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Coding seculence 

1. 
61 
12 
181 
241 
3 O 
36 
421 
48 
54 
6O1 
661 
2 
781 
841 
9 O1 
961 
1021 
1 O 81 
1141 
l2Ol 
1261 
1321 
1381 
1441 

NOle S : 

reported by 

gGCtggattg 
atccitctgtg 
atgaaCCtag 
aaggattittg 
at Ctt Ct CCC 
aCaatgagaa 
aagtact tac 
caccag caca 
ataag Caag C 
aagaaCaCCa 
aCC gaCCtga 
tt CaaaaCaC 
aCC adagt gC 
gag CtaCatg 
ct tccagatg 
Ctt Cagaaaa 
tt Caagataa 
aCag Caat Ct 
caagctgaga 
aatctgttga 
aaCC CaaaCC 

Or 
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Figure 1 

CCCC agadat 
gcctgtttaa 
tCtt attaala 
CCCaagaatt 
C CatggC Cat 
CCCaCCaCCC 

agccitctggit 
tt Ctott tat 
tgCagg gaat 
tCag CCaCCa 
aCCCtgagaC 
Cttitt CagCC 
aggtggaCat 
Ctacgatggit 
CCC gaCaatt 
tcagtgacitt 
aCtttaag Ca 
CaCagg CCat 
tagag Ctgag 
aagt.cccagt. 
aCCt CCCCCC 

Qt CCCaCC9g 
tag catctitc 
gaaaattit.ca 
gtt Caagg Ct 
gaCCaCCaCC 

tCaCCaC CtC 
CCaCC, tCCCC 
caacagaaaa 
ggaCat CCag 
tCt CCCt Caa 
CatCCtgttgt 
CadaCCaCC 
gatgagadag 
taagatgCCt 
taCaCtgat 
CaCaCt CCtC 
totgct tcc.c 
CaCat Caag 
CGag CaCCCC 
Caagg Caaag 

CCt CCt Caaa 

agadtgaat C 
tgtgaaaag C 
gct ct citccc 
ttgataattg 
CtggCCaCCC 
aaaCttgag C 
Cgtgag Ctag 
atgatggit ca 
atgattgact 
aaaaCaCata 
CttgttaacC 
CaCadCCaCC 
dCagadCGga 
tgcaaaggaa 
cittaaaaaga 
cgcttaattit 
aagattgaCC 
gCtCCCCtgC 
ttaa.ccgtgg 
gaggt. CCCog 
gtCCCaatga 

Ct CCtgaaag. t C C Caat Caa CaCaaaCCaC gttcCC (2/g) gtgc 
tt CttCCtCt ttctgCaCCa toadaagaCt CaaagaCaCC 
aaccc.ccaag titgagtagdg CCdg99CCaC actgttgCdgC 
gaataaaaag agta Caatt C acC 

6 

Bovine Uterine milk protein 

tggCCCtgtC 
aacaa CactC 
agaagatgga 

aCCat CCCaC 
tCtCCCtggg 
ccaaactgtt 
tgaag Cagaa 
accagatgct 
ttacagatat 
Cgaaaat CaC 
aCattitt Ctt 
tcttCtttgt 
gCttta Cag 

atgtgtc.cct 
tgaCtgCtaa 
tgCCCaagtt 
CCaaaCat at 
ctaatttgga 
aCaCagCCat 
Cogt.cgtgaa 
aCaCaaaCCa 
tCCt Calaggt 
tCtttgtCCC 
dCaggadCtt 

US 2010/0185047 A1 

(UTMP) 

tCtggt Citt C 
tCaaaag CaC 
agct caccct 
aaagaat at C 
gat Caagt Cit 
ggatgtcCaC 
gg tactgaag 
totacagoag 
agaaaaag CC 
aala Cittaat C 
Caaagg CatC 
Caat CaCCala 
CCCCt Cagag 
aact ct catg 
gCCaC Ctaala 
gaagat Ct CC 
act gaCtCCC 
ggccctacat 
tcacacagat 
agtCccaatg 
CCt CCCaCtg 
CaaCagaCCC 
Caaagt CCtc. 
agCdCCCC at 

The SNP at position 1296 is A/G. A is the nucleotide 
the Original submit The SNP is in the 

COCinC seCuence, but does not change the amino acid 
sequence Of 
to be posi 
1398 

the encoded polypept 

(underlined). 

tide. Primers are designed 
tioned at positions 1071-1090 and positions 1379– 
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Coding sequence 

l 
61 
121 
181 
241 
3 O1 
361 
421 
481 
541 
6 Ol 

NO teS : 

Ctttaaat at agcctcaagt ttgccagtgg ct 
agaggataaa agittatgtgt git 
tCt Cttt Ctt gggagaatta gC 

gtat Ctggg C 
aactaaagat 

aataCCaaag 
tCtt Cacagt 
attittitt Caa 
titt cataagt 
aact agtaat 
tcctgttgtaa 
at a Catta Ca 

ttgaatatat 
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Figure 2 
bovine signal 
transcription 

totgcCtt Ca 
tctatoaagg gagccaddict 
aaagttgaaa 
gggitt CaCtt 
tCaCaaat Ca 
CtgCCttgag 
gatggittCCa 

SNP is at position 23 
nucleotide reported by the Original submitter. 

ttaattgtag 
gtctittattg 
ttaggit CCaC 
aattgggtaa 
Ctaaaa 

(CAT), 

tCatgaaatt 
att did CdCCt 
atgtaaacaa 
tittagtaaaa 
attat gagaa 
ttitt cactgg 

With C bei 

gaagittagta 
Clt Ctt dagg C 
act Cagaaat 
attittaaaat 
tC Caataatt 
Caaatgtgta 

US 2010/0185047 A1 

transducer and activat Or 
(STAT1) 

tgCCtgtg aaatagt gCa aag CtgtCCt 
tattatat titt.ccacact g g c cattgaa 
ttittggta togCtt tatg at gCtggCta 

at at Caatag aaggaagitaa actttacaaa tt (C/t) atgagta gitatct tcca titt Cagctitt 
aatgaaactg 
addt CCtatu 
ttaatgcatg 
tCaCaagaala 
tgaaaact Ca 
tCt. Ct. Cacala 

ng the 
Primers are 

designed to be positioned at positions 11-31 and positions 
3 O 6-325. 
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Partial genomic secuence Of 
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Figure 3 

US 2010/0185047 A1 

the region encoding bovine 
Osteopontin (OPN/SPP1) position 8504 

7561 taattaact C taaat attaa aattCt Caca attaaagaac aaCCaCtCca aaaaatagcC 
| 621 acCaag Cagg CCatttggg C to gttaaatg gat Ctt CCCt gCCtgttggg CttCCCtgat 
7681 agct Cagttg gtaaag CatC to CCtgcaac ttggaagaCC Coggttcagt CCCtgggtCG 
7741 ggaagaCtCC Ctggagaagg aaatgg Caac CCCCtCtagt actCttgCCt ggaaaattitC 
7801 CatggaCtga gCaCCCtggit agg Ctaagag to agaCagaa Ctgag Caact t cactt Cact 
7861 titcct gcct g tttgtaaaag to agct tagg acaccalattg atctgtcagg ttgttctt.ccg. 
7921 gCttaat CCt tcCaCaatga gg Ctagaaaa ataagaCCtg Ctttggatgg aaaCag Ctaa 
7981 ctitttgaata aaaaagttac gttgitatgat gtgcactgat ttgttgtc.ttt tott citt cag 
8041 aatt Ctgttgt CCtctgagga aaCtgatgaC aacaaacaaa atgtgagtCt ttgCtttgat 
8101 totgatgtct gttgttgcctt agacticagga agg cact citt tot cotaatg acattgcc.ca 
8161 ggttcaaatt coggcaaaat tccactag ca aaccott cag gaact actitt ttattgggac 
8221 tattaatagg gataagttaa atttgCttt C Cttaagatt C tatttgaaga t gCtgagaat 
8281 Ctataagaga agittagataa atgaCCCagg at atttgcaa atcagaagtig tigatagacat 
8341 taact Cag Ct at actitt Cta CaCatCdata agagagt CaC Cttittgatta t CCaCCCtaa 
8401 tagg gaggtg attittagttt toggggtgt.g. Cattaataca to gatt. Ct. Ct. gat CCCCtga 
8461 gaattitt cat ttcaaataga aaaggtag to tca caattat gta (t/c: ctgitat ttattggatc 
85.21 attgaaattt gg taaattag tottt attat gaacaaggaa aaa.cagtgtc attgatacaa 
8581 at attataac tdatacgttt ggcttgaaa tat Ctgtgaa aatcqtttitt at gagaaacC 
8641 aagaaaaatg CCttagaata ggatt CCatt taCCCttgttg ttaaagggga aattggaata 
8701 agct Cattitt agcatttalaa agCCattaag to Ctttgttg togaatacaaa gatt Ctaaaa 
8761 Ctaaataaag at agtaaaat actaat gCaC totaaag CCt aagg gaCagt aaaaaCCCtg 
8821 acacccattt ttctggcc at cittgatttct agaccct coc aagtaagt cc aatgaaag cc 
8881 Ctgag caaac agaCCatcta gatgacgatg atgataaCag CCaggacgtC aact Ctaatg 
8941 actCC gacca CCCtgaaac C act gatgaCC CtgaCCatt C CCaC gagtCt CaCCatt Ctg 
9001 atcaatctga toaagttgat titt cocactic at attccaac aatcdcagtt tt cacticcot 
9061 titat coctac goaaag.cgca aatgatggcc gaggtgatag totggct tac gg actgaagt 

Notes: SNP is at position 8504 (C/T), with T being the 
nucleotide reported by the Original submitter . Primers are 
designed to be positioned at positions 831 6-83.38 and 
positions 8588-86 06/7. Positions are numbered according to 
the GenBank. 
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15 A 

Notes: 

261 
321 
381 
441 
5 O1. 
561 
621. 
681 
41 

8 O1 
861 
921 

54,981 
155 O41 
1551 O1 
556 
155221 
15.5281 
155341. 
1554. O1 
155461 
155521 
155581 

Figure 4 Coding sequence for GHR gene 

cagataatga 
a catgacitta 
caaacagtac 
tgatt Caaaa 
tag at Citada 
tattaacaag 
taagatgttt 
gttactictitt 
aaaatactala 

agatgaataC 
gttcatagitt 
taattatt at 
aa.ca.gcaaag 

tdtccatott 
atcaa.cccag 
aacaCaggit C 
actaCatac C 

aggtag Ctitt 
aaaac Cttt C 

tggttggCta 
tgagga CaCC 
aCtgttgttt 
tittgagggtg 

SNP is at position position 154, 963 
nucleotide reported by the original submitter. 

aggataagga 
gcaactgaac 
tttittacgct 
at acaact to 
gat CaC atta 
CatCacttitt 
aaag caggtt 
tttittittggit 
gtaattgcat 
aaattaggaa 
Ctgtgagata 
citt todaata 
gtaagt gtga 
to Cattittitt 
tgaaacgtta 
tcagttittat 
atgtgacatg 
gag Caaaaat 
tittagactitc 
cittacagttt 
at cotgcatc 
gagttcattt 
gtggattgta 

according to the GenBank. 
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aggCtgg Cat 
agcattctaa 
gtaaaaatgt. 
gcc cc catct 

c cct caagct 
gtttatataa 
LaCaaaagg 
ctatttcag 
titt tatgtg 
tattitttgt 
ttgdgCtag 
atalaccitac 

tittgatott 
cgct Ctaca 
tggaaagtt 
accittaaag 
taagtggtg 
batgatac C 
gtattittac 
tott goagc 

gagt CCC titt 
tgatgtttaa 

gCtgcagttc 
aatctgaga.g 
acaccctgca 
ttittgatgga 
agadttggaC 
aaag ccttitt 
taalacatgga 

Ctgaagaa 
ggctat caa 
alacaggaga 
tttitt caga 
agtdacatt 
bigatatgt. 
cittittgtd 
acat Ctt 

at aggatg 
b.ccgcactg 
actaaagct 
bottaagt 
tottttgt 
galaggdag 
Ct. Ctagga. 
to cotta 

(exon 8), 

atggggttgc 
tcc tag tact 
tatictaagaa 
t cotcagt ct 
attatt tagg 
atgacacac 
bgtgct taa 
tggatagag 
bgaalat cat 
tgagatata 
titccagttt 

bit gccagtt 
atcc tdagt. 
gttgttgtc.c 
taagagggit 
att tattic 

actagataat 
aaatttgggt. 
Cagagataaa 
gttt cagitta 
Ct CCaC gtt C 
agct.gitalagg 

US 2010/0185047 A1 

(NC OO 7318) 

aaag agt Cag 
gatcttctgt 
gttittaataa 
agat Cagat C 
tadagtag td. 
cctgaacaca 
attgitatgct 
gtgttct tag 
tgacitt tact 
aact tcaact 
ccatggttct 

t (t/a) tttactic at attittcta 
atttagcaaa. 
gaagtdttt c 
acagagagaC 
gagg Ctagtg 
CaggaCC Cag 
toagtictaat 
ttatttalaat 

attctaagtt 
ttatt citc. cc 
tCat-ggg tad. 
acCattatt.c 

With A being the 
Positions are numbered 
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Figure 5 Nucleotide coding sequence of POU1F1 

1 gCaaataCtg to atttgaag CtaaCCaaat aaaCtaattt Ct attittggC to gagaagag 
61 aaaggaatga aagtagaaac act Coctatt acaCatagga gag CCt at Ct gaatt Coaga 
121 to CtCCttag aaatagtaaa taaact Ctga tt Cagg Cttg tctt CaCCCg tttitt CtCtC 
181 to Ctt CC gtt acaaaaCCaa aCCCtCacca Ctt Ctttct C Caggitt tagt tott Cag CCa 
241 toCg Caggat CtCCtgagag gaagg Cttat tctgttct CC aaagtgtct C to Cagg gCCt 
301 ctittag cago aatact gatt gttgttct co gtttctatt C titttgttggga atgagttgcc 
361 aacct tttac titcg actgat acctittatac citctgaattic to agt cittct gcaactctgc 
421 Ctctgataat gCat CCC agit gct gCggagt gCCt aCC ggit Ct c CaacCaC gCCaC Caacg. 
481 to atgtcCaC agcaaCagga Citt Cattatt Ctgtt CCttt Ctgt Cattat ggaaac Cagt 
541 Cat CCaC Ct a tigg Cdtgat g g Cagg gag ct taaccc.(c/a) ttg tctittataag titt cotgacc 
601 a CaCCttgag tcatggittitt CCt CCC at gC at Cag CCt Ct CCttt Cagag gaCCCCaCtg 
661 CCCCtgattt Caag Caggag CtCagg CCC a aaag Caaatt gCttgaagag CCaatagaCa 
721 to gatt CtCC agaaat CCC a gaaCttgaaa agtttgCCaa to agitttaaa gtgagaagaa 
781 ttaag Ctagg atacaCC Cag acaaatgttg gggaag CtCt gg Cag Ctgtg Catgg Ctctg 
841 aatt Cagt Ca aacaact at C to CC gatttg aaaaCCtgCa gCt Cag Ctt C aaaaatgcat 
901 gcaaact aaa agcaat atta t CCaaatgg C toggaggaagic Coag Caagta gCagCttt at 
961 acaatgagaa agttggtgca aatgaaagaa aaaggaaacg gagaacaaca at Cagtattg 
1021 Ctgctaaaga CCC gCtggag agaCaCtttg gagaacagaa taag CCtt CC totCaggaga 
1081 to Ctgcqgat gg Ctgaagaa CtaaaCCtgg agaaagaagt ggtgagggitt to gttttgta 
1141 a CC galagg Ca gag agaaaaa Coggtgaaga Caag CCtaaa toag agttta t t tact attt 
1201 ctaaggag catct cqaatgc agataggctic toctattgttg taatagog at t c tacttitt c 
1261 attCCttt Ct Ctt Ct Cag CC aaaatagaaa ttagttattt ggittagcnnn aaaaat Caca 
1321 toagtaattt ttgnCagaag tottt Cttitt Ctactittaaa aataaataca atttalaatta 
1381 tott CatCaa ntatt CtCag aaggannnnn toant Ctaca intttalag CCa aagaCtaata 
1441 ggattaaaac aatgattctg. tccCttt Cac tatat CtttC cct citat citc. tccCnggaat 
15 O1 to 

Notes: SNP is at position 577, with C being the nucleotide originally reported. 
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6 21 
6781 
6841 
69 O1 
696 
O21 
O 81 
141 
2O1 
261 
321 
381 
441 
5 O1 
5 61 
621 
681 
41 

8 O1 
861 
921 
1981 
8 O 41 
81 O1 
81 61 
8 221 
8281 
8341 
84O1 
8461 
8521 
8581 
8641 
8 7 O1 
8 61 
8821 
8881 
8941 
9 OO1 
9 O61 
9 121 
98. 
9 241 
93 O1 
93 61 
9 421 
9481 
9541 
96O1 
9661 
9 721 
9781 
9 841 
99 O1 
99 61 

C Catataaat 
gtgag CtgCt 
agcCtggit Ca 
ttittaatgaa 
tattaaaaag 
aggata atta 
taCCatgtaC 
CtgttgaCCCC 
actctggatt 
U Calat CaCd 

gcctctgtct 
gt cittitt.cct 
tttittgcCtC 
citct citctg.c 
tact gCCg Ca 
CCCaCCCtt C 

atccttgttt 

Ctt to CCCt. a 
agttgg Catg 
tCCtgCaCtg 
CCCaacaaat 

t cittagccitt 
CCC agtCCta 
ct citcctg.cg 
tCagttittaC 
agt cotttgc 
CCtggaCt Ca 
at gag Ctaga 
taagttgaaC 
aag Caataaa 
cittitt cagot 
ttittaattaa. 
Cottt Cttt C 
gCattaagaa 
aataattt Ca 

aaact cittga 
tCtgCaaggg 
aat cattittg 
aat CCaagag 
taaCaCttga 
at a Cat at at 

atgttt Cttt 
Ctttggct to 
atggaaactt 
Cattitt QC at 
gag totttct 
titt CCttatt 
tCtagtttga 
titat C Catta 
aatttitt Cita 

aaaCat Cata 
gatgagaaCa 
aggtttacag 
gataaatata 
Ctggct atta 
ttaaaagct 
C t C t C a. t C C 
at CCtagaa 
tgcttctgg 
gga Citta CC 
aCCaCaatt 
tggtCCCtC 

tittctgtct 
CCt Calatt C 
tactgaatt 
tCat CCCt 
tacctatga 
cagotctitt 
tCtaaaCtg 
tggaaaat C 

CCtgaaaaga 
Cct.t.ccCagg 
gattgtagaC 
CCaCtgCCaC 
gag CCaagtC 
gaCt CaggCC 
ggCtttgCdt 
titat CQaaaa 
tggala Cttt C 
totCttitt Cit 
aatgaatgaC 
aCtt taalata 

gtag CatCaC 
ggtaaaaCaC 
aatgaataac 
aaaCCataga 
ccitctgtctic 
Ctgtctggta 
tCCtaatatt 
aaggatagaa 
tCCCt9CCaC 
caaatagaaa 
agtaacagag 
tgaacagt Cit 
tittgat actt 
tadadaatt C 
tittgacaatt 
CaCaCaagaa 
g9tCQQt CtC 
Ctgagt Caga 
ttctittgaga 
gtgtgttt Ct 
aaCt CaaCaa 
aCtggtttag 

C t t C C C d t C 
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aaaag CCtt C 
tt Ctatgtgg 
ttct cittggit 
tgtaacaatt 
gCaattittgg 
ct cattatga 
aagattic ctic 
tcctgtactic 
tatt citgctt 
Cagtgttgt. Cd 
CCttCCCaCa 
citat citt.cgg 
titt Ctgagta 
Ctgttgttagt 
at CCCaCaga 
tCtgCCtgaa 
CCCt CaCt Ca 
aCagaCCCtC 
acgaCCCaCa 
gCagaaCCat 
Cttt at CaCa 
tcttittacga 
gag acttggt. 
ttaa.cagttt 
citctgtctac 
ttctgacticc 
gttt CCCtga 
CagaCCCtgt 
att Ct. Ct. Cta 

tagatgg Cad 
actCtCagga 
CatgCtgagg 
aataag Cata 
tgtggitt CCt 
aat Cattt Ca 
atgtcaaCat 
tCtgagagtt 
titt Ct. Ct. Ctt 

CC attgttaa 
Catt Cagatt 
actgtatgac 
agaCtact ga 
a Caatt Cata 
t Caaataata 
ttattittgaa 
gctgitatgtc. 

caaagtattt 
tgagttt tag 
tittagtaagg 
taCaCCaCaC 

tacct tttac 
gtaaCtactC 
at agtaacat 
at atttggaa 
tgtag totat 
attgttittct 
agg tatgct g 
tCtt Ctact 
aaat Catt C 
CCCt attt C 

ttaaCCCCC 
tcttittgctg 
Cttgtgat Ct 
at Cqtgtt CC 
agaCagaaCa 
atgaaatt Ct 
Cttitt Cttcq 
cag actitt co 
CtCCCCtgat 
CaCt attaca 
ccaattcttg 
CCC agCt Cag 
totttctgtc. 
ttcttgtaat 
ttaaagaatg 
ct citctgatg 
gCtgaagt gC 
ggCttt Caca 
at agcttgat 
ggattitt add 
CtCagaCtCa 
CCC at galaga 
taCaCtt Cag 
tCtgtggaCa 
ttaggattaa 
tt CtagcCaa 
CataCttgag 
tCtaaaag Ct 
tat CCCttitt 
tat gag CCag 
aaagtgagtC 
atgaCCagtC 
gatttataga 
CCt c tattta 
ttagaaatga 
tittatatatt 

tittgaCC titt 
ttctgtctgC 
Ct Cttgaaaa 
titt Cat Ctt 
aat Ctttaaa 

gt Caaaacaa 
aactittagga 
gggatataat 
tagtatatga 

tctggtaatt 
aggCCCCaCa 
ataCCattag 
aaatgtaatc 
aaaaagatga 
ttaaaaag.ca 
tgcattgttc 
Cat Ct. CC titt 
gCCCCCCCCC 
gaCaCtt CaC 
tt CCt. Ct. CaC 
ttgitat cocc 
tt Cag CaCag 
tgCtgCCtaa 
tag catcatt 
tcttctagt c 
ccctgtct ct 
CtCtgaag Ca 
gCtCCC agCC 
gttggcttitt 
tCt CaCaCCC 

tggit cittittc 
totgct.ttitt 
taattgttta 
tgttittaagt 
gcct tctgac 
act tagt cot 
tggCCCtgta 
gtgttittaac 
adat UtadaC 

CtttacCCaC 
ggitt CCatgt 
Cat Caagt CC 
CCttt CaCat 
tttittattgt 
titt Cagaact 
Cat atttala 

gtgaat Catt 
CCCt. Ct. CaCC 
tatt Cat CaC 
at agt ctittg 
tcattctgct 
tggit cataac 
aaaaattact 
aattaat Cta 
tCattittitt 

at Ctt Catag 
aCaaCCaCCC 
ttcttaatag 
aCt agadt td. 
tgtaagattg 
ttatatgaaa 
Ct. Ctt CittaC 
aCaaataaaa 
agaaga Cata 
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Ct Cactaaaa. 
tgctgttcaa 
gCact tag cc 
at atttgaaa 
at cattgctic 
ttaagatatt 
atttgttctitt 
tCt. Cttt Cita 
agt citt coag 
act attgttct 
CCtt CCaaCC 
Caagg Ct Ctg 
at Cattt Cala 

aCCataCat C 
tt Ct. CCaCCt 
tC CaaaaCta 
tggittitcctic 
tgaCCtaCCg 
ct citctgcct 
CCaCttggtg 
tCct CCC act 
Ctttgttgaaa 
to cocat agt. 
catgtctatic 
tCagtgtgta 
at CCtt Ct CC 

cct tcctgac 
CCC.gtCtgtc 
citcctgtc.cc 
attacCC agt 
tCCaCaattC 
gtattgttga 
C Cagag Caga 
tatt Caaagg 
ggaagtttitt 
agct gtaatc 
CCttaa at C 
tatalaatta 

aaatgg Caca 
aaCaat Citta 
tgatgtgatg 
ttctgag Ctg 
at aaatagga 
ttittgaaaca 
CtgCCtaata 
cct attggitt 
Ct attt Ctag 
Cactact tot 
tataatcctg 
CC datdt CCd 
atttaCCtta 
agtaaaCtat 
att Cittatat 
ttgggaag Ct 
tatt acattt 

1 0021 aatacaacgt gttggattaa aaaatagitta Cag CaataCC tt Cag Ctgtt acaaggtggg 
10081 aaaagtaagg CQCagattat it tCCaCCCa aGC tattaala acCatgacqt g tCat CCC a 
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101 41 
1 O2 Ol 
10261 
1 O321 
1 O381 
1 O 441 
1 O5 O1 
1 O5 61 
1 O621 
O 68 

10 741 
1 O 801 
1 O 861 
10921 
1 O981 
11 O 41 
111 Ol 
lill 6l 
11221 
11281 
ll34l 
114 Ol 
11461 
11521 
11581 
ll 64l 
117 O1 
11761 
11821 
3883: 

11941 
12 OO1 
12O61 

tctgt CCaCO 
gCCtttaaag 
gittatt tact 
agctittatca 
CttaCagata 
gt adgtdatt 
attt Cagatg 
aaaCtt CCCa 

Ctgag CC aga 
aggaaCCCCC 
gaatgtttitt 
acactatott 
CCC at agagt 
dattgttgt Cit 
CaCCCtgtCC 
gag cotttac 
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CaCCaaag Ca 
tattgtttgg 
tgaatggatg 
taat Cittatt 
ttittgctatt 
tC Cagatttg 
catalaatttg 
tgttgct cago 

Ctttattgca toctitttitta tittagaaaat 
ttaat attitt agggattgct ttctgaagaa 
attaag agca ggaCataatt aagaataaat 
taCact Ct. Ct. aaaCat CCaC aataac Ctaa 
aaaggatgtt taaaaagtta gttagg CCCt 
taagga Cata, gtgtaagatg aaaagaaaaa 
cct attittat gttaatgtta atcttcttct 
gag totctica ttgagaaaat aaag accaag 
gccagacaca totagaaatg totttataat 
cc cct tttitt gaccc.cctgt attittaaaat 
CaaCCag CCC at CtCg Caga gtaCattt Ct 
cticagoctot gtotttt cag ttctgctctg 
ttgCCaCag C to Ct CtCCtt CC gtCCCtga 
Ctgat Cagt ttgCt agg gC to CC at adCa 
agaaattgat tittct catag ttctgtagac 
Ctggit citt to to cog cct cit toggggitttg 
tgtgcacaca toctoat ct c ttctitcttgt 
actict (A/G) taac agc.cccattt td acttaatc 
attitt Ctgag gtaCtgggg C titCagg CttC 
CaCCCCaCaC CaCCaCt CaC t CaaCt CC at 
agcagctctg at cittgttat coctictattt 
gt:t:CC:Caa::ittgetta Cag: a tigt giggCaic 
aggaagttac Cag Cagatga gtgattgtCt 
totggaaact citagatagot aggaag cct g 
tt gaga at a C ggaga aaaga agataa Cata 

ggitt C Catgg 
CCtt CaCCala 
gatgaaattC 
tagt ctitat 
gcttittcaa 
tagt gutta 
acagaaata 
aagttagtic 
tttgtcatg 
tCaaagatt 
CCatataag 
CC at CCaCa 
tCaaggaaa 
atttagaaa 
Caagtgaga 
taga Caaag 
aaact CCt C 
taaaatatt 
Ct. Ctt CatC 
CCtt CataC 

CtgttgcaaC 
gattacCQt a 
tagaagtC Ca 
cag cag ccac 
aaggg CaCCa 
Cttctittaga 
agtg tatgaa 
attott cott 
agaaaaaCtt 
tigtagaaagt 
tatatat cag 
atgtaggtoo 
gaaaatagta 

CaaCttggCC 
atgacitt cac 
CtgagaaCat 
CaaagaactC 
accatggit ct 
gaat a Cagtt 
gtgatttitta 
tot Catctitt 
aattaatacg 
tittaaaagg C 
aatgg Catala 
aaata Caaac 
tttgagatag 
aaaaag Caga 
ttgttcaatca 
agata Caaag 
titt cottgaa 
taactttgta 
CCCtCagtCt 
tCaCCCCCCt 
tgcct tctac 
gaCtgagtgg 
agata Cag Ct 
Cttacacatg 
ttcagatttg 
ggCCCC at Ct 
tittggCCtgg 
CCCaCact at 
CatggaCagt 
Ctatgagaat 
aaagtggg at 
ttgaaaaaaa 
aat aggCt CC 
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a C gt CCCtgc 
Ctgggat Ctt 
CCt. Ct. CCCCC 
tt attitt Cat 
citttgttgatt 
Cat-ggCC aga 
aaaatagittt 
tCtt Cta CCC 
aaacaatt Ct 
at atttaaaa. 

aCCt Caaaga 
acaat Catta 
gct cactatt 
tgga CCt. GGC 
ataattgttct 
aag cactta 
toacttgtc 

tcttgc 
CaCat CCQt 
a. t t 

tgat CCCat 
CaddCaC 

tCtgCatgt 
CaCCt CC 

ttaggg CCC 
Caaatagta 
ggtaCagtt 
titt CCaCaC 
tagt cc cct 

aaagg tattt 
tC Caagg gaC 

Notes: SNP at position 23 (G/T) position 11646 (A/G) (NC 007304) 
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METHODS AND COMPOSITIONS FOR 
TESTING AND BREEDING CATTLE FOR 
IMPROVED FERTILITY AND EMIBRYONC 

SURVIVAL 

FIELD OF THE INVENTION 

0001. The present invention relates to methods of genetic 
testing of cattle using molecular genetic methods by assaying 
for the presence of at least one genetic marker which is 
indicative of fertility or embryonic survival. 

