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CATTARNAGG
ACAGGGGCCA
ACTTTGCACA
CATTTCTCCT
GGCCCTCATC
CCGATGTAGC
TGCGGGAGAT
CGGEGETTTC
CATTCATTTG
CGCCTCCAAT
CTACGGCTTT
ATACTTCAAC
CAAGACTCAA
GAGCAGTGGG
CTCTGATGAA
GITTTGCCCGC
TCTGTGCACC
GGCCTGETGCC
AGCATGCCCT
GAGCCTTCAT
GGACCAGCTC
TGGGCARCGEG
ARATAGCCTG
GTCCCACTTC
GCTGGBCCCAG
CGATGACCTG
CAGCCTTGTG
TCCTCTCCTG
CTACGGGGAG
CCCCGCCTAC
CGACTTCGTG
GAAGCTGCTC
CCCGCGCCAG
GCCCTGCCAC
CTCCTGCTCC
GGCCCGGAGG
CCAGGGCCAG
TTACCCGGAG
GTACCTGGAT
TGAGATCTTT
TEGCTTCATG
CAGCAGCCCC
GTTGGTETGET
GAACTATGAC
CATGGTCCGE
CCARGAGTAC
CCGGRAGTGG
GCACTACCTC
GGTGCAGGAT
GTGCAGCTAC
GATTGARCTG
TGAGGETGOTA
CTGGGACCAC

TCCTGECTGG
ATTAGGATCA
CGGACAGTAG
GCTTCETGEGET
TTGCCAGGGA
CTTCTCGERAG
TGCAGTTACC
CARRATGACA
TTTGTCARTG
GGGCTGTATC
GTGGCCAGAR
BAGACCTGTG
GAAGGGACGT
GARACAACGGT
GTGCAGCAGG
TGCCACCCGL
TGTGTCCAGG
CAGCAGGGGA
GCTGGCATGG
GTCAAAGBAG
CTGGATGARG
TACCCTCCGG
TGGATCTGCA
AAGAGCTTCG
GACTGCCAGG
GATGCTGTCT
AAGCTGAAGA
CARGGTGACC
GACCTGCAGA
GCGGGGAAGA
ACGCCCGCAG
GGEGRCCTGCE
GCCAGGTTTG
CGAGCGGTGG
GACGGCAGAG
GGCGTGCACA
GTGTACCTGC
GAGGACTGCA
GAGAGGGGAG
CAGCCCGAAG
CACTGTACCA
CGETSTCACT
CCCGCTGATA
CTGCAGTGCA
CATGARARCA
GCCCCAGGAG
ACCTGCACAG
ACCTTCGACG
TACTGCGGCR
CCCTCAGTGA
TTTGATGBGG
GAGTCTGGTC
CGCCTGAGCA

GAGCTTTTTT
ATCTTTTTTC
TACATACCAG
AGATGAGTCC
ARCTTTGTAC
GTEACTTCAT
TCOTGGOTAR
ARAGAGTGARG
GTACCATGCT
TAGAGGCCGA
TTGATGGCAR
CECTGTGTGG
TGACUTTCGGA
GCARACGGGT
TCCTGETGGGA
TGGTGGACCC
GGATGGAGTG
TTGTCTTGTA
AGTACAAGGA
TGTGTCAGGA
GCCACTGCGET
GOGCOTECCT
GCAATGARGA
ACAACAGGTA
RARCCACACATT
GCACCCGECTC
ATGGGGGAGG
TCCHCATCCA
TGOATTCGGA
CGTECGGECCE
GCCTGGCGEA
AGAACCTGCA
CGGAGGAGGC
GTCCTCAGCT
ACTGTCTTTG
TCACGETGGCG
AGTGTGGGAC
ATGAGGTCTG
ATTGTETECE
ACATCTTCTC
CAAGTGGAGG
GCAGCAADAG
ACCCGAGGET
TGAGCACAGS
GETETCTERE
ARACCGTGAR
ACCATGTGTG
GACTCAAGTA
GTAACCCTGG
BATGCAAGAA
AGGTGAATGT
AGTACGTCAT
TCTCTGTGAC

TTGGEGACCAG
TTTCTTTTTIT
TRAGCTCTICTG
TACCAGACTT
BAAAGGGACT
CAACACCTTT
GGACTGCCAG
CCTCTCCGTG
GCAGGGGACC
GGCTGGCTAC
TGGCAACTTT
CAACTTTAAT
CCCCTATGAC
GTCCCCTCCC
GCAGTGCCAG
TGAGCCTTTT
CCCTTGTGCG
CEGCTGEACC
GTGCGTGETCC
GCAATGTGTA
GGGEAAGTGCT
CTTACAGGAC
ATGCCCAGGEC
CTTCACCTTC
CTCTGTTGTC
GGTCACCGTC
AGTCTCCATG
GCACACCETG
CGTCCBGEGL
TGGCGGGAAC
GCLCCTGETG
GAAGCAGCAC
GTGCGCGCTE
CTACGTGCAG
CAGCGCCGTG
GGAGLCGGGC
CCCCTGCAAL
CTTGGARAGC
CAAGGCTCAG
AGACCATCAC
CCTGGGAMGC
GAGCCTGTCC
TGARGGACTG
CTETGTCTCC
GCTGGAARGA
AATTGACTGC
TGATGCCACT
CCTGTTCCCT
GACCTTACGG
GCGGEGTCACC
GAAGAAACCC
TCTGCTGCTG
CCTGAARGCGGE

CACTCCATGT
TAAARRARAA
CGAGGACGGT
GTGAGGGTGC
GTTGGAAGGT
GATGAGAGCA
GAACACTCCA

TCAAGGGCAR
ARTTCTTCCC
GATCACTAAT
TGCTGGCTCT
CATCGATGGC
TETACAGCTT
TCTCACTTAT

TATCTCGGAG
CAARGCATCT
TACARAGCTGT
CAAGTCCTGEC
ATCTTTGCTG
TTTGCCAACT
AGCAGCCCAT
CTCCTGARAGA
GTCGCLCCTGET
GTCCTCCTGEG
GACCACAGCG
CCTTGCACCA
GATGGCTGCA
GAGTGTTCCT
TGCCACACCT
GAGTGTCTGG
AGTGGGGTCT
ATAGAGACTG
CGCCTGCCTG
GATGGCCAGS
ATGGRCCTCCG
AGGCTACTGG
TACARACGGCA
GAGGACTTCG
CGCGATCCCT
CTGACGTCCT
AACTGCCTCT
GCCAACTACG
TTICTGETECEC
ATGACCTGTC
TGCTTCTCCC
TGTCCCTGTT
ACCATGETGCT
CTGCTGCCCA
TGTCGGCCCC
GAGTGTGCCA
GGCTGCCTCT
TETCCCTGCT
AACACTIGIG
TGCTCTGCCA
GGGGAGTGCC
ATCCTGGTGG
ATCCTGETGG
ATGAAGGATG
GGCAAGGCAC
ACATACCAGG

AATTTTTCGA
CCATGCCCTA
CCAGTGRAGGC
TGTCAGACAG
AGGATGACTT
COTEGECCOT
GCAATGTCTC
GTGCCTCGET
GTGAANGGAC
AGTACGCCCG
TCTGCCGACC
GAACTTGCCA
GCTGCCCCGA
GTGTGCATGEC
GCATTTGCCG
TCACAGGACA
GCCACTACCT
TCCAGTGTGC
GACATCACAA
ATATCCAGAT
TGCECCTCAG
TGACGCTGETA
ACCGEGGGGGA
GGAACGCCTG
GCAGCCTCAA
CEAAGTTCGA
ACGACGTCTG
CCGCAGCCET
TGAGCTECCC
TCTCCCTCTC
CCCCAGGGCT
ACTATGATGG
ACTGTGAGGA
ACCCGGTGCT
CCATGGTCAA
ABRCCTGCCA
GCCCGECAGGEG
TCCACCARGG
TCTGTCGEGA
TCGGCATGGC
AGTATGTTCT
GGRACGAGGG
ARGGAGGAGA
AGACTCACTT
TCTCTGTEET
AGCAGGTGTG
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TGECCTETGT
AATAGARGAR
CACCARGAAA
GACGATGATG
GCTGGTGGAC
CATTGGGGAC
GCATGGCRAG
GAATCTCCAC
TCCCATCACG
CCATGCGCAC
TGARGACTGT
CTTGARCCCC
CTGTARGGCC
CTCTACCACC
CAGGCTTCTG
TGAAGTGCTG
GATCCGCGETG
CCGGRAAGCGA
GETEECCTCC
CCGCCCGGAR
GGCCCGGAAT
TGTGAGCATC
TGAGRACARG
TATCAACTAC
GGCCCAGGTC
CTCCATGGTC
CTTTAACAAR
CAGGATCCAC
CGAGGCGCAG
CAACAGGACC
CCAGGGGGAC
TGATGAGATC
TGCCAATGTG
CTTTGAGATG
GEGGCTGCAG
CCTCCTCCTG
CACCRAGGCT
GCAATATGGA
TTTACTGAGC
TTTGAGCTTT
GARAGCGGTG
GGCCGCCAGA

GGCCCAGCTG

AATTGAAGAC
TGGGTTTGAT
GACCTTGCCA
GAGTCATCGG
TCTCAGGGTA
CTCTACCCGE
GTATGTCCTA
CAGCCCTGGS
AGTTGAGCTC
TGTGGGTGGA
CCATCTTGGC

GGGAATTTTG
GACCCTGTGE
GTACCACTGG
GATTCCTCCT
CCTGAGCCAT
TGCACCTGCT
GTGGETAGCCT
GAGAATGGGT
TGCCAGCACC
TGCCCTCCAG
CCTGTATGTG
AGTGACCCTG
TGCAGAGAAC
TCGTATGTGG
GACCTGGTTT
BAGGTCTTTG
GCTGTGGTGA
CCCTCAGAGC
ACCAGTGAGG
GCGTCTCGCA
TTGETCCGCT
GGGCCCCACG
GCCTTTCTGT
CTCTGTGACC
ACGGTGGGTT
CTGGATGTGG
AGCAGGGAGT
GTCACAGTGC
TCCAAGGGCG
ARCACTGGAC
CGGGAGCAGS
ARGCGGATGC
CAGGAGCTGCE
CTCCCTCGAG
ATCCCCACCC
GATGGCTCTT
TTTATTTCAA
AGCATCACCA
CTTGTGGACC
GCCCTGCGAT
GTTATCCTAG
TCCAACCGAG
AGCAGCTTGG
CTCCCCACCG
AGAGTTTGCG
GRCCAGTGCC
GTCAACTGTG
GAGGRGACCT
CACATCGTGA
TTTCARAACA
GCGAAGGAGA
CACAGTGACA
GACATGGAAG
CACATCTTCA

ATGGCATCCA
ACTTTGGGAA
ACTCATCCCC
GCAGGATCCT
TCCTGGACAT
TCTGTGACAC
GGAGGACAGC
ATGAGTGTGA
CCGAGCCALT
GGARAATCCT
AGGTGECTGE
AGCACTGCCA
CCGGAAGTGT
AGGACACGTC
TCCTGCTGGA
TEETGEGEETAT
AGTACCACGA
TGCGGCGCAT
TCTTARAGTA
TTGCCCTGCT
ATGETGCAGGGE
CCAGCCTTAA
TCAGTGGETGET
TTGCCCCCGA
CGGAGCTGTT
TGTTTGTCCT
TCATGGAGGA
TGCAGTACTC
AGGTCCTACA
TGGCCCTGCA
TACCTARCCT
CTGGAGACAT
AGAAGATTGGE
AGGCTCCTGA
TCTCOCCCCAC
CCRAGCATTCC
GAGCTAATAT
CTATCGATGT
TCATGCAGCA
ATGTCACCTC
TCACAGATGT
TGACAGTGTT
CAGGCCCAAA
TGGCCACCCT

TGGATGAGGA .

ACACAGTGAC
ACCGGGGGCT
GTGGCTGCCG
CCTTTGATGG
AGGAGCAGGA
CCTGCATGAR
TGCAGATGAC
TCAATGTTTA
CATTCACCCC

GAACAATGAT
TTCCTGGARA
TGCCGTCTGC
CACCAGTGAT
TTGCATCTAC
CATTGCTGCT
CACATTCTGT
GTGGCGCTAT
GGCATGCCCT
GGATGAGCTT
TCETCGCTTG
AATTTGTAAT
TGTGGTECCC
GGAGCCGCCC
TEGCTCCTCC
GATGGAGCAT
CGGCTCCCAC
CACCAGCCAG
CACGCTGTTC
CCTGATGGCC
CCTGAAGAAG
GCAGATCCAC
GGATGAGTTG
AGCACCTGCC
GGGGGTTTCA
GGAAGGGTCA
GGTGATTCAG
GTACATGGTG
GCAGGTGCGE
ATACCTGTCC
GATCTACATG
CCAGGTGGTG
CTGGCCCAAT
TCTGGETGCTA
CCCAGATTGC
AGCTTCTTAC
AGGGLCCCGE
GCCTTGGAAT
GGAGGGAGGC
AGAAGTCCAT
CTCCGTGGAT
CCCCATTGGA
GGCTGECTCC
GGGARATTCC
TGGGAATGAG
TTGCCTGCCA
RAGGCCTTLG
CTGGACCTGT
GCAGAATTTC
CCTGGAGGTG
ATCCATTGAG
AGTGAATGGG
TGGGACCATC
CCARAACAAT

TTCACCAGCA
GTGAACCCGC
CACAACARCA
ATTTTCCAGG
GACACTTGCT
TACGCCCACG
CCCCAGAATT
ARCAGCTGETG
GTACAGTGTG
TTGCAGACCT
GCCCCAGGAA
TGTGATGGTG
CCCACRGATG
CTCCATGACT
ARGCTGTCTG
CTGCACATCT
GCCTACATCG
GTGAAGTACG
CAGATCTTTG
AGCCRGGAGC
ANGAAAGTCA
CTCATAGAGA
GAGCAGCGAA
CCTACTCAGC
TCTCCAGGAC
GACARAATTG
CGGATGGACG
ACCGTEGAGT
GATATCCGAT
GAACACAGCT
GTCACAGGAR
CCCATCGGGG
GCCCCCATCC
CAGAGGTGCT
AGCCAGCCCC
TTTGATGAAA
CTCACTCAAG
GTAGCCTATG
CCCAGCGARA
GGTCECCAGGC
TCAGTGGATG
ATCGGGGATC
AATATGGTAA
TTCTTCCACA
ARGAGGCCCG
CGATGGCCAGA
TGCCCCAATG
CCCTGTGTAET
ARGCTGACTG
ATTCTCCRAGA
GTGAARGCATG
AGACTAGTCT
ATGTATGAGG
GAGTTLCCAGC

GCAGCCTCCA
AGTGTGCCGA
TCATGAAGCA
ACTGCAACAG
CCTGTGRAGTC
TCTGTGCCCA
GCGAGGAGCG
CCCCTGCCTG
TTGAAGGTTG
GCATCGACCC
AGAARATCAT
TCAACTTCAC
GCCCCATTGG
TCCACTGCAG
AGGACGAGTT
CCCAGARGCG
AGCTCAAGGR
CGGGCAGCGA
GCAAGATCGA
CCTCARGGCT
TTGTCATCCC
AGCAGGCCCC
GGGATGAGAT
ACCCCCCAAT
CCARAAGGAL
GTGAGGCCAR
TGGGCCAGGA
ACACCTTCAG
ACCGGGETGE
TCTCGGTCAG
ACCCCGCTTC
TGGGETCCACA
TCATCCATGA
GCTCTGGAGA
TGGATGTGGT
TGAAGAGCTT
TETCGETGCT
AGARARAGTCCA
TTGGGGATGC
CCGGAGCCTC
CTGCAGCCGA
GGTACAGTGA
GGCTCCAGCG
AGCTGTGCTC
GGGATGTCTG
CCTTGCTGARA
GCCAGCCCCC
GCATGGGCAG
GCAGCTGTTC
ATGGTGCCTG
ACGGCCTCTC
CCATCCCATA
TCAGATTCAR
TGCAGCTCAG
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CCCCAGGACC
CAATGACTTIC
ATGGACCGTA
CTCCGAATTC
CCTCGCTCCA
GTGTGAGGCG
GAGGARGGGCC
GCATGGCTGC
AGGCTGCTTC
CTGTACCCAG
AGCCCACCAG
GCAGCCCTGC
CCAGAACGCA
CCTGCCCCCG
GTGCAGACCC
CTCTTGTCCC
GTGTGCATGC
TGTCACCAAC
CCGAGGCACC
CACGGACTTG
TGAGGACAALC
GTGTCTGCCA
CTGGAAGAAT
TETCCGAGTG
TETCCCCACC
CTGTCACTGC
AMAGTCTGATG
TGGATTCARG
AGAGAAGARC
AAGAGGAGGA
TCACTTCTGC
CCCACCTTTIC
CACCTGCTGT
TGTCAAAGTG
ATGTGCCAGC
CTGCTCGCCC
CATCTACCAT
GTGAGGCCAC
GAGTGCTGCT
CAATAARGGT

