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FIGURE 1A

1 CRTTAANAGG TOCIGGCIGS GAGCTITIITT TIGGGALCAG CACTCCATGT TCANGGGEAN

€1 ACAGGGGCCA ATTAGGATCA ATCTITITIC TITCITITIT TAARAAMMMA AATTCTICCC
121 ACTITGCALA CGGACASTAG TACATACCAS TAGCTCICIC CGAGGACGST GATOACTAAT
181 CATTICTCCT GCTICGIGGS AGATGAGICC TACCAGACTT GTGAGSSTGS TECTGSCICT
241 GOCCCTCATC TTCCCALGGA AACTIIGCTAS AMMAGEGACT GTTGGANGGT CATCCATESC
J01l CCGATGTAGE CITCTCGGAL GIGACTICATY CAACRICTIT GATGAGALCA TGTACAGCTY
361 TCCGCGAGAT TGCAGTTALT TCCTGGCTIGE GGACTCOCAG GAACASTCCA TCTCACTTAT
421 CGUCGEITIC CAAARTGACA AARGAGTGAG CCTCTCCGTSG TATCICGGAG AATITITOGA
431 CRITCAITITG TITGTCAATG GTACCATGCT GCAGGGGALT CAMGGATCT CCATGCCCTA
$41 CGCCICCAAT GUGCISTATC TAGAGGCOGA GGCTGGTTAC TACAAGCIGT COAGTGACGC
01 CIACGGCTIT GTGGCCAGAA TTGRTGGCAA TGGCAACTTT CAASICCIGC TGTCAGACAG
€51 ATACTICAAC AASACCICIG GGCIGTOTGE CARCITTAT ATCTITCUTG AGGATGACTT
721 CAAGACTCAA GAAGGGACGT TGACTTCGGA CCCCTATGAL TTIGCCAACT COIGCCOCCT
781 GAGCAGTSGS GAACARCGET GCOAMACGGEGT CTCCECTOUC AGCAGCCCOAT GOAATGTOTCE
$41 CICTGATGAA GTGCAGCAGS TCCIGIGGGA GCAGTGOCAG CTCCTIGARGA GIGCCICGCT
901 CITICOCCST TGCCACCCGC TGGTCGACCT TGAGCCTITT GICGCRCTST GIGAXAGGAC
%3 TCTCTIGCALC YCTGICTAGS GGATGGAGTG CCCITGIGLS GICCTOCIGSE ASTACGCCCG
1021 GOCCTGTGCC CAGCAGGGGA TIGTCTIGIA CGGUTGHALL GACCACAGCS TCIGCCEACT
1081 RGCATGCCCT GCTGGCATGG AGTACAAGGA GTGCGIOTCS CCTIGCACCA GRACTTGOCA
1141 GRUCCTTCAT GTITAAAGARG TGIGICAGGA GCARIGIGTA GRTGGCTIGCA GCTGCCCCGA
4201 GGUCCAGCIC CIGGATGARG GCCACTGCGT GGGARGTGCT GAGTGTTCCT GIGIGCATGE
3261 TGGOCARCGS TACCCTCCSS GOGCLTCOCY CTTRCAGGAC TGCCACACCT GOATITSLCG
1321 ARATAGCCIG TGGATCIGCA GUARTGAAGA ATGLCCAGGE GAGTGTCICS TCACAGGACA
1381 GTCCCACTIC AAGAGCTITCG ACRACAGGTA CTTCACCTIC AGTGSGATCT GOCACTACCT
14431 GCYICGCCCRG CACTUTUCAGG ACTACACAIT CTCTGTTGIC ATAGAGACTSE TCCASIGIGT
1501 CGATGACCTG GATGCTGTCT GCACCCGCTIC GSTCACCGIC COCCTGCCTG GACATOACAR
1561 CAGLCTIGIG RAGUCTGARGA ATGSIGGACG AGCTCTCCATG GATGGOCAGGE ATATCCAGAT
3621 TCCTCTCCTG CARCCTGALC TOCGCATCCA GCACACCUTE ATGSCCTCCE TGOGCCTCAG
31681 CTACGGGGAG GACCTGCRAGA TGGATICGSA CGTCCGGGGC AGGCTACTGG TGACGLTEIA
1741 CCCCGOCTAC GCGUSGARGA CGTGIGGCOG TGLOGGGAKC TRCAACGGCA ACCESGESGA
1801 CGACTICGIC ACGCCCGOAG GCCTGGLGGA GCCCCTGUTG GAGGACITCS GGAACGCCTG
1BE1l GRAGCTGCIC GGGGCCTGOG AGARCCTGOA GRAGCAGCAC CGCGATCCLT GUAGCCTCAA
1321 CCCGCGOCAS GUCAGGTITG CGGAGGAGGC GTGCGLGCIS CIGACGICCT CGARGTTOCA
1981 GCCCIGOCAC COAGCUGTGE GICCTCAGCT CTACGIGUAG AACTGOCTCT ACGASGICTIS
2041 CICCTGCTCC GACGGCAGHRG ACTGTCITIG CAGCGCCOGTE GUCARCTACS CCGCAGCCCT
2101 GGCCCCCAGG GGCGTGCACA TCGCGTGECE GGAGCCGEEE TICTIGTGCGC TCAGCTGRCT
2161 CCAGGGCCAG GTGTACCIGE AGTGIGGGAC CCCCTGTARS ATGALCTGIC TCICCCTCIC
2221 TTACCCSGAG GAGGACTGCA ATGAGGTCTG CTTGGARAGS TGCTICTCCC CCCCAGSGET
2281 GIACCIGGAT GRGAGGGGAS ATIGISTGCS CAAGGCTCAS TGTCCCIGIT ACTRTGATGS
4341 TGAGATCIIT CAGCCOGAAG ACATTITCTC AGACCATCAC ACCATSIGCT RACTIGTCGAGGA
2401 JGGCTICATC CACIGTACCA CAAGIGGAGS CCTGGGAAGC CTGCTGCCCA ACCCGGTCCT
2461 CAGCAGCCCC CGGIGICALT GOAGCRARAG GAGCCIGICC TSTCGGOCCC COATGSTCAN
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FIGURE 1B

3381 TGGCCTETGT GGGANTTTIV ATGGCATCCA GAACAATGAT TTCACCAGCA GTAGCCTCCA
3241 AATASAAGAA GACCCTGTCG ACTITCGGAN TTCCTGGAAN GIGRACCCGE AGTGIGEOGA
3301 CACCAAGAAA GTACCACTGG ACTCATCCCC TGCCGTCTGS CACAACAACA TCATGAACEA
3361 GACGATGGTG GATTCCTCCT GCAGGATCCT CACCAGTGAT ATTITCOALG ACTGCAACKE
3421 GCTGGTGGAC CCTGAGCCAT TCCTGAACAT TIGCATCTAC GACACTTGET CCIGTCAGTC
3401 CATTGGGGAC TGCACCTGET TCIGTGACAC CATTGCTGCT TACGCCCASG TCTGIGCCCA
3541 GCATGGCANG GTGGTAGCCT GGAGGACAGE TACATTCTGT GCCCAGAAIT GCCAGGAGCG
3601 GAATCTCOAC CAGAATGSGT ATCAGTGTGA GIGGCGCTAT AACAGCIGTG COCCIGOCTS
3661 TOCCATCALS TCCCAGCACC CCGAGCCALT GGCATGCSST GTACAGTCIG TTGAASSITG
3721 COATGOGCAC TGOCCTOCAG GGARAATCCT GGATGASSTT TTGCASALCT GCATCGALCC
3763 TCAAGACTICT CLICIGICIG AGGTGGCIGG TCGTOSCITG GOCCCAGGAA AGAAAATCAT
3841 CTTGAACCCS AGTGACCCTG AGCACTGCCA AATTIGTAAT TGIGATGGTS TCAACTICAC
3901 CTICTANGESC TCCAGAGAE CCGSAASTOT TGTIGGTGTCC CCCACAGATG GCCCCATIGS
3961 CTCTACCACC TUGTATGIGG AGGACACGIC GGASCOGOCS CTCCATGACT TCCACTGCAS
4021 CAGGCTICTS GACCIGGTIT TUCTGCTGEA TGGCTCCTCC ARGCTISTCIG AGGACGACTY
4001 TGAAGTGCTG AMGSTCITIC TGGTGGGTAT GATGGAGCAT CTGCACATCT CCCAGAAGES
4341 GATCOGOGTG CCTGTGETIGE ACTACCACGA COGCTCOCAC GCCTACATCG AGCTCARGGA
€201 COGGAASCGA CCCTCAGAGC TGOGGOGCAT CACCAGCCAG GIGRAGTACG CGCGCAGCGA
4261 GGTGGCCTCS ACCASTGRGG TCITAMGTA CACGCTGTIC CAGATCTITS GCARGATCGA
€321 CCTCOGGAR GOGTCTCGCA TIGCCCTGET CCTGATOCCC AGCCAGGAGE COTCARNGGCT
4381 GGCCOGGART TIGGICCGCT ATGIGCAGGG CCTGAAGAAG AAGAAAGTCA TIGTCATCCC
4441 TCIGGGCATC GGGCCOCACG CCAGCCTTAR GCAGATCGAS CTCATAGAGA AGCAGECCCC
4501 TGAGARCARG GCCTTIGIGT TCASTGGTCT CGATGAGTIC GAGCAGCGAR CGGATGAGAT
4561 TATCAACTAG CTCTGTGALC TTGCCCCCGR AGCACCTGCC CCTACTCAGE ACCCCCCAAT
4621 GGOCCAGGTC ACGGTGGGTT CGUAGCTIGIT CGGUGTTTCA TCTCCAGGAC CCARIAGCAA
4681 CTCCATGGIC CIGGATGTIGS TCTITGTOCT GSARGGGICA GACARRATTG GIGAGGCCAA
6743 CTITAACAAA AGCAGGGAGT TCATGGAGGA GGTIGATICAG CGGATGGACS TGGGUCAGCA
4801 CAGGATCCAC GICACAGTGC TGCAGTACIC GTACATGGTG ACCGTGGAGT ACACCITCAG
4551 CGAGGOGCAG TCOARGGSCG AGGTCCTACA GCAGSTOCGSE GATATCCGAT ACCGGGGISS
£921 CARACRGGALC ARCACTGGAC TGGCCCTGTA ATACCTIGTCC GAACACAGCT TCTCGGTCAG
€981 CCAGGGGGAC CGGGAGCAGS TACCTAACCT GGICTACATG GTCACAGGAR ACCCCGETIC
5041 TGATGAGATC ARGCGGATGC CIGGAGACAT CCAGGTGGTS CCOATCGGGG TGGSTCCACA
$101 TGOCAATGTG CAGGAGCIGE AGAAGATIGS CTGGCCCAAT GCCCCCATCC TCATCCATCA
£161 CITTGAGATG CTCCCICGAG AGSCTCCIGA TCTGGTGCTA CAGAGGIGCT GUTCTGGAGA
$£231 CGGOCTECAG ATCCCCRCOC TCTCCCCCAS CCCAGATTGC AGCCAGCECC TGGATGICGT
5281 CCTCCTCCTG GATGGCTCTT CCAGCAYTCC ASCITCTIAC TITGATGAAA TGAAGAGCTT
5341 CACCAAGGCT TITATTTCAA GAGCTAATAT AGGGLCCCGG CICACTCARG TGTCGGTGET
5401 GCAATATGGA AGCATCACCA CTATCGATGT GOCTIGGAAT GIAGCCTATG AGAARGTCCA
$461 TTTACTSAGC CITGIGGACC TCATGCAGCA GGAGGGASGS CCCAGCGAAR TTGGGGATGS
§521 TITCAGCTIT GCCGTGOGAT ATGICACCTC AGARGTCCAT GGIGCCAGSC COGGAGSCTC
§581 GAARGOGGIC CITATCCTAG TCACAGATGT CTCCGTGEAT TCASTGGATS CIGCAGCCGA
5641 GGCCGCCAGA TCEAACOGAG TGACAGTGTT CCCCATIGGA ATCGGGGATC GGTACAGIGA
5701 GGCCCAGOTG AGCAGCITOG CAGGCCCARR GGCTGGCTICC AATATGGTAR GGCTCCAGCS
S761 AANTTGAAGAC CTCCCCACEG TCCCCACCOY CHGAATICE TICITCCACA AGCTGTGCTC
£821 TGGGTITGAT AGASTITOCG IGGATGAGGA. TGGGAATGAS ANGAGGCCCE GGGATCTCTG
§881 GACCTTGCCA GACCAGIGOC ACACAGTGAC TTGCCTGOCA GATGGOCACA CCTTGOTGAA
5931 GAGTCATCGG GICAACTCIG ACCGGEGGEC ANGGOCTICG TGOCCCARTG GUCAGLCCCT
€001 TCTCAGGGTA GAGGAGACCT GIGGCTGCOG CIGGACCTICT COCTGIGTGT GCATCOGOAS
6€0§1 CTCIACCCGS CACATCGTGA CCTTTIGATSS GCAGAATITC ARGCTGACTG GCAGCTCITC
6121 GTATGICCTA TITCAAAACA AGGAGCAGGA CCTGGAGGTG ATTCTCCAGR ATGGIGCCIG
61231 CAGCCCIGGG GCCAAGGAGA CCTGCATGAR ATCCATIGAY GTGANGCATC ACGGCCTCTC
€241 AGTTGAGCTC CACAGTGALA TGCAGATGAC AGTGAATGGS AGACTAGTCT CCATCCCATA
6301 7TGTGGGTGGA GACATGGAAG TCAATGTITA TGGGACCATC ATCTATGAGS TCAGATTCAA
63€1 CCATCITGSC CACATCTTCA CATICACCEC CCAAAACAAT GAGTTCCAGC TGCAGCTCAG
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FIGURE 1C