BACKGROUND OF THE INVENTION 

0002 Dairy cows are significant investments for dairy 
farmers, and enormous efforts, such as animal breeding and 
artificial insemination, have been and continue to be invested 
in ensuring that the animals have high and Sustained produc 
tivity, and that the milk produced is of high quality. About 50 
quantitative trait loci (QTL) affecting milk production traits 
have been identified (Bagnato et al., 2008: Lipkin et al., 
2008). The dairy cattle genome has been significantly restruc 
tured over the past 30 years due to intense selection for 
production traits. 
0003. Such restructuring of the dairy cattle genome over 
the past 30 years due to intense selection for production traits 
may have resulted in a hitchhiking effect on a large number of 
loci adversely affecting fertilization rate and embryo survival, 
leading to dairy cattle genotypes that are suboptimal for 
reproductive competence (Royal et al., 2000; Lucy, 2001). 
The decrease in dairy cattle fertility is a worldwide problem 
and a major cause of economic loss and cow culling in the 
global dairy herd. 
0004. Many reasons account for this reduced reproductive 
efficiency, but the most important component seems to be a 
reduction in embryo survival rate from over 80% twenty years 
ago to less than 50% today. There appears to be an important 
genetic basis for this decline (Veerkamp and Beerda, 2007): 
So genetic approaches may help alleviate this problem. As 
Such, there is an urgent need to identify the genetic factors 
responsible for the decline in embryo survival rate. 
0005 Previously the present inventor has demonstrated 
the effectiveness of the candidate pathway approach in choos 
ing candidate genes affecting milk production traits (Leonard 
et al., 2005; Cobanoglu et al., 2006; Khatib et al., 2007a,b; 
Khatib et al., 2008a; Wang et al., 2008). Recently an in vitro 
fertilization (IVF) experimental system in cattle has been 
demonstrated that enables the association of single nucleotide 
polymorphisms (SNPs) in candidate genes with fertilization 
rate and embryo Survival. Using this system, two genes: fibro 
blast growth factor 2 (FGF2) and signal transducer and acti 
vator of transcription 5 (STAT5A) were found to be signifi 
cantly associated with variation in fertilization and embryo 
survival rates (Khatib et al., 2008a,b). These two genes were 
chosen from the interferon-tau (IFNT) and placental lactogen 
(PL) signal transduction pathway. 
0006 Interferon-t (IFNT) is a major product of ovine and 
bovine conceptuses during the period before the trophoblast 
makes firm attachment to the uterine wall and begins to form 
a placenta. Its primary function is in preventing a return to 
ovarian cyclicity and hence ensuring the pregnancy to con 
tinue, although it undoubtedly has other roles in ensuring 
receptivity of the maternal endometrium. 
0007 IFNT is a member of the Type I IFN family, and 
signals through the Type I IFN receptor and Janus Kinase 
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(JAK)-signal transducer and activator of transcription (STAT) 
signal transduction pathway (Stewart et al., Endocrinology 
142:98-107 (2001)). IFNT activates multiple STATs and has 
differential effects on IFN-stimulated response element 
(ISRE) and Y-activated sequence (GAS) element-driven gene 
transcription. It is known to induce a number of genes in the 
ovine uterus including 2.5'-oligoadenylate synthetase 
(Johnson et al., Biol. Reprod. 64:1392-1399 (2001)), B 2-mi 
croglobulin (Vallet et al., J. Endocrinol. 130:R1-4 (1991)), 
IFN regulatory factor 1 (Spencer et al., 1998), ubiquitin cross 
reactive protein (Johnson et al., Biol. Reprod. 62:622-627 
(2000)), and Mx protein (Charleston and Stewart, Gene 137: 
327-331(1993); Ott et al., Biol. Reprod. 59:784-794 (1998)). 
Many of these proteins are known to function in the antiviral 
response as well as in early pregnancy of ungulates especially 
ruminant animals (see e.g. U.S. Pat. App. No. 20070009969). 
The aforementioned data most likely apply to cattle as well. 
0008 Identifying additional genetic factors that show 
association with fertilization rate or embryo survival rate 
would enable selection or breeding programs that reduce the 
frequency of deleterious alleles at these loci by marker- or 
gene-assisted selection, preventing further decline or even 
improving reproductive status of the global dairy herd. 
0009 Furthermore, a plurality of or multiple genes are 
likely more reliable than a single gene or SNP in predicting 
high fertility or enhanced embryo survival. 

SUMMARY OF THE INVENTION 

(0010. The present inventor investigated the effects of vari 
ous genes of the IFNT signaling pathway and discovered that 
several of these genes comprise SNPs that are correlated with 
increased fertilization rate, or embryo survival rate, or both, 
and these SNPs may be used in breeding programs or other 
cattle testing or selection programs for cattle with improved 
fertility, more specifically for increased pregnancy rate in 
cattle. Accordingly, in one embodiment, the present invention 
provides a collection, or an array, of at least two of isolated 
polynucleotide molecule species selected from the group 
consisting of (1) an isolated polynucleotide comprising at 
least 12 consecutive nucleotides Surrounding position of 
1296 of SEQ ID NO:1; (2) an isolated polynucleotide com 
prising at least 12 consecutive nucleotides Surrounding posi 
tion of 213 of SEQID NO:2; (3) an isolated polynucleotide 
comprising at least 12 consecutive nucleotides Surrounding 
position of 8504 of SEQID NO:3; (4) an isolated polynucle 
otide comprising at least 12 consecutive nucleotides Sur 
rounding position of 154963 of SEQID NO:4; (5) an isolated 
polynucleotide comprising at least 12 consecutive nucle 
otides surrounding position of 577 of SEQID NO:5; (6) an 
isolated polynucleotide comprising at least 12 consecutive 
nucleotides surrounding position of 23 of SEQID NO:6; (7) 
an isolated polynucleotide comprising at least 12 consecutive 
nucleotides surrounding position of 11646 of SEQID NO:6; 
and (8) an isolated polynucleotide comprising at least 12 
consecutive nucleotides surrounding position of 12195 of 
SEQ ID NO:7. Preferably, the collection comprises at least 
three, at least four, at least five, at least six, or at least seven 
species described above. More preferably, the collection 
comprises all eight species. 
0011. In another embodiment, the present invention pro 
vides a method for genotyping a bovine cell, comprising 
obtaining a nucleic acid sample from said cell and determin 
ing the identity of the nucleotide of eight SNP positions in the 
cell, wherein the eight SNP positions are (1) position 1296 of 
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SEQID NO:1; (2) position 213 of SEQID NO:2; (3) position 
8504 of SEQID NO:3; (4) position 154963 of SEQID NO:4; 
(5) position 577 of SEQID NO:5; (6) position of 23 SEQID 
NO:6; (7) position 11646 of SEQID NO:6; and (8) position 
12195 of SEQ ID NO:7, the method, comprising (1) deter 
mining the identity of a nucleotide at each of the eight SNP 
positions, and (2) comparing the identity to the nucleotide 
identity at a corresponding position of in SEQID NOs: 1-7, 
respectively. In preferred embodiments, the method accord 
ing to the present invention is used to test an adult bovine cell, 
an embryonic bovine cell, a bovine sperm, a bovine egg, a 
fertilized bovine egg, or a bovine Zygote. In one embodiment, 
both copies of the respective gene in the cell are genotyped. 
0012. In another embodiment, the present invention pro 
vides a method for selectively breeding of cattle using a 
multiple ovulation and embryo transfer procedure (MOET), 
the method comprising Super-ovulating a female animal, col 
lecting eggs from said Superovulated female, in vitro fertiliz 
ing said eggs from a Suitable male animal, implanting said 
fertilized eggs into other females allowing for an embryo to 
develop, and genotyping said developing embryo as 
described above, and terminating pregnancy if said develop 
ing embryo does not all have a corresponding desired poly 
morphic nucleotide as shown in Table 1A. 

DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 shows the partial sequence of the UTMP 
gene (SEQ ID NO:1) where the relevant SNP position is 
noted. 
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0014 FIG. 2 shows the partial sequence of the STAT1 
gene (SEQ ID NO:2) where the relevant SNP position is 
noted. 
(0015 FIG. 3 shows the partial sequence of the OPN gene 
(SEQ ID NO:3) where the relevant SNP position is noted. 
0016 FIG. 4 shows the partial sequence of the GHR gene 
(SEQ ID NO:4) where the relevant SNP position is noted. 
(0017 FIG. 5 shows the partial sequence of the POU1F1 
gene (SEQ ID NO:5) where the relevant SNP position is 
noted. 
0018 FIG. 6 shows the partial sequence of the FGF2 gene 
(SEQ ID NO:6) where the two relevant SNP positions at 
positions 23 and 11646 are noted. 
(0019 FIG. 7 shows the partial sequence of the STAT5A 
gene (SEQ ID NO:7) where the relevant SNP position is 
noted. 

DETAILED DESCRIPTION OF THE INVENTION 

0020. It has now been found that many genes encoding 
proteins of the IFNT signaling pathway contain single nucle 
otide polymorphisms (SNPs), and certain of these alleles 
correspond to increased fertilization rate, or embryonic Sur 
vival rate, or both, in dairy cattle, and the beneficial effects of 
these alleles are additive. Specifically, it has been discovered 
that SNPs exist in the following genes: growth hormone 
receptor (GHR), osteopontin (OPN/SPP1), POU1F1, signal 
transducer and activator of transcription (STAT1), signal 
transducer and activator of transcription (STAT5A), bovine 
uterine milk protein (UTMP), and fibroblast growth factor 2 
(FGF2). 
0021. These SNPs are summarized in the Table 1 below. 

TABLE 1. 

Gene Names, SNP Locations, and Polymorphisms 

SNP Originally Reported Polymorphic Desired 
Gene Position Nucleotide Nucleotide Nucleotide 

UTMP 1296 A. G A. 
STAT1 213 T C C 
OPN 8504 T C T 
GHR 154,963 T A. A. 
POU1F1 577 C A. A. 
FGF2SNP23 23 G T G 

FGF2 SNP11646 11646 A. G G 
STATSA 121.9S C G C 

Gene Names, Chromosomal Locations, and References 

Gene Chromosome SNP (location) Reference 

POU class 1 homeobox. 1 1 AC (exon 3) Huang et al. 2008 
(POU1F1) 
Growth hormone receptor 2O AT (exon 8) Blottet al. 2003 
(GHR) 
Signal transducer and 19 C/G (exon 8) Khatib et al. 2008 
activator 5A (STAT5A) 
Osteopontin (OPN) 6 CIT (intron 4) Leonard et al. 2005 
Uterine milk protein 21 AG (exon 4) Khatib et al. 2007 
(UTMP) 
STAT1 2 C/T (3'UTR) Cobanoglu et al. 2006 
FGF2SNP23 6 G/T (5 UTR) Khatib et al. 2008 
FGF2 SNP 11646 6 AG (intron 1) Khatib et al. 2008 
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0022 Aside from FGF2 SNP23, the SNPs listed in Table 1 
above have been previously reported. Specifically, U.S. 
patent application Ser. No. 11/179.581 discloses UTMPSNP 
1296. (see FIG. 1 of the present invention). This same patent 
application also discloses STAT1 SNP213 (see FIG. 2) and 
OPNSNP8504 (see FIG. 3). 
0023 GHRSNP 154963 was reported by Blottet al. 2003 
(Genetics 163:253-266) (see FIG. 4). 
0024 U.S. patent application Ser. No. 12/267,104 dis 
closes POU1F1 SNP 577 (see FIG. 5). 
0025 U.S. Pat. App. No. 61/046.253, filed on Apr. 18, 
2008, discloses FGF2 SNP11646 (see FIG. 6). FIG. 6 further 
depicts FGF2 SNP23. 
0026 U.S. patent application Ser. No. 12/267,076 dis 
closes STAT5A SNP 12195 (See FIG. 7). 
0027. These and other references cited herein are all incor 
porated by reference in their entirety. 
0028 POU1F1 is a member of the tissue specific POU 
(Pit, Oct, Unc) homeobox transcription factor DNA binding 
protein family that is found in all mammals studied so far 
(Bastos et al., 2006; Ingraham et al., 1988: Ingraham et al., 
1990). The pituitary specific expression of POU1F1 is 
required for the activation of growth hormone (GH), prolactin 
(PRL), and thyroid stimulating hormone (TSH) (Li et al., 
1990). These genes are involved in a variety of signaling 
pathways that are important for many developmental and 
physiological processes, including pituitary gland develop 
ment (Li et al., 1990, Mullis, 2007), mammary gland devel 
opment and growth (Svennersten-Saunja and Olsson, 2005), 
milk protein expression (Akers, 2006), and milk production 
and secretion (Svennersten-Saunja and Olsson, 2005). 
Moreover, binding of GH and PRL to their receptors on the 
cell membrane triggers a cascade of signaling events includ 
ing the JAK/STAT pathway, which has been shown to be 
required for adult mammary gland development and lactoge 
nesis (Liu et al., 1997). 
0029. Several genes in the same pathway of POU1F1 have 
been reported to be associated with different milk production 
and health traits. For example, growth hormone receptor 
(GHR) has shown associations with milk yield and composi 
tion (Vitala et al., 2006). Also, the signal transducer and 
activator of transcription 1 (STAT1) and osteopontin (OPN) 
genes have been shown to have significant effects on milk 
yield and milk protein and fat yields in Holstein dairy cattle 
(Cobanoglu et al., 2006; Leonard et al., 2005; Schnabel et al., 
2005). The uterine milk protein (UTMP) is another gene in 
the pathway of POU1F1 that has been found to be associated 
with productive life in dairy cattle (Khatib et al., 2007b). 
0030 The FGF2 regulates the trophectoderm expression 
of interferon-T, a key member of the signal transduction path 
way involved in milk production (Ocon-Grove et al., 2007). 
Bovine FGF2 is mapped to chromosome 17, with 3 exons and 
a total length of over 55 kb; it is expressed by the 
endometrium throughout the estrous cycle and early preg 
nancy (Michael et al., 2006). 
0031. The signal transducer and activator (STAT) proteins 
are known to play an important role in cytokine signaling 
pathways. STAT proteins are transcription factors that are 
specifically activated to regulate gene transcription when 
cells encounter cytokines and growth factors, hence they act 
as signal transducers in the cytoplasm and transcription acti 
vators in the nucleus (Kisseleva et al., 2002). In mammals, 
STATs comprise a family of seven structurally and function 
ally related proteins: STAT1, STAT2, STAT3, STAT4, 
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STAT5a and STAT5b, STAT6 (Darnell, 1997). The seven 
mammalian STAT proteins range in size from 750 to 850 
amino acids. The chromosomal distribution of these STATs, 
as well as the identification of STATs in more primitive 
eukaryotes, suggest that this family arose from a single pri 
mordial gene (Chen et al., 1998). In addition, STATs share a 
number of structurally and functionally conserved domains. 
0032. The STATS protein is also known as the mammary 
gland factor. This protein was initially identified in the mam 
mary gland as a regulator of milk protein gene expression 
(Watson, 2001). STAT5A is a member of the interferon-tau 
(IFN-tau) and placental lactogen (PL) signaling pathway, 
which is involved in signal transduction within a variety of 
cells, including the uterus and mammary epithelial cells. The 
uterus is exposed to IFN-tau and PL, as well as many others 
hormones including estrogen, progesterone, and placental 
growth hormone. The PL stimulates the formation of STAT5 
homodimers, which in turn induce the transcription of the 
bovine uterine milk protein (UTMP) and osteopontin (OPN) 
genes (Spencer and Bazer, 2002; Stewart et al., 2002; Spencer 
and Bazer, 2004). In previous studies, the present inventor 
showed that the UTMP (Khatib et al., 2007a) and OPN (Le 
onard etal. 2005; Khatib et al. 2007b) genes have surprisingly 
strong effects on milk production and health traits in cattle. 
Furthermore, the present inventor showed that STAT1—also 
a member of the IFN-tau and PL signal transduction path 
way—is associated with milk composition and health traits 
(Cobanoglu et al., 2006). 
0033 Studies in mouse have shown that STAT5A is 
involved in both milk production and fertility; Stats knockout 
female mice fail to lactate (Miyoshi et al., 2001). Also, it has 
been shown that disruption of Stats leads to infertility in 
females as a result of Small-sized or a lack of corpora lutea 
(Teglund et al., 1998). Because the primary source of proges 
terone is the corporalutea of the ovary, lack of development of 
corpora lutea would have significant effects on the establish 
ment of pregnancy. 
0034 Polymorphisms at the nucleic acid level may pro 
vide functional differences in the genetic sequence, through 
changes in the encoded polypeptide, changes in mRNA sta 
bility, binding of transcriptional and translation factors to the 
DNA or RNA, and the like. Polymorphisms are also used to 
detect genetic linkage to phenotypic variation. 
0035. One type of polymorphism, single nucleotide poly 
morphisms (SNPs), has gained wide use for the detection of 
genetic linkage recently. SNPs are generally biallelic sys 
tems, that is, there are two alleles that an individual may have 
for any particular SNP marker. In the instant case, the SNPs 
are used for determining the genotypes of the POU1F1 gene, 
which are found to have strong correlation to longevity and 
milk production traits. 
0036 Through the following testing and analysis, it has 
been established that certain alleles of the SNPs shown in 
Table 1 correspond to increased fertilization rate, or embry 
onic survival rate, or both, in dairy cattle, and the beneficial 
effects of these alleles are additive. 
0037 Gene Selection and Genotyping. The genes 
POU1F1, GHR, STAT5A, OPN, UTMP, STAT1, and FGF2 
were chosen for association tests with fertility traits because 
they are members of the IFNT and PL/POU1F1 pathway. 
Genotyping of these genes was performed as described in the 
literature (Table 1) except for GHR, for which primers, 
GHR-F CTTTGGAATACTTGGGCTAGCAGTGA 
CA“A”TAT (SEQID NO:8) and GHR-R GTCTCTCTGTG 
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GACACAACA (SEQID NO:9) were used to amplify a 230 
bp genomic fragment. The original T nucleotide at position 
-4 of the SNP was mutated to an A nucleotide in the forward 
primer to create an Ssp/recognition site. Restriction enzyme 
digestions were carried out according to the manufacturer's 
instructions. 

0038. Fertility Data Collection. Ovaries from mature cows 
were collected from a local abattoir and immediately used in 
the IVF experiments as described in Khatib et al. (2008a,b). 
Briefly, oocytes were aspirated from antral follicles (>2-6 
mm) and immediately incubated in maturation medium. On 
average, 12 oocytes were aspirated from each ovary. On day 
2 (d 2), oocytes were fertilized with frozen-thawed percoll 
separated semen that had been adjusted to a final concentra 
tion of 1 million sperm/ml. Fertilization rate was calculated as 
the number of cleaved embryos at 48 h post fertilization out of 
total number of oocytes exposed to sperm. Survival rate of 
embryos was calculated as the number of blastocysts on d7 of 
development out of the number of total embryos cultured. 
Viability was determined as a function of the embryo's ability 
to attain the morphological stage of blastocyst on d 7 of 
development. Embryos that failed to show cellular compac 
tion (morula stage) on d5 or d 6 were considered nonviable. 
Therefore, only embryos exhibiting adequate compaction 
followed by the formation of a blastocoele on d 7 were con 
sidered viable. Ovaries from which fewer than 4 oocytes were 
harvested were discarded and not further analyzed. A total of 
7,413 fertilizations were performed using oocytes from a total 
of 504 ovaries and semen from 10 different bulls. 

0.039 Association of Individual Genes with Fertilization 
and Survival Rates. Associations of individual genes with 
fertilization and survival rates were analyzed using the fol 
lowing logistic regression model: 

(1) p 
logi -p ) =f3o + f3 Bull + f2. Genotype, 

where 

logif) (i = 1, 2, ... n.) 

is the natural logarithm of odds of survival rate or fertilization 
rate, fo is a general constant, f, is the fixed effect associated 
with the j' bull (Bull); and f is the genotype effect associ 
ated with the k" genotype (Genotype) of the gene analyzed. 
This model was fitted by Maximum Likelihood approach. 
Association between the gene and survival/fertilization rate 
was tested using a Likelihood Ratio Test (LRT). 
004.0 Association of Candidate Genes with Embryonic 
Survival. The GHR, STAT5A, UTMP, FGF2 SNP11646, 
FGF2 SNP23, and STAT1 genes showed considerable asso 
ciations with embryonic survival rate (Table 2). For GHR, the 
survival rate of embryos produced from AA ovaries was 9% 
higher than that of embryos produced from TT ovaries. For 
STAT5A, CC ovaries showed 9% and 8% higher survival 
rates than that of GG and GC ovaries, respectively. The 
UTMP gene showed 6% survival rate differences between 
AA and GG genotypes (Table 2). SNP11646 and SNP23 of 
FGF2 showed differences of 7% each between genotypes GG 
and AA and between GG and TT, respectively. For STAT1, 

Jul. 22, 2010 

although not statistically significant, TT genotype was asso 
ciated with a 4% increase in survival rate compared to GG 
genotype. 
0041 Association of Individual Genes with Fertilization 
Rate. The POU1F1, GHR, STAT5A, OPN, STAT1, and FGF2 
SNP23 showed association of with fertilization rate (Table 3). 
The CC genotype of POU1F1 was showed 71.4% fertilization 
rate vs. 67.7% for AC genotype. Also, AA genotype of GHR 
showed 70% fertilization rate compared to 66% for AT geno 
type. Ovaries carrying the TT genotype of OPN showed a 
70% fertilization rate vs. a 62% rate for ovaries carrying the 
CC genotype. The CC genotype of STAT5A showed signifi 
cant association with fertilization rate (71%) vs. the GC 
(69%) and GG (66%) genotypes. The genotypes of STAT1 
genes (CC vs. TT) showed 3% difference in fertilization rate. 
Similarly, although less statistically significant, FGF2 SNP23 
also showed associations with fertilization rate; fertilization 
rate of oocytes obtained from TT cows was 63% vs. 68% for 
GT and GG cows. FGF2 SNP11646 did not show significant 
association with fertilization rate. However, interestingly, 
two way interaction between SNP23 and SNP11646 showed 
significant effects on fertilization rate (P-4.90E-03). The 
genotype combination of TT(SNP23) and AA(SNP11646) 
was associated with the lowest fertilization rate (62%) com 
pared to all other genotype combinations. 

