete assembly of splico-
somes on mutant splice sites, Maquat, L. E., Am J Hum
Genet 59:279 (1996). The average amount of vWF protein
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present in affected animals is roughly 10% of the normal
canine value, Thus, each amutant allele should produce about
5% of the normal amount of vWF mRNA and protein. From
this, it can be predicted that the average heterozygous
Doberman should produce 55% of the average canine vWF
value. The vWF mRNA estimated in affected animals has
been shown to be roughly 20% of normal by densitometry
scans of northern blots. Meinkoth, I. H. et al., Am. J. Ver.
Res. 56:1577 (1995). This mRNA is predicted to consist
primarily of the correctly spliced transcript.

The muiation has been shown to be linked to the vWI
[ocus (FIG. 9 and Holmes, N. G. et al,, J. Small An. Prac
37:307 (1996). Most human Type 1 vWD, in which there is
a true clinical bleeding problem, appears to be inherited in
a domirant, incompletely peneirant fashion. Ginsburg, . et
al., Blood 79:2507 (1992). Although a few Type 1 mutations
have beea found within the vWF locus (see, e.g., Siguret, V.
et al., Hum. Gener, 93:95 (1994); Eikenboom, J. C. L. et al,,
Biood 88:2433 (1996)), it has been argued that another locus
or loci may also cause some Type 1 vWD. Ginsburg, D. ¢t
zl., Blood 79:2507 (1992}, In fact, one murine Type 1 vWD
has been mapped to locus that is not linked to the vWF gene.
Nichols, W. C. et al., Blood 83:3225 (1994). The data show
that a least a proportion of Type 1 vWD in humans might
also be caused by the exon 43 mutation, or other leaky splice
junction mutations. The mode of inheritance for this type of
mulation is recessive, but it might appear to be dominant in
certain situations, such as that of the Doberman pinscher.
The number of splice site mufations of the iype described
herein are significantly below the number that would be
predicted to ocenr, suggesting that these types of mutations
are more difficult 1o detect or have been overlooked in the
past. Krawcsak, M. et al., fium. Gener. 90:41 (1992). This
might be because they produce a less severe phenotype than
other types of mutations that cavse a complete loss of
function.

SPECIFIC EXAMPLE 3

Shetland Sheepdog

Tolal DNA was isolated from material obtained from a
spay of an affected Shetland sheepdog (Sheltie). This animal
had been fested for the vWE antigen, and was reported fo
have a 0% value by a laboratory skilled in this testing
(Diagnostic Laboratory, Comparative Hematology Section,
College of Veterinary Medicine, Comell University). The
owner had decided to have the spay done after obtaining this
result, and donated the removed tissues. The entire RT-PCR
coding region of this mutant gene was sequenced as
described in Specific Example 1, to identify the mutation
that causes vWD. A mutation was found in the vWF gene
that appears to be responsible for most or all of the type 3
vWD found in the Sheltie breed. A deletion of a single Twas
found al mucleotide position 735 of the encoding region
(FIG. 10; SEQ ID NOS: 19 and 20). The arrows in FIG. 18
indicate the series of T nucleotides in which one T has been
deleted in the DNA of the affected animal compared to the
normal animal, This deletion, present In the eguivalent of
human exon 7, would cause a shift in the reading from of the
vWE-encoding region, and result in a severely truncated
protein. A diagnostic test was designed to detect this mmta-
tion (FIG, 11; SEQ 1D NOS: 21-25). The deletion cavses the
creation of an Mwo I restriction site and thus, the Mwo site
is found in the mutant allele, but not in the normal allele. The
sequence shown in FIG. 11 (SEQ ID NOS: 21 and 22) is that
of the canine gene that corresponds o the human vWF exon
7. The single letter code for amino acids is shown above the
nucleotide sequence and the primer sequences are shown
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below the gene sequence. The Mwo I sites are also indicated.
An internal digestion control site is present In the non-
diagnostic primer region. Reagent concentrations for this
test were: 100 uM dNTPs, 50 mM KCl, 10 mM Tris-HCI
(pH 8.3), 2 mM MgClL,, 0.05 to 0.1 g target DNA, 15 uM
of each primer (SEQ ID NOS: 23 and 25), and 0.025 U Tag
DNA polymerase. Cycling conditions were: 94° C., 4 min,
one cycle, followed by 50 cycles of 94° C., 30 sec, 63° C,,
40 sec, and 72° C,, 40 sec. The relatively low Tagq concen-
{ration (compared to generally accepted conditions) with the
high number of cycles prevents the amplification of non-
specific PCR bands. One microliter of Mwo 1 restriction
enzyme (New England Biolabs, fne)) and 2 pl of 50 mM
MgCl, were added directly to the PCR reaction after
amplification, and incubated at 60° C. for 1 hr. Digestion
products were then observed after gel electrophoresis on a
1.5% agarose gel and the resuits shown in FIG. 12. Lanes 1
and 17 show a one bundred bp ladder. Lanes 2-6 show the
results from an affected animal, lanes 7-11 show the resulls
from a carrier animal, and lanes 12—16 show the results from
a homozygous normal animal. Lane 18 shows an undigested
confrol PCR product. The duplicate samples demonstrate the
reproducibifity of the test. Numbers on the left side of the gel
show the sizes of the standard bands, and numbers on the
right side of the gel show the sizes of the uncut product (U),
the normal allele (N), and the two bands for the mutant allele
(M).

A survey of Shelties was conducted {o determine the
frequency of the mutation within the U.S. population. Of &
total of 103 animals, 14 were carriers, giving a carrier
frequency of 13.6%. This frequency is less than the value of
28% reported for the breed in 1988 for 730 animals when
using the factor antigen test. Brooks, M. et al., J. Am. Vet
Med. Assoc. 200:1123-1127 (1992). One third of these
carriers are thought to be dug to Type 1 vWD also present
in the breed. Still, the value of 13.6% would be lower than
the calculated value of 18,7% from the aniigen test, This
difference couid be due to either ascertainment biases in
either study, a true decrease in the frequency of the disease
in this breed, one or more additional Type 3 mutations in the
breed, or a combination of these possibilities. Whatever the
reason for the difference, most or all of the Type 3 discase
in the Shehie is probably caused by this one mutation. This
is based on the understanding of the importance of the
Founder effect (or populate sire cffect) on the increase in the
frequency of specific genstic discases in purebred popula-
tions of domestic animals. A 17 member pedigree of
Shelties, in which the mutation was segregating was tested
for normal Mendelian inheritance of the allele. There were
no differences from what would be expected under
co-dominant inheritance of the two alleles.
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SPECIFIC EXAMPLE 4

In an effort to find mutations that cause vWD in other
canine breeds, affected animals were surveyed, as diagnosed
by low levels of vWE antigen, for the three mutations set
forth herein, In the case of the Manchester terrier breed, it
was found that al Ieast a portion of the affected animals bad
the identical mutation that causes vWD in the Doberman
pinscher. The test described supra for the Doberman pin-
scher was utilized to test an affected Manchester terrier, plus
several related animals. The affected animal was found 1o be
homozygous for the mutant allele (Table 2). In addition,
several animals who had vWF values in the carrier range
were found to be carriers at the genotypic level.

TABLE 2

Manchester terrier vIWF values vs. DNA genotype
Dog vWF value? Genolype®
MT1 200% neranal
MT2 76% normal
MT3 42% carrier
MT4 19% carrier
MES NT carrier
MTs NT carrier
MT7 10% affected

*Factor values as reported from a testing lab (Cornell CVM, Hematology
Lab).

“Genotype for the leaky splice mutation origisally fornd i the Doberman
pinscher.