§422 CCCCAGUACC TITGCITOGA AGACTATAIGS TCTCIGIGEG ATCIGTGATG AGAACGGAGC
€481 CAATGACTTC ATTCTGAGGG ATGGGACAGT CACCACAGAL TSGARGGCAC TCATCCAGGA
63541 ATUGACCGTA CAGCAGCTITG GGAMGAZATC CCALCCICIC CATGAGGALC AGIGCTCCTGT
$§01 CTCCRAATTC TTCCALTGCS AGGTCCTOCT CTCAGAAIIG TTITGCCGAGT GCCACAAGGY
€601 CCTCRCTOCA - GCCALCTTIT ATGECATCTG CCAGCCCEAL AGTIGCCALC CGAAGAMGT
§721, GICTGALGCSG ATTGCCTTGT ATGCCCACCT CIGITGGALC AMAGGGOTOT GTIGTCCACTS
€701 CACCAECCCS AATTIICIOIG CTATCTICATG TCCACCATLL CTGCTCTACA ACCACTGTGA
B4 GCATGGEETCC CCTCRUCTCT GIGAAGGUAA TACAASCTICC TCTGGGGALC AACCCIOGGA
6302 AGGCTGCTIC TRCCOOOCAA ADCAAGTCAT GCTIGGAAGUT AGCIGIGICNS COGAGGAGSST
6361 CTGTALCCAL TCCATCAGOG AGCATCGAGY

e
70483
7341
7201
7262
7321
7381
kLT 4
7503
7562
7622
1681
7741
7801
7861
i rat
7581
5041
€10}
8161
8231
8281
B8l41
8401
8461
£541
€581
8641
2701
8761

AGCCCALCAS LCITGLOASA TCTGCALGIG
GCASCOCTGS COCAGAGCCA AAGCTCCTAL
CCAGAACGCA GIGCAGTGCT GCCOGGAGTA
CCIGCCCLO0 GIUCCTCICT GCGAAGATGS
GIGCAGACCE AACTTICACCT GIGCCTGCAL
CICTTCTCOC COGCACCGGA COOOGGICCY
GIGTIGOATGC AACTGIGTCA ACTCCACGGT
TGTCACCAAT GACTGTGGCT GCACCACARC
CORRGGCACC ATCTACCCTG TGOGCCAGTT
CACGGACTIG GAGGACTCTG IGATGCGCCT
TCAGGACAAS TGCCTCTCAG GCITCACTTIA
GIGTCTUCCA TCIGCCTICTE AGLIGEGICAC
CIGGAAGART QITGGCTCTC ACTCOCCCTC
TGTCCGAGTG AAGSAAGAGS TCITIGTGCA
TETCCCTACC TOCCCCALGE GLTICCAGLT
CIGTCACTOC GAGCCCCIGE AGGCCIGCIT
AAGTCTICATG ATTGAIGTCT GTACAALCIG
TOGRTICARG CTGGAGGGCA GGAAGACCAC
ACAGAAGAAC CAAGGTGAAT GCTGTGGGAG
AAGAGGAGGA CAGARTCATGA GACTGANGCG
TCACTTCTOC AAGUTCAATE AAAGAGGAGA
CCCRECTTTC GATGAACACA AGTGTCTGGC
CACCIGCTIGT GACACATGTIG AGGAGCCAGA
TGTCAARGTS GGACACTGTA AGTCTGAARGA
ATGTGCCAGE AAAGCOGTGT ACTCCATCCA
CTOCTOCGCCC ACCCAGACGE AGCCCATGCA
CATCTACCAT GAGATCCICA ATGCTATCGHR
GIGAGGCCAC TGCCTCORATG CTACTGTCSE
GRGTGCIGLT CAGTCCICCT CRAGTCCTCCT
CAATARAGGT CARTCTTITCA CUTIGARMAA
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CCTCCAGATG ACCCTGACCA ATCCTGGOGA
GAAGGATGAA TGCAGACSGS ALTCCCCECC
TCCGAASACT CAGTGCIGTG ATGAGTATGA
GASTIGECCS CTIGGGTACS TGGCETOGOE
AACCTGCTTC CCTIGACARGS TCTGTSTCCA
CTGCGASEAG GCCTGTGACE TGTGCACOTE
GCGTCTGGCC CAGTGCTICCS AGRAGCOCTS
TGTCCTTCAT GAKGGCOAGT GoTSTCCANG
TGGITCACCA CGGGGTGACE COCAGTCTCA
CCCTEACAAC CCCTGCCTCA TCAATGAGIC
ACAGAGGAAT GTCICCTGCC CCCAGCIGAA
GAGCIGTARG ACCTCAGRGT GITCTCCCAC
GCTCARTGGT ACCATCATTG GGCCGGLGRE
CCGCTGOACE GTGCCGGIGE GAGTCATCTC
CTGIGAGGCA TGCCCCCTGS GTTATAAGGA
ATGTCTGCCT ATAGCTTGCA CCATTICAGCT
TGATGAGACT ATCCAGSATG GCTCTGACAS
GTACATTIGS GAGANGAGAG TCACGSS
TGAGGGAGGA ARAATCATGA AAATTCCAGG
ATCCARGGAT ATCATTCCCA AGCIGCAGCS
GGAAGTGGAC ATTCATTACT GIGAGGGTAA
CATGGAGGAT GTGCAGGACC AGTGCTCCTS
GGTGGCCCTG COCTGCACCA ATGGCTOCCT
ATGCAGGTGY TCCCCCAGGRA AGTGCAGCAA
CTGCCITACC CGALCTTACT GGACTGGLETA
CCTGCTCTGC TCTTGIGCTT CCTGATCCCA
RIAARRRARA AR
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exon £ ARMATGACAMAAGAGTGAGCCAGTCw
AGGEGETTTCCAANTGACARAAGAGTGAGCCTCTCCGTGTATCTCGGAGAATTTTTCGA
§ G F Q N D KRV 8L 8V Y L G EFF Db

CATTCRITTGTTTGTCAKTGGTACC&TGCTGCAGGGGA&CCAAAGGTAAGTCAGAAGCCC
I HL FVNGTMNMILOQGTQR

GAATGTTCAGGTTAATATAGACCCTCGGGATCACTTTGCAACCCCCTTGTTTTTTCAGAT
GAGGGAGCCEREGRNCAGAGACAGGAASTAAATGTGCCCAGGGAARGTGAGTGGCAGGAC

TGGG TG AAAGCCCCATATCCCGACTCCIGETCAAGGAGACTTTGCACCARGGTCCCAGTC
3'-GOGCTGOLGACCAGTTCCTCTGAA-S
CTGGAGCATGEGETTGGEG T TCGAAGGTGGAGEGACATECGAGGARATGCATGAGARGCAD

exon S

GCTTCCTGAGCTCCTCCTTGTCCCACCAGCATCTCCATGCCCTACGCCTCCART GGG
I 8§ M P Y A § N G

FIGURE 4
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Normal Allele
Exon 43 _ Intron 43 Exon 44

*

AGGACAACTGCCTGLCTGTCGgtgagtgggg ... GGCTTCACTTAT

Lttt
AGGTRAGT Donor Consensus

Mutant Allele
+«
AGGACAACTGCCTGCCTgtcagtgagtgggg ... GGCTTCACTTAT

R R R
AGGTRAGT Donor Consensus

Figure 6
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DNA ENCODING CANINE VON
WILLEBRAND FACTOR AND METHODS OF
USE

RELATED APPLICATIONS

The present invention is a continuation-in-part of U.S."
Ser. No. 08/896,449, filed Jul. 18, 1997, now U.S, Pal. No.
6,040,143 which claims priority from U.S. Ser. Na. 60/020,
998, filed Jul. 19, 1996, both hereby expressly incorporated
by reference.

The present application claims priority to PCT patent
application serial number PCT/US99/18153, filed on Aug,
10, 1999, which claims priority to U.S. Pat. No. 6,074,832,
issued Jun. 13, 2000.

FIELD OF THE INVENTION

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

BACKGROUND OF THE INVENTION

In both dogs and bumans, von Willebrand’s disease
{(vWD) is a bieeding disorder of variable severity {hat resulis
from a quantitative or qualitative defect in von Willebrand
factor (vWF) (Ginsburg, D. et al, Blood 79:2507-2519
(1992); Ruggeri, Z. M., ot al., FASEB J 7:308-316 (1993);
Dodds, W. 1., Mod Vet Pract 681686 (1984); Johnson, G.
S. et al, JAVMA 176:1261-1263 (1988); Brooks, M., Prebl
In Vet Med 4:636-646 (1992)). This clotting factor has two
known functions, stabilization of Pactor VIII (hemophilic
factor A) in the blood, and aiding the adhesion of platelets
fo the subendothelium, which allows them to provide hemo-
stasis more effectively. If the factor is missing or defective,
the patient, whether human or dog, may bleed severely.

The disease is the most common hereditary bleeding
disorder in both species, and is genetically and clinically
heterogenous., Three clinical types, called 1, 2, and 3
(formerly 1, II, and II; see Sadler, I. E. et al, Blood
84:676-679 (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 Jevel of vWF rather than a gualitative difference,
Although this is the most common form of vWD found in
most mammals, and can cause serious bleeding problems, it
is generally less severe than the other two types. In addition,
a relatively incxpensive vasopressin analog (DDAVP) can
belp alleviate symptoms (Kraus, K. H. et al, Ver Swrg
18:103-109 (1989)).

In Type 2 vWD, patients may bave essentially normal
levels of vWE, but the factor is abnormal as determined by
specialized tests (Ruggeri, Z. M., ¢t al, FASEB J 7:308-316
(1993); Brooks, M., Probl In Vet Med 4:636-446 (1992)).
This type is also inherited in a dominant fashion and has
only rarcly boen described in dogs (Turrentine, M. A, ot al.,
Vet Clin North Am Small Anim Pract 18:275 (1988)).

Type 3 vWD is the most severe form of the disease. 1t is
inherited as an autosomal recessive trait, 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 vWF. Heterozygous carriers
have moderately reduced facior concentrations, but gener-
ally appear to have normal hemeostasis.
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Scottish terriers have Type 3 vWD (Dodds, W. J., Mod Ver
Pract 681-686 (1984); Johmson, G. S. et al, JAVMA
176:1261--1263 (1988)). Homozygotes have no detectable
vWF and have a severe bleeding disorder. Helerozygotes
have reduced levels of the factor, and are clinically normal
(Brooks, M. et al, JAVMA 200:1123-1127 (1992)). The
prevalence of vWD among Scottish terriers including both
heterozygotes and homozygotes has been variously esti-
mated from 27-31% (Stokol, T. et al, Res. Ver, Sci,
59:152-155 (1995); Brooks, M., Proc. 9th ACVIM Forum
89-91 (1991)).

