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SEQ:1 1 TCGTGCTATGCCAAATATTTTGCGTATTGTTAGTAGTTTAGTTTTGGCCCGCAAACAT 58
SEQ:2 3 R A MPWNIULURTIUVZSSULUVULATRIKH 19
59 GAATTTIGTTGTTCACATGGTGATAGATTTTATCGCCTTGCGAATGAATGTGCTCAAGTT 118
20 E F CC S HGD RT FYRTILANETCA AGQGQUV 39
119 TTGAGTGAAATAGTTATGTGTGGCGGTTGCTATTATGTTAAGCCTGGTGGTACTAGCAGT 178
40 L § E I VM C 66 6 C Y Y V XK P G GT S S 59
179 GGTGATGCAACTACTGCTTTTGCTRATTCTGTTTTTAATATATGTCAGGCTGTTACTGCT 238
60 G DATTA ATFA ANSGSVF FUNTITUGCOQA AVTHAS 79
239 AATGTTTGTTCTCTTATGGCCTGTAATGGCCATAAGATTGAAGATTTAAGTATACGCAAT 298
80 N VvV ¢S L M ACNGHI KTIETDTILZSTI RN 99
299 TTACAARAACGCTTATACTCTAATGTTTATCGTACAGATTATGTTGATTATACATTTGTT 388
100 L Q KR L Y SNV YRTDJYUVDYTTFV 119
359 AATGAGTATTATGAATTTTTATGTAAGCATTTTAG 393
120 N E Y Y EF L C K H F 130

FIG. 1
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SEQ:3 1 GAATAAGAGCGRATTGCGTCCGTACCGTCTATCAGCTTACGATCTCTTGTCAGATCTCAT 60
E * ERIAS VP STI SLRSUL VR SH
N K S ELRPYRUDL S AYDILULSDULTI
I RANTCVIRTVYQULTTIUSUCOGQTISL

61 TAAATCTAAACTTTTTAAACAAGATTCCCTGTTATCCATGCTTGTGAGTGTGGTTTAATC 120
* I *» T F * T R F P V I HA CEZCGUL I
K $s KL F K Q D s L L 8 ML VSsSs VvV * §
N L N F L NX1I PCY P CUL * V WUF N H

121 ATAATCTTGTATTTTACTTTCCACACTTTTCATCTCTCTGCCAGTGACGTGTTGGTTGTC 180
I I LY PP T FHTVFHUL S A SDUVL VYV
* § ¢I L L STULVF I S L P VTCWTL S
N L VF YF PHPF S S5 L CQ * RV G C P

181 CTCAGCGTCCCTCCCATAGGTCGCAATGATTAAAACCAGCAAATACGGTCTCGGCTTCAA 240
L S v pPpPIGURDNDM®*NIOQUOQTIURSURILQQ
S AsL?P*VAMIIKTSZKTYSGLGTF K
Q R P &S HR S Q * L KPANTUV S A S S

241 GTGGGCGCCAGAATTTCGTTGGCTGCTTCCGGATGCAGCGGAGGAGTTGGCTAGTCCTAT 300
vV G A RI SLAASGCSGGV G * 858 Y
WA PET FRWULULPDAAETETULA ASPM
G R QNP FV GGCFRMOQRIRSWUL VL *

301 GAAGTCAGATGAGGGTGGGTTATGCCCCTCTACTGGTCAAGCGATGGAAAGTGTTGGATT 360
E VR * G WV MZPILY WS S DGIKUCWI
K s DEGGLC?PSTG QA AMETSVGTF
S QM RV GYAUPULT LUV KR RWIXUV LD S

361 CGTTTATGATAATCATGTGAAGATAGATTGTCGCTGCATTCTTGGACAAGAATGGCATGT 420
R L * * 8§ ¢ EDRTULSTILUHSWTRMMATL/LC
VYDNHV KIUDU CRTECTIULGU QI EWHYV
F MITIMM®*U R®*TVYVAAPFULIDIEKWNGMZC

