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ABSTRACT

The present disclosure provides, among other aspects,
codon-altered polynucleotides encoding Factor VIII variants
for expression in mammalian cells. In some embodiments,
the disclosure also provides mammalian gene therapy vec-
tors and methods for treating hemophilia A.

Specification includes a Sequence Listing.
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Figure 1

Human wild-type FVII
Refacto-type BDD-FVHI
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C801ml~FL~NA

ATGCAGATTCGAGCTGTCCACCTGCTTCTTTCTCTGCCTGCTCGAGATICTGCTTCTCTGCCACCAGGA
WCTACCTG ?.CCTCTCVAJ(TT CTTGCuAuTrCFTGCACMLTGPWC:GuCAuA:<TG CTGT
CA AAGTCCTTCCCA

GCCAGGTTICC CTCTGTGGTCTACAAGAAG

C
CRCTTTETGEA CACTQA(“ ”A CCTGTTCAACATT GCAAAA”"’”AQA’"”A(‘(, CTGGATGEGGAC
’GGGACCCAC TCAGGCTGAL GTATGACACTGETGETCATCACCCTCAAGRACATGGCATC
CCACCCTGTGTCT mpéhTG?m“”biAG”CiPA”“C”quAACCFm””bnnGGGQPTGAGI' &
ACCAGACATCCCACAGAGACAAAGACGCATGACAAGCGTEITCCCTRGGGCATCTCACACCTATETGT
SGCARGTCCTCAACGAGAATGGACCCATGEC CTGACCCACTC CCTCGACATACTCCTACCTITC
TCATGTGGACCTGETCAAGCACCTCA 1CTCT_ WCTGATTGGEGCACTGCTECTETCGCAGGGAAGGA
TCCCTGCCCAAGCACRAAAACCCAGACACTCGCACAAGTYCATTCTCCYETTTCCTCTCTTTCGATGAGG
GCAAGTCTTGGCACTCTCAAACAAAGAACTCCCTCATGCAACACAGGGATGLTGCCTCTGCCAGESC
TGGCCCAAGATGCACACTCTGAATCGLTATCTCGAACAGATCACTCCCTGGACTCATTGGCTGCCALC
WGGAAATCTGTCTACTGGCATG b“TrCGCATbGUbALﬂFCCCC*bAAGTGCPCTCbATTTTL‘T

VCCCAGAGTGCC
iy

])’

i

73

¢
E

A
&

AGGA GG
AGGGACACACCTTCUTGETCAGGAACCACAGACAAGCCH CTGGAGATCTCTCCCATCA 5C
CACTG LhLAqACACT““”QAm°bALuLLGGALACWTPCI"“TCT“"W”“ LAIL””“TFPC A
CATGATGCCATGGAAGCCTATGTCAAGGTGGACTCATGICOTGAGGAALC CA"C”CLGSA G
ACAATGAGGAGGC AfGaC?PTbATu““”AFC'uAC”GA”TFWFASFTGGA‘”WCCﬁ
TGATGACAR TCTLVATtQTIC TCAGATCAGETCTGTGGCAAAGARACACCCCAA

CACTACA TCCAGAuLAAufGCACA\JGKF“ VIGCACCACTGETC CCCC?F

GCTACAAGTUTCAGTACCTCAACAATGECCCACAAAGAATTGGAAGAAAG AVAAQAAA””“ ~AfT
CATGGCCTACACTGATGAAACCTYCAAGACAAGAGAAGCCATTCAGCATGAGTCTCGCATTCTGGGA
CCACTCCTUGTATCGEGAACTCGCAGACACCCTGCTCATCATCTTCAAGARCCAGGCCTCCAGGLCCT
ACAACATCTACCCACATCGCATCACTGATGTCAGGCCCCTG TACAGCA“C““ﬂMTCLvAAAPP GGT
GARACACCTCARGGACTTCCCCA TTCTCCCTCuMSAuAHCTTCAASTA.Az” TGGACTGETCR :

A L RG]
GAGGATGGACC AALNAAGTCTGALbuCAGGTCCCTCAW”AuATACTACTN”TQTTTTGTQA»“ATG:
AGAGAGACCTGLCATCTCGACTGATTGGACCACTGOTCATCTGCTACAAGGAGTCTGTGLACCAGAG
AGGCAACCAGATCATETCTGACAAGAGAAATCTGATTCTETTCTCYGTCTTTGATCAGAACAGA
TEETACCTGACTCAGAACATTCAGACATICCTGCCCAACCCYGCTEGEETGCAACTGGAACACCLTG

AGTTCCAGGCAAGCAACATCATGCACTCCATCAATGGCTATGTGTTTGACTCTCTCCAGCTTTICTGT

CTGCCTGCATGAGGTGGCCTACTGGTACATTCTTTCTATTGGGEGCACARACTGAC -VVTTTITC*V

WTPTTCTLL&GhTAPACCTWCAAGCACAAGAZbprGHAmGAUbALACCCWhAAH CPTCCCATTICT
n

CACAACTCTIGA

CTGGGCARACTETCTICATCAGCATCCAGAACCUTGGACTGTGGA
&bAﬁﬁvACF~”ﬁ“TbAC“%FaCTG TCAﬁmuTCTCCTN'TGr
AGGACTCTTATGAGGACATCTCTECCTACCTGC
CTCTCAGAATCCACCTETCCTGAAGAGACAC ?
CAGCAAGAGATT ul,fATGFTHA”AMCATTT?TC“
ATCAGGACGAGAACCAGTCTCCAAGATCATTCCAGA
GCAAAGACTCTGGGACTATGGLA C
GEOTCTGTGCCACAGTTCAAGARAGTGT CCAGCGAG
,¢?Tﬁufﬁ\uuuCAn THF-TGAGCACvTGJ STCCT )aaﬁ<(1 ”ACCTCbAAh
ACARACATCATGOTCGACATTCAGAAACCAGEC CAGGCCC ‘Z\CAG’C’ TTCTACTCTTCCCTCATCAG
CTATC AGGQﬂG*:CAuduACALGGGCQTCAGLLAA AAAQAAJE""”f”%AP”CCALT“AhnC CAAG
ACCTACTTCYGGARAGTCCAGCACCACATGCCACCCACCAAGCATGAGTTTGACTGCAAGECCTGEG

CA'

Q Q

GCAVTTT
CT A f‘""T(“AI' c G
AACACGGCALHCTC

TTCACCCAGCCC

GTCTTCO ‘(wr 1

£

{Continuad)
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WCATGTGCACTC

AAGTGA

CTGGCCTGATTGGCCCACTCCTGE

CTOT GCACGA(‘TWT SOCOTO

(ALY

A“C‘m"”mm” TCAAACCAACTCATGOTACTTCACTCAGAACATGGAGAGAAACTGCAGAGTH
'C \GCATGCAAGACCCCACCTTCRAAGGAGAAC ﬂvﬂGGTTbLnThCCLTCXQTCCpJAVAT
ACCCTGCCTGEECTTETCATGGCACAGGACCAGAGAATCAGATGGTACCTGCTTTICTATG
'EGAGLA”ATTVAC”CC TCCACTTCTCTGEECATGTICTTCACTCTGAGAAAGAAGGAGS
ATGGCCCTGTACAACCTCTACCCTGHGOTCTTTGAGACTGIGGAGATCCTGCCCTCCAA
ATCTGGAGGCTCCAATCCCTCATTGGECACCACCTGCATCCTGECATCTCAACC c
ACAGCAACAAGTGCCACGACACCCCTGEGARTGECCTCTGRCCACATCAGGGACT A
CCTCTGGCCAGTATGGCCAGTOGECACCCAAACTGECCAGGCTCCACTACTCTGECT
CAATGCATGGTCAAC 'AAGGHCCC‘THUT TTGGATCAAGGTCCACCTGCTGGCACCCATGATC
GECATCAAGACACAGGGGECAAGACAGARATTCTCCTCTCTGTACATCTCACAG TTCALVA*VA
PLGGLI@"bUﬁHb‘U?GGC\GACATACﬂHAPCC} \CTCCACTGGCAC C\’CATGCTCT
CTTTCGCAATGTCCACAGCTCTGCECATCAAGCACAACATUTTCAACCCTCCCA VMMIFCCAA TA

ATCAGGCTGCACCCCA CCQﬁCTAQI
TCAACTCCTGCTCAATGCCCCTGE

CTCTTACTTCACCAACATGTTTIGCC
AGCAATGCCTGCCAGACCCCAGGTCAL
TCAAAQ”CL””(bbb?”A“AH CCA
CCTG? TTCCTCACA&GHTCCC
TTCCAG C?
ACCTb

GAATGEAGAGCAA

,«

oy el
C AN

ol

[ays

CAGGE
ATTTCTGA

leleloliy
GGCT

AATCAL \TEGE

AhpiuniuCG
"GCCCAGATC
CA@”““<

(OO

ACTCT

Astoto i

TCAAARGCOA

~
=

Yol
\CCAT

ACCTGGET

'N

ACAACCCARAGGAATGGUTGOAAGTGGACTTONAL ~A
GOGGGTCAAGTCTCTGUTCACUTCARNTEGTATE TCAAGGAG
CACCAGTGOACAC TCOTTCTTCCACAATGACAAAGTCRAGGTS

ACCTGETGETGAAC
GTCCAL ,A(;A'_[ ik
D NG:49

TCACTGGALH

HLOT I pc(\—ﬂmr

CCCCCCCTCOTGACAAGAT
COTGOGATETGA

\
f‘f‘
RSN

s
LU

CTGAGAATGGAAG

G
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CS044{760-1667) ~ C504-8C1~-Na

TGAGCACCTGUITITTCCY CCTGCTGAGGTITCTCCTTCTCTGCCACCAGGAGATAC
ke jC("“"(""(:(J’\(‘C'"T""‘"i"L'SGuAC'J’ A’l‘;}’(‘ eUR “"(‘7\(‘“"J’C~f‘~(‘"“" AGCTCCCTGETGCATCCCAGGE
o ‘»"«CC{”A\” ACGTGCCCAAATCCTTCCCATTCAACACCTCYG G(;‘;T(,u ACAA?AAI..;A”' CCTOTTTGTGGAG

ec

FGTTCAACATTG
GCTGAGGTGTATGACACTCTGETCA

GGGETTAGCTACTEGAAGGCCTICTG
CAARGTETTCCCTCRGLEECAGCCACACCIATETCTGGCACETCCTCAAGGAGA
CCCACTOTGEC ‘T(r CCTACTCCTACCT TTCTCATGTCCACCTGETCAAGGACCT CAACTCTGGACTGATT
GCCCTECTEE GCAGGGAGGGUTCCCTGGCCAAAGAGAAGACCCACACICTGCACAAG TCATTCTC
f‘:(}':("‘""“l""’ "“Z\Tx)A SGECAAGAGCUTGERCACTCTGAARCCAAG AC'L'C"’“ PCATGCAGGACAGGGAT
G "“"J"‘”‘fe\,\,ﬁf.‘\'} ZCCTGECCCAAGATGCACACTEIGAATGGCTATGTGAACAGRAGLCTGCCTGGALCTC

AATCTCTCTACTGGCATGTCATTGECATGGGCACAAL ”CC e

TTCCTGGAG SGCCACA CC"’TCC‘I GTCAGGAACK A\x;&\’.‘”‘z(l(}\"\,(‘ AGCCTGGAGATCAGCCE
CTCACTGCCCAGACCCT A ACCTCGGACA PTCTGCCACATCAGUTCCCACCAGCAT
TGGACAGCY C(,' ”"‘“( AGCGAGCCACAGUTCAGGA ATGAG
CTGACTGACTUTGAGATGEATETGETCCECTITEGATG ,A.CAA(‘E\GC
CTGGCCAAGAARCACCCCAAGACTCTGGGTGCACTACAT GCTG
CCACTGRTCCTGGCCCCTGATGACAGCGAGCTACAAGAGCCAGTACCT C‘Z\AC

ACGCAAGTACAAGA i—\z\( CATGGCCTACACTGATGAMACCTTCAAG

CCARACCCAGGCTACCCTEN GGCACCCACCATTOAG
TCACCCTCARAGAACAT "’X, CCZM’”’“C ‘GTGAGCCTGCATGECTGTS
GA

GGGEELTGAGTATGATGACCAGACCTC

\,T \WCTGACCA

bX CACGAGGGAGAAGGAGGAT

GGOCCCATGEOCTOT

TRNE 1S

[0

-

]
=

©1

1

[@2N?

AGGCCTA

o

& CCATTCAGCATGAGTCTEGECATICTEEE SL CACTCCTGTATGEGEEAGCTEEEGGACACCCTE
CTCATCATL AGAACCAGGCCTCCAGGCCC A\, CATCTACCCACATGGCATCACTG Z‘xTGTCAGGCCC
FGCTECCAAAGRGEGTT vﬂfuai,l\.CCTCZ\i\f‘ SACTTCLCCATTICTGCCIGEREAGATCTTC
A.AAZ‘«”’”" ‘I‘(;mf‘z‘«’"'f’“?(;‘:GA GGACCAR ’?(‘AM}\T’”T GACCCCAGETGCCTCACCAGATACTAC
CTTTE GGAGAGGGACCTEEC ’"T’"‘“( GCCTGATTGRCCCACTGCTCATCTGUTACAA E«GAG
”‘GF—\"("AGA\;WJSA ACCAGATCATGCTCT Z\AGZ\.GGAATGTGA TCTCTTCTCTGTCTTTGATE
'{\:\:Tvur.nk,' ACTGAGARCA T"'Cz\v(‘GCTix"CTUCCCAA CCTEOTEEGETECAG f"*'GCAGv '{C
AGTTCCAGGEC! ATCATGCACTCCATCAATGECTATGTETITGACAGUCTCCAL
TGCCTGC' AuG' CTTTCTATTGE G\’ff"‘“AGAf""'GIA"TT"L TrC
GAGGACACCCTGACCCTCTTCCCATTICTC
Gi 3 T CATGGAGA CTGGCCTETYCEATTCTEGEA I'CC"A(','LJ&"""‘("UG2\(“““ sloleie
TGAGGAC A(w'\,f ATC A(w =AC

GGACCACCCTCCAGTCT

e

H

T

T

O 7 7
U GGAGATGAAL
7

GA ATTT GACTTTGACATCTATGAC
G CCAGARGA f\\aAw( AGGCA T TGCTGCTGTGGAGCGO

CLGTG r\:bx\.i‘ TATCGGCATGAGCTCCAGCCCCCATCTCCTCAGGAACAGGGCUCAGTCTGELTCTETGOCAL A\,
TTCARGAAACGTGGETCTTCCAAGAGTTCACTCATGCCAGCTTCACCCACLCCCTGTACAGAGEGCAGCTGAA
GAGCAC TJG ACTCCTGGEUCCATACATCAGH ‘“'"Gliuf CAGGACAACATCATGETCACCTTCCGCAA
CAGGCT ”‘( AGGCCCTACAGCTTICTACAGCTCCCTCATCAGCTATGAGK GGCTGAG
CCACGCA GTGAARCCCAATGA AC’“AA GACCTAC GGCCoeC

{Contipued}
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] Q::s./::\(:'C”‘ TCEAGTTTGACT GGCCTGGGCCTACTTCTL GG TG
GGCCTGATTGGCCCACTCCTGETCTGCCACACUAACACCCTGAACCCTGCCCATGEAAGGCAAG

CAGGA (‘:‘l""T" CCOTCTICTTCALCY

CTTEG

FOAAACCAAGAGCTGE! "A"""T( ACTGAGARCA

AA\.ib&,A;GGCC CATGCAACATTCAGATGGAGGACCCCACCTTC! ‘_,UP’“AL;CW“”CGCT.LC A‘UCCT‘\TP

<

CORA
GACCAG

}'C;CT" (‘A CATGGACACCCTGCCTGGGCTTGTCATEECCCE
GAGAACATITCACTCCATCCAC “GCA
COCCCTETACAACCTCTALCCTEEGEE CT GAGAC TEEAGATGCTECCCT
C‘T',‘((!\\\J\J(J” FGAC COTCE SGGGAGCACCTGCATGCTG 'STG ANGCACCCTETTCCTGETC
AGCAACAAGTGCCAGACCCCCOTCGEAATGGCCTCTGGCCACATCAGEGGACTTCCAGATCACTGECL! 'CTC”"'
CAGTATGECCAGTC r\:\bCCC ‘(‘M.AGCW'” SCCAGGUTCCACTACTC! k:Cz}\l.1 CCRATCAATGEC :( GGAGCACCAA
GAGCCH TCAGCTGGATCARRAGTGGACCTGCTGGEC CCCC'“ TCATCATCCATGGCATCAAGACCCA EGGGGCC
\GGCAGCAAGTT C,’ (CCA GC'L', TGTACATCAGRCAGTTCATCATCATETACAGCCTC 'f\J[S(J‘C:G‘(‘ ADCGAAATGGECAG
ACCTACT-\,GAbGCAﬂ mﬁ“CAC GGAACACTCATGETCTTCTTTGGECAATGTGGACAGCTCTGGL! T'N,L\}‘(\,ny
AACRTCTTCAACCCCCCAATCATCGUCACGATACATCAGGETG ,nCC,C(‘ CCCACTACAGUATCCGCAGCACC
CTCAGGATGRAGCTEATGEGCTETGAL :TfjAhx,‘LCCTf‘ CAGCRTECCCCTEEGECAT
TCTCATGCCCAGATCACTECCTCCAGUTACTTCACT AACATGT‘-TGCCA SO
GaOce

T
CTGCACCTCCAGGEAAGGAGCAATGLOTGEAG
led
AL

GYGETACCTEOTT

=

TGO

T CCAAA

G GZ‘:\GCC‘CZ-\AGCAAGGC
CCAGGTCAACAACCCAAAGGAGTGECTGE

TTCCAGARGACCA T'\:Z\n ,(‘T(,AVT GGGGTGACCACCCAGEEGGTCARGAGCLLTGET u\_,k,: GC
AAGGAGTTCC ATCA CCAGGATGCCCACCAGTGGALT CTTCTTCCAGAATG
GTGTTCCAGGGETAAC et :n(:l—‘ TTCACCCCTGETGETGAACAGCCTEGACCCCOCCCTCCTGACCAGATAL
CTGAGGATTCAC :CCCAGA‘ 207 \;\J(wf',‘(‘t'\'c(u WGATTGCCCTGAGG! FAGETCCTGEGATETGAGECCCAG

CACCTGTACTGA (8BQ ID NG:9)
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CSO4A{T760~166T7) ~ CS04-SCL-Ra

LGELPVDARFPRPRVPESEFPEFNTEVVYKEK
LENMASHPVELBAVGVSYWKASEGAEYD
DOTSQREKEDDKVEPGGSHTY VWY dixf:k(gPMAbb“ LCLTYSYLSHVDLVEDINSGLIGALLVCREG
SLAKEKTOTLHKE ILLFAVPDECKSWRSETKNS LMODRDAASARAWPRMATVNGYVRRSLPGLIGCH
RESVYWHVIGMGTTPEVHSIFLEGHTFLVRNERQASLEISPITFLTAQTLIMDLGOFLLEFCHISSHY
HDGMEM YVKVDSCPEEPQLRMEKNNEEAEDYDDDLTDSEMDVY ]PTDLLNQPQTIQIRA’AK&&P: TWV

MOTELSTCFPLCLLRFCESAT
TLEVEFTDHLENIARPRPE

YIAAEEEDWDYAPLVLAPDDRSYKSQYLNNGPORIGRKYEEVRIMAY T CTRE HESG
i LI TPENQASRPYNIYPHGITOVRPLY SRRLPKGVKHELEDEY IFRYRWIVIV

BDGE KQF“R”LTDYYSSkV\VLRngg¥L1GI" CYKESVDORGNQ RNVILESVEDENRS
W&LA’VLQR“‘QP“AQVQLbbl QASNIMHIINGYVFDSLOLSVCLHEVAYWYILSIGAQTDELSV
FESGYTFRARMVYE W“LTVF?FSQhL FMOMENPGLWILGCHNSDERNRGMTALLKVESCORNTGDY
YEDSYEDISAYLLSKNNATEPREITRTTLOSDOEEIDYDDTISVEMKKEDFDIVDEDENQSPRIFOR
KTRHYFIAAVERLWD YﬂMSqSPHVLRNRﬁdeDVPQHKKVVrQEFTJ‘SF‘Q”‘VPUULV HLGLLG
IMVTERNOQASRPY SFYSSLISYERDOROGAEPRENEVKEN TYEWEVOHEMAPTE
PEDVDLERDVHS! E AHCROVTVQOEER] DETRSWYEFTEN
TIOMEDPTFRENYRFRAINGYIMDTLPELVMAQDORIRWY NIHSTHESGH
VREKKEEYKMALYNLYPGVFETVEMLPSKAGTIWRVECLIGEELEAGMSTLFLVYSNKCQTPLGMA
) ASGOYGOWAPKLARLAY SGSINAWSTREPFSWIKVDLLAPMITRGIKTQGARQKESS
Y SLDGREKWOTYRGNSTGTLMVEPGNVDSSGIKENIFNPPI TARY IRLEPTHYSIRSTL
NN“’XGWLMRSCSWPLCFESRAISDAQITLSSYE“"”11W\PSKAATIACCRSR VR POVNNPK
LOVDPORKTMEVTOVTTOGVRESLLT SMYVRKEFLISSSODGROQWTLFFONCEVREVEQGNQDSFTRPVVNS
LDP?I:TRYLRIDEQO VHOTIALRMEVLGCEAQDLY  (SEQ ID NO:L1()

PYTRAEVEDN

Iv

, u) x (}) ]

NE
Y
RL

Figure 10
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QS04 (7721667 ~ CB04-3C2-Na

RPCCAwleULJCZQAQP7m~prTTLiTCCMH1HCCTS:ZUA sGTTCTGCTTCTOTGCCACCAGE
AGATACTACCTGGEEOCTETGLACCTTICTTCGCGACTACATSCAGTCTGACCTGELGCAGCTLECT
GTGGATGCCAGGTTCC jf\.CCC,AGz- GTGCCCAAATCCTT k,\,CATTCAE&C*:\VC FOTGTEETCTACAAG
AAGACC CTTTGTGEGAGTTCA TCTTCAACATYGCCARACCCAGGCCACCCTGGATG
GGACTCCTGGGA Z‘ZC?&(‘(,MT”L AC IC]CTL«Z\G STGTATGACACTGTGETCATCACCCTCAAGAACATG
GCCTCCCACCCYCTGAGUCTGLATECTGIGHEEETCACCTACTGGAAGGLCTCTGAGGEGGCTIGAG
TATGATCACCA xCVTFPpACK GCRGAAGGAGGATGACARAGTCTTCCCTGGGEECAGCCACACC
TATGTGTGGCAGETCCTCARAGGAGRATRCCCCCATGECCTCIGACCCACTCTGCOTGACCTACTCO
TACCTTTCTCATGTGCGACCTGGTCAAGCACCTCAACTUTGCRACTGATTGLGECCCTGCTGETETEC
AGGGAGGECTCCCTEECCARAGAGRAGACCCAGACCCTGCACAAGTTCATTCTCCTGTTTGCTETC
CTGATC “G”CCAAGACC””QCAC“””&A u,_l”‘A”T“””TGATG AGMACAQGC WIGCTGECC
TCTGCCAGGGCCTEECCCAAGATCCACACTGTGAATCGCTATGTCGAACAT AJC.TGCVTGFﬂ TC
ATTC”C”STCEC\CugalfyLuTamA TGGCAT CLqﬁT?GCCATGGGGACAAC CTGAGGTGCAC
TCCATTITCCTGCGAGGGCCACACCTTCCTGETCAGGAACCACAGAL xGuCCﬁuCC*CCAGALCAGC
CCATCACCTTICCTCACTGUCCAGRCCTEGCTGATGGACCTCGRACAGTTCCTRC ““’LCECCCAC
ATCAGCTCCCACCAGCATGATGOCATGCAGGCCTATGTCAAGGTICCACAGUTGCCLICAGGAGCC
CAGCTCAGGATCAAGARCAATGAGCAGCCTGAGGACTATGATGA TGQCCTGACTGACTCTGAGATG
GATCTGETCCCCTTTGATGATGACAACAGCCCATCCTTCATTCAGATCAGGTCTETGGUTAAGAAR
CACCCCAAGACCTVGGLuCApﬁ"ClTTC“TGLTCAGGAGGAGCA TGEGACTATGCCCCACTGOTC
CTCGCCCCTEATGACAGCGAGCTACAAGAGCCAGTACITCAACAATEGGCCCACAGAGGATTGCGACE
AARCGTRCAAGAARGTC CCFTQ"TG~~¢lAyACT ATGARAC P”LAAG&CQAQGGAGGCCATTCAG
ATCAGTCTCGCCATCOTCEGCCCACTCCTIGTATCGECGAGGTGGGCEACACCCTGCTCATCATCTTC
AAGA;CC&SGQ»TCL GGCCCTACRACATCTACCCACATGGLATCACTGATGTCAGGCLLCTGTAC
AGCCGCACGCTGCCAAACGGGEETGARACACCTCARAGGACTTCCCCATTICTGCCTCGEGAGATCTTC

AAGTRACAAGTGGACTGTCACTOTCCAGCATGGACCAACCAAATCTCGACCCCAGLTGCCICACCAGA

3 (,
.

2

TACTACTCCAGUTTTGTCGAACATGEAGAGGGACCTGGLOTCTGGCLTCGATTGGCCCACTGCTCATC
TGCTACAAGGAGTCTGTGCACCAGAGGGGAAACCAGATCATETCTCACAAGAGGRATETGATTICTG

FCTCTCETCTTTCATGAGAACAGGAGCTGETACCTGACTGAGAACATTCAGCGCTTCCIGLCCAAC
CCTGCTCGGGTGCAGCTCEAGSACCCTGAGTTCCAGGCCAGCAACATCATGCACTCCATCAATGGC

TATGTGTTTGAVACCCHLCAC“”WT””CTCTGCCTGCALGAGCTCGCCLUCTGGT:PA”TCMMT*?
ATTGGCCUCCAGACTYGACTTCCTTICTGTCTRCTTCTCTGEGCTACACCTTCARACACARGATGETG

TATCAGCGACACCCTGACCCTCTTCCCATECTCTGCEGAGATTETGTTCATGAGT
GGCCTGTGGATTYCTGGCATGCCACAACTLTGACTTCCGUAACAGGGGCATCACTGCCCTGCTCARAR

T“"”CMCVTFTGALAAFAACKPTCGGCA”TK CTATGAGGACRAGCTATGAGGACATCTCTGCCTAC
CTGCTCAGCAAGAACAATGCCATTGA bCCCDGGAL“”mhAvCCACA}"'“CAQALA“ CCAGCACC
AGGGAGATCACCAGGACCACCCTCCAGTCTCACCAGCAGGAGATTCACTATCGATGACRACCATTTCY
GTEGAGATGAAGAAAGAGGACTTTG CATCTQTCAVuAuGA GCAGAACCACGAGCCCAAGGAGCTTC

I Taye Iatalalal
TGEAGAACCCT

Continuead)
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TGCTGCT

GGAGCGUCTGIGGGACTATGGCATG!
AuTTCnhGAAA GG

e

i Te] »
AGCACCTGGGEA

TCGAGCGACAACATCATGGTGA CC““”?

s R e
CAACCAGGTC

CCCTCATCAGCTATGAGCAGCACCAGAGGCAGGGEEUTGAG

GAAACCAAGACCTACTTCTGGARAAGTCCAGCACCACATG
CAAGGCCTGGCCOTACTICTCYEATGTCCACCTGLAGAAG
ACTCCTGGICTGCCACACTCAACACCCIGAACCCTGUUCAT

A
CTGCAGGGCCCCATGUAACATTCAGATGCGAGGACCCCACT

r rm

G i

L
TGTGCGCAAGAAGGAGGAGTACAAGATGEC

TC
TCCACTACTCTGGAT CCATTAATGCCTGGAGCACTAAG
GCATCAAGACCCAG
C CAGCCTGGATGGET
GGTCTTCTTTEGCAATETGGAC
CAATCATCGCCAGATACATCAGGCTGCACCCC
ATGGAGCTGATCGGECTETCACCTGAACTCCTGCAGT
CATTTCTGATGCCCAGATCACTGCUTCCAGLTACTICALCT
CAAGGCCAGGCTGCACCTCCAGGGAAGGAGCAATGELCCTGE

WGTGGOTCCAGGTGCGACTTCCAGAACGACCATGAAGGTCACT

(\

GLCTGUTCACCAGCATGTATGTGAAGGA GT””“”CAM”AGC

CACCCTCTTICTTCCAGAATCECAAGCTCAA

GGTGTTCCAGGE
'“"Ca”ATAU”“”HCu

e e
STGAGGCCCAG

AACAGC
GATTGCCCTGAGGAT

GGACCCOCCCOTCOT
GGACCCCCLCCTC
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CE01~FL~-NA

ATGCAGATTIGAGURGTCCACCTGCTTCTTICTGIGCUTGCTGAGATTCTGCTTCTCTGCCACCAGE
AGATARCTACCTGGOCECTGTCCARACTTTCTITGCGACTACATGCAGTCTCACCTGEEAGAGCTGCCTY
CAA

GTGGATGCCAGGTICCCACCCAGAGTGCCCAAGTCCTTCC "A”TCAACA”C”CTGTGG”CTAFA_G
AA”ACACTTiTT”TGFA%TTprTCACCACCTCTTCAACP”TCCAnAPCCCAbKV?ACC G
GCACTCCTGOGACCCACCATTCAGELTCGAGGTGTATCACACTGTCETCATCA ““”PHAG_A A
TC%TCC ACCCTETETCTCTGCATGCT SfCuCAqTL‘”A FV*Ub“A&jCCIF?GPXGthC G
TATGRATGACCAGACATCCCAGAGAGACGAAAGAGCATGACAAGGTCTTCCOTGGEGEATCTCALZACC
TATGTGTGGCAAGTCCTCAAGCGAGAATGCACCCATGGCATCTGACCCACTCTGCCTGACATACTCC
TACCTTTCICATGTGCACCTGETCAAGGACCTCRACTCTGGACTCGATTGGGCCACTGLTGETETEE
AGGGAAGGATCCCTGGCCAAGCGAGRAAAACCCAGACACTGCACAAGTTCATTCTCCTGTITTECTGTC
TTTGATCAGGGCAAGCTUTTCCCACTITGAAACAAAGAACTCCCTCATGCAAGACAGGGATGLTGCC
TCTGCCAGEGCATGGOCCAAGATGCACACTGTGAATGGCTATGTCAACAGATCACTGCCTCGACTC
ATTCGGCTGCCACAGGA T”"“TCTA”TG;CAW“”GHTTCUvAThguGAVAACCCCTSHACEGCAC
TCCATTTTCCTGEAGGGACACACCTTCCTEETCAGCAACCACAGACAAGCCTCTCTGGAGATCTCT
ce ATFPCCMPCCﬂmAvaCACAGHVAAmQ”rCHICPAﬁCmfuu ACAGTTCCTGCTETTCTGCCAL
ATCTCTTCCCACCAGCATGATGGCATGGRAGCCTATCGTCAAGCGTCGACTCATGCCCTGAGE

CAGUTCAGCGATGAAGAACAATGAGCAGGUTCGAGGACTATGATCATCACCTGACTGACTCTG
ATG?GCTCAGLETTGATGAi X,PaCTCTCCATCCTT”A¢TuF ATCAGGTCTGETGGCAA
CACCCCRAGACATGGGTGCA TGCITGCTCAGGAAGAGCGACTGGCACTATGCACCAL!
CTGGCCCCTGATGACAGGAGCTACAAGTCTCAGTACCTCAACAATGGCCCACRARGA

AG

AAGTACAAGRAACTCAGATTCATCGECCTACACTGATGAAACCTTICAAGACAAGAGAAGCCATTCAG
GGACCACTCCTCTATGGGGAAGTGGGAGACACCCTGCTCATCATSTTC

C
CATGAGTCTGGCATTICTG
AAGAACCAGGCCTCCAGGCCCTACAACATCTACCCACATCCCATCACTCGATGTCAGGLCCCTGTAL
AGCAGGAGACTGCCAAAAGGGGTEARACACCTCAAGGACTTCCCCATTCTGCCTGRAGAGATCTTC
ARGTACAAGTGGACTGTCACTETCCAGGATGGACCAACAAAGTCTGACCLCAGETGCCTCACCAGA
TACTACTCCTCTTTTGTGAACATGCGAGACGAGACCTGEGCATCTGGACTGATTGEGACCACTECTCATC
TGCTACARAGCAGTCTGTCCGACCAGAGAGGCAACCAGATCATGTCTCGACAAGAGRAATETGATICTEG
TTCTCTGETCTTTGATGAGAACAGATCATCGTACCTCGACTCGAGAACATTCAGAGATTCCTGCCCAAT
CCTCOTGGEETGCAACTGEAAGACCCTGA TT‘CAGGCAAGC ACATCATGCACTCCATCAATGEC
TAT”””TTJWXTTCTC¢VM-?CTTTCTG.VTCCMTCCFT,AnuTC?C CTACTGGTACAYTCTTTCY
ATTGCGCCACAAACTGACTTCCTTTY TCITCTGEATACACCTTCAAGCACAAGATGES
TATGAGGACACCCTGACACTCTTCCCATTICTCTGGGGAAACTGTGTTCATGA Cuz TGGAGAACCC
GCACTETGGATTCTCGCGCGATGCCACAACTCTGACTTCACAAATCAGCGGAATGAC CA”TCCWCFHA
GTCTCOTCCTGTEGACARGAACACTGGEGACTACTATG FuCAT”CTTATGAszC\TCTCTGCCTAC
CTGCTCAGUAAGARCAATGCCATTCAGCCCAGAAGCTICTCTCAGARTCCACCTGTCCTGAAGAGA
CACCAGAGAGAGAT FA CACbAF&L;CCTCCzGTCTC“LCAGuA1@AGATTGACTAT0ATGAuLvL
ATTTCTCTGCAGATGARGAAGCAGCGACTITCGACATCTATCATGAGCACCAGAACCAGTCTCCAAGA
AuA~TCCAGAA@AAGACAFGACACTAC ’“CAT’I'GCT(~ TCTGEAAAGACTGTGGGACTATGECATG
TCTTCFT”T”“CLAT'””“T“AGGAA CAGEEG GRCTGGECTCTETGCCACAGTTUAAGARAGTG
GTCTTCCAGGAGTTCACTGATGGRCTCATTCA hCACCCC““ﬁ”\Cm“ GGCCAACTGAATCGAGCAT

Ty(ﬂrf(\rfrf'

R4

{(Continued)
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CPGEGACTCCTGGEACCATACATCAGGGCTCAGGTCGAAGACAACATCATGGTGACATTCAGAAAC
CAGGCCTCCAGGCCCTACAGCTTCTACTCTITCCCTCATCAGUTATGAGGAAGACCAGAGACARGSS
GCTGAGCCAAGAAAGAACTTTGTGARACCCAATGARACCAAGACCTACTTCTGGAARGTCCAGCAC

TGECACCCACCAAGGATGAGTTTGACTCCAAGGLCTGGGCATACTTCTCTGATGTGGACCTG
GAGAAAGATGTGCACTCTGCCCTGATTGGCCCACTCCTGGTCTGCCACACCAACACCUTGAACLLT
GCACATGGAAGGCAAGTGACTETGCAGGAGTTTIGLCCTCTTCTTCACCATCTTTGATGAARCCAAG
TCATGGTACTTICACTGAGCAACATGGACGAGRAACTGUAGAGCACCATGCAACATTCAGATGEAACGAC
CCCACCTTCAAGGAGAACTACAGGTITCCATGCCATCAATGCCTACATCATGGACACCCTCCCTGEGE
CTTGTCATGGECACAGGACCAGAGAATCAGATCCTACCTGCTTTCTATGOGATCCAATGAGAACATY
CACTCCATCCACTTCTCTGGECATCTC IT“"“GTGAGAAAGAAGGAGuAﬁfhthu TGGCCCTG
TACAACCTCTACCCTCGGGTCTTTCGAGACTGTGGAGATCUTGCCCTCCAARAGCTGGCATCTGEAGE
GTGGA&TGCC:‘“MTGﬂGGAGCACZ”GCATGCTFJCPM”” AACCCTGTTCCTGGTCTACAGCAAL
AAGTGCCAGACACCCCTLGCAATGGCUTCTIGGCCACATCAGEGACTTCCAGATCACTGCCTCTEGE
CuGJATfﬂp AGTGCCCACCCAAACTGGCCAGGUTCCACTACTICTGGCTCCATCARTGCATGEGTCA,
ACCAAGGAGCCATICTCTTGGA CAACG‘GGACCZGCTGGCACC,AI(TTCA"CATSﬂ(ATCAAG
ACACAGCCGGGCAAGACAGAAATTCTCCTICTICTGTACATCTCACACGTTICATCATCATGTACTCICTG
GAT~U\nHGAAGTCGCAGﬂCATACAGAGCCAACTCCAC?G)CﬁjCCTCATCGTCTT(TTmCTVNAT

GTGGACAGCTUTGECATCAAGCACARCATCTTICAACCCTCCCATCATTGCCAGATACATCAGGCTG
CACCCCACC LAVTACTCQ\TCAC VTCARCCCTCAGGATGGARCTCATGOCGATETCACCTGAACTCC
TGCTCAATGCCCCTGGGARTGCAGACCAAGGCCATTTCTGATGCCCAGA T‘ACTSLATGITC TAC

TTCACCARCATETTTGCCACCTCETCACCATCAAAAGCCAGCCTGCACCTCCAGGGAAGAAGCAAT
CGCCTGOACACCCCAGGTCAACAACCCAAAG AmTFGCTGCAﬁuTGU \CTTCCAGAAGACAATGARA
GTCACTCCEGGTGACAACCCAGGGGETCAAGTCTCTGCTCACCTCARATGTATETCGAAGGAGTTCCTG
ATCTCTTCCTCACAGCATGECCACCAGTGCACACTUTTCT TCCAGAATGGCARAGTCAAGGTGTTC

CAGGGCARCCAGGACTCTTTCACACCTGTGETGAACTCACTGGACCCCCCCCTCCTGACAAGATAL
ce ASAA TCACCCCCAGTCTTGGETCCACCAGATTIGCCCTGAGAATGGAAGTCCTGGGATGTGAG
GCACAAGACCTGTACTGA  ({SEQ ID NO:13)

,..:

Figure 168
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CsS08~-FL-NA

ATGCAGATCGAACTCGAGCACTTGCTICTTCCTGTIGEC CCT”CGVTMT‘“”ETCTCCGCCACAAGG
AGATACTATCTCGGTGCCETGGAGCTCAGCTGECACTACATGCAGAGCGACTTGEETGAACTGCCT
GTGGACGCCAGGTTTCCACCCCGCETGCCCAAGAGTTTCCCGTTCAACACCAGTGTCGTGTACARG
AAAACCCTCITCOTCCAATTCACCGACCACCTGTTCAACATCGUCAAACCGCGCCCICCCTGGATG
GGGCTGCTCEGCCCCGACCATCCAGCCTGAGGTCTATCGACACGETCCTCATTACCCTCAAGAACATS
GCTAGCCACCCGETGAGCCTGCACGCUGTGGECETGTICCTATTIGGAA AGCGTCZGAGGGEHLGGLa
TACGATCGACCAGACTTCACAGUGGGAGAAGGAAGACCGACAAAGTETTCCCCGGGHGTTCCCACACT
EAICTTTGGCAGGICC”CAﬁGFﬁCAA*quC,MKTCCCCTCTJFCCIKTTGTGCCTCACCTACTCT
TACCTAAGCCATGTGGATCTCETCAAGGACCTCAACTCGGEGCTGATCGGCGCCCTECTCETGTGE
CGGGAGGGLTCACTGECCAAGCAGAAGACCCAAACTCTECACAAGTTCATCCTGCTGTTCGCGGTA
TTCGACGAGGGGAACTCCTIGGCACTCLLAGACCAAGAACAGCUTCGATGCAGGACLGCEACGCALGCT
TCGGCCCETECETEECCAAAGATGCACACCETCAACGGCTACGTTAACAGGAGCCTACCCGGCCTS
ATCGGUTGCCACCGCRAAATCGETICTACTGELE “ﬂiCAfC;uhA‘ SGGCACAACGCCCGAGS
AGTATCTTCCTCGAGEGCCACACTTTCOTGETCCGCAATCACCGLCAGGUCAGCCTGGAGATCAGT
CCCATZ{LvTTTCrbACCCCC(AGACATQACTCKXGGATC(CGFCC CTTCCTCCTETTCTGCCAC
ATTTCCTCCCACCAGCACCATGGGATECGAAGCATATSTCAAAGTCCGACTCCTGCCCCEAG GAACC”
CAGCTTAGGATGAAGAACAATGAGGAGGCCEGAGGACTAL ﬁ”CA‘GACCTmKFthTT”FC, TG
CACGTAGTACGCTTTGACCACGACAACTCTCCATCCITCATACAGATTICGCTCCHTCECCAAL Aﬁq
CACCCTAAGACT TGGGTGCACTACATC(ZGGCCGFHMAICAEGRCTIGGA T\TCCTCC CTGGETGE
CTGGCCCCCGACGACTGCAGCTACAAGAGCCAGTACCTGCAATAACGCGCCCCAGUGCATCGECCEE
AAGTACAFGAAAGTGCGGTTCATGGCTTACA&CuACuAGACCTT"Pd ACCCGGGAGGCTATCCAG
CATGAGAGCGCCATCTTGEEGECCCCTCCTETACGECG AACTZ AGACACACTGCTGATCATCTEC
AAGAACCAGGCGAGCAGGCCCTACARACATCTACCCCLACGE LTA CGATGTCCGECCCTIGETAC
AGCCGACGGECTGCCCAAGGGECET SAAGCACCTFAAIGﬁCTTTCC SATCCTGCOGGGCGAGATCTTC
AAGTACARGTGGACTETCGACCETGCAGGATGGGUCGACCARGAGCGATCCECGCTGCUTGACCCEY
TACTACTC CHCLTTTQTCMATA?GCA\ﬁ?rhACwThbuTAﬂ(FFCTTUA.”UuzwarTCC¢ﬂ;TC
””'TACFAGGAGTCP TCCACCAGAGGCGRAATCAGATCATCGAGTCACAAGAGGAACS 'WT“C“
TTCTCCGTG TCUA,GAAAACCnFAG CTGETATCTCACCGRGAATATCCAGCGCTTCCTGCCCAR
CCGGCCEETICTGCAGCTGCAGCGACCCCGACTTICAGGCCAGCAACATCATGCATTICTA ICAA”fQA
‘ETbTGTT””ATTCCCTC AGCTCTCAGTGTGTCTGCACCGAGRTCGCCTACTGCTATATCCTCAGC
ATTGGGGCACAGACCGACTTCCTGAGUGTETTCTTCTCCGGETATACOTTCAAGCACAAGATGETG
TACGAGGATACCCTGACCCTGTTCCCCTTTAGCGGCCAAACCGTETTTATGTCTATGGAGAACCC
GGCCTCTEGATCCTTGGCTGCCATAALTCCGAC TCCGCAACCGCGGA;TwAvICCTCTCCTGZKA
GTCTCCAGTTGTGACAAGAACATTCGEL ACTA”“ACQ‘GGACAC“TAVGA&HAuaTCTCIGCGTAP
CTCCTTACCAAGAATARCGCCATCGAGCCAAGATCCTTCAGCCAGAACCCCCCACTCCTGAAGAGS
CATCAGULGGAGATCACCCS CLCGAC””Z'”AC“FGZAlhﬂubAGGh ATT“ATT’CQACC“,ALu
ﬂTCAnTﬁTGGAUATFAACAAMCTGCAVTTf GACATCTACCGACGAAGATGAARACCAGTCCCCTCGE
TCCTTCCARAAGAAGACCUGGCACTACTTICATCGCCEGUTCTGCAACCGUCTCTGGGACTATGCGAATG

(..‘

T
CCAC

Continued)}
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TCTTCTAGCCCTCACGTITTGAGGAACCS CqC“C““””G-hpﬂGCGTGCCCCAGTT“Am“fAAC C
GTCTTCCAGGAGTTCACCGACGGCTCCTTCACCCAGCCACTTTACCCGEGCGAGCTCAATGARMCA
CTGGCECCTGCTGEGACCCTACATCAGGECTGAGCGTGEGAGGACAACATCAT GGT(A<ﬂTm CGGAAT
CAGGCCAGCAGACCATACAGTTTCTACAGTTCACTCATCTCCTACGAGEAGGACCAGCCCCAGRGE
JCTuhACLLCCTAAGAACTTC:TG *GQuAﬁACG BACKABLGACCTA ”T”ZEGCAAGGTCZXFCA
ACATGGCACCTACCAAGGACGAGTYCGATTGCAAGGCCTGEGCCTACTICTCCGACGTGGACTTG
SAGAARAGATGTGCACAGCGGCCTGATTEECC TCTGCTGGTGTGTTACAC AACTCAC”“AEWCPT
C“vApb.\CEGF GETCACTETGCAGCGAATTCCCCOTGTTCTTTACCATCTTTGATCAGACGAAG
CCTEGTATTTCACCGARAACATGEAGAGGAACTCCCGCGCACCCTGCAACATCCAGATGGAAGAT
CaACEI 'CA hACAALIAvvdGTT, ATGCCATCAATGGCTACATCATGGACACCCTGCUTGET
TCOCTGATGGUCCAAGACCAGCGTATCCGOTGGTATCTGETG T(QAWG SGCTCCAACGAGAACATC
ATAGTATCCACTTCAGCGEGCATCTCTTCACGGTGAGCGAARAAGGAGGAGTACAAGATGGCACTG
ACRACCTCTATCCCGGCETETTCCAGAT CqTﬂGmu\TGvTﬁ CCTCx VAGGCCGGCATCTGCAGA
A

9 ("
Ny

')

[

O

<0G

STGGAATCCCTGATCGGCGAGCACCTCCACGCTGEGATGTCCACGCTGITCCTCGTTTACAGCAAT
AAGTGCCAGACCCCTICTGGECAY QV}KU,G:CCauATCCGCGACTTCCAGnT¢QCACCCAG”(GW

CAGTACGGICAGTGEGCTCCAAAG SGCCCETCTGCACTACTCCGGATCCATCAACGUCTGETCC
ACCAAGGAACCGTTCTCCTGGATCAAAGTAGACCTGCTAGCCCCCATGATCATTCACGGCATCARG
ACACAAGGCCGCCCGACAGAAGTTCTCGACCCTCTATATCTCCCACGTTCATCATCATETATAGCCTGE
GACGGAAAGAAGTGECAGACTTACCGCGGARACTCGACAGGGACCCTGATGETATTCTTCGETAAC
GT@GACAGCT CCGGAATCAAGCACAACATCTTCAACCCACCCATTATCCCCCGCTACATCCGCCTE
CACCCCACTCACTATAGCATTAGGTCCACCOTGUGAATEGAGC TCATGEGCTGETGACCTGAACAGC
TETAGC A?”C”Cgf(aﬁiAm”iéGr”IMAC CGATCTCCGACGCACAGATALCGGCATCATCCTAL
TTTACCAACATGTTCGCTACCTGGTCCCLUTCCARGGLCT uAFELF‘AC“GP’AGCQAUAlpF AC
GCCTGEECEGCCACAGETCAACAATCCCAAGGAGTGGCTGCAAGTGGACTTTCAGARARCTATGAAR
GTCACCGGAGTGA pCAFﬂCAuTPQGTuKACT(”“¢ GUTCGACCAGCATGTACGTCAAGGAGTTCCTC
ATCTCCAGTTCGCAGCATGECCACCAGTGRACGTTETTCITCCARAACGGETARAGTCAAAGTCTTC
CAAGGGAACC GGACAGCTTTZCACCCGTCGTG‘ CUCCCTGGACCCCCCGUTTCTCACTAGATAC
CTCCGCATCCACCCTCAGAGCTGGGTGCACCAGATTGCCUTGCCCATGCAGGTTCTGCGETCTCAA
GCCCAGGACCTGTACTAR (SEQ ID NO:14)
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C310-FL-NA

AT E‘V“ SATTGAGCTCTCCACCTECTTCTTTCTCTGCCTTCTTCECTTCTEGCTTTTCTGCCACACGC
TA GAGCAGTCGGAACTGAGCTGGCATTACATGCAGAGTGACCTIGETGAACTICCY
T GACGCTCGm TTCCACCTAGACTTCCCAAGTCCTTCCCCTTCAACACCTCAGTGGTCTACAAG
AAAACGCTGTELQAVJKFTTLAL GACCACCTCTTCAACATTGCCAAACCAAGACCCCCTTGEATG
GGATTGCTEGGART CvAFAnTMC?ApruAthCTACCACAC"FTGGTGATTAC”CTGAAUAAFﬁTG
GCGTCACACCCTRTTTCACTTCACCGCTETTGECETCAGTTATTGGAAAGCCTCAGAGGETGUGEAR
TACGATCGATCAAACCAGUCAGAL QCAQAAbuAﬁCATuALAAb"w“”mmf"“GGﬁGGT SCCATACC
TATETTICGGCAGGTCGCTCARAAGAGAATGEGCCCTATGECCTCTGATCCCTTGTCCCTCACATACTCT
TACCTGAGTCACGTCGACCTGETGAAAGACCTRAATAGUGGTCTGATTGETGCACTGCTIGTITGY
AGAGAGGGGAGTTIGGCCAAGH AuAAhA”iuACA”ipYCCAZAAG“MWAW“CM”P””TMM”P"G”G
TTCGACCAGGGCAAGTCTTCCCACTCTCAAACARAGAACTCCCTCATGCAGGACAGACATGCTGCA
TCTGCAAGGGCTTGGCCAALAATGCACACAGTGAACGGCTATGTGAATCCATCACTGUCAGGALTG
ATAGECTIGTCATCGCAAGTCAGTCTATTGGCACCGTTATCGGGATGGGAACAACTCCAGAAGTGLAC
AGCATCTTCCTTGAGGCECCACACTTTCCTGETTCGLAATCATAGACAGGCCAGCCTTIGAGATCAGC
CCAATCACCTTTCTGA r"‘G’CC CARACCTTGCTGATGGATCTGGCGACAGTICCTCCTGTTYTGETCAC
ATCTCCTCCCACCAACATGACGCCATGGACCGCTTATCTGAAGCGTCGATAGCTGTCCGGAGGARCCA
TGAGGATGAAGAAC AAC SAAGAGGUAGAGGACTATCACGACGATCTGACTGACAGTGAAATG
CACGTGCTTCGOGTTUCCACCATGACAATTICTCCTTCATTTATCCAGATCCGTTCOGTGGCTAAGAAG
CACCCCAAGRACTTGGGTITCATTACATCGCTCCTCAGCGAGGAGGATTEGGCGACTACGCELCCTIGETE
TIGGCCCCAGACGATCGCTCATACAAGAGCCAGTACCTTAACAATGGTCUACARAGGATCGLLUGE
AAGTACRACGAAGCTTAGATTTATGLCTTATACCCGACGAGACTTITTAAAACTAGGGAAGCAATTCAL
CATGAAAGTGCCATTCTTGCACCCCTEGCTCTATGGCGAGGTTGECGACACCCTGCTGATIATCTTY
AAGAACCAGGCAAGCCGECCCTACAACATCTACCCGCACGGCATAACCGATGTACCGACCCCTGTAC
AGTCGCAGACTTCCTAAAGGGETGARACACCTCGAAGGACTTCCCAATTCTGCCCGEECAGATCTTC

TYGE

;...

-

AAGTATAAATGGACCGTCGACGGTTCAGCGATGCGTCCCACAAAGTCCCATCCGAGATGCCTTACCCGA
TATTATTCCAGCCTTCOTGAACATGCGAAAGGCACTY GGCCRGCGGGCTGATTT‘thACTFhTGdT
TETTACAAGGAGTCTGY GATCAARCA”?AAACC“&X VIGAGCCACAAACGTAACGTCATCCTG

PCAGC

ST
TTTGATGAGA

CTAVQFCA” WGAAAATATTCAGCGETTTCTGCCTAAL
CCCGCAGGCGTCCAGCTG AGTTCCAAGCCTCARACATCATGCATACCATCAACGGA
TACGTATTCGATAG CEC TETCTCCATCAAGTGGCATATTGGTACATCCTGAGT
ADCGEGELT CAGAbuuhPTihﬁlfﬂ CGICMTL UTTCTCGATACACGTTCAAACATCARARTGETC
TATGAACATACCCTGACTCTETTTCCATTCTCACGGAGAGACAGTCTTTATGAGTATGGARRATCCT
PEIGGATCCTIGGOUTCTCACARTTCTGAT I TTCGCAACAGAGGUCATGACAGCCCTGCTTAAA
TCATGCCACAACGAACACCGETCATTACTACGAACATACGCTATGAGGACATCACTGCGTAT
TTGCT,ELVXAJ ACAACGCTATCGACCCACGETCTTTCAGTCAGRAATCCTCCCETTCTGAAGOGE
CATCAGCGUGAAATAACACCCACAACCCTTCAGTCAGACCRAGAGCGABATCGATTACGATGATACY
ATCTCTCTGGACATGAACGAAGGAGGATTTCGACATTTACCACGAGGACGAGAATCAGTCCCCARGE
GUTTTCAGAAGAARACAAGACACTATTTCATTGCCCCLGTGGAGCGACTGIGGGACTACUGECATG

{Continued)
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TCTAGCTCTCCGCATCTACTTAG AﬁATWMuCCACAAACvaA CCETECCTCAGTTTAAGAAAGTT
CTCTPTCAGCAGTTTACAGATGEOTCCTTCACCCAGCUCTTCTATCGCEEEGAACTCAATGAATAC
CTGGGCCTCCTGGGTCCTTATATTAGS VCCAN TCGAGCACAATATCATGGTGACCTTITAGCCAAC
CAGGCATCTAGACCTTACTCTTTCTACTCCTCCCTGATATCCTATCGAGGAGGACCAG CGLAKG,&
GCTCGAGCCTCGGAAGAACTTIGTGAAGCCAAATGARACUCAAAACATACTTTTGCARAGTTCAGCA
CACATGCCTCCCACCGAAGGACGAATTTCACTGTARAGCCTICEGCCTACTTCTCAGATGTAGATCT
GAGABRAGACGTGCACTCAGGGUTCATTECTC CCT”CTGGTCI””CAI"“TAATA”“FMCAATCCA
GCACACGGACCTCAGGTAACCGTCCAGGAATTTGCCCTETTCTTTACCATTTTCOGATCAGATTARAA
TCCTGETACTTTACCGAAAACATCCAGAGGAATTGCAGAGCCCCATGCAACATCCAGATGGAGGAC
CCTACCTTCAAAGAGAACTATCGCTTICCATGCCATTAACGCTTACATTATGCATACTCTCCCAGGA
CilCmb\“uuCA AGGATCAGCGCATAAGATGGETATCTGTTCAGCATCGGGCTCO AACGAGAAT&”T
CACAGCAM””"”IT“TFC“FMA WCGTGTTTACAGTGAGAAAGAAAGAAGAGCTACAAGATGGCTCTG
TATAATCTCTATC MuchTA'TCGTZ1vu"UUAUF$UTTUvnzA CAAGGCCCECATTTCECGA

le’E&TCCCTTAiCQISG ZACATCTGUATGCCHCAATGAGCACGCTOTTCCTGETETATAGTAAC
AA'””CC%JAU““C””ZQ GCAQGGC TCTGGCCATATACG ﬁGAC“IE”AG"”TA-uG TAGCGGE
AGTATCGGGCAGTGGECACCCAAACTTCCGCGACTECACTATTCAGGCTCTATCAATECATGETCC

ACCAA SCAACCCTTCTCTTGCATTAAGGTGGACCTT WGG'uCCCATGATA%TCCATGGGATCAAA
ACCCAGGGCGCTCETCAGAAATTICTCATCACTCTACATCTCTCAGTTCATAATAATGTATTCACTG
GATGGGAAGAAATGCCAGACTTACAGAGGARACAGCACCGGEALGUTGATGEEGTICTTIGGCAAC
GTGGACRGCAGCGCCATCAARCACARCATCTTCAATCCTCCCATTATTGCCCOTTATATTAGACTG
CATCCCACTCACTACTCTATACGCAGCACACTTAGGATGGAGCTCATGGGATGCGACCTGAACAGT
TGTAGTATGCCCTTGOCCATGGAGTCCAAAGUTATAAGCUGACGCACAAATTACAGCTAGCTCTTAL
m“T\uCAA ATGTTCGCCACCTGGAGCCCAAGCARAGCCCCGECTGCAT T TGCAGGETCGGAGTAAT
&C”M”GW@CC(ACAGG”GAA, ACCCTAAGGAATGOTTGCAAGTAGAT ACGAAAACTATGAAG
GTAACCGGCGTCACTACACAGGCGAGTCAAGTCCCTCTTCACCTCTATGTACGTCARGCGAGTTCCTG
ATTAGCAGCAGTCAGGATGGCCACCAATGGACACTGITCTTCCAGAATCGGARAGT TAAAGTATTT
CAGGGTAACCAGGACTCCTTTACACCTCTGETGAATAGCCTCGACCCACCCOTGCTGACACGATALC
CTCCGCATCCACCCTCAGTCTTGEETGCATCAAATTGCCCTCCGAATCGCAGGTETTGEGATECGA

GCTCAGGACCTCTACT {SEQ ID NO:15;}

(

3

Figure 18B
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CE8L1-FL-NA

ATGCAGATC
CG '&TTRC>

GTGGE

ARCTCTCTACTTGCTTCTTCCTGTGCCTTCTGAGETITCTRCTTCTCTGCCACTCGL
GGALZTTGAGTE JTACATGCA’””AC'?””GGGC“AACTCCCT
GGATGCCCGATTC] GCGUETGCCCAAGTCTTTCCCATTTAATACTTCTGTCGETGTACAAG
AAGACATTGTTTGTGG GLTT \CCCATCACCTETTCRACATCGCCARACCGCGECCCCCATGGATG
CTGCTTGGECCCAC AGTUGGES CTATCATACAGTGETCATAACGCTTAAGAAL!
GCGA&”PALLu“"”GWLm“T”C.‘«LC“TTL“T”TA CATATTGEAAGGC AGCQAACSAbLuuMu
TACGATGACCAGACCTCTCAGAGA C GAAGGAAGACGATAAGGTTTTICCTGGCGCAAGTCATACA
TATGTATGGCAGGTCCTCRARAAGAGAATGCCCCGATGECTTCTGACCCCCTTITGTCTTACCTATAGT
TA ’CA”CCApuEGG' vTCAAGGACC“CAACAQWP“Zp GATTGGGGCTCTGCTTETTTEY
Al GGGTAGCTTGS AGAARACCCAAACACTCCATAAGTTCA mmmm}“Z?TE”GCCETC
TTC;ACGAGGGAAAGAv OQCAVA:CSA\AL VAAGRATTCACTGATGCAAGACAG CGCCECY
TCCECAAGCGCTTGGCCTAAGATGCATACGETGAA ECCLT“ECTCAACC" GCngCCGCGGCTG
ATCGGGIGCCATCGCAAGTCTG ACTGGCACGTCATTGGAATGEGEACAAL GQL G JSGTALAT
ACLATA*TTf”1”%AGuVuuLAhc;iCCTCJ¢A GEAACCACCGACAGGE!
'CL“TCAM.CT”TGC””ATCP WCCTTCCCCAGT
GACCGTATGBAAGCATAC"WCAAAb*CgATﬁC”m”E
T

'y}

3T

"ﬂ e}

GALLAM
3ZWCA"GA‘CC¢U CAG \,("A(‘A
TCACATCC" GCCAAARAG
TATGCGCCCCTTG
CACAGC CAA”‘W”W)ZA
CTGGGAAGCTzT?

A BMK.L GAAGA
»CTGCCCTTT:
CATCCARAGACATGEGE
CTGGCTCCAGATGACALE
ARATATAAGAAGETARAGA

t

1

J

D

CACGAATCTGGAATIC QCUCC }CGGTGﬁhx 6 SATCATTT

AARAATCAGGCATCCAG CC“TTA”" 3ATA1AC‘CCC7MGGPAECL”CG CTC“SCC SGCTGTAT
TCCAGA?QA1¢CCCCAXG QACMA“KAuzTCLGAAAGATTTT“CCTTCC*V,vutPCGKGATCT;T
AAATACAAATGCGACTGT "GAGGACGGGCTTACAA%‘” \GACCCACGGTGLCCTGACAAGE

r-{

A’:qu‘ci AGCTTCGTCAARCAT
GTTA”AAAbA”’CbCTCA URSY.
\;AACL. (i

AhCFtCCQ

Q"CCAVC”Lb”“hGCCCA””WZC-wG CCCACTGTTGATC
2GGGAAATCAGATCATGAGCCATAAGAGARAALGTTATCCTG
TCCTACCTTACT SAGARCATCCAGAGGTTCCTGCCGAAT
CCAGGUCAGTAATATAATGCACTCAATCAACGET
GCCTCCACGAGGTAGCCTATTGGTACATATTGTCC
TCTTTAGCGGETATACCTTTAAACATARAATGCTC
“””TG“C CTETTCC 'AIT.““”"ZQACACTGr~TTLAEG?CCATv4ﬁbAAvam
GGECTGTGCGATCCTGGGETGICACAATAGTGACTTTAGGAATCGGEGAATGACGGCACTGCTGAAG
G CAGTTCTTGCCATAARAATAC AGATTACTATGAGGATAGTTACGAGGATATCAGTGCCTAT
ZCTPTCAAARAACAACGCARTTGAGCCCCEETCTTITCTCACAAAACCCLCCGETGLTGAAGCET

WCCAGCGCGARATTACCCGGACAACCTITGCAGTCCCACCAGGAGCAAATCOATTATGACGATACT
ATCAGTGTAGAARTGAAAAAGGAGCGATTTTGATATTITACGACGAAGACGAGRAACCAGTCTCCGCGA

,I

{Continued)

Figure 18A



Patent Application Publication Jul. 4,2019 Sheet 29 of 89  US 2019/0202893 A1

AGTTTTCAGAAGAAAACTT
TCCTCCAGCCCTCATGTCC
GTGTTCCAGGAATTCA

CPECCGOT
DENIREIE 20

GACACTACTTTATAGCTGCCETGG
TTAGGAATCGAGCGCAGAGTCEGC
CCGACGGCTCATTTACCCAGCCGCTES '
SCTTGGGCCATATATTCGAGCAGAGETGE AALAEAFIALCAM”””AA CTTTAGARAC
CAGGCOTCAACGACCCTATTCCTTCTACAGTTICTCTGATCACCTACGAGGAG LAPFAAACMVAQGCX
GUTGAACCCAGCAAGAACTTTCETCGAAACCTAATCAGACCAAGACCTACTTCTY
2 CCCCAR TAnAaF”TﬁATTba“ TGCAAGGCCTCEGCTTATTTCA GCuAv
WGCGEETTCATCGGACCEGCTTTITGETGTCCCACACAAATACCCTCARTCC
”ALQ”MTVAﬂ”A%TT”GQWCILTTCTTTACAATAMTILWVx%SACAAAG

GAATATGGAGAGARATTGTCGCCCACCTTGCR

\ACGA”mﬁTGCCZTTPMGGCPTG
satul

G

CC LAC“““TAA@ AG“ATT WCAGATTTCATGCTA TCAAl'GFTACATT'TGﬂATAAT
CTGGT ATG:“hLAGCnTCECxCCATAA GTGGTACTTGCTGAGCATGGE
TCACTTCAGYGGCCACCTTTTTACTGTTAGAAACAAGGAGGAGTACAAAATCGCGLTC

2
M 3 R
TACAZ CCTTTACCCOGETGETETTTCGAGACAGTGGRAGATGCTGCCAAGCAACGGLAGGCATCTGGAGS

PPGAGTATCT AT TEGGCAGCATCTECATGU TGEAATGTCCACCOTCT T TCT TG TGTACAGCAAT
BAGTGCCAGACACCGC TTGGUATGGCCAGCGECCACATTAGGCACT T TCAGATAAC TGO CAGTGGA
CAGTACGGUCAGTGGGECTCOCAAGCT TECAAGACTCCACTACTCCGOAMECATARACGCATGGAGS
ACCAAGGAACCCTTCTCTTGEAT TAAGGETGCACC TGO TEECGCCARTGATCATTCACGGCATAARR
ACCOAAGGGGCACGACAGAAAT T I TCATCTT TG TATAT TAGTCAGTTTAT CATCATGTACAGCTTS
GATGGAAAGAAGTGOCAGACCTACAGGGGCAAT TOTACAGGAACACTTATGETGTTTTTT
31 ammh“ﬁs GGGATCARACATAACATCTICAATCOTCCTAPTATCGCCCGATATATICGCCTS

COTACGOATTACTCCATCAGGTCCAC AT TGACRATGEAACTGATGGEATGCCACCTEARTAGT
TC“ GTATGCCACTGOGCATGEACTCTAAAGCCATCAGCGATCCACAGATCACTGCCAGC TCTTAL
TTCACCAACATCT TTGCAACTTGGTCCCCCTCTARAAGOTCECCTECATCTGCAGEGACCCTCARAT
’G~CGKCCACAGCTCAACAATCCAAAAGAGTGGCTLUAG“TCCA”T"_VACAA CAUARTGAAG
ACAGGASTGACARCCOAGGETCTARAAAGCCTCOTTACGAGTATSTACGTTAASBGAGTTTCTS
C;nva<C AGGACGGACACCAGTGGACTC TC“T(EECCACAA GECAMAGTGRAGGTATTT
GAARCCAGGATTCTTTTACCCCGGTAGTGAATAGCCTGGATCCACCETTGUTGACCLGOT
GAA LTCATCCLVHETCCTGG<T~Q,TCAGAT GCCCTCOGGATGGAAGTGCTOGGCTETCAR
ATTAG (SEQ ID NO:16

COCAAT
GGGAA

Figure 198
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CS40~FL-NA

ATGCAAATAGAGCTCTCCACCTGCTTCTTTICTGTGCCTTTTGCEATTC CACCAGA
AGATACTACCTGGGTGCAGTGGAAC \*CAT%GMLCTATATGCAAAGT?ATCTCGG"oAGCTGCCT
GTGGACGCAAGATTTCCTCCTAGAGTCGCCAAAATCTTTTCCATTCAACACCTCAGTCETCTACAAA
AAGACTCTCETTTGTAGAATTCACGGATCACCTTTTCAACATCGCTAAGCCARGECCACCCTGEGATG
CUTCTGCTAGCTCCTACCATCCAGGUTCAGGTTTATCGATACAGTGETCATTACACTTAAG
GUTTCCCATCCTGTCAGTUTTCATGCTCTTGCTETATCCTACTGCAAAGCTYCTGAGGGAGCTGAA
TATGATGATCAGACCAGTCAAAGGCGAGAAAGAAGATGATARAGTCTTCCCTOETGGAAGCCATACA
TATGTCTEECAGGTCCTGAALAGAGRATGGTCCAATGGCCTCTGACCCACTGTGCCTTACCTACTCA
TATCTTTCTCATETGCGACCTCGTRAAAGACTTGAATTCAGGCUTCATTGCAGCCCTACTAGTATGY
AGAGAAGGGAGTCTGGCCAAGGAAAAGACACAGACCTTGCACARATTTATACTACTTTTTIGCTGTA
TTTGATCAAGGGAAAAGTTGCCACTCAGAAACAAAGAACTCCTIGATGCAGCATAGGEGATGUTGCA
TCTCCTCGEGCCTGECCTAAARTCCACACAGTCAATGETTATCTAAACAGETCTCTGCCAGETCTG
ATTGGATGCCACAGGAAATCAGTCTATTGC GGAATGGECACCACTCCTGAAGTGCAC
TCAATATTCCTCGAAGGTCACACATT ATCGCCAGGCGTCCTTGGARATCTCG
CCAATAA TTCCTTACTGCTCARACACTCH CCTTGGACAGTTICTACTETTTTGTCAY
TCTCTTCCCACCAACATGATGECATGGAAGT CCAGA
CAACTACGAATGAAAAATALATGARGAAGCG CAAbﬁb”“TSAT”ATCATCTTACTGA”T“”CAA VTG
CGATGTCCTCAGGTTTCATEGATCGACAACTCTCCTTCCTTTATCCAAATTCGCTCAGTTGCCAAGAAG
CATCCTRARACTTIGGGTACATTACATTIGCTGCCTGAAGAGGAGGACTGGGACTATGCTCCOTTAGTC
CTCGCCCCCGATGACAGAAGTTATAAAAGTCAATATYTCAACAATGECCCTCAGUGGATTGGTAGE
ARGTACAAAARAGTCCGATTITATGGCATACACACGATGAAACCTTTAAGACTCCTGRAGCTATTCAG
CATGAATCAGGAATCTTGCEGACCTYITACT TTATGGOCAAGTTGCACGACACACTETTGATT T
AAGAATUAAGCAAGCAGACCATATAACATCTACCCTCACGGAATCACTGATGT
TCAAGGAGATTACCAARAGGTGTARAACATTTCAACGGATTTTCCAATTCTGCCAGGAGAAATATTC
AAATATAAATGCACAGTGACTGTAGAAGATCGGCCAACT Z:-,AGATVVTCCC‘GC”FCPCCCGC
TATTACTCTAGTTTCCTTAATATECGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCTLCT 8

i~
e
TGCTACAAAGAATCTETAGATCAARGAGGAARCCAGRATAATGTCAGACARGAGGRATGTCATCC
oy
<
T
T

m
BN

i

o
4

’CGTCCT

TTTTCTCTATTTCGATGAGAACCGRAGCTCCTACCTCACAGAGAATATACAACCCTTTCTCCC
CCAGCTGGAGTGCAGCTTEAGGATCCAGAGT TCCARGCCTCCARCATCATGCACAGCATCRA
TATGTTT TGCAGTTCPCAGTITCTTTGCATGAGGTIGCCATACTGETACATTCT C
ATTCGAGCACACACTGACTTCCTTTICTETCTTCTTCTCTGCATATACCTTCAAACACARAATGGTC
TATGAAGACACACTCACCCTATTCCCATTCTCAGGAGARACTETCT I CATCGTCGATGEGARARCCCA
GGTCTATGCGATTCTGEGGTGCCACARCTCAGACTTTCCGGAACAGAGGCATGACCGLCTTACTGAAG
CGTTTCTAGTTGTGACAAGAACA TTACCGAGGACAGTTATGAAGATATTICAGTATAL
TTCCTGAGTAAAAACARTCCCA VAGCTTCTCCCAGAATCCACCASTCTITGARACCT
CATCAACGGGAAATAACTIC thmACZL“”CA““LAGA CAAGAGGAAATTGACTATGATGATACC
AT{LC"GMTCZAATGAAUAHQGAnu \TTTTCACATTTATGATCAGCATGAAAATCAGAGCCCCCEC

GCTTTCAAAAGAAAACACGACACTATTTTATTGCTGTAGTGCAGAGGCTCTGCGATTATGGGATG

Fads

e
GATAG

'I>

{Continued)
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LCC&LACATQTTF”AA(AAPVAbGG”TCAGA YIGGCAGTGTCCCTCAGT
CAGGAATTTACTCATCGGCTCCTTTACTCAGCCCTTATACCGTGGAGAACT 9
"TC?TGGGCCCAMATATAAGAGCAGAAGTTGAAGA’AAT ATCATGETAACTITCAGAAAT
CTCCT”?CTZTTCCTTCTATTCTAGCCTTATTTCi“ATGACGLAC \TCAGAGGCAAGGA
c TCTCAARGCCTAATGARACCAARAACTTACTTTICCARAGTGCAACATY
ATGAGTTTGACTGCAAAGCCTGEGCTTATTTCTCTGATGTTCGACCTS
-“AC“”ACH\CTG TTCGACCCCTTCTGGTCTGCCACACTAACALCACT A ;
TCCCAGACAAGTCACRAGTACAGGAATTIGCTCTGTTTTICACCATCTTTGATGAGACCAAA
AGCTGQTRC‘-vaCLUAAAMThTGuAAAumAﬂCTGC WGEGCTCCOTGCAATATCCAGATGEAAGAT
CCCACTTTTAAAGAGAATTATCGCTICCATGCAATCAATGGCTACATAATGGATACACTACCTEGC
TTAGCTAATGGCTCACCGATCAAACGCATTCGATCCTATCTCCTCAGCATGCCCAGCAATCARARACATC
CATTCTATTCATTTCAGTCCACATGIGTTCACTCTACCALAAALAAGAGCAGTATAARATGCCACTG
TACAATCTCTATCCAGQTCTTITTCAGACAGTGGAAATGTTACCATCCAAAGCTCCGAATTTIGGCEE

TATTGGCGAG hm”TAPAEGC;GGGAT&AGCACKC’ TTTCTGETGTACAGCART
G
Ay

e
.

ARGTCTCAGACTCCCCTGERGAATGECTTCTGGACACATTAGAGATTTTCACGATTACAGCTICAGGA
CAATATGGACAGTGGEE CCZ;AbeCCCCrCAVTTFATTAfTCCCGATCAﬁTCFATGC&&GGAEC
ACCAA vaGCC”TTTTC”TJ ATCAAGGTCOATCTCTTCGLACCAATCATTATTCACGECATCAAL
ACCCAGGGTCUCCETCAGRAAGTTCTCCAGCCTCTACATCTCTCAGTTTATCATCATGTATAGTCTT
G TGGJAAGAAGTSSCAWA&ETATCCAQ AATTCCACTGCGAACCTTAATGGTCTTOTTTCGCAAT
CATCTGGCATAARACACAATA TCCAATTATTCGCTCGATACATCCETTTG

TTTTAACCC

CACCUAACTCATTATACCATTCGCAGCACTCTTCGCAT GEAGTTGATGEGCTETCAT TTARATAGT
mM GCATGCCATTGGGARTCGAGAGTARAGCARTATCAGATGCACAGATTACTCCT TCATCCTAL
-, i

TACCAARTATGTTTGCCACCTIGGICTCCTTCAARAGCTCCGACTTCACCTCCAAGGGAGGRAGTAATY
i TCwﬁﬂpﬁC‘uACuTh?\TAAT:CAAAFUACuWHOTGCAACTGbAKTTCuAH’ VGACAATGAAR
GTCACAGGEA LACTACTCAGGCAGTAAAATCTCTGCTTACCAGCATGTATETGARGGAGTTCCTC
Am””SCAGCACTﬁANKAiGSJJA¢”A””ISACT”PCMMTTZ¢VA0A WGGLAAAC“AAACGTTTTT
CAG GFAAATCn»u“Pﬁ”" TCF-ACCTG GETGAACTCTCTAGACCCACCETTACTCACTCGLTAL
CTTCGAATICACCCCCAGAGTTGEGTOCACCAGATTGCCCTGAGS AEGGAGGTTCTGGLCTG,QAG
GCA CA'”ALCTuTACTCP (q 5C ID NO:17)

Figure 20B
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TTCAGCGCCACT

T
G CGA

GTACARG

ACCCTGAAGRACATG
TCCGACGGCGUCGAG

GCEGGCAGCTACACC

TACGTGTCGCAGGTCUTGRAAGRAAAACGGUCCCATEGUCTCCGACCCCCTGTGCCTGACCTACAGC
JAVVTMFPPVACGJ GACCTGETGA AGCNVVTG CAGUGEECTEATTGOOOCCCTECTEETCTEC
CGGCAGGGLAGCCTGECCARAGAGA AGbcv,i"' ACAAGTTCATCCTECIETTCECCGTG
TTCGACGAG zu(AKC1GCTCGCACA CCAGACCAAGAACAGCUTGATGCAGGACCGGGALCGCLGLC
TCTGCCAGAGC :TFQCCJCAA ATGCACACCE T(»Z‘ux\,GG(‘T’\CGTGAACZX“M GUCTECLCEGELCTE
LTT GCTGCCACCEGA TcTACi'CN 3G CCACACCCGAGGTGECAC
AGCATCTTTCTGGA CCTTTCeT S””be SAACCACCGGECAGGCCAGCCTGGAAATCAGC
CCTAT<P¢C’FCCAJACCHCC7AG GGACCTGGGCCAGTITCCTGCTIGTTYTGCCALC
ATCAGUTCTCACCAGCACGA CTACG zEGQTGnAC;\ CTGCCCCGAGRAACT
CAGCTGCGRATGAAGAACAACCAGGAAGCCCAGGACTACCGACGACGACCTCACCEACAGCGAGATG
G CGZGCMTCGGTTCGAMGL:CKCF{CAGCCCC meT<ﬂ CCAGAT:AGuﬁHpC?GGCCAAGAAG
ACCCCARGACCTGGETGCACTACATC TGCCG \GGAC ACGCCCCCCTEETG
C""G” CCCCCGACGACAGAAGTUTAL AAC CCAGTACCTGAACAATGS bdy »CA GCGGATCE pf”G
hAqTLVL\G A\(LGCGGTLFALGCCCTACuCCGRCG GACCTTCAAGACCCGGEGA TCC
CACGAGAGCGGCATCCTGGRECTCLL VCGGET ACTGCTY C
AAGAACCAL ~’:~mC G CGGCCCTACE GTGCGE
AGCAGGCGECTG VAGGGCGETG CTGCCCEELG
AAGTACH ?TG‘JZ CL“T\‘MSCC(\TG CCCAGATGEC

TACTACAGCAGCTTICE
TGCTACAAAGAAAGCGTGGACT!
TTCGATGAGAACCG

g
TTCAGCET

GCCGEEETCCAGCTGGAAGRTCC

T
I

(@]
[

TKQ TETTCGACAGCCTGCAGLICTCCG G

ATCGGCGCCCAbAuhpA“Tm“”m”ﬁGCL‘GETme“} GCTAC

TACGAGGACACCCTGACCCTGTTCCCTT GAFCo”?TTCn
GCCTGTGGATC P“~”GpTGC3A‘AﬁCAQC LQGAACCuV”'C

CT”TCJAHL
CmﬁuTuTCp WAGAACARCGCCAT
CACCAGAGAGAGATCACCCEE

{Continued)

A
"GCGACAAGAACACCGGCGACTACTACGAGGACAGCTACGA

o

.

CGAGCCCAGAAGCTTCAGCCAGRACC

Figure 21A
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TCAGCGTGGAGATGARALALAAGAAGA FCTACGACGAGGALCGAGAACCAGAGCCCLCGE
TCC TTPCAuAFPAAAECCFRJvRV? GCCGTEGACGCEGECTGTGEEACT? C
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AGCAG GCCCCCACGTGCTOCGGAACCEGGUCCAGAGLGECAGLETGCCLCAGTTCAAGAMNAGTYG
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GTGTTCCAGCAATTCACCCGACGGCAGCTTCACCCAGCCCUTETACT G\:GC\,('rE‘;Gx,TCztc TAGCAC
CAAT
Lz, J"L.'_

CTGGGECTELTGEGECCCTACATCAGGGLCGARGTGGAGGACAACATCATGETGACCTTCCG!
CAGGCCACGCAGACCCTACTCCTTCTACAGCAGCCTGATCAGCTACCGAAGAGGACCAGCGGTA
GUTGRACCCCGGAAGCAACTTCGTGAAGCCCAATGAGATCAAGACCTACTTCTCGGAAAGTGCAGCAL
ACATGGCCCCCACCAAGCACGAGTTCCACTCCAAGGCCTOGECCTACTTICAGCGACGTGGATCTG
G AARGGACGTGCACTCTRCACTGATTCGCCCTCTGCTGETGTGCCACACCAACACCCTGAACCTC
CCCACGGCCGGLCAGGTGACCCGTECAGGAATTCCCCCEGTTCTTCACCATCTTCCGACCAGACCAAL
TCCTGETACTTCACCEGAGAATATGGAACGGAACTGCAGAGCCCCCTCCARCATCCAGATGEAAGAT
CCTACCTICAAAGAGRACTACCGLITCCACGCCATCAACGGCTACATCATGGACACTOTGCCTGET
CTGGTCGATGGCCCAG :QFCAG“SG[TCCGGTGG“ATCT””“FWCCA*GGGCA(LA CGAGAATATC
CACAGCATCCACTTCAGCEECCACGIGTTCACCGTCACGCAAGARACAAGAGTACAAGATGGECLCT!
TACAACCTCETACCCLGGCETRTTCGAGACCGTGGAGATGOTGCCCAGCAAGGLCCGGCATCTEGLGE

GTGGAGTGTCTGATC QGCGAGCACCTGCATGCCGCUhmhﬁGCA‘CCTG”mMFTp””“MACA'uﬁpy

(..

) f

15

&

AAGTGCCAGACCCCCCTGEGCATGECCAGCGECCACATCCGGEEACTTCC AJATVA”fquTCCG
CAGTACGGUCAGTGLECCCCCAAGOTGGLLLEECTE! ﬁCTACAaF@GC TCAAJGCVTGGTCC
ACCAAAGAGCCCTTCAGCTGGATCAAGGTGGACCTGCTEGCCCCT “”ALVATC CACGGCATTARG

CCCAGGGCGCUAGGCAGAAGTTCAGCAGCCTGTACATCAGUCAGTTCATCATCATGTACAGCCTG
GACGGCAAGAAGTCGCAGACCTACCGEEGCAACAGCACCGGCACCCTGATCETETTCTTCGGCAAL
GTGGACAGCAGCGGCATCAAGCACAACATCTYICAACCUCCCCATCATCGCLCGETACATCCOGECTE
CACCCCACCCACTACAGCATCAGATCCACCOTGCGGATEGGAACTGATGGCGCTGCGACCTGAACTCC
TGCAGCATGCCTCTGEGCATGCGARARGCAAGGCCATCAGCLCACGCCCAGATCACAGCCAGCAGCTAC
TTCACCAACATGETTCGCCACCTGEICCCCCTCCAAGCCCAGECTIC AC7TC”AuGGCCGGTCCRAC
GCCTGECEECCTCAGETGAACAACCCCARAGAATGGCTCCAGETEEACTTICAGAAARCCAT
GTGACCGGCGTCACCACCCAGGGTOTCAAAAGCCTECTACCAGCATOTACGTCAAAGAGTTTICTG
AILAGC\CCAPCCACCAFWGCCACCAL-GGACCC-%“TCTTTCAGAACGprAGG”H,AAGTGTTC
CAGGGCAACCAGGACTCCTTCACCCCCLTGGIGAACTCOCT CCCCCCCCTGCTGACCCEOTAL
CTGCGGFTCCAOCCCC GTCTTGEGETGCACCA uATC:?CCTLAGuATGGA“ sTGCTGGGATGTGAG

CCCAGGATCTCGTACTGA (SEQ ID NO:18)
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N \;f/ ’ 0 AAV2 ITR
mp-f =Y
4 2 TTR promoter / enhancer
¢ pCh-BBOT ¢
% sasepp - dsel
ﬁf,'?’f[\\ " Syn polyA
\A T AAVZITR

Y

Insertion of Refacto- Gene synthesis
type Bng“Wm < of Refacto-type
{4374bp} as Ascl- BDD-EVIII
Notl fragment
Am AAVZ ITR
P 5\\5 ﬂi’:/i\ TTR promoter / enhancer
& N Asc pCS40
ori f pCSO1
j pOrth —> pCS04
AAVZITR 7827 bp plasmids pCs08
Syn polyA ¢ pC810
Not | pCS11
Refacto-type BDD-FVIII ggggg
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CSO0Inml3-FL-NA

ATGCAGATTCGAGCTGTCCACCTGCTTCTTITICTGTGLCTG CTGCTTCTCTCCC?CCAGG
e

Asz CTAC SGGGCTGTGGAACTTTCTITGGEGAC TCECEGAGAGCTGECCT
'&’lf“\’
~

3

CCCACCCAGAGTGCCCAAGTCC AT ;”TG'GCT CTACAAG
GTGGAATTCACTCACCACCTGETTC : ACCACCCTGGATG
CCCACCATTCAGGUTGAGGTGTATC AAuAACATG
i\iﬁTCTCT Ca ‘bguAGT SGGGCTGAG
T TQATGACC‘GA AFCCFAb‘ VAGAG TQACA%””M”TTV“PILC TCTCACACC
TATGTGTGGCAAL CTCAAGGAGA ACCCATGGCATCIGACCCACTCTG ATACTECC
TACCTTTCTCAT GACCTGET CAA,GA
AGGGAAGGATCC \(zﬁﬂﬂdﬂdﬂﬁ FCACACm\TACAnuTTxFTTCLCVTC
TTTGATGAGC TCTTGGCACT AAAGARS C G
TCTGCCAGGGC ”CCA”G““?“} CACTGTGAATEGEC
ATTGGCTC AAATCTGTCTACTGGCATGTCAY
TPLA’mTi SGGACACACCTTICCTGGTCAGCGAACT ACAAGCCTCTCTGCAGATCTCT
CCCATCACL CTGCACAGACACTGCTGATGCAC GGACAGTTCCTGCTGTCCTGCCAL
ATCTCTTCCCAC CATGATGGCATGCAAGCCTATCTCAAGGTGGACTCATGCCCTGAGHAACCA
CAGCTCAGE AGR%CAKTC&C““”?CLgunhpul\ TGACCTGA@TCACTCTGZG‘T%
GATGTGGTCA TTGATGATGACARCTCTCCATCCTTC sCCTCTCTGCVAAAuA
CACCCCAAGACATGS SCTGCTGAGE ‘MCCACTGGTC
CPGGCCCCTEATGAL ECAGTACCECAA xP“SGC’ A"'?GAAI”QQAAQ
AAGTACAAL“ACTCAQATT G AGCCATTCAG
CATGAGTCTC TATTCTGGGACCA :A FCATCTTC
AAGAACCAGGCCTCCAGGCCCTACA CCALATGCCATCA”””AIM SCCCCTETAC
AGCAGGAGACTGCCAALA bfﬁf AGCGACTTCCCCATTCTGCCTGGAGAGATCTIC
AAGTACAAGTGGACTGTCAC CAACAAAGTW&UACCCC.GCTG CCTCACCAGA
TACTACTCCTCTTTTGTGAAL ?,VTCCanV‘WvA”ThPTTP TGCTCATC
TGCTACAAGGAG QACCAGAW'_ TG CAAGAQ GTGATTCTG
TTCTCHETCT G2 GTACCTS CATTCAGAGATTCCTGCCCAAL
CCTECHGEGEE GC,ACT G AGACC TCZCTTCC@Q C ACATCATGCACTCCATCAATGGC
TATGTGTTTGACTCTCTCCAGCTTICTGTCTGCOTGCAT QGTC”C“TACTCCT CATTCTTICT
CTG C

NI
N

CCTCAACTCTIGEGACTGATTGGREGEC

O

CTGGTGTGC
TTGCTGTC
SATGCTGCC
CAACAGATCACTGCCTGGACTC

JEGGACAACCOOTGAAGTGCAC

oo

e} >

BN
ATTGEEGCAC TGACTTCCTTTCTGTCTTCTTCTC TACACCTTCAAGCACAAGATGETG

TATGAGGzCACQCQG\CACTCTTCCCATTCT“TbbbLAAﬁ TETGTTCATGA GCATGGAGZPCCCI
GGACTGTGG CTGG GGGAATGACTGCACTGCTCAAR

GTCTOOTOOTGTGACR AC; gc AOTG et
CPGOTCAGCAAGAACAATACCACT
AGACACCAGAGAGAGATCACCAG
ACCATPTTOTGTGGAGATGAAGAR
AGATCATTCCAGAAGARGACAAG

ATGTCTTCCTOTOCCCATGTOMTC

TTATGAGGACATCTCTGOOTAR
FGAACCACT AGAATCCACCTCTCOTGAAG
CTCOAGTOTOACCAGGAAGAGATT ATGAPEAC
CPPPGACATC TATGATCAGCACGAGRACCAGTCTCCA
TTCATTGCTECTETGGARA GAji ACTATGGC

AGGGCACAGTCYGGCTCTGETGCC

{Continued)
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GTC””CTTCCﬁGGAb' ACTGA CTCATT
"TGGGHCTCC”bL SACCATACATCAGGGCT

AGGCCTCCAGGCCCTACAGCTTCTACTC
; C“TGACCCAA AAAGARACTTTCTGAAACCC
CACCACATGGCACCCACCAAGGATCAGTTTCALTGCAAGECC

GGCCTGEEECAT Cll@?C”Q%“”m”GAC
CTCGGAGARAGATGTGCACTCTGCCCTGATTGGCCCACTCUTGGETCTGCCACACTA PCACICTSAAC
CCTGCACATGGAAGGCAACTGACTCTCCAGGAGTTTECCCTCTICTTCACCATCTTTGATCAAA

AAGTCATGOGTACTTCACTCAGAACATGGAGACAAACTCCAGAGCACT FTNL”ACzTTCAunJuwAP
GACCCCACCTTCAAGGAGAACTACAGGTTCLS CCATCAATGGELT "ATT'TGGALAQ'
GGGCTTGTCATGECACA GGACCA.A SAATCAGATGETACCTGCTTTCTATGGGATCCAA
ATTCACTCCATCCAL CEGGGCATGTCTTCACTGTCAGAAAGAAGEAGCAATACAAGE
CTETACAACC! -jU;G”GGA”““”“TF CCTCCAAAGCTGGCATCTSG
AGCGTGGAATGUCTCATTGEGLACCACCTGCATGCTG VIGTCAACCCTGTTCCTGGETCTACAGC
AACARGTGCCAGACACCCCTGECAATEGCCTCTEECCACATCAGGCACTTCCAGATCACTGCCTCT
GGCCAGTAT C”&G¢UUFCACCF7K ,'KQF,,CCA‘TACTC”'QCTCCATCAA"CmeuG
TUAACCAAGGAGUCAS SCTGCTGGUACCCATGATCATTCATEELATC
AAGACACAGGGGGCAAL CTGTACATCTCACAGTTCATCATCAS :
(-quTCGCAma“hH AACTCCACTGGCACCCTCATGGETCTTE

ATGTCCACAGCTCTE! T"AACCCTCCC CATTGCCAGATAC

TGCAQVQpACQ.ACTACTCAAZg&GATCA% F”fAu'AT GAAC“QATGGGAi"TCHP
TCCTGEC Tum.i( CCCCTCEGAATCGCAGAGCAAL TTRCTGH >TCCCCAL7ATC CTGCATCCTCT
TACTTCACCAA TTTGCCA GGTCACCA '{‘C* AAAGCCAGE AGGCGRAGAAGC
Aﬁl”"‘TGCAPA A“GlCﬂ“ ZACCLAAHwGAATCC”me”AG QuACT”VC“bAﬁgf CAATG
Cl‘TCWC”WWACCECAATG”AM””GAAyG GTTC

C:ATGGCFAVVAU CCACACTCTYTCTTCCACGAATGGCARAGTCAACGTG

TTCCAGGGCAACCAGEACTCTTTCACACCT GCTUAACTC\(T; BCCCCCCLVTu,TGACRXGA
TAC”TGAGA VIPCACCCCCAGTCTTGEETCCACCAGATTGCCCTGAGAATGGAAGTCCY
GAGGCACAAGACCTYGTACTGA (SEQ ID NO: 883

RSy

u)

GACH
“”BTCTCTTCCTPACA

c
=
4

Figure 308
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ATGCAGATTG G
AGATACT

GGATGCCAL
AAGACACTCTTTGTGGAA
GGACTCCTGGGACCCACCA
GCATCCCACCCTGTGETCTC
TATCATCACCAGACATCCCA
TATGTGTGCECAAGTCCOTCARGGAGAA
TACCTTY TETGGACC

GAGCTGTCCACCTGCTITCTTIC
TGEGGGUTETGGAACTTTCT
GTTCCCACCCAGAGTGCCCARGTCCTTCCK
QmCT“%PCACC¢VmWPﬂACA'
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CAACACC

O
(AL

A\TC,TCTGAZ
ceer 3””AAMTFT A
'CCL?LV "GACATAC
TTGGGGCAC GCTGG.ﬁ.?”

okt
-

T

AGGGAAGG CCCTGGCCAAGGAGARAACCUAGS TCCTETTTGCTGTEC
TTTGATGA 2CAAGTCTTGGCACTCTGARAL P.AGAACTCCCT*?T@ WCAGGGATGCTGCC
T \/TLJL.L,\.G A I’ :CCCCA:M)AT GCACACTC WVATGGCTAT quAx A C’TCCC CACTC
ATTGGCTG C

TCCA TT”M G 'pA"”TTCClGGlphubAAb'

CCCATCALLTTCCTFA GACACTQLTG;TGGALC

ATCTCTYCCCACCAGCAT CATGGAAGCCTATGTCAAG GACTIATCCCCTUA?FA
CAGCTCAGGAT :AAGAAC AGGAGGCTCGAGGACTATG TCACCTGACT
GATGTGCTCAGATTTGA ACAACTCTCCATCCTTC vACC;LiUlGGCI
CACCCCAACGACATGGET “CT WCATTCCTGE GGGAC““TGCACCA
CTGGCCCC_ ‘uACAGL GCTACAAGTCE _AGAATTGGAAGA
ARGTACAAGAALGTCAGATTC ATGGCCTACACT'AT”AAA”“”W”PA GACAAGAGAAGCCATTCAG

GGAAGT

X

ATTCTGGGACCAL
CCTCCAGGCCCTAC

CTCCTET

COOR
GGCE

T
CATGAGTCT

si\s

A
fond
rissanls
P

CACATGGCAT

~

et el
GGAL

\JA\,T( AT

GACACC

erp TRy
CCTETAC

\J
CTGCTCATGhTCTTC
C AGG

afal

"GCCARAAGGGETGAAACAC uAAG CCCCATTCTG EGGA“AG C
GGACTGTCACTCETGGAGGAT C CCA TCTGACCCC CG”GCCE A
TACTACTCCTCTTTIGCTCAACATGGAGAGAG ””WG" TGGACTGATTGGACCACT ’C
TGCTACAAGGAGTCTCTCCACCAGAGAGGCAACCAGATCATCTCTGACAAGAGAAA TbTGz TG
TTCTCTETCTTTICATGACAACAGATCATGETACCTGACTGAGARCATTCAGAGATTCCTGE c
CCTGCTbCC?TG“AA(TF:APC?CCCTGAC:TCC:quALCCXACQTC\TCCnCT (PTCALT G
TATGTGT GC’T?C?G?“TGCCTGCAKCACGTGGCCTA TEETACATT cT
TEPGCGC-VA A“TG%CTTCCTTTLTGTL T ATACACCTTCAAGCACAAGATERETEG
TATGAGGACAC CTGACACTCTTCC&ATTtTCT:GGGAAACMST@TTPATZ \GCATGGAGAACCCT
GGACTGETGG CTGGGATGCCACRACTCTGACTTCAGARACAGGEGARATCGACTGCACTGUTCAAT
CTCC ACAAGAACACTGGEEA cr UAGbﬂCTCTTATGZ CATCTCTCCCT

A“GTGAACCC

CTGCTCAGCAAGAARCAATACCACCY ‘TL"”'U?CTCAGAAACCACCTGTCb”
AGACACCAGAGAGA@ALCA CAGGACAACCCTCCAGTCOTGES GGAAGAGATTGACTATGATG
ACCATTTCTCTGGAGCATGAAGAAGGAGGACTITGACATCTATGATGAGGACGAGRAACCAG cC
GATCATTCCAGRAGAAGA CA \GACACTACTTCATTGCTGCTGTGGAAAGALTETGGGACTATGEC
KTGTCTTCCTCTCCCCAT; CTCAGGAACAGGGCACAG CTCTGTGCCACAGTTCAAG

{(Continued)

Figure 31A
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“”S”TCTTCCAC SAGTTCACTGATEECTCATTCACCCAGCCCCTGETACAGAGGGGAACTGAATGAG

TGGCACTCCTGGGACCATACRTCAGGGUTCAGGYGGAAGACRACATCATGGTGACATTCAGA
AAFC“P CCTCCAGGCCCTACAGCTTCTACTCTTCCCTCATCAGCTATCAGCCGAAGACCAGAGACAR
GCGGCTCAGCCAAGARACAACTTTCTCGAAACCCAATCAAACCAAGACCTACTTCTCCAAAGTCCAG
CACCACATGCCACCCACCAAGCGATCGAGTTTGACTGCAAGGCCTGGECATACTTCTCTCGATGTGGAC
CTGGAGAARGATGTGCACTCTGGCCTGATTGGCCCACTCCTGETCTGCCACACCAACACCCTGAAC
CCRGCACATGGAAGGCAAGTGACTGTGCAGGAGTTTGCCCTCHTTICTTCACCATCTTTGATGAAACC
AAGTCATGGT AC“TCK”TG«UAA’A GCAGAGAAACTCCAGAGCACCATGCAACATTCACGATCEGAA
GACCCCACCTTCAAGGAGAACTACAGGTTCCATGCCATCARTGGCTACATCATGGACACCCTGCCT
GEGCTTETCA TG”CAVAQQAVJAGXU WATCAGATGGTACCTGCTTTCTATGGCATCCAATGAGAAC
ATTCACTCCATCCACTTCTCTGGGTATGETC T”PAVEGTGAthAUﬁACJAuuAAlH CRAGATGGECC
CTGTACARL CC“W“AC”F“ GGGTCTTTCGAGRCTGETGGAGCATCCTGCCUTCCAAMAGCTEGCATCTGG
AGGGTGGAATGCCTCATTGGLGAGCACCTGCATGCTGET ATC””AA“ CTETTCCTGGTCTACAGC
AACAAGTCCCAGACACCCLTGCGEAATGCCCTCTGECCACATCAGGGACTTCCAGATCACTGCCTC
GGCCAGTATGGCCAGTGES Cm,VCAAACT:GCCAGuuTCCACTﬁCTCTGCCTCC;TCAA”LV\TCG
TCRACCAAGGAGCCATTYCTCTTGEATCARGETEEACCTECTGETACCCATGATCATTCATGGCATC
ARGACACAGGHGGCAAGACAGAAATTCTCCTCTCTGTACATCTCACAGTTCATCATCATGTACTCY
CTGCGATGGCAAGAACTGECAGACATACAGAGGCAACTCCACTGOCACCCTCATGETCTTCTTTGGC
AA”“"”CAV.\,TCﬁuGCR[vnAnuACA.LATCTTCAACCC?ICL“T,MTTGBCRJJTFL“TCAFF
CTGCACCCCACCCACTACTCAATCAGATCAACCUTCAGGATCGEAACTGATGGEATGTGACCTGAAC
TCCTGOTCAALGCLCCTGEGAATGCAGAGCAAGGUCATTICTGATGCCCAGATCACTGCATCCTCY
TACTTCACCAACATGTTTGCCACCTGGTCACCATCAARAGCCAG CPTQ“)CCTﬁCAquQ GAAGC
AATGCCTGCGAGACCCCAGGTCARCAACCCAAAGGAATGCCTGCAAGTGE "TCCAGAAGACAARTG
AAAGTCACTGGGETGACRAACCCAGREGG MLAACTﬁﬂFTCCTCAVLTCAﬂT TATGTGAAGGAGTTC
CTuhTC”CTTC?TCL AGGATGGCCAF“AGTGGACA3TCmTCTTCCAGAATGGTAAAGTCAAGGTG
TTCCAGGGT AACCAUGApTCTTMNA&AC”ZSTCN( CPCACTGGACCCCCCLCTCCTCACAATS
TACCTGAGAATTCACCCCC VTTﬁuC“C“ALCAGATTCCCC”CA SAATGCAAGTCCTGGGATET
GAGGCACAAGACCTGTA CTGA {(3EQ ID NO:91)

T3

i

Figure 31B
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ATGCACGATTCGAGCTGTCCACCTGCTTCYITCTCTCCCTGCTCAGATTCTGCTTCTCTCCCACCAGG
AGATACTACCTGGGEEECTGTCEAACTTITCTTGEGACTACATGCAGTICTGACCTGGEAGAGCTGCCY
CTGGATGCCAGGTTCCCACCCAGAGTGCCCAAGTCCTTCCCATTCAACACCTCTIGTGGTCTACAAG

CACACTCETTCTGCGAATTCACTGACCACCTGTTCAACATTCCAAAACCCAGACCACCCTIGRATGC
GGACTCCTGEGACCCACCATTCAGGLTGAGGTGTATCGACACTGTGGTCATCACCCTCAAGAACATG
GCATCCCACCCTGTETCTCTGCATGCTETGGGAGTCTCATACTGGAAAGCCTCTEGAAGGGECTCAG
TATCATCACCAGACATCCCACAGAGAGAAAGACCGATCGACAAGRTGTTCCCTGGEEEATCTCACACC
olale

TATGTGTGGCARGTCCTCARG
TACCTITCTCATETGEACCTS

GO
GGARGGA CTGGCCARGGAGA

AL

ofalal
R

AGAATGGE
AAGGACCTCAA
AARACCCA

L GOATCTGANCCA
T wT C(,A I”i

H

\CTGCACAAGTTCATY

POTGCCTGACA
CGGGCACTGCTEE

(Nt iNe L% §
cre TTTGC

TOC

AL

R Uas?

CTGA

e

RNA N
e
R
A CTGE

GAC

TTTGATGAGGGCAAG TTTGGPACTC”GmAMCA%ACZAClp'"“GATGCAAGACAJCGATPCHU c
TCTGCCAGGCLATEGCCCAAGATGCACA GAATGGCT GAACAGATCACTGCCTGGACTC
TTGGCTGCCACAGGAARTCTCTCTACTGGCATCTCGATTGGCATGGGCACAACCCCTGAAGTGCAC
TCCATTTTCCTGCAGOGACACACCTTCCTGOTCAGCAACCACZAGA AAGCC”ClP”QGAGA'”EC”
CCCATCACCTTCCTCACTCCACAGACACTGCTGATGGACCTTGGACAG ””TCCM”TT
ATCTCTTCCCACCAGCATCGATEGCATGCGAAGCCTATETCARGGTGGACTCATGCCLTE
CB“”TCACPAE SAAGAACAATGAGGAGGUTGAGGACTATGATCGATGAC ‘GACTCA”TFR GATG
GATETGETCAGATT VACTCTCCATCCTTCATTCAG \ICZQGE‘IGTGGCAZAUAAA
CACCCCAAGACATGGETGCACTACATTGCTGCTGACGAAGAGGACTGGGACTATGCACCALTEETC
CTGECCCCTCATGACAGGE CC*AuAA TCTCACTACCTCAACAATGGCCCACAAAGAATTCCGAAGA

AGTACAAGARA 1
e e

TGAG

VAGTCAGATTCE
%

T S

Rl elleletel
LG 2.

_..u_;.\_‘lj

C

-
AAGAACCA CCTAC

GGCCTAL
ACCACTCC

—_—
CARD

AACCTTCAAGACAAGAGAAG
AGACA "G

CACTGATGTCAGY

ACTGATGA
TGEGGAAG
.

alaiats
TCTACCCACATG

SCCATTCAG
RTCATCTTC

GOCCCTETAC

L

BT alb:
sl A

SN Y

3 iisisis

ararat e
(NS L
e

LAl

\CA

Al AGGAGAPTGCCmﬁnM GGGGTGARACACCTCAAGGACTTCCCCATTCTGCCTGGAGAGATCTTC
AAGTACRAGTGLACTGTCACTGTGGAL CCAALC CTGACCCCAGGTGOCTCACCAGA
TACTACTCCTCTTTTGTGAACATGEAGAL TCCCPTCT GACTGATTGGACCACTGCTCATC
TGOTACARCGAGTCTETGGACCAGAG A:C- ATGTCTGACAAGAGAAATGTCGATTCTG
TTCTCTGTC fTGa;uAGAACAGAfCAT~GTﬂCCEuAC”CAQAACATTLnGAGAlIV”TGCCCAAC
SCTGCTGREETE CTGGAAGA C CCTGAGTTCCS GG CAAGCARACATCATGCACTCCATCAATGGC
TATGTGTTTCACTCTCTCCAGCT CETGGCCTACTGGTACATTCTTTCY

PEGGGCACAAACTGACTTICCTT £CT"TVT”C1 TACACCTTCAAGCACAAGATGETG

TAGGAV*CPWZHACACT”mT”"CATTCECTCEC@AAA TETTCATGAGCATGGAGAACCCT

CTGTGGATTCTGEGATCGCCACAACTCTG TJux SERAACAGOGGARATGACTGCACTGLTCAAR

ELCTCp'””G%CALGAAUA”“GGGGACTA ATCAGCACTCTTATCAGGACATCICTECUTAC
CTGIITCAGCAA ;AACAAZACCACCTACGTGKKCCSCi‘”CTC”“”PAuAh’”CAL“T“T CCTGAAG
AGACACCACAGAGAGATCACCAGGACAACCCTCCAGTCTCGACCAGGAACGAGATTGAC TATG?
ACCATTTCTGTGGAGATGAACAAGGACGAVLTTCA?F CTATCATGAGCACGAGCRACCAGS
AGATCATTCCAGAAG A IC’“’G”TbCidTGGAAAGACTGZGGG
ATGTCTTCCTCTCCC AGGGCACAGTCTGECTCTGTGLCACAGTTCAAL
{Continued)
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SAACTGAATGAG
ATGETGACATTCAGA
AGGAAGACCAGAGATAR

CACTGATGECT
CACCYGGGACTCCTGGGACCATACATCA
ACCAGGLCTCCAGGUCCTACAGCTTCT

iy

G a??VumnbnAAbAACTmeTvB?FCCCAR ACTTCTGGAAAGTCCAG

CACCACATECCACCCACCARGGATGAGT TTGA
CTGGAGAAAGATCTGCACTOTGELOTE TLGGCCC
CCTC AT ATGEAAGECARGTGACTGTGCAG
BAGCTCATGSTACT TCACTCAGAACATGGA
GACCCCACCTTCARGGAGAACTACAGGTTC
GGEGCTIGTCATSGCACAGGACCAGAGANTCAGA
ATTCACTCOCATCCACTTOTCTGEECATGTOTTCA
LTGT CAACCTOTACCOTEEGETOTTTGAGAC
GGGTGGARTGLOCTCATTGEEGAGCACCTG!
AA }ZGTC””%uA“A””PPmCCGAATGGCCBC‘g *iTc@D ATCACTGCT
GGCCA ”MAT”~ ACCCAAACTGGOCAGGOT ACTCTGGCTCCATCARTGCATER

TCAACCARG GEACCTECTCECACCCATGATCATTCATEGO!