Currently, detection of affected and carrier Seottish terrier
dogs is done by vWF antigen tesling (Benson, R. E. et al,,
Am J Vet Res 44:399-403 (1983); Stokol, T. et al., Res. Ver.
Sei. 59:152-155 (1995)) or by coagulation assays
(Roshorough, T. K. et al., J. Lab. Clin, Med. 96:47-56
(1980); Read, M. S. ot al,, J. Lab. Clin. Med. 101:74-82
(1983)). These procedures yield variable resulls, as the
protein-based tests can be influenced by such things as
sample collection, sample handling, estrous, pregnancy
vaccination, age, and hypothyroidism (Strauss, H. S. et al,,
New Eng.J Med 269:1251-1252 (1963); Bloom, A. L., Mayo
Clin Proc 66:743-751 (1991); Stirling, Y. et al,, Thromb
Huemostasis 52:176-182 (1984); Manseli, P. D, et al., Br,
Ver. J. 148:320-337 (1992); Avgeris, S. ot 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 range on another day. It is therefore difficult 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 vWD. It
would further be desirable to obtain the amino acid sequence
of canine vWE. It would also be desirable to provide a
method for detecting carriers of the defective vWF pgene
based on the nucleic acid sequence of the normal and
defective vWF 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 Scoltish terriers, Doberman pinschers, Shetland
sheepdogs, Manchester terriers and Poodles are aiso pro-
vided. The nucleic acid sequences of the present invention
may be used in methods for detecting carriers of the muta-
tion that canses vWD, Such methods may be uwsed 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 fo 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, taken in conjunction with the accompanying
drawings,

BRIEF DESCRIPTION OF THE DRAWINGS

The various advaniages 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:
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FIGS. 1A-1C is the nucleic acid sequence of the canine
von Willebrand factor of the present invention (SEQ ID NO;

1)

FIGS. 2A-2C is a comparison of the human and canine

prepro-von Willebrand factor amino acid sequences (SEQ

ID NO: 2

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

HIG. 4 IMustrates the results of a method of the present
invention used to detect the Scottish terrier vWD mutation
(SEQ 1D NOS: 3-13),

FIG. 5 shows the Scottish terrier pedigree, which in turn
iflustrates segregation of the mulant and normal vWF alle-
les;

HFG. 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 sequenciag ladder showing the
cryplic splice cite from the mutant allele (SEQ ID NO: 18);

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

FIG. 9 is a histogram of genctypes versus reported vWF
values;

FIG. 10 is a pholograph of a sequencing gel showing the
mutation region between a vWD affected and a homozygous
normal Shetland sheepdog (SEQ ID NOS; 19 and 20);

HG. 11 is a diagram illustrating the Mwo [ 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
results of the diagnostic test for the Shetland sheepdog Fype
3 vWD mutation.

DETAILED DESCRIPTION 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. In one
embodiment, the mutation of the normal vWF gene which
causes von Willebrand's Disease (vWD) in Scottish terriers,
a deletion at codon 88 of the rormal 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 in Doberman pinschers, Manches-
ter teiriers and Poodles, is provided, In yet another
embodiment, a single base deletion al nucleotide position
937 of the normal gene, causing vWD in Shetland
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, DNA samples are first collected
by relatively noninvasive techniques, i.e., DNA samples are
obtained with minimal penetration into body tissues of the
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animals to be tested. Common neninvasive 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-
desigred primers that produce enzyme restriction sites on
those DNA samples that harbor the defective gene. Treal-
ment of the amplified DNA with appropriale restriction
enzymes such as BsiE I thus allows one to analyze for the
presence of the defective allele. One skilled in the art will
appreciate that this method may be applied not only io
Scottish terriers, Doberman pinschers, Shetland sheepdogs,
Manchester terriers and Poodles, buf to ofher breeds such as
Dutch Kooikers, as well.

The presence of the von Willebrand allele in canines can
also be detected ufilizing ligation amplification reaction
technology (LAR) known to those skilled in the arl. LAR is
a methed analogous 1o 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 to
those skilled in the arf, is allele specific oligonucieatide
hybridization, wherein an oligonucleotide of about 20 bp
containing the contiguous mucleotides of the allele 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 currenl tests
used by breeders are profein-based, and as noted previously,
the primary difficulty with this type of test is the variability
of results 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 nonecar-
riers cannot be reliably distinguished. The present invention
obviates the inherent limitations of protein-based tests by
detecting the genelic 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 vWF gene.

It will be appreciated that because the vWF ¢cDNA of the
present invention is substantially homologous to vWF
¢DNA throughout the canine species, the nucleic acid
sequences of the present invention may be used to detect
DNA mutations in other bieeds as well. In addition, the
canine VWF sequence presented herein potentially in com-
bination with the established human sequence (Genbank
Accession No, X04385, Bonthron, 13, et al., Nucleic Acids
Res. 14:7125-7128 (1986); Mancuso, D, 1, et al,, Biochem-
istry 30:253-269 (1989); Meyer, D. et al., Throm Haemo-
stasis 70:99-104 (1993)), may be vsed to facilitate sequenc-
ing of the vWF gene and genetic defects causing vWD, in
other mammalian species e.g., by using cross-species PCR
methods known by those skitled in the art.

1t 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, €.g., viral or plasmid, which is
capable of transforming an appropriate host cell, either
eukaryotic {e.g., mammalian) or prokaryotic (e.g., E. coli).
Such DNA may involve alternate nucleic acid forms, such as
¢DNA, gDNA, and DNA prepared by partial or tofal chemi-
cal synthesis. The DNA may also be accompanied by
additional regulatory elements, such as promoters, operators
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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 genc, thereby generat-
ing desired amounts of the target vWF protein. It is farther
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 formmlating 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 fransformed host cells as described
above for the active vWF polypeptide or through chermical
synthesis, is also comemplated by the present invention.

The term “gene” as {o referred herein means a nucleic acid
which encodes a profein product, The lerm “nucleic acid”
refers to a linear array of nucleotides and nucleosides, such
as genomic DNA, ¢DNA and DNA prepared by partial or
total chemical synthesis from nucleotides. The term “encod-
ing” means that the nucleic acid may be transcribed and
transiated into the desired polypeptide. “Polypeptide” refers
to amino acid sequences which comprise both full-length
proteins and fragments thercof. “Mutation” as referred to
herein includes amy alteration in a nucleic acid sequence
including, but not limited fo, 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 bybridizing
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 either high or low siringency conditions would
involve hybridizing a nucleic acid sequence {e.g., the
complementary sequence to SEQ ID NO: 1 or portion
thereof), with a second 1arget nucleic acid sequence. “High
stringency conditions” for the annealing process may
involve, for example, high temperature and/or low salt
conient, which disfavor hydrogen bonding centacts 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 te anneal if substantial, though
ot near complete complementarity exists between the two
strands, as is the case among DNA strands that code for the
same protein bui differ in sequence due to the degeneracy of
the genetic code. Appropriate stringency conditions which
promote DNA hybridization, for example, 6xSSC at about
4520 C., followed by a wash of 2xSSC at 50° C. are known
to those skilled in the art or can be found in Current
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 0.2x88C at
50° C. In addition, the temperature in the wash step can be
increased from low stringency at room temperature, about
22° C., to high siringency conditions, ai about 65° C, Other
siringency 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.
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387-389; see also Sarmmbrook 1. 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 utcrus
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 extracted from the tissies using
Trizol (Life Technologies, Gaithersburg, Md.). The integrity
of the RNA was assessed by agarose gel elecirophoresis,

Design of PCR primer sefs. Primers were designed to a
few regions of the gene, where sequences from iwo species
were available (Lavergne, I. M. et al., Biochem Biophys Res
Commun 194:1019-1024 (1993); Bakhshi, M. R. et al,
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
Sequence-Tagged Sites: Application To The Canine
Genome” Bicchem. Genet, 34:321-341 (1996)). Most of the
primers had {0 be designed to other regions of the gene using
the luman sequence alone (Mancuso, D. 1. et al., Biochem-
istry 30:253-269 (1991)). Good amplification conditions
were determined by using human and canine genomic
DNAs.

Reverse Transcriptase-PCR. Total RNA was reverse tran-
scribed using random primers (Bergenhem, N, C. H. et al,,
PNAS (USA) 89:8780-8802 (1992)). The cDNA was ampli-
fied wsing the primer sets shown to work on canine genomic
DNA.

DNA Sequence Analysis. Amplification produects of the
predicted sizes were isolated from agaross gels by adsorp-
tion onto silica gel particles using the manufacturer’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, Ohic),
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 Bugens 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
to ¢create diagnostic and control Bsill [ and Sau96 I restric-
tion enzyme sites for the fest Amplification conditions for
the test are: 94° C,, 1 min, 61° C,, 1 min, and 72° C,, 1 min,
for 50 cycles 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 Harbor Spring N.Y., 2nd Edition,
(1989)) or by cheek swab samples (Richards, B. et al,
Human Molecular Genetics 2:159-163 (1992)). The genelic
status of each animal In the sarvey was determined using the
BsiE I test described above,



2:12-cv-12171-BAF-LJM Doc # 1-6  Filed 05/15/12 Pg 23 of 44 Pg ID 205

US 6,780,583 Bl

7

Results

Comparison 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 Scoltish terrier vWD

multation is indicated by the “¥”. Potential N-glycosylation
sites are shown in bold type. The known and postulated
integrin binding sites are boxed. Amino acid nembers are
shown on the right side of the figure. The human sequence
is derived from Genbank accession number X04385,

Overall, 85.1% sequence identily is seen between the
prepro-vWF sequences. The pro-region is shightly less con-
served than the mature protein (81.4% vs. 87.5%). There
were no other noteworthy percentage scquence identity
differences seen in other regions of the gene, or between the
known repeats contained within the gene (data not showa).
Fourteen potential N-linked glycosylation sites are present
in the canine sequence, all of which comrespond o similar
sites contained within the human sequence. The two integrin
binding sites identified in the human vWF prolein 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' and 3* untranslated regions have diverged
to a greafer extent than the coding region {data not shown),
comparable to that found between the human and bovine
sequences derived for the 5' flanking region (Janel, N, ¢t al,,
Gene 167:291-295 (1995)). Additional insights inio the
structure and function of the von Willebrand factor can be
gained by comparison of the complete buman sequence
{Genbank Accession No. X04385; Bonthron, D. et al,
Nucleie Acids Res. 14:7125-7128 (1986); Mancuso, D. 1. 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 defermined
(Mancuso, D. J. et al,, Thromb Haemost 69:980 (1993);
Porter, C. A. ot al., Mol Phylogenet Evol 5:80-101 (1996)).
All three sequences are in complefe agreement, atthough two
silent variants have been found in other breeds (Table 1,
exon 28). Parfial sequences of exons 40 and 41 (cDNA
eucleotide numbers 6923 to 7155, from the iitiation codon)
were,also determined as part of the development of a poly-
morphic simple tandem repeat genetic marker (Shibuya, H.
et al., Anim Gener 24:122 (1994)). There is a single nucle-
otide sequence difference between this sequence (“T*) and
the sequence of the present invemtion, (“C”) at nucleotide
position 6928.

Scottish Terrier vWD mutation. FIG. 3 shows nucleotide
sequencing ladders for the vWD mutation region for normal
(clear), carrier, and affected Scottish terriers. The sequences
were obtained directly from PCR products derved from
genomic DNAs i exon 4. The arrowheads show the location
of the C nuclectide that is deleted In the discase-causing
allele. Note that in the carrier ladder each base above the
point of the mutation has a doublet appearance, as predicted
for deletion mutations, The factor levels reported for these
animals were: Normal, 54%; Carrier, 34%; Affected, <0,1%.
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As a result of the deletion, a frameshift mudation at codon
88 leads 10 a new stop codon 103 bases downstream. The
resulting severely truncated protein of 119 amine 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 test A PCR primer was
designed to produce a BsiE | site in the mutant allele buf not
in ihe normal alele {FIG. 4; SEQ ID NOS 3 and 10). The
position of the deleted nucleotide is Indicated by an asterisk.
The altered nucleotides in each primer are underlined, The
normal and mutant allele can also be distinguished using
Sau96 I. The naturally occurring Sau%6 I sites are shown by
double underlines. The highty conserved donor and acceptor
dimucleotide splice sequences are shown in beld type.

In order to ensure that the restriction enzyme cut the
amplified DNA to completion, an internal control restriction
site common to both alleles was designed into the non-
diagnostic primer. The test was verified by digestion of the
DNA from animals that were affected, obligate carriers, or
normal (based on high factor levels [greater than 100% of
normal] obfained from commonly used lesting 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. Sei. 370:191-203 (1981)) were
also shown to be homozygous for this mutation. An addi-
ticnal unaffected animal from this same colony was found to
be clear.

It 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 partialty digesting the PCR producis
and running them on capillary electrophoresis, The rates
were found 1o be very nearly equal (the diagnostic site is cut
12% faster than the control site).