TABLE 2 

Association tests (P values) between individual genes 
and embryo survival rate, genotypes of ovaries, number 

of embryos, and observed survival rates 

Gene P value Genotype Ovaries Embryos Survival rate 

GHR 3.8OE-06 AA 256 3131 0.37 
AT 125 426 O.29 
TT 17 153 O.28 

STATSA 1.37E-07 GG 87 902 O.31 
GC 232 2762 O.33 
CC 85 113 O4O 

UTMP O.OOO39 GG 140 735 O.30 
GA 167 924 O.36 
AA 112 266 O.36 

STAT1 O.115 CC 189 2235 O.34 
CT 18O 2216 O.34 
TT 33 356 O.38 

FGF2 SNP 3.69E-04 GG 130 424 O.38 
11646 AG 2O7 2343 O.32 

AA 107 281 O.32 
FGF2 6.87E-04 GG 263 3O8O O.36 
SNP23 GT 121 370 O.30 

TT 22 221 O.29 

TABLE 3 

Association tests (P values) between individual genes 
and fertilization rate, genotypes of ovaries, number 

offertilizations, and observed fertilization rate 

Fertili 
Gene P value Genotype Ovaries Zations Fertilization Rate 

POU1F1 O.OS16 CC 279 48.21 O.714 
AC 51 918 0.677 
AA 1 19 O.74 

GHR O.O647 AA 2S6 4473 O.70 
AT 125 2154 O.66 
TT 17 223 O.69 

STATSA O.OO371 GG 87 1360 O.66 
GC 232 4028 O.69 
CC 85 1574 O.71 
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TABLE 3-continued 

Association tests (P values) between individual genes 
and fertilization rate, genotypes of ovaries, number 

offertilizations, and observed fertilization rate 

Fertili 
Gene P value Genotype Ovaries Zations Fertilization Rate 

OPN O.OOS29 TT 142 2481 O.70 
TC 204 36O1 O.70 
CC 48 739 O.62 

STAT1 O.O298 CC 189 3176 O.70 
CT 18O 3261 O.68 
TT 33 525 O.67 

FGF2 O.172 GG 263 4547 O.68 
SNP23 GT 121 2015 O.68 

TT 22 352 O.63 

0042. In the context of the present invention, the provided 
sequences also encompass the complementary sequence cor 
responding to any of the provided polymorphisms. In order to 
provide an unambiguous identification of the specific site of a 
polymorphism, the numbering of the original nucleic 
sequences in the GenBank is shown in the figures and is used. 
0043. The present invention provides nucleic acid based 
genetic markers for identifying bovine animals with Superior 
fertility and Survival traits. In general, for use as markers, 
nucleic acid fragments, preferably DNA fragments, will be of 
at least 12 nucleotides (nt), preferably at least 15 nt, usually at 
least 20 nt, often at least 50 nt. Such small DNA fragments are 
useful as primers for the polymerase chain reaction (PCR), 
and probes for hybridization screening, etc. 
0044) The term primer refers to a single-stranded oligo 
nucleotide capable of acting as a point of initiation of tem 
plate-directed DNA synthesis under appropriate conditions 
(i.e., in the presence of four different nucleoside triphos 
phates and an agent for polymerization, such as, DNA or 
RNA polymerase or reverse transcriptase) in an appropriate 
buffer and at a suitable temperature. The appropriate length of 
a primer depends on the intended use of the primer but typi 
cally ranges from 15 to 30 nucleotides. Short primer mol 
ecules generally require cooler temperatures to form Suffi 
ciently stable hybrid complexes with the template. A primer 
need not reflect the exact sequence of the template but must be 
sufficiently complementary to hybridize with a template. The 
term primer site, or priming site, refers to the area of the target 
DNA to which a primer hybridizes. The term primer pair 
means a set of primers including a 5' upstream primer that 
hybridizes with the 5' end of the DNA sequence to be ampli 
fied and a 3', downstream primer that hybridizes with the 
complement of the 3' end of the sequence to be amplified. 
0045. The term “probe' or “hybridization probe' denotes 
a defined nucleic acid segment (or nucleotide analog seg 
ment) which can be used to identify by hybridization a spe 
cific polynucleotide sequence present in Samples, said 
nucleic acid segment comprising a nucleotide sequence 
complementary of the specific polynucleotide sequence to be 
identified. “Probes’ or “hybridization probes’ are nucleic 
acids capable of binding in a base-specific manner to a 
complementary strand of nucleic acid. 
0046. An objective of the present invention is to determine 
which embodiment of the polymorphisms a specific sample 
of DNA has. For example, it is desirable to determine whether 
the nucleotide at a particular position is A or C. An oligo 
nucleotide probe can be used for such purpose. Preferably, the 
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oligonucleotide probe will have a detectable label, and con 
tains an A at the corresponding position. Experimental con 
ditions can be chosen such that if the sample DNA contains an 
A, they hybridization signal can be detected because the 
probe hybridizes to the corresponding complementary DNA 
strand in the sample, while if the sample DNA contains a G, 
no hybridization signal is detected. 
0047 Similarly, PCR primers and conditions can be 
devised, whereby the oligonucleotide is used as one of the 
PCR primers, for analyzing nucleic acids for the presence of 
a specific sequence. These may be direct amplification of the 
genomic DNA, or RT-PCR amplification of the mRNA tran 
script of the POU1F1 gene. The use of the polymerase chain 
reaction is described in Saiki et al. (1985) Science 230:1350 
1354. Amplification may be used to determine whether a 
polymorphism is present, by using a primer that is specific for 
the polymorphism. Alternatively, various methods are known 
in the art that utilize oligonucleotide ligation as a means of 
detecting polymorphisms, for examples see Riley etal (1990) 
Nucleic Acids Res. 18:2887-2890; and Delahunty etal (1996) 
Am. J. Hum. Genet. 58:1239-1246. The detection method 
may also be based on direct DNA sequencing, or hybridiza 
tion, or a combination thereof. Where large amounts of DNA 
are available, genomic DNA is used directly. Alternatively, 
the region of interest is cloned into a suitable vector and 
grown in Sufficient quantity for analysis. The nucleic acid 
may be amplified by PCR, to provide sufficient amounts for 
analysis. 
0048 Hybridization may be performed in solution, or 
such hybridization may be performed when either the oligo 
nucleotide probe or the target polynucleotide is covalently or 
noncovalently affixed to a solid Support. Attachment may be 
mediated, for example, by antibody-antigen interactions, 
poly-L-Lys, Streptavidin oravidin-biotin, Salt bridges, hydro 
phobic interactions, chemical linkages, UV cross-linking 
baking, etc. Oligonucleotides may be synthesized directly on 
the Solid Support or attached to the Solid Support Subsequent to 
synthesis. Solid-supports suitable for use in detection meth 
ods of the invention include Substrates made of silicon, glass, 
plastic, paper and the like, which may be formed, for 
example, into wells (as in 96-well plates), slides, sheets, 
membranes, fibers, chips, dishes, and beads. The Solid Sup 
port may be treated, coated or derivatized to facilitate the 
immobilization of the allele-specific oligonucleotide or target 
nucleic acid. For screening purposes, hybridization probes of 
the polymorphic sequences may be used where both forms 
are present, either in separate reactions, spatially separated on 
a solid phase matrix, or labeled such that they can be distin 
guished from each other. 
0049) Hybridization may also be performed with nucleic 
acid arrays and subarrays such as described in WO95/11995. 
The arrays would contain a battery of allele-specific oligo 
nucleotides representing each of the polymorphic sites. One 
or both polymorphic forms may be present in the array, for 
example the polymorphism of position 1296 may be repre 
sented by either, or both, of the listed nucleotides. Usually 
such an array will include at least 2 different polymorphic 
sequences, i.e. polymorphisms located at unique positions 
within the locus, and may include all of the provided poly 
morphisms. Arrays of interest may further comprise 
sequences, including polymorphisms, of other genetic 
sequences, particularly other sequences of interest. The oli 
gonucleotide sequence on the array will usually be at least 
about 12 nt in length, may be the length of the provided 
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polymorphic sequences, or may extend into the flanking 
regions to generate fragments of 100 to 200 nt in length. For 
examples of arrays, see Ramsay (1998) Nat. Biotech. 
16:4044; Hacia et al. (1996) Nature Genetics 14:441-447: 
Lockhartet al. (1996) Nature Biotechnol. 14:1675-1680; and 
De Risi et al. (1996) Nature Genetics 14:457-460. 
0050. The identity of polymorphisms may also be deter 
mined using a mismatch detection technique, including but 
not limited to the RNase protection method using riboprobes 
(Winter et al., Proc. Natl. Acad. Sci. USA 82:7575, 1985; 
Meyers et al., Science 230:1242, 1985) and proteins which 
recognize nucleotide mismatches, such as the E. coli mutS 
protein (Modrich, P. Ann Rev. Genet. 25:229-253, 1991). 
Alternatively, variant alleles can be identified by single strand 
conformation polymorphism (SSCP) analysis (Orita et al., 
Genomics 5:874-879, 1989: Humphries et al., in Molecular 
Diagnosis of Genetic Diseases, R. Elles, ed., pp. 321-340, 
1996) or denaturing gradient gel electrophoresis (DGGE) 
(Wartell et al., Nucl. Acids Res. 18:2699-2706, 1990; Shef 
field et al., Proc. Natl. Acad. Sci. USA 86:232-236, 1989). 
0051 A polymerase-mediated primer extension method 
may also be used to identify the polymorphism(s). Several 
such methods have been described in the patent and scientific 
literature and include the “Genetic Bit Analysis” method 
(WO92/15712) and the ligase/polymerase mediated genetic 
bit analysis (U.S. Pat. No. 5,679,524). Related methods are 
disclosed in WO91/02087, WO90/09455, WO95/17676, U.S. 
Pat. Nos. 5,302,509, and 5,945.283. Extended primers con 
taining a polymorphism may be detected by mass spectrom 
etry as described in U.S. Pat. No. 5,605,798. Another primer 
extension method is allele-specific PCR (Ruao et al., Nucl. 
Acids Res. 17:8392, 1989: Ruao et al., Nucl. Acids Res. 19, 
6877-6882, 1991; WO93/224.56: Turki et al., J. Clin. Invest. 
95: 1635-1641, 1995). In addition, multiple polymorphic sites 
may be investigated by simultaneously amplifying multiple 
regions of the nucleic acid using sets of allele-specific primers 
as described in Wallace et al. (WO 89/10414). 
0052 A detectable label may be included in an amplifica 
tion reaction. Suitable labels include fluorochromes, e.g. 
fluorescein isothiocyanate (FITC), rhodamine, Texas Red, 
phycoerythrin, allophycocyanin, 6-carboxyfluorescein 
(6-FAM), 2,7-dimethoxy-4',5'-dichloro-6-carboxyfluores 
cein (JOE), 6-carboxy-X-rhodamine (ROX), 6-carboxy-2',4', 
7'4,7-hexachlorofluorescein (HEX), 5-carboxyfluorescein 
(5-FAM) or N.N.N',N'-tetramethy-6-carboxyrhodamine 
(TAMRA), radioactive labels, e.g. 'P, S, H; etc. The label 
may be a two stage system, where the amplified DNA is 
conjugated to biotin, haptens, etc. having a high affinity bind 
ing partner, e.g. avidin, specific antibodies, etc., where the 
binding partner is conjugated to a detectable label. The label 
may be conjugated to one or both of the primers. Alterna 
tively, the pool of nucleotides used in the amplification is 
labeled, so as to incorporate the label into the amplification 
product. 
0053. It is readily recognized by those ordinarily skilled in 
the art that in order to maximize the signal to noise ratio, in 
probe hybridization detection procedure, the polymorphic 
site should at the center of the probe fragment used, whereby 
a mismatch has a maximum effect on destabilizing the hybrid 
molecule; and in a PCR detection procedure, the polymorphic 
site should be placed at the very 3'-end of the primer, whereby 
a mismatch has the maximum effect on preventing a chain 
elongation reaction by the DNA polymerase. The location of 
nucleotides in a polynucleotide with respect to the center of 
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the polynucleotide are described herein in the following man 
ner. When a polynucleotide has an odd number of nucle 
otides, the nucleotide at an equal distance from the 3' and 5' 
ends of the polynucleotide is considered to be “at the center” 
of the polynucleotide, and any nucleotide immediately adja 
cent to the nucleotide at the center, or the nucleotide at the 
center itself is considered to be “within 1 nucleotide of the 
center.” With an odd number of nucleotides in a polynucle 
otide any of the five nucleotides positions in the middle of the 
polynucleotide would be considered to be within 2 nucle 
otides of the center, and so on. When a polynucleotide has an 
even number of nucleotides, there would be a bond and not a 
nucleotide at the center of the polynucleotide. Thus, either of 
the two central nucleotides would be considered to be “within 
1 nucleotide of the center” and any of the four nucleotides in 
the middle of the polynucleotide would be considered to be 
“within 2 nucleotides of the center, and so on. 
0054. In some embodiments, a composition contains two 
or more differently labeled oligonucleotides for simulta 
neously probing the identity of nucleotides or nucleotide 
pairs at two or more polymorphic sites. It is also contemplated 
that primer compositions may contain two or more sets of 
allele-specific primer pairs to allow simultaneous targeting 
and amplification of two or more regions containing a poly 
morphic site. 
0055 Alternatively, the relevant portion of the gene of the 
sample of interest may be amplified via PCR and directly 
sequenced, and the sequence be compared to the wild type 
sequence shown in the figures. It is readily recognized that, 
other than those disclosed specifically herein, numerous 
primers can be devised to achieve the objectives. PCR and 
sequencing techniques are well known in the art and reagents 
and equipments are readily available commercially. 
0056 DNA markers have several advantages; segregation 

is easy to measure and is unambiguous, and DNA markers are 
co-dominant, i.e., heterozygous and homozygous animals 
can be distinctively identified. Once a marker system is estab 
lished selection decisions could be made very easily, since 
DNA markers can be assayed any time after a blood sample 
can be collected from the individual infant animal, or even 
earlier by testing embryos in vitro if very early embryos are 
collected. The use of marker assisted genetic selection will 
greatly facilitate and speed up cattle breeding problems. For 
example, a modification of the multiple ovulation and embryo 
transfer (MOET) procedure can be used with genetic marker 
technology. Specifically, females are Superovulated, eggs are 
collected, in vitro fertilized using semen from Superior males 
and implanted into other females allowing for use of the 
superior genetics of the female (as well as the male) without 
having to wait for her to give birth to one calf at a time. 
Developing blastomeres at the 4-8 cell stage may be assayed 
for presence of the marker, and selection decisions made 
accordingly. 
0057. In one embodiment of the invention an assay is 
provided for detection of presence of a desirable genotype 
using the markers. 
0058. The term “genotype' as used herein refers to the 
identity of the alleles present in an individual or a sample. In 
the context of the present invention a genotype preferably 
refers to the description of the polymorphicalleles present in 
an individual or a sample. The term “genotyping a sample or 
an individual for a polymorphic marker refers to determining 
the specific allele or the specific nucleotide carried by an 
individual at a polymorphic marker. 
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0059. The present invention is suitable for identifying a 
bovine, including a young or adult bovine animal, an embryo, 
a semen sample, an egg, a fertilized egg, or a Zygote, or other 
cell or tissue sample therefrom, to determine whether said 
bovine possesses the desired genotypes of the present inven 
tion, some of which are indicative of improved milk produc 
tion traits. 
0060. Further provided is a method for genotyping one of 
the bovine genes listed in Table 1, comprising determining for 
the two copies of the gene present the identity of the nucle 
otide pair at the relevant SNP position. 
0061. One embodiment of a genotyping method of the 
invention involves examining both copies of the gene, or a 
fragment thereof, to identify the nucleotide pair at the poly 
morphic site in the two copies to assign a genotype to the 
individual. In some embodiments, “examining a gene' may 
include examining one or more of DNA containing the gene, 
mRNA transcripts thereof, or cDNA copies thereof. As will 
be readily understood by the skilled artisan, the two “copies’ 
of a gene, mRNA or cDNA, or fragment thereof in an indi 
vidual may be the same allele or may be different alleles. In 
another embodiment, a genotyping method of the invention 
comprises determining the identity of the nucleotide pair at 
the polymorphic site. 
0062. The present invention further provides a kit for 
genotyping a bovine sample, the kit comprising in a container 
a nucleic acid molecule, as described above, designed for 
detecting the polymorphism, and optionally at least another 
component for carrying out such detection. Preferably, a kit 
comprises at least two oligonucleotides packaged in the same 
or separate containers. The kit may also contain other com 
ponents such as hybridization buffer (where the oligonucle 
otides are to be used as a probe) packaged in a separate 
container. Alternatively, where the oligonucleotides are to be 
used to amplify a target region, the kit may contain, prefer 
ably packaged in separate containers, a polymerase and a 
reaction buffer optimized for primer extension mediated by 
the polymerase, such as PCR. 
0063. In one embodiment the present invention provides a 
breeding method whereby genotyping as described above is 
conducted on bovine embryos, and based on the results, cer 
tain cattle are either selected or dropped out of the breeding 
program. 
0064. Through use of the linked marker loci, procedures 
termed “marker assisted selection” (MAS) may be used for 
genetic improvement within a breeding nucleus; or “marker 
assisted introgression' for transferring useful alleles from a 
resource population to a breeding nucleus (Soller 1990; Sol 
ler 1994). 
0065. The present invention discloses the association 
between the genes listed in Table 1 and fertilization rate or 
embryonic survival. 
0066. The following examples are intended to illustrate 
preferred embodiments of the invention and should not be 
interpreted to limit the scope of the invention as defined in the 
claims. 
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<16 Os NUMBER OF SEO ID NOS: 7 

<21 Oc 
<211 
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<213> 

SEO ID NO 1 
LENGTH: 1464 
TYPE PRT 
ORGANISM: bovine 

<4 OOs SEQUENCE: 1 

Gly Gly Cys Thr Gly Ala Thir Thr 
1. 5 

Gly Gly Cys Gly 

Ala Ala Ala Thr Ala Gly Thr Cys 
25 

Gly Gly 

Ala Ala Thr 
35 

Gly Ala Ala Thr Cys Thr 
4 O 

Gly Gly Cys Cys 
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Thr Cys Thr Thir Thir Thir Thr Ala 
SO 

Gly Gly 
55 

Cys 
60 

Thir Thir Th Thr 
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Gly Cys Gly 
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Gly Thir Thir Thr Cys 
90 

Gly 

Ala Ala Gly Ala Ala Ala Ala Ala Thir 
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1OO 105 11 O 

Ala Ala Ala Ala Gly Cys Ala Cys Ala Thr Gly Ala Ala Cys Cys Thr 
115 12 O 125 

Ala Gly. Thir Cys Thir Thr Ala Thir Thr Ala Ala Ala Gly Ala Ala Ala 
13 O 135 14 O 

Ala Thr Thir Thr Cys Ala Gly Cys Thr Cys Thr Cys Thr Cys Cys Cys 
145 150 155 160 

Ala Gly Ala Ala Gly Ala Thr Gly Gly Ala Ala Gly Cys Thr Cys Ala 
1.65 17O 17s 

Cys Cys Cys Thr Ala Ala Gly Gly Ala Thr Thr Thr Thr Gly Cys Cys 
18O 185 19 O 

Cys Ala Ala Gly Ala Ala Thir Thr Gly. Thir Thr Cys Ala Ala Gly Gly 
195 2OO 2O5 

Cys Thir Thr Thr Gly Ala Thr Ala Ala Thr Thr Gly Ala Gly Gly Ala 
21 O 215 22O 

Thir Cys Cys Cys Ala Gly Ala Ala Ala Gly Ala Ala Thr Ala Thr Cys 
225 23 O 235 24 O 

Ala Thr Cys Thr Thr Cys Thr Cys Cys Cys Cys Cys Ala Thr Gly Gly 
245 250 255 

Cys Cys Ala Thr Gly Ala Cys Cys Ala Cys Cys Ala Cys Cys Cys Thr 
26 O 265 27 O 

Gly Gly Cys Cys Ala Cys Cys Cys Thr Cys Thr Cys Cys Cys Thr Gly 
27s 28O 285 

Gly Gly Gly Ala Thr Cys Ala Ala Gly. Thir Cys Thr Ala Cys Ala Ala 
29 O 295 3 OO 

Thr Gly Ala Gly Ala Ala Cys Cys Cys Ala Cys Cys Ala Cys Cys Cys 
3. OS 310 315 32O 

Thr Gly Ala Gly Gly Ala Cys Cys Thr Gly Ala Ala Ala Cys Thir Thr 
3.25 330 335 

Gly Ala Gly Cys Cys Cys Ala Ala Ala Cys Thr Gly Thr Thr Gly Gly 
34 O 345 35. O 

Ala Thr Gly Thr Gly Cys Ala Cys Ala Ala Gly Thr Ala Cys Thr Thr 
355 360 365 

Ala Cys Ala Gly Cys Cys Thr Cys Thr Gly Gly Thr Cys Cys Ala Cys 
37 O 375 38O 

Gly Thr Gly Gly Gly Gly Cys Gly Thr Gly Ala Gly Cys Thr Ala Gly 
385 390 395 4 OO 

a. Thr Gly Ala Ala Gly Cys Ala Gly Ala A 
4 OS 

Gly Gly Thr Ala Cys Thr 
415 4. O 

Gly Ala Ala Gly Cys Ala Cys Cys Ala Gly Cys Ala Cys Ala Thir Thr 
42O 425 43 O 

Cys Thr Cys Thr Thr Thr Ala Thr Cys Ala Ala Cys Ala Gly Ala Ala 
435 44 O 445 

Ala Ala Ala Thr Gly Ala Thr Gly Gly Thr Cys Ala Ala Cys Cys Ala 
450 45.5 460 

Gly Ala Thr Gly Cys Thr Thr Cys Thr Ala Cys Ala Gly Cys Ala Gly 
465 470 47s 48O 

Ala Thr Ala Ala Gly Cys Ala Ala Gly Cys Thr Gly Cys Ala Gly Gly 
485 490 495 

Gly Ala Ala Thr Gly Gly Ala Cys Ala Thir Cys Cys Ala Gly Ala Thr 
SOO 505 51O 
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- Continued 

Gly Ala Thir Thr Gly Ala Cys Thr Thr Thr Ala Cys Ala Gly Ala Thr 
515 52O 525 

Ala Thr Ala Gly Ala Ala Ala Ala Ala Gly Cys Cys Ala Ala Gly Ala 
53 O 535 54 O 

Ala Gly Ala Cys Cys Ala Thr Cys Ala Gly Cys Cys Ala Cys Cys Ala 
5.45 550 555 560 

Thr Gly Thr Gly Gly Cys Thr Gly Ala Ala Ala Ala Ala Ala Cys Ala 
565 st O sts 

Cys Ala Thr Ala Cys Gly Ala Ala Ala Ala Thr Cys Ala Cys Ala Ala 
58O 585 59 O 

Ala Cys Thir Thr Ala Ala Thr Cys Ala Cys Cys Gly Ala Cys Cys Thr 
595 6OO 605 

Gly Ala Ala Cys Cys Cys Thr Gly Ala Gly Ala Cys Cys Ala Thr Cys 
610 615 62O 

Cys Thr Gly Thr Gly Thr Cys Thr Thr Gly Thr Thr Ala Ala Cys Cys 
625 630 635 64 O 

Ala Cys Ala Thr Thr Thr Thr Cys Thr Thr Cys Ala Ala Ala Gly Gly 
645 650 655 

Cys Ala Thr Cys Thir Thr Gly Ala Ala Ala Ala Gly Ala Gly Cys Thr 
660 665 67 O 

Thir Thir Thr Cys Ala Gly Cys Cys Cys Ala Ala Ala Cys Thr Cys Ala 
675 68O 685 

Cys Cys Cys Ala Gly Ala Ala Gly Gly Ala Gly Gly Thr Cys Thir Thr 
69 O. 695 7 OO 

Ala 
72O 

Cys Thir Thr Thr Gly Thr Gly Ala Ala Thr G 
7 Os 71O 7 : A. a. C y S C y S A. a. 

Ala Cys Cys Ala Ala Ala Gly Thr Gly Cys Ala Gly Gly Thr Gly Gly 
72 73 O 73 

Ala Cys Ala Thr Gly Ala Thr Gly Ala Gly Ala Ala Ala Gly Ala Cys 
740 74. 7 O 

Ala Gly Ala Ala Cys Gly Gly Ala Thr Gly Cys Thr Thr Thr Ala Cys 
7ss 760 765 

Ala Gly Cys Cys Gly Gly Thr Cys Ala Gly Ala Gly Gly Ala Gly Cys 
770 775 78O 

Thr Ala Cys Ala Thr Gly Cys Thr Ala Cys Gly Ala Thr Gly Gly Thr 
78s 79 O 79. 8OO 

Thr Ala Ala Gly Ala Thr Gly Cys Cys Thr Thr Gly Cys Ala A Ala 
805 810 8 

Gly Gly Ala Ala Ala Thr Gly Thr Gly Thr Cys Cys Cys Thr Ala Ala 
82O 825 83 O 

Cys Thr Cys Thr Cys Ala Thr Gly Cys Thr Thr Cys Cys Ala Gly Ala 
835 84 O 845 

Thr Gly Cys Cys Gly Gly Ala Cys Ala Ala Thr Thr Thr Gly Ala Cys 
850 855 860 

Ala Cys Thr Gly Ala Thr Cys Thir Thr Ala Ala Ala Ala Ala Gly Ala 
865 87O 87s 88O 

Thr Gly Ala Cys Thr Gly Cys Thr Ala Ala Gly Cys Gly Ala Gly Cys 
885 890 895 

Thir Ala Ala Ala Cys Thir Thr Cys Ala Gly Ala Ala Ala Ala Thr Cys 
9 OO 905 91 O 
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Ala Gly Thr Gly Ala Cys Thir Thr Cys Ala Gly Ala Cys Thr Gly Gly 
915 92 O 925 

Thr Gly Cys Gly Cys Thir Thr Ala Ala Thr Thr Thr Thr Gly Cys Cys 
93 O 935 94 O 

Cys Ala Ala Gly Thr Thr Gly Ala Ala Gly Ala Thr Cys Thr Cys Cys 
945 950 955 96.O 

Thir Thr Cys Ala Ala Gly Ala Thr Ala Ala Ala Cys Thr Thr Thr Ala 
965 97O 97. 