SPECIFIC EXAMPLE 5

In an effort to locate mutations that cause vWD in other
canine breeds, affected animals as dizgnosed by low levels
of vWF antigen, were surveyed for the three mutations set
forth herein, The test described supra for the Doberman
pinscher was utilized and, in the case of the Poodle breed, it
was found that the affected animals had the identical muta-
tion that causes vWD in the Doberman pinscher, The
affected animals were found to be homozygous for the
mutant allele. In addition, several animals who had vWF
values in the carrier range were found to be carriers at the
genotypic level.

The foregoing discussion discloses and describes merely
exemplary embodiments of the present invention, One
skilled in the art will readily recognize from such discussion,
and from the accompanying drawings, that various changes,
modifications and variations can be made therein without
departing from the spirit and scope of the invention.

All patents and other publications cited herein are
expressly incorporated by reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID WOS: 29
<210>
<211
<212>
<213>

SEQ ID WO 1

LENGTRE: 8802

TYPE: DNA

ORGANTSM: Canis familiaris

<400> SEQUENCE: 1

cattaaaagy tecoctggetgg gageottttit ttgggaccay cvacteecatgt tcaagggeasa

60
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acagggygocs

actttgcaca
catttetect
ggccctcate
acgatgtage
tgcgggagat
cgggggtttc
catteoatttg
cgectecaat
ctacqgettt
atacttcaac
caagactca;
gagcagtggg
ctect.gatgaa
gtttgoocege
teotgtgeace
ggocctgtgoc
agoatgocct
gagecttcat
gggeccagete
tgggcaacyy
aaatagootyg
gtoccactte
gotggcocag
cgatgacctg
cageettgtg
teototectg
ctacggggag
ccoccgectac
cgacttegtg
gaagotgoto
gcogogcooag
gecootgccac
ctectgectce
ggcccggagqyg
coagqygocay
ttacceggag
gtacotggat
tgagatettt

tggotteatg

attaggatca
cggacagtag
gecttegtgge
ttgecagyga
cttotoggag
tgcagttace
caaaatgaca
tttgtcaatg
gggctgtate
gtygecagaa
aagacctgty
gaagggacgt
gqaacaacggt
gtgcageagg
tgccacecege
tgtgtceagg
cagcagggga
gctggeatgg
gtcasagaag
ctggatgaag
taccotoogg
tggatctgoa
aagagetteg
gactgocagg
gatgctgtot
aagctgraga
caaggtgacc
gacctgcaga
gcggggaaga
aggeccgeayg
gyggectyey
gocayyttty
cgageggtgg
gacggcagag
ggegtgeaca
gtgtacctge
gaggactgca
gagagggyay
cagccogaag

cactgtacca

atetttttte
tacataccag
agatgagtece
aactttgtac
gtgacttcat
teetggetgg
aaagagtgag
gtacecatget
tagaggeoga
ttgatggcaa
ggotgtatgy
tgacttogga
gecaaacqgqqgt
tectgtggga
tggtggacce
ggetggagtg
ttgtcttgta
agtacaagga
tgtgtcagga
gccactgcocgt
gaogectcoot
goaatgaaga
acaacaggta
accacacatt
goaccagoto
atgggggagg
teegeateca
tggattegga
cgtgeggeeg
gocctggegga
agaacctgea
cggaggagge
gtecteagoe
actgtctttg
tegegtggeg
agtgtgggac
atgaggtetyg
attgtgtgoc
acatcttocta

caagtggagg

tttotttitt
tagectotetg
taccagactt
aaaagggact
caacacottt
ggactgcceq
ccictoogtg
geaggggace
ggctggetac
tggeaactit
caactttaat
ccoctatgac
gtececotoee
gcagtgocayg
tgagoctttt
cocttgtgeyg
cggctggacc
gtgcgtgtec
geaatglbgta
gggaagtget
cttacaggac
atgoocagge
cttcacotte
ctotgtigte
ggtcacagte
agtctecatg
gcacaccqtg
cgteegggge
tggcgggaac
gcocotggtg
gaagoagcac
gtgogogoty
ctacgtgecag
cagcgceoegtyg
ggagecggge
cecctgcaad
cttggaaage
caaggctoay
agaccatcac

cetgggaage

taaaaanaaa aattcttccec
cgaggacggt gatcactaat
gtgagggtge tgctggetet
gttgg;aggt catcgatgge
gatgagagca tgtacagott
gaacactceca tctcacttat
tatctoggag aatttitegs
caaagoatet ccatgeecte
tecaagctgt ccagtgagge
caagtcctge tgtcagacag
atectttgeotg aggatgactt
tttgocaact cotgggooet
agcagccocat gecaatgtcte
cteotgaaga gtgecteoggt
gtegeooctgt gtgaaaggac
gtectootgg agtacgoocg
gaccacagoyg toctgeogace
ccttgeacce gaacttgoca
gatggctgea getgoccceoga
gagtgttect gtgtgeatge
tgeocacacct gocatttgoog
gagtgtetyg tcacaggaca
agtggggtct gecactacet
atagagactg tccagtgtge
cgootgooty gacatcacaa
gatggccagg atatccagat
atggectocg tgogoctoag
aggctactgg tgacgctgta
tacaacggoa accgggggge
gaggactteg ggaacgoctg
agogateoct geagoetoaa
ctgacgtoct cgaagticga
sactgeetet acgacgtetg
gecaactacy cegeagocogt
ttotgtgeqe tgagotgeooe
atgacctgte teteoctcto
tgotteteee cecocaggget
tgtecotygtt actatgatgg
accatgtget actgtgagga