421 GCAGTCAAATCTTATCCGTGATATTTTTGTTCATGAAGATCTACATGTTGTAGAAGTTCT 480
AV K § Y P * Y F C S8 *» R S T COCR S 8
Q §$S N L I R D TIVF V HEUDTULUHVYV V E V L
s ¢ I L $s vl F L FMI XTI YMIUL * K F *

481 AACTAARACAGCCGTAAAGTCCGGTACGGCAATTTTAATTAAATCACCTTTGCATAGCTT 540
N * NS R K VRYGNUPFNO=* I TV FA * L
T K T AV K S GT® ATIULTII KSU&PILUHSTL
L XK Q P * S PV RQVF * L NHULTCTIA AW

FIG. 2
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541

601

661

721

781

841

901

961

1021

GGGTGGTTTTCCTARAGGGTATGTTATGGGCTTGTTCCGTTCATACAAGACTARACGTTA

G W F S * RV CYGL VP FTI QD * TIL
G GF P KGYVMGLV FUR S Y KTIKRY
vV V. P L KGGMILWATCSUVHTU RILNUVM

TGTTGTACATCATCTTTCTATGACTACATCTACTACTAATTTTGGTGAAGATTTTTTGGG

¢ ¢TSS FYDYTI Y Y * F W * RVFF G

vV VHHLSMTTSTTWNUVFGEUDTFTULG
L ¥y I I F L *L HL LULTIUGLVEKTITFWY

TTGGATTGTACCTTTTGGTTTTATGCCATCTTATCGTTCACAAATGGTTTCAATTCTGTAG

L D CTVF WU F Y AIULTCGCS SO QMVS I L *

W I V?PPGFMUPS Y VHI KWTFOQFCR
6 L YLLVLCHILMTFTWNGT FNS VG

GTTGTATATTGAAGAGAGTGATTTAATAATTTCAAATTTTAAATTTGATGATTATGATTT

vV VY *» R E * F NNVFKTF * I *» * [ * F
L ¥ I EE S$DULTI I SNV F K FDDYTDTF
¢ I L KRV I~* *PF QI LUNILMTIMMTIIL

TAGTGTAGAAGATGCTTATGCTGAGGTTCATGCTGAGCCTARAGGTAAATATTCACAARA
* ¢ RRCLCT®* G S C*A * R * I F TK
S VE DA Y A E V HAEUPZ KGI K Y S QK
v *» Xx M L ML RFMILJSULI KU VUNTIHIKIK