Ala Gly Cys Ala Thr Cys Thr Gly Cys Thr Thr Cys Cys Cys Ala Ala 
98O 985 99 O 

Gly Ala Thir Thr Gly Ala Cys Cys Cys Cys Ala Ala Ala Cys Ala Thr 
995 1OOO 1005 

Ala Thr Ala Cys Thr Gly Ala Cys Thr Gly Cys Cys Ala Cys Ala 
O1O O15 O2O 

Gly Cys Ala Ala Thr Cys Thr Cys Ala Cys Ala Gly Gly Cys Cys 
O25 O3 O O35 

Ala Thr Cys Ala Cys Ala Thr Cys Gly Ala Ala Gly Gly Cys Thr 
O4 O O45 OSO 

Cys Cys Cys Cys Thr Gly Cys Cys Thr Ala Ala Thr Thr Thr Gly 
O55 O6 O O65 

Gly Ala Gly Gly Cys Cys Cys Thir Ala Cys Ala Thr Cys Ala Ala 
Of O O7 O8O 

Gly Cys Thr Gly Ala Gly Ala Thir Ala Gly Ala Gly Cys Thr Gly 

Ala Gly Cys Gly Ala Gly Cys Ala Cys Gly Cys Cys Thir Thr Ala 

Ala Cys Cys Gly. Thr Gly Gly Ala Cys Ala Cys Ala Gly Cys Cys 

Ala Thir Thr Cys Ala Cys Ala Cys Ala Gly Ala Thr Ala Ala Thr 

Cys Thr Gly Thr Thr Gly Ala Ala Ala Gly Thr Cys Cys Cys Ala 

Gly Thr Gly Ala Ala Gly Gly Cys Ala Ala Ala Gly Gly Ala Gly 

Gly Thr Cys Cys Cys Gly Gly Cys Gly Gly Thr Cys Gly Thr Gly 

Ala Ala Ala Gly. Thir Cys Cys Cys Ala Ala Thr Gly Ala Ala Gly 

Gly Cys Ala Ala Ala Gly Gly Ala Gly Gly Thr Cys Cys Cys Gly 

Gly Cys Gly Gly Thr Cys Gly Thr Gly Ala Ala Ala Gly Thr Cys 
22O 225 23 O 

Cys Cys Ala Ala Thr Gly Ala Ala Cys Ala Cys Ala Ala Ala Gly 
235 24 O 245 

Gly Ala Gly Gly Thr Cys Cys Cys Ala Gly Thr Gly Gly Thr Cys 
250 255 26 O 

Gly Thr Gly Ala Ala Ala Gly. Thir Cys Cys Cys Ala Ala Thr Gly 
265 27 O 27s 

Ala Ala Cys Ala Cys Ala Ala Ala Gly Gly Ala Gly Gly Thr Cys 
28O 285 29 O 

Cys Cys Ala Gly Gly Thr Gly Gly Thr Cys Gly Thr Gly Ala Ala 
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- Continued 

295 3OO 305 

Gly Gly Thr Cys Ala Ala Cys Ala Gly Ala Cys Cys Cys Thr Thr 
310 315 32O 

Cys Thir Thr Gly Cys Thr Gly Thr Thr Thr Gly Thr Gly Gly Ala 
3.25 33 O 335 

Gly Gly Ala Thr Gly Ala Gly Ala Ala Gly Ala Cys Thr Cys Ala 
34 O 345 350 

Ala Ala Gly Ala Gly Ala Cys Cys Thr Cys Thir Thr Thr Gly Thr 
355 360 365 

Gly Gly Gly Cys Ala Ala Ala Gly Thr Cys Cys Thr Cys Ala Ala 
37O 375 38O 

Cys Cys Cys Cys Cys Ala Ala Gly Thr Thr Gly Ala Gly Thr Ala 
385 390 395 

Gly Ala Gly Cys Cys Ala Gly Gly Gly Cys Cys Ala Cys Ala Cys 
4 OO 405 41 O 

Thr Gly Thr Gly Cys Ala Gly Cys Ala Cys Ala Gly Gly Ala Ala 
415 42O 425 

Cys Thir Thr Ala Gly Cys Ala Gly Gly Cys Cys Ala Thr Gly Ala 
43 O 435 44 O 

Ala Thr Ala Ala Ala Ala Ala Gly Ala Gly. Thir Ala Cys Ala Ala 
445 450 45.5 

Thir Thr Cys Ala Cys Cys 
460 

<210s, SEQ ID NO 2 
&211s LENGTH: 627 
212. TYPE: PRT 

<213> ORGANISM: bovine 

<4 OOs, SEQUENCE: 2 

Cys Thir Thr Thr Ala Ala Ala Thr Ala Thr Ala Gly Cys Cys Thr Cys 
1. 5 1O 15 

Ala Ala Gly. Thir Thr Thr Gly Cys Cys Ala Gly Thr Gly Gly Cys Thr 
2O 25 3O 

Thr Gly Cys Cys Thr Gly Thr Gly Ala Ala Ala Thr Ala Gly Thr Gly 
35 4 O 45 

Cys Ala Ala Ala Gly Cys Thr Gly Thr Cys Cys Thr Gly Thr Ala Thr 
SO 55 6 O 

Cys Thr Gly Gly Gly Cys Ala Gly Ala Gly Gly Ala Thr Ala Ala Ala 
65 70 7s 8O 

Ala Gly. Thir Thr Ala Thr Gly Thr Gly Thr Gly. Thir Thr Ala Thr Thr 
85 90 95 

Ala Thr Ala Thr Thr Thr Thr Cys Cys Ala Cys Ala Cys Thr Gly Gly 
1OO 105 11 O 

Cys Cys Ala Thir Thr Gly Ala Ala Ala Ala Cys Thr Ala Ala Ala Gly 
115 12 O 125 

Ala Thr Thr Cys Thr Cys Thir Thr Thr Cys Thir Thr Gly Gly Gly Ala 
13 O 135 14 O 

Gly Ala Ala Thr Thr Ala Gly Cys Thr Thr Thr Thr Gly Gly Thr Ala 
145 150 155 160 

Thr Gly Gly Cys Thr Thr Thr Ala Thr Gly Ala Thr Gly Cys Thr Gly 
1.65 17O 17s 
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- Continued 

Gly Cys Thir Ala Ala Thr Ala Thr Cys Ala Ala Thr Ala Gly Ala Ala 
18O 185 19 O 

Gly Gly Ala Ala Gly Thr Ala Ala Ala Cys Thir Thir Thr Ala Cys Ala 
195 2OO 2O5 

Ala Ala Thir Thr Cys Thr Ala Thr Gly Ala Gly Thr Ala Gly Thr Ala 
21 O 215 22O 

Thr Cys Thr Thr Cys Cys Ala Thr Thr Thr Cys Ala Gly Cys Thr Thr 
225 23 O 235 24 O 

Thir Ala Ala Thir Ala Cys Cys Ala Ala Ala Gly. Thir Thr Gly Ala Ala 
245 250 255 

Thr Ala Thr Ala Thr Thr Cys Thr Gly Cys Cys Thr Thr Cys Ala Thr 
26 O 265 27 O 

Cys Ala Thr Gly Ala Ala Ala Thir Thr Gly Ala Ala Gly. Thir Thr Ala 
27s 28O 285 

Gly Thr Ala Ala Ala Thr Gly Ala Ala Ala Cys Thr Gly Thr Cys Thr 
29 O 295 3 OO 

Thr Cys Ala Cys Ala Gly. Thir Thr Cys Thr Ala Thr Cys Ala Ala Gly 
3. OS 310 315 32O 

Gly Gly Ala Gly Cys Cys Ala Ala Ala Cys Thr Ala Thir Thr Ala Ala 
3.25 330 335 

Cys Ala Gly Cys Thr Cys Thr Cys Thr Thr Ala Ala Gly Gly Cys Ala 
34 O 345 35. O 

Ala Ala Thr Cys Cys Thr Ala Thr Thr Ala Thr Thr Thr Thr Thr Thr 
355 360 365 

Cys Ala Ala Ala Ala Ala Gly. Thir Thr Gly Ala Ala Ala Thir Thr Ala 
37 O 375 38O 

Ala Thir Thr Gly Thr Ala Gly Ala Thr Gly Thr Ala Ala Ala Cys Ala 
385 390 395 4 OO 

Thir Thir Thir Ala Ala Thr 
415 

Ala Ala Cys Thr Cys Ala Gly Ala Ala A 
4 OS 4. 

Gly Cys Ala Thr Gly Thr Thr Thr Cys Ala Thr Ala Ala Gly Thr Gly 
42O 425 43 O 

Gly Gly. Thir Thr Cys Ala Cys Thr Thr Gly Thr Cys Thr Thr Thr Ala 
435 44 O 445 

Thir Thr Gly Thr Thr Thr Ala Gly Thr Ala Ala Ala Ala Ala Thir Thr 
450 45.5 460 

Thir Thr Ala Ala Ala Ala Thir Thr Gly Ala Gly Ala Ala Gly Ala Ala 
465 470 47s 48O 

Ala Ala Ala Cys Thr Ala Gly Thr Ala Ala Thir Thr Gly Ala Cys Ala 
485 490 495 

Ala Ala Thir Cys Ala Thir Thr Ala Gly Gly Thr Gly Gly Ala Gly Ala 
SOO 505 51O 

Thir Thr Ala Thr Gly Ala Gly Ala Ala Thr Cys Cys Ala Ala Thr Ala 
515 52O 525 

Ala Thr Thir Thr Gly Ala Ala Ala Ala Cys Thr Cys Ala Thr Cys Cys 
53 O 535 54 O 

Thr Gly Thr Gly Thr Ala Ala Cys Thr Gly Cys Cys Thr Thr Gly Ala 
5.45 550 555 560 

Gly Ala Ala Thr Thr Gly Gly Gly Thr Ala Ala Thr Thr Thr Thr Cys 
565 st O sts 

Ala Cys Thr Gly Gly Cys Ala Ala Ala Thr Gly Thr Gly Thr Ala Thr 
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- Continued 

58O 585 59 O 

Cys Thr Cys Thr Cys Ala Cys Ala Ala Ala Thr Ala Cys Ala Thir Thr 
595 6OO 605 

Ala Cys Ala Gly Ala Thr Gly Gly Thr Thr Cys Cys Ala Cys Thr Ala 
610 615 62O 

Ala Ala Ala 
625 

<210s, SEQ ID NO 3 
&211s LENGTH: 1561. 
212. TYPE: PRT 

<213> ORGANISM: bovine 

<4 OOs, SEQUENCE: 3 

Thr Ala Ala Thr Thr Ala Ala Cys Thr Cys Thr Ala Ala Ala Thr Ala 
1. 5 1O 15 

Thir Thr Ala Ala Ala Ala Thr Thr Cys Thr Cys Ala Cys Ala Ala Thr 
2O 25 3O 

Thir Ala Ala Ala Gly Ala Ala Cys Ala Ala Cys Cys Ala Cys Thr Cys 
35 4 O 45 

Cys Ala Ala Ala Ala Ala Ala Thr Ala Gly Cys Cys Ala Cys Cys Ala 
SO 55 6 O 

Ala Gly Cys Ala Gly Gly Cys Cys Ala Thr Thr Thr Gly Gly Gly Cys 
65 70 7s 8O 

Thr Gly Gly Thr Thr Ala Ala Ala Thr Gly Gly Ala Thr Cys Thir Thr 
85 90 95 

Cys Cys Cys Thr Gly Cys Cys Thr Gly Thr Thr Gly Gly Gly Cys Thr 
1OO 105 11 O 

Thr Cys Cys Cys Thr Gly Ala Thr Ala Gly Cys Thr Cys Ala Gly Thr 
115 12 O 125 

Thr Gly Gly Thr Ala Ala Ala Gly Cys Ala Thr Cys Thr Gly Cys Cys 
13 O 135 14 O 

Thr Gly Cys Ala Ala Cys Thir Thr Gly Gly Ala Ala Gly Ala Cys Cys 
145 150 155 160 

Cys Gly Gly Gly Thr Thr Cys Ala Gly Thr Cys Cys Cys Thr Gly Gly 
1.65 17O 17s 

Gly Thr Cys Gly Gly Gly Ala Ala Gly Ala Cys Thr Cys Cys Cys Thr 
18O 185 19 O 

Gly Gly Ala Gly Ala Ala Gly Gly Ala Ala Ala Thr Gly Gly Cys Ala 
195 2OO 2O5 

Ala Cys Cys Cys Cys Cys Thr Cys Thr Ala Gly Thr Ala Cys Thr Cys 
21 O 215 22O 

Thir Thr Gly Cys Cys Thr Gly Gly Ala Ala Ala Ala Thr Thr Thr Cys 
225 23 O 235 24 O 

Cys Ala Thr Gly Gly Ala Cys Thr Gly Ala Gly Gly Ala Cys Cys Cys 
245 250 255 

Thr Gly Gly Thr Ala Gly Gly Cys Thr Ala Ala Gly Ala Gly Thr Cys 
26 O 265 27 O 

Ala Gly Ala Cys Ala Gly Ala Ala Cys Thr Gly Ala Gly Cys Ala Ala 
27s 28O 285 

Cys Thir Thr Cys Ala Cys Thr Thr Cys Ala Cys Thr Thr Thr Cys Cys 
29 O 295 3 OO 
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Thr Gly Cys Cys Thr Gly. Thir Thr Thr Gly Thr Ala Ala Ala Ala Gly 
3. OS 310 315 32O 

Thr Gly Ala Gly Cys Thir Thr Ala Gly Gly Ala Cys Ala Cys Cys Ala 
3.25 330 335 

Ala Thr Thr Gly Ala Thr Cys Thr Gly Thr Cys Ala Gly Gly Thr Thr 
34 O 345 35. O 

Gly Thr Cys Thr Thr Cys Cys Gly Gly Cys Thir Thr Ala Ala Thr Cys 
355 360 365 

Cys Thir Thr Cys Cys Ala Cys Ala Ala Thr Gly Ala Gly Gly Cys Thr 
37 O 375 38O 

Ala Gly Ala Ala Ala Ala Ala Thr Ala Ala Gly Ala Cys Cys Thr Gly 
385 390 395 4 OO 

Cys Thir Thr Thr Gly Gly Ala Thr Gly Gly Ala Ala Ala Cys Ala Gly 
4 OS 41O 415 

Cys Thr Ala Ala Cys Thir Thr Thr Thr Gly Ala Ala Thr Ala Ala Ala 
42O 425 43 O 

Ala Ala Ala Gly Thr Thr Ala Cys Gly Thr Thr Gly Thr Ala Thr Gly 
435 44 O 445 

Ala Thr Gly Thr Gly Cys Ala Cys Thr Gly Ala Thr Thr Thr Gly Thr 
450 45.5 460 

Gly Thr Cys Thr Thr Thr Thr Cys Thr Thr Cys Thir Thr Cys Ala Gly 
465 470 47s 48O 

Ala Ala Thir Thr Cys Thr Gly Thr Gly Thr Cys Cys Thr Cys Thr Gly 
485 490 495 

Ala Gly Gly Ala Ala Ala Cys Thr Gly Ala Thr Gly Ala Cys Ala Ala 
SOO 505 51O 

Cys Ala Ala Ala Cys Ala Ala Ala Ala Thr Gly Thr Gly Ala Gly Thr 
515 52O 525 

Cys Thr Thr Thr Gly Cys Thr Thr Thr Gly Ala Thr Thr Cys Thr Gly 
53 O 535 54 O 

Ala Thr Gly Thr Cys Thr Gly. Thir Thr Gly Thr Gly Cys Cys Thr Thr 
5.45 550 555 560 

Ala Gly Ala Cys Thr Cys Ala Gly Gly Ala Ala Gly Gly Cys Ala Cys 
565 st O sts 

Thr Cys Thr Thr Thr Cys Thr Cys Cys Thr Ala Ala Thr Gly Ala Cys 
58O 585 59 O 

Ala Thr Thr Gly Cys Cys Cys Ala Gly Gly. Thir Thr Cys Ala Ala Ala 
595 6OO 605 

Thir Thr Cys Cys Gly Gly Cys Ala Ala Ala Ala Thr Thr Cys Cys Ala 
610 615 62O 

Cys Thr Ala Gly Cys Ala Ala Ala Cys Cys Cys Thir Thr Cys Ala Gly 
625 630 635 64 O 

Gly Ala Ala Cys Thr Ala Cys Thr Thr Thr Thr Thr Ala Thr Thr Gly 
645 650 655 

Gly Gly Ala Cys Thr Ala Thir Thr Ala Ala Thr Ala Gly Gly Gly Ala 
660 665 67 O 

Thr Ala Ala Gly Thr Thr Ala Ala Ala Thr Thr Thr Gly Cys Thir Thr 
675 68O 685 

Thr Cys Cys Thr Thr Ala Ala Gly Ala Thr Thr Cys Thr Ala Thir Thr 
69 O. 695 7 OO 

Thr Gly Ala Ala Gly Ala Thr Gly Cys Thr Gly Ala Gly Ala Ala Thr 
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Cys Thr Ala Thir Ala Ala Gly Ala Gly Ala Ala Gly. Thir Thir Ala Gly 
72 73 O 73 

Ala Thr Ala Ala Ala Thr Gly Ala Cys Cys Cys Ala Gly Gly Ala Thr 
740 74. 7 O 

Ala Thir Thir Thr Gly Cys Ala Ala Ala Thr Cys Ala Gly Ala Ala Gly 
7ss 760 765 

Thr Gly Thr Gly Ala Thr Ala Gly Ala Cys Ala Thr Thr Ala Ala Cys 
770 775 78O 

Thr Gly Ala Gly Cys Thr Ala Thr Ala Gly Thr Thr Thr Cys Thr Ala 
78s 79 O 79. 8OO 

Cys Ala Cys Ala Thr Gly Gly Ala Thr Ala Ala Gly Ala Gly Ala Gly 
805 810 815 

Thr Cys Ala Cys Cys Thir Thr Thr Thr Gly Ala Thr Thr Ala Thr Cys 
82O 825 83 O 

Cys Ala Gly Gly Cys Thr Ala Ala Thr Ala Gly Gly Gly Ala Gly Gly 
835 84 O 845 

Thr Gly Ala Thr Thr Thr Thr Ala Gly Thr Thr Thr Thr Gly Gly Gly 
850 855 860 

Gly Gly Thr Gly Thr Gly Cys Ala Thr Thr Ala Ala Thr Ala Cys Ala 
865 87O 87s 88O 

Thr Gly Gly Ala Thr Thr Cys Thr Cys Thr Gly Ala Thr Cys Cys Cys 
885 890 895 

Cys Thr Gly Ala Gly Ala Ala Thr Thr Thr Thr Cys Ala Thr Thir Thr 
9 OO 905 91 O 

Cys Ala Ala Ala Thr Ala Gly Ala Ala Ala Ala Gly Gly. Thir Ala Gly 
915 92 O 925 

Thr Cys Thr Cys Ala Cys Ala Ala Thr Thr Ala Thr Gly Thr Ala Thr 
93 O 935 94 O 

Cys Cys Thr Gly Thr Ala Thr Thr Thr Ala Thr Thr Gly Gly Ala Thr 
945 950 955 96.O 

Cys Ala Thr Thr Gly Ala Ala Ala Thr Thr Thr Gly Gly Thr Ala Ala 
965 97O 97. 

Ala Thr Thr Ala Gly Thr Gly. Thir Thr Thr Ala Thr Thr Ala Thr Gly 
98O 985 99 O 

Ala Ala Cys Ala Ala Gly Gly Ala Ala Ala Ala Ala Cys Ala Gly. Thir 
995 1OOO 1005 

Gly Thr Cys Ala Thr Thr Gly Ala Thr Ala Cys Ala Ala Ala Thr 
O1O O15 O2O 

Ala Thr Thr Ala Thr Ala Ala Cys Thr Cys Ala Thr Ala Cys Gly 
O25 O3 O O35 

Thir Thir Thr Gly Gly Cys Thr Thr Gly Ala Ala Ala Ala Thr Ala 
O4 O O45 OSO 

Thr Cys Thr Gly Thr Gly Ala Ala Ala Ala Thr Cys Gly. Thir Thr 
O55 O6 O O65 

Thir Thir Thr Ala Thr Gly Ala Gly Ala Ala Ala Cys Cys Ala Ala 
Of O O7 O8O 

Gly Ala Ala Ala Ala Ala Thr Gly Cys Cys Thir Thr Ala Gly Ala 
O85 O9 O O95 

Ala Thr Ala Gly Gly Ala Thir Thr Cys Cys Ala Thr Thr Thr Ala 
1 OO 105 11 O 
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Cys Cys Cys Thr Thr Gly Thr Gly Thr Thr Ala Ala Ala Gly Gly 
15 2O 25 

Gly Gly Ala Ala Ala Thir Thr Gly Gly Ala Ala Thr Ala Ala Gly 

Cys Thr Cys Ala Thr Thir Thr Thr Ala Gly Cys Ala Thr Thr Thr 

Ala Ala Ala Ala Gly Cys Cys Ala Thir Thr Ala Ala Gly Thr Gly 

Cys Thir Thr Thr Gly. Thir Thr Gly Thr Gly Ala Ala Thr Ala Cys 

Ala Ala Ala Gly Ala Thir Thr Cys Thr Ala Ala Ala Ala Cys Thr 

Ala Ala Ala Thr Ala Ala Ala Gly Ala Thr Ala Gly Thr Ala Ala 

Ala Ala Thr Ala Cys Thr Ala Ala Thr Gly Cys Ala Cys Thr Gly 

Thir Ala Ala Ala Gly Cys Cys Thir Ala Ala Gly Gly Gly Ala Cys 

Ala Gly Thr Ala Ala Ala Ala Ala Cys Cys Cys Thr Gly Ala Cys 
250 255 26 O 

Ala Cys Cys Cys Ala Thr Thir Thr Thr Thr Cys Thr Gly Gly Cys 
265 27 O 27s 

Cys Ala Thr Cys Thr Thr Gly Ala Thr Thr Thr Cys Thr Ala Gly 

Ala Cys Cys Cys Thir Cys Cys Cys Ala Ala Gly Thr Ala Ala Gly 

Thir Cys Cys Ala Ala Thr Gly Ala Ala Ala Gly Cys Cys Cys Thr 

Gly Ala Gly Cys Ala Ala Ala Cys Ala Gly Ala Cys Gly Ala Thr 

Cys Thr Ala Gly Ala Thr Gly Ala Cys Gly Ala Thr Gly Ala Thr 

Gly Ala Thr Ala Ala Cys Ala Gly Cys Cys Ala Gly Gly Ala Cys 

Gly Thr Cys Ala Ala Cys Thr Cys Thr Ala Ala Thr Gly Ala Cys 
37O 375 38O 

Thir Cys Cys Gly Ala Cys Gly Ala Cys Gly Cys Thr Gly Ala Ala 
385 390 395 

Ala Cys Cys Ala Cys Thr Gly Ala Thr Gly Ala Cys Cys Cys Thr 

Gly Ala Cys Cys Ala Thir Thr Cys Cys Gly Ala Cys Gly Ala Gly 

Thr Cys Thr Cys Ala Cys Cys Ala Thr Thr Cys Thr Gly Ala Thr 
43 O 435 44 O 

Gly Ala Ala Thr Cys Thr Gly Ala Thr Gly Ala Ala Gly Thr Thr 
445 450 45.5 

Gly Ala Thr Thr Thr Thr Cys Cys Cys Ala Cys Thr Gly Ala Thr 
460 465 47 O 

Ala Thir Thr Cys Cys Ala Ala Cys Ala Ala Thr Cys Gly Cys Ala 
47s 48O 485 
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- Continued 

Gly. Thir Thr Thr Thr Cys Ala Cys Thr Cys Cys Gly. Thir Thr Thr 
1490 1495 15OO 

Ala Thr Cys Cys Cys Thr Ala Cys Gly Gly Ala Ala Ala Gly Cys 
1505 1510 1515 

Gly Cys Ala Ala Ala Thr Gly Ala Thr Gly Gly Cys Cys Gly Ala 
152O 1525 153 O 

Gly Gly Thr Gly Ala Thr Ala Gly Thr Gly Thr Gly Gly Cys Thr 
1535 1540 1545 

Thir Ala Cys Gly Gly Ala Cys Thr Gly Ala Ala Gly Thr 
1550 1555 1560 

<210s, SEQ ID NO 4 
&211s LENGTH: 1381 
212. TYPE: PRT 

<213> ORGANISM: bovine 

<4 OOs, SEQUENCE: 4 

Cys Ala Gly Ala Thr Ala Ala Thr Gly Ala Ala Gly Gly Ala Thr Ala 
1. 5 1O 15 

Ala Gly Gly Ala Ala Gly Gly Cys Thr Gly Gly Cys Ala Thr Gly Cys 
2O 25 3O 

Thr Gly Cys Ala Gly. Thir Thr Cys Ala Thr Gly Gly Gly Gly. Thir Thr 
35 4 O 45 

Gly Cys Ala Ala Ala Gly Ala Gly Thr Cys Ala Gly Ala Cys Ala Thr 
SO 55 6 O 

Gly Ala Cys Thir Thr Ala Gly Cys Ala Ala Cys Thr Gly Ala Ala Cys 
65 70 7s 8O 

Ala Gly Cys Ala Thr Thr Cys Thr Ala Ala Ala Ala Thr Cys Thr Gly 
85 90 95 

Ala Gly Ala Gly Thr Cys Cys Thr Ala Gly Thr Ala Cys Thr Gly Ala 
1OO 105 11 O 

Thr Cys Thr Thr Cys Thr Gly Thr Cys Ala Ala Ala Cys Ala Gly Thr 
115 12 O 125 

Ala Cys Thir Thr Thr Thr Thr Ala Cys Gly Cys Thr Gly Thr Ala Ala 
13 O 135 14 O 

Ala Ala Ala Thr Gly. Thir Ala Cys Ala Cys Cys Cys Thr Gly Cys Ala 
145 150 155 160 

Thr Ala Thr Cys Thr Ala Ala Gly Ala Ala Gly Thr Thr Thr Thr Ala 
1.65 17O 17s 

Ala Thr Ala Ala Thr Gly Ala Thir Thr Cys Ala Ala Ala Ala Ala Thr 
18O 185 19 O 

Ala Cys Ala Ala Cys Thr Thr Gly Gly Cys Cys Cys Cys Cys Ala Thr 
195 2OO 2O5 

Cys Thir Thr Thr Thr Thr Gly Ala Thr Gly Gly Ala Thr Cys Cys Thr 
21 O 215 22O 

Cys Ala Gly Thr Cys Thr Ala Gly Ala Thr Cys Ala Gly Ala Thr Cys 
225 23 O 235 24 O 

Thir Ala Gly Ala Thr Cys Thr Ala Ala Ala Gly Ala Thr Cys Ala Cys 
245 250 255 

Ala Thir Thir Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Gly 
26 O 265 27 O 

Ala Ala Thir Thr Gly Gly Ala Cys Ala Thr Thr Ala Thr Thr Thr Ala 
27s 28O 285 
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Gly Gly Thr Ala Ala Ala Gly Thr Ala Gly Thr Ala Thr Ala Thr Thr 
29 O 295 3 OO 

Ala Ala Cys Ala Ala Gly Cys Ala Thr Cys Ala Cys Thr Thr Thr Thr 
3. OS 310 315 32O 

Cys Cys Cys Thir Cys Ala Ala Gly Cys Thir Ala Ala Ala Gly Cys Cys 
3.25 330 335 

Thir Thir Thr Thr Ala Ala Thr Gly Ala Cys Ala Cys Ala Cys Cys Cys 
34 O 345 35. O 

Thr Gly Ala Ala Cys Ala Cys Ala Thr Ala Ala Gly Ala Thr Gly Thr 
355 360 365 

Thir Thr Ala Ala Ala Gly Cys Ala Gly Gly Thr Thr Gly Thr Thir Thr 
37 O 375 38O 

Ala Thr Ala Thr Ala Ala Thr Ala Ala Ala Cys Ala Thr Gly Gly Ala 
385 390 395 4 OO 

