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CATTAANAGG
ACAGGGGCCA
ACTTTGCACA
CATTTCTCCT
GGCCCTCATC
CCGATGTAGC
TGCGGGAGAT
CGGGGEGETTTC
CATTCATTTG
CGCCTCCART
CTACGGCTTIT
ATACTTCARC
CARGACTCAA
GAGCAGTGGG
CTCTGATGRAA
GTTTGCCCGC
TCTETGCACC
GGCCTGTGCC
AGCATGECCCT
GAGCCTTCAT
GGGCLCAGCTC
TGGGCARCGG
ARATAGCCTG
GTCCCACTTC
GCTGGECCCAG
CGATGACCTG
CAGCCTTGTG
TCCTCTCCTG
CTRACGGGEGAG
CCCCGCCTAC
CGACTTCGTO
GMAGCTGCTC
CCCGCBCCAG
GCCCTGCCAC
CTCCTGCTCC
GGOCCGGAGG
CCAGGGCCAG
TTACCCGGAG
GTACCTGGAT
TGAGATCYTTT
TGGCTPCATG
CAGCAGCCCC
GTTGGETGTGET
GAACTATGAC
CATGGTCCGG
CCAAGRGTAC
CCGGANGTGG
GCACTACCTC
GGTGCAGGAT
GTGCAGCTAC
GATTGAACTG
TGAGGTGGTA
CTGGGACCAC

TCCTEGCTGG
ATTAGGARTCA
CGGACAGTAG
GCTTCGTGEC
TTGCCAGGGA
CTTCTCGGRG
TGCAGTTACC
CAARATGACA
TTTGTCAATG
GGGCTETATC
GTGGCCAGAA
ARGACCTGTG
GARGGGACGT
GAACAACGGT
GTGCAGUAGS
TGCCARCTCGC
TGTGTCCAGG
CAGCAGGGGA
GCTGGCATGG
GTCAAAGAAG
CTGGATGAAG
TACCCTCCGG
TGGATCTGCA
BAGAGCTTCG
GACTGCCAGG
GATGCTGTCT
AAGCTGARGA
CARGGTGACC
GRCCTGCAGA
GCGGGGAAGA
ACGCCCECAG
GGGGLCLTGCG
GCCAGGTITG
CGAGCGEGTGG
GACGGCAGRG
GGCGTGCACA
GTGTACCTGC
GAGGACTGCA
GAGAGGGGAG
CAGCCCGAAG
CACTGTACCA
CGETGETCACC

‘CCCGCTGATA

CTGCAGTGCA
CATGAARACA
GCCCCAGGAG
ACCTGCACAG
ACCTTCGACG
TACTGCGGCA
CCCTCAGTGA
TTTGATGGEG
GAGTCTGGTC
CGCCTGAGCA

GAGCTTTITT
ATCTTTTTTC
TACATACCAG
AGATGAGTCC
ARCTTTGTAC
GTGACTTCAT
TCCTGECTER
ARAGAGTGAG
GTACCATGCT
TAGAGGCCGA
TTGATGGCAR
GGCTGTGTEE
TGACTTCGGA
GCAARCGGGT
TCCTGTGGGA
TGETGGACCC
GGATGGAGTG
TTGTCTTGTA
RGTACRRGGA
TGTGTCAGGA
GCCACTGCGT
GCGLCTCCCT
GCAATGAAGA
ARCAACAGGTA
ACCACACATT
GCACCCGCTC

ATGGGGGAGG

TCCGCATCCA
TGGATTCGGA
CGTGCGGLCG
GCCTGGRCGGA
AGAACCTGCA
CGGAGGAGGC
GTCCTCAGCC
ACTGTCTTTG
TCGCGTGGCG
AGTGTGGGAC
ATGAGGTCTG
ATTGTGTGCC
ACATCTTCTC
CARGTGGAGG
GCAGCAAMRG
ACCCGAGGGC
TGAGCACAGE
GGTGTGTGGC
AAACCGTGAR
ACCATGTIGTG
GACTCARGTA
GTAACCCTGG
ARTGCARGAA
AGGTGAATGT
AGTACGTCAT
TCTCTGTGAC

TTGGGACCAG
TITCTTTTIT
TAGCTCTCTG
TACCAGACTT
ARARAGGGACT
CARACACCTTT
GGACTGCCAG
CCTCTCCGTG
GCAGGGGACC
GGUTGEGCTAC
TGGCARCTTT
CARCTTTAAT
CCCCTATGAC
GTCCCCTCCC
GCAGTGCCRG
TGAGCCTTTT
CCCTTGTECG
CEECTEEACC
GTGCGTGTCC
GCAATGTGTA
GGGAAGTGCT
CTTACAGGAC
ATGCCCAGGC
CTTCACCTTC
CTCTGTTGTC
GGTCACCGTC
AGTCTCCATG
GCACACCGTG
CGTCCGGEGC
TGGCGGGAAC
GCCCCTCEGTAE
GAAGCAGCAC
GTGCGCGCTG
CTACGTGCAG
CAGCGCCGTG
GGAGCCGGGC
CCCCTGCAAC
CTTGGAARGC
CAAGGCTCAG
AGRCCATCAC
CCTGGGARGC
GAGCCTGETCC
TGAAGGACTS
CTGTGTCTCC
GCTGGAAAGA
ARTTGACTGC
TGATGCCACT
CCTGTTCCCT
GACCTTACGE
GUGGGTCACC
GAAGAAACCC
TCTGCTGCTE
CCPGRRACCGE

CACTCCATGT
TAAAARARRRA
CGAGGACGGT
GTGEAGUEGETGC
GTTGGAAGGT
GATGAGAGCA
GAACACTCCA
TATCTCGGAG
CRARGCATCT
TACRAGCTGT
CARGTCCTGC
ATCTTTGCTG
TTTGCCAACT
AGCAGCCCAT
CTCCTGAAGR
GTCGCCCTGT
GTCCTCCTGG
GACCACAGCG
CCTTGCACCA
GATGGCTGCA
GAGTGTTCCT
TGCCACACCT
GAGTGTCTGG
AGTGGGETCT
ATAGAGACTG
CGCCTGCCTE
GATGCGCCAGG
ATGGCCTCCE
AGGCTACTGCG
TACARCGGCA
GAGGACTTCG
CGCGATCCCT
CTGACGTCCT
AACTGCCTCT
GCCAACTACG
TITCTGTECGEC
ATGACCTGTC
TGCTTCTCCC
TGETCCCTGTT
ACCATGTGCT
CTECTGCCCR
TETCEGECCCC
GAGTGTGCCA
GGLTECCTCT
TGTCCCTGLT
BRACACTTGTE
TGCTCTECCA
GGGGAGTGCC
ATCCTGGTGG
ATCCTGGTGE
ATGARGGATG
GGCAAGGCARC
ACATACCAGG

TCARGGGCAA
ARTTCTECCC
GATCACTAAT
TGCTEECTCT
CATCGATGGC
TETACAGCTT
TCTCACTTAT
AATTTTTCGA
CCATGCCCTA
CCAGTGAGEC
TGTCAGRCAG
AGGATGACTT
CCTGGECCCT
GCAATGTCTC
GTGCCTCGGT
GTGARAGGAC
AGTACGCCCE
TCTGLEGACT
GAACTTGCCA
GCTGCCCCGA
GTETECATGC
GCATTTECCE
TCACAGGACA
GCCACTACCT
TCCAGTGTGC
GRCATCRCAR
ATATCCAGAT
TGCGCCTCAG
TGACGCTGTA
ACCGGAGGEA
GGAACGCCTG
GCAGCCTCAR
CGAAGTTCGA
ACGACGTCTG
CCGCAGCCRT
TGAGCTGCCC
TCTCCCTOTC
CCCCAGGGCT
ACTATGATGE
ACTGTGAGEA
ACCCAETECT
CCATGGTCAA
ARACCTGCCA
GCCUGCREGE
TCCACCARGE
TCTGTCGGEA
TCGGCATGAC
AGTATGTTCT
GOGARCGAGGE
AAGGAGGAGA
AGACTCRCTT
TCTCTCTGGT
AGCAGGTGTG
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TGGCCTETGET
ARTAGAAGRA
CACCARGARA
GACGATGGTG
GCTGGTGGAC
CATTGGGGAC
GCATGGCARG
GAATCTCCAC
TCOCATCACG
CCATGCGCAC
TGAAGACTGT
CTTGABCCCC
CTGTRAGGCC
CTOTRACCACC
CAGGCTTCTG
TGAAGTECTS
GATCCGCGTE
CCGGARGCGA
GETEGCCTCC
CCQCCQCGARN
GGCCCEEAAT
TETGGEECATC
TGAGAACAAG
TATCAACTAC
GGCCCAGGTC
CTCCATGRTC
CTTTRACARA
CAGGATCCAC
CGAGGCGCALG
CAACAGGACC
CCAGGGGGAC
TGATGAGATC
TGCCAATGTG
CTTTGAGATG
GGGGCTGCAG
COTCCTCCTG
CACCAAGGCT
GCAATATGGA
TTTACTGAGC
TTTGAGCTTT
GARAGCGOTG
GGCCGCCRGA
GGRCCCAGTTG
AATTGAAGAC
TGEGTTTGAT
GACCTTGCCA
GAGTCATCGG
TCTCAGGGETA
CTCTACCCGG
GTATGTCCTA
CAGCCCTGESE
AGTTGAGCTC
TOTGGETCGA
CCATCOTTGEC

GGGAATTTIG
GACCCTGTGG
GTACCACTGG
GATTCCTCCT
CCTGAGCCAT
TGCACCTGCT
GTGGTAGCCT
GAGAATGGEGT
TGCCAGCACC
TGCCCTOCAG
CCTGTGTGTG
AGTGACCCTG
TACAGAGARC
TCGTATGTEG
GACCTGGTTT
ARGGTCTTTG
GCTGTGGTGG
CCCTCAGAGC
ACCAGTGAGG
GCGETCTCGCA
TTGGTCCGCT
GGGCCCCACG
GCCTTTETGT
CTCTGTGACC
ACGGTGGGTT
CTGGATGTGG
AGCAGGGAGT
GTCACAGTGC
TCCARGGGCG
AACACTGGAC
CGGGAGCAGG
AAGCGGATGEC
CAGGAGCTGG
CTCCCTCGAG
ATCCCCACCC
GATGGCTCTT
TTTATTTCAN
AGCATCACCA
CTTGTGGACC
GCCGTGCGAT
GTTATCCTAG
TCCAACCGAG
AGCAGCTTGG
CTCCCCACCG
AGAGTTTCCG
GACCAGTGCC
GTCARCTGTG
CAGGAGACCT
CACARTCGTGR
TTTCARAACA
GCGARGGAGA
CACAGTGACA
GACATGGAMG
CACATCTTCA

ATGGCATCCA
ACTTTGGGAA
ACTCATCCCC
GCAGGATCCT
TCCTGGRCAT
TCTETGACAC
GGAGGACAGC
ATGRGTGTGA
CCGAGCCACT
GGRAAATCCT
AGGTGGCTGG
AGCACTGCCA
COGGAAGTGT
AGGACACGTC
TCCTGUTGGA
TGGTGGGETAT
AGTACCACGA
TGCGGCGCAT
TCTTAAAGTH
TTGCCCTGCT
ATGTGCAGGG
CCAGCCTTAR
TCAGTGGTGT
TTGCCCCCGA
CGGAGCTGTT
TGTTTGTCCT
TCATGGRGGA
TGCAGTACTC
ARGGTCCTACA
TGGCCOTGCR
TACCTAACCT
CTGGAGACAT
AGAAGATTGS
AGGCTCCTGA
TCTCCCCCAC
CCAGCATTCC
GAGCTAATAT
CTATCGATGT
TCATGCAGCA
ATGTCACCTC
TCACAGATGT
TGACAGTGTT
CAGGCCCAAR
TGGCCACCCT

TGGATGAGGA.

ACACAGTGAC
ACCGGGGECC
GTGEECTGCCG
CCTTTGATGG
AGGRGCAGGA
CCTGCATGAM
TGCAGATGAC
TCAATGTITTA
CATTCACCCC

GAACAATGAT
TTCCTGGARA
TGCCGTCTGC
CACCAGTGAT
TTGCATCTAC
CATTGCTGCT
CACATTCTGT
GTEGCGCTAT
GGCATGCCCT
GGATGAGCTT
TCGTCGCTTE
AATTTGTAAT
TETGGTECCC
GEARGCCGCCC
TGGCTCCTCC
GATGGAGCAT
CGGCTCCCAC
CACCAGCCAG
CACGCTGTTC
CCTGATGGQC
CCTGAAGAAG
GCAGATCCAC
GGATGAGTTG
AGCRCCTGCC
GGGGGTTTCA
GGRAGGGTCA
GGTGATTCAG
GTACATGGTG
GCAGGTGCGG
ATACCTGTCC
GGTCTACATG
CCAGGTGGTG
CTGGRCCRAT
TCTGGTGCTA
CCCAGATTGC
AGCTTCTTAC
AGGGCCCCGG
GCCTTGGAAT
GGARAGGGAGGC
AGARGTCCAT
CTCCGTGGAT
CCCCATTGGR
GGCTAGCTCC
GGGARRTTCC
TGECAATGAG
TIGCCTGCCR
ARAGGCCTTCG
CTGGACCTAT
GCAGAATTTC
CCTGOAGGTG
ATCCATTGAG
AGTGAATGGG
TGGGACCATC
CCARRACART

TTCACCAGCA
GTGRACCCGC
CACARCAACA
ATTTTCCAGG
GACACTTGCT
TACGCCCRCG
CCCCAGAATT
ARCAGCTGTG
GTACAGTGTG
TTGCACGACCT
GCCCCAGGAA
TGTGATGGTE
CCCACAGATG
CTCCATGACT
AAGCTGTCTG
CTGCACATCT
GCCTACATCG
GTGRAGTACG
CRGATCTTTG
AGCCRAGGAGC
AAGARARGTCA
CTCATAGAGR
GAGCAGCGAR
CCTACTCAGC
TCTCCAGGAC
GACAARATTG
CGGATGGACG
ACCGTGGAGT
GATATCCGAT
GRACACAGCT
GTCACRGGAR
CCCATCGGGG
GCCCCCATCC
CAGAGETGCT
AGCCAGCCCC
TTTGATGAAL
CTCACTCARG
GTAGCCTATG
CCCAGCGARR
GGTGCCAGGC
TCAGTGGATG
ATCGGGGATC
ARTATGGTAR
TTCTTCCACA
ARGAGGECCCG
GATGGCCAGA
TGECCCCANTG
CCCTGTGTGT
AAGCTGACTG
ATTCTCCAGA
GTGAAGCATG
AGACTAGTCT
ATGTATGAGG
GAGTTCCAGL

GCAGCCTCCA
AGTGTGCCGA
TCATGRAGCA
ACTGCARCAG
CCTGTEAGTC
TCTGTACCCA
GUGAGGAGCE
CQOCTGOCTG
TTGARGETTG
GCATCGACCT
AGARAAATCAT
TCARCTTCAC
GCCCCATTGS
TCCAGTGCAG
AGGACGAGTT
COCREARGCG

AGCTCRAGGA
CEGECAGCGA
GCAAGATCGA
COTCARAGGCT

TTGTCATCCC
AGCAGGECCCC

GGEATGAGAT
ACCCCCCAAT

CCAAARAGGAA

GTGAGGCCAR
TGEGEGCCAGGA
ACACCTTCAG

ACCGARGATER

TCTCGGETCAG

ACCCOGCTTC

TGGGTCCACA

TCATCCATGA

QCTCTGGAGA
TEGATGTGGET

TGAAGAGCTT

TGTCGGTECT

AGRAAGTCCA

TTGEGGATGC

CCGGAGCCTC
CTGCAGCCEA
GGTACAGTGA
GGCTCCAGCG
AGCTGTGUTC
GHGATGTCIG
CCTTGCTGAM
GCCAGCLCCC
GCATGGEACAG
GCAGCTGTTC
ATGGTGCCTG
ACGGCCTCTC
CCATCCCATR
TCAGRTTCAR
TGCAGCTCAG
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CCCCAGGACC
CAATGACTTC
ATGGACCGTA
CTCCGAATTIC