TTTGCTTCGA
ATTCTGAGGG
CAGCAGCTTG
TTCCACTGCC
GCCACCTTTT
ATTGCCTTGT
ARTTICTGTG
CCTCGGCTCT
TGCCCCCCAR
TGCATCAGCG
CCTPGCCAGA
CCCACAGCCA
GTGCAGTGCT
GTGCCTCCCT
AACTTCACCT
CCGCACCGGA
AACTGTGTCA
GACTGTGGCT
ATCTACCCTG
GAGGACTCTG
TGCCTGTCAG
TCTGCCTGTG
GTTGGCTCTC
AAGGAAGRAGG
TGCCCCACGG
GAGCCCCTGG
ATTGATGTGT
CTGGAGGGCA
CAAGGTGAAT
CAGATCATGA
ARGGTCAATG
GATGARCACA
GACACATGTG
GGAGACTGTA
ARRGCCGTGT
ACCCAGACGG
GAGATCCTCA
TGCCTGGATG
CAGTCCTCCT
CAATCTTTCA

AGACATATGG
ATGGGACAGT
GGAAGACATC
AGGTCCTCCT
ATGCCATGTG
ATGCCCACCT
CTATGTCATG
GTGARGGCAR
ARCCAAGTCAT
AGGATGGAGT
TCTGCACGTG
BAGCTCCCAC
GCCCGGAGTA
GCGARGATGG
GTGCCTGCAG
CECCEGCCCT
ACTCCACGGT
GCACCACAAC
TGGGCCAGTT
TGATGGGCCT
GCTTCACTTA
AGGTGGTCAC
ACTGGEGCCTC
TCTTTGTGCA
GCTTCCAGCT
AGGCCTGCTT
GTACAACCTG
GGAAGACCAC
GCTGTGGGAG
CACTGARGCGS
AARGRGCAGA
AGTGTCTGGC
AGGAGUCAGA
AGTCTGAAGA
ACTCCATCCA
AGCCCATGCA
ATGCCATCGA
CTACTGTCGC
CAGTCCTCCT
CCTTGARRAR

TCTCTETGGEGE
CACCACAGAC
CCAGCCTETC
CTCAGARTTG
CCAGCCCGAC
CTGTCGSACC
TCCACCATCC
TACAAGCTCC
GCTGGARGGT
CCGGCACCAG
CCTCAGTGGG
CTGTGGCCCG
CGAGTGTGTG
CCTCCAGATS
GAAGGATGAR
TCGGARGACT
GARGCTACCCG
AACCTGCTTIC
CTOGGAGGAG
GCGTGTEGCC
TGTCCTTCAT
TGGTTCACCA
CCCTGACAAC
ACAGAGEAAT
CGAGCTGTAAG
GOTCARTRET
CCGCTGCACC
CTGTGAGGCA
ATGETCTGCCT
TGATGAGACT
GTACATCTGG
TGAGCGGAGGA
ATGCAAGGAT
GGAAGTGGAC
CATGGAGGAT
GGTERCCCTG
ATGCAGGTGT
CTGCCTTACC
CCTGCTCTGC
AARRRARAMA

ATCTGTGATG
TGGAAGGCAC
CATGAGGAGC
TTTGCCGAGT
AGTTGCCACC
ARAGGGGTCT
CTGGTGTACA
TGTGGGGALCT
AGCTGTGTCC
TTCCTGGAAR
CGGARGGTCA
TGTGAAGTGG
TGTGACCTGG
ACCCTGACCA
TGCAGACGGG
CAGTGCTGTG
CTTGGGTACC
CCTGACARAGG
GCCTGTGACG
CAGTGCTCCC
GAAGGCGAGT
CGGEGGCGACG
CCOTECOTCA
GTCTCCTGCC
ACCTCAGAGT
ACCATCATTG
GTGCCGGTGG
TGCCCCCTGE
ATAGCTTGCA
ATCCAGGATG
GAGARGAGAG
ARDRTCATGA
ATCATTGCCA
ATTCATTACT
GTGCAGGACC
CGCTCCACCA
TCCCCCAGGA
CGACCTCACT
TCTTGTGCTT
AR

AGAACGGAGC
TCATCCAGGA
AGTGTCCTGT
GCCACARGET
CGAAGARAGT
GTGTGGACTG
ACCACTGTGA
ARCCCTCGGA
CCGAGGAGGC
CCTGGETCCC
ACTGTACGTT
CCCECCTCCE
TGAGCTGTGA
ATCCTGGCGA
AGTCCCCGCR
ATGAGTATGA
TEGCCTCGEC
TGTETETCCA
TGTGCACCTG
AGRAGCCCTG
GCTGTGGAAC
CCCAGTCTCA
TCARTGAGTG
CCCAGCTGAR
GTTGTCCCAC
GGCCOGEGAA
GAGTCATCTC
GTTATARGGA
CCRTTCAGCT
GCTGTGACAG
TCACGGGTTG
ARATTCCAGG
AGCTGCAGCG
GTGAGGGTAA
AGTGCTCCTG
ATGGCTCCCT
AGTGCAGCAA
GGACTEGCCA
CCTGATCCCA
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Human  MIPARFAGVLLALALILPGTLCARGTRGRSSTARCSLFGSDFVNTFDGSMY SFAGYCSYL 60
Dog ~5-TwLVR-==rmemmem- K- - TK--VercuMonnm L-Gr-Te---Bomcmren D--vw

Human  LAGGCQKRSFSIIGDFONGKRVSLSVYLGEFFDIHLFVNGTVIQGDQRVSMPYASKGLYL 120
Dog - ~D~~EHB-I-L=+Ge=-D-remmmn- R L ML~-T-8§T-~-n-- Ne---

Human  ETEAGYYKLSGEAYGFVARIDGSGNFQVLLSDRYFNRTCGLCGNFNIFAEDDFMTQEGTL 180
Dog T L L T L it R P AP R RS Kemmonn

Human  TSDPYDFANSWALSSGEQWCERASPPSSSCNISSGEMOKGLWEQCQLLKSTSVFARCHD], 240
DOg mmmemmmmmmmmaeoo R-K-V-unu- P--VerD-VoQVerommmman | Y

Human  VDPEPFVALCEKTLCECAGGLECACPALLEYARTCAQEGMVLYGWTDHSACSDVCPAGME 300
DOg = mmmmemem—a- R--~T-VQ-M--P-AV----uu P QeTomrmrnnnn V-R-Brmmen-s

Human  YRQCVSPCARTCQSLEINEMCQERCVDGCS CPEGQHLLDEGLCVESTECPCVHSGKRY PG 180
Dog ~KE~w--~ Te-mmm=n VK-V--=Qrvec e ccmnmnnma He=G-A~~8-=-p-Q----=

Human  TELSRDCNTCICRNSQWICSNEECPGECLVTGRSHFKSFDNRYFTFSGICQYLLARDCOD 420
Dog A--LQ--H-memeoon B L T T U V-HeoroQren-

Human  HSFSIVIETVQCADDRDAVCTRSVTVRLPGLHNSLVKLKHGAGVAMDGODVOLELLKGDL 480
Dog R B Lawmmmoomemneen Ho-ommon- N-G--5--vmn I-I---Q---

Human RIGHTVTASVRLS YGEDLQNDDWDGRGRLLVKLSPVYAGKTCGLCGNYNGNQGDDFLTPSG 540

Dog =~ =mm--- T T . - T-Y-A-mmmmnn RG=----- R-=--V--A-
Human  LAEPRVEDFGNAWKLHGDCODLOKQHSDPCALNPRMTRFSEEACAVLTS PTFEACHRAVS 600
Dog R AT L-A-EN«w--- R-=-8----QA--A-==n- L---5K-~P-=--- G

Human  PLPYLRNCRYDVCSCSDGRECLCGALASYAAACAGRGVRVAWREPGRCELNCPKGQVYLQ 660
Dog oLt/ o I NEpNPE D==8-V-N--vaV-Reo--HIrwnn-- F-feS-rQmuu---

Human  COGTPCNLTCRSLSYPDEECNEACLEGCFCPEGLYMD a CVPKAQCPCYYDGEIFQPED 720
Doy  mmmmew ) Y EeDem-VeeoGfmmmnn Lo m e al s

Human  IFSDHHTMCYCEDGFMHCTMSGVPGSLLPDAVLSSPLSHRSKRSLSCRPPMVKLVCPADN 780
Dag =~ S e T--GLi~-~ - NP----- e L L

Human LRAEGLECTKTCQNY‘DLECMSMGCVSGC'LCPPGMVRHENRCVALERCPCFHQGKEYAPGE 840
Dog Po-oeee A-vmeeemn L e 0 R T T Rreeem

Human  TVKIGCNTCVCRDRKWNCTDHVCDATCSTIGMAHYLTFDGLKYLFPGECQYVIVQDYCGS 900
Doy I s EE R Temmmm oo R L

Human  NPGTFRILVGNKGCSEPSVECKKRVTILVEGGEIELFDGEVNVKR PMKDETHFEVVESAR 960
Dog TS S o' VYV Krvmmmmmmmocmm Q

Human  YIILLLGKALSVVWDRHLSISVVLKOTYQEKVCGLCGNFDGIONNDLTSSNLOVEEDEVD 1020
Dog B AT HR---~- kS - DS R Fro=8unuT-mmocn

Human  FGNSWKVSSQCADTRKVPLDSSPATCHNNIMKQTMVDSSCRILTSDVFODCNKLVDPEDY 1080
Dog = m—-eeo- NP---~- . Ve mmm ) QU R--—v-- F

FIGURE 2A
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Human LDVCIYDTCSCES IGDCACFCDTIAAYAHVCOAQHGKVVTWRTATLCPQSCEERNLRENGY 1140
Dog SIS (e ——— D S A----- R : R

Human  ECEWRYNSCAPACQVTCQHPEPLACPVQCVEGCHAHCPPGKILDELLOTCVDPEDCPVCE 1200
DOY —  emmeemmm—meee = S Tomemvmmn-

Human  VAGRRFASGKKVTLNPSDPEHCQICHCDVVNLTCEACQEPGGLVVPPTDAPVSPTTLYVE 1260
Doy = ----- LoPe-rIl--mmmmmm oo H--G--F= K- -R===8Vuuuvun G-IGS--§---

Human  DISEPPLHDFYCSRLLDLVFLLDGSSRLSEAEFEVLKAFVVDMMERLRISOKWVRVAVVE 1320
Dog “Temmmmma- ) YA T V---@---H-H----RI~--=-ox-

Haman  YHDGSHAYIGLKDRKRPSELRRIASQVKYAGSQVASTSEVLKYTLFQIFSKIDRPEASRY 1380
Dog =  -~--~ee--- B--vosvrnrmee- Teemem==~ BEemmrmmmercmc v e Qrevecaeoan

Humian  ALLLMASQEPQHMSRNFVRYVQGLKKKKVIVIDVGIGPHANLKQIRLIEKQAPENKAFVL 1440
Dog  memeee-e- S-LA--Tjmmmmmmmmmmemmmme - GrvmmHmmm e F

Human SSVDELEQQRDEIVSYLCDLAPEAPPETLPPHMAQVIVGPGLLGVSTLGPKRNSMVIDVA 1500
Dog N S O, | S A--QH-P--=---- SE-~---- =) v

Human  FVLEGSDKIGEADFNRSKEFMEEV IQRMDVGQDSIHVIVLQYSYMVIVEYPFSEAQSKGD 1560
07T R ——— M-=KuReunsnmnmmmmmman I Trevenmaus E

Human  ILORVREIRYQGGNRINTGLALRYLSDHSFLVSQGDREQAPNLVYMVIGNPASDEIKRLY 1620
Deg V--Q--D---Reo---emnmman Q---E-=-8----ram= Veommrmmm e eneaa M-

Human  GDIQVVPIGVGPNANVOELERIGWPNAPILIQDFETLEREAPDLVLORCCSGEGLOIPTL 1680
Dog = emeeeemmm—mw Hemmwoun Keommmoomnmm H--~Mrevrermmmmacmccanmcuan s

Human  SPAPDCEQPLDVILLLDGSSSFPASYFDEMKSFAKAFISKANIGPRLTIQVSVLOYGSITT 1740
Dog R Vemmmee o p R L (S N

Human  IDVPWNVVPEKAELLSLVDVMOREGGPSQIGDALGFAVRYLTSEMHGARPGASKAVVILY 1800
DOg ~ emmemee AY-~Vemomnnw L--Q----- E----- - J—— Ve Voo

Euman  TDVSVDSVDAAADAARSNRVTVEPIGIGDRYDAAQLRILAGPAGDSNVVKLQRIEDLPTM 1860
Dog ----m-emm--- Er=macmmmmm e SE~~=58n~n~KAG- ~M-R----==--= v

Human VTLGNSFLEKLCSGFVRICMDEDGNEKR PGDVWTLPDGCHTVTCOPDGOTLLKTHRVNGD 1920
Dog A--venn Fowmme - D-V-V--memrevunemmmrr e e e e m Lemeem——- S--cme -

Human  RGLRPSCPNSQSFVKVEETCGCRWICPCVCTESSTRHIVTFDGONFKLTGSCSYVLFONK 1980
Dag e 1ot -2 - FUUON U M- reaeeemm— s m s a

Human  EQDLEVILHNGACSPGARQGCMKSIEVEKHSALSVELHSDMEVTVNGRLVSVPYVGGNMEV 2040
Dog = e=------ L KET~mmmmmm e DG-=--~----~ QM- === === I----- D---

Human  NVYGAIMHEVRFNHLGHIFTFTPQNNEFQLOLSPKTFASKTYGLCGICDENGANDFMLRD 2100
Dog e P Remmmmmmmmcmar PP g

Human  GIVITDWKTLVQEWTVQRPGQTCQYILEEQCLVPDSSHCQVLLLPLFAECHKVLAPATFY 2160
Dog =------- R QL-K-8«~VH--~-P-SEFF------ SE---rremro-om oo

FIGURE 2B
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Human  AICQODSCHOEQVCEVIASYAHLORTNGVCVDWRTPDFCAMSCPPSLVYNHCEHGCPRHC 2220
Dog “M=-P-=--DPKK=-=B=-L-===c=-  p—— RAN--rm-m e mmm e L~

Human  DGNVSSCGDHPSEGCFCPPDKVMLEGSCVPEEACTQCIGEDGVQHQFLEAWVEDHOPCQI — 2280
Dog E--T-~n=- Qre-mneen- MQmm—m e m oo S-ewwRm---- TomeRAmmmmne

Human  CTCLSGRKVNCTTQPCPTAKAPTCGLCEVARLRONADQCCPEYECVCDPVSCDLPPVPHC — 2340
Dog =~ —e-sesesason Prcmsmmmnn-n Vemrm e S P-

Human ERGLOPTLTNPGECRPNFTCACRKEECKRVSPPSCPPHRLPTLRKTQOCDEYECACNCVN 2400
Dog o T LT T D--R-E---m=um-- A e

Human  STVSCPLGYLASTATNDCGCTTTTCLPDKVCVHRSTIYPVEQFWEEGCDVCTCTDMEDAY 2460
Dog =~ mmmmmmmmmmm- AV-srmmmmcens Foomomme- T N L--§-

Human MGLRVAQCSQKPCE:DSCRsGFTWLHEGECCGRCL?SACEWTGSp@igs SWKSVGEQ 2520
Dag = ===e==me==ne===a- 2 R L Lr s weHeaNew-H

Human WASPENPCLINECVRVKEEVF IQORNVSCPQLEVPVCPSGFQLSCKTSACCPSCRCERME 2580
Dog TS, TRV Up Vomrmmemm - N--T--Teommmmmmm- E-—-T-H--PL-

Human ACMLNGTVIGPEKTVMIDVCTTCRCMVQVGVISGFKLECREKTTCNPCPLGYKEENNTGEC 2640
Dog ~eL----I----- SBL-----=m~=n~- T-P----=m==== G-=»- Eb~rrrmnnane RuwQe-

Human  CGRCLPTACTIQLRGEQIMTLKRDETLODGCDTHFCKVNERGEYFWEKRVTGCPPFDEHK 2700
Dog =~ —ee-u- B P Tewm-- Gmmmrr - Tommmmmmmmo

Human CLAEGGKIMKIPGTCCDTCEEPECNDITARLQYVKVGS CKSEVEVDIHYCQGKCASKAMY 2760

DOg mmmemememmemmmmemeaaa—a- K--I-K--Reo=eDemmeBommnmmn E----me- V-
Human SIDINDVQDQCSCCSPTRTEPMQVALHCTNGSVVYHEVLNAMECKCSPRKCSK 2913
Dog - -HME---v- - - o R----- LI--=I-m=T--Rommmmmmn

FIGURE 2C
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exon 4 AAATGACAAAAGAGTGAGCCGEETCx

AGGGGGTTTCCAAAATGACAARAGACTGAGCCTCTCCGTGTATCTCGGAGAATTTTTCGA
G G F Q N D K RV 8 L 8V Y L G E F F D

CATTCATTTGTTTGTCAATGGTACCATGCTECAGCECGACCCAARGETAAGTCAGAAGCCC
I L F VN GT ML O G T Q R

GAATGTTCAGGTTAATATGGACCCTGEGCGATCACTTTGCAACCCCCTTGTTTTTTCAGAT
GAGGGAGCCEGEGEECCCAGAGACAGGARGTAAATGTGCCCAGEGGARAGTGAGTCGCAGGAC

TGGETGARAGCCCCATATCCCGACTCCTGGTCAAGGAGACTTTGCACCAAGGTCCCAGCT
3 -GGECTGELGACCAGTTCOTCTGEAA-ST
CTGGAGCATGGGEGTTCCCETTCGAAGETCCAGCCACATGEAGGAAATGCATGAGAAGCAC

exon 5

GCTTCCTGAGCTCCTCCTTGTCCCACCAGCATCTCCATGCCCTACGCCTCCRATGGGE
I 8 M P Y A 8 N @G

FIGURE 4
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DNA ENCODING VON WILLEBRAND
FACTOR AND METHODS OF USE

This application claims benefit of Provisional application
Ser. No, 60/020,998, filed Jul. 19, 1996.