ctgeotgecca acceggtgot

120

180

240

300

360

4120

480

540

600

660

720

780

840

200

950

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

17440

1809

18690

1929

1989

2040

2100

2160

2220

2280

2340

2400

2460
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=continued

cagcagccce cggtgtcace gragcaaaag gagectgtee tgteggeceeo ceatggteas 2520
gttggtgtgt ccegetgata acccgaggge tgaaggactg gagtgtgeca asaccigoca 2580
geactatgac ctgeagtgca tgagcacagg ctgtgtetec ggetgeectet gecegeaggy 2640
catggtecyg catgaaaaca ggtgtgtgge gotggamaaga tgtcoctgot tocaccaagg 2700
ccaagagtac geccoeaggag aaaccgtgaa aattgactge aacactigtg totgtoggga 2760
cecggaagtgg accigeacag accatgtgtg tgatgecact tgectctgcca teggeatgge 2820
geactacctc accitcgacg gactcaagta cctgttocct ggggagtgeoe agtatgttet 2880
ggtgcaggat tactgcggca gtaaccctgg gaccttacgg ateoctggtgg ggaacgaggg 2540
gtgcagctac ceoctcagtga aastgcaagaa gcgggtcacc atcotggtgg aaggaggaga 3000
gattgaactg tttgatgggg aggtgaatgt gaagaamaccce atgaaggatg agactcactt 3060
tgagygtggta gagtcetggte agtacgteat totgctgoty ggcaaggoac tototgtggt 3120
ctgggaccac cgcctgagea tototgtgac cotyaagogyg acataccagg agceggtgty jigo
tggoctgtygt gggaatttty atggeatcea gaacaatgat ttcaccagca geageootoca 3240
aatagaagaa gaccctgtgy actttgggaa ttectggaaa gtgaacceqe agtgtgoeoga 3300
caceaagaaa gtaccactgg actcatecec tgecgtetge cacaacaaca tcatgaagea 3360
gacgatggty gattecctect groaggatcet caccagtgat attbtecagg actgemacag 3420
gctggtggac cctgagocat tooctggacat ttgeatoctac gacacttget cctghgagte 3480
cattggggac tgoacctget totghtgacac cattgotget tacgecccacg totgtgooca 3540
geatggecaag gtggtagect ggaggacage cacattotgt coccagaatt gegaggageg 3600
gaatctccac gagaatgggt atgagtagtga gtggogotat aacagotgtg cocotgecty 3660
toccatcacyg tgocageace cogagecact gycatgoceet gtacagtgtg ttgaaggttg 3720
ccatgegeas tgeccteocag ggaasatcet ggatgagett ttgeagacct gecatcgacce 3780
tgaagactgt cctgtgtgtyg aggtggetgg tegtegottg gecccaggaa agaaaatcat 3840
cttgaaccce agtgacccty agcactgcoca aatttgtaat tgtgatggtg tcaacttcac 3900
ctgtaaggcc tgcegagaac coggmagtgt tgtggtgecce cocacagatg gocccattgg 3560
ctoctaccace tcogtatgtgg aggacacgtc ggagcegece ctccatgact tcrcactgeayg 4020
caggcttetg gacetggttt tcocotgetgga tggetectee aagetgtetg aggacgagtt 4080
tgaagtgcty aaggtetttyg tggtgggtat gatggageat ctgcacatet coccagaagey 4140
gatcogegtyg getgtggtgg agtaccecga cggotcocac goctacatcg ageotcaagga 4200
cecggaagega ccetcagage tgoggcgeoat caccagocag gtgaagtacyg cgggeagcga 4260
ggtggeotec accagtgagg tcttaéag&a cacgetgtte cagatctttyg gcaagatega 4320
cegoccggaa gegtoteogea ttgooctget cotgatggee agecaggage cctcaaggot 4380
ggcccggaat ttggtoceget atgtgoaggg cotgaageaay aagaaagica ttgtoatcoc 4440
tgtgggecate gggccccacg ccageettaa gecagatcocac cteatagaga agcaggocce 4500
tgagaacaag gocctttgtgt tcagtggtgt ggatgagttg gagcagocgaa gggatgagat 4560
tatcaactac ctectgtgace ttgececcccga ageoacctgeo cetactcage accecccaat 4620
ggoccaggtc acggtgggtt cggagotgtt gggggttitca totcoccaggac ccasaaggaa 4680
ctecatggte ctggatgtgg tgtttgtecet ggaagggtica gacaaaattg gtgaggccaa 4740

ctttaacasa agcagggagt tecatggagga ggtgatteag cggatggacg tgggocagga 4800
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caggatecac
cgaggegeayg
caacaggace
coagggggac
tgatgagato
tgccaatgtg
ctttgagatyg
ggggetgeay
ccitcctockg
caccaaggct
geaatatgga
tttactgag;
tttgagettt
gaaagceggtg
ggoogocaga
ggoccagetyg
aattgaagac
tgggtttgat
gaccttgeca
gagtcatcgg
toctcagggta
ctotaceegy
gtatgtecta
cagcectagy
agttgegcecte
tgtgggtygga
cecatcttgge
coecaggece
caatgactte
atggaccgta
ctoogaatte
aoctogectoca
gtgtgagyeg
gaggagggce
gcatggeotge
aggctgotte
ctgtacgeag
agoooaccay
goageccotge

ccagaacgca

gteacagtge
tecaagggeg
aacactggac
cgggagcayg
aagoggatge
caggagctyy
ctoceoctegag
atccocacce
gatggcoctott
tttatttcaa
agcatcacca
cttgtggacc
gecgtgegat
gttatectag
toccaaccgag
agocagottgyg
ctoeococaccy
agagtttgeyg
gaccagtgec
gtcaactgtg
gaggagacecht
cacatogtga
tttcanaaca
gogaaggaqga
cacagtgaca
gacatggaay
cacatettcea
tttgettega
attctgaggg
cageagottg
ttecactgoc
gocacctttt
attgeecttgt
aatttctgtg
ccteggotet
tyecccocaa
tgcatcageg
cottgeraga
cgcacagees

gtgcagtgcet

tgcagtacte
aggtcctaca
tyggecoctgea
tacctaacct
ctggagacat
agaagattgyg
aggctcotga
teteecceac
ccagcattog
gagctaatat
ctategatgh
tcatgeages
atgtcacete
tcacagatgt
tgacagtgtt
caggccceaa
tggecacect
tggatgagga
acacagtgac
acegggggee
gtggotgeoy
cetttgatygy
eggageagga
cctgoatgaa
tgoagatgac
tcaatgttta
cattcaceae
agacatatgg
atgggacagt
ggaagacatc
aggtoctoot
atgooatgtg
atgeegacct
ctatgtcatg
gtgaaggcaa
accaagteat
aggatggagt
totgoacygty
aagoteococac

gccoggagta

gtacatggty
gcaggtgegyg
atacctgtec
ggtctacatyg
ccaggtggtg
ctggoccaat
totggtgeta
cecagattge
agottottac
agggceccecgy
goetiggaat
gg9ag9g9gagge
agaagtccat
cteoogtggat
ccccattgga
agcoctggotoe
gyggaaattec
tgggaatgaq
ttgeotgeca
aaggcotteg
ctggacotgt
geagaattte
cctggaggtg
atccattgag
agtgaatggg
tgggaccatc
coaaaacaat
‘tetetgtggg
caccacagac
ccageetgte
ctoegaattg
goagooagac
ctgteggace
tecaccateo
tacaagctcc
getggaaggt
ceggeaceag
coteagtggy
ctgtggoeoyg

cgagtgtgtyg

accgtggagt acacctteayg
gatatcegat accygggtgg
gascacagct totoggteag
gtcacéggaa acocogotte
cecatogggy tgggtocaca
geaeccatee toatecatga
cagaggtgaet getctggaga
agccaygcece tggatgtggt
tttgntgaaa tgaagagcett
ctoactcaag tgtoggtget
gtagectaty aganagteca
cccagegaaa ttggggatge
ggigecaggc caggagocte
tecagtggaty ctgeageega
atecggggate ggtacagtga
aatatggtaa ggcoctccageyg
ttettecaca ageotgtgeote
aagaggccecyg gggatgtety
gatggcocaga cettgetgaa
tgococcaatg goocageoccococe
coctgtgtgt geatgggcag
aagotgacty geagcotgtte
attctecaga atggtgectg
gtgragcatg acggecteote
agactagteot cecatcccata
atgtatgagqg tcagattcaa
gagttceage tgcagcteag
atctgtgatg agaacggagce
tggaaggcac teatccagga
catgaggeqge agtgtcetgt
tttgoecgagt gocacaaggt
agttgeocace cgaagaaagt
aaaggggtet gtgtggactg
ctggtgtaca accactgtga
tgtggggace aaccotogga
aqetgtgtee cogaggagge
ttecetggaaa cotgggteoe
cggaaggtea actgtacgtt
tgtgaagtgy ccogecteog

tgtgqacctgqg tgagotgtga

4860

4620

4580

5040

5100

5160

5220

5280

5340

5400

5460

5520

5880

5640

5700

5760

5820

5880

5940

6000

6060

6120

§180

6240

§300

6360

6420

5480

6540

6600

6660

6720

6780

6840

6500

6960

7020

7080

7149

7200
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cotgeececy gtgectocet gogaagatgg cotccagatg acootgacca atcotggcoga 7260
gtgeagacce aacttcaccet gtgectacag gaaggatgaa tgcagacggg agtcoocgee 7320
ctecttgtecco ccgoaccgga egocggecct teggaagact eeghbgetgtg atgagtatga 7380
gtgtgecatge aactgtgtca actccacggt gagetgeceg cttgggtace tggectegge T440
tgtcaccaac gactgtgget geaccacaac aacctgeottc cotgacaagg tgtgtgteoca 1500