Thir Thr Gly Thr Gly Cys Thr Thr Ala Ala Ala Thr Thr Gly Thr Ala 
4 OS 41O 415 

Thr Gly Cys Thr Gly. Thir Thr Ala Cys Thr Cys Thr Thr Thr Thr Thr 
42O 425 43 O 

Thir Thir Thr Thr Thr Gly Gly Thr Ala Thr Ala Cys Ala Ala Ala Ala 
435 44 O 445 

Gly Gly Ala Thr Cys Thr Gly Ala Ala Gly Ala Ala Gly Thr Gly Gly 
450 45.5 460 

Ala Thr Ala Gly Ala Gly Gly Thr Gly Thr Thr Cys Thr Thr Ala Gly 
465 470 47s 48O 

Ala Ala Ala Ala Thr Ala Cys Thr Ala Ala Gly Thr Ala Ala Thir Thr 
485 490 495 

Gly Cys Ala Thr Thr Cys Thr Ala Thr Thr Thr Cys Ala Gly Thr Gly 
SOO 505 51O 

Gly Cys Thir Ala Thr Cys Ala Ala Gly. Thr Gly Ala Ala Ala Thr Cys 
515 52O 525 

Ala Thr Thr Gly Ala Cys Thir Thr Thr Ala Cys Thr Ala Gly Ala Thr 
53 O 535 54 O 

Gly Ala Ala Thr Ala Cys Ala Ala Ala Thir Thr Ala Gly Gly Ala Ala 
5.45 550 555 560 

Gly. Thir Thr Thr Thr Ala Thr Gly Thr Gly Gly Ala Ala Cys Ala Gly 
565 st O sts 

Gly Ala Gly Ala Ala Thr Gly Ala Gly Ala Thr Ala Thr Ala Ala Ala 
58O 585 59 O 

hir Thr Cys Ala Ala Cys Thr Gly Thr Thr Cys Ala Thr Ala Gly 
595 6OO 605 

Thir Thr Cys Thr Gly Thr Gly Ala Gly Ala Thr Ala Thr Thr Ala Thr 
610 615 62O 

Thir Thr Thr Thr Gly Thr Gly. Thir Thr Thr Thr Thr Cys Ala Gly Ala 
625 630 635 64 O 

Thir Thir Thr Cys Cys Ala Gly Thr Thr Thr Cys Cys Ala Thr Gly Gly 
645 650 655 

Thir Thr Cys Thr Thr Ala Ala Thr Thr Ala Thir Thr Ala Thr Cys Thr 
660 665 67 O 

Thir Thr Gly Gly Ala Ala Thr Ala Cys Thr Thr Gly Gly Gly Cys Thr 
675 68O 685 
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Ala Gly Cys Ala Gly Thr Gly Ala Cys Ala Thir Thr Ala Thr Thr Ala 
69 O. 695 7 OO 

Thir Thr Thr Ala Cys Thr Cys Ala Thr Ala Thir Thr Thr Thr Cys Thr 
7 Os 71O 71s 72O 

Ala Ala Ala Cys Ala Gly Cys Ala Ala Ala Gly Gly. Thir Ala Ala Gly 
72 73 O 73 

Thr Gly Thr Gly Ala Thr Ala Thr Ala Ala Cys Cys Thr Ala Cys Thr 
740 74. 7 O 

Cys Thr Gly Ala Thr Ala Thr Gly Thr Thr Thr Thr Gly Cys Cys Ala 
7ss 760 765 

Gly. Thir Thr Ala Thr Thr Thr Ala Gly Cys Ala Ala Ala Thr Gly Thr 
770 775 78O 

Cys Cys Ala Thr Gly. Thir Thr Thr Cys Cys Ala Thr Thr Thr Thr Thr 
78s 79 O 79. 8OO 

Thr Gly. Thir Thr Thr Gly Ala Thr Gly. Thir Thr Thr Thr Cys Thr Thr 
805 810 815 

Thir Thr Gly Thr Gly Ala Ala Thr Cys Cys Thr Gly Ala Gly Thr Gly 
82O 825 83 O 

Ala Ala Gly Thr Gly Thr Thr Thr Cys Ala Thr Cys Ala Ala Cys Cys 
835 84 O 845 

Cys Ala Gly Thr Gly Ala Ala Ala Cys Gly Thr Thr Ala Thr Cys Gly 
850 855 860 

Cys Thr Cys Thr Ala Cys Ala Thr Thr Thr Ala Cys Ala Thr Cys Thr 
865 87O 87s 88O 

Thir Thr Gly Thr Thr Gly Thr Gly Thr Cys Cys Ala Cys Ala Gly Ala 
885 890 895 

Gly Ala Gly Ala Cys Ala Ala Cys Ala Cys Ala Gly Gly Thr Cys Thr 
9 OO 905 91 O 

Cys Ala Gly Thr Thr Thr Thr Ala Thr Cys Thr Gly Gly Ala Ala Ala 
915 92 O 925 

Gly. Thir Thr Gly Cys Ala Thr Ala Gly Gly Ala Thr Gly Thr Thr Ala 
93 O 935 94 O 

Ala Gly Ala Gly Gly Gly Thr Gly Ala Gly Gly Cys Thr Ala Gly Thr 
945 950 955 96.O 

Gly Ala Cys Thr Ala Cys Ala Thr Ala Cys Cys Ala Thr Gly Thr Gly 
965 97O 97. 

Ala Cys Ala Thr Gly Cys Ala Cys Cys Thir Thr Ala Ala Ala Gly Thr 
98O 985 99 O 

Thr Cys Cys Gly Cys Ala Cys Thr Gly Ala Thr Ala Thr Thr Thr Ala 
995 1OOO 1005 

Thir Thr Cys Cys Ala Gly Gly Ala Cys Cys Cys Ala Gly Ala Gly 
1010 1015 O2O 

Gly Thr Ala Gly Cys Thr Thr Thr Gly Ala Gly Cys Ala Ala Ala 
1025 1O3 O O35 

Ala Ala Thir Thr Thr Ala Ala Gly Thr Gly Gly Thr Gly Ala Ala 
104 O 1045 OSO 

Cys Thr Ala Ala Ala Gly Cys Thir Ala Cys Thr Ala Gly Ala Thr 
105.5 106 O O65 

Ala Ala Thir Thr Cys Ala Gly. Thir Cys Thr Ala Ala Thr Ala Ala 
1070 1075 O8O 

Ala Ala Cys Cys Thr Thr Thr Cys Thr Thr Thr Ala Gly Ala Cys 
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Thir Thr Cys Ala Thr Ala Thr Gly Ala Thr Ala Cys Cys Ala Ala 
OO O5 10 

Thr Cys Thr Thr Ala Ala Gly Thr Ala Ala Ala Thr Thr Thr Gly 

Gly Gly Thr Thr Thr Ala Thir Thr Thr Ala Ala Ala Thr Thr Gly 

Gly. Thir Thr Gly Gly Cys Thr Ala Cys Thir Thr Ala Cys Ala Gly 

Thir Thr Thr Gly Gly Thr Ala Thr Thr Thr Thr Ala Cys Cys Thr 

Thr Cys Thr Thr Thr Thr Gly Thr Cys Ala Gly Ala Gly Ala Thr 

Ala Ala Ala Ala Thr Thr Cys Thr Ala Ala Gly Thr Thr Thr Gly 

Ala Gly Gly Ala Cys Ala Cys Cys Ala Thr Cys Cys Thr Gly Cys 

Ala Thr Cys Cys Thr Cys Thir Thr Gly Cys Ala Gly Cys Cys Ala 
22O 225 23 O 

Gly Ala Ala Gly Gly Cys Ala Gly Gly. Thir Thir Thr Cys Ala Gly 
235 24 O 245 

Thir Thr Ala Thr Thr Ala Thr Thr Cys Thr Gly Cys Cys Ala Cys 
250 255 26 O 

Thr Gly. Thir Thr Gly. Thir Thr Thr Gly Ala Gly Thr Thr Cys Ala 
265 27 O 27s 

Thir Thr Thr Gly Ala Gly Thr Cys Cys Cys Thr Thr Thr Ala Thr 
28O 285 29 O 

Cys Thr Cys Thr Ala Gly Gly Ala Cys Thr Cys Cys Ala Cys Gly 
295 3OO 305 

Thir Thr Cys Thr Cys Ala Thr Gly Gly Gly Thr Ala Ala Thir Thr 
310 315 32O 

Thr Gly Ala Gly Gly Gly Thr Gly Gly Thr Gly Gly Ala Thir Thr 
3.25 33 O 335 

Gly Thr Ala Thr Gly Ala Thr Gly Thr Thr Thr Ala Ala Gly Thr 
34 O 345 350 

Thir Thr Cys Cys Cys Thir Thr Ala Ala Gly Cys Thr Gly Thr Ala 
355 360 365 

Ala Gly Gly Ala Cys Cys Ala Thr Thr Ala Thir Thr Cys 
37O 375 38O 

<210s, SEQ ID NO 5 
&211s LENGTH: 1503 
212. TYPE: PRT 

<213> ORGANISM: bovine 

<4 OOs, SEQUENCE: 5 

Gly Cys Ala Ala Ala Thr Ala Cys Thr Gly Thr Gly Ala Thr Thr Thr 
1. 5 1O 15 

Gly Ala Ala Gly Cys Thr Ala Ala Cys Cys Ala Ala Ala Thr Ala Ala 
2O 25 3O 

Ala Cys Thr Ala Ala Thr Thr Thr Cys Thr Ala Thr Thr Thr Thr Gly 
35 4 O 45 
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Gly Cys Thr Gly Gly Ala Gly Ala Ala Gly Ala Gly Ala Ala Ala Gly 
SO 55 6 O 

Gly Ala Ala Thr Gly Ala Ala Ala Gly. Thir Ala Gly Ala Ala Ala Cys 
65 70 7s 8O 

Ala Cys Thr Cys Gly Cys Thr Ala Thr Thr Ala Cys Ala Cys Ala Thr 
85 90 95 

Ala Gly Gly Ala Gly Ala Gly Cys Cys Thr Ala Thr Cys Thr Gly Ala 
1OO 105 11 O 

Ala Thr Thr Cys Gly Ala Gly Ala Thr Gly Cys Thr Cys Cys Thr Thr 
115 12 O 125 

Ala Gly Ala Ala Ala Thr Ala Gly. Thir Ala Ala Ala Thr Ala Ala Ala 
13 O 135 14 O 

Cys Thr Cys Thr Gly Ala Thr Thr Cys Ala Gly Gly Cys Thr Thr Gly 
145 150 155 160 

Thr Cys Thr Thr Cys Ala Cys Cys Cys Gly. Thir Thr Thr Thr Thr Cys 
1.65 17O 17s 

Thr Cys Thr Cys Thr Gly Cys Thr Thr Cys Gly Gly Thr Thr Ala Cys 
18O 185 19 O 

Ala Ala Ala Ala Cys Cys Ala Ala Ala Cys Cys Cys Thr Cys Ala Cys 
195 2OO 2O5 

Cys Ala Cys Thr Thr Cys Thr Thr Thr Cys Thr Cys Cys Ala Gly Gly 
21 O 215 22O 

Thir Thir Thr Ala Gly. Thir Thr Cys Thr Thr Cys Ala Gly Cys Cys Ala 
225 23 O 235 24 O 

Thr Cys Cys Gly Cys Ala Gly Gly Ala Thr Cys Thr Cys Cys Thr Gly 
245 250 255 

Ala Gly Ala Gly Gly Ala Ala Gly Gly Cys Thir Thr Ala Thr Thr Cys 
26 O 265 27 O 

Thr Gly. Thir Thr Cys Thr Cys Cys Ala Ala Ala Gly Thr Gly Thr Cys 
27s 28O 285 

Thr Cys Thr Cys Cys Ala Gly Gly Gly Cys Gly Thr Cys Thr Thir Thr 
29 O 295 3 OO 

Ala Gly Cys Ala Gly Cys Ala Ala Thir Ala Cys Thr Gly Ala Thir Thr 
3. OS 310 315 32O 

Gly. Thir Thr Gly. Thir Thr Cys Thr Cys Cys Gly. Thir Thr Thr Cys Thr 
3.25 330 335 

Ala Thr Thr Cys Thr Thr Thr Thr Gly Thr Gly Gly Gly Ala Ala Thr 
34 O 345 35. O 

Gly Ala Gly Thr Thr Gly Cys Cys Ala Ala Cys Cys Thr Thr Thr Thr 
355 360 365 

Ala Cys Thir Thr Cys Gly Ala Cys Thr Gly Ala Thr Ala Cys Cys Thr 
37 O 375 38O 

Thir Thr Ala Thr Ala Cys Cys Thr Cys Thr Gly Ala Ala Thr Thr Cys 
385 390 395 4 OO 

Thr Gly Ala Gly Thr Cys Thr Thr Cys Thr Gly Cys Ala Ala Cys Thr 
4 OS 41O 415 

Cys Thr Gly Cys Cys Thr Cys Thr Gly Ala Thr Ala Ala Thr Gly Cys 
42O 425 43 O 

Ala Thr Cys Cys Cys Ala Gly Thr Gly Cys Thr Gly Cys Gly Gly Ala 
435 44 O 445 

Gly Thr Gly Cys Cys Thr Ala Cys Cys Gly Gly Thr Cys Thr Cys Cys 
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450 45.5 460 

Ala Ala Cys Cys Ala Cys Gly Cys Cys Ala Cys Cys Ala Ala Cys Gly 
465 470 47s 48O 

Thr Gly Ala Thr Gly Thr Cys Cys Ala Cys Ala Gly Cys Ala Ala Cys 
485 490 495 

Ala Gly Gly Ala Cys Thr Thr Cys Ala Thr Thr Ala Thr Thr Cys Thr 
SOO 505 5 O 

Gly. Thir Thr Cys Cys Thr Thr Thr Cys Thr Gly Thr Cys Ala Thr Thr 
515 52O 525 

Ala Thr Gly Gly Ala Ala Ala Cys Cys Ala Gly Thr Cys Ala Thr Cys 
53 O 535 54 O 

Gly Ala Cys Cys Thr Ala Thr Gly Gly Cys Gly Thr Gly Ala Thr Gly 
5.45 550 555 560 

Gly Cys Ala Gly Gly Gly Ala Gly Cys Thir Thr Ala Ala Cys Cys Cys 
565 st O sts 

Cys Ala Thr Thr Gly Thr Cys Thr Thr Thr Ala Thr Ala Ala Gly Thr 
58O 585 59 O 

Thir Thr Cys Cys Thr Gly Ala Cys Cys Ala Cys Ala Cys Gly. Thir Thr 
595 6OO 605 

Gly Ala Gly Thr Cys Ala Thr Gly Gly Thr Thr Thr Thr Cys Cys Thr 
610 615 62O 

Cys Cys Cys Ala Thr Gly Cys Ala Thr Cys Ala Gly Cys Cys Thr Cys 
625 630 635 64 O 

Thr Cys Cys Thr Thr Thr Cys Ala Gly Ala Gly Gly Ala Cys Cys Cys 
645 650 655 

Cys Ala Cys Thr Gly Cys Cys Gly Cys Thr Gly Ala Thr Thr Thr Cys 
660 665 67 O 

Ala Ala Gly Cys Ala Gly Gly Ala Gly Cys Thr Cys Ala Gly Gly Cys 
675 68O 685 

Gly Gly Ala Ala Ala Ala Gly Cys Ala Ala Ala Thir Thr Gly Gly. Thir 
69 O. 695 7 OO 

Thr Gly Ala Ala Gly Ala Gly Cys Cys Ala Ala Thr Ala Gly Ala Cys 
7 Os 71O 71s 72O 

Ala Thr Gly Gly Ala Thir Thr Cys Thr Cys Cys Ala Gly Ala Ala Ala 
72 73 O 73 

Thir Cys Cys Gly Ala Gly Ala Ala Cys Thir Thr Gly Ala Ala Ala Ala 
740 74. 7 O 

Gly. Thir Thr Thr Gly Cys Cys Ala Ala Thr Gly Ala Gly Thr Thr Thr 
7ss 760 765 

Ala Ala Ala Gly Thr Gly Ala Gly Ala Ala Gly Ala Ala Thir Thr Ala 
770 775 78O 

Ala Gly Cys Thr Ala Gly Gly Ala Thir Ala Cys Ala Cys Cys Cys Ala 
78s 79 O 79. 8OO 

Gly Ala Cys Ala Ala Ala Thr Gly. Thir Thr Gly Gly Gly Gly Ala Ala 
805 810 815 

Gly Cys Thr Cys Thr Gly Gly Cys Ala Gly Cys Thr Gly Thr Gly Cys 
82O 825 83 O 

Ala Thr Gly Gly Cys Thr Cys Thr Gly Ala Ala Thr Thr Cys Ala Gly 
835 84 O 845 

Thir Cys Ala Ala Ala Cys Ala Ala Cys Thir Ala Thr Cys Thr Gly Cys 
850 855 860 
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- Continued 

Thir Thr Thr Gly Ala Ala Ala Ala Cys Cys Thr Gly Cys 
87O 87s 88O 

Thir Cys Ala Gly Cys Thir Thr Cys Ala Ala Ala Ala Ala 
885 890 895 

Ala Thr Gly Cys Ala Ala Ala Cys Thr Ala Ala Ala Ala 
9 OO 905 91 O 

Ala Thr Ala Thr Thr Ala Thr Cys Cys Ala Ala Ala Thr 
92 O 925 

Thr Gly Gly Ala Gly Gly Ala Ala Gly Cys Cys Gly Ala 
935 94 O 

Ala Gly Thr Ala Gly Gly Ala Gly Cys Thr Thir Thr Ala 
950 955 96.O 

Ala Ala Thr Gly Ala Gly Ala Ala Ala Gly. Thir Thr Gly 
965 97O 97. 

Cys Ala Ala Ala Thr Gly Ala Ala Ala Gly Ala Ala Ala 
98O 985 99 O 

Gly Ala Ala Ala Cys Gly Gly Ala Gly Ala Ala Cys Ala 
1OOO 1005 

Ala Thr Cys Ala Gly Thr Ala Thr Thr Gly Cys Thr 
O15 O2O 

Ala Ala Ala Gly Ala Cys Gly Cys Gly Cys Thr Gly 
O3 O O35 

Ala Gly Ala Cys Ala Cys Thir Thr Thr Gly Gly Ala 
O45 OSO 

Cys Ala Gly Ala Ala Thir Ala Ala Gly Cys Cys Thr 
O6 O O65 

Thr Cys Thr Cys Ala Gly Gly Ala Gly Ala Thr Cys 
O7 O8O 

Cys Gly Gly Ala Thr Gly Gly Cys Thr Gly Ala Ala 
O9 O O95 

Cys Thr Ala Ala Ala Cys Cys Thr Gly Gly Ala Gly 
O5 10 

Gly Ala Ala Gly Thr Gly Gly Thr Gly Ala Gly Gly 
2O 25 

Thr Gly Gly Thr Thr Thir Thr Gly Thr Ala Ala Cys 
35 4 O 

Ala Gly Gly Cys Ala Gly Ala Gly Ala Gly Ala Ala 
SO 55 

Cys Gly Gly Gly Thr Gly Ala Ala Gly Ala Cys Ala 
65 70 

Cys Thr Ala Ala Ala Thr Cys Ala Gly Ala Gly Thr 
8O 85 

Thir Thr Thr Ala Cys Thr Ala Thir Thr Thr Cys Thr 
95 2OO 

Gly Ala Gly Cys Ala Thir Cys Thr Cys Gly Ala Ala 
21 O 215 

Ala Gly Ala Thr Ala Gly Gly Cys Thr Cys Thr Cys 
225 23 O 

Thir Thr Gly Thr Gly Thr Ala Ala Thr Ala Gly Cys 
24 O 245 

Jul. 22, 2010 
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Gly Ala Thr Thr Cys Thr Ala Cys Thr Thr Thr Thr Cys Ala Thr 
250 255 26 O 

Thr Cys Cys Thr Thr Thr Cys Thr Cys Thr Thr Cys Thr Cys Ala 
265 27 O 27s 

Gly Cys Cys Ala Ala Ala Ala Thir Ala Gly Ala Ala Ala Thir Thr 
28O 285 29 O 

Ala Gly. Thir Thr Ala Thr Thir Thr Gly Gly. Thir Thr Ala Gly Cys 
295 3OO 305 

Asn Asn. Asn Ala Ala Ala Ala Ala Thr Cys Ala Cys Ala Thr Cys 
310 315 32O 

Ala Gly Thr Ala Ala Thr Thir Thr Thr Thr Gly Asn Cys Ala Gly 
3.25 33 O 335 

Ala Ala Gly Thr Gly. Thir Thr Thr Cys Thr Thr Thr Thr Cys Thr 
34 O 345 350 

Ala Cys Thir Thir Thir Ala Ala Ala Ala Ala Thr Ala Ala Ala Thr 
355 360 365 

Ala Cys Ala Ala Thr Thr Thr Ala Ala Ala Thir Thr Ala Thr Gly 
37O 375 38O 

Thir Thr Gly Ala Thr Gly Ala Ala Asn Thr Ala Thr Thr Cys Thr 
385 390 395 

Cys Ala Gly Ala Ala Gly Gly Ala Asn. Asn. Asn. Asn. Asn. Thir Cys 
4 OO 405 41 O 

Ala Asn Thr Gly Thr Ala Cys Ala Asn Thr Thr Thr Ala Ala Gly 
415 42O 425 

Cys Cys Ala Ala Ala Gly Ala Cys Thr Ala Ala Thr Ala Gly Gly 
43 O 435 44 O 

Ala Thir Thr Ala Ala Ala Ala Cys Ala Ala Thr Gly Ala Thir Thr 
445 450 45.5 

Cys Thr Gly Thr Cys Cys Cys Thr Thr Thr Cys Ala Cys Thr Ala 
460 465 47 O 

Thr Ala Thr Cys Thr Thr Thr Cys Cys Cys Thr Cys Thr Ala Thr 
47s 48O 485 

Cys Thr Cys Thr Cys Cys Cys Asn Gly Gly Ala Ala Thr Thr Cys 
490 495 SOO 

<210s, SEQ ID NO 6 
&211s LENGTH: 12112 
212. TYPE: PRT 

<213> ORGANISM: bovine 

<4 OOs, SEQUENCE: 6 

Cys Cys Gly Gly Gly Gly Cys Cys Gly Cys Gly Cys Cys Gly Cys Gly 
1. 5 1O 15 

Gly Ala Gly Cys Gly Cys Gly Thr Thr Cys Gly Gly Ala Gly Gly Cys 
2O 25 3O 

Cys Gly Gly Gly Gly Cys Cys Gly Gly Gly Gly Cys Gly Cys Gly Gly 
35 4 O 45 

Cys Gly Gly Cys Thr Cys Cys Cys Cys Gly Cys Gly Cys Gly Gly Cys 
SO 55 6 O 

Thr Cys Cys Ala Gly Gly Gly Gly Cys Thr Cys Gly Gly Gly Gly Ala 
65 70 7s 8O 

Cys Cys Cys Cys Gly Cys Cys Ala Gly Gly Gly Cys Cys Thr Thr Gly 
85 90 95 
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Thir Thr Gly Gly Ala Gly Thr Gly Thr Gly Cys Cys Gly Gly Cys Thr 
SOO 505 51O 

Gly Cys Thr Cys Ala Gly Cys Ala Ala Ala Gly Cys Cys Ala Gly. Thir 
515 52O 525 

Cys Cys Cys Cys Thr Gly Gly Gly Cys Cys Cys Cys Gly Ala Gly Cys 
53 O 535 54 O 

Cys Cys Cys Cys Gly Gly Cys Gly Cys Cys Cys Gly Gly Gly Cys Thr 
5.45 550 555 560 

Thir Thr Gly Cys Gly Gly Gly Cys Gly Gly Cys Thr Cys Cys Cys Thr 
565 st O sts 

Gly Gly Gly Cys Gly Cys Ala Gly Ala Cys Ala Ala Cys Cys Thr Gly 
58O 585 59 O 

Thr Cys Gly Cys Gly Thr Cys Gly Gly Gly Gly Gly Thr Gly Cys Cys 
595 6OO 605 

Cys Gly Gly Cys Gly Gly Cys Thr Gly Ala Gly Cys Ala Gly Ala Gly 
610 615 62O 

Gly Thr Gly Ala Gly Cys Gly Gly Cys Thir Cys Ala Gly Cys Gly Ala 
625 630 635 64 O 

Gly Gly Thr Gly Cys Cys Gly Cys Cys Cys Gly Cys Gly Cys Cys Cys 
645 650 655 

Cys Gly Ala Gly Cys Cys Thr Gly Ala Ala Gly Thr Thr Cys Cys Gly 
660 665 67 O 

Ala Cys Cys Gly Cys Thr Thr Cys Thr Ala Thr Gly Gly Gly Ala Thr 
675 68O 685 

Gly Cys Cys Cys Gly Thr Thr Gly Thr Cys Thr Cys Cys Gly Gly Gly 
69 O. 695 7 OO 

Gly Cys Ala Ala Ala Gly Cys Cys Ala Gly Gly Ala Gly Gly Gly Ala 
7 Os 71O 71s 72O 

Cys Cys Gly Cys Ala Gly Ala Cys Cys Ala Ala Cys Thr Ala Ala Ala 
72 73 O 73 

Ala Gly Gly Thr Cys Cys Thir Thr Gly Thr Thr Gly Gly Ala Ala Ala 
740 74. 7 O 

Gly Ala Thr Ala Cys Cys Thir Thr Gly Cys Ala Thr Cys Ala Gly Gly 
7ss 760 765 

Thir Thir Thr Gly Ala Gly Gly Ala Thr Cys Ala Ala Ala Thr Gly Ala 
770 775 78O 

Gly Ala Ala Thr Thr Thr Gly Ala Ala Gly Thr Gly Cys Gly Cys Ala 
78s 79 O 79. 8OO 

Gly Ala Gly Gly Ala Cys Thr Cys Ala Ala Thir Thr Thr Ala Cys Thr 
805 810 815 

Ala Gly Thr Cys Thr Ala Cys Ala Gly Thr Thr Gly Cys Ala Thr Thr 
82O 825 83 O 

Thir Thr Cys Thr Gly Thr Ala Ala Ala Ala Ala Thr Ala Ala Thr Ala 
835 84 O 845 

Ala Thr Gly Ala Thr Gly Thr Ala Thr Cys Thr Gly Thr Gly Gly Thr 
850 855 860 

Ala Ala Thir Ala Gly Cys Ala Ala Thir Ala Ala Gly Ala Thir Thr Gly 
865 87O 87s 88O 

Gly Thr Cys Thr Gly Ala Gly Gly Cys Gly. Thir Thr Gly Gly Thr Thr 
885 890 895 

Gly. Thir Cys Ala Ala Ala Cys Thr Ala Ala Gly Ala Gly Thr Gly Cys 
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9 OO 905 91 O 

Ala Thr Ala Ala Gly Ala Ala Thr Cys Ala Cys Cys Thr Gly Gly Ala 
915 92 O 925 

Ala Gly Gly Thr Gly Thr Gly Thr Gly Thr Gly. Thir Thr Gly Thr Gly 
93 O 935 94 O 

Thr Gly Ala Thr Thr Cys Ala Thr Gly Gly Cys Thr Gly Ala Ala Cys 
945 950 955 96.O 

Cys Ala Thr Cys Thr Cys Cys Cys Ala Gly Ala Gly Thr Thr Thr Cys 
965 97O 97. 