AAGACACAGGGE AGAAATTCTCCTCTCTGTACATCTCACAGTTCATCATCATGTACT

)
3
)

CTTCTCTGATETGEAC
ACACCAACACCCTGAAD
CTTRACCATCITTEATGARACE
GAGCACCATGCARCATTCAGATEE

FGGOTACATCATGGACACCLTHCCT
TCTATGGGATCCARTGABAAL
ARGGAGGAATACAAGRTGECE
GCCCTCCRRAGCTGOCATCTES
TETTCCTGGTCTAC

3 (2

I3

Q0aa
‘c

(@]

e

-
CTGGATGGCAA GAA@TgGCZ«A ATACAGAGGCAACTCCACTGGCACCCTCATGETCTTOTTTEEC
AATGTGGACA ‘CTGGCATCAAGCACAACATCTTCAACCCTCCCATCATTGCCAGATACATCAGE
CTCCA\ Ch CAGATCAACCCTCAGCATGEAACTGATGGGATCTGACCTGAAC
TCCTGCTCAA GGAGAGCAAGGCCATTTCTCATGCCCAGATCACTGCATCCTCT
TACTTCACCA GGTCACCATCARRAGCCAGGCTGCACCTCCAGGGAAGAAGT
ARTGCCL~C CCCAAAGGAATCGECTGCCAAGTGGACTTCCAGAAGACARTG

A
-

ABRAGTCACT s GOGGTCARGTOTC TGO TOACOTCAATGTATGTGAAGGAGTTC
CTGATCTC! ATGGCCA G

CCAGTGGACACTCTTCTTCCAGAATGGCAAAGTCAAGETG

TTCCAGGGTAL @GGAC”””T”LALapCLG“-G —ﬁ”“”APT SGACCCCCCCCTCOTGACAAGA
TACCTGAGAATTCACCCCCAGTCTTGGETEC AGAAGTCCTGEE
GAGGCACAAGACCTCETACTGA (3EQ ID
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C801lm2-FL~NA

ATGCAGATTGAGCTGTCCACCTGCTTCITTCLGTGCCTGCTCGAGATTCUTGCTICTCIGCCACCAGE
AGATACTACCTGGGEGCTGTGGAACTTICTTGCCACTACATCCAGTCTCACCTGGGAGAGCTGLCT
GTGGATGCCAGCTTCCCACCCAGAGTGCCCAAGCTCCTTCCCATTCAACACCTCTCTGCTCTACAAG
CALAVT”“TTCLGGAATTCACT”?Q”sCu;GT"CAAuATT WCAARACCCAGACCACCCT

Pt
LA 5 LA

Sﬁb COTGEGACCCACCATTCAGGCTGAGGTGTATGCACACTGTGGTUGTCACCCTCAAGAACATG
T?TvaACL T LQTC¢VTFPﬁTGC¢MTGCGACTCT‘LTQCTb AAATCCTCTCAAGGGGCTEAG

GTTCCCTGGGA ”i

— ~
CACACC

ATGATGACTAGACATCCCAGAGAGAGAAAGALT

TATGTGTGGCAAGCTCCTCAAGGAGRAATG CA\,C(,m,'. ACCCACCOTECCT ACTCC
TACC TCTCATCTGGACCTGEETYC G uuCP-A”'"“T GTGTEC
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A CAGCATGAAGAACAATGAGGAGGCIU&rCAhT_ngAFCA‘w CTGACTGACTCTGAGA
”TCAG?"_”G34CAIGACAACTPTCCATCCTTCATTCACAIgAqu" 'GTGCGCAAAGAAN
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LA

GGACTGTGEATTCTGGEATGCCACARCTC lCAFTT\;CAAAquGG’P VTG

GTCTCCTCCTOTGACAAGAACACTGEEGACTACTATGAL
CTGUTCAGCAAGAACAATCCCATTGAGCCOAGAAGCTTCTCTCAGAA £
CACCAGAGAGAGATCACCAGGRACAACCCTOCAGTCTGACCAGGAAGA ﬁTTuA‘TKﬂ”
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TCATTCCAGARGRAGACAAGACAC TﬂCiTCATTbCTG,i
TCTPCCTCICCCCATCTCCTCAGGAACAGGGCACAGTCT
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SCACCTY
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GTCTTCCAGGACTTCACTGATCCECTCATTCACCCAGCCCCTGTACAGAGGGCAACTCGAATGAGT
CTGGGACTCCTGGGACCATACATCAGGECTGAGCTGGAACACAACATCATGGT AV TTCA&AAAC
CAGGCCT CAGCCNhthA'“”m”'nCTC”TQCClC%mhAP CTATGAGGAAGACCAGAGACAAGE
GUTGAGCCAAGARAGEACTTTGTGARA CAALGAAACyAACAyC”ACTT”Tu“APA@TCPAGyh”

CACATGGCACCCACCAAGGATGAG TMTC WCTGCARGGCCTGGECATACTTCTCTCATGTGGACCTC
CAGAAAGATGTGCACTCTGGCCTGATTCGCCCACTCCTGGTCTGCCACACCAACACCCTGAACCCT
GCRCATGECAAGCCAAGTCGACTETGCAGGACGTTTGCCCTCTTCETCACCATCTTTGATGARACCAAG
TCATGGTACTTCACTGAGRACATGCAGAGARACTECAGAGCACCATGCAACATTCAGATGGAAGAC
CCCACCTTCAAGCAGAACTACAGCGTTCCATGCCATCAATGGCTACATCATGGACACCCTGCLTGEE
CTTGTCATGCCACAGGACCAGAGARTCAGATGGTACCTGCTTICTATGLGCATCCAATCGAGAACATY
CACTCCATCCACTTCTCTGEGCATCTCTTCACTETCACAAAGARAGGAGEGAATACAACATGGLCCTG
TACAACCTCTACCOTGEEETCTYTCGAGACTETEGAGATGCTGCCCTCCAAAGUTGGCATCTGHEAGE
GTGGAATGCCTCATTGGGCEGAGCACCTGCATGCTGLCATGICAACCOTGTTCCTGLTCTACAGCAAL
A ClC”C AGACACCCCTGGCAATGGCCTCTGGCCACATCAGGGACTTICCAGATCACTGCCTCTGGEE

AGTATGGCCAGTGCECACCCARACTGECCAGECTCCACTACTCTGEGCTCCATCAATGCATGGETC!
CA G
Ch

3
ot

u(‘A CCATTCTCTTGGATCRAAGGTGGACCTGCTGGCACCCATCATCATTCATGGCATCAL -\G
CAGGGGGCAAGACAGAARTTCTCCTCTCTCTACATCTCACAGTTCATCATCATGTACTCTCOTG
UhTGthA AAGTGGCAGACATACAGAGGCAACTCCACTGGCACCUTCATGGETCTECTTTGGCAAT
GTGGACAGCTCTGCCATCAAGCACAACATCTTCAACCCTCCCATCATTGCCAGATACATCAGELTG

CACCCCACCCACTACTCAATCAGATCAACCCTCAGGATCCAACTGATGGCATCTCGACCTCAACTCC
TCCTCAATGCCCCTGGGAATGCGAGAGCALACGCCATTTCTGATCCCCAGATCACTECATCOTCTTAC
TTCACCAACATGTTTIGCCACCTGETCACCATCARAAGCCAGGUTGCACCTCCAGGGAAGAAGCAAT
GCCTGCAGACCCCAGGTCAACAACCCAAAGGAATGGCTIGCAAGTGCACTTCCAGAAGACAATGAAA
CTCACTGGGGTGACAACCCAGGEGGTCAAGTCTCTGCTCACCTCAATGTATGTGAAGGAGTTCOTG
ATCTCTTCCTCACACGATGCCCCACCAGTCCACACTCTTCTTCCAGAATECCARAGTCARGEGTGETTC

AC

»} ey

CAGGGCAACCAGGACTCTTTCACACCTGTGETGAACTCACTGCGACCCCCCCCTCOCTCGACARGATAC
CTGAGRATTCAC CCCACECTIfdIT“CACCﬁCA"TGCCCTﬁAGAATGG‘Z:VC“MGCQATGTU G

GCACAAGACCYGTACYGA  (SEQ ID NOC:93

Figure 33B
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CS04m2~FL~NA

ATGCAGATTGAGCTGAGCACCTECTTCTTCCTGTGUOTGCTCAGETTICTCUTTCTCTGCCACCAGS
AGATACTACCTGGGEGCTGTGEAGCTTTCTTGGEACTACATGCAGTCTGACCTGGGEGAGCTGECCT

GTGGATGCCAGGTTCCCACCCAGAGTGCCCAAATCCTICCCATTCAACACCTCTGTGETCTACAAG
AAGACCCTCTTTOTCGAGTTCACTGACCACCTETTCAACATTCCCAAACCCAGGCCACCCTGGATG
GGACTCCTGGGACCCACCATICAGGUTHAGGTGTATGACACTEIGGTCEICACCCTCAAGAACATG
GCCTCCCACCCTGTCAGCOTGCATGCTGT GGEEETCAGCTACTGGAAGTCOTCTGAGLGEEITGAS
TATGATGACCAGACCTCCCAGAGGCAGAAGGAGGATGACAAAGTGTTCCCTGGGRAGAGCCACACT
PTATCTGTGGCAGCGTCCTCAAGGAGAATGECCCCACTCCCTCTCACCCACCOTCCCTGACCTACTCC
TACCTITCTC A GTGGACCTGEETCAAGGACCTCARACTCTGGACTGATTGEEGCCCTEUTGETETGC
AGGCGAGGGCTCCCTGGCCAAAGAGAAGACCCAGACCCTGCACAAGTTCATTCTCCTGTITTCCTGETC
TTTGATCAGHFCAAGAHCTCs (TPTCAAFCCAACAﬁﬁ'uCCTGPiGC GZPF“jGATGCTGCC
TCTCCCAGGGCCTEECCCAAGATGCACATTGTCGAATGGCTATH ACTC
ATTGGCTGCCACAGEBAARTCTGTCTACTGGCATG TPPTTGGCFMGCGUA CARA CCCCTGAGGTGC&C
TCL-PTTmeTGGAF”““”NCAVVF" CCTGGTCAGCGAACCACAGACAGGCCAGCCTGGAGATCAGT
CCCATCACCTTCCTCACTGUCCAGACCCTGCTGATGCACCTCGGACAGTICCTGCTETTCTGCCAL
ATCAGCTCCCRACCAGCATGATGGCATGGAGGCCTATGTCAAGETGGACAGCTGCCCTGAGGAGCCA
CAGUTCAGGATGAAGAACAATGAGCAGG TGAuuACmAV"ATCAmiAC TCACTGACTITCTGAGATS

GATGTGETCCGUITTGATGATGACAACAGCCCA’ FGTGGCCAAGAAA

CACCCC-“”AL”T“qG”CCAL_AChmeC“"Lm”Ab wwAbum¥l~uanIhTGF CACTGGETC
CTGECCOCTGATGACAGCAGLTACAAGAGCCAGTACCTCAACAATGEL! CAwAbAhh VTTEGACGC

ABGTACAAGAAAGTCAGGETTCATGECCTACACTGATGAALLCTTCAAGACCAGGGAGGUCATTCAG
CATGACGTCTGGCATCCTGHLGCCCACTCCTETATGCCCAGETCLGEGACACCCTGCTCATCATLTTC
AAGAA(T“GGCCTCCAGCCCC- \CAACATCTACCCACATGGCATCACTGATGTCAGGCCCCTIGTALC
AGCCGCAGGUTGCCARAGEGCETGAAACACCTCAAGGACTTCCCCATICTGCUTGGGLAGATCTTC
AAnTRCAAnTCw,,LwTCh CTETGEAGGATGCACCAACCAARTCTGACCCCAGGTGCCTCACCAGA
TACTACTCCAGCTTTGTGAACATGGAGAGGGACCTCGCCTCTGECCTGATTGGCCCACTGCTCATC
TGCTACAAGGAGTCTGTGGACCAGAGGGGARACCAGATCATGTCTGACAAGAGGRAATGTGRATTCTG
TTCECTCTCTITCATCAGAACAGGAGCTGETACCTGACTGAGAACA pACFbeTPhTHLV;hA
CCTECTCEEGTCCAGCTECAGCGACCCTGAGTTCCAGGCCAGCAACATCATGCACTCCATCAATGG
TATGTGTTTGACAGCCTCCAGCTTTCTGECTGCCTG vATGAQLTGG§C”AffuwTALHTm“mTILl
~

ATTCGGGCCCACGACTCACTTICCTTTICTGTCTTCTTCTICTCGCTACACCTTCAAACACAAGAT GG

TATGAGCGACACCCTGACCCTCTTCCCATTCTCTGCGEGACGACTGTETTCATGAGCATGEAGAACCCT
GGCCTGEGGATT”Z'” DTG”‘AChACTC“GApTip""LAACAGGG CATGACTGCUCTGCTICAMA

GTCTCCTCCTETGACAAGAACACTGGGGACTACTAT AGGAC.GCTATGZGGApATFTCTSTCTAC
"T"LILA‘”AAGAAJ*ATGCCATTGAG(CCA~GAGCT”CAG,LA SAATCCACCTGTCCTGARACGE
CACCAGAGGGAGATCACCAGGACCACCCTCOAGTCTGACCAGGAGGAGATTGACTATGATGACACT

ATTTCTGE GAGATGAAGAAAGAGGACTTTGCACATCTATGACGAGGACGACGAACCAGAGCCCAAGS
CCTTCCAGAAGAACGACCAGGCACTACTTCATTGCTGCTETGGAGCG CF”GTGGG{CEATGGVATG
A”W”“CAJCCZCCATG‘CC”CAGGAACA;uG<CCACTCZ SGCTCTETGCCACAGTTCAAGARAAGTG

(Continued)
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TCTTCCAAGAGT TCRL
CTGAGACTCCTGEECT
CAGGCCTCCAGGLCT
GCTGAGCCACGCAAGA
CACATGGCLCCCCALC

~
GAGAAGGATGTGCAC

GGCAGCTTC CCCCTGTACAGAGGGGAGCTGAATGAGCAC
ACATCAGGEE ‘GAQ; ACBACATCATCCTGACCTTCCGCAAC
PTCTACAGCTCCCTCATCAGCTATGAGGALC 4.“»«.” "'TM.C:“«G ZXG”‘“G
TGTGARACCCAATGAAACCARGACCTACTICTG AGCAC

GAGTTTGACTGCAAGGCCTGLGCCTAL T‘I‘“Sf( : Gl’u 31\(’”’”’}

CCTGATTGGCCCACTCCTGGTCTGCCACACCAACATCCTGAACCOT
GUCCATGGAAGGCARC TETGCAGGAGTTTGCCCTCITCTTCACCATCT
AGCTGGTACTTCACT CATGGAGCGCAACTGCAGGGCCCCATGCAACATTCAGATGGAGGAC
CCCACCTTCARAGAG CCGOTTCCATGCCATCAATGGCTACATCATGCACACCTTGECTGGG
C"'"”"'[““A'I‘G‘\(CC‘CFCC‘LCCAGZGGRT CAGGTGCTACCTECTTTCTATGGGCTCCAATGAGAACATT

cT GGG'\ ATGTCTTCACTETGCECAAGAAGCGAGGAGTACAAGATEGCCTTG
CTTTGAGACTCTGGAGATEC! '3V4CCC TCCAAACGCTGRCATCTGGAGS
GTGGAGTGCN "CA TTCCL“A’V*AC CTGCATGCCTGEGECH! CACCCTGTITCCTGETCTACAGCAAC
gNe C CAGACCCCCCTGEEAATGGLCTCTGGCCACA uGuACTTCCAGuLCACTGCCTCTGGC
GC CAGTGGGECCCCCAAGCTGECCAGGCTC CTACTCTGEGATCCATCAATGCCTGGAGE

SCCATTCAGUTGEGATCARAAGTGGACCTG GCCCCCATGATCATCCATGGCATCARG
I

T4 (
363

3
:’,J
G}
-]
D

o]
1
P
[
]
My
=
GW

CAGGGGGCCAGGCAGAAGTTCTCCAGCCTGTAC ?CTT\,JaTCAL\,AL' STACAGCCTG
GATGGCAAGAAATGCCAGACCTACAGAGGCAACTCCACTGGAACACTCATGGTCTTCTTTGGCAAT

GACAGUTCTGGCAT ?}‘xGCA Lv\\,Z\T"‘TT"‘f LA C CCCCRATC TCCCCACATACATCAGGCTG

CCCAC CCEC GCA CTCAGGATGGAGTTGE """GC'}' Z CCTGAACTCC
TGCAGCAT GAGAGCAAGGCCATT ”\T’:HTG(NCCAG e TCCAGCTAC
TTCACCAA C? 'QTGGAGCr‘f‘Z&AGCAALCCCA"?’“(”}:"'T\"’A””T AGGAGCAAT
SCCTG G CAACCCARAGGAGTGGUTELAG olar CA VoAU ATGAAG
{ TGGA 'CAACAACCCAAAGGAGTG AGGTGGACTTCH GACCA T(AA
GT \,A\/T(:\Ju(;Tbi“ CACCCAGGGGETCAAGAGCCTGEUTCACCAGCATGTATG G
G

CAGCTCCAGCCA FPATC@

[
=5
{3
)
}

WCCAGTGGACCCTCTTCTTCCAGAA Th(’»‘((‘/-\/‘- (
'?A?’SG( AACC ZH-,H cT GTGGTGZ‘LACAGCCTGJLV\, COCCCCTC
CTGAGGATTCAC TGGGTCCACCAGATTGCCCTGAGGATGGAG
GOCCAG -.”\C‘?T( T TGA  {SEQ ID NO:24)

o000
0
9]
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CTCTGCCACCALG
CTGEGGEAGCTGCC
s

CTGTGCETCTACAAL
CACCTGTTCAACATTY ”’ZCZ\f«Z\’“(‘f‘T\GG CCACCUTGGATG

TOAGGTETATOACACTOTGS

COTCAAGAACATG
CAGGEGEGECTGAG
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GTGGTUTTCCRAGAGTICACTCATGLCAGCTTCACCCAGCCCCTGTACAGAGGGE i
hpCCTGGGACTCCTCQGCCCA*AV&TCACCU,TGAG?TGGAGGACAACEiCATGG GACCTTCCGC

AACCAGGC TCCAGGCCCTACAGCTT CTACAGUTCCCTCATCAGCTATCGAGGAGCACCAGATGCAG
GGGGCTGAGCCACGCAAGAACTTTCTGARA CCAAICAA)CCA;GA¥“TA"TT”?QGAAAGT“”Ab
CACCACATGGCCLCCACCAAGGATGAGT T TGACTGCAAGGCCTCGGCCTACTTCTCTGATGIGGAC
CTGGAGAAGCGATOCTCCACTCTGGCCTCATTGGCCCACTCOTGETCTGCCACACCAACACCOTGAAC
CCTGCCCATGGAAGGCAAGTCGACTGTGCAGGAGTTIGCCCECTICTTCACCATCTTITGATGARACC
AAGAGCTGCTACTTCACTGACAACATCGAGCCGCAACTGCACGGCCCCCATGCAACATTCAGATGGAG
GACCCCACCTTCAAAGAGARLCTACCGCTICCATCCCATCAATGEUTACATCATGGAL ACChTCPVT
GGGCTTGTCATGGCCCAGCACCAGAGGATCAGGTGETACCTGCTITTICTATGEECTCCAATGAGARC
“TTpm”T“C”“CCACTSCTC}C'GUA”GT”TTPﬂbTb“UCGCAACKA“GAGGAGTACAAGATGGCC
CTGTACAACCTCTACCOTGGGRTCTTITCAGACTSTGCGAGATGCTGCCCTCCARAAGUTGLCATOTGG
AGGCTGCGAGTCCCTCATTGGGCAGCACCTGCATGUTGCGUATGAGCACCITGTTCCTGGTCTACAGC
AACAAGTGCCAGACCCCCCTCGGAATEECOT ”CL CACATCAGGCACTTCCACGATCACTECCTCT
GGCCAGTATGGCCAGTGGGCCLCCARGCTLGLT ”C”CCAT”LAECAATGP””GG
AGCACCARG \BGCCATTCF@CEGGATCnAﬁFTwGXC,TGC GFC CATGATCATCCATGGCATC
AAGACCCAGGEUCCCACGCAGRAAGTTCT GO
CTCGA-3GfAAJAAA-GGCAC*CciACAGHU((AECICPACT:C *,AJI”ATCCT”TIL
ARTGTGCGACAGCTCTGCCATCAAGCACAACATCTITCAACCCCCCAATCATCOGCCAGATACATCAGE
”TC” ACCC CA&CpApmAJAbLuF”CGCAQCACLC”“AL ATGGAGCTGATGGGUTGTGACCTGAAC
TGCCCCTGEGCATGCGAGAGCAAGCCCATTTCTGATGCCCAGARTCACTGCCTCCAGC
TACTTC]L&L?C VICTTTGCCACCTGGAGCCCARGCAAGECCAGGCTGCACCTCCAGGGRAGGAGC
AATCCCTYGGAGGCCCCCAGGTCAACAACCCAAAGGAGTEECTGCAGGTCCACTTCCAGAAGACCATG
BAGG ACCACCCAGGLECETCAAGAGCCTCGCTCACCAGCATGTATGTIGAAGGAGTIC
CTGATCAGCTCCAGCCAGSCATGECCACCAGTCCACCCTCTTCTTICCAGAATCCGCAAGGTCAAGGTC
TTCC SGJ”AACC%C CACAGCTTCACCCCTGTGETGAACAGUCTGGACCCCCCCCTCCTGACCAGA
TACCTGAGGATTCACCCCCAGAGCTGGETCCACCAGATTGCCCTCGAGGATGGAGGTCCTGGGATGET
GAGGCCCAGGACCTGTACTGA  {SEQ ID NO:25)

(3

11 R Tatalol 1
TCACTGGE Gi
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CSP4m23~FL-NA

ATGCAGATTCAGCTCAGCACCTGCTTCTTCCTGTGCCTECTCAGEGTTCTGCTTCTCTGCCACCAGG
AGATACTACCTGGEEGCTGTEGAGCTTTCTTGGCACTACATGCAGTCTGACCTGEGEGAGCTGCC
GYGGATGCCAGETTCCCACCCAGAGTGUCCAAATCCTTICCCATTCAACACCTOTGTGGEICTACAAG
AAGACCCTCTTTGTGCGAGTTCACTGACCACCTETTCAACATTCCCARACCCAGCGCCACCUTGGEATG
GGACTCCTGGCACCCACCATICAGGCTCAGGTGTATGACACTETGCTCGTCACCCTCARGAACATG

GOCTCCCACCOTETGRAGCO e et atalal ot oy Nolal ey U al e a et Velalalalalatils
(108 CCCACCCTG BGECCTGCATGCTETEEEEETCAGCTACTGEAAGTCCTUTCGAGGGEET Jn("

()]

3

TATGATGACCAGACCTCCCAGAGGGAGAAG SAGCATGACAAAﬁ?“TmVCCTuaV“A(AVCLACA
TATGCTGTGGCAGGTCCTCAAGGAGAATCCUCCCACTGLOTCOTGAC VAC“””%CPTG TACTCC

TACCTTTCTCATGTGGACCTGGTCAAGGACCTCAACTCTGGACTGATTGGGGLCET TCQTQTG,
AGGGAGGGLTCCUTGECCAAAGAGAAGACTCAGACCCTGCAL .AGTTCATTCTCCTC“”“CC“S”b
TTTGATCAGGGCAARGAGCTEHCACTCTGARAACCARAGAACTCCCTGATGCAGCGACAGGGATGCTECC
TCTGCCAGGGCCTGECCCAACGATGCACACTGTGAATGGLTATCTGARCAGGAGCCTECCTGRACTC

ATTGGCTGCCACAGGAAATCITGTCTACTGGLATGTGATTGGCATGCEGACAACCCCTGAGETGCAL
PCCATTTTCCTCCGAGGGUCACACCTTCCTGETCAGCGARCCACAGACAGGTUCAGCCTGEGAGATCAGC
CCCATCACCTTCCTCACTGCCCAGACCCTGCTCGATGCACCTCOGACAGTTCCTCCTETTCTGCCAC
ATCAGCTCCCACCAGCATGATGGCATGGAGGCCTATCTCAAGETGCACAGCTGCCCTGAGEAGCCA
CAGCTCAGGATGAAGAACAATCAGGAGGUTGAGGACTATGATCGATGACCTGACTCGACTCTGAGATG
’f‘A CTGETCCGOTTTGATCGATGACAACAGCCCATCOTYCATTCAGATCAGGTCTETGGUCCAAGAAR,

CACCCCAAGACCTECETGCACTACATIGCTGCTGAGEAGGAGEACTGGRACTATCCCCCACTEGTT

AGCTTCATGGCCTACACTGATCAAACCTTCAAG GGGAGGCCATTCAG
CATGAGTCTGG CTGGECCCACTCCTGTATGGE AnuCTGCCGCA. MVCTCCTCATC“TCMW
AAGAA&’AGGCZECJﬁGv”C”” \CAACATCTACCCACATGGCATCACTGATCTCAGECCCCTETAC
wbbGCduG»fP”L”;AGG(S”””PAACAﬁCTC%AS SACTTCCCCATTOTGCCTEEGEAGATCTTC
AAGTACAAGTGCACTCTCACTGTGGAGCATGCACCAACCAAATCTCACCCCAGGTGCCTCACCAGA
TACTACTCCAGCTTTG G?AC&TGGAGACdeuCTGICCTCTQICZTGlTTCGCL ACTGCTCATC
TGCTACAACCAGTCTGTGOACCAGAGGGCRAACCAGATCATGTCTCACAAGAGGAATGTCGATTICEG
TCTCTETCTTTGATCAGAACACCGAGCTCETACCTGACTCAGAACATTCAGCGCTTCCTGCCCAAC
CCTGCTCEGEETGCAGCTEGAGGACCCTGAGTTCCAGGCCAGCAACATCATGCACTCCATCAATGGC
TATGTGTTTGACAGCCTCCAGCTTTCTGTCTGCCTGCATGAGETGCCCTACTGGTACATTOTTTICT
ATTGCCCCCCACGACTCACTTCCTTITCEGTUTTCTTICTCTGCCTACACCTTCAAACACAAGATCGTG
TATGAGGACACCCTGACCCTCTTCCCATTCTCTGEGCGAGACTGTGTTCATGAGCATGGAGRACCCT
GCECCTCTGEATTCTGGCATECCACA ACICMGAﬂ”TfCGCL“FQQQSG,HfﬂxT‘QCEC”ﬂ“ICAA
GPCICCTCCTIGCTGACAAGAACACTGCEGACTACTATCGAGCACAGCTATGAGCACATCTICTGLCTIALC
CTGCTCAGCCAAGAACAATACCACCTACGTGAACCGUTCCCTGAGCCAGRATCCACCTSTC TGAAA
CGCCACCAGAGGGAGATCACCAGGACCACCITCCAGTCTGACCAGCGAGGAGATTGACTATGATG
ACCATTTCTGTCCAGATCAAGARACGAGGACTTTCACATCTATCACCGA GCb“uACAACVACA”CV;A
AGCAGCTTCCAGAAGAARCACCAGGCACTACTTCATTCGCTEGCTGTGCAGCECCTETGGEACTATS
ATCGAGCTCCAGCCCCCATGTCCTCAGGAACAGGGCCCAGTCTEGCTCTET CuAClCMTLHACAZ\

CKLS”C SCTGATGACAGGAGCTACAAGAGUCAGTACC “”AmCaATHGCL”ALACASGAT”GGACGC
AAGTACAAGAAAGTC
G T

3
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GLGETCTTCCAAGAGTTCACTGATCGCAGLTTCACCCAGLCUCCTCTACAGAGGGGAGCTCAATGAG
CACCTGGRACTCCTEGECCCATACATCAGGECTCAGCTGGAGCACAACATCATGETGACCTTICCES

ARCCAGGCCTCCAGGCCCTACAGCTTCTACAGCTCCUTCATCAGCTATGAG @AGGACCAGAGGCAG
GGGECTGAGCCACGCARGAACTTTICTGAAACCCAATGARAACCARGACCTACTTCTGGARAGTCCAG

Q'—‘CACAT GG '“CCU\ ACCAAGGATCGAGTTTCACTGCAAGGCCTGGEELCTA f‘Tm’\T(w" )IC‘T‘h(JA\,
CTGATTEGCCCACTCCTGEGTC ACACCAACACCCTGAA
Ce ‘C"‘ r‘CATC GA}LGGCAZA /wi GACTETGCAGGAGTTTGC CAC CATCTTTGAT G}'\'\_AACC
AAGAGCTGETACTTCACT ::ZT-‘L(;AACZR:GG AGCGCAACTGCAGGGCCCCATGCAACATTCACATGGAG
GACCCCACCTPTCARAGAGAACTACCGOTTCCATGCCATCAATGGCTACATCATCGACACCCTGCCY
GGGCTTETCATGCCCCAGGACCAGAGGATCAGETGGTACCTGUTTTCTATEGGCTCCAATCGAGAAL
ATTCACTCCATCCACTTCTCTGGECATGTUTTCACTEIGCEGLAAGAAGGAGGAGTACAA GGCC
CTETACAACCTCTACCCTGGGETCTTTGAGACTETGGAG 5TGCTFP CTCCAAAGCTGGCATCTGE
AGGGTGGAGTGCCICATTGGEGAGCACCTGCATEUTGGELY CA’\'(N CPETTCCTGETCTACAGT
\ A ACTTCCAGATCACTGCCTCT
~

CCTeTId

AACRAGTGCCAGACCCCCOTGGEAATGGCCTCTGGCCACA

GGCCAGTATGGCUAGTGGGCCCCCAAGCTEGCCAGGUICCACTACTOTGGATUCATCRAATECCTGE
AGCACCAAGGAGCCATTCAGCTGEGATCAAAGTCGACCTGCTGGCCCCCATGATCATCCATGGLATC
AAGACCCAGGGGELUCAGGCAGRAGTTCTCCAGUUTGTACA AGTTCATCATCATGTACAGT

CTGGALbvaACAAZTFJVA SACCTACAGAGGCAACTCCAC CACTCATGETCTTCTITGEE
ARTGTGCACAGCTCTGGCATCAAGCACAACATCETCAACCCCCCAATCATCGUCAGATACATCAGE
GCACCCCACCCACTACAGCATCCGCAGCACCCTCAGGATGGAGCTGAT x“hCTGJ\lCT‘GAAC
TCCTGCAGCATGCCCCTEGGCATCGAGAGCAAGGCCATTIUTCGATCGCCCAGATCACTC
CAACATGTTTGCCAC GAGCCCAAGCARAGE CTCCAG
CIGCASGL”“ AGCTCAACAACCCAAAGGAGTGGCTGCAGETGGALTTCC
nAuFiTACm:uu ACCACCCAGGGEETCAACAGCCTGCTCACCAGCATGTATGTCA
p”GA*CA('”“CA LAGGAW“GbCACCA TOGGACCCICTTCTTCCAGAATGGCAAGETCAAG Siu
CC”TCAFCCCm”Tf'fCA“u GCCTEGACCCCCCCCTCOTGACCAGA
TGOGTCCACCAGATTCGCCCTGAGGATGGAGGTCLTGEGATCY
GKQGCCCA)VA(LTGTAVT?E {SEQ ID NC:9%6)

Figure 36B
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ATCGCACGATTGAGCCTCGACCACCTCCTTCTICCTETCCCTGCTGAGETYCTGCTTCTUTGCCATCAG
ACCTEGEEECTETGGAGCTTTCTTGGEACTACATGCAGTCTGACOTGGGEGA )(\TGCCM
GTGGATGCCAG TT& SCACCCAGAGTGCCCAAATCCTYCCCATTCARCACCTCTGTGGTCTACA
AAGACCCTCTTTGETGGACTTCACTGACCACCTGTTCAACATTGCCAAACCCAGGLCACCCTGGATG
GGACTCCTGGGAC Ck,zx’f’f ATTCAGGCTGAGGTGTATCGACACTETGETCATCACCCTCAAGAACATG
GCCPCCCACCOTGTCAGCCTGCATGUEGCTGGEGGTCACCTACTCGAAGLECCTCTCAGGEEEUTGAG
TATCGATGACCAGACCTCCCAGAGGGAGAAGGCAGGATGACAAAGTETTCCCTGGGEGCAGCCACALC
TATGTGTGCCAGGTCCTCARAGGAGAATGECCCCATGECCTCTCGACCCACTCTGCCTEACCTACTC
TACCTTTCTCATGTGGACC GGTCAACGXV””CD LCTCTGGACTEATTGGEECCCTELTEETETEC
GAGGGCTCCCTGGUCAAAGAGAAGACCCAGACCCTGCACAAGTYCATTCTCCTEYTTGCT "”C
ATGACGGGCAACGAGCTCEGECAC & \.n\z“.ACCZ" AGRACTCCCTGATGCAGCGACAGGGATCECTEL
TCTGCCAGEGCCTEGCCCAAGATGCACACTGTGAATECGCTATETGAACAGGAGCCTGCCTEGACTC
ATTGEUTGCCAL A(‘PAANI’ TCTCTACTGGCATGTGATTGGCATGEEGACAACCCCTGAGGTELAC
TCCATTTTCCTGGAGG ACACCTTCCTGGTCAGGAA C[JCAuA(\A GCCHE ,:'CCTCQAGAI‘CAGC
CCCATCACT LTC\,T(\’XCVTGTCC \\_rz&-CCTC(‘rﬂGL TEGACCTCEEGACAGTTCCTECTEYC
ATCAGCTCCCACCAGCATGATGGLCATGRAGGCCTAT ITCAAG sTGEACAGCTGCCCTGA :CAH\,\,A
CAGCTCAGGATGAAGAACAATGAGGAGGCTGAGGACTATGATGATGACTTGA 2 GACTCTGAGATG
GATGTGGTCCGCTTTGATGATGACAACAGCCCATCCTICATTCAGATCAGETOCTETCCCCAAGARA
CACCCCAAGACCTGGETGCACTACATTGUTGCTGAGGAGGAGGALT GG(*ACTATCC CCCACTEEYC
CTGGCCCCTGATGACAGGAGUTACAAGAGCCAGTACCTCAACAATGECUCACAGAGGATTEGALGC
AAGTACAAGAARGTCAGETTCAT rUC(\T]\\,Z’\(\TGhTC‘J&]\CCTmme‘\.G:\C’C}\GCGACA/NCTETTC.AG
CATGAGTCYGGCATCCTGGECCCACTCCTETATGGGECAGGTGEGEEACACCCTECCTCATCATCTYC
AAGAA CAGGCCTCCAGGUUUTACAACATCTACCCACATY ;aCf.TCAC" 'GATGTCAGGCCCOTGTAC
AGCCGCAGGCTGCCAAAGGGEETGAAACACCTCAAGGACTYCCCCATTCTGCCTGGEEAGATCYTC
AAC ACAACTGGACTGTCACTGTGGAGGATCCACCARCCAAATCTGACCCCAGCGTGCCTCACCAGA
TACTACTCCAGCTTTGTGAACATEGAGAGGGACCTGECCTCTEGCCTBATTGECCCACTECTCATC
TGCTACAAGCCAGTCTCTGGACCAGAGGGGAARCCAGATCATGTCTCACAAGAGGAATETGATTCYC
TTCTCTETCTTTGATGACGAACAGGAGCTGGETACCTGACTGAGRAACATTCAGCGCTTCCTGCCCAAC
CCTGCTGEEETECAGUTGEAGGACCOTGAGTTCCAGECCAGCRACATCATGCACTCCATCAATGET
TATGTGITYGACAGCCTCCAGCTITCTSTOYGCCEGCATGAGETGGUCTACTGETACATICTTRCT
ATTGGGEGCCCAGACTG APTT\,CTTTCMCTCTTCTL‘CTCTC JCT:&CA-’"CT?CA[*Z\\,ACPAL TGGTG
TA :-\:AC\J‘ CACCCTGACCCTCTTCCCATTCTCTGGGGAGACTETGTTCATGA WACCCT
GGCCTGETGGATTCTGGGATGCCACAACTCTGACTTCCGTAACAGHE! :G(,ATGA CTGCCCTGCTCAAA
GTCTCCTCN:l’G'I'GACAAGAACA("f\’ GGGACTACTATGAGGACAGCTATGAGGACATCTCTECCTAL
CTGCTCAGCAAGAACAATGCCATTGAGCCCAGEAGCTTCAGCCAGRAATCCACCTETCCTGARALGC
CACCAGAGGGAGATCACCAGGACCACCLTCCAGTCTGACCAGCGAGGAGATTGACTATGATGACALC
ATTTCTCTCCAGATGAAGALAAGAGGACTTTGACATCTATGACGAGGACGAGAACUCAGAGCCCAAGG
AGCTTCCAGAAGAAGACCAGGCACTACTTCATTGCTGCTCTGEGAGCEGCCTETGGEACTATCGECATG

AGCTCCAGCCCCCATGTCCTCACGGAACAGGGCCCAGTCTGGCTCTETGCCACAGTTCAAGRAAGTG

AGATAC

f)b

&

i

{Continued)
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GRCTTCCAAGAGTTCACTGATGGCAGCTTCACCCAGCCCCTGTACAGAGEGCAGCTGAATGAGCALC

CTCGGACTCCTEGGLCCATACATCAGGGCTGACGETGLAGGACAACATCATGETGACCTTCOGCAAC

CAGGCCTCCAGGCCCTACAGCTTCTACAGCTCCOTCATCAG ZAT,NGGAGGACCAGABGLA GGG
GCTGAGCUACGCAAGARCTTTCETGARACCCAATCAAACCAAGACCTACTTCTGGAARGTCCAGCAL
CACATGECCCCCACCAAGGATGAGTTTEGACTGCRAGGCCTGEE C’ANTPFP,LJAAGMCbAu:EU

GAGAAGGATGTGCACTCTCGCCTGATTGGLCCACTCCTGETCTGCCACACLAACACCLTGAACCCT
GCCCATGCGAAGGCAAGTGACTETGCAGGAGTTTGCCCTCTTCTTCACCATCTTTGATGAAACCARAG
AGCTGGTACTTCACTGAGAACATGGAGCGCAACTGUAGGGCCCCATGCAACATTCAGATGGAGGAL
CCCACCTTCARAGAGAACTACCGCTTCCATGCCATCAATEGCTACATCATGCACACCCTGCCTEEG
CTTETCATGLCCCAGGACCAGAGGATCAGCTECTACCTGUTTTCTATGGECTCCAATGAGAACATT
CACTCCATCCACTTCTCTGOGCATCTCTTCACTSTCCGCAAGAAGGAGGACGTACAAGATGRLCCTG
TACAACCTCTACCCTGGGETICTTTCAGAUTGTCCAGATCCTGCCOTCCARAAGCTGECATCTGGAGS
GTCCGAGTGCCTCATTGCCCEAGCACCTGCATCCTGGCATCGAG CHPCCT? TCCTGETCTACAGCAAT

Aﬁh~gCCAgL3CCCCCTGGGAAT(TCCTCéghCCACATCAG,W TTCCAGATCACTGCOTCTGET
CAGTATGGCCAGTGEECCCCCAAGCTGGUCAGGCTCC m’CIp’CCLT CCATCAATGCCTGGAGC

ACCRAGGAGCCATTCAGCTGEATCARAAGTGGACCTEC TCGC&CCC,JU TCRTCVL:uuC1¢VrQG
ACCbAG sGGGCCAGETAGAAGTTCTCCAGCCTGTACATCAGCCAGTTCATCATCATGTACAGCCTG
TCCCAAGAAATCGCAGACCTACAGAGCCAACTCC? “TﬁG,“AFTCfTGGT”TTC“TTCGCAAT
”TCCA&AGCTCMGGC VICARGCACAACATCTTCAACCCCCCAATCATCGUCAGATACATCAGECTS
CACCCCACCCACTACAGCCATCCGCAGCACCCTCAGCGATCEAGCTCATEGELTCTGACCTGAACTCT
TGCAGCATGCCCCTCGGCATGGAGAGCAAGGUCATTICTGATGCCCAGATCACTGCCTCCIAGCTAL
TTCACCAARCATGTTTGCCACCTGGAGT CLMACPHAGGﬂCAUGrm CACCTCCAGGGAAGGAGCAAT
GCCTGEAGGCCCCAGGTCAACAACCCARAGGAGTGECTCCAGETGGACTTCCAGRAAGACCATGAAG
GTCACTGGGGTGACCACCCAGGELETC %SAG&”QGCTCACCAGC'"“TD””iu AGGAGTYCCTS
ATCAGCTCCAGCCAGGATCCCCACCAGTGGACCCTCTITCTTCCAGAATGECAAGGTCAAGGTGTTC
CAGGGC .ACCAGGACAGC“TCACC C”G”GG”CA.'AGCCTG(M“CCCC SCCTCCTGACCAGATAC
CTCAGGATTCACCCCCACAGCTEGGETCCATCA TGCCCTCAGCATGGAGGTCCTGECATGTGAS
GCCC ACGACCZwIA\‘“A {SEQ ID NO:9H

Figure 378
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ATGCAGATTGACCTGAGCACCTECTTCTTCCIGTGCCTGUTGAGETTCTGC
AGATACTACCTGGGEECTETGRAGCTTICTTGEG ACTACﬂluCA“TF" SACCTGGRE
CTGGATGCCAGETTCCCACCCAGAGTGUCCARATCOTTCCCA
ARGACCCTCTITGIGGAGTTCACTGACCACCTGTTCAACATTG
GGACTCCTGGGACCCACCATTICAGGCTGAGGTGTATCACACTGTGGTCATCACCCTCRAGRAACATG
[ e

CCCTCCCACCUTGTGAGCCTGCATCCTCTGOGGCTCAGUTACTCCAAGGCCTCTGAGGGEGCTGAL
TATGATGACCAGACCTCCLAG AGGBAGAAGGAGGA~UHCAFAHW”fTC””leGGGCKGCCACACC
CTACTCC

TCTCATGIGGACCTGGTCAAGBACCTC %PTQlGuACm” VTTPEE GC,C”TGC”GGT
GEGCTCCCTCGCCAARGAGAAGACCCAGACCCTCCACAAGTTCATTCTCCTGTTY

TTTGATCAGGCCAAGACCTGGCACTCTCAAACCAACAACTC CC"”’ZC”’ﬁGACA~GGATGC'
TCTG,VAgGﬁﬁC“,aLLu“AGLTGFﬁC&’1C¢uAhTUG CTATGTCGAACAGGAGCCTGCOTGGA
ATTGGCTGCCACAGCAAATCTCTCTACTSGCATGTGATTCCCATGGCCACAACCCCTCAGETGCAL
TCCATTTTCCTGLAGGGCCACACCTTICCTGETCAGCGAACCACAGACAGGCCAGCCTGGAGATCAGC
CCCATCACCTTCCTCACTCCCCAGACCCTGCTGATCCACCTCCCACAGTTCCTGCTETCCTGEUCAL
ATCAGCTCCCACCACCATCGATCCCATEGAGCCCTATCTCARGRTGCGACAGITCCCCTGARCAGCCA
UAG TCAGGATCAACAACAATGAGCAGLUTCACGGACTATCATCGATCACCTGACTCGACTCTGAGATG
CAT“ﬁG”lCC””I”TGAmJ“IuﬂC\ACAQFCCATC”TILAfTCACIiL“G"m” GUTGGCCAAGAAL
CA CC&AACAuVTﬂ~uTCLAF£KCIT .CTQ
""" GGCCCCTGATCACAGGAGCTACAL
AAGTACAAGAARG KhCWTCALx
CATGAGTCTGGCATCOTGREC AC
AAGBACCAGGCCTCCAGGCCT TT\C”\
AGCCGCAGGUTGCCAAAGEGECTGAAALI
AAGTACAAGTGGACTGTCA
TACTACTCCAP”“”””TCAA GGGAC ”Iuﬂf”ﬁﬁh”“"“TCCfCAT”
TCGACAAGAGGAATGTGAT

TATG GTGGCAGGTCCTCAAGCAGAATGGCCCCAT
e
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AT
.LTP TCLTTGA J;U i GACTGAG Aﬁ ATTCAG‘uCTh””Ivay A
CCTGCTEGEETGC ;JCEMGAGC TCCEGAGTTuCAGGCCA?“\\”AECA“GCACECphIC ATGGE
TATGTGTTTGACAGCCTCLAGCTT] T AGETEE L”KC’QGTF ATTCTTTCY
ATTGGCCCCCAGACTGACTTCC GCTACACTTTCAARCACAAGATGETG

TATGAG bACA”ﬂCTCACLVTCTT”CCF TCTCTGGGGACA TGJU?TFIiGFcLhJuuAG““”" CT
GGCCTGTGLEATTCTIGGEATGCCACAACTCTGACTECC :(‘AACAGGG SCATGACTGCCCTY ”""’”’L\AA
CTCCTLTGACAAGRACACTGGGHACTACTATCACCACAGCTATCAGGACTATCTCTGCCTAL
C Ta;“‘i'f AGCAAGAACAATACCACCTACGTGAACCGLTCH 3Cl AGCCA GAATCCACC':”"‘CCTGAAA
CECCACCAGAGGGAGATCACCA SECCAC(P””CAw?i TGACCAGGAGGAGATTGACTATGATGA
ACCATTTCTCTGCAGATGAAGAARGAGGACTYTGAC TGAG ACGAGAACTAGAGC
AGGAGCTTCCAGAAGAAGACCAGGCACTACTTCATTC G COTGTCGEACTATGGEC
ATGAGCTCCAGCCCCCATGTCUTCAGGAACAGGGCCT TGCCACAGTTCAAGARA

Figure 38A



Patent Application Publication Jul. 4,2019 Sheet 59 of 89  US 2019/0202893 A1

G GTCTTCCAAGAG’”VACTG \TCECAGCTTC ACCCA? CCCTGTACAGAGGGGAGCTEAATGAG

CRCCTCGCACTCUTEGEE CAEACATCAGGGC“G TCPAwL CAARCATCATGGTGACCTTCIGL

AACC AGGC,¢VTA\wCCVTZ CCT;CTMLACLTLC CTCATCAGCTATGAGGAGGACCAGAGGCAG

GGGGLTGAGCCACGCAAGAACTTTCTGARACCCAATGARACCAAGACCTACTTCTGGAAAGTCCAG
I

CACCACATGGCCCCCACCAAGGATCGAGTTTGACTGCAAGGCCTCGGCCTACTTCTCTCATGTGGAC
CTGGAGAAGGATGIGCACTY CYGCCACACCAACACCCOTGAAC
CCTGCCCATGGAAGGCAAGTGACTCTIGCAGGAGTITGCCCTC :CTTLAL.ATCLLTG TGABACT
ALGAGCTGGTACTICAUTYGAGRACATGCGAGCCUAACTGCAGGCCCCCATGCAACATICAGATGGAG
GACCCCACCTTCAAAGAGAACTACCGCTTCCATGCCATCAATCCCTACATCATGGACACCCTGCCT
GCGGCTYGTCATGGCCCAGCGACCAGAGGATCAGGTGETACCTGUTTTCTATGEGCTCCAATGAGAAC
VITCACTCCATCCACTICTCTGGCCATGTCTITCACTGTGUGCAAGRAGGAGGACTACAAGATGECC
CEGTACAACCTCTA ”“CTGICG’tLETG GACTGTGCAGATGCTCCCCTCCARAGCTGECATCEGE
AGGGTCCGAGTGCCTCATTIGGEEAGCACCTECATGCTEGCATGAGCACCCTGTITCCTGGTCTACAGT
AAuAAqT\,v“u CCCCCCTEEEAATGECCTCTGECCACATCAGGGACTTCCAGATCACTGCCTCT
GGh‘ACTATGTCCAFTGGGCpFPCAAGCTGGCCAGGCTCCACTAPTCTPGATP'AT&HAWVLLJPC
AGCACCARAGGAGCCATT ACCTGCATCAAAGTGGACCTG”TQGCCCCCATGATCATCCAT@GCATC
AAGACCCAGGGCGCCAGGCAGAAGTTCTCCAGLCTCTACATCACCCAGTTCATCATCATGTACAS
cr gulTGGCP*u\AATCJVKFﬁCCL: AGAGGCRACTCCACTCCAACACTCATGETCTICTTTIGGEL
AATGTGGACAGCTCTCCCATCAAGCACAACATCTTCAACCCCCCAATCATCGCCAGATACATCAGE
CTGCACCCCACCCACTACAGCATCCGCAGCACCCTCAGEATGCAGCTCGATGGECTETGACCTGAAC
TCCTGCAGCATGUCCCTGOLCATGGAGAGCAAGGCCATTICTCATGCCCAGATCACTGECCTCCAGT
PACTTCACCAACATGTTTGCCACCTGGAGCCCAAGCAAGCGCCAGGCTGCACCTCCAGGEAAGG
AATGCCIGGAGG PT(AGQICA CAACCCRAAGGAGTGGUTGCAGGTGGACTTCUAGAAGACCATG
ARGGTCACTGGGE CCA CLVF“GGGG AAj’ GCCTGCTCACCAGCTATCTATGETCAAGGAGTTC
CTFAT“AGCTCCAGCCA”” TEGCCA CCCPCTTCTTCCAGAATCGCAAGGTCARAGSETG

GEOCCA (‘ﬂ}j(\ \r(('v -~
b AL SANDH A A -

SCOTG
VLA )

’L
Oy
G
33
[}
9*3
("
"i?f

N
TTCCAGGGCAACCAGGACAGCT TCACC .?G GTGA&CAGCCTGGApv(h” CCCTCCTGACCAGA
TACCTGAGGATTCACCCCCAGAGCIGGGTCCACCAGATTGCCCTCAGCATGCAGETCCTGGGATGET
GCAGGCCCAGGACCTGETACTGA (SEQ ID NO:98)
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ATGCAGATTGAGCTGAGCACCTGCTITCTTCCTGTGCCTCCTGAGGTTCTIGCTTCTCTGCCACCAGE

AGATACTA CTGGG1?CTC‘GLL ACTACATGCAGTCTYGACCTGGGCGAGCTGCCT
GTGGACGCCAGGTTCCCCCCCA C AbL”TCCZ;ITCAAQACC“CAGTGGTG"' LG
AAGACCCTGTTCETGEGAGTTC %“” SACCACCTGTTCAACATCGCCAAGCCCAGGCCCCCCTGEATG

GGCCTCGCTGEECCCCACCATCCAGGCCGAGGTETACGACACCGTE uICAfJACCCTL“ACAA,A¢G
GCCAGCCACCCCGTGAGCCTGCACGUCGTGGGEGTCAGCTACTGGAAGGCCTCTCGAGLGGUGLCGAG
TATGACGACCAGACCAGCCAGAGCCAGAAGCAGGACGACAAGGTCTTCCCCEGECEGCAGCCACACT
TACGTGTGGCAGGTGCTGAAGGAGAACGGCCCCATGELCAGCGACCCCOTGTGCCTGACCTATAGC
TACCTGAGCCACGTGCACCTCCTGAAGCACCTCAACTCTCCLCTEGATCEGCECCCTGLTGETETET
AGGGAGGECAGCCTGECECCAAGEBAGAAGRCCCAGACCCTGCACARGTTCATCCTECTGTTCGCCGTG
TTCGA”GA~CG AAGAGCTGGCACAGCCAGACCAAGARACAGCCTGATGCAGGACAGGGATGLLGCC
TCTGCCAGCECCTGGCCCAAGATGCACACCGTCARCGE TACuTG?&CA {EAG CCTGCCCCJC?TG

KC SGCTGCCAC abAAGTC”:LC“ACICGCAC}"GATCGW\ATCGGCACC CCCCCCAGGTGC
AGCATCTTCCTGCGAGCGGCCACACCTTICCTGCTCAGGARCCACAGCCAGGLCCAGCCTGEAGATCALC
CCCATCACCTTCCTGACCGCCCAGACC TGC&GAAaq\ppfuqSCC\GTTCCTGCTC CCTGCCAC

i

ATCAGCAGCCACCAGCACGACGGCATGGAGGCLTACCTGAACGGTCGACAGCTGCCCCGAGGAGCCC

CAGUTCAGGATGAAGAACAAC GGCCG AuGAhTAm“E¢uALUACCTGACC

AGGA

WCTCTGAG

GACGTGGTGAGGTTTCGATGATGACAACAGCCCCAGCTICATCCAGATCAGETCTGCTGGCCAAGAAG
CACCCCAAGACCTGGETGCACTACATCCGCCGCLGAGCGAGGAGGACTGGEACTACCCCCCCCTEGTS

CTGGCCCCCGACGACAGGAGUTACAAGAGCCAGTACCTGAACAACGGLCCCCAGAGGATCGECAGG
AAGTACAAGAAGGTCAg;TTCAMG(CC”LVACCGA”GAGACCTTClACAJ?lG,GAHGQC TCCAG
CACGAGTCTGGCATCCTGCGCCLCCTECTETACGGUGAGGTEEECLACACCCTGCTGATCATCTTC
AAGAACCAGGCCAGCAGGCCCTALC AA“A““TA”VJCCh””w”AT(AC:C TCTGAGGCCCCTGTAL
AGCAGGAGGCTGCCCAAGGGCGTGAAGCACCTEAAGGAUTTCCCCATCLTGUCCEGUGAGATCTTC
ARGTACAACGTGGACCGTGACCCTYGGAGGATGGCCCCATCAAGTCTGACCCCAGETGCCTGACCAGS
TACTACAGCAGCTTCGTGAACATGCAGAGGGACCTYGGCLTCTGGCCTEATCEECCCCCTGUTGATC
TGCTACAAGGAGAGCGTGCACCAGAGGGCTCAALCAGATCATGTCTCGACAAGAGGAACCGTGATCCT
TTCTCTGIGTTCGATGAGAACAG \vaGGT TCTGACCGAGAACATCCAGAGGTTCCTGCCTAAC

CCOGCCEGCETGCAGUTGCAGGACCCCGAGTTCCAGGCCAGCAACATCATGCACAGCATCARLGEE
TACGTCTTCGA ClCFCTGCAGCTG""“G‘uTCVCTGbA GAGGTCECCTACTGGTACATCCTGAGE
ATCGGCGCCCAGACCGACTTCCTRTCTGTGTITCTTICTCTGGCTA Z?xCC"’TLHACCm CAAGATGCTG

TACGAGGACACCCTGACCCTGTICCCCTTCAGLGGLGAGACCGTCTTCATGAGCATGGAGAACCCO

GGCCTETGEATCCTGGECTGCCACAACAGCCGACTTCAGGAACAGCEECATGACCGCCCTGCTGAAA
GTCAC AGCTGCGACAA( ACACCGGCGACTACTACGAGGACAGCTACGAGGACATCAGCGCCTAL
CTGCTGACCAAGAACAACACCACCTACGTGAACCGUTCCCTGAGCCAGAACCCCCCCETGCTGAAG
C~pub”2fuu:uubﬁT CACCAGGACCACCCTGCAGAGCEA CCACGACCAQATCCACLATFATCAW

ACCATCAGCGTGCAGATCAAGAAGGAGCGACTTCCACATCTACGALK

AGGAGCTTCCAGAAGAAGACCAGGCACTACTTCATCGCCECCEGTEEACAGECTGT GCQCTATGGC
ATGAGCAGUAGCCCCCACGTGECTGAGGAACAGGGUCCAGAGUGGCAGIETGCCUCAGTTCAAGARAG

Figure 38A
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CCCAGCCCCTGTACAGAGGCCAGCTGAACGAT
SAGGTGCAGGACAACATCATGGTGAL G
SCCTGATCAGCTACCGAGGAGEAC

TR
LA L

vaAG \CCAAGACC TCTG

CACCACATPGGCCCLCACCAAGGACGAGT TG AAGGCCTGGGCCTACTTICTC
CTCGAGAAGGACGTGCACAGCGGCCTGATCGELCCCCTGCTEGTCTGCCACACCA u%CCC@l
CCCGCOls (UCCA:JFPQL: SACCGTGCAGGAGTTCGCCCTGTITCTTCACCATCTTCGACGAGA
ARGAGCTGGTACTICACCGAGAACATGCAGAGGAACTGCAGGGCCCCOTGCAACATCCAGATGG
CACCCC}-“TTU\AGGACAA“T“CAuGEfLCACC CCATCAACGGCTACATCATGGACAC CCMC‘CC
GGCCTEET A1h~CCCAGG CCAGAGGATCAGGTGCETATCIGCTGAGCATGGGCAGTAACGAG!
CAG CTTCAGCGGCCAC G”GTTCACCGTGAGG LC%ACqunZuTACAAGATCCCC
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CACCCCAAGACUTGS

c

STGCACT!
TGGCCCCCEACGACAGGAGC T
ARGTACAAGAN
CACGAGTCTGGC
AAGAACCA

\GCAGGA CCCAAGEE
AAGTACH 1VTQGACCG*GA333mGG
TACTACAGCAGCTTCGTG!
TGCTACAAGGAGAGCG
TTCTCT GTTCGATG”
GO

CCCGCCGE

SOTCAGATTOAT

RO
AT \4 el ,( CCC

CTG

TGGACCAGAG
WACAG

GCAGCTGGAGGA
o

TA CGTCTTJGZVAGCC GUAGI
ALCGGCGCCCAxaCC'ACTTC

GAGGACACCCTG! ”CC”GUICC
GGCCTGTCGATCCTG

GTCAGC

;,.-

AGCTGCGACAA

TQV*TW”WCCT
CTGAGCTGGS
JACA”I
TTCACCGAC
GGCCGRGGTGTACGACACCS
”M”Aus»lGCAVGCVH

TCuhsCATCCAFK CCGTGAAL
TOPACT

TTCCTGETGA

-\ w"GnLVGCC"""AC SEGAAGGTGEGAC

muCCAGCAFFCCCTACAACKW”TACCCC3?
AAGGGCETGAAGCACCTEAAGGACTTCCOCATCCTIGCLO
2
R

AGGATGGCCC
[

Tl

CAGCT
L/“CGP”TTCCAGGCCAGCAACATCD
TETCTCTGTGCCTIGCACGAGGETGGLCT?
Tom

TCTCTGETT
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sTGCCTGCTGA

ACTACATGCAGTC
AGCTTCCCCTTCAACACCTICAGTG
TCAACRATCG Cﬁ?CCVVAJG\CCCVV
AfGTGC ACCCTGARGAACATG
GGCETGAGUTACTGE ﬁﬁST&CT TGAGGGCGCCGAG
\AGGACbA CGACAAGGTETTCCCCGGCAAGAGTCACACT
CG CCCACTGCE CCCTGUOTGACCTACAGT
CCAVVTFK T SGCGCCCTGCTGETETRT
-

ST
SGTT

CTGUTTCTCTECCALC
GACCTGEG CZ&G

SCCCAAG

CACCTG

Iy e
GGATG

- e .
AGCGACCC

CTGGLCTGATC

AGACCCAGACCCTGCACAAGTTCATCCTGCTCTTICGCCETE
SCbAGACLAABAAC"CLM"ATbbAGGALA SGGATGCCGEC
CGGCTACCTGARCAGCAGCCTGCCCLEGLCTE
ACGTGATCGGCATGGGCACCACCOCCEAGET o

GGAACCACAGGCAGG AGCCIGCAC VICAGC
CCCTGCTGATGGACCTGG :CCACTTC Thp-GTLVTGCCAC
AGCTGCCCCGAGCAGCC

=CC \CCTGACCGACTCTEG AGA“ G

CTATGATGATGA

GA
GAGGAC

ALAQCCCC CTTCATCCAGATCAGGTCTSTGECCARGAAS
TCGOAGCCGAGGARSAGGACTGOGAC TACECCCOOTEETE
AGAGCCAGTACCTGAACARCGGCCCOCAGAGGATCRGCAGE
CCTACACCGACGAGACCTTCARGACCAGGLAGGCTATCCAS
TGCTGTACGGCEAGGTGEGLGACACCCTGOTGATCATCTTS

CGGCATCACCGATGTCAGGCCCOTGTAL
GGCGAGATC
AAGTCTGACCCCAGGTGCCTGACCAGE
CTCTGGCCTCATCGGCCCCCTECTGATO
ATPGTCTGACAAGAGGARACGTGATCCTG
GAGAACATCCAGAGCTTCCTGCCCAAC
GCACAGCATCAACGGU
CTEGTACATCCTGAGT
,TTCTCTJGATAuAC”T””AAsCACAAGATGGTG
VIGGAGAACCC

e

\zla

CTTCAGCGGCLAGACCGTLTTCATCAGCA

GCTGCCACAACAGCGACT CZhuﬂACA,quJAWGmCCCC,JTGCTGAAA
GAACACUCGGCGACTACTACGAGGACAGUTACCGAGCGACATCAGCCCCTAL

CTGCTGAGCAAGAACAACACCACCTACGTGAACCGCTCCCTGAGCCAGAACCCCCCCETGLTGAAL
AGGCACCAGAGGGAGATCACCAGCGACCACCCTGCAGAGCGACCAGCGAGCGAGATCGACTATGATGAC
ACCATCAGCGTGLAGATCAAGAAGGAGGACTTCCACATCTACGACGCAGCACGAGRACCAGAGCCCL
?GG?LSTTCCAGAAGﬁA,ACCLGGJ“”TK CTTCATCGECCGCCGTGGAGAGGUTETGGEACTATGEC
ATGAGCAGCAGCCCCCACGTCCTCGAGGAACAGGGUCCAGAGCECCAGCETGCCCCAGTTCAAGARAG

Figure 43A
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GTGETGTTCCAGGAGTTCACCEGACGGCAGUTTCACZCCAGCCCLCTETACAGAGEUGAGUTGAATGAG
CACCTGGGCCTGCTEGGCCCCTACATCAGGGCCEAGETGCGAGCACAACATCATGGTGACCTTICAGE
AACCAGGCCAGCAGGCCCTACAGCTTCTACAGCAGCCTGATCAGUTACGAGGAGGACCAGAGECAG
GGCGCCGAGCCCAGGARAGAACTTCETCGAAGCCCAACGAGACCAAGACCTACTYCTCEAAGGTECAG
CACCACATCGGCCCCCACCAAGCGACGAGTTCCACTGCAAGGCCTEGGUCTACTTCTCTGATGTGEAL
CTCEAGAAGGACGTGCACAGCEEICTGATCGE IZICUS’;GC'I(;:} GTGECCACACCAACACCUTGARC
CCCELCCCACGEUAGRCAGETGACUEGTGCAGGAGT TTCTTCACCATCTTCCACGAGACC
BAGAGCTGGTACTTCACCGAGAA ATGCAaAbUnACTGCA L ZCCCCCTGUAACATC
GACCCCACCTTCAAGGAGAACTACAGGTTCCACGCCATCAACGECTACATCATGGAC
GGCCTGETCATGGOCCAGGACCAGAGCGATCAGGTGETATCTGCTCAGCATGE G\AprACCAVAAC
ATCCACAGCATCCACTTCAGCGEUCACGTGTITCACCETGAGGAAGAAGGAGGAGTACRAAGATEECC
CTGTACAACCTGTACCCCGGCETETTCGAGACCETGCGAGATGUTGCCCAGCAAGGCCGGCATCTGE
AGGGTGEGAGTGCUTGATCGGCEAGCACCTGLACGCCGGECATGAGCACCCTGTTCCTGETETACAGC
AACAAGTGCCAGACCCCCOTGEGCATCCECCAGCEGCCACATCAGGGACTTCCAGATCACCGLCTCT
GcsaGT& GGCCAGTGEEUCCCCAAGITEGCCA: SGC“Gchde”AC'““QAGCA CARACGCCTGG

QQ

AGCACCA GFGCCCTTCAGCTCGLTWAAuuTGGA\(VGC”SGCCC“Q&EQxTC TCCACGGCATC
AAGACCC GG'CGCCAGGCAGA%GTTC AGCAGCCTGTACATCAGC TCATCATCATCT

CTGGACGGCARGAAGTGGECAGACTTACAGGLLECAALS GCAWCGCCL ECC’ GATGETETTCT
AACGTGCGACAGCAGCCGCATCAAGCACAACATCTTCAACCCCCCCATCATCGCCAGCGTACATCAGS
CTGCACCCCACCCACTACAGCATCAGGAGCACCCTGCGGATGCAACTCATGGELTGCGACCTGRAL
AGCTGCAGCATGCCCCTGCEGCATGGAGAGCAACGLCA NNTCTCZKUFFVACATCFFFGCCAGCAGC

TA ’CACCAAV' GTTCGCCACCTGGARLCC LA CAAGGUCACGCTGTACCTGCAGGGCAGGAGC
AACGCCTGCAGGCCCCAGGTGAACAACCCCAAGGAGTGGCTGCAGGTGGACTTCCAL AZ«/CCWTG
oAn

AAGGTGACCEECETY CC“GGGVGTGAHCAGCCIL TGACCAGCATGTACGTGAAGGAGTTC
CTGATCAGCAGCAGTICAGGACGELCACCAGTGGACCCIGTTCTICCAGAACGECAAAGTGAAGGTG
TTCLAMCGC&%CC AGGACAGCTTCACCCCCGTGETGAACAGCCTGGACCCCCCOCTCGCTGACCAGE

TCTGAGGATCCACCCCCAGAGCTGGETGCACCAGATCGUCUTGAGAATGGAAGTGUTGEEATEC
GAGECCCAGGACCTGETACTGA  (SEQ ID NO:103)

Figure 43B
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CTTTROTS

WGATTCTECTTCT _,T’T:L,‘L,ACCZ"\ ‘A(-:Aunl AC
ACCTGGGAGAGCTGCCTGTGCATGCCAGE
AAGATACT
1Tvcb CTCCTGGEGACC CAV'Z
CAmC ACCCTGTGETCTCTGLATGE
:TAMCATé ﬁCAGnCATTCCAGAUsGAGP‘
GTGGCAAGTCCTCAAGGAGAATGEACCT
ACCTTTCTCATG ,'G"}h(‘r""’:GTCAAGGACCTCAACTCTGGA \:Tfi ATT
GATCCCTGECCAAGGAGAAAACCCAGACALT
CANGETCTY ‘GC” A ('TC TTGA
;pL*VACTCCP GJACTL
CCCTHEAAGTGCACTCCATY
AACCACAGA CGAGATCTCTCCCATCATCTTC
GGACAGTICCTGCTETTCTGCCACATCTCETCCCACCAGCAT

GACTCATGCCCTCAGGAACCACAGCTCAGGATGAAGAACAR

STCTALCE

CTGGCATGTGZ{TTCJ“ TG GGACAAC

O AT e e
WOAAGCUTCT €

I‘(”‘”l‘\’l’f ’"AZ\GCCTA

SATGATGZ-‘&CCT( ACTGACTCTGAGATGGATCTGETCAGA ,"TT’;A.‘.GZ-“ :Z—\CT:M’X(?'l‘Cl’i‘
ATCAGGTCTGTGEGCAAAGARACACCCCAAGACATGEGTECACTACATTGCTEUTGAG
GOACTGGGACTATGTACC A(, GGETCOTGGICCCTEAT GACAGGAGUTAL nA(;”‘f‘,T(TA” ACCTCAAC

LT
TACAAGAARAGTCAGATTCATCCUCTACACTCGATCAAACCTTCAAG
GGCATTCTGEGACCACTCCTGTATGEGGAAGTGGCAGACACICTG

CA

Jab\,an 'C CCAGGCCCTACAACATCTACCCACATGECATCACTGATETCAGGCCC
CTGT__CAGCAGGAQAQ‘S’Z'JA AAAGCG TuAAP\\,“ CCTCAAGGACTTCCCCATICTGUCTGGAGAGATOTTC

7\, TACAAGTGGACTCTCACTOTGCAGCATGCGACTAACAAAGTCTGACCCCAGETECET
CCTCTTTTCTGAACATGGAGAGACACCTGGCATCTGEACTGATTGGACCACTGUTCATCTGLTACAAGGAG
'L'C'I‘(””‘.’jCA\,\,A(:Z’J.'; AGGCAACCAGATCATCTCTGACAAGAGARATGTCATTCTETTC
AACAGATCATGGTACCTGATT ;'f\_G; ACATTCAGAGATTCCTGCCCAACCCTGUTGGGETGCAA
CCTGAGTTCCA u\,jfiz“\. CAACA CACTCCATCAATGGCTATGTGTTTGACTCTUTCCAG
GOOTEC SGCCT CTTTCTAT GGCAL ’(;‘:.2.8"5.“T >C
Ck, TCAAGCACAAGATGETGTATGAGGACACCCTGACACTCTTICCA
SAGAACCCTY CEGTGCATTCTGEEATGOCACAACTC
GCACTGCTCAAAGTCTCT? GTGACZ’A/’AGZ&ACACTG’GGG CTACTATGAG ik
ATCTCTGCCTACCTGCTCAGUAAGAAL TCAGTCCAGAGRGATCACCAGGALC AACCC
TTTCTETH 7—‘CA1' GAAG] \.f\f‘tzmuunC"“
C

GACCAGGAAGAGATTGACT TGACAQC
GAGGACGAGAACCAGTCTCCAAGATCATTCCAGAAGARAGACAAL TCATTGCEH

TCACCAGATACTAC

Stpeept e T ~
TCTCTTYIG SAG

d TRCR TR
GGAAGAC
TOTETE

SIGUE

C CAG T (.‘. T

o2

CTGTCEGACTATGCECATG TCCCCATETCCTCAGGAR CA
TTCAAGAAAGTGETCTTCCAGGAS CTGATGGCTCATTCA ACAGAGGGE

COTGEBACS AGGGOTGAGETGG!
GCCCTACAGOTTCTACTOTTC \,\,:\,p "l

VACTTTGETGARACCCAATGAAACCAAGA

CATGGTJ “\C

GCTATGAG]

CTTOTES
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ACCAAGCGATGAGTTTGACTGCAAGGCUTLRGEGCATACTTCICTGATGTGGACCTCRAGAAAGATETG

CCTGATTGCECCCACTCCTGETCTGCCACACCAACACCOTGARCCCTGCACATGCAAGGLAAGTS \ z

CARG GCCCECTTCT T \jCATCTT'LG;‘ GABACCARGTC flmf‘("f‘ ACTEC AGAACATGGAGAGA
AAC (}f‘P\uA(:CA”‘"TW s TCAGATGH A"CCCACCT’“"P\ G T TTCCATGECCATC
] CGTACCTGECTT

'T’C G ATCCA G GAACATTC Sy AC": 5EGC ’ : TCAGAAAGANGEAG
GRA TP\CAAGATGG CCCRCCAAAGCT
GGCATCTGGAGGS TTCCTGGETCTAC
AGCAACAAGTGCCC : \,3"}CT(—'\:GZ\.A* 3GCL GGCCAL : CORGATUACTGCCTCTGET
TATGGCCAGTEGGCACQCAARCTERT CCACTACTCTRGCICCAT CATGGTCARCCAAG
GAG CI e ‘“TT\:GAT\,! VAGGTGGACC AL LC/" GATCATTCATGG Z‘TCAAG?\.CACACGGGGCA
AGRCAGARATTCTCCTCTCTGTACATCTCACAGTICATCATCATGTACTCTCTGEATGEC QaGAAGTGGC?,G
AC “""CAGZ-\GGC, f\\”""’“" ACTGGCACCCTCATY ’(34 (“""”C PTTGGCAAT CAGCTCTGGCATCAAGCAC
ARCATCTTCARCCCTCCCATCATTGCCAGRTACA SCTGCACCCCALT ,n(“,'l‘?xi,ri”‘l 1\, AGA T"M ce

FGC ‘,“ ?.'g

CTCAGGATGCAACTGAT TGCOCCL
TCTGATGCCCAGAT TGECC ZxC
CTGCACCTCCAGE COTGGAGACCOCE 'CAACA.A SCC

TTCOAGAAG *,CAA T ‘.AMXL T

ARGGAGTITCCTGATCTCTTC CAG GGCCACCAGTGGAL VAC*‘( T C"‘mC"uuAATCGC ARAGTCAAG
GCTGTTCCAGGGUARCCAGGACTCTTTCACACCTOTGETCARALTCACTEGACCCCCCCCTCOTGACARGATAL
CAGTCTTGGGTCCACCAGATTGCCCTGAGAATGGAAGTCCTEGEATGTGAGGCACAL
< T
S I

CTGAGAATTCACCCC
GACCTGTACTGA

Figure 498
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GTCEACOTETT
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~ C801-8C2-NA

CTTTCTGTGCCTGCTGAGATTOTECTTOTCTGCCACCAG

TLOTTGEGACTACA CAGTCTGACCTCSGAGAGC”SCCZ

CUOCRBGTC TCAACACCTCTGTEOTCTACAAG

ACCACOTGTT CstXCCCF? CCACCCTGGATE

TEAGGTGTA’ GTGGTCATCACCCTCARGA? 2 TJ
~ R

{ L0

CUGTGGGAGT
GAGGATGACAAG
PEGACCCA
G\A“”TC
AGA

TGGAAAGCC

GTGTTCCCH
GRCCC
CTGATTGGGGCAC

AGTTCATEC

TCTCACACC
CTGACATACTCC

TGCTGETIGETCEC
TYTECTETC

ATGANATO

el el Tatad:

TGGA

AOR

oCC ACTOO 3

3

EA LT AN F 2 R K W NN ACTGC CCrG

TTTGE mCAGGGCAA T“TchCACTCfGns\Cnuu,xACTCPCTGATuFA AGACAGGGATGCTGCC
TCTGCCAGGGCATGGCCCAA GCACACTGTGAATGGUTATGTGAAC TCACTGCCTGGACTC
ATTCECTCCCACAGGARAAT TGGCATC””“TTGCC TGGGEAC CCCUTGAAGTGCAL
TCCA mmTT””T?UAGG: CCT CACAGACAAGCC CTGGAGATCTCY
CC”C&CTGCA“An z CW”FTQAVL LlluuACAGTmCCTGCTGTTLE"” AC
ACCAGCATGATGGCATGEAAGCIT, AAGGTGGACTCATGCCCTGAGGAACCA
TGAAGAACAATCAGGAGGCTEAGEAC AT( TGACCMCXCTGAPTnTUAGZTJ
ATTTGATGATGACAACTCTCCATCC TCACCTCTSTGJPFAP<A VA
_ATquTGCACTACATTGC GCTGAGGA GGGACTATGCACCACTGETC
ATGACAGGAGCTACAAGTCTCAGTACC CUCCCACAA;aAATTFF VAGA
WAGTCAGATTCATGCCCTACACTGA CAAGACAAL AAGCCATTCAG

CATGAGTCY ~”’T?LUGGGA;VACTQC“FT Tvav GTCG AGACACCCEGCTCATCATCTTC

AAGAACCAGGCCTIC “A(gbbpp Al CTACCCACATGGUATCACTGATETCAGGCCCCTIGTAC
AGCAGGAGACTGLCE CACCTCAAGGACTTCCCCATTCIGCCIGGAGAGATCTTC
AACWACAACTC?APTbTFAVEQ ATGGACCAACARAAGTCTGACCCCAGGTGCUTCACCAGA
TACTACTCCTCTTTTGTGRACS AGAGACCTGGCATCTGEACTGATTGGACCACTGCTICATC
TGCTACAAGGAGTCTGTEGA GCAACCAGATCATGTCTGACAAGAGAAATGTGATTCTIC
TTCTCTCTTTTT&ATPAGL?CAGRTCFTGGT\CCTCACTG:UAACATT AwAGP CCTCCCCAAL

COTGUTGEEEETECAACTGEAAGACCO TGAGTTCCAGECARGCAACATCATG CATCARTGGC

TAK”W“T””un‘“CTCTCF”PCTTTC“”””TGLUTG”??G CETGEOCTACTEGT ”“TT”“Tl"”

ATTGGGﬁCACﬁAACTGACTTCCTTTCTGTCTTCTT' ¢ ATA”ACCTWPAA““A,»AbAmggub

TATGAGGACAC CTGACACTCTTCCCAT“FT“EGG PC“GTTCATG CCATGOACAACCCT

GGACT G GGGATGCCACARCTCTGACTT AGGGGAATCACTGCACTGOTCAAR
ACAACAAbA‘LGT GACTACTA ‘GACT TTXTCACSACATCT(TFCLTAC
A TTOA S CAGAL

CAATGCCA

GCACAACCCTC
GGAGGACTTTGA

L)

IaTar)

ALTA C

- ok

AR

et
¢

CAGAAG
GTOTEA

pTC‘uAATT ACCCCAGCAC
VITTCACTATGAT CACCATTTCT

CTCCAAGA
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N 7
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i \GAAGACAAGACACTACTTCATTGCTGUTGTGGAAAGAC
Tpl”C&CA; CCTCAGGARACAGGGCACAGTCTGECTCTETGLCACAGT C
CAGGAGTTCACTCGATGGUTCATTICACCCAGCCCCTCTACAGAGRGGAAL AATCZ&’”CALUIOGGA
CTCCTGGLACCATACATCAGGGCTGAGGTGGAAGACAACATCATCETCGACATTCAGRAACCAGGCC
TCCAGGCCCTACAGCTTCTACTCTTCCCTCATCAGT
CCAAGAAAGARCTTTGTCAAACCCAATGARACCAAGACCTAC
ZfﬁC”CACCA“qGﬁTCnuTTTC1JTCCZAFGCCTG
TCTCCACTCTGGCCTGATTCECCCACTCOTGGTCTEC
GGRAG G&AAQ:%ACTLWGCA SCAGTTTGCCCTCTTEC
TACTTCACTGAGAACATGOAGAGAAACTGCAGAGTACCA
TTCAAGGAGAACTACAGETTCCATGCCATCAATGGCTAC ] al
ATGCCACAGGACCAGAGAATCAGATGETACCTGCTTICTATCCCATCCAATGACGAACATTCACTCC
ATCCACTTCTCTGGECATGTCITCACTCTCACARAGARGG! CGA VIACARAGATGGCCCTGTACAAL
CTCTACCCTGGEETCTTTGAGACTCTGGAGATGCTGCCCTCCAARGUTGGCA CTGGX‘ SGTGGAA
TG CCTCATTGGGM&GPﬁCCTGb“”GVTF CATCTCAACCCTG TCT VACRAG
CCTCGGAATGGLCTCTGECCACATCAGGCACTTCCAGATCAL
GvCA,(CAAnCTHf\ CAGGCTCCACTACTCTGGCTCCATCAATGCATGETCA

GGACCT ”CTUGP/TCCrmCATCATTC/‘CGCFJCAAw

TCTVTTCC

-~

%]

(, 3(3(323 GT

GC& CTCCTCTCTGTACATCTCACAGTTCATCATCATGTACTCYCTGGATGEGT
AAG] AGTGQ AGACATACAGAGGCCAACTCCACTGGCACCCTC ATG STCETCTTTCCCAATETGGAC

AGUTCTGGCATCAAGCACAACATCTTCAACCCTCCCATCATTGCCAGATACATC ,”T(j( ACCCC

ACCCACTACTCAATC VTCARCCCTCAGGATGGAACTGATG

ATGLCCC fCuuAhTCCAaA SCAAGGCCATTICTCATGCCCAG

AACA CACCTGGTCACCATCARARGCCAGGLTG

Z
o}
e

CCC *\,A}\szx\,\/‘\. AAAGGAATGEGL

GGEETGACH CC:AqufﬂTCAAGTCTC( C B CCPGATCTCT
TCCECPC%GGAT SGCCH ’CTQCTAGAATCGCA‘?GTCA%HP dTTCCAEGGC
AACCAGGACTCTTTCACACCTGETG -'_“ P 'GGACCC ,CCCCTCC ACAAG ?CCmbnuA
ATTCACCC C ﬁﬂTCTmCGSH GAG: GGAAGTCC JGGATGTGAGG

GACCTGCTACTGA SEQ I

Figure 508
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C323A{760-1667) ~ CB23~5C1~NA

ATGCAGATTE

GAGC ACCTGCTTC ST G GAGE
2

ZJCA‘:GC AGTCT GFAC

COTROTEA

CTCTGCCACCAGGAGATA
WGCTGCCTETGGACECT! G
GAAGACCCT

N S S Y T e R
uAGbCL (CCH TGGZMGGt CCTGCTGEG ,yCC N\.ﬁ_iuCﬁ_
= /‘

1]

G
=3
p:

- .
5 GGEAC
~ SerelcTelele N
Nz ICCEECE GGCCAGT
. SOOTGACE b T D (R R T
G SAC ACCTGE CTGAACTCTYEGECCTEATY

-l’GCA :‘:C “n(- ZL\AGA( CCTGCACAA GT“‘"A"‘” TG

CTET TGAGGG o GC&;L\”* CCA GATGC "J(TAKIH;,;GUA T
GOCGK "TGGC CC TGARCG T G_/“-\.(;v("" CCCGGCCTS
ATCG TCTG ATCGEGEC T'{Z\_(‘AGC C

e TTCCT Xq(:\,z‘ LG< CCCATCACCTTC
CTGA 5CT TTCOT CAGCAGCCACCAGCALT

GACGGT ’T?\(" STGAAL ‘(;”"‘G GATAGCTGCCUCCAGE! :(‘L,L\,A\;Ci GAGGATCAAGAACAACGAG
GAGGCCGAGGAC ‘l‘]\.‘l‘@A’ GATGACCYCACCCACTCTCAGATGGACCTECTGAGHTTTCATGATCACAA ’7.7‘:( 2

COCAGCCTTCATCOAGATCAGGTC

STGECCAAGAAGCACCCCARGACCTGEETGCACTACAT

GCCGUCGAR

GAGGAGGACTGGECACTACECCCCCCTGETECTEELCCCC ”1\"(‘:?\.(713’3CMG"‘TP\\,EA( AGCCAGTACCTG AAC
AACGGCCUCCAGAGGATCGGLAGGRAGT GGTC GECCTACACCCACGAGACCTTCAAL
ACCAGGCAGGUCATCCAGCACGAGTCTS 'CATCCTGGGC\,F”CT CCTETACGGCGAGETGGECGACACTITS
CTGATCATCTTCAAGAACCAGGLCAGCAGCUCCTACAATCATCTACCCCOACGGUATCALC GAGGCCT
CTGTACAGCAGGAGGCTGCCCAACGGCGTGAL GCF-&CCT “u’-\ACG WCTTCCCCATCCTGUC ;'C(‘F AGATCTTC
AAGTACAAGTGGACCE CTGACCCOAGGTOCCTCACCAGGTACTAL

P o e feep
AGCAGUTTCETGAACS SCCCTECTGA

S eepies SN R R e
AGCGTEGACCAGAC T

an S Totsr e ele] ~
AACAGGA b\i: GG \,\AZ\ Gu;",

CCCGAGTTCCAGGCCAG CAA
TG“”’“”&ACC e
TCTGGCTACACT
GTGTTCATGAGCAT
ATGACCGCCOY ’“(“i"GZ\.Z\"{

ATCAGLGCCTACC

TCGA A-»C”I‘(‘ CAGCTGETCTGE
Tv : :TG "GTTCTTC

Gr: GGUOTAL
TTCAAGCA

TACGAGGACACCCTCACCCTG

;’CT‘L GEATCCTGGGUTGUCACAALY ’{
CEGCGACAAGAACACCGECGACTACTACGAGCACAGCTACGAGGA
\ACAACGCCATCGAGCCCAGGGAGATCACCAGGACTACCCTGL f‘(d“x(:'\,

ACGTUT L
AGATGAACGAAGCGAGGACTTCGAL

GACCAGCGAGGAGATCGAC A'.”'»‘P\ CACACCATCAGCGTG TCTACGAC
AGAACCAGAGCCCCAGCGAGCTPCCAGAAGAAGACCAGGCACTACTTCATCECCHGCCOTGGAGAGS

ATGGECATGAGCAGCAGCCCCLACGTGCTGAGCAATAGCEOCCAGAGCEGCACCETOULCCAL

\AGGTGETETTCCAGCAGTTCACCGACGGCAGCTTCACCCAGCCT C'TGTACAGAGGCGAGCTGAAC
CTGEGCCTECTGECLCCCTACATCAGCGLCCAGETCGAGCGACAACATCATGETCACCTTCAGGAAL
WGCAGGCCUTACAGCTTCTACAGCAGUCTGATCAGCTACGAGGAGGACTA C AGGUAGGCCGCCGAG

{Continuad)

Figure 514
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CGAGACTUAAGACCTALC CTG k,An\:CI CAGCACCACATGECCCCC

‘.TGGGf‘(,‘.'l’.?‘aC’l'."z"f,‘.‘_'i"’ TETEGH ACGTGCAT A(

G""G *CCACACCRACACCC C’“"G”’”CA" GCAGGCAGGTGACC

‘CC"'G CCATCTTCGACGAGACCAR ‘\:Z{"\IL,T\ TACTTCACTGAG ’{AAA,/sTG‘n'z ;f_\\l =4
'CCCC ot GCAZ—\CA CCAG CC’.‘ACCTT(,,AAGGZ SAACTACAGGTTCCACGCCATC
ATCATCCACACCCTECCCGEL JATG GCUCACGCGACCAGAGE! AW“A’SCTGGTATCTGCTG
CAGCAACGAGAACLA 'u",::\CAC(‘ CCACTTCAGC GGCCF&CGTGTTC ACCGTGAGCRAAGAAGGAG
GATGGOCCTGTACAACCTETA "C ( C’C”’"T. GUTGCCCAGCAAGGCC
GGAGGGTGCCAGTGCCTEGATCGECGAGCACCTGCACG ”’“"%-QP’”"A CCTETTCCTGETETAL

'rt\
AAGTGCCAGACCCCCCTGGEUATGGUCAGCGEGL C,A\,f VTCAGGGAL T’“"(‘A\,ZXTg N,CS 'C"‘(‘"'C GC

i\

G

».»

51

SGCCAGTRGGCCCCCAAGCTGEECAGGCEGCAL TZ‘«\,Z\GC”GCA\ SCATCAALD CCAAG
ZAS T ﬂ<gz’AMCL~/“~\ GGTGGACCTGCTCECCCCCATGATCATCCACGGCAT GCGCC
TTCAGCAGCCTGTACATCAGCCAGTTCATY ,f\’fi‘f) TETACAGLCTGE GCAG

CCGGCACCOTCATEETGTTCYTCGGCAACGTHGACA
CATCGCCAGGTACATUAGGCTGCACCCCACCCALTA
AT

R L I YR T (A T e
CTGCGACCTGAACAGCTGCA

~ e
CLGECE

COOTORGH

GCAGCATGCCCCTGEECA

GOTACTTOACCALD
’“CT GAGGCCCCAGGTGAR
N eTeey CAGCCTGCTGACCAGOATOTACGTG
3 £ 1€ EAELH 5
CCACCCAGGECHE A L *\)A\. SCATGTACG
TL:AMC‘?«\;C GCAG CCACCAGTGGACCOTEITCTTCCAGAAL G SCAALG GAAG
CAGUTTCALCCCCGTGETGAACAGCC CCCee CTGCTCGACCAGETAT
(‘P"T“C CCCCCETGETGAA &"\(‘T SGACCCCCCCCTGUTGAS GGTAT

GAGCTGGGTGCACCAGATCGCCCTRAGAATGEAAGTROTGGEATCCEALS

TOPE
TG

TGCACC
TT”(“ .(‘A:
?AGGAU

Figure 51B
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C8238(772~-1687) -~ C823~-SC2-NA

ATGCAGATTGAGCTGAGCACCIGCTTCTTCCTEYGCCTIGCTCAGGTTICTGCTTCTCTGCCACCAGGE
GATACTACCTGGGCGCCETGGAGUTGAGCTGGLGACTACATGCAGTCTIGACCTGGECCAGCTYGCLT
GTGGACGCCAGETTCCCCCLCAGAGTGLC CﬂBuAC CTTCCCCTTCAACACCTCAGTGGTGTACAAG
AACACCCTCTTCGTGGASTTCACCCACCACCTGTTCAACATCGCCAAGCCCAGGCCCCCOTGGATG
GGCCTCCTEGCCCCCACCATCCA GCCGAGGTGTACGACXCCL*bwTCATCACVUTGAAaAA CATE
GCCAGCUACCCUGTGAGCCTGLACGCUGTGGLUGTGAGUTACTGGAAGGCCTCTGAGGGCGLCGAG
TATGACGA xAJdL&AJvCﬁGAGGGAGAAUUhSGACCAﬁAAGCW’MI CCCGGCGECAGLCACALCC
TACGTGTGGCAGGTGCTGAAGGAGAACGGCC TCGCCAGCGACCCCCTGTGOCTGACCTACAGC
TACCTGAGCCACGTGRACCTGETGAALGACCT GAA’“ CPGGCCTGATCGGECEICCTGIRGETETEC
AGGGAGGGCAGCCTGGCCAAGGAGAAGACCCAGACC TGCACAAQTECATCCTGCTG”“”'CCGTG
"COGATGAGGGUAAGAGCTGGCACAGUCAGACCAAGAACAGCCTGATGCAGGACAGGGATGLCGC
TCTGCCAGCECCTCGCCCAAGATGCACACCETGAALCC GVL“LC GnA”éuGAF”hm”,””C”“PTC
ATCGGCTGCCACAGGAAGTCTGTETACTGCCACGTGATCGGCATGEGCACCACCCCCGAGETGCAL
AGCATCTTCCTGGAGGGCCACACCTTCCTGGTGAGGAACCACAGGCAGGCCAGCCTGEAGATCAGC
CCCATCACCTTCCIGACCGUCCCAGACCCTGUTGATGGACCTGEECOAGTTCCTGCIGTICTGCCAL
ATCRAGCAGCTACCAGCACGACGECATGUAGGUUTATGTGAAGGTGGACAGCTGCCCUGAGGAGTC
chTrAGCATJAAU}AVAACCACG&-JVCJAJUA:TA?CATC[TGpCCTGACCGActCTGAGATG
GACGTGGTGAGGTITTCGATCATGACAACAGUCCCAGCTTCATCCAGATCAGGTCTGTGGCCAAGARL
CACCCCAAGACﬁTGGGT"CAW”ACAFCG GCCGAGGAGGAGCACTGEGACTACGCCCCCCIGETG
CTGGECCCCCGACGRCAGS u“”’CmACAuCCAGTACC*GRACAACGG CCCCKGBGGITCGGCAGG
AAGTACAACGAAGGTCAGATTICATGGCCTACACCGACCAGACCTTCAACACCACGGGAGGCCATCCAG
CACGAGTCTGGCATCCTGGGOCCCCTECTGTA CjQan STGEGCGACAC CEGCTGATCAT“”PC
CAGGCCAGCAGGUCCTACAACATCTACCCCCACGGCATCACCGATGTGAGGCCCUIGTAL
AGCAGCAGC”IGCC”A“”CuZGIG“AG hC”lu AGGACTTCCCCATCCTGCCCGGCGAGATCTTC
AAGTACRAGTGGACCGTGACCETGCAGGATGECCCCACCAAGTUTCACCCCAGETECCTGACCAGS
TACTACAGCAGET 'MCTGZLCATGGAGAGGGALTTG CCTCTGGCCTGATCGGCCCCCTGLTGATC
TGCTACAAGGAGAGUCGTGCACCAGAGGGGCAACCAGATCATCTCTCACAAGAGGAALGEGATCCTG
CIGTGTTCGATGAGAACAGGAGCTGGTATCTCGACCGAGAACATCCACGAGGTTCCTIGCUCAAL
GCCGGCETECAGCTGGAGCACCCCGAGTTCCAGGCCAGCRACATCATCCACAGCATCARCGEC
TACGTCTTCGACAGCCTGCAGCTGTCTETGTGCCTGCACGAGETGGLCTACTGETACATCCTG
ATCGGCGCCCAGACCGACTYCCTETOTGTCTTCTTCTCTGGCTACACCTTCAAGCACAAGATGGTE
TACGAGGACACCCTGACCCIGTTCCLCYTCAGES Q,LL"ACCGT,”T ATGAGCATOGAGAACCLCC
GOCTCTGCATCOTGEECTECCACAACAGCGACTTCAGGAACAGGGGCATCGACCGCCCTIGCTGAARA
CTCAGCAGCTCCGACAAGARACACCCGCCEACTACTACCAGGACAGCTACGAGGACATCAGCGCCTAC
CTGCTCAGCAAGAACAACGCCATCGAGCCCAGGAGCTTCAGCCAGRACTCCAGACACCCCAGZACC

{Continuead)

Figure 52A
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GACCAGGAGGAGATCGAUTATGATGACA TCAGC
AGGACG GAACCAGAG»’W“C’CAG(Z—LZ"‘TZL

Vo GALL
\GGOTETEAGACTATCGCATGAGCAGS

AGCCCCCACGTGCTGAGGAACAGGEUCCAGAGCGGCAGCGTGCCCCAGTICAAGAAGGTGETGTTIC
GGAGT? C CGACGGCACGCTTCACCCACCCCCTCTACAGAGGCGACCTEGARCGAGCACCTGGEL
G CCTACATCAGGGCCGAGCTCCAGGACAACATCATGETCACCTICAGGAACCAGGCC

AGCAGCCCL ACAGCTTCTACAGCAGCCTGATCAGCTACCACGAGGACCAGAGGCAGGGCGLCEAL

AGAACTTCCTGAAGLCCALCE CTGCRAGGTGCAGCACCACATG

CACCAAGGACGAGTTCGACTG
GnLGTGCﬂ CAGCGGCCTCATCGGECCT
GGCAGGCAGGETGAC
TACTTCACCGA
TTCAAGGAGAACTACAGETTCCALC
ATGGCCCAGGACCAGAGG?
ATCCACTTCAGCGGCCALGTG
CTGTACCCCGGCETETTC
TGCCTGATCEGCGAGCACCTGLS

N (f-« A

AT SN

sTTCAC

CAGACCCCCCTGOLCATCGCCAGIGRL

AACGRE
20

AGGAGTTICGCCCLETTICTTCACCATCTTICC
ﬁACnTuGAG AGCAACTECAGGET!

e
LAWY

CGGC
TCAGGTCGGTATCTEGCTCGACCATGGCCACCAACGAGAACATCCAL

CCETGGAGATCCTGCCCA

CGLC

~ ey
Ao L.

R

CTGATE

CACCAAGACTTA
GCOTPGEGE A TGCGACCTCGAGAAG
CTGETGTCCCACACCAACACCCTGARCCCCECCCAL
SACGAGACCAAGAGCTGG
Fh"TGCmACprpAGKTQGAGGACCC:AC¢
TACATCATGGACACCCTGCCTGC

(AP,

AR
CAAG

CCTG

TCAACGG GCCTE
AC
CGTGAGGAAGAAGGAGGAGTACAAGATGGCCCTGTACAAL

AR e N R
SGCAAGGCCGGCATCT GCGTGGAG

CGGCATGAGCACCCTGTTCCTGGTGTACAGCAACAAGTGC
CACATCAGGGACTTCCAGATCACCGCCTCTGGECCAGTAL

GGCCAGTGCOCCCCCAAGCTEECCAGGCTCCACTACACCEGCAGCATCAACGTUTCGAGCACCAAG
GAGCCCTTCAGCTGCGATCAAGGTGCACCTGUIGGCCCCCATGATCATCCACGGUATCAAGALCCAG
thC&U\ ARGTTCAGCAGCCTGTACATCAGCCAGTTCATCATCATGTACAGCCTGEACG

GAAGT ACCTACAGGGGCAACAGCACCGGCACCCTGATGGETETICTTCGGCAACGTGGAC

AGCAGC‘
ACCCACTACAGCATCAGGAGCAC
T CCCCCT(,;(JGQ[&TC GAGAGC
GCCARC

CLOUR L3OO T,

CUCALL L:E*ACV A

'n

elaln

N
Al

GQVUTPACCACMFAFwGCGMJAAC

NOYR YO
COACCA

-
GGACGG

AGCAGCCEH
AACCAGCACAL
AT WO C“CA WGCT

CACCTGTACTCA

T

CC GGTGCAC
I

FCATCAZE(‘ CACAACATCTTCAACCCCCCCATCATCGUCAGET
M%CT““PTVE

.C%??(%(S(Z’
AGCCTGCT
GTGGACCCTETY
”TCNVV,@CGTCU.U

)
CCAG?

G
SEQ ID NO:29)

TACATCAGGCTGCATCCO

CTGCGEATGGAACTCATCGEGLIGCGACCTGAACAGCTGLAGT

CTGACGCCCAGATC
CCAGGCTGCACC
AGGTGE CCAGAF
GACCAGCCATGTACGTGAAL
ITTfjAwAbCCCCAAAGTCAA
CTGGACCCCCCCCTGCTGACC

TGAGAATGGAAGTGCTIGGGATGUGAGET

SACCGC

GCAGGG

A?”HﬁCT%Cmm“PFP
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COUCTEE
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1(5
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AL
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CS01m23-FL-AA {SEQ ID NG: 104)

MOIBLSTCEFLCLLREFCEFSATRRY YLGAVELSWDYMOSDLGELPVDARFPPRVPESFPEN
PEVVYRKTLEFVEFTDHLFNTARPRPPWMGLLGPTIQAEVY DTVVVT LKNMASHPVSLHAY
GVEYWHSSEGAEYDDOTSOREKEDDEVEPGKSETYVWOVLKENGPTASDPPCLTYSYLSH
VOLVKDLNSGLIGALLVCREGSLAKERTOTLHKFILLFAVEDEGKSWHSETHNSLMODRD
AASARAWNPRMHTVNGYVNRSLPGLIGCHRKSVYWHY 1<WCM’PEV%Q1:~LQIZngAuA
ROASLEISPITFLTAQTLLMDLGOFLLFCHISSHOHDGMEAYVEVISCPEEPQLRMENNE
EARDYDDODLTDSEMDVVREDDDNS PSFIQIRSVAKRKEPKTWVHY TARAEREDWDYAPLVLA
PODRSYRKSOYLNNGRPORIGRKYRKVREMAYTDETFKTREATQHESGILGPLLYGEVGDTL
LITFRNQASRPYNIYPRGITDVRPLY SRRLPEGVKELKDFPILPGEIFKYRWIVIVEDGE
TRSDPRCLTRYYSSEVNMERDLASGLIGPLLICYKESVDORGNDIMSDERNVILESVEDE
NRSvYL”LAlQR*LPB7AGV?LhD?5FQAo&lW€Q1NHV”¢DbL?LH”CLP”VAYWIipo
IGAQTDFLSVEFSGYTFREKMVYEDTLTLEFPFSCGETVEMSMENPGLWILCGCHNS DFRNRG
MTALLKVSSCDENTGDYYEDSYEDI SAY LLSKNNTTYVNRSLSONPPVLKRADREITRTT
LOSDOEEIDYDDTISVEMRKEDFDIYDEDENOSPREFOKKTREYFPIAAVERLWDYGMESS
PﬂVLBNPQOQGQVPGFKKV”“OLTTD SSETOPLYRGELNEELGLLGPY IRAEVEDNIMVT
SRPYSEYSSLISYEEDCROGAEPRENPVERPNETKTY FWKVOHHMARTKDEFDCKA
WAYFO?VDZF\C\HSGLIG.UIVCUTN_QN AHGROVIVOEFALFPTIFDETKEWYFTEN
MERNCRAPCNIDMEDPTFKENYRFHAINGY IMDTLPGLVMAQDORIRWYLLSMGENENIH
STHFSGHVETVREKEEYKMALYNLYPGVEETVEMLPSKAGIWRVECLIGEHLEAGMSTLE
LVYSNRKCOTPLEMASGHIRDEGITASGOYGOWAPKLARLHY SGSINAWSTRKERPFSWIKVD
LLAPMITHGIKTOGARQKESSLY ISOF I IMY SLDGREKWOTYRGNSTGT LMVEFGNVDSSG
IKENIFNPPIIARYIRLAPTHYSIRSTLERMELMGCDLNSCSMPLGMESKAISDADTTASS
YETNMEATWS PSKARLELQGRSNAWRPOVHNPREWLOVIDFOKTMEVTGVTTOGVESLLTS
MYVKEFLISSSODGHOWT LEPONGRKVREVEGGNQDSPTRPVVNSLDPPLLTRYLRIERPQSWY
HOIALRMEVLGCEAQDLY
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CE04m3~-FPL~RA (SEQ ID NO: 105}

MOIBELSTCrFLCLLREFCEFSATRRY Y LGAVELSHDYMOSDLGELPVBAREPPRVPKSFPEN
TOVVYRKTLEFVEFTDELFNIAKPRPPWMGLLGPTICARVYDTVVIS NMASHPVILEAV
GVSYWRASEGAEYDDOTSOREKEDDKVEPCCSHTYVRQVLKENGPMASDRPLCLTYSYLIH
VOLVEDINSGLIGALLVCREGSLAREKTQTLHKFILLFAVEDEGKSWHSETKNSLMGDRD
AASARAWPEMHTVNGYVNRSLPGLIGCHREKSYVYWHVIGMGTTPEVESIFLEGHTEFLVRNE
ROASLEISPITFLTAQTLLMDLGOFLLFCHISSHOHADGMEAYVEVDSCPEEPQLRMKNNE
EAEDYDDDLTDSEMDVY )
PODRSYRSQYLNNGPORIGRKYRRKVREMAY TDETFKTREATQHESGILGPLLYGEVGDT L
LITFRNOQASRPYNIYPHGITDVRPLY SRRLPEKGVKHLKDEPILPCEIFRKYKWIVIVEDGE
TREDPRCLTRYYSSPVNMERDLASGLIGPLLICYRESVDORCGNOQIMIDKRNVILEFSVEDE
NREWYLTENIQRFLPNPACGVQLEDPEFQASNIMHSINGYVFDILOLSVCLEEVAYWYILS
IGAQTDFLSVEFSGYTFKERMVYEDTLTLEPFSGETVEMSMENPGLWI LGCHNSDEFRNRG
MTALLXKVSECDRNITGDYYEDSYEDISAYLLSENNTTYVNRSLSONPPVLERHAQREITRTT
LOSDOERIDYDDTISVEMRKKEDFDIYDEDENGSPREFORKTRAYFIAAVERLWDYGMSSS
PHVLRNRAQSGSVPOFREVVEQEFTDGSFTOPLYRGELNERLGLLGPY IRAEVEDNIMYT
FRNGASRPYSEYSSLISYEEDQROGAEPRKNEVEKPNETRIYPWRKYQRHEMAPTRDEFDCKA
WAYFSDVDLEKDVHSGLIGPLLVCETNTLNPAHGROVIVOEFALFETIFDETKSWYPTEN
MERNCRAPCHNIQMEDPTEFRKENYRFHAINCYIMDTLPGLVMAQDORIRWYLLSMGSNENTH
STHFSGHVETVREKEEYRMALYNLYPOVEFETVEMLPSKAGIWRVECLIGERLHAGMSTLE
LVYSNRKCQTPLGMASGHIRDEFQITASGOYGOWAPKLARLEY SCEINAWSTREPFSWIKVD
LLAPMITHGIKTOGARQKEFSSLY IEQF L IMY SLDGKENQTYRGNSTGTLMVETGNVDSSG
IRANITFNPPITARYIRLEPTHY SIRSTLRMELMGCDLNSCOMPLGMESKATSDAQITASS
YEINMFATWSPSKARLHLOCGRENAWRPQVNNFPRKEWLOVDFQRTMEVTOVTITOGVKSLLTS
MYVKEFLISSSQDGHOWTLFFONGRKVEVEQGNQDSFTRPVVNSLDPPLLTRYLRIHRPOQSWY

HOTALRMEVLGCEAQDLY
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C501~FL-AAmi2 (SEQ ID NO: 106)

MOTELSTCFFLCLLRFCESATRRY Y LEAVELSWDYMOSDLGELPVDARFPPRVPRKEFPFNTSVVYK
KTLFVEFTOHLFNIARPRPPWMGLI TQAEVYDTVVVTLKNMASHPVS] AVGVSYWKSo<uAE
VDuyTSO““KEDDKVFPGKSHiAJWQVph&hu‘TAobE?C TYSYLSHVDLVEDLNSGL
REGSLAKEXKTQTLHKFILLFAVEDEGKSWHSETKNSLMODRDAASARAWPKMHETVNGYVNRELPGL
IGCHRKESVYWHVIGMET P PEVHS IFLEGRTFLVRNHROASLEISPITFLTAQTLLMDLGOFLLECH
ISSHOHDCGMEAYVEVDSCPEEPQLRMENNEEAEDYDDDLTDSEMDVVRFDDDNSPSFIQIRSVAKK
HPKTWVHY TAAEEEDWDYAPLVLAPDDRSYKSQY LNNGPORIGREYRRVREMAY TDETE TRL&LQ
HESGILGPLLY GDTLLIIFEKNQASRPYNIYPH DVRPLYSRRLPKGVKHLEKDFPILEPG
RKYKWITVTVEDG wDuQ”ITRYYSSTVbQWR?LA, TGPLLICYRESVDORGNQIMSDKR
FOVEDENRSWY ki > QLEDPEFOASNIMHSINGYVEFRSLOLEVCLHEVAYWY ILS
TCAQTDFLEVEFSGYT VEMSMENPCLWILGCHNSDFRNRGMTALLE
VSSCDENTGDYYEDSYEDISAYLLSKNN P“”FCQ\QP“L/RnuﬂE ATLOSDOEEIDYDDT
IGVEMKKEDFDIYDEDENCSPRSPQEKTRAYFIAAVERLWDYGMS SSPHVLRNRAGSGIVPOFKKY
VEQEFTDGSFTOPLYRGELNEHLEGLLEGPY IRAREVEDNIMVTER QQZSRLf“EYiSLloYEEDQR&G
AEPRENFVEKPNETRTYFWKVOHHMAPTEDEFDCKAWAYFSDVDLEKDY HSCTIUP LVCHTNTLND
ARGROVITVQOEFALFFTIFDETKSWYFTENMERNCRAPCNIQMEDPTEFKEN? NGY .DtAPC
LVMAGDORIRWYLLSMGENENIHSIHFSGRVETVRKKEEYRKMALYNLY PG
”hPLin<Lﬂhu STLFLVYSNRCOTPLOGMASGHIRDEQITAS QQXQQWA’hLAxL{YbuQ_’A
TRKEPFSWIKVDLLAPMITHGIRTQOGARQKFSSL 1;-QFIIMYQLDGIKWLTYRGNDTC?:X“FFGN
VDSSGIKENIFNPPITARYIRLHPTHYSIRSTLRMELMGCDLNSCSMPLGME ASSY
F“‘M?PTWSP%KARLHLQUJSWAU 3QthP&“vJF”DTQLTMYVTCJTTTFVT84;
SSEODGHEQWT QNGEVEVEQGNUDSETRPVVYNSLDPPLUTRYLRIHPQSWVHQ
guLY

o

3
™
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CS04-FL-AAm12 (SEQ ID NO: 107}

MOIE FRLCLLRECFSATRRYYLGAVELSWDYMOSDLGELEVDARFPPRVEKSFPENTSVVYR
K¢L”VUE*DH FNTARKPRPPWMCLLGPTICAEVYDTVVVTLRNMASHPVELBAVGVSYWKSSEGAE
’D”>TSCREKLDDKV”PGR YVHQVLEKENGPTASDPPCLTYSYLSHVELVRDLNSGLIGALLVC
FILLFAVEDEGESWHSETKNS LMQURDAASARAWPKMHT VY iE
JASIFLEGHTFLVRNARQASLEISPITFLTAQTLIMDLGOFLLECH
is z@DCﬁE XVKVDT“P EPOLRMKNNEREARDYDDRLTDSEMDVVREDDDNSPSFIQIRSVAKK
HPKTWVHY IAAREEDWDYAPLVLAPDDROYKSQYINNGPOQRICREKYKKVREMAYTDETFKTREALQ
HESGILGPLLYGEVEDTLLITFKNQASRPYNIYPHGITDVRPLY SRRLPKGVRELKDEPILPGELY
K (KWTVIVEDGPTKSDPRCLTRYYSSFVNMERDLASGLIGPLLICYKESVRORGNOIMSDERNY L
NRSWYLTENIQREPLPNPAGVOLEDPEFQASNIMHSINGYVEFDSLOLSVCLAEVAYWYTLS
ICAO”JE QV”FSCZTEKHKMVYhD*JTLFPEQGLTV‘MJ PELWILGCHNSDERNRGMTALLK
Wga“""SKNNFTF?PSF SONPPVLEREQREITRTITLOSDOEEIDYDDT
SEFQRKTRAYFIAAVERLWDYGMSSSPHEVLRNRAQSGSVPOFREY
LLGPYIRAEVEDNIMVTFRNQASRPYSFYSSLISYEREDOROG
PTROEFDCKARAYFSDVDLEKDVHSGLIGPLLVCHTNTLND
LET ENMERNCRAPCNIOMEDPTEFKENYRPHAYNGY IMDTLRPG

LVE K“LQP-BWXQLQMW“\LDlﬂSIHE SGHVIFTVRRKRKEEYKMALYNLYPGVIETVEMLPSKAGTIHR
VECLIGEHLHAGMSTLFLVY SNRCOTPLGMASGHIRDEQITASGOYCOWAPKLARLHYSGSINAWS
TREPFSWIKVDLLAPMIIAGIKTQUARQREFSSLYISQOF L IMY SLDGKEWOTYRGNSTCTLIMVEFGN
VDSSGLRHNITNP::I ?YIRLHL¢HLSIRV¢LRNEbMGCDTNQFSVDLGMESKﬁIBDAQITASSY

(f)
‘D
U.l

FENMEATWSE VRFCKTMEVTGVITQCOVRSLLTSMYVEEERL
lS&S@DGHQWTLFFQNGKVKVFQGNQDSFT?VJNSQJPPLg-BVLQ APOSWVHOIALRMEVLGCE
Lx&)_DLY
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C501~FL~NAml2 (SEQ ID NO: 108)
ATGCAGATTGAGCTGTCCACCTECTTCTTTCTGTGCCTGCTGAGATTCTGCTTCTCTGCCACTAGG

AGATACTACCTCCGGGECTCTGGAACTTTCTTGGCACTACATCGCAGTCTCACCTGLCAGAGCTECCT
GT GATGCCAGGTTCCCACCCAGAGTGCCCAAGTCCTTCCCATTCAACACCTCYGTGGTUTACALG

J
VAGACACTCTTTICTGCAATTCACTGACCACCTETTCAACATTGCAARACCCAGACCACCCTGEATG
GGACTCCTGGGACCC CCA**VLFGCTCA~GTGTA' ACRC ?TGvTCGTCAL‘LTCAAh&AL,TG
GCATCCCACCCTGTCTCTCTGCAT GGGAGTCTCATACTGGAAATCCTCTIGAAGGGGECTGAG
TATGATGACCAGACATCCCAGE CAGA(\AACAuhLE ACAAC STTCCCTGGCAAGTCTCACACT
TATGTGIGGCAAGTCOTCAAGGAGARTGCACCCACTGCATCTCACCCACCCTGCCTGACATACTCC
TACCTTTCTCATCTGGACCTGGTCAAGCACCTCARCTCTGCGACTGATTGCGEGCACTGLTG z"'TGb
AGGGAAGGATCCCTGGCCAAGGAGAAAACCCAGACACTGUACAAGTTCATICTCCT PEGCTGTC
TTTGATGAGGGCAAGTCTTGGCACTCTGAARCARAGAACTCCCTGATGCAAGACAGGGARTGCTGCC
TCTGCCAGGGCATGCUCCAAGATGCACACTOTGAATCGUTATGTCAACAGAT CACTECTIX
ATTCGCTGCCACAGGARATCTGTCTACTCGCATCGTCATTGCCATGGGEACAACCCCTCAAG
TTCCT SGAGGGACACACCTTCCIGETCAGGAACCACAGACARGLCTCTCT GATCTCY
ACCTTCCTCACTGCACACACACTOCTCGATCCACCTTLLACAGTTCOTCCTGTCCTCCCAC
AECT CTTCCCACCAGCATGATGRECATGCAACGCCTATGTCAAGETGGACTCATECCCTGAGGAAL CA
TCAGGATCAAGAACAATCGAGCAGGUTCAGGACTATCATCATGACCTCACTGACTUTGAGA
GATGTGGTCAGATTTCGATGATGACAACTCTCL ATLLTTCATT\’C?T/A"FXFTGTCCCAAAGAAA
CACCCCAACGACATOGOGTGCACTACATYGCTCUTGAGGAACAG ATGCACCACTGEETC
CEGGCCCCTGAT “"AC--GGA SCTACAAGTCTCAGTACTT kAA(”AATf“”CCC AAAGAATTV CAAGA
\CTACAAGAAAGTCAGATTCATGGCCTACACTCATGAAACCTTCAAL TCAG
CATGEAG CLJGL“TTCanuCA CACTLCTGTATGGGGAAGTGGGAGACACCCTIC 3ATCnTCTTF
G
C

Q)

.