CCTCGCTCCR

GTGTGAGGCG
GAGGAGGGCC
GCATGGCTGC
AGGCTGCTTC
CTGTACCCAG
AGCCCACCAG
GCAGCCCTGC
CCAGAACGCA
CCTGCCCCCG
GTGCAGACCC
CTCTTGTCCC
GTGTGCATGC
TGTCACCARC
CCGRGGCACC
CRCGGACTTG
TGAGGACAAC
GTGTCTGCCA
CTGGARGRAT
TGTCCGAGTG
TOGTCCCCACC
CTETCACTGC
ARGTCTGATG
TGGATTCARG
AGAGAAGAAC
ARAGAGGAGGA
TCACTTCTGC
CCCACCTTIC
CACCTGCTGT
TGTCARAGTG
ATGTGCCAGC
CTGCTCGCCC
CATCTACCAT
GTGRGGCCAC
GAGTGCTGCT
CAATAMAGGT

TTTGCTTCGA
ATTCTIGAGGE
CAGCAGCTIG
TTCCACTGCC
GCCACCTTTT
ATTGCCTITGT
AATTTCTGTG
CCTCGGECTCT
TGCCCCCCAR
TGCATCAGCG
CCTTGCCAGA
CCCACAGCCA
GTGCAGTGCT
GTGCCTCCCT
AACTTCACCT
CCGCACCGGA
ARCTGTGTCA
GACTGTGGCT
ATCTACCCTG
GREGACTCTG
TGCCTGTCRG
TCTECCTATG
GTTEECTCIC
ARGGARGRGG
TGCCCCACGG
GAGCCCCTGG
ATTGATGTGT
CTGEAGGGCA
CAAGGTGAAT
CAGATCATGA
ARGETCAATG
GATGRACACA
GARCACATGTS
GGAGACTGTA
AARRGCCGTGT
ACCCAGACGG
GAGATCCTCA
TGCCTEGATCE
CAGTCCTCCT
CAATCTTTCA

AGACATATGG
ATGGGACAGT
GGAAGACATC
AGGTCCTCCT
ATGCCATGTG
ATGCCCACCT
CTATGTCATG
GTGAAGGCAR
ACCRAGTCAT
AGGATGGAGT
TCTGCACGTE
AAGCTCCCAC
GCCCGGAGTA
GCGAAGATGG
GTGCCTGCAG
CGCCGGCCCT
ACTCCACGGT
GCACCACRAC
TGGGCCAGTT
TGATGGGCCT
GCTTCACTTA
AGGTGGTCAC
ACTGGGCCTC
TCTTTGTGCA
GCTTCCAGCT
AGGCCTGCTT
GTACAACCTG
GGARGACCAC
GOTGTGGGAG
CACTGAAGCG
RARGAGGAGA
AGTGTCTGGC
AGGAGCCRGA
AGTCTGARGA
ACTCCATCCA
AGCCCATGCA
ATGCCATCGA
CTACTGTCGC
CAGTCCTCCT
CCTTGARARD

TCTCTGTGGGE
CACCACARGAC
CCAGCCTGTC
CTCAGAATTG
CCAGCCCGAC
CTGTCGGACC
TCCACCATCC
TACARGCTCC
GCTGGARGGT
CCGGCACCAG
COTCARGTGGE
CTETGGCCCG
CGAGTGTGTG
CCTCCAGATG
GARGGATGAR
TCGGARGACT
GAGCTGCCCG
AACCTGCTTC
CTGGBAGGAG
GCGTGTGGCC
TGTCCTTCAT
TGGTTCACCA
CCCTGACARC
ACAGAGGAAT
GAGCTGTARG
GCTCRATGEGET
CCGCTGCACC
CTGTGAGGCA
ATGTCTGCCT
TGATGAGACT
GTACATCTIGG
TGAGGGAGGA
ATGCARGGAT
GGARGTGGAC
CATGGAGGAT
GGTGGCCCTG
ATGCAGGTGT
CTGCCTTACT
CCTGCTCTGC
MANAARRARA

ATCTGTGATG
TGGAAGGCAC
CATGAGGAGC
TTTGCCGAGT
AGTTGCCACC
ARRGGGGTCT
CTGGTGTACA
TGTGEGEGACC
AGCTGTGTCC
TTCCTGGARR
CGGAAGGTCA
TGTGARGTGG
TETGACCTGG
ACCCTGACCA
TGCAGACGGG
CAGTGCTGTG
CTTGGGTACC
CCTGACRAGE
GCCTGTEACG
CAGTGCTCCC
GARGGCCGAGT
CGGGGCGACG
CCOTGCCTCA
GTCTCCTGCC
ACCTCAGARGT
ACCATCATTG
GTGCCGETGG
TGCCCCCTGE
ATAGCTTGCA
ATCCAGGATG
GAGARAGAGAG
AARATCATGA
ATCATTGCCA
ATTCATTACT
GTGCAGGACT
CGCTGCACCA
TCCCCCAGGA
CGRCCTCACT
TCTTGTGCTT
AR

AGALCGGAGC
TCATCCAGGA
AGTGTCCTGT
GCCACARGGT
CGAAGARAGT
GTGTEEACTG
ACCACTGTGA
RACCCTCGGA
CCGAGGAGGC
CCTGEEGTCCC
ACTGTACGTT
CCCGCCTCCG
TGAGCTGTGA
ATCCTGGCGA
AGTCCCLGCC
ATGAGTATGRA
TEGCCTCGGC
TGTGTGTCCA
TGTGCACCTG
AGARGCCCTG
GCTGTGGAMG
CCCAGTCTCA
TCAARTGAGTG
CCCAGCTGAA
GTTGTCCCAC
GGCCGGEGEAA
GAGTCATCTC
GTTATAAGGA
CCATTCAGCT
GCTGTGACAG
TCACGGGTTG
ARATTCCAGG
RAGCTGCRGCG
GTGAGGGTAR
AGTGCTICCTG
ATGGCTCCCT
AGTGCAGCAR
GGACTGGCCA
CCTGATCCCA
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Human MIPARFAGVLLALALTILPGTLOAEGTRGRSSTARCSLFGSDFVNTFDGSMYSFAGYCSYL [34]
DPog cB-PeLVRe v mmmem Ko wTKr eVommammmu 1-Ge=TerauBroamu=~- Dre=w

Human  LAGGCQKRSFSIIGDFONGKRVSLSVYLGEFFDIHLFVNGTVTQGDORVSMPYASKGLYL 120
- Dog PN U * O £ SRS  BEPEL LR EA R ML~=T-8T~ww=n~ Newww

Human  ETEAGYYKLSGEAYGFVARIDGSGNFQVLLSDRY FNKTCGLCGNFNIFAEDDFMTQEGTL 180
Dog A~ -eaan Sr-mmmemmn—n Neosmmrrosmm e mmmem e oo m e mmm e Kr~eee-

Human  ‘TSDPYDEANSWALSSGEQWCERASPRSSSCNISSGEMQKGLWEQCOLLKSTSVFARCHPL 240
DOg = meemmre—e—mmmmme—=e ReK-V=nnn- P-oVr-D-VeQVemmmmmmmne Avmcmmmmmn

Human VDPEPFVALCEKTLCECAGGLECACPALLEYARTCAQEGMVLYGHTDESACSPVCPAGME 300

Dog =~ ceemmmeeee- R~ ~-T-VQ-M-~P-AV-uxnw- T VeR-A-mmrmen
Human  YRQCVSPCARTCQSLHINEMCQERCVDGCSCPEGRLLDEGLCVESTECPCVHSGKRYPPG 360
Dog -KE----- Temmmm - VE-Vrr-Qemmmmmnmna= wereeHe=GeRA~=8n-~A-Quemm-
Human TSLSRDCNTCICRNSOWICSNEECPGECLVTGQSHFKSFDNRYFTFSGICQYLLARDCOD 420
Dog A--LQ--Herm====~ P VoHoconQoonn
Human  HSFSIVIETVQCADDRDAVCTRSVTVRLPGLANSLVKLKHGAGVAMDGQUVQLPLLKGDL 480
Dog “TmeVeeommmm e Limmemwumvanuncn Hewomnnmn N-Gn~§ewnm- I-TewaQn-=
Human  RIQHTVTASVRLSYGEDLOMDWDGRGRLLVKLS PYYAGKTCGLOGNYNGNQGDDFLTPSG 540
Dog = ------ Y 10 S TeY-B--mmmmm RG--=nm= Re=n+VerA-
Human  LAEPRVEDFGNAWKLHGDCQDLOKQHESDPCALNPRMTRFSEEACAVLTS PTFEACHRAVS 600
Dog RS - L-A-EN----- R---8-~--QA--A----- L---SK-=P-~--- G

Human PLEPYLRNCRYDVCSCSDGRECLCGALASYARACAGRGYVRVAWREPGRCELNCPKGOQVYLO 660

Dog S0 -VQr L e e m Do--8-V-NewmoVeReomaHI=r - mn= F-A-5S-+Q--muw-
Human CGTPCNLTCRSLSYPDEECNEACLEGCFCPEGLYMDERGECVPKARCPCYYDGEIFQPED 720
Dog - emee- M--L----- E~D--=Ve==8--S=nuv= TR
Human  IFSDHHTMCYCEDGFMHCTMSGVPGSLLPDAVLS SPLSHRSKRSLSCRPPMVKLVCPADN 780
DAg memmeeemem—mmmmmeue Ter@luurrmn NP~ ww o~ 2 o
Human  LRAEGLECTKTCQNYDLECMSMGCVSGCLCEPGMVRHENRCVALERCPCFHQGKEYAPGE 840
Dog Poooooo- Bimwmmean- Qeu-Tomrommmo Q--cmmmmmmmm—mm o Quunann
Human  TVKIGCNTCVCRDRKWNCTDHVCDATCSTIGMAHYLTFOGLKYLFPGECQYVLVQDYCGS 900
Dog OIS | S Teacaarmsconn S

Human  NPGTFRILVGNKGCSEPSVKCKKRVTILVEGGEIELFDGEVNVKREMKDETHFEVVESGR 960
Dog B T EmeaYonnome e L L I Kerrmommmmmmmmn )

Human  YIILLLGKALSVVWDRHLSISVVLKQTYQEKVCGLCGNFDGIQNNDLTSSNLQVEEDEVD 1020
Dog R HR~~ -~ Te-Re==~Qrrrmmmccmrmmmmu- FowuGuulrman---

Human FGHSWKVSSQCADTREVPLDSS PATCHNN I MKQTMVDS SCRILTSDVFQDCNKLYDPEPY 1080
Dog  ------- NP =r--- R A Teowems Rew=m-~ r

FIGURE 2A
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Human  LDVCIYDTCSCESIGDCACFCDTIARYAHVCAQHGKVVTHRTATLCPOSCEERNLRENGY 1140
Dog ST PP R L T T rm——— AmeeeoFemeNunonacHanue

Human ECEWRYNSCAPACOVTCOHPERLACPVQCVEGCHAHCY PGKILDELLQTCVDPEDCPVCE 1200
DOg = cremmmmeme---n- AR b L b AR L DL L DL LR ke I-remnnne

Human  VAGRRFASGKKVTLNPSDPEHCQICHCDVVNLTCEACQEPGGLVVPPTDAPVSPTTLYVE 1260
Dog = eese- LoPeenIlm-smesacunnn NewleeF-eK--R---8Vo-mm-- G-IGS--8--~

Human DISEFPPLHDFYCSRLLDLVFLLDGSSRLSEARFEVLKAFVVDMMERLRISQKWVRVAVVE 1320
Dog s ) PR U K--=D-wnseeYoroGrooH-H-=--RI-=snnw

Human YHDGSHAY IGEKDRKRPEELRRIASQVKYAGSQVASTSEVLEYTLFQIFSKIDRPEASRT 1380
Dog —  e---ee-—- E--r=n--~- ———-= T-----—-~ Ervsmemecavvnvanunn Gemrrmmmnn

Human ALLLMASQEPQRMSRNFVRYVOGLKKKKVIVIPVGIGPHANLKQIRLIEKQAPENKAFVL 1440
Dog ~  mmmmmemee- FES & N, R T F

Human  SSVDELEQQRDEIVSYLCDLAPEAPPPTLPPHMAQVTVGPGLLGVSTLGPKRNSMVLDVA 1500
Dog Y c I — ReereIlumnccnnnun A wQH=Pr==neen SEw-nnn ]~ F v

Human FVLEGSDKIGEADFNRSKEFMEEVIQRMDVGQDS IHVIVLOYSYMVTVEYPFSEAQSKGD 1560
Dog  =ccsmmmmnan- R I L Recmmmcmeec e o v Tre-rem=- E

Human ILQRVREIRYQGGHNRINTGLALRY LS DHS FLYSQGDREQAPNLVYMVTGNPASDEIKRLE 1620
Dog V- cQeoDom-Recommmm - Qe B oG s Ve m i M-

Human  GDIQVVDPIGVCPNANVQELERIGWPNAPILIQDFETLPREAPDLVLQRCCSGEGLOIPTL 1680
DOg s Homwoenn K--rmmmmmen Hevo -Mamomommeommmmmmmmmm e oo

Human  SPAPDCSQPLDVILLLDGSSSFPASYFDEMKSFAKAFISKANIGPRLTOVSVLOYGSITT 1740
Dog S - Vomeoaean Iemwmmmmm- A Resemmommeeommneamonnn

Human  IDVPWNVVPEKAHLLSLVDVMQREGGPSQIGDALCSFAVRYLTSEMHGARPGASKAVVILY 1800
Dog = creee-- AY--V-wwmem~ LewQeev== B-u--- 8----- Ve Vrro e

Human  TDVSVDSVDAARDAARSNRVIVFPIGIGDRYDAAQLRILAGPAGDSNVUKLORIEDLPTM 1860
Dog cemmree--o-eo o L R LD SE---58----KAG--M-R------=~~ v

Human  VTLGNSPLHKLCSGFVRICMDEDGNEKRPGDVHTLPDQCHTVTCQPDAQTLLKTHRVNCD 1920
Dog Amemvns Fommmnen R R Leemmnmnmne Srwemm-

Human  RGLRPSCENSQSPVKVEETCGCRHWTCPCVOTGSSTREIVIFDGONFKLTGSCSYVLFONK 1980
Dog “aPreon- G-P-LRrr-nrerwmmanma- T

Human  EQDLEVILHNGACSPGARQGCMKS IEVKHSALSVELHSDMEVTVNGRLVSVPYVGGAMEV 2040
Dog = --v----- Q-reemmrn KETmmm=mmamw DG--n~- ameo QM- Inmme- D---

Human  NVYGAIMHEVRFNHLGHIFTFTEQNNEFQLOLS PKTFASKTYGLCGICDENGANDFMLRD 2100
Doy i e e e Rrrreromrammrnsammoonn I---

Homan  GTVITDWKTLVQEWTVORPGOTCQPILEEQCLYPDSSHCOVLLLELFAECHKVLAPATEY 2160
Dog  e------n A-Y----u- QL-K+8-~VH-===P-§EFF~----- L R LR

FIGURE 2B
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Human  AICQQDSCHORQVCEVIASYAHLCRTNGVCVDWRTPDFCAMECPPSLVYNHCEHGCPRHC 2220
Dag “M-=Pen=oPKKs = -Ar-Limmamnnn Kr-rmrm=-RAN-ww=cnmm = mmrmaeemmma L-

Human  DGNVSSCGEHPSEGCFCDPDKVMLEGSCVPEEACTQCIGEDGVOHQFLEAWVPDHQPCRI 2280
Dog E--T--mu- Qmmmmm e HQummmmmmmmsm mmmsma Gr=caR=mmne S N

Human CTCLSGRKVNCTTOPCETAKAPTCGLCEVARLRONADGCCPEYECVCDPVSCDLEPVPHE 2340
DOg mmmmmemmeeoa Liemmmommmmma- Pucamcmure~ A A A p-

Human  ERGL{PTLTNPGECRPNFTCACRKEECKRVSPPSCPPHRLPTLRKTQCCDEYECACNCVN 2400
Dog ) B R L R D=-R-Err=mrawn- O N e R

Human  STVSCPLGYLASTATNDCGCITTTCLPDKVCVARSTIYPVGQFWEEGCDVCTCTDMEDAY 2460
Dog rosswcecs-ca- AV-mmemmrmm e Frorrmero- [ Brem=mom- Li--8-