cecgaggecace atctaccotyg tgggocagtt ctgggaggay gectgtgacyg tgtgeaccetg 7560

cacggacttg gaggactctg tgatgggecet gegtgtggec cagitgeteoe agaagcoctg 1620
tgaggacaac tgcctgteag gottcactta tgtectteat gaaggegagt gotgtggaag 7680
gtgtctgeca tctgectgty aggtggtcac tggttcacca cggggegacyg cccagtetoa 7740
ctggaagaat gttggetcte actgggecte ceoctgacaac ceotycctea tcaatgagtg 7800
tgtoccgagty aaggaagagg tctttgtgoca acagaggaat gtcotccoctgeoe cecagctgaa 7860
tgtcccca&c tgccccacgg gotteocaget gagotgtaag acctcagagt gttgteccac 1820
ctgtcactge gageeectgg aggectgott getecaatggt accatcattg ggocggggaa 1980
aagtctgatg attgatgtgt gtacaaceig ccgetgeace gtgecggtgg gagtoatete 8040
tggattcaag ctggaggyea ggaagaccac ctgtgaggeca tgocccctgg gttataagga 8100
agagaagaac caaggtgaat gotgtgggag atgtctgect atagettgea ccattcagot B1l60
aagaggagga cagatcatga cactgaagey tgatgagact atccaggaty getgtgacag 8220
< tcacttcige aaggtcaatg aaagaggaga gtacatcigg gagaagagag tcacgggttig 8280
: cocaccttte gatgemacaca agtgtetgge tgagggagga aaaatcatga aaattcocagg 8340
cacctgetgt gacacatgtg aggsgecaga atgcaaggat atcattgoca agetgcageg 8400
tgtceaegtyg ggagactgta agtotgaaga ggaagtggac attcattact gtgagggtaa 8460
atgtgocage aaagoegtgt actccatcoa catggaggat gtgeaggace agtgetoctyg §520
vtgetegeoe acccagacgy agoeccatgca ggtggeccety cgetgcacca atggotecet 8580
catctaccet gagatcctea atgecatocga atgcaggtgt toccocagga agtgoagcaa 8640
gtgaggeocac tgeotggatg ctactgteqge ctgecttace cgacctecact ggactggeoca 8700
gagtgeiget cagtecteot cagicctcoet cetgototge tettgtgett cotgatccca 8760
caataaaggt ceatctttea ccotigaaaaa aaaamaaaas aa 8802
«210»> SEQ ID NO 2

<211> LENGTH: 2313

<212> TYPE: PRT

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 2

Met Ser Pro Thr Arg Leu Val Arg Val Leu Leu Ala Leu Ala Leu Ile
1 5 10 15

Leun Pro Gly Lys Leu Cys Thr Lys Gly Thr Val Gly Arg Ser Ser Met
20 25 30

Ala Arqg Cys Ser Leu Leu Gly Gly Asp Phe Ile Asn Thr Phe aAsp Glu
35 49 45

Ser Met Tyr Ser Phe Ala Gly BAsp Cys Ser Tyr Leu Leu Ala Gly Bsp
50 55 60

Cys Gln Glu His Ser Ile Ser Leu Ile Gly Gly Phe Gln Asn Asp Lye
€5 79 75 80

Arg Val ser Leu Ser Val Tyr Leu Gly Glu Phe Phe Asp Ile His Leu
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a5 20 45

Phe Val Asn Gly Thr Met Leu Gin Giy ‘.l‘hr‘ Gln Ser Ile Ser Met Pro
100 105 ile

Tyr Ala Ser Asn Gly Leu Tyr Leu Glu Ala Glu Ala Gly Tyr Tyr Lys
115 120 125

Leu Ser Ser Glu Ala Tyr Gly Phe Val Ala Arqg Ile Asp CGly Asn Gly
130 135 140

Asn Fhe Gln Val Leu Leu Ser hsp Arg Tyr Phe Asn Lys Thr Cys Gly
145 15¢ 155 1690

Leu Cys Gly Asn Phe Asn Ile Phe Ala Glu Asp Asp Phe Lys Thr Gln
165 170 175

Glu Gly Thr Leu Thr Ser Asp Pro Tyr Asp Phe Ala Aen Ser Trp Ala
180 185 190

Leu Ser Ser Gly Glu Gln Arg Cye Lye Arg Val Ser Pro Pro Ser Ser
195 200 205

Pro Cys Asn Val Ser Ser Asp Glu Val Gln Gln Val Leu Trp Glu Gln
210 215 220

Cys Gln Leu Leu Lyes Ser Ala Ser Val Phe Rla Arg Cys His Pro Leu
225 230 235 240

Val App Pro Glu Pro Phe val Ria Leu Cys Glu Arg Thr Leu Cys Thr
245 250 255

Cys Val Gln Gly Met Glu Cys Pro Cys Ala Val Leu L.eu Glu Tyr Ala
260 265 270

Arg Ala Cys Ala Glr Gln Gly Ile Val Leu Tyr Gly Trp Thr Bsp His
275 280 285

Ser Val Cye Arg Pro Ala Cys Pro Ala Gly Met Glu Tyr Lys Glu Cys
2%0Q 295 3oo

Val Ser Pro Cye Thr Arg Thr Cys Gln Ser Leu His Val Lys Glu Val
305 310 315 3290

Cys Gln Glu Gln Cys Val Asp Gly Cye Ser Cys Prc Glu Gly Gln Leu
328 336 335

Leu Asp Glu Gly His Cys Val Gly Ser Ala Glu Cys Ser Cys Val His
340 345 350

Ala Gly Gln Arg Tyr Pro Pro Gly Ala Ser Leu Leu Gln Asp Cys His
355 60 g5

Thr Cys Ile Cys Arg Asn Ser Leuw Trp Ile Cys Ser Asn Glu Glu Cys
370 375 380

Pro Gly Glu Cys Leu Val Thr Gly Gln Ser His Phe Lys Ser Fhe Asp
385 390 395 400

; Ren Arg Tyr Phe Thr Phe Ser Gly Val Cys His Tyr Leu Leu Ala Gln
! 405 . 410 115

Bep Cys Gln aAsp His Thr Phe Ser Val val Ile Giu Thr val Gln Cys
420 425 430

Ala Bsp Bep Leu Rsp Ala Val Cys Thr Arg Ser Wal Thr Val Arg Leu
435 440 445

Pro Gly His His Asn Ser Leu Val Lys Leu Lys Asn Gly Gly Gly Val
450 455 460

Ser Met Asp Gly $ln Asp Tle Gln Ile Pre Leu Leu Gln Gly Asp Leu
465 470 475 480

Arg Iie Gln His Thr val Met Ale Ser Val Arg Leu Ser Tyr Gly Glu
485 490 495

Rep Leu Gin Met Asp Ser Asp Val Arg Gly Arg Leu Leu Val Thr Leu
500 505 510
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Tyr Pro Ala Tyr Ala Gly Lys Thr Cys Gly Arg Gly Gly Asn Tyr Asn
515 520 525