HFELD OF THE INVENTION

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

BIOLOGICAL DEPOSITS

SEQUENCE ACCESSION NO.

Canine von Willebrand Factor AF 099154

BACKGROUND OF THE INVENTION

In both dogs and humans, von willebrand’s disease
(vWD) is a bleeding disorder of variable severity that results
from a quantitative or gualitative defect in von Willebrand
factor (vWF) (Ginsburg, D. et al, Blood 79:2507-251%
(1992); Ruggeri, Z. M. el al,, FASEB J 7:308-316 (1993);
Dodds, W. 1., Mod Vet Pract 681-686 (1984); Johnson, G.
S. et al,, JAVMA 176:1261-1263 (1988); Brooks, M., Probl
In Vet Med 4:636-646 (1992)). This clotting factor has two
known functions, stabilization of Factor VIII (hemophilic
factor A) in the blood, and aiding the adhesion of platelets
to the 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 I, IT, and III; see Sadler, J. E. et al, Blood
B4:676-679 (1994) for nomenclature changes), have been
descrbed. Type 1 vWD is inherited in a dominant, incom-
pletely penetrant fashion. Bleeding appears to be dus {o the
reduiced level of vWF rather than a gualitative difference.
Although this is the most commen form of vWD found in
most mammals, axd can cause serious bleeding problems, it
is generally less severe than the other two types. In addition,
a relatively inexpensive vasopressin analog (DDAVP) can
help alleviate symptoms (Kraus, K. H. et al, Ver Surg
18:103-109 (1589)).

In Type 2 vWD, patients have essentially normal levels of
vWF, but the factor is abnormal as delermined by special-
ized tests (Ruggeri, Z. M., et al., FASER J 7:308-316 (1993);
Brooks, M., Probl In Vet Med 4:636-646 (1992)). This type
is also inherited in a dominant fashion and has only rarely
been described in dogs (Turrentine, M. A., ¢t al, Vet Clin
North Am Small Anim Pract 18:275 (1988)).

Type 3 vWD is the most severe form of the disease, It is
inhedited as an autosomal recessive trait, and affected indi-
viduals have no detectable vWF in their blood. Serious
bleeding episodes require fransfusions of blood or cryopre-
cipitate to supply the missing vWF. Heterozygous carriers
have moderately reduced facior concentrations, but gener-
ally appear to have normal hemosiasis,

Scottish terriers have Type 3 vWD (Dodds, W. 1., Mod Ver
Praci 681-686 (1984);, Johnson, G. S. et al, JAVMA
176:1261-1263 (1988)). Homozygotes have no delectable
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vWF and have a severe bleeding disorder. Heterozygotes
have reduced levels of the factor, and are clinically normal
(Brooks, M. et al, JAVMA 200:1123-1127 (1992)). The
prevalence of vWID among Scottish terricrs 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. Sth ACVIM Forum
89-91 (1991)).

Currently, detection of affected and carrier Scottish terrier
dogs is done by vWF antigen testing (Benson, R. E. et al,,
Am J Vet Res 44:399-403 (1983), Stokol, T. et al., Res. Ver
Sei. 5%:152-155 (1995)) or by coagulation assays
(Rosborough, T. K. et al., J. Lab. Clin. Med. 96:47-56
(1980); Read, M. S. et al,, J. Lab. Clin. Med 101:74-82
{1983)). These procedures yield variable results, as the
protein-based tests can be influenced by such things as
sample collection, sample bandling, estrous, pregnancy,
vaceination, age, and hypothyroidism (Strauss, H. S. ¢t al.,
New EngJ Med 269:1251-1252 (1963); Bloom, A. L., Mayo
Cln Proc 66:743=751 (1991); Stirling, Y. et al., Thromb
Huaemostasis 52:176-182 (1984); Mansell, P. D. ¢t al., Br.
Ver, J. 148:329-337 (1992); Avgeris, S. et al,, JAVMA
196:921-924 (1990); Panciera, D. P. et al., JAVMA
205:1550-1553 (1994)). Thus, for example, a dog thaf 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 enceding canine vWFE. 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 gene
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. A
nucleic acid sequence containing the mutation that causes
vWD in Scotlish terriers, a single-base deletion in exon 4, is
also provided. The nucleic acid sequences of the present
invention may be used in methods for detecting carriers of
the mutation that causes vWD. Such methods may be used
by breeders to reduce the frequency of the disease-causing
allele and the incidence of disease. In addition, the nucleic
acid sequence of the canine vWF provided herein may be
used to determine the genetic defect that causes vWD in
other breeds as well as other species,

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIGS, 1A-1C is the nucleic acid sequence of the canine
von Willebrand factor of the present invention;

FIGS. 2A-2C is a comparison of the human and canine
prepro-von Willebrand factor amino acid sequences;

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

FIG. 4 illustrates the results of a method of the present
invention used to detect the Scottish terrier vWD mutation;
and

FIG. 5 shows the Scoitish terrier pedigree, which in turn
illustrates segregation of the mutant and normal vWF alle-
les.,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

‘The cDNA encoding canise von Willebrand Factor (vWF)
has been sequenced, and its sequence is set forth in FIGS.
1A-1C and SEQ ID NO: 1, The amino acid sequence
corresponding to the cDNA of canine vWF has been sub-
sequently deduced and is set forth in FIGS. 2A-2C and SEQ
ID NO: 2. The mutation of the pormal vWF gene which
causes von Willebrand’s Disease (vWD), a deletion at codon
88 of the normal gene resulting in a frameshift, is also
provided. The nucleic acid sequences of the present inven-
tion 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 sampies are
obtained with minimal penetration into body tissues of the
animals to be tested. Common neninvasive tissue sample
collection methods may be used and include withdrawing
buccal cells via cheek swabs and withdrawing blood
sampies. Following isolation of the DNA by standard
lechniques, PCR is performed on the DNA utilizing pre-
designed primers thal produce enzyme resiriction siles on
those DNA samples that harbor the defective gene. Treat-
ment of the amplified DNA with appropriate restriction
enzymes such as BsiE I thus allows one to analyze for the
presence of the defective allele. One skilled in the art will
appreciate that this mcthod may be applied not only to
Scottish terriers, but to other breeds such as Shetland sheep-
dogs and Dutch Kooikess.

Overall, the present invention provides breeders with an
accurate, definitive test whereby the undesired vWD gene
may be eliminated from breeding lines. The current tests
used by breeders are protein- based, and as noted previously,
the primary difficulty with this type of test is the variability
of resulis due to a variety of factors. The ultimate result of
such variability is that an inordinate mumber of animals fall
into an ambignous grouping whereby carriers and noncar-
riers cannol be reliably distinguished. The present invention
obviates the inherent limitations of protein-based tests by
detecting the genetic mutation which causes vWID. As
described in Specific Example 1, the methods of the present
invention provide an accurate fest for distinguishing
noncarriers, homozygous carriers and heterozygous carriers
of the defective vWF gene,

It will be appreciated that because the vWF cDNA of the
prescnt inveniion is substantially homologous to vWE
¢DNA throughout the canine species, the nucleic acid
sequences of the present invention may be wsed to detect
DNA mutations in other breeds as well. In addition, the
canine vWF sequence presented herein potentially in com-
bination with the established human sequence (Genbank
Accession No. X04385, Boathron, D. ¢t al., Nucleic Acids
Res. 14:7125-7128 (1986); Mancuso, D. 1. et al., Biochem-
isiry 30:253-269 (1989); Meyer, D. et al.,, Throm Haemo-
stasis 70:99--104 (1993)), may be used to facilitate sequenc-
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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 skilled in the art.

It 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 appropriaie host cell, either
eukaryotic {e.g., mammalian) or prokaryotic {e.g., E. coli).
Such DNA may involve alternate nucleic acid forms, such as
cDNA, gDNA, and DNA prepared by partial or total chemi-
cal synthesis, The DNA may also be accompanied by
additional regulatory elements, such as promoters, operators
and regulators, which are necessary and/or may eshance the
expression of the vWF gene product. In this way, cells may
be induced to over-express the. vWF gene, thereby gener-
ating desired amounts of the target vWF protein, It is further
contempiated that the canine vWF polypeptide sequence of
the present invention may be utilized to manufacture canine
vWFE using standard synthetic methods. One skilled in the art
will also note that the defective protein encoded by the
defective vWF gene of the present invention may also be of
use in formulaling a complementary diagnostic test for
canine VWD that may provide furiher data in establishing
the presence of the defective allele. Thus, production of the
defective vWF polypeplide, either through expression in
transformed host cells as described above for the active vWF
polypeptide or through chemical synthesis, is also contem-
plated by the present invention.

The term “genc” as to referred herein means a nucleic acid
which encodes a profein product. The term “nucleic acid”
refers to a linear array of nucleotides and nucleosides, such
as genomic DNA, cDNA and DNA prepared by partial or
total chemical synthesis from nucleotides. The term “encod-
ing” means that the macleic acid may be transcribed and
translated into the desired polypeptide. “Polypeptide” refers
to amino acid sequences which comprise both full-length
proteins and fragments thereof. “Mutation” as referred to
herein includes any alteration in a nucleic acid sequence
including, but pot limited to, deletions, substitutions and
additions.

As referred o herein, the term “capable of hybridizing
under high stringency conditions” means annealing a strand
of DNA complementary to the DNA of interest under highly
stringent conditions. Likewise, “capable of hybridizing
under low stringency conditions” refers to annealing a strand
of DNA complementary to the DNA of interest under low
stringency conditions. In the present tovention, hybridizing
under either high or low stringency conditions would
involve hybridizing a nucleic acid sequence (e.g., the
complementary sequence io SEQ ID NO: 1 or portion
therecf), with a second farget nucleic acid sequence. “High
stringency conditions” for i{he annealing process may
involve, for example, high temperature and/or low sall
content, which disfavor kydrogen bonding contacts among
mismatched base pairs. “Low stringency conditions™ would
involve lower temperature, and/or lower salt concentration
tharr that of high stringency conditions. Such conditions
aflow for two DNA strands to anneal if substantial, though
not near complete complementarity exists between the twe
strands, as is the case among DNA strands that code for the
same protein but differ in sequence due to the degeneracy of
the genetic code. Appropriate stringency conditions which
promote DNA hybridization, for example, 6X SSC at about
45° C,, followed by a wash of 2X SSC at 50° C. are known
to those skilled in the art or can be found in Currens
Protocols in Molecular Biology, John Wiley & Sons, NY
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(1589), 6.31-6.3.6. For example, the salt concentration in
the wash step can be selected from a low siringency of about
2X SSC at 50° C. to a high stringency of about 0.2X SSC
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 stringency conditions, at about 65° C. Other
stringency parameters are described in Maniatis, T, et al,,
Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring N.Y., (1982), at pp.
387-389; see also Sambrook J. 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

Materials And Methods

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

Design of PCR primer sots, Primers were designed to a
few regions of the gene, where sequences from two species
were available (Lavergne, J. 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., “Genes-Specific Universal Mammalian
Sequence-Tagged Sites: Application To The Canine
Genome” Biochem. Gener. (1996) in press). Most of the
primers had to be designed to other regions of the gene using
the human sequence alone (Mancuso, D. L. et al., Biochem-
istry 30:253-269 (1991)). Good amplification conditions
were determined by using human and canine genomic
DNAs,

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

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

Design of a Diagnostic Test, PCR mutagenesis was used
lo create diagnostic and conirol BsiE I and Sau96 1 restric-
tion enzyme sites for the test. Amplification conditions for
the fest 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

10

15

20

25

kli]

40

45

50

50

&5

6

Harbor Spring Lab, Cold Harbor Spring N.Y,, 2nd Edition,
(1989)) or by cheek swab samples (Richards, B. et al,
Hurnan Molecular Genetics 2:159-163 (1992)). The genetic
status of each animal in the survey was determined using the
BsiE T test described above.

Results

Comparison of the canine and human sequences. The
alignment of the canine and human prepro-von Willebrand
Factor amine acid sequences is shown in FIGS, 2A-2C, The
location of the Scottish terrer vWD mutation is indicated by
the “”. Potential N-glycesylation sifes are shown in bold
type. The known and postulated integrin bieding sites arc
boxed. Amine acid numbers are shown on the right side of
the figure, The human sequence is derived from Genbank
accession number X04385 (Bonthron, D. et al, Nucleic
Acids Res. 14:7125-7128 (1986)).

Overall, 83.1% sequence identity is seen between the
prepro-vWF sequences. The pro-region is slightly less con-
served than the mature protein (81.4% vs. 87.5%). There
were no other noteworthy percentage sequence identity
differences seen in other regions of the gene, or between the
known repeats contained within the gene (data not shown).
Fourteen potential N-linked glycosylation sites are present
in the capmine sequence, all of which correspond to similar
sifes coniained within the human sequence. The {wo infegrin
binding sites identified in the human vWF protein sequence
(Lankhof, H. et al., Blood 86:1035-1042 (1995)) are con-
served in the canine sequence as well (FIGS. 2A-2C). The
5' and 3' untransialed regions have diverged to a greater
extent than the coding region (data not shown), comparable
fo that found between the buman and bovine sequences
derived for the 5' flanking region (Janel, N. et al., Gene
167:291-295 (1995)). Additional insights into the structure
and function of the von Willebrand factor can be gained by
comparison of the complete human sequence (Mancuso, D,
1. et al., Biochemistry 30:253-269 (1989); Meyer, I et al,,
Throm Haemostasis 70:99—104 (1993)) and the complete
canine sequence reporfed here,

The sequence for most of exon 28 was determined
(Mancuso, D. J. et al., Thromb Haemost 69:980 (1993);
Porter, C. A. ¢t al., Mol Phylogenet Evol 5:89-101 (1996}).
All three sequences are in complete agreement, although two
silent variants have been found in other breeds {Table 1,
exon 28). Partial sequences of exons 40 and 41 (cDNA
nucleotide numbers 6923 to 7155, from the initiation codon)
were also determined as parl of the development of a
polymorphic simple tandem repeat genetic marker (Shibuya,
H. et al.,, Anim Gener 24:122 (1994)). There is a single
nucleotide sequence difference between this sequence (*T7)
and the sequence of the present invention, (“C”) at nucle-
otide position 6928, ‘

Scottish Terrier WD mutation. FIG, 3 shows nucleotide
sequencing fadders for the von Willebrand’s Discase muta-
tion region for normal {clear), carrier, and affected Scottish
ferriers, The sequences were obfained directly from PCR
products derived from genomic DNAs in exon 4. The
arrowheads show {he location of the C nucleotide that is
deleted in the disease-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%.