The mutagenesis primer was also designed fo produce a
Sau96 I site into the normal allele but not the mutant allele.
This is the reverse relationship compared to the BsiE
I-dependent test, with respect to which allele is cut. Natural
internal Sau%6 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 fest often used o verify the
correct identification of a mmtant allele is its inheritance
according to Mendel’s law of segregation. Three pedigrees
were exanined in which the normal and mutant alleles were
segregating, as shown in FIG. 5, Exon four of the vWF gene
was PCR-amplified from genomic DNA. The PCR products
were examined for the presence of the normal and mutant
vWF alleles by agarose gel electrophoresis after digestion
with BsiE I (see FIG. 5). The affected animals are homozy-
gous for the mutant altele (229 bp; lanes 3 and 5). The other
animals in this pedigree arc heterozygotes (251 bp and 229
bp; lanes 1, 2, 4, and 6), including the oblipate carrier
parents,
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TABLE 1
Differences Between Scottie and Doberman Pinscher
Protein And Nucleotide von Willebrand Factor Sequences
With Comparisen To The Human Sequences
Aming Acid Codon
Exon A.AJ  Human Scottic Doberman Human Scolie  Doberman
FUTPmue-35% NA* NA NA N/A A G
4 85 s | sm.shir® 5 TCC TCCC A TCC
5 173 M R K | ATG AGG AAG

11 422 5 T T TCC  ACA ACC
21 8§98 C C C TGC TGT TGC
21 905 F il TTT TTC TTA
24 1041 5 s 5 TCA TCA TCG
24 1042 5 8 S TCC  TCC TCA
28 1333 D b E GAC  GAC GAG
28 1349 Y Y Y TAT  TAT TAC*
42 2383 P P oCe CTG CCo
43 4T 8 s s TCG TCG  TCA
45 2555 P P P occ ccc CCG
47 2591 P P P oce coT cce
49 2672 D D D GAT GAT GAC
51 2744 E E B GAG  GAG GAA

Amino acid residue position

“Untranslated region

*Nuclectide position

“Nat Applicable

STrameshift mutation

8Splice site mutation for Doberman pinscher, Manchester terrier and Paodle

Boxed residues show amino acid differences between breeds

*This sile has been shown to be polymorphic in some breeds

The matare VWF protein begins in exon 18

The alleles, as typed by both the BsiE I and Sau96 I tests, 50 Discussion

showed no inconsistencies with Mendelian inheritance. One
of these pedigrees included two affected animals, 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 fo be homozygous for
the mutany allele, and the normal siblings were found fo be
heterozygotes.

Population survey for the mutation. Cheek swabs or blood
samples were collected from 87 animals in order to deter-
mine the incidence of carricers in the U.S. Scottish terrier
population. Although an attempt was made to malke 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 to some ascertainment bias,
based on ownership (as opposed fo phenotypic ascertain-
ment bias). In these 87 animals, 4 affected and 15 carder
animals were found,

These results establish that the single base deletion found
in exon four of the vWE gene causes vWD in the Scottish
terrier 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 io be affected with the
disease are homozygous for the mutation, Five other mixed-
breed dogs descended from Scotlish terriers, and affected
with vWD, are also homozygous for the mutation, No
normal animals are homozygous for the mutation, Unaf-
fected obligate camriers are always heterozygous for the
mutation.

The gene frequency, as determined from the population
survey, appears to be around 0.13 resuliing in a heferozygote
frequency of about 23% and expected frequency of affected
animals of about 2%. Although the sample size is relatively
small and somewhal biased, these data are in general agrec-
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ment with the profein-based surveys (Slokol, T. et al., Rex
Ver Sci 59:152-155 (1995); Brooks, M., Probl In Vet Med
4:636-646 (1992)), in 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 Scottish terriers, This result is consistent with the .

results found for other penetic diseases, defined at the
melecular level, in various domestic animals (Shuster, D. E,
et al., PNAS (USA) 89:9225-9229 (1992); Rudolph, J. A. et
al., Nat Genet 2:144-147 (1992); O’Brien, P. I 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 human and wild animal
populations.

Published data using the protein-based factor assays have
shown thai, at least in several instances, obligate carriers
have had factor levels that would lead {o 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 ancther study, at
least some of the obligate carriers had factor levels of 65%
or greater (Brinkhous, K. M. et al., Ann. New York Acad. Sci.
370:191-203 (1981)). In addition, the number of animals
that fail into an equivocal range can be subsfantial. 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 cerfainty of the DNA-based test
described herein should relieve the necessity of repeated
testing and the variability associated with the protein-based
assays.

The mmtation is present in the pre-vWF part of the
molecule. This part of the molecule is processed off prior {0
delivery of the mature protein into the plasma, This pre-
portion of the molecule is important 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 frameshift vWD mutation,
neither this pre-portion nor any of the mature factor is ever
produced, in keeping with the fact that no factor has ever
been detected in the blocd of affecied dogs.

The determination of the complete canine vWF cDNA
sequence will have an impact upon the development of
carrier tests for other breeds amd other species as well.
Currenily, Shetland sheepdogs (see Specific Example 3) and
Butch Kooikers are known to have a significant amount of
Type 3 vWD (Brooks, M, et al., JAVMA 200:1123-1127
(1992); Slappendel, R, 1., Ver-Q 17:821-822 (1995)). Type
3vWD has occasionally be seen in other breeds as well (e.g.,
Johnson, G. S. et al, JAVMA 176:1261-1263 (1980)). All
Type 3 vWD mutations described in Inrmans to date have
been found within the vWF pene itself. The availability of
the canine sequence 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 gene, and thus Type
1 mutations may also be found within the vWF gene for
breeds affected with that form of the disease. The availabil-
ity of two divergent mammalian vWF cDNA sequences will
also make it much easier {0 sequence the gene from other
mammalan species using cross-species PCR meathods (e.g.,
Venta et al., Biochem. Genet. 34:321-341 (1996)).

The lest described herein for the detection of the mutation
in Scoltish lerriers may be performed on small amounts of
DNA from any tissue. The fissues that are the feast invasive
to obtain are blood and buccal cells. For maximum
convenience, a cheek swab as a source of DNA is preferred.
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SPECIFIC EXAMPLE 2—DOBERMAN
PINSCHER

Materials and Methods

RT-PCR and DNA Sequence Analysis, RNA was isolated
by using Trizel (Life Technologies, Gaitherburg, Md.) from
the spleea of a Doberman pinscher that was affected with
vWD (factor value of 7% of normal) and that had died from
dilated cardiomyopathy. RI-PCR was performed as previ-
ously described using primers to the canine vWF cDNA.
Meost PCR products were determined directly using a cycle
sequencing kit (Amersham Corp, Chicago, I11). A minor
band containing the four base deletion (see Resulls) was
subcloned into a plasmid vector prior o sequence analysis.
The five kb intron 43 was amplified using a commercially
available kit for long PCR (Bochringer-Mannheim,
Indianapolis, Ind.). The cycling times and 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
93° C, 15 sec, 62° C,, 30 sec, 68° C,, 4 min with 20
additional sec per cycle. This was followed by a fina}
extension at 68° C. for 7 min. The sequences of the primers

used were: exon 43 ({sense primer),
5-TCTACCCTGTGGGCCAGTTC-3' (SEQ ID NO: 26),
and exon 44 (antisense primer),

5-GACCACCTCACAGGCAGAT-3' (SEQ ID NO: 27).

PCR-Based Mutation Test. PCR mutagenesis was used to
create an Msp [ site in the normal allele but not in the mutant
allele. An internal Msp I digestion control site was also
created by PCR mutagenesis within the anti-sense primer,
whose target is within intron 43, The control sife is contained
within the amplification products of both aileles. The
sequences of the primers are: diagnostic {sense) primer,
5-CTGTGAGGACAACTGCCTGCC-3' (SEQ ID NO: 28);
and common (anli-sense) primer, 5-TGGCCCTGAAC
CGGAAATTACTCAAG-3' (SEQ ID NO: 29) (the altered
bases within cach primer are undertined). A ‘tonchdown’
BCR 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-eight
additional cycles were run, with the annealing temperature
held at 55° C. The DNA was digested with Msp I after PCR
amplification.

Population Survey. Owners who participated in a popu-
Jation survey supplied cheek swabs from their dogs for
genotype analysis. Richards, B. et al., Hum. Mol Gener,
2:159 (1992). A number of these dogs had associated vWE
values that were determined by various testing laboratories
that provide this service to breeders,

Results

During the sequence analysis of the vVWE mRNA from an
affected Doberman pinscher, a significant nucleotide differ-
ence from the Scottish terrier sequence was discovered, This
change was found at the last base of exon 43 (nucleatide
7437 from the inmitiation codon, at amino acid position Ser
2479; G in Scotties, A in the affected Doberman) (Table 1).
Although this is a silent amino acid change, it causes the
splice junction to be fess similar to the mammalian splice
junction consensus. Nakai, K. ef al., Gene 141:171 (1994);
Krawcsak, M. et al., Genet. 30:41 (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 pucleotide position 7437 (FIG. 6; SEQ ID NOS:
14-17). The A at the end of exon 43 could cause the normal
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splice junction to be used less frequently, and that the
upsiream cryptic splice site becomes the one predominantly
used. Comparison of the splice sites 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-iype 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
likelihood of splicing potential, The scores for the normal
and cryptic splice sites arc quite different with the wild-type
allele, but are very close with the mutant allele, These results
suppozt the probability of a decreased likelibood for splicing
at the normal site, and an increased potential for splicing at
the cryptic site with the mutant allele.

A faint REPCR band just below the major band from
which the variant nucleotide had been detected was
observed, This minor band was missing the four bases at the
end of exon 43 as confirmed by sequence analysis (FIG, 7,
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 {o detect the nucleotide
difference in genomic DNA as described herein in Materials
and Methods, The results of the test for several animals with
a specirum of factor values vield 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 corfain a common
Msp 1 restriction sife thal serves as an internal digestion
contrel. The mutant (A) and normal (G) alleles are repre-
senfed 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 strong correlation between genotype and factor
level as presented in the histogram of FIG. 9. The shaded
baxes 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
(Johoson et al, Vet. Clin. North Am. Small Anim. Praci.
18:195-229 (1988); Moser et al., Am. J. Vet. Res.
57:1288-1293 (1996); Stokol et al., Aust. Ver. J. 72:257-262
(1996)) indicate substantial overlap between genotypes
based upon the protein-based methods. Alarger survey on 67
additional Dobermans contained in 10 independently ascer-
tained pedigrees was performed fo obtain an estimate of the
mutant allele frequency within the breed. OFf the total of 88
animals, 40 were M, 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
pinscher breed. The mutation decreases the similarity
between the normal splice junction and the mammalian
consensus while at the same time increasing the simslarity of
the cryptic splice site found just upstream of the normal
splice site (FIG. 6; SEQ ID NOS: 14-17). The calculated
Shapiro-Senapathy splice site values (Shapiro, M. B. et al,,
Nucleic Acids Res. 15:7155 (1987)) are very similar for the
normal and cryptic splice siles when an A is present at
nucleotide position 7536. The Shapiro-Senapathy calcula-
tion is probably not completely accurate in determining the
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relative amount of splicing that can occur between different
sites, Therefore, it is not inconsistent o 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 matches that
predicted by the use of the cryptic splice site (FIG. 7; SEQ
ID NO: 18). The fact that there is less 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 eryptically spliced mRNA
produces a shift in the translational reading frame, resulling
in the formation of a premature stop codon. It is well known
that mRNAs that produce lmncaled proteins are unstable,
perhaps because ribosomes do not remain attached to the
message {0 protect it from degradation by intracellular
RNases or because of the incomplete assembly of splico-
somes on mutant splice sites, Maquay, L. E., Am J Hum
Genet 59:279 (1996). The average amount of vWF protein
present in affected animals is roughly 10% of the normal
canine value. Thus, each mutant allele should produce about
5% of the normal amount of vWF mRNA and protein. From
this, it can be predicted thai the average helerozygous
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, 1. H. et al., Ap. J, Ver.
Res. 56:1577 (1995). This mRNA is predicted to consist
primarily of the correctly spliced transcript.

The mutation has been shown to be linked to the vWF
locus (FIG. 9 and Holmes, N. G. ¢t al., J. Small An. Prac
37:307 (1996). Most human Type 1 vWD, in which there is
a true clinical bleeding problem, appears 1o be inherited in
a dominant, incompletely penetrant fashion, Ginsburg, D. et
al., Blood 79:2507 (1992). Although a few Type 1 mutations
have been found within the vWE locus (see, e.g., Siguret, V.
et al., Hum. Genef. 93:95 (1994); Eikenboom, J. C. J. et al,,
Bipod 88:2433 (1996)); it has been argued that another locus
or loci may also cause some Type 1 vWD, Giosburg, D. et
al,, Blood 79:2507 (1992). In faci, 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 Jeast 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
mtation is recessive, but it might appear to be dominant in
certain situations, such as that of the Doberman pinscher.
The number of splice site mutations of the type described
herein are significantly below the number that would be
predicted to oceur, suggesting that these types of mutations
are more difficult to detect or have been overlooked in the
past. Krawcsak, M, el al., Hum. Genet, 90:41 (1992), This
might be because they produce a less severe phenotype than
other types of mutations that cause a complete loss of
function.