Human  MGLRVAQCSQKPCEDSCRSGFTYVLHEGECCGRCLPSACEVVTES SRESWKSVGSQ 2520
DOY = remeesassaaeaoo NHelimmrmrmmmmrmm;n e mmm e e mamn= --H--N---H

Human WASPENPCLINECVRVKEEVFE IQQRNVSCPOLEVPVCPSCFOLSCKTSACCPSCRCERME 2580
Dog cmmeDemam e Veommmormnnn S, B E--~T-H--PL-

Human  ACMLNGTVIGPGKTVMIDVCTTCRCMVQVGVISGFKLECRKTTCNPCPLGYKEENNTGEC 2640
Dog B T -] A S - G----- EA-——no-w- KeQean

Human CORCLPTACT IQLRGGQIMTLERDETLODGCDTHFCKVNERGEY FREKRVTGCPRPFDEEK 2700
Dog =~==--- P Irenuw S---meemr e Irrrcemmee e

Human CLAEGGKIMKIPGTCCDTCEEPECKDITARLQYVKVGSCKS EVEVDIKY CQGKCAS KAMY 2760

DO mmmmmmmmmmmeeemcen o K--I-K-+Re---Dar=-BErro--=- E--emmnw V-
Euman  SIDINDVQDQCSCCSPTRTEPMQVALHCTHGSVVYHEVLNAMECKCSPRKCSK 2813
Dog S 1] - ————— Q---m-n-- j LI---T---X--R-----m-=

FIGURE 2C
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exon 4 AAATGACAAAAGAGTGAGCCGGTC Cx

AGGGCETTTCCAARAATGACAAAAGAGTGAGCCTCTCCGTCTATCTCGCAGAATTTTTCGA
G G F ¢ ¥ D K R vV 8 L 8 Vv Y L G E F F D

CATTCATTTGTTTCTCAATGETACCATGCTECAGCGEEGACCCARAGGTAAGTCAGAAGCCT
I H L F VvV N 6T ML © G T Q R

GAATGTTCACCTTAATATGEGACCCTGGGGATCACTTTGCAACCCCCTTGTTTTTTCAGAT
GAGCGAGCCCEEECCCAGAGACAGGAACSTARATGTGCCCAGGGARAGTGAGTGGCAGGAC

TROGTGARAAGCCCCATATCCCEACTCCTGGTCARGGAGACTTITGCACCARGGTCCCAGCC
3 ' -GGGCTGGCGACCAGTTCCTCTGAA-S!
CTGCAGCATCEEETTGEGETTCCAAGETGGAGGGACATGGAGGARATGCATGAGAAGCAC

exon 5

GOTTCOTGAGCTCCTCCTTGTCCCACCAGCATCTCCATGCCCTACGCCTCCAATGGGC
I s M P Y A 8§ N G

FIGURE 4
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DNA ENCODING CANINE VON
WILLEBRAND FACTOR AND METHODS OF
USE

This application is a continuation of Ser. No. 08/890,44%,
filed Jul. 18, 1997, now U.S. Pat. No. 6,040,143,

FIELD OF THE INVENTION

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

BIOLOGICAL DEPOSITS

SEQUENCE ACCESSION NO,

Canifie 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 vorn Willebrand
factor (vWF) {Ginsburg, D. et al,, Blood 79:2507-2519
(1992); Ruggeri, Z. M., et al,, FASEB J 7:308-316 (1993);
Dodds, W. 3., Mod Ver Pracr 681-686 (1984); Johnson, G.
S. et al., JAVMA 176:1261-1263 (1988); Brooks, M., Prob{
In Vet Med 4:636—646 (1992)). This clotting factor kas two
koown 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, 1, and IIE; see Sadler, J. E. et al.,, Blood
84:676-679 (1994) for nomenclature changes), have been
described. Type 1 vWD is inherited in a dominant, incom-
Pletely penetrant fashion. Bleeding appears to be due to the
reduced level of vWF rather than a qualilative difference.
Although this is the mos! common form of vWD {ound in
most mammals, and can cause serious bleeding problems, it
is penerally 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 (1989)).

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

Type 3 vWD is the most severe form of the disease. It is
inherited as an autosomal recessive frait, and affected indi-
viduals have no detectable vWF in their blood. Sericus
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bleeding episodes require transfusions of blood or cryopre-
cipitate to supply the missing vWFE. Heterozygous carriers
krave moderately reduced factor concentrations, bt gener-
ally appear to have normal hemostasis.

Scottish terriers have Type 3 vWD (Dodds, W. J,, Mod Ver
Pract 681-686 (1984); Johnson, G. S. et al, JAVMA
176:1261-1263 (1988)). Homozygotes have no detectable
vWF and have a severe bleeding disorder. Heterozygotes
kave reduced levels of the factor, and are clinically normal
(Brooks, M. et al, JAVMA 200:1123-1127 (1992)). The
prevalence of vWD among Scottish terriers including both
heterozygotes and homozygotes has been variously esti-
mated from 27-31% (Stokol, T. et al,, Res. Vet Sci.
59:152-155 (1995); Brooks, M., Proc. 9th ACVIM Forum
89-91 (1991)).

Currently, detection of affected and carrier Scottish terrier
dogs is done by vWF antigen testing (Benson, R. B. et al,,
AmJ Vet Res 44:399-403 (1983); Stokol, T. et al., Res. Ver.
Sci. 59:152-155 (1995)) or by coagulation assays
(Rosborough, T. K. et al, J. Lab. Clin. Med. 96:47-56
(1980); Read, M. 8. et al,, J. Lab. Clin. Med. 101:74-82
(1983)). These procedures yield variable results, as the
profein-based tests can be influenced by such things as
sample collection, sample handling, estrous, pregnancy,
vaceination, age, and hypothyroidism (Strauss, H. S, et al,,
NewEngJ Med 269:1251-1252 (1963); Bloom, A. L., Maye
Clin Proc 66:743-751 (1991); Stirling, Y. et al., Thromb
Haemostasis 52:176-182 (1984); Mansell, P. D. ¢t al, Br.
Vet. 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 that tcsts
within the normal range on one day, can test within the
carrier range on another day. It is therefore difficult for
breeders 1o use this information.

It would thus be desirable to provide the nucleic acid
sequence encoding canine vWE. It would also be desirable
1o provide the genetic defect responsible for canine vWD, It
would further be desirable to obtain the amino acid sequence
of canine vWF. It would also be desirable to provide a
method for detecting carriers of ihe defective vWF gene
based on the mucleic acid sequence of the normal and
defective vWFE gene.

SUMMARY OF THE INVENTION

The present invention provides a novel purified and
isolated nucleic acid sequence encoding canine vWF, A
nucleic acid sequence containing the mutation that causes
vWD in Scottish 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 mufation 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.
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BRIEF DESCRIPTIGN OF THE DRAWINGS

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

TGS, 1A-1C is the nucleic acid sequence of the canine
von Witlebrand factor of the present invention; ’

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

FIG. 3 provides nucleotide sequencing ladders for the von
Wilebrand's disease mufation region for normal (clear),
carrier, and affected Scottish terriers, the sequences being
obtained directly from PCR producis 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 Scottish terrier pedigree, which in furn
illustrates segregation of the mutant and normal vWF alle-
les.

BETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The cDNA encoding canine 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 muiation of the normal vWF gene which
causes von Willebrand’s Discase (vWD), a deletion at codon
88 of the normal gene resulting in a frameshilt, 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 techriques, i.e., DNA samples are
obtained with minimal penetration into body tissues of the
animals to be tested. Commeon noninvasive tissue sample
collection methods may be used and include withdrawing
buccal cells via cheek swabs and withdrawing blood
samples. Following isolation of the DNA by standard
techniques, PCR. is performed on the DNA utilizing pre-
designed primers that produce enzyme restriction sites on
those DNA samples that hasbor the defective gene. Treat-
ment of the amplified DNA with appropriate resiriction
enzymes such as BsiE [ thus allows one to anakyze for the
presence of the defective allele. One skilled in the art will
appreciate that this method may be applied not only to
Scottish ferriers, but to other breeds such as Shetland sheep-
dogs and Dutch Kooikers.

Overall, the present invention provides breeders with an
accurate, definitive test whereby the undesired vWD gene
may be eliminated from breeding lines. The current lests
used by breeders are protein- based, and as noted previously,
the primary difficulty with this type of test is the variability
of results due to a variety of factors. The uliimate resull of
such variability is that an inordinate number of animals fali
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info an ambignous grouping whereby carriers and noncas-
riers cannot be reliably distinguished. The present invention
obviates the inherent limitations of profein-based tesis by
detecting the genetic mutation which causes vWD, As
deseribed in Specific Example 1, the methods of the present
invention provide an accurate test for distinguishing
nencarriers, homozygous carriers and heterozygous carriers
of the defective vWT gene,

It will be appreciated that becanse the vWF cDNA of the
present invention is substantially homologous to vWF
c¢DNA throughout the canine species, the nucleic acid
sequences of the present invention may be used to detect
DNA mutations in other breeds as well. In addition, the
canine vWF sequence preseated herein potentially in com-
bination with the established human sequence (Genbank
Accession No. X04385, Bonthron, D. 6t al., Nucleiv Acids
Res, 14;7125-7128 (1986); Mancuso, D. J. et al,, Biochem-
istry 30:253-269 (1989); Meyer, D. et al.,, Throm Haemo-
stasis 70:99-104 (1993)), may be used to facilitate sequenc-
ing of the vWF gene and genetic defects causing vWD, in
other mammalian species e.g., by using cross-species PCR
methods known by those 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, e.g., viral or plasmid, which is
capable of transforming an appropriate host cell, either
eukaryotic (e.g., mammalan) or prokaryotic (e.g., E. colf).
Such DNA may invelve alternate mecleic 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 enhance the
expression of the vWF gene product. In this way, cells may
be induced to over-express the vWF gene, thereby generat-
ing desired amounts of the target vWF protein. It is further
contemplated that the canine vWE polypeptide sequence of
the present invention may be utilized to manufacture canine
vWT 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 formulating a complementary diagnostic test for
canine VWD that may provide further data in establishing
the presence of the defective allele. Thus, production of the
defective vWF polypeptide, either through expression in
transformed host cells as described above for the active vIWF
polypeptide or through chemical synthesis, is also conterm-
plated by the present invention,

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

As refersed to herein, the term “capable of hybridizing
under high stringency conditions” means annealing a strand
of DNA complementary to the DNA of interest under highly
siringent conditions. Likewise, “capable of hybridizing
under low stringency conditions” refers o annealing a strand
of DNA complementary to the DNA of interest under low
stringency coaditions. In the present invention, hybridizing
under either high or low stringency conditions would
involve hybridizing a nucleic acid sequence (e.g., the
complemeniary sequence to SEQ ID NO: 1 or portion
therenf), with a second target nucleic acid sequence. “High
siringency conditions” for the annealing process may
immvolve, for example, high temperature and/or low salt
content, which disfavor hydrogen bonding contacts among
mismatched base pairs. “Low stringency conditions” would
involve lower temperature, andfor lower salt concentration
than that of high stringency conditions. Such conditions
allow for two DNA strands to anneal if substantial, though
not near complete complementarity exists between the two
strands, as is the case among DNA strands that code for the
same profein 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 2x8SC at 50° C. arc known
to those skilled in the art or can be found in Current
Protocols in Molecular Biology, John Wiley & Sons, NY
(1989), 6.31-6.3.6. For example, the salt concentration in
the wash step can be selected from a low stringency of about
2xSSC at 50° C. to a high stringency of about 0.2xSSC at
50° C. In addition, the temperature in the wash step can be
increased from low stringency at room femperature, about
22° C,, to high stringency conditions, at about 65° C. Other
stringency paramelers 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 Scotfish Terrier affected with vWD (factor level
<0.1% and 2 clinical bleeder), that was surgically removed
because of infection, Spleen tissue was obtained from a
Doberman Pinscher affected with vWD that died from
dilated cardiomyopathy (factor level 7% and a clinical
bleeder). Total RNA was extracted from the tissues using
Trizol (Life Technologies, Gaithersburg, Md.), The integrity
of the RNA was assessed by agarose gel ¢lectrophoresis,

Design of PCR primer sets. Primers were designed to a
few regions of the gene, where sequences from two specics

20

25

30

35

40

50

55

60

65

6

were available (Lavergne, . 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 ef al., “Genes-Specific Universal Mammalian
Sequence-Tagged Sites: Application To The Canine
Genome” Biochem. Genet. {1996) in press). Most of the
primers had to be designed to other regions of the gene using
the human sequence alone (Mancuso, D. 1. et al., Biochem-
sy 30:253-269 (1991)). Good amplification conditions
were determined by using human and canine genomic
DNAs, _

Reverse Transcriptase-PCR. Total RNA was reverse {ran-
scribed using random primers (Bergenhem, N. C. H. et al,,
PNAS (USA) 89:8789-8802 (1992)). The cDNA was ampli-
fied using the primer sets shown to work on canine genomic
DNA.

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

Design of a Diagnestic Test, PCR mutagenesis was used
to create diagnostic and control BsiE I and Sau96 I restric-
tion enzyme sites for the test. Amplification conditions for
the test are: 94° C., 1 min, 61° C., 1 min, and 72° C., 1 min,
for 50 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, I. et al., Cold
Harbor Spring Lab, Cold Harbor Spring N.Y., 2nd Edition,
(1989)) or by check swab samples (Richards, B. et al,
Human Molecular Genetics 2:159-163 (1992)). The genetic
status of each animal in the survey was determined using the
BsiB | 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 terrier viWD mutation is indicated by
the ***, Potential N-glycosylation sites are shown in bold
type, The known and postulated integrin binding sites arc
boxed. Amino acid numbers are shown on the right side of
the fipure. The human sequence is derived from Genbank
accession number X04385 (Bonthron, D. et al, Nucleic
Acids Res, 14:7125-7128 (1986)).

Overall, 85.1% 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
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differences seen in other regions of the pene, or between the
known repeats contained within the gene (data not shown).
Fourteen potential N-linked glycosylaticn sites are present
in the canine sequence, a1l of which correspond to similar
sites contained within the buman sequence. The two integrin
binding sites identified in the buman 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' untranslated regions have diverged to a greater
extent than the cading region {data not shown), comparable
to that found between the human and bovine sequences
derived for the 3' flanking region (Janel, N. et al, Gene
167:291-295 (1995)). Additional insights isto the structure
and function of the von Willebrand factor can be gained by
comparison of the complete human sequence (Mancuso, D.
7. et al., Biochemistry 30:253-269 (1989); Meyer, D. et al,,
Throm Haemostasis T:99-104 (1993)) and the complete
canine sequence reported here.

The sequence for most of exon 28 was determined
(Mancuso, D. I. et al,, Thromb Haemost 69:980 (1993);
Porter, C. A. et al,, Mol Phylogenet Evol 5:89-101 (1996)).
Allthree 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 1o 7155, from the initiation codon)
were alse determined as part 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 vWD mutation. FIG. 3 shows nucleotide
sequencing ladders for the von Willebrand’s Disease muta-
tion region for normal (clear), carrier, and affected Scottish
terriers. The sequences were obtained directly from PCR
products derived from genomic DNAs in exon 4, The
arrowheads show the location of the C nucleotide that is
deleted in the disease~causing allele. Note that in the carrier
ladder each base above the poini of the mutation has a
doublet appearance, as predicted for deletion mutations. The
facior 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
nol include any of the mature ven Willebrand fzctor region.
The identity of the base in the normal allele was determined
from an unaffected dog.

Development of & diagnostic test. A PCR primer was
designed to produce a BsiE I site in the mutant allele but not
in the normal allele (FEG. 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 naturally
occurring Sau96 I siles are shown by double underltines. The
highly conserved donor and acceptor dimucleotide splice
sequences are shown in bold type.
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In order to ensure that the resiriction enzyme cut the
amplified DNA to completion, an internal control restriction
site common to both alleles was designed info the nomn-
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 obfained (e.g., FIG, 5). Five vWD-affected animals
from a colony founded from Scottish terriers (Brinkhous, K.
M. et al., Ann, New York Acad. Sci. 370:191-203 (1981))
were also shown to be homozygous for this mutation. An
additional unaffected animal from this same colony was
found to be clear.