Gly Asn Arg Gly Asp Asp Phe Val Thr Pro Ala Gly Leu Ala Glu Pro
53¢ 535 540 -

Leu Val Glu Rsp Phe Gly Asn Ala Trp Lyes Leu Leu Gly Ala Cys Glu
545 550 555 560

Asn Leu Gln Lys Gln His Arg Rsp Preo Cys Ser Leu Asn Pro Arg Gla
565 570 575

Ala Arg Phe Ala Glu Glu Ala Cys Ala Leu Leu Thr Ser Ser Lye Phe
580 585 590

Glu Pro Cys His Brg Ala Val Gly Pro Gln Pro Tyr Val Gln Asn Cys
595 660 605

Leu Tyr Asp Val Cys Ser Cys Ser Asp Gly Arg Asp Cys Leu Cys Ser
610 . §15 620

Ala val Ala Asn Tyr Ala Ala Ala Vsl Ala Arg Arg Gly Val Eis Ile
625 630 635 640

Ala Trp Arg Glu Pro Gly Phe Cys Ala Leu Ser Cys Pro Gln Gly Gln
645 550 655

Val Tyr Leu Gln Cys Gly Thr Pro Cys BAsn Met Thr Cys Leu Ser Leu
660 6635 670

Ser Tyr Pre Glu Glu Asp Cys Asn Glu Val Cys I.eu Glu Ser Cys Phe
675 680 605

Ser Pro Pre Gly Leu Tyr Leu RAsp Glu Arg Gly Asp Cys Val Pro Lys
690 695 _ 700

Ala Gln Cys Pro Cys Tyr Tyr Asp Gly Glu Ile Phe Gln Pro Glu Asp

705 710 715 720

1le Phe Ser Aep His His Thr Met Cys Tyr Cys Glu Asp Gly Phe Met
725 730 735

His Cys Thr Thr Ser Gly Gly Leu Gly Ser Leu Leu Pro Asn Pro Val
740 745 750

Leu Ser Ser Pro Arg Cys His Arg Ser Lys Arg Ser Leun Ser Cys Arg
755 760 765

Pro Pro Met Val Lye Leu Val Cys Pro Ala Asp Asn Pro Arg Ala Glu
170 715 780

Gly Leu Glu Cys Ala Lys Thr Cys Gln Asn Tyr Asp Leu Gln Cys Met
785 790 795 800

Ser Thr Gly Cys Val Ser Gly Cys Leu Cys Pro Gln Gly Met Val Arg
805 810 915

Eis Glu Asn Arg Cys Val Ala Leu Glu Arg Cye Pro Cys Phe Bis Gln
820 B25 830

Gly Gln Glu Tyr Ala Pro Gly Glu Thr Vval Lys Ile &sp Cys Asn Thr
835 840 845

Cys Val Cys Arg Asp Arg Lys Trp Thr Cys Thr Asp His Val Cys Asp
850 855 8690

Ala Thr Cys Ser Ala Ile Gly Met Ala His Tyr Leu Thr Phe Rsp Gly
865 870 875 880

Leu Lys Tyr Leu Phe Pro Gly Glu Cys Gln Tyr Val Leu Val Gln Aep
485 880 885

Tyr Cys Gly Ser Asn Pro Gly Thr Leu Arg Ile Leu Val Gly Asn Glu
800 205 919

Gly €ys Ser Tyr Pro Ser Val Lys Cys Lys Lys Arg Val Thr Ile Leu
915 920 925
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Val Glu Gly Gly Glu Ile Glu Leu Phe Asp Gly Glu Val Asnh Val Lys
930 915 949

Lys Pro Met Lys Asp Glu Thr Hie Phe Glu Val Val Glu Ser Gly Gln
945 950 955 260

Tyr Val Ile Leu Leu Leu Gly Lye Ala Leu S5er Val Val Trp Asp His
965 970 973

Arg Leu Ser Ile Ser Val Thr Leu Lys Arg Thr Tyr Gla Glu Gln Val
980 985 250

Cys Gly Leu Cys Gly Asn Phe Asp Gly Ile Gln Asn Asn Asp Phe Thr
985 1000 1005

Ser Ser Ser Leu &ln Tle Glu Glu Asp Pro Val Asp Phe Gly Asn Ser
1010 1015 1620

Trp Lys Val Asn Pro Gln Cys Ala Asp Thr Lys Lys Val Pro Leu Asp
1025 1030 1035 1940

Ser Ser Pro Ala Val Cys His Asn Asp Ile Met Lys Gln Thr Met Val
1045 1050 1055

Aep Ser Ser Cys Arg Tle Leu Thr Sar Asp Ile Phe Gln Asp Cye Rsn
1060 1065 1970

Arg Leu Val Asp Pro Glu Pro Phe Leu Rsp Ile Cys Ile Tyr Asp Thr
1075 1080 1085

Cys Ser Cys Glu Ser Ile Gly Asp Cys Thr Cya Phe Cys Asp Thr Iie
1090 1095 1100

Ala Ala Tyr Ala Hie Val Cys Ala Gln Hie Gly Lys Val Val Ala Trp
1105 1110 1115 1120

Arg Thr Ala Thr Phe Cys Pro Gln Asa Cys Glu Glu Arg Asn Leu His
1125 1130 1135

Glu Asn Gly Tyr Glu Cys Glu Trp Axrg Tyr Asn 8ar Cys Ala Pro Ala
1140 1145 1150

Cys Pro Ile Thr Cys Gln His Pro Glu Pro Leu Ala Cys Pro Val Gln
1155 1160 1165

Cys Val Glu Gly Cye His Ala Hie Cye Pro Pre Gly Lys Ile Leu Asp
1170 1175 1180

Glu Leu Leu Gln Thr Cys Ile Asp Pro Glu Rsp Cys Pro Val Cys Glu
1185 1130 1195 1200

Val Rla Gly Arg Arg Leu Ala Pro Gly Lye Lys Ile Ile Leu Asn Pro
1205 1210 1215

Ser Bep Pro Glu His Cys Gln Ile Cys Ren Cys Asp Gly Val Asn Phe
1220 1225 1230

Thr Cye Lys Ala Cys Arg Glu Pro Gly Ser Val Val Val Pre Pro Thr
1235 1240 1245

Asp Gly Pro Ile Gly Ser Thr Thr Ser Tyr Val Glu Asp Thr Ser Glu
1250 1255 1260

Pro Pro Leu His Asp Phe Hie Cys Ser Arg Leu Leu Asp Leu Val FPhe
1265 1279 1275 1280

Leu Leu Asp Gly Ser Ser Lys Leu Ser Glu Asp Glu Phe Glu Vel Leu
1285 125%0 1285

Lys Val Phe val Val Gly Met Met Glu His Leu His Ile Ser Gln Lys
1300 1305 1310

Arg Ile Arg Val Ala Val Val Glu Tyr His Asp Gly Ser His Ala Tyr
1315 1320 1325

Ile Glu Leu Lys Asp Arg Lys Arg Pro Ser Glu Leu Arg Arg Ile Thr
1330 1335 1340

Ser Gln Val Lys Tyr Ala Gly Ser Glu Val Ala Ser Thr Ser Glu Val
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1345 1359