AAGAACCAGGCCTCCAGGCCCTACAACATCTACCCACATGGCATCACTYGATGTCAGGCCCCYETAC
AGCAGGA Bz TCLCZKAAGGGSTC AACACCTCAAGGACTTCCCCATTCTGCCTGGAGAGATC TTC

TGGAGGATGGACCAACARAGTUTGACCLCAGGTGCUTCACCAG!
GGKM\GACAC“" SCATCTGGACTGATTGCGACCACT CT?ATP

LGA&\TT
C GTGGACCAGAGAGGUAACCAGATCATGTCTGACAAGAGAAATGTGA
TCT kTGTCTTTbnTCﬁGP:MACAT”A;uaTupJTGA,TGACAA”ATTCAGHGALT)CT?
CCTGCTCGEETGCARCTGGAAGACCCTCGAGTTCCAGGCAAGCAACATCATGCACTCCATCAATGGC
TATGTGTTTGACTCTCYCCAGCTTTCTETCTECCTGCATGAGETGGCCTACTGETACATTCTTTCT
ATTGEGGCALC L;A’”T G “”‘T”"’\”i CTGICTTCTTCTCTGGATACACCTTICAAGCACRAGATGGETG
TATGAGGACACCCTGACACTCTTC CC“mm CTCTGEEGAAACTETETTCATCAGCATGCAGAACCCT
EG}CI”TGCATZC“GCGAIG CCACRACTUTCGACTTCAGAAACAGGGEAATGACTGUACTGCTCAAA
TCCTETGACRAGAACA m»bGGACTAC ATGAGGACTCTTATGAGGACATCTCTGCCTAC
AGCAAGARCAATGCCAT CAGCCCAMAACCTTLTC’JI GAATCCACCTETCCTGAAGAGA
SAGAGAGATCACCAGGACAACCCTCCAGTCTGACCAGCAAGAGATTGACTATGATGACACC
CTGETGGAGATGAAGAAGGAGBACTTITG CA fAMAATGAGGL”GPCH :CAG"”TCCAAQA
CAuKACAﬁGRpAznACACTACT?CATTGCTGCTGT GGAAAGACTGTCCGEACTATGCELATG

TCTTCCTCTCCC@nI CTCAGGAACAGGE TCAAGAAAGTG

o

T
EN

+ T O T OO ALY
AC,;.:L\J CAGLUETU T Y U\,( A ZA

\

{(Continued)
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GTCTTCCAGGAGTTCACTGATGGCTCATTCACCCAGCCCCTETACAGAGGGGAACTGAATGAGCAC
CTCGGACTCCTCCECACCATACATCAGGGCTCGAGCTGGAAGACAACATCATGETGACATTCAGAAAC
CAGGCCTCCAGGCCOTACAGCTTCTACTCTTCCCTCATCAGCTATGAGGAACGACCAGAGACAAGGE
GCTGAGCCAAGAALGAACTTTGTGAAACCCAATGAAACCAAGACCTACTTCTGGAAAGYCCAGCAC
CACATGGCACCCACCAAGGATGAG SACTGCAAGGCCOTEGEE CTTCTCTGATGETGGACCTG
GAGAAAGATETCCACTCTGECCTCGATTGECCCACTCCTGEYCYGCCACACCAACACCOTGAACCOT
GCACATGCAAGCCAAGTCGACTGTGCAGGAGTTTGCCCTCTTCY I CACCATCTTTGATGAAACCAAG
TCATGETACTTCACTGAGAACATCCACGAGAAACTCCAGAGCACCATGCAACATTCAGATGGAAGAC
CCCACCTTCAAGCGAGAACTACAGGTTCCATCCCATCAATGGCTACATCATGCACACCCTECCTEEE
CTTETCATGECACAGCACCAGAGAATCAGATEET! CCTGCTTTC TATGGGATCCAATCGAGAACATT
CACTCCATCCACTTCTCTGGGCATETCTTCACTETGAGAAAGAAGGAGGAATACAAGATCECCCOTE
TACAACCTCTACCCTGGGETCTTTICACGACTETGEG FATGC”C,CCTCCAAAGCTGGCATCTGGAGG
GIGGAATGCCTCATTGGGGAGCACCYGCATGCTGGCATGYCAACCCTETTCCTGETCTACAGCAAC
AAGTGCCAGACACCCCTGGGAATGGCCTCTGECCACATCAGGGACTTCCAGATCACTGCCTCYGEC
CAGTATGCCCAGTECCECACCCAAACTGGUCAGGCTCCACTAC GGCTCCATCAATGCATCETCA
ACCAAGGAGCCATTCTCTTGGATCAAGGTGGACCTGCOTGGCACCCATCGATCATTCATGGCATCAAG
ACACAGGGGCCAAGACAGAAATTCYCCICTCTGTACATCTCACAGTTCATCATCATGTACTCTCTG
GATGGCAAGAAGTGGCAGACATACAGAGGCAACTCCACTGGCACCCTCATGETCTTCTTTGGCAAT
GTGGACAGCTCTCCCATCAAGCACAACATCTTCAACCCTCCCATCATTGCCAGATACATCAGGCTE
CACCCCACCCACTACTCAATCAGATCAACCCTCAGCGATGCGAACTCATGEEATETGACCTGAACTCC
TGCTCAATGCCCOTGRRAATGGAGAGCAAGGCCATTTCTGATGCCCAGATCACTGCATCCTCTTAC
TTCACCAACATGTTTGCCACCTGETICACCATCAAAAGCCAGGCTGCACCTCCAGGGAAGAAGCAAT
GCCTGGAGACCCCAGGTCAACAACCCAAAGGAATGECTGCAAGTGGACTTCCAGAAGACAATGARAA
GICACTGGGETCGACAACCCAGGGGGTCAAGTCTCTGCTCACCTCAATGTATCGTGAAGGAGTTCCTG
ATCTCTTCCTCACAGGATGGCCACCAGTGCGACACTCTICTTCCAGAATGGCAAAGT CAAGETETTC
CAGGGCAACCAGCACTCTTTCACACCTETGETGAACTCACTGGAC L””““””””GACAAGA?A”
CTGAGAATTCACCCCCAGTCTTGEETCCACCAGATTGCCCTGAGAATGCGAAGTCOTGEEATETGA:

GCACAAGACCTETACTGA

rj e

Figure 578
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C804~FL~-Nami2 (SEQ ID NO: 109}
ATGCAGATTCAGCTGAGCACCTEUTTCTICCIGTECCTGCTCGRAGETTCTGCTTOTCTGUCCACCAGE
AGATACTACCTGGEGGCTGTGEAGCTTTCTTGECACTACATCCAGTCTGACCTGGEEGAGCTGCE
GTGGATGCCAGGETECCC ACuLACA"T}”CCanTC”TTCC@ VETCAACACCTCTETGETCTACAAG
AAGACCCTCTTYTCTIGCGAGTICACTGACCACCTETTCAACATTIGCCAAACCCAGGCCACCCIGGATG
GGAC.CCT(FGACLVM\MATTC GECTCAGETGTATGACACTGTGETCGTCACCCTCAAGARACATG
GCCTCCCACCCTETGAGTC CTCAGCTACTGGAAGTUCTCTCGAGGGRECTGAG

TATGATGACCAGACCTCCCAGAGGCGAGAAGCAGCGATGACAAAGTGTTCCCTGGGAAGAGCCACACC

i~

TATGTGThgbﬁGL?”'T‘AAGGAG&ATGGCC&CA”'GC"TQT”&L&»ACCC”bemGHCCTACTCC
TACCTTTCTCATCTGGACCTEETCAAGCGACCTCAACTCTGCACTCGATTCEGECCCTGCTEETETGC

AGGGAGGGCTCCCTGGCCAAAGAGRAGALL
TTTGATGAGGGCARGAGUTGECALT

TCEGCCAGGGCCTGGCCCAAGATGC

(A.A&CCTSC \CAAGTTCATTCTCCTGTTTGCTETC
ARCCAAGARCTCCCTCATGCAGGACAGGGATECTET

CTATGTGEAACAGGAGCCTGCCTGGACTC
~

\

o

ATTGGUIGCCACAGGARATCTETCTACTCGCATCTGATTGGCATCGLGACARCCCCTGAGGTGCAC
TCCATTTTCCTGEAGGECCACACCTTCCTGCTCAGGRAACCACAGACAGGCCAGCCTGGAGATCAGC

CCCATCACCTTCCICACTGCLCAG ACCTCGLACAGTICCTECTGTCCYGCCAC
ATCAGCTCCCACCAG CKLU1¢GGCA1GC“QGCCTATG“LAACJTbFFCAGCTGCCthAG AGCCA
CAGCTCAGGATCAAGAATAA GGAGGUTIGAGGACTATCATCGATGACCTGACTGACTCTIGAGATG
CATGTGETCCGCTTTCGATGATCACAACAGCCCATCCTTCATTCAGATCAGCTCTETGGCCAAL
CACCCCRAGACCTGEEY uvh””Ak%lIC””VuICASGAGGAGFA,LuG(A”iATSCCCSl””C”T“
CTGCCCCCTGATCGACAGGACCTACRAGACCCACTACCT CAACAATGGCCCACAL
AAGTACAAGARAGTCAGGTTCA ﬁbb‘pvanGAT SAAACCTTCAAGACCAGGGAGGCCATTCAG
CATGAGTCTCGCAT CCbe~CCCAQl SGHLGAGETGGUGCACACCCTGCTCATCATCTTC
AAGAACCAGGCCTCCAGGCCCTACA1,ATh ACC,ACK” SGCATCACTGATGETCAGGCCCCTETAC
AGCTGCAGGCTG CvAﬁAJ(GUf [GAAACACCTCAAGGACTTCCCCATTCTGCCTGOEGAGATITTC
: CTGTCACTG GATGGACCARACCAAATCTGACCCCAGETGCCTCACCAGA
T”'I'CTCV“”CMMT"“GAACAEGGAGAJ”GA CCTGGCCTCTGOCOTGATTGGECCCACTGCTCATC
TGCTACAAGGACTCTGTCCACCAGAGGGGAARCCAGATCATCTCTGACAAGAGGAATGTGATTCTG
TLCTCTCTCTITCATGAGAACAGGAGCTGGTACCTGACTGAGAACATTCAGCGCTTCOTGCICAAC
CCTGCTGGEETGCAGCTEGAGGACCCTGAGTTCCAGGCCAGCAACATCATGCACTCCATCAATGGC
TATGTCGTTTGACAGCCTCCAGC CTGET ZTGC,TnCA-uAIGTCCC,¢MVTGGTATFT‘”TTLV
ATTGCCECCCAGACTGACTTCCTTTCT TCTGGUTACACCTTCAAACACAAGRATOGETG
TATGAGGACACCCTGACCCTCTTCCCATICICTGGEGAGACTCTGTTCATCAGCATGCACAACCCT
GGCCTGTGCATTCTIGCGATGCCACAACTCTCGACTTCCGCAACAGGGGCATGACTGCCCTGUTCARA
GTCTCCTCCTGTGACAAGAACACTCGGGACTACTATGAGGACAGCTATGAGGACATCTCTGCCTAC

o

¢
'I>

)—%H

O

CTGCTCAGCAAGAACAATGCCATTGAGCCCAGGAGCTTCAGCCAGRAATCCACCTGTCCTGAAALGC
CRCCAGAGGCGAGATCACCAGGACCACCCTCCAGTCTCGACCAGCGAGCGAGATTCGACTATGATEACACC

ATTTCTGTGCAGATGCAAGAARGAGCGACTTITGACATCTATGACGAGGACGAGAACCAGAGCCCAAG
AGCTTCCAGAAGRAGACCAGCCACTACTTCATTGCTGCIGTCCAGCGCCTGTGLGALTATLECATG
AGCTCCAGCCCCCATGTCCTCAGGAACAGGCCCCAGTCTGECTCTEGTECCACAGTTCAAGALAGTG
GTCTTCCAACGAGTICACTTCATGGCAGCTICACCCAGCCCOTGTACAGAGGGGAGCTGAATGAGCAC
CTGGGACTCCTGEECCCATACATCAGGECTGAGCTGGAGGACAACATCATGETGACCTTCCGCAAC

{Continued)
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GCCTCCAGGCULTAL
G \GAAC

larNele

CAG 'C”T”CEAC%””ICC TCATCAGCTATGACGAGGACC
GCTGAGCCACGCAA TTETEGAAACCCAATGAAACCAAGACCTACTTCTGGER AA R vaC
CACATGGCCCCCACCARGG A?GAGTTT ACTGCAAGGCCTGGECCTACTTUTCTGAT GCACCTG
GA t\uCﬂTuTprC,p GCCTCATTGGCCCACTCCTGETCTGCCACARCAACACCCTGAACCCOT
GCCCATGGAAGG AGTGAPWV“LCACC AGT uC"”IC“TCTTCACCATCTTTGATGAAACCAAG
AGCTGQTACTTCACTG% P\VAWRU"Gbu CAARCTCCAGGGCCCCATGCAACATTCAGATGCGAGGAC
CCCACCTTCRAAAGAGAACTACCGOTTCCATGCCATCAATGGL "TCAZuuACA SCCRGCCTEEE
CTTGTCATGGCCCAGCGACCAGAGGATCAGETGE] Af’waTTﬁ‘TX GGGCTCCAATGAGRACATT
CACTCCATCCACTTCTE TGCQVA_G CCTTCACTGTGCGCAAGAAGGAGGAGTACAAGATGGCCLTG
TACAACCTCTACCCTGGGCTCTTTCGAGACTGTCCACATGCTGCCCTCCARAGCTGECATCTGGAGE
STGGAGTGCCTCATY ‘SGGAGCACC"GC.‘.T(“C‘T SGCATGAGCACCCTGTTCCTGEGTCTACAGCAAC
AAGTGCCAGACCCCCCTGGGAATCECCTCTCGLCACATCAGGLACTTCCAGATCACTGCCTCTGEC
CAGTATGGQCAGTuGﬁCCCCCAAGTTCGCC AWGGCTCCACTACTCTGCATCCATCAATGCCTGEGAGT

ACCAAGGAGCCATTCAGCTGEATCAARAGTGCACCTECTGOCCCUCATGATCATCCATGECATCAAG
VCCCAGGGGGCCAGGCAGAAGTTCTCCAGCCTGTACATCAGCCAGTTCATCATCATCTACAGCCTG
GATGGCAACGAAATGGCAGACCTACAGAGGCAACTCCACTGGAACACTCATGGTCTTCTTTCCCAAT
GPGGACAGCTCTGGCATCAAGCACAACATCTTCAACCCCCCAATCATCGCCAGATACATCAGGCTG

CACCCCACCCACTACAGCATCCECAGCACCCTCAGGATGGAGCTGATGGGCTGTGACCTGAACTCC
TGCAGCATGCCCCTGCGCATGGAGAGTAAGGCCATTTCTGATGCCCAGATCACTGCCTCCAGCTAL

ACCAACATGTTTCCCACCTGLAGCCCAAGCAAGGUCAGGLTGLACCTCCACCGAAGGAGCAAT
AC,T?GZHCC” SCAGGTCAACAACCCARAGGAGTGGCTCGCAGGTGGACTTCCAGAAGACCATGAAG
A TGGEETGACCACCCAGGGGETCAAGAGLCTGCTCACCAGCATGTATETGRAGGAGTTCITG
TCCAGCCAGGATGECCACCAGTGGACCCTCTTCTTCCAGAATGGCAAGGTCARGETETTC

QA GS AACCAGGACAGCTTICACCCCTGIGETGAACAGUUTGBACCCCCCCCTCCTGACCAGATAC
CL’GAG

.

2N

~
GATTCACCCCCAGAGCTGEEETCCACCAGATTGCCUTGAGGATCCGAGGTCCTGGGATETGAG

AG

GACCTG

A T
TACTGA
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VIRAL VECTORS ENCODING
RECOMBINANT FVIII VARIANTS WITH
INCREASED EXPRESSION FOR GENE
THERAPY OF HEMOPHILIA A

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 15/349,930, filed Nov. 11, 2016, which claims
priority to U.S. Provisional Patent Application No. 62/255,
317, filed Nov. 13, 2015, the content of which are hereby
incorporated by reference in its entirety for all purposes.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Nov. 9, 2016, is named 008073_
5107_USO01_Sequence_Listing.txt and is 345 KB bytes in
size.

BACKGROUND OF THE DISCLOSURE

[0003] Blood coagulation proceeds through a complex and
dynamic biological pathway of interdependent biochemical
reactions, referred to as the coagulation cascade. Coagula-
tion Factor VIII (FVIII) is a key component in the cascade.
Factor VIII is recruited to bleeding sites, and forms a Xase
complex with activated Factor IX (FIXa) and Factor X (FX).
The Xase complex activates FX, which in turn activates
prothrombin to thrombin, which then activates other com-
ponents in the coagulation cascade to generate a stable clot
(reviewed in Saenko et al., Trends Cardiovasc. Med., 9:185-
192 (1999); Lenting et al., Blood, 92:3983-3996 (1998)).
[0004] Hemophilia A is a congenital X-linked bleeding
disorder characterized by a deficiency in Factor VIII activity.
Diminished Factor VIII activity inhibits a positive feedback
loop in the coagulation cascade. This causes incomplete
coagulation, which manifests as bleeding episodes with
increased duration, extensive bruising, spontaneous oral and
nasal bleeding, joint stiffness and chronic pain, and possibly
internal bleeding and anemia in severe cases (Zhang et al.,
Clinic. Rev. Allerg. Immunol., 37:114-124 (2009)).

[0005] Conventionally, hemophilia A is treated by Factor
VIII replacement therapy, which consists of administering
Factor VIII protein (e.g., plasma-derived or recombinantly-
produced Factor VIII) to an individual with hemophilia A.
Factor VIII is administered prophylactically to prevent or
reduce frequency of bleeding episodes, in response to an
acute bleeding episode, and/or perioperatively to manage
bleeding during surgery. However, there are several unde-
sirable features of Factor VIII replacement therapy.

[0006] First, Factor VIII replacement therapy is used to
treat or manage hemophilia A, but does not cure the under-
lying Factor VIII deficiency. Because of this, individuals
with hemophilia A require Factor VIII replacement therapy
for the duration of their lives. Continuous treatment is
expensive and requires the individual to maintain strict
compliance, as missing only a few prophylactic doses can
have serious consequences for individuals with severe
hemophilia A.

[0007] Second, because Factor VIII has a relatively short
half-life in vivo, conventional prophylactic Factor VIII
replacement therapy requires administration every second or
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third day. This places a burden on the individual to maintain
compliance throughout their life. While third generation
“long-acting” Factor VIII drugs may reduce the frequency of
administration, prophylactic Factor FVIII replacement
therapy with these drugs still requires monthly, weekly, or
more frequent administration in perpetuity. For example,
prophylactic treatment with ELOCTATE™ [ Antihemophilic
Factor (Recombinant), Fc Fusion Protein] requires admin-
istration every three to five days (ELOCTATE™ Prescribing
Information, Biogen Idec Inc., (2015)). Moreover, the long-
term effects of chemically modified biologics (e.g., pegy-
lated polypeptides) are not yet fully understood.

[0008] Third, between 15% and 30% of all individuals
receiving Factor VIII replacement therapy form anti-Factor
VIII inhibitor antibodies, rendering the therapy inefficient.
Factor VIII bypass therapy (e.g., administration of plasma-
derived or recombinantly-produced prothrombin complex
concentrates) can be used to treat hemophilia in individuals
that form inhibitor antibodies. However, Factor VIII bypass
therapy is less effective than Factor VIII replacement
therapy (Mannucci P. M., J Thromb Haemost., 1(7):1349-55
(2003)) and may be associated with an increased risk of
cardiovascular complication (Luu and Ewenstein, Haemo-
philia, 10 Suppl. 2:10-16 (2004)).

[0009] Somatic gene therapy holds great promise for the
treatment of hemophilia A because it would remedy the
underlying under-expression functional Factor VIII activity
(e.g., due to missense or nonsense mutations), rather than
provide a one-time dose of Factor VIII activity to the
individual. Because of this difference in the mechanism of
action, as compared to Factor VIII replacement therapy,
one-time administration of a Factor VIII gene therapy vector
may provide an individual with Factor VIII for several years,
reducing the cost of treatment and eliminating the need for
continued patient compliance.

[0010] Coagulation Factor IX (FIX) gene therapy has been
used effectively to treat individuals with hemophilia B, a
related blood coagulation condition characterized by dimin-
ished Factor IX activity (Manno C. S., et al., Nat Med.,
12(3):342-47 (2006)). However, Factor VIII gene therapy
presents several unique challenges. For example, the full-
length, wild-type Factor VIII polypeptide (2351 amino
acids; UniProt accession number P00451) is five times
larger than the full-length, wild-type Factor IX polypeptide
(461 amino acids; UniProt accession number P00740). As
such, the coding sequence of wild-type Factor VIII is 7053
base pairs, which is too large to be packaged in conventional
AAV gene therapy vectors. Further, reported recombinant
expression of B-domain deleted variants of Factor VIII
(BDD-FVIII) has been poor. As such, several groups have
attempted to alter the codon usage of BDD-FVIII constructs,
with limited success.

BRIEF SUMMARY OF DISCLOSURE

[0011] Accordingly, there is a need for Factor VIII variants
whose coding sequences are more efficiently packaged into,
and delivered via, gene therapy vectors. There is also a need
for synthetic, codon-altered nucleic acids which express
Factor VIII more efficiently. Such Factor VIII variants and
codon-altered nucleic acids allow for improved treatment of
Factor VIII deficiencies (e.g., hemophilia A). The above
deficiencies and other problems associated with the treat-
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ment of Factor VIII deficiencies (e.g., hemophilia A) are
reduced or eliminated by the disclosed codon-altered Factor
VIII variants.

[0012] Inaccordance with some embodiments, the present
disclosure provides nucleic acids encoding Factor VIII vari-
ants that have high sequence identity to the disclosed
codon-altered sequences of the Factor VIII heavy chain
(e.g., CS01-HC-NA, CS04-HC-NA, or CS23-HC-NA) and
light chain (CSO1-LC-NA, CS04-LC-NA, or CS23-LC-
NA). In some embodiments, these nucleic acids further
include a sequence encoding a linker sequence that replaces
the native Factor VIII B-domain (e.g., a linker sequences
comprising a furin cleavage site), between the sequences
coding for the Factor VIII heavy and light chains.

[0013] In one aspect, the disclosure provides a polynucle-
otide including a nucleotide sequence encoding a Factor
VIII polypeptide. The Factor VIII polypeptide includes a
light chain, a heavy chain, and a polypeptide linker joining
the C-terminus of the heavy chain to the N-terminus of the
light chain. The heavy chain of the Factor VIII polypeptide
is encoded by a first nucleotide sequence having at least 95%
identity to CS04-HC-NA (SEQ ID NO: 3). The light chain
of the Factor FVIII polypeptide is encoded by a second
nucleotide sequence having at least 95% identity to CS04-
LC-NA (SEQ ID NO: 4). The polypeptide linker comprises
a furin cleavage site.

[0014] In one embodiment of the polynucleotides
described above, the polypeptide linker is encoded by a third
nucleotide sequence having at least 95% identity to
BDLO04 (SEQ ID NO: 6).

[0015] In one aspect, the disclosure provides a polynucle-
otide including a nucleotide sequence encoding a Factor
VIII polypeptide. The Factor VIII polypeptide includes a
light chain, a heavy chain, and a polypeptide linker joining
the C-terminus of the heavy chain to the N-terminus of the
light chain. The heavy chain of the Factor VIII polypeptide
is encoded by a first nucleotide sequence having at least 95%
identity to CS01-HC-NA (SEQ ID NO: 24). The light chain
of the Factor FVIII polypeptide is encoded by a second
nucleotide sequence having at least 95% identity to CS01-
LC-NA (SEQ ID NO: 25). The polypeptide linker comprises
a furin cleavage site.

[0016] In one embodiment of the polynucleotides
described above, the polypeptide linker is encoded by a third
nucleotide sequence having at least 95% identity to
BDLOO01 (SEQ ID NO: 5).

[0017] In one aspect, the disclosure provides a polynucle-
otide including a nucleotide sequence encoding a Factor
VIII polypeptide. The Factor VIII polypeptide includes a
light chain, a heavy chain, and a polypeptide linker joining
the C-terminus of the heavy chain to the N-terminus of the
light chain. The heavy chain of the Factor VIII polypeptide
is encoded by a first nucleotide sequence having at least 95%
identity to CS23-HC-NA (SEQ ID NO: 22). The light chain
of the Factor FVIII polypeptide is encoded by a second
nucleotide sequence having at least 95% identity to CS23-
LC-NA (SEQ ID NO: 23). The polypeptide linker comprises
a furin cleavage site.

[0018] In one embodiment of the polynucleotides
described above, the polypeptide linker is encoded by a third
nucleotide sequence having at least 95% identity to
BDLO23 (SEQ ID NO: 7).

[0019] In one embodiment of the polynucleotides
described above, the first nucleotide sequence encoding the
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heavy chain of the Factor VIII polypeptide has at least 96%
identity to the respective heavy chain sequence (e.g., CS04-
HC-NA (SEQ ID NO: 3), CS01-HC-NA (SEQ ID NO: 24),
or CS23-HC-NA (SEQ ID NO: 22)), and the second nucleo-
tide sequence encoding the light chain of the Factor FVIII
polypeptide has at least 96% identity to the respective light
chain sequence (e.g., CS04-LC-NA (SEQ ID NO: 4), CS01-
LC-NA (SEQ ID NO: 25), or CS23-LC-NA (SEQ ID NO:
23)).

[0020] In one embodiment of the polynucleotides
described above, the first nucleotide sequence encoding the
heavy chain of the Factor VIII polypeptide has at least 97%
identity to the respective heavy chain sequence (e.g., CS04-
HC-NA (SEQ ID NO: 3), CS01-HC-NA (SEQ ID NO: 24),
or CS23-HC-NA (SEQ ID NO: 22)), and the second nucleo-
tide sequence encoding the light chain of the Factor FVIII
polypeptide has at least 97% identity to the respective light
chain sequence (e.g., CS04-LC-NA (SEQ ID NO: 4), CS01-
LC-NA (SEQ ID NO: 25), or CS23-LC-NA (SEQ ID NO:
23)).

[0021] In one embodiment of the polynucleotides
described above, the first nucleotide sequence encoding the
heavy chain of the Factor VIII polypeptide has at least 98%
identity to the respective heavy chain sequence (e.g., CS04-
HC-NA (SEQ ID NO: 3), CS01-HC-NA (SEQ ID NO: 24),
or CS23-HC-NA (SEQ ID NO: 22)), and the second nucleo-
tide sequence encoding the light chain of the Factor FVIII
polypeptide has at least 98% identity to the respective light
chain sequence (e.g., CS04-LC-NA (SEQ ID NO: 4), CS01-
LC-NA (SEQ ID NO: 25), or CS23-LC-NA (SEQ ID NO:
23)).

[0022] In one embodiment of the polynucleotides
described above, the first nucleotide sequence encoding the
heavy chain of the Factor VIII polypeptide has at least 99%
identity to the respective heavy chain sequence (e.g., CS04-
HC-NA (SEQ ID NO: 3), CS01-HC-NA (SEQ ID NO: 24),
or CS23-HC-NA (SEQ ID NO: 22)), and the second nucleo-
tide sequence encoding the light chain of the Factor FVIII
polypeptide has at least 99% identity to the respective light
chain sequence (e.g., CS04-LC-NA (SEQ ID NO: 4), CS01-
LC-NA (SEQ ID NO: 25), or CS23-LC-NA (SEQ ID NO:
23)).

[0023] In one embodiment of the polynucleotides
described above, the first nucleotide sequence encoding the
heavy chain of the Factor VIII polypeptide has at least
99.5% identity to the respective heavy chain sequence (e.g.,
CS04-HC-NA (SEQ ID NO: 3), CS01-HC-NA (SEQ ID
NO: 24), or CS23-HC-NA (SEQ ID NO: 22)), and the
second nucleotide sequence encoding the light chain of the
Factor FVIII polypeptide has at least 99.5% identity to the
respective light chain sequence (e.g., CS04-LC-NA (SEQ ID
NO: 4), CS01-LC-NA (SEQ ID NO: 25), or CS23-LC-NA
(SEQ ID NO: 23)).

[0024] In one embodiment of the polynucleotides
described above, the first nucleotide sequence encoding the
heavy chain of the Factor VIII polypeptide has at least
99.9% identity to the respective heavy chain sequence (e.g.,
CS04-HC-NA (SEQ ID NO: 3), CS01-HC-NA (SEQ ID
NO: 24), or CS23-HC-NA (SEQ ID NO: 22)), and the
second nucleotide sequence encoding the light chain of the
Factor FVIII polypeptide has at least 99.9% identity to the
respective light chain sequence (e.g., CS04-LC-NA (SEQ ID
NO: 4), CS01-LC-NA (SEQ ID NO: 25), or CS23-LC-NA
(SEQ ID NO: 23)).
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[0025] In one embodiment of the polynucleotides
described above, the first nucleotide sequence encoding the
heavy chain of the Factor VIII polypeptide is CS04-HC-NA
(SEQ ID NO: 3), and the second nucleotide sequence
encoding the light chain of the Factor FVIII polypeptide is
CS04-LC-NA (SEQ ID NO: 4).

[0026] In one embodiment of the polynucleotides
described above, the first nucleotide sequence encoding the
heavy chain of the Factor VIII polypeptide is CS01-HC-NA
(SEQ ID NO: 24), and the second nucleotide sequence
encoding the light chain of the Factor FVIII polypeptide is
CS01-LC-NA (SEQ ID NO: 25).

[0027] In one embodiment of the polynucleotides
described above, the first nucleotide sequence encoding the
heavy chain of the Factor VIII polypeptide is CS23-HC-NA
(SEQ ID NO: 22), and the second nucleotide sequence
encoding the light chain of the Factor FVIII polypeptide is
CS23-LC-NA (SEQ ID NO: 23).

[0028] In one aspect, the disclosure provides a polynucle-
otide comprising a nucleotide sequence having at least 95%
identity to CSO04-FL-NA, wherein the polynucleotide
encodes a Factor VIII polypeptide.

[0029] In one aspect, the disclosure provides a polynucle-
otide comprising a nucleotide sequence having at least 95%
identity to CSO1-FL-NA, wherein the polynucleotide
encodes a Factor VIII polypeptide.

[0030] In one aspect, the disclosure provides a polynucle-
otide comprising a nucleotide sequence having at least 95%
identity to CS23-FL-NA, wherein the polynucleotide
encodes a Factor VIII polypeptide.

[0031] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 96%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-FL-NA (SEQ ID NO: 1), CS01-FL-
NA (SEQ ID NO: 13), or CS23-FL-NA (SEQ ID NO: 20)).
[0032] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 97%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-FL-NA (SEQ ID NO: 1), CS01-FL-
NA (SEQ ID NO: 13), or CS23-FL-NA (SEQ ID NO: 20)).
[0033] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 98%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-FL-NA (SEQ ID NO: 1), CS01-FL-
NA (SEQ ID NO: 13), or CS23-FL-NA (SEQ ID NO: 20)).
[0034] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 99%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-FL-NA (SEQ ID NO: 1), CS01-FL-
NA (SEQ ID NO: 13), or CS23-FL-NA (SEQ ID NO: 20)).
[0035] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 99.5%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-FL-NA (SEQ ID NO: 1), CS01-FL-
NA (SEQ ID NO: 13), or CS23-FL-NA (SEQ ID NO: 20)).
[0036] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 99.9%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-FL-NA (SEQ ID NO: 1), CS01-FL-
NA (SEQ ID NO: 13), or CS23-FL-NA (SEQ ID NO: 20)).
[0037] In one embodiment of the polynucleotides
described above, the nucleotide sequence is CS04-FL-NA
(SEQ ID NO: 1).
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[0038] In one embodiment of the polynucleotides
described above, the nucleotide sequence is CSO1-FL-NA
(SEQ ID NO: 13).

[0039] In one embodiment of the polynucleotides
described above, the nucleotide sequence is CS23-FL-NA
(SEQ ID NO: 20).

[0040] In one embodiment of the polynucleotides
described above, the polynucleotide encodes a Factor VIII
polypeptide comprising an amino acid sequence having at
least 95% identity to CS04-FL-AA (SEQ ID NO: 2).
[0041] In one embodiment of the polynucleotides
described above, the polynucleotide encodes a Factor VIII
polypeptide comprising an amino acid sequence having at
least 96% identity to CS04-FL-AA (SEQ ID NO: 2).
[0042] In one embodiment of the polynucleotides
described above, the polynucleotide encodes a Factor VIII
polypeptide comprising an amino acid sequence having at
least 97% identity to CS04-FL-AA (SEQ ID NO: 2).
[0043] In one embodiment of the polynucleotides
described above, the polynucleotide encodes a Factor VIII
polypeptide comprising an amino acid sequence having at
least 98% identity to CS04-FL-AA (SEQ ID NO: 2).
[0044] In one embodiment of the polynucleotides
described above, the polynucleotide encodes a Factor VIII
polypeptide comprising an amino acid sequence having at
least 99% identity to CS04-FL-AA (SEQ ID NO: 2).
[0045] In one embodiment of the polynucleotides
described above, the polynucleotide encodes a Factor VIII
polypeptide comprising an amino acid sequence having at
least 99.5% identity to CS04-FL-AA (SEQ ID NO: 2).
[0046] In one embodiment of the polynucleotides
described above, the polynucleotide encodes a Factor VIII
polypeptide comprising an amino acid sequence having at
least 99.9% identity to CS04-FL-AA (SEQ ID NO: 2).
[0047] In one embodiment of the polynucleotides
described above, the polynucleotide encodes a Factor VIII
polypeptide comprising the amino acid sequence of CS04-
FL-AA (SEQ ID NO: 2).

[0048] In one aspect, the disclosure provides a polynucle-
otide comprising a nucleotide sequence having at least 95%
identity to CS04-SC1-NA (SEQ ID NO: 9), wherein the
polynucleotide encodes a single-chain Factor VIII polypep-
tide.

[0049] In one aspect, the disclosure provides a polynucle-
otide comprising a nucleotide sequence having at least 95%
identity to CS04-SC2-NA (SEQ ID NO: 11), wherein the
polynucleotide encodes a single-chain Factor VIII polypep-
tide.

[0050] In one aspect, the disclosure provides a polynucle-
otide comprising a nucleotide sequence having at least 95%
identity to CS01-SC1-NA (SEQ ID NO: 26), wherein the
polynucleotide encodes a single-chain Factor VIII polypep-
tide.

[0051] In one aspect, the disclosure provides a polynucle-
otide comprising a nucleotide sequence having at least 95%
identity to CS01-SC2-NA (SEQ ID NO: 27), wherein the
polynucleotide encodes a single-chain Factor VIII polypep-
tide.

[0052] In one aspect, the disclosure provides a polynucle-
otide comprising a nucleotide sequence having at least 95%
identity to CS23-SC1-NA (SEQ ID NO: 28), wherein the
polynucleotide encodes a single-chain Factor VIII polypep-
tide.
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[0053] In one aspect, the disclosure provides a polynucle-
otide comprising a nucleotide sequence having at least 95%
identity to CS23-SC2-NA (SEQ ID NO: 29), wherein the
polynucleotide encodes a single-chain Factor VIII polypep-
tide.

[0054] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 96%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-SC1-NA (SEQ ID NO: 9), CS04-SC2-
NA (SEQ ID NO: 11), CS01-SC1-NA (SEQ ID NO: 26),
CS01-SC2-NA (SEQ ID NO: 27), CS23-SC1-NA (SEQ ID
NO: 28), or CS23-SC2-NA (SEQ ID NO: 29)).

[0055] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 97%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-SC1-NA (SEQ ID NO: 9), CS04-SC2-
NA (SEQ ID NO: 11), CS01-SC1-NA (SEQ ID NO: 26),
CS01-SC2-NA (SEQ ID NO: 27), CS23-SC1-NA (SEQ ID
NO: 28), or CS23-SC2-NA (SEQ ID NO: 29)).

[0056] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 98%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-SC1-NA (SEQ ID NO: 9), CS04-SC2-
NA (SEQ ID NO: 11), CS01-SC1-NA (SEQ ID NO: 26),
CS01-SC2-NA (SEQ ID NO: 27), CS23-SC1-NA (SEQ ID
NO: 28), or CS23-SC2-NA (SEQ ID NO: 29)).

[0057] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 99%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-SC1-NA (SEQ ID NO: 9), CS04-SC2-
NA (SEQ ID NO: 11), CS01-SC1-NA (SEQ ID NO: 26),
CS01-SC2-NA (SEQ ID NO: 27), CS23-SC1-NA (SEQ ID
NO: 28), or CS23-SC2-NA (SEQ ID NO: 29)).

[0058] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 99.5%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-SC1-NA (SEQ ID NO: 9), CS04-SC2-
NA (SEQ ID NO: 11), CS01-SC1-NA (SEQ ID NO: 26),
CS01-SC2-NA (SEQ ID NO: 27), CS23-SC1-NA (SEQ ID
NO: 28), or CS23-SC2-NA (SEQ ID NO: 29)).

[0059] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 99.9%
identity to the respective full-length polynucleotide
sequence (e.g., CS04-SC1-NA (SEQ ID NO: 9), CS04-SC2-
NA (SEQ ID NO: 11), CS01-SC1-NA (SEQ ID NO: 26),
CS01-SC2-NA (SEQ ID NO: 27), CS23-SC1-NA (SEQ ID
NO: 28), or CS23-SC2-NA (SEQ ID NO: 29)).

[0060] In one embodiment of the polynucleotides
described above, the nucleotide sequence is CS04-SC1-NA
(SEQ ID NO: 9).

[0061] In one embodiment of the polynucleotides
described above, the nucleotide sequence is CS04-SC2-NA
(SEQ ID NO: 11).

[0062] In one embodiment of the polynucleotides
described above, the nucleotide sequence is CS01-SC1-NA
(SEQ ID NO: 26).

[0063] In one embodiment of the polynucleotides
described above, the nucleotide sequence is CS01-SC2-NA
(SEQ ID NO: 27).

[0064] In one embodiment of the polynucleotides
described above, the nucleotide sequence is CS23-SC1-NA
(SEQ ID NO: 28).
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[0065] In one embodiment of the polynucleotides
described above, the nucleotide sequence is CS23-SC2-NA
(SEQ ID NO: 29).

[0066] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 95%
identity to a sequence selected from the group consisting of
CS01-FL-NA, CS01-HC-NA, CS01-LC-NA, CS04-FL-NA,
CS04-HC-NA, CS04-LC-NA, CS23-FL-NA, CS23-HC-
NA, CS23-LC-NA, CS01ml-FL-NA, CS01m2-FL-NA,
CS01m3-FL-NA, CS01m4-FL-NA, CS01ml2-FL-NA,
CS01m13-FL-NA, CS01m23-FL-NA, CS01m24-FL-NA,
CS01m34-FL-NA, CS01m123-FL-NA, CS01m234-FL-NA,
CS04m1-FL-NA, CS04m2-FL-NA, CS04m3-FL-NA,
CS04m4-FL-NA, CS04m12-FL-NA, CS04ml3-FL-NA,
CS04m23-FL-NA, CS04m24-FL-NA, CS04m34-FL-NA,
CS04m123-FL-NA, CS04m234-FL-NA, CS23m1-FL-NA,
CS23m2-FL-NA, CS23m3-FL-NA, CS23m4-FL-NA,
CS23m12-FL-NA, CS23ml13-FL-NA, CS23m23-FL-NA,
CS23m24-FL-NA, CS23m34-FL-NA, CS23m123-FL-NA,
CS23m234-FL-NA, CS01-SC1-NA, CS04-SC1-NA, CS23-
SC1-NA, CS01m1-SC1-NA, CS01m2-SC1-NA, CS01m3-
SC1-NA, CS01m4-SC1-NA, CS01m12-SC1-NA,
CS01m13-SC1-NA, CS01m23-SC1-NA, CS01m24-SC1-
NA, CS01m34-SC1-NA, CS01m123-SC1-NA, CS01m234-
SC1-NA, CS04m1-SC1-NA, CS04m2-SC1-NA, CS04m3-
SC1-NA, CS04m4-SC1-NA, CS04m12-SC1-NA,
CS04m13-SC1-NA, CS04m23-SC1-NA, CS04m24-SC1-
NA, CS04m34-SC1-NA, CS04m123-SC1-NA, CS04m?234-
SC1-NA, CS23m1-SC1-NA, CS23m2-SC1-NA, CS23m3-
SC1-NA, CS23m4-SC1-NA, CS23m12-SC1-NA,
CS23m13-SC1-NA, CS23m23-SC1-NA, CS23m24-SCl1-
NA, CS23m34-SC1-NA, CS23m123-SC1-NA, CS23m234-
SC1-NA, CS01-SC2-NA, CS04-SC2-NA, CS23-SC2-NA,
CS01m1-SC2-NA, CS01m2-SC2-NA, CS01m3-SC2-NA,
CS01m4-SC2-NA, CS01m12-SC2-NA, CS01m13-SC2-
NA, CS01m23-SC2-NA, CS01m24-SC2-NA, CS01m34-
SC2-NA, CS01ml123-SC2-NA, CS01m234-SC2-NA,
CS04m1-SC2-NA, CS04m2-SC2-NA, CS04m3-SC2-NA,
CS04m4-SC2-NA, CS04m12-SC2-NA, CS04m13-SC2-
NA, CS04m23-SC2-NA, CS04m24-SC2-NA, CS04m34-
SC2-NA, CS04m123-SC2-NA, CS04m234-SC2-NA,
CS23m1-SC2-NA, CS23m2-SC2-NA, CS23m3-SC2-NA,
CS23m4-SC2-NA, CS23m12-SC2-NA, CS23m13-SC2-
NA, CS23m23-SC2-NA, CS23m24-SC2-NA, CS23m34-
SC2-NA, CS23m123-SC2-NA, and CS23m234-SC2-NA.

[0067] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 96%
identity to a sequence selected from the group consisting of
CS01-FL-NA, CS01-HC-NA, CS01-LC-NA, CS04-FL-NA,
CS04-HC-NA, CS04-LC-NA, CS23-FL-NA, CS23-HC-
NA, CS23-LC-NA, CS01ml-FL-NA, CS01m2-FL-NA,
CS01m3-FL-NA, CS01m4-FL-NA, CS01ml2-FL-NA,
CS01m13-FL-NA, CS01m23-FL-NA, CS01m24-FL-NA,
CS01m34-FL-NA, CS01m123-FL-NA, CS01m234-FL-NA,
CS04m1-FL-NA, CS04m2-FL-NA, CS04m3-FL-NA,
CS04m4-FL-NA, CS04m12-FL-NA, CS04ml3-FL-NA,
CS04m23-FL-NA, CS04m24-FL-NA, CS04m34-FL-NA,
CS04m123-FL-NA, CS04m234-FL-NA, CS23m1-FL-NA,
CS23m2-FL-NA, CS23m3-FL-NA, CS23m4-FL-NA,
CS23m12-FL-NA, CS23ml13-FL-NA, CS23m23-FL-NA,
CS23m24-FL-NA, CS23m34-FL-NA, CS23m123-FL-NA,
CS23m234-FL-NA, CS01-SC1-NA, CS04-SC1-NA, CS23-
SC1-NA, CS01m1-SC1-NA, CS01m2-SC1-NA, CS01m3-
SC1-NA, CS01m4-SC1-NA, CS01m12-SC1-NA,
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CS01m13-SC1-NA, CS01m23-SC1-NA, CS01m24-SC1-
NA, CS01m34-SC1-NA, CS01m123-SC1-NA, CS01m234-
SCI-NA, CS04m1-SC1-NA, CS04m2-SC1-NA, CS04m3-
SCI-NA, CS04m4-SC1-NA, CS04m12-SC1-NA,
CS04m13-SC1-NA, CS04m23-SC1-NA, CS04m24-SC1-
NA, CS04m34-SC1-NA, CS04m123-SC1-NA, CS04m234-
SCI-NA, CS23m1-SC1-NA, CS23m2-SC1-NA, CS23m3-
SCI-NA, CS23m4-SC1-NA, CS23m12-SC1-NA,
CS23m13-SC1-NA, CS23m23-SCI1-NA, CS23m24-SC1-
NA, CS23m34-SC1-NA, CS23m123-SC1-NA, CS23m234-
SCI-NA, CS01-SC2-NA, CS04-SC2-NA, CS23-SC2-NA,
CS01m1-SC2-NA, CS01m2-SC2-NA, CS01m3-SC2-NA,
CS01m4-SC2-NA, CS01m12-SC2-NA, CS01ml13-SC2-
NA, CS01m23-SC2-NA, CS01m24-SC2-NA, CS01m34-
SC2-NA, CS0Im123-SC2-NA, CS01m234-SC2-NA,
CS04m1-SC2-NA, CS04m2-SC2-NA, CS04m3-SC2-NA,
CS04m4-SC2-NA, CS04m12-SC2-NA, CS04m13-SC2-
NA, CS04m23-SC2-NA, CS04m24-SC2-NA, CS04m34-
SC2-NA, (CS04ml123-SC2-NA, (CS04m234-SC2-NA,
CS23m1-SC2-NA, CS23m2-SC2-NA, CS23m3-SC2-NA,
CS23m4-SC2-NA, CS23m12-SC2-NA, CS23ml13-SC2-
NA, CS23m23-SC2-NA, CS23m24-SC2-NA, CS23m34-
SC2-NA, CS23m123-SC2-NA, and CS23m234-SC2-NA.

[0068] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 97%
identity to a sequence selected from the group consisting of
CS01-FL-NA, CS01-HC-NA, CS01-LC-NA, CS04-FL-NA,
CS04-HC-NA, CS04-LC-NA, CS23-FL-NA, CS23-HC-
NA, CS23-LC-NA, CS01ml-FL-NA, CS01m2-FL-NA,
CS01m3-FL-NA, CS01m4-FL-NA, CS01ml2-FL-NA,
CS01m13-FL-NA, CS01m23-FL-NA, CS01m24-FL-NA,
CS01m34-FL-NA, CS01m123-FL-NA, CS01m234-FL-NA,
CS04m1-FL-NA, CS04m2-FL-NA, CS04m3-FL-NA,
CS04m4-FL-NA, CS04ml12-FL-NA, CS04ml3-FL-NA,
CS04m23-FL-NA, CS04m24-FL-NA, CS04m34-FL-NA,
CS04m123-FL-NA, CS04m234-FL-NA, CS23m1-FL-NA,
CS23m2-FL-NA, CS23m3-FL-NA, CS23m4-FL-NA,
CS23m12-FL-NA, CS23ml13-FL-NA, CS23m23-FL-NA,
CS23m24-FL-NA, CS23m34-FL-NA, CS23m123-FL-NA,
CS23m234-FL-NA, CS01-SC1-NA, CS04-SC1-NA, CS23-
SC1-NA, CS01m1-SC1-NA, CS01m2-SC1-NA, CS01m3-
SC1-NA, CS01m4-SC1-NA, CS01m12-SC1-NA,
CS01m13-SC1-NA, CS01m23-SC1-NA, CS01m24-SC1-
NA, CS01m34-SC1-NA, CS01m123-SC1-NA, CS01m234-
SCI1-NA, CS04m1-SC1-NA, CS04m2-SC1-NA, CS04m3-
SC1-NA, CS04m4-SC1-NA, CS04m12-SC1-NA,
CS04m13-SC1-NA, CS04m23-SC1-NA, CS04m24-SC1-
NA, CS04m34-SC1-NA, CS04m123-SC1-NA, CS04m234-
SCI1-NA, CS23m1-SC1-NA, CS23m2-SC1-NA, CS23m3-
SC1-NA, CS23m4-SC1-NA, CS23m12-SC1-NA,
CS23m13-SC1-NA, CS23m23-SC1-NA, CS23m24-SCl1-
NA, CS23m34-SC1-NA, CS23m123-SC1-NA, CS23m234-
SC1-NA, CS01-SC2-NA, CS04-SC2-NA, CS23-SC2-NA,
CS01m1-SC2-NA, CS01m2-SC2-NA, CS01m3-SC2-NA,
CS01m4-SC2-NA, CS01m12-SC2-NA, CS01m13-SC2-
NA, CS01m23-SC2-NA, CS01m24-SC2-NA, CS01m34-
SC2-NA, CS01ml123-SC2-NA, CS01m234-SC2-NA,
CS04m1-SC2-NA, CS04m2-SC2-NA, CS04m3-SC2-NA,
CS04m4-SC2-NA, CS04m12-SC2-NA, CS04m13-SC2-
NA, CS04m23-SC2-NA, CS04m24-SC2-NA, CS04m34-
SC2-NA, (CS04m123-SC2-NA, CS04m234-SC2-NA,
CS23m1-SC2-NA, CS23m2-SC2-NA, CS23m3-SC2-NA,
CS23m4-SC2-NA, CS23m12-SC2-NA, CS23m13-SC2-
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NA, CS23m23-SC2-NA, CS23m24-SC2-NA, CS23m34-
SC2-NA, CS23m123-SC2-NA, and CS23m234-SC2-NA.

[0069] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 98%
identity to a sequence selected from the group consisting of
CS01-FL-NA, CS01-HC-NA, CS01-LC-NA, CS04-FL-NA,
CS04-HC-NA, CS04-LC-NA, CS23-FL-NA, CS23-HC-
NA, CS23-LC-NA, CS01ml-FL-NA, CS01m2-FL-NA,
CS01m3-FL-NA, CS01m4-FL-NA, CS01ml2-FL-NA,
CS01m13-FL-NA, CS01m23-FL-NA, CS01m24-FL-NA,
CS01m34-FL-NA, CS01m123-FL-NA, CS01m234-FL-NA,
CS04m1-FL-NA, CS04m2-FL-NA, CS04m3-FL-NA,
CS04m4-FL-NA, CS04m12-FL-NA, CS04ml3-FL-NA,
CS04m23-FL-NA, CS04m24-FL-NA, CS04m34-FL-NA,
CS04m123-FL-NA, CS04m234-FL-NA, CS23m1-FL-NA,
CS23m2-FL-NA, CS23m3-FL-NA, CS23m4-FL-NA,
CS23m12-FL-NA, CS23ml13-FL-NA, CS23m23-FL-NA,
CS23m24-FL-NA, CS23m34-FL-NA, CS23m123-FL-NA,
CS23m234-FL-NA, CS01-SC1-NA, CS04-SC1-NA, CS23-
SC1-NA, CS01m1-SC1-NA, CS01m2-SC1-NA, CS01m3-
SC1-NA, CS01m4-SC1-NA, CS01m12-SC1-NA,
CS01m13-SC1-NA, CS01m23-SC1-NA, CS01m24-SC1-
NA, CS01m34-SC1-NA, CS01m123-SC1-NA, CS01m234-
SC1-NA, CS04m1-SC1-NA, CS04m2-SC1-NA, CS04m3-
SC1-NA, CS04m4-SC1-NA, CS04m12-SC1-NA,
CS04m13-SC1-NA, CS04m23-SC1-NA, CS04m24-SC1-
NA, CS04m34-SC1-NA, CS04m123-SC1-NA, CS04m?234-
SC1-NA, CS23m1-SC1-NA, CS23m2-SC1-NA, CS23m3-
SC1-NA, CS23m4-SC1-NA, CS23m12-SC1-NA,
CS23m13-SC1-NA, CS23m23-SC1-NA, CS23m24-SCl1-
NA, CS23m34-SC1-NA, CS23m123-SC1-NA, CS23m234-
SC1-NA, CS01-SC2-NA, CS04-SC2-NA, CS23-SC2-NA,
CS01m1-SC2-NA, CS01m2-SC2-NA, CS01m3-SC2-NA,
CS01m4-SC2-NA, CS01m12-SC2-NA, CS01m13-SC2-
NA, CS01m23-SC2-NA, CS01m24-SC2-NA, CS01m34-
SC2-NA, CS01ml123-SC2-NA, CS01m234-SC2-NA,
CS04m1-SC2-NA, CS04m2-SC2-NA, CS04m3-SC2-NA,
CS04m4-SC2-NA, CS04m12-SC2-NA, CS04m13-SC2-
NA, CS04m23-SC2-NA, CS04m24-SC2-NA, CS04m34-
SC2-NA, CS04m123-SC2-NA, CS04m234-SC2-NA,
CS23m1-SC2-NA, CS23m2-SC2-NA, CS23m3-SC2-NA,
CS23m4-SC2-NA, CS23m12-SC2-NA, CS23m13-SC2-
NA, CS23m23-SC2-NA, CS23m24-SC2-NA, CS23m34-
SC2-NA, CS23m123-SC2-NA, and CS23m234-SC2-NA.

[0070] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 99%
identity to a sequence selected from the group consisting of
CS01-FL-NA, CS01-HC-NA, CS01-LC-NA, CS04-FL-NA,
CS04-HC-NA, CS04-LC-NA, CS23-FL-NA, CS23-HC-
NA, CS23-LC-NA, CS01ml-FL-NA, CS01m2-FL-NA,
CS01m3-FL-NA, CS01m4-FL-NA, CS01ml2-FL-NA,
CS01m13-FL-NA, CS01m23-FL-NA, CS01m24-FL-NA,
CS01m34-FL-NA, CS01m123-FL-NA, CS01m234-FL-NA,
CS04m1-FL-NA, CS04m2-FL-NA, CS04m3-FL-NA,
CS04m4-FL-NA, CS04m12-FL-NA, CS04ml3-FL-NA,
CS04m23-FL-NA, CS04m24-FL-NA, CS04m34-FL-NA,
CS04m123-FL-NA, CS04m234-FL-NA, CS23m1-FL-NA,
CS23m2-FL-NA, CS23m3-FL-NA, CS23m4-FL-NA,
CS23m12-FL-NA, CS23ml13-FL-NA, CS23m23-FL-NA,
CS23m24-FL-NA, CS23m34-FL-NA, CS23m123-FL-NA,
CS23m234-FL-NA, CS01-SC1-NA, CS04-SC1-NA, CS23-
SC1-NA, CS01m1-SC1-NA, CS01m2-SC1-NA, CS01m3-
SC1-NA, CS01m4-SC1-NA, CS01m12-SC1-NA,
CS01m13-SC1-NA, CS01m23-SC1-NA, CS01m24-SC1-
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NA, CS01m34-SC1-NA, CS01m123-SC1-NA, CS01m234-
SCI-NA, CS04m1-SC1-NA, CS04m2-SC1-NA, CS04m3-
SCI-NA, CS04m4-SC1-NA, CS04m12-SC1-NA,
CS04m13-SC1-NA, CS04m23-SC1-NA, CS04m24-SC1-
NA, CS04m34-SC1-NA, CS04m123-SC1-NA, CS04m234-
SCI-NA, CS23m1-SC1-NA, CS23m2-SC1-NA, CS23m3-
SCI-NA, CS23m4-SC1-NA, CS23m12-SC1-NA,
CS23m13-SC1-NA, CS23m23-SCI1-NA, CS23m24-SC1-
NA, CS23m34-SC1-NA, CS23m123-SC1-NA, CS23m234-
SCI-NA, CS01-SC2-NA, CS04-SC2-NA, CS23-SC2-NA,
CS01m1-SC2-NA, CS01m2-SC2-NA, CS01m3-SC2-NA,
CS01m4-SC2-NA, CS01m12-SC2-NA, CS01ml13-SC2-
NA, CS01m23-SC2-NA, CS01m24-SC2-NA, CS01m34-
SC2-NA, CS0Im123-SC2-NA, CS01m234-SC2-NA,
CS04m1-SC2-NA, CS04m2-SC2-NA, CS04m3-SC2-NA,
CS04m4-SC2-NA, CS04m12-SC2-NA, CS04m13-SC2-
NA, CS04m23-SC2-NA, CS04m24-SC2-NA, CS04m34-
SC2-NA, (CS04ml123-SC2-NA, (CS04m234-SC2-NA,
CS23m1-SC2-NA, CS23m2-SC2-NA, CS23m3-SC2-NA,
CS23m4-SC2-NA, CS23m12-SC2-NA, CS23ml13-SC2-
NA, CS23m23-SC2-NA, CS23m24-SC2-NA, CS23m34-
SC2-NA, CS23m123-SC2-NA, and CS23m234-SC2-NA.

[0071] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 99.5%
identity to a sequence selected from the group consisting of
CS01-FL-NA, CS01-HC-NA, CS01-LC-NA, CS04-FL-NA,
CS04-HC-NA, CS04-LC-NA, CS23-FL-NA, CS23-HC-
NA, CS23-LC-NA, CS01ml-FL-NA, CS01m2-FL-NA,
CS01m3-FL-NA, CS01m4-FL-NA, CS01ml2-FL-NA,
CS01m13-FL-NA, CS01m23-FL-NA, CS01m24-FL-NA,
CS01m34-FL-NA, CS01m123-FL-NA, CS01m234-FL-NA,
CS04m1-FL-NA, CS04m2-FL-NA, CS04m3-FL-NA,
CS04m4-FL-NA, CS04ml12-FL-NA, CS04ml3-FL-NA,
CS04m23-FL-NA, CS04m24-FL-NA, CS04m34-FL-NA,
CS04m123-FL-NA, CS04m234-FL-NA, CS23m1-FL-NA,
CS23m2-FL-NA, CS23m3-FL-NA, CS23m4-FL-NA,
CS23m12-FL-NA, CS23ml13-FL-NA, CS23m23-FL-NA,
CS23m24-FL-NA, CS23m34-FL-NA, CS23m123-FL-NA,
CS23m234-FL-NA, CS01-SC1-NA, CS04-SC1-NA, CS23-
SC1-NA, CS01m1-SC1-NA, CS01m2-SC1-NA, CS01m3-
SC1-NA, CS01m4-SC1-NA, CS01m12-SC1-NA,
CS01m13-SC1-NA, CS01m23-SC1-NA, CS01m24-SC1-
NA, CS01m34-SC1-NA, CS01m123-SC1-NA, CS01m234-
SCI1-NA, CS04m1-SC1-NA, CS04m2-SC1-NA, CS04m3-
SC1-NA, CS04m4-SC1-NA, CS04m12-SC1-NA,
CS04m13-SC1-NA, CS04m23-SC1-NA, CS04m24-SC1-
NA, CS04m34-SC1-NA, CS04m123-SC1-NA, CS04m234-
SCI1-NA, CS23m1-SC1-NA, CS23m2-SC1-NA, CS23m3-
SC1-NA, CS23m4-SC1-NA, CS23m12-SC1-NA,
CS23m13-SC1-NA, CS23m23-SC1-NA, CS23m24-SCl1-
NA, CS23m34-SC1-NA, CS23m123-SC1-NA, CS23m234-
SC1-NA, CS01-SC2-NA, CS04-SC2-NA, CS23-SC2-NA,
CS01m1-SC2-NA, CS01m2-SC2-NA, CS01m3-SC2-NA,
CS01m4-SC2-NA, CS01m12-SC2-NA, CS01m13-SC2-
NA, CS01m23-SC2-NA, CS01m24-SC2-NA, CS01m34-
SC2-NA, CS01ml123-SC2-NA, CS01m234-SC2-NA,
CS04m1-SC2-NA, CS04m2-SC2-NA, CS04m3-SC2-NA,
CS04m4-SC2-NA, CS04m12-SC2-NA, CS04m13-SC2-
NA, CS04m23-SC2-NA, CS04m24-SC2-NA, CS04m34-
SC2-NA, (CS04m123-SC2-NA, CS04m234-SC2-NA,
CS23m1-SC2-NA, CS23m2-SC2-NA, CS23m3-SC2-NA,
CS23m4-SC2-NA, CS23m12-SC2-NA, CS23m13-SC2-
NA, CS23m23-SC2-NA, CS23m24-SC2-NA, CS23m34-
SC2-NA, CS23m123-SC2-NA, and CS23m234-SC2-NA.
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[0072] In one embodiment of the polynucleotides
described above, the nucleotide sequence has at least 99.5%
identity to a sequence selected from the group consisting of
CS01-FL-NA, CS01-HC-NA, CS01-LC-NA, CS04-FL-NA,
CS04-HC-NA, CS04-LC-NA, CS23-FL-NA, CS23-HC-
NA, CS23-LC-NA, CS01ml-FL-NA, CS01m2-FL-NA,
CS01m3-FL-NA, CS01m4-FL-NA, CS01ml2-FL-NA,
CS01m13-FL-NA, CS01m23-FL-NA, CS01m24-FL-NA,
CS01m34-FL-NA, CS01m123-FL-NA, CS01m234-FL-NA,
CS04m1-FL-NA, CS04m2-FL-NA, CS04m3-FL-NA,
CS04m4-FL-NA, CS04m12-FL-NA, CS04ml3-FL-NA,
CS04m23-FL-NA, CS04m24-FL-NA, CS04m34-FL-NA,
CS04m123-FL-NA, CS04m234-FL-NA, CS23m1-FL-NA,
CS23m2-FL-NA, CS23m3-FL-NA, CS23m4-FL-NA,
CS23m12-FL-NA, CS23ml13-FL-NA, CS23m23-FL-NA,
CS23m24-FL-NA, CS23m34-FL-NA, CS23m123-FL-NA,
CS23m234-FL-NA, CS01-SC1-NA, CS04-SC1-NA, CS23-
SC1-NA, CS01m1-SC1-NA, CS01m2-SC1-NA, CS01m3-
SC1-NA, CS01m4-SC1-NA, CS01m12-SC1-NA,
CS01m13-SC1-NA, CS01m23-SC1-NA, CS01m24-SC1-
NA, CS01m34-SC1-NA, CS01m123-SC1-NA, CS01m234-
SC1-NA, CS04m1-SC1-NA, CS04m2-SC1-NA, CS04m3-
SC1-NA, CS04m4-SC1-NA, CS04m12-SC1-NA,
CS04m13-SC1-NA, CS04m23-SC1-NA, CS04m24-SC1-
NA, CS04m34-SC1-NA, CS04m123-SC1-NA, CS04m?234-
SC1-NA, CS23m1-SC1-NA, CS23m2-SC1-NA, CS23m3-
SC1-NA, CS23m4-SC1-NA, CS23m12-SC1-NA,
CS23m13-SC1-NA, CS23m23-SC1-NA, CS23m24-SCl1-
NA, CS23m34-SC1-NA, CS23m123-SC1-NA, CS23m234-
SC1-NA, CS01-SC2-NA, CS04-SC2-NA, CS23-SC2-NA,
CS01m1-SC2-NA, CS01m2-SC2-NA, CS01m3-SC2-NA,
CS01m4-SC2-NA, CS01m12-SC2-NA, CS01m13-SC2-
NA, CS01m23-SC2-NA, CS01m24-SC2-NA, CS01m34-
SC2-NA, CS01ml123-SC2-NA, CS01m234-SC2-NA,
CS04m1-SC2-NA, CS04m2-SC2-NA, CS04m3-SC2-NA,
CS04m4-SC2-NA, CS04m12-SC2-NA, CS04m13-SC2-
NA, CS04m23-SC2-NA, CS04m24-SC2-NA, CS04m34-
SC2-NA, CS04m123-SC2-NA, CS04m234-SC2-NA,
CS23m1-SC2-NA, CS23m2-SC2-NA, CS23m3-SC2-NA,
CS23m4-SC2-NA, CS23m12-SC2-NA, CS23m13-SC2-
NA, CS23m23-SC2-NA, CS23m24-SC2-NA, CS23m34-
SC2-NA, CS23m123-SC2-NA, and CS23m234-SC2-NA.

[0073] In one embodiment of the polynucleotides
described above, the nucleotide sequence is selected from
the group consisting of CS01-FL-NA, CS01-HC-NA, CS01-
LC-NA, CS04-FL-NA, CS04-HC-NA, CS04-LC-NA,
CS23-FL-NA, CS23-HC-NA, CS23-LC-NA, CS01m1-FL-
NA, CS01m2-FL-NA, CS01m3-FL-NA, CS01m4-FL-NA,
CS01m12-FL-NA, CS01ml13-FL-NA, CS01m23-FL-NA,
CS01m24-FL-NA, CS01m34-FL-NA, CS01m123-FL-NA,
CS01m234-FL-NA, CS04ml1-FL-NA, CS04m2-FL-NA,
CS04m3-FL-NA, CS04m4-FL-NA, CS04ml2-FL-NA,
CS04m13-FL-NA, CS04m23-FL-NA, CS04m24-FL-NA,
CS04m34-FL-NA, CS04m123-FL-NA, CS04m234-FL-NA,
CS23m1-FL-NA, CS23m2-FL-NA, CS23m3-FL-NA,
CS23m4-FL-NA, CS23ml12-FL-NA, CS23ml3-FL-NA,
CS23m23-FL-NA, CS23m24-FL-NA, CS23m34-FL-NA,
CS23m123-FL-NA, CS23m234-FL-NA, CS01-SC1-NA,
CS04-SC1-NA, CS23-SC1-NA, CS01m1-SC1-NA,
CS01m2-SC1-NA, CS01m3-SC1-NA, CS01m4-SC1-NA,
CS01m12-SC1-NA, CS01ml13-SC1-NA, CS01m23-SCl1-
NA, CS01m24-SC1-NA, CS01m34-SC1-NA, CS01m123-
SC1-NA, CS01m234-SC1-NA, CS04m1-SC1-NA,
CS04m2-SC1-NA, CS04m3-SC1-NA, CS04m4-SC1-NA,
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CS04m12-SC1-NA, CS04m13-SC1-NA, CS04m23-SCl1-
NA, CS04m24-SC1-NA, CS04m34-SC1-NA, CS04m123-
SC1-NA, CS04m234-SC1-NA, CS23m1-SCI1-NA,
CS23m2-SC1-NA, CS23m3-SC1-NA, CS23m4-SC1-NA,
CS23m12-SC1-NA, CS23m13-SC1-NA, CS23m23-SCl1-
NA, CS23m24-SC1-NA, CS23m34-SC1-NA, CS23m123-
SC1-NA, CS23m?234-SC1-NA, CS01-SC2-NA, CS04-SC2-
NA, CS23-SC2-NA, CS01m1-SC2-NA, CS01m2-SC2-NA,
CS01m3-SC2-NA, CS01m4-SC2-NA, CS01m12-SC2-NA,
CS01m13-SC2-NA, CS01m23-SC2-NA, CS01m24-SC2-
NA, CS01m34-SC2-NA, CS01m123-SC2-NA, CS01m234-
SC2-NA, CS04m1-SC2-NA, CS04m2-SC2-NA, CS04m3-
SC2-NA, CS04m4-SC2-NA, CS04m12-SC2-NA,
CS04m13-SC2-NA, CS04m23-SC2-NA, CS04m24-SC2-
NA, CS04m34-SC2-NA, CS04m123-SC2-NA, CS04m234-
SC2-NA, CS23m1-SC2-NA, CS23m2-SC2-NA, CS23m3-
SC2-NA, CS23m4-SC2-NA, CS23m12-SC2-NA,
CS23m13-SC2-NA, CS23m23-SC2-NA, CS23m24-SC2-
NA, CS23m34-SC2-NA, (CS23ml123-SC2-NA, and
CS23m234-SC2-NA.

[0074] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide com-
prises a glycosylation polypeptide positioned between two
consecutive amino acids.

[0075] In one embodiment of the polynucleotides
described above, the encoded polypeptide linker includes a
glycosylation peptide with an amino acid sequence having at
least 92% identity to a glycosylation peptide selected from
the group consisting of NGI1-AA, NG4-AA, NGS5-AA,
NG6-AA, NG7-AA, NG9-AA, NGI0-AA, NGI16-AA,
NGI17-AA, NG18-AA, NG19-AA, NG20-AA, NG21-AA
and NGV-AA.

[0076] In one embodiment of the polynucleotides
described above, the encoded polypeptide linker comprises
a glycosylation peptide with an amino acid sequence
selected from the group consisting of NG1-AA, NG4-AA,
NGS5-AA, NG6-AA, NG7-AA, NG9-AA, NGI10-AA,
NGI16-AA, NG17-AA, NG18-AA, NG19-AA, NG20-AA,
NG21-AA and NGV-AA.

[0077] In one embodiment of the polynucleotides
described above, the glycosylation peptide is encoded by a
polynucleotide with a nucleotide sequence having at least
95% identity to a sequence selected from the group consist-
ing of NG1-NA, NG4-NA, NG5-NA, NG6-NA, NG7-NA,
NG9-NA, NG10-NA, NG16-NA, NG17-NA, NG18-NA,
NGI19-NA, NG20-NA, NG21-NA and NGV-NA.

[0078] In one embodiment of the polynucleotides
described above, the glycosylation peptide is encoded by a
polynucleotide with a nucleotide sequence selected from one
of NGI-NA, NG4-NA, NG5-NA, NG6-NA, NG7-NA,
NG9-NA, NG10-NA, NG16-NA, NG17-NA, NG18-NA,
NGI19-NA, NG20-NA, NG21-NA and NGV-NA.

[0079] In one embodiment of the polynucleotides
described above, the polypeptide linker is encoded by a third
nucleotide sequence having at least 95% identity to a
sequence selected from the group consisting of BDLNG1-

NA, BDLNG3-NA, BDLNGS5-NA, BDLNG6-NA,
BDLNGO9-NA, BDLNGI10-NA, BDLNG16-NA,
BDLNG17-NA, BDLNGI18-NA, BDLNGI19-NA,

BDLNG20-NA and BDLNG21-NA.

[0080] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes an F328S (SPI, F309S SPE) amino acid substitu-
tion, relative to FVIII-FL-AA (SEQ ID NO: 19).
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[0081] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes 1105V, A127S, G151K, M166T, and L171P (SPI;
186V, A108S, G132K, M147T, and L152P, SPE, respec-
tively) amino acid substitutions, relative to FVIII-FL-AA
(SEQ ID NO: 19).

[0082] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes a) a deletion of amino acids AIEPR755-759, rela-
tive to FVIII-FL-AA (SEQ ID NO: 19), and b) an insertion
of amino acids TTYVNRSL (SEQ ID NO: 33) after N754,
relative to FVIII-FL-AA (SEQ ID NO: 19). In some embodi-
ments (e.g., where the encoded FVIII molecule includes a
portion of the N-terminal region of the wild-type B-domain),
the encoded Factor VIII polypeptide also includes a deletion
of amino acids SF760-761, relative to FVIII-FL-AA (SEQ
ID NO: 19).

[0083] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes a) an F328S (SPI; F309S SPE) amino acid substi-
tution, relative to FVIII-FL-AA (SEQ ID NO: 19), and b)
C1918G and C1922G (SPI, C1899G and C1903 SPE,
respectively) amino acid substitutions, relative to FVIII-FL-
AA (SEQ ID NO: 19).

[0084] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes a) an F328S (SPI; F309S SPE) amino acid substi-
tution, relative to FVIII-FL-AA (SEQ ID NO: 19), and b)
1105V, A127S, G151K, M166T, and L171P (SPI; 186V,
A108S, G132K, M147T, and L152P, SPE, respectively)
amino acid substitutions, relative to FVIII-FL-AA (SEQ ID
NO: 19).

[0085] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes a) an F328S amino acid substitution, relative to
FVIII-FL-AA (SEQ ID NO: 19), b) a deletion of amino acids
ATIEPR755-759, relative to FVIII-FL-AA (SEQ ID NO: 19),
and ¢) an insertion of amino acids TTYVNRSL (SEQ ID
NO: 33) after N754, relative to FVIII-FL-AA (SEQ ID NO:
19). In some embodiments (e.g., where the encoded FVIII
molecule includes a portion of the N-terminal region of the
wild-type B-domain), the encoded Factor VIII polypeptide
also includes a deletion of amino acids SF760-761, relative
to FVIII-FL-AA (SEQ ID NO: 19).

[0086] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes a) 1105V, A127S, G151K, M166T, and L171P
amino acid substitutions, relative to FVIII-FL-AA (SEQ ID
NO: 19), b) a deletion of amino acids AIEPR755-759,
relative to FVIII-FL-AA (SEQ ID NO: 19), and ¢) an
insertion of amino acids TTYVNRSL (SEQ ID NO: 33)
after N754, relative to FVIII-FL-AA (SEQ ID NO: 19). In
some embodiments (e.g., where the encoded FVIII molecule
includes a portion of the N-terminal region of the wild-type
B-domain), the encoded Factor VIII polypeptide also
includes a deletion of amino acids SF760-761, relative to
FVIII-FL-AA (SEQ ID NO: 19).

[0087] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes a) an F328S amino acid substitution, relative to
FVIII-FL-AA (SEQ ID NO: 19), b) C1918G and C1922G
amino acid substitutions, relative to FVIII-FL-AA (SEQ ID
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NO: 19), and ¢) 1105V, A127S, G151K, M166T, and L171P
amino acid substitutions, relative to FVIII-FL-AA (SEQ ID
NO: 19).

[0088] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes a) an F328S amino acid substitution, relative to
FVIII-FL-AA (SEQ ID NO: 19), b) C1918G and C1922G
amino acid substitutions, relative to FVIII-FL-AA (SEQ ID
NO: 19), ¢) a deletion of amino acids AIEPR755-759,
relative to FVII-FL-AA (SEQ ID NO: 19), and d) an
insertion of amino acids TTYVNRSL (SEQ ID NO: 33)
after N754, relative to FVIII-FL-AA (SEQ ID NO: 19). In
some embodiments (e.g., where the encoded FVIII molecule
includes a portion of the N-terminal region of the wild-type
B-domain), the encoded Factor VIII polypeptide also
includes a deletion of amino acids SF760-761, relative to
FVIII-FL-AA (SEQ ID NO: 19).

[0089] In one embodiment of the polynucleotides
described above, the encoded Factor VIII polypeptide
includes a) 1105V, A127S, G151K, M166T, and L171P
amino acid substitutions, relative to FVIII-FL-AA (SEQ ID
NO: 19), b) an F328S amino acid substitution, relative to
FVIII-FL-AA (SEQ ID NO: 19), ¢) C1918G and C1922G
amino acid substitutions, relative to FVIII-FL-AA (SEQ ID
NO: 19), d) a deletion of amino acids AIEPR755-759,
relative to FVIII-FL-AA (SEQ ID NO: 19), and e) an
insertion of amino acids TTYVNRSL (SEQ ID NO: 33)
after N754, relative to FVIII-FL-AA (SEQ ID NO: 19). In
some embodiments (e.g., where the encoded FVIII molecule
includes a portion of the N-terminal region of the wild-type
B-domain), the encoded Factor VIII polypeptide also
includes a deletion of amino acids SF760-761, relative to
FVIII-FL-AA (SEQ ID NO: 19).

[0090] In one embodiment of the polynucleotides
described above, the polynucleotide also includes a pro-
moter element operably linked to the polynucleotide encod-
ing the Factor VIII polypeptide.

[0091] In one embodiment of the polynucleotides
described above, the polynucleotide also includes an
enhancer element operably linked to the polynucleotide
encoding the Factor VIII polypeptide.

[0092] In one embodiment of the polynucleotides
described above, the polynucleotide also includes a poly-
adenylation element operably linked to the polynucleotide
encoding the Factor VIII polypeptide.

[0093] In one embodiment of the polynucleotides
described above, the polynucleotide also includes an intron
operatively linked to the nucleotide sequence encoding the
Factor VIII polypeptide.

[0094] In one embodiment of the polynucleotides
described above, the intron is positioned between a promoter
element and the translation initiation site (e.g., the first
coding ATG) of the nucleotide sequence encoding a Factor
VIII polypeptide.

[0095] In another aspect, the disclosure provides a mam-

malian gene therapy vector including a polynucleotide as
described above.

[0096] Inone embodiment of the mammalian gene therapy
vector described above, the mammalian gene therapy vector
is an adeno-associated virus (AAV) vector.

[0097] Inone embodiment of the mammalian gene therapy
vector described above, the AAV vector is an AAV-8 vector.
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[0098] In another aspect, the disclosure provides a method
for treating hemophilia A including administering, to a
patient in need thereof, a mammalian gene therapy vector as
described above.

[0099] In another aspect, the disclosure provides a mam-
malian gene therapy vector as described above for treating
hemophilia A.

[0100] In another aspect, the disclosure provides the use of
a mammalian gene therapy vector as described above for the
manufacture of a medicament for treating hemophilia A.

[0101] In another aspect, the disclosure provides a Factor
VIII polypeptide including a light chain, a heavy chain, and
a polypeptide linker joining the C-terminus of the heavy
chain to the N-terminus of the light chain. The heavy chain
of the Factor VIII polypeptide has a sequence at least 95%
identical to the sequence CS01-HC-AAm?23. The light chain
of the Factor VIII polypeptide has a sequence at least 95%
identical to the sequence CS01-LC-AAm23. The polypep-
tide linker of the Factor VIII polypeptide includes a furin
cleavage site. The Factor VIII polypeptide includes 1) 1105V,
A127S, G151K, M166T, and L171P amino acid substitu-
tions, ii) a deletion of amino acids AIEPR755-759, relative
to FVIII-FL-AA (SEQ ID NO: 19), and iii) an insertion of
amino acids TTYVNRSL (SEQ ID NO: 33) after N754,
relative to FVIII-FL-AA (SEQ ID NO: 19).

[0102] In another aspect, the disclosure provides a Factor
VIII polypeptide including a light chain, a heavy chain, and
a polypeptide linker joining the C-terminus of the heavy
chain to the N-terminus of the light chain. The heavy chain
of the Factor VIII polypeptide has a sequence at least 95%
identical to the sequence CS01-HC-AAm123. The light
chain of the Factor VIII polypeptide has a sequence at least
95% identical to the sequence CS01-LC-AAm123. The
polypeptide linker of the Factor VIII polypeptide includes a
furin cleavage site. The Factor VIII polypeptide includes 1)
1105V, A127S, G151K, M166T, and L171P amino acid
substitutions, ii) a deletion of amino acids AIEPR755-759,
relative to FVIII-FL-AA (SEQ ID NO: 19), iii) an insertion
of amino acids TTYVNRSL (SEQ ID NO: 33) after N754,
relative to FVIII-FL-AA (SEQ ID NO: 19), and iv) an F328S
amino acid substitution.

[0103] In another aspect, the disclosure provides a Factor
VIII polypeptide including a light chain, a heavy chain, and
a polypeptide linker joining the C-terminus of the heavy
chain to the N-terminus of the light chain. The heavy chain
of the Factor VIII polypeptide has a sequence at least 95%
identical to the sequence CS01-HC-AAm234. The light
chain of the Factor VIII polypeptide has a sequence at least
95% identical to the sequence CS01-LC-AAm234. The
polypeptide linker of the Factor VIII polypeptide includes a
furin cleavage site. The Factor VIII polypeptide includes 1)
1105V, A127S, G151K, M166T, and L171P amino acid
substitutions, ii) a deletion of amino acids AIEPR755-759,
relative to FVIII-FL-AA (SEQ ID NO: 19), iii) an insertion
of amino acids TTYVNRSL (SEQ ID NO: 33) after N754,
relative to FVIII-FL-AA (SEQ ID NO: 19), and iv) F328S/
C1918G/C1922G amino acid substitutions.

[0104] Inone embodiment of the Factor VIII polypeptides
described, the heavy chain of the Factor VIII polypeptide
has a sequence at least 96% identical to the respective heavy
chain sequence (e.g., CSO01-HC-AAm23, CS01-HC-
AAm123, or CS01-HC-AAm?234), and the light chain of the
Factor FVIII polypeptide has a sequence at least 96%
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identical to the respective light chain sequence (e.g., CSO1-
LC-AAm23, CS01-LC-AAm123, or CS01-LC-AAm234).
[0105] Inone embodiment of the Factor VIII polypeptides
described, the heavy chain of the Factor VIII polypeptide
has a sequence at least 97% identical to the respective heavy
chain sequence (e.g., CSO01-HC-AAm23, CS01-HC-
AAm123, or CS01-HC-AAm?234), and the light chain of the
Factor FVIII polypeptide has a sequence at least 97%
identical to the respective light chain sequence (e.g., CSO1-
LC-AAm23, CS01-LC-AAm123, or CS01-LC-AAm234).
[0106] Inone embodiment of the Factor VIII polypeptides
described, the heavy chain of the Factor VIII polypeptide
has a sequence at least 98% identical to the respective heavy
chain sequence (e.g., CSO01-HC-AAm23, CS01-HC-
AAm123, or CS01-HC-AAm?234), and the light chain of the
Factor FVIII polypeptide has a sequence at least 98%
identical to the respective light chain sequence (e.g., CSO1-
LC-AAm23, CS01-LC-AAm123, or CS01-LC-AAm234).
[0107] Inone embodiment of the Factor VIII polypeptides
described, the heavy chain of the Factor VIII polypeptide
has a sequence at least 99% identical to the respective heavy
chain sequence (e.g., CSO01-HC-AAm23, CS01-HC-
AAm123, or CS01-HC-AAm?234), and the light chain of the
Factor FVIII polypeptide has a sequence at least 99%
identical to the respective light chain sequence (e.g., CSO1-
LC-AAm23, CS01-LC-AAm123, or CS01-LC-AAm234).
[0108] Inone embodiment of the Factor VIII polypeptides
described, the heavy chain of the Factor VIII polypeptide
has a sequence at least 99.5% identical to the respective
heavy chain sequence (e.g., CS01-HC-AAm23, CSO1-HC-
AAm123, or CS01-HC-AAm?234), and the light chain of the
Factor FVIII polypeptide has a sequence at least 99.5%
identical to the respective light chain sequence (e.g., CSO1-
LC-AAm23, CS01-LC-AAm123, or CS01-LC-AAm234).
[0109] Inone embodiment of the Factor VIII polypeptides
described, the heavy chain of the Factor VIII polypeptide
has a sequence identical to the respective heavy chain
sequence (e.g., CSO1-HC-AAm23, CS01-HC-AAm123, or
CS01-HC-AAm?234), and the light chain of the Factor FVIII
polypeptide has a sequence identical to the respective light
chain sequence (e.g., CSO01-LC-AAm23, CSO01-LC-
AAm123, or CS01-LC-AAm?234).

[0110] In one embodiment of the Factor VIII polypeptides
described above, the polypeptide linker has at least 95%
identity to BDL-SQ-AA (SEQ ID NO: 30).

[0111] In one embodiment of the Factor VIII polypeptides
described above, the polypeptide linker has the amino acid
sequence of BDL-SQ-AA (SEQ ID NO: 30).

[0112] In one embodiment of the Factor VIII polypeptides
described above, the polypeptide linker includes a glycosy-
lation peptide with an amino acid sequence having at least
92% identity to a glycosylation peptide selected from the
group consisting of NG1-AA, NG4-AA, NG5-AA, NG6-
AA, NG7-AA, NG9-AA, NG10-AA, NG16-AA, NG17-
AA, NGI8-AA, NGI19-AA, NG20-AA, NG21-AA and
NGV-AA.

[0113] In one embodiment of the Factor VIII polypeptides
described above, the polypeptide linker includes a glycosy-
lation peptide selected from the group consisting of NG1-
AA, NG4-AA, NG5-AA, NG6-AA, NG7-AA, NG9-AA,
NG10-AA, NG16-AA, NG17-AA, NG18-AA, NG19-AA,
NG20-AA, NG21-AA and NGV-AA.

[0114] In one embodiment of the Factor VIII polypeptides
described above, the polypeptide linker has an amino acid
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sequence having at least 95% identity to a sequence selected
from the group consisting of BDLNG1-AA, BDLNG3-AA,
BDLNGS-AA, BDLNG6-AA, BDLNG9-AA, BDLNGI10-
AA, BDLNGI16-AA, BDLNGI17-AA, BDLNGI18-AA,
BDLNG19-AA, BDLNG20-AA and BDLNG21-AA.

[0115] In one embodiment of the Factor VIII polypeptides
described above, the polypeptide linker has an amino acid
sequence selected from the group consisting of BDLNG1-

AA, BDLNG3-AA, BDLNGS5-AA, BDLNG6-AA,
BDLNGO-AA, BDLNG10-NA, BDLNGI16-AA,
BDLNG17-AA, BDLNGI18-AA, BDLNGI19-AA,

BDLNG20-AA and BDLNG21-AA.

[0116] In another aspect, the disclosure provides a Factor
VIII polypeptide having an amino acid sequence with at
least 95% identity to CS40-FL-AAm23 (SEQ ID NO: 104).
The Factor VIII polypeptide includes i) 1105V, A127S,
G151K, M166T, and [.171P amino acid substitutions, ii) a
deletion of amino acids AIEPR755-759, relative to FVIII-
FL-AA (SEQ ID NO: 19), and iii) an insertion of amino
acids TTYVNRSL (SEQ ID NO: 33) after N754, relative to
FVIII-FL-AA (SEQ ID NO: 19).

[0117] In another aspect, the disclosure provides a Factor
VIII polypeptide having an amino acid sequence with at
least 95% identity to CS40-FL.-AAm123. The Factor VIII
polypeptide includes i) [105V, A127S, G151K, M166T, and
L.171P amino acid substitutions, ii) a deletion of amino acids
ATIEPR755-759, relative to FVIII-FL-AA (SEQ ID NO: 19),
iii) an insertion of amino acids TTYVNRSL (SEQ ID NO:
33) after N754, relative to FVIII-FL-AA (SEQ ID NO: 19),
and iv) an F328S amino acid substitution.

[0118] In another aspect, the disclosure provides a Factor
VIII polypeptide having an amino acid sequence with at
least 95% identity to CS40-FL.-AAm234. The Factor VIII
polypeptide includes i) [105V, A127S, G151K, M166T, and
L.171P amino acid substitutions, ii) a deletion of amino acids
ATIEPR755-759, relative to FVIII-FL-AA (SEQ ID NO: 19),
iii) an insertion of amino acids TTYVNRSL (SEQ ID NO:
33) after N754, relative to FVIII-FL-AA (SEQ ID NO: 19),
and iv) F328S/C1918G/C1922G amino acid substitutions.

[0119] In one embodiment of the Factor VIII polypeptides
described, the Factor VIII polypeptide has a sequence at
least 96% identical to the respective full-length sequence
(e.g., CS40-FL-AAm23 (SEQ ID NO: 104), CS40-FL-
AAm123, or CS40-FL-AAm?234).

[0120] Inone embodiment of the Factor VIII polypeptides
described, the Factor VIII polypeptide has a sequence at
least 97% identical to the respective full-length sequence
(e.g., CS40-FL-AAm23 (SEQ ID NO: 104), CS40-FL-
AAm123, or CS40-FL-AAm?234).

[0121] Inone embodiment of the Factor VIII polypeptides
described, the Factor VIII polypeptide has a sequence at
least 98% identical to the respective full-length sequence
(e.g., CS40-FL-AAm23 (SEQ ID NO: 104), CS40-FL-
AAm123, or CS40-FL-AAm?234).

[0122] Inone embodiment of the Factor VIII polypeptides
described, the Factor VIII polypeptide has a sequence at
least 99% identical to the respective full-length sequence
(e.g., CS40-FL-AAm23 (SEQ ID NO: 104), CS40-FL-
AAm123, or CS40-FL-AAm?234).

[0123] Inone embodiment of the Factor VIII polypeptides
described, the Factor VIII polypeptide has a sequence at
least 99.5% identical to the respective full-length sequence
(e.g., CS40-FL-AAm23 (SEQ ID NO: 104), CS40-FL-
AAm123, or CS40-FL-AAm?234).
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[0124] In one embodiment of the Factor VIII polypeptides
described, the Factor VIII polypeptide has a sequence iden-
tical to the respective full-length sequence (e.g., CS40-FL-
AAm23 (SEQ ID NO: 104), CS40-FL-AAm123, or CS40-
FL-AAm234).

BRIEF DESCRIPTION OF DRAWINGS

[0125] FIG. 1 shows schematic illustrations of the wild-
type and ReFacto-type human Factor VIII protein con-
structs.

[0126] FIGS. 2A and 2B show the CS04 codon-altered
nucleotide sequence (SEQ ID NO: 1) encoding a Factor VIII
variant in accordance with some embodiments (“CS04-FL-
NA” for full-length coding sequence).

[0127] FIG. 3 shows the Factor VIII variant amino acid
sequence (SEQ ID NO: 2) encoded by the CS04 codon-
altered nucleotide sequence in accordance with some
embodiments (“CS04-FL-AA” for full-length amino acid
sequence).

[0128] FIG. 4 shows the portion of the CS04 codon-
altered nucleotide sequence (SEQ ID NO: 3) encoding the
heavy chain of a Factor VIII variant in accordance with
some embodiments (“CS04-HC-NA™).

[0129] FIG. 5 shows the portion of the CS04 codon-
altered nucleotide sequence (SEQ ID NO: 4) encoding the
light chain of a Factor VIII variant in accordance with some
embodiments (“CS04-LC-NA”).

[0130] FIG. 6 shows exemplary coding sequences (SEQ
ID NOS 5-7 and 36-48, respectively, in order of appearance)
for B-domain substituted linkers in accordance with some
embodiments. BDLOO01 (SEQ ID NO: 5), BDLO04 (SEQ
ID NO: 6), and BDLO23 (SEQ ID NO: 7) are the respective
portions of the CSO01, CS04, and CS23 codon-altered
nucleotide sequences that encode a B-domain substituted
linker, respectively.

[0131] FIGS. 7A, 7B, and 7C show an AAV vector
sequence (SEQ ID NO: 8) containing an CS04 codon-altered
nucleotide sequence in accordance with some embodiments
(“CS04-AV-NA”).

[0132] FIGS. 8A and 8B show the CSO1m1 codon-altered
nucleotide sequence (SEQ ID NO: 49) encoding a Factor
VIII variant with an F328S amino acid substitution in
accordance with some embodiments (“CS01m1-FL-NA™).
[0133] FIGS. 9A and 9B show the CS04A(760-1667) (SPI;
CS04A(741-1648), SPE) codon-altered nucleotide sequence
(SEQ ID NO: 9) encoding a single-chain Factor VIII variant
in accordance with some embodiments (“CS04-SC1-NA™).
[0134] FIG. 10 shows the Factor VIII variant amino acid
sequence (SEQ ID NO: 10) encoded by the CSO1A(760-
1667) (SPI; CSO01A(741-1648), SPE), CS04A(760-1667)
(SPI; CS04A(741-1648), SPE), and CS23A(760-1667) (SPI,
CS23A(741-1648), SPE)  codon-altered  nucleotide
sequences in accordance with some embodiments (“CS01-
SC1-AA,” “CS04-SC1-AA,” and “CS23-SC1-AA,” respec-
tively).

[0135] FIGS. 11A and 11B show the CS04A(772-1667)
(SPI; CS04A(753-1648), SPE) codon-altered nucleotide
sequence (SEQ ID NO: 11) encoding a single-chain Factor
VIII variant in accordance with some embodiments (“CS04-
SC2-NA”).

[0136] FIG. 12 shows the Factor VIII variant amino acid
sequence (SEQ ID NO: 12) encoded by the CSO1A(772-
1667) (SPI; CSO01A(753-1648), SPE), CSO04A(772-1667)
(SPI; CS04A(753-1648), SPE), and CS23A(772-1667) (SPI,
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CS23A(753-1648), SPE) codon-altered nucleotide sequence
in accordance with some embodiments (“CS01-SC2-AA,”
“CS04-SC2-AA,” and “CS23-SC2-AA,” respectively).
[0137] FIGS. 13A and 13B show amino acid and nucleo-
tide sequences for exemplary glycosylation peptides that are
inserted into the B-domain substituted linker in accordance
with some embodiments. “NG1” or NG1-AA" is the code
for the amino acid sequence, shown in the top line. “NG1-
NA” is the code for the nucleic acid sequence, shown in the
bottom line for each set. FIGS. 13A and 13B disclose the
amino acid sequences as SEQ ID NOS 51, 53, 55, 57, 59, 61,
63, 65, 67, 69, 71, 73, and 75, and the nucleotide sequences
as SEQ ID NOS 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72, and 74, all respectively, in order of appearance.

[0138] FIG. 14 shows the results of in silico prediction of
in vivo N-glycosylation of the wild-type Factor VIII B-do-
main. Figure discloses SEQ ID NOS 76 and 76-82, respec-
tively, in order of appearance.

[0139] FIG. 15 shows the results of in silico prediction of
in vivo N-glycosylation of the V3 peptide linker. Figure
discloses SEQ ID NOS 83 and 83-89, respectively, in order
of appearance.

[0140] FIGS. 16A and 16B show the CS01 codon-altered
nucleotide sequence (SEQ ID NO: 13) encoding a Factor
VI1II variant in accordance with some embodiments (“CS01-
FL-NA”).

[0141] FIGS. 17A and 17B show the CS08 codon-altered
nucleotide sequence (SEQ ID NO: 14) encoding a Factor
VI1II variant in accordance with some embodiments (“CS08-
FL-NA”).

[0142] FIGS. 18A and 18B show the CS10 codon-altered
nucleotide sequence (SEQ ID NO: 15) encoding a Factor
VIII variant in accordance with some embodiments (“CS10-
FL-NA”).

[0143] FIGS. 19A and 19B show the CS11 codon-altered
nucleotide sequence (SEQ ID NO: 16) encoding a Factor
VIII variant in accordance with some embodiments (“CS11-
FL-NA”).

[0144] FIGS. 20A and 20B show the CS40 wild-type
ReFacto coding sequence (SEQ ID NO: 17), in accordance
with some embodiments (“CS40-FL-NA”).

[0145] FIGS. 21A and 21B show the CH25 codon-altered
nucleotide sequence (SEQ ID NO: 18) encoding a Factor
VIII variant in accordance with some embodiments (“CH25-
FL-NA”).

[0146] FIG. 22 shows a wild-type human Factor VIII
amino acid sequence (SEQ ID NO: 19), in accordance with
some embodiments (“FVIII-FL-AA™).

[0147] FIG. 23 illustrates the scheme for cloning the
pCS40, pCS01, pCS04, pCS08, pCS10, pCS11, and pCh25
constructs, by inserting synthetic Refacto-type BDD-FVIII
DNA sequences into the vector backbone pCh-BB01 via
Ascl and Notl restriction sites.

[0148] FIG. 24 shows the integrity of AAV vector genome
preparations, as analyzed by agarose gel electrophoresis.
Lane 1, DNA marker; lane 2, vCS40; lane 3, vCSO01; lane 4,
vCS04. The AAV vectors have all the same-sized genomes,
migrating at approximately 5 kb (arrow, right side). The
scale on the left side indicates size of the DNA fragments in
kilobases (kb).

[0149] FIG. 25 shows the protein analysis of AAV vector
preparations by PAGE and silver staining. Lane 1, protein
marker (M); lane 2, vCS40, lane 3, vCSO01; and lane 4,
vCS04. The constructs all have the same AAVS capsids
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consisting of VP1, VP2, and VP3 (arrows right side). The
scale on the left side indicates size of the protein marker in
kilodaltons (kDa).

[0150] FIGS. 26A and 26B show the CS23 codon-altered
nucleotide sequence (SEQ ID NO: 20) encoding a Factor
VIII variant in accordance with some embodiments (“CS23-
FL-NA”).

[0151] FIG. 27 shows the Factor VIII variant amino acid
sequence (SEQ ID NO: 21) encoded by the CS23 codon-
altered nucleotide sequence in accordance with some
embodiments (“CS23-FL-AA”).

[0152] FIG. 28 shows the portion of the CS23 codon-
altered nucleotide sequence (SEQ ID NO: 22) encoding the
heavy chain of a Factor VIII variant in accordance with
some embodiments (“CS23-HC-NA”).

[0153] FIG. 29 shows the portion of the CS23 codon-
altered nucleotide sequence (SEQ ID NO: 23) encoding the
light chain of a Factor VIII variant in accordance with some
embodiments(“CS23-LC-NA”).

[0154] FIGS. 30A and 30B show the CSOIm13 codon-
altered nucleotide sequence (SEQ ID NO: 90) encoding a
Factor VIII variant with m1 (F328S) and m3 amino acid
substitutions in accordance with some embodiments
(“CS01-FL-NA-m13”).

[0155] FIGS. 31A and 31B show the CSO01m23 codon-
altered nucleotide sequence (SEQ ID NO: 91) encoding a
Factor VIII variant with the m2 and m3 mutation sets in
accordance with some embodiments (“CS01-FL-NA-m23”).
[0156] FIGS. 32A and 32B show the CSO1m3 codon-
altered nucleotide sequence (SEQ ID NO: 92) encoding a
Factor VIII variant with m3 amino acid substitutions in
accordance with some embodiments (“CS01-FL-NA-m3”).
[0157] FIGS. 33A and 33B show the CSO1m2 codon-
altered nucleotide sequence (SEQ ID NO: 93) encoding a
Factor VIII variant with the m2 mutation set (1105V/A127S/
G151K/M166T/L171P (SPI)) amino acid substitutions in
accordance with some embodiments (“CS01-FL-NA-m2”).
[0158] FIGS. 34A and 34B show the CS04m2 codon-
altered nucleotide sequence (SEQ ID NO: 94) encoding a
Factor VIII variant with the m2 mutants (1105V/A127S/
G151K/M166T/L171P (SPI)) amino acid substitutions in
accordance with some embodiments (“CS01-FL-NA-m2”).
[0159] FIGS. 35A and 35B show the CS04m3 codon-
altered nucleotide sequence (SEQ ID NO: 95) encoding a
Factor VIII variant with m3 amino acid substitutions in
accordance with some embodiments (“CS04-FL-NA-m3”).
[0160] FIGS. 36A and 36B show the CS04m23 codon-
altered nucleotide sequence (SEQ ID NO: 96) encoding a
Factor VIII variant with the m2 mutant set (1105V/A127S/
G151K/M166T/L171P (SPI)) and m3 amino acid substitu-
tions in accordance with some embodiments (“CS04-FL-
NA-m23”).

[0161] FIGS. 37A and 37B show the CS04ml codon-
altered nucleotide sequence (SEQ ID NO: 97) encoding a
Factor VIII variant with an m1 (F328S) amino acid substi-
tution in accordance with some embodiments (“CS04-FL-
NA-m1”).

[0162] FIGS. 38A and 38B show the CS04m13 codon-
altered nucleotide sequence (SEQ ID NO: 98) encoding a
Factor VIII variant with m1 and m3 amino acid substitutions
in accordance with some embodiments (“CS04-FL-NA-
ml3”)

[0163] FIGS. 39A and 39B show the CS23m13 codon-
altered nucleotide sequence (SEQ ID NO: 99) encoding a
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Factor VIII variant with m1 and m3 amino acid substitutions
in accordance with some embodiments (“CS23m13-FL-
N ”)

[0164] FIGS. 40A and 40B show the CS23m3 codon-
altered nucleotide sequence (SEQ ID NO: 100) encoding a
Factor VIII variant with m3 amino acid substitutions in
accordance with some embodiments (“CS23-FL-NA-m3”)

[0165] FIGS. 41A and 41B show the CS23m2 codon-
altered nucleotide sequence (SEQ ID NO: 101) encoding a
Factor VIII variant with the m2 mutant set (1105V/A127S/
G151K/M166T/L171P amino acid substitutions) in accor-
dance with some embodiments (“CS23-FL-NA-m2”).
[0166] FIGS. 42A and 42B show the CS23ml codon-
altered nucleotide sequence (SEQ ID NO: 102) encoding a
Factor VIII variant with an m1 (F328S) amino acid substi-
tution in accordance with some embodiments (“CS23-FL-
NA-m1”).