It would still be possible to misinterpret the results of the
test if restriction enzyme digestion was not complete, and if
the rates of cleavage of the cont778r0l and diagnaostic sitcs
were vastly different. The rates of cleavage of the two BsiE
I sites were thus examined by partiaily digesting the PCR
products and running them on capillary electrophoresis. The
rates were found to be very nearly equal (the diagnostic site
18 cut 12% faster than the control site).

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

A possible mutation in the Doberman Pinscher gene. The
complete Scottish terrier sequence was compared fo 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 muia-
tion that causes Doberman Pinscher vWD. Other dafa
strongly suggest thal the nucleotide interchange at the end of
exon 43 causes a cryptic splice site to be activated 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 verily the
correct jdentification of a mutant allele is its inheritance
according 1o Mendel’s law of segregation. Three pedigrees
were cxamined 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 fhe normal and mutant
vWEF alleles by agarose gel electropharesis after digestion
with BsiE I (see FIG. 5). The affected animals are homozy-
gous for the mutant allele (229 bp; lanes 3 and 5). The other
animals in this pedigree are heterozygotes (251 bp and 229
bp; lanes 1, 2, 4, and 6), including the obligale carrier
parents.
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TABLE 1
Differences Between‘Souttie And Doberman
Protein And Nucleotide vor Willebrand Factor Sequences
With Comparison To The Human Sequences
Amino Acid Cadon
Exon Aal Human Scottis Doberman Human Scotlie Doberman
SUT mc3s? N/Af N/A N/A N/A A G
4 85 g S/F.Shift® s TeC TTC/TC_ TCC
5 173 M R K I ATG AGG BAG
11 422 s T T TCC ACA RACC
21 898 C C C TGS TGT TGC
21 905 E F TTT TTC TTA
24 1041 5 5 5 TCA TCA TCG
24 1042 8 s S TCC TCC TCA
28 1333 3] D E GAC GRC GAG
28 1349 Y Y Y TAT TAT TAC*
42 2381 P 3 <o CTG cCG
43 2479 5 ] s TCE TCG TCA
45 2555 P P P cce cce cce
47 2591 P o P Ccce CCT CCC
49 2672 D b D GAT GAT GAC
51 2744 E E E GAG GAG GAA

*Amino acid residue position

*Untranslated region

*Nucleotide pesition

*Not Applicable

*Frameshifl mutation

Bozed residues show amino acid differences between breeds
*This sile has been shown to be polymorphic in some breeds
The mature VWF protein begins in cxon 18

The alleles, as typed by both the BsiE I and Sau96 I tests,
showed no inconsistencies with Mendelian inheritance, One
of these pedigrees included two affected 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 fo be
heterozygotes.

Population survey for the mutation. Cheek swabs or blood
samples were collected from 87 animals in order to deter-
mine the incidence of carriers in the U.8, Scottish terrier
population. Although we attempted fo make the sample as
random as possible, these dogs were found to come from 16
pedigrees, several of which are more distanily 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 amimals were
found.

Discussion
These results establish that the single base deletion found
in exon four of the vWF gene causes vWD in the Scottish
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terrier breed, The protein produced from the mutant allele is
extremely short and does not include any of the mature vWF
protein. Four Scottish terriers known to be affected with the
disease are homozygous for the mmtation, Five other mixed-
breed dogs descended from Scottish terriers, and affected
with vWD, are also homozygous for the mutation. No
normal animals are homozygous for the mutation, Unaf-
fected obligate carriers are always heterozygous for the
mutation.

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

All data collected thus far indicate that this mutation
accounis for essentially all of the von Willebrand's disease
found in Scottish terriers. This result is consistent with the
results found for other geoetic diseases, defined at the
moelecular Jevel, in varicus domestic animals (Shuster, D. .
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et al,, PNAS (USA) 89:9225-9229 (1992); Rudolph, I. A. et
al, Nat Genet 2:144-147 (1992); O’Brien, P. J. ¢! al,
JAVMA 203:842-851 (1993)). A likely explanation may be
found in the pronounced founder effect that occurs in
domestic animals, compared to most human and wild animal
populations.

Published data using the protein-based factor assays have
shown that, at least in several instances, obligate carriers
have had factor levels that would lead to a diagnosis of
“clear” of the disease allele. For example, in one study an
obligate carrier had a factor keve! of 78% (Johason, G. S. st
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 YorkAcad. 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 vWF antigen level) (Stokod, T. ¢t al., Res Ver Sci
59:152-155 (1995)). Thus, although the protein-based tests
have been useful, the certainty of the DNA-based tfest
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 to
delivery of the mature protein into the plasma. This pre-
portion of the molecule is imporiant for the assembly of the
mature VWF protein (Verwiej, L. et al.,, EBMO J
6:2885-2890 (1987); Wise, R. 1. ot 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.

i
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The determination of the complete canine vWF cDNA
sequence will have an impact wpon the development of
carrier tests for other breeds and other species as well.
Currently, Shetland sheepdogs and Dutch Kooikers are
known to have a sigaificant amount of Type 3vWD (Brooks,
M. et al., JAVMA 200:1123-1127 (1992); Slappendel, R. J.,
Vet-Q 17:521-522 (1995)). Type 3 vWD has occasionally
be seen in other breeds as well {e.g., Johnson, G. S. et al,,
JAVMA 176:1261-1263 (1980)). Al Type 3 vWD mutations
described in humans to date have been found within the
vWEF 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 mualions 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 vWE ¢cDNA sequences will also make it much
easier to sequence the gene from other mammalian species
using cross-species PCR methods (e.g., Venta et al,, Bio-
chem. Genet. (1996) in press).

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 that are the least invasive
to obtain are blood and buccal cells. For maximum
convenience, a cheek swab as a source of DNA is preferred.

The foregoing discussion discloses and describes merely
exemplary embodiments of the preseni 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 fhe spirit and scope of the invention.

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

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13
<210>
<21l
212>
<213
«<220>
221>
<222»

SEQ ID HG 1
LENGTH: 9802
TYPE: DHA
CRGANISM: Canine
FEATURE :
NAME/KEY: ¢DS
LOCATION: (203)...(8641)

<400 SEQUENCE: 1

690

cattaaangg tectggotgyg gagettbttt
acaggggeca attaggatea atctbtttite
actttgecaca cggacagtag tacataccag
catttotooct gottogtgge ag atg agt

Met Ser

1

ctg
Leu

cte
Leu

geot
hla

ctg
Leu

gee
Ala

atc ttg
Ile Leu

cea
Pro

toa
Ser

gtt
Val

teg
ser

atg geco
Met Ala

gga
Gly

agg
Arg

cga
Arg

ttt
Phe

atc
Ila

aac
Asn

acc
Thr

gat
Asp

atg
Mat

gag age
Glu Ser

ttgggaceay cactecatgt t caagggcaa

tttottttit taamaaasaa a attotteoec

tagctototg cgaggacggt g atcactaat

cot acc aga ot t gtg agg gtg otyg

Pro Thr Arg Leu V al Arg Val Leu
5 10

tt
eu

aaa ¢
Lys L
20

+gt
Cys

aca
Thr

aaa ggg act
Lys Gly Thr
25

999
Gly

tt
eu

tte
Phe

cte
Leu

gt
Cys
35

g9t
Gly
40

age ¢
Ser L

gga
Gly

gag
Asp

tt
he

tac
YL

age t
Ser B

gat
Asp

tge
Cye

agt
ser

gcg
Ala

gga
Gly
-1

129

189

232

280

328

176
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tac ctc ctg get ggg gac tge cag gaa cac t cc atc tea ctt ate ggg 424
Tyr Leu Leu Bla Gly Asp Cys Gln Glu His 5 er Ile Ser Leuw Ile Gly
. 60 65 70
ggt ttc cea aat gac ama aga gtg agc cte t cc gtg tat cte gga gaa 472
Gly Phe Gln Asn Asp Lys Arg Val Ser Leu 8 er Val Tyr Leu Gly Glu
75 g0 85 90
ttt ttc gec att cat ttg ttt gtc aat ggt a cc atg ctg cayg ggg acc 520
Phe Phe Asp Ile His Leu Phe Val aen Gly T hr Met Leu Gln Gly Thr
95 100 165
caa agc atc tee atg cce tac gee tec aat g gg ctg tat cta gag geeo 568
Gl Ser Ile Ser Met Pro Tyr Ala Ser isn G ly Len Tyr Leu Glu Ala
110 115 120
gag gct gge tac tac aag ctg tec agt gag g cc tac gge ttt gtg geoe 616
Glu ala Gly Tyr Tyr Lys Leu Ser Ser Glu A la Tyr Gly Phe Val Ala
125 130 135
aga att gét ggc aat gge aac ttt caa gte ¢ tg ctg teca gac aga tac 664
Arg Ile hep Gly Asn Gly Asn Phe Gln Val L eu Leu Ser Asp Arg Tyr
140 145 150
tte aac aag acc tgt ggg ctg tgt gge aac t tt aat atc ttt got gag 712
Phe #sn Lys Thr Cys Gly Leu Cys Gly Asn F he Asn Ile Phe Ala Glu
155 1690 165 170
gat gac ttoc aag act caa gaa ggg acg ttg a ot teg gac coc tat gac 760
Asp Asp Phe Lya Thr Gln Glu ¢Gly Thr Leu T hr Ser Asp Pro Tyr Asp
175 180 185
ttt goe mac tece tgg geoe ctg age agt ggg g aa caa cgg tge aaa cgg acs
Phe Ala Aen Ser Trp Ala Leu Ser Ser Gly G lu Gln Arg Cys Lys Arg
190 165 200
gtg toce cct cco agec age cca tgo aat gte t ce tet gat gaa gtg cag 856
val Ser Pro Pro Ser Ser Pra Cye Asn Val 38 er Ser Asp Glu Val Gln
205 210 215
cag gtc ctg tgy gay cag tge cag ote ctg a ag agt gec tog gtg ttt 304
Gln Val Leu Trp Glu Gln Cye Gln Leu Leu L ys Ser Ala Ser Val Phe
220 225 230
gee cgo tge cac ceg oty gtg gac cct gag ¢ ct ttt gtc gec ctg tgt LY
Ala Arg Cys His Pro Leu Val Asp Pro Glu P ro Phe Val Ala Leu Cys
235 240 245 250
gaa agg act ctg tge acc tgt gte cag ggg a tg gag tge ceot tot gog 1000
Glu Arg Thr Leu Cys Thr Cys Val Gln Gly M et Glu Cys Pro Cys Ala
255 260 265
gte ctc ¢tg gag tac gee ogg gocc €tgt goc © ag cag g9g att gte ttg 1048
Val Leu Leu Glu Tyr Ala Arg Ala Cys Ala ¢ In Gln Gly Ile Val Leu
270 275 280
tac gge tgg ace gac cac age gte tge cga ¢ ca gea tge ccot got gge 1098
Tyr Gly Trp Thr Asp Hie Ser Val Cys Arg P ro Ala Cys Pro Ala Gly
285 290 295
atqg gag tac asg gag tgc gtg tce cet €go a co aga act tge cag age 1144
Met Glu Tyr Lys Glu Cys Val Ser Pro Cys T hr Arg Thr Cys Gln Ser
300 365 310
okt cat gtc ama gaa gtg tgt cag gag cea t gt gta gat ggc tgc age 1192
Leu His Val Lys Glu Val Cys Gln Glu Gln C ya Val Asp Gly Cys Ser
315 320 325 330
tge ccc gag ggo cag ctc ctg gat gaa gge ¢ ac tge gtg gga agk got 1240
Cys Pro Glu Gly Gln Leu Leu Asp Glu Gly H is Cys Val Gly Ser Rla
335 340 345
gag tgt tce tgt gtg cat got ggg caa cgg t &c cot cocg gge goo too 1288
Glu Cys Ser Cys Val His Ala Gly Gln Brg T yr Pro Pro Gly Ala Ser
350 355 360
ctc tta cag gac tge cac ace tge att tge c ga aat agce ctg tgg ate 1336

Leu Leu Gln Asp Cys His Thr Cys Ile Cys A rg Asn Ser Leu Trp Ile
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~continued
365 370 375
tge age aat gaa gaa tge cca ggco gag tgt ¢ tg gte aca gga cag tecc 1384
Cys Ser Asn Glu Glu Cys Pro Gly Glu Cys L eu Val Thr Gly Gla Ser
380 ags 390
cac ttc asy age ttc gac aac agg tac ttc a oo tte égt q9q gte tge 1432
Hie Phe Lys Ser Phe Asp Asn Arg Tyr Phe T hr Phe Ser Gly vVal Cys
395 400 405 410
cac tac ctg ctg goc cag gac tge cag gag c© ac aca tte teot gtt gte 1480
Hie Tyr Leu Leu Ala Gln Asp Cys Glo Asp H ls Thr Phe Ser Val Val
415 420 425
ata gag act gtc cag tgt geoec gat gac ctg g at get gte tge acc cgo 1528
Ile Giln Thr Val Gln Cys Ala Rep Asp Leu A 6p Ala Val Cys Thr Arg
430 435 440
teg gte ace gtc cge ctg cct gga cat cac a ac agc ctt gtg aag ctg 1576
Ser Val Thr Val Arg Leu Pro Gly His His A sn Ser Leu Val Lys Leu
445 450 455
aag e&at ggg gga gga gtc toc atg gat gge ¢ ag gat atc cag att cot 1624
Lys Aen Gly Gly Gly Val Ser Met Asp Gly G ln Zsp Tle Gln Ile Pro
460 465 470
cte ctg caa ggt gac ctc cge atc cag cac a cc gtg atg goc tec gtg 1672
Leu Leuw Gln Gly Asp Leu Arg Ile Gln His T hr val Met Ala Ser Val
475 480 485 490
cge cte ege tac ggy gag gac cty cag atg g at teg gac gte cgg ggco 1720
Arg Leu Ser Tyr Gly Glu Asp Leu Gln Met A sp Ser Asp Val Arg Gly
495 500 508
agqg cta ctyg gtg acg ctg tac cce goe tac g cg ggyg aag acy tgc gge 1768
Arg Leu Leu Val Thr Leu Tyr Pro Ala Tyr A la Gly Lys Thr Cys Gly
510 515 520
cgt ggo ggyg aac tac aac ggo asc cgg ggg g ac gac tte gty acg coo 1816
Arg Gly Gly Asn Tyr Asn Gly Asn Arg Gly A amp Asp Fhe Val Thr Pro
525 530 535
goa gqgc ctg gog gag cce cbtg gtg gag gac t to ggg aac goe tgg asag 1864
Ala Gly Leu Ala Glu Pro Leu Val Glu Rap P he Gly Aesn Ala Trp Lys
540 545 550
ctg ctec ggg goo tge gag aac cotg cag aag ¢ ag cac cgc gat coc tgo 1912
. Deu Leu Gly Ala Cys Glu Asn Leu Gln Lys G Iln His Rrg Asp Prao Cys
555 560G 565 570
agc ctec aac ccg ogo cag goo agg ttt geqg g ag gag gcg tgc gog otg 1860
Ser Leu Asn Pro Arg Gln Ala Arg Phe Ala G lu Glu Ala Cys Ala Lsu
575 580 585
ctg acg tece tecg mag tte gag cce tge cac ¢ ga geg gtg ggt cot cag 2008
Leu Thr Ser Ser Lys Phe Glu Pro Cys His A rg Ala Val Gly Prc Gln
590 595 600
cce tac gtg cag mac tgc oto tac gac gte t go toc tge toc gac ggo 2056
Pro Tyr Val Gln Aen Cys Leu Tyr Asp Val C yB Ser Cys Ser Asp Gly
505 610 615
aga gac tgt ctt tgc age goe gtg gec mac t ac gec gea goo gig goe 2104
Arg bAep Cys Leu Cys Ser Ala Val Ala Aen T yr Ala Ala Ala Val Ala
620 625 630
c¢gg agg gge gtg cac atc gog tgg cgg gag © cg gge tte tgt gog otg 2152
Arg Arg Gly val Hie Ile Ala Trp Arg Glu P re Gly Phe Cys Ala Leu
€35 640 645 650
agc tgc coc cay ggc caq qtg tac ctqg cag t gt qgg acc cec Lgc aac 2200
Ser Cys Pro Glan Gly Gln Val Tyr Leu Gln € ys Gly Thr Pro Cys Asn
655 560 665
atg ace tgt cte toe cte tet tac ccg gag g ag gac tge aat gag gte 2248
Met Thr Cys Leu Ser Leu Ser Tyr Pro Glu G lu Asp Cys Asn Glu Val
670 675 580
tge ttg gaa agec tge ttec teoec coc coca ggg ¢ tg tac ctg gat gag agg 2296
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Cys Leu Glu Ser Cys Phe Ser Pro Pre Gly I en Tyr Leu Asp Glu Arg