Ala Gly Ala Thr Cys Gly Cys Thr Thr Ala Gly Gly Thr Cys Thr Gly 
98O 985 99 O 

Gly Ala Gly Thr Gly Gly Gly Gly Cys Cys Thr Cys Ala Thr Thir Thr 
995 1OOO 1005 

Gly Cys Ala Thr Thr Thr Cys Thr Ala Ala Cys Thr Ala Cys Thr 
O1O O15 O2O 

Thr Cys Cys Cys Ala Gly Gly Thr Gly Ala Thr Gly Cys Thr Gly 
O25 O3 O O35 

Ala Thr Cys Thr Gly Gly Gly Ala Gly Cys Ala Cys Ala Gly Thr 
O4 O O45 OSO 

Thir Thr Gly Ala Gly Ala Ala Cys Cys Cys Gly Cys Thr Gly Gly 
O55 O6 O O65 

Thr Cys Thr Ala Gly Ala Gly Ala Ala Ala Gly Ala Gly Gly Ala 

Ala Gly Gly Ala Ala Ala Gly Ala Gly Gly. Thir Ala Thr Ala Ala 

Ala Ala Thr Gly Gly Gly Cys Thr Gly Ala Thr Ala Ala Ala Ala 

Ala Thr Ala Gly Ala Thr Gly Ala Gly Thr Thr Thr Gly Ala Ala 

Gly Thr Gly Ala Gly Ala Cys Ala Ala Ala Gly Ala Gly Ala Thr 

Cys Ala Gly Ala Thr Ala Thr Thr Thr Thr Thr Ala Ala Ala Cys 

Thr Gly Thr Cys Ala Thr Cys Cys Thr Gly Thr Ala Ala Gly Thr 

Gly. Thir Ala Gly Gly. Thir Ala Ala Ala Ala Cys Ala Thr Gly Thr 

Thir Thir Thr Gly Ala Ala Ala Gly Cys Thr Gly Thr Thr Thr Gly 
90 95 2OO 

Thir Thr Cys Thr Gly Cys Cys Ala Thr Thr Cys Cys Thir Thr Cys 
2O5 21 O 215 

Cys Ala Thr Ala Ala Thr Gly Gly Thr Thr Thr Thr Cys Ala Gly 
22O 225 23 O 

Gly Thr Gly Gly Ala Ala Ala Ala Cys Thir Thr Gly Ala Thr Cys 
235 24 O 245 

Cys Thr Cys Thr Thr Thr Thr Thr Thr Thr Thr Thr Thr Thr Thr 
250 255 26 O 

Thir Thr Thr Thr Thr Thr Thr Gly Cys Cys Cys Ala Ala Gly Thr 
265 27 O 27s 

Thr Cys Cys Gly Cys Ala Ala Gly Ala Gly Gly Cys Cys Thir Thr 
28O 285 29 O 
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Cys Thir Thr Thr Ala Cys Cys Thr Thr Gly Thr Gly Ala Thr Gly 
295 3OO 305 

Cys Thr Ala Ala Thr Ala Gly Thr Gly Cys Gly Thr Cys Cys Thr 
310 315 32O 

Thir Thr Gly Gly Gly Gly Cys Thr Cys Thr Cys Cys Ala Gly Gly 
3.25 33 O 335 

Thr Gly Gly Thr Ala Cys Thr Gly Gly Thr Gly Gly Thr Ala Ala 

Ala Gly Ala Thr Cys Cys Cys Ala Cys Cys Thr Gly Cys Cys Ala 

Gly Thr Gly Cys Cys Thr Gly Gly Gly Ala Thr Gly Thr Ala Ala 

Gly Ala Gly Gly Thr Gly Thr Gly Gly Ala Thr Thr Gly Gly Ala 
385 390 395 

Thr Cys Cys Cys Thr Gly Thr Gly Thr Thr Gly Gly Ala Ala Ala 

Gly Ala Thr Cys Cys Cys Cys Thr Gly Gly Ala Gly Ala Ala Gly 

Gly Ala Ala Ala Thr Gly Gly Cys Ala Cys Cys Cys Cys Gly Cys 

Thr Cys Cys Ala Gly Thr Ala Thr Thr Cys Thr Thr Gly Cys Cys 

Thr Gly Gly Ala Gly Ala Cys Thr Cys Cys Cys Cys Ala Thr Gly 

Gly Ala Cys Ala Gly Ala Gly Gly Ala Gly Cys Cys Thr Ala Gly 

Thr Gly Gly Gly Cys Thr Ala Cys Cys Gly Thr Cys Cys Cys Thr 

Ala Gly Gly Gly. Thir Cys Cys Cys Ala Ala Ala Gly Ala Gly Thr 

Cys Gly Gly Ala Cys Ala Cys Thr Gly Ala Ala Gly Gly Ala Ala 

Thir Thir Thr Ala Gly Cys Ala Ala Gly Cys Thr Cys Thr Cys Ala 
535 54 O 545 

Cys Thr Cys Cys Gly Gly Gly Ala Thr Gly Ala Gly Ala Cys Thr 
550 555 560 

Thir Ala Gly Gly Ala Ala Gly Ala Gly Gly Ala Gly Ala Ala Ala 

Ala Cys Thr Cys Thr Gly Cys Ala Gly Cys Cys Ala Ala Ala Cys 

Cys Thr Ala Gly Cys Thr Gly Ala Cys Ala Ala Ala Thr Thr Cys 

Ala Gly Thr Ala Ala Thr Gly Gly Gly Ala Ala Ala Thr Gly Thr 

Cys Cys Cys Thr Thr Cys Ala Thr Ala Ala Gly Ala Ala Thir Thr 

Gly Gly Thr Cys Thr Thr Thr Ala Thr Thr Gly Ala Thr Thr Thr 

Cys Ala Ala Ala Ala Thir Ala Gly Cys Ala Ala Cys Ala Ala Gly 



US 2010/01 85047 A1 Jul. 22, 2010 
30 

- Continued 

Cys Ala Ala Ala Gly Gly Ala Thir Thr Cys Ala Gly Gly. Thir Cys 
670 675 68O 

Thr Gly Thr Ala Ala Cys Thr Thr Thr Thr Thr Thr Cys Cys Gly 
685 69 O. 695 

Gly Cys Cys Thr Gly Cys Cys Ala Thr Ala Ala Thr Thr Ala Ala 
7 OO 7Os 71O 

Ala Cys Ala Ala Thr Thr Thir Thr Cys Thr Thr Ala Ala Cys Cys 
71s 72 O 72 

Ala Cys Thir Thr Ala Cys Ala Thr Thr Ala Thr Cys Cys Ala Gly 
73 O 73 74 O 

Thir Ala Ala Ala Ala Cys Thr Gly Ala Ala Ala Ala Gly Ala Thr 
74. 7 O 7ss 

Gly Cys Thr Thr Gly Thr Ala Gly Cys Cys Cys Ala Ala Thr Ala 
760 765 770 

Thr Ala Thr Cys Gly Gly. Thir Thr Ala Gly Thr Gly Cys Thr Cys 
775 78O 78s 

Thir Thr Thr Cys Thr Cys Thr Ala Thr Thr Thr Thr Gly Gly Thr 
79 O 79. 8OO 

Ala Ala Cys Thr Ala Gly Gly. Thir Thir Thr Cys Ala Cys Ala Ala 
805 810 815 

Ala Ala Thir Thr Ala Thr Cys Thr Thr Thr Cys Thr Gly Thr Gly 
82O 825 83 O 

Thr Gly Gly Gly Gly. Thir Thr Thr Ala Thr Thr Cys Thr Gly Thr 
835 84 O 845 

Gly Cys Thr Thr Gly Thr Cys Thr Gly Cys Cys Ala Gly Gly Gly 
850 855 86 O 

Thir Ala Gly Cys Cys Cys Ala Gly Cys Thr Gly Ala Ala Cys Ala 
865 87 O 87s 

Cys Gly Gly Cys Ala Ala Gly Gly Thr Gly Cys Ala Cys Ala Thr 
88O 885 890 

Ala Thr Gly Thr Cys Cys Cys Ala Ala Thr Thr Ala Ala Thr Thr 
895 9 OO 905 

Thir Thr Gly Cys Thr Cys Thr Thr Thr Thr Cys Thr Ala Gly Thr 
910 915 92 O 

Ala Thr Cys Ala Cys Ala Ala Ala Ala Ala Gly Thr Ala Gly Thr 
925 93 O 935 

Thir Thr Gly Thr Thr Cys Thr Thr Thr Gly Ala Cys Gly Ala Gly 
94 O 945 950 

Ala Ala Gly Ala Cys Ala Gly Ala Ala Cys Thr Cys Thir Thr Cys 

Cys Cys Cys Cys Ala Gly Ala Thr Thr Ala Gly Gly Thr Thr Thr 

Ala Thr Ala Cys Thr Gly Gly Ala Gly Cys Thir Thr Cys Cys Thr 
985 990 995 

Thir Thr Ala Gly Thr Ala Cys Ala Thr Thr Thr Thr Cys Thir Thr 
2OOO 2005 2010 

Cys Cys Ala Gly Ala Cys Ala Thr Thr Thr Thr Ala Thr Gly Ala 
2015 2O2O 2O25 

Gly. Thir Thr Gly Cys Ala Gly Thr Ala Thir Thr Thr Thr Cys Thr 
2O3O 2O35 2O4. O 

Thir Thr Gly Cys Cys Thir Thr Cys Thr Cys Ala Ala Thr Ala Cys 
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2O45 2OSO 2O55 

Cys Cys Thr Ala Thr Thir Thr Cys Cys Thir Thr Thr Ala Ala Ala 
2O60 2O65 2. Of O 

Ala Cys Ala Ala Ala Ala Cys Thr Gly. Thir Ala Thr Ala Gly Gly 
2O75 2O8 O 2O85 

Gly Gly Cys Thr Gly Gly Gly Cys Thr Thr Thr Cys Cys Ala Gly 

Gly Thr Gly Gly Cys Gly Cys Ala Gly Thr Gly Gly Thr Ala Ala 

Gly Gly Ala Ala Thr Cys Cys Gly Cys Cys Thr Gly Cys Cys Ala 

Ala Thr Ala Thr Ala Gly Gly Ala Gly Ala Thr Gly Cys Ala Gly 

Gly Ala Gly Ala Cys Ala Cys Thir Cys Gly. Thir Thr Cys Ala Ala 

Thr Cys Cys Cys Thr Gly Gly Ala Thr Thr Gly Gly Gly Thr Ala 

Gly Ala Thr Cys Cys Cys Cys Thr Gly Gly Ala Ala Ala Ala Gly 

Gly Gly Ala Ala Thr Gly Gly Cys Ala Ala Cys Cys Ala Ala Cys 
21.95 22 OO 22O5 

Thr Cys Cys Ala Gly Thr Ala Thr Thr Cys Thr Thr Gly Cys Cys 
221 O 2215 222 O 

Thr Gly Gly Gly Ala Ala Ala Thr Cys Cys Cys Ala Thr Gly Ala 
2225 223 O 2235 

Gly Thr Gly Gly Ala Gly Gly Ala Gly Cys Cys Thr Gly Gly Cys 
224 O 2.245 225 O 

Ala Gly Gly Cys Ala Cys Ala Gly Thr Cys Cys Ala Gly Gly Gly 
2255 226 O 2265 

Gly Gly. Thir Cys Cys Cys Ala Gly Ala Ala Ala Ala Thr Cys Ala 
2270 2275 228O 

Gly Ala Cys Gly Thr Gly Ala Cys Thr Gly Ala Gly Cys Ala Cys 
2285 229 O 2295 

Ala Cys Ala Gly Gly Cys Ala Thr Gly. Thir Ala Thr Gly Gly Gly 
23 OO 23 OS 2310 

Ala Gly. Thir Thr Ala Gly Thr Ala Ala Gly Gly Ala Thr Ala Ala 
2315 232O 2325 

Thir Thr Cys Thr Gly Ala Ala Thr Thr Gly Cys Ala Thr Ala Thr 
233 O 2335 234 O 

Thr Ala Cys Ala Thr Thr Ala Cys Cys Gly Cys Cys Cys Thir Thr 
2345 2350 2355 

Thir Thr Ala Ala Ala Cys Ala Cys Ala Ala Cys Thr Ala Thir Thr 
2360 23.65 2370 

Ala Ala Cys Thr Thr Thr Thir Thr Ala Thr Thr Cys Cys Cys Ala 
2375 238O 23.85 

Gly. Thir Thr Thr Gly Gly Gly Gly Cys Thr Gly Gly Gly Cys Cys 
23.90 23.95 24 OO 

Ala Thr Cys Ala Thr Thr Ala Cys Thr Gly Thr Ala Thr Thr Cys 
24 O5 241. O 24.15 

Thir Thr Ala Thr Thr Thir Thr Ala Ala Cys Thr Thr Cys Ala Thr 
242O 24.25 243 O 
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Gly Gly Thr Cys Thr Gly Ala Ala Ala Thr Ala Gly Gly Ala Thr 
2435 244 O 2445 

Thr Gly Ala Thr Ala Cys Thr Cys Thr Cys Cys Ala Gly Gly Gly 
2450 2455 246 O 

Gly Ala Cys Ala Thr Thr Thr Gly Gly Cys Ala Gly Thr Gly Cys 
24 65 2470 2475 

Cys Thr Gly Gly Ala Gly Ala Thr Gly. Thir Thr Thr Thr Cys Ala 
248O 2485 249 O 

Cys Thr Cys Ala Thr Gly Cys Cys Thr Gly Gly Ala Ala Gly Gly 
2495 25 OO 2505 

Gly Thr Gly Cys Thr Ala Cys Thr Gly Thr Cys Ala Thr Thr Thr 
251O 25.15 252O 

Gly Cys Thr Ala Ala Gly Thr Ala Gly Ala Gly Gly Cys Cys Ala 
2525 253 O 25.35 

Gly Gly Gly Ala Thr Gly. Thir Thr Ala Cys Ala Gly Thr Gly Cys 
254 O 25.45 2550 

Ala Cys Ala Gly Gly Ala Cys Ala Cys Cys Thr Cys Cys Cys Thr 
2555 2560 25.65 

Ala Ala Thr Cys Gly Cys Thr Cys Ala Gly Cys Ala Ala Ala Ala 
2570 27s 2580 

Ala Ala Thir Thr Ala Ala Ala Ala Ala Thr Gly Thr Thr Cys Thr 
2585 2590 2595 

Gly Ala Cys Cys Gly. Thir Ala Ala Ala Thr Gly. Thir Thr Ala Ala 
26 OO 2605 261 O 

Thr Ala Gly Thr Gly. Thir Thr Ala Ala Gly Gly Cys Thr Gly Ala 
2615 262O 262s 

Gly Ala Ala Ala Cys Cys Cys Ala Gly Cys Cys Ala Ala Cys Cys 
263 O 2635 264 O 

Thr Gly Ala Thr Ala Ala Cys Thr Ala Gly Cys Thr Cys Gly Thr 
2645 2650 2655 

Ala Gly Ala Cys Cys Thir Thir Thr Ala Ala Ala Gly Gly Thr Ala 
266 O 2665 2670 

Gly Ala Gly Ala Gly. Thir Ala Gly Ala Gly Thr Ala Cys Thr Cys 
2675 268O 2685 

Ala Thr Cys Cys Ala Gly Ala Cys Thr Thr Gly Thr Gly Gly Ala 
2690 2695 27 OO 

Gly Ala Gly Cys Ala Cys Thr Gly Ala Thir Thr Thr Thr Thr Ala 
27 OS 271 O 2715 

Ala Ala Ala Ala Thir Cys Ala Cys Cys Thir Thr Gly Thr Ala Cys 
272O 2725 273 O 

Cys Ala Gly Gly Thr Gly Gly. Thir Ala Gly Ala Cys Thr Gly Ala 
2735 274 O 2745 

Cys Ala Ala Gly Ala Ala Thr Ala Gly Ala Ala Ala Cys Cys Thr 
2750 27s 276 O 

Gly Ala Ala Ala Ala Thr Gly Ala Thr Cys Ala Ala Thir Thir Thr 
2765 2770 2775 

Ala Ala Ala Thr Gly Ala Cys Thr Thr Thr Thr Gly Thr Ala Thr 
2780 2785 279 O 

Ala Gly Gly Cys Cys Ala Ala Cys Cys Thr Gly Gly Ala Cys Ala 
2.79s 28OO 2805 
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Thr Ala Thr Gly Thr Thir Thr Ala Ala Thir Thr Ala Ala Gly Gly 
2810 2815 282O 

Ala Cys Ala Gly Thr Gly. Thir Thr Thr Thr Thr Thr Thr Thr Thr 
2825 283 O 2835 

Thir Thir Thr Thr Thr Thr Cys Cys Cys Cys Thr Gly Ala Cys Ala 
284 O 284.5 285 O 

Thr Ala Thr Cys Ala Ala Ala Gly Gly Thr Gly Thr Ala Cys Thr 
2855 286 O 2865 

Gly Ala Thr Ala Gly. Thir Thr Gly Ala Cys Ala Ala Ala Ala Cys 
2870 2875 288O 

Cys Ala Gly Gly Ala Gly Gly Ala Gly Ala Cys Ala Gly Gly Thr 
2.885 289 O 2.895 

Ala Ala Gly Ala Ala Ala Thr Ala Thr Ala Thr Ala Gly Gly Ala 
29 OO 29 OS 291. O 

Ala Ala Ala Ala Cys Ala Ala Thr Gly Cys Cys Ala Thr Ala Thr 
291.5 292 O 2925 

Cys Ala Gly Thr Ala Thr Cys Cys Thr Cys Thr Thr Ala Ala Cys 
293 O 2935 294 O 

Cys Ala Thr Ala Thr Cys Cys Cys Cys Thr Cys Cys Ala Thir Thr 
29.45 295 O 2955 

Cys Cys Cys Cys Thr Ala Ala Ala Gly Gly Ala Gly Cys Ala Ala 
2960 296.5 297 O 

Ala Ala Cys Thr Gly Ala Thr Cys Gly Gly Cys Ala Ala Ala Cys 
297 298O 2985 

Gly Thr Gly Gly Ala Gly Ala Ala Ala Thr Ala Ala Ala Ala Gly 
2990 2995 3 OOO 

Cys Thr Gly Thr Thr Ala Ala Thr Gly Cys Thr Thr Gly Cys Thr 
3 O OS 3O1 O 3 O15 

Ala Cys Ala Gly Cys Thir Thr Cys Cys Cys Ala Cys Cys Gly Ala 
3O2O 3O25 3O3O 

Ala Thir Thr Ala Ala Gly Gly. Thir Thr Cys Ala Gly Ala Gly Ala 
3035 3O4 O 3O45 

Thr Cys Thr Ala Gly Ala Cys Ala Thr Ala Thr Thr Thr Gly Ala 
3 OSO 3 O55 3 O 6 O 

Ala Ala Cys Ala Thir Thr Gly Gly Ala Ala Ala Ala Thr Cys Cys 
3 O 65 3. Of O 3 Ofs 

Ala Ala Gly Gly Cys Cys Cys Cys Cys Thr Cys Cys Cys Thr Cys 

Ala Ala Ala Cys Thr Cys Ala Thr Thr Thr Gly Thr Cys Cys Ala 

Thir Ala Cys Ala Cys Cys Cys Ala Ala Ala Ala Thr Cys Thr Ala 

Thr Cys Ala Cys Thr Gly Gly Ala Gly Ala Thr Thr Thr Ala Thr 

Cys Cys Cys Thr Thr Thr Gly Gly Cys Ala Thr Thr Ala Ala Cys 

Thr Cys Thr Cys Thr Gly Thr Cys Cys Ala Gly Ala Thr Gly Thr 

Thir Thr Cys Thr Ala Ala Ala Ala Thr Gly Cys Ala Ala Ala Thr 

Gly Cys Ala Gly Thr Gly Thr Gly Cys Thr Cys Thr Cys Cys Gly 
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3.185 319 O 31.95 

Ala Ala Thr Cys Cys Ala Cys Ala Gly. Thir Cys Thr Cys Cys Ala 
32OO 32O5 321 O 

Thr Cys Thr Gly Thr Gly Gly Thr Gly Ala Thr Gly Ala Cys Ala 
3215 322 O 3225 

Gly Cys Cys Gly Ala Cys Gly Gly Cys Cys Cys Thr Ala Cys Ala 
323 O 3235 324 O 

Cys Cys Gly Thr Thr Thir Thr Cys Cys Ala Cys Gly Ala Gly Gly 
3.245 325 O 3255 

Gly Ala Cys Thr Thr Gly Ala Gly Cys Cys Thr Cys Gly Gly Cys 
326 O 3265 3270 

Gly Gly Gly Thr Gly Cys Thr Gly Gly Ala Ala Ala Cys Cys Cys 
3275 328O 3285 

Thr Gly Gly Ala Cys Cys Cys Gly Gly Gly Thr Cys Cys Thr Cys 
3290 3.295 33 OO 

Ala Thr Gly Gly Gly Thr Ala Cys Gly Gly Gly Gly Thr Gly Gly 
3305 3310 3.31.5 

Ala Gly Gly Gly Thr Gly Cys Cys Thr Cys Thr Gly Gly Ala Ala 
332O 3.325 333 O 

Gly Gly Ala Cys Ala Ala Gly Thr Gly Gly Ala Gly Cys Ala Gly 
33.35 334 O 3.345 

Thir Thr Ala Cys Cys Cys Gly Gly Thr Thr Thr Thr Ala Ala Cys 
3350 3355 3360 

Ala Thr Thr Thr Cys Gly Thr Gly Thr Gly Ala Ala Thr Thr Ala 
33 65 337 O 337s 

Ala Ala Thir Thr Gly Thr Ala Thr Gly Thr Gly Cys Ala Thr Gly 
338O 33.85 3390 

Ala Thr Thr Thr Cys Thr Thr Cys Cys Cys Cys Ala Ala Ala Ala 
3.395 34 OO 34 OS 

Gly Cys Thr Gly Ala Cys Cys Ala Gly Cys Ala Gly Gly Gly Cys 
3410 3415 342O 

Thr Gly Gly Ala Gly. Thir Thr Gly Ala Gly Gly Gly Gly Gly Gly 
3.425 343 O 3435 

Ala Gly Gly Cys Thr Gly Thr Gly Ala Ala Gly Thr Cys Gly Gly 
344 O 3445 3 450 

Thr Gly Gly Cys Ala Thr Gly Ala Ala Thr Gly Thr Gly Gly Gly 
3455 34 6 O 3465 

Gly Cys Ala Cys Thr Gly Gly Thr Cys Ala Gly Gly Gly Gly Cys 
3 470 3475 3480 

Ala Gly Gly Gly Gly Ala Cys Ala Thr Gly Gly Cys Thr Ala Gly 
34.85 3490 3495 

Gly. Thir Thr Cys Thr Gly Ala Ala Gly Gly Gly Ala Cys Ala Thr 
35 OO 3505 3510 

Ala Gly Gly Gly Cys Ala Gly Gly Ala Cys Gly Gly Thr Gly Thr 
35.15 3520 3525 

Gly Gly Gly Gly Cys Thr Gly Gly Gly Cys Gly Gly Ala Cys Ala 
353 O 3535 354 O 

Gly Cys Gly Thr Thr Thr Cys Cys Ala Gly Cys Thr Thr Cys Cys 
35.45 355 O 3555 

Cys Ala Cys Thr Thr Thir Thr Gly Cys Thr Gly Gly Ala Gly Ala 
35 6.O 3565 37 O 
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Thr Cys Ala Cys Cys Thr Gly Thr Gly. Thir Thr Thr Cys Thr Cys 
3575 358 O 3585 

Cys Cys Cys Gly Gly Gly. Thir Thr Thr Thr Cys Thr Cys Thir Thr 
3590 3595 36OO 

Gly Ala Ala Thr Thr Gly. Thir Thr Thr Thr Cys Ala Cys Ala Ala 
3.6 OS 361 O 3 615 

Thir Thr Gly Thr Thr Thr Cys Ala Ala Ala Ala Gly Gly Cys Cys 
362O 3625 3 63 O 

Cys Ala Cys Thr Thr Thr Cys Cys Thr Gly Cys Ala Cys Thir Thr 
3635 364 O 3 645 

Thir Thr Cys Thr Cys Ala Cys Ala Ala Thr Cys Cys Thr Gly Ala 
3650 3655 366 O 

Ala Ala Thr Ala Ala Cys Cys Thr Gly Thr Ala Thr Thr Thr Gly 
3665 367 O 36.75 

Ala Cys Ala Cys Gly Ala Gly Thr Gly Thr Gly Thr Thr Gly Gly 
368O 3685 369 O 

Thir Ala Ala Ala Ala Gly Cys Gly Ala Gly Ala Thr Ala Ala Ala 
3695 3700 37Os 

Gly Ala Cys Ala Gly Gly Gly Cys Cys Ala Gly Cys Gly Thr Gly 
3710 3715 372 O 

Gly Gly. Thr Gly Cys Cys Gly Cys Ala Cys Ala Thr Cys Cys Ala 
3725 373 O 373 is 

Cys Cys Thr Thr Cys Cys Cys Thr Thr Thr Gly Gly Thr Gly Thr 
37.4 O 3745 375 O 

Cys Cys Cys Ala Cys Thir Thr Gly Cys Cys Cys Ala Cys Gly Gly 
375s 376 O 3765 

Gly Gly Ala Thr Gly Thr Gly. Thir Ala Ala Cys Ala Gly Ala Ala 
377O 3775 378 O 

Gly Thr Ala Thr Ala Thr Gly Cys Cys Cys Thr Gly Ala Ala Gly 
3785 379 O 379 

Thr Ala Cys Thr Gly Ala Ala Ala Cys Cys Ala Thr Gly Thr Gly 
38 OO 3805 3810 

Ala Ala Ala Ala Cys Ala Thir Thr Cys Gly Gly Ala Ala Gly Ala 
3815 382 O 3825 

Gly Ala Gly Cys Ala Cys Ala Thr Thr Thr Thr Ala Thr Cys Cys 
383 O 3835 384 O 

Cys Ala Gly Gly Cys Ala Gly Cys Ala Cys Gly. Thir Thr Cys Ala 
384.5 3850 3855 

Ala Cys Ala Thr Gly Thr Gly Gly Thr Gly Gly Ala Gly Thr Ala 
386 O 386.5 387 O 

Thir Ala Gly Thr Cys Ala Gly Gly Gly Cys Ala Ala Ala Gly Thr 
3875 388 O 3.885 

Ala Thr Gly Cys Thr Gly Cys Thr Thr Gly Thr Gly Thr Ala Cys 
3890 3.895 3900 

Ala Thr Thr Thr Thr Ala Gly Cys Ala Thr Thr Ala Ala Ala Thr 
39 OS 391 O 391.5 

Thir Thr Ala Thr Thr Cys Cys Ala Gly Ala Thr Gly Cys Thir Thr 
392O 3925 393 O 

Thir Thr Ala Thr Thr Thir Thr Gly Gly Ala Ala Ala Ala Ala Ala 
3935 394 O 3.945 
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4.325 433 O 43.35 