[0167] FIGS. 43A and 43B show the CS23m23 codon-
altered nucleotide sequence (SEQ ID NO: 103) encoding a
Factor VIII variant with the m2 mutant set (1105V/A127S/
G151K/M166T/L171P) and m3 amino acid substitutions in
accordance with some embodiments (“CS23-FL-NA-m23”).

[0168] FIG. 44 depicts cloning of the pCS constructs, done
by inserting synthetic Refacto-type BDD-FVIII carrying
different mutations (see inserted table) into the vector back-
bone pCh-BBO01 via Ascl and Notl restriction sites.

[0169] FIG. 45 depicts the protein analysis of AAV vector
preparations by PAGE and silver staining. Lane 1, protein
marker (M); lane 2, vCS01, lane 3, vCS17; lane 4, vCS19;
lane 5, vCS20; lane 6, vCS40; lane 7, vCS04; lane 8, vCS17;
lane 9, vCS24 construct. The constructs have all the same
AAVS capsids consisting of VP1, VP2 and VP3 (arrows
right side). The scale on the left side indicates size of the
protein marker in kilo Daltons (kDa).

[0170] FIG. 46 depicts the integrity of AAV vector
genome preparations analyzed by agarose gel electrophore-
sis. Lane 1, DNA marker (M); lane 2, vCS04, lane 3, vCS17;
lane 4, vCS20; lane 5, vCS24; lane 6, vCS16; lane 7, vCS40
construct. Vector load is 1.5E10 vg per lane. The AAV
vectors have the same-sized genomes, migrating at approxi-
mately 5 kb (arrow, right side). The scale on the left side
indicates size of the DNA fragments in kilobases (kb).
[0171] FIG. 47 shows the portion of the CSO1 codon-
altered nucleotide sequence (SEQ ID NO: 24) encoding the
heavy chain of a Factor VIII variant in accordance with
some embodiments (“CS01-HC-NA™).

[0172] FIG. 48 shows the portion of the CSO1 codon-
altered nucleotide sequence (SEQ ID NO: 25) encoding the
light chain of a Factor VIII variant in accordance with some
embodiments(“CS01-LC-NA”).

[0173] FIGS. 49A and 49B show the CS01A(760-1667)
(SPI; CS01A(741-1648), SPE) codon-altered nucleotide
sequence (SEQ ID NO: 26) encoding a single-chain Factor
VI1II variant in accordance with some embodiments (“CS01-
SC1-NA™).

[0174] FIGS. 50A and 50B show the CS01A(772-1667)
(SPI; CS01A(753-1648), SPE) codon-altered nucleotide
sequence (SEQ ID NO: 27) encoding a single-chain Factor
VI1II variant in accordance with some embodiments (“CS01-
SC2-NA™).

[0175] FIGS. 51A and 51B show the CS23A(760-1667)
(SPI; CS23A(741-1648), SPE) codon-altered nucleotide
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sequence (SEQ ID NO: 28) encoding a single-chain Factor
VIII variant in accordance with some embodiments (“CS23-
SC1-NA™).

[0176] FIGS. 52A and 52B show the CS23A(772-1667)
(SPI; CS23A(753-1648), SPE) codon-altered nucleotide
sequence (SEQ ID NO: 29) encoding a single-chain Factor
VIII variant in accordance with some embodiments (“CS23-
SC2-NA™).

[0177] FIG. 53 shows the Factor VIII variant amino acid
sequence (SEQ ID NO: 104) encoded by the CSO1m23
codon-altered nucleotide sequence in accordance with some
embodiments (“CS01m23-FL.-AA”).

[0178] FIG. 54 shows the Factor VIII variant amino acid
sequence (SEQ ID NO: 105) encoded by the CS04m3
codon-altered nucleotide sequence in accordance with some
embodiments (“CS01m23-FL.-AA”).

[0179] FIG. 55 shows the Factor VIII variant amino acid
sequence (SEQ ID NO: 106) encoded by the CSO1m12
codon-altered nucleotide sequence in accordance with some
embodiments (“CSO01m12-FL.-AA”).

[0180] FIG. 56 shows the Factor VIII variant amino acid
sequence (SEQ ID NO: 107) encoded by the CS04m12
codon-altered nucleotide sequence in accordance with some
embodiments (“CS04m12-FL.-AA”).

[0181] FIGS. 57A and 57B show the CSOIm12 codon-
altered nucleotide sequence (SEQ ID NO: 108) encoding a
Factor VIII variant with m1 (F328S) and m2 amino acid
substitutions in accordance with some embodiments
(“CS01-FL-NAm12”).

[0182] FIGS. 58A and 58B show the CS04m12 codon-
altered nucleotide sequence (SEQ ID NO: 109) encoding a
Factor VIII variant with m1 (F328S) and m2 amino acid
substitutions in accordance with some embodiments
(“CS04-FL-NAm12”).

DETAILED DESCRIPTION OF DISCLOSURE

1. Introduction

[0183] AAV-based gene therapy holds great promise for
the treatment of hemophiliacs. For hemophilia B, first clini-
cal data are encouraging in that FIX levels of about 10% can
be maintained in at least some patients for more than 1 year.
For hemophilia A however, achieving therapeutic expression
levels of 5-10% with AAV vectors remains challenging for
various reasons. First, the Factor VIII coding sequence is too
large for conventional AAV-based vectors. Second, engi-
neered B-domain deleted or truncated Factor VIII constructs
suffer from poor expression in vivo, even when codon-
optimized. Third, these B-domain deleted or truncated Fac-
tor VIII variant constructs have short half-lives in vivo,
exacerbating the effects of poor expression. Fourth, even
when expressed, FVIII is not efficiently secreted from cells,
as are other coagulation factors, such as Factor IX.

[0184] Moreover, these challenges cannot be addressed by
simply administering higher doses of the gene therapy
construct. According to current knowledge, the vector dose
of an AAV-based gene therapy vector should be increased
above 2x10'? vg/kg bodyweight. This is because at such
high doses a T cell immune response is triggered, which
destroys transduced cells and, as a consequence, transgene
expression is reduced or even eliminated. Therefore, strat-
egies to improve the expression of FVIII are needed to make
FVIII gene therapy a viable therapeutic option for hemo-
philia A patients.
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[0185] The present disclosure relates to the discovery of
codon-altered Factor VIII variant coding sequences that
solve these and other problems associated with Factor VIII
gene therapy. For example, the polynucleotides disclosed
herein provide markedly improved expression in mamma-
lian cells, and display improved virion packaging due to
stabilized packing interactions. In some implementations,
these advantages are realized by using coding sequences for
the heavy and light chains of Factor VIII with high sequence
identity to the codon altered CS01, CS04, and CS23 con-
structs (e.g., with high sequence identity to one of the
CS01-HC, CS04-HC, and CS23-HC heavy chain coding
sequences and high sequence identity to one of the CS01-
LC, CS04-LC, and CS23-L.C light chain coding sequences).
[0186] In some implementations, the Factor VIII mol-
ecules encoded by the polynucleotides described herein have
been shortened by truncating, deleting, or replacing the
wild-type B-domain. As such, the polynucleotides are better
suited for expressing Factor VIII via conventional gene
therapy vectors, which inefficiently express larger polypep-
tides, such as the wild-type Factor VIII.

[0187] Advantageously, it is shown herein that the CSO1,
CS04, and CS23 codon-altered Factor VIII variant coding
sequences provide superior expression of a B-domain
deleted Factor VIII construct in vivo. For example, it is
demonstrated in Example 2 and Example 4 that intravenous
administration of AAV-based gene therapy vectors having
the CSO1 (SEQ ID NO: 13), CS04 (SEQ ID NO: 1), and
CS23 (SEQ ID NO: 20) coding sequence provide 18-fold,
74-fold, and 30-fold increases in Factor VIII expression,
relative to the corresponding CS40 construct encoded with
the wild-type polynucleotide sequence (SEQ ID NO: 17), in
Factor VIII knock-out mice (Table 4 and Table 7).

[0188] Further, it also shown herein that the CSO1 and
CS04 codon-altered Factor VIII variant coding sequences
provide superior virion packaging and virus production. For
example, it is demonstrated in Example 1 that AAV vector
constructs containing the CS01 and CS04 constructs pro-
vided 5 to 7-fold greater viral yield, relative to the corre-
sponding CS40 construct encoded with the wild-type poly-
nucleotide sequence, when isolated from the same amount
of cell pellet.

[0189] Advantageously, Applicants also found that the
improved Factor VIII activity generated from the CSO1,
CS04, and CS23 codon altered sequences could be further
enhanced by introducing mutations into the underlying
Factor VIII polypeptide sequence. For example, as demon-
strated in Example 4, the F328S, X5, and X1 mutations,
alone and in combination with one another, further increased
FVIII activity when expressed in vivo in the CSO1 or CS04
codon altered background 2 to 7-fold, relative to the wild
type, codon altered constructs (Table 7). More strikingly,
these codon altered sequences, encoding the mutant Factor
VIII mutants, provided up to 246-fold greater increase as
compared to the corresponding CS40 construct encoded
with the wild-type polynucleotide sequence (Table 7).

I1. Definitions

[0190] As used herein, the following terms have the mean-
ings ascribed to them unless specified otherwise.

[0191] As used herein, the terms “Factor VIII” and
“FVIII” are used interchangeably, and refer to any protein
with Factor VIII activity (e.g., active FVIIL, often referred to
as FVIIla) or protein precursor (e.g., pro-protein or pre-pro-
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protein) of a protein with Factor VIII activity, particularly
Factor IXa cofactor activity. In an exemplary embodiment,
a Factor VIII polypeptide refers to a polypeptide that has
sequences with high sequence identity (e.g., at least 70%,
75%, 80%, 85%, 90%, 95%, 99%, or more) to the heavy and
light chains of a wild type Factor VIII polypeptide. In some
embodiments, the B-domain of a Factor VIII polypeptide is
deleted, truncated, or replaced with a linker polypeptide to
reduce the size of the polynucleotide encoding the Factor
VIII polypeptide. In an exemplary embodiment, amino acids
20-1457 of SEQ ID NO: 2 constitute a Factor VIII poly-
peptide.

[0192] Non-limiting examples of wild type Factor VIII
polypeptides include human pre-pro-Factor VIII (e.g., Gen-
Bank accession nos. AAAS52485, CAA25619, AAASR466,

AAAS2484, AAAS52420, AAVR5964, BAF82636,
BAG36452, CAI41660, CAI41666, CAI41672, CAI43241,
CA003404, EAW72645, AAH22513, AAHG64380,

AAH98389, AAT11968, AAI11970, or AAB61261), corre-
sponding pro-Factor VIII, and natural variants thereof; por-
cine pre-pro-Factor VIII (e.g., UniProt accession nos.
F1RZ36 or K7GSZS5), corresponding pro-Factor VIII, and
natural variants thereof, mouse pre-pro-Factor VIII (e.g.,
GenBank accession nos. AAA37385, CAMI5S581,
CAM26492, or EDIL.29229), corresponding pro-Factor VIII,
and natural variants thereof; rat pre-pro-Factor VIII (e.g.,
GenBank accession no. AAQ21580), corresponding pro-
Factor VIII, and natural variants thereof; rat pre-pro-Factor
VIII; and other mammalian Factor VIII homologues (e.g.,
monkey, ape, hamster, guinea pig, etc.).

[0193] As used herein, a Factor VIII polypeptide includes
natural variants and artificial constructs with Factor IX
cofactor activity. As used in the present disclosure, Factor
VIII encompasses any natural variants, alternative
sequences, isoforms, or mutant proteins that retain some
basal Factor IX cofactor activity (e.g., at least 5%, 10%,
25%, 50%, 75%, or more of the corresponding wild type
activity). Examples of Factor VIII amino acid variations
(relative to FVIII-FL-AA (SEQ ID NO: 19)) found in the
human population include, without limitation, S19R, R22T,
Y24C, Y25C, L26P/R, E30V, W33G, Y35C/H, G41C,
R48C/K, K67E/N, L69P, E72K, D75E/V/Y, P83R, G8ID/V,
G92A/V, A97P, E98K, V99D, D101G/H/V, V104D, K108T,
MI10V, Al11T/V, HI113R/Y, L117F/R, G121S, E129V,
G130R, E132D, Y133C, DI135G/Y, TI137A/, S138R,
E141K, D145H, V147D, Y155H, V159A, N163K, G164D/
V, P165S, C172W, S176P, S179P, V181E/M, KI185T,
D186G/N/Y, S189L, L191F, GI93R, L195P, CI198G,
S202N/R, F214V, L217H, A219D/T, V220G, D222V,
E223K, G224W, T2521, V253F, N254I, G255V, 1261P,
P262L, G263S, G266F, C267Y, W274C, H275L, G278R,
G280D, E284K, V285G, E291G/K, T2941, F295L, V297A,
N2991, R301C/H/L, A303E/P, 1307S, S308L, F312S,
T314A/, A315V, G323E, L326P, 1L327P/V, C329F, 1331V,
M339T, E340K, V345A/L, C348R/S/Y, Y365C, R391C/H/
P, S392L/P, A394S, W401G, 1405F/S, E409G, W412G/R,
K4271, L431F/S, R437P/W, 1438F, G439D/S/V, Y442C,
K444R, Y450D/N, T4541, F455C, G466E, P470L/R/T,
G474E/R/V, E475K, G477V, D478N, T479R, F484C,
A488G, R490G, Y492C/H, Y492H, 1494T, P496R, G498R,
R503H, G513S/V, 1522Y, K529E, W532G, P540T, T541S,
D544N, R546W, R550C/G/H, S553P, S554C/G, V556D,
R560T, D561G/H/Y, 1567T, P569R, S577F, V578A, D579A/
H, N583S, Q384H/K/R, I5S85R/T, MS586V, DS88GY,
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L594Q, S596P, N601D/K, R602G, S603I/R, W604C,
Y605H/S, N6091, R612C, N631K/S, M6331, S635N,
N637D/T/S, Y639C, 1644V, L650F, V653A/M, L659P,
A663V, Q664P, F677L, M6811, V682F, Y683C/N, T686R,
F698L, M699T/V, M7011, G705V, G710W, N7131, R717L/
W, G720D/S, M7211/L, A723T, L725Q, V727F, E739K,
Y742C, R795G, P947R, V1012L, E1057K, HI1066Y,
D1260E, K1289Q, Q1336K, N1460K, L1481P, A1610S,
11698T, Y1699C/F, E1701K, Q1705H, R1708C/H, T1714S,
R1715G, A1720V, E1723K, D1727V, Y1728C, R1740G,
K1751Q, F1762L, R1768H, G1769R, L1771P, L1775F/V,
L1777P, G1779E/R, P1780L, 11782R, D1788H, M1791T,
A1798P, S1799H, RI1800C/G/H, PI801A, Y1802C,
S1803Y, F1804S, L1808F, MI18421, P1844S, T1845P,
E1848G, A1853T/V, SI1858C, KI864E, DI865N/Y,
H1867P/R, G1869D/V, G1872E, P1873R, L1875P, V1876L,
C1877R/Y, L1882P, R18881, E1894G, 11901F, E1904D/K,
S1907C/R, WI1908L, Y1909C, A1939T/V, NI1941D/S,
G1942A, M1945V, L1951F, R1960L/Q, L1963P, S19651,
M19661/V, G1967D, S1968R, N1971T, H1973L, G1979V,
H1980P/Y, F19821, R1985Q, L1994P, Y1998C, G2000A,
T2004R, M20071, G2013R, W2015C, R2016P/W, E2018G,
G2022D, G2028R, S2030N, V2035A, Y2036C, N2038S,
2040Y, G2045E/V, 120518, 12056N, A2058P, W2065R,
P2067L, A2070V, S2082N, S2088F, D2093G/Y, H2101D,
T2105N, Q2106E/P/R, G2107S, R2109C, I12117F/S,
Q2119R, F2120C/L, Y2124C, R2135P, S2138Y, T214IN,
M2143V, F2145C, N2148S, N2157D, P2162L, R2169C/H,
P2172L/Q/R, T2173A/1, H2174D, R2178C/H/L, R2182C/
H/P, M2183R/V, L2185S/W, S21921, C2193G, P2196R,
G2198V, E2200D, 12204T, 12209N, A2211P, A2220P,
P22241, R2228G/L/P/Q, L2229F, V2242M, W2248C/S,
V2251A/E, M2257V, T2264A, Q2265R, F2279C/1, 12281T,
D2286G, W2290L, G2304V, D2307A, P2319L/S, R2323C/
G/H/L, R2326G/L/P/Q, Q2330P, W2332R, 12336F, R2339T,
(G2344C/D/S, and C2345S/Y. Factor VIII proteins also
include polypeptides containing post-translational modifica-
tions.

[0194] Generally, polynucleotides encoding Factor VIII
encode for an inactive single-chain polypeptide (e.g., a
pre-pro-protein) that undergoes post-translational process-
ing to form an active Factor VIII protein (e.g., FVIIla). For
example, referring to FIG. 1, the wild type human Factor
VIII pre-pro-protein is first cleaved to release the encoded
signal peptide (not shown), forming a first single-chain
pro-protein (shown as “human wild-type FVIII). The pro-
protein is then cleaved between the B and A3 domains to
form a first polypeptide that includes the Factor VIII heavy
chain (e.g., the Al and A2 domains) and B-domain, and a
second polypeptide that includes the Factor VIII light chain
(e.g., including the A3, C1, and C3 domains). The first
polypeptide is further cleaved to remove the B-domain, and
also to separate the Al and A2 domains, which remain
associated with the Factor VIII light chain in the mature
Factor VIlla protein. For review of the Factor VIII matura-
tion process, see Graw et al., Nat Rev Genet., 6(6):488-501
(2005), the content of which is incorporated herein by
reference in its entirety for all purposes.

[0195] However, in some embodiments, the Factor VIII
polypeptide is a single-chain Factor VIII polypeptide.
Single-chain Factor VIII polypeptides are engineered to
remove natural cleavage sites, and optionally remove, trun-
cate, or replace the B-domain of Factor VIII. As such, they
are not matured by cleavage (other than cleavage of an
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optional signal and/or leader peptide), and are active as a
single chain. Non-limiting examples of single-chain Factor
VIII polypeptides are described in Zollner et al. (Thromb
Res, 134(1):125-31 (2014)) and Donath et al. (Biochem J.,
312(1):49-55 (1995)), the disclosures of which are hereby
incorporated by reference in their entireties for all purposes.

[0196] As used herein, the terms “Factor VIII heavy
chain,” or simply “heavy chain,” refers to the aggregate of
the Al and A2 domains of a Factor VIII polypeptide. In an
exemplary embodiment, amino acids 20-759 of CS04-FL-
AA (SEQ ID NO: 2) constitute a Factor VIII heavy chain.

[0197] As used herein, the term “Factor VIII light chain,”
or simply “light chain,” refers to the aggregate of the A3, C1,
and C2 domains of a Factor VIII polypeptide. In an exem-
plary embodiment, amino acids 774-1457 CSO04-FL-AA
(SEQ ID NO: 2) constitute a Factor VIII light chain. In some
embodiments, a Factor VIII light chain excludes the acidic
a3 peptide, which is released during maturation in vivo.

[0198] Generally, Factor VIII heavy and light chains are
expressed as a single polypeptide chain, e.g., along with an
optional B-domain or B-domain substituted linker. How-
ever, in some embodiments, a Factor VIII heavy chain and
Factor VIII light chain are expressed as separate polypeptide
chains (e.g., co-expressed), and reconstituted to form a
Factor VIII protein (e.g., in vivo or in vitro).

[0199] As used herein, the terms “B-domain substituted
linker” and “Factor VIII linker” are used interchangeably,
and refer to truncated versions of a wild type Factor VIII
B-domain (e.g., amino acids 760-1667 of FVIII-FL-AA
(SEQ ID NO: 19)) or peptides engineered to replace the
B-domain of a Factor VIII polypeptide. As used herein, a
Factor VIII linker is positioned between the C-terminus of a
Factor VIII heavy chain and the N-terminus of a Factor VIII
light chain in a Factor VIII variant polypeptide in accor-
dance with some embodiments. Non-limiting examples of
B-domain substituted linkers are disclosed in U.S. Pat. Nos.
4,868,112, 5,112,950, 5,171,844, 5,543,502, 5,595,886,
5,610,278, 5,789,203, 5,972,885, 6,048,720, 6,060,447,
6,114,148, 6,228,620, 6,316,226, 6,346,513, 6,458,563,
6,924,365, 7,041,635, and 7,943,374; U.S. Patent Applica-
tion Publication Nos. 2013/024960, 2015/0071883, and
2015/0158930; and PCT Publication Nos. WO 2014/064277
and WO 2014/127215, the disclosures of which are hereby
incorporated by reference, in their entireties, for all pur-
poses.

[0200] Unless otherwise specified herein, the numbering
of Factor VIII amino acids refers to the corresponding amino
acid in the full-length, wild-type human Factor VIII
sequence (FVIII-FL-AA), presented as SEQ ID NO: 19 in
FIG. 22. As such, when referring to an amino acid substi-
tution in a Factor VIII variant protein disclosed herein, the
recited amino acid number refers to the analogous (e.g.,
structurally or functionally equivalent) and/or homologous
(e.g., evolutionarily conserved in the primary amino acid
sequence) amino acid in the full-length, wild-type Factor
VIII sequence. For example, a T2105N amino acid substi-
tution refers to a T to N substitution at position 2105 of the
full-length, wild-type human Factor VIII sequence (FVIII-
FL-AA; SEQ ID NO: 19), a T to N substitution at position
1211 of the Factor VIII variant protein encoded by CS04
(CS04-FL-AA; SEQ ID NO: 2), and a T to N substitution at
position 1212 of the Factor VIII variant encoded by CS04m3
(CS04m3-FL-AA; SEQ ID NO: 105).
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[0201] As described herein, the Factor VIII amino acid
numbering system is dependent on whether the Factor VIII
signal peptide (e.g., amino acids 1-19 of the full-length,
wild-type human Factor VIII sequence) is included. Where
the signal peptide is included, the numbering is referred to
as “signal peptide inclusive” or “SPI”. Where the signal
peptide is not included, the numbering is referred to as
“signal peptide exclusive” or “SPE.” For example, F328S is
SPI numbering for the same amino acid as F309S, in SPE
numbering. Unless otherwise indicated, all amino acid num-
bering refers to the corresponding amino acid in the full-
length, wild-type human Factor VIII sequence (FVIII-FL-
AA), presented as SEQ ID NO: 19 in FIG. 22.

[0202] As described herein, the codon-altered polynucle-
otides provide increased expression of transgenic Factor
VIII in vivo (e.g., when administered as part of a gene
therapy vector), as compared to the level of Factor VIII
expression provided by a natively-coded Factor VIII con-
struct (e.g., a polynucleotide encoding the same Factor VIII
construct using the wild-type human codons). As used
herein, the term “increased expression” refers to an
increased level of transgenic Factor VIII activity in the blood
of an animal administered the codon-altered polynucleotide
encoding Factor VIII, as compared to the level of transgenic
Factor VIII activity in the blood of an animal administered
a natively-coded Factor VIII construct. The activity levels
can be measured using any Factor VIII activity known in the
art. An exemplary assay for determining Factor VIII activity
is the Technochrome FVIII assay (Technoclone, Vienna,
Austria).

[0203] In some embodiments, increased expression refers
to at least 25% greater transgenic Factor VIII activity in the
blood of an animal administered the codon-altered Factor
VIII polynucleotide, as compared to the level of transgenic
Factor VIII activity in the blood of an animal administered
a natively coded Factor VIII polynucleotide. In some
embodiments, increased expression refers to at least 50%
greater, at least 75% greater, at least 100% greater, at least
3-fold greater, at least 4-fold greater, at least 5-fold greater,
at least 6-fold greater, at least 7-fold greater, at least 8-fold
greater, at least 9-fold greater, at least 10-fold greater, at least
15-fold greater, at least 20-fold greater, at least 25-fold
greater, at least 30-fold greater, at least 40-fold greater, at
least 50-fold greater, at least 60-fold greater, at least 70-fold
greater, at least 80-fold greater, at least 90-fold greater, at
least 100-fold greater, at least 125-fold greater, at least
150-fold greater, at least 175-fold greater, at least 200-fold
greater, at least 225-fold greater, or at least 250-fold greater
transgenic Factor VIII activity in the blood of an animal
administered the codon-altered Factor VIII polynucleotide,
as compared to the level of transgenic Factor VIII activity in
the blood of an animal administered a natively coded Factor
VIII polynucleotide.

[0204] As described herein, the codon-altered polynucle-
otides provide increased vector production, as compared to
the level of vector production provided by a natively-coded
Factor VIII construct (e.g., a polynucleotide encoding the
same Factor VIII construct using the wild-type human
codons). As used herein, the term “increased virus produc-
tion” refers to an increased vector yield in cell culture (e.g.,
titer per liter culture) inoculated with the codon-altered
polynucleotide encoding Factor VIII, as compared to the
vector yield in cell culture inoculated with a natively-coded
Factor VIII construct. The vector yields can be measured
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using any vector titer assay known in the art. An exemplary
assay for determining vector yield (e.g., of an AAV vector)
is qPCR targeting the AAV2 inverted terminal repeats (Au-
rnhammer, Human Gene Therapy Methods: Part B 23:18-28
(2012)).

[0205] In some embodiments, increased virus production
refers to at least 25% greater codon-altered vector yield, as
compared to the yield of a natively-coded Factor VIII
construct in the same type of culture. In some embodiments,
increased vector production refers to at least 50% greater, at
least 75% greater, at least 100% greater, at least 3-fold
greater, at least 4-fold greater, at least 5-fold greater, at least
6-fold greater, at least 7-fold greater, at least 8-fold greater,
at least 9-fold greater, at least 10-fold greater, at least 15-fold
greater, or at least 20-fold greater codon-altered vector yield,
as compared to the yield of a natively-coded Factor VIII
construct in the same type of culture.

[0206] As used herein, the term “hemophilia” refers to a
group of disease states broadly characterized by reduced
blood clotting or coagulation. Hemophilia may refer to Type
A, Type B, or Type C hemophilia, or to the composite of all
three diseases types. Type A hemophilia (hemophilia A) is
caused by a reduction or loss of factor VIII (FVIII) activity
and is the most prominent of the hemophilia subtypes. Type
B hemophilia (hemophilia B) results from the loss or reduc-
tion of factor IX (FIX) clotting function. Type C hemophilia
(hemophilia C) is a consequence of the loss or reduction in
factor XI (FXI) clotting activity. Hemophilia A and B are
X-linked diseases, while hemophilia C is autosomal. Con-
ventional treatments for hemophilia include both prophy-
lactic and on-demand administration of clotting factors, such
as FVIIL FIX, including Bebulin®-VH, and FXI, as well as
FEIBA-VH, desmopressin, and plasma infusions.

[0207] As used herein, the term “FVIII gene therapy”
includes any therapeutic approach of providing a nucleic
acid encoding Factor VIII to a patient to relieve, diminish,
or prevent the reoccurrence of one or more symptoms (e.g.,
clinical factors) associated with hemophilia. The term
encompasses administering any compound, drug, procedure,
or regimen comprising a nucleic acid encoding a Factor VIII
molecule, including any modified form of Factor VIII (e.g.,
Factor VIII variant), for maintaining or improving the health
of an individual with hemophilia. One skilled in the art will
appreciate that either the course of FVIII therapy or the dose
of a FVIII therapeutic agent can be changed, e.g., based
upon the results obtained in accordance with the present
disclosure.

[0208] As used herein, the term “bypass therapy” includes
any therapeutic approach of providing non-Factor VIII
hemostatic agents, compounds or coagulation factors to a
patient to relieve, diminish, or prevent the reoccurrence of
one or more symptoms (e.g., clinical factors) associated with
hemophilia. Non-Factor VIII compounds and coagulation
factors include, but are not limited to, Factor VIII Inhibitor
Bypass Activity (FEIBA), recombinant activated factor VII
(FVIla), prothrombin complex concentrates, and activated
prothrombin complex concentrates. These non-Factor VIII
compounds and coagulation factors may be recombinant or
plasma-derived. One skilled in the art will appreciate that
either the course of bypass therapy or the dose of bypass
therapy can be changed, e.g., based upon the results obtained
in accordance with the present disclosure.

[0209] As used herein, a “combination therapy” including
administration of a nucleic acid encoding a Factor VIII
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molecule and a conventional hemophilia A therapeutic agent
includes any therapeutic approach of providing both a
nucleic acid encoding a Factor VIII molecule and a Factor
VIII molecule and/or non-Factor VIII hemostatic agent (e.g.,
bypass therapeutic agent) to a patient to relieve, diminish, or
prevent the reoccurrence of one or more symptoms (e.g.,
clinical factors) associated with hemophilia. The term
encompasses administering any compound, drug, procedure,
or regimen including a nucleic acid encoding a Factor VIII
molecule, including any modified form of factor VIII, which
is useful for maintaining or improving the health of an
individual with hemophilia and includes any of the thera-
peutic agents described herein.

[0210] The terms “therapeutically effective amount or
dose” or “therapeutically sufficient amount or dose” or
“effective or sufficient amount or dose” refer to a dose that
produces therapeutic effects for which it is administered. For
example, a therapeutically effective amount of a drug useful
for treating hemophilia can be the amount that is capable of
preventing or relieving one or more symptoms associated
with hemophilia. The exact dose will depend on the purpose
of the treatment, and will be ascertainable by one skilled in
the art using known techniques (see, e.g., Lieberman, Phar-
maceutical Dosage Forms (vols. 1-3, 1992); Lloyd, The Art,
Science and Technology of Pharmaceutical Compounding
(1999); Pickar, Dosage Calculations (1999); and Reming-
ton: The Science and Practice of Pharmacy, 20th Edition,
2003, Gennaro, Ed., Lippincott, Williams & Wilkins).
[0211] As used herein, the term “gene” refers to the
segment of a DNA molecule that codes for a polypeptide
chain (e.g., the coding region). In some embodiments, a gene
is positioned by regions immediately preceding, following,
and/or intervening the coding region that are involved in
producing the polypeptide chain (e.g., regulatory elements
such as a promoter, enhancer, polyadenylation sequence,
S'-untranslated region, 3'-untranslated region, or intron).
[0212] As used herein, the term “regulatory elements”
refers to nucleotide sequences, such as promoters, enhanc-
ers, terminators, polyadenylation sequences, introns, etc,
that provide for the expression of a coding sequence in a cell.
[0213] As used herein, the term “promoter element” refers
to a nucleotide sequence that assists with controlling expres-
sion of a coding sequence. Generally, promoter elements are
located 5' of the translation start site of a gene. However, in
certain embodiments, a promoter element may be located
within an intron sequence, or 3' of the coding sequence. In
some embodiments, a promoter useful for a gene therapy
vector is derived from the native gene of the target protein
(e.g., a Factor VIII promoter). In some embodiments, a
promoter useful for a gene therapy vector is specific for
expression in a particular cell or tissue of the target organism
(e.g., a liver-specific promoter). In yet other embodiments,
one of a plurality of well characterized promoter elements is
used in a gene therapy vector described herein. Non-limiting
examples of well-characterized promoter elements include
the CMV early promoter, the f-actin promoter, and the
methyl CpG binding protein 2 (MeCP2) promoter. In some
embodiments, the promoter is a constitutive promoter,
which drives substantially constant expression of the target
protein. In other embodiments, the promoter is an inducible
promoter, which drives expression of the target protein in
response to a particular stimulus (e.g., exposure to a par-
ticular treatment or agent). For a review of designing pro-
moters for AAV-mediated gene therapy, see Gray et al.
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(Human Gene Therapy 22:1143-53 (2011)), the contents of
which are expressly incorporated by reference in their
entirety for all purposes.

[0214] As used herein, the term “vector” refers to any
vehicle used to transfer a nucleic acid (e.g., encoding a
Factor VIII gene therapy construct) into a host cell. In some
embodiments, a vector includes a replicon, which functions
to replicate the vehicle, along with the target nucleic acid.
Non-limiting examples of vectors useful for gene therapy
include plasmids, phages, cosmids, artificial chromosomes,
and viruses, which function as autonomous units of repli-
cation in vivo. In some embodiments, a vector is a viral
vehicle for introducing a target nucleic acid (e.g., a codon-
altered polynucleotide encoding a Factor VIII variant).
Many modified eukaryotic viruses useful for gene therapy
are known in the art. For example, adeno-associated viruses
(AAVs) are particularly well suited for use in human gene
therapy because humans are a natural host for the virus, the
native viruses are not known to contribute to any diseases,
and the viruses illicit a mild immune response.

[0215] As used herein, the term “CpG island” refers to a
region within a polynucleotide having a statistically elevated
density of CpG dinucleotides. As used herein, a region of a
polynucleotide (e.g., a polynucleotide encoding a codon-
altered Factor VIII protein) is a CpG island if, over a
200-base pair window: (i) the region has GC content of
greater than 50%, and (ii) the ratio of observed CpG
dinucleotides per expected CpG dinucleotides is at least 0.6,
as defined by the relationship:

N[CpG] = N[length of window]

= 0.6.
N[C]=N[G]

For additional information on methods for identifying CpG
islands, see Gardiner-Garden M. et al., J Mol Biol., 196(2):
261-82 (1987), the content of which is expressly incorpo-
rated herein by reference, in its entirety, for all purposes.
[0216] As used herein, the term “nucleic acid” refers to
deoxyribonucleotides or ribonucleotides and polymers
thereof in either single- or double-stranded form, and
complements thereof. The term encompasses nucleic acids
containing known nucleotide analogs or modified backbone
residues or linkages, which are synthetic, naturally occur-
ring, and non-naturally occurring, which have similar bind-
ing properties as the reference nucleic acid, and which are
metabolized in a manner similar to the reference nucleotides.
Examples of such analogs include, without limitation, phos-
phorothioates, phosphoramidates, methyl phosphonates,
chiral-methyl phosphonates, 2-O-methyl ribonucleotides,
and peptide-nucleic acids (PNAs).

[0217] The term “amino acid” refers to naturally occurring
and non-natural amino acids, including amino acid analogs
and amino acid mimetics that function in a manner similar
to the naturally occurring amino acids. Naturally occurring
amino acids include those encoded by the genetic code, as
well as those amino acids that are later modified, e.g.,
hydroxyproline, y-carboxyglutamate, and O-phosphoserine.
Naturally occurring amino acids can include, e.g., D- and
L-amino acids. The amino acids used herein can also include
non-natural amino acids. Amino acid analogs refer to com-
pounds that have the same basic chemical structure as a
naturally occurring amino acid, i.e., any carbon that is bound
to a hydrogen, a carboxyl group, an amino group, and an R
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group, e.g., homoserine, norleucine, methionine sulfoxide,
or methionine methyl sulfonium. Such analogs have modi-
fied R groups (e.g., norleucine) or modified peptide back-
bones, but retain the same basic chemical structure as a
naturally occurring amino acid. Amino acid mimetics refer
to chemical compounds that have a structure that is different
from the general chemical structure of an amino acid, but
that function in a manner similar to a naturally occurring
amino acid. Amino acids may be referred to herein by either
their commonly known three letter symbols or by the
one-letter symbols recommended by the I[UPAC-IUB Bio-
chemical Nomenclature Commission. Nucleotides, likewise,
may be referred to by their commonly accepted single-letter
codes.

[0218] The nucleotide sequences that encode the mutant
Factor VIII constructs herein may be identical to the coding
sequence provided herein or may be a different coding
sequence, which sequence, as a result of the redundancy or
degeneracy of the genetic code, encodes the same polypep-
tides as the coding sequences provided herein. One of
ordinary skill in the art will recognize that each codon in a
nucleic acid (except AUG, which is ordinarily the only
codon for methionine, and TGG, which is ordinarily the only
codon for tryptophan) can be modified to yield a function-
ally identical molecule. Accordingly, each variation of a
nucleic acid which encodes a same polypeptide is implicit in
each described sequence with respect to the expression
product, but not with respect to actual gene therapy con-
structs.

[0219] As to amino acid sequences, one of ordinary skill
in the art will recognize that individual substitutions, dele-
tions or additions to a nucleic acid or peptide sequence that
alters, adds or deletes a single amino acid or a small
percentage of amino acids in the encoded sequence is a
“conservatively modified variant” where the alteration
results in the substitution of an amino acid with a chemically
similar amino acid. Conservative substitution tables provid-
ing functionally similar amino acids are well known in the
art. Such conservatively modified variants are in addition to
and do not exclude polymorphic variants, interspecies
homologs, and alleles of the disclosure.

[0220] Conservative amino acid substitutions providing
functionally similar amino acids are well known in the art.
Dependent on the functionality of the particular amino acid,
e.g., catalytic, structural, or sterically important amino acids,
different groupings of amino acid may be considered con-
servative substitutions for each other. Table 1 provides
groupings of amino acids that are considered conservative
substitutions based on the charge and polarity of the amino
acid, the hydrophobicity of the amino acid, the surface
exposure/structural nature of the amino acid, and the sec-
ondary structure propensity of the amino acid.

TABLE 1

Groupings of conservative amino acid substitutions based on
the functionality of the residue in the protein.

Important Feature Conservative Groupings

Charge/Polarity

,G,N,Q and Y
"M, L, I, V, F, and W

oo
]
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TABLE 1-continued

Groupings of conservative amino acid substitutions based on
the functionality of the residue in the protein.

Important Feature Conservative Groupings

Hydrophobicity 1.D,E, N, Q, R, and K
2.C,S,T,P, G, Hyand Y
3AMLL V,F and W
Structural/Surface Exposure 1.D,E,N,Q, H, R, and K
2.C, S, T, P, ,G, W, and Y
3.M,LL,V,and F
Secondary Structure Propensity 1.AE,Q H, K, M, L, and R
2.C,T,LV,F Y, and W
3.5,G,P,D,and N
Evolutionary Conservation 1.Dand E
2. H, K, and R
3. Nand Q
4.Sand T
5L, Land V
6.F, Y, and W
7. Aand G
8. M and C

[0221] The terms “identical” or percent “identity,” in the
context of two or more nucleic acids or peptide sequences,
refer to two or more sequences or subsequences that are the
same or have a specified percentage of amino acid residues
or nucleotides that are the same (i.e., about 60% identity,
preferably 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher identity
over a specified region, when compared and aligned for
maximum correspondence over a comparison window or
designated region) as measured using a BLAST or BLAST
2.0 sequence comparison algorithms with default parameters
described below, or by manual alignment and visual inspec-
tion.

[0222] As is known in the art, a number of different
programs may be used to identify whether a protein (or
nucleic acid as discussed below) has sequence identity or
similarity to a known sequence. Sequence identity and/or
similarity is determined using standard techniques known in
the art, including, but not limited to, the local sequence
identity algorithm of Smith & Waterman, Adv. Appl. Math.,
2:482 (1981), by the sequence identity alignment algorithm
of Needleman & Wunsch, J. Mol. Biol., 48:443 (1970), by
the search for similarity method of Pearson & Lipman, Proc.
Natl. Acad. Sci. U.S.A., 85:2444 (1988), by computerized
implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Drive,
Madison, Wis.), the Best Fit sequence program described by
Devereux et al., Nucl. Acid Res., 12:387-395 (1984), pret-
erably using the default settings, or by inspection. Prefer-
ably, percent identity is calculated by FastDB based upon the
following parameters: mismatch penalty of 1; gap penalty of
1; gap size penalty of 0.33; and joining penalty of 30,
“Current Methods in Sequence Comparison and Analysis,”
Macromolecule Sequencing and Synthesis, Selected Meth-
ods and Applications, pp 127-149 (1988), Alan R. Liss, Inc,
all of which are incorporated by reference.

[0223] An example of a useful algorithm is PILEUP.
PILEUP creates a multiple sequence alignment from a group
of related sequences using progressive, pair wise align-
ments. It may also plot a tree showing the clustering
relationships used to create the alignment. PILEUP uses a
simplification of the progressive alignment method of Feng
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& Doolittle, J. Mol. Evol. 35:351-360 (1987); the method is
similar to that described by Higgins & Sharp CABIOS
5:151-153 (1989), both incorporated by reference. Useful
PILEUP parameters including a default gap weight of 3.00,
a default gap length weight of 0.10, and weighted end gaps.
[0224] Another example of a useful algorithm is the
BLAST algorithm, described in: Altschul et al., J. Mol. Biol.
215, 403-410, (1990); Altschul et al., Nucleic Acids Res.
25:3389-3402 (1997); and Karlin et al., Proc. Natl. Acad.
Sci. U.S.A. 90:5873-5787 (1993), both incorporated by
reference. A particularly useful BLAST program is the
WU-BLAST-2 program which was obtained from Altschul
et al., Methods in Enzymology, 266:460-480 (1996); http://
blast.wustl/edu/blastt README .html]. WU-BLAST-2 uses
several search parameters, most of which are set to the
default values. The adjustable parameters are set with the
following values: overlap span=1, overlap fraction=0.125,
word threshold (T)=11. The HSP S and HSP S2 parameters
are dynamic values and are established by the program itself
depending upon the composition of the particular sequence
and composition of the particular database against which the
sequence of interest is being searched; however, the values
may be adjusted to increase sensitivity.

[0225] An additional useful algorithm is gapped BLAST,
as reported by Altschul et al., Nucl. Acids Res., 25:3389-
3402, incorporated by reference. Gapped BLAST uses BLO-
SUM-62 substitution scores; threshold T parameter set to 9;
the two-hit method to trigger ungapped extensions; charges
gap lengths of k a cost of 10+k; Xu set to 16, and Xg set to
40 for database search stage and to 67 for the output stage
of the algorithms. Gapped alignments are triggered by a
score corresponding to ~22 bits.

[0226] A % amino acid sequence identity value is deter-
mined by the number of matching identical residues divided
by the total number of residues of the “longer” sequence in
the aligned region. The “longer” sequence is the one having
the most actual residues in the aligned region (gaps intro-
duced by WU-Blast-2 to maximize the alignment score are
ignored). In a similar manner, “percent (%) nucleic acid
sequence identity” with respect to the coding sequence of
the polypeptides identified is defined as the percentage of
nucleotide residues in a candidate sequence that are identical
with the nucleotide residues in the coding sequence of the
cell cycle protein. A preferred method utilizes the BLASTN
module of WU-BLAST-2 set to the default parameters, with
overlap span and overlap fraction set to 1 and 0.125,
respectively.

[0227] The alignment may include the introduction of
gaps in the sequences to be aligned. In addition, for
sequences which contain either more or fewer amino acids
than the protein encoded by the sequence of FIG. 2 (SEQ ID
NO:1), it is understood that in one embodiment, the per-
centage of sequence identity will be determined based on the
number of identical amino acids or nucleotides in relation to
the total number of amino acids or nucleotides. Thus, for
example, sequence identity of sequences shorter than that
shown in FIG. 2 (SEQ ID NO:1), as discussed below, will
be determined using the number of nucleotides in the shorter
sequence, in one embodiment. In percent identity calcula-
tions relative weight is not assigned to various manifesta-
tions of sequence variation, such as, insertions, deletions,
substitutions, etc.

[0228] In one embodiment, only identities are scored
positively (+1) and all forms of sequence variation including
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gaps are assigned a value of “0”, which obviates the need for
a weighted scale or parameters as described below for
sequence similarity calculations. Percent sequence identity
may be calculated, for example, by dividing the number of
matching identical residues by the total number of residues
of the “shorter” sequence in the aligned region and multi-
plying by 100. The “longer” sequence is the one having the
most actual residues in the aligned region.

[0229] The term “allelic variants™ refers to polymorphic
forms of a gene at a particular genetic locus, as well as
c¢DNAs derived from mRNA transcripts of the genes, and the
polypeptides encoded by them. The term “preferred mam-
malian codon” refers a subset of codons from among the set
of codons encoding an amino acid that are most frequently
used in proteins expressed in mammalian cells as chosen
from the following list: Gly (GGC, GGG); Glu (GAG); Asp
(GAQ); Val (GTG, GTC); Ala (GCC, GCT); Ser (AGC,
TCCO); Lys (AAG); Asn (AAC); Met (ATG); Ile (ATC); Thr
(ACC); Trp (TGG); Cys (TGC); Tyr (TAT, TAC); Leu
(CTG); Phe (TTC); Arg (CGC, AGG, AGA); Gln (CAG);
His (CAC); and Pro (CCC).

[0230] As used herein, the term codon-altered refers to a
polynucleotide sequence encoding a polypeptide (e.g., a
Factor VIII variant protein), where at least one codon of the
native polynucleotide encoding the polypeptide has been
changed to improve a property of the polynucleotide
sequence. In some embodiments, the improved property
promotes increased transcription of mRNA coding for the
polypeptide, increased stability of the mRNA (e.g,
improved mRNA half-life), increased translation of the
polypeptide, and/or increased packaging of the polynucle-
otide within the vector. Non-limiting examples of alterations
that can be used to achieve the improved properties include
changing the usage and/or distribution of codons for par-
ticular amino acids, adjusting global and/or local GC con-
tent, removing Al-rich sequences, removing repeated
sequence elements, adjusting global and/or local CpG
dinucleotide content, removing cryptic regulatory elements
(e.g., TATA box and CCAAT box elements), removing of
intron/exon splice sites, improving regulatory sequences
(e.g., introduction of a Kozak consensus sequence), and
removing sequence elements capable of forming secondary
structure (e.g., stem-loops) in the transcribed mRNA.

[0231] As discussed herein, there are various nomencla-
tures to refer to components of the disclosure herein. “CS-
number” (e.g. “CS04”, “CS01”, “CS23”, etc.) refer to codon
altered polynucleotides encoding FVIII polypeptides and/or
the encoded polypeptides, including variants. For example,
CSO1-FL refers to the Full Length codon altered CSO1
polynucleotide sequence or amino acid sequence (some-
times referred to herein as “CS01-FL-AA” for the Amino
Acid sequence and “CSO1-FL-NA” for the Nucleic Acid
sequence) encoded by the CS01 polynucleotide sequence.
Similarly, “CS01-LC” refers to either the codon altered
nucleic acid sequence (“CS01-LC-NA”) encoding the light
chain of a FVIII polypeptide or the amino acid sequence
(also sometimes referred to herein as “CS01-LC-AA”) of the
FVIII light chain encoded by the CSO1 polynucleotide
sequence. Likewise, CS01-HC, CS01-HC-AA and CSO1-
HC-NA are the same for the FVIII heavy chain. As will be
appreciated by those in the art, for constructs such as CSO01,
CS04, CS23, etc., that are only codon-altered (e.g. they do
not contain additional amino acid substitutions as compared
to Refacto), the amino acid sequences will be identical, as
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the amino acid sequences are not altered by the codon
optimization. Thus, sequence constructs of the disclosure
include, but are not limited to, CSO01-FL-NA, CS01-FL-AA,
CS01-LC-NA, CS01-LC-AA, CS01-HC-AA, CS01-HC-
NA, CS04-FL-NA, CS04-FL-AA, CS04-LC-NA, CS04-
LC-AA, CS04-HC-AA, CS04-HC-NA, CS23-FL-NA,
CS23-FL-AA, CS23-LC-NA, CS23-LC-AA, CS23-HC-AA
and CS23-HC-NA.

[0232] This nomenclature also applies to glycosylation
peptides as shown in FIG. 13, such that “NGA1-AA” refers
to the amino acid sequence and NGAI1-NA refers to the
nucleic acid sequence.

[0233] The disclosure also includes additional new Factor
VIII variants, as described below, with the appropriate
nomenclature.

II1. Codon-Altered Factor VIII Variants

[0234] In some embodiments, the present disclosure pro-
vides codon-altered polynucleotides encoding Factor VIII
variants. These codon-altered polynucleotides provide
markedly improved expression of Factor VIII when admin-
istered in an AAV-based gene therapy construct. The codon-
altered polynucleotides also demonstrate improved AAV-
virion packaging, as compared to conventionally codon-
optimized constructs. As demonstrated in Example 2 and
Example 4, Applicants have achieve these advantages
through the discovery of three codon-altered polynucle-
otides (CSO1-FL-NA, CS04-FL-NA, and CS23-FL-NA)
encoding a Factor VIII polypeptide with human wild-type
Factor VIII heavy and light chains, and a short, 14 amino
acid, B-domain substituted linker (the “SQ” linker) contain-
ing a furin cleavage site to facilitate maturation of an active
FVIIla protein in vivo. As further demonstrated in Example
4, incorporation of various combinations of the F328S, X5,
and X1 amino acid mutations into the encoded Factor VIII
molecule further increased the in vivo expression of Factor
VIII activity.

[0235] In one embodiment, a codon-altered polynucle-
otide provided herein has nucleotide sequences with high
sequence identity to at least the sequences within CSO01,
CS04, or CS23 (SEQ ID NOS 13, 1, and 20, respectively)
encoding the Factor VIII heavy chain and Factor VIII light
chains. As known in the art, the B-domain of Factor VIII is
dispensable for activity in vivo. Thus, in some embodiments,
the codon-altered polynucleotides provided herein com-
pletely lack a Factor VIII B-domain. In some embodiments,
the native Factor VIII B-domain is replaced with a short
amino acid linker containing a furin cleavage site, e.g., the
“SQ” linker consisting of amino acids 760-773 of the CS01,
CS04, or CS23 (SEQ ID NOS 2, 2, and 21, respectively)
constructs. The “SQ” linker is also referred to as BDLOA4,
(—AA for the amino acid sequence and —-NA for the nucleo-
tide sequence shown in FIG. 6).

[0236] Inone embodiment, the Factor VIII heavy and light
chains encoded by the codon-altered polynucleotide are
human Factor VIII heavy and light chains, respectively. In
other embodiments, the Factor VIII heavy and light chains
encoded by the codon-altered polynucleotide are heavy and
light chain sequences from another mammal (e.g., porcine
Factor VIII). In yet other embodiments, the Factor VIII
heavy and light chains are chimeric heavy and light chains
(e.g., a combination of human and a second mammalian
sequence). In yet other embodiments, the Factor VIII heavy
and light chains are humanized version of the heavy and
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light chains from another mammal, e.g., heavy and light
chain sequences from another mammal in which human
residues are substituted at select positions to reduce the
immunogenicity of the resulting peptide when administered
to a human.

[0237] The GC content of human genes varies widely,
from less than 25% to greater than 90%. However, in
general, human genes with higher GC contents are
expressed at higher levels. For example, Kudla et al. (PLoS
Biol., 4(6):80 (2006)) demonstrate that increasing a gene’s
GC content increases expression of the encoded polypep-
tide, primarily by increasing transcription and effecting a
higher steady state level of the mRNA transcript. Generally,
the desired GC content of a codon-optimized gene construct
is equal or greater than 60%. However, native AAV genomes
have GC contents of around 56%.

[0238] Accordingly, in some embodiments, the codon-
altered polynucleotides provided herein have a CG content
that more closely matches the GC content of native AAV
virions (e.g., around 56% GC), which is lower than the
preferred CG contents of polynucleotides that are conven-
tionally codon-optimized for expression in mammalian cells
(e.g., at or above 60% GC). As outlined in Example 1,
CS04-FL-NA (SEQ ID NO: 1), which has a GC content of
about 56%, has improved virion packaging as compared to
similarly codon-altered coding sequences with higher GC
content.

[0239] Thus, in some embodiments, the overall GC con-
tent of a codon-altered polynucleotide encoding a Factor
VIII polypeptide is less than 60%. In some embodiments,
the overall GC content of a codon-altered polynucleotide
encoding a Factor VIII polypeptide is less than 59%. In some
embodiments, the overall GC content of a codon-altered
polynucleotide encoding a Factor VIII polypeptide is less
than 58%. In some embodiments, the overall GC content of
a codon-altered polynucleotide encoding a Factor VIII poly-
peptide is less than 57%. In some embodiments, the overall
GC content of a codon-altered polynucleotide encoding a
Factor VIII polypeptide is no more than 56%.

[0240] In some embodiments, the overall GC content of a
codon-altered polynucleotide encoding a Factor VIII poly-
peptide is from 54% to 59%. In some embodiments, the
overall GC content of a codon-altered polynucleotide encod-
ing a Factor VIII polypeptide is from 55% to 59%. In some
embodiments, the overall GC content of a codon-altered
polynucleotide encoding a Factor VIII polypeptide is from
56% to 59%. In some embodiments, the overall GC content
of a codon-altered polynucleotide encoding a Factor VIII
polypeptide is from 54% to 58%. In some embodiments, the
overall GC content of a codon-altered polynucleotide encod-
ing a Factor VIII polypeptide is from 55% to 58%. In some
embodiments, the overall GC content of a codon-altered
polynucleotide encoding a Factor VIII polypeptide is from
56% to 58%. In some embodiments, the overall GC content
of a codon-altered polynucleotide encoding a Factor VIII
polypeptide is from 54% to 57%. In some embodiments, the
overall GC content of a codon-altered polynucleotide encod-
ing a Factor VIII polypeptide is from 55% to 57%. In some
embodiments, the overall GC content of a codon-altered
polynucleotide encoding a Factor VIII polypeptide is from
56% to 57%. In some embodiments, the overall GC content
of a codon-altered polynucleotide encoding a Factor VIII
polypeptide is from 54% to 56%. In some embodiments, the
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overall GC content of a codon-altered polynucleotide encod-
ing a Factor VIII polypeptide is from 55% to 56%.

[0241] In some embodiments, the overall GC content of a
codon-altered polynucleotide encoding a Factor VIII poly-
peptide is 56+0.5%. In some embodiments, the overall GC
content of a codon-altered polynucleotide encoding a Factor
VIII polypeptide is 56+0.4%. In some embodiments, the
overall GC content of a codon-altered polynucleotide encod-
ing a Factor VIII polypeptide is 56+0.3%. In some embodi-
ments, the overall GC content of a codon-altered polynucle-
otide encoding a Factor VIII polypeptide is 56+0.2%. In
some embodiments, the overall GC content of a codon-
altered polynucleotide encoding a Factor VIII polypeptide is
56+0.1%. In some embodiments, the overall GC content of
a codon-altered polynucleotide encoding a Factor VIII poly-
peptide is 56%.

[0242] A. Factor VIII Amino Acid Substitutions

[0243] To further increase the efficiency of AAV-vector
based expression of the Factor VIII constructs described
herein, amino acid substitutions know to improve secretion,
increase specific activity, and/or enhanced the stability of
Factor VIII are further incorporated, in some implementa-
tions. A number of potential variants were identified that
increase the plasma levels of FVIII activity at a given vector
dose. These variants include those with a more efficient
signal peptide, amino acid substitutions that prevent BiP
interactions, amino acid substitutions resembling more effi-
ciently secreted Factor VIII orthologs (e.g., porcine Factor
VIII), single-chain Factor VIII variants, and amino acid
substitutions that stabilize Factor VIII and/or reduce subunit
dissociation.

[0244] Mutation of residues A108, R121, and 1.2302
(SPE), located at the interface between the Al and C2
domains, increases the stability of Factor VIII. For example,
the A1081 amino acid substitution introduces a hydrophobic
residue that better fills the inter-domain space, stabilizing the
interaction. Likewise, an R121C/[.2302C (SPE) double
amino acid substitution introduces a disulfide bond spanning
the A1-C2 domains, further stabilizing the interaction. Taken
together, all three amino acid substitutions increase the
thermal stability of Factor VIII by 3 to 4-fold. For review,
see Wakabayashi et al., J Biol Chem. 286(29):25748-55
(2011) and Wakabayashi et al., Thromb Haemost. 10(3):
492-95 (2012). Accordingly, in some embodiments, the
encoded Factor VIII polypeptide includes A108I and/or
R121C/L2302C amino acid substitutions.

[0245] Mutation of E113 (SPE), located within the cal-
cium binding domain of Factor VIII, increases the specific
FVIII clotting activity. For example, E113A appears to
increase FXase formation through increased FVIII affinity
for Factor IXa. Specifically, the E113A amino acid substi-
tution increases specific FVIII clotting activity two-fold and
increases affinity for Factor IXa by four-fold (Biochemistry,
41:8485 (2002); I. Biol. Chem., 279:12677 (2004); and
Biochemistry, 44:10298 (2005)). Accordingly, in some
embodiments, the encoded Factor VIII polypeptides include
an E113A amino acid substitution.

[0246] Substitution of one or more amino acid residues
surrounding the Factor VIII APC cleavage site (residues
331-341 (SPE)) reduce Factor VIlla inactivation by acti-
vated protein C, without affecting FVIII activity. For
example PQL333-335VDQ (SPE) amino acid substitutions
reduce Factor VIII inactivation by 16-fold. Likewise,
MKN336-339GNQ amino acid substitutions reduce Factor
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VIII inactivation by 9-fold. When combined, the two triple
amino acid  substitutions (e.g.,, PQLRMKN333-
339VDQRGNQ) (SEQ ID NOS 34 and 35, respectively)
reduce Factor VIII inactivation by 100-fold (J. Biol. Chem.,
282:20264 (2007). Accordingly, in some embodiments, the
encoded Factor VIII polypeptide include PQL333-335VDQ
and/or MKN337-339GNQ (SPE) amino acid substitutions.

[0247] Mutations within the A2 domain interface also
increase Factor VIII stability. Specifically, mutating charged
residues in the Al1-A2 and A2-A3 domain interfaces
increases stability and retention of the A2 subunit in Factor
Vllla. For example, mutation of D519, E665, and E1984 to
V or A yields up to 2-fold increased stability in Factor VIII
and up to 5-fold stability in Factor VIlla. Specifically,
D519A/E665V amino acid substitutions provide a 3-fold
increase in stability; D519V/E665V amino acid substitu-
tions provide a 2-fold increase in stability, an 8-fold decrease
in A2 dissociation, and a 2-4-fold increase in thrombin
generation potential; D519V/E1984A amino acid substitu-
tions provide a 2-fold increase in stability; and D519V/
E665V/E1984A amino acid substitution provide a 2-fold
increase in stability (Blood 112:2761-69 (2008); J. Thromb.
Haemost., 7:438-44 (2009)). Accordingly, in some embodi-
ments, the encoded Factor VIII polypeptides include one or
more of D519A/V, E665A/V, and E1984A/V amino acid
substitutions.

[0248] Of particular relevance to the present disclosure are
a number of specific mutations that can be included sepa-
rately or in combinations with other variants described
herein. These variants are coded as sets herein as follows:
“m1” refers to a single amino acid change, “m2” is a set of
5 amino acid variants, “m3” is a combination of a deletion
of 7 amino acids and an insertion of six amino acids that
span the junction between the polypeptide linker and the
heavy chain, “m4” is a combination of the ml single
mutation and the m5 double mutation, and “m5” is a set of
two cysteine ablations. These mutations are described
below. These can be included in any particular construct
alone or in combination with other variants, and they are
coded accordingly. For example, “m23” is a combination of
the m2 and m3 variants onto a particular scaffold, as outlined
herein; thus “CS01m23-FL-NA” or “CS01-FL-NAm23”
refers to the CSO1 codon-altered polynucleotide sequence
with the nucleotides encoding the m2 and m3 mutations
included, and “CS01m23-FL-AA” or “CS01-FL-AAm23”
refers to the amino acid sequence. As CS01 is codon-altered
but does not change the amino acid sequence of Refacto,
these can be thought of on the amino acid level as mutations
as compared to the Refacto amino acid sequence of CS01-
FL-AA (SEQ ID NO: 2).

[0249] In many embodiments, the polypeptides of the
disclosure are made with the “m1” variant included. Muta-
tions within an 11 amino acid hydrophobic -sheet in the A1l
domain, which interacts with BiP, increase secretion of
Factor VIII. For example, an F328S (SPI, F309S SPE)
amino acid substitution within the pocket increased Factor
VIII secretion 3-fold. The F328S variant is referred to herein
as the “m1” mutation and is within the heavy chain. Again,
as described herein, the number of the variants can be done
inclusive of the signal peptide, “Signal Peptide Inclusive”,
or “SPI”, or starting from the processed final protein
sequence, “Signal Peptide Exclusive”, or “SPE”. Thus,
using SPI numbering, the mutation F328S is the same as the
F309 SPE mutant. Generally the specification uses the SPI
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numbering, but as will be appreciated by those in the art,
either numbering system results in the same mutation(s).
[0250] Accordingly, included in the present disclosure are
polypeptides that include the m1 mutation, including CS01-
FL-AAml, CS01-HC-AAm1, CS04-FL-AAm1, CS04-HC-
AAml CS23-FL-AAml, CS23-HC-AAml, CS40-FL-
AAm! and CS40-HC-AAm! (all of which encode the same
corresponding protein sequences).

[0251] In addition, included in the present disclosure are
not only polypeptide sequences that include the m1 muta-
tion, but also those codon-altered polynucleotide sequences
that encode proteins with the m1 mutation, such as CS01-
FL-NAmI, CS01-HC-NAm1, CS04-FL-NAm1, CS04-HC-
NAml, CS23-FL-NAml, CS23-HC-NA-ml, CS40-FL-
NAmI and CS40-HC-NAmI.

[0252] In many embodiments, the polypeptides of the
disclosure are made with the “m2” variant set included,
which is the 1105V/A127S/G151K/M166T/L171P muta-
tions (SPI numbering; (SPE numbering is V861/S108A/
K132G/T147M/P152L, respectively). The m2 mutation set
is based on the fact that substitution of porcine amino acids
82-176 for the corresponding human amino acids in a
B-domain deleted gene therapy construct increased Factor
VIII activity when expressed in HEK293 cells (W. Xiao,
communication). Id. Back-mutation of single porcine amino
acids into the human BDD-FVIII construct identified five
amino acids within the Al domain that contribute to this
phenomenon: 1105V, A127S, G151K, M166T, and L171P
(SPI). Introduction of the combination of these mutations
into the human construct recapitulated the improved activity
of the larger porcine substitution. Id. Accordingly, in some
embodiments, the encoded Factor VIII polypeptides include
one or more amino acid substitutions selected from 1105V,
A127S, G151K, M166T, and L171P, with the entire 5 amino
acid set, m2, finding particular use in many embodiments.
As for the m1 mutation, the m2 variants are in the heavy
chain, and thus the present disclosure includes polypeptides
that include the m2 mutation, including CSO01-FL-AAm?2,
CS01-HC-AAm2, CS04-FL-AAm2, CS04-HC-AAm2,
CS23-FL-AAm2, CS23-HC-AAm2, CS40-FL-AAm2 and
CS40-HC-AAm2 (all of which encode the same correspond-
ing protein sequences).

[0253] In addition, included in the present disclosure are
not only polypeptide sequences that include the m2 muta-
tion, but also those codon-altered polynucleotide sequences
that encode proteins with the m2 mutation, such as CS01-
FL-NAm2, CS01-HC-NAm2, CS04-FL-NAm2, CS04-HC-
NAm2, CS23-FL-NAm2, CS23-HC-NA-m2, CS40-FL-
NAm2 and CS40-HC-NAm?2.

[0254] In additional embodiments, the polypeptides and
polynucleotides of the disclosure include m3 mutations. m3
is the substitution of seven amino acids for six across the
HC-B domain interface that introduces an additional glyco-
sylation site introduced close to the interface. Accordingly,
in some embodiments, m3 is the deletion of amino acids
AIEPRSF755-761 and the insertion of amino acids
TTYVNRSL (SEQ ID NO: 33) after N754, relative to
FVIII-FL-AA (SEQ ID NO: 19) (e.g., AIEPRSF755-
761TTYVNRSL) (“TTYVNRSL” disclosed as SEQ ID NO:
33). Residues AIEPR755-759, relative to SEQ ID NO: 19,
fall within the end of the heavy chain, while residues 5760
and F761 fall within the B-domain. In some embodiments,
where the FVIII B-domain is deleted, truncated, or replaced,
residues 5760 and F761 may not be present in the underlying
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amino acid sequence being mutated. Accordingly, in some
embodiments, m3 is the deletion of amino acids AIEPR755-
759 and the insertion of amino acids TTYVNRSL (SEQ ID
NO: 33) after N754, relative to FVIII-FL-AA (SEQ ID NO:
19) (e.g., AIEPR755-759TTYVNRSL (“TTYVNRSL” dis-
closed as SEQ ID NO: 33)

[0255] The m3 variants are in the junction between the
heavy chain and the B domain, and thus the present disclo-
sure includes polypeptides that include the m3 mutation,
including CSO1-FL-AAm3, CS01-HC-AAm3, CS04-FL-
AAm3, CS04-HC-AAm3, CS23-FL-AAm3, CS23-HC-
AAm3, CS40-FL-AAm3 and CS40-HC-AAm3 (all of which
encode the same corresponding protein sequences).

[0256] In addition, included in the present disclosure are
not only polypeptide sequences that include the m3 muta-
tion, but also those codon-altered polynucleotide sequences
that encode proteins with the m3 mutations, such as CS01-
FL-NAm3, CS01-HC-NAm3, CS04-FL-NAm3, CS04-HC-
NAm3, CS23-FL-NAm3, CS23-HC-NA-m3, CS40-FL-
NAm3 and CS40-HC-NAm3.

[0257] In additional embodiments, the polypeptides and
polynucleotides of the disclosure include m4 mutations.
Elimination of the C1899-C1903 disulfide bond in Factor
VIII also increased secretion. Moreover, the increases in
Factor VIII secretion are additive for the combination of
F3288S (SPI, F309S SPE) and C1918G/C1922G amino acid
substitutions (Miao et al., Blood, 103:3412-19 (2004); Sel-
varaj et al., J. Thromb. Haemost., 10:107-15 (2012)).
Accordingly, in some embodiments, the encoded Factor VIII
polypeptides include m4 mutations, which is the F328S
(SPI, F309S SPE) and C1918G/C1922G (SPI) amino acid
substitutions. As the F328S variant is in the heavy chain and
the two cysteine variants are in the light chain, polypeptide
sequences that include m4 mutations are CSO1-FL-AAm4,

CS01-HC-AAm4, CSO01-LC-AAm4, CS04-FL-AAm4,
CS04-HC-AAm4, CS04-LC-AAm4, CS23-FL-AAm4,
CS23-HC-AAm4 and CS23-LC-AAm4.

[0258] In addition, included in the present disclosure are

not only polypeptide sequences that include the m4 muta-
tion, but also those codon-altered polynucleotide sequences
that encode proteins with the m4 mutations, such as CS01-
FL-NAm4, CS01-HC-NAm4, CS01-LC-NAm4, CS04-FL-
NAm4, CS04-HC-NAm4, CS04-LC-NAm4, CS23-FL-
NAm4, CS23-HC-NAm4, CS23-LC-NAm4, CS40-FL-NA-
m4, CS40-HC-NA-m4 and CS40-LC-NA-m4.

[0259] In additional embodiments, the polypeptides and
polynucleotides of the disclosure include m5 mutations. As
above, elimination of the C1899-C1903 disulfide bond in
Factor VIII also increased secretion. C1918G/C1922G (SPI)
amino acid substitutions, contained within the light chain,
referred to herein as the m5 mutation set.

[0260] The m5 variants are in the light chain, and thus the
present disclosure includes polypeptides that include the m5
mutation, including CSO1-FL-AAmS5, CS01-LC-AAmS,
CS04-FL-AAmS5, CS04-LC-AAm5, CS23-FL-AAmS,
CS23-LC-AAmS, CS40-FL-AAmS and CS40-LC-AAm5
(all of which encode the same corresponding protein
sequences).

[0261] In addition, included in the present disclosure are
not only polypeptide sequences that include the m5 muta-
tion, but also those codon-altered polynucleotide sequences
that encode proteins with the m5 mutations, such as CS01-
FL-NAmS5, CS01-LC-NAmS5, CS04-FL-NAm35, CS04-LC-
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NAmS, CS23-FL-NA-m5, CS23-LC-NA-mS5, CS40-FL-
NA-m5 and CS40-LC-NA-m5.

[0262] In addition to specific constructs (both amino acid
and nucleic acid) that include m1, m2, m3, m4 and mS5
individually, combinations of mutation sets can be made as
outlined herein. As noted herein, these are noted as “m12”,
which is the combination of m1 and m2 sets, or “m123”
which is the combination of m1l, m2 and m3 sets. Thus,
included in the disclosure are dual combinations including
ml2, m13, ml14, m15, m23, m24, m25, m34, m35 and m45.
Also included are triple combinations, m123, m124, m125,
m234, m235 and m345. Further included are quad combi-
nations, m1234, m1235, m1345 and the m12345 combina-
tion. Of particular interest in some embodiments are the
following mutation sets: m1, m2, m3 and m4, m23, m123,
and m234.

[0263] B. Factor VIII B-Domain Substituted Linkers

[0264] In some embodiments, the linkage between the
FVIII heavy chain and the light chain (e.g., the B-domain in
wild-type Factor VIII) is further altered. Due to size con-
straints of AAV packaging capacity, B-domain deleted,
truncated, and or linker substituted variants should improve
the efficacy of the FVIII gene therapy construct. The most
conventionally used B-domain substituted linker is that of
SQ FVIII, which retains only 14 amino acids of the B
domain as linker sequence. Another variant of porcine VIII
(“OBI-1,” described in U.S. Pat. No. 6,458,563) is well
expressed in CHO cells, and has a slightly longer linker of
24 amino acids. In some embodiments, the Factor VIII
constructs encoded by the codon-altered polynucleotides
described herein include an SQ-type B-domain linker
sequence. In other embodiments, the Factor VIII constructs
encoded by the codon-altered polynucleotides described
herein include an OBI-1-type B-domain linker sequence.

[0265] In some embodiments, the encoded Factor VIII
polypeptides described herein include an SQ-type B-domain
linker, including amino acids 760-762/1657-1667 of the
wild-type human Factor VIII B-domain (FVIII-FL-AA;
SEQ ID NO: 19) (Sandberg et al. Thromb. Haemost. 85:93
(2001)). In some embodiments, the SQ-type B-domain
linker has one amino acid substitution relative to the corre-
sponding wild-type sequence. In some embodiments, the
SQ-type B-domain linker has two amino acid substitutions
relative to the corresponding wild-type sequence. In some
embodiments, a glycosylation peptide is inserted into the
SQ-type B-domain linker. In some embodiments, the gly-
cosylation peptide is selected from those shown in FIG. 13
(SEQ ID NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,
and 75, respectively, in order of appearance).

[0266] In some embodiments, the encoded Factor VIII
polypeptides described herein include a Greengene-type
B-domain linker, including amino acids 760/1582-1667 of
the wild-type human Factor VIII B-domain (FVIII-FL-AA;
SEQ ID NO: 19) (Oh et al., Biotechnol. Prog., 17:1999
(2001)). In some embodiments, the Greengene-type B-do-
main linker has one amino acid substitution relative to the
corresponding wild-type sequence. In some embodiments,
the Greengene-type B-domain linker has two amino acid
substitutions relative to the corresponding wild-type
sequence. In some embodiments, a glycosylation peptide is
inserted into the Greengene-type B-domain linker. In some
embodiments, the glycosylation peptide is selected from
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those shown in FIG. 13 (SEQ ID NOS 51, 53, 55, 57, 59, 61,
63, 65, 67, 69, 71, 73, and 75, respectively, in order of
appearance).

[0267] In some embodiments, the encoded Factor VIII
polypeptides described herein include an extended SQ-type
B-domain linker (SFSQNPPVLKRHQR; BDL-SQ-AA,;
SEQ ID NO: 30), including amino acids 760-769/1657-1667
of the wild-type human Factor VIII B-domain (FVIII-FL-
AA; SEQ ID NO: 19) (Thim et al., Haemophilia, 16:349
(2010)). In some embodiments, the extended SQ-type B-do-
main linker has one amino acid substitution relative to the
corresponding wild-type sequence. In some embodiments,
the extended SQ-type B-domain linker has two amino acid
substitutions relative to the corresponding wild-type
sequence. In some embodiments, a glycosylation peptide is
inserted into the extended SQ-type B-domain linker. In some
embodiments, the glycosylation peptide is selected from
those shown in FIG. 13 (SEQ ID NOS 51, 53, 55, 57, 59, 61,
63, 65, 67, 69, 71, 73, and 75, respectively, in order of
appearance).

[0268] In some embodiments, the encoded Factor VIII
polypeptides described herein include a porcine OBI-1-type
B-domain linker, including the amino acids SFAQNSR-
PPSASAPKPPVLRRHQR (SEQ ID NO: 31) from the wild-
type porcine Factor VIII B-domain (Toschi et al., Curr. Opin.
Mol. Ther. 12:517 (2010)). In some embodiments, the
porcine OBI-1-type B-domain linker has one amino acid
substitution relative to the corresponding wild-type
sequence. In some embodiments, the porcine OBI-1-type
B-domain linker has two amino acid substitutions relative to
the corresponding wild-type sequence. In some embodi-
ments, a glycosylation peptide is inserted into the porcine
OBI-1-type B-domain linker. In some embodiments, the
glycosylation peptide is selected from those shown in FIG.
13 (SEQ ID NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71,
73, and 75, respectively, in order of appearance).

[0269] In some embodiments, the encoded Factor VIII
polypeptides described herein include a human OBI-1-type
B-domain linker, including amino acids 760-772/1655-1667
of the wild-type human Factor VIII B-domain (FVIII-FL-
AA; SEQ ID NO: 19). In some embodiments, the human
OBI-1-type B-domain linker has one amino acid substitution
relative to the corresponding wild-type sequence. In some
embodiments, the human OBI-1-type B-domain linker has
two amino acid substitutions relative to the corresponding
wild-type sequence. In some embodiments, a glycosylation
peptide is inserted into the human OBI-1-type B-domain
linker. In some embodiments, the glycosylation peptide is
selected from those shown in FIG. 13 (SEQ ID NOS 51, 53,
55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75, respectively,
in order of appearance).

[0270] In some embodiments, the encoded Factor VIII
polypeptides described herein include an 08-type B-domain
linker, including the amino acids SFSQNSRHQAYRYRRG
(SEQ ID NO: 32) from the wild-type porcine Factor VIII
B-domain (Toschi et al., Curr. Opin. Mol. Ther. 12:517
(2010)). In some embodiments, the porcine OBI-1-type
B-domain linker has one amino acid substitution relative to
the corresponding wild-type sequence. In some embodi-
ments, the porcine OBI-1-type B-domain linker has two
amino acid substitutions relative to the corresponding wild-
type sequence. In some embodiments, a glycosylation pep-
tide is inserted into the porcine OBI-1-type B-domain linker.
In some embodiments, the glycosylation peptide is selected
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from those shown in FIG. 13 (SEQ ID NOS 51, 53, 55, 57,
59, 61, 63, 65, 67, 69, 71, 73, and 75, respectively, in order
of appearance).

[0271] Removal of the B-domain from Factor VIII con-
structs does not appear to affect the activity of the activated
enzyme (e.g., FVIIla), presumably because the B-domain is
removed during activation. However, the B-domain of Fac-
tor VIII contains several residues that are post-translation-
ally modified, e.g., by N- or O-linked glycosylation. In silico
analysis (Prediction of N-glycosylation sites in human pro-
teins, R. Gupta, E. Jung and S. Brunak, in preparation
(2004)) of the wild-type Factor VIII B-domain predicts that
at least four of these sites are glycosylated in vivo (FIG. 14).
It is thought that these modifications within the B-domain
contribute to the post-translational regulation and/or half-
life of Factor VIII in vivo.

[0272] While the Factor VIII B-domain is absent in mature
Factor VIlla protein, glycosylation within the B-domain of
the precursor Factor VIII molecule may increase the circu-
lating half-life of the protein prior to activation. Thus, in
some embodiments, the polypeptide linker of the encoded
Factor VIII constructs described herein includes one or more
glycosylation sequences, to allow for glycosylation in vivo.
In some embodiments, the polypeptide linker includes at
least one consensus glycosylation sequence (e.g., an N- or
O-linked glycosylation consensus sequence). In some
embodiments, the polypeptide linker includes at least two
consensus glycosylation sequences. In some embodiments,
the polypeptide linker includes at least three consensus
glycosylation sequences. In some embodiments, the poly-
peptide linker includes at least four consensus glycosylation
sequences. In some embodiments, the polypeptide linker
includes at least five consensus glycosylation sequences. In
some embodiments, the polypeptide linker includes at least
6,7, 8,9, 10, or more consensus glycosylation sequences.
[0273] In some embodiments, the polypeptide linker con-
tains at least one N-linked glycosylation sequence N-X-S/T,
where X is any amino acid other than P, S, or T. In some
embodiments, the polypeptide linker contains at least two
N-linked glycosylation sequences N-X-S/T, where X is any
amino acid other than P, S, or T. In some embodiments, the
polypeptide linker contains at least three N-linked glycosy-
lation sequences N-X-S/T, where X is any amino acid other
than P, S, or T. In some embodiments, the polypeptide linker
contains at least four N-linked glycosylation sequences
N-X-S/T, where X is any amino acid other than P, S, or T.
In some embodiments, the polypeptide linker contains at
least five N-linked glycosylation sequences N-X-S/T, where
X is any amino acid other than P, S, or T. In some
embodiments, the polypeptide linker contains at least 6, 7, 8,
9, 10, or more N-linked glycosylation sequences N-X-S/T,
where X is any amino acid other than P, S, or T.

[0274] In some embodiments, the polypeptide linker
includes a glycosylation peptide with high sequence identity
to any one of SEQ ID NOS 51, 53, 55, 57, 59, 61, 63, 65,
67, 69, 71, 73, and 75, respectively, in order of appearance,
as shown in FIGS. 13A-13B. In some embodiments, the
glycosylation polypeptide has at least 92% identity to any
one of SEQ ID NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71, 73, and 75, respectively, in order of appearance, as
shown in FIGS. 13A-13B. In some embodiments, the gly-
cosylation peptide has no more than two amino acid sub-
stitutions relative to any one of SEQ ID NOS 51, 53, 55, 57,
59, 61, 63, 65, 67, 69, 71, 73, and 75, respectively, in order
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of appearance, as shown in FIGS. 13A-13B. In some
embodiments, the glycosylation peptide has no more than
one amino acid substitution relative to any of SEQ ID NOS
51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75,
respectively, in order of appearance, as shown in FIGS.
13A-13B. In some embodiments, the glycosylation peptide
has an amino acid sequence selected from any of SEQ ID
NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75,
respectively, in order of appearance, as shown in FIGS.
13A-13B.

[0275] In some embodiments, the glycosylation peptide
has at least 92% identity to any one of SEQ ID NOS 51, 53,
55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75, respectively,
in order of appearance, as shown in FIGS. 13A-13B and is
encoded by a polynucleotide sequence having at least 90%
identity to a corresponding nucleotide sequence selected
from SEQ ID NOS 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72, and 74, respectively, as shown in FIGS. 13A-13B. In
some embodiments, the glycosylation peptide has at least
92% identity to any one of SEQ ID NOS 51, 53, 55, 57, 59,
61, 63, 65, 67, 69, 71, 73, and 75, respectively, in order of
appearance, as shown in FIGS. 13A-13B and is encoded by
a polynucleotide sequence having at least 95% identity to a
corresponding nucleotide sequence selected from SEQ ID
NOS 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, and 74,
respectively, in order of appearance, as shown in FIGS.
13A-13B. In some embodiments, the glycosylation peptide
has at least 92% identity to any one of SEQ ID NOS 51, 53,
55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75, respectively,
in order of appearance, as shown in FIGS. 13A-13B and is
encoded by a polynucleotide sequence having at least 98%
identity to a corresponding nucleotide sequence selected
from SEQ ID NOS 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72, and 74, respectively, in order of appearance, as shown in
FIGS. 13A-13B.

[0276] In some embodiments, the glycosylation peptide
has no more than two amino acid substitutions relative to
any one of SEQ ID NOS 51, 53, 55, 57, 59, 61, 63, 65, 67,
69, 71, 73, and 75, respectively, in order of appearance, as
shown in FIGS. 13A-13B, and is encoded by a polynucle-
otide sequence having at least 90% identity to a correspond-
ing nucleotide sequence selected from SEQ ID NOS 50, 52,
54, 56, 58, 60, 62, 64, 66, 68, 70, 72, and 74, respectively,
in order of appearance, as shown in FIGS. 13A-13B. In
some embodiments, the glycosylation peptide has no more
than two amino acid substitutions relative to any one of SEQ
ID NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and
75, respectively, in order of appearance, as shown in FIGS.
13A-13B, and is encoded by a polynucleotide sequence
having at least 95% identity to a corresponding nucleotide
sequence selected from SEQ ID NOS 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72, and 74, respectively, in order of
appearance, as shown in FIGS. 13A-13B. In some embodi-
ments, the glycosylation peptide has no more than two
amino acid substitutions relative to any one of SEQ ID NOS
51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75,
respectively, in order of appearance, as shown in FIGS.
13A-13B, and is encoded by a polynucleotide sequence
having at least 98% identity to a corresponding nucleotide
sequence selected from SEQ ID NOS 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72, and 74, respectively, in order of
appearance, as shown in FIGS. 13A-13B.

[0277] In some embodiments, the glycosylation peptide
has no more than one amino acid substitution relative to any
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one of SEQ ID NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71, 73, and 75, respectively, in order of appearance, as
shown in FIGS. 13A-13B and is encoded by a polynucle-
otide sequence having at least 90% identity to a correspond-
ing nucleotide sequence selected from SEQ ID NOS 50, 52,
54, 56, 58, 60, 62, 64, 66, 68, 70, 72, and 74, respectively,
in order of appearance, as shown in FIGS. 13A-13B. In
some embodiments, the glycosylation peptide has no more
than one amino acid substitution relative to any one of SEQ
ID NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and
75, respectively, in order of appearance, as shown in FIGS.
13A-13B and is encoded by a polynucleotide sequence
having at least 95% identity to a corresponding nucleotide
sequence selected from SEQ ID NOS 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72, and 74, respectively, in order of
appearance, as shown in FIGS. 13A-13B. In some embodi-
ments, the glycosylation peptide has no more than one
amino acid substitution relative to any one of SEQ ID NOS
51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75,
respectively, in order of appearance, as shown in FIGS.
13A-13B and is encoded by a polynucleotide sequence
having at least 98% identity to a corresponding nucleotide
sequence selected from SEQ ID NOS 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72, and 74, respectively, in order of
appearance, as shown in FIGS. 13A-13B.

[0278] In some embodiments, the glycosylation peptide
has a sequence selected from any one of SEQ ID NOS 51,
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75, respec-
tively, in order of appearance, as shown in FIGS. 13A-13B
and is encoded by a polynucleotide sequence having at least
90% identity to a corresponding nucleotide sequence
selected from SEQ ID NOS 50, 52, 54, 56, 58, 60, 62, 64,
66, 68, 70, 72, and 74, respectively, in order of appearance,
as shown in FIGS. 13A-13B. In some embodiments, the
glycosylation peptide has a sequence selected from any one
of SEQ ID NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71,
73, and 75, respectively, in order of appearance, as shown in
FIGS. 13A-13B and is encoded by a polynucleotide
sequence having at least 95% identity to a corresponding
nucleotide sequence selected from SEQ ID NOS 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, and 74, respectively, in
order of appearance, as shown in FIGS. 13A-13B. In some
embodiments, the glycosylation peptide has a sequence
selected from any one of SEQ ID NOS 51, 53, 55, 57, 59,
61, 63, 65, 67, 69, 71, 73, and 75, respectively, in order of
appearance, as shown in FIGS. 13A-13B and is encoded by
a polynucleotide sequence having at least 98% identity to a
corresponding nucleotide sequence selected from SEQ ID
NOS 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, and 74,
respectively, in order of appearance, as shown in FIGS.
13A-13B.

[0279] In some embodiments, the Factor VIII polypeptide
encoded by a codon-altered polynucleotide described herein
has a B-domain substituted linker in which a glycosylation
peptide is inserted into the SQ linker sequence (amino acids
760-773 of CS04-FL-AA; SEQ ID NO: 2). In a specific
embodiment, the glycosylation peptide is selected from
selected from any one of SEQ ID NOS 51, 53, 55, 57, 59,
61, 63, 65, 67, 69, 71, 73, and 75, respectively, in order of
appearance, as shown in FIGS. 13A-13B, a glycosylation
peptide having at least 92% identity to any one of SEQ ID
NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75,
respectively, in order of appearance, as shown in FIGS.
13A-13B, a glycosylation peptide having no more than two
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amino acid substitutions relative to any one of SEQ ID NOS
51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75,
respectively, in order of appearance, as shown in FIGS.
13A-13B, and a glycosylation peptide having no more than
one amino acid substitution relative to any one of SEQ ID
NOS 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, and 75,
respectively, in order of appearance, as shown in FIGS.
13A-13B. In some embodiments, the glycosylation peptide
is inserted in the SQ peptide between residues N768 and
P769 (relative to CS04-FL-AA; SEQ ID NO: 2).

[0280] Insome embodiments, the polypeptide linker of the
Factor VIII construct is encoded by a third nucleotide
sequence having high sequence identity to any one of those
shown in FIG. 6 (SEQ ID NOS 5-7 and 36-48, respectively,
in order of appearance). In some embodiments, the third
nucleotide sequence has at least 95% identity to any one of
those shown in FIG. 13 (SEQ ID NOS 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72, and 74, respectively, in order of
appearance). In some embodiments, the third nucleotide
sequence has at least 96% identity to any one of those shown
in FIG. 13 (SEQ ID NOS 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 72, and 74, respectively, in order of appearance). In
some embodiments, the third nucleotide sequence has at
least 97% identity to any one of those shown in FIG. 13
(SEQ ID NOS 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
and 74, respectively, in order of appearance). In some
embodiments, the third nucleotide sequence has at least 98%
identity to any one of those shown in FIG. 13 (SEQ ID NOS
50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, and 74,
respectively, in order of appearance). In some embodiments,
the third nucleotide sequence has at least 99% identity to any
one of those shown in FIG. 13 (SEQ ID NOS 50, 52, 54, 56,
58, 60, 62, 64, 66, 68, 70, 72, and 74, respectively, in order
of appearance). In some embodiments, the third nucleotide
sequence has at least 99.5% identity to any one of those
shown in FIG. 13 (SEQ ID NOS 50, 52, 54, 56, 58, 60, 62,
64, 66, 68, 70, 72, and 74, respectively, in order of appear-
ance). In some embodiments, the third nucleotide sequence
has at least 99.9% identity to any one of those shown in FIG.
13 (SEQ ID NOS 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72, and 74, respectively, in order of appearance). In some
embodiments, the third nucleotide sequence is identical to
any one of those shown in FIG. 13 (SEQ ID NOS 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, and 74, respectively, in
order of appearance).

[0281] C. Codon-Altered Polynucleotides Encoding a
Factor VIII Variant with a Cleavable Linker

[0282] (S04 Codon Altered Polynucleotides

[0283] In one embodiment, the codon-altered polynucle-
otides provided herein include a nucleotide sequence encod-
ing a Factor VIII variant polypeptide with a linker that is
cleavable in vivo. The Factor VIII polypeptide includes a
Factor VIII light chain, a Factor VIII heavy chain, and a
polypeptide linker joining the C-terminus of the heavy chain
to the N-terminus of the light chain. The heavy chain of the
Factor VIII polypeptide is encoded by a first nucleotide
sequence having high sequence identity to CS04-HC-NA
(SEQ ID NO: 3), which is the portion of CS04-FL-NA (SEQ
ID NO: 1) encoding for a Factor VIII heavy chain. The light
chain of the Factor VIII polypeptide is encoded by a second
nucleotide sequence with high sequence identity to CS04-
LC-NA (SEQ ID NO: 4), which is the portion of CS04-FL-
NA (SEQ ID NO: 1) encoding for a Factor VIII light chain.
The polypeptide linker includes a furin cleavage site, which
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allows for maturation in vivo (e.g., after expression in vivo
or administration of the precursor polypeptide).

[0284] In some embodiments, the first and second nucleo-
tide sequences have at least 95% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 96% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 97% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 98% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.5% sequence identity
to CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.9% sequence identity
to CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences are identical to CS04-HC-NA and
CS04-LC-NA (SEQ ID NOS 3 and 4), respectively.
[0285] Insome embodiments, the polypeptide linker of the
Factor VIII construct is encoded by a third nucleotide
sequence having high sequence identity to BDLO04 (SEQ
ID NO: 6), which encodes the 14-amino acid linker corre-
sponding to amino acids 760-773 of CS04-FL-AA (SEQ ID
NO: 2). In some embodiments, the third nucleotide sequence
has at least 95% identity to BDLO04 (SEQ ID NO: 6). In
some embodiments, the third nucleotide sequence has at
least 96% identity to BDLO04 (SEQ ID NO: 6). In some
embodiments, the third nucleotide sequence has at least 97%
identity to BDLO04 (SEQ ID NO: 6). In some embodi-
ments, the third nucleotide sequence has at least 98%
identity to BDLO04 (SEQ ID NO: 6). In some embodi-
ments, the third nucleotide sequence is identical to BDLO04
(SEQ ID NO: 6).

[0286] In some embodiments, the codon-altered poly-
nucleotide has a nucleotide sequence with high sequence
identity to CS04-FL-NA (SEQ ID NO: 1). In some embodi-
ments, the nucleotide sequence has at least 95% identity to
CS04-FL-NA (SEQ ID NO: 1). In some embodiments, the
nucleotide sequence has at least 96% identity to CS04-FL-
NA (SEQ ID NO: 1). In some embodiments, the nucleotide
sequence has at least 97% identity to CS04-FL-NA (SEQ ID
NO: 1). In some embodiments, the nucleotide sequence has
at least 98% identity to CS04-FL-NA (SEQ ID NO: 1). In
some embodiments, the nucleotide sequence has at least
99% identity to CS04-FL-NA (SEQ ID NO: 1). In some
embodiments, the nucleotide sequence has at least 99.5%
identity to CS04-FL-NA (SEQ ID NO: 1). In some embodi-
ments, the nucleotide sequence has at least 99.9% identity to
CS04-FL-NA (SEQ ID NO: 1). In some embodiments, the
nucleotide sequence is identical to CS04-FL-NA (SEQ ID
NO: 1).

[0287] In some embodiments, the Factor VIII variant
encoded by the codon-altered polynucleotide has an amino
acid sequence with high sequence identity to CS04-FL-AA
(SEQ ID NO: 2). In some embodiments, the amino acid
sequence has at least 97% identity to CS04-FL-AA (SEQ ID
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NO: 2). In some embodiments, the amino acid sequence has
at least 98% identity to CS04-FL-AA (SEQ ID NO: 2). In
some embodiments, the amino acid sequence has at least
99% identity to CS04-FL-AA (SEQ ID NO: 2). In some
embodiments, the amino acid sequence has at least 99.5%
identity to CS04-FL-AA (SEQ ID NO: 2). In some embodi-
ments, the amino acid sequence has at least 99.9% identity
to CS04-FL-AA (SEQ ID NO: 2). In some embodiments, the
amino acid sequence is identical to CS04-FL-AA (SEQ ID
NO: 2).

[0288] In some embodiments, the Factor VIII variant
encoded by the CS04 polynucleotide, having high sequence
homology to CS04-FL-AA (e.g., at least 95%, 96%, 97%,
98%, 99%, 99.5%, or 99.9% identity), comprises one or
more amino acid substitutions selected from ml, m2, m3,
m4, and m5.

[0289] In one embodiment, the Factor VIII variant
encoded by the CS04 polynucleotide comprises an ml
amino acid substitution. In one embodiment, the Factor VIII
variant encoded by the CS04 polynucleotide comprises an
m2 amino acid substitution. In one embodiment, the Factor
VIII variant encoded by the CS04 polynucleotide comprises
an m3 amino acid substitution. In one embodiment, the
Factor VIII variant encoded by the CS04 polynucleotide
comprises an m4 amino acid substitution. In one embodi-
ment, the Factor VIII variant encoded by the CS04 poly-
nucleotide comprises an m5 amino acid substitution.
[0290] In one embodiment, the Factor VIII variant
encoded by the CS04 polynucleotide comprises m12 amino
acid substitutions. In one embodiment, the Factor VIII
variant encoded by the CS04 polynucleotide comprises m13
amino acid substitutions. In one embodiment, the Factor
VIII variant encoded by the CS04 polynucleotide comprises
m23 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CS04 polynucleotide
comprises m24 amino acid substitutions. In one embodi-
ment, the Factor VIII variant encoded by the CS04 poly-
nucleotide comprises m25 amino acid substitutions. In one
embodiment, the Factor VIII variant encoded by the CS04
polynucleotide comprises m34 amino acid substitutions. In
one embodiment, the Factor VIII variant encoded by the
CS04 polynucleotide comprises m35 amino acid substitu-
tions.

[0291] In one embodiment, the Factor VIII variant
encoded by the CS04 polynucleotide comprises m123 amino
acid substitutions. In one embodiment, the Factor VIII
variant encoded by the CS04 polynucleotide comprises
m234 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CS04 polynucleotide
comprises m125 amino acid substitutions.

[0292] CSO01 Codon Altered Polynucleotides

[0293] In one embodiment, the codon-altered polynucle-
otides provided herein include a nucleotide sequence encod-
ing a Factor VIII variant polypeptide with a linker that is
cleavable in vivo. The Factor VIII polypeptide includes a
Factor VIII light chain, a Factor VIII heavy chain, and a
polypeptide linker joining the C-terminus of the heavy chain
to the N-terminus of the light chain. The heavy chain of the
Factor VIII polypeptide is encoded by a first nucleotide
sequence having high sequence identity to CSO1-HC-NA
(SEQ ID NO: 24), which is the portion of CS01-FL-NA
(SEQ ID NO: 13) encoding for a Factor VIII heavy chain.
The light chain of the Factor VIII polypeptide is encoded by
a second nucleotide sequence with high sequence identity to
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CS01-LC-NA (SEQ ID NO: 25), which is the portion of
CS01-FL-NA (SEQ ID NO: 13) encoding for a Factor VIII
light chain. The polypeptide linker includes a furin cleavage
site, which allows for maturation in vivo (e.g., after expres-
sion in vivo or administration of the precursor polypeptide).
[0294] In some embodiments, the first and second nucleo-
tide sequences have at least 95% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 96% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 97% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 98% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.5% sequence identity
to CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and
25), respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.9% sequence identity
to CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and
25), respectively. In some embodiments, the first and second
nucleotide sequences are identical to CSO1-HC-NA and
CS01-LC-NA (SEQ ID NOS 24 and 25), respectively.

[0295] Insome embodiments, the polypeptide linker of the
Factor VIII construct is encoded by a third nucleotide
sequence having high sequence identity to BDLO04 (SEQ
ID NO: 6), which encodes the 14-amino acid linker corre-
sponding to amino acids 760-773 of CSO1-FL-AA (SEQ ID
NO: 2). In some embodiments, the third nucleotide sequence
has at least 95% identity to BDLO04 (SEQ ID NO: 6). In
some embodiments, the third nucleotide sequence has at
least 96% identity to BDLO04 (SEQ ID NO: 6). In some
embodiments, the third nucleotide sequence has at least 97%
identity to BDLO04 (SEQ ID NO: 6). In some embodi-
ments, the third nucleotide sequence has at least 98%
identity to BDLO04 (SEQ ID NO: 6). In some embodi-
ments, the third nucleotide sequence is identical to BDLO04
(SEQ ID NO: 6).

[0296] In some embodiments, the codon-altered poly-
nucleotide has a nucleotide sequence with high sequence
identity to CSO1-FL-NA (SEQ ID NO: 13). In some embodi-
ments, the nucleotide sequence has at least 95% identity to
CS01-FL-NA (SEQ ID NO: 13). In some embodiments, the
nucleotide sequence has at least 96% identity to CS01-FL-
NA (SEQ ID NO: 13). In some embodiments, the nucleotide
sequence has at least 97% identity to CSO1-FL-NA (SEQ ID
NO: 13). In some embodiments, the nucleotide sequence has
at least 98% identity to CSO1-FL-NA (SEQ ID NO: 13). In
some embodiments, the nucleotide sequence has at least
99% identity to CSO1-FL-NA (SEQ ID NO: 13). In some
embodiments, the nucleotide sequence has at least 99.5%
identity to CSO1-FL-NA (SEQ ID NO: 13). In some embodi-
ments, the nucleotide sequence has at least 99.9% identity to
CS01-FL-NA (SEQ ID NO: 13). In some embodiments, the
nucleotide sequence is identical to CSO1-FL-NA (SEQ ID
NO: 13).

[0297] In some embodiments, the Factor VIII variant
encoded by the codon-altered polynucleotide has an amino
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acid sequence with high sequence identity to CS01-FL-AA
(SEQ ID NO: 2). In some embodiments, the amino acid
sequence has at least 97% identity to CSO1-FL-AA (SEQ ID
NO: 2). In some embodiments, the amino acid sequence has
at least 98% identity to CSO1-FL-AA (SEQ ID NO: 2). In
some embodiments, the amino acid sequence has at least
99% identity to CSO1-FL-AA (SEQ ID NO: 2). In some
embodiments, the amino acid sequence has at least 99.5%
identity to CS01-FL-AA (SEQ ID NO: 2). In some embodi-
ments, the amino acid sequence has at least 99.9% identity
to CSO01-FL-AA (SEQ ID NO: 2). In some embodiments, the
amino acid sequence is identical to CS01-FL-AA (SEQ ID
NO: 2).

[0298] In some embodiments, the Factor VIII variant
encoded by the CS01 polynucleotide, having high sequence
homology to CS01-FL-AA (e.g., at least 95%, 96%, 97%,
98%, 99%, 99.5%, or 99.9% identity), comprises one or
more amino acid substitutions selected from ml, m2, m3,
m4, and m5.

[0299] In one embodiment, the Factor VIII variant
encoded by the CS01 polynucleotide comprises an ml
amino acid substitution. In one embodiment, the Factor VIII
variant encoded by the CS01 polynucleotide comprises an
m2 amino acid substitution. In one embodiment, the Factor
VIII variant encoded by the CS01 polynucleotide comprises
an m3 amino acid substitution. In one embodiment, the
Factor VIII variant encoded by the CSO1 polynucleotide
comprises an m4 amino acid substitution. In one embodi-
ment, the Factor VIII variant encoded by the CSO1 poly-
nucleotide comprises an m5 amino acid substitution.
[0300] In one embodiment, the Factor VIII variant
encoded by the CSO01 polynucleotide comprises m12 amino
acid substitutions. In one embodiment, the Factor VIII
variant encoded by the CS01 polynucleotide comprises m13
amino acid substitutions. In one embodiment, the Factor
VIII variant encoded by the CS01 polynucleotide comprises
m23 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CSO1 polynucleotide
comprises m24 amino acid substitutions. In one embodi-
ment, the Factor VIII variant encoded by the CSO1 poly-
nucleotide comprises m25 amino acid substitutions. In one
embodiment, the Factor VIII variant encoded by the CSO1
polynucleotide comprises m34 amino acid substitutions. In
one embodiment, the Factor VIII variant encoded by the
CS01 polynucleotide comprises m35 amino acid substitu-
tions.

[0301] In one embodiment, the Factor VIII variant
encoded by the CS01 polynucleotide comprises m123 amino
acid substitutions. In one embodiment, the Factor VIII
variant encoded by the CSO1 polynucleotide comprises
m234 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CSO1 polynucleotide
comprises m125 amino acid substitutions.

[0302] CS23 Codon Altered Polynucleotides

[0303] In one embodiment, the codon-altered polynucle-
otides provided herein include a nucleotide sequence encod-
ing a Factor VIII variant polypeptide with a linker that is
cleavable in vivo. The Factor VIII polypeptide includes a
Factor VIII light chain, a Factor VIII heavy chain, and a
polypeptide linker joining the C-terminus of the heavy chain
to the N-terminus of the light chain. The heavy chain of the
Factor VIII polypeptide is encoded by a first nucleotide
sequence having high sequence identity to CS23-HC-NA
(SEQ ID NO: 22), which is the portion of CS23-FL-NA
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(SEQ ID NO: 20) encoding for a Factor VIII heavy chain.
The light chain of the Factor VIII polypeptide is encoded by
a second nucleotide sequence with high sequence identity to
CS23-LC-NA (SEQ ID NO: 23), which is the portion of
CS23-FL-NA (SEQ ID NO: 20) encoding for a Factor VIII
light chain. The polypeptide linker includes a furin cleavage
site, which allows for maturation in vivo (e.g., after expres-
sion in vivo or administration of the precursor polypeptide).

[0304] In some embodiments, the first and second nucleo-
tide sequences have at least 95% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 96% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 97% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 98% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.5% sequence identity
to CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and
23), respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.9% sequence identity
to CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and
23), respectively. In some embodiments, the first and second
nucleotide sequences are identical to CS23-HC-NA and
CS23-LC-NA (SEQ ID NOS 22 and 23), respectively.

[0305] Insome embodiments, the polypeptide linker of the
Factor VIII construct is encoded by a third nucleotide
sequence having high sequence identity to BDLO04 (SEQ
ID NO: 6), which encodes the 14-amino acid linker corre-
sponding to amino acids 760-773 of CS23-FL-AA (SEQ ID
NO: 21). In some embodiments, the third nucleotide
sequence has at least 95% identity to BDLO04 (SEQ ID NO:
6). In some embodiments, the third nucleotide sequence has
at least 96% identity to BDLO04 (SEQ ID NO: 6). In some
embodiments, the third nucleotide sequence has at least 97%
identity to BDLO04 (SEQ ID NO: 6). In some embodi-
ments, the third nucleotide sequence has at least 98%
identity to BDLO04 (SEQ ID NO: 6). In some embodi-
ments, the third nucleotide sequence is identical to BDLO04
(SEQ ID NO: 6).

[0306] In some embodiments, the codon-altered poly-
nucleotide has a nucleotide sequence with high sequence
identity to CS23-FL-NA (SEQ ID NO: 20). In some embodi-
ments, the nucleotide sequence has at least 95% identity to
CS23-FL-NA (SEQ ID NO: 20). In some embodiments, the
nucleotide sequence has at least 96% identity to CS23-FL-
NA (SEQ ID NO: 20). In some embodiments, the nucleotide
sequence has at least 97% identity to CS23-FL-NA (SEQ ID
NO: 20). In some embodiments, the nucleotide sequence has
at least 98% identity to CS23-FL-NA (SEQ ID NO: 20). In
some embodiments, the nucleotide sequence has at least
99% identity to CS23-FL-NA (SEQ ID NO: 20). In some
embodiments, the nucleotide sequence has at least 99.5%
identity to CS23-FL-NA (SEQ ID NO: 20). In some embodi-
ments, the nucleotide sequence has at least 99.9% identity to
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CS23-FL-NA (SEQ ID NO: 20). In some embodiments, the
nucleotide sequence is identical to CS23-FL-NA (SEQ ID
NO: 20).

[0307] In some embodiments, the Factor VIII variant
encoded by the codon-altered polynucleotide has an amino
acid sequence with high sequence identity to CS23-FL-AA
(SEQ ID NO: 21). In some embodiments, the amino acid
sequence has at least 97% identity to CS23-FL-AA (SEQ ID
NO: 21). In some embodiments, the amino acid sequence
has at least 98% identity to CS23-FL-AA (SEQ ID NO: 21).
In some embodiments, the amino acid sequence has at least
99% identity to CS23-FL-AA (SEQ ID NO: 21). In some
embodiments, the amino acid sequence has at least 99.5%
identity to CS23-FL-AA (SEQ ID NO: 21). In some embodi-
ments, the amino acid sequence has at least 99.9% identity
to CS23-FL-AA (SEQ ID NO: 21). In some embodiments,
the amino acid sequence is identical to CS23-FL-AA (SEQ
ID NO: 21).

[0308] In some embodiments, the Factor VIII variant
encoded by the CS23 polynucleotide, having high sequence
homology to CS23-FL-AA (e.g., at least 95%, 96%, 97%,
98%, 99%, 99.5%, or 99.9% identity), comprises one or
more amino acid substitutions selected from ml, m2, m3,
m4, and m5.

[0309] In one embodiment, the Factor VIII variant
encoded by the CS23 polynucleotide comprises an ml
amino acid substitution. In one embodiment, the Factor VIII
variant encoded by the CS23 polynucleotide comprises an
m2 amino acid substitution. In one embodiment, the Factor
VIII variant encoded by the CS23 polynucleotide comprises
an m3 amino acid substitution. In one embodiment, the
Factor VIII variant encoded by the CS23 polynucleotide
comprises an m4 amino acid substitution. In one embodi-
ment, the Factor VIII variant encoded by the CS23 poly-
nucleotide comprises an m5 amino acid substitution.
[0310] In one embodiment, the Factor VIII variant
encoded by the CS23 polynucleotide comprises m12 amino
acid substitutions. In one embodiment, the Factor VIII
variant encoded by the CS23 polynucleotide comprises m13
amino acid substitutions. In one embodiment, the Factor
VIII variant encoded by the CS23 polynucleotide comprises
m23 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CS23 polynucleotide
comprises m24 amino acid substitutions. In one embodi-
ment, the Factor VIII variant encoded by the CS23 poly-
nucleotide comprises m25 amino acid substitutions. In one
embodiment, the Factor VIII variant encoded by the CS23
polynucleotide comprises m34 amino acid substitutions. In
one embodiment, the Factor VIII variant encoded by the
CS23 polynucleotide comprises m35 amino acid substitu-
tions.

[0311] In one embodiment, the Factor VIII variant
encoded by the CS23 polynucleotide comprises m123 amino
acid substitutions. In one embodiment, the Factor VIII
variant encoded by the CS23 polynucleotide comprises
m234 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CS23 polynucleotide
comprises m125 amino acid substitutions.

[0312] D. Codon-Altered Polynucleotides Encoding a
Single-Chain Factor VIII Protein

[0313] Factor VIII constructs in which the furin cleavage
site located at the C-terminal end of the B-domain is
removed retain activity as a single chain polypeptide,
despite that normal maturation of the Factor VIII molecule
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cannot occur (Leyte et al. (1991)). Similarly, a B-domain
deleted Factor VIII construct with an attenuated furin site
(containing an R1664H amino acid substitution) is more
biologically active than the corresponding Factor VIII con-
struct with a wild-type furin cleavage site (Siner et al.
(2013)). Accordingly, in some embodiments, the codon-
altered polynucleotides provided herein include a nucleotide
sequence encoding a single-chain Factor VIII variant poly-
peptide. The single-chain Factor VIII polypeptide includes a
Factor VIII light chain, a Factor VIII heavy chain, and a
polypeptide linker joining the C-terminus of the heavy chain
to the N-terminus of the light chain. The polypeptide linker
does not include a furin cleavage site.