585 690 695
gga gat tgt gtg coe aay get cag tgt coe t gt tac tat gat ggt gag 2344
Gly Asp Cys Val Pro Lys Ala Gln Cys Pro € ys Tyr Tyr Asp Gly Glu
100 708 710 -
atec ttt cag coc gea gac ate tte tca gac ¢ at cac acc atg tge tac 2392
Ile Phe Gln Pro Glu Asp Ile Phe Ser Asp H is Hies Thr Met Cys Tyr
715 720 725 730
tgt gag gat ggc ttc atg cac tgt acc aca a gt gga ggc oty gga age 2440
Cys Glu Asp Gly Phe Met His Cys Thr Thr S er Gly Gly Leu Gly Ser
735 740 745
¢ty ctg coec aac cag gtg ctc age age ceoc c gg tgk cac cge aqgc aaa 2484
Leu Leu Pro Asn Pro Val Leu Ser Ser Pro A rg Cys His Arg Ser Lys
750 755 760
agq age ctg tce tgt ¢gg cee coe atg gte a ag ttqg gtg tght ccc get 2536
Arg Ser Leu Ser Cys Arg Proc Pro Met Val L ys Leu Val Cye Pro Ala
765 770 775
gat aac ccg agg got gaa gga ctg gag tgt g oo aaa acc tge cag aac 2584
Asp Asn Pro Arg Ala Glu Gly Leu Glu Cye A la Lys Thr Cys Gln Ren
780 785 790
tat gaec ctg cag tge atg age aca ggec tgt g tc tec gge tge cte tgo 2632
Tyr Asp Leu Gln Cys Met Ser Thr Gly Cye V al SBer Gly Cys Leu Cys
795 800 805 10
cog cag gyc atg gtc cgg cat gaa aac agg t gt gtg gocg ctg gea aga 2680
Pro Gln Gly Met Val Arg His Glu Asn Arg C ys Val Ala Leu Glu Arg
815 820 825
tgt cce tge tte cac caa ggce caa gag tac g cc cca gga gaa acc gtg 2728
Cys Pro Cys Phe His Gln Gly Gln Glu Tyr A la Pro Gly Glu Thr Val
830 835 849
aaa ati gac tge aac act tgt gte tgt cgg g ac cgg aag tgg acc tgo 2776
Lys Ile BAep Cys Ben Thr Cys Vel Cys Rrg A sp Arg Lys Trp Thr Cys
B45 8590 855
aca gac cat gtg tgt gat goc act tgc tot g cc ate ggo atg gog cac 2824
Thr Asp His Val Cys Asp Ala Thr Cys Ser A la Ile Gly Met Ala His
860 865 g70
tac ctc acc ttc gac gga cte aemg tac ctg t te cot ggg gag tge cag 2872
‘tyr Len Thr Phe Bsp Gly Leu Lye Tyr Leu P he Pro Gly Glu Cys Gln
75 8490 B85 890
tat gtt ctg gtg cag gat tac tge gge agt a ac cct ggg ace tta cgg 2920
Tyr Val Leu Val Gln Asp Tyr Cys Gly Ser A pn Pro Gly Thr Leu Arg
895 900 905
ate ctg gtg ggg aac gag 999 tygc age tac ¢ oo tea gtg aaa tge aag 2968
~Ile Leu Val Gly hsn Glu Gly Cye Ser Tyr P ro Ser Vel Lye Cys Lys
210 915 920
, aag cgqgg gtc acc atc ctg gtg gaa gga gga g ag att gaa ctg ttt gat 3016
Lys Arg Val Thr Ile Leu val Glu Gly Gly G lu TYie Glu Leu Phe Aep
925 930 935
g9y gay gtg aat gty aag aaa ccc aty aag g at gag act cac ttt gag 3064
Gly Glu Val Asn Val Lys Lys Pro Met Lye A sp Glu Thr His Phe Glu
940 945 950
gtg gta gag tet ggt cag tac gte att ctg ¢ tg otg gge aag gea cte 3112
Val Val Glu Ser Gly Gln Tyr Val Ile Leu L eu Leu Gly Lys Ala Lsu
955 960 265 970
tet gtg gte tgg gac cac cge ctg age ate t ¢t gtg ace ctg aeg cgg 3160
Ser Val val Trp Asp His Arg Leu Ser Ile % er Val Thr Leu Lye Arg
875 80 985

aca tac ¢ag gag cag gtg tgt gge ctg tgt ¢ gg aat ttt gat ggo atc 3208
Thr Tyr €lan ¢lu Gln val Cys Gly Leu Cys G ly Asn Phe Bpp Gly Ile
250 295 1000
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cag aac aat gat tte
Gln Ash Rsn Asp Phe
1005

gty gac ttt ggg aat
Val Asp Phe Gly Asn
102¢

aag aae gta cca ctg
Lys Lys Val Pro Leu
1035

atg aag cag acg atg
Met Lye Gln Thr Met
1055

att ttc ceg gac +tgeo
Ile Phe Gln Asp Cys
1070

att tge ate tae gac
Ile Cys Tle Tyr Asp
1085

tge tte tgt gac acc
Cys Phe Cys Asp Thr
1i00

ggc aag gtg gta goc
Gly Lys Val Val ala
1115

gag gag cgg aat cte
Glu Glu Arg Asn Len
1135

aac agce tgt gec oot
Asn Ser Cys Ala Pro
1150

ctg gca tge cot gta
Leu Ala Cys Pro Val
1165

cca ggg aaa atc ctg
Pro Gly Lys Ile Leun
1180

gac tgt cct gtg tgt
Asp Cys Frc Val Cys
1185

aaa atc ate ttg aac
Lys Ile Ile Leu Bsn
1215

tgt gat ggt gtc aac
Cys Asp Gly Val Asn
1230

gtt gtg gkg coc cece
Vval val Val Pro Pro
1245

gtg gag gac acg teg
Val Glu BAsp Thr Ser
1260

ctt ctg gac ctg gtt
Len Leu Asp Leu Val
1275

gac gag ttt gaa gtg
Asp Gly Phe Glu Val
1295

ctg cac ate toce cag
Leu His Ile Ser Gln
13190

ace age age  age cbe
Thr Ser Ser Ser Leu
1010

tee tgg aaa gtg aac
Ser Trp Lys Val Asn
1025

gac tca tec cct geo
hep Ser Ser Fro Ala
1040

gtg gat tce tee tge
Val asp Ser Ser Cys
1060

rac agg ctg gtg gac
Asn Arg Leu Val Asp
1075

act tge tecc tgt gag
Thr Cys Ser Cys Glu
1090

att got geot tac gee
Ile ala Ala Tyr Ala
1105

tgy agg aca gec aca
Trp Arg Thr Ala Thr
1120

cac gag aat ggg tat
His Glu Aen Gly Tyr
1140

geo tgt cocc ate acg
Ala Cys Pro Ila Thr
1155

cag tgt gtt gaa ggt
Gln Cys val Glu Gly
1170

gat gag ctt ttg cag
Asp Glu Leu Leu Gln
1185

gag gtg got ggt ogt
Glu Val Ala Gly Arg
1200

cco agt gac act gag
2ro Ser Asp Pro Glu
1220

ttoc acc tgt aag geoe
Phe Thr Cys Lys Ala
1235

aca gat ggec coce att
Thr Asp Gly Pro Ile
12590

gag ccg cce cte cat
Glu Pre Pro Leu His
1265

tte oty ¢kg gat ggo
Phe Leu Leu Asp Gly
1280

ctg aag gte ttt gtg
Leu Lys Val Phe Val
1300

aeg cgg ate cge gtg
Lys Arg Ile Arg Val
1315

caa ata gaa gaa gac
Glan Ile Glu Gla Asp
1015

cecqg cag  tgt gee gao
Pro Glan . Cye Ala Asp
1030

gte +tgc cac aac aac
Val <ye Hie Asn Aen
1045

agg ate ctc ace agt
Arg Ile Leu Thr Ser
1085

cot gag cea tte cotg
Pro Glu Pro Phe Leu
1080

tec att ggg gac tge
Ser Ile Gly Asp Cys
1695

cac gte tgt gec cag
Hie Val <Cye Ala Gln
1110

tte tgt cco cag aat
Phe Cys Pro Gln asn
1125

gag tgt gag tgg cge
Glu Cys Glu Trp Arg
1145

tge cag cac coo  gag
Cys Gln His Pro Glu
1160

tge cat goy cac tgo
Cys His Ala His Cys
1175

acc tge atec gac cct
Thr Cys Ile Aap Pro
1190

cge  ttg gocd cca gga
Arg Leu Ala Pro Gly
1205

cac tge caa att tgt
His Cys Gln Ile Cys
1225

tge aga gaa coco  gga
Cys Arg Glu Pro Gly
1240

ggc toct ace acc tog
Gly Ser Thr Thr Ser
1255

gac tte cac tgc age
Asp Phe His Cyas Ser
1279

tee toe aag otg tet
Ser Ser Lys Leu Ser
1285

gtg ggt atg atg gag
val Gly Met Met Glu
1305

get gtg gtg gag tac
Ala val val Glu Tyr
1320

cct
Pro

acec
Thr

atc
Ile
1050

gat
Rep

gac
Aep

acc
Thy

cat
His

tgc
Cys
1136

tat
Tyr

cca
Pro

cct
Pro

gaa
Glu

aay
Lys
1210

aat
Aen

agt

Ser

tat
Tyr

agg
Aryg

gag
Glu
1290

cat

His

cac
His

1256

3304

33s2

3400

3448

3496

3544

3592

3640

3688

3736

3784

3832

3880

3928

3976

4024

4672

4120

4168
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gac gge tec cac gee
Asp Gly Ser His Ala
1325