Gly Gly Thr Cys Thr Thr Ala Thr Gly Ala Gly Thr Cys Cys Ala 
434 O 43.45 4350 

Cys Ala Gly Gly Thr Thr Gly Cys Cys Thr Cys Thr Gly Gly Thr 
4355 4360 4365 

Thr Gly Thr Ala Cys Cys Cys Cys Cys Thr Gly Gly Ala Gly Cys 
4370 4375 438 O 

Ala Ala Thr Gly Ala Ala Gly Ala Ala Ala Gly Cys Cys Ala Cys 
4385 439 O. 4395 

Cys Thr Thr Thr Thr Cys Thr Thr Cys Thr Cys Thr Thr Cys Cys 
44 OO 4405 4 41 O 

Thir Thir Thr Ala Thr Gly Thr Cys Ala Ala Thr Gly Gly Ala Ala 
44.15 442O 4.425 

Cys Thir Thr Thr Thr Gly Ala Thr Thr Gly Ala Thr Gly Ala Cys 
443 O 4 435 4 44 O 

Ala Cys Cys Ala Gly Ala Thir Thr Cys Thr Cys Cys Cys Cys Cys 
4445 445 O 4455 

Cys Thr Cys Cys Ala Cys Ala Cys Ala Cys Ala Thr Ala Cys Ala 
44 60 44 65 4470 

Cys Cys Thr Thr Thr Thir Thr Thr Gly Gly Gly Thr Ala Ala Thr 
4475 4 48 O 4 485 

Ala Thr Cys Thr Gly Gly Cys Ala Ala Gly Thr Gly Gly Ala Thr 
4490 4495 4500 

Cys Cys Cys Ala Cys Cys Ala Ala Thr Thr Thr Ala Cys Thir Thr 
4505 451. O 45.15 

Thr Ala Ala Thr Ala Ala Gly Cys Ala Thr Ala Cys Thr Gly Thr 
452O 4525 453 O 

Thir Thr Ala Cys Thr Cys Thr Ala Ala Thr Gly Ala Cys Ala Thr 
4535 454 O 45.45 

Thir Thr Gly Thr Gly Thr Gly Cys Ala Gly Thr Ala Ala Ala Cys 
45.50 4555 456 O 

Ala Ala Ala Thr Gly Ala Ala Gly Thr Ala Ala Gly Ala Ala Cys 
45.65 45.7 O 45.75 

Cys Cys Ala Ala Thr Ala Gly Cys Thr Cys Ala Thr Thr Thr Ala 
458O 4585 45.9 O 

Ala Thr Thr Gly Thr Gly Gly Ala Ala Ala Thr Cys Gly Thr Gly 
45.95 46OO 4605 

Thr Ala Ala Thr Thr Gly Gly Thr Thr Cys Ala Gly Cys Ala Ala 
461 O 461s 462O 

Thr Gly Ala Ala Ala Gly Gly Ala Cys Ala Ala Thir Thr Cys Ala 
4625 463 O 4 635 

Thr Gly Ala Gly Thr Cys Ala Thr Gly Gly Ala Thr Ala Thir Thr 
464 O 4645 4 650 

Ala Cys Cys Ala Cys Ala Cys Cys Thir Thr Ala Gly Gly Ala Gly 
4655 466 O 4665 

Cys Cys Thr Thr Thr Thr Ala Ala Ala Ala Thr Gly Ala Gly Thr 
4 670 4 675 468O 

Thir Thr Gly Gly Thr Gly Cys Cys Ala Ala Ala Thr Gly Ala Cys 
4685 469 O 4.695 

Thir Thr Cys Ala Gly Cys Cys Thr Ala Gly Ala Ala Cys Thr Gly 
47 OO 4705 471 O 
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Gly Cys Ala Ala Thr Ala Thr Cys Cys Thr Cys Thr Thr Gly Thr 
4715 472 O 4725 

Gly Ala Cys Ala Thr Gly Cys Cys Thr Thr Gly Ala Gly Gly Gly 
473 O 4735 474. O 

Cys Thr Thr Thr Cys Thr Thr Thr Gly Thr Gly. Thir Thr Thr Ala 
4745 475 O 4755 

Thr Ala Ala Ala Gly Thr Gly Gly Cys Cys Ala Thr Cys Cys Cys 
476 O 4765 477 O 

Ala Thr Ala Ala Thr Thr Gly Gly Ala Thr Thr Thr Thr Gly Ala 
4775 478 O. 4785 

Cys Ala Gly Ala Gly Gly Thr Ala Thr Gly Ala Ala Ala Ala Gly 
4790 4795 48OO 

Thr Gly Gly Ala Thr Thr Cys Thr Gly Ala Gly Cys Ala Thir Thr 
48 05 481. O 4815 

Ala Thr Gly Thr Thr Cys Ala Gly Ala Cys Thir Thr Ala Cys Gly 
482O 482.5 483 O 

Ala Thr Gly Thr Thr Thr Thr Ala Ala Ala Thr Gly Gly Ala Thr 
4.835 484 O 4845 

Ala Gly Cys Thr Gly Ala Gly Ala Thr Thr Thr Thr Thr Ala Gly 
4850 4855 486 O 

Gly Thr Gly Thr Ala Ala Thir Thir Thr Gly Ala Ala Ala Ala Ala 
486.5 4870 4875 

Ala Cys Gly. Thir Thir Ala Thr Ala Gly Ala Cys Ala Ala Ala Ala 
488O 4.885 489 O 

Cys Ala Ala Gly Ala Ala Thr Cys Ala Thr Cys Cys Thr Cys Ala 
4895 49 OO 4.905 

Ala Thr Ala Cys Ala Thr Thr Ala Thr Ala Ala Thr Thr Ala Thr 
491O 4.915 492 O 

Ala Ala Ala Ala Thr Thr Gly Ala Cys Thr Gly Thr Thr Cys Ala 
4925 493 O 4935 

Thr Cys Thr Ala Cys Ala Thr Ala Thr Thr Gly Ala Thr Thr Cys 
494. O 4945 495. O 

Thr Cys Ala Gly Ala Ala Ala Thr Thr Ala Cys Thr Cys Thr Cys 
495.5 496 O 4965 

Ala Gly Cys Gly Ala Thr Ala Thir Thr Gly Ala Ala Ala Ala Ala 
4970 4975 498O 

Ala Gly Gly Cys Ala Gly Thr Ala Thr Ala Ala Gly Gly Thr Cys 
4985 499 O 4995 

Thr Cys Gly Cys Ala Thir Thr Ala Thr Thr Ala Gly Ala Ala Thr 
SOOO SOOS 5010 

Thr Gly. Thir Thr Ala Thr Thr Thr Thr Cys Thr Gly Gly Cys Cys 
5O15 5O2O 5025 

Ala Ala Ala Ala Gly Ala Thr Gly Cys Cys Thr Gly Thr Gly Gly 
SO3O SO35 5040 

Ala Ala Cys Ala Gly Gly Gly Ala Gly Gly. Thir Ala Ala Cys Thr 
SO45 SOSO 5 O55 

Ala Cys Thr Cys Ala Thr Gly Thr Gly Cys Cys Ala Thr Thr Gly 
SO 60 5065 Of O 

Cys Cys Thr Thr Thr Ala Cys Thr Thr Gly. Thir Thr Thr Thir Thr 
O7 508 O 5085 
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Cys Ala Ala Ala Ala Cys Cys Cys Cys Cys Thr Gly Cys Thir Thr 
SO90 SO95 51OO 

Gly Gly Gly Cys Cys Cys Cys Thr Thr Thr Gly Thr Cys Cys Thr 
15 5 O 5 5 1. O 5 

Ala Cys Ala Ala Cys Ala Ala Ala Cys Ala Thr Cys Thr Gly Thr 

Ala Ala Gly Ala Cys Thr Gly Gly Cys Cys Thr Gly Gly Gly Gly 

Thr Ala Ala Cys Cys Ala Cys Thr Cys Thr Ala Thr Thr Thr Cys 

Thr Gly Gly Gly Ala Ala Thir Thr Gly Gly Ala Ala Cys Ala Ala 

Gly Ala Cys Ala Ala Gly Thr Cys Ala Gly Cys Ala Cys Ala Thr 

Thir Thr Gly Gly Ala Cys Thr Thr Gly Ala Ala Cys Cys Thir Thr 
51.95 52OO 52O5 

Ala Ala Cys Cys Thir Cys Ala Thir Thr Ala Cys Cys Ala Thr Ala 
5210 5215 522 O 

Thir Cys Cys Thr Cys Thr Cys Cys Ala Ala Ala Cys Ala Ala Gly 
5225 523 O 5235 

Thr Ala Thr Thr Cys Thr Cys Gly Gly. Thir Thr Cys Thr Ala Thr 
524 O 5.245 525 O 

Thir Thr Thr Gly. Thir Thr Thr Thr Thr Gly Ala Gly Cys Thir Thr 
5.255 526 O 5265 

Gly Thr Cys Ala Thr Thr Thr Thr Cys Thr Gly Cys Ala Cys Thr 
5270 27s 528 O 

Cys Thr Gly Ala Ala Ala Cys Cys Ala Gly Gly Thr Cys Thir Thr 
5285 529 O 5295 

Cys Thr Gly Cys Thr Thr Ala Ala Cys Thir Thr Gly Thr Ala Thr 
53 OO 53. OS 531 O 

Gly. Thir Thr Gly Thr Cys Ala Ala Gly Thr Gly Thr Thr Thr Gly 
5315 532O 5325 

Gly Cys Thr Gly. Thir Thr Gly Ala Cys Ala Ala Ala Ala Thr Ala 
5.33 O 53.35 534 O 

Ala Thir Thr Cys Ala Ala Gly. Thir Ala Ala Cys Ala Ala Thir Thr 
53.45 5350 5355 

Ala Thr Cys Ala Thr Thr Gly Thr Gly Gly Ala Ala Thr Thr Thr 
536O 5365 37 O 

Thr Cys Ala Thr Thr Ala Thr Gly Thr Cys Ala Cys Thr Gly Gly 
s37 538 O 5385 

Thr Gly Gly Cys Thr Cys Ala Gly Cys Thr Gly Gly Thr Ala Ala 
539 O. 5395 54 OO 

Ala Gly Ala Ala Thir Cys Thr Gly Cys Cys Thr Gly Cys Ala Ala 
54 OS 5410 5415 

Thr Gly Cys Ala Gly Gly Ala Gly Ala Cys Cys Thr Gly Gly Gly 
542O 5425 543. O 

Thir Thir Thr Gly Ala Cys Cys Cys Cys Thr Ala Gly Ala Thr Cys 
5435 544 O 5.445 

Gly Gly Gly Ala Ala Gly Ala Thr Cys Cys Thr Cys Thr Gly Gly 
5450 5455 546 O 

Ala Gly Ala Ala Gly Gly Ala Ala Thr Gly Ala Cys Thr Ala Cys 
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Ala Thr Thr Thr Thr Cys Cys Ala Gly Gly Cys Ala Ala Gly Ala 
5855 586 O 5865. 

Gly Thr Ala Cys Thr Gly Gly Ala Gly Thr Gly Gly Gly Gly Thr 
5870 87s 588 O 

Gly Cys Cys Gly Thr Thr Gly Cys Cys Thir Thr Cys Thr Cys Thr 
5.885 5890 5895 

Gly Gly Cys Ala Thr Cys Cys Ala Thr Thr Gly Thr Thr Gly Gly 
59 OO 5905 591 O 

Gly Gly Gly Gly Thr Ala Gly Cys Thr Ala Thr Thr Gly Cys Thr 
5915 592 O 5925 

Thir Thr Cys Thr Cys Thr Cys Thr Cys Thr Cys Thr Ala Ala Gly 
593 O 5935 594 O 

Cys Thr Ala Gly Gly. Thir Thr Ala Thr Thr Thr Ala Thr Gly Gly 
5945 5950 5955 

Cys Cys Ala Thr Ala Gly Gly Ala Ala Thir Thr Thr Ala Gly Gly 
596.O 5965 97 O 

Cys Ala Gly Gly Gly Ala Ala Thir Ala Ala Gly Gly Gly Ala Ala 
97. 598 O 5985 

Ala Ala Ala Thr Gly Gly Cys Ala Ala Cys Thr Cys Cys Cys Ala 
5990 5995 6 OOO 

Gly Gly Gly Ala Ala Cys Thir Thr Cys Ala Cys Cys Cys Ala Thr 
6 OOS 6O1 O 6O15 

Thr Gly Ala Gly Cys Cys Ala Thir Ala Thr Ala Cys Cys Ala Cys 
6O20 6O25 6 O3 O 

Ala Thr Ala Gly Thr Thr Cys Thr Thr Ala Gly Ala Ala Ala Cys 
6035 6O4 O 6O45 

Thr Gly Gly Ala Thr Thr Ala Gly Thr Cys Cys Cys Ala Thir Thr 
6 OSO 6055 6 O6 O 

Cys Thr Ala Ala Ala Thir Thr Cys Cys Thr Gly Thr Gly Gly Gly 
6065 6O7 O 6O75 

Ala Thr Ala Thr Thr Thr Thir Thr Ala Gly. Thir Thr Thr Gly Ala 
608O 6085 6090 

Ala Gly Ala Ala Ala Thir Thir Thr Gly Gly Ala Gly Gly Gly Cys 

Cys Thr Ala Gly Ala Gly Gly Cys Ala Ala Cys Ala Gly Ala Thr 

Ala Gly Cys Cys Ala Ala Thr Ala Thr Thr Cys Ala Gly Thr Thr 

Thir Thr Thr Ala Ala Thr Thr Thr Ala Thr Gly Thr Cys Thr Cys 

Ala Thr Cys Cys Cys Ala Gly. Thir Thr Gly. Thir Thr Cys Cys Cys 

Thr Gly Thr Cys Ala Cys Thr Gly Thr Thr Cys Cys Thr Gly Cys 

Ala Thr Ala Thr Gly Gly Thr Gly Ala Cys Thir Thr Thr Thr Gly 

Ala Gly. Thir Thr Gly Ala Cys Thr Gly Gly Thr Ala Thr Ala Thr 
62OO 62O5 621 O 

Cys Cys Thr Thr Ala Ala Thr Ala Cys Thr Cys Ala Thr Thr Cys 
6215 622 O 6225 
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Ala Thr Thr Thr Ala Cys Ala Gly Thr Ala Ala Thr Cys Ala Gly 
623 O 6235 624 O 

Thr Ala Ala Thr Gly Thr Gly Thr Gly Thr Gly Thr Gly Thr Gly 
6245 625 O 6255 

Thir Thr Thr Gly Cys Ala Thr Thr Thr Thr Gly Ala Thir Thir Thr 
626O 626s 627 O 

Thr Cys Thr Thr Thr Thr Ala Ala Ala Ala Ala Ala Thr Thr Ala 
6275 628 O 6285 

Thir Thir Thr Ala Cys Thir Thr Gly Gly Cys Thr Gly Cys Thr Cys 
629O 6295 63 OO 

Thr Gly Gly Ala Thr Cys Thr Thr Ala Gly Thr Thr Gly Cys Thr 
63. OS 631 O 6315 

Gly Cys Ala Thr Gly Thr Gly Ala Ala Cys Thr Cys Thr Thr Ala 
632O 63.25 633 O 

Gly. Thir Thr Gly Cys Cys Ala Cys Ala Gly Gly Thr Gly Gly Gly 
6335 634 O 6345 

Gly Thr Cys Thr Ala Gly. Thir Thr Cys Cys Cys Thr Gly Ala Cys 
6350 6355 636 O 

Cys Ala Gly Gly Ala Thr Cys Gly Ala Ala Cys Cys Cys Ala Gly 
6365 6370 6375 

Gly Cys Cys Cys Cys Thr Cys Cys Gly. Thir Thr Gly Gly Gly Ala 
638O 6385 639 O. 

Gly Thr Gly Cys Ala Gly Ala Gly Gly Cys Thr Thr Ala Gly Thr 
6395 64 OO 64 O5 

Cys Gly Cys Thr Gly Gly Gly Ala Thr Ala Cys Cys Ala Gly Ala 
64 10 6415 642O 

Gly Ala Ala Gly Thr Cys Gly Cys Cys Thr Gly Cys Ala Thr Thr 
6.425 643 O 6435 

Thr Gly Thr Ala Thr Thir Thr Thr Cys Ala Ala Ala Gly Gly Gly 
644. O 6445 645 O 

Cys Thr Ala Cys Thr Thr Ala Cys Thr Thr Thr Cys Thr Cys Ala 
6455. 646 O 6465 

Ala Gly. Thir Thr Ala Ala Gly. Thir Thr Ala Cys Cys Cys Thr Cys 
6470 6475 648 O 

Thr Ala Ala Ala Thr Thr Ala Ala Ala Thir Thr Ala Thr Cys Cys 
6485 649 O 6495 

Cys Ala Thr Ala Gly Ala Ala Thir Thr Cys Thr Ala Ala Ala Gly 
65 OO 6505 651O 

Thr Gly Thr Ala Ala Ala Gly. Thir Thr Cys Ala Cys Ala Gly Ala 
65.15 652 O 6525 

Thir Thir Thr Thr Thr Thr Ala Gly Gly Ala Thr Ala Thr Thr Gly 
653 O 6535 654 O 

Cys Ala Gly Ala Gly Gly Gly Thr Gly Gly Gly Gly Ala Gly Gly 
65.45 655 O 6555 

Gly Ala Ala Gly Gly. Thir Thr Gly. Thir Thr Thr Thr Thr Thr Thr 
65 6.O 6565 6570 

Thir Thr Thr Thr Thr Thr Cys Cys Thr Gly. Thir Thr Thr Thr Gly 
65.75 658 O 6585 

Thir Thr Thr Thr Gly Cys Thr Thr Thr Thr Thr Ala Ala Ala Gly 
6590 6595 66OO 

Gly Ala Ala Ala Thr Thr Thr Gly Thr Gly Thr Ala Gly Thr Gly 
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66. OS 6610 6615 

Thr Ala Gly Thr Ala Ala Thr Gly Ala Thr Cys Thr Gly Gly Cys 
662O 6625 663 O 

Thr Ala Gly Gly Ala Thir Thr Cys Thr Gly Thr Gly Ala Gly Thr 
6635 664 O 6645 

Gly Gly Gly. Thir Thr Ala Thr Thr Thr Thr Cys Thr Cys Thr Gly 
66.50 6655 666 O 

Thir Thr Cys Ala Thr Gly Ala Thr Thr Thr Ala Thr Gly Cys Ala 
6665 667 O 6675 

Cys Thir Thr Thr Gly Ala Gly Ala Ala Ala Ala Thr Thr Thr Gly 
668O 6685 669 O 

Gly Cys Ala Thr Cys Thr Thr Ala Ala Gly Gly Thr Ala Gly Gly 
6695 67OO 6705 

Gly Ala Cys Cys Ala Thr Gly Ala Cys Thir Thr Cys Thr Cys Cys 
6710 6715 672 O 

Ala Thr Ala Thr Ala Ala Ala Thr Ala Ala Ala Cys Ala Thr Cys 
6725 673 O 6735 

Ala Thr Ala Ala Ala Ala Ala Gly Gly Cys Thir Thr Gly Thr Ala 
674 O 6745 675 O 

Cys Cys Thr Thr Thr Thr Ala Cys Thr Cys Thr Gly Gly Thr Ala 
6755 676 O 676.5 

Ala Thr Thr Cys Thr Cys Ala Cys Thr Ala Ala Ala Ala Gly Thr 
677O 677s 678 O. 

Gly Ala Gly Cys Thr Gly Cys Thr Gly Ala Thr Gly Ala Gly Ala 
6785 6790 6.795 

Ala Cys Ala Thr Thr Cys Thr Ala Thr Gly Thr Gly Gly Gly Thr 
68 OO 6805 681 O 

Ala Ala Cys Thr Ala Cys Thr Cys Ala Gly Gly Gly Gly Cys Cys 
6815 682O 6825 

Ala Cys Ala Thr Gly Cys Thr Gly Thr Thr Cys Ala Ala Ala Gly 
683 O 6835 6840 

Cys Cys Thr Gly Gly Thr Cys Ala Ala Gly Gly Thr Thr Thr Ala 
684.5 6850 6855 

Cys Ala Gly Thr Thr Cys Thr Cys Thr Thr Gly Gly Thr Ala Thr 
6860 6865 687 O 

Ala Gly Thr Ala Ala Cys Ala Thr Ala Thr Ala Cys Gly Ala Thr 
68.75 6880 6885 

Thr Ala Gly Gly Cys Ala Cys Thr Thr Ala Gly Cys Cys Thir Thr 
6890 6895 69 OO 

Thir Thr Ala Ala Thr Gly Ala Ala Gly Ala Thr Ala Ala Ala Thr 
69 OS 6910 6915 

Ala Thr Ala Thr Gly Thr Ala Ala Cys Ala Ala Thr Thr Ala Thr 
692O 6925 693 O 

Ala Thir Thir Thr Gly Gly Ala Ala Ala Ala Ala Thr Gly Thr Ala 
6935 694 O 6945 

Ala Thr Cys Ala Thr Ala Thir Thr Thr Gly Ala Ala Ala Thr Ala 
695O 6955 696 O 

Thir Thr Ala Ala Ala Ala Ala Gly Cys Thr Gly Gly Cys Thr Ala 
6965 697 O 6975 

Thir Thr Ala Gly Cys Ala Ala Thr Thr Thr Thr Gly Gly Thr Gly 
698O 6985 699 O 
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Ala Ala Cys Ala Thir Thr Ala Cys Cys Cys Ala Gly Thr Ala Gly 
8510 85.15 852O 

Thr Cys Cys Thr Thr Thr Gly Cys Thr Cys Thr Cys Thir Thir Thr 
85.25 853 O 8535 

Thr Cys Thr Ala Cys Thr Cys Thr Gly Ala Gly Gly Ala Cys Thr 
854 O 8545 85.50 

Gly Ala Gly Ala Cys Thr Gly Ala Cys Thir Thr Thr Ala Gly Gly 
85.55 85.60 85.65 

Cys Ala Cys Thr Cys Cys Ala Gly Ala Ala Thr Thr Cys Cys Cys 
857O 87s 858 O 

Thr Gly Gly Ala Cys Thr Cys Ala Ala Ala Thr Gly Ala Ala Thr 
8585 859 O 8595 

Gly Ala Cys Cys Ala Thr Gly Cys Thr Gly Ala Gly Gly Cys Cys 
86 OO 8605 861 O 

Cys Ala Thr Gly Ala Ala Gly Ala Gly Gly. Thir Thr Cys Gly Ala 
86.15 862O 86.25 

Thr Gly Thr Gly Thr Ala Thr Thr Gly. Thir Thr Gly Ala Ala Thr 
863 O 863.5 864 O 

Gly Ala Gly Cys Thir Ala Gly Ala Ala Cys Thir Thir Thr Ala Ala 
864.5 865 O 8655 

Ala Thr Ala Ala Ala Thr Ala Ala Gly Cys Ala Thr Ala Thr Ala 
8660 8665 867 O 

Cys Ala Cys Thir Thr Cys Ala Gly Cys Ala Thr Gly Ala Ala Gly 
8675 868 O 8685 

Thr Gly Cys Gly Cys Ala Gly Ala Gly Cys Ala Gly Ala Thr Ala 
86.90 8695 87OO 

Ala Gly. Thir Thr Gly Ala Ala Cys Gly Thr Ala Gly Cys Ala Thr 
8705 871 O 8715 

Cys Ala Cys Thr Gly Thr Gly Gly Thr Thr Cys Cys Thr Thr Cys 
872O 8725 873 O 

Thr Gly Thr Gly Gly Ala Cys Ala Cys Cys Thr Thr Thr Cys Ala 
8735 874 O 8745 

Cys Ala Thir Thr Ala Thir Thr Cys Ala Ala Ala Gly Gly Ala Ala 
87.50 8755 876O 

Gly Cys Ala Ala Thir Ala Ala Ala Gly Gly Thr Ala Ala Ala Ala 
8765 877O 87.75 

Cys Ala Cys Ala Ala Thr Cys Ala Thr Thr Thr Cys Ala Thir Thr 
878O 8785 879 O 

Ala Gly Gly Ala Thr Thr Ala Ala Thr Thr Thr Thr Thr Ala Thr 
879 88OO 8805 

Thr Gly Thr Gly Gly Ala Ala Gly Thr Thr Thr Thr Thr Cys Thr 
88.10 8815 882O 

Thir Thir Thr Cys Ala Gly Cys Thr Ala Ala Thr Gly Ala Ala Thr 
882.5 883 O 8.835 

Ala Ala Cys Ala Thr Gly Thr Cys Ala Ala Cys Ala Thr Thr Thr 
884. O 884.5 885 O 

Cys Thr Ala Gly Cys Cys Ala Ala Thr Thr Thr Cys Ala Gly Ala 
8855 886 O 8865 

Ala Cys Thr Ala Gly Cys Thr Gly Thr Ala Ala Thr Cys Thr Thr 
887O 8875 888 O 

Thir Thr Ala Ala Thir Thr Ala Ala Ala Ala Ala Cys Cys Ala Thr 
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8885 889 O 8895 

Ala Gly Ala Thr Cys Thr Gly Ala Gly Ala Gly Thr Thr Cys Ala 
89 OO 8905 891. O 

Thr Ala Cys Thr Thr Gly Ala Gly Thr Cys Ala Thr Ala Thir Thr 
891.5 892O 8925 

Thr Ala Ala Thr Cys Cys Thr Thr Ala Ala Ala Thr Cys Cys Cys 
893 O 8935 894 O 

Thir Thr Thr Cys Thr Thr Thr Cys Cys Cys Thr Cys Thr Gly Thr 
89.45 895 O 8955 

Cys Thr Cys Thr Thr Thr Cys Thr Cys Thr Cys Thr Thr Thr Cys 
8960 8965 897 O 

Thir Ala Ala Ala Ala Gly Cys Thr Gly Thr Gly Ala Ala Thr Cys 
897. 898 O 8985 

Ala Thr Thr Thr Thr Ala Thr Ala Ala Ala Thir Thr Ala Gly Gly 
899 O 8995 9 OOO 

Ala Thr Thr Ala Ala Gly Ala Ala Cys Thr Gly Thr Cys Thr Gly 
9 OOS 901 O 9 O15 

Gly Thr Ala Cys Cys Ala Thir Thr Gly. Thir Thr Ala Ala Thr Ala 
902O 9025 9 O3 O 

Thr Cys Cys Cys Thr Thr Thr Thr Gly Gly Cys Thr Gly Thr Gly 
9035 904 O 9045 

Ala Gly Gly Ala Ala Ala Thr Gly Gly Cys Ala Cys Ala Ala Ala 
9 OSO 9 O55 906 O 

Thr Ala Ala Thr Thr Thr Cys Ala Thr Cys Cys Thr Ala Ala Thr 
90.65 9. Of O 9 Ofs 

Ala Thr Thr Cys Ala Thr Thr Cys Ala Gly Ala Thr Thr Thr Ala 
908O 9085 9 O9 O 

Thr Gly Ala Gly Cys Cys Ala Gly Thr Ala Thr Thr Cys Ala Thr 

Cys Ala Cys Ala Ala Cys Ala Ala Thr Cys Thir Thr Ala Ala Ala 

Ala Cys Thr Cys Thir Thr Gly Ala Ala Ala Gly Gly Ala Thr Ala 

Gly Ala Ala Ala Cys Thr Gly. Thir Ala Thr Gly Ala Cys Ala Ala 

Ala Gly Thr Gly Ala Gly Thr Cys Ala Thr Ala Gly Thr Cys Thr 

Thir Thr Gly Thr Gly Ala Thr Gly Thr Gly Ala Thr Gly Thr Cys 

Thr Gly Cys Ala Ala Gly Gly Gly Thr Gly Gly Gly Thr Gly Gly 

Gly Ala Gly Ala Gly Ala Cys Thir Ala Cys Thr Gly Ala Ala Thr 
92 OO 92O5 921 O 

Gly Ala Cys Cys Ala Gly Thr Cys Thr Cys Ala Thr Thr Cys Thr 
92.15 922O 92.25 

Gly Cys Thr Thr Thr Cys Thr Gly Ala Gly Cys Thr Gly Ala Ala 
923. O 9235 924 O 

Thr Cys Ala Thr Thr Thir Thr Gly Cys Ala Ala Ala Thr Ala Gly 
924.5 925 O 925.5 

Ala Ala Ala Ala Cys Ala Ala Thir Thr Cys Ala Thr Ala Gly Ala 
926O 9265 927 O 
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Thir Thir Thr Ala Thr Ala Gly Ala Thr Gly Gly Thr Cys Ala Thr 
927s 928O 92.85 

Ala Ala Cys Ala Thir Ala Ala Ala Thr Ala Gly Gly Ala Ala Ala 
929 O 92.95 93 OO 

Thr Gly Gly Ala Ala Gly Ala Gly Ala Gly Thr Ala Ala Cys Ala 
93 OS 931 O 931.5 

Gly Ala Gly Thr Cys Ala Ala Ala Thr Ala Ala Thr Ala Cys Cys 
932O 93.25 933. O 

Thr Cys Thr Ala Thr Thir Thr Ala Ala Ala Ala Ala Ala Thir Thr 
933.5 934 O 9345 

Ala Cys Thir Thr Thr Thr Thr Gly Ala Ala Ala Cys Ala Thr Ala 
93.50 9355 936 O 

Ala Cys Ala Cys Thir Thr Gly Ala Thr Gly Ala Ala Cys Ala Gly 
93 65 937 O 937s 

Thr Cys Thr Thr Thr Ala Thr Thr Thr Thr Gly Ala Ala Thir Thr 
938O 93.85 939 O. 