1355

1360

Leu Lys Tyr Thr Leu Phe Gln Ile Phe Gly Lys Ile Asp Arg Pro Giu

1365

1370 1375

Ala Ser Arqg Ile Ala Leu Leu Leu Met Ala Ser Gln Glu Pro Ser

1380

Leu Ala Arg Asn Leu Val Arg Tyr

1395

Val Ile val iIle Pro Val
1410

Tle Hia Len Ile Glu Lys
1425 1430

Ser Gly Val Asp Glu Leu
1445

Leu Cys Asp Leu Ala Pro
© 1460

Met Ala Gln Val Thr Val
1475

Gly Pro Lys Arg Asn Ser
1490

Gly Ser Asp Lys Ile Gly
1505 1510

Met Glu Glu Vel Ile Gln
1525

Val Thr Val Leu Gln Tyr
15490

Ser Glu Ala Gla Ser Lys
1555

Gly
1415
Gln
Glu
Glu
Gly
Met
1495
Glu

Arg

Ser

1400

Ile

Ala

Gln

hla

Ser

148¢C

Val

ala

Met

Tyr

1385 1390

val Gln Gly Leu Lys Lyes Lys
1405

Gly Pro His Ala Ser Leu Lys
1420

Pro Glu Asn Lys Ala Phe Val
1435

Arg Arg Asp Glu Ile Ile Asn
145¢ 1455

Pro Ala Pro Thr Gln His Pro
1465 1470

Glu Leu Leu Gly Val Ser Ser
1485

Leu Asp Val Val FPhe Val Leu
1500

Asn Phe Asn Lys Ser Arg Glu
1515

Asp Val Gly Gln Asp Arg Ile
1530 1535

Met Val Thr Val Glu Tyr Thr
1545 1550

Gly Glu val Leu Gln Gla Val Arg Asp

1560

1565

Arg Tyr Arg Gly Gly Asn Arg Thr Asn Thr Gly Leu Ala Leu Gln

157¢

1575

1580

Leu Ser Glu Hip Ser Phe Ser Val Ser Gla Gly Asp Arg Glu Gln

1585 1590

1595

Pro Asn Leu Val Tyr Met Val Thr Gly Asn Pro Ala Ser Asp Glu

1605

1610 1615

Lys Arg Met Pro Gly Asp Ile Gln Val Val Pro Ile Gly Val Gly

1620¢

His Ala Asn Val Gln Glu Leu Glu

1635

Ile Leu Ile His Asp Phe
1650

Val Leu Gln Arg Cye Cye
1665 1679

Ser Pre Thr Pro Asp Cys
1685

Asp Gly Ser Ser Ser Ils
1700

Phe Thr Lys Ala Phe Ile
1715

Glu

1655

Ser

Ser

Pra

1640

Met

Gly

Gln

Ala

1625 1630

Lys Ile Gly Trp Pro Asn Ala
1645

Leu Pro Arg Glu Ala Pro Asp
1660

Glu Gly Leu Gln Ile Pro Thr
1675

Pro Leu Asp Val Val Leu Leu
1590 1695

8er Tyr Phe Asp Glu Met Lys
1705 1710

Ser Arg Ala Asn Tle Gly Pro Arg Leu

1720

1725

Arg

Lys

Gln

Phe

14490

Tyy

Pro

Pro

Glu

Phe

1520

His

the

Ile

Tyr

val

1600

Ile

Pra

Pro

Leun

Leu

1680

Leu

Ser

The

Gln Val Ser Val Leu Gln Tyr Gly Ser Ile Thr Thr Ile
1730 1735 1740

Trp Asn Val Rla Tyr Glu Lys Val His Leu Leu Ser Leu
1745 175¢ 1755

Met Gln Gln Glu Gly Gly Pro Ser Glu Ile Gly Asp Ala
1765 1770

Asp Val Pro
val Asp Leu
1760

Leu Ser Phe
1775
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Ala Val Arg Tyr Val Thr Ser Slu Val His Gly Ala Arg Pro Gly Ala
17890 1785 17589

Ser Lye Ala Val Val Ile Leu Val Thr Asp Val Ser Val Asp Ser Val
1765 1800 1805

Bsp Ala Ala Rla Glu Ala Ala Arg Ser Asn Arg Val Thr val Phe Pro
1810 1815 1820

Tle Gly Tle Gly Asp Arg Tyr Ser Glu Ala Gln Leu Ser Ser Leu Ala
1825 1830 1835 1840

Gly Pro Lys Ala Gly Ser Asn Met Val Arg Leu Gln Arg Ile Glu Asp
1845 1850 1855

Leu Pro Thr Val Ala Thr Leu Gly Asn Ser FPhe Phe His Lys Leu Cys
1860 1865 1870

Ser Gly Phe Asp Arg Val Cys Val Asp Glu Asp Gly Asn Giu Lys Ary
1875 1880 1885

Pro Gly #sp Val Trp Thr Leu Pro Aep Gln Cys His Thr Val Thr Cys
189¢ iges 1800

Leu Pro Asp Gly Gin Thr Leu Leu Lys Ser His Arg Val Asn Cys Aep
1905 1910 1915 1920

Arg Gly Pro Arg Pro Ser Cys Preo Asn Gly Gln Pro Pro Leu Arg Val
1925 1930 1935

Glu Glu Thr Cys Gly Cys Arg Trp Thr Cye Pro Cys Val Cys Met Gly
1940 1945 1950

Ser Ser Thr Arg His Ile Val Thr Phe Asp Gly Gln Asn Phe Lys Leu
1955 1960 1965

Thr Gly Ser Cys $Ser Tyr Val Leu Phe Gln Asn Lys Glu Gln Asp Leu
1970 1975 1880

Glu val Ile Leu Gln Asn Gly Ala Cys Ser Pro Gly Ala Lys Glu Thr
1985 1999 1995 2000

Cys Met Lye Ser Ile Glu Val Lys Hisz Asp Gly Leu Ser Val Glu Leu
2005 20190 2015

His Ser Asp Met Gln Met Thr val Asn Gly Arg Leu Val Ser Ile Pro
2020 2025 2030

Tyr Val Gly Gly Bsp Met Glu Val Asn Val Tyr Gly Thr Ile Met Tyr
2035 2040 2045

Glu Val Arg Phe Asn His Leu Gly His Ile Phe Thr Phe Thr Pro Gin
2050 20535 2060

Asn Asn Glu Phe Gln Leu Gla Leu Ser Pro Arg Thr Phe Ala Ser Lys
2065 2070 2075 2080

Thr Tyr Gly Leu Cye Gly Ile Cys Asp Glu Asn Gly Ala Asn Asp Phe
2085 2080 2095

Ile Leu Arg Asp Gly Thr val Thr Thr Asp Trp Lys Ala Leu Ile Gln
2100 2105 2110

Glu Trp Thr Val Gln Gln Leu Gly Lye Thr Ser Gln Pro Val His Glu
2115 2120 2125

Glu Gln Cys Pro Val Ser Glu Phe Phe His Cys Gln Val Leu Leu Ser
2130 2135 2140

Glu Leu Phe Ala Glu Cys Hie Lye ¥al Leu Ala Pro Ala Thr Phe Tyr
2145 2150 2155 2160

Ala Met Cys Gln Pro Asp Ser Cys His Pro Lys Lys Val Cys Glu Ala
2165 2170 2178

Ile Ala Leu Tyr Ala His Leuv Cys Arg Thr Lys Gly Val Cys Val Asp
2180 2185 2190
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Trpy Arg Arg Ala Ben Phe Cye Ala Met Ser Cys Pro Pro Ser Leu Val
2195 2200 2208

Tyr Asn Hie Cys Glu His Gly Cys Pro Arg Leu Cys Glu Gly Asn Thr
2210 2215 2220

Ser Ser Cys Gly Asp Gla Pro Ser Glu Gly Cys Phe Cys Pro Pro Asn
2225 2230 2235 2240

Gln Val Met Leu Glu Gly Ser Cys vVal Pro Glu Glu Ala Cys Thr Gln
2245 2250 2255

Cys Ile Ber Glu Asp Gly Val Arg Hie Gln Phe Leu Glu Thr Trp Val
2260 2265 2270

Pro Ala His Gln Pro Cys Gln Ile Cys Thr Cys Len Ser Gly Arg Lys
2275 22890 2285

Val Asn Cys Thr Leu Glan Pro Cys Pro Thr Ala Lys Ala Pro Thr Cys
2290 2295 2300

Gly Pro Cys Glu val Ala Arg Leu Arg Gln Asn Ala Val Gln Cys Cys
2305 ' 2310 2318 2320