gag ctg cgg cgc atc
Glu Leu Arg Arg Ile
1340

goec tco ace agt gag
Ala Ser Thr Ser Glu
1355

aag atc gac cge ceg
Lys Ile Asp Arg Pro
1375

agc cag gag coc  tea
Ser Gln Glu Pro Ser
1320

gge ctg aég aag aag
Gly Leu Lys Lys Lys
1405

cac goc  age ¢ttt aag
His Ala Ser Leu Lys
1420

aac aag goeo ttt gtg
Asn Lys Ala Phe Val
1435

gat gay att atc aac
Asp Glu Ile Ile Asn
1455

cct act cag cac ecc
Pro Thr Gln Hie Pro
1470

ttg ggg gtt tca tect
Leu Gly Val Ser Ser
1485

gty gtg ttt gte ctg
vai val Phe val Leu
1500

aac aea agc agg gag
Aen Lys Ser Arg Glu
1515

gqe cag gac agy ate
Gly Gln Asp Arg Ile
1535

ace gty gag tac acc
Thr val Glu Tyr Thr
1550

cag cag gtg cgg gat
GIn Gln Val Arg Asp
1565

gga ctg goo ctg caa
Gly Leu Ala Leu Gln
15840

999 9gac cgg gag cag
Gly Asp Arg Glu Gln
15395

cco got tet gat gag
Pro Ala Ser Ahsp Glu
1615

coco atc ggyg gty ggt
Pro Ile Gly val Gly

tac ate gag ctc aag
Tyr Ile Glu Leu Lys
1330

acc agc cag gtg aag
Thr Ser Gln Val Lys
1345

gte +tta aag tac acyg
val Leu Lys Tyr Thr
1360

gaa geg tet coge att
Giu Ala Ser Arg Ile
1380

agg ctg gce cgg aat
Arg Lew Ala BArg BAesn
1395

aaa gtc att gtc ate
Lys Val Ile Val Ile
1410

cag atc cac ctec ata
Gln Iie His Leu Ile
1425

tte agt ggt gtg gat
Phe Ser Gly Val Rep
1440

tac ctc tgt gac ctt
Tyr Leu Cys Asp Leu
1460

cca atg goe cag  gte
Pro Met Ala Glan Val
1475

cca gga ©cc  aaa agg
Pro Gly Pro Lys Arg
1490

gaa gygg tca gac aaa
Glu Gly &er Asp Lys
1505

tte atg gag gag gtg
Phe Met Glu Glu Val
1520

cac gte aca gtg ctg
Hie Val Thr Val Leu
1540

tte agc gag geg cag
Phe Ser Glu Ala Gln
1555

ate cga tac cgg ggt
Ile arg Tyr Arg Gly
1570

teae ctg tcc gaa cac
Tyr Leu Ser Giu His
1585

gta cct aac ctg gtc
Val Pro Asn Leu Val
16900

atc aag cgg atg cct
Iie Lys Arg Met Pro
1620

cca cat goo aat  gtg
Pro Hie Ala Asn Val

gac ¢gg asg Gga cac
Asp Arg Lys Arg Pro
1335

tac gecg - ggo age gag
Tyr aAla Gly Ser Glu
1350

cty tte cag ate bttt
Leu Phe Gln Ile Phe
1365

goo ctg cte ctg atg
Ala Leu Leu Leu Met
1385

ttg gte cge tat gtg
Leu Val Arg Tyr Val
1400

cct gtg gge ate ggg
Pro Val Gly Ile Gly
1415

gag aag cag gec ot
Glu Lys Gln Ala Pro
1430

gag +ttg gag cag cga
Glu Leu Glu Gln Arg
1445

gqoc cce gaa goa oot
Ala Pro Glu Ala Pro
1465

acg gtg ggt tcg gag
Thr Val Gly Ser Glu
1480

aac toc atg gte oty
Asn Ser Met Val Leu
1495

att ggt gag gcc aac
Ile Gly Glu Ala Asn
1510

att cag cgg atg gac
Ile Gln Arg Met Asp
1525

cag tac tcg tac atg
Gln Tyr Ser Tyr Met
1545

teoc aag gge gag  gte
Ser Lys Gly Glu Val
1560

ggc aac agg acc aag
Gly Aen Arg Thx Asen
1575

age tte +teg gke age
Ser Phe Ser Val Ser
1590

tac atg gtc aca gga
Tyr Met Val Thr Gly
1605

gga gac atc cag gtg
Gly Asp Ile Gln Val
1625

cag gag ckg gag aag
Gln Glu Leu Glu Lys

tca
Ser

gtg
val

ggc
Gly
1370

gee
Ala

cag
Gln

cee
Pro

gag
Giu

agy
ary
1450

gCG
hla

ctyg
Leu

gat
Asp

ttt
Phe

gty
Val
1530

gty
Val

cta
Leu

act
Thr

cag
Gln

aac
Aen
1610

gtg
val

att
Ile

4216

4264

4312

4360

4408

4456

4504

4552

4600

4648

4696

4744

4792

4840

4888

4836

4984

5032

5080

5128
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24

1630

tgg ccec aat
Trp Pro Asn
1645

ggc
Gly

geo
Ala

cga
Arg

gag gct cot
Glu B3la Pro
1660

gat
Asp

ctg daq ate gee
Leu Gln Ile Pra
1675

acc
Thr

cte cte
Leu Leu
1695

gat
Asp

gtg gtc
Val val

Tttt
Phe

gat
Asp

gaa
Glu

atg
Met
1710

aag
Lys

oto
Leu

cco
Pro
1725

ata
Ile

999
Gly

<gg
Arg

act
Thr
1740

acc
Thr

atc gat
Ile Asp

gty
val

otg
Len
1755

age ottt gtg
Ser Leu Val

gac
Aasp

gat
Asp

got
Ala

ttg age
Leu Ser
1775

999
Gly

cco
Pro
1790

ggt
Gly

gcec
Ala

egg
Arg

gga
Gly

tea
Ser

toco
Ser

gtec
Val

gty gat
val Asp
1805

tte
Phe

cga
Arg

gtg aca gtg
Val Thr Val
1820

cag c¢tg agc agqe
Gin Leu Ser Ser
1835

thg
Leu

cte
Leu

cag
Gln

cga
Arg

att gaa
Ile Glu
1855

tte
Phe

tte
Phe

cac
His

aag
Lys
1870

otg
Leu

gat
Asp

aat gaq
Asn  Glu
1885

999
Gly

aay
Lys

act
Thr

tge
Cye

cac
His
19G0

aca gtg
Thr Val

cat
His
1915

cgg gtc aac
Arg Val Aen

tgt
Cye

cag ccc cot coto agg
Gln Pro Pro Leu Arg
1935

gege tgt gtg tge atg

1635

cat
His

ate
Ile

atc ctc
Ile Leu
1650

cece
Pro

ctyg
Leu

gtg cta
val Leu
1665

cag
Gln

agyg
Arg

ote  tee coe
Leu Ser Pro
1680

acq
Thr

coa
Pro

tet teco
Ser Ser
1700

ctg
Leu

gat
Asp

gge
Gly

tte
the

agc
Ber

acc
Thr

aag gct
Lys Ala
1715

act
Thr

<caa
Gln

gty tcg gty
Vval Ser val
1730

coct
Pro

tgg aat gta gco
Trp Asn Val Ala
1745

ctoc atg cag cag gay
Leu Met Gln Gln Glu
1760

ttt
Phe

gta cga tat
Val Arg Tyr
1780

geco
Ala

teg
Ser

aaa gog gtg
Lys Ala Val
1785

gqoo
Ala

gtg
val

gat
Asp

ot
Ala
1810

gca geoe
Ala Ala

ceg
Pro

att gga
Ile Gly
1825

ate gggq
Ile Gly

gea  gge eca
Ala Gly Pro
1840

sag gct
Lys Ala

cte
Leua

gac
Asp

coc aco gtg
Pro Thr val
1860

tot
Ser

tgo
Cys

ggg ttt gat
Gly Phe BAsp
1875

cece
Pro

gtc
val

gg9g9 gat
Gly Asp
1890

agg
Arg

tgc
Cys

ctg
Leu
1905

cca gat
Pro Asp

gge
Gly

gac  ©99 999 cca
Asp Arg Gly Pro
i%20

agy
Arg

gta gaq gag acoe tgt
val Glu Glu Thr Cys
1240

ggc agc tot acc egg

1640

cto
Leu

gac
hsp

ttt gag
Phe Glu
1655

atg
Met

tye
Cys

tge
Cys
1670

tet gga
Ser Gly

qg&aqg
Glu

gat +tge ege cag
Asp Cys Ser Gin
1685

cge
Pro

att
Ile

ceca get tet
Pro Ala Ser
1705

aqge
Ser

ttt
Phe

att
Ile

tea aga
Ser Arg
1720

gct
Ala

caa
Gln

tat gga
Tyr Gly
1735

oty
Leu

age
Ser

tat
TYr

cat
His

gay aaa gteo
Glu Lys Val
1750

gga ggc cec age
Gly Gly Pro Ser
1765

gaa
Glu

ace
Thr

gteo
Val

tea gaa gte
Ser Glu Val
1785

ate
Ile

gtt
val

ota gtc aca
Lea Vel Thr
1890

tce
Ser

gag
Glu

goe
Ala

goo
Ala
1815

aga
Ahry

cgg tac
Arg Tyr
1830

agt
Ser

gat
Asp

gag
Glu

gge teoe aat
Gly 6Ser BAsn
1845

atg
Met

gta
val

gca
Ala

acc
Thr

ctg gga eat
Leu Gly Asn
1865

aga
Arg

gtt
val

tye gtg gat
Cys Val Asp
1880

aca
Thr

thy
Leu
1895

ceca
Pro

tgg
Trp

gac
Asp

acec
Thr
1910

ttg
Leu

ctyg
Leu

cag
Gln

aayg
Lys

aat
Ash

ceo
Pro

cct  teg tge
Pro Ser Cys
1925

ggo tgo cge tgg acc
Gly Cys Arg Trp Thr
1945

cac atc gtg ace ttt

cot
Pro

ag9
Gly

ctg
Leu
1690

tac
Tyr

aat
Asn

atc
Ile

tta
Leu

att
Ile
1770

cat
His

gat
Asp

aag
Asn

gco
Alem

agyg
Arg
1850

toe

Ser

gag
&lu

cag
Gln

agt
Ser

g9¢
Gly
1930

tgt
Cys

gat

5176

5224

5272

5320

5368

5416

5464

5512

55690

5608

5656

5704

5752

5800

5848

5896

5944

55992

6040

6088
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26

Cys Val Cys Met

1850

cag aat tte
Gln Asn Phe
1965

999
Gly

aagq
Lys

sac aag gag
Lys Glu

1980

cag
Gln

gac
Asp

et ggg gcg
Pro Gly Ala
1985

aag
Lys

gag
Glu

cte
Leu

teca gtt gag
ser Val Glu
2015

gg<e
Gly

atc
Ile

cta
Leu

aga
Arg

gte tecc
Val Ser
‘ 2030

tat
Tyr

atc
Ile

acq
Thr
2@¢45

atg
Mat

999
Gly

tte
Phe

ttc ace
Phe Thr

aca
Thr
2060

caeo
Pro

agg acc ttt gect teg
Arg Thr Phe Ala Ser
2075

aac
Asn

aat gac
Asn Asp
2085

gga
Gly

geo
Ala

ctc atc
Leu Ile
2110

tgg
Trp

aag
Lys

goa
Ala

cat
Hie

cot
Pro
2125

teoe
Ser

cag
Gln

gte
Val

cte
Len

cte
Leu

tqe
Cys

cag gtc
Gla val
2140

ecc ttk
Thr Phe

get  cca goc
Ala Pro ala
2155

aag
Lys

aaa
Lye

gtg tgt gag
Val Cye Glu
2175

aaa
Lys

gte tgt
Val Cys
2190

gty
val

999
Gly

tgt
Cys

coca  tec
Pro Ser
2208

coa
Pro

ctg
Leu

cte
Leu

aat
Asn

tgt gaa ggo
Cys Glu Gly
2220

tge
Cye
2235

tte tge ceooc cea
Phe Cys Pro Pro

geqg gag gcc tgt ace
Giu Glu Ala Cys Thr
2255

Ser Ser Thr
1955

Gly Arg

ctg
Leu

act ggc agc
Thr Gly 8er
1270

tgt
Cys

att
Ile

ot
Leu

ctyg
Leu

gag gty
Glu Val
1985

ace
Thr
2000

aaa too
Lys Ser

tge atg
Cys Met

cto
Leu

cac
His

egt gac atg
Ser Asp Met
2020

tat
Tyr

cca
Pro

gty ggt gga
val Gly Gly
2035

tat
Tyr

tto
Phe

gte
Val
2050

gag
Glu

aga
Arg

tte
Phe

aac aat
Aen RAsn
2065

caa
Gln

gay
Glu

aca tat
Thr Tyr

aag
Lys
2080

ggt cte
Gly Leu

tte
Phe

att
Ile

ctg
Lieu

agg gat
Arg Aep
2100

acc
Thr
2115

gta
val

tgg
Trp

ceg
Gln

gaa
Glu

cct
Proe

gag
Glu

cag tgt
Gln Cys
23130

gag
Glu

toca
Sar

gaa ttg ttt
Glu Leu Phe
2145

gcoc
Ala

tat gcec atg tge cag
Tyr Ala Met Cys Gln
2160

att
Ile

geg
Ale

gog
Bla

ttg tat
Leu Tyr
2180

tgg
Trp

gac
Asp

agyg
Arg

agyg
Arg
2195

god
Ala

tac
Tyr

gtg
val

aac
Aan
2210

tgt

cac
is Cys

Hia

aca
Thr

too
Ser

age
Ser
2225

tgt
Cys

999
Gly

aac caa gtc
Asn  Gln Val
2249

atg ctyg
Met Leu

cag tge atc age gag
Gln Cys Ile Ser Glu
2260

Ile Val Thr Phe
1960

Eie

ttt
Phe

tat gte cta
Tyr Val Leun
:1975%

teg
Ser

cay
Gln

aat ggt goo
Asn Gly Ala
1990

tge
Cys

cat
Hie

att gag gtg aag
Ile Glu Val Lys
2005

atg
Met

aca
Thx

gtg =zat
Vel RAsn
2025

cag
Glin

atg
Met

gte aat
Val BAsn
2040

gac
Asp

gaa
Glu

cat
His

aac
ABn

ctt ggc
Leu Gly
2055

cac
His

cag
Gln

aty
Leu
2070

cag cto
Gln Leu

age
Ser

tgt
cys
2085

ggg ate tgt
Gly Ile Cys

gat
Aep

aca
Thr

gteo
Val

acc aca
Thr Thr
2105

999
Gly

ctt
Leu

cag
Gln

cag
Gln

999 aag
Gly Lys
2120

tee
Ser

gto
Val

gaa tte tte
Glu Phe Phe
2135

tgo
Cys
2150

cac aag gto
His Lys Val

gag
Glu

cecec  gac agt tge cac
Pro Asp Ser Cys His
2165

cte tgt cgg
Leu Cys Arg
2185

goo
Ala

cac
His

tte
Phe

aat
Ren

tgt
Cys

got
Ala
2200

atyg
Met

cat
Hise

gge tgc cct
Gly Cye Pro
2215

gag
Glu

caa
Gln
2230

coe teg gaa
Pro Ser Glu

gac
Asp

gaa ggt agec gt gto
Glu Gly ser Cys Val
2245

gat gga gte cgg cec
Asp Gly Val Arg His
2265

Asp

caa
Gln

age
Ser

gac
Asp
201¢

999
Gly

gtt
val

ateo
Ile

cce
Pro

gag
Glu
2090

gac
Asp

aca
‘thr

cac
His

cte
Leu

cog
Pro
2170

acc
Thr

tca
ser

<99
Arg

gge
Gly

coe
Pro
2250

cag
Gln

6136

6184

6232

6280

6328

6376

6424

G472

6520

6568

6616

5664

§712

5760

6308

6856

6904

6952

7000
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tte ctg gaa acc
Phe Leu Glu Thr
2270

tygy
Trp

tge cte
Cys Leu

egt ggg cgg
ser Gly Arg
2285

goc aaa
Ala Lys
2300

goct coc ace
Ala Pro Thr

aac gca gkg ceg tge
Asn Ala Val Gln Cys
2315

age tgt gac ctg cceo
Ser Cys Asp Leu Pro
2335

agc ctg aic aat cct
Thr Leu Thr Asn Pro
2350

agy aayg gat
Arqg Lys Asp
2365

gaa tgc
Glu Cys

ceg geo ottt
Pro Ala Leu

©gg &cg
Arg Thr
2380

goa tgc aac tgt gtc
Ala Cys Asn Cys Val
2395

gee teg got gtc acc
Ala Ser Ala Val Thr
2415

cct gac aag gtg tgt
Pro Asp Lys Val Cys
2430

tte tgg gag gag gee
Phe Trp Glu Glu Ala
2445

tot gtg
Ser Val
2460

atg ggec ctg
Met Gly Leu

gac aac tge ctg tea
Asp Asn Cys Leu Ser
2475

tgt gyga agg tgt ctg
Cys Gly Arg Cye Leu
2495

C¢gg gge gac geo
Arg Gly hsp Ala
2510

cag
Gln

cce
Pro

tcec oot gac  aac
Ser Pro Asp Asn
2525

ttt gtg
Phe Val

caa
Glo

gay gtc
Glu Val
2540

cocc  acc tgoe cog acg
Pre 'Thr Cys Pro Thr
2585

tgt cec acc tgt cac
cys Pro Thr Cys His
2575

gtc cea gee cac
Val Pro Ala His
2275

cayg
Gln

aag gtc sac tgt acg
Lys Val Ben Cye Thr
2290

tgt ggc ccg tgt gaa
Cys Gly Pro Cys Glu
2305

tgc
Cys
2329

ccy gay tac gag
Pro Glu Tyr Glu

ceg gtg cot cee tge
Pro Val Pro Pro Cys
2340

gge gag tgc aga cge
Gly Glu Cys Arg Pro
2355

aga cgg gag
Arg Arg Glu
2370

teo cog
Ser Pro

cgg aag act cag tgce
Arg Lys Thr Gln Cys
2385

aec toc scyg gtg ago
Asn Ser Thr Val ser
2400

aac gac tgt ggc tgc
Ben RAesp Cys Gly Cys
2420

gtc cac cga gyoc acc
Val Hies Arg Gly Thr
2435

tgt gac gtg
Cys Asp Val
2450

tgo ace
Cys Thr

<gt gtg gce cag tge
Arg Val Ala Gln Cys
2465

gge  tte act tat gte
Gly Phe Thr Tyr Val
2480

cca tct goco tgt gag
Pro Ser Ala Cye Glu
2500

tet cae tgg aaq
Ser Hia Trp Lye
2515

aat
Asn

cta ata
Ile
2530

tyc
Cys Len

aat gag
Asn Glu

cag agg aat gte tce
Gln Arq Ben Val Ser
2545

gge  tte cayg ety age
Gly Phe Gin Leu Ser
2560

tge gag cco ctg gag
Cys Glu Pro Leu Glu
2580

cet tge cag ate tge
Pro Cys Glrn Ile Cys
2280

ttg cag cec  tge ceo
Leun Gln:Pro Cys Pro
2295

cge ctc cgo
Arg Leu Arg

gtg goc
val Ala
2310

tgt gty tgt gac cty
Cys Val Cys Asp Leu
2325

gaa gat ggc cte cag
¢lu Asp Gly Leu Gln
2345

asc
Asn

tte ace tgt gee
Phe Thr Cys Ala
2360

cce tot tgi
Pro S5er Cys
2375

cce ooy
Fro Pro

tgt gat gag tat gag
Cys Asp Glu Tyr Glu
2390

tgo
Cys
2405

coyg ctt ggyg tac
Pro Leu Gly Tyr

acc aca aca acc tqo
Thr Thr Thr Thr Cye
2425

atc tac cot gtg ggo
Ile Tyr Prc val Gly
2440

tgo
Cys

acg gac ttg gag
Thr Asp Leu Glu
2455

tec cag aag cece tgt
Ser Gln Lye Pro Cys
2470

ctt .cat gaa ggc gag
Leu Hie @lu Gly Glu
2485

gtg gqtc act ggt tca
Val Vval Thr Gly Ser
2503

tgg
Trp

gtt ggo tect ecac
Val Gly Ser Hia
2520

tgt gte cga
Cys Val Arg
2535

gty aag
Val Lys

tge cce cag ctg aat
Cys Pro Gln Lieu Asn
25590

gt
Cys
2565

aag acc tca gag
Lye Thr Ser Glu

goo tge ttg otce aat
Ala Cys Leu Leu Asn
2585

acy
Thr

aca
Thr

cag
Gln

gty
Val
2330

atg
Met

‘tge
Cys

cac
His

tgt
Cys

ety
Leu
24190

tte
ghe

cay
Gln

gac
Asp

gag
Gilu

tge
Cys
249¢C

ocea
Pro

goc
Ala

gaa
Glu

gte
val

tgt
Cys
2570

ggt
Gly

7048

7096

7144

7192

7240

7288

7336

1384

7432

7480

7528

1576

7624

7672

1720

7768

7816

7864

7912

7960
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acc atc att ggg ocog ggg aaa agt ctg atg att gat gtg tgt aca acc 8008
Thr Ile Ile Gly Pro Gly Lys S8er Leu Met Ile Asp Val Cys Thr Thr
259¢ 2595 2600

tge cge tge ace gtg ceg gtg gga gte ate tet gga:tte aag ctg gag 8086
Cys Arg Cys Thr Val Pro Val Gly Val Ile Ser Gly Phe Lys Leu Glu
2695 2610 2618

gge agg aag acc ace tgt gag gea tgo coo otg ggt  tat aag gaa gay 8104
Gly Arg Lys Thr Thr Cys Glu Ala Cys Pro Leu Gly Tyr Lys Glu Glu
2620 2625 2630

aag aac caa ggt gaa tge tgt ggg aga tgt etg cet ate got tge ace 8LE2
Lys Asn Gln Gly Glu Cys Cys Gly Arg Cys Leu Prc Ile Ala Cys Thr
2635 2640 2645 2650

ett cag cta aga gga gga cag atc atg aca ctg aag cgt gat gag ackt BIO00
Tle Gln Leu Arg Gly &Gly Gln Ile Met Thr Leu Lys Arg Asp Glu Thr
2655 2660 2665

ate cag giat gge tgt gac agt cac tte tge aag gte aat gaa aga gga B248
Ile Gln Asp Gly {ye Asp Ser His Phe Cys Lys Val Asn Glu Arg Gly
2670 2675 2680

gag tac atc +tgg gag aag aga gte acg ggt tge cea cct  ttec gat gaa B2%6
Glu Tyr Ile Trp Glu Lys Arg Val Thr Gly Cys Pro Pro Phe Asp Glu
2685 26940 2695

cac aag tgt ctg gct gag gga gga aaa atc atg mam att cea gge ace 8344
Hie Lys Cys Leu Ala Glu Gly Gly Lys Ile Met Lys Ile Pro Gly Thr
2700 2705 2710

tge +tgqt gac aca tgt gag gag coca gaa tgc aag gat atc att gec aag 8392
Cys Cys Bsp Thr Cys Glu Glu Pro Glu Cys Lys BAsp Ile Ile Ala Lys
2715 2720 2725 2730

ctg caq cgt gtc eaa gtg gga gac tgt mag tet gaa gag gaa gtg gac 8440
Leu Glpn Arg Val Lys Val Gly Asp Cys Lys Ser &lu Glu Glu Val Asp
2735 2740 32745

att cat tac tgt gag ggt aaa tgt gec age asa goo gtg tac tce atc 8488
Ile His Tyr Cys Glu Giy Lye Cys Ala Ser Lys Ala Val Tyr Ser Ile
2750 2755 2760

cac atg gag gat gtg cag gac cag tgo toc tge tge teg ccc ace cag 8536
Hia Met Glu Asp Val Gla Rsp Gin Cys Ser Cys Cye Ser Pro Thr Gln
2765 2710 27175

acg gag ccc atg cag gtg gee ctg cge tge acc ast gge tec cte ate 8584
Thr Glu Pro Met GIn Val Ala Leu Arg Cys Thr Asn Gly Ser Leu Ile