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

Development of a diagnostic test. A PCR primer was
designed to produce a BsiE I site in the mutant aHele but not
in the normal altele (FIG. 4). The position of the deleted
nucleotide is indicated by an asterisk. The altered nucle-
otides in each primer are underlined. The normal and mutant
allele can also be distinguished using Sau96 1. The naturaily
occurring Sau96 I sites are shown by double underlines, The
highly conserved donor and acceptor dinucleotide splice
sequences are shown in bold type.

In order to eosure that the restriction enzyme cut the
amplified DNA to completion, an internal contrel restriction
site common 0 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] obtained from commonly used testing labs and
reported to'us 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 terriess (Brinkhous, K.
M. et ak., Ann. New York Acad. Sei. 370:191-203 (1981))
were also shown to be homozypous for this mutation, An
additional unaffected animal from tihis same colony was
found io be clear.

1t would stilt be possible to misinterpret the resulis of the
test if restriction enzyme digestion was not complete, and if
the zates of cleavage of the cont778rol and diagnostic sites
were vastly different. The rates of cleavage of the two BsiB
I sites were thus examined by partially digesting the PCR
products and running them on capillary electrophoresis. The
rates were found to be very nearly equal (the diagnostic site
is cut 12% faster than the contro] site).

20

8

The mutagenesis primer was alse designed to produce a
Sau96 I site into the normal allele but not the mutant allele,
This is the reverse relationship compared to the BsiB
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 vsing this enzyme produced identical
genatypic results compared to the BsiE I for all animals
examined (data not shown).

A possible mutation in the Doberman Pinscher gene. The
complete Scottish terrier sequence was compared to the
complete Doberman Pinscher sequence. Several nucleotide
differences were found and were compared to the nucle-
otides found in the same position in the human sequence as
shown in Table 1 below. Most of these changes were silent,
However, of three amino acid changes, one is relatively
non-conservative (F905L) and is proposed to be the muta-
tion ibat causes Doberman Pinscher vWD. Other data
strongly suggest that the nucleotide interchange at the end of
exon 43 causes a cryplic splice sife (o be activaled reducing
the amount of normally processed mRNA, with a concomi-
tant decrease in the amount of vWF produced.,

Mendelian inheritance, One test often used to verify the
correct identification of a mutant allele is its inheritance
according to Mendel’s law of segregation. Three pediprees
were examined 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 arc homozy-
gous for the mutant aliele (229 bp; lanes 3 and 5). The other
animals in this pedigree are heterozygotes (251 bp and 229
bp; lanes 1, 2, 4, and 6), including the obligate carrier
paren(s.

TABLE 1

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

With Comparison To The Human Sequences

Amino Acid Cadon
Exon AAY  Tuman Scottie Doberman Human  Scoltie  Doberman
S'UT® me-35° N/AS N/A N/A N/A A G
4 85 S 5 TCC TCCIC_. TCC
S/F Shlit®
5 173 M ATG AGG AAG
R K
11 421 ST T TCC ACA ACC
21 898 C C C TGC TGT TGC
il M5 F R TTT TTC TTA
L
24 1041 S R s TCA TCA TCG
24 1042 s S s TCC TCC TCA
28 1333 D D GAC GAC GAG
B .
28 1349 Y Y Y TAT TAT TAC*
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TABLE l-continued
Dilferences Belween Scottie And Doberman
Protein And Nucleotide von Willebyand Factor Sequences
With Comparison To The Human Sequences
Aming Acld Codon
Hxon ANl Human Scottie Dobcrmar; Human  Scottie  Doberman
42 2381 P P ccC TG CCG
L
43 2379 5 s 5 TCG TCG TCA
45 2555 P I3 cee cee oCa
47 2591 P/ P P cce cCcT cce
49 2672 D b o GAT GAT GAC
51 2744 g E B GAG GAG GAA

L Amino acid residue position

*Untransfated region

*Nucleotide position

‘Mot Applicable

*Frameshift mutation

Boxed residues show amino acid differences between breeds
*This site has been shown o be polymorphic in some breeds
The mature VWF protein begins in exon 18

The alleles, as typed by both the BsiE T and Sau96 I tests,
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 to be homozygous for
the mutant allele, and the normal siblings were found to be
heterozygotes.

Population survey for the mutation. Cheek swabs or blood
saraples were collected from 87 animals in order to deter-
mine the incidence of carriers in the U.S. Scottish terrier
population. Although we attempted to make the sample as
random as possible, these dogs were found to come from 16
pedigrees, several of which are more distantly intercon-
nected. This is due to some ascertainment bias, based on
ownership {as opposed to phenotypic ascertainment bias). In
these 87 animals four affected and 15 carrier animals were
found.

Discussion

These resulis establish that the single base deletion found
in exon four of the vWF gene causes vWD in the Scottish
terrier breed. The protein produced from the mutant allele is
extremely short and does pot include any of the mature vWF
protein. Four Scottish terriers known fo be affected with the
disease are homozygous for the mutation. Five other mixed-
breed dogs descended from Scoltish terrers, and aflected
with vWD, are also homozygous for the mutation. No
normal animals are homozygous for the mutation, Unaf-
fected obligate carriers are always heterozygous for the
mutation,

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

All data collected thus far indicate that this mutation
accounts for essentially all of the von Willebrand’s disease
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found in Scollish terriers. This resuit is consislent with the
results found for other genelic discases, defimed at the
molecular level, in varicus domestic animals (Shuster, D. E.
ot al., PNAS (USA) 89:9225-9229 (1992); Rudolph, T, A, et
al, Nat Genet 2:144-147 (1992); O’Bren, P. J. 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 faclor assays have
shown fhat, at least in several instances, obligate carriers
have had facior levels that would lead to a diagnosis of
“clear” of the disease allele. For example, in one study an
obligate carrier had a factor level of 78% (Johnsen, G, 8. et
al., JAVMA 176:1261-1263 (1980)). In another 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 fall into an equivocal range can be substantial. In one
study, 19% of Scottish terriers fell in this range {50-65% of
the normal vWI' antigen level) (Stokel, T. ¢1 al,, Res Ver Sci
59:152-155 (1995)). Thus, although the protein-based tests
have been useful, the certainty of the DNA-based {est
described herein should relieve the necessity of repeated
testing and the variability associated with the protein-based
assaYs,

The mutation is present in the pre-vWF part of the
molecule, This part of the molecule is processed off prior o
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
6:2885-28%0 (1987); Wise, R. 1. 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 blood of affected dogs.

The determination of the complete camine vWF cDNA
sequence will have an impact upon the development of
carrier {esls for other breeds and other species as well.
Currently, Shetland sheepdogs and Dutch Kooikers are
known to have a significant amount of Type 3 vWD (Brooks,
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M. et al., JAVMA 200:1123-1127 (1992); Slappendel, R. T,
Ver-Q 17:821-822 (1995)). Type 3 vWD has occasionally be
seen in other breeds as well (e.g., Johnson, G. §. et al,,
JAVMA 176:1261-1263 (1980)). All Type 3 vWD mutations
described in humaps to date have been found within the
vWT gene 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 mulations 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 availability of two divergent
mammalian vWF ¢cDNA sequences will also make it much
easier to sequence the gene from other mammalian species
using cross-species PCR methods (e.g., Venla ef al., Bio-
chem. Genet. (1996) in press).

10

12

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

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

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

SEQUENCE LISTING

(1) GENERAL INFORMATION:

{iii) NUMBER OF SEQUENCES: 11

{2) INFORMATION FOR SEQ ID HO:l:

{i) SEQUENCE CHARACTERISTICS:
(A} LERGTH: 8802 base pairs
(B) TYPE; nucleic acid
{C) STRANDEDNESS: double
(D} TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
{iv} BNTI-SENSE: NQ

{ix) FEATURE:

{A) NAME/KEY:
(B) LOCATION:

Chs
203..8641

(D) OTHER INFORMATICON: /functicn= "Bleod Clotting Protein®
/product= “Canine von Willebrand Factor”

/standard name= "vWF"

{x) PUBLICATION INFORMATION:
(A} AUTHORS: Venta, Patrick J.
Li, Jianping
Yuzbasiyan«Gurkan, Vilma
schall, William D.
Brewer, George J.
(B) TITLE:

von Willebrand's Disease in the Scottish

Terrier is Caused by a Single Base Deletion in
Exon Four of the ven Willebrand Factor Gana
{C) JOURNAL: Journal of the Bmerlcan Veterinary Medicine

Association

(G) DATE: 1996

{K) RELEVANT RESIDUES IN SEQ ID NO:l: FROM 1 TO B8O2

{xi) SEQUENCE DESCRIPTICHM: SEQ ID RO:l:

CATTAARAGG TCCTGGCTGG GAGCTTTTTT

ACAGGGGCCA ATTAGGATCA ATCTITTITITC

ACTTTGCACA CGGACAGTAG TACATACCAG

CATTTCTCCT GCTITCGTGGC AG ATG AGT

Met Ser
1

LTG GCT CTG GCC CTC ATC TTG CCA GGG AAA CTT TGT ACA AAA GGG ACT

TTGGGACCAG CACTCCATGT TCAAGGGCAA 60

TETICTTTTTT TARARARAAA AATTCTTCCC 120

TAGCTCTCTG CGAGGACGGT GATCACTAAT 1480

CCT ACC AGA CTT GTG AGG GTG CIG 232
Pre Thr Arg Leu Val Arg Val Leu
5 10

280

Leu Ala Leu Ala Leu Ile Leu Prc Gly Lys Leu Cys Thr Lys Gly Thr

15

20 25
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Pg190f38 PglID 34

14

GTT
Val

aAtc
Ile

TAC
Ty

GGT
Gly
%

TTT
Phe

Cah
Gln

GAG
Glu

AGA
Arg

TTC
Phe
155

GAT
Rep

TTT
Phe

GTG
val

CAG
Gln

GCC
Ala
435

GAA
Glu

GIC
Val

TAC
Tyr

ATG
Met

cTT
Leu
315

TGC
Cys

GGA
Gly

AAC
Apn

cTC
Leu

e
Phe

TTC
Phe

RGC
Ser

GCT
Ala

NPT
Ile
140

ARG
Asn

GAC
RBep

GCC
Ala

TCC
Ser

GTC
Val
220

CGC
Arg

AGG
Arg

CTC
Leu

[=le
Gly

GRAG
Glu
300

CAT

Higp

cCC
Pro

AGG
Arg

aAce
T™Hhr
15

cTG
Leu

CRA
Gln

GAC
Bip

e
Ile

GGC
Gly
125

GAT
Asp

ARG
Lyse

TTC
Phe

AAC
Asn

<CcT
Pro
205

CTG
Leu

TIGC
Cys

ACT
Thr

CTG
Leu

TGG
Trp
285

TAC
Tyr

GTC
Val

GAG
Glu

TCA
Ser

TTT
Phe

GCT
Ala

AAT
Asn

ATT
Ile

Tee
Ser
110

TAC
Tyr

Gly

ACC
‘Thr

ARG
Lys

TCC
Ser
150

cCcC
Pro

TGG
Trp

CAC

CTG
Leu

GAG
Glu
270

Acc
Thr

AAG
Lys

Lys

GGC
Gly

TCG
Ser

GAT
ABp

Gly

GAC
App

CAT
His
95

ATG
Met

TAC
TYE

AAT
Asn

TGT
Cys

RCT
Thr
175

TGG
Trp

AGC
Ser

GhAG
Glu

[dale)
Pro

TGC
Cye
255

TAC
Tyr

GAC
AEBp

GAG
Glu

GAA
Glu

CAG
Gln
335

ATG
Met

GAG
Glu

GAC
Rhep

Lys
80

TTG
Leu

oCe
Pro

ARG
nys

GGC
Gly

GGG
Gly
160

CAR
Gln

GCC
Ala

AGC
Ser

ChG
Gln

CTG
Leu
240

ACC
Thr

GCC
Aln

CAC
His

pRed
Cys

GTG
val
320

CTC
Leu

GCoC
Ala

AGC
Ber

TGC
cye
65

AGA
Arg

TTT
Phe

TAC
Tyr

CTG
Leu

AAC
Asn
145

CEG
Leu

GAR
Glu

CTG
Leu

CCh
Pro

TEC
Cys
225

GTG
Val

TGT
Cys

CGG
Arg

AGC
Ser

GTa
val
305

TGT
Cys

CTG
Leu

CGA
Arg

ATG
Met
50

CAG
Gln

oTG
val

GTC
Val

GCe
Ala

TCC
Ser
130

TTT
Phe

TGT
Cys

[elc]ey
Gly

RGC
Ser

TGC
Cys
210

CAG
Gln

GAC
Asp

GIC
Val

GCC

Ala

GTC
Val
29¢

TCC

Ser

CRG
Gln

GAT
Asp

TGT
Cys
35

TAC
Tyr

GAA
Gla

AGC
Ser

AMT
Asn

T
Ser
115

AGT
Sar

Gln

GGC
Gly

ace
Thr

AGT
Ser
195

AT
Asn

[eiine]
Len

ccT
Pro

CAG
Gln

TGT
cys
275

TGC
Cys

o
Pro

GAG
Glu

GAA
Glu

AGC
Ser

AGC
Sar

CAC
His

CTC
Leu

Gly
100

AAT

Asn

GAG
Glu

GTC
Val

AAC
Asn

TTG
Leu
180

GGG
Gly

GTC
Val

e8]
Leu

GAG
Glu

Gly
260

GCC
Ala

CGA

TGC
cya

Gln

GGC
Gly
340

CTT
Leu

T
Pha

TCC
Ser

TCC
Ser

ACC
Thr

elcie]
Gly

GCC
ala

CTG
Leu

ITT
Fhe
165

ACT
Thr

GAR
Glu

TCC
Sar

ANG
Lys

ccT
Pro
245

ATG
Met

CAG
Gln

CCh
Pro

aACC
Thr

TGT
cys
325

Hie

1)
Leu

e aled
Ala

ATC
Ile
70

[ {ed
val

ATG
Met

CTG
Leu

TAC
Tyr

CTG
Leu
150

AAT
Asn

TCG
Ser

CAA
Gln

TCT
Ser

AGT
Ger
230

b o
Phe

GAG
Glu

CAG
Gln

GCa
Ala

Agh
Arg
310

GTA
Val

TGC
Cys

GGA
Gly

GGA
GLy
55

TCA
Ser

TAT
Tyr

CTG
Leu

TAT
Tyr

GGEC
Gly
135

TCA
Ser

ATC
Ile

GAC
hsp

CGG
Arg

GAT
ARp
215

GCC
Ala

GTC
Val

TGC
CYE

GGG
Gly

TGC
Cys
295

ACT
Thr

GAT
Asp

GTG
Val

GGT
Gly
40

GAT
Asp

CTT
Leu

CTC
Leun

CAG
Gln

cTa
Leu
120

TTT
Phe

GAC
ABp

TTT
Phe

cce
Pro

TGC
Cys
200

GARA
Glu

TCG
Ser

Gee
Ala

ceT
Pro

ATT
Ile
280

ccT
Pro

TEC
Cys

Gly

GGA
Gly

GAC
Asp

TEC
<ys

ATC
1le

GGA
Gly

GGG
Gly
195

GAG
Glu

GTG
Val

AGR
Arg

GCT
Ala

TAT
Tyr
185

Lys

GIG
Val

GTG
val

CTG
Leu

TGT
Cys
265

GTC
Val

[elui
Ala

CAG
Gln

TGC
<ys

AGT
Ser
45

Te
Phe

AGT
Ser

GGG
Gly

GAR
Glu

ACC
Thr

GO
Ala

GCC
Ala

TAC
Tyr

GAG
Glu
170

GAC
hsp

CGG

CAG
Gln

TTT
Fhe

Cye
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GCG
Ala

TTG
Leu

GGC
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AGC
Ser

AGC
Ser
330

&CT
Ala

328

376

424

472

520

568

6§16

661

712

760

808

856

504

952

1000

1048

1096

1144

1192

1240



2:12-cv-12171-BAF-LJM Doc # 1-2  Filed 05/15/12 Pg 20 of 38 Pg ID 35

6,040,143
15 16

-continued

i
{ ! GAG TGT TCC TGT GTG CAT GCT GGG CAA CGG TAC CCT CCG GGC GCC TCC 1288
L Glu Cys Ser Cys Val His Ala Gly Glan Arg Tyr Pro Pro Gly Ala Ser
‘ 350 355 360
CTC TTA CAG GAC TGC CAC ACC TGC ATT TGC CGA AAT AGC CIG TGG ATC 1336
Leu Leu Gln Asp Cye Hie Thr Cye Ile Cys Arg Asn Ser Leu Trp Ile
365 370 378