AGCTTATGCTTTACTTAGACAATATCGTGGTATTAAACCCGTACTTTTTGTAGACCAGTA

s L. ¢ F T * TTI S WY * TRTUFUOCR PV

A Y AL L RQYRGTIKUPVULFVDOQY
L M L YL DNTIVVLNU®PYUFUL* TS M

TGGTTGTGACTATTCTGGTAAATTAGCAGATTGTCTTCAAGCTTATGGTCATTATTCTTT

W L * L F W * I &R L S§ S8 5 L W S L F F

G ¢ DY S G KL ADTCLOGQA AYGHY S L
v vTIULVDN®*QTIUVVFI KZ LMVITIIULSC

GCAAGATATGAGACAAAAGCAGTCTGTATGGCTTGCCAATTGTGACTTTGATATTGTAGT

A R Y ET KAV CMACQTL* L * Y C S

Q9 DMRQ KQ SV WILADNZC CDTFUDTIUVUV
K I * b K S SL Y GULUPI VTUL I L * W

GGCTTGGCATGTAGTTCGTGATTCACGATTTGTTATGCGCCTGCAGACTATAGCTACTAT

G L AaACSS*FTTICYA AP ADYSsSYZY

A WHVVRDSP RPFVMPRLOQTTIW ATTI
L GM* F VIHDU LLCATCRTL®*TULILTF

FIG.2 CONT'D
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1081

1141

1201

1261

1321

1381

1441

1501

1561

TTGTGGTATTAAATATGTTGCACAACCTACAGAAGATGTAGTAGATGGAGATGTACGTTAT

L WY * I CCTTVYHURURCSURWRTCS Y
¢ 6 I K YVaAaoePTEUDUVVDGDV VI
VVLNMULUHENILI QI KMMS®* **MEM®* L Y

ACGTGAACCTGTACATTTATTATCTGCTGATGCAATAGTTTTARAGCTTCCTAGTTTGAT

T * T CTVF I I C* CNJSVF KAS * F D
R E P V HLUL S ADA ATIVULI KULUPSTULM
vV NL Y I Y YLLMOQO®* F* S F L V *» *

GAAAGTTATGACTCATATGGATGATTTTTCTATTAAATCTATATATAATGTTGATTTGTG

E S YDS Y G * F F Y * I Y I * C * F V
K vV MTHMDU DU PFPSTIIKS STIYNVDTLHC
K L *L I wMTIUVPFILIULNZ LYTIMILTITCUV

TGATTGTGGTTTTGTTATGCAGTATGGTTATGTAGATTGTTTTAATGATAATTGTGATTT

* L W F C Y AV WL CRUL F * + « L * F

D CGFVMQYGYVDCTFNUDNTCTUDTF
I v vV.LwLLCSMVM~+* I VLMTITIUWVTITF

TTATGGTTGGGTTTCAGGTAATATGATGGATGGTTTTTCTTGTCCATTGTGTTGTACAGT

L WL GPFR * YDGWV FFUL S I VLY S

Y G WV S GNMMDGT F S CPLCOCTV
MV GF Q VI *WMVFLVHZUCVVVQTF

TTATGACTCTAGCGAAGTTAAAGCCCAATCATCTGGTGTTATTCCTGAAAAT CCTGTGTT

L *L *RS *8&8 PIIWOCYS>* K S CV
Y DS S EVKA AXAQS S GVIPENUPVL
M T LAZ KULI KUPNHILVLFULI KTIILTEGCY

ATTTACTAATAGTACTGATACTGTTAACCATGATTCTTTTAATTTGTATGGTTATTCTGT
I Y » *» Y * Y C »Pp * F F * F VWL F C
F TN STUDTVNUHDSV FUNILYGY SV
L L I vLIULLTMIULLIOGCMVYITLS

CACACCATTTGGTTCTTGTATATATTGGTCGCCGCGTCCTGGATTGTGGATTCCTATAAT

H T I WUPF L ¥ I LVAASUWIUVDS YN

T P F G S CI Y WS PRUPGULWTIUPTITI
HHL VL VYIGRU RVYVYLDU CGT FTUL * L

TAAATCTTCAGTCAAGTCTTATGATGATTTGGTTTATTCAGGTGTAGTAGGTTGTAAATC
* I F S QVL ** FGLFURICSURUL * I
K S S VvV K $ Y b bpbL VY S GV V G C K 8§
N L Q $ S LM MI WU F I QV * * VvV VNL

FIG.2 CONT'D
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1621

1681

1741

1801

1861

1921

1981

2041

2101

TATTGTTARAGAAACTGCTCTTATTACTCATGCACTTTACT TAGATTATGTTCAATGTAA
Y C+*RNCSYYSCTULLRTLTCSHM?*
I VKETALTITUHALTYTELDTYVOQCK
L L KKULILTLLTLMEHETFTT®*TIMTFTNTUV S

GTGTGGTAATCTTGARCARARTCATATTCTTGGCGTTAATAATTCTTGGTGTAGGCAACT
vV W 8 * T K S Y 8§ WUR * * F L V *» AT
C G NL EQNUHTIULGVNUNSWOCROQTL
v vI LN KI I FLAULTITIULSGUVGNS?C