2780 2785 2730
tac cat gag atc ote aat gec ate gaa tge agyg  tgt tee coec agg aag 8632
Tyr His Glu Ile Leu Asn Ala Ile Glu Cys Arg Cys Ser Pro Ary Lys
2795 2800 2805 2810

tge age aag tgaggocact geetggatge tactgtegoc tgecttac co 8681
Cys Ser Lye

gaccteactg gactggccag agtgotgote agtocteocte agtectecte ¢ tgetetget 8741
cttgtgotte ctgatcccac amtaaaggte aatciticac cttgaaaaaa a aasaaaaaaa 8801
a 8802
<210> SEQ ID NO 2

<211> LENGTH: 2811]

<212> TYPE: PRT

<213> ORGANISM: Canine

<4G0> SEQUENCE: 2

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

Len Pro Gly Lys Len Cys Thr Lye Gly Thr ¥ al Gly Ary Ser Ser Met
29 25 30
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Als Arg Cys Ser Leu Leu Gly Gly Asp Phe I le Asn Thr Phe Asp Glu
35 40 45

Ser Met Tyr Ser Phe Ala Gly Rsp Cys Ser T yr Leu Leu Ala Gly Asp
50 55 60 .

Cys Gln Glu His Ser Ile Ser Leu Ile Gly G ly Phe Gln Asn Aep Lys
31 70 75 80

Arg Val Ser Leu Ser Val Tyr Leu Gly Glu P he Phe Aep Ile His Leu
85 0 95

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

2yr Ala Ser Asn Gly Leu Tyr Leu Giu Ala G iu Ala Gly Tyr Tyr Lys
115 120 125

Teau Ser Ser Glu Ala Tyr Gly Phe Val Ala A rg Ile Asp Gly Asn Gly
130 135 140

Aesn The Gln Val Leu Leu Ser Rep Arg Tyr P he Aen Lys Thr Cys Gly
145 150 155 160

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

Glu Gly Thr Leu Thr Ser Asp Pro Tyr Asp P he Ala Rsn Ser Trp Ala
18¢ 185 190

Leu Ser Ser Gly Glu Gln Arg Cys Lys Arg V al Ser Pro Pro Ser Sar
195 200 205

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

¢ys Gln Leu Leu Lys Ser Ala Ser Val Phe A la Arg Cye His Pro Leu
225 230 235 240

Val Asp Pre Glu Pro Phe Val Ala Leu Cyg 6 lu Arg Thr Leu Cys Thr
245 250 255

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

Arg Ala Cys Ala Gln Gln Gly Ile Val Leu T yr Gly Trp Thr Asp Hia
275 280 285

Ser Val Cys Arg Pre Ala Cys Pro Ala Gly M et Glu Tyr Lys Glu Cys
290 285 300

Val Ser Pro Cys Thr Arg Thr Cys Gln Ser L eu His Val Lys Glu Val
I05 310 315 320

Cys Gln Glu Gln Cys Val Asp Gly Cye Ser C ys Pro Glu Gly Gln Leu
325 330 335

Leu Asp Glu Gly His Cys Val Gly Ser Ala G lu Cys Ser Cye Val Hie
340 345 350

Ala Gly Gln Arg Tyr Pro Pro Gly Ala Ser L eu Leu Gln Asp Cys Hie
355 360 365

Thr Cys Ile Cys Arg Aen Ser Leu Trp Ile € ya Ser Ren Glu Glu Cys
370 375 380

Pro Gly Glu Cys Leu Val Thr Gly Gln Ser H is Phe Lys Ser Phe Asp
385 399 395 400

Asn Arg Tyr Phe Thr Phe Ser ¢ly Val Cys B ie Tyr Leu Leu Ala Gln
405 110 415

Asp Cys Gln Asp Hie Thr Phe Ser Val VYal I le Glu Thr Val Gln Cys
420 425 430

Ala Asp Asp Leu Rep Rla Val Cye Thr Arg § er Val Thr Val Arg Leu
435 440 445
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Pg ID 131

Pro

Ser

465

Arg

Asp

Tyr

Gly

Len

545

Ala

Glu

Ala
625
Ala

Val

Ser

Ala
7405

Ile

Leua
Pro
Gly
785

Ser

Gly

cys

Ala

Gly
450
Met
Ile
Leu
Pro
Asn
530
Val
Leu
Arg
Pro
TYyr
610
Val
Trp
Tyr
Tyr
Pro
690
Gln
Phe
Cys
Serx
Pro
770
Leu
Thr
Glu
Gln
val

85¢

Thr

Asp
Gln
Gln
ala
515
Arg
Glu
Gln
Phe
Cys
595
hsp
Ala
Arg
Leu
Pro
675
Pro
Cys
Ser
Thr
Ser
755
Met
Glu
Gly
Asn
Glu
835

Cys

cys

Met

500

TYr

Gly

Asp

Lys

Ala

580

Val

Asn

Glu

Gln

660

Gla

Gly

Pro

Asp

Thr

749

Pro

Val

Cys

Cys

Arg

82¢

Tyr

Arg

Ser

Asn

Gln

Thr

485

Aep

Ala

Asp

Phe

Gln

565

Glu

Arg

Lys

Tyr

FPro

645

Cys

clu

Leu

Cys

His

725

Ser

Arg

Lye

Ala

val

805

Cys

Ala

Asp

Alae

Ser
Asp
470
val
Ser
Gly
Asp
Gly
550
Hie
Glu
Ala
Ser
Ala
630
Gly
Gly
Asp
Tyr
Tyr
730
His
Gly
Cys
Leu
Lys
799
Ser
Val
Pro

Arg

Ile

Leu

455

Ile

Met

Aep

Lya

Phe

5315

Aen

Arg

Ala

val

Cys

615

Ala

Fhe

Thr

Cys

Leun

695

Tyr

Thr

Gly

His

val

175

Thr

Gly

Ala

Gly

Lye

855

Gly

Val

Gln

Ala

Val

Thy

520

Val

Ala

Asp

Cys

Gly

600

Ser

Ala

Cys

Pro

Asn

680

Asp

Asp

Hat

Lazu

Arg
760

.cys

Cys

Cys

Len

Giu

840

Trp

Met

Lys

Ile

Ser

Arg

505

Cva

Thy

Trp

Pro

Ala

585

Pro

Asp

val

Ala

Cye

665

Glu

Glu

Gly

Cys

Gly

745

Ser

Pro

Gln

Leu

Glu

825

Thr

Thr

Ala

Leu

Pro

Val

490

Gly

Gly

Pro

Lys

Cye

570

Leu

Gln

Gly

Ala

Leu

650

Asn

val

Arg

Giu

Tyr

730

Ser

Lys

Ala

hsBn

cys

819

Arg

Val

Cys

His

L ys Asn Gly Gly Gly Val
460

L eu Leu Gln Gly Asp Leu
475 480

A rg Leu Ser Tyr Gily Glu

495

A rg Leu Leu Val Thr Leu
510

A rg Gly Gly Asn Tyr Asn
525
A la Gly Leu Ala Glu Pro
540

L eu Leu Gly Ala Cys Glu
555 560

8 er Leu Aer Pro Arg Gln
575

L eu Thr Ser Ser Lys Phe
590

P ro Tyr Val Gln Asn Cys
§05

A rg hap Cys Leu Cys Ser
620

A r£g Arg Gly Val His Ile
635 540

8 er Cys Pro Gla Gly Gln
655

M ot Thr Cys Leu Ser Leu
670

C ys Leun Glu Ser Cys Phe
6985

G ly Asp Cys Val Pro Lys
100

I le Phe Gln Pro Glu Asp

715 720

¢ ya Glu Asp Gly Phe Met
735

L eu Leu Pro hAsn Pro Val
750

A ry Ser Leu Ser Cys Arg
765

A sp Asn Pro Arg Ala Glu
780

T yr Asp Leu Gln Cys Met
795 800

P ro Gln Gly Met Val Arg
B1S

C ys Pro Cys Phe His Gln
830

L ys Ile Asp Cys Asn Thr
845

T hr Asp His Val Cys Aep
BGO

T yr Leu Thr Phe Asp Gly
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Pg ID 132

865

Leu

Tyr

Gly

Val

Lys

245

Tyr

Axrg

Lys

Cys

Cys

Glu

930

Pro

Val

Leu

Tyr
Gly
ser
915
Gly

Met

Ile

Leu
Ser
900
Tyr
Gly
Lys

Leu

Ile

Phe

885

ABn

Pro

Glu

Asp

Leu

265

Ser

Pro

Pra

Ser

Ile

Glu

950

Leu

val

Gly
Gly
Val
Glu
9315
Thr

Gly

Thr

Glu

Thr

Lys

920

Leu

His

Lys

Leu

Cys

Leu

905

Cys

Phe

Phe

Ala

Lys

Gln

890

Arg

Lys

Asp

Glu

Leu

970

Arg

875

T yr Val

I le Leu

880

Leu Val Gln Asp
895

Val Gly Ren Glu
910

L ys Arg Val Thr Ile Leu

G ly ©Glu
940

vV al val
955

5 er Val

T hr Tyr

928

val Ben Val Lys

Glu Ser Gly Gln
960

Val Trp Asp His
975

Gln Glu Gln Val

S;r
; 380

Leu
985

Cys Gly Cys Gly

&exr Seor Leu Gln

1010

ger

Trp Lys Val Asn Pro
1025

Ser Ser Pro Ala Val
1045

Asp Ser Ser (ys Arg
1080

Arg Leu Val BAsp Pro
1075

Cys Ser Cys Glu Ser
1090

Ala Ala Tyr Ala His
1105

Arg Thr Rla Thr Phe
1125

Glu Asn Gly Tyr Glu
1140

Cys Pro Ile Thr Cys
1155

Cys Val Glu Gly Cys
1170

Glu Leu Leu Gln Thr
1185

Val Ala Gly Arg Arg
1205

Ser Asp Pro Glu His

1220

Thr Cys Lys
1235

Ala Cys
Asp Gly Pro Ile Gly
1259

Pro Pro Leu His Asp
1265

Leu Leu Asp Gly Ser
1285

Aen

985

Phe
1000

Ile Glu Glu Asp Pro
1015

Gln Cys Ala Asp Thr
1030

Cys His Ren Ren Ile
1050

Ile Leu Thr Ser
1065

hsp
Glu Pro Phe ILeu Asp
1080

Ile Gly Asp Cys Thr
1095

val Cys Ala Gln His
E110

Cys Pro Gln Asn Cys
1130

Cys Glu Trp Arg Tyr
1145

Gln His Pro
1160

Glu Pro

His Ala
1175

His Cys Pro

Cys
11590

Ile Bep Prc Glu

Leu Ala Pro Gly Lyse
1210

Cys Gln Ile Cys #Asn

1225

Arg Glu Pro
1249

Gly Ser
Ser Thr 'Thr Ser Tyr
1255

Phe His Cye Ser Arg
1279

Ser Lys Leu Ser Glu
1290

Asp Gly Ile Gln Asn

990

1005

Val Asp Phe Gly Asn
1020

Lys Lys Val Pro Leu

1035

Met Lys Gin Thr Met
1055

Ile Phe Gln Asp Cys
107

Ile Cys Ile
1085

Tyr Asp

Ccys Phe <Cys Asp Thr
1100

Gly Lys val val Ala
1115

Glu Glu Arg Asn Leu
1135

Asn Ser Cys Ala Pro
1150

Leu hla Cys Pro Val
1165

Pro Gly Lys Ile Leu
1180

Asp Cys Pro Val Cys
1185

Lys Ile Ile Leu Bsn
1215

Cys Asp Gly Vsl Asn

1230

Val val val Pro
1245

Pro

Val Glu Asp Thr
1260

Ser

Leu val

1275

Leu Asp Leu

Asp Glu Phe Glu val
129%

Asn Asp Phe Thr

Ser
App
104¢
Val

hen

Thr

Trp

1120

His

Ala

Gln

Asp

Glu

1200

Pro

Phe

Thr

Glu

Phe

1280

Leu
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Lys Val Phe Val Val
1300

Arg Jle Arg Val Ala
1315

Ile Glu Leu Lys Ash
1330

Ser Gln val Lys Tyr
1345

Leu Lys Tyr Thr Leu
1365

Ala Ser Arg Ile B&Ala
1380

Iieu Ala Arg Asa Leu
1395

Val Ile 'Val Iles Pro
1410

Ile
14258

His Leu Ile Gilu
Ser Gly Val Rep Glu
1445

Leu Cys Asp Leu Ala
1460

Met Ala Gln Val Thr
1475

Gly Pro Lys Arg Asn
1490

Gly Ser App Lys Ile
1505

Met Glu Glu Val Ile
1528

Val Thr Val Leu Gln
1540

ser Glu Ala Gln Ser
1555

Arg Tyr
1570

Arqg Gly Gly

Leu Ser Glu His Ser

1585

Pro Asn Leu Val Tyr
16905

Lys Arg Met Pro
1620

Gly
Hie Ala Bsn Val Gln
1635

Ile Leu
1650

Ile His Asp

Val Leu Gln Arg Cys
1665

Ser Pro Thr Bro Asp
1685

Asp Gly Ser Ser Ser

1709

Gly Met Met Glu His

1305

Vel Val Glu Tyr His
1320

Arg Lys
1335

Arg Pro Ser

Ala Gly Ser Glu Val
1350

Phe Gla Ile Phe Gly
1370

Leu Leu Leu Met Ala
1385

Val Arg Tyr Val Gin

1400

val Gly Ile Gly Pro
1415

Lys Gln Ala Pro Glu

1430

Leu Glu Gln Arg Arg

1450
Pro Giu Ala Pre Rla
1465
Glu

Val Gly Ser Leu

1480

Ser Met Val Leu
1495

Asp

Gly &lu Ala Asn Phe

1510

Gln Arg Met Asp Val
1530

Tyr Ser Tyr Met Val
1545

Lys Gly Glu Val Len
1560

Asn Arq Thr Asn Thr
575

Phe
1550

Ser Val Ser Gin
Met Val Thr Gly Asn
1610

Asp Ilé Gln Val WVal
lg25

Glu Leu Glu Lys Ile
1649

Phe Glu
1655

Met Leu Pro

Cys
1670

Ser Gly Glu Gly
Cys $er Gln Pro Leu
1630

Ile Pro Ala Ser
1705

Tyr

His Ile Ser Gln

1310

Leu

Asp Gly Ser His Ala

.1325
Glu Eeu
1340

Rrg Arg Ile
Ala Ser Thr Ser Glu
1355

Lyas Ile Aep Arg Pro
1375

Ser Gln Glu Pro
1390

Ser

Giy Leuy Lys
1405

Lys Lys
His aAla S8er Leu Lys
1420

Asn Lys Ala Phe Val
1435

Asp Glu Ile Ile Asn
1455

Pro Thr Gln His
1470

Pro
Leu Gly Val Ser ser
1485

Val val Phe Val Leu
1500

Asn Lye Ser Arg Glu
1515

Gly Gln Asp Arg Ile
1535

Thr Val Glu Tyr Thr
1550

Gln Gln Val Arg Asp
1565

Gly Leu Ala Leu Gln
1580

Gly Aep Arg Glu Gln
1595

Pro Ala Ser Asp Glu
1615

Pro Tle Gly Val Gly
1630

Gly Trp Pro Asn Ala
1645

Arg Glu
1660

Ala Pro Asp

Leu @Gln Ile Pro Thr

1675

Asp Val Val Leu Leu
1698

Phe Asp Glu Met Lys
1710

Lys

Tyr

Thr

val

13640

Glu

Arg

Lys

Gln

fhe

1440

Tyr

Pro

Pro

Glu

Phe

152¢

His

Phe

Ile

Tyr

Val

1600

Ile

Pro

Pro

Leu

Leu

1680

Leu

Ser
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Pg ID 134

Phe Thr Lys
1715

Ala Phe

Gln Val Ser Vel Leu
1730

Trp Asn Val Ala Tyr
1745

Met Gln Gln Glu Gly
1765

Ala Val Arg Tyr Val
1780

Ser Lys Ala Vel Val

1795

Asp Ala
1810

Ala Ala Glu
Ile Gly 1ie Gly Asp
1825 '