TGC AGC AAT GAR GAA TGC CCA GGC GAG TGT CTG GTC ACA GGA CAG TCC 1384
Cye Ser Asn Glu Glu Cys Pro Gly Glu Cys Leu Val Thr Gly Gln Ser
380 385 390

CAC TTC AAG AGC TTC GAC ARC AGG TAC TTC ACC TTC AGT GGG GTC TGC 1432
His Fhe Lys Ser Phe Asp Asn Arg Tyr Phe Thr Phe Ser Gly Val Cys
KR 4a0 405 419

CAC TAC CTG CTG GCC CAG GAC TGC CAG GAC CAC ACA TTC TCT GTT GTC 1480
His Tyr Leu Leu Ala Gln Asp Cys Gln Asp His Thr Phe Ser Val Val
415 420 425

ATA GAG ACT GTC CAG TGT GCC GAT GAC CTG GAT GCT GTC TGC ACC CGC 1528
Iie Glu Thr Val Gln Cys Ala Aep Asp Leu Asp Ala Vel Cys Thr Arg
43¢ 435 440

TCG GTC ACC GTC CGC CTG CCT GGA CAT CAC AAC AGC CTT GTG ARG CTG 1576
Ser Val Thr Val Arg Leu Pro Gly His His Asn Ser Leu Val Lys Leu
445 450 4585

ARG AAT GGG GGA GGA GTC TCC ATG GAT GGC CAG GAT ATC CAG ATT CCT 1624
Lys Ben Gly Gly Gly Val Ser Met Asp Gly Gln Bsp Ile Gln Ile Pro
460 465 470

CTC CTG CAA GGT GAC {TC CGC ATC CAG CAC RACC GTG ATG GCC TCC GTG 1672
Leu Leu Gln Gly Asp Leu Arg Ile Gln His Thr Val Met Ala Ser Val
475 480 485 490

CGC CTC AGC TAC GGG GAG GAC <TG CAG ATG GAT TCG GAC GTIC CGG GGC 1720
Arg Leu Ser Tyr Gly Glu Asp Leu Gln Met Asp Ser Asp Val Arg Gly
495 500 505

AGG CTA CTG GTG ACG CTG TAC CCC GCC TAC GCG GGG AAG ACG TGC GGC 1768
Arg Leu Leu Val Thr Leu Tyr Pro Ala Tyr Ala Gly Lys Thr Cys Gly
510 515 520

COT GGC GGG AAC TAC ARC GGC AAC CGG GGG GAC GAC TT¢ ¢TG ACG CCC 1816
Arg Gly Gly Aen Tyr Asn Gly Asn Arg Gly Asp Asp Phe Val Thr Pro
525 530 535

GCA GGC CTG GCG GAG CLCC CTG GTG GAG GAC TTC GGG ARC GCC TGG RAG 1864
Ala Gly Leu Als Glu Pro Leu Val Glu Asp Phe Gly Asn Ala Trp Lys
540 545 550

CTG CTC GGG GCC TGC GAG AAC CTG CAG AAG CAG CAC CGC GAT CCC TGC 1gi2
Leu Leu Gly Ale Cys Glu Asn Leu Gln Lys Gln His Arg Asp Pro Cys
555 560 565 570

AGC CTC AAC CCG CGC CAG GCC AGG TTT GCG GAG GAG GCG TGC GCG CTG 1860
Ser Leu Asn Pro Arg Gla Ala Arg Phe Ala Glu Glu Ala Cys Ala Leu
575 580 585

CT5 ACG TCC TCG ARG TTC GAG CCC TGC CAC CGA GCG GTG GGT CCT CAG 2008
Leu Thr Ser Ser Lys Phe Glu Pro Cye His Arg ala Val Gly Pro Gln
590 595 600

CCC TAC GTG CAG ARC TGC CTC TAC GAC GTC TGC TCC TGC TCC GAC GGC 2056
Pro Tyr Val Gln Asn Cys Leu Tyr Asp Val Cys Ser Cys Ser Asp Gly
605 610 615

AGA GAC TGT CTT TGC AGC GCC GTG GCC AAC TAC GCC GCA GCC GTG GCC 2104
hrg Rep Cys Leu Cys Ser Ala Val Ala Asn Tyr Ala Ala Ala Val Ala
620 625 §30

CGG AGG GGC TG CAC ATC GCG TGG CGG GAG CCG GGC TTC TGT GCG CTG 2152
Arg Arg Gly Val His Ile Ala Trp Arg Glu Pro Gly Phe Cys Ala Leu
635 640 645 650

AGC TGC CCC CAG GGC CAG GTG TAC CTG CAG TGT GGG ACC CCC ZGC AAC 2290
Ser Cys Pro Gln Gly Gln val Tyr Leu Gln Cys Gly Thr Pro Cys Asn
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855 560 665

ATG ACC TGT CTC TCC CTC TCT TAC CCG GAG GAG GAC TGC AAT GAG GIC 2248
HMet Thr Cys Leu Ser Leu Ser Tyr Pro Glu Glu Asp Cys Asn Glu Val
670 675 680

TGC TTG GRA AGC TGC TTC TCC CCC CCR GGG CTG TAC CTG GAT GAG AGG 2295
Cys Leu Glu Ser Cys Phe Ser Pro Pro Gly Leu Tyr Leu Asp Glu Arg
685 620 695

GGA GAT TGT GTG CCC AAG GCT CAG TGT CCC TGT TAC TAT GAT GGT GAG 2344
Gly Asp Cys Val Pro Lys Ala Gin Cye Pro Cys Tyr Tyr Aep Gly Glu
700 705 710

ATC TTT CAG CCC GAA GAC ATC TFC TCA GAC CAT CAC ACC ATG TGC TAC 2392
Iie Phe Gln Pro Glu Asp Ile Phe Ser Rsp His His Thr Met Cys Tyr
7i5 720 725 730

TGT GAG GAT GGL TTC ATG CAC TGT ACC ACA AGT GGA GGC CTG GGA AGC 2440
Cys Glu Asp Gly Phe Met His Cys Thr Thr Ser Gly Gly Leu Gly Ser
735 740 745

CTG CTG CCC AAC CCG GTG CTC AGC AGC CCC GG TGT CAC CGC AGC AAA 2488
Leu Leu Pro Aen Pro Val Leu Ser Ser Pro Arg Cys Hie Arg Ser Lys
750 755 760

AGG AGC CTG TCC TGT CGG CCC CCC ATG GTC AAG TTG GTG TGT CCC GCT 2536
Arg Ser Lsu Ser Cys Arg Pro Pro Met Val Lys Leu Val Cys Pro Ala
765 770 775

GAT AAC CCG AGG GCT GAA GGA CTG GAG TGT GCC AAA ACC TGC CAG BAC 2584
Aep Asn Pro Arg Ala Glu Gly Leu Glu Cys Ala Lys Thr Cys Gln Asn
780 785 190

TAT GAC CTG CAG TGC ATG AGC ACA GGC TGT GTC TCC GGC TGC CTC TeL 2632
Tyr Asp Leu Gln Cys Met Ser Thr Gly Cys Val 8er Gly Cys Leu Cys
795 800 805 810

CCG CAG GGC ATG GTC CGG CAT GRA ARC AGG TGT GTG GCG CTG GAA AGA 2680

Pro Gln Gly Met Val Arg His Glu Asn Arg Cys Val Ala Leu Glu Arg
815 820 : 825

TET CCC TGC TTC CAC CAA GGC CAA GAG TAC GCC CCA GGA GAA ACC GTG 2728
Cys Pro Cye Phe His Gln Gly Gln Glu Tyr Ala Pro Gly Glu Thr val
830 835 8490

AAA ATT GAC TGC AAC ACT TGT GTC TGT CGG GAC CGG ARG TGG ACC TGC 2776
Lys Ile Rsp Cys BRsn Thr Cys Val Cys Arg Asp Arg Lys Trp Thr Cya
845 a50 855

ACA GAC CAT GTG TGT GAT GCC ACT TGC TCT GCC ATC GGC ATG GCG CAC 2824
Thr Asp His Val Cys Asp Ala Thr Cys Ser Ala Ile Gly Met Ala His
850 865 870

TAC CTC ACC TTC GAC GGA CTC AAG TAC CTG TTC CCT GGG GAG TGC CAG 2872
Tyr Leu Thr Phe Asp Gly Leu Lys Tyr Leu Phe Pro Gly Glu Cys Gln
875 8ag 885 890

TAT GIT CTG GTG CAG GAT TAC TGC GGC AGT AAC CCT GGG ACC TTA CGG 2920
Tyr Val Leu Val Gln Asp Tyr Cye Gly Ser Ren Pro Gly Thr Leu Arg
895 . 200 905

ATC CTG GTG GGG AAC GAG GGG TGC AGC TAC CCC TCA GTG AAA TGC ARG 2968
Ile Leu Val Gly Asn Glu Gly Cye Ser Tyr Pro Ser Val Lys Cys Lys
916 915 920

ARG CGG GTC ACC ATC CTG GTG GAA GGA GGA GAG ATT GAA CTG TTT GAT 3016
Lys Arg Val Thr Ile Leu Val Glu Gly Gly Glu Ile Glu Leu Phe Asp
925 930 935

GGG GAG GTG AAT GTG ARG AARR CCC ATG AAG GAT GAG ACT CAC TTT GAG 3064
Gly Glu Val Aen Val Lys Lys Pro Met Lye Asp Glu Thr His Phe Glu
940 945 350

GTG GTA GAG TCT GGT CAG TAC GTC ATT CIG CTG CTG GGC ARG GCA CTC 3112
Vval Val Glu Ser Gly Gln Tyr Val Ile Leu Leu Leun Gly Lys Ala Leu
955 960 965 870

TCT GEG GTC TGG GAC CAC CGC CTG AGC ATC TCT GIG ACC CTG ARG CGG Jl60
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Ser Val Val Trp Asp His Arg Leu Ser Ile Ser Val Thr Leu Lys Arg
975 980 985

ACAK TAC CAG GAG CAG GTG TGT GGC CTG TGT GGG AAT TTT GAT GGC ATC 3208
Thr Tyr Gln Glu Gln Val Cys Gly Leu Cys Gly Asn Fhe Asp Gly Ile
990 995 . 1900

CAG AAC AAT GAT TTC ACC AGC AGC AGC CTC CAR ATA GAR GAAJ GAC CCT 3256
Gln Asn Aen Aep Phe Thr Ser Ser Ser Leu Gln Ile Glu Glu Asp Pro
1005 1030 1015

GTG GAC TTT GGG AAT TCC TGG AAA GTG AAC CCG CAG TGT GCC GAC ACC 3304
Val Asp Phe Gly Aen Ser Trp Lys Val Asn Pro Gln Cys Ala Asp Thr
1020 1928 1030

AAG BAAR GTA CCA CTG GAC TCA TCC CCT GCC GTC TGC CAC AAC AAC ATC j352
Lys Lys Val Pro Leu Asp Ser Ser Pro Ala Val Cys His Asn Asn Ile
1035 1040 1045 10590

ATG BAG CAG ACG ATG GTG GAT TCC TCC TGC AGG ATC CTC ACC AGT GAT 1400
Met Lys Gln Thr Met Val Asp Ser Ser Cys Arg Ile Leu Thr Ser Asp
; 1055 1060 1065

ATT TTC CAG GAC TGC ARC AGG CTG GTG GAC CCT GAG CCA TTC CTG GAC 3448
Ile Phe Gln Rsp Cye Asn Arg Leu Val Asp Pro Glu Pro Phe Leu Asp
1070 1975 1980

ATT TGC ATC TAC GAC ACT TGC TCC TGT GAG TCC ATT GGG GAC TGC ACC 3496
Ile Cys Ile Tyr Asp Thr Cys Ser Cys Glu Ser Ile Gly Rep Cys Thr
1085 10990 1095

TGC TTIC TGT GAC ACC ATT GCT GCT TAC GCC CAC GTC TGT GCC CAG CAT 3544
Cys Phe Cys Asp Thr Ile Ala Ala Tyr Ala His Vel Cye Ala Gln Hia
1100 1105 1110

GGC AAG GTG GTA GCC TGG AGG ACA GCC ACA TTC TGT CCC CAG AAT TGC 3592
Gly Lys Val Val Ala Trp Arg Thr Ala Thr Fhe Cye Pro Gln hAsn Cys
1115 1120 1125 1130

GAG GAG CGG AAT CTC CAC GAG RAT GGG TAT GAG TGT GAG TGG CGC TAT 3640
Glu Glu Arg Asn Leu His Glu Aen Gly Tyr Glu Cys Glu Trp Arg Tyr
1135 1140 1145

AAC AGC TGT GCC CCT GCC TGT CCC ATC ACG TGC CAG CAC CCC GAG CCh 3688
Aen Ser Cys Ala Pro Ala Cys Pro Ile Thr Cys Gln Hie Pro Glu Pro
1150 1155 1160

CTG GCA TGC CCT GTA CAG TGT GTT GAR GGT TGC CAT GCG CAC TGC CCT 3736
Leu Ala Cys Pro Val Gln Cys Vel Glu Gly Cys His Ala Hie Cys Pro
1165 i17e 1198

CCA GGG AAR ATC CTG GAT GAG CTT TTG CAG ACC TGC ATC GAC CCT GhA 3784
Pro Gly Lys Ile Leu Asp Glu Leu Leu Gln Thr Cys Ile Asp Pro Glu
1180 1185 1190

GAC TGT CCT GTG TGT GAG GTG GCT GGT CGT CGC TTG GCC CCA GGA AAG agaz
Asp Cys Pro Val Cys Glu Val Ala Gly Arg Arg Leu Ala Pro Gly Lys
1195 1200 1205 1210

AAA ATC ATC TTG ARC CCC AGT GAC QCT GAG CAC TGO CAA ATT TGT AAT isse
Lys Ile Ile Leu Asn Pro Ser RAsp Pro Glu His Cys Gln Ile Cys Asn
1215 1220 1225

TGT GAT GGT GTC ARC TTC ACC TGT AAG GCC TGC AGA GAA CCC GGA AGT 3gze
Cys Asp Gly Val Asn Phe Thr Cye Lys Ala Cys Arg Glu Pro Gly Ser
1230 1235 1240

GTT GTG GTG CCC CCC ACA GAT GGC CCC ATT GGC TCT ACC ACC TCG TAT 3976
Val Val Val Pro Pro Thr Asp Gly Pro Ile Gly Ser Thr Thr Ser Tyr
1245 1250 1255

GTG GAG GAC ACG TCG GAG CCG CCC CTC CAT GAC TTC CAC TGC AGC AGG 4024
val Glu Asp Thr Ser Glu Pro Pro Leu His hsp Phe His Cys Ser Arg
1260 1265 1270

CTT CTG GAC CTG GTT ?TC CTG CTG GAT GGC TCC TIC AAG CTG TCT GAG 1072
Leu Leu Asp Leu Val Phe Lau Leu Asp Gly Ser Ser Lys Leu Ser Slu
1275 1280 1285 1290
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GAC GAG TTT GAA GTG CTG AAG GTC TTT GIG GTG GGT ATG ATG GAG CAT 4120
Asp Glu Phe Glu Val Leu Lys Val Phe Val Val Gly Met Met Glu His
1285 1300 13905

CTG CAC ATC TCC CAG AAG CGG ATC CGC GIG GCT GTG GTG GAG TAC CAC 4168
Leu Bis Ile Ser Gln Lys Arg Ile Arg Val Ala Val Val Glu Tyr His
1310 1315 1320

GAC GGC TCC CAC GCC TAC ATC GAG CTC AAG GAC CGG RAG CGA CCC TCA 4216
Asp Gly Ser Kis Ala Tyr Ile Glu Leu Lye Asp Arg Lys Arg Pro Ser
1325 1330 1335

GAG CTG CGG CGC ATC ACC AGC CAG GTG AAG TAC GCG GGC AGC GAG GIG 4264
Glu Leu Arg Arg Ile Thr Ser Gln val Lys Tyr Ala Gly Ser Glu val
1340 1345 1350

GCC TCC ACC AGT GAG GTC TTA AAG TAC ACG CTG TTC CAG ATC TTT GGC 4312
Ala Sser Thr $Ser Glu Val Leu Lys Tyr Thr Leu Phe Gln Iie Phe Gly
1355 1360 1365 1370

AAG ATC GI}C CGC CCG GAR GCG TCT CGC ATT GCC CTG CTC CTG ATG GCC 4360
Lys Ile Asp Arg Pro Glu Ala Ser BArg Ile Ala Leu Leu Leu Met Bla
1375 1380 1388

AGC CAG GAG CCC TCA AGG CTG GCC CGG AAT TTIG GTC CGC TAT GTG CAG 4408
Ser Gln Glu Pro Ser Arg Leu Ala Arg Asn Leu Val Arg Tyr Val Gln
1390 1395 1400