[0314] Single-Chain CS04 Codon Altered Polynucleotides

[0315] In one embodiment, the codon-altered polynucle-
otides provided herein include a nucleotide sequence encod-
ing a single-chain Factor VIII variant polypeptide. The
Factor VIII polypeptide includes a Factor VIII light chain, a
Factor VIII heavy chain, and an optional polypeptide linker
joining the C-terminus of the heavy chain to the N-terminus
of the light chain. The heavy chain of the Factor VIII
polypeptide is encoded by a first nucleotide sequence having
high sequence identity to CS04-HC-NA (SEQ ID NO: 3),
which is the portion of CS04-FL-NA (SEQ ID NO: 1)
encoding for a Factor VIII heavy chain. The light chain of
the Factor VIII polypeptide is encoded by a second nucleo-
tide sequence with high sequence identity to CS04-LC-NA
(SEQ ID NO: 4), which is the portion of CS04-FL-NA (SEQ
ID NO: 1) encoding for a Factor VIII light chain. The
optional polypeptide linker does not include a furin cleavage
site.

[0316] In some embodiments, the first and second nucleo-
tide sequences have at least 95% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 96% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 97% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 98% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99% sequence identity to
CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.5% sequence identity
to CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.9% sequence identity
to CS04-HC-NA and CS04-LC-NA (SEQ ID NOS 3 and 4),
respectively. In some embodiments, the first and second
nucleotide sequences are identical to CS04-HC-NA and
CS04-LC-NA (SEQ ID NOS 3 and 4), respectively.
[0317] In some embodiments, the codon-altered poly-
nucleotide has a nucleotide sequence with high sequence
identity to CS04-SC1-NA (SEQ ID NO: 9). In some embodi-
ments, the nucleotide sequence has at least 95% identity to
CS04-SC1-NA (SEQ ID NO: 9). In some embodiments, the
nucleotide sequence has at least 96% identity to CS04-SC1-
NA (SEQ ID NO: 9). In some embodiments, the nucleotide
sequence has at least 97% identity to CS04-SC1-NA (SEQ
ID NO: 9). In some embodiments, the nucleotide sequence
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has at least 98% identity to CS04-SC1-NA (SEQ ID NO: 9).
In some embodiments, the nucleotide sequence has at least
99% identity to CS04-SC1-NA (SEQ ID NO: 9). In some
embodiments, the nucleotide sequence has at least 99.5%
identity to CS04-SC1-NA (SEQ ID NO: 9). In some embodi-
ments, the nucleotide sequence has at least 99.9% identity to
CS04-SC1-NA (SEQ ID NO: 9). In some embodiments, the
nucleotide sequence is identical to CS04-SC1-NA (SEQ ID
NO: 9).

[0318] In some embodiments, the codon-altered poly-
nucleotide has a nucleotide sequence with high sequence
identity to CS04-SC2-NA (SEQ ID NO: 11). In some
embodiments, the nucleotide sequence has at least 95%
identity to CS04-SC2-NA (SEQ ID NO: 11). In some
embodiments, the nucleotide sequence has at least 96%
identity to CS04-SC2-NA (SEQ ID NO: 11). In some
embodiments, the nucleotide sequence has at least 97%
identity to CS04-SC2-NA (SEQ ID NO: 11). In some
embodiments, the nucleotide sequence has at least 98%
identity to CS04-SC2-NA (SEQ ID NO: 11). In some
embodiments, the nucleotide sequence has at least 99%
identity to CS04-SC2-NA (SEQ ID NO: 11). In some
embodiments, the nucleotide sequence has at least 99.5%
identity to CS04-SC2-NA (SEQ ID NO: 11). In some
embodiments, the nucleotide sequence has at least 99.9%
identity to CS04-SC2-NA (SEQ ID NO: 11). In some
embodiments, the nucleotide sequence is identical to CS04-
SC2-NA (SEQ ID NO: 11).

[0319] Insome embodiments, the single-chain Factor VIII
variant encoded by the codon-altered polynucleotide has an
amino acid sequence with high sequence identity to CS04-
SC1-AA (SEQ ID NO: 10; human Factor VIITIA(760-1667)
(SPI; HsFVIIIA(741-1648), SPE)). In some embodiments,
the Factor VIII variant encoded by the codon-altered poly-
nucleotide has an amino acid sequence with high sequence
identity to CS04-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 97%
identity to CS04-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 98%
identity to CS04-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 99%
identity to CS04-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 99.5%
identity to CS04-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 99.9%
identity to CS04-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence is identical to CS04-
SC1-AA (SEQ ID NO: 10).

[0320] In some embodiments, the Factor VIII variant
encoded by the CS04-SC1 polynucleotide, having high
sequence homology to CS04-SC1-AA (e.g., at least 95%,
96%, 97%, 98%, 99%, 99.5%, or 99.9% identity), comprises
one or more amino acid substitutions selected from m1, m2,
m3, m4, and m5.

[0321] Insome embodiments, the single-chain Factor VIII
variant encoded by the codon-altered polynucleotide has an
amino acid sequence with high sequence identity to CS04-
SC2-AA (SEQ ID NO: 12; human Factor VIITIA(772-1667)
(SPI; HsFVIIIA(753-1648), SPE)). In some embodiments,
the Factor VIII variant encoded by the codon-altered poly-
nucleotide has an amino acid sequence with high sequence
identity to CS04-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 97%
identity to CS04-SC2-AA (SEQ ID NO: 12). In some
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embodiments, the amino acid sequence has at least 98%
identity to CS04-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 99%
identity to CS04-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 99.5%
identity to CS04-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 99.9%
identity to CS04-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence is identical to CS04-
SC2-AA (SEQ ID NO: 12).

[0322] Insome embodiments, the single-chain Factor VIII
variant encoded by the CS04-SC2 polynucleotide, having
high sequence homology to CS04-SC2-AA (e.g., at least
95%, 96%, 97%, 98%, 99%, 99.5%, or 99.9% identity),
comprises one or more amino acid substitutions selected
from ml, m2, m3, m4, and m5.

[0323] In one embodiment, the single-chain Factor VIII
variant encoded by the CS04 polynucleotide comprises an
m1l amino acid substitution. In one embodiment, the Factor
VIII variant encoded by the CS04 polynucleotide comprises
an m2 amino acid substitution. In one embodiment, the
Factor VIII variant encoded by the CS04 polynucleotide
comprises an m3 amino acid substitution. In one embodi-
ment, the Factor VIII variant encoded by the CS04 poly-
nucleotide comprises an m4 amino acid substitution. In one
embodiment, the Factor VIII variant encoded by the CS04
polynucleotide comprises an m5 amino acid substitution.
[0324] In one embodiment, the single-chain Factor VIII
variant encoded by the CS04 polynucleotide comprises m12
amino acid substitutions. In one embodiment, the Factor
VIII variant encoded by the CS04 polynucleotide comprises
ml3 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CS04 polynucleotide
comprises m23 amino acid substitutions. In one embodi-
ment, the Factor VIII variant encoded by the CS04 poly-
nucleotide comprises m24 amino acid substitutions. In one
embodiment, the Factor VIII variant encoded by the CS04
polynucleotide comprises m25 amino acid substitutions. In
one embodiment, the Factor VIII variant encoded by the
CS04 polynucleotide comprises m34 amino acid substitu-
tions. In one embodiment, the Factor VIII variant encoded
by the CS04 polynucleotide comprises m35 amino acid
substitutions.

[0325] In one embodiment, the single-chain Factor VIII
variant encoded by the CS04 polynucleotide comprises
ml23 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CS04 polynucleotide
comprises m234 amino acid substitutions. In one embodi-
ment, the Factor VIII variant encoded by the CS04 poly-
nucleotide comprises m125 amino acid substitutions.
[0326] Single-Chain CS01 Codon Altered Polynucleotides
[0327] In one embodiment, the codon-altered polynucle-
otides provided herein include a nucleotide sequence encod-
ing a single-chain Factor VIII variant polypeptide. The
Factor VIII polypeptide includes a Factor VIII light chain, a
Factor VIII heavy chain, and an optional polypeptide linker
joining the C-terminus of the heavy chain to the N-terminus
of the light chain. The heavy chain of the Factor VIII
polypeptide is encoded by a first nucleotide sequence having
high sequence identity to CS01-HC-NA (SEQ ID NO: 24),
which is the portion of CSO1-FL-NA (SEQ ID NO: 13)
encoding for a Factor VIII heavy chain. The light chain of
the Factor VIII polypeptide is encoded by a second nucleo-
tide sequence with high sequence identity to CS01-LC-NA
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(SEQ ID NO: 25), which is the portion of CSO1-FL-NA
(SEQ ID NO: 13) encoding for a Factor VIII light chain. The
optional polypeptide linker does not include a furin cleavage
site.

[0328] In some embodiments, the first and second nucleo-
tide sequences have at least 95% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 96% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 97% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 98% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99% sequence identity to
CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and 25),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.5% sequence identity
to CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and
25), respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.9% sequence identity
to CS01-HC-NA and CS01-LC-NA (SEQ ID NOS 24 and
25), respectively. In some embodiments, the first and second
nucleotide sequences are identical to CSO1-HC-NA and
CS01-LC-NA (SEQ ID NOS 24 and 25), respectively.

[0329] In some embodiments, the codon-altered poly-
nucleotide has a nucleotide sequence with high sequence
identity to CS01-SC1-NA (SEQ ID NO: 26). In some
embodiments, the nucleotide sequence has at least 95%
identity to CS01-SC1-NA (SEQ ID NO: 26). In some
embodiments, the nucleotide sequence has at least 96%
identity to CS01-SC1-NA (SEQ ID NO: 26). In some
embodiments, the nucleotide sequence has at least 97%
identity to CS01-SC1-NA (SEQ ID NO: 26). In some
embodiments, the nucleotide sequence has at least 98%
identity to CS01-SC1-NA (SEQ ID NO: 26). In some
embodiments, the nucleotide sequence has at least 99%
identity to CS01-SC1-NA (SEQ ID NO: 26). In some
embodiments, the nucleotide sequence has at least 99.5%
identity to CS01-SC1-NA (SEQ ID NO: 26). In some
embodiments, the nucleotide sequence has at least 99.9%
identity to CS01-SC1-NA (SEQ ID NO: 26). In some
embodiments, the nucleotide sequence is identical to CSO1-
SC1-NA (SEQ ID NO: 26).

[0330] In some embodiments, the codon-altered poly-
nucleotide has a nucleotide sequence with high sequence
identity to CS01-SC2-NA (SEQ ID NO: 27). In some
embodiments, the nucleotide sequence has at least 95%
identity to CS01-SC2-NA (SEQ ID NO: 27). In some
embodiments, the nucleotide sequence has at least 96%
identity to CS01-SC2-NA (SEQ ID NO: 27). In some
embodiments, the nucleotide sequence has at least 97%
identity to CS01-SC2-NA (SEQ ID NO: 27). In some
embodiments, the nucleotide sequence has at least 98%
identity to CS01-SC2-NA (SEQ ID NO: 27). In some
embodiments, the nucleotide sequence has at least 99%
identity to CS01-SC2-NA (SEQ ID NO: 27). In some
embodiments, the nucleotide sequence has at least 99.5%
identity to CS01-SC2-NA (SEQ ID NO: 27). In some
embodiments, the nucleotide sequence has at least 99.9%
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identity to CS01-SC2-NA (SEQ ID NO: 27). In some
embodiments, the nucleotide sequence is identical to CSO1-
SC2-NA (SEQ ID NO: 27).

[0331] Insome embodiments, the single-chain Factor VIII
variant encoded by the codon-altered polynucleotide has an
amino acid sequence with high sequence identity to CSO1-
SC1-AA (SEQ ID NO: 10; human Factor VIITIA(760-1667)
(SPI; HsFVIIIA(741-1648), SPE)). In some embodiments,
the Factor VIII variant encoded by the codon-altered poly-
nucleotide has an amino acid sequence with high sequence
identity to CS01-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 97%
identity to CS01-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 98%
identity to CS01-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 99%
identity to CS01-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 99.5%
identity to CS01-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 99.9%
identity to CS01-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence is identical to CSO1-
SC1-AA (SEQ ID NO: 10).

[0332] In some embodiments, the Factor VIII variant
encoded by the CSO01-SC1 polynucleotide, having high
sequence homology to CS01-SC1-AA (e.g., at least 95%,
96%, 97%, 98%, 99%, 99.5%, or 99.9% identity), comprises
one or more amino acid substitutions selected from m1, m2,
m3, m4, and m5.

[0333] Insome embodiments, the single-chain Factor VIII
variant encoded by the codon-altered polynucleotide has an
amino acid sequence with high sequence identity to CSO1-
SC2-AA (SEQ ID NO: 12; human Factor VIITIA(772-1667)
(SPI; HsFVIIIA(753-1648), SPE)). In some embodiments,
the Factor VIII variant encoded by the codon-altered poly-
nucleotide has an amino acid sequence with high sequence
identity to CS01-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 97%
identity to CS01-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 98%
identity to CS01-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 99%
identity to CS01-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 99.5%
identity to CS01-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 99.9%
identity to CS01-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence is identical to CSO1-
SC2-AA (SEQ ID NO: 12).

[0334] In some embodiments, the single-chain Factor VIII
variant encoded by the CS01-SC2 polynucleotide, having
high sequence homology to CS01-SC2-AA (e.g., at least
95%, 96%, 97%, 98%, 99%, 99.5%, or 99.9% identity),
comprises one or more amino acid substitutions selected
from ml, m2, m3, m4, and m5.

[0335] In one embodiment, the single-chain Factor VIII
variant encoded by the CS01 polynucleotide comprises an
m1l amino acid substitution. In one embodiment, the Factor
VIII variant encoded by the CSO01 polynucleotide comprises
an m2 amino acid substitution. In one embodiment, the
Factor VIII variant encoded by the CSO1 polynucleotide
comprises an m3 amino acid substitution. In one embodi-
ment, the Factor VIII variant encoded by the CSO1 poly-
nucleotide comprises an m4 amino acid substitution. In one
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embodiment, the Factor VIII variant encoded by the CSO1
polynucleotide comprises an m5 amino acid substitution.
[0336] In one embodiment, the single-chain Factor VIII
variant encoded by the CS01 polynucleotide comprises m12
amino acid substitutions. In one embodiment, the Factor
VIII variant encoded by the CS01 polynucleotide comprises
ml3 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CSO1 polynucleotide
comprises m23 amino acid substitutions. In one embodi-
ment, the Factor VIII variant encoded by the CSO1 poly-
nucleotide comprises m24 amino acid substitutions. In one
embodiment, the Factor VIII variant encoded by the CSO1
polynucleotide comprises m25 amino acid substitutions. In
one embodiment, the Factor VIII variant encoded by the
CS01 polynucleotide comprises m34 amino acid substitu-
tions. In one embodiment, the Factor VIII variant encoded
by the CSO1 polynucleotide comprises m35 amino acid
substitutions.

[0337] In one embodiment, the single-chain Factor VIII
variant encoded by the CSO1 polynucleotide comprises
ml23 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CSO1 polynucleotide
comprises m234 amino acid substitutions. In one embodi-
ment, the Factor VIII variant encoded by the CSO1 poly-
nucleotide comprises m125 amino acid substitutions.
[0338] Single-Chain CS23 Codon Altered Polynucleotides

[0339] In one embodiment, the codon-altered polynucle-
otides provided herein include a nucleotide sequence encod-
ing a single-chain Factor VIII variant polypeptide. The
Factor VIII polypeptide includes a Factor VIII light chain, a
Factor VIII heavy chain, and an optional polypeptide linker
joining the C-terminus of the heavy chain to the N-terminus
of the light chain. The heavy chain of the Factor VIII
polypeptide is encoded by a first nucleotide sequence having
high sequence identity to CS23-HC-NA (SEQ ID NO: 22),
which is the portion of CS23-FL-NA (SEQ ID NO: 20)
encoding for a Factor VIII heavy chain. The light chain of
the Factor VIII polypeptide is encoded by a second nucleo-
tide sequence with high sequence identity to CS23-LC-NA
(SEQ ID NO: 23), which is the portion of CS23-FL-NA
(SEQ ID NO: 20) encoding for a Factor VIII light chain. The
optional polypeptide linker does not include a furin cleavage
site.

[0340] In some embodiments, the first and second nucleo-
tide sequences have at least 95% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 96% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 97% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 98% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99% sequence identity to
CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and 23),
respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.5% sequence identity
to CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and
23), respectively. In some embodiments, the first and second
nucleotide sequences have at least 99.9% sequence identity
to CS23-HC-NA and CS23-LC-NA (SEQ ID NOS 22 and
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23), respectively. In some embodiments, the first and second
nucleotide sequences are identical to CS23-HC-NA and
CS23-LC-NA (SEQ ID NOS 22 and 23), respectively.
[0341] In some embodiments, the codon-altered poly-
nucleotide has a nucleotide sequence with high sequence
identity to CS23-SC1-NA (SEQ ID NO: 28). In some
embodiments, the nucleotide sequence has at least 95%
identity to CS23-SC1-NA (SEQ ID NO: 28). In some
embodiments, the nucleotide sequence has at least 96%
identity to CS23-SC1-NA (SEQ ID NO: 28). In some
embodiments, the nucleotide sequence has at least 97%
identity to CS23-SC1-NA (SEQ ID NO: 28). In some
embodiments, the nucleotide sequence has at least 98%
identity to CS23-SC1-NA (SEQ ID NO: 28). In some
embodiments, the nucleotide sequence has at least 99%
identity to CS23-SC1-NA (SEQ ID NO: 28). In some
embodiments, the nucleotide sequence has at least 99.5%
identity to CS23-SC1-NA (SEQ ID NO: 28). In some
embodiments, the nucleotide sequence has at least 99.9%
identity to CS23-SC1-NA (SEQ ID NO: 28). In some
embodiments, the nucleotide sequence is identical to CS23-
SC1-NA (SEQ ID NO: 28).

[0342] In some embodiments, the codon-altered poly-
nucleotide has a nucleotide sequence with high sequence
identity to CS23-SC2-NA (SEQ ID NO: 29). In some
embodiments, the nucleotide sequence has at least 95%
identity to CS23-SC2-NA (SEQ ID NO: 29). In some
embodiments, the nucleotide sequence has at least 96%
identity to CS23-SC2-NA (SEQ ID NO: 29). In some
embodiments, the nucleotide sequence has at least 97%
identity to CS23-SC2-NA (SEQ ID NO: 29). In some
embodiments, the nucleotide sequence has at least 98%
identity to CS23-SC2-NA (SEQ ID NO: 29). In some
embodiments, the nucleotide sequence has at least 99%
identity to CS23-SC2-NA (SEQ ID NO: 29). In some
embodiments, the nucleotide sequence has at least 99.5%
identity to CS23-SC2-NA (SEQ ID NO: 29). In some
embodiments, the nucleotide sequence has at least 99.9%
identity to CS23-SC2-NA (SEQ ID NO: 29). In some
embodiments, the nucleotide sequence is identical to CS23-
SC2-NA (SEQ ID NO: 29).

[0343] Insome embodiments, the single-chain Factor VIII
variant encoded by the codon-altered polynucleotide has an
amino acid sequence with high sequence identity to CS23-
SC1-AA (SEQ ID NO: 10; human Factor VIITIA(760-1667)
(SPI; CS04A(741-1648), SPE)). In some embodiments, the
Factor VIII variant encoded by the codon-altered polynucle-
otide has an amino acid sequence with high sequence
identity to CS23-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 97%
identity to CS23-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 98%
identity to CS23-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 99%
identity to CS23-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 99.5%
identity to CS23-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence has at least 99.9%
identity to CS23-SC1-AA (SEQ ID NO: 10). In some
embodiments, the amino acid sequence is identical to CS23-
SC1-AA (SEQ ID NO: 10).

[0344] In some embodiments, the Factor VIII variant
encoded by the CS23-SC1 polynucleotide, having high
sequence homology to CS23-SC1-AA (e.g., at least 95%,
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96%, 97%, 98%, 99%, 99.5%, or 99.9% identity), comprises
one or more amino acid substitutions selected from m1, m2,
m3, m4, and m5.

[0345] Insome embodiments, the single-chain Factor VIII
variant encoded by the codon-altered polynucleotide has an
amino acid sequence with high sequence identity to CS23-
SC2-AA (SEQ ID NO: 12; human Factor VIITIA(772-1667)
(SPI; HsFVIIIA(753-1648), SPE)). In some embodiments,
the Factor VIII variant encoded by the codon-altered poly-
nucleotide has an amino acid sequence with high sequence
identity to CS23-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 97%
identity to CS23-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 98%
identity to CS23-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 99%
identity to CS23-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 99.5%
identity to CS23-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence has at least 99.9%
identity to CS23-SC2-AA (SEQ ID NO: 12). In some
embodiments, the amino acid sequence is identical to CS23-
SC2-AA (SEQ ID NO: 12).

[0346] Insome embodiments, the single-chain Factor VIII
variant encoded by the CS23-SC2 polynucleotide, having
high sequence homology to CS23-SC2-AA (e.g., at least
95%, 96%, 97%, 98%, 99%, 99.5%, or 99.9% identity),
comprises one or more amino acid substitutions selected
from m1, m2, m3, m4, and m5.

[0347] In one embodiment, the single-chain Factor VIII
variant encoded by the CS23 polynucleotide comprises an
m1l amino acid substitution. In one embodiment, the Factor
VIII variant encoded by the CS23 polynucleotide comprises
an m2 amino acid substitution. In one embodiment, the
Factor VIII variant encoded by the CS23 polynucleotide
comprises an m3 amino acid substitution. In one embodi-
ment, the Factor VIII variant encoded by the CS23 poly-
nucleotide comprises an m4 amino acid substitution. In one
embodiment, the Factor VIII variant encoded by the CS23
polynucleotide comprises an m5 amino acid substitution.

[0348] In one embodiment, the single-chain Factor VIII
variant encoded by the CS23 polynucleotide comprises m12
amino acid substitutions. In one embodiment, the Factor
VIII variant encoded by the CS23 polynucleotide comprises
ml3 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CS23 polynucleotide
comprises m23 amino acid substitutions. In one embodi-
ment, the Factor VIII variant encoded by the CS23 poly-
nucleotide comprises m24 amino acid substitutions. In one
embodiment, the Factor VIII variant encoded by the CS23
polynucleotide comprises m25 amino acid substitutions. In
one embodiment, the Factor VIII variant encoded by the
CS23 polynucleotide comprises m34 amino acid substitu-
tions. In one embodiment, the Factor VIII variant encoded
by the CS23 polynucleotide comprises m35 amino acid
substitutions.

[0349] In one embodiment, the single-chain Factor VIII
variant encoded by the CS23 polynucleotide comprises
ml23 amino acid substitutions. In one embodiment, the
Factor VIII variant encoded by the CS23 polynucleotide
comprises m234 amino acid substitutions. In one embodi-
ment, the Factor VIII variant encoded by the CS23 poly-
nucleotide comprises m125 amino acid substitutions.
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[0350] E. Factor VIII Expression Vectors

[0351] In some embodiments, the codon-altered poly-
nucleotides described herein are integrated into expression
vectors. Non-limiting examples of expression vectors
include viral vectors (e.g., vectors suitable for gene therapy),
plasmid vectors, Dbacteriophage vectors, cosmids,
phagemids, artificial chromosomes, and the like.

[0352] Non-limiting examples of viral vectors include:
retrovirus, e.g., Moloney murine leukemia virus (MMLV),
Harvey murine sarcoma virus, murine mammary tumor
virus, and Rous sarcoma virus; adenoviruses, adeno-associ-
ated viruses; SV40-type viruses; polyomaviruses; Epstein-
Barr viruses; papilloma viruses; herpes viruses; vaccinia
viruses; and polio viruses.

[0353] In some embodiments, the codon-altered poly-
nucleotides described herein are integrated into a gene
therapy vector. In some embodiments, the gene therapy
vector is a retrovirus, and particularly a replication-deficient
retrovirus. Protocols for the production of replication-defi-
cient retroviruses are known in the art. For review, see
Kriegler, M., Gene Transfer and Expression, A Laboratory
Manual, W.H. Freeman Co., New York (1990) and Murry, E.
J., Methods in Molecular Biology, Vol. 7, Humana Press,
Inc., Cliftton, N.J. (1991).

[0354] In one embodiment, the gene therapy vector is an
adeno-associated virus (AAV) based gene therapy vector.
AAV systems have been described previously and are gen-
erally well known in the art (Kelleher and Vos, Biotech-
niques, 17(6):1110-17 (1994); Cotten et al., Proc Natl Acad
Sci USA, 89(13):6094-98 (1992); Curiel, Nat Immun, 13(2-
3):141-64 (1994); Muzyczka, Curr Top Microbiol Immunol,
158:97-129 (1992); and Asokan A, et al., Mol. Ther., 20(4):
699-708 (2012), each incorporated herein by reference in
their entireties for all purposes). Details concerning the
generation and use of rAAV vectors are described, for
example, in U.S. Pat. Nos. 5,139,941 and 4,797,368, each
incorporated herein by reference in their entireties for all
purposes. In a particular embodiment, the AAV vector is an
AAV-8 vector.

[0355] In some embodiments, the codon-altered poly-
nucleotides described herein are integrated into a retroviral
expression vector. These systems have been described pre-
viously, and are generally well known in the art (Mann et al.,
Cell, 33:153-159, 1983; Nicolas and Rubinstein, In: Vectors:
A survey of molecular cloning vectors and their uses,
Rodriguez and Denhardt, eds., Stoneham: Butterworth, pp.
494-513, 1988; Temin, In: Gene Transfer, Kucherlapati
(ed.), New York: Plenum Press, pp. 149-188, 1986). In a
specific embodiment, the retroviral vector is a lentiviral
vector (see, for example, Naldini et al., Science, 272(5259):
263-267, 1996; Zufferey et al., Nat Biotechnol, 15(9):871-
875, 1997; Blomer et al., J Virol., 71(9):6641-6649, 1997,
U.S. Pat. Nos. 6,013,516 and 5,994,136).

[0356] A wide variety of vectors can be used for the
expression of a Factor VIII polypeptide from a codon-
altered polypeptide in cell culture, including eukaryotic and
prokaryotic expression vectors. In certain embodiments, a
plasmid vector is contemplated for use in expressing a
Factor VIII polypeptide in cell culture. In general, plasmid
vectors containing replicon and control sequences which are
derived from species compatible with the host cell are used
in connection with these hosts. The vector can carry a
replication site, as well as marking sequences which are
capable of providing phenotypic selection in transformed
cells. The plasmid will include the codon-altered polynucle-
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otide encoding the Factor VIII polypeptide, operably linked
to one or more control sequences, for example, a promoter.
[0357] Non-limiting examples of vectors for prokaryotic
expression include plasmids such as pRSET, pET, pBAD,
etc., wherein the promoters used in prokaryotic expression
vectors include lac, tre, trp, recA, araBAD, etc. Examples of
vectors for eukaryotic expression include: (i) for expression
in yeast, vectors such as pAO, pPIC, pYES, pMET, using
promoters such as AOX1, GAP, GALI1, AUGI, etc; (ii) for
expression in insect cells, vectors such as pMT, pAcS, pIB,
pMIB, pBAC, etc., using promoters such as PH, pl10, MT,
AcS5, OplE2, gp64, polh, etc., and (iii) for expression in
mammalian cells, vectors such as pSVL, pCMV, pRc/RSY,
pcDNA3, pBPYV, etc., and vectors derived from viral systems
such as vaccinia virus, adeno-associated viruses, herpes
viruses, retroviruses, etc., using promoters such as CMYV,
SV40, EF-1, UbC, RSV, ADV, BPV, and f-actin.

IV. Examples

Example 1—Construction of a Codon Altered
Factor VIII Variant Expression Sequence

[0358] Two hurdles had to be overcome in order to create
a Factor VIII coding sequence that is effective for gene
therapy of hemophilia A. First, because of the genomic size
limitations of conventional gene therapy delivery vectors
(e.g., AAV virions), the encoded Factor VIII polypeptide had
to be shortened considerably. Second, the coding sequence
had to be altered to: (i) stabilize packaging interactions
within the delivery vector, (ii) stabilize the mRNA interme-
diary, and (iii) improve the robustness of transcription/
translation of the mRNA.

[0359] To achieve the first objective, Applicants started
with a B-domain deleted Factor VIII variant construct,
referred to herein as “FVIII-BDD-SQ.” In this construct, the
B-domain is replaced with a fourteen amino acid sequence
referred to as the “SQ” sequence. Recombinant FVIII-BDD-
SQ is sold under the trade name REFACTO®, and has been
shown to be effective for the management of hemophilia A.
However, the native coding sequence for FVIII-BDD-SQ,
which includes human wild-type nucleic acid sequences for
the Factor VIII heavy and light chains, is ineffectively
expressed in gene therapy vectors.

[0360] To address the poor expression of the native FVIII-
BDD-SQ, the codon optimization algorithm described in
Fath et al. (PLoS ONE, 6:¢17596 (2011)), modified as
described in Ward et al. (Blood, 117:798 (2011)) and in
Mclntosh et al. (Blood, 121, 3335-3344 (2013)), was applied
to the FVIII-BDD-SQ sequence to create first intermediate
coding sequence CS04a. However, Applicants recognized
that the CS04a sequence created using the modified algo-
rithm could be improved by further modifying the sequence.
Accordingly, Applicants re-introduced CpG dinucleotides,
re-introduced the CGC codon for arginine, changed the
leucine and serine codon distributions, re-introduced highly
conserved codon pairs, and removed cryptic TATA box,
CCAAT box, and splice site elements, while avoiding CpG
islands and local overrepresentation of AT-rich and GC-rich
stretches.

[0361] First, the modified algorithm systematically
replaces codons containing CpG-dinucleotides (e.g., argi-
nine codons) with non-CpG-dinucleotide codons, and elimi-
nates/avoids CpG-dinucleotides created by neighboring
codons. This strict avoidance of CpG dinucleotides is usu-
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ally done to prevent TLR-induced immunity after intramus-
cular injection of DNA vaccines. However, doing so limits
the codon optimization possibilities. For example, the modi-
fied algorithm excludes use of the complete set of CGX
arginine codons. This is particularly disruptive in the coding
of genes for expression in human cells, because CGC is the
most frequently used arginine codon in highly expressed
human genes. Additionally, avoiding the creation of CpGs
by neighboring codons further limits the optimization pos-
sibilities (e.g., limits the number of codon pairs that may be
used together).

[0362] Because TLR-induced immunity is not expected to
be a problem associated with liver-directed, AAV-based
gene therapy, codons including CpGs, and neighboring
codons creating CpGs, were re-introduced into intermediate
coding sequence CS04a, preferentially in the sequence cod-
ing for the Factor VIII light chain (e.g., at the 3' end of the
FVIII-BDD-SQ coding sequence). This allowed for more
frequent use of preferred human codons, particularly those
for arginine. Care was taken, however, to avoid creation of
CpG islands, which are regions of coding sequence having
a high frequency of CpG sites. This is contrary to the
teachings of Krinner et al. (Nucleic Acids Res., 42(6):3551-
64 (2014)), which suggests that CpG domains downstream
of transcriptional start sites promote high levels of gene
expression.

[0363] Second, the modified algorithm applies certain
codons exclusively, such as CTG for leucine, GTG for
valine, and CAG for glutamine. However, this offends the
principles of balanced codon use, for example, as proposed
in Haas et al. (Current Biology, 6(3):315-24 (1996)). To
account for the overuse of preferred codons by the modified
algorithm, alternate leucine codons were re-introduced
where allowed by the other rules applied to the codon
alteration (e.g., CpG frequency and GC content).

[0364] Third, the modified algorithm replaces codon pairs
without regard to how conserved they are in nature, when
certain criteria (e.g., the presence of CG-dinucleotides) are
met. To account for beneficial properties which may have
been conserved by evolution, the most conserved codon
pairs that were replaced by the algorithm and the most
conserved preferred codon pairs, e.g., as described in Tats et
al. (BMC Genomics 9:463 (2008)), were analyzed and
adjusted where allowed by the other rules applied to the
codon alteration (e.g., CpG frequency and GC content).
[0365] Fourth, serine codons used in the intermediate
coding sequence were also re-engineered. Specifically,
AGC, TCC, and TCT serine codons were introduced into the
modified coding sequence with higher frequency, to better
match overall for human codon usage (Haas et al., supra).
[0366] Fifth, TATA box, CCAAT box elements, and
intron/exon splice sites were screened and removed from the
modified coding sequence. When modifying the coding
sequence, care was taken to avoid local overrepresentation
of AT-rich or GC rich stretches.

[0367] Finally, in addition to optimizing the codon usage
within the coding sequence, the structural requirements of
the underlying AAV virion were considered when further
refining the intermediate coding sequence CS04a. AAV
vectors (e.g., the nucleic acid portion of an AAV virion) are
packaged as single stranded DNA molecules into their
capsids (for review, see, Daya and Berns, Clin. Microbiol
Rev., 21(4):583-93 (2008)). The GC content of the vector is
therefore likely to influence packaging of the genome and,
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thus, vector yields during production. Like many algorithms,
the modified algorithm used here creates an optimized gene
sequence with a GC content of at least 60% (see, Fath et al.,
PLoS One, 6(3):e17596 (2011) (erratum in: PLoS One, (6)3
(2011)). However, the AAVS8 capsid protein is encoded by a
nucleotide sequence having a lower GC content of about
56%. Thus, to better mimic the native AAV8 capsid protein
coding sequence, the GC content of the intermediate coding
sequence CS04a was reduced to 56%.

[0368] The resulting CS04 coding sequence, shown in
FIG. 2, has an overall GC content of 56%. The CpG-
dinucleotide content of the sequence is moderate. However,
CpG dinucleotides are predominantly present in the down-
stream portion of the coding sequence, e.g., the portion
coding for the Factor VIII light chain. The CS04 sequence
has 79.77% nucleotide sequence identity to the correspond-
ing coding sequences in wild-type Factor VIII (Genbank
accession M14113).

[0369] For comparison purposes, several other codon-
optimized, ReFacto constructs were prepared. CSO01 was
constructed by applying the codon-optimization algorithm
of Fath et al., as modified by Ward et al., as done for CS04.
However, unlike CS04, the CS01 construct does not contain
any CpG islands. The CS08 ReFacto construct was codon-
optimized as described in Radcliff P. M. et al., Gene
Therapy, 15:289-97 (2008), the content of which is hereby
expressly incorporated by reference herein, in its entirety,
for all purposes. The CS10 codon-optimized ReFacto con-
struct was obtained from Eurofins Genomics (Ebersberg,
Germany). The CS11 codon-optimized ReFacto construct
was obtained from Integrated DNA Technologies, Inc. (Cor-
alville, USA). The CH25 codon-optimized ReFacto con-
struct was obtained from ThermoFischer Scientific’s
GeneArt services (Regensburg, Germany). The CS40
ReFacto construct consists of the wild type Factor VIII
coding sequence. The algorithm used to construct CS23 is
based on the JCAT tool (www.jcat.de), an on-line tool for
codon-optimizations (Grote et al., 2005; Nucl. Acids Res.
W526-31). The sequence was further modified to more
reflect the codon usage of the albumin superfamily (Mirsa-
fian et al. 2014: Sc. Word Journal 2014, ID 639682). The
sequence identities shared between each of the ReFacto
coding sequences is shown in Table 2, below.

TABLE 2
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repeats (ITRs) that encompass a promoter/enhancer
sequence derived from the liver-specific murine transthyre-
tin gene, Ascl and Notl enzyme restriction sites for insertion
of the respective Refacto-type BDD-FVIII and a synthetic
polyA site. After ligation of the prepared vector backbone
and inserts via the Ascl and NotI sites, the resulting plasmids
were amplified in milligram scale. The Refacto-type BDD-
FVIII sequences of the constructs were verified by direct
sequencing (Microsynth, Balgach, Switzerland). The clon-
ing resulted in seven different plasmid constructs named
pCS40, pCS01, pCS04, pCS08, pCS10, pCS11, and pCh25
(FIG. 23). The constructs have the same vector backbone
and encode the same B-domain deleted FVIII protein
(Refacto-type BDD-FVIII), but differ in their FVIII coding
sequence.

[0371] AAVS8-based vectors were prepared by the three
plasmid transfection method, as described in Grieger J C, et
al. (Virus Vectors Using Suspension HEK293 Cells and
Continuous Harvest of Vector From the Culture Media for
GMP FIX and FLT1 Clinical Vector, Mol Ther., October 6.
(2015) doi: 10.1038/mt.2015.187. [Epub ahead of print]),
the content of which is hereby expressly incorporated by
reference herein, in its entirety, for all purposes. HEK293
suspensions cells were used for plasmid transfections using
the corresponding FVIII vector plasmid, the helper plasmid
pXX6-80 (carrying adenoviral helper genes), and the pack-
aging plasmid pGSK2/8 (contributing the rep2 and cap8
genes). To isolate the AAVS constructs, the cell pellets of
one liter cultures were processed using iodixanol gradients,
as described in Grieger et al. (2015, Supra). The procedure
resulted in vector preparations called vCSO1, vCS04,
vCS08, vCS10, vCS11, and vCH2S5. Vectors were quantified
by qPCR using the universal qPCR procedure targeting the
AAV2 inverted terminal repeats (Aurnhammer, Human
Gene Therapy Methods: Part B 23:18-28 (2012)). A control
vector plasmid carrying AAV2 inverted terminal repeats
served for preparing the standard curve. The resulting
vCS04 construct is presented as SEQ ID NO: 8 in FIGS.
7A-7C.

[0372] The integrity of the vector genomes was analyzed
by AAV agarose gel electrophoresis. The electrophoresis
was performed as described in Fagone et al., Human Gene
Therapy Methods 23:1-7 (2012). Briefly, AAV vector prepa-

Percent identity matrix for codon-altered Factor VIII constructs.

rations were incubated at 75° C. for 10 minutes in the

CS0l €S04 CS08  CS10 CS11 CS40  CH25  CS23
€SOl 100%
CS04  93.0%  100%
CS08  80.7% 82.2.%  100%
CS10  79.1% 794% 784%  100%
CS11 783% 783% 78.1% 77.5%  100%
CS40  79.6% T79.8% 76.7% 77.6% 75.4%  100%
CH25 813% 85.1% 85.0% 79.9% 79.4%  75.8%  100%
CS23  843% 89.2% 85.1% 80.3%  79.9 76.5%  93.2%  100%
[0370] Plasmids of each construct were constructed by

cloning different synthetic DNA fragments into the same
vector backbone plasmid (pCh-BBO1). DNA synthesis of the
Refacto-type BDD-FVIII fragments with flanking Ascl and
Notl enzyme restriction sites were done by ThermoFischer
Scientific (Regensburg, Germany). The vector backbone
contains two flanking AAV2-derived inverted terminal

presence of 0.5% SDS and then cooled down to room
temperature. Approximately 1.5E10 vector genomes (vg)
were loaded per lane on a 1% 1xTAE agarose gel and
electrophoresed for 60 min at 7 V/cm of gel length. The gel
was then stained in 2x GelRed (Biotium Cat#41003) solu-
tion and imaged by ChemiDocTMMP (Biorad). The results
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shown in FIG. 24 demonstrate that the vCS01, vCS04, and
vCS40 viral vectors have the same-sized genome, indicated
by a distinct band in the 5 kb range (FIG. 24, lanes 2-4).
Despite a vector size of approx. 5.2 kb, the genome is a
homogenous band confirming correct packaging of the
somewhat oversized genome (relative to an AAV wild-type
genome of 4.7 kb). All other vCS vector preparations show
the same genomic size (data not shown).

[0373] In order to confirm the expected pattern of capsid
proteins, SDS PAGE followed by silver staining was per-
formed with the vectors vCS01, vCS04, and vCS40 (FIG.
25). As shown in the figure, the downstream purification
procedure resulted in highly purified material displaying the
expected protein pattern of VP1, VP2 and VP3 (FIG. 25,
lanes 2-4). The same pattern was seen with all other viral
preparations (not shown). The SDS-PAGE procedure of
AAV preparations was done according to standard proce-
dures. Each lane contained 1E10 vg of the respective viral
construct, and were separated on a 4-12% Bis-Tris (Nu-
PAGE® Novex, Life Technologies) gel as per manufactur-
er’s instructions. Silver staining was performed with a
SilverQuest™ kit (Novex, Life Technologies) according to
the manufacturer’s instructions.

[0374] Surprisingly, AAV vectors vCSO1 and vCS04 had
higher virion packaging, measured by higher yields in AAV
virus production, as compared to the vCS40 wild-type
coding construct and the other codon-optimized constructs.
As shown in Table 3, the vCSO1 and vCS04 vectors repli-
cated substantially better than vCS40, providing a 5-7 fold
yield increase in AAV fiter.

TABLE 3

Yields per liter cell culture obtained with AAV vector constructs
vCS01, vCS04, and vCDA40, as purified from cell pellets.

Vector concentration Yields
[vg/ml] x [vg/liter] x  Fold increase
Construct 10E12 10E12 vs wt
vCS40 2.0 11.0 —
vCS01 9.2 514 4.7
vCS04 - Sample 1 17.6 79.2 7.2
vCS04 - Sample 2 15.9 58.8 54

Example 2—In Vivo Expression of Codon Altered
Factor VIII Variant Expression Sequences

[0375] To test the biological potency of the codon-altered
Factor VIII variant sequences, the ReFacto-type FVIII con-
structs described in Example 1 were administered to mice
lacking Factor VIII. Briefly, the assays were performed in
C57Bl/6 FVIII knock-out (ko) mice (with 6-8 animals per
group) by tail vein injection of 4E12 vector genomes (vg)
per kilogram body weight of mouse. Blood was drawn 14
days after injection by retroorbital puncture and plasma was
prepared and frozen using standard procedures. Expression
levels at day 14 were chosen because there is minimal
influence of inhibitory antibodies at this time, which are seen
in some animals of this mouse model at later times. FVIII
activity in the mouse plasma was determined using the
Technochrome FVIII assay performed, with only minor
modifications, as suggested by the manufacture (Techno-
clone, Vienna, Austria). For the assay, the plasma samples
were appropriately diluted and mixed with assay reagents,
containing thrombin, activated factor IX (FIXa), phospho-
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lipids, factor X and calcium. Following FVIII activation by
thrombin a complex with FIXa, phospholipids and calcium
is formed. This complex activates FX to activated FX (FXa)
which in turn cleaves para-nitroanilide (pNA) from the
chromogenic substrate. The kinetics of pNA formation is
measured at 405 nm. The rate is directly proportional to the
FVIII concentration in the sample. FVIII concentrations are
read from a reference curve and results are given in U
FVIIV/milliliter.

[0376] The results, presented in Table 4 below, demon-
strate that the codon-altered sequences designed using com-
mercial algorithms (CS10, CS11, and CH25) provided only
a modest increase in BDD-Factor VIII (3-4 fold) as com-
pared to the wild-type BDD-Factor VIII construct (CS40).
Similarly, the codon-altered BDD-Factor VIII construct pre-
pared as described in Radcliffe et al. (CS0R), only provided
a 3-4 fold increase in BDD-FVIII expression. This result is
consistent with the results reported in Radcliff et al. Sur-
prisingly, the CSO1, CS04, and CS23 constructs provided
much higher BDD-FVIII expression in the in-vivo biopo-
tency assays (18-, 74-, and -30-fold increases, respectively).

TABLE 4

Expression of FVIII in the plasma of FVIII-knock-out mice
induced by the different AAV vector constructs.

Average FVIIL
Expression Fold

Codon at Day Standard Number increase
Construct ~ Algorithm 14 [IU/ml] deviation of mice vs wt
vCS40 Human wild- 0.03 0.03 12 —
type
vCS01 Applicants’ 0.55 0.28 22 18.3
vCS04 Applicants’ 2.21 1.20 55 73.7
vCS08 Radcliffe 0.11 0.01 6 3.6
et al.
vCS10 Eurofins 0.09 0.01 7 3.0
vCS11 IDT 0.08 0.02 8 2.7
vCH25 GeneArt 0.13 0.12 18 4.3
vCS23 Applicants’ 0.91 0.32 5 30.3

Example 3—Design of Glycosylation Peptides for
the B-Domain Substituted Linker

[0377] Others have shown that inclusion of a small peptide
(the “V3 peptide™) containing six putative N-linked glyco-
sylation sites from the wild-type Factor VIII B-domain, into
a B-domain deleted gene therapy construct, increased Factor
VIII levels in the plasma of mice (Mclntosh et al., Blood
121(17):3335-44 (2013)). However, in order to maintain the
small size of the B-domain substituted linker, the glycosy-
lation sites were taken out of the context of the wild-type
B-domain. In silico prediction (Gupta et al., Supra) of the
linker containing the V3 peptide suggests that only two of
these glycosylation sites in the V3 peptide will be modified
in vivo (FIG. 15).

[0378] Thus, Applicants attempted to identify alternative
glycosylation peptides that would support higher levels of
glycosylation in vivo, which matched wild type glycosy-
lation more closely than the V3 peptide. Applicants designed
and tested several alternative glycosylation peptides, in
silico. Several of these peptides, shown in FIGS. 13A-13B,
were predicted to have equal or greater glycosylation in vivo
than the V3 peptide, when placed between amino acids
N768 and P769 of the B-domain substituted linker in SEQ
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ID NO:2. The results of the in silico predictions are shown
in Table 5, below. Table 5 also reports the results of
expression experiments performed for several constructs
encoding a ReFacto-type Factor VIII protein with a glyco-
sylation peptide incorporated into the B-domain substituted
linker, in a CS01 codon-optimized background.

TABLE 5

Prediction of N-glycosylation in B-domain substituted linker
peptides and performance of AAV vector constructs in vivo.

Number of

Predicted

N-glyco-  Day 28

sylation  expression Number of  Fold
Sequence sites [IU/ml] SD mice [n] expression
vCS01 0 0.74 0.52 5 21
vNG1/CS01 4 n.d. — — —
vNG4/CS01 3 1.93 0.57 6 55
vNG5/CS01 2 n.d. — — —
vNG6/CS01 1 0.80 0.67 5 23
vNG9/CS01 1 n.d. — — —
vNG10/CS01 2 2.66 0.52 6 76
vNG16/CS01 2 1.59 0.57 6 45
vNG17/CS01 2 n.d. — — —
vNG18/CS01 2 n.d. — — —
vNG19/CS01 2 0.88 0.25 5 25
vNG20/CS01 2 n.d. — — —
vNG21/CS01 2 n.d. — — —
vCS40 0 0.035 0.030 12 1
[0379] AAV vectors containing the NG variants were

constructed as described in Example 1 and tested in FVIII
knock-out mice as described in Example 2. All virus vectors
(except the control vector vCS40) shown in Table 5 are
based on the algorithm as used in vCSO1. A parallel set of
constructs using the algorithm of vCS04 was also prepared
(vNG/CS04 series) and is tested in the mouse model. Results
were compared to the expression levels achieved with the
wild-type vCS40 construct. The day 28 expression levels
were chosen in this example, because expression levels of
the majority of construct reached the highest levels at this
time point. Three AAV vectors achieved greater than 40-fold
FVIII expression levels including vNG4/CS01, vNG10/
CS01 and vNG16/CS01 (Table 5). The corresponding con-
structs vNG4/CS04, vNG10/CS04 and vNG16/CS04 are
expected to show even higher expression because they are
based on the superior vCS04 algorithm.

[0380] Surprisingly, the AAV vectors of the vNG/CS01
series had higher virion packaging, measured by higher
yields in AAV virus production, as compared to the vCS40
wild-type coding construct. As shown in Table 6, the NG/
CSO01-based vectors replicated substantially better than
vCS40, providing an approximately 3-fold yield increase in
AAV ftiter.

TABLE 6

Yields per liter cell culture obtained with AAV vector constructs
as purified from cell pellets.

Vector conc. Yields [vg/liter] x Fold increase

Sequence [ve/ml] x 10%2 10%2 vs wild-type
vCS01 9.17 51.35 4.7
vNG1/CS01 2.13 17.04 1.5
vNG4/CS01 5.74 33.01 3.0
vNG5/CS01 6.91 27.29 2.5
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TABLE 6-continued

Yields per liter cell culture obtained with AAV vector constructs
as purified from cell pellets.

Vector conc. Yields [vg/liter] x Fold increase

Sequence [ve/ml] x 10%2 10%2 vs wild-type
vNG6/CS01 7.01 40.66 3.7
vNG9/CS01 6.39 29.39 2.7
vNG10/CS01 8.57 37.71 3.4
vNG16/CS01 5.3 28.36 2.6
vNG17/CS01 4.24 32.22 2.9
vNG18/CS01 6.11 37.88 3.4
vNG19/CS01 9.42 39.56 3.6
vNG20/CS01 4.09 30.27 2.8
vNG21/CS01 n.d — —
vCS40 2.03 11 1.0

Example 4—Construction of Mutant BDD-FVIII
Constructs

[0381] Numerous different mutated Refacto-type BDD-
FVIII constructs, carrying amino acid mutations within the
Factor VIII heavy chain and/or B-domain substituted linker,
were cloned and screened. The corresponding vectors, as
referred to herein as the ‘“vCS” series of vectors, encode
BDD-FVIII variants in the CS01, CS04, and CS23 codon-
altered backgrounds. The method used to construct the CS01
and CS04 backgrounds is described in Example 1. The
method used to construct CS23 was based on the JCAT tool
(www.jcat.de), an on-line tool for codon-optimizations
(Grote et al., 2005; Nucl. Acids Res. W526-31). The
sequence was further modified to better reflect the codon
usage of the albumin superfamily (Mirsafian et al., Sc. Word
Journal, ID 639682 (2014)), the content of which is hereby
expressly incorporated by reference, in its entirety, for all
purposes.

[0382] Combinations of three types of mutations were
included in the FVIII sequences of the vCS series of
constructs. The first amino acid change introduced into the
FVIII sequence is the X1 mutation (TTYVNRSL (SEQ ID
NO: 33); X. Xiao), which introduces an additional glyco-
sylation site near the B-domain substituted linker. The X1
mutation is also referred to herein as the “m3” mutation. The
second amino acid change made in the FVIII sequence
includes the F328S (SPIL, F309S SPE) mutation, an amino
acid change known to improve secretion of FVIII (Swaar-
oop, J. Biol. Chem., 272:24121-24 (1997)). This mutation is
also referred to herein as the “m1” mutation. The third
change is the so-called X5 mutation, which is a combination
of five amino acid changes in the A1 domain of the heavy
chain that improves specific activity and secretion of BDD-
FVIII (Cao et al., 2014; ASGCT abstract #460; details of
mutations disclosed in oral presentation). The X5 mutation
is also referred to herein as the “m2” mutation. Next,
combinations of X1 and F328S (SPI, F309S SPE) were
made, followed by combinations of X1 and X5, also referred
to as “X6,” and yet other combinations of X5 and F328S
(SPI, F309S SPE) were made (Table 7).

[0383] Gene Synthesis and Cloning of the Vector Plas-
mids.
[0384] The plasmids were constructed by cloning different

synthetic DNA fragments into the same vector backbone
plasmid (pCh-BBO01). DNA synthesis of the Refacto-type
BDD-FVIII fragments with flanking Ascl and Notl enzyme
restriction sites were done by ThermoFischer Scientific



US 2019/0202893 Al

(Regensburg, Germany). The vector backbone contains two
flanking AAV2-derived inverted terminal repeats (ITRs) that
encompass a promoter/enhancer sequence derived from the
liver-specific murine transthyretin gene, Ascl and Notl
enzyme restriction sites for insertion of the respective
Refacto-type BDD-FVIIL, and a synthetic polyA site. After
ligation of the prepared vector backbone and insertions via
the Ascl and Notl sites, the resulting plasmids were ampli-
fied in milligram scale. The Refacto-type BDD-FVIII
sequences of the constructs were verified by direct sequenc-
ing (Microsynth, Balgach, Switzerland). The cloning
resulted in different plasmid constructs, as shown in FIG. 44.

[0385] Small Scale Vector Preparations and Quantification
by Quantitative PCR (qPCR).

[0386] AAVS8-based vectors were prepared by the three
plasmid transfection method essentially as described in
Grieger et al. (2015, Supra). HEK293 suspensions cells were
used for plasmid transfections using the corresponding
FVIII vector plasmid, the helper plasmid pXX6X80 (carry-
ing adenoviral helper genes) and the packaging plasmid
pGSK2/8 (contributing the rep2 and cap8 genes). In the
downstream process the cell pellet of a one liter culture was
processed using iodixanol gradients as described above. The
procedure resulted in vector preparations as outlined in
Table 8. Vectors were quantified by qPCR using the univer-
sal qPCR procedure targeting the AAV2 inverted terminal
repeats (Aurnhammer, HUMAN GENE THERAPY METH-
ODS: Part B 23:18-28 (2012)). An accurately quantified
vector plasmid carrying AAV2 Inverted terminal repeats
served for preparing the standard curve.

[0387] AAV Vector Characterizations.

[0388] The integrity of the vector genome was analyzed
by AAV agarose gel electrophoresis. The electrophoresis
was done similar as described in Fagone et al. (Human Gene
Therapy Methods, 23:1-7 (2012)). AAV vector preparations
were incubated at 75° C. for 10 minutes in the presence of
0.5% SDS and then cooled down to room temperature.
Approximately 1.5E10 vector genomes (vg) were loaded per
lane on a 1% 1xTAE agarose gel and electrophoresed for 60
min at 7 V/em of gel length. The gel was then stained in 2x
GelRed (Biotium Cat#41003) solution and imaged by
ChemiDoc™MP (Biorad). The results of a selection of
vectors are shown in FIG. 45. The viral vectors vCS04
(control), vCS17, vCS20, vCS24, vCS16 and vCS40 (con-
trol) show all the same-sized genome as a distinct band in
the 5 kb range (FIG. 45, lanes 2-7; arrow right side). Despite
a vector size of approx. 5.2 kb, the genome is a homogenous
band confirming correct packaging of the somewhat over-
sized genome (relative to an AAV wild-type genome of 4.7
kb).

[0389] In order to confirm purity of the vector and the
expected pattern of capsid proteins, SDS PAGE followed by
silver staining was performed with the vectors, as shown in
FIG. 46. As shown in the figure, the downstream purification
procedure resulted in highly purified material displaying the
expected protein pattern of VP1, VP2 and VP3 (FIG. 46
lanes 2-9; arrows right hand side). The SDS-PAGE proce-
dure of AAV preparations was done according to standard
procedures. The amounts of 1E10 vg per lane were separated
on a 4-12% Bis-Tris (NuUPAGE® Novex, Life Technologies)
gel as per manufacturer’s instructions. Silver staining was
performed with a SilverQuest™ kit (Novex, Life Technolo-
gies) according to the instructions of the manufacturer.
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[0390] In-Vivo Biopotency Screening of Vectors.

[0391] The different Refacto-type BDD-FVIII constructs
were screened in mice. The assay was performed in C57Bl/6
FVIII knock-out (ko) mice (with 6-8 animals per group) by
tail vein injection of 4E12 vector genomes (vg) per kilogram
body weight of mouse. Blood was drawn 14 days after
injection by retroorbital puncture and plasma was prepared
and frozen using standard procedures. FVIII activity in
mouse plasma was determined with a chromogenic assay
from Technoclone with minor modifications (Technochrome
FVIII, Technoclone, Vienna, Austria). In brief, the plasma
sample was appropriately diluted and mixed with assay
reagents, containing thrombin, activated factor IX (FIXa),
phospholipids, factor X and calcium. Following FVIII acti-
vation by thrombin a complex with FIXa, phospholipids and
calcium is formed. This complex activates FX to activated
FX (FXa) which in turn cleaves para-nitroanilide (pNA)
from the chromogenic substrate. The kinetics of pNA for-
mation is measured at 405 nm. The rate is directly propor-
tional to the FVIII concentration in the sample. FVIII
concentrations are read from a reference curve and results
are given in [U FVIII/milliliter.

[0392] The results of the mouse biopotency assay (day 14
expression data of FVIII in international units per milliliter
[IU/ml] in mouse plasma and fold expression compared to
the wild-type vCS40 control) are shown in Table 7. AAV
vectors vCS19, vCS26 and vCS32 all contain the X1 gly-
cosylation site in the CS01, CS04, and CS23 codon-altered
backgrounds, respectively. As seen in Table 7, surprisingly
high expression levels were obtained, as compared to the
wild-type construct vCS40 (level defined as 1). vCS26, for
instance, expressed 202-fold higher levels compared to the
wild-type vCS40 vector. Another control construct for the
X1-series of vectors, vCH111, that contains the X1 mutation
in the Geneart codon context, showed a more modest
increase in expression (12-fold).

[0393] Vectors vCS16, vCS28, and vCS34 all contain the
F328S (SPI, F309S SPE) mutation enhancing secretion in
the CSO1, CS04, and CS23 codon-altered backgrounds,
respectively. As seen in Table 7, high expression levels
(45-93-fold higher than the wt vCS40 control) were obtained
with vCS16 and vCS28.

[0394] Vectors vCS20, vCS24, and vCS33 contain the X5
mutation in the CS01, CS04, and CS23 codon-altered back-
grounds, respectively. The best performing variant in the X5
series was vCS20, achieving levels of >3 units/ml after day
14 and a 121-fold increase over the wt vCS40 control.
[0395] Vectors vCS17, vCS29, and vCS31 contain the
combination of the X1 and F328S (SPI, F309S SPE) muta-
tions in the CSO01, CS04, and CS23 codon-altered back-
grounds, respectively (Table 6). The vCS17 and vCS29
constructs achieved very high expression levels in the mouse
studies (115 to 246-fold increase over the vCS40 control).
Remarkably, in the FVIII KO mouse model used, the major-
ity of mice treated with the vCS17 construct did not develop
neutralizing antibodies over time, evidenced by increasing
levels of FVIII at later time points (e.g., day 28 and day 42;
data not shown). This is an unexpected finding, because in
some other constructs the expression levels began to
decrease with time due to the formation of neutralizing
antibodies. The CS01 background combined with the secre-
tion-enhancing mutations F328S (SPI, F309S SPE) and X1
resulted in low immunogenicity induction.

[0396] Vectors vCS18, vCS27, and vCS35 contain the
combination of the X1 and X5 mutations in the CS01, CS04,
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and CS23 codon-altered backgrounds, respectively. The
combination of these two mutations was also very efficient.
A 145-fold increase over the vCS40 control could be
achieved with vCS18, for example (Table 7).

[0397] Vectors vCS48 and vCS49 contain the combination
of the X5 and F328S (SPI, F309S SPE) mutations in the
CS01 and CS04 codon-altered backgrounds, respectively.
The combination of these two mutations was also very
efficient. One of the largest increases of all mutants, a
239-fold increase over the vCS40 control, could be achieved
with vCS49 confirming the special value of the combina-
tions including the F328S (SPI, F309S SPE) mutation.
[0398]
mutant AAV vectors grew substantially better than the
vCS40 construct harboring the wild-type BDD-FVIII
codons. Sequence optimization resulted in a several-fold

A further surprising observation was that the

yield increase in vector production. In some of the best
expressing constructs (e.g., vCS29, vCS17, vCS20, and
v(CS26) the increase in yields due to codon-alteration and/or
mutant sequence was approximately 3-5-fold higher, as
compared to the wild-type vector (Table 8).

[0399] Expression of BDD-FVIII in the plasma of FVIII-
knock-out mice induced by the different AAV vector con-
structs is shown in Table 7. The constructs have the same
vector backbone, however, encode different types of
mutated FVIII, including different codon optimization back-
grounds. Expression levels at day 14 were chosen because at
this time point there is minimal influence of inhibitory
antibodies usually seen in some animals in the mouse model
at later times. N.d., not determined.

TABLE 7
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TABLE 8

Yields per liter cell culture (packaging efficiency) obtained with
the different AAV vector constructs. The vectors were purified
out of the cell pellets;

Vector

cone. Yields Fold

con- [vg/ml] x  [vg/liter] x increase
struct  Algorithm, mutations 10%2 1042 vs wt
1 vCS19 €801, X1 9.71 36 3.22
2 vCS26  CS04, X1 5.93 32 2.87
3 vCS32 (CS23,X1 n.d. n.d. n.d.
4 vCS16 CS01, F328S 6.51 29 2.56
5 vCS28  CS04, F328S 5.85 32 2.88
6 vCS34 CS23, F3288 n.d. n.d. n.d.
7 vCS20 CS01, X5 9.90 50 4.48
8 vCS24 (€S04, X5 3.00 16 1.46
9 vCS833 (CS23,X5 n.d. n.d. n.d.
10 vCS17 CS01, X1, F328S 8.94 37 3.34
11 vCS29 €S04, X1, F3288 7.42 53 4.72
12 vCS31 C€S23, X1, F328S8 n.d. n.d. n.d.
13 vCS18 C€S01, X1 + X5 (X6) 21.20 53 4.75
14 vCS27 €S04, X1 + X5 (X6) 4.15 19 1.67
15 vCS35 €823, X1 + X5 (X6) n.d. n.d. n.d.
16 vCS48 CS01, X5, F328S 7.14 42.1 3.77
17 vCS49 €S04, X5, F328S 8.27 37.2 3.33
18 vCS40 Human wild-type 2.03 11 1.00

n.d., not determined.

[0400] It is understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence in their entirety for all purposes.

In vivo biopotency data of vCS constructs.

Day 14 Number
Algorithm, expression of mice Fold
# mutations [TU/ml] SD [n] expression
Vector
1 vCS19 CS01, X1 2.34 1.10 13 78
2 vCS26 CS04, X1 6.07 2.72 12 202
3 vCS32 CS23, X1 n.d. — — —
4 vCS16 CS01, F328S 1.35 0.88 6 45
5 vCS28 CS04, F328S 2.78 0.92 7 93
6 vCS34 CS23, F328S n.d. — — —
7 vCS20 CS01, X5 3.62 1.96 21 121
8 vCS24 CS04, X5 0.79 0.89 18 26
9 vCS33 CS23, X5 n.d. — — n.d.
10 vCS17 CS01, X1, F3288 3.44 1.92 20 115
11 vCS29 CS04, X1, F3288 7.39 2.64 9 246
12 vCS31 CS23, X1, F3288 n.d. n.d.
13 vCS18 CS01, X1 + X5 (X6) 4.34 2.50 6 145
14 vCS27 CS04, X1 + X5 (X6) 8.03 3.97- 6- 268-
15 vCS35 CS23, X1 + X5 (X6) n.d. — — —
19 vCs48 CS01, X5, F3288 2.54 0.72 8 85
20 vCS49 CS04, X5, F3288 7.17 1.30 7 239
controls
16 vCS40 Human wild-type 0.03 0.03 12 1
17 vCh25 Geneart 0.13 0.12 18 4
18 vChlll Geneart + X1 0.37 0.21 17 12
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 109

<210> SEQ ID NO 1
<211> LENGTH: 4374

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 1

atgcagattg

accaggagat

ggggagctge

acctectgtygyg

gccaaaccca

gacactgtgg

ggggtcagct

dagaaggagyg

aaggagaatg

gtggacctgg

ggctcectygyg

tttgatgagg

getgectety

ctgectggac

acaacccctyg

agacaggcca

gaccteggac

gectatgtea

gaggctgagg

gatgacaaca

tgggtgcact

cctgatgaca

aagtacaaga

attcagcatg

ctcatcatct

gatgtcagge

cccattetge

accaaatctg

gacctggect

aggggaaacc

aacaggagct

cagctggagg

agctgagcac

actacctggyg

ctgtggatge

tctacaagaa

ggccacccety

tcatcaccct

actggaaggc

atgacaaagt

gececatgge

tcaaggacct

ccaaagagaa

gcaagagctyg

ccagggectyg

tcattggetyg

aggtgcactce

gectggagat

agttcetget

aggtggacag

actatgatga

gcccatecett

acattgctge

ggagctacaa

aagtcaggtt

agtctggeat

tcaagaacca

ccctgtacag

ctggggagat

accccaggtyg

ctggectgat

agatcatgtc

ggtacctgac

accctgagtt

ctgcttette

ggctgtggag

caggttccca

gaccctettt

gatgggactce

caagaacatg

ctctgagggg

gttecetggy

ctctgaccca

caactctgga

gacccagace

gcactctgaa

gcccaagatyg

ccacaggaaa

cattttectyg

cagccecate

gttetgecac

ctgecectgag

tgacctgact

cattcagatc

tgaggaggag

gagccagtac

catggectac

cctgggecca

ggcctecagyg

ccgecaggetyg

cttcaagtac

cctcaccaga

tggcccactyg

tgacaagagg

tgagaacatt

ccaggecage

ctgtgectge

ctttettggy

cccagagtge

gtggagttca

ctgggaccca

gecteccace

getgagtatg

ggcagccaca

ctctgectga

ctgattgggg

ctgcacaagt

accaagaact

cacactgtga

tcetgtetact

gagggccaca

accttcctca

atcagctece

gagccacage

gactctgaga

aggtctgtgg

gactgggact

ctcaacaatg

actgatgaaa

ctcctgtatg

ccctacaaca

ccaaaggggyg

aagtggactg

tactactcca

ctcatctget

aatgtgattc

cagcgettee

aacatcatge

tgaggttctyg

actacatgca

ccaaatcctt

ctgaccacct

ccattcagge

ctgtgagect

atgaccagac

cctatgtgty

cctactecta

cecctgetggt

tcattctecct

ccctgatgea

atggctatgt

ggcatgtgat

ccttectggt

ctgcccagac

accagcatga

tcaggatgaa

tggatgtggt

ccaagaaaca

atgccecact

gcccacagag

ccttcaagac

gggaggtggyg

tctacccaca

tgaaacacct

tcactgtgga

getttgtgaa

acaaggagtc

tgttctetgt

tgcccaacce

actccatcaa

Synthetic
cttectcectgece 60
gtctgacctg 120
cccattcaac 180
gttcaacatt 240
tgaggtgtat 300
gcatgctgtg 360
ctceccagagyg 420
gcaggtccte 480
cctttetcat 540
gtgcagggag 600
gtttgctgte 660
ggacagggat 720
gaacaggagc 780
tggcatgggy 840
caggaaccac 900
cctgctgatyg 960
tggcatggag 1020
gaacaatgag 1080
ccgetttgat 1140
cceccaagace 1200
ggtcctggece 1260
gattggacgce 1320
cagggaggcce 1380
ggacaccctg 1440
tggcatcact 1500
caaggacttc 1560
ggatggacca 1620
catggagagg 1680
tgtggaccag 1740
ctttgatgag 1800
tgctggggty 1860
tggctatgtyg 1920
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-continued

tttgacagcce tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggccce agactgactt cctttetgte ttettcectetg gectacacctt caaacacaag 2040
atggtgtatg aggacaccct gaccctcectte ccattctetg gggagactgt gttcatgagce 2100
atggagaacc ctggcctgtg gattctggga tgccacaact ctgacttccg caacaggggce 2160
atgactgccce tgctcaaagt ctectcectgt gacaagaaca ctggggacta ctatgaggac 2220
agctatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccaggagc 2280
ttcagccaga atccacctgt cctgaaacge caccagaggg agatcaccag gaccacccte 2340
cagtctgacc aggaggagat tgactatgat gacaccattt ctgtggagat gaagaaagag 2400
gactttgaca tctatgacga ggacgagaac cagagcccaa ggagcttcca gaagaagacce 2460
aggcactact tcattgctgce tgtggagcgce ctgtgggact atggcatgag ctccagcccce 2520
catgtcctca ggaacagggce ccagtctgge tctgtgccac agttcaagaa agtggtctte 2580
caagagttca ctgatggcag cttcacccag ccecctgtaca gaggggagct gaatgagcac 2640
ctgggactcce tgggcccata catcagggct gaggtggagg acaacatcat ggtgacctte 2700
cgcaaccagg cctccaggec ctacagctte tacagctcecce tcatcagcta tgaggaggac 2760
cagaggcagg gggctgagcce acgcaagaac tttgtgaaac ccaatgaaac caagacctac 2820
ttctggaaag tccagcacca catggcccce accaaggatg agtttgactg caaggcctgg 2880
gcctacttet ctgatgtgga cctggagaag gatgtgcact ctggectgat tggcccactce 2940
ctggtetgee acaccaacac cctgaaccct geccatggaa ggcaagtgac tgtgcaggag 3000
tttgcectet tettcaccat ctttgatgaa accaagagct ggtacttcac tgagaacatg 3060
gagcgcaact gcagggccce atgcaacatt cagatggagg accccacctt caaagagaac 3120
taccgcttece atgccatcaa tggctacatce atggacaccce tgcctggget tgtcatggece 3180
caggaccaga ggatcaggtg gtacctgctt tctatgggct ccaatgagaa cattcactcc 3240
atccacttct ctgggcatgt cttcactgtg cgcaagaagg aggagtacaa gatggccctg 3300
tacaacctct accctggggt ctttgagact gtggagatgce tgccctccaa agctggcatce 3360
tggagggtgg agtgcctcat tggggagcac ctgcatgcetg gcatgagcac cctgttectg 3420
gtctacagca acaagtgcca gacccccectg ggaatggcect ctggccacat cagggactte 3480
cagatcactg cctctggeca gtatggccag tgggcccececa agctggccag gctccactac 3540
tctggatcca tcaatgcctyg gagcaccaag gagccattca gectggatcaa agtggacctg 3600
ctggecccca tgatcatcca tggcatcaag acccaggggyg ccaggcagaa gttctccage 3660
ctgtacatca gccagttcat catcatgtac agcctggatg gcaagaaatg gcagacctac 3720
agaggcaact ccactggaac actcatggtc ttctttggca atgtggacag ctctggcatc 3780
aagcacaaca tcttcaaccc cccaatcatce gecagataca tcaggctgca ccccacccac 3840
tacagcatcc gcagcaccct caggatggag ctgatgggct gtgacctgaa ctectgcagce 3900
atgccectgg gcatggagag caaggccatt tctgatgecce agatcactge ctcecagctac 3960
ttcaccaaca tgtttgccac ctggagecca agcaaggcca ggctgcacct ccagggaagg 4020
agcaatgcct ggaggcccca ggtcaacaac ccaaaggagt ggctgcaggt ggacttccag 4080
aagaccatga aggtcactgg ggtgaccacc cagggggtca agagcctget caccagcatg 4140

tatgtgaagg agttcctgat cagctccagce caggatggcce accagtggac cctcettette 4200
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cagaatggca aggtcaaggt gttccagggc aaccaggaca gcttcaccce tgtggtgaac 4260

agcctggace ccccectect gaccagatac ctgaggatte acceccagag ctgggtccac 4320

cagattgcce tgaggatgga ggtectggga tgtgaggecce aggacctgta ctga

<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

1457

polypeptide

<400> SEQUENCE:

Met
1
Cys
Trp
Phe
Tyr
65

Ala

Ala

Glu

Asp

145

Lys

Tyr

Gly

Gln

Lys

225

Ala

Tyr

Phe

Leu

Gln

Phe

Asp

Pro

50

Lys

Lys

Glu

Pro

Gly

130

Lys

Glu

Leu

Ala

Thr

210

Ser

Ala

Asn

Trp

Leu
290

Glu

Ile

Ser

Tyr

35

Pro

Lys

Pro

Val

Val

115

Ala

Val

Asn

Ser

Leu

195

Leu

Trp

Ser

Arg

His

275

Glu

Ile

Glu

Ala

Met

Arg

Thr

Arg

Tyr

100

Ser

Glu

Phe

Gly

His

180

Leu

His

His

Ala

Ser
260
Val

Gly

Ser

2

Leu

5

Thr

Gln

Val

Leu

Pro

85

Asp

Leu

Tyr

Pro

Pro

165

Val

Val

Lys

Ser

Arg

245

Leu

Ile

His

Pro

Ser

Arg

Ser

Pro

Phe

70

Pro

Thr

His

Asp

Gly

150

Met

Asp

Cys

Phe

Glu

230

Ala

Pro

Gly

Thr

Ile

Thr

Arg

Asp

Lys

55

Val

Trp

Val

Ala

Asp

135

Gly

Ala

Leu

Arg

Ile

215

Thr

Trp

Gly

Met

Phe
295

Thr

Cys

Tyr

Leu

40

Ser

Glu

Met

Val

Val

120

Gln

Ser

Ser

Val

Glu

200

Leu

Lys

Pro

Leu

Gly
280

Leu

Phe

Phe

Tyr

25

Gly

Phe

Phe

Gly

Ile

105

Gly

Thr

His

Asp

Lys

185

Gly

Leu

Asn

Lys

Ile
265
Thr

Val

Leu

Phe

10

Leu

Glu

Pro

Thr

Leu

90

Thr

Val

Ser

Thr

Pro

170

Asp

Ser

Phe

Ser

Met

250

Gly

Thr

Arg

Thr

Artificial Sequence:

Leu

Gly

Leu

Phe

Asp

75

Leu

Leu

Ser

Gln

Tyr

155

Leu

Leu

Leu

Ala

Leu

235

His

Cys

Pro

Asn

Ala

Cys

Ala

Pro

Asn

60

His

Gly

Lys

Tyr

Arg

140

Val

Cys

Asn

Ala

Val

220

Met

Thr

His

Glu

His
300

Gln

Leu

Val

Val

45

Thr

Leu

Pro

Asn

Trp

125

Glu

Trp

Leu

Ser

Lys

205

Phe

Gln

Val

Arg

Val
285

Arg

Thr

Leu

Glu

30

Asp

Ser

Phe

Thr

Met

110

Lys

Lys

Gln

Thr

Gly

190

Glu

Asp

Asp

Asn

Lys
270
His

Gln

Leu

Arg

15

Leu

Ala

Val

Asn

Ile

Ala

Ala

Glu

Val

Tyr

175

Leu

Lys

Glu

Arg

Gly

255

Ser

Ser

Ala

Leu

4374

Synthetic

Phe

Ser

Arg

Val

Ile

80

Gln

Ser

Ser

Asp

Leu

160

Ser

Ile

Thr

Gly

Asp

240

Tyr

Val

Ile

Ser

Met
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305 310 315 320

Asp Leu Gly Gln Phe Leu Leu Phe Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro
340 345 350

Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435 440 445

Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala Ile Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 470 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 490 495

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly Val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu Ile Phe
515 520 525

Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp
530 535 540

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 575

Ser Val Asp Gln Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 590

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile Gln Arg Phe Leu Pro Asn Pro Ala Gly Val Gln Leu Glu Asp
610 615 620

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Ile Asn Gly Tyr Val
625 630 635 640

Phe Asp Ser Leu Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr
675 680 685

Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720
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Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
725 730 735

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 745 750

Asn Asn Ala Ile Glu Pro Arg Ser Phe Ser Gln Asn Pro Pro Val Leu
755 760 765

Lys Arg His Gln Arg Glu Ile Thr Arg Thr Thr Leu Gln Ser Asp Gln
770 775 780

Glu Glu Ile Asp Tyr Asp Asp Thr Ile Ser Val Glu Met Lys Lys Glu
785 790 795 800

Asp Phe Asp Ile Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe
805 810 815

Gln Lys Lys Thr Arg His Tyr Phe Ile Ala Ala Val Glu Arg Leu Trp
820 825 830

Asp Tyr Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg Ala Gln
835 840 845

Ser Gly Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu Phe Thr
850 855 860

Asp Gly Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn Glu His
865 870 875 880

Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu Val Glu Asp Asn Ile
885 890 895

Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe Tyr Ser
900 905 910

Ser Leu Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly Ala Glu Pro Arg
915 920 925

Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp Lys Val
930 935 940

Gln His His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys Ala Trp
945 950 955 960

Ala Tyr Phe Ser Asp Val Asp Leu Glu Lys Asp Val His Ser Gly Leu
965 970 975

Ile Gly Pro Leu Leu Val Cys His Thr Asn Thr Leu Asn Pro Ala His
980 985 990

Gly Arg Gln Val Thr Val Gln Glu Phe Ala Leu Phe Phe Thr Ile Phe
995 1000 1005

Asp Glu Thr Lys Ser Trp Tyr Phe Thr Glu Asn Met Glu Arg Asn
1010 1015 1020

Cys Arg Ala Pro Cys Asn Ile Gln Met Glu Asp Pro Thr Phe Lys
1025 1030 1035

Glu Asn Tyr Arg Phe His Ala Ile Asn Gly Tyr Ile Met Asp Thr
1040 1045 1050

Leu Pro Gly Leu Val Met Ala Gln Asp Gln Arg Ile Arg Trp Tyr
1055 1060 1065

Leu Leu Ser Met Gly Ser Asn Glu Asn Ile His Ser Ile His Phe
1070 1075 1080

Ser Gly His Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys Met
1085 1090 1095

Ala Leu Tyr Asn Leu Tyr Pro Gly Val Phe Glu Thr Val Glu Met
1100 1105 1110
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Leu Pro Ser Lys Ala Gly Ile Trp Arg Val Glu Cys Leu Ile Gly
1115 1120 1125

Glu His Leu His Ala Gly Met Ser Thr Leu Phe Leu Val Tyr Ser
1130 1135 1140

Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His Ile Arg
1145 1150 1155

Asp Phe Gln Ile Thr Ala Ser Gly Gln Tyr Gly Gln Trp Ala Pro
1160 1165 1170

Lys Leu Ala Arg Leu His Tyr Ser Gly Ser Ile Asn Ala Trp Ser
1175 1180 1185

Thr Lys Glu Pro Phe Ser Trp Ile Lys Val Asp Leu Leu Ala Pro
1190 1195 1200

Met Ile Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys Phe
1205 1210 1215

Ser Ser Leu Tyr Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu Asp
1220 1225 1230

Gly Lys Lys Trp Gln Thr Tyr Arg Gly Asn Ser Thr Gly Thr Leu
1235 1240 1245

Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly Ile Lys His Asn
1250 1255 1260

Ile Phe Asn Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu His Pro
1265 1270 1275

Thr His Tyr Ser Ile Arg Ser Thr Leu Arg Met Glu Leu Met Gly
1280 1285 1290

Cys Asp Leu Asn Ser Cys Ser Met Pro Leu Gly Met Glu Ser Lys
1295 1300 1305

Ala Ile Ser Asp Ala Gln Ile Thr Ala Ser Ser Tyr Phe Thr Asn
1310 1315 1320

Met Phe Ala Thr Trp Ser Pro Ser Lys Ala Arg Leu His Leu Gln
1325 1330 1335

Gly Arg Ser Asn Ala Trp Arg Pro Gln Val Asn Asn Pro Lys Glu
1340 1345 1350

Trp Leu Gln Val Asp Phe Gln Lys Thr Met Lys Val Thr Gly Val
1355 1360 1365

Thr Thr Gln Gly Val Lys Ser Leu Leu Thr Ser Met Tyr Val Lys
1370 1375 1380

Glu Phe Leu Ile Ser Ser Ser Gln Asp Gly His Gln Trp Thr Leu
1385 1390 1395

Phe Phe Gln Asn Gly Lys Val Lys Val Phe Gln Gly Asn Gln Asp
1400 1405 1410

Ser Phe Thr Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu Thr
1415 1420 1425

Arg Tyr Leu Arg Ile His Pro Gln Ser Trp Val His Gln Ile Ala
1430 1435 1440

Leu Arg Met Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1445 1450 1455

<210> SEQ ID NO 3

<211> LENGTH: 2220

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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polynucleotide

<400> SEQUENCE: 3

gccaccagga gatactacct gggggcetgtyg gagetttett gggactacat geagtctgac 60
ctgggggage tgcctgtgga tgccaggtte ccacccagag tgcccaaate ctteccatte 120
aacacctetyg tggtctacaa gaagacccte tttgtggagt tcactgacca cctgttcaac 180
attgccaaac ccaggccacce ctggatggga ctectgggac ccaccattca ggetgaggtg 240
tatgacactyg tggtcatcac cctcaagaac atggectcece accetgtgag cctgecatget 300
gtgggggtca gctactggaa ggcctetgag ggggctgagt atgatgacca gaccteccag 360
agggagaagg aggatgacaa agtgttcect gggggcagec acacctatgt gtggcaggte 420
ctcaaggaga atggccccat ggectctgac ccactctgec tgacctacte ctacctttet 480
catgtggacce tggtcaagga cctcaactct ggactgattg gggecctget ggtgtgcagg 540
gagggctece tggccaaaga gaagacccag accctgcaca agttcattet cetgtttget 600
gtctttgatyg agggcaagag ctggcactct gaaaccaaga actccctgat geaggacagg 660
gatgctgect ctgccaggge ctggcccaag atgcacactg tgaatggcta tgtgaacagg 720
agcctgectyg gactcattgg ctgccacagg aaatctgtet actggeatgt gattggecatg 780
gggacaacce ctgaggtgca ctccatttte ctggagggec acaccttect ggtcaggaac 840
cacagacagg ccagcctgga gatcagecce atcaccttec tcactgecca gacccetgetg 900
atggacctcg gacagttect getgttetge cacatcaget cccaccagea tgatggcatg 960

gaggcctatyg tcaaggtgga cagctgccct gaggagecac agctcaggat gaagaacaat 1020
gaggaggctg aggactatga tgatgacctg actgactctg agatggatgt ggtccgettt 1080
gatgatgaca acagcccatc cttcattcag atcaggtctg tggccaagaa acaccccaag 1140
acctgggtgce actacattge tgctgaggag gaggactggg actatgcccce actggtectg 1200
geeectgatyg acaggagcta caagagccag tacctcaaca atggcccaca gaggattgga 1260
cgcaagtaca agaaagtcag gttcatggcce tacactgatg aaaccttcaa gaccagggag 1320
gccattcage atgagtctgg catcctggge ccactectgt atggggaggt gggggacacce 1380
ctgctcatca tcttcaagaa ccaggcctce aggccctaca acatctacce acatggcatce 1440
actgatgtca ggccectgta cagccgecagg ctgccaaagyg gggtgaaaca cctcaaggac 1500
ttcceccatte tgcctgggga gatcttcaag tacaagtgga ctgtcactgt ggaggatgga 1560
ccaaccaaat ctgaccccag gtgcctcacce agatactact ccagectttgt gaacatggag 1620
agggacctgg cctctggect gattggccca ctgctcatcect gectacaagga gtcectgtggac 1680
cagaggggaa accagatcat gtctgacaag aggaatgtga ttctgttcte tgtctttgat 1740
gagaacagga gctggtacct gactgagaac attcagcgct tectgcccaa ccctgctggg 1800
gtgcagctgg aggaccctga gttceccaggcece agcaacatca tgcactccat caatggcetat 1860
gtgtttgaca gcctccagcet ttetgtetge ctgcatgagg tggcctactg gtacattcett 1920
tctattgggg cccagactga cttcectttet gtettettet ctggctacac cttcaaacac 1980
aagatggtgt atgaggacac cctgaccctce ttcecccattet ctggggagac tgtgttcatg 2040
agcatggaga accctggcct gtggattctg ggatgccaca actctgactt ccgcaacagg 2100

ggcatgactg ccctgctcaa agtctcectece tgtgacaaga acactgggga ctactatgag 2160
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gacagctatg aggacatctc tgcctacctg ctcagcaaga acaatgccat tgagcccagg 2220

<210> SEQ ID NO 4

<211> LENGTH: 2052

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 4

gagatcacca ggaccaccct ccagtctgac caggaggaga ttgactatga tgacaccatt 60
tctgtggaga tgaagaaaga ggactttgac atctatgacg aggacgagaa ccagagccca 120
aggagcttce agaagaagac caggcactac ttcattgetg ctgtggageg cctgtgggac 180
tatggcatga gctccagece ccatgtecte aggaacaggg cccagtcetgg ctetgtgeca 240
cagttcaaga aagtggtctt ccaagagtte actgatggea gettcaccca geccctgtac 300
agaggggagc tgaatgagca cctgggacte ctgggeccat acatcaggge tgaggtggag 360
gacaacatca tggtgacctt ccgcaaccag gcctccagge cctacagett ctacagetec 420
ctcatcaget atgaggagga ccagaggeag ggggcetgage cacgcaagaa ctttgtgaaa 480
cccaatgaaa ccaagaccta cttetggaaa gtecagecacce acatggecce caccaaggat 540
gagtttgact gcaaggcctg ggcctactte tctgatgtgg acctggagaa ggatgtgeac 600
tctggectga ttggeccact cctggtetge cacaccaaca cectgaacce tgeccatgga 660
aggcaagtga ctgtgcagga gtttgcccte ttettcacca tetttgatga aaccaagage 720
tggtacttca ctgagaacat ggagcgcaac tgcagggccce catgcaacat tcagatggag 780
gaccccacct tcaaagagaa ctaccgette catgccatca atggctacat catggacacc 840
ctgectggge ttgtcatgge ccaggaccag aggatcaggt ggtacctget ttcetatggge 900
tccaatgaga acattcacte catccactte tctgggeatg tettcactgt gegcaagaag 960

gaggagtaca agatggccct gtacaacctc taccctgggg tcetttgagac tgtggagatg 1020
ctgcccteca aagctggcat ctggagggtg gagtgcctca ttggggagca cctgcatget 1080
ggcatgagca ccctgttect ggtctacage aacaagtgcec agacccccect gggaatggece 1140
tctggecaca tcagggactt ccagatcact gcctcectggece agtatggcca gtgggccccce 1200
aagctggcca ggctccacta ctectggatce atcaatgect ggagcaccaa ggagccattce 1260
agctggatca aagtggacct gcectggcccce atgatcatcce atggcatcaa gacccagggg 1320
gccaggcaga agttctccag cctgtacatc agccagttca tcatcatgta cagecctggat 1380
ggcaagaaat ggcagaccta cagaggcaac tccactggaa cactcatggt cttectttgge 1440
aatgtggaca gctctggcat caagcacaac atcttcaacc ccccaatcat cgccagatac 1500
atcaggctge accccaccca ctacagecatce cgecagcacce tcaggatgga gctgatggge 1560
tgtgacctga actcctgcag catgccecctg ggcatggaga gcaaggccat ttcectgatgece 1620
cagatcactg cctccagcta cttcaccaac atgtttgcca cctggagcce aagcaaggcce 1680
aggctgcace tccagggaag gagcaatgece tggaggcccece aggtcaacaa cccaaaggag 1740
tggctgcagg tggacttcca gaagaccatg aaggtcactg gggtgaccac ccagggggtce 1800
aagagcctgce tcaccagcat gtatgtgaag gagttcctga tcagctccag ccaggatggce 1860

caccagtgga ccctcecttett ccagaatgge aaggtcaagg tgttccaggg caaccaggac 1920
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agcttcaccce ctgtggtgaa cagcctggac ccccccectece tgaccagata cctgaggatt 1980

caccccecaga gectgggteca ccagattgce ctgaggatgg aggtcctggg atgtgaggcece 2040

caggacctgt ac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

SEQUENCE: 5

agcttetete agaatccace tgtectgaag agacaccaga ga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

SEQUENCE: 6

agcttcagee agaatccace tgtcctgaaa cgccaccaga gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

SEQUENCE: 7

agcttcagee agaacccccee cgtgctgaag aggcaccaga gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 7827

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

SEQUENCE: 8

2052

Synthetic

42

Synthetic

42

Synthetic

42

Synthetic

tcgegegttt cggtgatgac ggtgaaaacce tctgacacat geagetcecg gagacggtca 60

cagcttgtet gtaageggat gecgggagca gacaageceg tcagggegeg tcagegggtg 120

ttggcegggty teggggetgg cttaactatg cggcatcaga gecagattgta ctgagagtge 180

accatatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccege atcaggegec 240

attcgecatt caggctgege aactgttggg aagggegatce ggtgegggee tcettegetat 300

tacgccaget ggcgaaaggg ggatgtgetyg caaggegatt aagttgggta acgccagggt 360

tttcccagte acgacgttgt aaaacgacgg ccagtgaatt cctegagatt taaatgacgt 420

tggccactee ctetetgege getegetege tcactgagge cgggegacca aaggtcegecce 480

gacgcceggg ctttgccegg geggectcayg tgagcegageg agegegcaga gagggagtgg 540

ccaactccat cactaggggt tcctgagttt aaacttegte gacgattega gettgggetg 600
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caggtcgagg gcactgggag gatgttgagt aagatggaaa actactgatg acccttgcag 660
agacagagta ttaggacatg tttgaacagg ggccgggcga tcagcaggta gctctagagg 720
atcceegtet gtctgecacat ttcgtagage gagtgtteeg atactctaat ctcectagge 780
aaggttcata tttgtgtagg ttacttattc tccttttgtt gactaagtca ataatcagaa 840

tcagcaggtt tggagtcage ttggcaggga tcagecagect gggttggaag gagggggtat 900

aaaagcccct tcaccaggag aagccgtcac acagactagg cgcgecaccyg ccaccatgca 960
gattgagctg agcacctgct tcttectgtg ccectgctgagg ttectgcettet ctgccaccag 1020
gagatactac ctgggggctg tggagctttc ttgggactac atgcagtctg acctggggga 1080
gctgectgtyg gatgccaggt tceccacccag agtgcccaaa tcecttceccat tcaacacctce 1140
tgtggtctac aagaagaccc tcectttgtgga gttcactgac cacctgttca acattgccaa 1200
acccaggcca ccctggatgg gactcectggg acccaccatt caggctgagg tgtatgacac 1260
tgtggtcatc accctcaaga acatggcctce ccaccctgtg agcectgcatg ctgtgggggt 1320
cagctactgg aaggcectetg agggggetga gtatgatgac cagacctecce agagggagaa 1380
ggaggatgac aaagtgttcc ctgggggcag ccacacctat gtgtggcagg tcctcaagga 1440
gaatggccece atggectcetg acccactetg cctgacctac tectaccttt ctcatgtgga 1500
cctggtcaag gacctcaact ctggactgat tggggccctg ctggtgtgca gggagggctce 1560
cctggccaaa gagaagaccc agaccctgca caagttcatt ctcectgtttg ctgtetttga 1620
tgagggcaag agctggcact ctgaaaccaa gaactccctyg atgcaggaca gggatgcetge 1680
ctectgccagg gectggceca agatgcacac tgtgaatgge tatgtgaaca ggagcectgcece 1740
tggactcatt ggctgccaca ggaaatctgt ctactggcat gtgattggca tggggacaac 1800
ccetgaggtg cactceccattt tectggaggg ccacacctte ctggtcagga accacagaca 1860
ggccagccetyg gagatcagce ccatcacctt cctcactgec cagaccctgce tgatggacct 1920
cggacagttc ctgctgttcect gceccacatcag ctcccaccag catgatggca tggaggccta 1980
tgtcaaggtg gacagctgcce ctgaggagece acagctcagyg atgaagaaca atgaggaggce 2040
tgaggactat gatgatgacc tgactgactc tgagatggat gtggtccgcet ttgatgatga 2100
caacagccca tecttcatte agatcaggtce tgtggccaag aaacacccca agacctgggt 2160
gcactacatt gctgctgagg aggaggactg ggactatgcc ccactggtcce tggcccctga 2220
tgacaggagc tacaagagcc agtacctcaa caatggccca cagaggattyg gacgcaagta 2280
caagaaagtc aggttcatgg cctacactga tgaaaccttc aagaccaggg aggccattca 2340
gcatgagtect ggcatcctgg gcccactect gtatggggag gtgggggaca ccctgctceat 2400
catcttcaag aaccaggcct ccaggcccta caacatctac ccacatggca tcactgatgt 2460
caggcccctyg tacagecgca ggctgccaaa gggggtgaaa cacctcaagyg acttccccat 2520
tctgectggg gagatcttca agtacaagtg gactgtcact gtggaggatg gaccaaccaa 2580
atctgaccce aggtgcctca ccagatacta ctceccagettt gtgaacatgg agagggacct 2640
ggcctectgge ctgattggcee cactgctcat ctgctacaag gagtctgtgg accagagggyg 2700
aaaccagatc atgtctgaca agaggaatgt gattctgttc tctgtctttg atgagaacag 2760
gagctggtac ctgactgaga acattcagcg cttcectgcec aaccctgetg gggtgcaget 2820

ggaggaccct gagttccagg ccagcaacat catgcactcc atcaatgget atgtgtttga 2880
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cagcctecag ctttetgtet gectgcatga ggtggcctac tggtacatte tttcectattgg 2940
ggcccagact gactteccttt ctgtettett ctcectggctac accttcaaac acaagatggt 3000
gtatgaggac accctgaccce tcttceccatt ctcectggggag actgtgttca tgagcatgga 3060
gaaccctgge ctgtggatte tgggatgcca caactctgac ttccgcaaca ggggcatgac 3120
tgccctgete aaagtctect cctgtgacaa gaacactggg gactactatg aggacagcta 3180
tgaggacatc tctgcctacc tgctcagcaa gaacaatgcc attgagccca ggagcttcag 3240
ccagaatcca cctgtectga aacgccacca gagggagatce accaggacca ccctccagte 3300
tgaccaggag gagattgact atgatgacac catttctgtg gagatgaaga aagaggactt 3360
tgacatctat gacgaggacg agaaccagag cccaaggagce ttccagaaga agaccaggca 3420
ctacttcatt gectgctgtgg agcgcectgtg ggactatgge atgagctcca geccccatgt 3480
cctcaggaac agggcccagt ctggctectgt gccacagttc aagaaagtgg tcecttccaaga 3540
gttcactgat ggcagcttca cccagcccct gtacagaggg gagctgaatg agcacctggg 3600
actcctggge ccatacatca gggctgaggt ggaggacaac atcatggtga ccttccgcaa 3660
ccaggcctcece aggccctaca gcettctacag ctcecectcecate agctatgagg aggaccagag 3720
gcagggggct gagccacgca agaactttgt gaaacccaat gaaaccaaga cctacttctg 3780
gaaagtccag caccacatgg cccccaccaa ggatgagttt gactgcaagg cctgggecta 3840
cttctetgat gtggacctgg agaaggatgt gcactctgge ctgattggece cactcctggt 3900
ctgccacacc aacaccctga accctgeccca tggaaggcaa gtgactgtge aggagtttgce 3960
cctettette accatctttyg atgaaaccaa gagctggtac ttcactgaga acatggagcg 4020
caactgcagg gccccatgca acattcagat ggaggacccece accttcaaag agaactaccg 4080
cttccatgecce atcaatggct acatcatgga caccctgect gggcttgtca tggcccagga 4140
ccagaggatc aggtggtacc tgctttctat gggctccaat gagaacattc actccatcca 4200
cttctetggg catgtcttceca ctgtgcgcaa gaaggaggag tacaagatgg ccctgtacaa 4260
cctctaccct ggggtcectttyg agactgtgga gatgctgcecce tccaaagctg gcatctggag 4320
ggtggagtgc ctcattgggg agcacctgca tgctggcatg agcaccctgt tcectggtceta 4380
cagcaacaag tgccagaccc ccctgggaat ggectcetgge cacatcaggyg acttccagat 4440
cactgcctet ggccagtatg gecagtggge ccccaagcetg gecaggctcee actactcetgg 4500
atccatcaat gecctggagca ccaaggagcce attcagetgg atcaaagtgg acctgctggce 4560
cceccatgate atccatggca tcaagaccca gggggccagg cagaagttcect ccagectgta 4620
catcagccag ttcatcatca tgtacagcct ggatggcaag aaatggcaga cctacagagg 4680
caactccact ggaacactca tggtcttctt tggcaatgtg gacagctctg gcatcaagca 4740
caacatctte aaccccccaa tcatcgecag atacatcagg ctgcacccca cccactacag 4800
catccgcage accctcagga tggagctgat gggctgtgac ctgaactcct gcagcatgcece 4860
cctgggcatg gagagcaagg ccatttctga tgcccagatc actgcctcca gctacttcac 4920
caacatgttt gccacctgga gcccaagcaa ggccaggcetyg cacctccagyg gaaggagcaa 4980
tgcctggagg ccccaggtca acaacccaaa ggagtggcetyg caggtggact tccagaagac 5040
catgaaggtc actggggtga ccacccaggg ggtcaagagc ctgctcacca gcatgtatgt 5100

gaaggagttc ctgatcagct ccagccagga tggccaccag tggaccctct tcttceccagaa 5160
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tggcaaggtc aaggtgttcc agggcaacca ggacagcttc acccctgtgg tgaacagect 5220
ggaccccceee ctectgacca gatacctgag gattcaccce cagagetggg tccaccagat 5280
tgccctgagg atggaggtcec tgggatgtga ggcccaggac ctgtactgat gacgagcggce 5340
cgctcttagt agcagtatcg ataataaaag atctttattt tcattagatc tgtgtgttgg 5400
ttttttgtgt gttaattaag ctcgcgaagg aacccctagt gatggagttg gccactccect 5460
ctetgegege tegetegete actgaggecg ggcgaccaaa ggtcegeccga cgceccggget 5520
ttgceceggge ggcctcagtyg agcgagegag cgcgcagaga gggagtggece aagacgattt 5580
aaatgacaag cttggcgtaa tcatggtcat agctgtttcc tgtgtgaaat tgttatccgce 5640
tcacaattcc acacaacata cgagccggaa gcataaagtg taaagcctgg ggtgcectaat 5700
gagtgagcta actcacatta attgcgttgce gctcactgec cgcttteccag tcgggaaacce 5760
tgtcgtgecca gectgcattaa tgaatcggce aacgcgeggg gagaggcggt ttgcgtattg 5820
ggcgctctte cgettecteg ctecactgact cgctgegcecte ggtegttegg ctgcggcegag 5880
cggtatcagce tcactcaaag gcggtaatac ggttatccac agaatcaggg gataacgcag 5940
gaaagaacat gtgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag gecgegttge 6000
tggcgttttt ccataggctce cgccccectg acgagcatca caaaaatcga cgctcaagtce 6060
agaggtggceg aaacccgaca ggactataaa gataccagge gtttecccect ggaagcetcce 6120
tcgtgegete tectgtteeg accctgecge ttaccggata cctgtecgece tttetceectt 6180
cgggaagcgt ggcgctttet catagctcac gctgtaggta tctcagttceg gtgtaggtceg 6240
ttcgctecaa getgggcectgt gtgcacgaac ccecccgttceca geccgaccge tgcgecttat 6300
ccggtaacta tcgtcecttgag tceccaacccgg taagacacga cttatcgcca ctggcagcag 6360
ccactggtaa caggattagc agagcgaggt atgtaggcegg tgctacagag ttcecttgaagt 6420
ggtggcctaa ctacggctac actagaagaa cagtatttgg tatctgcget ctgctgaage 6480
cagttacctt cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgctggta 6540
gcggtggttt ttttgtttge aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag 6600
atcctttgat cttttctacg gggtctgacg ctcagtggaa cgaaaactca cgttaaggga 6660
ttttggtcat gagattatca aaaaggatct tcacctagat ccttttaaat taaaaatgaa 6720
gttttaaatc aatctaaagt atatatgagt aaacttggtc tgacagttac caatgcttaa 6780
tcagtgaggc acctatctca gcgatctgte tatttcgttc atccatagtt gectgactcece 6840
ccgtegtgta gataactacg atacgggagg gcttaccatc tggccccagt getgcaatga 6900
taccgcgaga cccacgctca ccggctecag atttatcage aataaaccag ccagcecggaa 6960
gggccgageg cagaagtggt cctgcaactt tatccgcecte catccagtct attaattgtt 7020
gccgggaage tagagtaagt agttcgcecag ttaatagttt gegcaacgtt gttgccattg 7080
ctacaggcat cgtggtgtca cgctcgtcecgt ttggtatgge ttcattcage tecggttece 7140
aacgatcaag gcgagttaca tgatccccca tgttgtgcaa aaaagcggtt agctcectteg 7200
gtcctecgat cgttgtcaga agtaagttgg ccgcagtgtt atcactcatg gttatggcag 7260
cactgcataa ttctcttact gtcatgccat ccgtaagatg cttttectgtg actggtgagt 7320
actcaaccaa gtcattctga gaatagtgta tgcggcgacc gagttgctcet tgcccggegt 7380

caatacggga taataccgcg ccacatagca gaactttaaa agtgctcatc attggaaaac 7440
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gttcttcggg gcgaaaactce tcaaggatct taccgectgtt gagatccagt tcgatgtaac 7500
ccactcgtge acccaactga tcecttcagcat cttttacttt caccagecgtt tetgggtgag 7560
caaaaacagg aaggcaaaat gccgcaaaaa agggaataag ggcgacacgyg aaatgttgaa 7620
tactcatact cttccttttt caatattatt gaagcattta tcagggttat tgtctcatga 7680
gcggatacat atttgaatgt atttagaaaa ataaacaaat aggggttccg cgcacatttce 7740
cccgaaaagt geccacctgac gtctaagaaa ccattattat catgacatta acctataaaa 7800
ataggcgtat cacgaggccc tttegte 7827
<210> SEQ ID NO 9

<211> LENGTH: 4332

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 9

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg ggctgtggag ctttettggg actacatgca gtcetgacctg 120
ggggagctge ctgtggatge caggttccca cccagagtge ccaaatcctt cccattcaac 180
acctctgtgg tctacaagaa gaccctettt gtggagtteca ctgaccacct gttcaacatt 240
gccaaaccca ggccaccectg gatgggacte ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcatcaccct caagaacatg gcctcccace ctgtgagect geatgetgtg 360
ggggtcaget actggaagge ctctgagggyg gctgagtatg atgaccagac cteccagagg 420
gagaaggagg atgacaaagt gttccctggyg ggcagccaca cctatgtgtg geaggtectce 480
aaggagaatg gccccatgge ctectgaccca ctetgectga cctactcecta cctttcetceat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cectgetggt gtgcagggag 600
ggctcectgyg ccaaagagaa gacccagacce ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagagctg gcactctgaa accaagaact cectgatgca ggacagggat 720
getgectetyg ccagggectg geccaagatyg cacactgtga atggetatgt gaacaggagce 780
ctgectggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctyg aggtgcacte cattttectyg gagggccaca cetteetggt caggaaccac 900
agacaggcca gcctggagat cagecccate accttectea ctgeccagac cctgetgatg 960

gacctcggac agttcctgct gttetgcecac atcagcectcec accagcatga tggcatggag 1020

gectatgtca aggtggacag ctgccctgag gagccacage tcaggatgaa gaacaatgag 1080

gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt ccgctttgat 1140

gatgacaaca gcccatcctt cattcagatc aggtctgtgg ccaagaaaca ccccaagacce 1200

tgggtgcact acattgctgc tgaggaggag gactgggact atgccccact ggtcecctggcece 1260

cctgatgaca ggagctacaa gagccagtac ctcaacaatg geccacagag gattggacge 1320

aagtacaaga aagtcaggtt catggcctac actgatgaaa ccttcaagac cagggaggcce 1380

attcagcatg agtctggcat cctgggccca ctecctgtatg gggaggtggg ggacaccctg 1440

ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
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gatgtcagge ccctgtacag ccgcaggetg ccaaaggggg tgaaacacct caaggactte 1560
cccattetge ctggggagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
accaaatctg accccaggtg cctcaccaga tactactcecca getttgtgaa catggagagg 1680
gacctggect ctggectgat tggcccactg ctcatctget acaaggagtc tgtggaccag 1740
aggggaaacc agatcatgtc tgacaagagg aatgtgattc tgttctctgt ctttgatgag 1800
aacaggagct ggtacctgac tgagaacatt cagcgcttcecce tgcccaacce tgctggggtg 1860
cagctggagg accctgagtt ccaggccagce aacatcatgce actccatcaa tggctatgtg 1920
tttgacagcce tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggccce agactgactt cctttetgte ttettcectetg gectacacctt caaacacaag 2040
atggtgtatg aggacaccct gaccctcectte ccattctetg gggagactgt gttcatgagce 2100
atggagaacc ctggcctgtg gattctggga tgccacaact ctgacttccg caacaggggce 2160
atgactgccce tgctcaaagt ctectcectgt gacaagaaca ctggggacta ctatgaggac 2220
agctatgagg acatctctge ctacctgctce agcaagaaca atgccattga gceccagggag 2280
atcaccagga ccacccteca gtcectgaccag gaggagattg actatgatga caccatttcet 2340
gtggagatga agaaagagga ctttgacatc tatgacgagg acgagaacca gagcccaagg 2400
agcttccaga agaagaccag gcactacttce attgctgetg tggagcgcct gtgggactat 2460
ggcatgagct ccagccccca tgtectcagg aacagggccec agtctggetce tgtgccacag 2520
ttcaagaaag tggtcttcca agagttcact gatggcaget tcacccagecce cctgtacaga 2580
ggggagctga atgagcacct gggactcctg ggcccataca tcagggcetga ggtggaggac 2640
aacatcatgg tgaccttceg caaccaggcce tccaggcecect acagcttcta cagctceccte 2700
atcagctatg aggaggacca gaggcagggg gctgagccac gcaagaactt tgtgaaacce 2760
aatgaaacca agacctactt ctggaaagtc cagcaccaca tggcccccac caaggatgag 2820
tttgactgca aggcctgggce ctacttctct gatgtggacce tggagaagga tgtgcactct 2880
ggcctgattyg gceccactcect ggtetgcecac accaacaccce tgaaccctgce ccatggaagg 2940
caagtgactg tgcaggagtt tgccctectte ttcaccatct ttgatgaaac caagagctgg 3000
tacttcactg agaacatgga gcgcaactgc agggccccat gcaacattca gatggaggac 3060
cccaccttca aagagaacta ccgctteccat gccatcaatg gctacatcat ggacaccctg 3120
cctgggettg tcatggccca ggaccagagg atcaggtggt acctgecttte tatgggctcece 3180
aatgagaaca ttcactccat ccacttctct gggcatgtcect tcactgtgcg caagaaggag 3240
gagtacaaga tggccctgta caacctctac cctggggtet ttgagactgt ggagatgcetg 3300
ccetecaaag ctggcatetyg gagggtggag tgcctcattg gggagcacct gcatgctggce 3360
atgagcaccce tgttcctggt ctacagcaac aagtgccaga ccccecctggg aatggcectcet 3420
ggccacatca gggacttcca gatcactgece tcectggceccagt atggccagtg ggcccccaag 3480
ctggccaggce tccactacte tggatccatce aatgcctgga gcaccaagga gccattcagce 3540
tggatcaaag tggacctgct ggcccccatg atcatccatg gcatcaagac ccagggggcce 3600
aggcagaagt tctccagect gtacatcagce cagttcatca tcatgtacag cctggatggce 3660
aagaaatggc agacctacag aggcaactcc actggaacac tcatggtctt ctttggcaat 3720

gtggacagct ctggcatcaa gcacaacatc ttcaacccec caatcatcgc cagatacatc 3780
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aggctgcace ccacccacta cagcatccge agcaccctea ggatggaget gatgggetgt 3840

gacctgaact cctgcagcat gccecctggge atggagagca aggccatttce tgatgcccag 3900

atcactgcct ccagctactt caccaacatg tttgccacct ggagcccaag caaggccagg 3960

ctgcacctee agggaaggag caatgcectgg aggecccagg tcaacaaccce aaaggagtgg 4020

ctgcaggtgg acttccagaa gaccatgaag gtcactgggyg tgaccaccca gggggtcaag 4080

agcctgcectca ccagcatgta tgtgaaggag ttectgatca gectccagcca ggatggccac 4140

cagtggaccce tcttcectteca gaatggcaag gtcaaggtgt tccagggcaa ccaggacagc 4200

ttcaccectg tggtgaacag cctggaccce ccectectga ccagatacct gaggattcac 4260

cceccagaget gggtceccacca gattgcectg aggatggagg tcecctgggatg tgaggcccag 4320

gacctgtact ga 4332

<210> SEQ ID NO 10

<211> LENGTH: 1443

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 10

Met Gln Ile Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Arg Phe
1 5 10 15