SPECIFIC EXAMPLE 3—SHETLAND
SHEEPDOG

Total DNA was isolated from material obtained from a
spay of an affected Shetland sheepdog (Sheltie). This animal
had been tested for the vWEF antigen, and was reported to
have a 0% value by a laboratory skilled in this testing
(Diagoostic Laboratory, Comparative Hematology Section,
College of Veterinary Medicine, Cornell University). The
owner had decided to have the spay done after obtaining this
result, and donated the removed tissues. The eatire RT-PCR
coding region of this mutant gene was sequenced as
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described in Specific Example 1, to identify the mutation
that causes vWD. A mutation was found in the vWF gene
that appoars to be responsible for most or all of the type 3
vWD found in the Sheltie breed. A deletion of a single T was
found at nucleofide position 735 of the encoding region

(FIG. 10; SEQ ID NOS: 19 and 20). The arrows in FIG, 10.

indicate the series of T nucleotides in which one T has been
deleted ir the DNA of the affected animal compared to the
normal animal. This deletion, present in the equivalent of
human exon 7, would cause a shift in the reading from of the
vWF-encoding region, and result in a severely truncated
protein, A diagnostic test was designed fo detect this ma-
tion (FIG. T1; SEQ 1D NOS: 21-25). The deletion causes (he
creation of an Mwo I restriction site and thus, the Mwo site

is found in the mutant ailele, but not in the normal allefe. The -

sequence shown in FIG. 11 (SEQ ID NOS: 21 and 22) is that
of the canine gene that corresponds to the human vWFE exon
7. The single leiter code for amine acids is shown above the
muicleotide sequence and the primer sequences are shown
below the gene sequence. The Mwo I sifes are also indicated.
An internal digestion conirol site is present in the non-
diagnostic primer region, Reagent concentrations for this
test were: 100 M dNTPs, 50 mM KCl, 10 mM Tris-HCI
(pH 8.3), 2 mM MgCl,, 0.05 to 0.1 pg target DNA, 15 M
of cach primer (SEQ 1D NOS: 23 and 25), and 0.025 U Taq
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 Taq concen-
tration (compared to generally accepted conditions) with the
high number of cycles prevents the amplification of non-
specific PCR bards. One microliter of Mwo 1 restriction
enzyme (New England Biolabs, Inc) and 2 ul of 5¢ mM
MgCl, were added directly to the PCR reaction after
amptlification, and incubated 2t 60° C. for 1 hr. Digestion
products were then observed after gel electrophoresis on a
1.5% agarose gel and the results 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 results
from a carrier amimal, and lanes 12--16 show the results from
a homozygous normal animal. Lane 18 shows an undigested
control PCR product. The duplicate samples demonstrate the
reproducibility of the test. Numbers on the left side of the gel
show the sizes of the standard bards, 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 to determine the
frequency of the mutation within the U.S. population. Of a
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. Ver.
Med. Assoc. 200:1123-1127 (1992). Oune third of these
carriers are thought to be due 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 antigen test. This
difference could be due to either ascerfainment 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 comabination of these possibilitics. Whatever the
reason for the difference, most or all of the Type 3 disease
in the Shellis is probably caused by this one mutation. This
is based on the understanding of the importance of the
Founder effect {or populate sire effect) on the increase in the
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frequency of specific genetic diseases 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 alleies.

SPECIFIC EXAMPLE 4

In an cffort to find mutations that cause VWD in other
canine breeds, affected animals were surveyed, as diagnosed
by low levels of vWF antigen, for the three mutations set
forth herein. In the case of Lthe Manchester terrier breed, it
was found that at least a portion of the affected animals had
the identical muiation that causes vWD in the Doberman
pinscher, The test described supra for the Doberman pin-
scher was utilized to fost an affected Manchester terrier, plus
several related animals, The alfected animal was found to be
homozygous for the mutant aflele (Table 2). In addition,
several animals who had vWF values in the carrer range
were found to be carriers ai the genotypic level,

TABLE 2
Manchester terrier vWF values vs. DNA genotype
Dog YWE value® Genotype®
MT1 200% normal
M1Z 6% normal
MT3 42% carrier
MT4 19% carrier
MTS NT carrier
MT6 N1 carrier
MT7 10% affected

*Factor values as 1eported from a testing lab (Cornell CVM, Hematology

Lab).
SGenotype for the leaky splice mutation originally found in the Doberman
pinscher,

SPECIFIC EXAMPLE 5

In an effort to locate mutations that cause vWD in other
canine breeds, affected animals as diagnosed 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 Poodie 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
muiant allele. In addition, several animals who had vWF
values in the carrier range were found fo be carriers at the
genotypic level.

The foregoing discussion discloses and describes merely
cxemplary embodiments of the present invention. One
skilled in the art will readily recogaize from such discussion,
and from the accompanying drawings, that various changes,
modifications ard 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.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 29

<230> SEQ ID NO 1

<211> LENGTH: 8802

<212> TYPE: DNA

<213> ORGANISM; Canis familiaris

<400> SEQUEFNCE: 1

cattanaagg tcctggetgg gagotitittt ttgggaccag cactceatgt tcaagggeaa 60
acaggggocce attaggatca atcttitbte tttotttttt tasamamasa aattcottecce 120
actttgcaca cggacagtag tacataccag tagctctoty cgaggacggt gatceactaat 180
catttetect gettegiqge agatgagtee tascagactt gtgagggtge tgotggetet 240
ggeceoeteoate %tgccaggga aactttgtac aasagggact gttggaaggt catocgatggo 300
caegatgtage cttoctoggag gtgactitcat caaceccttt gatgagagcea tgtacageott 360
tgcgggegat tgcagttace toctggetgy ggectgecag gaacacteca tetcacttat 420
cgggggtttc caaaatgaca aaagagtgag cetetecgtg tatetoggag aatittitegs 480
catteatttg tttgtcaatg gtaccatget gocaggggacc caaageatet ccatgeccta 540
cgectccaat gggetgtate tagaggocga ggotggotac tacaagetgt ceagtgagge 600
atacggettt gtggecagaa ttgatggoam tggcmacttt camagtcctge tgteagacay 660
atacttcaac aagacctgtg ggotgtgtgg caactttaat atetttgetyg aggatgactt 720
caagactcaa gaagggacgt tgacttegga ceocctatgac tttgecasct cetgggoect 780
gagcagtggy gaacaacqggt gcaaacggqt gtcecotoce ageageccat geaatgtete 840
ctetgatgaa gtgeageagg tootgtggga geoagtgocag ctoctgaaga gtgoctoggt 200
gtttgeccege tgocaccoge tggtggacce tgagoetttt gtogeceigt gtgaaaggac 960
tctgtgeace tgtgtecoagg ggatggagtg coottgtgeg gtectectgg agtacgoecg 1020
ggooctgtgoo cageoagggga titgtocttgta cggetggace gaccacagqceg tetqecgace 1080
agecatgocet goetggeoatgg agtacaagga gigogtgtoc ccocttgeacca gaacttgeca 1140
gagectteat gtcaaagaag tgtgtoagga gceaatgtgta gatggctgea getgeocega 1200
gggecagecte ctygatgaag gocactgegt gggaagtget gagtgticet grtatgeatge 1260
tgggoaacgg taccctcogg gegectecct cttacaggac tgocacacet geoatttgeeg 1320
aaatagceoctg tggatctgea goaatgaaga atgcccagge gagtgtotyg teacaggaca 1380
gtcocactte aagagetteg acaescaggta cttcacctta agtgggytot gecactacct 1440
gotggeceayg gactgocagy accacacatt ctotgttgte atagagactg tecagtgtge 1500
cgatgaccety gatgetgtet geaccegete ggtcaceghe cgeetgoctg gacatcacaa 1560
cagocttgtg aagotgaaga atgggggagg agtetecatg gatggccagyg atatccagat 1620
teotetoctg caaggtgace teegeoatoca geacacegtg atggoctocg tgogecteag 1680
atacggygag gacctgeaga tggattcgga cgtoogggge aggqetactgg tgacqotgta 1740
aeoegectre goggggaaga cgtgoggocg tggogggaac tacaacggea accgggggga 1800
cgactteogtg acgocegqgeag gootggegga geccctggtg gaggacttog ggaamcgocotyg 1B60
gaagctgete ggggoctgeg agaacctgea gaageageac cgogateoct geagectcaa 1920
coegogecay gocaggttty cggaggagge gtgegegetg ctgacgtoct cgaagttcoga 1980

goeoetgocac cgageggtgg gtocteagoc ctacgtgeoag aactgectot acgacgtotg 2040
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ctootgetee gacggoagag actgtotttg cagegeegtg gocaactacg cegeageogt 2100
ggoacggagy ggogtgoaca togogtggeg ggagocggge ttotgtgogo tgagotgooe 2160
vcagggccay gtaotacetge agtgtgggac ccoctgeaac atgacctgte totacoteote 2220
ttacecggag gaggactqea atgaggtotg cttggasage tacttetoce coccaggget 2280
gtacctggat gagaggggag attgtgtgec camggcteag tgteccigtt actatgatgg 2340
tgagatcitt cagoocgamg scatcttete ageccatcac accatgigot actgtgagge 2400
tggcoctitcatg cactgtacca caagtggagg cctgggaage ctgotgocca accoggtgot 2460
cagoeagoooe cggtgteace geagoaaaag gagectgtee tgteggecce ccatggtcaa 2520
gttggtgtgt ccoogeotgata accegaggge tgaaggactyg gagtgtgoca aaacctgoca 2580
gaactatgac c¢tgoagtgea tgagcacagg ctgtgtetece ggetgeoctot gococcogradgg 2640
catggteegy catgaaaaca ggtgtgtgge getggaaaga tgtecctget tecaccaagg 2700
ccaagagtec goccoccaggag aaaccgtgaa aattgactge aacacttgtg totgtoggga 2760
ceggaagtyg acctgcacag accatgtgtg tgatgcocact tgotetgoca teggeatgge 2820
geactaccte accttogacy gactocaagta cotgttocct ggggagtgoe agtatgttet 2880
ggtgraggat tactgeggca gtaaccetgg gaccttacgy atcectggtgg ggaacqgaggg 2940
gtgocagotac coctcagtga aatgcaagaa gogggteace atectggtgg aaggaggaga 3000
gattgaacty tttgatygyg aggtgaatgt geagamaccec atgaaggatg agactcactt 3060
tgaggtggta gagtotggte agtacgteat tetgetgoetg ggeaaggeac tetotgtggt 3129
ctgggaccac cgoctgagea tototgtgac cotgaagegg acataccagg agoagghgtg 31890
tggoctgtgt gggaattttyg atggoatcca gaacaatgat tteaccagea geoagocteca 3249
amtagaagaa gaccctgtgg actttgggaa ttoctggaasa gtgaaccogo agtgtgooga 3300
caccaagaaa gtaccactgy actcatccoc tgocegteotge cacaacaaca tceatgaagea 3360
gacgatggtg gattccteocet geaggatcot caccagtget attttecagq actgoaacag 3420
getggtggace cetgagecat tectggacat ttgcatctac gacacttget ceotgtgagte 3480
cattggggac tgeacctget totgtgacac cattgetget tacgoccacg tetgtgecca 354¢
gocatggomag gtggtagect ggaggacage cacattetgt ccccagaatt gegaggageg 3600
gaatctecae gagaatgggt atgagtgtga gtggegetat aacagetghkg cccetgeoctg 3660
tocoatcacyg tgdoagoace cogegocact ggeatgecct gtacagtgbtg ttgaaggttg a7ae
coatgcgoac tgooctooag ggamaatoct ggatgagett ttgeagacet goatcgacce L
tgaagactgt cctgigtgtg aggtggetgg togtegettg geocccaggza agasastcat 3e40
¢ttgaaccoc agtgacecetg ageactgece satttgtaat tgtgeatggtg tcaacttoac 3900
ctgtaaggue tgecagagaac ceggaagtgt tgtggtgocce cocacagatg goccoceattgy 3960
ctotaccace tegtatgtgg aggacacgte ggagoocgoce ctocatgact tecactgoagy 4020
caggettetg gacetggttt tectgetgga tggetectoe aagetgtctg aggacgagtt 4080
tgaagtgety aaggtetity tggtgggtat gatggageat ctgeacatct ccecagaageg 4140
gatcegegtg getgtggtgg agtaccacga cggotoccac goctacatcg agctcaagga 4200
ccggaagoga ccoctcagage tgoggogoat caccagecayg gtgeagtacy cgggoagega 4260
gatggecotee accagtgagg tettasagta cacgetgtte cagatetttg goaagatcega 4320