GGC CTG AAG AAG AAG AAR GTC ATT GTC ATC CCT GTG GGC ATC GGG CCC 4456
Gly Leu Lys Lys Lys Lys Val Ile val Ile Pro Val Gly Ile Gly Pro
1405 1410 1415

CAZ GCC AGC CTT AAG CAG ATC CAC CTC ATA GAG AAG CAG GCC CCT GAG 4504
His Ala Ser Leu Lys Gln Ile His Leu Ile Glu Lys Gln Ala Pro Glu
1420 1425 14390

AAC ARG GCC TTT GTG TTC AGT GGT GTG GAT GAG TTG GAG CAG CGA AGG 4552
Asn Eys Ala Phe Val Phe Ser Gly Val Asp Glu Leu Glu Gln Arg Arg
1435 1440 1445 1450

GAT GAG ATT ATC AARC TAC CTC TGT GAC CTT GCC CCC GRA GCA CCT GCC 4600
Asp ¢lu JIle Ile Asn Tyr Leu Cys Asp Leu Ala Pro Glu Ala Pro Ala
1455 1460 1465

CCT ACT CAG CAC CCC CCA ATG GCC CAG GTC ACG GTG GGT TCG GAG CTG 4648
Pro Thr Gln His Pro Pro Met Ala Gln val Thr val Gly Ser Glu Leu
1479 1475 1480

TIG GGG GTT TCA TCT CCA GGA CCC AAA AGG AAC TCC ATG GTC CTG GAT 4696
Leu Gly Val Ser Ser Pro Gly Pro Lys Arg Asn Ser Mei Val Leu Asp
1485 1490 1495

GIG GTG TTT GTC CTG GAA GGG TCA GAC AAA ATT GGT GAG GCC AAC TTT 4744
Val Val Phe Val Leu Glu Gly Ser Aep Lye Ile Gly Glu Ala Asn Phe
1500 1505 1510

ARC BAAA BGC RAGG GAG TTC ATC GAG GAG GTG ATT CAG CGG ATG GAC GTG 4792
Aen Lys Ser Arg Glu Phe Met Glu Glu Val Ile Gln Arg Met Asp Val
1515 1520 1525 1530

GGC CAG GAC AGG ATC CAC GTC ACA GTG CTG CAG TAC TCG TAC ATG GTG 4840
Gly Gln Asp Arg Ile His val Thr Val Leu Gln Tyr Ser Tyr Met Val
1535 1540 1545

ACC GTG GAG TAC ACC TTC AGC GAG GCG CAG TOC AAG GGC GAG GTQ CTA 4848
Thr Val Glu Tyr Thr Phe Ser Glu Ala Gln Ser Lys Gly Glu Val Leu
1550 1555 1560

CAG CAG GTG CGG GAT ATC CGA TAC CGG GGT GGC AAC AGG ACC ARC ACT 4336
Gln Gln Val Arg Asp Ile Arg Tyr Arg Gly Gly Asn Arg Thr Aan Thr
1565 1570 1575

GGA CTG GCC CTG CAA TAC CTG TCC GAA CAC AGC TIC TCG GTC AGC CAG 4984
Gly Leu Ala Lew Gln Tyr Leu Ser Glu His Ser Phe Ser Val Ser Gln
1580 1585 1590

GGG GAC CGG GAG CAG GTA CCT AAC CTG GTC TAC ATG GIC ACA GGA AAC 5032
Gly Asp Arg Glu Gln Val Pro Asn Leu val Tyr Met Val Thr Gly Asn
15495 1600 1695 1610
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CCC GCT TCT GAT GAG ATC AAG CGG ATG CCT GGA GAC ATC CRG GTG GIG 5080
Pro Ala Ser Aep Glu Ile Lys Arg Met Pro Giy Asp Ile Gln Val Val
1615 1620 1625

CCC ATC GGG GTG GGT CCA CAT GCC AAT GTG CAG GAG CTG GAG AAG ATT 5128
Pro Ile Gly Val Gly Pro His Ala Asn Val Gln Glu Leu Glu Lys Ile
1630 1635 16449

GGC TGG CCC ART GCC CCC ATC CTC ATC CAT GAC TTT GAG ATG CTC CCT 5176
Gly Trp Pro Asn Ala Pro Ile Leu Ile His Rep Phe Glu Met Leu Pro
1645 1650 1655

CGA GAG GCT CCT GAT CTG GTG CTA CAG AGG TGC TGC TCT GGA GAG GGG 5224
Arg Glu Ala Pro Asp Leu Val Leu Gln Arg Cya Cys Ser Gly Glu Gly
1660 1665 1670

CTG CAG ATC CCC ACC CTC TCC CCC ACC CCA GAT TGC AGC CAG {CC OTG 5272
Leu Gln Ile Pro Thr Leu Ser Pro Thr Pro Asp Cys Ser Gln Pro Leu
1675 1680 1685 1659

GAT GTG GIC CTC CTC CTG GAT GGC TCT TCC AGC ATT CCA GCT TCT TAC 5320
Asp Val Val Leu Leu Leu Asp Gly Ser Ser Ser Ile Pro Ala Ser Tyr
1695 1700 1705

TTT GAT GAL ATG ARG AGC TTC ACC AAG GCT TTT ATT TCA AGA GCT AAT 53638
Phe Asp Glu Met Lys Ser Phe Thr Lys Ala Phe Ile Ser Arg Ala Asn
1710 1715 1720

ATA GGG CCC CGG CTC ACT CAA GTG TCG GTG CTG CAA TAT GGA AGC ATC 5416
Ile Gly Pro Arg Leu Thr Gln Val Ser Val Len Glan Tyr Gly Ser Ile
1725 1730 1735

ACC ACT APC GAT GTG CCT TGG AAT GTA GCC TAT GAG ARMA GTC CAT TTR 5464
Thr Thr Ile Asp Val Pro Trp Asn Val Ala Tyr Glu Lys Val His YLeu
1740 1745 1750

CTG AGC CIT GTG GAC CTC ATG CAG CAG GAG GGAR GGC CCC AGC GAA ATT 5512
Leu Ser Leu Val Asp Leu Met Gln Gln Giu Gly Gly Pro Ser Glu Ile
1785 1760 1765 1770

GGG GAT GCT TTIG AGC TIT GCC GTG CGA TAT GTC ACC TCA GAA GTC CAT 5560
Gly Asp Ala Leu Ser Phe Ala Val &rg Tyr Val Thr Ser Glu Vval His
1775 1780 1785

GGT GCC AGG CCC GGA GCC TCG AAA GCG GTG GTT ATC CTAR GEC ACA GAT 5608
Gly Ala Arg Pro Gly Ala Ser Lys Ala Vval val Ile Leu Val Thr Asp
1790 1795 1890

GTC TCC GTG GAT TCA GTG GAT GCT GCA GCC GAG GCC GCC AGA TCC BAC 5656
Vval Ser Val Asp Ser Val BAsp Ala BRla Ala Glu Ala Ala Arg Ser Asn
1805 1g10 1815

CGA GTG ACA GTG TTC CCC ATT GGA ATC GGG GAT CGG TAC AGT GAG GCC 5704
Arg Val Thr Val Phe Pro Ile Gly Ile Gly Aep Arg Tyr Ser Glu Ala
1820 1825 1830

CAG CTG AGC AGC TTG GCA GGC CCA AAG GCT GGC TCC AAT ATG GTA MGG 5752
Gln Leu Ser Ser Leu Ala Gly Pro Lys Ala Gly Ser Aen Met Val Arg
1835 1840 1845 1850

CEC CAG CGA ATT GAA GAC CTC CCC ACC GTG GCC ACC CTG GGA AAT TCC 5800
Leu Gln Arg Ile Glu Asp Leu Pro Thr Vval Ala Thy Leu Gly Resn Ser
1855 1860 1865

TIC TTC CAC AAG CTG TGC TCT GGG TTT GAT AGA GTT TGC GTG GAT GAG 5848
Phe Phe His Lys Leuw Cys Ser Gly Phe Asp Arg Val Cys Val Asp Glu
1870 1875 1880

GAT GGG AAT GAG ARG AGG CCC GGG GAT GTC TGG ACC TTG CCA GAC CAG 5836
Asp Gly Asn Glu Lys Arg Pro Gly Asp Val Trp Thr Leu Pro Asp Gln
1885 1890 1885

TGC CAC ACA GTG ACT TGC CTG CCA GAT GGC CAG ACC TTG CTG ARG AGT 5944
Cys His Thr Vval Thr Cys Leu Pro Asp Gly Gln Thr Leu Leu Lys Ser
19006 1305 1%1¢

CAT CGG GTC ARC TGT GAC CGG GGG CCA AGG CCT TCG TGC CCC AAT GGC 5992
His Arg Val Asn Cys Asp Arg Gly Pro Arg Pro Ser Cys Pro Asn Gly
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1915 1520 1325 1930

CAG CCC CCT CTC AGG GTA GAG GAG ACC TGT GGC TGC CGC TGG ACC TGT 6040
Gln Pro Pro Leu Arg Val Glu Glu Thr Cys Gly Cys Arg Trp Thr Cye
1935 1540 1945

CCe TGT GIG TGC ATG GGC AGC TCT ACC CGG CAC ATC GTG ACC TTT GAT 6088
Pro Cys Val Cys Met Gly Ser Ser Thr Arg His Ile Val Thr Phe ARsp
1850 1955 1960

GGG CAG RAT TTC AAG CTG ACT GGC AGC TGT TCG TAT GTC CTA TTT CAA 6136
Gly Gln Asn Phe Lys Leu Thr Gly Ser Cys Ser Tyr Val Leu Phe Gln
1965 1970 1975

BAC ADG GAG CAG GAC CTG GAG GTG ATT CTC CAG AAT GGT GCC TGC AGC 6184
Asn Lys Glu Gin Asp Leu Glu Val Ile Leu Gln Asn Gly Ala Cys Ser
1980 1985 1990

CCT GGG GCG ARG GAG ACC TGC ATG AAA TCC ATT GAG GTG AAG CAT GAC 6232
Pro Gly Ala Lys Glu Thr Cys Met Lys Ser Ile Glu Val Lye His Bsp
1985 2000 2005 2010

GGC CTC TCA GIT GAG CTIC CAC AGT GAC ATCG CAG ATG ACA GIG AAT GGG 6280
Gly Leuw Ser Val Glu Leu His Ser Asp Met Gln Met Thr val Asn Gly
2015 2020 2025

AGA CTA GTC TCC ATC CCA TAT QTG GGT GGA GAC ATG GAA GIC AAT GTT 6328
Arg Leu Val Ser Ile Pro Tyr Val Gly Gly Asp Met Glu Val Asn Val
2030 2035 2040

TAT GGG ACC ATC ATG TAT GAG GTC AGA TTC ARC CAT CTT GGC CAC ATC 6376
Tyr Gly Thr Ile Met Tyr Glu Val Arg Phe Asn His Leu Gly His Ile
2045 2050 2955

TTC ACA TTC ACC CCC CAA AAC AAT GAG TTC CAG CTG CAG CTC AGC CCC 6424
Phe Thr Phe Thr Pro Gln Asn Asn Glu Phe Gln Leu Gln Leuw Ser Pro
2060 2065 2070

AGG ACC TTT GCT TCG ARG ACR TAT GGT CTC TGT GGG ATC TGT GAT GAG 6472
Arq Thr Phe Ala Ser Lys Thr Tyr Gly Leu Cye Gly Tle Cys Rep Clu
20735 2080 2085 2090

AAC GGA GCC AAT GAC TTC ATT CIG AGG GAT GGG ACA GTC ACC ACA GAC 6520
Aen Gly Ala Asn Asp Phe Ile Leu Arg hsp Gly Thr val Thr Thr Asp
2095 2100 2105

TGG AAG GCA CTC ATC CAG GAA TGG ACC GTA CAG CAG CTT GGG AAG ACA 6568
Trp Lys Ala Leu Ile Gln Glu Trp Thr Val Gln Gln Len Gly Lys Thr
2110 2115 2120

TCC CAG CCT GTC CAT GAG GAG CAG TGT CCT GTC TCC GAA TTC TTC CAC 5616
Ser Gln Pro Val His Glu Glu Gln Cys Pro Val Ser Glu Phe Phe His
2125 2130 2135

TGC CAG GTC CTC CTC TCA GRA TTG TTT GCC GAG TGC CAC AAG GTC CTC 6664
Cys Gla Val Leu Leu Ser Glu Leu Phe Ala Glu Cys Hie Lys Val Leu
2140 2145 2350

GCT CCA GCC ACC TTT TAT GCC ATG TGC CAG CCC GAC AGT TGC CAC CCG 6712
Ala Pro Ala Thr Phe Tyr Ala Met Cys Gln Pro Asp Ser Cys His Pro
2155 2160 . 2165 2170

ARG AAR GTG TGT GAG GCG ATT GCC TTG TAT GOC CAC CTC TGT CGG ACC 6760
Lys Lye Val Cys Glu Ala Ile Ala Leu Tyr Ala His Leu Cys Arg Thr
2175 2180 2185

ARR GGG GTC TGT GTG GAC TGG AGE AGG GCC AAT TTC TGT GCT ATG TCA 6808
Lys Gly Val Cys Val Asp Trp Arg Arg Ala Ren Phe Cys Ala Met 8er
2190 2195 2200

TGT CCA CCa TCC CTG GTG TAC AAC CAC TGT GAG CAT GGC TGC CCT CGG 6856
Cys Pro Pro Ser Leu Val Tyr Asn His Cys Glu His Gly Cys Pro Arg
2208 2219 2215

CTC TET GAA GGC AAT ACA AGC TCC TGT GGG GAC CAA CCC TCG GAA GGC 6304
Leu Cys Glu Gly Aen Thr Ser Ser Cys Gly Asp Gln Pro Ser Glu Gly
2220 2225 2230

TGC TTC TGC CCC CCA AAC CAA GTC ATG CTG GAA GGT AGC TGT GIC CCC 6952
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Cys Phe Cys Pro Pro Asn Gln Val Met Leu Glu &ly Ser Cys Val Pro
2235 2240 22458 2250

GAG GAG GCC TGT ACC CRAG TGC ATC AGC GAG GAT GGA GTC CGG CAC CAG 7000
Glu Glu Ala Cys Thr Gln Cys Ile Ser Glu Asp €ly Val Arg His Gln
2255 2260 b 2265

TTC CTG GAA ACC TGG GTC CCA GCC CAC CAG CCT TGC CAG ATC TGC ALG 7048
Phe Leu Glu Thr Trp Val Pro Ala His Gln Pre Cye Gln Ile Cys Thr
2270 2275 2280

TGE CTC AGT GGG CGG ARG GTC AAC TGT ACG TTG CAG CCC EGC CCC ACA 7096
Cys Leu 8Ber Gly Arg Lys Val 2Asn Cys Thr Leu Gln Pro Cys Pro Thy
2285 2290 2295

GCC AAR GCT CCC ACC TGT GGC ¢CG TET GAA GTG GCC CGC CTC CGC CAG 7144
Ala Lyes Ala Pro Thr Cys Gly Pro Cys Glu Val Ala Arg Leu Arg Gln
2300 2305 2310

AAC GCA GTG CAG TGC TGC CCG GAG TAC GAG TGT GTG TGT GAC CTG GTG 7192
Asn Ala Val Gln Cys Cys Pro Glu Tyr Glu Cys Val Cys Asp Leu Val
2315 / 2320 2325 2330

AGC TGT GAC CTG CCC CCG GTG CCT CCC TGC GAL GAT GGC CTC CAG ATG 7240
Ser Cys Asp Leu Pro Pro Val Pro Pro Cys Glu Asp Gly Leu Gln Met
2335 2340 2345

ACC CTG ACC AAT CCT GGC GAG TGC AGA CCC AARC TTC ACC TGT GCC TGC 7288
Thr Len Thr Ren Pro Gly Glu Cys Arg Pro Asn Phe Thr Tys Ala Cys
2350 2355 2369

BGG AAG GAT GAA TGC AGA (GG GAG TCC CCE CCC TCT TGT CCC CCG CAC 7336
Arg Lyes Asp Glu {ys Arg Arg Glu Ser Pre Pro Ser Cys Pro Pro His
2365 2370 2375

CGG ACG CCG GCC CTT OGG AAG ACT CAG TGC TGT GAT GAG TAT GAG TGT 7384
Arg Thr Pro Ala Leu Arg Lys Thr Gln Cys Cys Asp Glu Tyr Glu Cys
2380 2385 2390