Pro Glu Tyr Clu Cys Val Cys Asp Leu Val Ser Cye Asp lLeu Pro Pro
2325 2330 233%

Val Pro Pro Cys Glu Asp Gly Leu Gin Met Thr Leu Thr Asn Pro Gly
2340 2345 2350

Glu Cys Arg Pro ARsn Phe Thr Cye Ala Cys Arg Lys Asp Glu Cys Arg
2355 2360 2365

Arg Glu Ser Pro Pro Ser Cys Pro Pro His Arg Thr Pro Ala Leu Arg
2370 2375 2380

Lys Thr Gln Cys Cys Asp Glu Tyr Glu Cys Ala Cys Asn Cys Val Asn
2385 2330 2395 2400

Ser Thr Val Ser Cys Pro Leu Gly Tyr Leu Ala Ser Ala Val Thr Asn
2405 2410 2415

Rep Cys Gly Cys Thr Thr Thr Thr Cys Phe Pro Asp Lys Val Cys Val
2429 2425 2430

His Arg Gly Thr Ile Tyr Pro Val Gly Gln Phe Trp Glu Glu Ala Cys
2435 2440 2445

Asp Val Cys Thr Cys Thr Asp Leu Glu Asp Ser Val Met Gly Leu Arg
2459 2455 2460

Val Ala Gln Cys Ser Gln Lys Pro Cys Glu Asp Asn Cys Leu Ser Gly
2465 2470 2475 2480

Phe Thr Tyr Val Leu His Glu Gly Glu Cys Cys Gly Arg Cys Leu Pro
2485 2490 2495

Ser Ala Cys Glu Val Val %hr Gly Ser Pro iArg Gly Asp Ala Gln Ser
2500 2505 2510

His Trp Lys Asnh Val Gly Ser His Trp Ala Ser Pro Aep Aesn Pro Cys
2515 2520 2525

Leu Ile Asn Glu Cys Val Arg Val Lys Glu Glu val Phe Val Gln Gln
2530 2535 2540

Arg Asn Val Ser Cys Pro Sln Leu Asn Val Pro Thr Cys Pro Thr Gly
2545 2550 2555 2560

Phe Gln Leu 8er ¢ys Lys Thr Ser Glu Cys Cys Pro Thr Cys His Cys
2565 2570 2575

Glu Pro Leu Glu Ala Cys Leu Leu Asn Gly Thr Ile Tle Gly Pro Gly
2580 2585 25990

Lys Ser Leu Met Ile Asp Val ¢ys Thr Thr Cye Arg Cye Thr Val Pro
2595 2600 2605

val Gly Val Ile Ser Gly Phe Lys Leu Glu Gly Arg Lye Thr Thr Cys
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2610 2615 2620

Glu Ala Cys Pro Leu Gly Tyr Lys Glu Glu Lys Asn Gln Gly Glu Cys
2625 2630 2635 2640

Cys Gly Arg Cys Leu Pro Ile Ala Cys Thr Ile Gln Leu Arg Gly Gly
2645 2650 2655

Gln Ile Met Thr Lew Lys Arg Asp Glu Thr Ile Gln Asp Gly Cys Asp
2660 2665 2679

Sar His Phe Cys Lys Val Zsn Glu Arg Gly Glu Tyr Ile Trp Glu Lys
2675 2680 2685

Arg Val Thr Gly Cys Pro Pro Phe Asp Glu His Lys Cye Leu Ala Glu
2690 2695 2700

Gly Gly Lys Ile Met Lys Ile Pro Gly Thr Cys Cys Asp Thr Cys Glu
2705 2710 2715 2720

Glu Pro Glu Cye Lys Asp Ile Ile ala Lys Leu Gln Arg Val Lys Val
! 2725 2730 2735

Gly Asp Cys Lys Ser Glu Glu Glu Val Aep Ile His Tyr Cye Glu Gly
2740 2745 2750

Lys Cys Ala Ser Lys Ala Val Tyr Ser Ile His Met Glu Asp Val Gln
2755 2760 2765

Asp Gln Cys Ber Cys Cye Ser Pro Thr Gln Thr Glu Pro Met Gln val
2770 2775 2780

Ala Leu Aryg Cys Thr Asn Gly Ser Leu Ile Tyr His Glu Ile Leu &sn
2785 2790 2795 2800

Ala Ile Glu Cys Arg Cys Ser Pro Arg Lys Cys Ser Lys
2805 2810

<210> 8EQ ID NO 3

<231> LENGTH: 60

<212> TYFE: DNA

<213> ORGANISM: Canls familiaris

<§00> SEQUENCE: 3

agggggtttc caaaatgaca amagagtgag cctcotocgtg tatoteggay astttttega 60
<210> SEQ ID NO 4

<211> LENGTH: 60

<212> TYFE: DNA

<213> ORGANISM: canis familiarie

<400> SEQUENCE: 4

cattcatttg tttgtecastg gtaccatget geaggggace caaaggtaag tcagamgece 50
<210> SEQ ID NO S

<211> LEKGTH: &0

<212> TYPE: DNA
<213> ORGANISM: Canis familiaris

<4090> SEQUENCE: 5

gaatgttcag gttaatatgg accctgggga tcactttgea accccottgt tititcagat 50
<210> SEQ ID NO 6

«211> LENGTH: 60

«212> TYPE: DNA

<213> ORGANISM: Canis familiarie

<400> SEQUENCE: 6

gagggagceg gggceccagag acaggaagta aatgtgeocca gggaaagiga gtggcaggac 60
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<210> SEQ ID NO 7
<211> LENGTH: 60
<212> TYPE: DNA

<213> ORGANISM; Canis

<400> SEQUENCE: 7
tgggtgaeag cccocatatcce
<210> SEQ ID NO B8
<211> LENGTH: 60
<212> TYPE: DNA

<213> ORGANISM: Canis
<400> SEQUENCE: 8
ctggageaty gggttggygt
<Z10> SEQ ID NO 9
<21l> LENGTH: 58
«212> TYPE: DNA

<213> ORGANISM: Canis
<4Q0> SEQUENCE: 9
gottootgag cteoctocttg
<210> SEQ ID NO 10
<211> LENGTH: 24
<212> TYPE: DNA

<213» ORGANISM: Canis
<400> SEQUENCE: 10
aaatgacasa agagigagee
«210> SEQ ID NO 11
<211> LENGTH: 24
<212> TYPE: DNA

<213> ORGRNISM: Canis
<400> SEQUERCE: 11
aegtctcctt gaccagcggt
«2i0> SEQ ID WO 12
<21l> LENGTH: 35
<212> TYFE: PRT

«213> ORGANISM: Canis

<400> SEQUENCE: 12

familiaris

cgactoctygg tcaaggagac tttgcaccam ggtcocagec

familiaris

tggaaggtgg agggacatgg aggaaatgqoa tgagaagcac

familiarise

tocoaccaqe atotecatge cotacgeote caatggge

familiarie

ggtec

familiaris

c999

familiaris

Gly Gly Phe Gln Asn Asp Lye Arg Val Ser Leu Ser Val Tyr Leu Gly

1 L3

10 15

G1lu Phe Phe Asp Ile His Leu Phe Val Asn Gly Thr Met Leu Gln Gly

20

Thr Gln Arg
35

<219> SEQ TID HOD 13
<211= LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Canis

<400> SEQUENCE: 1]

25 30

familiaxis

Ile Ser Met Pro Tyr Ala Ser RAsn Gly

1 5

<210> SEQ ID HO 14

60

60

58

24

24
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<211> LENGTH: 31
<212> TYPE: DNA
<213> CRGANISM: Canis

«400> SEQUENCE: 14
aggacaactg ccotgocotgtco
<210> SEQ ID NO 15
<211> LENGTH: 31
<212> TYPE: DNA

<213> CRGANISM: Canis
<400> SEQUENCE: 15
aggacaactg cctgectgte
«<210> SEQ ID NG 16
<211> LENGTH: 8