cagoecggaa gogtotegea ttgooetget ceotgatggoc agocoaggagoe cotcaaggot 4380
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ggeecggaat ttggtoeget atgtgraggg cotgaagaag aagaaagtea ttgteateco 4440
tgtgggeate gggooccacy ccagecttaa geoagatecac cteatagaga ageoaggocoe 4500
tgagaacaag geootttgtgt tecagtggtgt ggatgagttyg gagcagcgﬁa gggatgagat 4560
tatcaactac ctotgtgacc ttgeccoeccga ageacctgeco cctactcage acccoccaat 4620
ggcocaggte acggtgggtt cggagotgqit gggggttica totccaggac ccazmaaggasa 4680
ctecatggte ckggatgtgg tgtttgtoect ggaagggtea gaceaaatiqg gtgaggccaa 4740
ctttaacaam egcagggagt tcatggagga ggtgattcag cggatggacg tgggccagga 4800
caggatccac gtocacagtge tgoagtacte ghecatggtg accgtggagt acacctteag 4860
cgaggegeag tocaagggeg aggtoctaca geeggtgegyg gatatocgat accggggtgy 4920
caacaggace aacactggac tggecctgea atecctgtoc geaacacageot totoggteoag 4980
ceagggggaec éqggagcagg tacctaacct ggictacatyg gtcacaggaa accecgetto 5040
tgatgagatc aageoggatge ctggagacat ceaggtggtg cocatogggg tgggtecaca 5100
tgoeceatqty caggagctgy agaagattgg ctggeccaat goceccatec tecatccocatge 5160
otttgagatg ctecctegag aggeteciga tetggtgeta cagaggtget getetggaga 5220
ggggetgeag atcoccacce toteoecocac ceocagattge agecagocoe tggatgtggt 5280
cctectectg gatggetett ccageattoe agottottac titgatgeaa tgaagagott 5340
caccaagget tttattteaa gagetaatat agggeccecgg ctcactecesag tgteggtget 5400
geaatatgga ageatcacca ctategatgt gecttggaat gtagoctatyg agaaagteca 5460
tttactgage cttgtggace tecatgcagea ggagggagge cocagcgaaa ttggggatge 6520
tttgagettt gecgtgogat atgtecaccobe agaagtocat ggtgocagge ccggagocte 5580
gaaagcggtg gttatectag tcacagetgt ctcegtggat tcaqtggatg ctgecagecga 56490
ggcegecaga tcecaaccgag tgaceghtgit cceooattgga atcggggate ggtacagtga 5700
ggoecagotg agecagettgyg caggococaaa ggetggetoe aatatggtaa ggotoecageg 57640
aattgaagac ctececacey tggecaccct gggasattec tteottecaca agotgtycte 5820
tgggtttgat agagtttgeg tggatgagga tgggaatgag aagaggcocg gggatgtctg 5889
gaccttgoeca gaccagtgece acacagtgac ttgectgeoca gatggeocaga ccttgotgaa 5940
gagtcatcgg gtcaactgtg accgggyggec aaggocttayg tgecccaatg gocageococ 6000
teteagggta gaggagacet gtggetgecg ctggacetgh cocotgtgtgt geatgggeeg 6060
ctetacocgy cacatcgtga cotttgatgg goagaattto aagetgactg geagetgtte 6120
gtatgtccta tttcaasaca aggagoagga cctggaggtg attotocaga aetggtgecotg 6180
cagoeectgqgy goegaaggaga cctgoatgaa atccattgag ghtgaageatg acggectete 6240
1 agtitgagctc cacagtgaca tgcagatgec agtgaatggg agactagtcet ccatccocata 6300
tgtgggtgga gacatggaag tcaatgtita tgggaccatc atgtatgagg tcagattcaa 6360
cocatcttgge cacatcttca cattcaccce ccasaaceat gagttecage tgcagotcag 6420
cccocaggace tttgeottoga agacatatgg toctetgtggg atctgtgatg agaacggage 6480
caatgactic attctgaggg atgggacagt caccacvagac tggaaggomc tcatcoccagga 6540
atggaccgta cageagcttg ggaagacate ccegeetgte catgaggage agtgteootgt 6600

atacgaatte ttocactgoco agytoctect cteagaattg tttgecgagt gocacaaggt 6660

actogotova gecacctttt atgecatgtg ccageccgac agttqgocace cgaagaaagt §720

gtgtgaggeg attgecottgt atgeccacct ctgteggace aasaggggtet gtgtggactg 6780
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gaggagggce aatittctgtg ctatgtcatg tcocaccatec ctggtgtaca accactgtga 6840
geatggetge cocteggetot gtgaaggoaa tacasgotee tgtggggagc aaccetogga 6900
aggotgotte tgococcocaa accaagtcat geotggaagqgt agetgqtgtee cogaggaggo 6960
ctgtacccag tgoatcagocg aggatggagt coggocaccag ttoetggaaa cetgggtecc 7020
agcccaccag cottgocaga totgoacgty ceteagtggg cggaaggtca actgtacgtt 7080
geagoootge cocacagoca aagcotccorac ctgtggeeog tgtgaegtgg cococgocteocyg 7140
ccagaacyca gtgcagtgct goccggagta cgagtgtgty tgtgacctgg tgagetgiga 7200
cctgeceeceg gtgectecct gogaagatgg cotoragatg accetgacca atceotggega 7260
gtgoagacce aacttocacct gtgectgoag gaaggatgaa tygcagacgyg agtoccogec 7320
ctotigtece dogeacegga cgcoeggooot toggaagact cagtgoetgtg atgagtatga 7380
gtgtgeatge aactgtgtea actecacyggt gagotgeceg cttgggtace tggectogge 7440
tgtcaccaac gectgtggot gcaccacaac aacctgottc cotgacaagg tgtgtgtoca 7500
cogaggeace atctaccetg tgggocagtt ctgggaggag goctgtgacq tgtgeacctg 7560
cacgqacttg gaggactotyg tgatgggect gegtgtggoc cagtgetcce agaasgeccetqg 7620
tgaggacaac tgcotgtcag gottcactia tgtectteat geaggegagt getgtggaag 7680
gtgtctgccoca teotgootgtg aggtggitcac tggtteacca cggggegacg cecagtcotca 7740
ctggaagaat gttggetetc actgggecte cectgacaac ccotgoctca tecaatgagtg 7800
tgtocecgagtg aaggaagagyg totttgtgea acagaggaat gtotootgoco cococagetgaa 78690
tgtooocaco tgococacgy gottecaget gagetgtaag accteagagt gttgteccac 7920
ctgtoactye gagecoctyy aggootgott getcaatggt accatcattg ggecggggaa T980
aagtetgatg attgatgtat gtacaacctg cegetgeace gtgoecggtgg gagtoatete 8040
tggattcaay ctggaggyca ggaagaccac ctgtgagges tgecccetgg gttataagga 8100
agagaagaac caaggtgaat gotgtgggag atgteotgect atagettgea ccattcaget 8160
aagaggagge cagatcatga cactgaageg tgatgagact ateccaggatg gotgtgacag 8220
tecacttotge aaggtoazatg amagaggaga gtacatcotgg gagaagagag tcacqgggttg 8280
cceaccttte gatgaacaca aghgtcotgge tgagggagga aaaatcatga aaattcecagyg 8340
cacctgetgt gacacatgtyg aggagecaga atgcaaggat atcattgeca agotgeageg 8400
tgteaaagty ggagactgta agtetgaaga ggaagtggac atteattact gtgagggtaa 8480
atgtgocage aaagecqgtgt actecateca catggaggat gbtgeaggace agtgetectyg 8520
f ¢tgetegoee acceagacgg ag0ccatgéa ggtggooctg cgotgoacca atggotooot 8580

catctaccat gagatcocteca atgoeateoga atgeaggtgt toceccocagga agtgoageoaa 8640

gtgaggccac tgeetggatg ctactgteogo ctgococttacce cgaccteact ggactggeca 8700
gagtgctget cagtcoctect cagteoctcct cotgetetge tettgtgoett cctgatcocea 8760
caatasaggt caatetttca ccttgaaasa asamaaaaaa aa 8802
<210> BEQ ID WO 2
<211> LENGTH: 2813

«212> TYFE: PRT
<213> ORGANISM: Canis familiarias

«<400> SEQUENCE: 2

Het Ser Pro Thr Arg Leu Val Arg Val Leu Leu Ala Leu Ala Leu Ile
1 5 18 15
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Leu Prc Gly Lye Leu Cys Thr Lys Gly Thr Val Gly Arg Ser Ser Met
26 25 30

Ala Arg Cys Ser Leu Leu Gly Gly Asp Phe Ile Asn Thr Phe Rep Glu
35 40 45

Ser Met Tyr Ser Phe Ala Gly Asp Cys Ser Tyr Leu Leu Ala Gly Asp
50 5% 60

Cys Gln Glu His Ser Ile Ser Leu Ile Gly Gly Phe Gln Asn Asp Lys
65 70 5 80

Arg Val Ser Leu Ser Val Tyr Leu Gly Glu Phe Phe Asp Ile Hie Leu
85 90 95

Phe Val Asn Gly Thr Met Leu Gln Gly Thr Gln Ser Ile Ser Met Pro
100 105 110

Tyr Ala Ser ‘Ben 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 Arg Ile Asp Gly Asn Gly
130 135 140

Asn Phe Gln Val Leu Leu Ser Asp Arg Tyr Phe Aen Lys Thr Cys Gly
145 150 155 160

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

Glu Giy Thr Leu Thr Ser Asp Pro Tyr Asp Phe Ala Asn Ser Trp Ala
180 185 190

Leu Ser Ser Gly Glu Gin Arg Cys Lye Arg Val Ser Pro Pro Ser Sar
195 200 205

Pro Cys RAen Val Ser Ser Asp Glu Val Gln Gln Val Leu Trp Glu Gln
210 215 2z0

Cys Gln Leu Leu Lys Ser Ala Ser Val Phe Ala Arg Cys His Pro Leu
225 239 235 240

Val Asp Pro Glu Pro Phe Val Ala Leu Cys Glu Arg Thr Leu Cys Thx
245 250 255

Cys Val Gln Gly Met Glu Cys Pro Cys Ale Val Leu Leu Glu Tyr Ala
260 265 270

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

Ser Val Cys Arg Pro Ala Cys Pro Ala Gly Met Giu Tyr Lys Glu Cys
290 295 300

Val Ser Pro Cys Thr Arg Thr Cys Gln Ser Leu His Val Lys Glu Val
305 310 315 320

cys Gln Glu Gln Cys Val Asp Gly Cye Ser Cys Pro Glu Gly Gln Leu
325 33¢ 335

Len Asp Glu Gly Hia Cys Val Gly Ser Ala Glu Cys Ser Cys Val His
340 345 350

Ala Gly Gln Arg Tyr Pro Pro Gly Ala Ser Leuw Leu Gln Asp Cys His
355 350 365

Thr Cye Ile Cys Arg Asn Ser Leu Trp Ile Cys Ser Asn Glu Glu Cys
70 375 380

Pro Gly Glu Cys Leu Val Thr Gly Gln Ser His Phe Lys Ser Phe Asp
185 390 k1) 400

Asn Arg Tyr Phe Thr Phe S8er Gly Val Cys His Tyr Leu Leu Ala Gln
405 410 415

Aap Cys Gln hAsp His Thr Phe Ser Val Val Ile Glu Thr Val Gln Cys
420 425 430
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Ala Asp Asp Leu Acp Ala Val Cya Thr Arg Ser Val Thr vVal Arg Leu
435 440 445

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

Ser Met Asp Gly Gln Asp Ile Gln Ile Pro Leu Leu Gln Gly Asp Leu
465 470 475 480

Arg Iile Gln His Thr Val Met BAla Ser Val Arg Leu Ser Tyr Gly Glu
485 130 495

Asp Leu Gin Met Asp Ser Asp Val Arg Gly Arg Leu Len Val Thr Leu
500 505 510

Tyr Pro Rla Tyr Ala Gly Lye Thr Cye 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
530 / 535 540