Cys Phe Ser Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Val Glu Leu Ser
20 25 30

Trp Asp Tyr Met Gln Ser Asp Leu Gly Glu Leu Pro Val Asp Ala Arg
35 40 45

Phe Pro Pro Arg Val Pro Lys Ser Phe Pro Phe Asn Thr Ser Val Val
50 55 60

Tyr Lys Lys Thr Leu Phe Val Glu Phe Thr Asp His Leu Phe Asn Ile
65 70 75 80

Ala Lys Pro Arg Pro Pro Trp Met Gly Leu Leu Gly Pro Thr Ile Gln
85 90 95

Ala Glu Val Tyr Asp Thr Val Val Ile Thr Leu Lys Asn Met Ala Ser
100 105 110

His Pro Val Ser Leu His Ala Val Gly Val Ser Tyr Trp Lys Ala Ser
115 120 125

Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys Glu Asp
130 135 140

Asp Lys Val Phe Pro Gly Gly Ser His Thr Tyr Val Trp Gln Val Leu
145 150 155 160

Lys Glu Asn Gly Pro Met Ala Ser Asp Pro Leu Cys Leu Thr Tyr Ser
165 170 175

Tyr Leu Ser His Val Asp Leu Val Lys Asp Leu Asn Ser Gly Leu Ile
180 185 190

Gly Ala Leu Leu Val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr
195 200 205

Gln Thr Leu His Lys Phe Ile Leu Leu Phe Ala Val Phe Asp Glu Gly
210 215 220

Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gln Asp Arg Asp
225 230 235 240
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Ala Ala Ser Ala Arg Ala Trp Pro Lys Met His Thr Val Asn Gly Tyr
245 250 255

Val Asn Arg Ser Leu Pro Gly Leu Ile Gly Cys His Arg Lys Ser Val
260 265 270

Tyr Trp His Val Ile Gly Met Gly Thr Thr Pro Glu Val His Ser Ile
275 280 285

Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gln Ala Ser
290 295 300

Leu Glu Ile Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met
305 310 315 320

Asp Leu Gly Gln Phe Leu Leu Phe Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro
340 345 350

Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435 440 445

Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala Ile Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 470 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 490 495

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly Val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu Ile Phe
515 520 525

Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp
530 535 540

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 575

Ser Val Asp Gln Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 590

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile Gln Arg Phe Leu Pro Asn Pro Ala Gly Val Gln Leu Glu Asp
610 615 620

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Ile Asn Gly Tyr Val
625 630 635 640

Phe Asp Ser Leu Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
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645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr
675 680 685

Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720

Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
725 730 735

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 745 750

Asn Asn Ala Ile Glu Pro Arg Glu Ile Thr Arg Thr Thr Leu Gln Ser
755 760 765

Asp Gln Glu Glu Ile Asp Tyr Asp Asp Thr Ile Ser Val Glu Met Lys
770 775 780

Lys Glu Asp Phe Asp Ile Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg
785 790 795 800

Ser Phe Gln Lys Lys Thr Arg His Tyr Phe Ile Ala Ala Val Glu Arg
805 810 815

Leu Trp Asp Tyr Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg
820 825 830

Ala Gln Ser Gly Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu
835 840 845

Phe Thr Asp Gly Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn
850 855 860

Glu His Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu Val Glu Asp
865 870 875 880

Asn Ile Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe
885 890 895

Tyr Ser Ser Leu Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly Ala Glu
900 905 910

Pro Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp
915 920 925

Lys Val Gln His His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys
930 935 940

Ala Trp Ala Tyr Phe Ser Asp Val Asp Leu Glu Lys Asp Val His Ser
945 950 955 960

Gly Leu Ile Gly Pro Leu Leu Val Cys His Thr Asn Thr Leu Asn Pro
965 970 975

Ala His Gly Arg Gln Val Thr Val Gln Glu Phe Ala Leu Phe Phe Thr
980 985 990

Ile Phe Asp Glu Thr Lys Ser Trp Tyr Phe Thr Glu Asn Met Glu Arg
995 1000 1005

Asn Cys Arg Ala Pro Cys Asn Ile Gln Met Glu Asp Pro Thr Phe
1010 1015 1020

Lys Glu Asn Tyr Arg Phe His Ala Ile Asn Gly Tyr Ile Met Asp
1025 1030 1035

Thr Leu Pro Gly Leu Val Met Ala Gln Asp Gln Arg Ile Arg Trp
1040 1045 1050
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Tyr Leu Leu Ser Met Gly Ser Asn Glu Asn Ile His Ser Ile His
1055 1060 1065

Phe Ser Gly His Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys
1070 1075 1080

Met Ala Leu Tyr Asn Leu Tyr Pro Gly Val Phe Glu Thr Val Glu
1085 1090 1095

Met Leu Pro Ser Lys Ala Gly Ile Trp Arg Val Glu Cys Leu Ile
1100 1105 1110

Gly Glu His Leu His Ala Gly Met Ser Thr Leu Phe Leu Val Tyr
1115 1120 1125

Ser Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His Ile
1130 1135 1140

Arg Asp Phe Gln Ile Thr Ala Ser Gly Gln Tyr Gly Gln Trp Ala
1145 1150 1155

Pro Lys Leu Ala Arg Leu His Tyr Ser Gly Ser Ile Asn Ala Trp
1160 1165 1170

Ser Thr Lys Glu Pro Phe Ser Trp Ile Lys Val Asp Leu Leu Ala
1175 1180 1185

Pro Met 1Ile Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys
1190 1195 1200

Phe Ser Ser Leu Tyr Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu
1205 1210 1215

Asp Gly Lys Lys Trp Gln Thr Tyr Arg Gly Asn Ser Thr Gly Thr
1220 1225 1230

Leu Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly 1Ile Lys His
1235 1240 1245

Asn Ile Phe Asn Pro Pro Ile 1Ile Ala Arg Tyr Ile Arg Leu His
1250 1255 1260

Pro Thr His Tyr Ser Ile Arg Ser Thr Leu Arg Met Glu Leu Met
1265 1270 1275

Gly Cys Asp Leu Asn Ser Cys Ser Met Pro Leu Gly Met Glu Ser
1280 1285 1290

Lys Ala 1Ile Ser Asp Ala Gln Ile Thr Ala Ser Ser Tyr Phe Thr
1295 1300 1305

Asn Met Phe Ala Thr Trp Ser Pro Ser Lys Ala Arg Leu His Leu
1310 1315 1320

Gln Gly Arg Ser Asn Ala Trp Arg Pro Gln Val Asn Asn Pro Lys
1325 1330 1335

Glu Trp Leu Gln Val Asp Phe Gln Lys Thr Met Lys Val Thr Gly
1340 1345 1350

Val Thr Thr Gln Gly Val Lys Ser Leu Leu Thr Ser Met Tyr Val
1355 1360 1365

Lys Glu Phe Leu Ile Ser Ser Ser Gln Asp Gly His Gln Trp Thr
1370 1375 1380

Leu Phe Phe Gln Asn Gly Lys Val Lys Val Phe Gln Gly Asn Gln
1385 1390 1395

Asp Ser Phe Thr Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu
1400 1405 1410

Thr Arg Tyr Leu Arg Ile His Pro Gln Ser Trp Val His Gln Ile
1415 1420 1425
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Ala Leu Arg Met Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1430 1435 1440

<210> SEQ ID NO 11

<211> LENGTH: 4368

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 11

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece
accaggagat actacctggg ggctgtggag ctttettggg actacatgca gtcetgacctg
ggggagctge ctgtggatge caggttccca cccagagtge ccaaatcctt cccattcaac
acctctgtgg tctacaagaa gaccctettt gtggagtteca ctgaccacct gttcaacatt
gccaaaccca ggccaccectg gatgggacte ctgggaccca ccattcagge tgaggtgtat
gacactgtgg tcatcaccct caagaacatg gcctcccace ctgtgagect geatgetgtg
ggggtcaget actggaagge ctctgagggyg gctgagtatg atgaccagac cteccagagg
gagaaggagg atgacaaagt gttccctggyg ggcagccaca cctatgtgtg geaggtectce
aaggagaatg gccccatgge ctectgaccca ctetgectga cctactcecta cctttcetceat
gtggacctgg tcaaggacct caactctgga ctgattgggg cectgetggt gtgcagggag
ggctcectgyg ccaaagagaa gacccagacce ctgcacaagt tcattctect gtttgetgte
tttgatgagg gcaagagctg gcactctgaa accaagaact cectgatgca ggacagggat
getgectetyg ccagggectg geccaagatyg cacactgtga atggetatgt gaacaggagce
ctgectggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg
acaacccctyg aggtgcacte cattttectyg gagggccaca cetteetggt caggaaccac
agacaggcca gcctggagat cagecccate accttectea ctgeccagac cctgetgatg
gaccteggac agttectget gttetgecac atcagetcce accagcatga tggcatggag
gectatgtca aggtggacag ctgccctgag gagccacage tcaggatgaa gaacaatgag
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt ccgetttgat
gatgacaaca gcccatcctt cattcagatce aggtctgtgg ccaagaaaca ccccaagacc
tgggtgcact acattgectge tgaggaggag gactgggact atgecccact ggtcectggece
cctgatgaca ggagctacaa gagccagtac ctcaacaatg geccacagag gattggacge
aagtacaaga aagtcaggtt catggectac actgatgaaa ccttcaagac cagggaggec
attcagcatyg agtctggecat cctgggecca ctectgtatg gggaggtggg ggacaccectg
ctcatcatct tcaagaacca ggcctecagg ccctacaaca tctacccaca tggcatcact
gatgtcagge ccctgtacag cegcaggctyg ccaaaggggg tgaaacacct caaggacttce
cccattetge ctggggagat cttcaagtac aagtggactg tcactgtgga ggatggacca
accaaatctyg accccaggtg cctcaccaga tactactcca getttgtgaa catggagagg
gacctggect ctggectgat tggeccactyg ctcatctget acaaggagtce tgtggaccag
aggggaaacc agatcatgte tgacaagagg aatgtgattce tgttctetgt ctttgatgag

aacaggagct ggtacctgac tgagaacatt cagcgcttece tgcccaacce tgetggggtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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cagctggagg accctgagtt ccaggccagce aacatcatgce actccatcaa tggctatgtg 1920
tttgacagcce tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggccce agactgactt cctttetgte ttettcectetg gectacacctt caaacacaag 2040
atggtgtatg aggacaccct gaccctcectte ccattctetg gggagactgt gttcatgagce 2100
atggagaacc ctggcctgtg gattctggga tgccacaact ctgacttccg caacaggggce 2160
atgactgccce tgctcaaagt ctectcectgt gacaagaaca ctggggacta ctatgaggac 2220
agctatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccaggagc 2280
ttcagccaga attccagaca ccccagcacce agggagatca ccaggaccac cctcecagtcet 2340
gaccaggagg agattgacta tgatgacacc atttctgtgg agatgaagaa agaggacttt 2400
gacatctatyg acgaggacga gaaccagagc ccaaggagct tccagaagaa gaccaggcac 2460
tacttcattg ctgctgtgga gcgcctgtgg gactatggca tgagctccag cccccatgte 2520
ctcaggaaca gggcccagtce tggctcetgtg ccacagttca agaaagtggt cttccaagag 2580
ttcactgatg gcagcttcac ccagccecctg tacagagggg agctgaatga gcacctggga 2640
ctecctgggece catacatcag ggctgaggtg gaggacaaca tcatggtgac cttcecgcaac 2700
caggcctecca ggccectacag cttctacage tcecctcatca getatgagga ggaccagagg 2760
cagggggctg agccacgcaa gaactttgtg aaacccaatg aaaccaagac ctacttctgg 2820
aaagtccage accacatggc ccccaccaag gatgagtttyg actgcaagge ctgggectac 2880
ttctectgatg tggacctgga gaaggatgtg cactctggece tgattggcce actcectggte 2940
tgccacacca acaccctgaa ccctgcccat ggaaggcaag tgactgtgca ggagtttgece 3000
ctcttettca ccatctttga tgaaaccaag agctggtact tcactgagaa catggagcgce 3060
aactgcaggg ccccatgcaa cattcagatg gaggacccca ccttcaaaga gaactaccge 3120
ttccatgeca tcaatggcta catcatggac accctgectg ggcttgtcat ggcccaggac 3180
cagaggatca ggtggtacct gctttctatg ggctccaatg agaacattca ctccatccac 3240
ttctectggge atgtcecttcac tgtgcgcaag aaggaggagt acaagatggce cctgtacaac 3300
ctctaccctg gggtectttga gactgtggag atgctgccect ccaaagctgg catctggagg 3360
gtggagtgcc tcattgggga gcacctgcat gctggcatga gcaccctgtt cctggtcectac 3420
agcaacaagt gccagacccce cctgggaatg gectcetggece acatcaggga cttcecagate 3480
actgcctetg gecagtatgg ccagtgggcce cccaagetgg ccaggctcca ctactcetgga 3540
tccatcaatg cctggagcac caaggagcca ttcagctgga tcaaagtgga cctgctggcece 3600
cccatgatca tccatggcat caagacccag ggggccaggce agaagttcte cagcectgtac 3660
atcagccagt tcatcatcat gtacagcctg gatggcaaga aatggcagac ctacagaggc 3720
aactccactg gaacactcat ggtcttecttt ggcaatgtgg acagctctgg catcaagcac 3780
aacatcttca accccccaat catcgecaga tacatcagge tgcaccccac ccactacage 3840
atccgcagca ccctcaggat ggagctgatg ggctgtgacce tgaactcctg cagcatgecce 3900
ctgggcatgg agagcaaggc catttctgat gcccagatca ctgcctccag ctacttcacce 3960
aacatgtttg ccacctggag cccaagcaag gecaggctge acctecaggyg aaggagcaat 4020
gectggagge cccaggtcaa caacccaaag gagtggetge aggtggactt ccagaagacce 4080

atgaaggtca ctggggtgac cacccagggg gtcaagagcc tgctcaccag catgtatgtg 4140
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aaggagttcc

ggcaaggtca

gacccccececce

gecctgagga

tgatcagete

cagccaggat ggccaccagt ggaccctett cttecagaat

aggtgttcca gggcaaccag gacagctteca cecectgtggt gaacagectg

tcctgaccag atacctgagg attcacccee agagetgggt ccaccagatt

tggaggtecct

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:

PRT

1455

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of

polypeptide

<400> SEQUENCE:

Met Gln Ile
1

Cys Phe Ser
Trp Asp Tyr
35

Phe Pro Pro
50

Tyr Lys Lys
65

Ala Lys Pro

Ala Glu Val

His Pro Val

115

Glu Gly Ala
130

Asp Lys Val
145

Lys Glu Asn

Tyr Leu Ser

Gly Ala Leu
195

Gln Thr Leu
210

Lys Ser Trp
225

Ala Ala Ser

Val Asn Arg

Tyr Trp His
275

Phe Leu Glu
290

Glu

Ala

20

Met

Arg

Thr

Arg

Tyr

100

Ser

Glu

Phe

Gly

His

180

Leu

His

His

Ala

Ser
260

Val

Gly

12

Leu Ser

Thr Arg

Gln Ser

Val Pro

Leu Phe

70

Pro Pro
85

Asp Thr

Leu His

Tyr Asp

Pro Gly

150

Pro Met
165

Val Asp

Val Cys

Lys Phe

Ser Glu
230

Arg Ala
245
Leu Pro

Ile Gly

His Thr

Thr

Arg

Asp

Lys

55

Val

Trp

Val

Ala

Asp

135

Gly

Ala

Leu

Arg

Ile

215

Thr

Trp

Gly

Met

Phe
295

Cys

Tyr

Leu

40

Ser

Glu

Met

Val

Val

120

Gln

Ser

Ser

Val

Glu

200

Leu

Lys

Pro

Leu

Gly
280

Leu

Phe

Tyr

25

Gly

Phe

Phe

Gly

Ile

105

Gly

Thr

His

Asp

Lys

185

Gly

Leu

Asn

Lys

Ile

265

Thr

Val

Phe

10

Leu

Glu

Pro

Thr

Leu

90

Thr

Val

Ser

Thr

Pro

170

Asp

Ser

Phe

Ser

Met
250
Gly

Thr

Arg

gggatgtgag gcccaggacc tgtactga

4200

4260

4320

4368

Artificial Sequence: Synthetic

Leu Cys Leu Leu Arg Phe
15

Gly Ala Val Glu Leu Ser
30

Leu Pro Val Asp Ala Arg
45

Phe Asn Thr Ser Val Val
60

Asp His Leu Phe Asn Ile
Leu Gly Pro Thr Ile Gln
95

Leu Lys Asn Met Ala Ser
110

Ser Tyr Trp Lys Ala Ser
125

Gln Arg Glu Lys Glu Asp
140

Tyr Val Trp Gln Val Leu
155 160

Leu Cys Leu Thr Tyr Ser
175

Leu Asn Ser Gly Leu Ile
190

Leu Ala Lys Glu Lys Thr
205

Ala Val Phe Asp Glu Gly
220

Leu Met Gln Asp Arg Asp
235 240

His Thr Val Asn Gly Tyr
255

Cys His Arg Lys Ser Val
270

Pro Glu Val His Ser Ile
285

Asn His Arg Gln Ala Ser
300
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Leu Glu Ile Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met
305 310 315 320

Asp Leu Gly Gln Phe Leu Leu Phe Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro
340 345 350

Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435 440 445

Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala Ile Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 470 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 490 495

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly Val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu Ile Phe
515 520 525

Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp
530 535 540

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 575

Ser Val Asp Gln Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 590

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile Gln Arg Phe Leu Pro Asn Pro Ala Gly Val Gln Leu Glu Asp
610 615 620

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Ile Asn Gly Tyr Val
625 630 635 640

Phe Asp Ser Leu Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr
675 680 685

Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
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705 710 715 720

Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
725 730 735

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 745 750

Asn Asn Ala Ile Glu Pro Arg Ser Phe Ser Gln Asn Ser Arg His Pro
755 760 765

Ser Thr Arg Glu Ile Thr Arg Thr Thr Leu Gln Ser Asp Gln Glu Glu
770 775 780

Ile Asp Tyr Asp Asp Thr Ile Ser Val Glu Met Lys Lys Glu Asp Phe
785 790 795 800

Asp Ile Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe Gln Lys
805 810 815

Lys Thr Arg His Tyr Phe Ile Ala Ala Val Glu Arg Leu Trp Asp Tyr
820 825 830

Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg Ala Gln Ser Gly
835 840 845

Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu Phe Thr Asp Gly
850 855 860

Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn Glu His Leu Gly
865 870 875 880

Leu Leu Gly Pro Tyr Ile Arg Ala Glu Val Glu Asp Asn Ile Met Val
885 890 895

Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe Tyr Ser Ser Leu
900 905 910

Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly Ala Glu Pro Arg Lys Asn
915 920 925

Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp Lys Val Gln His
930 935 940

His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys Ala Trp Ala Tyr
945 950 955 960

Phe Ser Asp Val Asp Leu Glu Lys Asp Val His Ser Gly Leu Ile Gly
965 970 975

Pro Leu Leu Val Cys His Thr Asn Thr Leu Asn Pro Ala His Gly Arg
980 985 990

Gln Val Thr Val Gln Glu Phe Ala Leu Phe Phe Thr Ile Phe Asp Glu
995 1000 1005

Thr Lys Ser Trp Tyr Phe Thr Glu Asn Met Glu Arg Asn Cys Arg
1010 1015 1020

Ala Pro Cys Asn Ile Gln Met Glu Asp Pro Thr Phe Lys Glu Asn
1025 1030 1035

Tyr Arg Phe His Ala Ile Asn Gly Tyr Ile Met Asp Thr Leu Pro
1040 1045 1050

Gly Leu Val Met Ala Gln Asp Gln Arg Ile Arg Trp Tyr Leu Leu
1055 1060 1065

Ser Met Gly Ser Asn Glu Asn Ile His Ser Ile His Phe Ser Gly
1070 1075 1080

His Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys Met Ala Leu
1085 1090 1095

Tyr Asn Leu Tyr Pro Gly Val Phe Glu Thr Val Glu Met Leu Pro
1100 1105 1110
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Ser Lys Ala Gly Ile Trp Arg Val Glu Cys Leu Ile Gly Glu His
1115 1120 1125

Leu His Ala Gly Met Ser Thr Leu Phe Leu Val Tyr Ser Asn Lys
1130 1135 1140

Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His Ile Arg Asp Phe
1145 1150 1155

Gln Ile Thr Ala Ser Gly Gln Tyr Gly Gln Trp Ala Pro Lys Leu
1160 1165 1170

Ala Arg Leu His Tyr Ser Gly Ser Ile Asn Ala Trp Ser Thr Lys
1175 1180 1185

Glu Pro Phe Ser Trp Ile Lys Val Asp Leu Leu Ala Pro Met Ile
1190 1195 1200

Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys Phe Ser Ser
1205 1210 1215

Leu Tyr 1Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu Asp Gly Lys
1220 1225 1230

Lys Trp Gln Thr Tyr Arg Gly Asn Ser Thr Gly Thr Leu Met Val
1235 1240 1245

Phe Phe Gly Asn Val Asp Ser Ser Gly Ile Lys His Asn Ile Phe
1250 1255 1260

Asn Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu His Pro Thr His
1265 1270 1275

Tyr Ser 1Ile Arg Ser Thr Leu Arg Met Glu Leu Met Gly Cys Asp
1280 1285 1290

Leu Asn Ser Cys Ser Met Pro Leu Gly Met Glu Ser Lys Ala Ile
1295 1300 1305

Ser Asp Ala Gln Ile Thr Ala Ser Ser Tyr Phe Thr Asn Met Phe
1310 1315 1320

Ala Thr Trp Ser Pro Ser Lys Ala Arg Leu His Leu Gln Gly Arg
1325 1330 1335

Ser Asn Ala Trp Arg Pro Gln Val Asn Asn Pro Lys Glu Trp Leu
1340 1345 1350

Gln Val Asp Phe Gln Lys Thr Met Lys Val Thr Gly Val Thr Thr
1355 1360 1365

Gln Gly Val Lys Ser Leu Leu Thr Ser Met Tyr Val Lys Glu Phe
1370 1375 1380

Leu Ile Ser Ser Ser Gln Asp Gly His Gln Trp Thr Leu Phe Phe
1385 1390 1395

Gln Asn Gly Lys Val Lys Val Phe Gln Gly Asn Gln Asp Ser Phe
1400 1405 1410

Thr Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu Thr Arg Tyr
1415 1420 1425

Leu Arg Ile His Pro Gln Ser Trp Val His Gln Ile Ala Leu Arg
1430 1435 1440

Met Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1445 1450 1455

<210> SEQ ID NO 13

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 13

atgcagattyg agctgtccac ctgettettt ctgtgectge tgagattetg cttetetgece 60
accaggagat actacctggg ggctgtggaa ctttettggg actacatgca gtcetgacctg 120
ggagagctge ctgtggatge caggttccca cccagagtge ccaagtectt cccattcaac 180
acctctgtgg tctacaagaa gacactcttt gtggaattca ctgaccacct gttcaacatt 240
gcaaaaccca gaccaccctg gatgggacte ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcatcaccct caagaacatyg gcatcccacce ctgtgtetet geatgetgtg 360
ggagtctcat actggaaagc ctctgaaggyg gctgagtatg atgaccagac atcccagaga 420
gagaaagagg atgacaaggt gttccctggg ggatctcaca cctatgtgtg geaagtectce 480
aaggagaatg gacccatgge atctgaccca ctetgectga catactccta cctttcetceat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cactgetggt gtgcagggaa 600
ggatccctgg ccaaggagaa aacccagaca ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagtcttg geactctgaa acaaagaact cectgatgca agacagggat 720
getgectetyg ccagggcatg geccaagatyg cacactgtga atggectatgt gaacagatca 780
ctgectggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctyg aagtgcacte cattttectg gagggacaca ccetteetggt caggaaccac 900
agacaagcct ctctggagat cteteccate accttectea ctgcacagac actgetgatg 960

gaccttggac agttcctgct gttcectgcecac atctcecttcecec accagcatga tggcatggaa 1020
gcctatgtca aggtggactce atgccctgag gaaccacagce tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt cagatttgat 1140
gatgacaact ctccatcctt cattcagatc aggtctgtgg caaagaaaca ccccaagaca 1200
tgggtgcact acattgctgc tgaggaagag gactgggact atgcaccact ggtcctggcece 1260
cctgatgaca ggagctacaa gtctcagtac ctcaacaatg gcccacaaag aattggaaga 1320
aagtacaaga aagtcagatt catggcctac actgatgaaa ccttcaagac aagagaagcc 1380
attcagcatg agtctggcat tcectgggacca ctcecctgtatg gggaagtggg agacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag caggagactg ccaaaagggg tgaaacacct caaggacttce 1560
cccattetge ctggagagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
acaaagtctg accccaggtg cctcaccaga tactactect cttttgtgaa catggagaga 1680
gacctggcat ctggactgat tggaccactg ctcatctgcet acaaggagtc tgtggaccag 1740
agaggcaacc agatcatgtc tgacaagaga aatgtgattc tgttctctgt ctttgatgag 1800
aacagatcat ggtacctgac tgagaacatt cagagattcc tgcccaacce tgctggggtg 1860
caactggaag accctgagtt ccaggcaagc aacatcatgc actccatcaa tggctatgtg 1920
tttgactcte tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggcac aaactgactt cctttcectgte ttecttctetg gatacacctt caagcacaag 2040
atggtgtatg aggacaccct gacactctte ccattctetg gggaaactgt gttcatgagce 2100

atggagaacc ctggactgtg gattctggga tgccacaact ctgacttcag aaacagggga 2160



US 2019/0202893 Al Jul. 4,2019
63

-continued

atgactgcac tgctcaaagt ctcctcectgt gacaagaaca ctggggacta ctatgaggac 2220
tcttatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccagaagce 2280
ttctctecaga atccacctgt cctgaagaga caccagagag agatcaccag gacaaccctce 2340
cagtctgacc aggaagagat tgactatgat gacaccattt ctgtggagat gaagaaggag 2400
gactttgaca tctatgatga ggacgagaac cagtctccaa gatcattcca gaagaagaca 2460
agacactact tcattgctgc tgtggaaaga ctgtgggact atggcatgtc ttectcectcece 2520
catgtcctca ggaacagggc acagtctggce tctgtgccac agttcaagaa agtggtctte 2580
caggagttca ctgatggctc attcacccag ccecctgtaca gaggggaact gaatgagcac 2640
ctgggactcce tgggaccata catcagggct gaggtggaag acaacatcat ggtgacattc 2700
agaaaccagg cctccaggcec ctacagctte tactcttecce tcatcagcta tgaggaagac 2760
cagagacaag gggctgagcc aagaaagaac tttgtgaaac ccaatgaaac caagacctac 2820
ttctggaaag tccagcacca catggcaccce accaaggatg agtttgactg caaggcctgg 2880
gcatacttcect ctgatgtgga cctggagaaa gatgtgcact ctggcectgat tggcccactce 2940
ctggtetgee acaccaacac cctgaaccct geacatggaa ggcaagtgac tgtgcaggag 3000
tttgcecctet tettcaccat ctttgatgaa accaagtcat ggtacttcac tgagaacatg 3060
gagagaaact gcagagcacc atgcaacatt cagatggaag accccacctt caaggagaac 3120
tacaggttcc atgccatcaa tggctacatc atggacaccce tgcctgggcet tgtcatggca 3180
caggaccaga gaatcagatg gtacctgctt tctatgggat ccaatgagaa cattcactcc 3240
atccacttct ctgggcatgt cttcactgtg agaaagaagg aggaatacaa gatggccctg 3300
tacaacctct accctggggt ctttgagact gtggagatgce tgccctccaa agctggcatce 3360
tggagggtgg aatgcctcat tggggagcac ctgcatgcetg gcatgtcaac cctgttectg 3420
gtctacagca acaagtgcca gacacccctg ggaatggcecet ctggccacat cagggacttce 3480
cagatcactg cctctggeca gtatggccag tgggcaccca aactggccag gctccactac 3540
tctggetecca tcaatgcatg gtcaaccaag gagccattcet cttggatcaa ggtggacctg 3600
ctggcaccca tgatcattca tggcatcaag acacaggggg caagacagaa attctcectcet 3660
ctgtacatct cacagttcat catcatgtac tctcectggatg gcaagaagtg gcagacatac 3720
agaggcaact ccactggcac cctcatggtce ttcectttggca atgtggacag ctcectggcatce 3780
aagcacaaca tcttcaaccc tcecccatcatt gccagataca tcaggctgca ccccacccac 3840
tactcaatca gatcaaccct caggatggaa ctgatgggat gtgacctgaa ctcctgctca 3900
atgccectgg gaatggagag caaggccatt tctgatgecce agatcactge atcctcettac 3960
ttcaccaaca tgtttgccac ctggtcacca tcaaaagcca ggctgcacct ccagggaaga 4020
agcaatgcct ggagacccca ggtcaacaac ccaaaggaat ggctgcaagt ggacttccag 4080
aagacaatga aagtcactgg ggtgacaacc cagggggtca agtctctgct cacctcaatg 4140
tatgtgaagg agttcctgat ctcttcectca caggatggcc accagtggac actcttette 4200
cagaatggca aagtcaaggt gttccagggc aaccaggact ctttcacacc tgtggtgaac 4260
tcactggacc ccccectect gacaagatac ctgagaattc acccccagte ttgggtcecac 4320

cagattgccce tgagaatgga agtcctggga tgtgaggcac aagacctgta ctga 4374
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<210> SEQ ID NO 14

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 14

atgcagatcg aactgagcac ttgcttette ctgtgtetece tgegettttyg cttetceegece 60
acaaggagat actatctegg tgccgtggag ctcagetggg actacatgca gagcgacttg 120
ggtgaactge ctgtggacgc caggtttcca ccccgegtge ccaagagttt ccegttcaac 180
accagtgtcg tgtacaagaa aaccctette gtggaattca cegaccacct gttcaacatce 240
gccaaaccge gcecctcectg gatggggetyg cteggeccga cgatccagge tgaggtcetat 300
gacacggtgg tgattaccct caagaacatyg gctagccacce cggtgagect geacgeegtyg 360
ggcgtgtect attggaaage gtccgagggt geggagtacg atgaccagac ttcacagegg 420
gagaaggaag acgacaaagt gttccceggg ggttcccaca cctatgtetg geaggtectg 480
aaggagaatg gtcctatgge cteccgaccca ttgtgectea cctactctta cctaagecat 540
gtggatctceg tcaaggacct gaactegggyg ctgatcggeg cectgetegt gtgecgggag 600
ggctcactgg ccaaggagaa gacccaaact ctgcacaagt tcatcctget gttegeggta 660
ttcgacgagyg ggaagtectg geactcecgag accaagaaca gectgatgca ggaccgcegac 720
gecagectegg ccegtgegtg gecaaagatg cacaccgtga acggctacgt taacaggagce 780
ctacceggece tgatceggetyg ccaccgcaaa tcggtctact ggcatgtgat cggaatggge 840
acaacgcccg aggtccacag tatcttecte gagggccaca cttteetggt ccggaatcac 900
cgccaggeca gectggagat cagecccata acctttetga cggegecagac cttactcatg 960

gatctcggee agttectect gttetgecac atttecgtceec accagcacga tgggatggaa 1020
gcatatgtga aagtggactc ctgccccgag gaaccccagce ttaggatgaa gaacaatgag 1080
gaggccgagg actacgacga tgaccttacc gattcagaaa tggacgtagt acgctttgac 1140
gacgacaact ctccatcctt catacagatt cgctcecgteg ccaagaagca ccctaagact 1200
tgggtgcact acatcgcggce cgaggaggag gactgggatt atgctcccct ggtgcetggece 1260
ccegacgace gcagctacaa gagccagtac ctgaataacyg ggccccageyg catcggecgg 1320
aagtacaaga aagtgcggtt catggcttac acggacgaga ccttcaagac ccgggaggct 1380
atccagcatg agagcggcat cttggggcce ctectgtacg gcgaagttgg agacacactg 1440
ctgatcatct tcaagaacca ggcgagcagg ccctacaaca tctaccccca cggcattacce 1500
gatgtccgge cgttgtacag ccgacggctg cccaagggceg tgaagcacct gaaggacttt 1560
ccgatcectge cgggcgagat cttcaagtac aagtggactg tgaccgtgga ggatgggecg 1620
accaagagcg atccgcgetg cctgacccecgt tactactceca getttgtcaa tatggagegce 1680
gacctcgeta geggettgat tggccctetg ctgatctget acaaggagtce cgtggaccag 1740
agggggaatc agatcatgag tgacaagagg aacgtgatcc tgttctccgt gttcgacgaa 1800
aaccgcagct ggtatctcac cgagaatatc cagecgcttece tgcccaacce ggccggtgtg 1860
cagctggagg accccgagtt tcaggccagce aacatcatge attctatcaa cggatatgtg 1920

tttgattcce tgcagctcete agtgtgtctg cacgaggtceg cctactggta tatcctcagce 1980
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attggggcac agaccgactt cctgagegtg ttcecttcectecg ggtatacctt caagcacaag 2040
atggtgtacg aggataccct gaccctgtte ccctttageg gcgaaaccgt gtttatgtcet 2100
atggagaacc ccgggctetg gatccttgge tgccataact ccgacttceg caaccgcgga 2160
atgaccgcgce tecctgaaagt gtcgagttgt gacaagaaca ccggcgacta ttacgaggac 2220
agttacgagg acatctctgc gtacctecctt agcaagaata acgccatcga gccaagatcce 2280
ttcagccaga accccccagt gctgaagagg catcageggg agatcaccceyg cacgaccctg 2340
cagtcggatc aggaggagat tgattacgac gacacgatca gtgtggagat gaagaaggag 2400
gacttcgaca tctacgacga agatgaaaac cagtccccte ggtceccttcecca aaagaagacce 2460
cggcactact tcatcgcecge tgtggaacgce ctgtgggact atggaatgtce ttctagccect 2520
cacgttttga ggaaccgcgce ccagtcgggce agegtgcccce agttcaagaa agtggtgttce 2580
caggagttca ccgacggctce cttcacccag ccactttacc ggggcgagct caatgaacat 2640
ctgggectge tgggacccta catcagggct gaggtggagg acaacatcat ggtgacattce 2700
cggaatcagg ccagcagacc atacagtttc tacagttcac tcatctccta cgaggaggac 2760
cagcgecagg gggctgaacce ccgtaagaac ttegtgaage caaacgaaac aaagacctac 2820
ttectggaagg tccagcacca catggcacct accaaggacg agttcgattg caaggcctgg 2880
gcctacttet ccgacgtgga cctggagaaa gatgtgcaca geggectgat tggeccctetg 2940
ctggtgtgte acacgaacac actcaaccct gecacacggge ggcaggtcac tgtgcaggaa 3000
ttcgeectgt tetttaccat ctttgatgag acgaagtcect ggtatttcac cgaaaacatg 3060
gagaggaact gccgegcace ctgcaacatc cagatggaag atccgacatt caaggagaac 3120
taccggttce atgccatcaa tggctacatc atggacaccce tgcctggcect cgtgatggece 3180
caagaccagc gtatccgetg gtatctgcectg tcgatgggct ccaacgagaa catccatagt 3240
atccacttca gcgggcatgt cttcacggtg aggaaaaagg aggagtacaa gatggcactg 3300
tacaacctct atccecggegt gttcgagace gtggagatge tgccctccaa ggccggcatce 3360
tggagagtgg aatgcctgat cggcgagcac ctccacgcetg ggatgtccac getgttecte 3420
gtttacagca ataagtgcca gacccctetg ggcatggcga gceggccacat ccgcgactte 3480
cagattacag ccagcggcca gtacggtcag tgggctccaa agctggccceg tcectgcactac 3540
tcecggatcecca tcaacgcectyg gtceccaccaag gaaccgttet ccectggatcaa agtagacctg 3600
ctageccccca tgatcattca cggcatcaag acacaaggeyg cccgacagaa gttctcgage 3660
ctctatatct cccagttcat catcatgtat agcctggacg gaaagaagtg gcagacttac 3720
cgcggaaact cgacagggac cctgatggta ttcttcggta acgtggacag ctccggaatce 3780
aagcacaaca tcttcaaccc acccattatc gccecgctaca tceccgectgca ccccactcac 3840
tatagcatta ggtccaccct gcgaatggag ctcatgggct gtgacctgaa cagctgtagce 3900
atgccecteg gecatggagte taaggcgatce tccgacgcac agataacggce atcatcctac 3960
tttaccaaca tgttcgctac ctggtcccce tccaaggecce gactccacct gcaagggaga 4020
tccaacgect ggcggccaca ggtcaacaat cccaaggagt ggctgcaagt ggactttcag 4080
aaaactatga aagtcaccgg agtgaccaca cagggagtga agtctctgct gaccagcatg 4140
tacgtgaagg agttcctcat ctccagttcg caggatggcc accagtggac gttgttcette 4200

caaaacggta aagtcaaagt cttccaaggg aaccaggaca gctttacacc cgtcgtgaac 4260
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tcecectggace ccccgettet cactagatac ctecgeatece acccetcagag ctgggtgeac

cagattgcce tgcgcatgga ggttetgggg tgtgaagecce aggacctgta ctaa

<210> SEQ ID NO 15

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

4320

4374

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 15

atgcagattyg agctctecac ctgettettt ctetgectte ttegettetg cttttetgece
acacgcaggt actatttggg agcagtggaa ctgagetggg attacatgca gagtgacctt
ggtgaacttc ctgtggacge tegttttcca cctagagtte ccaagtectt ccecttcaac
acctcagtgg tctacaagaa aacgctgttt gtggagtteca ctgaccacct cttcaacatt
gccaaaccaa gacccccttg gatgggattyg ctgggaccca caatacaagce agaagtctac
gacacggtgg tgattaccct gaagaacatg gcgtcacacce ctgtttcact tcacgetgtt
ggggtcagtt attggaaagc ctcagagggt gcggaatacg atgatcaaac cagccagagg
gagaaggaag atgacaaggt ctttcctggg ggtagccata cctatgtttyg gecaggtgetg
aaagagaatg ggcctatgge ctectgatece ttgtgectea catactctta cctgagtcac
gtcgacctgg tgaaagacct gaatageggt ctgattggtg cactgettgt ttgtagagag
gggagtttgg ccaaggagaa aactcagact ctccacaagt ttatcctect gtttgetgtg
ttcgacgagyg gcaagtcttg geactctgaa acaaagaact cectgatgca ggacagagat
getgcatetyg caagggcettg gecaaaaatyg cacacagtga acggctatgt gaatcgatca
ctgccaggac tgataggetg tcatcgecaag tcagtgtatt ggcacgttat cgggatggga
acaactccag aagtgcacag catcttectt gagggccaca cttteetggt tcggaatcat
agacaggcca gccttgagat cageccaate acctttetga ctgeccaaac cttgetgatg
gatctgggac agttcctect gttttgtcac atctectcce accaacatga cgggatggag
gettatgtga aggtcgatag ctgtceggag gaaccacaac tgaggatgaa gaacaacgaa
gaggcagagg actatgacga cgatctgact gacagtgaaa tggacgtggt tcggttegac
gatgacaatt ctccttcatt tatccagatce cgttcegtgg ccaagaagca ccccaagact
tgggttcatt acatcgetge tgaggaggag gattgggact acgegecctt ggtgttggece
ccagacgatce gctcatacaa gagccagtac cttaacaatg gtccacaaag gatcggecgg
aagtacaaga aggttagatt tatggcttat accgacgaga cttttaaaac tagggaagca
attcagcatyg aaagtggcat tcttggacce ctgctgtatg gegaggttgg cgacaccctg
ctgattatct ttaagaacca ggcaagcegg ccctacaaca tctacccgea cggcataacce
gatgtacgac ccctgtacag tcgcagactt cctaaagggg tgaaacacct gaaggacttce
ccaattctge ccggggagat cttcaagtat aaatggaceg tgacggttga ggatggtccce
acaaagtccg atccgagatg ccttaccega tattattcca gettegtgaa catggaaagg
gacctggeca gegggctgat tggeccactyg ctgatttgtt acaaggagtce tgtcgatcaa
agaggaaacc aaataatgag cgacaaacgt aacgtcatcce tgttcagegt ctttgatgag

aatagaagct ggtacctcac agaaaatatt cageggttte tgectaacce cgcaggegte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860



US 2019/0202893 Al Jul. 4,2019
67

-continued

cagctggaag atcccgagtt ccaagcctca aacatcatgce atagcatcaa cggatacgta 1920
ttcgatagece tgcagctgte cgtcectgtcte catgaagtgg catattggta catcctgagt 1980
atcggggcgce agaccgactt cctgagegtg ttettttetg gatacacgtt caaacacaaa 2040
atggtctatg aagataccct gactctgttt ccattctcag gagagacagt ctttatgagt 2100
atggaaaatc ctggactgtg gatcctgggce tgtcacaatt ctgattttcg gaacagaggc 2160
atgacagccce tgcttaaagt gagctcatgce gacaagaaca ccggtgatta ctacgaagat 2220
agctatgagg acatcagtgc gtatttgctce tccaagaaca acgctatcga gccacggtcet 2280
ttcagtcaga atcctccegt tcetgaagcgg catcagcecgeg aaataacacg cacaaccctt 2340
cagtcagacc aagaggaaat cgactacgat gatactatct ctgtggagat gaagaaggag 2400
gatttcgaca tttacgacga ggacgagaat cagtccccaa ggagctttca gaagaaaaca 2460
agacactatt tcattgccgce cgtggagcga ctgtgggact acggcatgtce tagctctcecg 2520
catgtactta gaaatagggc acaaagcgga tccgtgcectce agtttaagaa agttgtettt 2580
caggagttta cagatggctc cttcacccag cccttgtatce gecggggaact caatgaacac 2640
ctgggectee tgggtcecctta tattagggce gaagtcgagg acaatatcat ggtgaccttt 2700
aggaaccagg catctagacc ttactctttce tactcctecce tgatatccta tgaggaggac 2760
cagcggcaag gcgctgagece tcggaagaac tttgtgaage caaatgaaac caaaacatac 2820
ttttggaaag ttcagcacca catggctcce acgaaggacg aatttgactg taaagcctgg 2880
gcctacttet cagatgtaga tctcgagaaa gacgtgcact cagggctcat tggtccectce 2940
ctggtctgtce atactaatac cctcaatcca gcacacggac gtcaggtaac cgtccaggaa 3000
tttgcecetgt tetttaccat tttcgatgag actaaatcct ggtactttac cgaaaacatg 3060
gagaggaatt gcagagccce atgcaacatc cagatggagg accctacctt caaagagaac 3120
tatcgcttece atgccattaa cggttacatt atggatactc tcccaggact tgtgatggca 3180
caggatcagc ggataagatg gtatctgttg agcatgggct ccaacgagaa tattcacagc 3240
atccatttect ccggtcacgt gtttacagtg agaaagaaag aagagtacaa gatggctctg 3300
tataatctct atccaggegt attcgaaacg gtggagatgt tgcctagcaa ggccggcatt 3360
tggcgagtag aatgccttat cggggaacat ctgcatgccg gaatgagcac gcetcttectg 3420
gtgtatagta acaagtgcca gactccgetg ggcatggcat ctggccatat acgggacttt 3480
cagattacgg ctagcgggca gtatgggcag tgggcaccca aacttgcgeg actgcactat 3540
tcaggctcta tcaatgcatg gtccaccaag gaacccttet cttggattaa ggtggacctt 3600
ttggcgcecca tgataatcca tgggatcaaa acccagggcg ctcgtcagaa attctcatca 3660
ctctacatct ctcagttcat aataatgtat tcactggatg ggaagaaatg gcagacttac 3720
agaggaaaca gcaccgggac gctgatggtg ttcetttggca acgtggacag cagcggcatce 3780
aaacacaaca tcttcaatcc tcecccattatt gccecgttata ttagactgca tceccactcac 3840
tactctatac gcagcacact taggatggag ctcatgggat gcgacctgaa cagttgtagt 3900
atgcccttgg ggatggagtc caaagctata agcgacgcac aaattacagce tagctcttac 3960
tttacgaata tgttcgccac gtggagccca agcaaagcecce ggctgcattt gcagggtegg 4020
agtaatgctt ggcgcccaca ggtgaataac cctaaggaat ggttgcaagt agatttccag 4080

aaaactatga aggtaaccgg cgtcactaca cagggagtca agtccctctt gacctctatg 4140
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tacgtcaagg agttcctgat tagcagcagt caggatggge accaatggac actgttcette
cagaatggga aagttaaagt atttcagggt aaccaggact cctttacacc tgtggtgaat
agcctegace caccectget gacacgatac ctecgeatec accctcagte ttgggtgeat
caaattgcce tgcgaatgga ggtgttggga tgegaagetce aggacctcta ctga

<210> SEQ ID NO 16

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

4200

4260

4320

4374

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 16

atgcagatcg aactctctac ttgettette ctgtgectte tgaggttetg cttetetgece
actcgecgat attacctegg ggccegtggag ttgagttggg actacatgca atcagatctg
ggcgaactce ctgtggatge ccgattccca ccgegegtge ccaagtettt cccatttaat
acttctgtgg tgtacaagaa gacattgttt gtggagttta cecgatcacct gttcaacatce
gccaaaccge ggceccccatg gatgggtetyg cttgggecca ccattcaage ggaggtcetat
gatacagtgg tgataacgct taagaacatyg gcgagccacce cagtgtetet geatgeegtt
ggtgtatcat attggaaggc cagcgaagga gcggagtacg atgaccagac ctctcagaga
gagaaggaag acgataaggt ttttcctgge ggaagtcata catatgtatg gcaggtectg
aaagagaatg ggccgatgge ttctgaccce ctttgtetta cctatagtta tcetgagecac
gtggacctgg tcaaggacct caacagtggt ctgattgggg ctetgettgt ttgtagagag
ggtagettgg ctaaggagaa aacccaaaca ctccataagt tcattttget gttegeggtg
ttcgacgagyg gaaagagttg gcacagcgaa acaaagaatt cactgatgca agacagggac
gecgettecyg caagggcettg gectaagatyg catacggtga atgggtatgt gaaccggage
ctcecegggge tgategggtyg ccatcgeaag tetgtttact ggcacgtcat tggaatgggg
acaacgccag aggtacatag tatatttett gaaggccaca cgttcctegt acggaaccac
cgacaggctt ccctggagat aagcecccatt acctttetga cegetcagac tcetgetgatg
gaccttggee agtttctect gttetgecat attagcagece accagcacga cggtatggaa
gcatacgtga aagtcgatag ctgtcctgag gagectcage tcagaatgaa gaacaacgag
gaggccgaag actatgacga tgaccttaca gattccgaga tggacgtggt gegetttgac
gacgataaca gtcctagttt cattcaaatc agatccgtag ccaaaaagca tccaaagaca
tgggtgcatt acattgcage cgaagaggag gattgggatt atgegecect tgttetgget
ccagatgaca ggagctataa gtcccagtac ttgaacaacg ggccacageg aatcggtaga
aaatataaga aggtaagatt catggcctac actgacgaaa catttaaaac cagggaagct
atccaacacg aatctggaat tcteggeect ctgetctacg gtgaggtggg ggacaccttg
ctgatcattt tcaaaaatca ggcatccagg ccttacaaca tataccccca tggcatcacce
gatgtcegee cgetgtatte cagaagactce cccaagggag tgaaacatct gaaagatttt
cccatectge cgggcegagat ctttaaatac aaatggactg tgactgtaga ggacgggect

acaaaatcag acccacggtg cctgacaagg tattacagta gettcgtcaa catggaacgce

60
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780
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900

960

1020

1080
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1260
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1440

1500

1560

1620

1680
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gacctcgeca geggactcat tggcccactg ttgatctgtt acaaagagtc agtggatcag 1740
aggggaaatc agatcatgag cgataagaga aacgttatcc tgtttagtgt cttcgacgag 1800
aaccggtett ggtaccttac tgagaacatc cagaggttcce tgccgaatcce ggctggegtt 1860
cagctcgagg acccagagtt ccaggccagt aatataatgc actcaatcaa cggttatgtg 1920
ttcgatagece tgcagctgag cgtctgecte cacgaggtag cctattggta catattgtcece 1980
atcggggctce agaccgattt tetgtceegtg ttetttageg ggtatacctt taaacataaa 2040
atggtctatg aagacaccct gaccctgtte ccattctecg gtgagactgt gttcatgtcce 2100
atggagaacc cagggctgtg gatcctgggg tgtcacaata gtgactttag gaatcgggga 2160
atgacggcac tgctgaaggt gagttcttgc gataaaaata caggagatta ctatgaggat 2220
agttacgagg atatcagtgc ctatctgctt tcaaaaaaca acgcaattga gccccggtcet 2280
ttctcacaaa accccceggt getgaagege caccagegeg aaattaccceyg gacaaccttg 2340
cagtccgacce aggaggaaat cgattatgac gatactatca gtgtagaaat gaaaaaggag 2400
gattttgata tttacgacga agacgagaac cagtctccgce gaagttttca gaagaaaacyg 2460
cgacactact ttatagctgc cgtggaacga ctctgggatt atggcatgtce ctccagccect 2520
catgtcctta ggaatcgagce gcagagtggce tctgtgectce agttcaaaaa ggttgtgtte 2580
caggaattca ccgacggctce atttacccag cegetgtaca gaggcgaact caacgaacac 2640
cttgggcectge ttgggccata tattcgagca gaggtggaag ataatatcat ggtaaccttt 2700
agaaaccagg cgtcaagacc ctattcctte tacagttcectce tgatcagcta cgaggaggac 2760
caaagacagg gagctgaacc caggaagaac tttgtgaaac ctaatgagac caagacctac 2820
ttctggaagg tccagcacca tatggcccca actaaagatg aattcgattg caaggcctgg 2880
gcttatttca gcgacgtgga tctcgaaaag gatgtgcaca gcegggttgat cggaccgett 2940
ttggtgtgcce acacaaatac cctcaatcct gcccacggge ggcaggtcac agttcaagag 3000
tttgcactct tctttacaat atttgacgag acaaagtcat ggtattttac agagaatatg 3060
gagagaaatt gtcgcgcacce ttgcaacatt cagatggagg accccacatt taaggagaat 3120
tacagatttc atgctatcaa tgggtacatt atggatactc tgcctggtcet ggtcatggcece 3180
caggatcagc gcataaggtg gtacttgctg agcatgggat ctaatgagaa tatacacagc 3240
attcacttca gtggccacgt ttttactgtt agaaagaagg aggagtacaa aatggcgctc 3300
tacaaccttt acccgggtgt gtttgagaca gtggagatgc tgccaagcaa ggcaggcatc 3360
tggagggttg agtgtcttat tggggagcat ctgcatgctg gaatgtccac cctetttett 3420
gtgtacagca ataagtgcca gacaccgctt ggcatggcca gcggccacat tagggacttt 3480
cagataactg ccagtggaca gtacggccag tgggctccca agcttgcaag actccactac 3540
tcecggaagca taaacgcatg gagcaccaag gaacccttet cttggattaa ggtggacctg 3600
ctggcgccaa tgatcattca cggcataaaa acccaagggg cacgacagaa attttcatct 3660
ttgtatatta gtcagtttat catcatgtac agcttggatg gaaagaagtg gcagacgtac 3720
aggggcaatt ctacaggaac acttatggtg ttttttggga atgtcgattc cagcgggatc 3780
aaacataaca tcttcaatcc tectattate gcccgatata tccgectgca cectacgeat 3840
tactccatca ggtccacatt gagaatggaa ctgatggggt gcgacctgaa tagttgtagt 3900

atgccactgg gcatggagtc taaagccatc agcgatgcac agatcactgce cagctcttac 3960
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ttcaccaaca tgtttgcaac ttggtcccce tctaaagcetc gectgcatet gcagggacgce 4020
tcaaatgcat ggcgaccaca ggtgaacaat ccaaaagagt ggctccaggt cgactttcag 4080
aagacaatga aggtaacagg agtgacaacc cagggtgtaa aaagcctcct tacgagtatg 4140
tacgttaagg agtttctgat ttctagctce caggacggac accagtggac tcectgttcette 4200
cagaacggca aagtgaaggt atttcaggga aaccaggatt cttttacccc ggtagtgaat 4260
agcctggatce caccgttget gacccgctat ctgagaattc atccacaatc ctgggtgcat 4320
cagattgccce tccggatgga agtgctcecgge tgtgaagetce aggatctgta ttag 4374
<210> SEQ ID NO 17

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 17

atgcaaatag agctctecac ctgettettt ctgtgecttt tgegattetg ctttagtgece 60
accagaagat actacctggg tgcagtggaa ctgtcatggg actatatgca aagtgatcte 120
ggtgagctge ctgtggacgce aagatttcct cctagagtge caaaatcttt tccattcaac 180
acctcagtcg tgtacaaaaa gactctgttt gtagaattca cggatcacct tttcaacatce 240
gctaagccaa ggccaccectg gatgggtetyg ctaggtecta ccatccagge tgaggtttat 300
gatacagtgg tcattacact taagaacatg gcttcccate ctgtcagtet tcatgetgtt 360
ggtgtatcct actggaaagc ttctgaggga gctgaatatg atgatcagac cagtcaaagg 420
gagaaagaag atgataaagt cttccctggt ggaagccata catatgtctg geaggtectg 480
aaagagaatg gtccaatgge ctctgaccca ctgtgectta cctactcata tctttcetceat 540
gtggacctgg taaaagactt gaattcaggce ctcattggag ccctactagt atgtagagaa 600
gggagtctgg ccaaggaaaa gacacagacc ttgcacaaat ttatactact ttttgetgta 660
tttgatgaag ggaaaagttg gcactcagaa acaaagaact ccttgatgca ggatagggat 720
getgcatetyg ctegggectg gectaaaatyg cacacagtca atggttatgt aaacaggtet 780
ctgccaggte tgattggatg ccacaggaaa tcagtctatt ggcatgtgat tggaatggge 840
accactcctyg aagtgcacte aatatteccte gaaggtcaca catttettgt gaggaaccat 900
cgccaggegt ccttggaaat ctegecaata actttectta ctgetcaaac actcttgatg 960

gaccttggac agtttctact gttttgtcat atctcttcec accaacatga tggcatggaa 1020

gcttatgtca aagtagacag ctgtccagag gaaccccaac tacgaatgaa aaataatgaa 1080

gaagcggaag actatgatga tgatcttact gattctgaaa tggatgtggt caggtttgat 1140

gatgacaact ctccttectt tatccaaatt cgctcagttyg ccaagaagca tcctaaaact 1200

tgggtacatt acattgctgc tgaagaggag gactgggact atgctccctt agtcctcecgece 1260

ccecgatgaca gaagttataa aagtcaatat ttgaacaatg geccctcagceg gattggtagg 1320

aagtacaaaa aagtccgatt tatggcatac acagatgaaa cctttaagac tcgtgaagct 1380

attcagcatg aatcaggaat cttgggacct ttactttatg gggaagttgg agacacactg 1440

ttgattatat ttaagaatca agcaagcaga ccatataaca tctaccctca cggaatcact 1500

gatgtccgte ctttgtattc aaggagatta ccaaaaggtg taaaacattt gaaggatttt 1560
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ccaattctgce caggagaaat attcaaatat aaatggacag tgactgtaga agatgggcca 1620
actaaatcag atcctcggtg cctgacccge tattactcecta gtttecgttaa tatggagaga 1680
gatctagcett caggactcat tggccctcectce ctcatctget acaaagaatc tgtagatcaa 1740
agaggaaacc agataatgtc agacaagagg aatgtcatcc tgttttctgt atttgatgag 1800
aaccgaagct ggtacctcac agagaatata caacgctttce tccccaatce agctggagtg 1860
cagcttgagg atccagagtt ccaagcctce aacatcatgce acagcatcaa tggctatgtt 1920
tttgatagtt tgcagttgtc agtttgtttg catgaggtgg catactggta cattctaagc 1980
attggagcac agactgactt cctttcectgte ttcecttctetg gatatacctt caaacacaaa 2040
atggtctatg aagacacact caccctattc ccattctcag gagaaactgt cttcatgtcg 2100
atggaaaacc caggtctatg gattctgggg tgccacaact cagactttcg gaacagaggc 2160
atgaccgect tactgaaggt ttctagttgt gacaagaaca ctggtgatta ttacgaggac 2220
agttatgaag atatttcagc atacttgctg agtaaaaaca atgccattga accaagaagc 2280
ttctececcaga atccaccagt cttgaaacgce catcaacggg aaataactcg tactactcectt 2340
cagtcagatc aagaggaaat tgactatgat gataccatat cagttgaaat gaagaaggaa 2400
gattttgaca tttatgatga ggatgaaaat cagagccccc gcagctttca aaagaaaaca 2460
cgacactatt ttattgctgc agtggagagg ctctgggatt atgggatgag tagctcccca 2520
catgttctaa gaaacagggc tcagagtggc agtgtccctc agttcaagaa agttgtttte 2580
caggaattta ctgatggctc ctttactcag cccttatacc gtggagaact aaatgaacat 2640
ttgggactcce tggggccata tataagagca gaagttgaag ataatatcat ggtaactttce 2700
agaaatcagg cctctcgtece ctattcectte tattctagec ttatttctta tgaggaagat 2760
cagaggcaag gagcagaacc tagaaaaaac tttgtcaagce ctaatgaaac caaaacttac 2820
ttttggaaag tgcaacatca tatggcaccc actaaagatg agtttgactg caaagcctgg 2880
gcttatttet ctgatgttga cctggaaaaa gatgtgcact caggcectgat tggaccectt 2940
ctggtctgece acactaacac actgaaccct gctcatggga gacaagtgac agtacaggaa 3000
tttgctetgt ttttcaccat ctttgatgag accaaaagct ggtacttcac tgaaaatatg 3060
gaaagaaact gcagggctce ctgcaatatc cagatggaag atcccacttt taaagagaat 3120
tatcgcttcece atgcaatcaa tggctacata atggatacac tacctggctt agtaatggcet 3180
caggatcaaa ggattcgatg gtatctgctc agcatgggca gcaatgaaaa catccattct 3240
attcatttca gtggacatgt gttcactgta cgaaaaaaag aggagtataa aatggcactg 3300
tacaatctct atccaggtgt ttttgagaca gtggaaatgt taccatccaa agctggaatt 3360
tggcgggtgg aatgccttat tggcgagcat ctacatgcetg ggatgagcac actttttcetg 3420
gtgtacagca ataagtgtca gactcccctg ggaatggctt ctggacacat tagagatttt 3480
cagattacag cttcaggaca atatggacag tgggccccaa agctggccag acttcattat 3540
tcecggatcaa tcaatgcctg gagcaccaag gagecctttt cttggatcaa ggtggatctg 3600
ttggcaccaa tgattattca cggcatcaag acccagggtg cccgtcagaa gttctceccagce 3660
ctctacatct ctcagtttat catcatgtat agtcttgatg ggaagaagtg gcagacttat 3720
cgaggaaatt ccactggaac cttaatggtc ttctttggca atgtggattc atctgggata 3780

aaacacaata tttttaaccc tccaattatt gctcgataca tccgtttgca cccaactcat 3840
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tatagcattc gcagcactct tcgcatggag ttgatgggct gtgatttaaa tagttgcagce 3900
atgccattgg gaatggagag taaagcaata tcagatgcac agattactgc ttcatcctac 3960
tttaccaata tgtttgccac ctggtctcct tcaaaagctc gacttcacct ccaagggagg 4020
agtaatgcct ggagacctca ggtgaataat ccaaaagagt ggctgcaagt ggacttccag 4080
aagacaatga aagtcacagg agtaactact cagggagtaa aatctctgct taccagcatg 4140
tatgtgaagg agttcctcat ctccagcagt caagatggcc atcagtggac tcectetttttt 4200
cagaatggca aagtaaaggt ttttcaggga aatcaagact ccttcacacc tgtggtgaac 4260
tctctagace caccgttact gactcgctac cttecgaattc acccccagag ttgggtgcac 4320
cagattgccce tgaggatgga ggttctgggce tgcgaggcac aggacctcta ctga 4374
<210> SEQ ID NO 18

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 18

atgcagatcg agctgtcecac atgetttttt ctgtgectge tgeggttetg cttcagegece 60
acceggeggt actacctggg cgecgtggag ctgtectggg actacatgca gagcegacctg 120
ggcgagetge ccegtggacge ceggttecce cccagagtge ccaagagett ccecttcaac 180
accagcegtgg tgtacaagaa aaccctgtte gtggagtteca cegaccacct gttcaacatce 240
gccaagcecca ggecccectg gatgggectyg ctgggeccca ccatccagge cgaggtgtac 300
gacaccgtgg tgatcaccct gaagaacatyg gccagccacce ccgtgagect geacgeegtyg 360
ggcgtgaget actggaagge ctccgaggge gecgagtacg acgaccagac cagcecagegg 420
gagaaagagg acgacaaagt ctttcctgge ggcagccaca cctacgtgtg geaggtectg 480
aaagaaaacg gccccatgge ctecgaccee ctgtgectga cctacageta cctgagecac 540

gtggacctgg tgaaggacct gaacagceggyg ctgattgggg cectgetggt ctgecgggag 600

ggcagcectgg ccaaagagaa aacccagacce ctgcacaagt tcatcctget gttegeegtg 660
ttcgacgagyg gcaagagetg gcacagegag accaagaaca gectgatgca ggaccgggac 720
gecgectety ccagagectg geccaagatg cacaccgtga acggctacgt gaacagaagce 780
ctgcceggee tgattggetg ccaccggaag agegtgtact ggcacgtgat cggcatggge 840
accacacceg aggtgcacag catctttetg gaagggcaca cetttetggt geggaaccac 900
cggcaggeca gectggaaat cagecctate accttectga cegeccagac actgetgatg 960

gacctgggec agttcectgcet gttttgccac atcagcectcte accagcacga cggcatggaa 1020

gectacgtga aggtggactce ctgccccgag gaaccccage tgcggatgaa gaacaacgag 1080

gaagccgagg actacgacga cgacctgacce gacagcgaga tggacgtggt geggttegac 1140

gacgacaaca gccccagett catccagate agaagegtgg ccaagaagca ccccaagacce 1200

tgggtgcact acatcgecge cgaggaagag gactgggact acgecccect ggtgetggece 1260

cccgacgaca gaagctacaa gagcecagtac ctgaacaatg geccccageg gatcggecegg 1320

aagtacaaga aagtgcggtt catggectac accgacgaga ccttcaagac ccgggaggece 1380
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atccagcacg agagcggcat cctgggeccce ctgetgtacyg gcegaagtggyg cgacacactg 1440
ctgatcatct tcaagaacca ggccagecgg cectacaaca tctaccccca cggcatcace 1500
gacgtgegge cectgtacag caggeggetg cccaagggeyg tgaagcacct gaaggactte 1560
cccatectge ccggegagat cttcaagtac aagtggacceyg tgaccgtgga ggacggccce 1620
accaagagcg accccagatg cctgaccegg tactacagea gcettegtgaa catggaacgg 1680
gacctggect ccgggctgat cggacctetg ctgatctget acaaagaaag cgtggaccag 1740
cggggcaacc agatcatgag cgacaagcgg aacgtgatcc tgttcagcgt gttcgatgag 1800
aaccggtect ggtatctgac cgagaacatc cagecggttte tgcccaacce tgccggggtg 1860
cagctggaag atcccgagtt ccaggccagce aacatcatgce actccatcaa tggctacgtg 1920
ttcgacagcce tgcagctgte cgtgtgtctg cacgaggtgg cctactggta catcctgagce 1980
atcggcegecce agaccgactt cctgagegtg ttettcageg gctacacctt caagcacaag 2040
atggtgtacg aggacaccct gaccctgtte cctttcageg gecgagaccgt gttcatgagce 2100
atggaaaacc ccggectgtg gatcctggge tgecacaaca gcegacttecyg gaaccgggge 2160
atgaccgcce tgctgaaggt gtccagetge gacaagaaca ccggcgacta ctacgaggac 2220
agctacgagg atatcagcgce ctacctgetg tcecaagaaca acgccatcga gcccagaagce 2280
ttcagccaga accccectgt gectgaagegg caccagagag agatcaccceyg gaccaccctg 2340
cagtccgace aggaagagat cgattacgac gacaccatca gcgtggagat gaaaaaagaa 2400
gatttcgaca tctacgacga ggacgagaac cagagcccce ggtcctteca gaagaaaacce 2460
cggcactact ttatcgcecge cgtggagcgg ctgtgggact acggcatgag cagcagcccce 2520
cacgtgctge ggaaccggge ccagagegge agegtgceccece agttcaagaa agtggtgtte 2580
caggaattca ccgacggcag cttcacccag cecectgtace ggggcgaget gaacgagcac 2640
ctggggctgce tggggcccta catcagggce gaagtggagg acaacatcat ggtgacctte 2700
cggaatcagg ccagcagacc ctactcctte tacagcagece tgatcagcta cgaagaggac 2760
cagcggcagg gcgctgaacce ccggaagaac ttegtgaage ccaatgagac caagacctac 2820
ttectggaaag tgcagcacca catggccccece accaaggacyg agttcgactyg caaggectgg 2880
gcctacttceca gcecgacgtgga tctggaaaag gacgtgcact ctggactgat tggceccctetg 2940
ctggtgtgee acaccaacac cctgaacccece geccacggece ggcaggtgac cgtgcaggaa 3000
ttcgeecetgt tettcaccat cttcgacgag accaagtect ggtacttcac cgagaatatg 3060
gaacggaact gcagagccce ctgcaacatc cagatggaag atcctacctt caaagagaac 3120
taccggttce acgccatcaa cggctacatce atggacaccce tgcctggcect ggtgatggcece 3180
caggaccaga ggatccggtg gtatctgcectg tccatgggca gcaacgagaa tatccacagce 3240
atccacttca gecggccacgt gttcaccgtg aggaagaaag aagagtacaa gatggccctg 3300
tacaacctgt acccecggegt gttcgagacce gtggagatge tgcccagcaa ggccggcatce 3360
tggcgggtgg agtgtctgat cggcgagcac ctgcatgecg ggatgagcac cctgtttcetg 3420
gtgtacagca acaagtgcca gaccccectg ggcatggceca geggccacat cegggactte 3480
cagatcaccg cctecggeca gtacggecag tgggeccceca agetggecceyg gctgeactac 3540
agcggcagca tcaacgectg gtccaccaaa gagceccttea getggatcaa ggtggacctg 3600

ctggccecta tgatcatcca cggcattaag acccagggeg ccaggcagaa gttcagcage 3660
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ctgtacatca gccagttcat catcatgtac agcctggacg gcaagaagtg gcagacctac 3720
cggggcaaca gcaccggcac cctgatggtyg ttetteggea acgtggacag cagceggcate 3780
aagcacaaca tcttcaaccc ccccatcatce geccggtaca tceecggetgea ccccacccac 3840
tacagcatca gatccaccct gceggatggaa ctgatgggct gcgacctgaa ctectgcagce 3900
atgcctetgg gcatggaaag caaggccatce agecgacgccce agatcacage cagcagctac 3960
ttcaccaaca tgttcgccac ctggtcccce tccaaggcca ggctgcacct gcagggccgg 4020
tccaacgect ggcggcctca ggtgaacaac cccaaagaat ggctgcaggt ggactttcag 4080
aaaaccatga aggtgaccgg cgtgaccacc cagggcgtga aaagcctget gaccagcatg 4140
tacgtgaaag agtttctgat cagcagcagc caggacggcc accagtggac cctgttettt 4200
cagaacggca aggtgaaagt gttccaggge aaccaggact ccttcacccece cgtggtgaac 4260
tcectggace ceccectget gacccegctac ctgeggatcce acccccagte ttgggtgeac 4320
cagatcgccce tgaggatgga agtgctggga tgtgaggccce aggatctgta ctga 4374
<210> SEQ ID NO 19

<211> LENGTH: 2351

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Met Gln Ile Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Arg Phe
1 5 10 15

Cys Phe Ser Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Val Glu Leu Ser
20 25 30

Trp Asp Tyr Met Gln Ser Asp Leu Gly Glu Leu Pro Val Asp Ala Arg
35 40 45

Phe Pro Pro Arg Val Pro Lys Ser Phe Pro Phe Asn Thr Ser Val Val
50 55 60

Tyr Lys Lys Thr Leu Phe Val Glu Phe Thr Asp His Leu Phe Asn Ile
65 70 75 80

Ala Lys Pro Arg Pro Pro Trp Met Gly Leu Leu Gly Pro Thr Ile Gln
85 90 95

Ala Glu Val Tyr Asp Thr Val Val Ile Thr Leu Lys Asn Met Ala Ser
100 105 110

His Pro Val Ser Leu His Ala Val Gly Val Ser Tyr Trp Lys Ala Ser
115 120 125

Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys Glu Asp
130 135 140

Asp Lys Val Phe Pro Gly Gly Ser His Thr Tyr Val Trp Gln Val Leu
145 150 155 160

Lys Glu Asn Gly Pro Met Ala Ser Asp Pro Leu Cys Leu Thr Tyr Ser
165 170 175

Tyr Leu Ser His Val Asp Leu Val Lys Asp Leu Asn Ser Gly Leu Ile
180 185 190

Gly Ala Leu Leu Val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr
195 200 205

Gln Thr Leu His Lys Phe Ile Leu Leu Phe Ala Val Phe Asp Glu Gly
210 215 220

Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gln Asp Arg Asp
225 230 235 240
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Ala Ala Ser Ala Arg Ala Trp Pro Lys Met His Thr Val Asn Gly Tyr
245 250 255

Val Asn Arg Ser Leu Pro Gly Leu Ile Gly Cys His Arg Lys Ser Val
260 265 270

Tyr Trp His Val Ile Gly Met Gly Thr Thr Pro Glu Val His Ser Ile
275 280 285

Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gln Ala Ser
290 295 300

Leu Glu Ile Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met
305 310 315 320

Asp Leu Gly Gln Phe Leu Leu Phe Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro
340 345 350

Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435 440 445

Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala Ile Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 470 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 490 495

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly Val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu Ile Phe
515 520 525

Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp
530 535 540

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 575

Ser Val Asp Gln Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 590

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile Gln Arg Phe Leu Pro Asn Pro Ala Gly Val Gln Leu Glu Asp
610 615 620

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Ile Asn Gly Tyr Val
625 630 635 640



US 2019/0202893 Al Jul. 4,2019
76

-continued

Phe Asp Ser Leu Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr
675 680 685

Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720

Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
725 730 735

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 745 750

Asn Asn Ala Ile Glu Pro Arg Ser Phe Ser Gln Asn Ser Arg His Pro
755 760 765

Ser Thr Arg Gln Lys Gln Phe Asn Ala Thr Thr Ile Pro Glu Asn Asp
770 775 780

Ile Glu Lys Thr Asp Pro Trp Phe Ala His Arg Thr Pro Met Pro Lys
785 790 795 800

Ile Gln Asn Val Ser Ser Ser Asp Leu Leu Met Leu Leu Arg Gln Ser
805 810 815

Pro Thr Pro His Gly Leu Ser Leu Ser Asp Leu Gln Glu Ala Lys Tyr
820 825 830

Glu Thr Phe Ser Asp Asp Pro Ser Pro Gly Ala Ile Asp Ser Asn Asn
835 840 845

Ser Leu Ser Glu Met Thr His Phe Arg Pro Gln Leu His His Ser Gly
850 855 860

Asp Met Val Phe Thr Pro Glu Ser Gly Leu Gln Leu Arg Leu Asn Glu
865 870 875 880

Lys Leu Gly Thr Thr Ala Ala Thr Glu Leu Lys Lys Leu Asp Phe Lys
885 890 895

Val Ser Ser Thr Ser Asn Asn Leu Ile Ser Thr Ile Pro Ser Asp Asn
900 905 910

Leu Ala Ala Gly Thr Asp Asn Thr Ser Ser Leu Gly Pro Pro Ser Met
915 920 925

Pro Val His Tyr Asp Ser Gln Leu Asp Thr Thr Leu Phe Gly Lys Lys
930 935 940

Ser Ser Pro Leu Thr Glu Ser Gly Gly Pro Leu Ser Leu Ser Glu Glu
945 950 955 960

Asn Asn Asp Ser Lys Leu Leu Glu Ser Gly Leu Met Asn Ser Gln Glu
965 970 975

Ser Ser Trp Gly Lys Asn Val Ser Ser Thr Glu Ser Gly Arg Leu Phe
980 985 990

Lys Gly Lys Arg Ala His Gly Pro Ala Leu Leu Thr Lys Asp Asn Ala
995 1000 1005

Leu Phe Lys Val Ser Ile Ser Leu Leu Lys Thr Asn Lys Thr Ser
1010 1015 1020

Asn Asn Ser Ala Thr Asn Arg Lys Thr His Ile Asp Gly Pro Ser
1025 1030 1035

Leu Leu Ile Glu Asn Ser Pro Ser Val Trp Gln Asn Ile Leu Glu
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1040 1045 1050

Ser Asp Thr Glu Phe Lys Lys Val Thr Pro Leu Ile His Asp Arg
1055 1060 1065

Met Leu Met Asp Lys Asn Ala Thr Ala Leu Arg Leu Asn His Met
1070 1075 1080

Ser Asn Lys Thr Thr Ser Ser Lys Asn Met Glu Met Val Gln Gln
1085 1090 1095

Lys Lys Glu Gly Pro Ile Pro Pro Asp Ala Gln Asn Pro Asp Met
1100 1105 1110

Ser Phe Phe Lys Met Leu Phe Leu Pro Glu Ser Ala Arg Trp Ile
1115 1120 1125

Gln Arg Thr His Gly Lys Asn Ser Leu Asn Ser Gly Gln Gly Pro
1130 1135 1140

Ser Pro Lys Gln Leu Val Ser Leu Gly Pro Glu Lys Ser Val Glu
1145 1150 1155

Gly Gln Asn Phe Leu Ser Glu Lys Asn Lys Val Val Val Gly Lys
1160 1165 1170

Gly Glu Phe Thr Lys Asp Val Gly Leu Lys Glu Met Val Phe Pro
1175 1180 1185

Ser Ser Arg Asn Leu Phe Leu Thr Asn Leu Asp Asn Leu His Glu
1190 1195 1200

Asn Asn Thr His Asn Gln Glu Lys Lys Ile Gln Glu Glu Ile Glu
1205 1210 1215

Lys Lys Glu Thr Leu Ile Gln Glu Asn Val Val Leu Pro Gln Ile
1220 1225 1230

His Thr Val Thr Gly Thr Lys Asn Phe Met Lys Asn Leu Phe Leu
1235 1240 1245

Leu Ser Thr Arg Gln Asn Val Glu Gly Ser Tyr Asp Gly Ala Tyr
1250 1255 1260

Ala Pro Val Leu Gln Asp Phe Arg Ser Leu Asn Asp Ser Thr Asn
1265 1270 1275

Arg Thr Lys Lys His Thr Ala His Phe Ser Lys Lys Gly Glu Glu
1280 1285 1290

Glu Asn Leu Glu Gly Leu Gly 2&Asn Gln Thr Lys Gln Ile Val Glu
1295 1300 1305

Lys Tyr Ala Cys Thr Thr Arg Ile Ser Pro Asn Thr Ser Gln Gln
1310 1315 1320

Asn Phe Val Thr Gln Arg Ser Lys Arg Ala Leu Lys Gln Phe Arg
1325 1330 1335

Leu Pro Leu Glu Glu Thr Glu Leu Glu Lys Arg Ile 1Ile Val Asp
1340 1345 1350

Asp Thr Ser Thr Gln Trp Ser Lys Asn Met Lys His Leu Thr Pro
1355 1360 1365

Ser Thr Leu Thr Gln Ile Asp Tyr Asn Glu Lys Glu Lys Gly Ala
1370 1375 1380

Ile Thr Gln Ser Pro Leu Ser Asp Cys Leu Thr Arg Ser His Ser
1385 1390 1395

Ile Pro Gln Ala Asn Arg Ser Pro Leu Pro Ile Ala Lys Val Ser
1400 1405 1410

Ser Phe Pro Ser Ile Arg Pro Ile Tyr Leu Thr Arg Val Leu Phe
1415 1420 1425
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Gln Asp Asn Ser Ser His Leu Pro Ala Ala Ser Tyr Arg Lys Lys
1430 1435 1440

Asp Ser Gly Val Gln Glu Ser Ser His Phe Leu Gln Gly Ala Lys
1445 1450 1455

Lys Asn Asn Leu Ser Leu Ala Ile Leu Thr Leu Glu Met Thr Gly
1460 1465 1470

Asp Gln Arg Glu Val Gly Ser Leu Gly Thr Ser Ala Thr Asn Ser
1475 1480 1485

Val Thr Tyr Lys Lys Val Glu Asn Thr Val Leu Pro Lys Pro Asp
1490 1495 1500

Leu Pro Lys Thr Ser Gly Lys Val Glu Leu Leu Pro Lys Val His
1505 1510 1515

Ile Tyr Gln Lys Asp Leu Phe Pro Thr Glu Thr Ser Asn Gly Ser
1520 1525 1530

Pro Gly His Leu Asp Leu Val Glu Gly Ser Leu Leu Gln Gly Thr
1535 1540 1545

Glu Gly Ala Ile Lys Trp Asn Glu Ala Asn Arg Pro Gly Lys Val
1550 1555 1560

Pro Phe Leu Arg Val Ala Thr Glu Ser Ser Ala Lys Thr Pro Ser
1565 1570 1575

Lys Leu Leu Asp Pro Leu Ala Trp Asp Asn His Tyr Gly Thr Gln
1580 1585 1590

Ile Pro Lys Glu Glu Trp Lys Ser Gln Glu Lys Ser Pro Glu Lys
1595 1600 1605

Thr Ala Phe Lys Lys Lys Asp Thr Ile Leu Ser Leu Asn Ala Cys
1610 1615 1620

Glu Ser Asn His Ala Ile Ala Ala Ile Asn Glu Gly Gln Asn Lys
1625 1630 1635

Pro Glu 1Ile Glu Val Thr Trp Ala Lys Gln Gly Arg Thr Glu Arg
1640 1645 1650

Leu Cys Ser Gln Asn Pro Pro Val Leu Lys Arg His Gln Arg Glu
1655 1660 1665

Ile Thr Arg Thr Thr Leu Gln Ser Asp Gln Glu Glu Ile Asp Tyr
1670 1675 1680

Asp Asp Thr Ile Ser Val Glu Met Lys Lys Glu Asp Phe Asp Ile
1685 1690 1695

Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe Gln Lys Lys
1700 1705 1710

Thr Arg His Tyr Phe Ile Ala Ala Val Glu Arg Leu Trp Asp Tyr
1715 1720 1725

Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg Ala Gln Ser
1730 1735 1740

Gly Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu Phe Thr
1745 1750 1755

Asp Gly Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn Glu
1760 1765 1770

His Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu Val Glu Asp
1775 1780 1785

Asn Ile Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser
1790 1795 1800
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Phe Tyr Ser Ser Leu Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly
1805 1810 1815

Ala Glu Pro Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr
1820 1825 1830

Tyr Phe Trp Lys Val Gln His His Met Ala Pro Thr Lys Asp Glu
1835 1840 1845

Phe Asp Cys Lys Ala Trp Ala Tyr Phe Ser Asp Val Asp Leu Glu
1850 1855 1860

Lys Asp Val His Ser Gly Leu Ile Gly Pro Leu Leu Val Cys His
1865 1870 1875

Thr Asn Thr Leu Asn Pro Ala His Gly Arg Gln Val Thr Val Gln
1880 1885 1890

Glu Phe Ala Leu Phe Phe Thr 1Ile Phe Asp Glu Thr Lys Ser Trp
1895 1900 1905

Tyr Phe Thr Glu Asn Met Glu Arg Asn Cys Arg Ala Pro Cys Asn
1910 1915 1920

Ile Gln Met Glu Asp Pro Thr Phe Lys Glu Asn Tyr Arg Phe His
1925 1930 1935

Ala Ile Asn Gly Tyr Ile Met Asp Thr Leu Pro Gly Leu Val Met
1940 1945 1950

Ala Gln Asp Gln Arg Ile Arg Trp Tyr Leu Leu Ser Met Gly Ser
1955 1960 1965

Asn Glu Asn Ile His Ser Ile His Phe Ser Gly His Val Phe Thr
1970 1975 1980

Val Arg Lys Lys Glu Glu Tyr Lys Met Ala Leu Tyr Asn Leu Tyr
1985 1990 1995

Pro Gly Val Phe Glu Thr Val Glu Met Leu Pro Ser Lys Ala Gly
2000 2005 2010

Ile Trp Arg Val Glu Cys Leu Ile Gly Glu His Leu His Ala Gly
2015 2020 2025

Met Ser Thr Leu Phe Leu Val Tyr Ser Asn Lys Cys Gln Thr Pro
2030 2035 2040

Leu Gly Met Ala Ser Gly His Ile Arg Asp Phe Gln Ile Thr Ala
2045 2050 2055

Ser Gly Gln Tyr Gly Gln Trp Ala Pro Lys Leu Ala Arg Leu His
2060 2065 2070

Tyr Ser Gly Ser Ile Asn Ala Trp Ser Thr Lys Glu Pro Phe Ser
2075 2080 2085

Trp Ile Lys Val Asp Leu Leu Ala Pro Met Ile Ile His Gly Ile
2090 2095 2100

Lys Thr Gln Gly Ala Arg Gln Lys Phe Ser Ser Leu Tyr Ile Ser
2105 2110 2115

Gln Phe 1Ile Ile Met Tyr Ser Leu Asp Gly Lys Lys Trp Gln Thr
2120 2125 2130

Tyr Arg Gly Asn Ser Thr Gly Thr Leu Met Val Phe Phe Gly Asn
2135 2140 2145

Val Asp Ser Ser Gly Ile Lys His Asn Ile Phe Asn Pro Pro Ile
2150 2155 2160

Ile Ala Arg Tyr Ile Arg Leu His Pro Thr His Tyr Ser Ile Arg
2165 2170 2175

Ser Thr Leu Arg Met Glu Leu Met Gly Cys Asp Leu Asn Ser Cys
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2180 2185 2190

Ser Met Pro Leu Gly Met Glu Ser Lys Ala Ile Ser Asp Ala Gln
2195 2200 2205

Ile Thr Ala Ser Ser Tyr Phe Thr Asn Met Phe Ala Thr Trp Ser
2210 2215 2220

Pro Ser Lys Ala Arg Leu His Leu Gln Gly Arg Ser Asn Ala Trp
2225 2230 2235

Arg Pro Gln Val Asn Asn Pro Lys Glu Trp Leu Gln Val Asp Phe
2240 2245 2250

Gln Lys Thr Met Lys Val Thr Gly Val Thr Thr Gln Gly Val Lys
2255 2260 2265

Ser Leu Leu Thr Ser Met Tyr Val Lys Glu Phe Leu Ile Ser Ser
2270 2275 2280

Ser Gln Asp Gly His Gln Trp Thr Leu Phe Phe Gln Asn Gly Lys
2285 2290 2295

Val Lys Val Phe Gln Gly Asn Gln Asp Ser Phe Thr Pro Val Val
2300 2305 2310

Asn Ser Leu Asp Pro Pro Leu Leu Thr Arg Tyr Leu Arg Ile His
2315 2320 2325

Pro Gln Ser Trp Val His Gln Ile Ala Leu Arg Met Glu Val Leu
2330 2335 2340

Gly Cys Glu Ala Gln Asp Leu Tyr
2345 2350

<210> SEQ ID NO 20

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 20

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg cgcegtggag ctgagetggg actacatgca gtcetgacctg 120
ggcgagetge ctgtggacge caggttccce cccagagtge ccaagagcett ccecttcaac 180
acctcagtgg tgtacaagaa gaccctgtte gtggagtteca cegaccacct gttcaacatce 240
gccaagcecca ggecccectg gatgggectyg ctgggeccca ccatccagge cgaggtgtac 300
gacaccgtgg tgatcaccct gaagaacatyg gccagccacce ccgtgagect geacgeegtyg 360
ggcgtgaget actggaagge ctctgaggge gecgagtatg acgaccagac cagccagagg 420
gagaaggagg acgacaaggt gttcccegge ggcagccaca cctacgtgtyg geaggtgetg 480
aaggagaacg gccccatgge cagcgacccee ctgtgectga cctacageta cctgagecac 540
gtggacctgg tgaaggacct gaactctgge ctgatcggeg cectgetggt gtgcagggag 600
ggcagcectgg ccaaggagaa gacccagacce ctgcacaagt tcatcctget gttegeegtg 660
ttcgatgagg gcaagagetyg gcacagegag accaagaaca gectgatgca ggacagggat 720
gecgectety ccagggectg geccaagatyg cacaccgtga acggctacgt gaacaggagce 780
ctgcceggee tgatceggetyg ccacaggaag tctgtgtact ggcacgtgat cggcatggge 840

accacccceg aggtgcacag catcttectg gagggccaca cetteetggt gaggaaccac 900
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aggcaggcca gcctggagat cagccccatce accttectga cegeccagac cctgetgatg 960
gacctgggec agttcectgcet gttetgecac atcagcagec accagcacga cggcatggag 1020
gectacgtga aggtggacag ctgccccgag gagcecccage tgaggatgaa gaacaacgag 1080
gaggccgagg actatgatga tgacctgacc gactctgaga tggacgtggt gaggtttgat 1140
gatgacaaca gccccagett catccagatc aggtctgtgg ccaagaagca ccccaagacce 1200
tgggtgcact acatcgccge cgaggaggag gactgggact acgcccccect ggtgetggece 1260
ccegacgaca ggagctacaa gagccagtac ctgaacaacyg gceccccagag gatcggcagg 1320
aagtacaaga aggtcagatt catggcctac accgacgaga ccttcaagac cagggaggcce 1380
atccagcacg agtctggcat cctgggccce ctgctgtacg gegaggtggg cgacaccctg 1440
ctgatcatct tcaagaacca ggccagcagg ccctacaaca tctaccccca cggcatcace 1500
gatgtgagge ccctgtacag caggaggcetg cccaagggceg tgaagcacct gaaggacttce 1560
ccecatectge cecggcgagat cttcaagtac aagtggaccg tgaccgtgga ggatggcccce 1620
accaagtctg accccaggtg cctgaccagg tactacagca gcecttcgtgaa catggagagg 1680
gacctggect ctggectgat cggcecccectg ctgatctget acaaggagag cgtggaccag 1740
aggggcaacc agatcatgtc tgacaagagg aacgtgatcc tgttctctgt gttcgatgag 1800
aacaggagct ggtatctgac cgagaacatc cagaggttece tgcccaacce cgccggegtyg 1860
cagctggagg accccgagtt ccaggccage aacatcatge acagcatcaa cggctacgtg 1920
ttcgacagcce tgcagctgte tgtgtgectg cacgaggtgg cctactggta catcctgagce 1980
atcggcegecce agaccgactt ccectgtcetgtg ttettcectetg gectacacctt caagcacaag 2040
atggtgtacg aggacaccct gaccctgtte ccecttcageg gegagaccgt gttcatgagce 2100
atggagaacc ccggectgtg gatcctggge tgecacaaca gcgacttcag gaacagggge 2160
atgaccgcce tgctgaaagt cagcagetge gacaagaaca ccggcgacta ctacgaggac 2220
agctacgagg acatcagcgce ctacctgetg agcaagaaca acgccatcga gcccaggage 2280
ttcagccaga acccccceegt gectgaagagg caccagaggg agatcaccag gaccaccctg 2340
cagagcgace aggaggagat cgactatgat gacaccatca gcgtggagat gaagaaggag 2400
gacttcgaca tctacgacga ggacgagaac cagagcccca ggagcttcca gaagaagacce 2460
aggcactact tcatcgccge cgtggagagg ctgtgggact atggcatgag cagcagcccce 2520
cacgtgctga ggaacagggc ccagageggce agegtgceccee agttcaagaa ggtggtgtte 2580
caggagttca ccgacggcag cttcacccag ccectgtaca gaggcgaget gaacgagcac 2640
ctgggectge tgggccccta catcagggce gaggtggagg acaacatcat ggtgacctte 2700
aggaaccagg ccagcaggcc ctacagette tacagcagec tgatcagcta cgaggaggac 2760
cagaggcagg gcgccgagcece caggaagaac ttegtgaage ccaacgagac caagacctac 2820
ttectggaagg tgcagcacca catggcecccece accaaggacyg agttcgactyg caaggectgg 2880
gcctacttet ctgatgtgga cctggagaag gacgtgcaca gceggcectgat cggcecccectg 2940
ctggtgtgee acaccaacac cctgaacccece geccacggea ggcaggtgac cgtgcaggag 3000
ttcgeecetgt tettcaccat cttcgacgag accaagagct ggtacttcac cgagaacatg 3060
gagaggaact gcagggccce ctgcaacatc cagatggagg accccacctt caaggagaac 3120

tacaggttcc acgccatcaa cggctacatc atggacaccce tgcccggcect ggtgatggece 3180
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caggaccaga ggatcaggtg gtatctgetg agcatgggca gcaacgagaa catccacage 3240
atccacttca gecggccacgt gttcaccgtg aggaagaagg aggagtacaa gatggccctg 3300
tacaacctgt acccecggegt gttcgagacce gtggagatge tgcccagcaa ggccggcatce 3360
tggagggtgg agtgcctgat cggcgagcac ctgcacgcecg gcatgagcac cctgttectg 3420
gtgtacagca acaagtgcca gaccccectg ggcatggceca geggccacat cagggactte 3480
cagatcaccg cctetggeca gtacggecag tgggeccceca agetggcecag gctgcactac 3540
agcggcagca tcaacgectg gagcaccaag gagceccttea getggatcaa ggtggacctg 3600
ctggecccca tgatcatcca cggcatcaag acccagggeg ccaggcagaa gttcagcage 3660
ctgtacatca gccagttcat catcatgtac agcctggacg gcaagaagtg gcagacctac 3720
aggggcaaca gcaccggcac cctgatggtg ttetteggea acgtggacag cagcggcate 3780
aagcacaaca tcttcaaccc ccccatcatce gecaggtaca tcaggctgca ccccacccac 3840
tacagcatca ggagcaccct gcggatggaa ctgatggget gegacctgaa cagctgcage 3900
atgccectgg gcatggagag caaggccatce tcetgacgecce agatcaccge cagcagctac 3960
ttcaccaaca tgttcgecac ctggagecce agcaaggcca ggctgcacct gcagggcagg 4020
agcaacgcct ggaggcccca ggtgaacaac cccaaggagt ggcetgcaggt ggacttcecag 4080
aagaccatga aggtgaccgg cgtgaccacc cagggcgtga agagectget gaccagcatg 4140
tacgtgaagg agttcctgat cagcagcagc caggacggcc accagtggac cctgttette 4200
cagaacggca aagtgaaggt gttccaggge aaccaggaca gcttcacccee cgtggtgaac 4260
agcctggace ccccectget gaccaggtat ctgaggatcee acccccagag ctgggtgcac 4320
cagatcgccce tgagaatgga agtgctggga tgcgaggcecce aggacctgta ctga 4374
<210> SEQ ID NO 21
<211> LENGTH: 1457
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 21

Met Gln Ile Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Arg Phe
1 5 10 15

Cys Phe Ser Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Val Glu Leu Ser

Trp Asp Tyr Met Gln Ser Asp Leu Gly Glu Leu Pro Val Asp Ala Arg
35 40 45

Phe Pro Pro Arg Val Pro Lys Ser Phe Pro Phe Asn Thr Ser Val Val
50 55 60

Tyr Lys Lys Thr Leu Phe Val Glu Phe Thr Asp His Leu Phe Asn Ile
65 70 75 80

Ala Lys Pro Arg Pro Pro Trp Met Gly Leu Leu Gly Pro Thr Ile Gln
85 90 95

Ala Glu Val Tyr Asp Thr Val Val Ile Thr Leu Lys Asn Met Ala Ser
100 105 110

His Pro Val Ser Leu His Ala Val Gly Val Ser Tyr Trp Lys Ala Ser
115 120 125

Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys Glu Asp
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130 135 140

Asp Lys Val Phe Pro Gly Gly Ser His Thr Tyr Val Trp Gln Val Leu
145 150 155 160

Lys Glu Asn Gly Pro Met Ala Ser Asp Pro Leu Cys Leu Thr Tyr Ser
165 170 175

Tyr Leu Ser His Val Asp Leu Val Lys Asp Leu Asn Ser Gly Leu Ile
180 185 190

Gly Ala Leu Leu Val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr
195 200 205

Gln Thr Leu His Lys Phe Ile Leu Leu Phe Ala Val Phe Asp Glu Gly
210 215 220

Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gln Asp Arg Asp
225 230 235 240

Ala Ala Ser Ala Arg Ala Trp Pro Lys Met His Thr Val Asn Gly Tyr
245 250 255

Val Asn Arg Ser Leu Pro Gly Leu Ile Gly Cys His Arg Lys Ser Val
260 265 270

Tyr Trp His Val Ile Gly Met Gly Thr Thr Pro Glu Val His Ser Ile
275 280 285

Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gln Ala Ser
290 295 300

Leu Glu Ile Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met
305 310 315 320

Asp Leu Gly Gln Phe Leu Leu Phe Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro
340 345 350

Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435 440 445

Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala Ile Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 470 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 490 495

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly Val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu Ile Phe
515 520 525

Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp
530 535 540
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Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 575

Ser Val Asp Gln Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 590

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile Gln Arg Phe Leu Pro Asn Pro Ala Gly Val Gln Leu Glu Asp
610 615 620

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Ile Asn Gly Tyr Val
625 630 635 640

Phe Asp Ser Leu Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr
675 680 685

Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720

Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
725 730 735

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 745 750

Asn Asn Ala Ile Glu Pro Arg Ser Phe Ser Gln Asn Pro Pro Val Leu
755 760 765

Lys Arg His Gln Arg Glu Ile Thr Arg Thr Thr Leu Gln Ser Asp Gln
770 775 780

Glu Glu Ile Asp Tyr Asp Asp Thr Ile Ser Val Glu Met Lys Lys Glu
785 790 795 800

Asp Phe Asp Ile Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe
805 810 815

Gln Lys Lys Thr Arg His Tyr Phe Ile Ala Ala Val Glu Arg Leu Trp
820 825 830

Asp Tyr Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg Ala Gln
835 840 845

Ser Gly Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu Phe Thr
850 855 860

Asp Gly Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn Glu His
865 870 875 880

Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu Val Glu Asp Asn Ile
885 890 895

Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe Tyr Ser
900 905 910

Ser Leu Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly Ala Glu Pro Arg
915 920 925

Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp Lys Val
930 935 940
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Gln

945

Ala

Ile

Gly

Asp

Cys

Glu

Leu

Leu

Ser

Ala

Leu

Glu

Asn

Asp

Lys

Thr

Met

Ser

Gly

Met

Ile

Thr

Cys

Ala

Met

His

Tyr

Gly

Arg

Glu

1010

Arg
1025

Asn
1040

Pro
1055

Leu
1070

Gly
1085

Leu
1100

Pro
1115

His
1130

Lys
1145

Phe
1160

Leu
1175

Lys
1190

Ile
1205

Ser
1220

Lys
1235

Val
1250

Phe
1265

His
1280

Asp
1295

Ile
1310

Phe

His

Phe

Pro

Gln

995

Thr

Ala

Tyr

Gly

Ser

His

Tyr

Ser

Leu

Cys

Gln

Ala

Glu

Ile

Leu

Lys

Phe

Asn

Tyr

Leu

Ser

Ala

Met Ala

Ser Asp

Leu

980

Val

Lys

Pro

Arg

Leu

Met

Val

Asn

Lys

His

Gln

Ile

Arg

Pro

His

Tyr

Trp

Phe

Pro

Ser

Asn

Asp

Thr

965

Leu Val Cys

Thr Val Gln

Ser

Cys

Phe

Val

Gly

Phe

Leu

Ala

Ala

Thr

Thr

Leu

Phe

Gly

Ile

Gln

Gly

Pro

Ile

Ser

Ala

Trp

Pro Thr
950

Val Asp

Trp

Asn

His

Met

Ser

Thr

Tyr

Gly

Gly

Pro

Ala

His

Ser

Ile

Ser

Thr

Asn

Ile

Arg

Cys

Gln

Ser

955

970

985

Glu

1000

Tyr
1015

Ile
1030

Ala
1045

Ala
1060

Asn
1075

Val
1090

Pro
1105

Ile
1120

Met
1135

Leu
1150

Ser
1165

Tyr
1180

Trp
1195

Lys
1210

Gln
1225

Tyr
1240

Val
1255

Ile
1270

Ser
1285

Ser
1300

Ile
1315

Pro

Phe

Gln

Ile

Gln

Glu

Arg

Gly

Trp

Ser

Gly

Gly

Ser

Ile

Thr

Phe

Arg

Asp

Ala

Thr

Met

Thr

Ser

Thr

Met

Asn

Asp

Asn

Lys

Val

Arg

Thr

Met

Gln

Gly

Lys

Gln

Ile

Gly

Ser

Arg

Leu

Pro

Ala

Lys

Glu

Glu

Gly

Gln

Ile

Lys

Phe

Val

Leu

Ala

Tyr

Ser

Val

Gly

Ile

Asn

Ser

Tyr

Arg

Leu

Ser

Ala

Asn

Asp

Tyr

Arg

His

Glu

Glu

Glu

Phe

Ser

Gly

Ile

Asp

Ala

Met

Ser

Gly

Ile

Met

Gly

Ser

Arg

Lys Asp Glu Phe Asp Cys Lys

Leu Glu Lys Asp Val His Ser

His Thr Asn Thr Leu Asn Pro

990

Phe Ala Leu Phe Phe

1005

Met
1020

Pro
1035

Ile
1050

Ile
1065

Ser
1080

Glu
1095

Thr
1110

Cys
1125

Leu
1140

Gly
1155

Gln
1170

Asn
1185

Leu
1200

Arg
1215

Tyr
1230

Thr
1245

Ile
1260

Arg
1275

Glu
1290

Met
1305

Tyr
1320

Leu

Glu

Thr

Met

Arg

Ile

Tyr

Val

Leu

Val

His

Trp

Ala

Leu

Gln

Ser

Gly

Lys

Leu

Leu

Glu

Phe

Ala

Trp
960

Gly Leu

975

Ala

Arg

Phe

Asp

Trp

His

Lys

Glu

Ile

Tyr

Ile

Ala

Trp

Ala

Lys

Leu

Thr

His

His

Met

Ser

Thr

Leu

His

Thr Ile Phe

Asn

Lys

Thr

Tyr

Phe

Met

Met

Gly

Ser

Arg

Pro

Ser

Pro

Phe

Asp

Leu

Asn

Pro

Gly

Lys

Asn

Gln
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1325 1330 1335

Gly Arg Ser Asn Ala Trp Arg Pro Gln Val Asn Asn Pro Lys Glu
1340 1345 1350

Trp Leu Gln Val Asp Phe Gln Lys Thr Met Lys Val Thr Gly Val
1355 1360 1365

Thr Thr Gln Gly Val Lys Ser Leu Leu Thr Ser Met Tyr Val Lys
1370 1375 1380

Glu Phe Leu Ile Ser Ser Ser Gln Asp Gly His Gln Trp Thr Leu
1385 1390 1395

Phe Phe Gln Asn Gly Lys Val Lys Val Phe Gln Gly Asn Gln Asp
1400 1405 1410

Ser Phe Thr Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu Thr
1415 1420 1425

Arg Tyr Leu Arg Ile His Pro Gln Ser Trp Val His Gln Ile Ala
1430 1435 1440

Leu Arg Met Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1445 1450 1455

<210> SEQ ID NO 22

<211> LENGTH: 2220

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 22

gecaccagga gatactacct gggegecegtyg gagctgaget gggactacat geagtctgac 60
ctgggcegage tgectgtgga cgecaggtte ccecccagag tgcccaagag ctteccctte 120
aacacctcag tggtgtacaa gaagaccctg ttegtggagt tcaccgacca cctgttcaac 180
atcgccaage ccaggecccece ctggatggge ctgetgggece ccaccatcca ggecgaggtg 240
tacgacaccg tggtgatcac cctgaagaac atggecagec accecgtgag cctgcacgece 300
gtgggegtga gctactggaa ggcctcetgag ggcegcecgagt atgacgacca gaccagecag 360
agggagaagg aggacgacaa ggtgttcece ggeggcagec acacctacgt gtggcaggtg 420
ctgaaggaga acggccccat ggccagegac ccectgtgec tgacctacag ctacctgage 480
cacgtggacce tggtgaagga cctgaactct ggectgateg gegecctget ggtgtgcagg 540
gagggcagcee tggccaagga gaagacccag accctgcaca agttcatcct getgttegec 600
gtgttcgatyg agggcaagag ctggcacagc gagaccaaga acagcctgat gcaggacagg 660
gatgcegect ctgccaggge ctggeccaag atgcacaccg tgaacggcta cgtgaacagg 720
agcctgeceg gectgategg ctgecacagg aagtetgtgt actggecacgt gatcggcatg 780
ggcaccacce ccgaggtgca cagcatctte ctggagggee acaccttect ggtgaggaac 840
cacaggcagyg ccagcctgga gatcagecce atcaccttec tgaccgecca gacccetgetg 900
atggacctgg gccagttect getgttetge cacatcagea gecaccagea cgacggcatg 960

gaggcctacyg tgaaggtgga cagctgccce gaggagccee agctgaggat gaagaacaac 1020

gaggaggccg aggactatga tgatgacctg accgactctg agatggacgt ggtgaggttt 1080

gatgatgaca acagccccag cttcatccag atcaggtetg tggccaagaa gcaccccaag 1140

acctgggtge actacatege cgeccgaggag gaggactggg actacgccce cctggtgetg 1200
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geeeccgacy acaggagcta caagagccag tacctgaaca acggccccca gaggatcgge 1260
aggaagtaca agaaggtcag attcatggcce tacaccgacyg agaccttcaa gaccagggag 1320
geecatccage acgagtctgg catcctggge cccctgetgt acggcgaggt gggcgacacce 1380
ctgctgatca tcttcaagaa ccaggccagce aggccctaca acatctacce ccacggcatce 1440
accgatgtga ggcccectgta cagcaggagg ctgcccaagg gcegtgaagca cctgaaggac 1500
ttcceccatece tgccecggega gatcttcaag tacaagtgga ccgtgaccgt ggaggatggce 1560
cccaccaagt ctgaccccag gtgcctgace aggtactaca gcagcttcecgt gaacatggag 1620
agggacctgg cctctggect gatcggccce ctgctgatcect gectacaagga gagcgtggac 1680
cagaggggca accagatcat gtctgacaag aggaacgtga tcctgttcte tgtgttcgat 1740
gagaacagga gctggtatct gaccgagaac atccagaggt tcctgceccaa cecccgcecgge 1800
gtgcagetygyg aggaccccga gttcecaggcece agcaacatca tgcacagcat caacggctac 1860
gtgttcgaca gcctgcagcet gtetgtgtge ctgcacgagg tggcctactg gtacatcectg 1920
agcatcggeg cccagaccga cttectgtet gtgttettet ctggctacac cttcaagcac 1980
aagatggtgt acgaggacac cctgaccctg ttceccctteca geggcgagac cgtgttcatg 2040
agcatggaga accccggect gtggatectg ggetgccaca acagcgactt caggaacagg 2100
ggcatgaceyg ccctgctgaa agtcagcage tgcgacaaga acaccggcga ctactacgag 2160
gacagctacyg aggacatcag cgcctacctg ctgagcaaga acaacgccat cgagcccagg 2220
<210> SEQ ID NO 23