Ala Gly Ala Ala Ala Thr Gly Ala Ala Ala Thir Thr Ala Ala Thr 
93.95 94 OO 94 OS 

Cys Thr Ala Cys Thr Gly Cys Cys Thr Ala Ala Thr Ala Ala Thr 
941O 94.15 942O 

Ala Cys Ala Thr Ala Thr Ala Thr Thr Thr Thr Gly Ala Thr Ala 
94.25 943 O 9435 

Cys Thr Thr Gly Cys Thr Gly Thr Ala Thr Gly Thr Cys Thir Thr 
944 O 9445 945 O 

Thr Ala Thr Ala Thr Ala Thr Thr Thr Thr Cys Ala Thir Thir Thr 
945.5 946. O 94.65 

Thir Thr Thr Cys Cys Thr Ala Thr Thr Gly Gly. Thir Thr Ala Thr 
9470 94.75 948O 

Gly. Thir Thr Thr Cys Thr Thr Thr Thr Ala Ala Ala Ala Ala Ala 
94.85 949 O 94.95 

Thir Thr Cys Thr Cys Thr Cys Ala Thr Gly Thr Ala Ala Thir Thr 
95 OO 9505 951 O 

Thr Gly Ala Cys Cys Thir Thr Thr Ala Thr Cys Thr Thr Cys Ala 
9515 952 O 95.25 

Thr Ala Gly Cys Thr Ala Thr Thr Thr Cys Thr Ala Gly Cys Thr 
953 O 95.35 954 O 

Thir Thr Gly Gly Cys Thir Thr Gly Thr Thr Thr Gly Ala Cys Ala 
95.45 955 O 9555 

Ala Thr Thr Gly Cys Gly Thr Gly Thr Gly Thr Gly. Thir Thr Thr 
9560 9565 957 O 

Gly Thr Gly Thr Gly Thr Gly Gly Ala Gly Ala Ala Gly Gly Ala 
97. 958 O 9585 

Gly Gly Gly Gly Ala Cys Thr Ala Cys Thir Thr Gly Thr Ala Thr 
9590 95.95 96.OO 

Gly Gly Ala Ala Ala Cys Thir Thr Gly Ala Gly Ala Gly Ala Ala 
96.OS 961O 9 615 

Gly Ala Ala Gly Gly Thr Cys Cys Cys Thir Thr Thr Cys Cys Thr 
962O 96.25 963 O 

Cys Thir Thr Gly Ala Ala Ala Ala Thr Thr Cys Thr Thr Ala Ala 
96.35 964 O 96.45 
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Thr Ala Gly Thr Ala Thr Ala Ala Thr Cys Cys Thr Gly Cys Ala 
96.50 96.55 966 O 

Thir Thir Thr Thr Gly Cys Ala Thr Gly Gly Thr Cys Gly Gly Thr 
9665 967 O 9 675 

Cys Thr Cys Cys Thr Thr Thr Thr Gly. Thir Thr Ala Cys Thir Thr 
96.8O 96.85 969 O. 

Thir Thr Cys Ala Thr Cys Thr Thr Ala Cys Thr Ala Gly Ala Ala 
96.95 97OO 97 OS 

Thir Thr Ala Gly Cys Ala Ala Thir Ala Thr Gly Gly Ala Gly Ala 
971.O 971.5 972 O 

Gly Thr Cys Thr Thr Thr Cys Thr Cys Thr Gly Ala Gly Thr Cys 
972 973 O 973 is 

Ala Gly Ala Thr Thr Thr Ala Ala Cys Cys Thir Thr Thr Ala Ala 
974. O 97.45 975 O 

Thr Cys Thr Thr Thr Ala Ala Ala Thr Gly Thr Ala Ala Gly Ala 
97s 976 O 9765 

Thir Thr Gly Ala Thr Thr Thr Ala Cys Cys Thr Thr Ala Thir Thr 
977O 9775 978 O. 

Thr Cys Cys Thr Thr Ala Thr Thr Thr Thr Cys Thr Thr Thr Gly 
978s 979 O 979 is 

Ala Gly Ala Cys Ala Ala Ala Gly Thr Ala Thir Thr Thr Gly Thr 
98 OO 980s 981 O 

Cys Ala Ala Ala Ala Cys Ala Ala Thir Thr Ala Thr Ala Thr Gly 
9815 982O 98.25 

Ala Ala Ala Ala Gly Thr Ala Ala Ala Cys Thr Ala Thir Thr Cys 
983 O 98.35 984 O 

Thr Ala Gly Thr Thr Thr Gly Ala Gly Thr Gly Thr Gly. Thir Thr 
9845 985 O 98.55 

Thr Cys Thr Thr Gly Ala Gly Thr Thr Thr Thr Ala Gly Ala Ala 
9860 98.65 987 O 

Cys Thir Thr Thr Ala Gly Gly Ala Cys Thr Cys Thr Thr Cys Thr 
987 988 O 9885 

Thr Ala Cys Ala Thr Thr Cys Thr Thr Ala Thr Ala Thr Thr Thr 
989 O 9895 9900 

Ala Thr Cys Cys Ala Thir Thr Ala Ala Ala Cys Thr Cys Ala Ala 
9905 991 O 9915 

Cys Ala Ala Thr Thr Thr Ala Gly Thr Ala Ala Gly Gly Gly Gly 
992O 99.25 993 O 

Gly Ala Thr Ala Thir Ala Ala Thir Ala Cys Ala Ala Ala Thr Ala 
993.5 994 O 99.45 

Ala Ala Ala Thir Thr Gly Gly Gly Ala Ala Gly Cys Thr Ala Ala 
9950 995.5 996 O 

Thir Thr Thr Thr Thr Cys Thr Ala Ala Cys Thr Gly Gly. Thir Thr 
9965 997 O 997 

Thir Ala Gly Thr Ala Gly Ala Gly Gly Ala Cys Ala Gly. Thir Ala 
998O 99.85 999 O 

Gly Thr Ala Thr Ala Thr Gly Ala Ala Gly Ala Ala Gly Ala Cys 
99.95 1OOOO 1OOOS 

Ala Thr Ala Thir Ala Thir Thr Ala Cys Ala Thr Thr Thir Ala Ala 
1OO1 O 1OO15 1 OO2O 

Thir Ala Cys Ala Ala Cys Gly Thr Gly. Thir Thr Gly Gly Ala Thr 
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OO25 OO3 O OO35 

Thir Ala Ala Ala Ala Ala Ala Thr Ala Gly Thr Thr Ala Cys Ala 
OO4 O OO45 OOSO 

Gly Cys Ala Ala Thr Ala Cys Cys Thir Thr Cys Ala Gly Cys Thr 

Gly Thr Thir Ala Cys Ala Ala Gly Gly Thr Gly Gly Gly Ala Ala 

Ala Ala Gly. Thir Ala Ala Gly Gly Cys Gly Cys Ala Gly Ala Thr 

Thir Ala Thir Thr Thr Thr Gly Gly Ala Gly Gly Gly Ala Ala Gly 

Gly Thr Ala Thir Thr Ala Ala Ala Ala Cys Cys Ala Thr Gly Ala 

Cys Gly Thr Gly. Thir Thr Gly Ala Thr Gly Gly Gly Ala Thr Cys 

Thr Gly Thr Cys Cys Ala Gly Cys Cys Thr Gly Ala Gly Cys Cys 

Ala Gly Ala Cys Ala Cys Cys Ala Ala Ala Gly Cys Ala Gly Gly 

Thir Thr Cys Cys Ala Thr Gly Gly Cys Ala Ala Cys Thir Thr Gly 

Gly Cys Cys Ala Cys Gly Thr Cys Cys Cys Thr Gly CyS Gly Cys 

Cys Thr Thir Thr Ala Ala Ala Gly Ala Gly Gly Ala Ala Gly Gly 
O2O5 O21 O O215 

Gly Cys Cys Thr Ala Thr Thr Gly. Thir Thr Thr Gly Gly Cys Cys 
O220 O225 O23 O 

Thir Thr Cys Ala Cys Cys Ala Ala Ala Thr Gly Ala Cys Thr Thr 

Cys Ala Cys Cys Thr Gly Gly Gly Ala Thr Cys Thr Thr Gly Thr 

Thir Ala Thir Thr Thr Ala Cys Thr Gly Ala Ala Thr Gly. Thir Thr 
O265 O27 O O275 

Thir Thr Thir Thr Gly Ala Ala Thr Gly Gly Ala Thr Gly Gly Ala 

Thr Gly Ala Ala Ala Thir Thr Cys Cys Thr Gly Ala Gly Ala Ala 

Cys Ala Thr Gly Cys Thr Cys Thr Gly Gly Gly Cys Cys Ala Gly 

Cys Thr Thir Thr Ala Thr Gly Ala Ala Cys Ala Gly Thir Ala Thr 

Gly Thr Thir Thir Ala Ala Thr Cys Thr Thr Ala Thr Thr Gly Thr 
O34 O O345 O3SO 

Ala Gly Thr Cys Thr Thr Ala Thr Gly Ala Ala Ala Gly Ala Ala 
O355 O36 O O365 

Gly Thr Gly. Thir Thr Ala Thr Thir Thr Thr Cys Ala Thr Cys Thr 
O370 O375 O38O 

Thir Ala Cys Ala Gly Ala Thr Ala Gly Gly Gly Ala Thr Ala Gly 
O385 O39 O. O395 

Ala Gly Th Thir Thi Th Thir Gly Cys Thr Ala Thr Thr Gly Gly 
O4 OO O4 OS O410 
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1.65 17 O 17s 

Thr Gly Thir Ala Thir Thir Thir Thir Ala Ala Ala Ala Thir Ala Thr 
18O 185 19 O 

Ala Ala Ala Ala Thir Ala Thr Thir Thr Ala Ala Cys Th Thir Thr 

Gly Thr Ala Ala Ala Thir Thr Thr Cys Thr Thr Gly Cys Cys Ala 

Ala Cys Cys Ala Gly Cys Cys Cys Ala Thr Cys Thr Cys Gly Cys 

Ala Gly Ala Gly. Thir Ala Cys Ala Thr Thr Thr Cys Thr Ala Cys 

Thr Cys Thir Thr Cys Ala Thr Cys Cys Cys Cys Thr Cys Ala Gly 

Thr Cys Thir Thr Cys Ala Cys Ala Thr Cys Cys Gly Thr Cys Thr 

Cys Ala Gly Gly Cys Thr Cys Thr Gly Thr Gly Thr Th Thir Thr 

Cys Ala Gly. Thir Thr Cys Thr Gly Cys Thr Gly Thr Gly Thr Cys 

Cys Thr Thr Cys Ala Thr Ala Cys Thr Cys Ala Cys Gly Gly Gly 

Gly Gly Thr Cys Thr Cys Thr Gly Cys Ala Thr Thr Gly. Thir Thr 

Gly Cys Cys Ala Cys Ala Gly Cys Thr Gly Cys Thr Cys Thr Cys 

Gly Thr Thr Cys Gly Gly Thr Cys Cys Cys Thr Gly Ala Cys Thr 

Gly Thr Thr Gly Cys Ala Ala Cys Thr Gly Cys Cys Thir Thr Cys 

Thir Ala Cys Cys Thr Gly Ala Thr Cys Cys Cys Ala Thr Cys Thr 

Gly Thr Ala Thr Cys Ala Gly Thir Thr Thr Gly Cys Thr Ala Gly 

Gly Gly Cys Thr Gly Cys Cys Ala Thr Ala Ala Cys Ala Gly Ala 

Thir Thr Ala Cys Cys Gly Thr Ala Gly Ala Cys Thr Gly Ala Gly 

Thr Gly Gly Cys Thr Cys Ala Ala Ala Cys Ala Ala Cys Ala Gly 

Ala Ala Ala Thr Thr Gly Ala Thir Thr Thr Thr Cys Thr Cys Ala 

Thir Ala Gly. Thir Thr Cys Thr Gly. Thir Ala Gly Ala Cys Thr Ala 

Gly Ala Ala Gly Thr Cys Cys Ala Ala Gly Ala Thr Ala Cys Ala 

Gly Cys Thr Gly Thr Cys Thr Gly Cys Ala Thr Gly Thr Cys Thr 

Gly Gly Thr Cys Thr Thr Thr Cys Thr Gly Cys Gly Gly Cys Cys 

Thr Cys Thir Thr Cys Gly Gly Gly Gly. Thir Thr Thr Gly Cys Ala 
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Gly Ala Ala Thr Thr Ala Cys Ala Gly Ala Gly Ala Ala Thir Ala 
1930 935 1940 

Gly Gly Ala Ala Gly Thr Thr Ala Cys Cys Ala Gly Cys Ala Gly 
1945 950 1955 

Ala Thr Gly Ala Gly Thr Gly Ala Thr Thr Gly Thr Cys Thr Thr 
1960 965 1970 

Ala Thr Ala Thr Ala Thr Cys Ala Gly Ala Ala Ala Gly Thr Gly 
1975 98 O 1985 

Gly Gly Ala Thir Ala Ala Ala Gly Gly Thr Ala Thr Th Thir Thr 
1990 995 2OOO 

Cys Thr Gly Gly Ala Ala Ala Cys Thr Cys Thr Ala Gly Ala Thr 
2005 2010 2015 

Ala G Cys. Thir Aa G G Ala Ala G CyS CyS Thir G Ala l y y h ly y l l ly Cy y h ly Al 

Thr Gly Thr Ala Gly Gly Thr Cys Cys Thr Thr Gly Ala Ala Ala 

Ala Ala Ala Ala Thr Cys Cys Ala Ala Gly Gly Gly Ala Cys Thr 

Thr Gly Ala Gly Ala Ala Thr Ala Cys Gly Gly Ala Gly Ala Ala 

Ala Ala Gly Ala Ala Gly Ala Thir Ala Ala Cys Ala Thr Ala Gly 
2O8 O 2O85 209 O 

Ala Ala Ala Ala Thr Ala Gly Thir Ala Ala Ala Thr Ala Gly Gly 
2095 21OO 2105 

211 O 

<210s, SEQ ID NO 7 
&211s LENGTH: 1621 
212. TYPE: PRT 

<213> ORGANISM: bovine 

<4 OO > SEQUENCE: 7 

Gly Gly Cys Thr Cys Ala Gly Cys Gly Thr Cys Cys Cys Thr Cys Cys 
1. 5 1O 15 

Cys Cys Thr Cys Cys Cys Gly Cys Ala Gly Gly Gly Gly Cys Ala Gly 
2O 25 3O 

Thr Gly Ala Cys Ala Cys Cys Cys Thr Gly Ala Gly Cys Thr Gly Thr 
35 4 O 45 

Cys Cys Thr Gly Gly Gly Gly Ala Cys Cys Cys Thr Gly Ala Gly Gly 
SO 55 6 O 

Gly Ala Gly Gly Cys Ala Gly Ala Gly Ala Gly Cys Cys Ala Gly Gly 
65 70 7s 8O 

Ala Gly Gly Ala Gly Ala Gly Cys Gly Gly Gly Ala Cys Cys Cys Ala 
85 90 95 

Gly Cys Ala Gly Ala Gly Cys Ala Gly Gly Ala Gly Gly Cys Cys Cys 
1OO 105 11 O 

Gly Gly Gly Cys Cys Thr Thr Cys Thr Thr Cys Cys Thr Cys Ala Thr 
115 12 O 125 

Gly Gly Gly Gly Cys Cys Thr Gly Ala Gly Gly Gly Gly Gly Ala Gly 
13 O 135 14 O 

Ala Gly Thr Cys Gly Gly Thr Cys Thr Gly Gly Gly Ala Gly Gly Ala 
145 150 155 160 
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Gly Thr Cys Cys Ala Ala Gly Thr Gly Thr Cys Thr Cys Cys Thr 
355 360 365 

Cys Thir Thr Gly Thr Gly Thr Cys Thr Cys Cys Gly Cys 
37O 375 38O 

Cys Ala Cys Cys Thr Thr Cys Ala Thr Cys Ala Thr Cys 
385 390 395 

Gly Ala Ala Gly Cys Ala Gly Cys Cys Cys Cys Cys Thr 
4 OO 405 41 O 

Gly Gly. Thir Cys Cys Thr Gly Ala Ala Gly Ala Cys Cys 
415 42O 425 

Gly Ala Cys Cys Ala Ala Gly. Thir Thr Cys Gly Cys Gly 
43 O 435 44 O 

Cys Ala Cys Cys Gly Thr Gly Cys Gly Cys Cys Thr Gly 
445 450 45.5 

Gly Gly. Thr Gly Gly Gly Thr Gly Gly Gly Ala Ala Gly 
460 465 47 O 

Gly Ala Ala Cys Gly Thr Gly Cys Ala Cys Ala Thr Gly 
47s 48O 485 

Cys Cys Cys Cys Cys Cys Cys Cys Ala Gly Gly Thr Gly 
490 495 SOO 

Gly Gly Cys Cys Ala Cys Cys Ala Thr Cys Ala Thr Cys 
5 OS 510 515 

Cys Gly Ala Gly Cys Ala Gly Cys Ala Gly Gly Cys Cys 
52O 525 53 O 

Gly Thr Cys Ala Cys Thr Gly Cys Thr Cys Ala Ala Gly 
535 54 O 545 

Cys Gly Ala Gly Ala Ala Cys Ala Cys Cys Cys Gly Cys 
550 555 560 

Gly Thr Ala Thr Gly Cys Thr Gly Cys Cys Cys Gly Cys 
565 st O sts 

Cys Thir Thr Cys Ala Thr Cys Thr Gly Cys Cys Cys Thr 
58O 585 590 

Cys Cys Cys Ala Gly Cys Thr Cys Ala Gly Cys Cys Thr 
595 6OO 605 

Gly Cys Thr Cys Thr Gly Thr Ala Gly Cys Thr Gly Gly 
610 615 62O 

What is claimed is: 

1. A collection of at least two of isolated polynucleotide 
molecule species selected from the group consisting of (1) an 
isolated polynucleotide comprising at least 12 consecutive 
nucleotides surrounding position of 1296 of SEQID NO:1; 
(2) an isolated polynucleotide comprising at least 12 consecu 
tive nucleotides surrounding position of 213 of SEQ ID 
NO:2; (3) an isolated polynucleotide comprising at least 12 
consecutive nucleotides surrounding position of 8504 of SEQ 
ID NO:3; (4) an isolated polynucleotide comprising at least 
12 consecutive nucleotides surrounding position of 154963 
of SEQID NO:4; (5) an isolated polynucleotide comprising 
at least 12 consecutive nucleotides Surrounding position of 
577 of SEQ ID NO:5; (6) an isolated polynucleotide com 
prising at least 12 consecutive nucleotides Surrounding posi 
tion of 23 of SEQ ID NO:6; (7) an isolated polynucleotide 

Ala Gly 

Gly Ala 

Ala 

Ala 

Thir 

Thir 

Thir 

Thir 

comprising at least 12 consecutive nucleotides Surrounding 
position of 11646 of SEQID NO:6; and (8) an isolated poly 
nucleotide comprising at least 12 consecutive nucleotides 
surrounding position of 12195 of SEQID NO:7. 

2. The collection according to claim 1, comprising at least 
three species. 

3. The collection of claim 2, comprising all eight species. 
4. The collection of claim 1, wherein the nucleotide species 

are on a solid Support. 
5. The collection of claim 1, wherein the nucleotide species 

are arranged in an addressable array. 
6. The collection of claim 4, wherein the nucleotide species 

are arranged in an array on a solid Support. 
7. The collection of claim 6, wherein the array is made of 

silicon, glass, plastic, or paper. 
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8. The method of claim 6, wherein the array is formed into 
wells on plates, slides, sheets, membranes, fibers, chips, 
dishes, and beads. 

9. The collection of claim 6, wherein array is treated, 
coated or derivatized to facilitate the immobilization of the 
nucleotide molecules. 

10. A method for genotyping a bovine cell, comprising 
obtaining a nucleic acid sample from said cell and determin 
ing the identity of the nucleotide of eight SNP positions in the 
cell, wherein the eight SNP positions are (1) position 1296 of 
SEQID NO:1; (2) position 213 of SEQID NO:2; (3) position 
8504 of SEQID NO:3; (4) position 154963 of SEQID NO:4; 
(5) position 577 of SEQID NO:5; (6) position of 23 SEQID 
NO:6; (7) position 11646 of SEQID NO:6; and (8) position 
12195 of SEQID NO:7, the method, comprising 

(1) Determining the identity of a nucleotide at each of the 
eight SNP positions, and 

(2) comparing the identity to the nucleotide identity at a 
corresponding position of in SEQID NOs: 1-7, respec 
tively. 

11. The method according to claim 10, wherein the bovine 
cell is an adult cell, an embryo cell, a sperm, an egg, a 
fertilized egg, or a Zygote. 

12. The method according to claim 10, wherein the identity 
of the nucleotide is determined by sequencing or a relevant 
fragment of the respective gene isolated from the cell. 

13. A method according to claim 12, wherein relevant 
fragment of the respective gene is isolated from the cell via 
amplification by the polymerase chain reaction (PCR) of 
genomic DNA of the cell, or by RT-PCR of the mRNA of the 
cell. 

14. A method according to claim 10, wherein both copies of 
the respective gene in the cell are genotyped. 
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15. A method for progeny testing of cattle, the method 
comprising collecting a nucleic acid sample from said prog 
eny, and genotyping said nucleic sample according to claim 
10. 

16. A method for selectively breeding of cattle using a 
multiple ovulation and embryo transfer procedure (MOET), 
the method comprising Superovulating a female animal, col 
lecting eggs from said Superovulated female, in vitro fertiliz 
ing said eggs from a suitable male animal, implanting said 
fertilized eggs into other females allowing for an embryo to 
develop, and genotyping said developing embryo according 
to claim 10, and terminating pregnancy if said developing 
embryo does not all have a corresponding desired polymor 
phic nucleotide as shown in Table 1A. 

17. A method according to claim 16, wherein pregnancy is 
terminated if the embryo is not homozygous with regard to all 
of the corresponding desired polymorphic nucleotide. 

18. A method for selectively breeding dairy cattle, com 
prising selecting a bull that is homozygous with regard to all 
desired polymorphic nucleotides as shown in Table 1A and 
using its semen for fertilizing a female animal. 

19. A method according to claim 18, wherein the female 
animal is in vitro fertilized. 

20. A method according to claim 18, wherein MOET pro 
cedure is used. 

21. A method according to claim 18, wherein said female 
animal is also homozygous with regard to all desired poly 
morphic nucleotides as shown in Table 1A. 

22. A method for testing a dairy cattle for its fertility, 
comprising genotyping its cells according to claim 13. 
wherein a cattle homozygous with regard to all desired poly 
morphic nucleotides as shown in Table 1A indicates that the 
cattle has fertility rate. 

c c c c c 