Gly Pro Lys Ala Gly
1845

Leu Pro Thr Val Ala
1860

Ser Gly Phe Asp Arg
1875

Pro Gly Asp Val Trp
1890

Teu Pro Asp Gly Gln
1%05

Arg Gly Pro Arg Pro
1925

Giu Glu Thr Cye
19490

Gly
Ser Ser Thr Arg His
1955

Thr Gly Ser Cys Ser
1970

Glu Val Ile Leu Gln
1985

Cys Met Lys Ser Ile
2005

Hia Ser hep Met Gin
2020

Tyr Val Gly
2035

Gly Asp
Glu Val Arg Phe Bsn
2050

Asn Asn Glu Phe Gin
2065

Thr Tyr Gly Leu Cys
2085

Ile Leu Arg Asp Gly
2100

Glu Trp Thr Val Gln
2115

Glu Glr Cys Pro Val

Ile Ser Arg Ala Asn
1720

Gln Tyr Gly Ser Ile
1735

Glu Lye Val His Leu
1759

Gly Pro Say Glu Ile
1770

Thr Ser Glu Val His
1785

Ile Leu Val Thr Asp
1800

hla Ala Arg Ser Asn
1815

Arg Tyr Ser Glu Ala
1830

Ser Asn Mst Val Arg
1850

Thr Leu Gly Asn Ser
1865

Val Cys val Asp Glu
1880

Thr Leu Pro Asp Gln
1895

Thr ILeu Lew Lys Ser
1810

Ser Cys Prec Asn Gly
1930

Cys Arg Trp Thr
1945

Cys
Ile val Thr Fhe Asp
1560

Tyr Val Leu Phe Gin
1875

Asn Gly Ala Cys Ser
1830

Glu Val Lys His Asp
2010

Met Thr Val Asn Gly
2025

Met Glu Val Asn Val
2040

His Leu
2055

Gly His Ile
Leu Gln Leu Ser Pro
2070

Gly Ile Cys Asp Glu
2090

Thr val Thr Thr BAsp
2108

Gln Leu Gly Lys Thr
2120

Ser Glu Phe Phe His

Ile Gly Pro Arg Leu
1725

Thr Thr
1740

Ile Asp Val
Leu Ser Leu Val ABp
1755

Gly Aep Ala Leu Ser
17175

Gly Ala Arg Pro Gly
1790

val Ser Val Asp Ser
18G5

Arg Val Thr Val Phe
1820

Gln
1835

Leu Ser Ser Leu
Leu Gln Arg Ile Glu
1B55

Phe Phe Hie Lys
1870

Leu

Asp Gly Asn Glu Lys
1885

Cys His Thr Val Thr

1900

Hise
1815

Arg Val Asn Cys

Glno Prou Pro Leu Arg
1935

Pro Cys Val Cys Met

1950

Gly Gln Aen FPhe Lys
1965

Asn Lys
1580

Gin Gln Asp

Pro
19295

Gly Ala Lys Glu

Gly Leu Ser Val Glu
2015

Arg Leu Val Ser Ile

2030

Tyr Gly Thr Ile Met
2045

Phe Thr Phe Thr Pro
2060

2Arg Thr Phe BAla Ser
2075

Aen Gly Ala Asn Asp
2095

Trp Lys Ala Leu TIle

21190

Ser Gln Pro Val His
2125

Cys Gln Val Leu Leu

Thr

Pro

Leu

1760

Phe

Ala

val

Pro

Ala

1840

ABp

Cys

Arg

Cys

Asp

1920

Val

Gly

Len

Leu

Thr

2000

Leu

Pro

Tyr

Gln

Lys

2080

Phe

Gin

Glu

Ser
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Pg ID 135

2130

Glu Leu Phe Ala Gin
2145

Ala Mst Cys Gln Pro
2165

Ile Ala Leu Tyr Ala
2180

Trp Arg Arg Ala Asn
2195

Tyr Asn His Cys Glu
2210

Ser
2225

Ser Cyes Gly Asp

Gln Val Met Leu Glu
. 2245

Cys Ile Ser Glu Asp
2260

Pro Ala His Gln Pro

2275

Vval &sn Cys Thr Leu
22%C

Gly Pro Cys Glu Val
2305

Pro Glu Tyr Glu Cys
2325

Val Pro Pro Cys Glu

2340

Glu Cys Arg Pro Asn
2355

Arg Glu Ser Pro Pro
2370

Lyg Thr Gln Cys Cys
2385

Ser Thr Val Ser Cys

2405

Rep Cys Gly Cys Thr

2420

Hie Arg Gly Thr Ile
2435

Asp Val
2450

Cys Thr Cys

Val &ala Gln Cys
2465

Ser

Phe Thr Tyr Val Len
2485

Ser Ala Cyes Glu Val
2500
Val

Bis Trp Lye Aesn

2515

Leu Ile
2530

Asn Glu Cys

Arg Asn Val Ser
2545

Cys

2135

Cys
2150

Hip Lys Val Leu

Asp Ser Cys His Pro
2170

Hig Leu Cys Arg Thr

2185
Phe Cys Ala Met Ser
2200

His GLy Cys Pro Arg
2215

Gln
2230

Pro Ser Glu Gly
Gly 8er Cys Val Pro
2250

Gly Val Arg His
2265

Gln
Cys Gln Iie Cys Thr
2280

Gln Pre Cys Pro Thr
2295

Ala Arg Leu Arg Gln
2310

Val Cys Asp Leu Val
2330

Asp Gly Leu Gln Met
2345

Phe Thr Cys
2360

Ale Cys

Ser Cys Pro Pro His

2375

Asp Glu ZTyr Glu Cys
2390

Pro Leu Gly Tyr Leu
2419

Thr Thr Thr Cys Phe

2425

Tyr Pro Val Gly Gln
2440

Thr Asp Leu Glu Bep
2455

Gln Lys Pro Cys Glu
2470

His Glu Gly Glu Cys
24390

Val Thr Gly Ser
2505

Pro

Gly Ser His
2520

Trp hla

Val Arg Val Lys Glu
2535

Pro Gln Leu Asn Val

2550

2140

Ala Pro Ala Thr Phe
2155

Lys Lys -Val Cys Glu
2175

Lys Gly Vel Cys
2190

Val

Cys Pro Pro Ser Leu
2205

Leu Cys
2220

Glu Gly Asn

Cys
2235

Phe Cys Pro Pro
Glu Glu Ala Cys Thr
2255

Phe Leu Glu Thr
2270

Trp

Cys Leu Ser Gly Arg
2285

ala Lys Ala Pro Thr

2300

Aen Ala Val Gin Cys
2315

Ser Cys Asp Leu Pro
2335

Thr Leu Thr Asn Pre
2350

Arg Lys Asp Glu Cys
2365

Arg Thr Preo aAla Leu
2380

Ala Cys Asn Cyas Val
2395

Ala Ser Ala Val Thr
2415

Pro Asp Lys Val Cys
2430

Phe Trp Glu Glu Ala
2445

Ser Val Met Gly Leu
2460

Asp Asn Cys Leu Ser
2475

Cys Gly Arg Cys Leu
2495

Arg Gly Asp Ala Gln

25180

Ser Pro Asp Asn Pro
2525

Glu val Phe Val Gla
2540

Pro
2855

Thr Cys Pro Thr

Tyr

2160

Ala

Asp

val

Thr

Asn

2240

Gln

Val

Lys

Cys

Cya

2329

Fro

Gly

Arg

Arg

Asn

2400

Asn

Val

Cys

hry

Gly

2480

Pro

Ser

Cys

Gla

Gly
2560
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Pg ID 136

Pha Gln Leu Ser Cys
2565

Glu Pro Len Glu RAla
2580

Lys Ser Leu Met Ile
2598

Val Gly Val Ile Ser
2610

Glu Ala Cys Pro Leu
2625

Cys Gly Arg Cys Leu
2645

Gln Ile Met Thr Leu
2660

Ser His Phe Cys Lys
2675

Arg Val Thr Gly Cys
2620

Gly Gly Lys Ile Met
2705

Glu Pre Glu Cys Lys
2725

Gly Asp Cys Lys Ser
2740

Lys Cys Ala Ser Lys
2755

Aep Gla Cyes Ser Cys
2776

Ala Leu Arg Cye Thr
2785

Ala Ile Glu Cya Arg
2805

<210> SEQ ID NO 3
<211> LENGTH: 60
<212> TYPE: DNA

Lys Thr 8er Glu Cys
2570

Cys Leu Leu Asen Gly
2585

hAep Val Cys Thr Thr
2600

Gly Phe Lys Leu Glu
2615

Gly Tyr Lys Glu Glu
2630

Pro Ile Ala Cys Thr
2650

Lys Arg Asp Glu Thr
2665

Val Aen Glu Arg Gly
2680

Pro Pro Phe Asp Glu
2695

Lys EIle Pro Gly Thr
2710

hep Ile Ile Ala Lys
2730

Glu Glu Glu Val Asp
2745

Ala Val Tyr Ser Ile
2760

Cys Ser Pro Thr Gln
27758

han Gly Ser Leu Ile
2790

Cys Ser Pro Arg Lys
2810

<213> ORGANISM: Canine

<400> SEQUENCE: 3

Cys Pro Thr Cys His
2575

Thr Ile Ile Gly Pro
2590

Cys Arg Cys Thr Val
2605

Gly Arg Lys Thr Thr
2620

Lys Asn Gln Gly Glu
2635

Ile Gln Leun Arg Gly
2555

Ile Gln Asp Gly Cys
2679

Glu Tyr Ile Trp Glu
2685

Hiis Lys Cys Leu Ala
2700

Cys Cys Aep Thr Cys
2718

Leu Gin Arg Val Lys
2735

Iie His Tyr Cys Glon
2750

His Met Glu &Asp Val
2765

Thr Glu Pro Met Gin
2780

Tyr His Glu Ile Leun
2795

Cys Ser Lys

Cys

Gly

Pro

Cys

Cys

2640

Giy

Aep

Lys

Giu

Glu

2720

Val

Gly

Gln

val

Asn
2800

agggggttte casaatgaca naagagtgeg coteoteocgtg tatcteggag a atttttega 60

<210> SEQ ID NO 4
<211> LENGTH: 60
«<212> TYPE: DNA

<213> ORGANISM: Canine

<400> SEQUENCE: 4

catteattty tttgtocaatqg gtaccatget geaggggacc cmamggtaag t cagaagcoc G0

<210> SEQ ID RO 5
<211> LENGTH: 60
<212> TYPE: DNA

<213> ORGANISM: Canine

<400> SEQUENCE: 5§

gaatgttcag gtteatatgg accetgggga tcocactttgea accccettgt t tittcagat 60
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Pg ID 137

<210> SEQ ID RO &
«211> LENGTH: 60

«212> TYPE: DNA

<213> ORGANISM: Canine

<400> SEQUENCE: 6

gagggageeg gggoccagag acaggaagta aatgtgocea gggaaagtga g tggcaggac

<210> SEQ ID NG 7
<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Canine

<400> SEQUENCE: 7

tgggtgaaag ccecoatatce cgactectgqg tcaaggagac tttgeaccaa g gteccagec
<210> SEQ ID NO 8

<211> LENGTH: 60

<212> TY¥PE: DNA

<213> ORGANISM: Canine

<400¢> SEQUENCE: 8

ctggagcatg gggttggggt tggaaggqtyg agggacatgg aggaaatgca t gagaageac
«210> BEQ ID NO 9

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Canine

<400> SEQUENCE: 9

gecttectgag ctecteoottg toccaccage atetecatge cotacgoeto ¢ aatgyge
<210> SEQ ID RO 10

<211l> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Canine

<400> SEQUENCE: 10

anatgacaaa agagtgagcc ggtc

«<210> SEQ ID RO 11

<21l> LENGTH: 24

<212> TYPE: DNA

<213» ORGANISM: Canine

<400> SEQUENCE: 11

aagtotocott gaccageggt cgyy

<210> SEQ ID NoO 12

<21l> LENGTH: 35

<212> TYPE: PRT

<213» ORGANISM: Canine

<400> SEQUENCE: 12

Gly Gly Phe Gln Asn Asp Lys Arg Val Ser L eu Ser Val Tyr Leu Gly
1 ) 10 15

Glu Phe Phe Asp Ile His Leu Phe Val Asan G ly Thr Met Leu Gln Gly
20 25 30

Thy Gln Arg
35

<210> SEQ ID NO 13

60

50

50

58

24

24
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-continued

<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Canine
<400> SEQUENCE: 13

Ile 8er Met Phe Tyr Ala Ser Asn Gly
1 5

We claim:

1. An isolated nucleic acid comprising a nucleotide
sequence encoding the polypeptide of SEQ ID NO. 2,
having a mutation at cedon 83.

2. The isolated nucleic acid of claim 1, wherein the
mutation is a deletion.

3. A veclor comprising the nucleic acid of claim 1,

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

5. Acc].i comprising the vector of claim 3,

6. A cell comprising the vector of claim 4.

7. The isolated nucleic acid of claim 1, wherein the
nucleotide sequence is capable of hybridizing under high
stringency conditions to the complement of SEQ TD NO. 1
having a base deletion ai codon 85.

8. A vector comprising the nucleic acid of claim 7.

9. A cell comprising the vector of claim 8.

10. 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 having a base deletion at
codon 85, and capable of specifically hybridizing with
the canine von Willebrand Faclor gene, under condi-
tions favorable for hybridization of the oligonuclectide
o any complementary sequences of nucleic acid in the
sampile; and

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

1. The method of claim 10, further comprising the step

of:

¢} quantifying hybridization of the oligonucleotide to
complementary sequence.

i5

20

25

3¢

35

40

12. A method of defecting a canine von Willebrand Factor
gene in a sample comprising the steps of;

a) contacting the sample with an oligonucleotide com-
prising contiguous nuclectides of the nucieic acid
sequence that is complementary to the sequence of
SEQ ID NO, 1 having a base deletion at codon 85, and
capable of specifically hybridizing fo the complemen-
tary eucleotide sequence, under cenditions favorable
for hybridization of the oligonucleotide 1o any comple-
mentary sequences of nucleic acid in the sample; and

b) detecting hybridization, thereby detecting a canine von
Wiliebrand Factor gene.

13, The method of claim 12, further comprising the step

of:

¢) quantifying ybidization of the oligonucleotide lo
complementary sequences.

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

Factor gene comprising:

a) an oligonucleotide comprising contiguous nucleotides
from the nucleic acid sequence that is complementary
to the sequence of SEQ ID NO. 1 having a base deletion
at coden 85, and capable of specifically hybridizing to
the complementary nucleotide sequence; and

b) reagents for hybridization of the oligomucleotide to a
complementary nucleic acid sequence.

15. An oligonucleotide probe capable of detecting a
mutation associated with canine von Willebrand’s disease,
wherein the mutation is a base deletion at codon 85 of the
canine von Willebrand Factor gene.
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