<211> LENGTH: 2052

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 23

gagatcacca ggaccaccct gcagagcgac caggaggaga tcgactatga tgacaccatc 60
agcgtggaga tgaagaagga ggacttcgac atctacgacg aggacgagaa ccagagcccce 120
aggagcttce agaagaagac caggcactac ttcatcgeeg cegtggagag getgtgggac 180
tatggcatga gcagcagecce ccacgtgetyg aggaacaggg cccagagegg cagegtgecce 240
cagttcaaga aggtggtgtt ccaggagtte accgacggea gettcaccca geccctgtac 300
agaggcgage tgaacgagca cctgggectyg ctgggecccet acatcaggge cgaggtggag 360
gacaacatca tggtgacctt caggaaccag gccagcagge cctacagcett ctacageagce 420
ctgatcaget acgaggagga ccagaggeag ggegecgage ccaggaagaa cttegtgaag 480
cccaacgaga ccaagaccta cttetggaag gtgcagecacce acatggccce caccaaggac 540
gagttcgact gcaaggcectg ggectactte tctgatgtgg acctggagaa ggacgtgeac 600
agcggectga tecggeccect getggtgtge cacaccaaca cectgaacce cgeccacgge 660
aggcaggtga ccgtgcagga gttegecetg ttettcacca tettecgacga gaccaagage 720
tggtacttca ccgagaacat ggagaggaac tgcagggccce cctgcaacat ccagatggag 780
gaccccacct tcaaggagaa ctacaggttce cacgccatca acggctacat catggacacc 840

ctgcceggee tggtgatgge ccaggaccag aggatcaggt ggtatctget gagcatggge 900
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agcaacgaga acatccacag catccacttc ageggccacyg tgttcaccegt gaggaagaag 960
gaggagtaca agatggccct gtacaacctg tacccecggeg tgttcgagac cgtggagatg 1020
ctgcecagea aggcecggcat ctggagggtg gagtgcectga teggcgagea cctgcacgece 1080
ggcatgagca ccctgttect ggtgtacage aacaagtgcec agacccccect gggcatggece 1140
agcggecaca tcagggactt ccagatcacce gectcetggece agtacggeca gtgggeccce 1200
aagctggcca ggctgcacta cagcggcage atcaacgect ggagcaccaa ggagecctte 1260
agctggatca aggtggacct gectggecccece atgatcatece acggcatcaa gacccagggce 1320
gccaggcaga agttcagcag cctgtacatc agccagttca tcatcatgta cagcctggac 1380
ggcaagaagt ggcagaccta caggggcaac agcaccggca ccctgatggt gttettegge 1440
aacgtggaca gcagcggcat caagcacaac atcttcaacce cccccatcat cgccaggtac 1500
atcaggctge accccaccca ctacagecatce aggagcacce tgcggatgga actgatggge 1560
tgcgacctga acagctgcag catgccectg ggcatggaga gcaaggccat ctctgacgece 1620
cagatcaccg ccagcagcta cttcaccaac atgttcegeca cctggagecce cagcaaggcce 1680
aggctgcace tgcagggcag gagcaacgcece tggaggcccece aggtgaacaa ccccaaggag 1740
tggctgcagg tggacttcca gaagaccatg aaggtgaccyg gegtgaccac ccagggegtyg 1800
aagagcctge tgaccagcat gtacgtgaag gagttcectga tcagcagcag ccaggacggce 1860
caccagtgga ccctgttett ccagaacggce aaagtgaagg tgttccaggg caaccaggac 1920
agcttcacce cecgtggtgaa cagcctggac cccceccceccetge tgaccaggta tetgaggatce 1980
cacceccaga gctgggtgca ccagatcegece ctgagaatgg aagtgctggyg atgcgaggece 2040
caggacctgt ac 2052
<210> SEQ ID NO 24

<211> LENGTH: 2220

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 24

gccaccagga gatactacct gggggcetgtyg gaactttett gggactacat geagtcetgac 60
ctgggagage tgectgtgga tgccaggtte ccacccagag tgcccaagte ctteccatte 120
aacacctetyg tggtctacaa gaagacacte tttgtggaat tcactgacca cctgttcaac 180
attgcaaaac ccagaccacc ctggatggga ctectgggac ccaccattca ggetgaggtg 240
tatgacactyg tggtcatcac cctcaagaac atggecatcece accetgtgte tcetgecatget 300
gtgggagtct catactggaa agcctctgaa ggggctgagt atgatgacca gacatcccag 360
agagagaaag aggatgacaa ggtgttcect gggggatcte acacctatgt gtggcaagte 420
ctcaaggaga atggacccat ggcatctgac ccactctgec tgacatacte ctacctttet 480
catgtggacce tggtcaagga cctcaactct ggactgattg gggcactget ggtgtgcagg 540
gaaggatcce tggccaagga gaaaacccag acactgcaca agttcattet cctgtttget 600
gtctttgatyg agggcaagtc ttggcactct gaaacaaaga actccctgat gcaagacagg 660
gatgctgect ctgccaggge atggcccaag atgcacactg tgaatggcta tgtgaacaga 720

tcactgectyg gactcattgg ctgccacagg aaatctgtet actggeatgt gattggecatg 780
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gggacaaccce ctgaagtgca ctccattttc ctggagggac acaccttect ggtcaggaac 840
cacagacaag cctctectgga gatctctcee atcaccttece tcactgcaca gacactgetg 900
atggaccttg gacagttcct getgttctge cacatctcett cccaccagca tgatggcatg 960

gaagcctatg tcaaggtgga ctcatgccct gaggaaccac agctcaggat gaagaacaat 1020
gaggaggctg aggactatga tgatgacctg actgactctg agatggatgt ggtcagattt 1080
gatgatgaca actctccatc cttcattcag atcaggtctg tggcaaagaa acaccccaag 1140
acatgggtgc actacattgc tgctgaggaa gaggactggg actatgcacc actggtcctg 1200
gccectgatyg acaggagcta caagtctcag tacctcaaca atggcccaca aagaattgga 1260
agaaagtaca agaaagtcag attcatggcc tacactgatg aaaccttcaa gacaagagaa 1320
gccattcage atgagtctgg cattctggga ccactcecctgt atggggaagt gggagacacce 1380
ctgctcatca tcttcaagaa ccaggcctce aggccctaca acatctacce acatggcatce 1440
actgatgtca ggccectgta cagcaggaga ctgccaaaag gggtgaaaca cctcaaggac 1500
ttcceccatte tgcctggaga gatcttcaag tacaagtgga ctgtcactgt ggaggatgga 1560
ccaacaaagt ctgaccccag gtgcctcacce agatactact cctcettttgt gaacatggag 1620
agagacctgg catctggact gattggacca ctgctcatct gctacaagga gtcectgtggac 1680
cagagaggca accagatcat gtctgacaag agaaatgtga ttctgttcte tgtctttgat 1740
gagaacagat catggtacct gactgagaac attcagagat tcctgcccaa ccctgctggg 1800
gtgcaactgg aagaccctga gttccaggca agcaacatca tgcactccat caatggctat 1860
gtgtttgact ctctccagct ttetgtetge ctgcatgagg tggcctactg gtacattcett 1920
tctattgggg cacaaactga cttcctttcet gtettcecttet ctggatacac cttcaagcac 1980
aagatggtgt atgaggacac cctgacactc ttcccattet ctggggaaac tgtgttcatg 2040
agcatggaga accctggact gtggattctg ggatgccaca actctgactt cagaaacagg 2100
ggaatgactg cactgctcaa agtctcctcecce tgtgacaaga acactgggga ctactatgag 2160
gactcttatg aggacatctc tgcctacctg ctcagcaaga acaatgccat tgagcccaga 2220
<210> SEQ ID NO 25

<211> LENGTH: 2052

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 25

gagatcacca ggacaaccct ccagtctgac caggaagaga ttgactatga tgacaccatt 60
tctgtggaga tgaagaagga ggactttgac atctatgatg aggacgagaa ccagtctcca 120
agatcattcc agaagaagac aagacactac ttcattgetg ctgtggaaag actgtgggac 180
tatggcatgt cttectetee ccatgtecte aggaacaggg cacagtctgg ctetgtgeca 240
cagttcaaga aagtggtctt ccaggagtte actgatgget cattcaccca geccctgtac 300
agaggggaac tgaatgagca cctgggacte ctgggaccat acatcaggge tgaggtggaa 360
gacaacatca tggtgacatt cagaaaccag gcctccagge cctacagett ctactettec 420

ctcatcaget atgaggaaga ccagagacaa ggggctgage caagaaagaa ctttgtgaaa 480
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cccaatgaaa ccaagaccta cttctggaaa gtccagcacc acatggcacc caccaaggat 540
gagtttgact gcaaggcctg ggcatacttc tctgatgtgg acctggagaa agatgtgcac 600
tctggectga ttggecccact cctggtetge cacaccaaca ccctgaaccce tgcacatgga 660
aggcaagtga ctgtgcagga gtttgcccte ttcttcacca tctttgatga aaccaagtca 720
tggtacttca ctgagaacat ggagagaaac tgcagagcac catgcaacat tcagatggaa 780
gaccccacct tcaaggagaa ctacaggttc catgccatca atggctacat catggacacc 840
ctgcctggge ttgtcatgge acaggaccag agaatcagat ggtacctget ttctatggga 900
tccaatgaga acattcactc catccacttc tctgggcatg tcttcactgt gagaaagaag 960

gaggaataca agatggccct gtacaacctc taccctgggg tcetttgagac tgtggagatg 1020
ctgcccteca aagctggcat ctggagggtg gaatgcctca ttggggagca cctgcatget 1080
ggcatgtcaa ccctgttcecct ggtctacage aacaagtgcec agacacccct gggaatggece 1140
tctggecaca tcagggactt ccagatcact gcctcectggece agtatggcca gtgggcacce 1200
aaactggcca ggctccacta ctectggctcee atcaatgcat ggtcaaccaa ggagccattce 1260
tcttggatca aggtggacct gectggcaccce atgatcattc atggcatcaa gacacagggg 1320
gcaagacaga aattctccte tctgtacatc tcacagttca tcatcatgta ctctcectggat 1380
ggcaagaagt ggcagacata cagaggcaac tccactggca ccctcatggt cttetttgge 1440
aatgtggaca gctctggcat caagcacaac atcttcaacc ctcccatcat tgccagatac 1500
atcaggctgce accccaccca ctactcaatc agatcaaccce tcaggatgga actgatggga 1560
tgtgacctga actcctgecte aatgccecctg ggaatggaga gcaaggccat ttcectgatgece 1620
cagatcactg catcctctta cttcaccaac atgtttgcca cctggtcacce atcaaaagcce 1680
aggctgcace tccagggaag aagcaatgec tggagacccece aggtcaacaa cccaaaggaa 1740
tggctgcaag tggacttcca gaagacaatg aaagtcactg gggtgacaac ccagggggtce 1800
aagtctcectge tcacctcaat gtatgtgaag gagttcctga tcectctteccte acaggatggce 1860
caccagtgga cactcttectt ccagaatggc aaagtcaagg tgttccaggg caaccaggac 1920
tctttcacac ctgtggtgaa ctcactggac ccccccecctece tgacaagata cctgagaatt 1980
caccccecagt cttgggtceca ccagattgce ctgagaatgg aagtcctggg atgtgaggca 2040
caagacctgt ac 2052
<210> SEQ ID NO 26

<211> LENGTH: 4332

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 26

atgcagattyg agctgtccac ctgettettt ctgtgectge tgagattetg cttetetgece 60
accaggagat actacctggg ggctgtggaa ctttettggg actacatgca gtcetgacctg 120
ggagagctge ctgtggatge caggttccca cccagagtge ccaagtectt cccattcaac 180
acctctgtgg tctacaagaa gacactcttt gtggaattca ctgaccacct gttcaacatt 240
gcaaaaccca gaccaccctg gatgggacte ctgggaccca ccattcagge tgaggtgtat 300

gacactgtgg tcatcaccct caagaacatyg gcatcccacce ctgtgtetet geatgetgtg 360
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ggagtctcat actggaaagc ctctgaaggg gctgagtatg atgaccagac atcccagaga 420
gagaaagagg atgacaaggt gttccctggg ggatctcaca cctatgtgtg gcaagtcctc 480
aaggagaatg gacccatggc atctgaccca ctctgecctga catactccta cctttcetcat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cactgctggt gtgcagggaa 600
ggatccectgg ccaaggagaa aacccagaca ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagtcttg gcactctgaa acaaagaact ccctgatgca agacagggat 720
gctgectetyg ccagggcatg geccaagatg cacactgtga atggctatgt gaacagatca 780
ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aagtgcactce cattttcctg gagggacaca ccttectggt caggaaccac 900
agacaagcct ctctggagat ctctcccatce accttectca ctgcacagac actgetgatg 960

gaccttggac agttcctgct gttcectgcecac atctcecttcecec accagcatga tggcatggaa 1020
gcctatgtca aggtggactce atgccctgag gaaccacagce tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt cagatttgat 1140
gatgacaact ctccatcctt cattcagatc aggtctgtgg caaagaaaca ccccaagaca 1200
tgggtgcact acattgctgc tgaggaagag gactgggact atgcaccact ggtcctggcece 1260
cctgatgaca ggagctacaa gtctcagtac ctcaacaatg gcccacaaag aattggaaga 1320
aagtacaaga aagtcagatt catggcctac actgatgaaa ccttcaagac aagagaagcc 1380
attcagcatg agtctggcat tcectgggacca ctcecctgtatg gggaagtggg agacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag caggagactg ccaaaagggg tgaaacacct caaggacttce 1560
cccattetge ctggagagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
acaaagtctg accccaggtg cctcaccaga tactactect cttttgtgaa catggagaga 1680
gacctggcat ctggactgat tggaccactg ctcatctgcet acaaggagtc tgtggaccag 1740
agaggcaacc agatcatgtc tgacaagaga aatgtgattc tgttctctgt ctttgatgag 1800
aacagatcat ggtacctgac tgagaacatt cagagattcc tgcccaacce tgctggggtg 1860
caactggaag accctgagtt ccaggcaagc aacatcatgc actccatcaa tggctatgtg 1920
tttgactcte tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggcac aaactgactt cctttcectgte ttecttctetg gatacacctt caagcacaag 2040
atggtgtatg aggacaccct gacactctte ccattctetg gggaaactgt gttcatgagce 2100
atggagaacc ctggactgtg gattctggga tgccacaact ctgacttcag aaacagggga 2160
atgactgcac tgctcaaagt ctcctcectgt gacaagaaca ctggggacta ctatgaggac 2220
tcttatgagg acatctctge ctacctgctce agcaagaaca atgccattga gceccagagag 2280
atcaccagga caaccctcecca gtctgaccag gaagagattg actatgatga caccatttcet 2340
gtggagatga agaaggagga ctttgacatc tatgatgagg acgagaacca gtctccaaga 2400
tcattccaga agaagacaag acactacttc attgctgcetg tggaaagact gtgggactat 2460
ggcatgtectt cctctecccca tgtectcagg aacagggcac agtctggetce tgtgccacag 2520
ttcaagaaag tggtcttcca ggagttcact gatggctcat tcacccagcce cctgtacaga 2580

ggggaactga atgagcacct gggactcctyg ggaccataca tcagggctga ggtggaagac 2640
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aacatcatgg tgacattcag aaaccaggcc tccaggccect acagcttcta ctettceccte 2700
atcagctatg aggaagacca gagacaaggg gctgagccaa gaaagaactt tgtgaaacce 2760
aatgaaacca agacctactt ctggaaagtc cagcaccaca tggcacccac caaggatgag 2820
tttgactgca aggcctgggce atacttctct gatgtggacce tggagaaaga tgtgcactct 2880
ggcctgattyg geccactcect ggtetgcecac accaacaccce tgaaccctgce acatggaagg 2940
caagtgactg tgcaggagtt tgccctectte ttcaccatct ttgatgaaac caagtcatgg 3000
tacttcactg agaacatgga gagaaactgc agagcaccat gcaacattca gatggaagac 3060
cccaccttca aggagaacta caggttccat gccatcaatg gctacatcat ggacaccctg 3120
cctgggettg tcatggcaca ggaccagaga atcagatggt acctgcecttte tatgggatcce 3180
aatgagaaca ttcactccat ccacttctct gggcatgtcect tcactgtgag aaagaaggag 3240
gaatacaaga tggccctgta caacctctac cctggggtet ttgagactgt ggagatgcetg 3300
ccetecaaag ctggcatetyg gagggtggaa tgcctcattg gggagcacct gcatgcetggce 3360
atgtcaaccc tgttcctggt ctacagcaac aagtgccaga cacccctggg aatggcectcet 3420
ggccacatca gggacttcca gatcactgece tcectggccagt atggccagtg ggcacccaaa 3480
ctggccaggce tccactacte tggctceccate aatgcatggt caaccaagga gccattctcet 3540
tggatcaagg tggacctgct ggcacccatg atcattcatg gcatcaagac acagggggca 3600
agacagaaat tctcctctet gtacatctca cagttcatca tcatgtacte tetggatggce 3660
aagaagtggc agacatacag aggcaactcc actggcaccc tcatggtctt ctttggcaat 3720
gtggacagct ctggcatcaa gcacaacatc ttcaaccctce ccatcattgc cagatacatc 3780
aggctgcacc ccacccacta ctcaatcaga tcaaccctca ggatggaact gatgggatgt 3840
gacctgaact cctgctcaat gccecctggga atggagagca aggccatttce tgatgcccag 3900
atcactgcat cctcttactt caccaacatg tttgccacct ggtcaccatc aaaagccagg 3960
ctgcacctee agggaagaag caatgcctgg agaccccagg tcaacaaccce aaaggaatgg 4020
ctgcaagtgg acttccagaa gacaatgaaa gtcactgggg tgacaaccca gggggtcaag 4080
tctetgetca cctcaatgta tgtgaaggag ttectgatcet cttcectcaca ggatggccac 4140
cagtggacac tcttcttecca gaatggcaaa gtcaaggtgt tccagggcaa ccaggactct 4200
ttcacacctg tggtgaactc actggaccce ccectectga caagatacct gagaattcac 4260
ccecagtett gggtceccacca gattgccctg agaatggaag tcecctgggatg tgaggcacaa 4320
gacctgtact ga 4332
<210> SEQ ID NO 27
<211> LENGTH: 4368
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 27
atgcagattg agctgtccac ctgcttettt ctgtgcectge tgagattetyg cttetcetgee 60

accaggagat actacctggg ggctgtggaa ctttettggg actacatgca gtcetgacctg 120

ggagagctge ctgtggatge caggttccca cccagagtge ccaagtectt cccattcaac 180
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acctctgtgg tctacaagaa gacactcttt gtggaattca ctgaccacct gttcaacatt 240
gcaaaaccca gaccaccctg gatgggactc ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcatcaccct caagaacatg gcatcccacc ctgtgtctet gcatgetgtg 360
ggagtctcat actggaaagc ctctgaaggg gctgagtatg atgaccagac atcccagaga 420
gagaaagagg atgacaaggt gttccctggg ggatctcaca cctatgtgtg gcaagtcctc 480
aaggagaatg gacccatggc atctgaccca ctctgecctga catactccta cctttcetcat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cactgctggt gtgcagggaa 600
ggatccectgg ccaaggagaa aacccagaca ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagtcttg gcactctgaa acaaagaact ccctgatgca agacagggat 720
gctgectetyg ccagggcatg geccaagatg cacactgtga atggctatgt gaacagatca 780
ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aagtgcactce cattttcctg gagggacaca ccttectggt caggaaccac 900
agacaagcct ctctggagat ctctcccatce accttectca ctgcacagac actgetgatg 960

gaccttggac agttcctgct gttcectgcecac atctcecttcecec accagcatga tggcatggaa 1020
gcctatgtca aggtggactce atgccctgag gaaccacagce tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt cagatttgat 1140
gatgacaact ctccatcctt cattcagatc aggtctgtgg caaagaaaca ccccaagaca 1200
tgggtgcact acattgctgc tgaggaagag gactgggact atgcaccact ggtcctggcece 1260
cctgatgaca ggagctacaa gtctcagtac ctcaacaatg gcccacaaag aattggaaga 1320
aagtacaaga aagtcagatt catggcctac actgatgaaa ccttcaagac aagagaagcc 1380
attcagcatg agtctggcat tcectgggacca ctcecctgtatg gggaagtggg agacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag caggagactg ccaaaagggg tgaaacacct caaggacttce 1560
cccattetge ctggagagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
acaaagtctg accccaggtg cctcaccaga tactactect cttttgtgaa catggagaga 1680
gacctggcat ctggactgat tggaccactg ctcatctgcet acaaggagtc tgtggaccag 1740
agaggcaacc agatcatgtc tgacaagaga aatgtgattc tgttctctgt ctttgatgag 1800
aacagatcat ggtacctgac tgagaacatt cagagattcc tgcccaacce tgctggggtg 1860
caactggaag accctgagtt ccaggcaagc aacatcatgc actccatcaa tggctatgtg 1920
tttgactcte tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggcac aaactgactt cctttcectgte ttecttctetg gatacacctt caagcacaag 2040
atggtgtatg aggacaccct gacactctte ccattctetg gggaaactgt gttcatgagce 2100
atggagaacc ctggactgtg gattctggga tgccacaact ctgacttcag aaacagggga 2160
atgactgcac tgctcaaagt ctcctcectgt gacaagaaca ctggggacta ctatgaggac 2220
tcttatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccagaagce 2280
ttctctecaga attccagaca ccccagcace agggagatca ccaggacaac cctccagtcet 2340
gaccaggaag agattgacta tgatgacacc atttctgtgg agatgaagaa ggaggacttt 2400

gacatctatyg atgaggacga gaaccagtct ccaagatcat tccagaagaa gacaagacac 2460
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tacttcattg ctgctgtgga aagactgtgg gactatggca tgtcttccte tceccccatgte 2520
ctcaggaaca gggcacagtc tggctcectgtg ccacagttca agaaagtggt cttccaggag 2580
ttcactgatg gctcattcac ccagccectg tacagagggg aactgaatga gcacctggga 2640
ctecctgggac catacatcag ggctgaggtg gaagacaaca tcatggtgac attcagaaac 2700
caggcctecca ggccectacag cttctactcet tceecctcatca gectatgagga agaccagaga 2760
caaggggctg agccaagaaa gaactttgtg aaacccaatg aaaccaagac ctacttctgg 2820
aaagtccage accacatggc acccaccaag gatgagtttg actgcaaggce ctgggcatac 2880
ttctectgatg tggacctgga gaaagatgtg cactctggece tgattggcce actcectggte 2940
tgccacacca acaccctgaa ccctgcacat ggaaggcaag tgactgtgca ggagtttgcece 3000
ctcttettca ccatctttga tgaaaccaag tcatggtact tcactgagaa catggagaga 3060
aactgcagag caccatgcaa cattcagatg gaagacccca ccttcaagga gaactacagg 3120
ttccatgeca tcaatggcta catcatggac accctgectg ggcttgtcat ggcacaggac 3180
cagagaatca gatggtacct gctttctatg ggatccaatg agaacattca ctccatccac 3240
ttctectggge atgtcecttcac tgtgagaaag aaggaggaat acaagatggce cctgtacaac 3300
ctctaccctg gggtectttga gactgtggag atgctgccect ccaaagctgg catctggagg 3360
gtggaatgcc tcattgggga gcacctgcat gectggcatgt caaccctgtt cctggtcectac 3420
agcaacaagt gccagacacc cctgggaatg gectcetggece acatcaggga cttcecagate 3480
actgcctetg gecagtatgg ccagtgggca cccaaactgg ccaggctcca ctactcectggce 3540
tccatcaatg catggtcaac caaggagcca ttctcecttgga tcaaggtgga cctgctggca 3600
cccatgatca ttcatggcat caagacacag ggggcaagac agaaattctce ctctctgtac 3660
atctcacagt tcatcatcat gtactctctg gatggcaaga agtggcagac atacagaggc 3720
aactccactg gcaccctcat ggtcttettt ggcaatgtgg acagctctgg catcaagcac 3780
aacatcttca accctcccat cattgccaga tacatcaggce tgcaccccac ccactactca 3840
atcagatcaa ccctcaggat ggaactgatg ggatgtgacc tgaactcctg ctcaatgecce 3900
ctgggaatgg agagcaaggc catttctgat gcccagatca ctgcatccte ttacttcacce 3960
aacatgtttg ccacctggtc accatcaaaa gccaggctgce acctccaggg aagaagcaat 4020
gectggagac cccaggtcaa caacccaaag gaatggetge aagtggactt ccagaagaca 4080
atgaaagtca ctggggtgac aacccagggg gtcaagtcectc tgctcacctce aatgtatgtg 4140
aaggagttcc tgatctctte ctcacaggat ggccaccagt ggacactctt cttccagaat 4200
ggcaaagtca aggtgttcca gggcaaccag gactctttca cacctgtggt gaactcactg 4260
gacceccceee tectgacaag atacctgaga attcacccec agtcecttgggt ccaccagatt 4320

gccctgagaa tggaagtcct gggatgtgag gcacaagacc tgtactga 4368

<210> SEQ ID NO 28

<211> LENGTH: 4332

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 28

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
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accaggagat actacctggg cgccgtggag ctgagectggg actacatgca gtctgacctg 120
ggcgagctge ctgtggacge caggttcccce cccagagtgce ccaagagctt ccccttcaac 180
acctcagtgg tgtacaagaa gaccctgttc gtggagttca ccgaccacct gttcaacatc 240
gccaagccca ggcccccectyg gatgggectg ctgggcccca ccatccagge cgaggtgtac 300
gacaccgtgg tgatcaccct gaagaacatg gccagccacc ccgtgagect gcacgecgtg 360
ggcgtgagcet actggaaggce ctctgagggce gccgagtatg acgaccagac cagccagagg 420
gagaaggagg acgacaaggt gttcccecggce ggcagccaca cctacgtgtg gcaggtgcetg 480
aaggagaacg gccccatgge cagcgacccce ctgtgectga cctacagcta cctgagecac 540
gtggacctgg tgaaggacct gaactctggce ctgatcggeg ccctgetggt gtgcagggag 600
ggcagcctgg ccaaggagaa gacccagacc ctgcacaagt tcatcctget gttcgeegtg 660
ttcgatgagg gcaagagctg gcacagcgag accaagaaca gcoctgatgca ggacagggat 720
gccgectetyg ccagggectyg goccaagatg cacaccgtga acggctacgt gaacaggagce 780
ctgcececggec tgatcggetg ccacaggaag tctgtgtact ggcacgtgat cggcatggge 840
accaccccceg aggtgcacag catcttcectg gagggccaca ccttectggt gaggaaccac 900
aggcaggcca gcctggagat cagccccatc accttectga ccgeccagac cctgetgatg 960

gacctgggec agttcectgcet gttetgecac atcagcagec accagcacga cggcatggag 1020
gectacgtga aggtggacag ctgccccgag gagcecccage tgaggatgaa gaacaacgag 1080
gaggccgagg actatgatga tgacctgacc gactctgaga tggacgtggt gaggtttgat 1140
gatgacaaca gccccagett catccagatc aggtctgtgg ccaagaagca ccccaagacce 1200
tgggtgcact acatcgccge cgaggaggag gactgggact acgcccccect ggtgetggece 1260
ccegacgaca ggagctacaa gagccagtac ctgaacaacyg gceccccagag gatcggcagg 1320
aagtacaaga aggtcagatt catggcctac accgacgaga ccttcaagac cagggaggcce 1380
atccagcacg agtctggcat cctgggccce ctgctgtacg gegaggtggg cgacaccctg 1440
ctgatcatct tcaagaacca ggccagcagg ccctacaaca tctaccccca cggcatcace 1500
gatgtgagge ccctgtacag caggaggcetg cccaagggceg tgaagcacct gaaggacttce 1560
ccecatectge cecggcgagat cttcaagtac aagtggaccg tgaccgtgga ggatggcccce 1620
accaagtctg accccaggtg cctgaccagg tactacagca gcecttcgtgaa catggagagg 1680
gacctggect ctggectgat cggcecccectg ctgatctget acaaggagag cgtggaccag 1740
aggggcaacc agatcatgtc tgacaagagg aacgtgatcc tgttctctgt gttcgatgag 1800
aacaggagct ggtatctgac cgagaacatc cagaggttece tgcccaacce cgccggegtyg 1860
cagctggagg accccgagtt ccaggccage aacatcatge acagcatcaa cggctacgtg 1920
ttcgacagece tgcagetgte tgtgtgectyg cacgaggtgg cctactggta catcctgage 1980
atcggcegecce agaccgactt ccectgtcetgtg ttettcectetg gectacacctt caagcacaag 2040
atggtgtacg aggacaccct gaccctgtte ccecttcageg gegagaccgt gttcatgagce 2100
atggagaacc ccggectgtg gatcctggge tgecacaaca gcgacttcag gaacagggge 2160
atgaccgcce tgctgaaagt cagcagetge gacaagaaca ccggcgacta ctacgaggac 2220
agctacgagg acatcagcgce ctacctgetg agcaagaaca acgccatcga gcccagggag 2280

atcaccagga ccaccctgea gagcgaccag gaggagateg actatgatga caccatcage 2340
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gtggagatga agaaggagga cttcgacatc tacgacgagg acgagaacca gagccccagg 2400
agcttccaga agaagaccag gcactacttce atcgccgecg tggagaggct gtgggactat 2460
ggcatgagca gcagccccca cgtgetgagg aacagggcecce agagceggcag cgtgccccag 2520
ttcaagaagg tggtgttcca ggagttcacc gacggcagct tcacccagece cctgtacaga 2580
ggcgagcetga acgagcacct gggectgetg ggcccectaca tcagggecga ggtggaggac 2640
aacatcatgg tgaccttcag gaaccaggcc agcaggccect acagcttcta cagcagectg 2700
atcagctacg aggaggacca gaggcagggce gecgagccca ggaagaactt cgtgaagcce 2760
aacgagacca agacctactt ctggaaggtg cagcaccaca tggcccccac caaggacgag 2820
ttcgactgca aggcctggge ctacttcectcet gatgtggacce tggagaagga cgtgcacagce 2880
ggectgateg geccectget ggtgtgccac accaacacce tgaacccecege ccacggcagyg 2940
caggtgaccg tgcaggagtt cgccctgtte ttcaccatct tcgacgagac caagagctgg 3000
tacttcaccg agaacatgga gaggaactgce agggcccect gcaacatcca gatggaggac 3060
cccaccttca aggagaacta caggttccac gccatcaacg gctacatcat ggacaccctg 3120
cceggectgg tgatggccca ggaccagagg atcaggtggt atctgcectgag catgggcagce 3180
aacgagaaca tccacagcat ccacttcage ggccacgtgt tcaccgtgag gaagaaggag 3240
gagtacaaga tggccctgta caacctgtac cccggegtgt tcegagaccgt ggagatgcetg 3300
cccagcaagg ccggcatetyg gagggtggag tgectgateg gegagcacct gcacgecgge 3360
atgagcaccce tgttcctggt gtacagcaac aagtgccaga ccccecctggg catggccagce 3420
ggccacatca gggacttcca gatcaccgece tcectggecagt acggccagtg ggeccccaag 3480
ctggecagge tgcactacag cggcagcatce aacgectgga gcaccaagga gcccttcage 3540
tggatcaagg tggacctgct ggcccccatg atcatccacyg gcatcaagac ccagggcgece 3600
aggcagaagt tcagcagcct gtacatcagc cagttcatca tcatgtacag cctggacggce 3660
aagaagtggc agacctacag gggcaacagce accggcaccece tgatggtgtt ctteggcaac 3720
gtggacagca gcggcatcaa gcacaacatc ttcaacccce ccatcatcge caggtacatce 3780
aggctgcace ccacccacta cagcatcagg agcaccctge ggatggaact gatgggetge 3840
gacctgaaca gctgcagcat gccectggge atggagagca aggccatctce tgacgcccag 3900
atcaccgcca gcagctactt caccaacatg ttegccacct ggagccccag caaggcecagg 3960
ctgcacctge agggcaggag caacgcctgg aggecccagyg tgaacaaccce caaggagtgg 4020
ctgcaggtgg acttccagaa gaccatgaag gtgaccggeg tgaccaccca gggcegtgaag 4080
agcctgetga ccagcatgta cgtgaaggag ttectgatca gcagcagceca ggacggcecac 4140
cagtggaccce tgttctteca gaacggcaaa gtgaaggtgt tccagggcaa ccaggacagc 4200
ttcaccecceg tggtgaacag cctggaccce ccectgetga ccaggtatcet gaggatccac 4260
ccecagaget gggtgcacca gatcgeectg agaatggaag tgctgggatyg cgaggeccag 4320

gacctgtact ga 4332

<210> SEQ ID NO 29

<211> LENGTH: 4368

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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polynucleotide

<400> SEQUENCE: 29

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg cgcegtggag ctgagetggg actacatgca gtcetgacctg 120
ggcgagetge ctgtggacge caggttccce cccagagtge ccaagagcett ccecttcaac 180
acctcagtgg tgtacaagaa gaccctgtte gtggagtteca cegaccacct gttcaacatce 240
gccaagcecca ggecccectg gatgggectyg ctgggeccca ccatccagge cgaggtgtac 300
gacaccgtgg tgatcaccct gaagaacatyg gccagccacce ccgtgagect geacgeegtyg 360
ggcgtgaget actggaagge ctctgaggge gecgagtatg acgaccagac cagccagagg 420
gagaaggagg acgacaaggt gttcccegge ggcagccaca cctacgtgtyg geaggtgetg 480
aaggagaacg gccccatgge cagcgacccee ctgtgectga cctacageta cctgagecac 540
gtggacctgg tgaaggacct gaactctgge ctgatcggeg cectgetggt gtgcagggag 600
ggcagcectgg ccaaggagaa gacccagacce ctgcacaagt tcatcctget gttegeegtg 660
ttcgatgagg gcaagagetyg gcacagegag accaagaaca gectgatgca ggacagggat 720
gecgectety ccagggectg geccaagatyg cacaccgtga acggctacgt gaacaggagce 780
ctgcceggee tgatceggetyg ccacaggaag tctgtgtact ggcacgtgat cggcatggge 840
accacccceg aggtgcacag catcttectg gagggccaca cetteetggt gaggaaccac 900
aggcaggcca gcctggagat cagecccate accttectga cegeccagac cctgetgatg 960

gacctgggec agttcectgcet gttetgecac atcagcagec accagcacga cggcatggag 1020
gectacgtga aggtggacag ctgccccgag gagcecccage tgaggatgaa gaacaacgag 1080
gaggccgagg actatgatga tgacctgacc gactctgaga tggacgtggt gaggtttgat 1140
gatgacaaca gccccagett catccagatc aggtctgtgg ccaagaagca ccccaagacce 1200
tgggtgcact acatcgccge cgaggaggag gactgggact acgcccccect ggtgetggece 1260
ccegacgaca ggagctacaa gagccagtac ctgaacaacyg gceccccagag gatcggcagg 1320
aagtacaaga aggtcagatt catggcctac accgacgaga ccttcaagac cagggaggcce 1380
atccagcacg agtctggcat cctgggccce ctgctgtacg gegaggtggg cgacaccctg 1440
ctgatcatct tcaagaacca ggccagcagg ccctacaaca tctaccccca cggcatcace 1500
gatgtgagge ccctgtacag caggaggcetg cccaagggceg tgaagcacct gaaggacttce 1560
ccecatectge cecggcgagat cttcaagtac aagtggaccg tgaccgtgga ggatggcccce 1620
accaagtctg accccaggtg cctgaccagg tactacagca gcecttcgtgaa catggagagg 1680
gacctggect ctggectgat cggcecccectg ctgatctget acaaggagag cgtggaccag 1740
aggggcaacc agatcatgtc tgacaagagg aacgtgatcc tgttctctgt gttcgatgag 1800
aacaggagct ggtatctgac cgagaacatc cagaggttece tgcccaacce cgccggegtyg 1860
cagctggagg accccgagtt ccaggccage aacatcatge acagcatcaa cggctacgtg 1920
ttcgacagcce tgcagctgte tgtgtgectg cacgaggtgg cctactggta catcctgagce 1980
atcggcegecce agaccgactt ccectgtcetgtg ttettcectetg gectacacctt caagcacaag 2040
atggtgtacg aggacaccct gaccctgtte ccecttcageg gegagaccgt gttcatgagce 2100

atggagaacc ccggectgtg gatcctggge tgecacaaca gegacttcag gaacagggge 2160
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atgaccgcce tgctgaaagt cagcagetge gacaagaaca ccggcgacta ctacgaggac 2220
agctacgagg acatcagcgce ctacctgetg agcaagaaca acgccatcga gcccaggage 2280
ttcagccaga actccagaca ccccagcacce agggagatca ccaggaccac cctgcagage 2340
gaccaggagyg agatcgacta tgatgacacc atcagegtgg agatgaagaa ggaggacttce 2400
gacatctacyg acgaggacga gaaccagagc cccaggagcet tccagaagaa gaccaggcac 2460
tacttcatcg ccgcecgtgga gaggctgtgg gactatggca tgagcagcag cccccacgtg 2520
ctgaggaaca gggcccagag cggcagegtyg ceccagttea agaaggtggt gttcecaggag 2580
ttcaccgacg gcagcttcac ccagccectyg tacagaggeg agctgaacga gcacctggge 2640
ctgctgggcece cctacatcag ggccgaggtg gaggacaaca tcatggtgac cttcaggaac 2700
caggccagca ggccctacag cttctacage agectgatca gctacgagga ggaccagagg 2760
cagggcgeceg agcccaggaa gaacttegtg aagcccaacyg agaccaagac ctacttetgg 2820
aaggtgcagce accacatggc ccccaccaag gacgagtteg actgcaagge ctgggectac 2880
ttctectgatg tggacctgga gaaggacgtg cacagcggcce tgatcggcce cctgetggtg 2940
tgccacacca acaccctgaa ccccgeccac ggcaggcagyg tgaccgtgca ggagttegece 3000
ctgttcttca ccatcttecga cgagaccaag agctggtact tcaccgagaa catggagagg 3060
aactgcaggg ccccctgcaa catccagatg gaggacccca ccttcaagga gaactacagg 3120
ttccacgecca tcaacggcta catcatggac accctgeccg gectggtgat ggcccaggac 3180
cagaggatca ggtggtatct gctgagecatg ggcagcaacyg agaacatcca cagcatccac 3240
ttcagcggcce acgtgttcac cgtgaggaag aaggaggagt acaagatggce cctgtacaac 3300
ctgtaccceg gegtgttega gaccgtggag atgctgecca gcaaggccgg catctggagg 3360
gtggagtgcc tgatcggcga gcacctgcac gccggcatga gcaccctgtt cctggtgtac 3420
agcaacaagt gccagacccce cctgggeatg gecagceggece acatcaggga cttcecagate 3480
accgectetyg gcecagtacgg ccagtgggece cecaagetgg ccaggctgea ctacagegge 3540
agcatcaacg cctggagcac caaggagcecce ttcagcetgga tcaaggtgga cctgetggece 3600
cccatgatca tccacggcat caagacccag ggcgccagge agaagttcag cagectgtac 3660
atcagccagt tcatcatcat gtacagcctg gacggcaaga agtggcagac ctacaggggc 3720
aacagcaccg gcaccctgat ggtgttette ggcaacgtgyg acagcagegyg catcaagcac 3780
aacatcttca acccccccat catcgecagg tacatcagge tgcaccccac ccactacage 3840
atcaggagca ccctgeggat ggaactgatg ggctgcgace tgaacagcetyg cagcatgcce 3900
ctgggcatgg agagcaaggc catctctgac geccagatca ccegecagcag ctacttcace 3960
aacatgtteg ccacctggag ccccagcaag gecaggcetge acctgcaggyg caggagcaac 4020
gectggagge cccaggtgaa caaccccaag gagtggetge aggtggactt ccagaagacce 4080
atgaaggtga ccggegtgac cacccaggge gtgaagagece tgctgaccag catgtacgtg 4140
aaggagttcc tgatcagcag cagccaggac ggccaccagt ggaccctgtt cttceccagaac 4200
ggcaaagtga aggtgttcca gggcaaccag gacagcttca ceccccegtggt gaacagectg 4260
gacccccceee tgctgaccag gtatctgagg atccacccce agagetgggt gcaccagatce 4320

gccctgagaa tggaagtgct gggatgcgag gcccaggacce tgtactga 4368

<210> SEQ ID NO 30
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<211> LENGTH: 14
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE: 30

Ser Phe Ser Gln Asn
1 5

<210> SEQ ID NO 31
<211> LENGTH: 24
<212> TYPE: PRT
<213> ORGANISM: Sus

<400> SEQUENCE: 31

Ser Phe Ala Gln Asn
1 5

Pro Val Leu Arg Arg
20

<210> SEQ ID NO 32
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: Sus

<400> SEQUENCE: 32
Ser Phe Ser Gln Asn

1 5

<210> SEQ ID NO 33
<211> LENGTH: 8
<212> TYPE: PRT

Pro Pro Val Leu Lys Arg His Gln Arg
10

sp.

Ser Arg Pro Pro Ser Ala Ser Ala Pro Lys Pro
10 15

His Gln Arg

sp.

Ser Arg His Gln Ala Tyr Arg Tyr Arg Arg Gly
10 15

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE: 33
Thr Thr Tyr Val Asn

1 5

<210> SEQ ID NO 34
<211> LENGTH: 7
<212> TYPE: PRT

Arg Ser Leu

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

Pro Gln Leu Arg Met
1 5

<210> SEQ ID NO 35
<211> LENGTH: 7
<212> TYPE: PRT

Lys Asn

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE: 35

Val Asp Gln Arg Gly
1 5

Asn Gln
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<210> SEQ ID NO 36

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 36
agcttcagee agaatgtgag caacaatgtg agcaacaatg ccaccaataa tgctaccaac 60

ccacctgtcce tgaaacgcca ccagagg 87

<210> SEQ ID NO 37

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 37
agcttcagee agaatgtgag caacaatgece accaacaatg tgagcaacce acctgtectg 60

aaacgccacc agagg 75

<210> SEQ ID NO 38

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 38
agcttcagee agaatgtgag caataatgece accaacccac ctgtcctgaa acgccaccag 60

agg 63

<210> SEQ ID NO 39

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 39

agcttcagee agaatgtgag caataatcca cctgtectga aacgccacca gagg 54

<210> SEQ ID NO 40

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 40

agcttcagee agaataggag cctgecacct gtectgaaac gecaccagag g 51
<210> SEQ ID NO 41

<211> LENGTH: 93

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 41
agcttcagee agaatgecac taatgtgtcet aacaactcetg ctacctcetge tgactctget 60

gtgagcccac ctgtcectgaa acgccaccag agg 93

<210> SEQ ID NO 42

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 42
agcttcagee agaatgecac caactatgtg aacaggagec tgccacctgt cctgaaacgce 60

caccagagg 69

<210> SEQ ID NO 43

<211> LENGTH: 105

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 43
agcttcagee agaatgecac caactatgtg aacaggagec tgtcetgecac ctetgetgac 60

tctgctgtga geccagaatcce acctgtcecctg aaacgccacce agagg 105

<210> SEQ ID NO 44

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 44
agcttcagee agaatgtgag caacaatgtg agcaatgetg tgtetgetgt gtetgcetcca 60

cctgtectga aacgccacca gagg 84

<210> SEQ ID NO 45

<211> LENGTH: 90

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 45

agcttcagee agaatatcac tgtggectcet gecacctcta acatcactgt ggectetget 60
gacccacctyg tcectgaaacyg ccaccagagg 90
<210> SEQ ID NO 46

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 46
agcttcagee agaatatcac tgtgaccaac atcactgtga ctgecccace tgtcctgaaa 60

cgccaccaga g9 72

<210> SEQ ID NO 47

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 47
agcttcagee agaatcagac tgtgaccaac atcactgtga ctgecccace tgtcctgaaa 60

cgccaccaga g9 72

<210> SEQ ID NO 48

<211> LENGTH: 93

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 48
agcttcagee agaatgecac taatgtgtct aacaacagea acaccagcaa tgacagcaat 60

gtgtctccac ctgtcectgaa acgccaccag agg 93

<210> SEQ ID NO 49

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 49

atgcagattyg agctgtccac ctgettettt ctgtgectge tgagattetg cttetetgece 60
accaggagat actacctggg ggctgtggaa ctttettggg actacatgca gtcetgacctg 120
ggagagctge ctgtggatge caggttccca cccagagtge ccaagtectt cccattcaac 180
acctctgtgg tctacaagaa gacactcttt gtggaattca ctgaccacct gttcaacatt 240
gcaaaaccca gaccaccctg gatgggacte ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcatcaccct caagaacatyg gcatcccacce ctgtgtetet geatgetgtg 360
ggagtctcat actggaaagc ctctgaaggyg gctgagtatg atgaccagac atcccagaga 420
gagaaagagg atgacaaggt gttccctggg ggatctcaca cctatgtgtg geaagtectce 480
aaggagaatg gacccatgge atctgaccca ctetgectga catactccta cctttcetceat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cactgetggt gtgcagggaa 600
ggatccctgg ccaaggagaa aacccagaca ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagtcttg geactctgaa acaaagaact cectgatgca agacagggat 720

getgectetyg ccagggcatg geccaagatyg cacactgtga atggectatgt gaacagatca 780
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ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aagtgcactce cattttcctg gagggacaca ccttectggt caggaaccac 900
agacaagcct ctctggagat ctctcccatce accttectca ctgcacagac actgetgatg 960

gaccttggac agttcctgct gtectgcecac atctcecttceec accagcatga tggcatggaa 1020
gcctatgtca aggtggactce atgccctgag gaaccacagce tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt cagatttgat 1140
gatgacaact ctccatcctt cattcagatc aggtctgtgg caaagaaaca ccccaagaca 1200
tgggtgcact acattgctgc tgaggaagag gactgggact atgcaccact ggtcctggcece 1260
cctgatgaca ggagctacaa gtctcagtac ctcaacaatg gcccacaaag aattggaaga 1320
aagtacaaga aagtcagatt catggcctac actgatgaaa ccttcaagac aagagaagcc 1380
attcagcatg agtctggcat tcectgggacca ctcecctgtatg gggaagtggg agacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag caggagactg ccaaaagggg tgaaacacct caaggacttce 1560
cccattetge ctggagagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
acaaagtctg accccaggtg cctcaccaga tactactect cttttgtgaa catggagaga 1680
gacctggcat ctggactgat tggaccactg ctcatctgcet acaaggagtc tgtggaccag 1740
agaggcaacc agatcatgtc tgacaagaga aatgtgattc tgttctctgt ctttgatgag 1800
aacagatcat ggtacctgac tgagaacatt cagagattcc tgcccaacce tgctggggtg 1860
caactggaag accctgagtt ccaggcaagc aacatcatgc actccatcaa tggctatgtg 1920
tttgactcte tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggcac aaactgactt cctttcectgte ttecttctetg gatacacctt caagcacaag 2040
atggtgtatg aggacaccct gacactctte ccattctetg gggaaactgt gttcatgagce 2100
atggagaacc ctggactgtg gattctggga tgccacaact ctgacttcag aaacagggga 2160
atgactgcac tgctcaaagt ctcctcectgt gacaagaaca ctggggacta ctatgaggac 2220
tcttatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccagaagce 2280
ttctctecaga atccacctgt cctgaagaga caccagagag agatcaccag gacaaccctce 2340
cagtctgacc aggaagagat tgactatgat gacaccattt ctgtggagat gaagaaggag 2400
gactttgaca tctatgatga ggacgagaac cagtctccaa gatcattcca gaagaagaca 2460
agacactact tcattgctgc tgtggaaaga ctgtgggact atggcatgtc ttectcectcece 2520
catgtcctca ggaacagggc acagtctggce tctgtgccac agttcaagaa agtggtctte 2580
caggagttca ctgatggctc attcacccag ccecctgtaca gaggggaact gaatgagcac 2640
ctgggactcce tgggaccata catcagggct gaggtggaag acaacatcat ggtgacattc 2700
agaaaccagg cctccaggcec ctacagctte tactcttecce tcatcagcta tgaggaagac 2760
cagagacaag gggctgagcc aagaaagaac tttgtgaaac ccaatgaaac caagacctac 2820
ttctggaaag tccagcacca catggcaccce accaaggatg agtttgactg caaggcctgg 2880
gcatacttcect ctgatgtgga cctggagaaa gatgtgcact ctggcectgat tggcccactce 2940
ctggtetgee acaccaacac cctgaaccct geacatggaa ggcaagtgac tgtgcaggag 3000

tttgcecctet tettcaccat ctttgatgaa accaagtcat ggtacttcac tgagaacatg 3060
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gagagaaact gcagagcacc atgcaacatt cagatggaag accccacctt caaggagaac 3120

tacaggttcc atgccatcaa tggctacatc atggacaccce tgcctgggcet tgtcatggca 3180

caggaccaga gaatcagatg gtacctgctt tctatgggat ccaatgagaa cattcactcc 3240

atccacttct ctgggcatgt cttcactgtg agaaagaagg aggaatacaa gatggccctg 3300

tacaacctct accctggggt ctttgagact gtggagatgce tgccctccaa agctggcatce 3360

tggagggtgg aatgcctcat tggggagcac ctgcatgcetg gcatgtcaac cctgttectg 3420

gtctacagca acaagtgcca gacacccctg ggaatggcecet ctggccacat cagggacttce 3480

cagatcactg cctctggeca gtatggccag tgggcaccca aactggccag gctccactac 3540

tctggetecca tcaatgcatg gtcaaccaag gagccattcet cttggatcaa ggtggacctg 3600

ctggcaccca tgatcattca tggcatcaag acacaggggg caagacagaa attctcectcet 3660

ctgtacatct cacagttcat catcatgtac tctcectggatg gcaagaagtg gcagacatac 3720

agaggcaact ccactggcac cctcatggtce ttcectttggca atgtggacag ctcectggcatce 3780

aagcacaaca tcttcaaccc tcecccatcatt gccagataca tcaggctgca ccccacccac 3840

tactcaatca gatcaaccct caggatggaa ctgatgggat gtgacctgaa ctcctgctca 3900

atgccectgg gaatggagag caaggccatt tctgatgecce agatcactge atcctcettac 3960

ttcaccaaca tgtttgccac ctggtcacca tcaaaagcca ggctgcacct ccagggaaga 4020

agcaatgcct ggagacccca ggtcaacaac ccaaaggaat ggctgcaagt ggacttccag 4080

aagacaatga aagtcactgg ggtgacaacc cagggggtca agtctctgct cacctcaatg 4140

tatgtgaagg agttcctgat ctcttcectca caggatggcc accagtggac actcttette 4200

cagaatggca aagtcaaggt gttccagggc aaccaggact ctttcacacc tgtggtgaac 4260

tcactggacc ccccectect gacaagatac ctgagaattc acccccagte ttgggtcecac 4320

cagattgccce tgagaatgga agtcctggga tgtgaggcac aagacctgta ctga 4374

<210> SEQ ID NO 50

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1).. (45

<400> SEQUENCE: 50

gtg agc aac aat gtg agc aac aat gec acc aat aat gct acc aac 45

Val Ser Asn Asn Val Ser Asn Asn Ala Thr Asn Asn Ala Thr Asn
1 5 10 15

<210> SEQ ID NO 51

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 51

Val Ser Asn Asn Val Ser Asn Asn Ala Thr Asn Asn Ala Thr Asn
1 5 10 15
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<210> SEQ ID NO 52

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(33)

<400> SEQUENCE: 52

gtg agc aac aat gcc acc aac aat gtg agc aac
Val Ser Asn Asn Ala Thr Asn Asn Val Ser Asn
1 5 10

<210> SEQ ID NO 53

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 53

Val Ser Asn Asn Ala Thr Asn Asn Val Ser Asn
1 5 10

<210> SEQ ID NO 54

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(21)

<400> SEQUENCE: 54

gtg agc aat aat gcc acc aac
Val Ser Asn Asn Ala Thr Asn
1 5

<210> SEQ ID NO 55

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 55

Val Ser Asn Asn Ala Thr Asn
1 5

<210> SEQ ID NO 56

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(12)

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

33

21
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<400> SEQUENCE: 56

gtg agc aat aat
Val Ser Asn Asn
1

<210> SEQ ID NO 57

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 57

Val Ser Asn Asn
1

<210> SEQ ID NO 58

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(9)

<400> SEQUENCE: 58

agg agc ctg
Arg Ser Leu
1

<210> SEQ ID NO 59

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 59

Arg Ser Leu
1

<210> SEQ ID NO 60

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(51

<400> SEQUENCE: 60

Synthetic

Synthetic

Synthetic

Synthetic

gee act aat gtg tct aac aac tct get ace tet get gac tet get gtg
Ala Thr Asn Val Ser Asn Asn Ser Ala Thr Ser Ala Asp Ser Ala Val

1 5 10 15

agc
Ser

<210> SEQ ID NO 61
<211> LENGTH: 17
<212> TYPE: PRT

12

48

51
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 61

Ala Thr Asn Val Ser Asn Asn Ser Ala Thr Ser Ala Asp Ser Ala Val
1 5 10 15

Ser

<210> SEQ ID NO 62

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(27)

<400> SEQUENCE: 62

gce acc aac tat gtg aac agg agc ctg 27
Ala Thr Asn Tyr Val Asn Arg Ser Leu
1 5

<210> SEQ ID NO 63

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 63

Ala Thr Asn Tyr Val Asn Arg Ser Leu
1 5

<210> SEQ ID NO 64

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(63)

<400> SEQUENCE: 64

gee acc aac tat gtg aac agg agc ctg tct gec acce tet get gac tet 48
Ala Thr Asn Tyr Val Asn Arg Ser Leu Ser Ala Thr Ser Ala Asp Ser
1 5 10 15
gct gtg agc cag aat 63
Ala Val Ser Gln Asn

20

<210> SEQ ID NO 65

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 65



US 2019/0202893 Al
108

-continued

Jul. 4,2019

Ala Thr Asn Tyr Val Asn Arg Ser Leu Ser Ala Thr Ser Ala Asp Ser
1 5 10 15

Ala Val Ser Gln Asn
20

<210> SEQ ID NO 66

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(42)

<400> SEQUENCE: 66

gtg agc aac aat gtg agc aat gct gtg tct get gtg tet get 42
Val Ser Asn Asn Val Ser Asn Ala Val Ser Ala Val Ser Ala
1 5 10

<210> SEQ ID NO 67

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 67

Val Ser Asn Asn Val Ser Asn Ala Val Ser Ala Val Ser Ala
1 5 10

<210> SEQ ID NO 68

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(48)

<400> SEQUENCE: 68

atc act gtg gce tect gee acce tet aac ate act gtg gece tet get gac 48
Ile Thr Val Ala Ser Ala Thr Ser Asn Ile Thr Val Ala Ser Ala Asp
1 5 10 15

<210> SEQ ID NO 69

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 69

Ile Thr Val Ala Ser Ala Thr Ser Asn Ile Thr Val Ala Ser Ala Asp
1 5 10 15

<210> SEQ ID NO 70

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(30)

<400> SEQUENCE: 70

atc act gtg acc aac atc act gtg act gcc
Ile Thr Val Thr Asn Ile Thr Val Thr Ala
1 5 10

<210> SEQ ID NO 71

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 71

Ile Thr Val Thr Asn Ile Thr Val Thr Ala
1 5 10

<210> SEQ ID NO 72

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(30)

<400> SEQUENCE: 72

cag act gtg acc aac atc act gtg act gcc
Gln Thr Val Thr Asn Ile Thr Val Thr Ala
1 5 10

<210> SEQ ID NO 73

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 73

Gln Thr Val Thr Asn Ile Thr Val Thr Ala
1 5 10

<210> SEQ ID NO 74

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(51

<400> SEQUENCE: 74
gee act aat gtg tet aac aac age aac acc age aat gac age aat

Ala Thr Asn Val Ser Asn Asn Ser Asn Thr Ser Asn Asp Ser Asn
1 5 10 15

Synthetic

30

Synthetic

Synthetic

30

Synthetic

Synthetic

gtg 48
Val
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tct
Ser

<210>
<211>
<212>
<213>
<220>
<223>

PRT

peptide

<400> SEQUENCE:

17

SEQ ID NO 75
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

75

Synthetic

Ala Thr Asn Val Ser Asn Asn Ser Asn Thr Ser Asn Asp Ser Asn Val

1

Ser

<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Pro Leu Leu

1

Leu

Ser

Ser

Ile

65

Thr

Leu

Asn

Ala

145

Gln

Lys

Ala

Gln

Glu

225

Ser

Tyr

Trp

Asn

Leu

50

Ser

Cys

Thr

Gln

Ala

130

Asp

Asp

Thr

Ile

Pro

210

Thr

Tyr

Val

Thr

His

Tyr

Pro

Gly

Glu

Leu

115

Leu

Ile

Trp

Gln

Leu

195

Phe

Thr

Leu

Gly

Val

20

His

Lys

Val

His

Arg

100

Phe

Phe

Lys

Ala

Gly

180

Val

Asp

Val

His

Asn

5

SEQ ID NO 76
LENGTH:
TYPE :
ORGANISM: Homo sapiens

405

76

Leu

Gln

Arg

His

Ser

Thr

85

Ser

Ala

Leu

His

Thr

165

Lys

Leu

Leu

Val

Asp
245

Gly

Tyr

Ala

Gly

Leu

Ile

70

Arg

Glu

Lys

Asp

Tyr

150

Ala

Ile

Val

Ala

Lys
230

Ser

Thr

Thr

Met

Leu

Val

55

Ser

Ala

Thr

Ser

Gly

135

Tyr

Ser

Val

Asn

Ser
215
Val

Glu

Val

Cys

Asp

Ala

Ala

Met

Gln

Glu

Asp

120

Ser

Glu

Arg

Asp

Tyr

200

Thr

Pro

Leu

Phe

Leu

Pro

25

Ser

Leu

Ala

Leu

Ile

105

Thr

Leu

Ser

Gln

Leu

185

Ile

Arg

Met

Pro

Phe

10

Leu Trp
10

Asn Ala

Ala Asn

Ser Pro

Leu Ala
75

Leu Gln
90

His Gln

Ser Leu

Glu Leu

Glu Vval
155

Ile Asn
170

Phe Ser

Phe Phe

Glu Glu

Met Leu
235

Cys Gln
250

Ile Leu

Leu

Ala

Val

Lys

60

Met

Gly

Gly

Glu

Leu

140

Leu

Ser

Gly

Lys

Asn
220
Gln

Leu

Pro

Pro

Tyr

Asp

Lys

Leu

Leu

Phe

Met

125

Glu

Ala

Tyr

Leu

Gly

205

Phe

Ser

Val

Asp

Thr

Val

30

Phe

Asn

Ser

Gly

Gln

110

Thr

Ser

Met

Val

Asp

190

Thr

Tyr

Ser

Gln

Lys

15

Ser

15

Asn

Ala

Ile

Leu

Phe

95

His

Met

Phe

Asn

Lys

175

Ser

Trp

Val

Thr

Met
255

Gly

Gly

Met

Phe

Phe

Gly

80

Asn

Leu

Gly

Ser

Phe

160

Asn

Pro

Thr

Asp

Ile
240

Asn

Lys

51
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260 265 270

Met Asn Thr Val Ile Ala Ala Leu Ser Arg Asp Thr Ile Asn Arg Trp
275 280 285

Ser Ala Gly Leu Thr Ser Ser Gln Val Asp Leu Tyr Ile Pro Lys Val
290 295 300

Thr Ile Ser Gly Val Tyr Asp Leu Gly Asp Val Leu Glu Glu Met Gly
305 310 315 320

Ile Ala Asp Leu Phe Thr Asn Gln Ala Asn Phe Ser Arg Ile Thr Gln
325 330 335

Asp Ala Gln Leu Lys Ser Ser Lys Val Val His Lys Ala Val Leu Gln
340 345 350

Leu Asn Glu Glu Gly Val Asp Thr Ala Gly Ser Thr Gly Val Thr Leu
355 360 365

Asn Leu Thr Ser Lys Pro Ile Ile Leu Arg Phe Asn Gln Pro Phe Ile
370 375 380

Ile Met Ile Phe Asp His Phe Thr Trp Ser Ser Leu Phe Leu Ala Arg
385 390 395 400

Val Met Asn Pro Val
405

<210> SEQ ID NO 77

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 77

Asn Met Ser Asn
1

<210> SEQ ID NO 78

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 78

Asn Leu Thr Glu
1

<210> SEQ ID NO 79

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 79
Asn Lys Thr Gln

1

<210> SEQ ID NO 80

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 80
Asn Gly Thr Val

1

<210> SEQ ID NO 81
<211> LENGTH: 4
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<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Asn Phe Ser Arg

1

<210> SEQ ID NO
<211> LENGTH: 4
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Asn Leu Thr Ser

1

<210> SEQ ID NO

<211> LENGTH: 41

<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:

Homo sapiens

81

82

Homo sapiens

82

83

Artificial Sequence

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE:

Leu Ser Lys Asn
1

Thr Asn Val Ser
20

Pro Pro Val Leu
35

<210> SEQ ID NO
<211> LENGTH: 4
<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:

83

Asn Ala Ile Glu Pro Arg Ser Phe Ser Gln Asn Ala
5 10 15

Asn Asn Ser Asn Thr Ser Asn Asp Ser Asn Val Ser
25 30

Lys Arg His Gln Arg
40

84

Artificial Sequence

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE:

Asn Ala Thr Asn
1

<210> SEQ ID NO
<211> LENGTH: 4
<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:

84

85

Artificial Sequence

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE:

Asn Val Ser Asn
1

<210> SEQ ID NO
<211> LENGTH: 4
<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:

85

86

Artificial Sequence

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
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<400> SEQUENCE: 86

Asn Asn Ser Asnhn
1

<210> SEQ ID NO 87

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 87

Asn Thr Ser Asn
1

<210> SEQ ID NO 88

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 88

Asn Asp Ser Asn
1

<210> SEQ ID NO 89

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 89

Asn Val Ser Pro
1

<210> SEQ ID NO 90

<211> LENGTH: 4377

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 90

Synthetic

Synthetic

Synthetic

Synthetic

atgcagattyg agctgtccac ctgettettt ctgtgectge tgagattetg cttetetgece 60

accaggagat actacctggg ggctgtggaa ctttettggg actacatgca gtcetgacctg 120

ggagagctge ctgtggatge caggttccca cccagagtge ccaagtectt cccattcaac 180

acctctgtgg tctacaagaa gacactcttt gtggaattca ctgaccacct gttcaacatt 240

gcaaaaccca gaccaccctg gatgggacte ctgggaccca ccattcagge tgaggtgtat 300

gacactgtgg tcatcaccct caagaacatyg gcatcccacce ctgtgtetet geatgetgtg 360

ggagtctcat actggaaagc ctctgaaggyg gctgagtatg atgaccagac atcccagaga 420

gagaaagagg atgacaaggt gttccctggg ggatctcaca cctatgtgtg geaagtectce 480

aaggagaatg gacccatgge atctgaccca ctetgectga catactccta cctttcetceat 540
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gtggacctgg tcaaggacct caactctgga ctgattgggg cactgctggt gtgcagggaa 600
ggatccectgg ccaaggagaa aacccagaca ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagtcttg gcactctgaa acaaagaact ccctgatgca agacagggat 720
gctgectetyg ccagggcatg geccaagatg cacactgtga atggctatgt gaacagatca 780
ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aagtgcactce cattttcctg gagggacaca ccttectggt caggaaccac 900
agacaagcct ctctggagat ctctcccatce accttectca ctgcacagac actgetgatg 960

gaccttggac agttcctgct gtectgcecac atctcecttceec accagcatga tggcatggaa 1020
gcctatgtca aggtggactce atgccctgag gaaccacagce tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt cagatttgat 1140
gatgacaact ctccatcctt cattcagatc aggtctgtgg caaagaaaca ccccaagaca 1200
tgggtgcact acattgctgc tgaggaagag gactgggact atgcaccact ggtcctggcece 1260
cctgatgaca ggagctacaa gtctcagtac ctcaacaatg gcccacaaag aattggaaga 1320
aagtacaaga aagtcagatt catggcctac actgatgaaa ccttcaagac aagagaagcc 1380
attcagcatg agtctggcat tcectgggacca ctcecctgtatg gggaagtggg agacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag caggagactg ccaaaagggg tgaaacacct caaggacttce 1560
cccattetge ctggagagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
acaaagtctg accccaggtg cctcaccaga tactactect cttttgtgaa catggagaga 1680
gacctggcat ctggactgat tggaccactg ctcatctgcet acaaggagtc tgtggaccag 1740
agaggcaacc agatcatgtc tgacaagaga aatgtgattc tgttctctgt ctttgatgag 1800
aacagatcat ggtacctgac tgagaacatt cagagattcc tgcccaacce tgctggggtg 1860
caactggaag accctgagtt ccaggcaagc aacatcatgc actccatcaa tggctatgtg 1920
tttgactcte tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggcac aaactgactt cctttcectgte ttecttctetg gatacacctt caagcacaag 2040
atggtgtatg aggacaccct gacactctte ccattctetg gggaaactgt gttcatgagce 2100
atggagaacc ctggactgtg gattctggga tgccacaact ctgacttcag aaacagggga 2160
atgactgcac tgctcaaagt ctcctcectgt gacaagaaca ctggggacta ctatgaggac 2220
tcttatgagg acatctctge ctacctgctce agcaagaaca ataccaccta cgtgaaccgce 2280
tcectgtete agaatccace tgtcctgaag agacaccaga gagagatcac caggacaacce 2340
ctccagtetg accaggaaga gattgactat gatgacacca tttctgtgga gatgaagaag 2400
gaggactttg acatctatga tgaggacgag aaccagtctc caagatcatt ccagaagaag 2460
acaagacact acttcattgc tgctgtggaa agactgtggg actatggcat gtcttcectcet 2520
ccecatgtece tcaggaacag ggcacagtct ggctcectgtge cacagttcaa gaaagtggtce 2580
ttccaggagt tcactgatgg ctcattcacc cagecccecetgt acagagggga actgaatgag 2640
cacctgggac tcctgggacc atacatcagg gctgaggtgg aagacaacat catggtgaca 2700
ttcagaaacc aggcctccag gecctacage ttctactett cectcatcag ctatgaggaa 2760

gaccagagac aaggggctga gccaagaaag aactttgtga aacccaatga aaccaagacc 2820
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tacttctgga aagtccagca ccacatggca cccaccaagg atgagtttga ctgcaaggcce 2880
tgggcatact tctctgatgt ggacctggag aaagatgtgce actctggcct gattggccca 2940
ctecctggtet gecacaccaa caccctgaac cctgcacatg gaaggcaagt gactgtgcag 3000
gagtttgcece tcecttcttcac catctttgat gaaaccaagt catggtactt cactgagaac 3060
atggagagaa actgcagagc accatgcaac attcagatgg aagaccccac cttcaaggag 3120
aactacaggt tccatgccat caatggctac atcatggaca ccctgectgg gettgtcatg 3180
gcacaggacc agagaatcag atggtacctg ctttctatgg gatccaatga gaacattcac 3240
tcecatccact tectcetgggca tgtcttcact gtgagaaaga aggaggaata caagatggcece 3300
ctgtacaacc tctaccctgg ggtctttgag actgtggaga tgctgcccte caaagctggce 3360
atctggaggg tggaatgcct cattggggag cacctgcatg ctggcatgtce aaccctgttce 3420
ctggtctaca gcaacaagtg ccagacacce ctgggaatgg cctcectggeca catcagggac 3480
ttccagatca ctgcctcectgg ccagtatgge cagtgggcac ccaaactggce caggctccac 3540
tactctggct ccatcaatge atggtcaacc aaggagccat tctcttggat caaggtggac 3600
ctgctggcac ccatgatcat tcatggcatc aagacacagg gggcaagaca gaaattctcce 3660
tctctgtaca tctcacagtt catcatcatg tactctectgg atggcaagaa gtggcagaca 3720
tacagaggca actccactgg caccctcatg gtettcectttg gcaatgtgga cagctctggce 3780
atcaagcaca acatcttcaa ccctcccate attgccagat acatcaggct gcaccccacce 3840
cactactcaa tcagatcaac cctcaggatg gaactgatgg gatgtgacct gaactcctgce 3900
tcaatgccce tgggaatgga gagcaaggcce atttctgatg cccagatcac tgcatcctcet 3960
tacttcacca acatgtttgc cacctggtca ccatcaaaag ccaggctgca cctccaggga 4020
agaagcaatg cctggagacc ccaggtcaac aacccaaagg aatggctgca agtggactte 4080
cagaagacaa tgaaagtcac tggggtgaca acccaggggg tcaagtctct gcectcacctca 4140
atgtatgtga aggagttcct gatctcttce tcacaggatg gccaccagtg gacactctte 4200
ttccagaatg gcaaagtcaa ggtgttccag ggcaaccagg actctttcac acctgtggtg 4260
aactcactgg accccccect cctgacaaga tacctgagaa ttcaccccca gtettgggte 4320
caccagattg ccctgagaat ggaagtcctg ggatgtgagg cacaagacct gtactga 4377
<210> SEQ ID NO 91
<211> LENGTH: 4377
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 91

atgcagattyg agctgtccac ctgettettt ctgtgectge tgagattetg cttetetgece 60
accaggagat actacctggg ggctgtggaa ctttettggg actacatgca gtcetgacctg 120
ggagagctge ctgtggatge caggttccca cccagagtge ccaagtectt cccattcaac 180
acctctgtgg tctacaagaa gacactcttt gtggaattca ctgaccacct gttcaacatt 240
gcaaaaccca gaccaccctg gatgggacte ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcgtcaccct caagaacatyg gcatcccacce ctgtgtetet geatgetgtg 360

ggagtctcat actggaaatc ctctgaaggyg gctgagtatg atgaccagac atcccagaga 420
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gagaaagagg atgacaaggt gttccctggg aagtctcaca cctatgtgtg gcaagtcctc 480
aaggagaatg gacccactgc atctgaccca ccctgectga catactccta cctttcetcat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cactgctggt gtgcagggaa 600
ggatccectgg ccaaggagaa aacccagaca ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagtcttg gcactctgaa acaaagaact ccctgatgca agacagggat 720
gctgectetyg ccagggcatg geccaagatg cacactgtga atggctatgt gaacagatca 780
ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aagtgcactce cattttcctg gagggacaca ccttectggt caggaaccac 900
agacaagcct ctctggagat ctctcccatce accttectca ctgcacagac actgetgatg 960

gaccttggac agttcctgct gttcectgcecac atctcecttcecec accagcatga tggcatggaa 1020
gcctatgtca aggtggactce atgccctgag gaaccacagce tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt cagatttgat 1140
gatgacaact ctccatcctt cattcagatc aggtctgtgg caaagaaaca ccccaagaca 1200
tgggtgcact acattgctgc tgaggaagag gactgggact atgcaccact ggtcctggcece 1260
cctgatgaca ggagctacaa gtctcagtac ctcaacaatg gcccacaaag aattggaaga 1320
aagtacaaga aagtcagatt catggcctac actgatgaaa ccttcaagac aagagaagcc 1380
attcagcatg agtctggcat tcectgggacca ctcecctgtatg gggaagtggg agacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag caggagactg ccaaaagggg tgaaacacct caaggacttce 1560
cccattetge ctggagagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
acaaagtctg accccaggtg cctcaccaga tactactect cttttgtgaa catggagaga 1680
gacctggcat ctggactgat tggaccactg ctcatctgcet acaaggagtc tgtggaccag 1740
agaggcaacc agatcatgtc tgacaagaga aatgtgattc tgttctctgt ctttgatgag 1800
aacagatcat ggtacctgac tgagaacatt cagagattcc tgcccaacce tgctggggtg 1860
caactggaag accctgagtt ccaggcaagc aacatcatgc actccatcaa tggctatgtg 1920
tttgactcte tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggcac aaactgactt cctttcectgte ttecttctetg gatacacctt caagcacaag 2040
atggtgtatg aggacaccct gacactctte ccattctetg gggaaactgt gttcatgagce 2100
atggagaacc ctggactgtg gattctggga tgccacaact ctgacttcag aaacagggga 2160
atgactgcac tgctcaaagt ctcctcectgt gacaagaaca ctggggacta ctatgaggac 2220
tcttatgagg acatctctge ctacctgctce agcaagaaca ataccaccta cgtgaaccgce 2280
tcectgtete agaatccace tgtcctgaag agacaccaga gagagatcac caggacaacce 2340
ctccagtetg accaggaaga gattgactat gatgacacca tttctgtgga gatgaagaag 2400
gaggactttg acatctatga tgaggacgag aaccagtctc caagatcatt ccagaagaag 2460
acaagacact acttcattgc tgctgtggaa agactgtggg actatggcat gtcttcectcet 2520
ccecatgtece tcaggaacag ggcacagtct ggctcectgtge cacagttcaa gaaagtggtce 2580
ttccaggagt tcactgatgg ctcattcacc cagecccecetgt acagagggga actgaatgag 2640

cacctgggac tcctgggacc atacatcagg gctgaggtgg aagacaacat catggtgaca 2700
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ttcagaaacc aggcctccag gecctacage ttctactett cectcatcag ctatgaggaa 2760
gaccagagac aaggggctga gccaagaaag aactttgtga aacccaatga aaccaagacc 2820
tacttctgga aagtccagca ccacatggca cccaccaagg atgagtttga ctgcaaggcce 2880
tgggcatact tctctgatgt ggacctggag aaagatgtgce actctggcct gattggccca 2940
ctecctggtet gecacaccaa caccctgaac cctgcacatg gaaggcaagt gactgtgcag 3000
gagtttgcece tcecttcttcac catctttgat gaaaccaagt catggtactt cactgagaac 3060
atggagagaa actgcagagc accatgcaac attcagatgg aagaccccac cttcaaggag 3120
aactacaggt tccatgccat caatggctac atcatggaca ccctgectgg gettgtcatg 3180
gcacaggacc agagaatcag atggtacctg ctttctatgg gatccaatga gaacattcac 3240
tcecatccact tectcetgggca tgtcttcact gtgagaaaga aggaggaata caagatggcece 3300
ctgtacaacc tctaccctgg ggtctttgag actgtggaga tgctgcccte caaagctggce 3360
atctggaggg tggaatgcct cattggggag cacctgcatg ctggcatgtce aaccctgttce 3420
ctggtctaca gcaacaagtg ccagacacce ctgggaatgg cctcectggeca catcagggac 3480
ttccagatca ctgcctcectgg ccagtatgge cagtgggcac ccaaactggce caggctccac 3540
tactctggct ccatcaatge atggtcaacc aaggagccat tctcttggat caaggtggac 3600
ctgctggcac ccatgatcat tcatggcatc aagacacagg gggcaagaca gaaattctcce 3660
tctctgtaca tctcacagtt catcatcatg tactctectgg atggcaagaa gtggcagaca 3720
tacagaggca actccactgg caccctcatg gtettcectttg gcaatgtgga cagctctggce 3780
atcaagcaca acatcttcaa ccctcccate attgccagat acatcaggct gcaccccacce 3840
cactactcaa tcagatcaac cctcaggatg gaactgatgg gatgtgacct gaactcctgce 3900
tcaatgccce tgggaatgga gagcaaggcce atttctgatg cccagatcac tgcatcctcet 3960
tacttcacca acatgtttgc cacctggtca ccatcaaaag ccaggctgca cctccaggga 4020
agaagcaatg cctggagacc ccaggtcaac aacccaaagg aatggctgca agtggactte 4080
cagaagacaa tgaaagtcac tggggtgaca acccaggggg tcaagtctct gcectcacctca 4140
atgtatgtga aggagttcct gatctcttce tcacaggatg gccaccagtg gacactctte 4200
ttccagaatg gcaaagtcaa ggtgttccag ggcaaccagg actctttcac acctgtggtg 4260
aactcactgg accccccect cctgacaaga tacctgagaa ttcaccccca gtettgggte 4320
caccagattg ccctgagaat ggaagtcctg ggatgtgagg cacaagacct gtactga 4377
<210> SEQ ID NO 92

<211> LENGTH: 4377

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 92

atgcagattyg agctgtccac ctgettettt ctgtgectge tgagattetg cttetetgece 60
accaggagat actacctggg ggctgtggaa ctttettggg actacatgca gtcetgacctg 120
ggagagctge ctgtggatge caggttccca cccagagtge ccaagtectt cccattcaac 180

acctctgtgg tctacaagaa gacactcttt gtggaattca ctgaccacct gttcaacatt 240
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gcaaaaccca gaccaccctg gatgggactc ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcatcaccct caagaacatg gcatcccacc ctgtgtctet gcatgetgtg 360
ggagtctcat actggaaagc ctctgaaggg gctgagtatg atgaccagac atcccagaga 420
gagaaagagg atgacaaggt gttccctggg ggatctcaca cctatgtgtg gcaagtcctc 480
aaggagaatg gacccatggc atctgaccca ctctgecctga catactccta cctttcetcat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cactgctggt gtgcagggaa 600
ggatccectgg ccaaggagaa aacccagaca ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagtcttg gcactctgaa acaaagaact ccctgatgca agacagggat 720
gctgectetyg ccagggcatg geccaagatg cacactgtga atggctatgt gaacagatca 780
ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aagtgcactce cattttcctg gagggacaca ccttectggt caggaaccac 900
agacaagcct ctctggagat ctctcccatce accttectca ctgcacagac actgetgatg 960

gaccttggac agttcctgct gttcectgcecac atctcecttcecec accagcatga tggcatggaa 1020
gcctatgtca aggtggactce atgccctgag gaaccacagce tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt cagatttgat 1140
gatgacaact ctccatcctt cattcagatc aggtctgtgg caaagaaaca ccccaagaca 1200
tgggtgcact acattgctgc tgaggaagag gactgggact atgcaccact ggtcctggcece 1260
cctgatgaca ggagctacaa gtctcagtac ctcaacaatg gcccacaaag aattggaaga 1320
aagtacaaga aagtcagatt catggcctac actgatgaaa ccttcaagac aagagaagcc 1380
attcagcatg agtctggcat tcectgggacca ctcecctgtatg gggaagtggg agacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag caggagactg ccaaaagggg tgaaacacct caaggacttce 1560
cccattetge ctggagagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
acaaagtctg accccaggtg cctcaccaga tactactect cttttgtgaa catggagaga 1680
gacctggcat ctggactgat tggaccactg ctcatctgcet acaaggagtc tgtggaccag 1740
agaggcaacc agatcatgtc tgacaagaga aatgtgattc tgttctctgt ctttgatgag 1800
aacagatcat ggtacctgac tgagaacatt cagagattcc tgcccaacce tgctggggtg 1860
caactggaag accctgagtt ccaggcaagc aacatcatgc actccatcaa tggctatgtg 1920
tttgactcte tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggcac aaactgactt cctttcectgte ttecttctetg gatacacctt caagcacaag 2040
atggtgtatg aggacaccct gacactctte ccattctetg gggaaactgt gttcatgagce 2100
atggagaacc ctggactgtg gattctggga tgccacaact ctgacttcag aaacagggga 2160
atgactgcac tgctcaaagt ctcctcectgt gacaagaaca ctggggacta ctatgaggac 2220
tcttatgagg acatctctge ctacctgctce agcaagaaca ataccaccta cgtgaaccgce 2280
tcectgtete agaatccace tgtcctgaag agacaccaga gagagatcac caggacaacce 2340
ctccagtetg accaggaaga gattgactat gatgacacca tttctgtgga gatgaagaag 2400
gaggactttg acatctatga tgaggacgag aaccagtctc caagatcatt ccagaagaag 2460

acaagacact acttcattgc tgctgtggaa agactgtggg actatggcat gtcttcectcet 2520
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ccecatgtece tcaggaacag ggcacagtct ggctcectgtge cacagttcaa gaaagtggtce 2580
ttccaggagt tcactgatgg ctcattcacc cagecccecetgt acagagggga actgaatgag 2640
cacctgggac tcctgggacc atacatcagg gctgaggtgg aagacaacat catggtgaca 2700
ttcagaaacc aggcctccag gecctacage ttctactett cectcatcag ctatgaggaa 2760
gaccagagac aaggggctga gccaagaaag aactttgtga aacccaatga aaccaagacc 2820
tacttctgga aagtccagca ccacatggca cccaccaagg atgagtttga ctgcaaggcce 2880
tgggcatact tctctgatgt ggacctggag aaagatgtgce actctggcct gattggccca 2940
ctecctggtet gecacaccaa caccctgaac cctgcacatg gaaggcaagt gactgtgcag 3000
gagtttgcece tcecttcttcac catctttgat gaaaccaagt catggtactt cactgagaac 3060
atggagagaa actgcagagc accatgcaac attcagatgg aagaccccac cttcaaggag 3120
aactacaggt tccatgccat caatggctac atcatggaca ccctgectgg gettgtcatg 3180
gcacaggacc agagaatcag atggtacctg ctttctatgg gatccaatga gaacattcac 3240
tcecatccact tectcetgggca tgtcttcact gtgagaaaga aggaggaata caagatggcece 3300
ctgtacaacc tctaccctgg ggtctttgag actgtggaga tgctgcccte caaagctggce 3360
atctggaggg tggaatgcct cattggggag cacctgcatg ctggcatgtce aaccctgttce 3420
ctggtctaca gcaacaagtg ccagacacce ctgggaatgg cctcectggeca catcagggac 3480
ttccagatca ctgcctcectgg ccagtatgge cagtgggcac ccaaactggce caggctccac 3540
tactctggct ccatcaatge atggtcaacc aaggagccat tctcttggat caaggtggac 3600
ctgctggcac ccatgatcat tcatggcatc aagacacagg gggcaagaca gaaattctcce 3660
tctctgtaca tctcacagtt catcatcatg tactctectgg atggcaagaa gtggcagaca 3720
tacagaggca actccactgg caccctcatg gtettcectttg gcaatgtgga cagctctggce 3780
atcaagcaca acatcttcaa ccctcccate attgccagat acatcaggct gcaccccacce 3840
cactactcaa tcagatcaac cctcaggatg gaactgatgg gatgtgacct gaactcctgce 3900
tcaatgccce tgggaatgga gagcaaggcce atttctgatg cccagatcac tgcatcctcet 3960
tacttcacca acatgtttgc cacctggtca ccatcaaaag ccaggctgca cctccaggga 4020
agaagcaatg cctggagacc ccaggtcaac aacccaaagg aatggctgca agtggactte 4080
cagaagacaa tgaaagtcac tggggtgaca acccaggggg tcaagtctct gcectcacctca 4140
atgtatgtga aggagttcct gatctcttce tcacaggatg gccaccagtg gacactctte 4200
ttccagaatg gcaaagtcaa ggtgttccag ggcaaccagg actctttcac acctgtggtg 4260
aactcactgg accccccect cctgacaaga tacctgagaa ttcaccccca gtettgggte 4320
caccagattg ccctgagaat ggaagtcctg ggatgtgagg cacaagacct gtactga 4377
<210> SEQ ID NO 93
<211> LENGTH: 4374
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 93

atgcagattyg agctgtccac ctgettettt ctgtgectge tgagattetg cttetetgece 60

accaggagat actacctggg ggctgtggaa ctttettggg actacatgca gtcetgacctg 120
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ggagagctge ctgtggatge caggttccca cccagagtgce ccaagtcctt cccattcaac 180
acctctgtgg tctacaagaa gacactcttt gtggaattca ctgaccacct gttcaacatt 240
gcaaaaccca gaccaccctg gatgggactc ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcgtcaccct caagaacatg gcatcccacc ctgtgtctet gcatgetgtg 360
ggagtctcat actggaaatc ctctgaaggg gctgagtatg atgaccagac atcccagaga 420
gagaaagagg atgacaaggt gttccctggg aagtctcaca cctatgtgtg gcaagtcctc 480
aaggagaatg gacccactgc atctgaccca ccctgectga catactccta cctttcetcat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cactgctggt gtgcagggaa 600
ggatccectgg ccaaggagaa aacccagaca ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagtcttg gcactctgaa acaaagaact ccctgatgca agacagggat 720
gctgectetyg ccagggcatg geccaagatg cacactgtga atggctatgt gaacagatca 780
ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aagtgcactce cattttcctg gagggacaca ccttectggt caggaaccac 900
agacaagcct ctctggagat ctctcccatce accttectca ctgcacagac actgetgatg 960

gaccttggac agttcctgct gttcectgcecac atctcecttcecec accagcatga tggcatggaa 1020
gcctatgtca aggtggactce atgccctgag gaaccacagce tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt cagatttgat 1140
gatgacaact ctccatcctt cattcagatc aggtctgtgg caaagaaaca ccccaagaca 1200
tgggtgcact acattgctgc tgaggaagag gactgggact atgcaccact ggtcctggcece 1260
cctgatgaca ggagctacaa gtctcagtac ctcaacaatg gcccacaaag aattggaaga 1320
aagtacaaga aagtcagatt catggcctac actgatgaaa ccttcaagac aagagaagcc 1380
attcagcatg agtctggcat tcectgggacca ctcecctgtatg gggaagtggg agacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag caggagactg ccaaaagggg tgaaacacct caaggacttce 1560
cccattetge ctggagagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
acaaagtctg accccaggtg cctcaccaga tactactect cttttgtgaa catggagaga 1680
gacctggcat ctggactgat tggaccactg ctcatctgcet acaaggagtc tgtggaccag 1740
agaggcaacc agatcatgtc tgacaagaga aatgtgattc tgttctctgt ctttgatgag 1800
aacagatcat ggtacctgac tgagaacatt cagagattcc tgcccaacce tgctggggtg 1860
caactggaag accctgagtt ccaggcaagc aacatcatgc actccatcaa tggctatgtg 1920
tttgactcte tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggcac aaactgactt cctttcectgte ttecttctetg gatacacctt caagcacaag 2040
atggtgtatg aggacaccct gacactctte ccattctetg gggaaactgt gttcatgagce 2100
atggagaacc ctggactgtg gattctggga tgccacaact ctgacttcag aaacagggga 2160
atgactgcac tgctcaaagt ctcctcectgt gacaagaaca ctggggacta ctatgaggac 2220
tcttatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccagaagce 2280
ttctctecaga atccacctgt cctgaagaga caccagagag agatcaccag gacaaccctce 2340

cagtctgacc aggaagagat tgactatgat gacaccattt ctgtggagat gaagaaggag 2400
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gactttgaca tctatgatga ggacgagaac cagtctccaa gatcattcca gaagaagaca 2460
agacactact tcattgctgc tgtggaaaga ctgtgggact atggcatgtc ttectcectcece 2520
catgtcctca ggaacagggc acagtctggce tctgtgccac agttcaagaa agtggtctte 2580
caggagttca ctgatggctc attcacccag ccecctgtaca gaggggaact gaatgagcac 2640
ctgggactcce tgggaccata catcagggct gaggtggaag acaacatcat ggtgacattc 2700
agaaaccagg cctccaggcec ctacagctte tactcttecce tcatcagcta tgaggaagac 2760
cagagacaag gggctgagcc aagaaagaac tttgtgaaac ccaatgaaac caagacctac 2820
ttctggaaag tccagcacca catggcaccce accaaggatg agtttgactg caaggcctgg 2880
gcatacttcect ctgatgtgga cctggagaaa gatgtgcact ctggcectgat tggcccactce 2940
ctggtetgee acaccaacac cctgaaccct geacatggaa ggcaagtgac tgtgcaggag 3000
tttgcecctet tettcaccat ctttgatgaa accaagtcat ggtacttcac tgagaacatg 3060
gagagaaact gcagagcacc atgcaacatt cagatggaag accccacctt caaggagaac 3120
tacaggttcc atgccatcaa tggctacatc atggacaccce tgcctgggcet tgtcatggca 3180
caggaccaga gaatcagatg gtacctgctt tctatgggat ccaatgagaa cattcactcc 3240
atccacttct ctgggcatgt cttcactgtg agaaagaagg aggaatacaa gatggccctg 3300
tacaacctct accctggggt ctttgagact gtggagatgce tgccctccaa agctggcatce 3360
tggagggtgg aatgcctcat tggggagcac ctgcatgcetg gcatgtcaac cctgttectg 3420
gtctacagca acaagtgcca gacacccctg ggaatggcecet ctggccacat cagggacttce 3480
cagatcactg cctctggeca gtatggccag tgggcaccca aactggccag gctccactac 3540
tctggetecca tcaatgcatg gtcaaccaag gagccattcet cttggatcaa ggtggacctg 3600
ctggcaccca tgatcattca tggcatcaag acacaggggg caagacagaa attctcectcet 3660
ctgtacatct cacagttcat catcatgtac tctcectggatg gcaagaagtg gcagacatac 3720
agaggcaact ccactggcac cctcatggtce ttcectttggca atgtggacag ctcectggcatce 3780
aagcacaaca tcttcaaccc tcecccatcatt gccagataca tcaggctgca ccccacccac 3840
tactcaatca gatcaaccct caggatggaa ctgatgggat gtgacctgaa ctcctgctca 3900
atgccectgg gaatggagag caaggccatt tctgatgecce agatcactge atcctcettac 3960
ttcaccaaca tgtttgccac ctggtcacca tcaaaagcca ggctgcacct ccagggaaga 4020
agcaatgcct ggagacccca ggtcaacaac ccaaaggaat ggctgcaagt ggacttccag 4080
aagacaatga aagtcactgg ggtgacaacc cagggggtca agtctctgct cacctcaatg 4140
tatgtgaagg agttcctgat ctcttcectca caggatggcc accagtggac actcttette 4200
cagaatggca aagtcaaggt gttccagggc aaccaggact ctttcacacc tgtggtgaac 4260
tcactggacc ccccectect gacaagatac ctgagaattc acccccagte ttgggtcecac 4320

cagattgccce tgagaatgga agtcctggga tgtgaggcac aagacctgta ctga 4374

<210> SEQ ID NO 94

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
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<400> SEQUENCE: 94

atgcagattg agctgagcac ctgcttctte ctgtgectge tgaggttctg cttetctgec 60
accaggagat actacctggg ggctgtggag ctttcettggg actacatgca gtctgacctg 120
ggggagctge ctgtggatge caggttccca cccagagtgce ccaaatcctt cccattcaac 180
acctctgtgg tctacaagaa gaccctcettt gtggagttca ctgaccacct gttcaacatt 240
gccaaaccca ggccaccctg gatgggactc ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcgtcaccct caagaacatg gcctcccacce ctgtgagect gcatgetgtg 360
ggggtcagct actggaagtc ctctgagggg gctgagtatg atgaccagac ctcccagagg 420
gagaaggagg atgacaaagt gttccctggg aagagccaca cctatgtgtg gcaggtcctce 480
aaggagaatg gccccactgce ctctgaccca ccctgectga cctactccta cctttcetcat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg ccctgetggt gtgcagggag 600
ggctccectgg ccaaagagaa gacccagacc ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagagctg gcactctgaa accaagaact ccctgatgca ggacagggat 720
gctgectetyg ccagggectyg goccaagatg cacactgtga atggctatgt gaacaggagce 780
ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aggtgcactce cattttcectg gagggccaca ccttectggt caggaaccac 900
agacaggcca gcctggagat cagccccatc accttectca ctgcccagac cctgetgatg 960

gacctcggac agttcctgct gttetgcecac atcagcectcec accagcatga tggcatggag 1020
gectatgteca aggtggacag ctgccctgag gagccacage tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt ccgctttgat 1140
gatgacaaca gcccatcctt cattcagatc aggtctgtgg ccaagaaaca ccccaagacce 1200
tgggtgcact acattgctgc tgaggaggag gactgggact atgccccact ggtcecctggcece 1260
cctgatgaca ggagctacaa gagccagtac ctcaacaatyg gcccacagag gattggacge 1320
aagtacaaga aagtcaggtt catggcctac actgatgaaa ccttcaagac cagggaggcce 1380
attcagcatg agtctggcat cctgggccca ctecctgtatg gggaggtggg ggacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag ccgcaggetg ccaaaggggg tgaaacacct caaggactte 1560
cccattetge ctggggagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
accaaatctg accccaggtg cctcaccaga tactactcecca getttgtgaa catggagagg 1680
gacctggect ctggectgat tggcccactg ctcatctget acaaggagtc tgtggaccag 1740
aggggaaacc agatcatgtc tgacaagagg aatgtgattc tgttctctgt ctttgatgag 1800
aacaggagct ggtacctgac tgagaacatt cagcgcttcecce tgcccaacce tgctggggtg 1860
cagctggagg accctgagtt ccaggccagce aacatcatgce actccatcaa tggctatgtg 1920
tttgacagcce tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggccce agactgactt cctttetgte ttettcectetg gectacacctt caaacacaag 2040
atggtgtatg aggacaccct gaccctcectte ccattctetg gggagactgt gttcatgagce 2100
atggagaacc ctggcctgtg gattctggga tgccacaact ctgacttccg caacaggggce 2160

atgactgccce tgctcaaagt ctectcectgt gacaagaaca ctggggacta ctatgaggac 2220
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agctatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccaggagc 2280
ttcagccaga atccacctgt cctgaaacge caccagaggg agatcaccag gaccacccte 2340
cagtctgacc aggaggagat tgactatgat gacaccattt ctgtggagat gaagaaagag 2400
gactttgaca tctatgacga ggacgagaac cagagcccaa ggagcttcca gaagaagacce 2460
aggcactact tcattgctgce tgtggagcgce ctgtgggact atggcatgag ctccagcccce 2520
catgtcctca ggaacagggce ccagtctgge tctgtgccac agttcaagaa agtggtctte 2580
caagagttca ctgatggcag cttcacccag ccecctgtaca gaggggagct gaatgagcac 2640
ctgggactcce tgggcccata catcagggct gaggtggagg acaacatcat ggtgacctte 2700
cgcaaccagg cctccaggec ctacagctte tacagctcecce tcatcagcta tgaggaggac 2760
cagaggcagg gggctgagcce acgcaagaac tttgtgaaac ccaatgaaac caagacctac 2820
ttctggaaag tccagcacca catggcccce accaaggatg agtttgactg caaggcctgg 2880
gcctacttet ctgatgtgga cctggagaag gatgtgcact ctggectgat tggcccactce 2940
ctggtetgee acaccaacac cctgaaccct geccatggaa ggcaagtgac tgtgcaggag 3000
tttgcectet tettcaccat ctttgatgaa accaagagct ggtacttcac tgagaacatg 3060
gagcgcaact gcagggccce atgcaacatt cagatggagg accccacctt caaagagaac 3120
taccgcttece atgccatcaa tggctacatce atggacaccce tgcctggget tgtcatggece 3180
caggaccaga ggatcaggtg gtacctgctt tctatgggct ccaatgagaa cattcactcc 3240
atccacttct ctgggcatgt cttcactgtg cgcaagaagg aggagtacaa gatggccctg 3300
tacaacctct accctggggt ctttgagact gtggagatgce tgccctccaa agctggcatce 3360
tggagggtgg agtgcctcat tggggagcac ctgcatgcetg gcatgagcac cctgttectg 3420
gtctacagca acaagtgcca gacccccectg ggaatggcect ctggccacat cagggactte 3480
cagatcactg cctctggeca gtatggccag tgggcccececa agctggccag gctccactac 3540
tctggatcca tcaatgcctyg gagcaccaag gagccattca gectggatcaa agtggacctg 3600
ctggecccca tgatcatcca tggcatcaag acccaggggyg ccaggcagaa gttctccage 3660
ctgtacatca gccagttcat catcatgtac agcctggatg gcaagaaatg gcagacctac 3720
agaggcaact ccactggaac actcatggtc ttctttggca atgtggacag ctctggcatc 3780
aagcacaaca tcttcaaccc cccaatcatce gecagataca tcaggctgca ccccacccac 3840
tacagcatcc gcagcaccct caggatggag ctgatgggct gtgacctgaa ctectgcagce 3900
atgccectgg gcatggagag caaggccatt tctgatgecce agatcactge ctcecagctac 3960
ttcaccaaca tgtttgccac ctggagecca agcaaggcca ggctgcacct ccagggaagg 4020
agcaatgcct ggaggcccca ggtcaacaac ccaaaggagt ggctgcaggt ggacttccag 4080
aagaccatga aggtcactgg ggtgaccacc cagggggtca agagcctget caccagcatg 4140
tatgtgaagg agttcctgat cagctccagce caggatggcce accagtggac cctcettette 4200
cagaatggca aggtcaaggt gttccagggc aaccaggaca gcttcaccce tgtggtgaac 4260
agcctggace ccccectect gaccagatac ctgaggatte acccccagag ctgggtccac 4320

cagattgccce tgaggatgga ggtcctggga tgtgaggccce aggacctgta ctga 4374

<210> SEQ ID NO 95

<211> LENGTH: 4377
<212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 95

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg ggctgtggag ctttettggg actacatgca gtcetgacctg 120
ggggagctge ctgtggatge caggttccca cccagagtge ccaaatcctt cccattcaac 180
acctctgtgg tctacaagaa gaccctettt gtggagtteca ctgaccacct gttcaacatt 240
gccaaaccca ggccaccectg gatgggacte ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcatcaccct caagaacatg gcctcccace ctgtgagect geatgetgtg 360
ggggtcaget actggaagge ctctgagggyg gctgagtatg atgaccagac cteccagagg 420
gagaaggagg atgacaaagt gttccctggyg ggcagccaca cctatgtgtg geaggtectce 480
aaggagaatg gccccatgge ctectgaccca ctetgectga cctactcecta cctttcetceat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cectgetggt gtgcagggag 600
ggctcectgyg ccaaagagaa gacccagacce ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagagctg gcactctgaa accaagaact cectgatgca ggacagggat 720
getgectetyg ccagggectg geccaagatyg cacactgtga atggetatgt gaacaggagce 780
ctgectggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctyg aggtgcacte cattttectyg gagggccaca cetteetggt caggaaccac 900
agacaggcca gcctggagat cagecccate accttectea ctgeccagac cctgetgatg 960

gacctcggac agttcctgct gttetgcecac atcagcectcec accagcatga tggcatggag 1020
gectatgteca aggtggacag ctgccctgag gagccacage tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt ccgctttgat 1140
gatgacaaca gcccatcctt cattcagatc aggtctgtgg ccaagaaaca ccccaagacce 1200
tgggtgcact acattgctgc tgaggaggag gactgggact atgccccact ggtcecctggcece 1260
cctgatgaca ggagctacaa gagccagtac ctcaacaatyg gcccacagag gattggacge 1320
aagtacaaga aagtcaggtt catggcctac actgatgaaa ccttcaagac cagggaggcce 1380
attcagcatg agtctggcat cctgggccca ctecctgtatg gggaggtggg ggacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag ccgcaggetg ccaaaggggg tgaaacacct caaggactte 1560
cccattetge ctggggagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
accaaatctg accccaggtg cctcaccaga tactactcecca getttgtgaa catggagagg 1680
gacctggect ctggectgat tggcccactg ctcatctget acaaggagtc tgtggaccag 1740
aggggaaacc agatcatgtc tgacaagagg aatgtgattc tgttctctgt ctttgatgag 1800
aacaggagct ggtacctgac tgagaacatt cagcgcttcecce tgcccaacce tgctggggtg 1860
cagctggagg accctgagtt ccaggccagce aacatcatgce actccatcaa tggctatgtg 1920
tttgacagcce tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggccce agactgactt cctttetgte ttettcectetg gectacacctt caaacacaag 2040

atggtgtatg aggacaccct gaccctcectte ccattctetg gggagactgt gttcatgagce 2100
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atggagaacc ctggcctgtg gattctggga tgccacaact ctgacttccg caacaggggce 2160
atgactgccce tgctcaaagt ctectcectgt gacaagaaca ctggggacta ctatgaggac 2220
agctatgagg acatctctge ctacctgctce agcaagaaca ataccaccta cgtgaaccgce 2280
tcectgagee agaatccacce tgtcctgaaa cgecaccaga gggagatcac caggaccace 2340
ctccagtetg accaggagga gattgactat gatgacacca tttctgtgga gatgaagaaa 2400
gaggactttyg acatctatga cgaggacgag aaccagagcc caaggagctt ccagaagaag 2460
accaggcact acttcattgce tgctgtggag cgectgtggg actatggcat gagctccagce 2520
ccecatgtece tcaggaacag ggcccagtct ggetcectgtge cacagttcaa gaaagtggtce 2580
ttccaagagt tcactgatgg cagcttcacc cageccccetgt acagagggga gctgaatgag 2640
cacctgggac tcctgggecc atacatcagg gctgaggtgg aggacaacat catggtgacc 2700
ttccgcaace aggcctccag gecctacage ttctacaget cectcatcag ctatgaggag 2760
gaccagaggce agggggctga gccacgcaag aactttgtga aacccaatga aaccaagacce 2820
tacttctgga aagtccagca ccacatggcce cccaccaagg atgagtttga ctgcaaggcece 2880
tgggcctact tctctgatgt ggacctggag aaggatgtge actctggcct gattggccca 2940
ctecctggtet gecacaccaa caccctgaac cctgcccatg gaaggcaagt gactgtgcag 3000
gagtttgcece tcecttcttcac catctttgat gaaaccaaga gctggtactt cactgagaac 3060
atggagcgca actgcagggc cccatgcaac attcagatgg aggaccccac cttcaaagag 3120
aactaccgct tccatgccat caatggctac atcatggaca ccectgectgg gettgtcatg 3180
gcccaggacce agaggatcag gtggtacctg ctttctatgg gctccaatga gaacattcac 3240
tcecatccact tectcetgggca tgtcttcact gtgcgcaaga aggaggagta caagatggcece 3300
ctgtacaacc tctaccctgg ggtctttgag actgtggaga tgctgcccte caaagctggce 3360
atctggaggg tggagtgcct cattggggag cacctgcatg ctggcatgag caccctgtte 3420
ctggtctaca gcaacaagtg ccagacccece ctgggaatgg cctectggeca catcagggac 3480
ttccagatca ctgcctcectgg ccagtatgge cagtgggcecce ccaagctggce caggctccac 3540
tactctggat ccatcaatgc ctggagcacc aaggagccat tcagctggat caaagtggac 3600
ctgctggccce ccatgatcat ccatggcatc aagacccagg gggccaggca gaagttctcece 3660
agcctgtaca tcagccagtt catcatcatg tacagcctgg atggcaagaa atggcagacce 3720
tacagaggca actccactgg aacactcatg gtcttctttg gcaatgtgga cagctctggce 3780
atcaagcaca acatcttcaa ccccccaatce atcgccagat acatcagget gcaccccace 3840
cactacagca tccgcagcac cctcaggatg gagctgatgg gectgtgacct gaactcctgce 3900
agcatgcccce tgggcatgga gagcaaggcce atttctgatg cccagatcac tgcctceccagce 3960
tacttcacca acatgtttgc cacctggagc ccaagcaagg ccaggctgca cctccaggga 4020
aggagcaatg cctggaggcce ccaggtcaac aacccaaagg agtggctgca ggtggactte 4080
cagaagacca tgaaggtcac tggggtgacc acccaggggg tcaagagect gctcaccage 4140
atgtatgtga aggagttcct gatcagctce agccaggatg gccaccagtg gaccctcette 4200
ttccagaatg gcaaggtcaa ggtgttccag ggcaaccagg acagcttcac cecctgtggtg 4260
aacagcctgg accccccect cctgaccaga tacctgagga ttcacccceca gagetgggte 4320

caccagattg ccctgaggat ggaggtcctg ggatgtgagg cccaggacct gtactga 4377
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<210> SEQ ID NO 96