<212> TYPE: DNA
<213> ORGANISM: Canis
<400> SEQUENCE: 1&
aggtragt

«210> SEQ ID NO L7
<211> LENGTH: 12
<212> TYPE: DNA

<213~ ORGANISM: Canis
<409> SEQUENCE: L7
ggettecactt at

«210> SEQ ID NO i8
<211> LENGTH: 18
<212> TYPE: DNA

<213> CRGANISM: Canie
<400> SEQUENCE: 18
aggacaactg cctggott
<«210> SEQ ID NO 1%
«211l> LERGTH: 15
<212> TYPE: DNA

«213> ORGANISM: Canis
<400> SEQUENCE: 19
gagcctttgt cgece
<210> SEQ Ik NO 20
<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGAWISM: Canis
<400> SEQUENCE: 20
gagecottttg tcgeoo
<210> SE¢ ID NO 21
<211l> LERGIH: 218
«212> TYPE: DNA

<213> ORGANISM: Canis

<400> SEQUENCE: 21

gtectgtggg agcagtgecs getectgaag agtgecteogg tgtttgeeoeg ctgccacceg

ctggtggacc ctgagocttt tgtogecotg tgtgaamgga ctotgtgcac gigtgtocaq

familiaris

ggtgagtgygg

familiaris

agtgagtygyg

familiaris

familiaria

familiaris

familiaris

familiarie

familiaris

31

31

i2

18

15

L6

120
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gggatggagt gcocettgtge ggtoctectg gagtacgoec gggcctgtge ccagoaggga 180

attgtgetgt acggctggac cgaccacege gteotgeeyg 218

<210> SEQ ID HO 22

<211> LENGTH: 73

<212> TYPE: PRT

<213» ORGANISM: Canie familiaris

<400> SEQUENCE: 22

Val Leu Trp Glu Gln Cys Gln Leu Leu Lys Ser Ala Ser Val Phe Ala
1 5 140 15

Arg Cys His Pro Leu Val Asp Pro Glu Pro Phe Val Ala Leu Cys Glu
20 23 30

Arq Thr Leu Cys Thr Cys Val Gln Gly Met Glu Cys Pro Cys Ala Val
35 49 45

Leu Leu Glu Tyr Ala Arg Ala Cys Ala Gln Gln Gly Ile Val Leu Tyr
50 55 60

Gly Trp Thr Asp His Ser Val Cye Arg
65 70

<210> SEQ ID NC 23

<211> LENGTH: 20

<212> TYFE: DNA

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 23

teoctgtggga gecagtgeocag 20

<210> SEQ ID NO 24

<211> LENGTH: 11

<212»> TYPE: DHA

<213> ORGANISM: Canles familiarie

<40)> SEQUENCE: 24

gennnnnnag ¢ 11 B
<210> SEQ ID NO 25

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Canis famillaris

<400> SEQUENCE: 25

gtggteggte cagocogta 18
<210> SEQ ID RO 26

<21l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<4{00> SEQUENCE: 26

tetaccetgt gggocagttc 20
«210> SEQ ID WO 27

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Canis Efamiliaris

<400> SEQUENCE: 27

gaccacctca caggcagat 19
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<210> SEQ ID WO 28

«211l> LERGTH: 21

<212> TYPE: DNA

<213}> ORGANISM: Canis familiaris

<400> SEQUENCE: 28

ctgtgaggac aactgcctgec c
<210>
<21l>

<212
<213>»

SEQ ID NO 29

LENGTH: 26

TYPE: DNA

ORGANISM: Cania familiaris

<400> SEQUENCE: 29

tggceectgaa coggaaatta ctcaag

21

26

We claim:

1. An isolated nucleic acid molecule comprising a nucle-
otide sequence encoding muiated canine von Willebrand
Factor polypeptide which causes canine von Witlebrand’s
disease, whercin the nucleotide sequence is capable of
hybridizing under high stringency conditions to the comple-
mentary sequence of the sequence of SEQ ID NO. 1 having
& mutation at nucleotide 7639,

2. A vector comprising the nucleic acid molecnde of claim
1.

3. A cell comprising the vector of claim 2.

4. The isolated nucleic acid molecule of claim 1, wherein
the mutation at nucleotide 7639 is a substituiion.

5. A method of detecting a canine vor Willebrand Factor
gene in a sample comprising the steps of:

a) confacting the sample with an oligonucleotide com-
prising contignous mucleotides of the nucleic acid
sequence of SEQ ID NO. 1 or complement thereof,
having a mutation at nucleotide 7639, and capable of
specifically hybridizing with the canine von Willebrand
Factor gene, under conditions faverable for hybridiza-
tion of the oligonucieotide to any complementary
sequence of nucleic acid in the sample; and

b} detecting hybridization, thereby detecting a canine von
Willebrand Factor gene.

6. The methed of claim §, further comprising the step of:

¢) quantifying hybridization of the oligonucleotide 10 the
complementary sequence.

7. The method of claim §, wherein the mutation at

nucleotide 7639 is a substifution.

8. An assay ldt for screening for a canine von Willebrand
Factor gene comprising: '

a} an oligonucleotide comprising contignous nucleotides

of the mucleic acid sequence of SEQ I} NO. 1 having
a mutation at nucleotide 7639, and capable of hybrid-
izing with the nucleotide sequence encoding canine von
Willebrand Factor;

b) reagents for hybridization of the oligonucleotide to a
complementary nucleic acid sequence; and

c) container means for a)-b).

9. The assay kit of claim 8, wherein the mutation at
nucleotide 7639 is a substitution.

10, An assay kit for screening for a canine von Willebrand
Factor gene comprising:

) an oligonucleotide comprising contiguous nucleotides

of the nucleic acid sequence thal is compiementary to

20

25

35

55

60

65

the sequence of SEQ ID NO. 1 having a mutation at
mucleotide 7639, and capable of specifically hybridiz-
ing o the complementary nuclectide sequence;

b} reagents for hybridization of the oligonueleotide to a
complementary mucleic acid sequence; and

¢) container means for a}-b).

11. The assay kit of claim 10, wherein the mutation at
nucleotide 7639 is a substitution.

12. A method for detecting a mutated canine von Will-
ebrand Factor gene in a canine DNA sample comprising the
steps of;

a} amplifying the DNA sample by polymerase chain
reaction fo produce polymerase chain reaction
products, wherein the polymerase chain reaction uses
primers that produce a restriction site in a mutant aliele
but not in a normal allele, wherein the mutation in the
mutant allele is a substitution at pucleotide 7639 of the
mucleotide sequence encoding canine von Willebrand
Factor polypeptide, wherein the nucleotide sequence is
capable of hybridizing under high stringency condi-
tions to the complementary sequence of the sequence of
SEQ ID NO. 1;

b) digesting the polymerase chain reaction products with
a restriction enzyme specific to the restriction site of the
resiriction site primer to produce DNA fragments; and

¢) detecting the DNA fragments, thereby detecting a

mutated canine von Willebrand Factor gene.

13. The method of claim 12, wherein the DNA [ragments
are detected by gel electrophoresis,

14. The method of claim 12, whercin the primers com-
prise the sequence of SEQ ID NOS: 28 and 29.

15, The method of claim 12, wherein the restriction
enzyme is Msp I,

16. An oligonucleotide probe capable of detecting a
mutation associated with canine von Willebrand’s discase,
wherein the mutation is a base substitution at nucleotide
7639 of the nucleolide sequence encoding canine von Will-
ebrand Factor polypeptide, wherein the nucleotide sequence
is capable of hybridizing under high stringency conditions to
the complementary sequence of the sequence of SEQ 1D
NO. 1.

17. The oligonucleotide probe of claim 16, wherein the
substitution at nucleotide 7639 is adenire for guanine.

* % % & 0%
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