Leu Val Glu hRsp Phe Gly Asn Ala Trp Lys Leu Leu Gly Ala Cys Glu
545 550 855 560

Asn Leu Gln Lys Gln His Arg Asp Pro Cys Ser Leu Asn Pro Arg Gln
565 570 575

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

Glu Pro Cys His Arg Ala Val Gly Pro Gln Pro Tyr Val Gln Aesn Cys
585 600 505

Leu Tyr Asp Val Cys Ser Cys Ser Asp Gly Arg Asp Cys Leu Cys Ser
610 615 620

Ala val Ala Asn Tyr Ala Ala Ala Val Ala Brg Brg Gly Val His Ile
625 630 635 540

Ala Trp Arg Glu Pro Gly Phe Cys Ala Leu Ser Cys Pro Gln Gly Gln
645 650 6§55

val Tyr Leu Gln Cys Gly Thr Pro Cys Asn Met Thr Cys Leu Ser Leu
660 665 670

Ser Tyr Pro Glu Glu Asp Cys Asn Glu Val Cys Leu Glu Ser Cys Phe
§75 680 685

Ser Pro Pro Gly Leu Tyr Leu Asp Glu Arg Gly aAsp Cys Val Pro Lys
650 695 700

Ala Gln Cys Pro Cys Tyr Tyr Asp Gly Glo Tie Phe Gln Pro Glu Asp
705 710 1i5 720

Ile Phe Ser Asp 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

Lew Ser Ser Pro Arg Cys His Arg Ser Lys Arg fer TLeu Ser Cys Arg
155 769 765

Pro Pro Met Val Lys Leu Val Cys Pro Ala Asp Asn Pro Arg Ala Glu
770 775 780

Gly Leu Glu Uys 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
805 810 815

His Glu Asn Arg Cys Val Ala Leu Giu Arg Cys Pro Cys Phe His Gln
820 825 830

Gly Gln Glu Pyr Ala Pro Gly Glu Thr Val Lys Ile Asp Cys Asn Thr
835 840 845

Cys Val Cys Arg Asp Arg Lys Trp Thr Cys Thr Asp His Val Cye Asp
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850 855 7 860

Ala Thr Cys Ser Ala Ile Gly Mst Ala His Tyr Leu Thr Phe RAsp Gly
865 870 875 A 80

Leu Lys Tyr Leu Phe Pro Gly Glu Cys Gln Tyr Val Leu Val Gln Asp
885 ag0 895

Tyr Cys Gly Ser Asn Pro Gly Thr Leu Arg Ile Leu Val Gly Asn Glu
00 205 810

Gly Cye Ser Tyr Prc Ser Val Lys Cys Lys Lys Arg val Thr Ile Leu
915 920 9225

Val Glu Gly Gly Glu Ile Glu Leu Phe Asp Gly Glu Val Aen Val Lys
230 935 240

Lys Pro Met Lys Asp Glu Thr His Phe Glu Val val Glu Ser Gly Gln
945 250 985 964

Tyr Val Iic Leu Leu Leu Gly Lys Ala Leu Ser Vel Val Trp Asp His
965 970 975

Arg Leu Ser Ile Ser Val Thr Leu Lys Arg Thr Tyr Gln Glu Gln Val
980 985 990

Cys Gly Leu Cys Gly Asn Phe Asp Gly Ile Gln Asn Asn Asp Phe Thr
595 1900 10065

Ser Ser Ser Leu Gln Tle Glu Glu Asp Pro Val Asp Phe Gly Asn Ser
1010 1015 1020

Trp Lys Val Asr Pro Gla Cys Ala Asp Thr Lys Lys Val Pro Leu Asp
1025 1930 1635 1040

Ser Ser Pro Ala Val Cys His Asn Asn Ile Met Lys Gln Thr Met Val
1045 1050 1058

Asp Ser Ser Cys Arg Ile Leu Thr Ser Asp Ile FPhe Gln Asp Cys Asn
1060 1065 1070

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

Cys Ser Cye Glu Ser Tle Gly Asp Cys Thr Cys Phe Cys Asp Thr Ile
1090 1095 1100

Ala Ala Tyr Ala His Val Cys Ale Gln His Gly Lys Val Val Ala Trp
1105 111¢ 1115 1120

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

Glu Asn Gly Tyr Glu Cys Glu Trp Arg Tyr Aen Ser Cys Ala Pro Ala
1140 1145 1150

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

Cys Val Glu Gly Cys His Ala Hie Cy¥E Pro Pro Gly Lys Ile Leu hep
1170 175 1180

Glu Leu Leu Gln Thr Cys Ile Asp Pro Glu Asp Cys Pro Val Cys Glu
1185 1190 1195 1200

val Ala Gly Arg Arg T.eu Ala Pro Gly Lys Lys Ile Ila Leu Rsn Pro
1205 121¢ 1215

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

Thr Cya Lys Ala Cys Arg Glu Pro Gly Ser val Val Val Pro Pro Thr
1235 1240 1245

Asp Gly Pro Ile Gly Ser Thr Thr Ser Tyr Val Glu Asp Thr Ser Glu
125D 1255 1260

Pro Pro Leu His Asp Phe His Cys Ser Arg Leu Leu Asp Leu Val Phe
1265 1270 1275 1280



2:12-cv-12171-BAF-LJM Doc # 1-6  Filed 05/15/12 Pg 350f44 PgID 217

US 6,780,583 B1
3 32

-continued

Leu Leu Asp Gly Ser Ser Lys Leu Ser Glu Asp Glu Phe Glu Val Leu
1285 1290 1295

Lys Val Phe Val Val Gly Met Met Glu His Leu His Ile ser aln Lys
1300 1305 1310

Arg Ile Arg Val Ala Val Val Glu Tyr Hie Asp Gly Ser His Ala Fyr
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
1345 1350 1355 1360

Leu Lys Tyr Thr Leu Phe Gln Iie Phe Gly Lys Ile Asp Arg Pro Glu
1365 1370 1375

Ala Ser Arg:Ile Rla Leu Leu Leu Met Rla Ser Gln Glu Pro Ser Arg
1380 1385 1390

Leu Ala Arg &sn Leu Val Arg Tyr Val Gln Gly Leu Lye Lys Lys Lys
1398 1400 1405

val Ile val Ile Pro val Gly Ile Gly Pro His Ala Ser Leu bys &ln
1410 1415 1420

Ile His Leu Ele Glu Lye Gln Ala Pro Glu Asn Lys Ala Phe Val Fhe
1425 1430 1435 1420

Ser Gly Val Asp Glu Leu Glu Gln Arg Arg Aep Glu Ile Ile Asn Tyr
1445 1450 1455

Leu Cys Asp Leu Ala Pro Glu Ala Pro Ala Pro Thr Gin His Proc Pro
1460 1465 1470

Met Ala Gln Val Thr Val Gly Ser Glu Leu Leu Gly Val Ser Ser Pro
1475 1480 i485

Gly Pro Lys Arg Asn Ser Met Val Leu Asp Val val Phe Val Leu Glu
1490 1435 1500

Gly Ser Aep Lys Ile Gly Glu Ala Asn Phe Asa Lys Ser Arg Glu FPhe
1505 1510 1515 1520

Met Glu Glu Val Ile Gln Arg Met Asp Val Gly Gln Asp Arg Ile His
1525 1530 1535

Val Thr Val Leu Gln Tyr Ser Tyr Met Val Thr Val Glu Tyr Thr Phe
1540 1545 1550

Ser Glu Ala Gln Ser Lys Gly Glu Val Leu Gln Gln Val Arg Asp Ile
1555 1560 1565

Arg Tyr Arg Gly Gly Asn Arg Thr Asn Thr Gly Leu Ala Leu Gln Tyr
1570 1575 158¢

Leu Ser Glu His Ser Phe Ser Val Ser Gln Gly Asp Arg Giu Gln Val
1585 1550 1595 1600

Pro Asn Leu Val Tyr Met Val Thr Gly Aen Pro Ala Ser Asp Clu Ile
1605 1610 1615

Lys Arg Met Pro ¢ly Asp Ile Gln Val Val Pro Ile Gly Val Gly Pro
1620 1625 1630

His Ala Asn Val Gln Glu Leu Glu Lys Ile Gly Trp Pro Asn Ala Pro
1635 1640 1645

Ile Leuw Ile His Asp Phe Glu Met Leu Pro Arg Glu Ala Pro Asp Leu
1650 1655 1660

Val Leu Gln Arg Cys Cya Ser Gly Glu Gly Leu Gln Ile Pro Thr Leu
1665 1670 1675 1680

Ser Pro Thr Pro Asp Cys Ser Glan Pro Leu Asp Val Val Leu Leu Leu
1683 1680 1695
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kep Gly Ser Ser Ser Ile Pro Ala Ser Tyr Phe Asp Glu Met TLys Ser
1700 1765 1710

Phe Thr Lys Ala Phe Ile Ser Arg Ala Asn Ile Gly Pro Arg Leu Thr
1715 1720 1725 -

Gln Val Ser Vel Leu Gln Tyr Gly Ser Ile Thr Thr Ile Asp Val Pro
1730 1735 1740

Trp Asn Val Ala Tyr Glu Lys Val His Leu Leu Ser Leu Val Asp Leu
1745 1750 1755 1769

Met Gln Gla Glu Gly Gly Pro Ser Glu Ile Gly Asp Ala Leu Ser Phe
1765 1770 1775

Rla Val Aryg Tyr Val Thr Serx Glu Val His Gly Ala Arg Pro Gly Ala
1780 1785 1790

Ser Lys Ala Vval Val Ile Leu val Thr Asp Val Ser val Aep Ser Val
1795 ; 1800 1805

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

Ile Gly Ile Gly Asp Arg Tyr Ser Glu Ala Gln Leu Ser Ser Leu Ala
1825 1830 1835 1849

Gly Pro Lys Ala Gly Ser ARsn Met Val Arg Leu &ln Arg Tle Glu Asp
1845 1850 1855

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

Ser Gly Phe Asp Arg Val Cys Val aAsp Glu Asp Gly Asn Glu Lys Arg
1875 1880 1985

Pro Gly Asp Val Trp Thr Leu Pro Asp Gln Cys His Thr Val Thr Cys
1890 1895 1900

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

Arg Gly Pro Arg Pro Ser Cye Pro fsn Gly Gln Pro Pro DLeu Arg Val
1925 1830 1935

Glu Glu Thr Cys Gly Cys Arg Trp Thr Cys 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 1365

Thr Gly Ser Cys Ser Tyr Val Leu Phe Gln Asn Lys Glu Gln Asp Leun
1970 1878 1980

Glu Val Ile Leu Gln Asn Gly Ala Cys Ser Pro Gly Ala Lys Glu Thr
1985 1990 1995 2000

Cys Met Lys Ser Ile Glu Val Lys His Asp Gly Leu Ser Val Glu Leu
2005 . 2010 . 2015

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

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

Glu Val Arg Phe Aen His Leu Gly His Ile Phe Thr Phe Thr Pro Gln
2050 2055 2060

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

Thr Tyr Gly Leu Cys Gly Ile Cys Asp Glu Asn Gly Ala Asn Asp Phe
2085 2090 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 Lys Thr Ser Gln Pro Val His Glu
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2115 2120 2125

i Glu Gln Cys Pro Val Ser Glu Phe Phe His Cys Gln Val Leu Leu Ser
2130 2138 21490

Glu Leu Phe Ala Glu Cys His Lys Val Leu Ala Pro hAla Thr Phe Tyr
2145 2150 2155 Z160

Ala Met Cys Gln Pro Asp Ser Cys Hie Pro Lys Lye Val Cys Glu Ala
2165 217¢ 2175

Ile Ala Leu Tyr Ala His Leu Cys Arg Thr Lys Gly Val Cys Val Rsp
2180 2185 2150

Prp Arg Arg Ala Asn Phe Cys Ala Met Ser Cys Pro Pra Ser Leu Val
2195 2200 2205
Tyr Asn His Cys Glu His Gly Cys Prc Arg Leu Cys Glu Gly Asn Thr
2210 221% 2220

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

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

Cys Ile Ser Glu Asp Gly Val Arg His Gln Phe Leu Glu Thr Trp Val
2260 2265 2270

Pro Ala His Gln Pro Cys Gln Ile Cys Thr Cys Leu Ser Giy Arg Lys
2275 2280 2285

Val Asn Cys Thr Leu Gln Pro Cys Pre Thr Ala Lys Ala Pro Thr Cys
2299 2295 2300

Gly Pro Cys Glu Val Ala Arg Leu Arg Gln Asn Ala Val Gln Cye Cys
2305 2310 2315 2320