GCR TGC AARC TGT GTC AAC TCC ACG GTG AGC TGC CCG CTIT GGG TAC CTG 7432
Ala Cye Asn Cye Val Asn Ser Thr Val Ser Cye Pro Leu Gly Tyr Leu
2395 2400 2405 2410

GCC TCG GCT GTC ACC AAC GAC TGT GGC TGC ACC ACA ACA ACC TGC TTC 7480
Ala Ser Ala Val Thr Asn Asp Cys Gly Cys Thr Thr Thr Thr Cys Phe
2415 2420 2425

CCT GAC AAG GTG TGT GTC CAC CGA GGC ACC ATC TAC CCT GTG GGC CAG 7528
Pro Rep Lys Val Cys Val His Arg Gly Thr fle Tyr Pro Vel Gly Gln
2430 2435 2440

TTC TGG GAG GAG GCC TGT GAC GTG TGC ACC TGC ACG GAC TTG¢ GAG GAC 1576
Phe Trp Glu Glu Ala Cys Asp Val Cys Thr Cys Thr Asp Leu Glu Asp
2445 245¢ 2455

TCT GTG ATG GGC CTG CGT GIG GCC CAG TGC TCC CAG ARG CCC TGT GAG 7624
Ser Val Met Gly Leu Arg Val Ala Gln Cys Ser Gln Lys Pro Cys Glu
2460 2465 2470

GAC ADRC TGC CTG TCA GGC TTC ACT TAT GTC CTT CAT GAR GGC GAG TGC 7672
Asp Asn Cys Leu Ser Gly Phe Thr Tyr Val Leu His Glu Gly Glu Cys
2475 2480 2485 2450

TGT GGA AGG TGT CTG CCA TCT GCC TGT GAG GTG GTC ACT GGT TCA CCA 7720
Cys Gly Arg Cys Leu Pro Ser Rla Cys Glu val val Thr Gly Ser Pro
2495 2500 2505

CGG GGC GRC GCC CAG TCT CAC TGG AAG AAT GT® GGC TCT CAC TEG GCC 7768
Arq Gly Asp Ala Gln Ser His Trp Lye Asn Val Gly Ser His Trp Ala
2510 2515 2520

TCC CCT GAC ARC CCC TGC CTC ATC AAT GRAG TGT GTC CGA GTG ARG GAR 7816
ser Fro Asp Asn Pro Cys Leu Ile ARen Glu Cys Val Arg Val Lys Glu
2525 2530 2535

GAG GTC TTT GTG CAAR CAG AGG RAT GIC TCC TGC CCC CAG CTG AAT GTC 7864
Glu Val Phe Val Gln Gln Arg Asn Val Ser Cys Pro Gln Leu Asn Val
2540 2545 2550
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CCC ACC TGC CCC ACG GGC TTC CAG CTG AGC TGT AAG ACC TCA GAG TGT 7912
Pro Thr Cys Pro Thr Gly Phe Gln Leu Ser Cys Lys Thr Ser Glu Cys
2555 2560 2565 2570
TGT CCC ACC TGT CAC TGC GAG CCC CTG GAG GCC TGC TTG CTC AAT GGT 7960
Cys Pro Thr Cys Hie Cys Glu Pro Leu Glu Ala Cys Leu Leu hsn GiLy
2575 2580 2585
ACC ATC ATT GGG CCG GGG AAR AGT CTG ATG ATT GAT GTG TGT ACA ACC 8008
Thr Ile Ile Gly Pro Gly Lye Ser Leu Met Ile Asp Val Cys Thr Thr
2590 2595 2600
TGC CGC TGC ACC GTG CCG GTG GGA GTC ATC TCT GGA TTC AAG CTG GAG 8056
Cys Arg Cys Thr Val Pro Val Gly val Ile Ser Gly Phe Lys Leu Glu
2605 2610 2615
(3GC AGG AAG ACC RACC TGT GAG GCA TGC CCC CTG GGT TAT AAG GAAR GAG 8104
Gly Arg Lys Thr Thr Cys Glu Ala Cys Pro Leu Gly Tyr Lys Glu Glu
2620 2625 2630
AAG BAC CAA GGT GRA TGC TGT GGG AGA TGT CTG CCT ATA GCT TGC ACC 8152
Lye Asn Gin Gly Glu Cys Cys Gly Arg Cys Leu Pro Ile Ala Cys Thr
2635 2540 2645 2650
ATT CAG CTA AGA GGA GGA CAG ATC ATG ACA CTG AAG CGT GAT GAG ACT 8200
Ile Gln Leu Arg Gly Gly Gln Ile Met Thr Leu Lys Arg Asp Glu Thr
2655 2660 2665
ATC CAG GAT GGC TGT GAC AGT CAC TTC TGC AAG GTC AAT GAR AGA GGA 8248
Iie Gln Asp Gly Cys Rep Ser KEis Phe Cys Lys Vel Aesn Glu Arg Gly
2670 2675 2880
GAG TAC ATC TGG GAG ARG AGA GTC ACG GGT TGC CCA CCT TTC GAT GAA 8296
Glu Tyr Ile Trp Glu Lys Arg Val Thr Gly Cys Pro Pro Phe Asp Glu
2685 2690 2695
CAC BAG TGT CTG GCT GAG GGA GGA AAA ATC AZG ABA ATT CCA GGC ACC 8344
His Lys Cys Leu Ala Glu Gly Gly Lys Ile Met Lys Ile Pro Gly Thr
2790 2705 2710
TGC TGT GAC ACA TGT GAG GAG CCA GAA TGC AAG GAT ATC ATT GCC ARG 8392
Cys Cye Asp Thr Cys Glu Glu Pro Glu Cys Lys Asp Ile Ile Ala Lys
2115 2720 2725 2730
CTG CAG CGT GTC AAM GTG GGA GAC TGT AAG TCT GAR GAG GAA GTG GAC 9440
Leu Gln Arg Val Lys Val Gly Asp Cys Lys Ser Glu Glu Glu Val Asp
2735 2740 2745
ATT CAT TAC TGT GAG GGT ARA TGT GCC AGC AAR GCC GTG TAC TCC ATC 6408
Ile His Tyr Cys Glu Gly Lys Cys Ala Ser Lys Ala Val Tyr Ser Ile
2750 2755 2760
CAC ATG GAG GAT GTG CAG GAC CAG TGC TCC TGC TGC TCG CCC ACC CAG 85136
Eis Met Glu Asp Val Gln Asp Gln Cys Ser Cys Cys Ser Pro Thr Gln
2765 211 2775
ACG GAG CCC ATG CAG GTG GCC CTG CGC TGC ACC RAAT GGC TCC CTC ATC 8584
Thr Glu Pro Met Gln Val Ala Leu Arg Cye Thr Asn Gly Ser Leu Ile
2780 2785 2790
TAC CAT GAG ATC CZIC AAT GCC ATC GAA TIGC AGG TGT TCC CCC AGG AAG 8632
Tyr His Glu Ile Leu ARsn Ala Ile Glu Cye Arg Cys Ser Pro Arg Lys
2795 2800 2805 2810
TeC AGC ARG TGAGGCCACT GCCTGGATGC TACTGTCGCC TGCCTTACTC 8681
Cys Ber Lys
GACCTCACTG GACTGGCCAG AGTGCTIGCTC AGTCCTCOCTC AGTCCTCCTC CTGCTCTGCT 8741
CTIGTGCTEC CTGATCCCAC AATAMAGGTC AATCTTICAC CTTGAAADAAR ARARADARAR 8801
F: 8802

(2) INFORMATICN FOR SEQ ID NO:2:

{i)} SEQUENCE CHARACTERISTICS:
(a) LENGTH: 2813 amino acide
(B) TYPE: amino acid
(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Ser Pro Thr Arg Leu Val Arg Val Leu Leu Ala TLeu Ala Leu Ile
1 5 19 15

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

Ala Arg Cys Ser Leu Leu Gly Gly 2sp Phe Ile Aan Thr Phe Asp Glu
35 40 45

Ser Met Tyr Ser Phe Ala Gly Rep Cys Ser Tyr Leu Leu Ala Gly Asp
50 55 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 hAsp Ile His Leu
; a5 99 95

Phe Val ARsn Gly Thr Met Leu Glan Gly Thr Gln Serx Ile Ser Met Pro
100 165 119

Tyr Ala Ser Asn Gly Leu Tyr Leu Glu Ala Glu Ala Gly Tyr Tyr Lys
i15 120 125

Leu Ser Ser Glu Ala Tyr Gly Phe val ARls Arg Ile Asp Gly Ban Gly
130 135 140

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

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

Glu Gly Thr Leu Thr Ser Asp Pro Tyr Asp Phe Ala Asn Ser Trp Ala
180 185 19¢

Leu Ser Ser Gly Glu Gln Arg Cys Lys Arg Val Ser Pro Pro Ser Ser
195 200 205

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

cys Gln Leu Leu Lys Ser Ala Ser Val Phe ala Arg Cys His Pro Leuw
225 230 235 240

val Asp Pro Glu Pro Phe Val Aia Leu Cys Glu Arg Thr Leu Cys Thr
245 250 255

Cys Val Gln Gly Met Glu Cys Pro Cys Ala Val Leu Leu Glu Tyr Ala
250 265 270

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

Ser Val Cys Arg Pro Ala Cys Pro Rla Gly Met Glu Tyr Lys Glu Cys
290 295 . aco

Val Ser Pro ¢ys Thr Arg Thr Cys Gln Ser Leu His Val Lys Glu val
305 310 15 329 -

Cys Gln Glu Gln Cys Val Asp Gly Cys Ser Cys Pro Glu Gly Gln Leu
325 kkld 335
Leu Asp Glu Gly His Cys Val Gly Ser Ala Glu Cys Ser Cys Val His
340 345 350

Ala Gly Gln Arg Tyr Pro Pro Gly Ala Ser Leu Leu Gln Asp Cys His
355 360 368

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

Pro Gly Glu Cys Leu Val Thr Gly Gln Ser His Phe Lys Ser Phe Asp
385 390 395 400
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Aesn Arg Tyr Phe Thr Phe Ser Gly Val Cys His Tyr Leu Leu Ala Gln
405 410 415

Asp Cys Gln Asp His Thr Phe Ser Vval Val Ile Glu Thr Val Gln Cys
420 425 - 430

Ala Asp Aep Lieu Asp Ala Val Cys Thr Arg Ser Val Thr Val Arg Leu
435 440 445

Pro Gly His Hip Asn 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 Ile Gln His Thr Val Met Ala Ser Val Arg Leu Ser Tyr Gly Glu
485 490 495

Asp Leu Gln Met Asp Ser Asp Val Arg Gly Arg Leu Leu Val Thr Leu
500 505 510

Tyr Pro Ala Tyr Ala Gly Lys Thr Cys Gly Arg Gly Gly Asn Tyr Asn
515 520 525

Gly Asn Arg Gly Rsp Asp Phe Val Thr Pro Ala Gly Leu Ala Glu Pro
530 535 540

Leu Val Glu Asp Phe Gly Asn Ala Trp Lys Leu Leu Gly Ala Cys Glu
545 550 555 560

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

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

f.‘ Glu Pro Cys His Arg Ala Val Gly Pro Gln Pro Tyr Val Gln Asn Cys
: 595 600 608

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

Ala Val Ala Rsn Tyr Ala Ala Ala Val Ala Arg Arg Gly Val His Ile
625 630 635 640

Ala Trp Arg Glu Pro Gly Phe Cys Ala Leu Ser Cys Pro Gln Gly Gln
645 650 655

Val Tyr Leu Gln Cys Gly Thr Pro Cys Asn Met Thr Cys Leu Ser Leu
660 685 670

Ser Tyr Pro Glu &Glu Asp Cys Asn Glu Val Cys Leu Glu Ser Cys FPhe
675 680 685

Ser Pro Pro Gly Leu Tyr Leu Asp Glu Arg Gly Asp Cys Val Preo Lys
690 695 700

Ala Gln Cys Pro Cys Tyr Tyr Asp Gly Glu Ils Phe Gln Pro Glu Asp
705 710 715 720

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

Leu Ser Ber Pro Arg Cys His Arg Ser Lys Arg Ser Len Ser Cys Arg
755 760 765

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

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

Ser Thr Gly Cys Val Ser Gly Cys Leu Cys Pro GIn Gly Met Val Arg
805 810 815
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Kis Glu Asn Arg Cys Val Ala Leu Glu Arg Cys Pro Cys Phe His Gln
820 825 830

Gly Gln Glu Tyr Ala Pro Gly Glu Thr Val Lys Ile Asp Cys Asn Thr
835 8490 845

Cys Val Cys Arg Asp Arg Lye Trp Thr Cys Thr Asp His val Cys Asp
850 855 BGO

Ale Thr Cys Ser BAla Ile Gly Met Ala His Tyr Leu Thr Phe Asp Gly
865 870 8175 880

Leu Lys Tyr Leu Phe Pro Gly Glu Cys Gln Tyr Val Leu Val Gln Asp
885 890 895

Tyr Cys Gly Ser Asn Pro Gly Thr Leu Arg Ile Leu Val Gly Asn Glu
800 905 910

Gly Cys Sexr Tyr Pro Ser Val Lys Cys Lys Lys Arg Val Thr Ile Leu
915 920 925

Vval Glu Gly Gly Glu Ile Glu Leu Phe Asp Gly ©lu Val Asn Val Lys
230 335 240

Lys Pro Met Lys Asp Glu Thr His Phe Glu Val Val Glu Ser Gly Gln
945 959 §55 960

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

Arg Leu Ber Ile Ser val Thr Leu Lys Arg Thr Tyr Gln Glu Gin Val
2840 985 990

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

Ser Ser Ser Leu Gln Ile Glu Giu Asp Pro Val Asp Phe Gly Asn Ser
10140 1015 1020

Trp Lys Val Asn Pro Gln Cys Ala Asp Thr Lys Lys Val Pro Leu Asp
1025 1030 1035 10440

Ser Ser Pro Ala Val Cys His Asn Asn Ile Met Lys Gln Thr Met Val
1045 1050 10585

Aep Ser Ser Cys Arg Ile Leu Thr Ser Rap Ile Phe Gln Asp Cys Asn
1060 1065 1070

Arg Leu Val Aap Pro Glu Pro Phe Leu Bsp Ile Cys Ile Tyr Asp Thr
1473 1080 1085

Cys Ser Cys Glu Ser Ile Gly RAep Cys Thr Cys Phe Cys Asp Thr Ile
1680 1085 1100¢

Ala Ala Tyr Ala His Val Cys Ala Gln Hie Gly Lys Val Val Ala Trp
1105 11190 1115 1120

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

Glu Asn Gly Tyr Glu Cys Glu Trp Arg Tyr Asn Ser Cys Ala Pro Ala
1149 1145 1150

Cys Pro Ile Thr Cys Gln Hie Pro Glu Prec Leu Ala Cys Pro Val Gln
1155 1160Q 1165

cys Val Glu Gly Cys His Ala His Cys Pre Proe Gly Lys Ile Leu Asp
117¢ 1175 1180

Glu Leu Leu Gln Thr Cys Ile Asp Pro Glu Asp Cys Pro Val Cys Glu
1185 1180 1195 1200

Val Ala Gly Arg Arg Leu Ala Pro Gly Lys Lys Ile Ile Leu Asn Pro
1205 1219 1215

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

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

Asp Gly Pro Ile Gly Ser Thr Thr Ser Tyr Val Glu Asp Thr Ser Glu
1250 1258 1260

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

Leu Leu Asp Gly Ser Ser Lys Leu Ser Glu Rsp Glu Phe Glu Val Leu
1285 129¢ 1295

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

Arg Ile Arg Val Ala Val V¥al Giu Tyr His Asp Gly Ser His Ala Tyr
1315 1320 1325

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

Ser Gln Val Lys Tyr Ala Gly Ser Glu Val Ala Ser Thr Ser Giu Val
1345 ; 1350 1355 1360

Leu Lys Tyr Thr Leuw Phe CGln Tle Phe Gly Lys Ile Asp Arg Pro Glu
1365 1370 1375

Ala Ser Arg Ile Ala Leu Leu Leu Met Ala Ser Gln Glu Pro Ser Arg
13890 1385 1330

Leu Ala Arg Asn Leu Val Arg Tyr Val Gln Gly Leu Lys Lys Lys Lys
1395 1400 1405

Vel Ile Val Ile Pro Val Gly TIle Gly Pro His Ala SBar Leu Lys Gln
1410 1415 1420

Ile His Een Ile Glu Lys Gln Ala Pro Glu ARsn Lys Ala Phe Val Phe
1425 14390 1435 1440