<211> LENGTH: 4377

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 96

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg ggctgtggag ctttettggg actacatgca gtcetgacctg 120
ggggagctge ctgtggatge caggttccca cccagagtge ccaaatcctt cccattcaac 180
acctctgtgg tctacaagaa gaccctettt gtggagtteca ctgaccacct gttcaacatt 240
gccaaaccca ggccaccectg gatgggacte ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcgtcaccct caagaacatyg gectcccace ctgtgagect geatgetgtg 360
ggggtcaget actggaagtc ctctgagggyg gctgagtatg atgaccagac cteccagagg 420
gagaaggagg atgacaaagt gttccctggg aagagccaca cctatgtgtg geaggtectce 480
aaggagaatg gccccactge ctctgaccca ccctgectga cctactcecta cctttcetceat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cectgetggt gtgcagggag 600
ggctcectgyg ccaaagagaa gacccagacce ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagagctg gcactctgaa accaagaact cectgatgca ggacagggat 720
getgectetyg ccagggectg geccaagatyg cacactgtga atggetatgt gaacaggagce 780
ctgectggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctyg aggtgcacte cattttectyg gagggccaca cetteetggt caggaaccac 900
agacaggcca gcctggagat cagecccate accttectea ctgeccagac cctgetgatg 960

gacctcggac agttcctgct gttetgcecac atcagcectcec accagcatga tggcatggag 1020
gectatgteca aggtggacag ctgccctgag gagccacage tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt ccgctttgat 1140
gatgacaaca gcccatcctt cattcagatc aggtctgtgg ccaagaaaca ccccaagacce 1200
tgggtgcact acattgctgc tgaggaggag gactgggact atgccccact ggtcecctggcece 1260
cctgatgaca ggagctacaa gagccagtac ctcaacaatyg gcccacagag gattggacge 1320
aagtacaaga aagtcaggtt catggcctac actgatgaaa ccttcaagac cagggaggcce 1380
attcagcatg agtctggcat cctgggccca ctecctgtatg gggaggtggg ggacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag ccgcaggetg ccaaaggggg tgaaacacct caaggactte 1560
cccattetge ctggggagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
accaaatctg accccaggtg cctcaccaga tactactcecca getttgtgaa catggagagg 1680
gacctggect ctggectgat tggcccactg ctcatctget acaaggagtc tgtggaccag 1740
aggggaaacc agatcatgtc tgacaagagg aatgtgattc tgttctctgt ctttgatgag 1800
aacaggagct ggtacctgac tgagaacatt cagcgcttcecce tgcccaacce tgctggggtg 1860

cagctggagg accctgagtt ccaggccagce aacatcatgce actccatcaa tggctatgtg 1920
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tttgacagcce tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggccce agactgactt cctttetgte ttettcectetg gectacacctt caaacacaag 2040
atggtgtatg aggacaccct gaccctcectte ccattctetg gggagactgt gttcatgagce 2100
atggagaacc ctggcctgtg gattctggga tgccacaact ctgacttccg caacaggggce 2160
atgactgccce tgctcaaagt ctectcectgt gacaagaaca ctggggacta ctatgaggac 2220
agctatgagg acatctctge ctacctgctce agcaagaaca ataccaccta cgtgaaccgce 2280
tcectgagee agaatccacce tgtcctgaaa cgecaccaga gggagatcac caggaccace 2340
ctccagtetg accaggagga gattgactat gatgacacca tttctgtgga gatgaagaaa 2400
gaggactttyg acatctatga cgaggacgag aaccagagcc caaggagctt ccagaagaag 2460
accaggcact acttcattgce tgctgtggag cgectgtggg actatggcat gagctccagce 2520
ccecatgtece tcaggaacag ggcccagtct ggetcectgtge cacagttcaa gaaagtggtce 2580
ttccaagagt tcactgatgg cagcttcacc cageccccetgt acagagggga gctgaatgag 2640
cacctgggac tcctgggecc atacatcagg gctgaggtgg aggacaacat catggtgacc 2700
ttccgcaace aggcctccag gecctacage ttctacaget cectcatcag ctatgaggag 2760
gaccagaggce agggggctga gccacgcaag aactttgtga aacccaatga aaccaagacce 2820
tacttctgga aagtccagca ccacatggcce cccaccaagg atgagtttga ctgcaaggcece 2880
tgggcctact tctctgatgt ggacctggag aaggatgtge actctggcct gattggccca 2940
ctecctggtet gecacaccaa caccctgaac cctgcccatg gaaggcaagt gactgtgcag 3000
gagtttgcece tcecttcttcac catctttgat gaaaccaaga gctggtactt cactgagaac 3060
atggagcgca actgcagggc cccatgcaac attcagatgg aggaccccac cttcaaagag 3120
aactaccgct tccatgccat caatggctac atcatggaca ccectgectgg gettgtcatg 3180
gcccaggacce agaggatcag gtggtacctg ctttctatgg gctccaatga gaacattcac 3240
tcecatccact tectcetgggca tgtcttcact gtgcgcaaga aggaggagta caagatggcece 3300
ctgtacaacc tctaccctgg ggtctttgag actgtggaga tgctgcccte caaagctggce 3360
atctggaggg tggagtgcct cattggggag cacctgcatg ctggcatgag caccctgtte 3420
ctggtctaca gcaacaagtg ccagacccece ctgggaatgg cctectggeca catcagggac 3480
ttccagatca ctgcctcectgg ccagtatgge cagtgggcecce ccaagctggce caggctccac 3540
tactctggat ccatcaatgc ctggagcacc aaggagccat tcagctggat caaagtggac 3600
ctgctggccce ccatgatcat ccatggcatc aagacccagg gggccaggca gaagttctcece 3660
agcctgtaca tcagccagtt catcatcatg tacagcctgg atggcaagaa atggcagacce 3720
tacagaggca actccactgg aacactcatg gtcttctttg gcaatgtgga cagctctggce 3780
atcaagcaca acatcttcaa ccccccaatce atcgccagat acatcagget gcaccccace 3840
cactacagca tccgcagcac cctcaggatg gagctgatgg gectgtgacct gaactcctgce 3900
agcatgcccce tgggcatgga gagcaaggcce atttctgatg cccagatcac tgcctceccagce 3960
tacttcacca acatgtttgc cacctggagc ccaagcaagg ccaggctgca cctccaggga 4020
aggagcaatg cctggaggcce ccaggtcaac aacccaaagg agtggctgca ggtggactte 4080
cagaagacca tgaaggtcac tggggtgacc acccaggggg tcaagagect gctcaccage 4140

atgtatgtga aggagttcct gatcagctce agccaggatg gccaccagtg gaccctcette 4200
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ttccagaatg gcaaggtcaa ggtgttccag ggcaaccagg acagcttcac ccetgtggtg

aacagcctgg acccccccect cctgaccaga tacctgagga ttcaccceca gagetgggte

caccagattyg ccctgaggat ggaggtectg ggatgtgagg cccaggacct gtactga

<210> SEQ ID NO 97
<211> LENGTH: 4374

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 97

atgcagattg

accaggagat

ggggagctge

acctectgtygyg

gccaaaccca

gacactgtgg

ggggtcagct

dagaaggagyg

aaggagaatg

gtggacctgg

ggctcectygyg

tttgatgagg

getgectety

ctgectggac

acaacccctyg

agacaggcca

gaccteggac

gectatgtea

gaggctgagg

gatgacaaca

tgggtgcact

cctgatgaca

aagtacaaga

attcagcatg

ctcatcatct

gatgtcagge

cccattetge

accaaatctg

gacctggect

aggggaaacc

agctgagcac

actacctggyg

ctgtggatge

tctacaagaa

ggccacccety

tcatcaccct

actggaaggc

atgacaaagt

gececatgge

tcaaggacct

ccaaagagaa

gcaagagctyg

ccagggectyg

tcattggetyg

aggtgcactce

gectggagat

agttcetget

aggtggacag

actatgatga

gcccatecett

acattgctge

ggagctacaa

aagtcaggtt

agtctggeat

tcaagaacca

ccctgtacag

ctggggagat

accccaggtyg

ctggectgat

agatcatgtc

ctgcttette

ggctgtggag

caggttccca

gaccctettt

gatgggactce

caagaacatg

ctctgagggg

gttecetggy

ctctgaccca

caactctgga

gacccagace

gcactctgaa

gcccaagatyg

ccacaggaaa

cattttectyg

cagccecate

gtcetgecac

ctgecectgag

tgacctgact

cattcagatc

tgaggaggag

gagccagtac

catggectac

cctgggecca

ggcctecagyg

ccgecaggetyg

cttcaagtac

cctcaccaga

tggcccactyg

tgacaagagg

ctgtgectge

ctttettggy

cccagagtge

gtggagttca

ctgggaccca

gecteccace

getgagtatg

ggcagccaca

ctctgectga

ctgattgggg

ctgcacaagt

accaagaact

cacactgtga

tcetgtetact

gagggccaca

accttcctca

atcagctece

gagccacage

gactctgaga

aggtctgtgg

gactgggact

ctcaacaatg

actgatgaaa

ctcctgtatg

ccctacaaca

ccaaaggggyg

aagtggactg

tactactcca

ctcatctget

aatgtgattc

tgaggttctyg

actacatgca

ccaaatcctt

ctgaccacct

ccattcagge

ctgtgagect

atgaccagac

cctatgtgty

cctactecta

cecctgetggt

tcattctecct

ccctgatgea

atggctatgt

ggcatgtgat

ccttectggt

ctgcccagac

accagcatga

tcaggatgaa

tggatgtggt

ccaagaaaca

atgccecact

gcccacagag
ccttcaagac

gggaggtggyg

tctacccaca

tgaaacacct

tcactgtgga

getttgtgaa

acaaggagtc

tgttctetgt

4260

4320

4377

Synthetic

cttectcectgece 60
gtctgacctg 120
cccattcaac 180
gttcaacatt 240
tgaggtgtat 300
gcatgctgtg 360
ctceccagagyg 420
gcaggtccte 480
cctttetcat 540
gtgcagggag 600
gtttgctgte 660
ggacagggat 720
gaacaggagc 780
tggcatgggy 840
caggaaccac 900
cctgctgatyg 960
tggcatggag 1020
gaacaatgag 1080
ccgetttgat 1140
cceccaagace 1200
ggtcctggece 1260
gattggacgce 1320
cagggaggcce 1380
ggacaccctg 1440
tggcatcact 1500
caaggacttc 1560
ggatggacca 1620
catggagagg 1680
tgtggaccag 1740
ctttgatgag 1800
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aacaggagct ggtacctgac tgagaacatt cagcgcttcecce tgcccaacce tgctggggtg 1860
cagctggagg accctgagtt ccaggccagce aacatcatgce actccatcaa tggctatgtg 1920
tttgacagcce tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggccce agactgactt cctttetgte ttettcectetg gectacacctt caaacacaag 2040
atggtgtatg aggacaccct gaccctcectte ccattctetg gggagactgt gttcatgagce 2100
atggagaacc ctggcctgtg gattctggga tgccacaact ctgacttccg caacaggggce 2160
atgactgccce tgctcaaagt ctectcectgt gacaagaaca ctggggacta ctatgaggac 2220
agctatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccaggagc 2280
ttcagccaga atccacctgt cctgaaacge caccagaggg agatcaccag gaccacccte 2340
cagtctgacc aggaggagat tgactatgat gacaccattt ctgtggagat gaagaaagag 2400
gactttgaca tctatgacga ggacgagaac cagagcccaa ggagcttcca gaagaagacce 2460
aggcactact tcattgctgce tgtggagcgce ctgtgggact atggcatgag ctccagcccce 2520
catgtcctca ggaacagggce ccagtctgge tctgtgccac agttcaagaa agtggtctte 2580
caagagttca ctgatggcag cttcacccag ccecctgtaca gaggggagct gaatgagcac 2640
ctgggactcce tgggcccata catcagggct gaggtggagg acaacatcat ggtgacctte 2700
cgcaaccagg cctccaggec ctacagctte tacagctcecce tcatcagcta tgaggaggac 2760
cagaggcagg gggctgagcce acgcaagaac tttgtgaaac ccaatgaaac caagacctac 2820
ttctggaaag tccagcacca catggcccce accaaggatg agtttgactg caaggcctgg 2880
gcctacttet ctgatgtgga cctggagaag gatgtgcact ctggectgat tggcccactce 2940
ctggtetgee acaccaacac cctgaaccct geccatggaa ggcaagtgac tgtgcaggag 3000
tttgcectet tettcaccat ctttgatgaa accaagagct ggtacttcac tgagaacatg 3060
gagcgcaact gcagggccce atgcaacatt cagatggagg accccacctt caaagagaac 3120
taccgcttece atgccatcaa tggctacatce atggacaccce tgcctggget tgtcatggece 3180
caggaccaga ggatcaggtg gtacctgctt tctatgggct ccaatgagaa cattcactcc 3240
atccacttct ctgggcatgt cttcactgtg cgcaagaagg aggagtacaa gatggccctg 3300
tacaacctct accctggggt ctttgagact gtggagatgce tgccctccaa agctggcatce 3360
tggagggtgg agtgcctcat tggggagcac ctgcatgcetg gcatgagcac cctgttectg 3420
gtctacagca acaagtgcca gacccccectg ggaatggcect ctggccacat cagggactte 3480
cagatcactg cctctggeca gtatggccag tgggcccececa agctggccag gctccactac 3540
tctggatcca tcaatgcctyg gagcaccaag gagccattca gectggatcaa agtggacctg 3600
ctggecccca tgatcatcca tggcatcaag acccaggggyg ccaggcagaa gttctccage 3660
ctgtacatca gccagttcat catcatgtac agcctggatg gcaagaaatg gcagacctac 3720
agaggcaact ccactggaac actcatggtc ttctttggca atgtggacag ctctggcatc 3780
aagcacaaca tcttcaaccc cccaatcatce gecagataca tcaggctgca ccccacccac 3840
tacagcatcc gcagcaccct caggatggag ctgatgggct gtgacctgaa ctectgcagce 3900
atgccectgg gcatggagag caaggccatt tctgatgecce agatcactge ctcecagctac 3960
ttcaccaaca tgtttgccac ctggagecca agcaaggcca ggctgcacct ccagggaagg 4020

agcaatgect ggaggeccca ggtcaacaac ccaaaggagt ggctgcaggt ggacttccag 4080
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aagaccatga aggtcactgg ggtgaccacc cagggggtca agagcctget caccagcatg 4140
tatgtgaagg agttcctgat cagctccagce caggatggcce accagtggac cctcettette 4200
cagaatggca aggtcaaggt gttccagggc aaccaggaca gcttcaccce tgtggtgaac 4260
agcctggace ccccectect gaccagatac ctgaggatte acccccagag ctgggtccac 4320
cagattgccce tgaggatgga ggtcctggga tgtgaggccce aggacctgta ctga 4374
<210> SEQ ID NO 98

<211> LENGTH: 4377

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 98

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg ggctgtggag ctttettggg actacatgca gtcetgacctg 120
ggggagctge ctgtggatge caggttccca cccagagtge ccaaatcctt cccattcaac 180
acctctgtgg tctacaagaa gaccctettt gtggagtteca ctgaccacct gttcaacatt 240
gccaaaccca ggccaccectg gatgggacte ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcatcaccct caagaacatg gcctcccace ctgtgagect geatgetgtg 360
ggggtcaget actggaagge ctctgagggyg gctgagtatg atgaccagac cteccagagg 420
gagaaggagg atgacaaagt gttccctggyg ggcagccaca cctatgtgtg geaggtectce 480
aaggagaatg gccccatgge ctectgaccca ctetgectga cctactcecta cctttcetceat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cectgetggt gtgcagggag 600
ggctcectgyg ccaaagagaa gacccagacce ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagagctg gcactctgaa accaagaact cectgatgca ggacagggat 720
getgectetyg ccagggectg geccaagatyg cacactgtga atggetatgt gaacaggagce 780
ctgectggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctyg aggtgcacte cattttectyg gagggccaca cetteetggt caggaaccac 900
agacaggcca gcctggagat cagecccate accttectea ctgeccagac cctgetgatg 960

gacctcggac agttcctgct gtectgcecac atcagctcec accagcatga tggcatggag 1020
gectatgteca aggtggacag ctgccctgag gagccacage tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt ccgctttgat 1140
gatgacaaca gcccatcctt cattcagatc aggtctgtgg ccaagaaaca ccccaagacce 1200
tgggtgcact acattgctgc tgaggaggag gactgggact atgccccact ggtcecctggcece 1260
cctgatgaca ggagctacaa gagccagtac ctcaacaatyg gcccacagag gattggacge 1320
aagtacaaga aagtcaggtt catggcctac actgatgaaa ccttcaagac cagggaggcce 1380
attcagcatg agtctggcat cctgggccca ctecctgtatg gggaggtggg ggacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag ccgcaggetg ccaaaggggg tgaaacacct caaggactte 1560

cccattetge ctggggagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
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accaaatctg accccaggtg cctcaccaga tactactcecca getttgtgaa catggagagg 1680
gacctggect ctggectgat tggcccactg ctcatctget acaaggagtc tgtggaccag 1740
aggggaaacc agatcatgtc tgacaagagg aatgtgattc tgttctctgt ctttgatgag 1800
aacaggagct ggtacctgac tgagaacatt cagcgcttcecce tgcccaacce tgctggggtg 1860
cagctggagg accctgagtt ccaggccagce aacatcatgce actccatcaa tggctatgtg 1920
tttgacagcce tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggccce agactgactt cctttetgte ttettcectetg gectacacctt caaacacaag 2040
atggtgtatg aggacaccct gaccctcectte ccattctetg gggagactgt gttcatgagce 2100
atggagaacc ctggcctgtg gattctggga tgccacaact ctgacttccg caacaggggce 2160
atgactgccce tgctcaaagt ctectcectgt gacaagaaca ctggggacta ctatgaggac 2220
agctatgagg acatctctge ctacctgctce agcaagaaca ataccaccta cgtgaaccgce 2280
tcectgagee agaatccacce tgtcctgaaa cgecaccaga gggagatcac caggaccace 2340
ctccagtetg accaggagga gattgactat gatgacacca tttctgtgga gatgaagaaa 2400
gaggactttyg acatctatga cgaggacgag aaccagagcc caaggagctt ccagaagaag 2460
accaggcact acttcattgce tgctgtggag cgectgtggg actatggcat gagctccagce 2520
ccecatgtece tcaggaacag ggcccagtct ggetcectgtge cacagttcaa gaaagtggtce 2580
ttccaagagt tcactgatgg cagcttcacc cageccccetgt acagagggga gctgaatgag 2640
cacctgggac tcctgggecc atacatcagg gctgaggtgg aggacaacat catggtgacc 2700
ttccgcaace aggcctccag gecctacage ttctacaget cectcatcag ctatgaggag 2760
gaccagaggce agggggctga gccacgcaag aactttgtga aacccaatga aaccaagacce 2820
tacttctgga aagtccagca ccacatggcce cccaccaagg atgagtttga ctgcaaggcece 2880
tgggcctact tctctgatgt ggacctggag aaggatgtge actctggcct gattggccca 2940
ctecctggtet gecacaccaa caccctgaac cctgcccatg gaaggcaagt gactgtgcag 3000
gagtttgcece tcecttcttcac catctttgat gaaaccaaga gctggtactt cactgagaac 3060
atggagcgca actgcagggc cccatgcaac attcagatgg aggaccccac cttcaaagag 3120
aactaccgct tccatgccat caatggctac atcatggaca ccectgectgg gettgtcatg 3180
gcccaggacce agaggatcag gtggtacctg ctttctatgg gctccaatga gaacattcac 3240
tcecatccact tectcetgggca tgtcttcact gtgcgcaaga aggaggagta caagatggcece 3300
ctgtacaacc tctaccctgg ggtctttgag actgtggaga tgctgcccte caaagctggce 3360
atctggaggg tggagtgcct cattggggag cacctgcatg ctggcatgag caccctgtte 3420
ctggtctaca gcaacaagtg ccagacccece ctgggaatgg cctectggeca catcagggac 3480
ttccagatca ctgcctcectgg ccagtatgge cagtgggcecce ccaagctggce caggctccac 3540
tactctggat ccatcaatgc ctggagcacc aaggagccat tcagctggat caaagtggac 3600
ctgctggccce ccatgatcat ccatggcatc aagacccagg gggccaggca gaagttctcece 3660
agcctgtaca tcagccagtt catcatcatg tacagcctgg atggcaagaa atggcagacce 3720
tacagaggca actccactgg aacactcatg gtcttctttg gcaatgtgga cagctctggce 3780
atcaagcaca acatcttcaa ccccccaatce atcgccagat acatcagget gcaccccace 3840

cactacagca tccgcagcac cctcaggatg gagctgatgg gectgtgacct gaactcctgce 3900
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agcatgcccce tgggcatgga gagcaaggcce atttctgatg cccagatcac tgcctceccagce 3960
tacttcacca acatgtttgc cacctggagc ccaagcaagg ccaggctgca cctccaggga 4020
aggagcaatg cctggaggcce ccaggtcaac aacccaaagg agtggctgca ggtggactte 4080
cagaagacca tgaaggtcac tggggtgacc acccaggggg tcaagagect gctcaccage 4140
atgtatgtga aggagttcct gatcagctce agccaggatg gccaccagtg gaccctcette 4200
ttccagaatg gcaaggtcaa ggtgttccag ggcaaccagg acagcttcac cecctgtggtg 4260
aacagcctgg accccccect cctgaccaga tacctgagga ttcacccceca gagetgggte 4320
caccagattg ccctgaggat ggaggtcctg ggatgtgagg cccaggacct gtactga 4377
<210> SEQ ID NO 99

<211> LENGTH: 4377

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 99

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg cgcegtggag ctgagetggg actacatgca gtcetgacctg 120
ggcgagetge ctgtggacge caggttccce cccagagtge ccaagagcett ccecttcaac 180
acctcagtgg tgtacaagaa gaccctgtte gtggagtteca cegaccacct gttcaacatce 240
gccaagcecca ggecccectg gatgggectyg ctgggeccca ccatccagge cgaggtgtac 300
gacaccgtgg tgatcaccct gaagaacatyg gccagccacce ccgtgagect geacgeegtyg 360
ggcgtgaget actggaagge ctctgaggge gecgagtatg acgaccagac cagccagagg 420
gagaaggagg acgacaaggt gttcccegge ggcagccaca cctacgtgtyg geaggtgetg 480
aaggagaacg gccccatgge cagcgacccee ctgtgectga cctacageta cctgagecac 540
gtggacctgg tgaaggacct gaactctgge ctgatcggeg cectgetggt gtgcagggag 600
ggcagcectgg ccaaggagaa gacccagacce ctgcacaagt tcatcctget gttegeegtg 660
ttcgatgagg gcaagagetyg gcacagegag accaagaaca gectgatgca ggacagggat 720
gecgectety ccagggectg geccaagatyg cacaccgtga acggctacgt gaacaggagce 780
ctgcceggee tgatceggetyg ccacaggaag tctgtgtact ggcacgtgat cggcatggge 840
accacccceg aggtgcacag catcttectg gagggccaca cetteetggt gaggaaccac 900
aggcaggcca gcctggagat cagecccate accttectga cegeccagac cctgetgatg 960

gacctgggee agttectget gtectgecac atcagcagece accagcacga cggcatggag 1020

gectacgtga aggtggacag ctgccccgag gagecccage tgaggatgaa gaacaacgag 1080

gaggccgagg actatgatga tgacctgacc gactctgaga tggacgtggt gaggtttgat 1140

gatgacaaca gccccagett catccagatce aggtctgtgg ccaagaagca ccccaagace 1200

tgggtgcact acatcgecge cgaggaggag gactgggact acgecccect ggtgetggece 1260

cccgacgaca ggagctacaa gagcecagtac ctgaacaacg geccccagag gatcggcagg 1320

aagtacaaga aggtcagatt catggcctac accgacgaga ccttcaagac cagggaggec 1380

atccagcacg agtctggcat cctgggccce ctgctgtacg gegaggtggg cgacaccctg 1440

ctgatcatct tcaagaacca ggccagcagg ccctacaaca tctaccccca cggcatcace 1500
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gatgtgagge ccctgtacag caggaggcetg cccaagggceg tgaagcacct gaaggacttce 1560
ccecatectge cecggcgagat cttcaagtac aagtggaccg tgaccgtgga ggatggcccce 1620
accaagtctg accccaggtg cctgaccagg tactacagca gcecttcgtgaa catggagagg 1680
gacctggect ctggectgat cggcecccectg ctgatctget acaaggagag cgtggaccag 1740
aggggcaacc agatcatgtc tgacaagagg aacgtgatcc tgttctctgt gttcgatgag 1800
aacaggagct ggtatctgac cgagaacatc cagaggttece tgcccaacce cgccggegtyg 1860
cagctggagg accccgagtt ccaggccage aacatcatge acagcatcaa cggctacgtg 1920
ttcgacagcce tgcagctgte tgtgtgectg cacgaggtgg cctactggta catcctgagce 1980
atcggcegecce agaccgactt ccectgtcetgtg ttettcectetg gectacacctt caagcacaag 2040
atggtgtacg aggacaccct gaccctgtte ccecttcageg gegagaccgt gttcatgagce 2100
atggagaacc ccggectgtg gatcctggge tgecacaaca gcgacttcag gaacagggge 2160
atgaccgcce tgctgaaagt cagcagetge gacaagaaca ccggcgacta ctacgaggac 2220
agctacgagg acatcagcgce ctacctgetg agcaagaaca acaccaccta cgtgaaccge 2280
tcectgagee agaaccccce cgtgctgaag aggcaccaga gggagatcac caggaccace 2340
ctgcagageg accaggagga gatcgactat gatgacacca tcagegtgga gatgaagaag 2400
gaggacttcg acatctacga cgaggacgag aaccagagcc ccaggagcett ccagaagaag 2460
accaggcact acttcatcge cgccgtggag aggctgtggg actatggcat gagcagcagce 2520
ccecacgtge tgaggaacag ggcccagage ggcagcegtge cccagttcaa gaaggtggtg 2580
ttccaggagt tcaccgacgg cagcttcacce cageccctgt acagaggcga gctgaacgag 2640
cacctgggee tgctgggece ctacatcagg gecgaggtgg aggacaacat catggtgace 2700
ttcaggaacc aggccagcag gccctacage ttctacagea gectgatcag ctacgaggag 2760
gaccagaggce agggcgccga gcccaggaag aacttegtga agcccaacga gaccaagacce 2820
tacttctgga aggtgcagca ccacatggece cccaccaagg acgagttcega ctgcaaggece 2880
tgggcctact tectctgatgt ggacctggag aaggacgtgce acagcggcct gatcggcccce 2940
ctgetggtgt gccacaccaa caccctgaac ceegeccacyg gcaggcaggt gaccgtgcag 3000
gagttcgecee tgttcttcac catcttcecgac gagaccaaga gctggtactt caccgagaac 3060
atggagagga actgcagggc cccctgcaac atccagatgg aggaccccac cttcaaggag 3120
aactacaggt tccacgccat caacggctac atcatggaca ccctgecccgg cctggtgatg 3180
geecaggace agaggatcag gtggtatctg ctgagcatgg gcagcaacga gaacatccac 3240
agcatccact tcageggcca cgtgttcace gtgaggaaga aggaggagta caagatggcece 3300
ctgtacaacc tgtacccegg cgtgttcgag accgtggaga tgctgcccag caaggccggce 3360
atctggaggg tggagtgcct gatcggcgag cacctgcacg ccggcatgag caccctgtte 3420
ctggtgtaca gcaacaagtg ccagaccccece ctgggcatgg ccageggeca catcagggac 3480
ttccagatca ccgectetgg ccagtacgge cagtgggece ccaagcetgge caggetgcac 3540
tacagcggca gcatcaacgce ctggagcacce aaggagccct tcagetggat caaggtggac 3600
ctgctggece ccatgatcat ccacggecatce aagacccagg gcegecaggca gaagttcage 3660
agcctgtaca tcagccagtt catcatcatg tacagcctgg acggcaagaa gtggcagacce 3720

tacaggggca acagcaccgg caccctgatg gtgttetteg gecaacgtgga cagcagegge 3780
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atcaagcaca acatcttcaa cccccccate atcgecaggt acatcagget gcaccccace 3840
cactacagca tcaggagcac cctgcggatg gaactgatgg gctgcgacct gaacagetge 3900
agcatgccce tgggcatgga gagcaaggece atctctgacyg cccagatcac cgccagcagce 3960
tacttcacca acatgttcgce cacctggage cccagcaagg ccaggctgea cctgcaggge 4020
aggagcaacg cctggaggcce ccaggtgaac aaccccaagyg agtggctgca ggtggactte 4080
cagaagacca tgaaggtgac cggcgtgacc acccagggeg tgaagagcect gctgaccage 4140
atgtacgtga aggagttcct gatcagcagc agccaggacg gccaccagtg gaccctgtte 4200
ttccagaacg gcaaagtgaa ggtgttccag ggcaaccagg acagcttcac cccegtggtg 4260
aacagcctgg acccccccect getgaccagg tatctgagga tcecacccceca gagetgggtyg 4320
caccagatcg ccctgagaat ggaagtgctg ggatgcgagg cccaggacct gtactga 4377
<210> SEQ ID NO 100

<211> LENGTH: 4377

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 100

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg cgcegtggag ctgagetggg actacatgca gtcetgacctg 120
ggcgagetge ctgtggacge caggttccce cccagagtge ccaagagcett ccecttcaac 180
acctcagtgg tgtacaagaa gaccctgtte gtggagtteca cegaccacct gttcaacatce 240
gccaagcecca ggecccectg gatgggectyg ctgggeccca ccatccagge cgaggtgtac 300
gacaccgtgg tgatcaccct gaagaacatyg gccagccacce ccgtgagect geacgeegtyg 360
ggcgtgaget actggaagge ctctgaggge gecgagtatg acgaccagac cagccagagg 420
gagaaggagg acgacaaggt gttcccegge ggcagccaca cctacgtgtyg geaggtgetg 480
aaggagaacg gccccatgge cagcgacccee ctgtgectga cctacageta cctgagecac 540
gtggacctgg tgaaggacct gaactctgge ctgatcggeg cectgetggt gtgcagggag 600
ggcagcectgg ccaaggagaa gacccagacce ctgcacaagt tcatcctget gttegeegtg 660
ttcgatgagg gcaagagetyg gcacagegag accaagaaca gectgatgca ggacagggat 720
gecgectety ccagggectg geccaagatyg cacaccgtga acggctacgt gaacaggagce 780
ctgcceggee tgatceggetyg ccacaggaag tctgtgtact ggcacgtgat cggcatggge 840
accacccceg aggtgcacag catcttectg gagggccaca cetteetggt gaggaaccac 900
aggcaggcca gcctggagat cagecccate accttectga cegeccagac cctgetgatg 960

gacctgggec agttcectgcet gttetgecac atcagcagec accagcacga cggcatggag 1020

gectacgtga aggtggacag ctgccccgag gagecccage tgaggatgaa gaacaacgag 1080

gaggccgagg actatgatga tgacctgacc gactctgaga tggacgtggt gaggtttgat 1140

gatgacaaca gccccagett catccagatce aggtctgtgg ccaagaagca ccccaagace 1200

tgggtgcact acatcgecge cgaggaggag gactgggact acgecccect ggtgetggece 1260

cccgacgaca ggagctacaa gagcecagtac ctgaacaacg geccccagag gatcggcagg 1320
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aagtacaaga aggtcagatt catggcctac accgacgaga ccttcaagac cagggaggcce 1380
atccagcacg agtctggcat cctgggccce ctgctgtacg gegaggtggg cgacaccctg 1440
ctgatcatct tcaagaacca ggccagcagg ccctacaaca tctaccccca cggcatcace 1500
gatgtgagge ccctgtacag caggaggcetg cccaagggceg tgaagcacct gaaggacttce 1560
ccecatectge cecggcgagat cttcaagtac aagtggaccg tgaccgtgga ggatggcccce 1620
accaagtctg accccaggtg cctgaccagg tactacagca gcecttcgtgaa catggagagg 1680
gacctggect ctggectgat cggcecccectg ctgatctget acaaggagag cgtggaccag 1740
aggggcaacc agatcatgtc tgacaagagg aacgtgatcc tgttctctgt gttcgatgag 1800
aacaggagct ggtatctgac cgagaacatc cagaggttece tgcccaacce cgccggegtyg 1860
cagctggagg accccgagtt ccaggccage aacatcatge acagcatcaa cggctacgtg 1920
ttcgacagcce tgcagctgte tgtgtgectg cacgaggtgg cctactggta catcctgagce 1980
atcggcegecce agaccgactt ccectgtcetgtg ttettcectetg gectacacctt caagcacaag 2040
atggtgtacg aggacaccct gaccctgtte ccecttcageg gegagaccgt gttcatgagce 2100
atggagaacc ccggectgtg gatcctggge tgecacaaca gcgacttcag gaacagggge 2160
atgaccgcce tgctgaaagt cagcagetge gacaagaaca ccggcgacta ctacgaggac 2220
agctacgagg acatcagcgce ctacctgetg agcaagaaca acaccaccta cgtgaaccge 2280
tcectgagee agaaccccce cgtgctgaag aggcaccaga gggagatcac caggaccace 2340
ctgcagageg accaggagga gatcgactat gatgacacca tcagegtgga gatgaagaag 2400
gaggacttcg acatctacga cgaggacgag aaccagagcc ccaggagcett ccagaagaag 2460
accaggcact acttcatcge cgccgtggag aggctgtggg actatggcat gagcagcagce 2520
ccecacgtge tgaggaacag ggcccagage ggcagcegtge cccagttcaa gaaggtggtg 2580
ttccaggagt tcaccgacgg cagcttcacce cageccctgt acagaggcga gctgaacgag 2640
cacctgggee tgctgggece ctacatcagg gecgaggtgg aggacaacat catggtgace 2700
ttcaggaacc aggccagcag gccctacage ttctacagea gectgatcag ctacgaggag 2760
gaccagaggce agggcgccga gcccaggaag aacttegtga agcccaacga gaccaagacce 2820
tacttctgga aggtgcagca ccacatggece cccaccaagg acgagttcega ctgcaaggece 2880
tgggcctact tectctgatgt ggacctggag aaggacgtgce acagcggcct gatcggcccce 2940
ctgetggtgt gccacaccaa caccctgaac ceegeccacyg gcaggcaggt gaccgtgcag 3000
gagttcgecee tgttcttcac catcttcecgac gagaccaaga gctggtactt caccgagaac 3060
atggagagga actgcagggc cccctgcaac atccagatgg aggaccccac cttcaaggag 3120
aactacaggt tccacgccat caacggctac atcatggaca ccctgecccgg cctggtgatg 3180
geecaggace agaggatcag gtggtatctg ctgagcatgg gcagcaacga gaacatccac 3240
agcatccact tcageggcca cgtgttcace gtgaggaaga aggaggagta caagatggcece 3300
ctgtacaacc tgtacccegg cgtgttcgag accgtggaga tgctgcccag caaggccggce 3360
atctggaggg tggagtgcct gatcggcgag cacctgcacg ccggcatgag caccctgtte 3420
ctggtgtaca gcaacaagtg ccagaccccece ctgggcatgg ccageggeca catcagggac 3480
ttccagatca ccgectetgg ccagtacgge cagtgggece ccaagcetgge caggetgcac 3540

tacagcggca gcatcaacge ctggagcacce aaggagecct tcagetggat caaggtggac 3600
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ctgctggece ccatgatcat ccacggecatce aagacccagg gcegecaggca gaagttcage 3660
agcctgtaca tcagccagtt catcatcatg tacagcctgg acggcaagaa gtggcagacce 3720
tacaggggca acagcaccgg caccctgatg gtgttcetteg gcaacgtgga cagcagcgge 3780
atcaagcaca acatcttcaa cccccccate atcgecaggt acatcagget gcaccccace 3840
cactacagca tcaggagcac cctgcggatg gaactgatgg gctgcgacct gaacagetge 3900
agcatgccce tgggcatgga gagcaaggece atctctgacyg cccagatcac cgccagcagce 3960
tacttcacca acatgttcgce cacctggage cccagcaagg ccaggctgea cctgcaggge 4020
aggagcaacg cctggaggcce ccaggtgaac aaccccaagyg agtggctgca ggtggactte 4080
cagaagacca tgaaggtgac cggcgtgacc acccagggeg tgaagagcect gctgaccage 4140
atgtacgtga aggagttcct gatcagcagc agccaggacg gccaccagtg gaccctgtte 4200
ttccagaacg gcaaagtgaa ggtgttccag ggcaaccagg acagcttcac cccegtggtg 4260
aacagcctgg acccccccect getgaccagg tatctgagga tcecacccceca gagetgggtyg 4320
caccagatcg ccctgagaat ggaagtgctg ggatgcgagg cccaggacct gtactga 4377
<210> SEQ ID NO 101

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 101

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg cgcegtggag ctgagetggg actacatgca gtcetgacctg 120
ggcgagetge ctgtggacge caggttccce cccagagtge ccaagagcett ccecttcaac 180
acctcagtgg tgtacaagaa gaccctgtte gtggagtteca cegaccacct gttcaacatce 240
gccaagcecca ggecccectg gatgggectyg ctgggeccca ccatccagge cgaggtgtac 300
gacaccgtgg tggtcaccct gaagaacatyg gccagccace ccgtgagect geacgeegtyg 360
ggcgtgaget actggaagtce ctctgaggge gecgagtatg acgaccagac cagccagagg 420
gagaaggagg acgacaaggt gttcccegge aagagccaca cctacgtgtg geaggtgetg 480
aaggagaacg gccccactge cagcgacccee ccctgectga cctacageta cctgagecac 540
gtggacctgg tgaaggacct gaactctgge ctgatcggeg cectgetggt gtgcagggag 600
ggcagcectgg ccaaggagaa gacccagacce ctgcacaagt tcatcctget gttegeegtg 660
ttcgatgagg gcaagagetyg gcacagegag accaagaaca gectgatgca ggacagggat 720
gecgectety ccagggectg geccaagatyg cacaccgtga acggctacgt gaacaggagce 780
ctgcceggee tgatceggetyg ccacaggaag tctgtgtact ggcacgtgat cggcatggge 840
accacccceg aggtgcacag catcttectg gagggccaca cetteetggt gaggaaccac 900
aggcaggcca gcctggagat cagecccate accttectga cegeccagac cctgetgatg 960

gacctgggec agttcectgcet gttetgecac atcagcagec accagcacga cggcatggag 1020

gectacgtga aggtggacag ctgccccgag gagecccage tgaggatgaa gaacaacgag 1080

gaggccgagg actatgatga tgacctgacc gactctgaga tggacgtggt gaggtttgat 1140

gatgacaaca gccccagett catccagatce aggtctgtgg ccaagaagca ccccaagace 1200
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tgggtgcact acatcgccge cgaggaggag gactgggact acgcccccect ggtgetggece 1260
ccegacgaca ggagctacaa gagccagtac ctgaacaacyg gceccccagag gatcggcagg 1320
aagtacaaga aggtcagatt catggcctac accgacgaga ccttcaagac cagggaggcce 1380
atccagcacg agtctggcat cctgggccce ctgctgtacg gegaggtggg cgacaccctg 1440
ctgatcatct tcaagaacca ggccagcagg ccctacaaca tctaccccca cggcatcace 1500
gatgtgagge ccctgtacag caggaggcetg cccaagggceg tgaagcacct gaaggacttce 1560
ccecatectge cecggcgagat cttcaagtac aagtggaccg tgaccgtgga ggatggcccce 1620
accaagtctg accccaggtg cctgaccagg tactacagca gcecttcgtgaa catggagagg 1680
gacctggect ctggectgat cggcecccectg ctgatctget acaaggagag cgtggaccag 1740
aggggcaacc agatcatgtc tgacaagagg aacgtgatcc tgttctctgt gttcgatgag 1800
aacaggagct ggtatctgac cgagaacatc cagaggttece tgcccaacce cgccggegtyg 1860
cagctggagg accccgagtt ccaggccage aacatcatge acagcatcaa cggctacgtg 1920
ttcgacagcce tgcagctgte tgtgtgectg cacgaggtgg cctactggta catcctgagce 1980
atcggcegecce agaccgactt ccectgtcetgtg ttettcectetg gectacacctt caagcacaag 2040
atggtgtacg aggacaccct gaccctgtte ccecttcageg gegagaccgt gttcatgagce 2100
atggagaacc ccggectgtg gatcctggge tgecacaaca gcgacttcag gaacagggge 2160
atgaccgcce tgctgaaagt cagcagetge gacaagaaca ccggcgacta ctacgaggac 2220
agctacgagg acatcagcgce ctacctgetg agcaagaaca acgccatcga gcccaggage 2280
ttcagccaga acccccceegt gectgaagagg caccagaggg agatcaccag gaccaccctg 2340
cagagcgace aggaggagat cgactatgat gacaccatca gcgtggagat gaagaaggag 2400
gacttcgaca tctacgacga ggacgagaac cagagcccca ggagcttcca gaagaagacce 2460
aggcactact tcatcgccge cgtggagagg ctgtgggact atggcatgag cagcagcccce 2520
cacgtgctga ggaacagggc ccagageggce agegtgceccee agttcaagaa ggtggtgtte 2580
caggagttca ccgacggcag cttcacccag ccectgtaca gaggcgaget gaacgagcac 2640
ctgggectge tgggccccta catcagggce gaggtggagg acaacatcat ggtgacctte 2700
aggaaccagg ccagcaggcc ctacagette tacagcagec tgatcagcta cgaggaggac 2760
cagaggcagg gcgccgagcece caggaagaac ttegtgaage ccaacgagac caagacctac 2820
ttectggaagg tgcagcacca catggcecccece accaaggacyg agttcgactyg caaggectgg 2880
gcctacttet ctgatgtgga cctggagaag gacgtgcaca gceggcectgat cggcecccectg 2940
ctggtgtgee acaccaacac cctgaacccece geccacggea ggcaggtgac cgtgcaggag 3000
ttcgeecetgt tettcaccat cttcgacgag accaagagct ggtacttcac cgagaacatg 3060
gagaggaact gcagggccce ctgcaacatc cagatggagg accccacctt caaggagaac 3120
tacaggttcc acgccatcaa cggctacatc atggacaccce tgcccggcect ggtgatggece 3180
caggaccaga ggatcaggtg gtatctgetg agcatgggca gcaacgagaa catccacage 3240
atccacttca gecggccacgt gttcaccgtg aggaagaagg aggagtacaa gatggccctg 3300
tacaacctgt acccecggegt gttcgagacce gtggagatge tgcccagcaa ggccggcatce 3360
tggagggtgg agtgcctgat cggcgagcac ctgcacgcecg gcatgagcac cctgttectg 3420

gtgtacagca acaagtgcca gacccccctyg ggcatggeca geggecacat cagggactte 3480
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cagatcaccg cctetggeca gtacggecag tgggeccceca agetggcecag gctgcactac 3540
agcggcagca tcaacgectg gagcaccaag gagceccttea getggatcaa ggtggacctg 3600
ctggecccca tgatcatcca cggcatcaag acccagggeg ccaggcagaa gttcagcage 3660
ctgtacatca gccagttcat catcatgtac agcctggacg gcaagaagtg gcagacctac 3720
aggggcaaca gcaccggcac cctgatggtg ttetteggea acgtggacag cagcggcate 3780
aagcacaaca tcttcaaccc ccccatcatce gecaggtaca tcaggctgca ccccacccac 3840
tacagcatca ggagcaccct gcggatggaa ctgatggget gegacctgaa cagctgcage 3900
atgccectgg gcatggagag caaggccatce tcetgacgecce agatcaccge cagcagctac 3960
ttcaccaaca tgttcgecac ctggagecce agcaaggcca ggctgcacct gcagggcagg 4020
agcaacgcct ggaggcccca ggtgaacaac cccaaggagt ggcetgcaggt ggacttcecag 4080
aagaccatga aggtgaccgg cgtgaccacc cagggcgtga agagectget gaccagcatg 4140
tacgtgaagg agttcctgat cagcagcagc caggacggcc accagtggac cctgttette 4200
cagaacggca aagtgaaggt gttccaggge aaccaggaca gcttcacccee cgtggtgaac 4260
agcctggace ccccectget gaccaggtat ctgaggatcee acccccagag ctgggtgcac 4320
cagatcgccce tgagaatgga agtgctggga tgcgaggcecce aggacctgta ctga 4374
<210> SEQ ID NO 102

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 102

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg cgcegtggag ctgagetggg actacatgca gtcetgacctg 120
ggcgagetge ctgtggacge caggttccce cccagagtge ccaagagcett ccecttcaac 180
acctcagtgg tgtacaagaa gaccctgtte gtggagtteca cegaccacct gttcaacatce 240
gccaagcecca ggecccectg gatgggectyg ctgggeccca ccatccagge cgaggtgtac 300
gacaccgtgg tgatcaccct gaagaacatyg gccagccacce ccgtgagect geacgeegtyg 360
ggcgtgaget actggaagge ctctgaggge gecgagtatg acgaccagac cagccagagg 420
gagaaggagg acgacaaggt gttcccegge ggcagccaca cctacgtgtyg geaggtgetg 480
aaggagaacg gccccatgge cagcgacccee ctgtgectga cctacageta cctgagecac 540
gtggacctgg tgaaggacct gaactctgge ctgatcggeg cectgetggt gtgcagggag 600
ggcagcectgg ccaaggagaa gacccagacce ctgcacaagt tcatcctget gttegeegtg 660
ttcgatgagg gcaagagetyg gcacagegag accaagaaca gectgatgca ggacagggat 720
gecgectety ccagggectg geccaagatyg cacaccgtga acggctacgt gaacaggagce 780
ctgcceggee tgatceggetyg ccacaggaag tctgtgtact ggcacgtgat cggcatggge 840
accacccceg aggtgcacag catcttectg gagggccaca cetteetggt gaggaaccac 900
aggcaggcca gcctggagat cagecccate accttectga cegeccagac cctgetgatg 960

gacctgggee agttectget gtectgecac atcagcagece accagcacga cggcatggag 1020
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gectacgtga aggtggacag ctgccccgag gagcecccage tgaggatgaa gaacaacgag 1080
gaggccgagg actatgatga tgacctgacc gactctgaga tggacgtggt gaggtttgat 1140
gatgacaaca gccccagett catccagatc aggtctgtgg ccaagaagca ccccaagacce 1200
tgggtgcact acatcgccge cgaggaggag gactgggact acgcccccect ggtgetggece 1260
ccegacgaca ggagctacaa gagccagtac ctgaacaacyg gceccccagag gatcggcagg 1320
aagtacaaga aggtcagatt catggcctac accgacgaga ccttcaagac cagggaggcce 1380
atccagcacg agtctggcat cctgggccce ctgctgtacg gegaggtggg cgacaccctg 1440
ctgatcatct tcaagaacca ggccagcagg ccctacaaca tctaccccca cggcatcace 1500
gatgtgagge ccctgtacag caggaggcetg cccaagggceg tgaagcacct gaaggacttce 1560
ccecatectge cecggcgagat cttcaagtac aagtggaccg tgaccgtgga ggatggcccce 1620
accaagtctg accccaggtg cctgaccagg tactacagca gcecttcgtgaa catggagagg 1680
gacctggect ctggectgat cggcecccectg ctgatctget acaaggagag cgtggaccag 1740
aggggcaacc agatcatgtc tgacaagagg aacgtgatcc tgttctctgt gttcgatgag 1800
aacaggagct ggtatctgac cgagaacatc cagaggttece tgcccaacce cgccggegtyg 1860
cagctggagg accccgagtt ccaggccage aacatcatge acagcatcaa cggctacgtg 1920
ttcgacagcce tgcagctgte tgtgtgectg cacgaggtgg cctactggta catcctgagce 1980
atcggcegecce agaccgactt ccectgtcetgtg ttettcectetg gectacacctt caagcacaag 2040
atggtgtacg aggacaccct gaccctgtte ccecttcageg gegagaccgt gttcatgagce 2100
atggagaacc ccggectgtg gatcctggge tgecacaaca gcgacttcag gaacagggge 2160
atgaccgcce tgctgaaagt cagcagetge gacaagaaca ccggcgacta ctacgaggac 2220
agctacgagg acatcagcgce ctacctgetg agcaagaaca acgccatcga gcccaggage 2280
ttcagccaga acccccceegt gectgaagagg caccagaggg agatcaccag gaccaccctg 2340
cagagcgace aggaggagat cgactatgat gacaccatca gcgtggagat gaagaaggag 2400
gacttcgaca tctacgacga ggacgagaac cagagcccca ggagcttcca gaagaagacce 2460
aggcactact tcatcgccge cgtggagagg ctgtgggact atggcatgag cagcagcccce 2520
cacgtgctga ggaacagggc ccagageggce agegtgceccee agttcaagaa ggtggtgtte 2580
caggagttca ccgacggcag cttcacccag ccectgtaca gaggcgaget gaacgagcac 2640
ctgggectge tgggccccta catcagggce gaggtggagg acaacatcat ggtgacctte 2700
aggaaccagg ccagcaggcc ctacagette tacagcagec tgatcagcta cgaggaggac 2760
cagaggcagg gcgccgagcece caggaagaac ttegtgaage ccaacgagac caagacctac 2820
ttectggaagg tgcagcacca catggcecccece accaaggacyg agttcgactyg caaggectgg 2880
gcctacttet ctgatgtgga cctggagaag gacgtgcaca gceggcectgat cggcecccectg 2940
ctggtgtgee acaccaacac cctgaacccece geccacggea ggcaggtgac cgtgcaggag 3000
ttcgeecetgt tettcaccat cttcgacgag accaagagct ggtacttcac cgagaacatg 3060
gagaggaact gcagggccce ctgcaacatc cagatggagg accccacctt caaggagaac 3120
tacaggttcc acgccatcaa cggctacatc atggacaccce tgcccggcect ggtgatggece 3180
caggaccaga ggatcaggtg gtatctgetg agcatgggca gcaacgagaa catccacage 3240

atccacttca gecggccacgt gttcaccgtg aggaagaagg aggagtacaa gatggccctg 3300
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tacaacctgt acccecggegt gttcgagacce gtggagatge tgcccagcaa ggccggcatce 3360
tggagggtgg agtgcctgat cggcgagcac ctgcacgcecg gcatgagcac cctgttectg 3420
gtgtacagca acaagtgcca gaccccectg ggcatggceca geggccacat cagggactte 3480
cagatcaccg cctetggeca gtacggecag tgggeccceca agetggcecag gctgcactac 3540
agcggcagca tcaacgectg gagcaccaag gagceccttea getggatcaa ggtggacctg 3600
ctggecccca tgatcatcca cggcatcaag acccagggeg ccaggcagaa gttcagcage 3660
ctgtacatca gccagttcat catcatgtac agcctggacg gcaagaagtg gcagacctac 3720
aggggcaaca gcaccggcac cctgatggtg ttetteggea acgtggacag cagcggcate 3780
aagcacaaca tcttcaaccc ccccatcatce gecaggtaca tcaggctgca ccccacccac 3840
tacagcatca ggagcaccct gcggatggaa ctgatggget gegacctgaa cagctgcage 3900
atgccectgg gcatggagag caaggccatce tcetgacgecce agatcaccge cagcagctac 3960
ttcaccaaca tgttcgecac ctggagecce agcaaggcca ggctgcacct gcagggcagg 4020
agcaacgcct ggaggcccca ggtgaacaac cccaaggagt ggcetgcaggt ggacttcecag 4080
aagaccatga aggtgaccgg cgtgaccacc cagggcgtga agagectget gaccagcatg 4140
tacgtgaagg agttcctgat cagcagcagc caggacggcc accagtggac cctgttette 4200
cagaacggca aagtgaaggt gttccaggge aaccaggaca gcttcacccee cgtggtgaac 4260
agcctggace ccccectget gaccaggtat ctgaggatcee acccccagag ctgggtgcac 4320
cagatcgccce tgagaatgga agtgctggga tgcgaggcecce aggacctgta ctga 4374
<210> SEQ ID NO 103

<211> LENGTH: 4377

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 103

atgcagattyg agctgagcac ctgcttette ctgtgectge tgaggttetg cttetetgece 60
accaggagat actacctggg cgcegtggag ctgagetggg actacatgca gtcetgacctg 120
ggcgagetge ctgtggacge caggttccce cccagagtge ccaagagcett ccecttcaac 180
acctcagtgg tgtacaagaa gaccctgtte gtggagtteca cegaccacct gttcaacatce 240
gccaagcecca ggecccectg gatgggectyg ctgggeccca ccatccagge cgaggtgtac 300
gacaccgtgg tggtcaccct gaagaacatyg gccagccace ccgtgagect geacgeegtyg 360
ggcgtgaget actggaagtce ctctgaggge gecgagtatg acgaccagac cagccagagg 420
gagaaggagg acgacaaggt gttcccegge aagagccaca cctacgtgtg geaggtgetg 480
aaggagaacg gccccactge cagcgacccee ccctgectga cctacageta cctgagecac 540
gtggacctgg tgaaggacct gaactctgge ctgatcggeg cectgetggt gtgcagggag 600
ggcagcectgg ccaaggagaa gacccagacce ctgcacaagt tcatcctget gttegeegtg 660
ttcgatgagg gcaagagetyg gcacagegag accaagaaca gectgatgca ggacagggat 720
gecgectety ccagggectg geccaagatyg cacaccgtga acggctacgt gaacaggagce 780
ctgcceggee tgatceggetyg ccacaggaag tctgtgtact ggcacgtgat cggcatggge 840

accacccceg aggtgcacag catcttectg gagggccaca cetteetggt gaggaaccac 900
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aggcaggcca gcctggagat cagccccatce accttectga cegeccagac cctgetgatg 960
gacctgggec agttcectgcet gttetgecac atcagcagec accagcacga cggcatggag 1020
gectacgtga aggtggacag ctgccccgag gagcecccage tgaggatgaa gaacaacgag 1080
gaggccgagg actatgatga tgacctgacc gactctgaga tggacgtggt gaggtttgat 1140
gatgacaaca gccccagett catccagatc aggtctgtgg ccaagaagca ccccaagacce 1200
tgggtgcact acatcgccge cgaggaggag gactgggact acgcccccect ggtgetggece 1260
ccegacgaca ggagctacaa gagccagtac ctgaacaacyg gceccccagag gatcggcagg 1320
aagtacaaga aggtcagatt catggcctac accgacgaga ccttcaagac cagggaggcce 1380
atccagcacg agtctggcat cctgggccce ctgctgtacg gegaggtggg cgacaccctg 1440
ctgatcatct tcaagaacca ggccagcagg ccctacaaca tctaccccca cggcatcace 1500
gatgtgagge ccctgtacag caggaggcetg cccaagggceg tgaagcacct gaaggacttce 1560
ccecatectge cecggcgagat cttcaagtac aagtggaccg tgaccgtgga ggatggcccce 1620
accaagtctg accccaggtg cctgaccagg tactacagca gcecttcgtgaa catggagagg 1680
gacctggect ctggectgat cggcecccectg ctgatctget acaaggagag cgtggaccag 1740
aggggcaacc agatcatgtc tgacaagagg aacgtgatcc tgttctctgt gttcgatgag 1800
aacaggagct ggtatctgac cgagaacatc cagaggttece tgcccaacce cgccggegtyg 1860
cagctggagg accccgagtt ccaggccage aacatcatge acagcatcaa cggctacgtg 1920
ttcgacagcce tgcagctgte tgtgtgectg cacgaggtgg cctactggta catcctgagce 1980
atcggcegecce agaccgactt ccectgtcetgtg ttettcectetg gectacacctt caagcacaag 2040
atggtgtacg aggacaccct gaccctgtte ccecttcageg gegagaccgt gttcatgagce 2100
atggagaacc ccggectgtg gatcctggge tgecacaaca gcgacttcag gaacagggge 2160
atgaccgcce tgctgaaagt cagcagetge gacaagaaca ccggcgacta ctacgaggac 2220
agctacgagg acatcagcgce ctacctgetg agcaagaaca acaccaccta cgtgaaccge 2280
tcectgagee agaaccccce cgtgctgaag aggcaccaga gggagatcac caggaccace 2340
ctgcagageg accaggagga gatcgactat gatgacacca tcagegtgga gatgaagaag 2400
gaggacttcg acatctacga cgaggacgag aaccagagcc ccaggagcett ccagaagaag 2460
accaggcact acttcatcge cgccgtggag aggctgtggg actatggcat gagcagcagce 2520
ccecacgtge tgaggaacag ggcccagage ggcagcegtge cccagttcaa gaaggtggtg 2580
ttccaggagt tcaccgacgg cagcttcacce cageccctgt acagaggcga gctgaacgag 2640
cacctgggee tgctgggece ctacatcagg gecgaggtgg aggacaacat catggtgace 2700
ttcaggaacc aggccagcag gccctacage ttctacagea gectgatcag ctacgaggag 2760
gaccagaggce agggcgccga gcccaggaag aacttegtga agcccaacga gaccaagacce 2820
tacttctgga aggtgcagca ccacatggece cccaccaagg acgagttcega ctgcaaggece 2880
tgggcctact tectctgatgt ggacctggag aaggacgtgce acagcggcct gatcggcccce 2940
ctgetggtgt gccacaccaa caccctgaac ceegeccacyg gcaggcaggt gaccgtgcag 3000
gagttcgecee tgttcttcac catcttcecgac gagaccaaga gctggtactt caccgagaac 3060
atggagagga actgcagggc cccctgcaac atccagatgg aggaccccac cttcaaggag 3120

aactacaggt tccacgccat caacggctac atcatggaca ccctgecccgg cctggtgatg 3180
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geecaggace agaggatcag gtggtatctg ctgagcatgg gcagcaacga gaacatccac 3240
agcatccact tcageggcca cgtgttcace gtgaggaaga aggaggagta caagatggcece 3300
ctgtacaacc tgtacccegg cgtgttcgag accgtggaga tgctgcccag caaggccggce 3360
atctggaggg tggagtgcct gatcggcgag cacctgcacg ccggcatgag caccctgtte 3420
ctggtgtaca gcaacaagtg ccagaccccece ctgggcatgg ccageggeca catcagggac 3480
ttccagatca ccgectetgg ccagtacgge cagtgggece ccaagcetgge caggetgcac 3540
tacagcggca gcatcaacgce ctggagcacce aaggagccct tcagetggat caaggtggac 3600
ctgctggece ccatgatcat ccacggecatce aagacccagg gcegecaggca gaagttcage 3660
agcctgtaca tcagccagtt catcatcatg tacagcctgg acggcaagaa gtggcagacce 3720
tacaggggca acagcaccgg caccctgatg gtgttcetteg gcaacgtgga cagcagcgge 3780
atcaagcaca acatcttcaa cccccccate atcgecaggt acatcagget gcaccccace 3840
cactacagca tcaggagcac cctgcggatg gaactgatgg gctgcgacct gaacagetge 3900
agcatgccce tgggcatgga gagcaaggece atctctgacyg cccagatcac cgccagcagce 3960
tacttcacca acatgttcgce cacctggage cccagcaagg ccaggctgea cctgcaggge 4020
aggagcaacg cctggaggcce ccaggtgaac aaccccaagyg agtggctgca ggtggactte 4080
cagaagacca tgaaggtgac cggcgtgacc acccagggeg tgaagagcect gctgaccage 4140
atgtacgtga aggagttcct gatcagcagc agccaggacg gccaccagtg gaccctgtte 4200
ttccagaacg gcaaagtgaa ggtgttccag ggcaaccagg acagcttcac cccegtggtg 4260
aacagcctgg acccccccect getgaccagg tatctgagga tcecacccceca gagetgggtyg 4320
caccagatcg ccctgagaat ggaagtgctg ggatgcgagg cccaggacct gtactga 4377
<210> SEQ ID NO 104
<211> LENGTH: 1458
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 104

Met Gln Ile Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Arg Phe
1 5 10 15

Cys Phe Ser Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Val Glu Leu Ser
Trp Asp Tyr Met Gln Ser Asp Leu Gly Glu Leu Pro Val Asp Ala Arg
35 40 45

Phe Pro Pro Arg Val Pro Lys Ser Phe Pro Phe Asn Thr Ser Val Val
50 55 60

Tyr Lys Lys Thr Leu Phe Val Glu Phe Thr Asp His Leu Phe Asn Ile
65 70 75 80

Ala Lys Pro Arg Pro Pro Trp Met Gly Leu Leu Gly Pro Thr Ile Gln
85 90 95

Ala Glu Val Tyr Asp Thr Val Val Val Thr Leu Lys Asn Met Ala Ser
100 105 110

His Pro Val Ser Leu His Ala Val Gly Val Ser Tyr Trp Lys Ser Ser
115 120 125
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Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys Glu Asp
130 135 140

Asp Lys Val Phe Pro Gly Lys Ser His Thr Tyr Val Trp Gln Val Leu
145 150 155 160

Lys Glu Asn Gly Pro Thr Ala Ser Asp Pro Pro Cys Leu Thr Tyr Ser
165 170 175

Tyr Leu Ser His Val Asp Leu Val Lys Asp Leu Asn Ser Gly Leu Ile
180 185 190

Gly Ala Leu Leu Val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr
195 200 205

Gln Thr Leu His Lys Phe Ile Leu Leu Phe Ala Val Phe Asp Glu Gly
210 215 220

Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gln Asp Arg Asp
225 230 235 240

Ala Ala Ser Ala Arg Ala Trp Pro Lys Met His Thr Val Asn Gly Tyr
245 250 255

Val Asn Arg Ser Leu Pro Gly Leu Ile Gly Cys His Arg Lys Ser Val
260 265 270

Tyr Trp His Val Ile Gly Met Gly Thr Thr Pro Glu Val His Ser Ile
275 280 285

Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gln Ala Ser
290 295 300

Leu Glu Ile Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met
305 310 315 320

Asp Leu Gly Gln Phe Leu Leu Phe Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro
340 345 350

Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435 440 445

Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala Ile Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 470 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 490 495

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly Val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu Ile Phe
515 520 525

Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp
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530 535 540

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 575

Ser Val Asp Gln Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 590

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile Gln Arg Phe Leu Pro Asn Pro Ala Gly Val Gln Leu Glu Asp
610 615 620

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Ile Asn Gly Tyr Val
625 630 635 640

Phe Asp Ser Leu Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr
675 680 685

Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720

Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
725 730 735

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 745 750

Asn Asn Thr Thr Tyr Val Asn Arg Ser Leu Ser Gln Asn Pro Pro Val
755 760 765

Leu Lys Arg His Gln Arg Glu Ile Thr Arg Thr Thr Leu Gln Ser Asp
770 775 780

Gln Glu Glu Ile Asp Tyr Asp Asp Thr Ile Ser Val Glu Met Lys Lys
785 790 795 800

Glu Asp Phe Asp Ile Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser
805 810 815

Phe Gln Lys Lys Thr Arg His Tyr Phe Ile Ala Ala Val Glu Arg Leu
820 825 830

Trp Asp Tyr Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg Ala
835 840 845

Gln Ser Gly Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu Phe
850 855 860

Thr Asp Gly Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn Glu
865 870 875 880

His Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu Val Glu Asp Asn
885 890 895

Ile Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe Tyr
900 905 910

Ser Ser Leu Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly Ala Glu Pro
915 920 925

Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp Lys
930 935 940
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Val Gln His His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys Ala
945 950 955 960

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

Leu Ile Gly Pro Leu Leu Val Cys His Thr Asn Thr Leu Asn Pro Ala
980 985 990

His Gly Arg Gln Val Thr Val Gln Glu Phe Ala Leu Phe Phe Thr Ile
995 1000 1005

Phe Asp Glu Thr Lys Ser Trp Tyr Phe Thr Glu Asn Met Glu Arg
1010 1015 1020

Asn Cys Arg Ala Pro Cys Asn Ile Gln Met Glu Asp Pro Thr Phe
1025 1030 1035

Lys Glu Asn Tyr Arg Phe His Ala Ile Asn Gly Tyr Ile Met Asp
1040 1045 1050

Thr Leu Pro Gly Leu Val Met Ala Gln Asp Gln Arg Ile Arg Trp
1055 1060 1065

Tyr Leu Leu Ser Met Gly Ser Asn Glu Asn Ile His Ser Ile His
1070 1075 1080

Phe Ser Gly His Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys
1085 1090 1095

Met Ala Leu Tyr Asn Leu Tyr Pro Gly Val Phe Glu Thr Val Glu
1100 1105 1110

Met Leu Pro Ser Lys Ala Gly Ile Trp Arg Val Glu Cys Leu Ile
1115 1120 1125

Gly Glu His Leu His Ala Gly Met Ser Thr Leu Phe Leu Val Tyr
1130 1135 1140

Ser Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His Ile
1145 1150 1155

Arg Asp Phe Gln Ile Thr Ala Ser Gly Gln Tyr Gly Gln Trp Ala
1160 1165 1170

Pro Lys Leu Ala Arg Leu His Tyr Ser Gly Ser Ile Asn Ala Trp
1175 1180 1185

Ser Thr Lys Glu Pro Phe Ser Trp Ile Lys Val Asp Leu Leu Ala
1190 1195 1200

Pro Met 1Ile Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys
1205 1210 1215

Phe Ser Ser Leu Tyr Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu
1220 1225 1230

Asp Gly Lys Lys Trp Gln Thr Tyr Arg Gly Asn Ser Thr Gly Thr
1235 1240 1245

Leu Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly 1Ile Lys His
1250 1255 1260

Asn Ile Phe Asn Pro Pro Ile 1Ile Ala Arg Tyr Ile Arg Leu His
1265 1270 1275

Pro Thr His Tyr Ser Ile Arg Ser Thr Leu Arg Met Glu Leu Met
1280 1285 1290

Gly Cys Asp Leu Asn Ser Cys Ser Met Pro Leu Gly Met Glu Ser
1295 1300 1305

Lys Ala 1Ile Ser Asp Ala Gln Ile Thr Ala Ser Ser Tyr Phe Thr
1310 1315 1320
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Asn Met Phe Ala Thr Trp Ser Pro Ser Lys Ala Arg Leu His Leu
1325 1330 1335

Gln Gly Arg Ser Asn Ala Trp Arg Pro Gln Val Asn Asn Pro Lys
1340 1345 1350

Glu Trp Leu Gln Val Asp Phe Gln Lys Thr Met Lys Val Thr Gly
1355 1360 1365

Val Thr Thr Gln Gly Val Lys Ser Leu Leu Thr Ser Met Tyr Val
1370 1375 1380

Lys Glu Phe Leu Ile Ser Ser Ser Gln Asp Gly His Gln Trp Thr
1385 1390 1395

Leu Phe Phe Gln Asn Gly Lys Val Lys Val Phe Gln Gly Asn Gln
1400 1405 1410

Asp Ser Phe Thr Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu
1415 1420 1425

Thr Arg Tyr Leu Arg Ile His Pro Gln Ser Trp Val His Gln Ile
1430 1435 1440

Ala Leu Arg Met Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1445 1450 1455

<210> SEQ ID NO 105

<211> LENGTH: 1458

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 105

Met Gln Ile Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Arg Phe
1 5 10 15

Cys Phe Ser Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Val Glu Leu Ser
20 25 30

Trp Asp Tyr Met Gln Ser Asp Leu Gly Glu Leu Pro Val Asp Ala Arg
35 40 45

Phe Pro Pro Arg Val Pro Lys Ser Phe Pro Phe Asn Thr Ser Val Val
50 55 60

Tyr Lys Lys Thr Leu Phe Val Glu Phe Thr Asp His Leu Phe Asn Ile
65 70 75 80

Ala Lys Pro Arg Pro Pro Trp Met Gly Leu Leu Gly Pro Thr Ile Gln
85 90 95

Ala Glu Val Tyr Asp Thr Val Val Ile Thr Leu Lys Asn Met Ala Ser
100 105 110

His Pro Val Ser Leu His Ala Val Gly Val Ser Tyr Trp Lys Ala Ser
115 120 125

Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys Glu Asp
130 135 140

Asp Lys Val Phe Pro Gly Gly Ser His Thr Tyr Val Trp Gln Val Leu
145 150 155 160

Lys Glu Asn Gly Pro Met Ala Ser Asp Pro Leu Cys Leu Thr Tyr Ser
165 170 175

Tyr Leu Ser His Val Asp Leu Val Lys Asp Leu Asn Ser Gly Leu Ile
180 185 190

Gly Ala Leu Leu Val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr
195 200 205
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Gln Thr Leu His Lys Phe Ile Leu Leu Phe Ala Val Phe Asp Glu Gly
210 215 220

Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gln Asp Arg Asp
225 230 235 240

Ala Ala Ser Ala Arg Ala Trp Pro Lys Met His Thr Val Asn Gly Tyr
245 250 255

Val Asn Arg Ser Leu Pro Gly Leu Ile Gly Cys His Arg Lys Ser Val
260 265 270

Tyr Trp His Val Ile Gly Met Gly Thr Thr Pro Glu Val His Ser Ile
275 280 285

Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gln Ala Ser
290 295 300

Leu Glu Ile Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met
305 310 315 320

Asp Leu Gly Gln Phe Leu Leu Phe Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro
340 345 350

Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435 440 445

Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala Ile Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 470 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 490 495

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly Val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu Ile Phe
515 520 525

Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp
530 535 540

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 575

Ser Val Asp Gln Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 590

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605
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Asn Ile Gln Arg Phe Leu Pro Asn Pro Ala Gly Val Gln Leu Glu Asp
610 615 620

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Ile Asn Gly Tyr Val
625 630 635 640

Phe Asp Ser Leu Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr
675 680 685

Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720

Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
725 730 735

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 745 750

Asn Asn Thr Thr Tyr Val Asn Arg Ser Leu Ser Gln Asn Pro Pro Val
755 760 765

Leu Lys Arg His Gln Arg Glu Ile Thr Arg Thr Thr Leu Gln Ser Asp
770 775 780

Gln Glu Glu Ile Asp Tyr Asp Asp Thr Ile Ser Val Glu Met Lys Lys
785 790 795 800

Glu Asp Phe Asp Ile Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser
805 810 815

Phe Gln Lys Lys Thr Arg His Tyr Phe Ile Ala Ala Val Glu Arg Leu
820 825 830

Trp Asp Tyr Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg Ala
835 840 845

Gln Ser Gly Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu Phe
850 855 860

Thr Asp Gly Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn Glu
865 870 875 880

His Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu Val Glu Asp Asn
885 890 895

Ile Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe Tyr
900 905 910

Ser Ser Leu Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly Ala Glu Pro
915 920 925

Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp Lys
930 935 940

Val Gln His His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys Ala
945 950 955 960

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

Leu Ile Gly Pro Leu Leu Val Cys His Thr Asn Thr Leu Asn Pro Ala
980 985 990

His Gly Arg Gln Val Thr Val Gln Glu Phe Ala Leu Phe Phe Thr Ile
995 1000 1005

Phe Asp Glu Thr Lys Ser Trp Tyr Phe Thr Glu Asn Met Glu Arg



US 2019/0202893 Al Jul. 4,2019
149

-continued

1010 1015 1020

Asn Cys Arg Ala Pro Cys Asn Ile Gln Met Glu Asp Pro Thr Phe
1025 1030 1035

Lys Glu Asn Tyr Arg Phe His Ala Ile Asn Gly Tyr Ile Met Asp
1040 1045 1050

Thr Leu Pro Gly Leu Val Met Ala Gln Asp Gln Arg Ile Arg Trp
1055 1060 1065

Tyr Leu Leu Ser Met Gly Ser Asn Glu Asn Ile His Ser Ile His
1070 1075 1080

Phe Ser Gly His Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys
1085 1090 1095

Met Ala Leu Tyr Asn Leu Tyr Pro Gly Val Phe Glu Thr Val Glu
1100 1105 1110

Met Leu Pro Ser Lys Ala Gly Ile Trp Arg Val Glu Cys Leu Ile
1115 1120 1125

Gly Glu His Leu His Ala Gly Met Ser Thr Leu Phe Leu Val Tyr
1130 1135 1140

Ser Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His Ile
1145 1150 1155

Arg Asp Phe Gln Ile Thr Ala Ser Gly Gln Tyr Gly Gln Trp Ala
1160 1165 1170

Pro Lys Leu Ala Arg Leu His Tyr Ser Gly Ser Ile Asn Ala Trp
1175 1180 1185

Ser Thr Lys Glu Pro Phe Ser Trp Ile Lys Val Asp Leu Leu Ala
1190 1195 1200

Pro Met 1Ile Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys
1205 1210 1215

Phe Ser Ser Leu Tyr Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu
1220 1225 1230

Asp Gly Lys Lys Trp Gln Thr Tyr Arg Gly Asn Ser Thr Gly Thr
1235 1240 1245

Leu Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly 1Ile Lys His
1250 1255 1260

Asn Ile Phe Asn Pro Pro Ile 1Ile Ala Arg Tyr Ile Arg Leu His
1265 1270 1275

Pro Thr His Tyr Ser Ile Arg Ser Thr Leu Arg Met Glu Leu Met
1280 1285 1290

Gly Cys Asp Leu Asn Ser Cys Ser Met Pro Leu Gly Met Glu Ser
1295 1300 1305

Lys Ala 1Ile Ser Asp Ala Gln Ile Thr Ala Ser Ser Tyr Phe Thr
1310 1315 1320

Asn Met Phe Ala Thr Trp Ser Pro Ser Lys Ala Arg Leu His Leu
1325 1330 1335

Gln Gly Arg Ser Asn Ala Trp Arg Pro Gln Val Asn Asn Pro Lys
1340 1345 1350

Glu Trp Leu Gln Val Asp Phe Gln Lys Thr Met Lys Val Thr Gly
1355 1360 1365

Val Thr Thr Gln Gly Val Lys Ser Leu Leu Thr Ser Met Tyr Val
1370 1375 1380

Lys Glu Phe Leu Ile Ser Ser Ser Gln Asp Gly His Gln Trp Thr
1385 1390 1395
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Leu

Asp

Thr

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400> SEQUENCE:

Met
1
Cys
Trp
Phe
Tyr
65

Ala

Ala

Glu

Asp

145

Lys

Tyr

Gly

Gln

Lys
225

Ala

Tyr

Phe
1400

Phe Gln Asn Gly Lys

1405

Val Lys

Phe Thr Val Val

1420

Ser Pro Asn Ser

1415
Ile

His Pro Gln

1435

Arg Tyr Leu

1430

Arg

Leu Arg Met Glu Val

1445

Leu Gly Cys
1450

SEQ ID NO 106

LENGTH: 1457

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

106

Gln Ile Glu Leu Ser Thr Cys Phe Phe

5 10
Phe Ala
20

Ser Thr Arg Arg Tyr Tyr Leu

25

Met Gln Leu Glu

40

Asp Tyr Ser

35

Asp Gly

Pro Pro Val Pro Ser Phe Pro

50

Arg Lys

55
Thr Phe
70

Lys Lys Leu Val Glu Phe Thr

Met Leu

90

Pro Pro

85

Lys Pro Arg Trp Gly

Glu Val Thr Val Val Val

105

Tyr Thr

100

Asp

Val
115

Ala Val

120

Pro Ser Leu His Gly Val

Gly Ala Glu Gln Thr Ser

130

Tyr Asp Asp

135

Lys Val Phe Pro Gly Ser His Thr

150

Lys

Glu Thr Ala Pro

170

Pro Ser

165

Asn Gly Asp

His Val Leu Val

180

Leu Ser Asp Lys

185

Asp

Ala Val Glu

200

Leu Leu Ser

195

Cys Arg Gly

Thr
210

Phe Ile

215

Leu His Lys Leu Leu Phe

Glu
230

Ser Trp His Ser Thr Lys Asn Ser

Ala Ala Ala Met

250

Ser Arg Pro

245

Trp Lys

Ile
265

Ser Leu Pro Leu

260

Asn Arg Gly Gly

Trp His Val Ile Gly Met Gly Thr Thr

Val

Leu

Ser

Glu

Phe

Asp

Trp

Ala

Artificial Sequence:

Leu

Gly

Leu

Phe

Asp

75

Leu

Leu

Ser

Gln

Cys

Ala

Pro

Asn

60

His

Gly

Lys

Tyr

Arg

Gln
1410

Gly Asn

Pro Pro Leu

1425

Val
1440

His Gln

Gln Asp Leu
1455

Leu Leu Arg

15
Val Glu
30

Leu

Val
45

Asp Ala

Thr Ser Val

Leu Phe Asn

Thr Ile

95

Pro

Met
110

Asn Ala

Trp Ser

125

Lys

Glu Lys Glu

140

Tyr

155

Pro

Leu

Leu

Ala

Val

Cys

Asn

Ala

Val

Trp Gln Val

Leu Thr Tyr

175
Leu

Ser Gly

190
Lys Glu
205

Lys

Phe Asp Glu

220

Leu

235

His

Cys

Pro

Met

Thr

His

Glu

Gln Asp Arg

Val Asn Gly

255

Arg Lys Ser

270
Val

His Ser

Gln

Leu

Ile

Tyr

Synthetic

Phe

Ser

Arg

Val

Ile

80

Gln

Ser

Ser

Asp

Leu

160

Ser

Ile

Thr

Gly

Asp

240

Tyr

Val

Ile

Jul. 4,2019
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275 280 285

Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gln Ala Ser
290 295 300

Leu Glu Ile Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met
305 310 315 320

Asp Leu Gly Gln Phe Leu Leu Ser Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro
340 345 350

Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435 440 445

Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala Ile Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 470 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 490 495

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly Val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu Ile Phe
515 520 525

Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp
530 535 540

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 575

Ser Val Asp Gln Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 590

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile Gln Arg Phe Leu Pro Asn Pro Ala Gly Val Gln Leu Glu Asp
610 615 620

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Ile Asn Gly Tyr Val
625 630 635 640

Phe Asp Ser Leu Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr
675 680 685
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Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720

Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
725 730 735

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 745 750

Asn Asn Ala Ile Glu Pro Arg Ser Phe Ser Gln Asn Pro Pro Val Leu
755 760 765

Lys Arg His Gln Arg Glu Ile Thr Arg Thr Thr Leu Gln Ser Asp Gln
770 775 780

Glu Glu Ile Asp Tyr Asp Asp Thr Ile Ser Val Glu Met Lys Lys Glu
785 790 795 800

Asp Phe Asp Ile Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe
805 810 815

Gln Lys Lys Thr Arg His Tyr Phe Ile Ala Ala Val Glu Arg Leu Trp
820 825 830

Asp Tyr Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg Ala Gln
835 840 845

Ser Gly Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu Phe Thr
850 855 860

Asp Gly Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn Glu His
865 870 875 880

Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu Val Glu Asp Asn Ile
885 890 895

Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe Tyr Ser
900 905 910

Ser Leu Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly Ala Glu Pro Arg
915 920 925

Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp Lys Val
930 935 940

Gln His His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys Ala Trp
945 950 955 960

Ala Tyr Phe Ser Asp Val Asp Leu Glu Lys Asp Val His Ser Gly Leu
965 970 975

Ile Gly Pro Leu Leu Val Cys His Thr Asn Thr Leu Asn Pro Ala His
980 985 990

Gly Arg Gln Val Thr Val Gln Glu Phe Ala Leu Phe Phe Thr Ile Phe
995 1000 1005

Asp Glu Thr Lys Ser Trp Tyr Phe Thr Glu Asn Met Glu Arg Asn
1010 1015 1020

Cys Arg Ala Pro Cys Asn Ile Gln Met Glu Asp Pro Thr Phe Lys
1025 1030 1035

Glu Asn Tyr Arg Phe His Ala Ile Asn Gly Tyr Ile Met Asp Thr
1040 1045 1050

Leu Pro Gly Leu Val Met Ala Gln Asp Gln Arg Ile Arg Trp Tyr
1055 1060 1065

Leu Leu Ser Met Gly Ser Asn Glu Asn Ile His Ser Ile His Phe
1070 1075 1080
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Ser Gly His Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys Met
1085 1090 1095

Ala Leu Tyr Asn Leu Tyr Pro Gly Val Phe Glu Thr Val Glu Met
1100 1105 1110

Leu Pro Ser Lys Ala Gly Ile Trp Arg Val Glu Cys Leu Ile Gly
1115 1120 1125

Glu His Leu His Ala Gly Met Ser Thr Leu Phe Leu Val Tyr Ser
1130 1135 1140

Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His Ile Arg
1145 1150 1155

Asp Phe Gln Ile Thr Ala Ser Gly Gln Tyr Gly Gln Trp Ala Pro
1160 1165 1170

Lys Leu Ala Arg Leu His Tyr Ser Gly Ser Ile Asn Ala Trp Ser
1175 1180 1185

Thr Lys Glu Pro Phe Ser Trp Ile Lys Val Asp Leu Leu Ala Pro
1190 1195 1200

Met Ile Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys Phe
1205 1210 1215

Ser Ser Leu Tyr Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu Asp
1220 1225 1230

Gly Lys Lys Trp Gln Thr Tyr Arg Gly Asn Ser Thr Gly Thr Leu
1235 1240 1245

Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly Ile Lys His Asn
1250 1255 1260

Ile Phe Asn Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu His Pro
1265 1270 1275

Thr His Tyr Ser Ile Arg Ser Thr Leu Arg Met Glu Leu Met Gly
1280 1285 1290

Cys Asp Leu Asn Ser Cys Ser Met Pro Leu Gly Met Glu Ser Lys
1295 1300 1305

Ala Ile Ser Asp Ala Gln Ile Thr Ala Ser Ser Tyr Phe Thr Asn
1310 1315 1320

Met Phe Ala Thr Trp Ser Pro Ser Lys Ala Arg Leu His Leu Gln
1325 1330 1335

Gly Arg Ser Asn Ala Trp Arg Pro Gln Val Asn Asn Pro Lys Glu
1340 1345 1350

Trp Leu Gln Val Asp Phe Gln Lys Thr Met Lys Val Thr Gly Val
1355 1360 1365

Thr Thr Gln Gly Val Lys Ser Leu Leu Thr Ser Met Tyr Val Lys
1370 1375 1380

Glu Phe Leu Ile Ser Ser Ser Gln Asp Gly His Gln Trp Thr Leu
1385 1390 1395

Phe Phe Gln Asn Gly Lys Val Lys Val Phe Gln Gly Asn Gln Asp
1400 1405 1410

Ser Phe Thr Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu Thr
1415 1420 1425

Arg Tyr Leu Arg Ile His Pro Gln Ser Trp Val His Gln Ile Ala
1430 1435 1440

Leu Arg Met Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1445 1450 1455
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<210> SEQ ID NO 107

<211> LENGTH: 1457

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 107

Met Gln Ile Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Arg Phe
1 5 10 15

Cys Phe Ser Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Val Glu Leu Ser
20 25 30

Trp Asp Tyr Met Gln Ser Asp Leu Gly Glu Leu Pro Val Asp Ala Arg
35 40 45

Phe Pro Pro Arg Val Pro Lys Ser Phe Pro Phe Asn Thr Ser Val Val
50 55 60

Tyr Lys Lys Thr Leu Phe Val Glu Phe Thr Asp His Leu Phe Asn Ile
65 70 75 80

Ala Lys Pro Arg Pro Pro Trp Met Gly Leu Leu Gly Pro Thr Ile Gln
85 90 95

Ala Glu Val Tyr Asp Thr Val Val Val Thr Leu Lys Asn Met Ala Ser
100 105 110

His Pro Val Ser Leu His Ala Val Gly Val Ser Tyr Trp Lys Ser Ser
115 120 125

Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys Glu Asp
130 135 140

Asp Lys Val Phe Pro Gly Lys Ser His Thr Tyr Val Trp Gln Val Leu
145 150 155 160

Lys Glu Asn Gly Pro Thr Ala Ser Asp Pro Pro Cys Leu Thr Tyr Ser
165 170 175

Tyr Leu Ser His Val Asp Leu Val Lys Asp Leu Asn Ser Gly Leu Ile
180 185 190

Gly Ala Leu Leu Val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr
195 200 205

Gln Thr Leu His Lys Phe Ile Leu Leu Phe Ala Val Phe Asp Glu Gly
210 215 220

Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gln Asp Arg Asp
225 230 235 240

Ala Ala Ser Ala Arg Ala Trp Pro Lys Met His Thr Val Asn Gly Tyr
245 250 255

Val Asn Arg Ser Leu Pro Gly Leu Ile Gly Cys His Arg Lys Ser Val
260 265 270

Tyr Trp His Val Ile Gly Met Gly Thr Thr Pro Glu Val His Ser Ile
275 280 285

Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gln Ala Ser
290 295 300

Leu Glu Ile Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met
305 310 315 320

Asp Leu Gly Gln Phe Leu Leu Ser Cys His Ile Ser Ser His Gln His
325 330 335

Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro
340 345 350
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Gln Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp
355 360 365

Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Asn Ser
370 375 380

Pro Ser Phe Ile Gln Ile Arg Ser Val Ala Lys Lys His Pro Lys Thr
385 390 395 400

Trp Val His Tyr Ile Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro
405 410 415

Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn
420 425 430

Asn Gly Pro Gln Arg Ile Gly Arg Lys Tyr Lys Lys Val Arg Phe Met
435 440 445

Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala Ile Gln His Glu
450 455 460

Ser Gly Ile Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu
465 470 475 480

Leu Ile Ile Phe Lys Asn Gln Ala Ser Arg Pro Tyr Asn Ile Tyr Pro
485 490 495

His Gly Ile Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys
500 505 510

Gly Val Lys His Leu Lys Asp Phe Pro Ile Leu Pro Gly Glu Ile Phe
515 520 525

Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp
530 535 540

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg
545 550 555 560

Asp Leu Ala Ser Gly Leu Ile Gly Pro Leu Leu Ile Cys Tyr Lys Glu
565 570 575

Ser Val Asp Gln Arg Gly Asn Gln Ile Met Ser Asp Lys Arg Asn Val
580 585 590

Ile Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu
595 600 605

Asn Ile Gln Arg Phe Leu Pro Asn Pro Ala Gly Val Gln Leu Glu Asp
610 615 620

Pro Glu Phe Gln Ala Ser Asn Ile Met His Ser Ile Asn Gly Tyr Val
625 630 635 640

Phe Asp Ser Leu Gln Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp
645 650 655

Tyr Ile Leu Ser Ile Gly Ala Gln Thr Asp Phe Leu Ser Val Phe Phe
660 665 670

Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr
675 680 685

Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro
690 695 700

Gly Leu Trp Ile Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly
705 710 715 720

Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp
725 730 735

Tyr Tyr Glu Asp Ser Tyr Glu Asp Ile Ser Ala Tyr Leu Leu Ser Lys
740 745 750

Asn Asn Ala Ile Glu Pro Arg Ser Phe Ser Gln Asn Pro Pro Val Leu
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755 760 765

Lys Arg His Gln Arg Glu Ile Thr Arg Thr Thr Leu Gln Ser Asp Gln
770 775 780

Glu Glu Ile Asp Tyr Asp Asp Thr Ile Ser Val Glu Met Lys Lys Glu
785 790 795 800

Asp Phe Asp Ile Tyr Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe
805 810 815

Gln Lys Lys Thr Arg His Tyr Phe Ile Ala Ala Val Glu Arg Leu Trp
820 825 830

Asp Tyr Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg Ala Gln
835 840 845

Ser Gly Ser Val Pro Gln Phe Lys Lys Val Val Phe Gln Glu Phe Thr
850 855 860

Asp Gly Ser Phe Thr Gln Pro Leu Tyr Arg Gly Glu Leu Asn Glu His
865 870 875 880

Leu Gly Leu Leu Gly Pro Tyr Ile Arg Ala Glu Val Glu Asp Asn Ile
885 890 895

Met Val Thr Phe Arg Asn Gln Ala Ser Arg Pro Tyr Ser Phe Tyr Ser
900 905 910

Ser Leu Ile Ser Tyr Glu Glu Asp Gln Arg Gln Gly Ala Glu Pro Arg
915 920 925

Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp Lys Val
930 935 940

Gln His His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys Ala Trp
945 950 955 960

Ala Tyr Phe Ser Asp Val Asp Leu Glu Lys Asp Val His Ser Gly Leu
965 970 975

Ile Gly Pro Leu Leu Val Cys His Thr Asn Thr Leu Asn Pro Ala His
980 985 990

Gly Arg Gln Val Thr Val Gln Glu Phe Ala Leu Phe Phe Thr Ile Phe
995 1000 1005

Asp Glu Thr Lys Ser Trp Tyr Phe Thr Glu Asn Met Glu Arg Asn
1010 1015 1020

Cys Arg Ala Pro Cys Asn Ile Gln Met Glu Asp Pro Thr Phe Lys
1025 1030 1035

Glu Asn Tyr Arg Phe His Ala Ile Asn Gly Tyr Ile Met Asp Thr
1040 1045 1050

Leu Pro Gly Leu Val Met Ala Gln Asp Gln Arg Ile Arg Trp Tyr
1055 1060 1065

Leu Leu Ser Met Gly Ser Asn Glu Asn Ile His Ser Ile His Phe
1070 1075 1080

Ser Gly His Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys Met
1085 1090 1095

Ala Leu Tyr Asn Leu Tyr Pro Gly Val Phe Glu Thr Val Glu Met
1100 1105 1110

Leu Pro Ser Lys Ala Gly Ile Trp Arg Val Glu Cys Leu Ile Gly
1115 1120 1125

Glu His Leu His Ala Gly Met Ser Thr Leu Phe Leu Val Tyr Ser
1130 1135 1140

Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His Ile Arg
1145 1150 1155
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Asp Phe Gln Ile Thr Ala Ser Gly Gln Tyr Gly Gln Trp Ala Pro
1160 1165 1170

Lys Leu Ala Arg Leu His Tyr Ser Gly Ser Ile Asn Ala Trp Ser
1175 1180 1185

Thr Lys Glu Pro Phe Ser Trp Ile Lys Val Asp Leu Leu Ala Pro
1190 1195 1200

Met Ile Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys Phe
1205 1210 1215

Ser Ser Leu Tyr Ile Ser Gln Phe Ile Ile Met Tyr Ser Leu Asp
1220 1225 1230

Gly Lys Lys Trp Gln Thr Tyr Arg Gly Asn Ser Thr Gly Thr Leu
1235 1240 1245

Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly Ile Lys His Asn
1250 1255 1260

Ile Phe Asn Pro Pro Ile Ile Ala Arg Tyr Ile Arg Leu His Pro
1265 1270 1275

Thr His Tyr Ser Ile Arg Ser Thr Leu Arg Met Glu Leu Met Gly
1280 1285 1290

Cys Asp Leu Asn Ser Cys Ser Met Pro Leu Gly Met Glu Ser Lys
1295 1300 1305

Ala Ile Ser Asp Ala Gln Ile Thr Ala Ser Ser Tyr Phe Thr Asn
1310 1315 1320

Met Phe Ala Thr Trp Ser Pro Ser Lys Ala Arg Leu His Leu Gln
1325 1330 1335

Gly Arg Ser Asn Ala Trp Arg Pro Gln Val Asn Asn Pro Lys Glu
1340 1345 1350

Trp Leu Gln Val Asp Phe Gln Lys Thr Met Lys Val Thr Gly Val
1355 1360 1365

Thr Thr Gln Gly Val Lys Ser Leu Leu Thr Ser Met Tyr Val Lys
1370 1375 1380

Glu Phe Leu Ile Ser Ser Ser Gln Asp Gly His Gln Trp Thr Leu
1385 1390 1395

Phe Phe Gln Asn Gly Lys Val Lys Val Phe Gln Gly Asn Gln Asp
1400 1405 1410

Ser Phe Thr Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu Thr
1415 1420 1425

Arg Tyr Leu Arg Ile His Pro Gln Ser Trp Val His Gln Ile Ala
1430 1435 1440

Leu Arg Met Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1445 1450 1455

<210> SEQ ID NO 108

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 108
atgcagattyg agctgtccac ctgettettt ctgtgectge tgagattetg cttetetgece 60

accaggagat actacctggg ggctgtggaa ctttettggg actacatgca gtcetgacctg 120



US 2019/0202893 Al Jul. 4,2019
158

-continued
ggagagctge ctgtggatge caggttccca cccagagtgce ccaagtcctt cccattcaac 180
acctctgtgg tctacaagaa gacactcttt gtggaattca ctgaccacct gttcaacatt 240
gcaaaaccca gaccaccctg gatgggactc ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcgtcaccct caagaacatg gcatcccacc ctgtgtctet gcatgetgtg 360
ggagtctcat actggaaatc ctctgaaggg gctgagtatg atgaccagac atcccagaga 420
gagaaagagg atgacaaggt gttccctggg aagtctcaca cctatgtgtg gcaagtcctc 480
aaggagaatg gacccactgc atctgaccca ccctgectga catactccta cctttcetcat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg cactgctggt gtgcagggaa 600
ggatccectgg ccaaggagaa aacccagaca ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagtcttg gcactctgaa acaaagaact ccctgatgca agacagggat 720
gctgectetyg ccagggcatg geccaagatg cacactgtga atggctatgt gaacagatca 780
ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aagtgcactce cattttcctg gagggacaca ccttectggt caggaaccac 900
agacaagcct ctctggagat ctctcccatce accttectca ctgcacagac actgetgatg 960

gaccttggac agttcctgct gtectgcecac atctcecttceec accagcatga tggcatggaa 1020
gcctatgtca aggtggactce atgccctgag gaaccacagce tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt cagatttgat 1140
gatgacaact ctccatcctt cattcagatc aggtctgtgg caaagaaaca ccccaagaca 1200
tgggtgcact acattgctgc tgaggaagag gactgggact atgcaccact ggtcctggcece 1260
cctgatgaca ggagctacaa gtctcagtac ctcaacaatg gcccacaaag aattggaaga 1320
aagtacaaga aagtcagatt catggcctac actgatgaaa ccttcaagac aagagaagcc 1380
attcagcatg agtctggcat tcectgggacca ctcecctgtatg gggaagtggg agacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag caggagactg ccaaaagggg tgaaacacct caaggacttce 1560
cccattetge ctggagagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
acaaagtctg accccaggtg cctcaccaga tactactect cttttgtgaa catggagaga 1680
gacctggcat ctggactgat tggaccactg ctcatctgcet acaaggagtc tgtggaccag 1740
agaggcaacc agatcatgtc tgacaagaga aatgtgattc tgttctctgt ctttgatgag 1800
aacagatcat ggtacctgac tgagaacatt cagagattcc tgcccaacce tgctggggtg 1860
caactggaag accctgagtt ccaggcaagc aacatcatgc actccatcaa tggctatgtg 1920
tttgactcte tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggcac aaactgactt cctttcectgte ttecttctetg gatacacctt caagcacaag 2040
atggtgtatg aggacaccct gacactctte ccattctetg gggaaactgt gttcatgagce 2100
atggagaacc ctggactgtg gattctggga tgccacaact ctgacttcag aaacagggga 2160
atgactgcac tgctcaaagt ctcctcectgt gacaagaaca ctggggacta ctatgaggac 2220
tcttatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccagaagce 2280
ttctctecaga atccacctgt cctgaagaga caccagagag agatcaccag gacaaccctce 2340

cagtctgacc aggaagagat tgactatgat gacaccattt ctgtggagat gaagaaggag 2400
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gactttgaca tctatgatga ggacgagaac cagtctccaa gatcattcca gaagaagaca 2460
agacactact tcattgctgc tgtggaaaga ctgtgggact atggcatgtc ttectcectcece 2520
catgtcctca ggaacagggc acagtctggce tctgtgccac agttcaagaa agtggtctte 2580
caggagttca ctgatggctc attcacccag ccecctgtaca gaggggaact gaatgagcac 2640
ctgggactcce tgggaccata catcagggct gaggtggaag acaacatcat ggtgacattc 2700
agaaaccagg cctccaggcec ctacagctte tactcttecce tcatcagcta tgaggaagac 2760
cagagacaag gggctgagcc aagaaagaac tttgtgaaac ccaatgaaac caagacctac 2820
ttctggaaag tccagcacca catggcaccce accaaggatg agtttgactg caaggcctgg 2880
gcatacttcect ctgatgtgga cctggagaaa gatgtgcact ctggcectgat tggcccactce 2940
ctggtetgee acaccaacac cctgaaccct geacatggaa ggcaagtgac tgtgcaggag 3000
tttgcecctet tettcaccat ctttgatgaa accaagtcat ggtacttcac tgagaacatg 3060
gagagaaact gcagagcacc atgcaacatt cagatggaag accccacctt caaggagaac 3120
tacaggttcc atgccatcaa tggctacatc atggacaccce tgcctgggcet tgtcatggca 3180
caggaccaga gaatcagatg gtacctgctt tctatgggat ccaatgagaa cattcactcc 3240
atccacttct ctgggcatgt cttcactgtg agaaagaagg aggaatacaa gatggccctg 3300
tacaacctct accctggggt ctttgagact gtggagatgce tgccctccaa agctggcatce 3360
tggagggtgg aatgcctcat tggggagcac ctgcatgcetg gcatgtcaac cctgttectg 3420
gtctacagca acaagtgcca gacacccctg ggaatggcecet ctggccacat cagggacttce 3480
cagatcactg cctctggeca gtatggccag tgggcaccca aactggccag gctccactac 3540
tctggetecca tcaatgcatg gtcaaccaag gagccattcet cttggatcaa ggtggacctg 3600
ctggcaccca tgatcattca tggcatcaag acacaggggg caagacagaa attctcectcet 3660
ctgtacatct cacagttcat catcatgtac tctcectggatg gcaagaagtg gcagacatac 3720
agaggcaact ccactggcac cctcatggtce ttcectttggca atgtggacag ctcectggcatce 3780
aagcacaaca tcttcaaccc tcecccatcatt gccagataca tcaggctgca ccccacccac 3840
tactcaatca gatcaaccct caggatggaa ctgatgggat gtgacctgaa ctcctgctca 3900
atgccectgg gaatggagag caaggccatt tctgatgecce agatcactge atcctcettac 3960
ttcaccaaca tgtttgccac ctggtcacca tcaaaagcca ggctgcacct ccagggaaga 4020
agcaatgcct ggagacccca ggtcaacaac ccaaaggaat ggctgcaagt ggacttccag 4080
aagacaatga aagtcactgg ggtgacaacc cagggggtca agtctctgct cacctcaatg 4140
tatgtgaagg agttcctgat ctcttcectca caggatggcc accagtggac actcttette 4200
cagaatggca aagtcaaggt gttccagggc aaccaggact ctttcacacc tgtggtgaac 4260
tcactggacc ccccectect gacaagatac ctgagaattc acccccagte ttgggtcecac 4320

cagattgccce tgagaatgga agtcctggga tgtgaggcac aagacctgta ctga 4374

<210> SEQ ID NO 109

<211> LENGTH: 4374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 109
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atgcagattg agctgagcac ctgcttctte ctgtgectge tgaggttctg cttetctgec 60
accaggagat actacctggg ggctgtggag ctttcettggg actacatgca gtctgacctg 120
ggggagctge ctgtggatge caggttccca cccagagtgce ccaaatcctt cccattcaac 180
acctctgtgg tctacaagaa gaccctcettt gtggagttca ctgaccacct gttcaacatt 240
gccaaaccca ggccaccctg gatgggactc ctgggaccca ccattcagge tgaggtgtat 300
gacactgtgg tcgtcaccct caagaacatg gcctcccacce ctgtgagect gcatgetgtg 360
ggggtcagct actggaagtc ctctgagggg gctgagtatg atgaccagac ctcccagagg 420
gagaaggagg atgacaaagt gttccctggg aagagccaca cctatgtgtg gcaggtcctce 480
aaggagaatg gccccactgce ctctgaccca ccctgectga cctactccta cctttcetcat 540
gtggacctgg tcaaggacct caactctgga ctgattgggg ccctgetggt gtgcagggag 600
ggctccectgg ccaaagagaa gacccagacc ctgcacaagt tcattctect gtttgetgte 660
tttgatgagg gcaagagctg gcactctgaa accaagaact ccctgatgca ggacagggat 720
gctgectetyg ccagggectyg goccaagatg cacactgtga atggctatgt gaacaggagce 780
ctgcctggac tcattggetg ccacaggaaa tctgtctact ggcatgtgat tggcatgggg 840
acaacccctg aggtgcactce cattttcectg gagggccaca ccttectggt caggaaccac 900
agacaggcca gcctggagat cagccccatc accttectca ctgcccagac cctgetgatg 960

gacctcggac agttcctgct gtectgcecac atcagctcec accagcatga tggcatggag 1020
gectatgteca aggtggacag ctgccctgag gagccacage tcaggatgaa gaacaatgag 1080
gaggctgagg actatgatga tgacctgact gactctgaga tggatgtggt ccgctttgat 1140
gatgacaaca gcccatcctt cattcagatc aggtctgtgg ccaagaaaca ccccaagacce 1200
tgggtgcact acattgctgc tgaggaggag gactgggact atgccccact ggtcecctggcece 1260
cctgatgaca ggagctacaa gagccagtac ctcaacaatyg gcccacagag gattggacge 1320
aagtacaaga aagtcaggtt catggcctac actgatgaaa ccttcaagac cagggaggcce 1380
attcagcatg agtctggcat cctgggccca ctecctgtatg gggaggtggg ggacaccctg 1440
ctcatcatct tcaagaacca ggcctccagg ccctacaaca tctacccaca tggcatcact 1500
gatgtcagge ccctgtacag ccgcaggetg ccaaaggggg tgaaacacct caaggactte 1560
cccattetge ctggggagat cttcaagtac aagtggactg tcactgtgga ggatggacca 1620
accaaatctg accccaggtg cctcaccaga tactactcecca getttgtgaa catggagagg 1680
gacctggect ctggectgat tggcccactg ctcatctget acaaggagtc tgtggaccag 1740
aggggaaacc agatcatgtc tgacaagagg aatgtgattc tgttctctgt ctttgatgag 1800
aacaggagct ggtacctgac tgagaacatt cagcgcttcecce tgcccaacce tgctggggtg 1860
cagctggagg accctgagtt ccaggccagce aacatcatgce actccatcaa tggctatgtg 1920
tttgacagcce tccagcttte tgtctgectg catgaggtgg cctactggta cattctttet 1980
attggggccce agactgactt cctttetgte ttettcectetg gectacacctt caaacacaag 2040
atggtgtatg aggacaccct gaccctcectte ccattctetg gggagactgt gttcatgagce 2100
atggagaacc ctggcctgtg gattctggga tgccacaact ctgacttccg caacaggggce 2160
atgactgccce tgctcaaagt ctectcectgt gacaagaaca ctggggacta ctatgaggac 2220

agctatgagg acatctctge ctacctgctce agcaagaaca atgccattga gcccaggagc 2280
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ttcagccaga atccacctgt cctgaaacge caccagaggg agatcaccag gaccacccte 2340

cagtctgacc aggaggagat tgactatgat gacaccattt ctgtggagat gaagaaagag 2400

gactttgaca tctatgacga ggacgagaac cagagcccaa ggagcttcca gaagaagacc 2460

aggcactact tcattgctgce tgtggagcgce ctgtgggact atggcatgag ctccagcccce 2520

catgtcctca ggaacagggce ccagtctgge tctgtgccac agttcaagaa agtggtctte 2580

caagagttca ctgatggcag cttcacccag ccecctgtaca gaggggagct gaatgagcac 2640

ctgggactcce tgggcccata catcagggct gaggtggagg acaacatcat ggtgacctte 2700

cgcaaccagg cctccaggec ctacagctte tacagctcecce tcatcagcta tgaggaggac 2760

cagaggcagyg gggctgagece acgcaagaac tttgtgaaac ccaatgaaac caagacctac 2820

ttctggaaag tccagcacca catggcccce accaaggatg agtttgactg caaggcctgg 2880

gcctacttet ctgatgtgga cctggagaag gatgtgcact ctggectgat tggcccactce 2940

ctggtetgee acaccaacac cctgaaccect geccatggaa ggcaagtgac tgtgcaggag 3000

tttgcectet tettcaccat ctttgatgaa accaagagct ggtacttcac tgagaacatg 3060

gagcgcaact gcagggccce atgcaacatt cagatggagg accccacctt caaagagaac 3120

taccgcttece atgccatcaa tggctacatce atggacaccce tgcctggget tgtcatggece 3180

caggaccaga ggatcaggtg gtacctgctt tctatgggct ccaatgagaa cattcactcc 3240

atccacttct ctgggcatgt cttcactgtg cgcaagaagg aggagtacaa gatggccctg 3300

tacaacctct accctggggt ctttgagact gtggagatgce tgccctccaa agctggcatce 3360

tggagggtgg agtgcctcat tggggagcac ctgcatgcetg gcatgagcac cctgttectg 3420

gtctacagca acaagtgcca gacccccectg ggaatggcect ctggccacat cagggactte 3480

cagatcactg cctctggeca gtatggccag tgggcccececa agctggccag gctccactac 3540

tctggatcca tcaatgcctyg gagcaccaag gagccattca gectggatcaa agtggacctg 3600

ctggcccceca tgatcatcca tggcatcaag acccaggggg ccaggcagaa gttcetcecage 3660

ctgtacatca gccagttcat catcatgtac agcctggatg gcaagaaatg gcagacctac 3720

agaggcaact ccactggaac actcatggtc ttctttggca atgtggacag ctctggcatc 3780

aagcacaaca tcttcaacce cccaatcate gecagataca tcaggetgca ccccacccac 3840

tacagcatcc gcagcaccct caggatggag ctgatgggct gtgacctgaa ctectgcagce 3900

atgccectgg gcatggagag caaggccatt tctgatgecce agatcactge ctcecagctac 3960

ttcaccaaca tgtttgccac ctggagccca agcaaggcca ggctgcacct ccagggaagg 4020

agcaatgect ggaggeccca ggtcaacaac ccaaaggagt ggctgcaggt ggacttccag 4080

aagaccatga aggtcactgg ggtgaccace cagggggtca agagectget caccagcatg 4140

tatgtgaagg agttcctgat cagctccagce caggatggcce accagtggac cctcettette 4200

cagaatggca aggtcaaggt gttccagggc aaccaggaca gcttcaccce tgtggtgaac 4260

agcctggace ccccectect gaccagatac ctgaggatte acceccagag ctgggtccac 4320

cagattgccce tgaggatgga ggtcctggga tgtgaggccce aggacctgta ctga 4374
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75. A polynucleotide comprising a nucleotide sequence
encoding a Factor VIII polypeptide, the Factor VIII poly-
peptide comprising a light chain, a heavy chain, and a
polypeptide linker joining the C-terminus of the heavy chain
to the N-terminus of the light chain,

wherein the heavy chain of the Factor VIII polypeptide
comprises a first polypeptide sequence having at least
95% identity to amino acids 20 to 759 of SEQ ID NO:
2;

wherein the light chain of the Factor FVIII polypeptide
comprises a second polypeptide sequence having at
least 95% identity to nucleic acids 774 to 1457 of SEQ
ID NO: 2; and

wherein the polypeptide linker comprises a furin cleavage
site and a glycosylation peptide having an amino acid
sequence of SEQ ID NO: 55.

76. The polynucleotide of claim 75, wherein the encoded
Factor VIII polypeptide comprises 1105V, A127S, G151K,
M166T, and [.171P amino acid substitutions, relative to SEQ
ID NO: 19.

77. The polynucleotide of claim 75, wherein the polypep-
tide linker comprises an amino acid sequence of SEQ ID
NO:113.

78. The polynucleotide of claim 75, wherein the polypep-
tide linker comprises an amino acid sequence of SEQ ID
NO:113.

79. The polynucleotide of claim 75,

wherein the heavy chain of the Factor VIII polypeptide
comprises a first polypeptide sequence having at least
99% identity to amino acids 20 to 759 of SEQ ID NO:
2;

wherein the light chain of the Factor FVIII polypeptide
comprises a second polypeptide sequence having at
least 99% identity to nucleic acids 774 to 1457 of SEQ
ID NO: 2.

80. The polynucleotide of claim 79, wherein the encoded
Factor VIII polypeptide comprises 1105V, A127S, G151K,
M166T, and [.171P amino acid substitutions, relative to SEQ
ID NO: 19.
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81. The polynucleotide of claim 79, wherein the polypep-
tide linker comprises an amino acid sequence of SEQ ID
NO:113.

82. The polynucleotide of claim 80, wherein the polypep-
tide linker comprises an amino acid sequence of SEQ ID
NO:113.

83. The polynucleotide of claim 75, wherein the encoded
Factor VIII polypeptide comprises a sequence having at
least 99% sequence identity to SEQ ID NO: 2.

84. The polynucleotide of claim 83, wherein the encoded
Factor VIII polypeptide comprises 1105V, A127S, G151K,
M166T, and [.171P amino acid substitutions, relative to SEQ
ID NO: 19.

85. The polynucleotide of claim 83, wherein the polypep-
tide linker comprises an amino acid sequence of SEQ ID
NO:113.

86. The polynucleotide of claim 84, wherein the polypep-
tide linker comprises an amino acid sequence of SEQ ID
NO:113.

87. The polynucleotide of claim 75, further comprising a
promoter element operably linked to the polynucleotide
encoding the Factor VIII polypeptide.

88. The polynucleotide of claim 87, wherein the promoter
element is a liver-specific promoter sequence upstream of
the nucleotide sequence encoding the Factor VIII polypep-
tide.

89. An adeno-associated virus (AAV) vector comprising a
polynucleotide according to claim 75.

90. An adeno-associated virus (AAV) particle comprising
a polynucleotide according to claim 75.

91. The adeno-associated virus (AAV) particle according
to claim 90, wherein the AAV particle is an AAV-8 particle.

92. A host cell infected with an adeno-associated virus
(AAV) particle comprising a polynucleotide according to
claim 75.

93. A method for producing an adeno-associated virus
(AAV) particle comprising introducing a polynucleotide
according to claim 75 into a mammalian host cell, wherein
the polynucleotide is competent for replication in the mam-
malian host cell.

94. A method for treating hemophilia A comprising
administering, to a patient in need thereof, an adeno-asso-
ciated virus (AAV) particle according to claim 90.
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