Pro Glu Tyr Glu Cys Vel Cys Asp Leu Val Ser Cys Asp Leu Pro Pro
2325 2330 2335

Val Pro Pro Cys Glu Asp Gly Leu Gln Met Thx Leu Thr Asn Pro Gly
2340 . 2345 2350

Glu Cye Arg Pro Asn Phe Thr Cys Ala Cys Arg Lys Asp Glu Cys Arg
21385 2360 2365

Arg Glu Ser Pro Pro Ser Cys Pro Pro His Arg Thr Pro Ala Leu Arg
237¢ 2375 2380

Lys Thr Gln Cys Cys Asp Glu Tyr Glu Cys Ala Cys Asn Cys Val Asn
2385 2399 23%5 24090

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

Asp Cys Gly Cys Thr Thr Thr Thr Cys Phe Prc Asp Lys Val Cys Val
2420 2425 2430

His Arg Gly Thr Ile Tyr Pro val GlLy Gin Phe Trp ¢lu Glu Ala Cys
2435 2440 2445

Asp Val Cys Thr Cys Thr Asp Leu Glu Asp Ser Val Met Gly Leu Arg
2450 2455 2460

val Ala ¢ln Cys Ser Gln Lys Pro Cys Glu Bsp Asn Cye 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 Thr Gly Ser Pro Arg Gly Asp Ala Gln Ser
2500 2505 2510

His Trp Lys Aan Val Gly Ser His Trp Ala Ser Pro Rsp Asn Prc Cys
2515 2520 2525

Eeu Ile Asn Glu Cys Val Arg val Lys Glu Glu Val Phe Val Gln Gln
2530 2538 25490
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Arg Asn Vel Ser {ys Pro Gln Leu Asn Val Pro Thr Cys Pro Thr Gly
2545 2580 2555 2560

Phe Gln Leu Ser Cys Lys Thr Ser Glu Cys Cys Pro Thr i:ys His Cys
2565 2570 2575

Glu Pro Leu Glu Ala Cys Leu Leu Asn Gly Thr Ile Ile Gly Pro Gly
2580 2585 2590

Lys Ser Leu Met Ile Asp Val Cys Thr Thr Cys Arg Cys Thr Val Pro
2595 2600 2605

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

Glu Ala Cye 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 ZLeu Lys Arg aAsp Glu Thr Ile Gln Asp Gly Cys Asp
2660 2665 2670

Ser His Phe Cye Lys Val Asn Glu Arg Gly Glu Tyr Ile Trp Glu Lys
2675 26840 2685

Arg Val Thr Gly Cysz Pro Pro Phe Rep Glu His Lys Cys 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 Cys Lys Asp Tle Fle Ala Lys Leu Glo Arg Val Lys Val
2725 2730 2738

E Gly Asp Cys Lys Ser Glu Glu Glu Val Asp Ile His Tyr Cys Glu Gly
i 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 Ser Cye Cys Ser Pro Thr Gln Thr Glu Pro Met Gln Val
2770 2775 2780

Ala Leu Arg Cys Thr hsn Gly Ser Leu Ile Tyr His Glu Ile Leu Asn
2785 2730 2795 2800

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

<210> SEQ ID KO 3

<211> LENGTH: 69

«<212> TYPE: DNA

<213> CRGANISM: Canis familierise

<400> SEQUENCE: 3

i agggggttte caaaatgaca aaegegtgaqg cctetoogtg tatcteggag aattittcga 60

<210> SEQ ID NO 4

<211l> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<400:> SEQUENCE: 4
catteatttg tttgtcaatqg gtaccatget geaggggace caaaggtaaq teagaageoec €9
<210» SEQ ID NO 5
<21l> LENGTH: 60

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

<4090> SEQUENCE: 5
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gaatgttcag gttaatatgg acectgggga tcactttgea aceocccttgt tttttcagat 60

<210> SEQ ID NO §

<21l> LENGTH: 60

«212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<400> SEQUERNCE: 6

gagggagceq gggeoccagag acaggaagta aatgtgecca gggaasagtga gtggeaggac 60
«<21i0> SEQ ID NO 7

<211> LENGTH: 60

«212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<4£00> SEQUENCE: 7

tgggtgaaag cceocatatec cgacteootqgg tcaaggagac tttgeoaccaa ggtococcagoe 60
<210> SEQ ID NO B

<21l> LENGTE: &0

<212> TYPE: DNA

<213> ORGANISM: Canis femiliaris

<400> SEQUENCE: 8

ctggageatg gggttggggt tggaaggtyg agggacatgqg aggaaastgea tgagaageac 60

<210> SEQ ID NO 9

«211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<409> SEQUFNCE: 9

gectteetgag ctoctecttg teccaccage ateotocatge cotacgecete caatggge 58
<210» SEQ ID NO 10

<211> LENGTH: 24

<212> TYPE: DRA

<213> ORGANISM: Canis familiaris

«<400> SEQUENCE: 10

asatgacaaa agagtgagcocc ggtc 24
<210> SEQ ID NO 11

<211l> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<4Q0Q> SEQUENCE: 11

aagtcteett gaccageggt cggg 24
«210> SEQ ID NO 12

«Z1l> LENGTH: 35

<212> TYPE: PRT

<213> QRGANISM: Canie familiaris

<400> SEQUENCE: 12

Gly Gly Phe Gln Asn Asp Lys Arg Val Ser Leu Ser Vel Tyr Leu Gly
1 5 10 15

Glu Phe Phe Asp Ile His Leu Phe Val Renr Gly Thr Met Leu Gln Gly
20 28 3o

Thr Gln Arg
35
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<210> SEQ ID NO 13

=<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 13
Ile Ser Met Pro Tyr Ala Ser Asn Gly

1 5

<210> SEQ ID NO 14

<211> LENGTH: 31

«212> TYPE: DHNA

<213» ORGANISM: Canis familiaris

<400> SEQUENCE: 14

aggacaactg éctgcctgtc ggtgagtggy ¢ 31

<210> SEQ ID HO 15

<211l> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 15

aggacaacty cotgeotgqte agtgagtggg g i1
<210> SEQ D KO 16

«211> LENGTH: B

<212> TYPE: DNA

<213> ORGANISM: Canls familiaris

<4 00> SEQUENCE: 16

aggtragt g

<210> S5EQ ID NO 17

«21l> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 17

ggetteactt at 12
<210> SEQ ID RO 1B

<211> LENGTH: 18

<212> TYPE: DNA

<213~ ORGANISM: Canis familiarie

<400> SEQUENCE: 18

aggacaactyg cctggett 18
<210> BEQ ID NO 19

<211> LENGTH: 15

«212> TYPE: DNA

<213> CRGAWISM: Canis familiaris

<4(0> SEQUENCE: 19

gagoetttgt cgoeoe 15
<210> SEQ ID No 20

<211> LERGTH: 16

<212> TYFE: DNA

<213» ORGANISM: Canis familiaris

<400> SEQUENCE: 20
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gagecttttg tegece 16

«210> SEQ ID WO 21

«211> LENGTH: 218

<212> TYPE: DNA

<213»> ORGANISM: Canis familiaris

<400> SEQUENCE: 21

gteetgtgyg ageagtgeca getectgamg agqtgectegy tgtttgeceq ctgeocacceqg 60
ctggtggace ctgagectit tgtegecctg tgtgamegga ctotgtgeac ctgtgtecag 120
gggatggagt gocottgtge ggtootootg gagtacgoce gggoctgtgc coagcaggga 180
attgtgetgt acggetggac cgaccacage gtotgooy 218
<210> SEQ ID NO 22

<211> LERGTH: 73

<212> TYPE; PRT

<213> ORGANISM: Canie familiaris

<400> SEQUENCE: 22

Val Len Trp Glu Gln Cys Gln Leu Leu Lys Ser Ala Ser Val Phe Rla
1 S 10 15

Arg Cys His Pro Leu Val Asp Pro Glu Pro Phe Val Ala Leu Cys Glu
20 25 30

Arg Thr Leu Cys Thr Cys Val Gln Gly Met Glu Cys Pro Cye Ala Val
35 40 45

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

Gly Trp Thr Asp His Ser Val Cys Arg
635 70

<210> SEQ ID NO 23

«211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 23

teootgtggga geagtgeocag 20

<Z210> SEQ ID NO 24

<211l> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<220> FEATURE:

<221> WAME/KEY: misc feature

<222> LOCATICN: 3-9

<223> OTHER INFORMATIOM: n-a,c,t, or g

<400 SEQUENCE: 24

gonnpnnnung © 11
<210> SEQ ID NO 25

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Canie familiaris

<400> SEQUENCE: 25

gtggtoggte cagecgta 18

<210> SEQ ID NO 26
<211> LENGTH: 20
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~continuned

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

<400> SEQUENCE: 26

totaccctgt gggocagttc

<210> SEQ ID NHO 27

<211l> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 27

gacaacctea caggoagat

<210> SEQ ID NO 28

<21l> LENGTE: 21

<212> TYPE: DNA .
«213> ORGANISM: Canie familiarie
<400> SEQUENCE: 28

etgtgaggac aactgoeotge o

«210> SEQ ID NO 29

<211> LENGTH: 26

<212> TYPE: DNA

<213» ORGANLSM: Canis familiaris

<400> SEQUENCE: 29

tggecetgaa ceggaaatta ctcaag

20

19

21

26

We claim:

1. An isolated nucleic acid molecule comprising a nucle-
otide sequence encoding mutated canine von Willebrand
Factor polypeptide which causes canine von Willebrand’s
discase, wherein the nuclectide sequence is capable of

- hybridizing under high stringency conditions to the comple-
meniary sequence of the sequence of SEQ ID NO. 1 having
a mutation at nucleotide 937,

2. Avector comprising the nucleic acid molecule of claim
1.

3. A cell comprising the vector of claim 2.

4. The isolated mucleic acid molecule of ¢laim 1, wherein
the mufation at nucleotide 937 is a base deletion.

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

a) contacting the sample with an oligonucleotide com-
prising contiguous mucleotides of the nucleic acid
sequence of SEQ 1D NO. 1 or complement thereof,
having a mutation at nucleotide 937, and capable of
specifically hybridizing with the canine von Willebrand
Factor gene, under conditions favorable for hybridiza-
tion of the oligonucleotide 1o any complementary
sequence of nucleic acid in the sample; and

b) detecting bybridization, thereby detecting a canine von
Willebrand Factor gene,

6. The method of claim 5, further comprising the step of:

¢) quantifying hybridization of the oligonucleatide to the
complementary sequence.

7. The method of claim 5, wherein the mutation at

nucleofide 937 is a base deletion.

8. An assay kit for screening for a canine von Willebrand

factor gene comprising:

a} an oligonucleotide comprising contignous nucleic acids
of the nucleotide sequence of SEQ ID NO, 1 having a
mutation at nuclectide 937, and capable of hybridizing
with the mucleotide sequence encoding canine von
Willebrand factor;

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

¢) container means for a)-b).

9. The assay kit of claim 8, wherein the mutation at

nucleotide 937 is a base deletion.

10. An assay kit for screening for a canine von Willebrand

Factor gene comprising:

a) a oligonuclectide comprising contiguous nucleic acids
of the mucleotide sequence that is complementary to the
sequence of SEQ ID NO. 1 having a mutation at
nucieotide 937, and capable of specifically hybridizing
{0 the complementary nucleotide sequence;

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

¢) container means for a)}-b),

11. The assay kil of claim 10, wherein the mutation at

nucleotide 937 is a base deletion,

12. A method for defecting a mutated canine von Will-

ebrand Factor gene in a canine DNA sample comprising the
steps of:
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a) amplifying the DNA sample by polymerase chain 14. The method of claim 12, wherein the primers com-
reaction to produce polymerase chain reaction prise the sequence of SEQ ID NOS: 23 and 25,
products, wherein the polymerase chain reaction uses 15. The method of claim 12, wherein the restriction

primers that produce a restriction site in a mufant allele

. . o enzyme is Mwo L
but not in a normal allele, wherein the mutation in the 3 16. An ofi leotid b ble of d .
mutant allele is a base deletion at nucleotide 937 of the . ' ohgomucleotide probe capable of detectng a

gene encoding canine von Willebrand Factor (SEQ ID mutation associated with canine von Willebrand’s discase,
NO. 1); wherein the mutation is a base deletion at nucleotide 937 of
b) digesting the polymerasc chain reaction products with the nucleotide sequence ercoding canine von Willebrand
a restriction enzyme specific to the restriction site of the 3¢ Factor polypeptide, wherein the nucleotide sequence is
tesiriction site primer to produce DNA fragments; and capable of hybridizing under high stringency conditions to
&) detecting the DNA fragments, thereby detecting a the complementary sequence of the sequence of SEQ ID
mutated canine von Willebrand Factor gene, NO. 1.
13. The method of claim 12, wherein the DNA fragments

are detected by gel electrophoresis. * ok ok k *
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