Ser Gly Val Aep Glu Leu Glu Gln Arg Arg Asp Glu Ile Ele Asn Tyr
1445 14580 1455

Leu Cys Asp Leu Ala Pro Glu Ala Pro Rla Pro Thr Gln His Pro Pro
1460 1465 1470

Met Ala Gln Val Thr Va: Gly Ser Glu Leu Leu Gly val Ser Ser Pro
1475 1480 1485

Gly Pro Lys Arg Asn Ser Met Val Leu Aep Val Val Phe Val Leu Glu
1420 1495 1500

Gly Ser Rsp Lys Ile Gly Glu Ala Asn Phe Bsn Lys Ser Arg Glu Phe
1505 1510 1515 1520

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

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

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

Arg Tyr Axg Gly Gly Asn Arg Thr Asn Thr Gly Leu Ala Leu Gln Tyr
1570 1575 1580

Leuw Ser Gln His Ser Phe Sar Val 8Ser Gln Gly Asp Arg Glu Gln val
1585 1590 15395 1600

Pro Asn Leu Val Tyr Met Val Tar Gly Asn Pro Ala Ser Asp Glu Ile
1605 1610 1615

Lys Arg Met Pro Gly Asp TIle Gln Val val Pre Ile Gly Val Gly Pro
1620 1625 163D

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

Ile Leu Ile Kie Asp Fhe Glu Met Leu Pro Arg Glu Ala Pro Asp Leu
1650 1655 1660
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Val Leu Gln Arg Cys Cys
1665 1570

Ser Pro Thr Pro Asp Cys
1685

Asp Gly Ser Ser Ser Ile
1700

Phe Thr Lys Ala Phe Ile
1715

Gln Val Ser Val Leu Gin
1730

Ser Gly Glu Gly Leu Gln Ile Pro Thr Leu
1675 1680

Ser Gln Pro Leu BRsp Val Val Leu Leu Leu
1690 E 1685

Pro BRla Ser Tyr Phe Asp Glu Met Lys Ser
1705 1710

Ser Arg Alae Asn Ile Gly Pro Arg Leu Thy
1720 1725

Tyt Gly Ser Ile Thr Thr Ile Asp Val Pro
1735

1740

Trp Asn Val Ala Tyr Glu Lys Val His Leu Leu Ser Leu Val Asp Leu
1745 1750 1755 1760

Met Gln Gln Glu Gly Gly Pro Ser Glu Ile Gly Asp Ala Leu Ser Phe
1765 17790 1775

Ala Val Arg Tyr Val Thr Ser Glu Val Hie Gly Ala Arg Pro Gly Ala
1780 1785 1790

Ser Lys Ala Val val Ile Leu Val Thr Rsp Val Ser Val Asp 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 1B40

Gly Pro Lye Ala Gly Ser Asn Met Val Arg Leu Gln Arg Tle Glu Asp
1845 1850 1855

Leu Pro Thr Val Ala Thr Leu Gly 2sn Ser Phe Phe Hie Lys Leu Cys
1860 1865 1870

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

Pro Gly Asp Val Trp Thr Leu Pro asp Gln Cys His Thr Val Thr Cys
1880 1835 1960

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

Arg Gly Pro Arg Pro Ser Cys Pro Bsn Gly Gln Pro Pro Leu Arg Val
1925 1930 1935

Glu 6lu Thr Cys Gly Cys Arg Trp Thr Cys Pro Cys Val Cys Met Gly
1940 1945 1850

Ser Ser Thr Arg Hie Ile val Thr Fhe
1955 1960

Thr Gly Ser Cys Ser Tyr Val Leu FPhe
1979 1978

Glu Val Ile Leu Gln Asn Gly Ala Cye
1585 1250

Asp Gly Gln Asn Phe Lys Leu
1965

Gln Asn Lys Glu Gln Asp Leu
1980

Ser Pro Gly Ala Lys Glu Thr
1995 2000

Cys Met Lys Ser Ile Glu val Lys His Asp Gly Leu Ser vVal Glu Leu
2005 2010 2015

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

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

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

Asn Asn Glu Phe Gln Leu $ln Tew Ser Pro Arg Thr Phe Ala Ser Lys
2065 2070 2075 2080
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Thr Tyr Gly Leu Cys Gly Ile Cys Asp Glu Asn Gly Ala 3sn Asp Phe
2085 2090 2095

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

Glu Trp Thr Val Gln Glan Leu Gly Lys Thr Ser Gln Pro Val His Glu
2115 2120 2135

Glu G¢ln Cys Pro Val Ser Glu Phe Phe His Cyes Gln Val Leu Leu Ser
2130 2135 21490

Glu Leu Phe Ale Glu Cys His Lye Val Leu Ala Pro Ala Thr Phe Tyr
2145 2150 2155 2160

Ala Met Cys Gln Pro Asp Ser Cys His Pro Lys Lys Val Cys Glu Ala
2165 2170 2175

Ile Ala Leu Tyr Ala His Leu Cys Arg Thr Lys Gly Val Cys Val Asp
21890 2185 21%0

Trp Arg Arq Ala Asn Phe Cys Ala Met Ser Cys Pre Pro Ser Leu Val
2195 2200 2205

Tyr hen His Cys Glu His Gly Cys Pro Arg Leu Cys Glu Gly Asn Thy
2219 2218 2220

Ser Ser Cys Gly Asp Gln Pro Ser Glu Gly Cys Phe Cys Pro Pro Asn
2225 22390 2235 2240

Gln Val Met T.eu Glu Gly Ser Cys Val Pre 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 hla His Gln Pro Cys Gln Ile Cys Thr Cys Leu Ser Gly Arg Lys
2275 2280 2285

Val Aen Cye Thr Leu Gln Pro Cys Pro Thr Ala Lys Ala Pro Thr Cys
2290 2295 2300

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

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

val Pro Pro Cys Giu Rep Gly Leu Gln Met Thr Leu Thr Asn Pro Gly
2340 2345 2350

Glu Cys Arg Pro Ren Phe Thr Cys Ala Cys Arg Lys Asp Giu Cys Arg
2355 2360 2365

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

Lys Thr Gln Cys Cys Asp Glu Tyr Glu Cys Ala Cys Asn Cys Val Asn
2385 2390 2395 2400

Ser Thr Val Ser Cys Pro Leu .Gly Tyr Leu 2la Sexr aAla Val Thr hen
2405 2410 2415

Asp Cys Gly Cys Thr Thr Thr Thr Cye Phe Pro Asp Lys Val Cys Val
2420 2425 2430

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

Asp Val Cys Thr Cys Thr hAsp Leu Glu Asp Ser Val Met Gly Leu Arg
2458 2455 2460

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

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

Ser Ala Cys Glu Val Val Thr Gly Ser Pro Arg Gly Asp Ala Gln Ser
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2500 2508 2510

His Trp Lys Asn Val Gly Ser His Trp Ala Ser Pro Asp Asn Pro Cys
2515 2520 2525

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

Arg Asn Val Ser Cys Pro Gln Leu Asn Val Pro Thr Cys Pro Thr Gly
2545 2550 2555 2569

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

Glu Pro Leu Glu Ala Cys Leu Leu Asn Gly Thr Ile Ile Gly Proc Gly
258¢ 2585 2590

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

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

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

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

Gln Ile Met Thr Leu Lys Arg Asp Glu Thr Ile Gln Asp Gly Cys Asp
2660 2665 2670

Ser His Phe Cys Lys Val Asn Glu Arg Gly &lu Tyr Ils Trp Glu Lys
2675 26490 2685

Arg Val Thr Gly Cys Pro Pro Phe RBsp 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 Ile Ile ala Lye Leu Gln Arg Val Lys Val
2725 2730 2735

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

Lys €ye Ala Ser Lys Ala Val Tyr Ser Ile Hias Met Glu Asp Val Gln
2785 2760 2765

Agp Gln Cys Ber Cys Cys Ser Pro Thr Gln Thr Glu Pro Met Gln Val
21710 2775 2780

Ala Leu Arg Cys Thr Asn Gly Ser Leu Ile Tyr His Glv Ile Leu Asn
2785 2790 2795 2800

Ala Ile Glu Cys RArg Cys Ser Pro Arg Lys Cys Ser Lys
2805 281¢
{2) INFCRMATION FOR SEQ ID WO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: oDNA
(iii) EYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTICN: SEQ ID NC:3:

AGGGGGTTTC CARAATGACA ARAGAGTGAG CCTCTCCGTG TATCTCGGAG BAATTTTTCGA 60
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{2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 60 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

{il) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(xi) SEEQUENCE DESCRIPTION: SEQ ID NO:4:

CATTCATITG TTTGTCAATG GTACCATGCT GCAGGGGACC CAAAGGTAAG TCAGAAGCCC 60

{2) INFORMATION FOR SEQ ID NO:5:

(i)_éEQUENCE CHARMCTERISTICS:
(A) LENGTH: $0 baee pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NHO

(xi) SEQUENCE DESCRIPTION: SEQ ID HO:5:

GAATGTTCAG GTTAATATGG ACCOTGGEGGA TCACTTTGCA ACCCCCTIGT TITTTTCAGAT 60

{2) INPORMATION FOR SEQ ID NO:6:

{i1) SEQUENKCE CHARACTERISTICS:
(A} LENGTH: 60 base palrs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii} MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: RO

{xi} SEQUENCE DESCRIPTION: SEQ ID NOi6:

GAGGGAGCCG GGGCCCAGAG ACAGGAAGTA AATGTGCCCA GGGAARGTGHA GTGGCAGGAC 60

(2) INFORMATION FOR SEQ ID WOQ:7:
(i) SEQUENCE CHARACTERISTICS:
(d) TENWGTH: 60 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO

(x1) SEQUENCE DESCRIPTION: SEQ ID WO:7:

TGEGGTGARAG CCCCATATCC CGACTCCTGG TCAAGGAGAC TTTGCACCAA GGTCCCAGCC 60

(2) INFORMATION FOR SEQ ID NO:8:

{i) SEQUENCE CHARACTERISTICS:
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(A} LENGTH: &0 base pairs
(B} TYPE: nucleic acid
(C) BTRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPQTHETICAL: NO
(iv) BNTI-SENSE: NO

(xi) SEQUERCE DESCRIPTION: SEQ ID NO:8:

CTGGAGCATG GGGTTGGGGT TGGAAGGTGG AGGGACATGG AGGAAATGCA TGAGARGCAC 60

(2) INFORMATION FOR SEQ ID HO:9:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 58 base pairs
(B) TYPE: nucleic acid
7 {C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{1ii) HYPOTHETICAL: WO
{iv) ANTI-SENSE: NO

(®i) SEQUENCE DESCRIPTICN: SEQ ID NO:9:

GCTTCCTGAG CTCCTCCTYG TCCCACCAGC ATCTCCATGC CCTACGCCTC CAATGGGC 58

(2) INFGRMATICN FCR SEQ ID NO:10:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(x1) SEQUENCE DESCRIPTICN: SEQ ID NO:10:z

ABRATGACAAR AGAGTGAGCC GGTC

(2) INFORMATION FOR SEQ ID NO:1%i:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: eingle
(D) TOPOLOGY: linear
{iiy MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
{xzl) SEQUENCE DESCRIPTICHN: SEQ ID NO:ll:

AAGTCTCCTT GACCAGCGGT CGGG

24

24

We claim:
1. An isolated nucleic acid comprising a nucleotide
sequence encoding the polypeptide of SEQ ID NO. 2,

2. The isolated nucleic acid of claim 1, wherein the
mucleotide sequence is capable of hybridizing to SEQ ID
NO. 1.
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3. The isclated nucleic acid of claim 1, wherein the
mucleotide sequence encodes the Scottish terrier von Will-
ebrand Factor polypeptide.

4. The isolated nncleic acid of claim 2, wherein the
nucleotide sequence encodes the Scottish terrier von Will-
ebrand Factor polypeptide.

5. A vector comprising the nncleic acid of claim 1,

6. A vector comprising the nucleic acid of claim 2.

7. A cell comprising the vector of claim 5,

8. A cell comprising the vector of claim 6.

9, An isolated mucleic acid comprising a nucleotide
sequence encoding the polypeptide of SEQ II) NO. 2 having
a mutation.

10. The isolated nucleic acid of claim 9, wherein the
nucleatide sequence is capable of hybridizing to the comple-
ment of SEQ ID NO. 1 haviog a base deletion at codon 88.

1. A vector comprising the nucleic acid of claim 9.

12, A vector comprising the nucleic acid of claim 10,

13. A cell comprising the vector of claim 11.

14, A cell comprising the vector of claim 12,

15. An’ isolated oligonucleotide sequence consisting of
contignous nuclsotides of the nucleic acid sequence of SEQ
ID NO. 1 and capable of specifically hybridizing with the
canine von Willebrand Factor gene,

16. An isclated ofigonucleotide sequence consisiing of
contignous nucleotides of the oucleic acid sequence that is
complementary to the sequence of SEQ ID NO. 1 and
capable of specifically hybridizing with the canine von
Willebrand Factor gene.

17. 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 nucleotides of the nucleic acid
sequence of SEQ ID NO. 1 and capable of specificalty
hybridizing with the canine von Willebrand Factor
gene, under conditions favorable for hybridization of
the oligonucleotide o any complementary sequences of
nucleic acid in the sample; and

b) detecting hybridization, thereby detecting a canine von
Willebrand Facior gene.

18. The method of claim 17, further comprising the step

of:

¢} quantifying hybridization of the oligonucteotide to
complementary sequences.

19. The method of claim 17, wherein in SEQ ID NO. 1

there is a base deletion at codon 88,
20. An assay kit for screening for a canine von Witlebrand
Factor gene comprising:

a} an oligonucleotide comprising contigudus nucleotides
of the nucleic acid sequence of SEQ 1D NO. 1 and
capable of hybridizing with the canice von Willebrand
Factor gene;

b) reagents for hybridization of the oligonucleotide 10 a
complementary pucleic acid sequence; and

¢) container means for a)-b).

21. A method of detecting a canine von Willebrand Factor

gene in a sample comprising the steps of:
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a) contacting the sample with an oligonuclectide com-
prising contiguous micleotides of the nucleic acid
sequence that is complementary fo the sequence of
SEQ ID NQ. 1 and capable of specifically hybridizing
to the complementary nucleotide sequence, under con-
ditions favorable for hybridization of the oligonucle-
otide to any complementary sequences of nucleic acid
in the sample; and

b) detecting hybridization, thereby detecting a canine von
Willebrand Factor gene.
22. The method of claim 21, further comprising the step
of:

¢) quantifying hybridization of the oligonucleotide to
complementary sequences.

23. The method of claim 21, wherein in SEQ ID NO, 1

there is a base deletion at codon 88,

24. An assay kit for sereening for a canine von Willcbrand
Facior gene comprising:

a) an cligonucieotide comprising contiguous nuclectides
from the nucleic acid sequence that is complementary
to the sequence of SEQ TD NO. 1 and capable of
specifically bybridizing to the complementary nucle-
otide sequence;

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

c) container means for a)-b).

25. The assay kit of claim 24, wherein in SEQ ID NO. 1
there is a base deletion at codon 88.

26. A method for detecting a mutation in the nucleotide
sequence encading the polypeptide of SEQ ID NO: 2 in a
canine DNA sample comprising the steps of:

a) amplifying the DNA sample by polymerase chain
reaction to produce polymerase chain reaction
products, wherein the polymerase chain reaction uses
primers that produce a restriction site in a mutant allele
but not in a normal allele;

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

¢) detecting the DNA fragments, thereby detecting a

mutation in the nucleotide sequence encoding the
polypeptide of SEQ ID NO: 2,

27. The method of claim 26, wherein the primers are those
of SEQ ID NOS: 10 and 11.

28. The method of claim 26, wherein the DNA fragments
are detected by gel electrophoresis.

29, The method of claim 27, wherein the restriction
enzyme is BsiEL

30. The method of claim 27, wherein the resiriction
enzyme is Saud6 L.

31. An oligonucleotide probe capable of delecting a
mutation asscciated with canine von Willebrand’s disease,
wherein the mutation is a base deletion at codon 8% of SEQ
ID NO. 1.



2:12-cv-12171-BAF-LJM Doc # 1-2 Filed 05/15/12 Pg 38 of 38

Pg ID 53

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,040,143 Pagelof 1
DATED : March 21, 2000
INVENTOR(S) : Patrick J. Venta et al.

It is cettified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below: '

Title page,

Item [73}, Assignees: The Regents of the University of Michigan, Ann Arbor,
Michigan and Board of Trustees operating Michigan State University, East
Lansing, Michigan

Signed and Sealed this

Thirteenth Day of August, 2002

Altest;

JAMES E. ROGAN
Attesting Officer Director of the United States Patent and Trademark Office