GTTGCTTAATAGAGGTGATTATAATATGCTTCTAAAAAATATTIGACTTGTTTGTTAAGCG

V A * * R * I, * YA S K KY * L V C * A
L L NRGD VY NMILTLIKUNTIDILT FUV KR
¢cL I EVITITIOCPF®*KTIULTTZ CULULS SV

TCGTGCTGATTTTGCTTGCAAGTTTGCAGTTTGTGGAGATGGTTTTGTACCTTTTTTACT

s ¢ * F CL @@V CSLWIRWFTCTFFT
R ADVFACI KV FAVCGDGU F UV ?PF LL
vV L I L LASLQPFVEMUVILYULUF Y *

AGATGGTTTAATTCCCCGTAGTTATTATCTAATTCAGAGTGGTATTTTCTTTACATCTTT

R WP FNS P * L L S NS EWYFUL Y IF
DGGLIPRSYYULIOQSSGTIUVPFPV FTSUL
MV * F PVVITI* FRVYV F S L HIL *

GATGTCTCRAATTTTCACAAGRAAGTTTCTGATATGTGTTTAAAAATGTGTATTITGTTTAT

D VS I FTW RSUP®* Y VF KNWVYF VY

M $ Q F S Q EVSDMOCL KMCTITULTFM
¢ L NF HKZ K FLICV * KCVV FOCULW

GGACAGAGTTTCAGTTGCTACATTTTATATAGAGCATTATCTTAATAGGTTGGTTACTCA

G Q S F s CYIULY R ALTCGC®*®™*V G Y S

DRV SVATT FYTIEHRYVNZ RILUWVTDQ
T E F QL LHUPTIO*SIMILTIUGWULTULN

ATTTAAGTTATTGGGTACTACACTTGT TAATAAAATGGTTAATTGGTTTAATACCATGTT
I *» v I G Y YTT GC®* * NG * L V * Y HYV
F K L LG T TULVUNI KMV VNWFNTMIL
L §$ YW VL HLULTII KU WILTIGTLTIU®PC *

AGATGCTAGTGCACCTGCTACAGGCTGGCTTCTTTACCAATTATTGARTGGTCTTTTTGT

R ¢ * CTCJVYRULAZSULUPTITIUEWSTFTC

D ASAPATGWILIL Y QULULNUGTLF V
M L VHL LQAGPFVFTWNY*MVF L *

FIG.2 CONT'D
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2161

2221

2281

2341

2401

2461

2521

2581

2641

AGTATCTCAAGCCAACTTTAATTTTGTTGCTTTAATACCTGATTATGCTARAATTTTAGT

§$ I $s s QL *F CCUPFNT®*ULC™*NF S

vV 8§ Q AN F NTFVALTIUPDVYA AZ KTITULYV
Y L K PTULIILLUL®*YULIMULI KT F* L

TAATARATTTTACACTTTTTTTAAGTTATTATTAGAGTGTGTTACAGTTGATGTTTTAAA

* * I L HF F * vI I RV CY S * CF K

N K F YT F F KLILILETC CV TV DUVLK
I N FPTLPFLSYY*S VL QLMTF * K

AGATATGCCTGTTCTTAAAACTATTAATGGTTTAGTTTGTATTGTAGGCAATAAGTTTTA

R Y A C S * NY * WF SLYCURZQ®* V L

DM P VL KTTINSGTLUVCTIUVGNT KT FY
I ¢ L FL XKLL MV * P VL * A I S FI

TAACGTTAGTACAGGGTTAATTCCTGGTTTTGTTTTACCATGTAATGCACAGGAACAACA

* R * Y RV N § W F CPF TMM®*CTOGTT

N VvV §$ T GGL I P GF VL P CNAOQEZQOQ
T L V Q 6 * FL VL F YHVYVMUHETRIUNNK

AATTTATTTTTTTGAAGGCGTTGCAGAATCTGTTATAGTAGAAGATGATGTTATTGAGAA
N L F F *RRCRTIZCYSURIR®™*OCY * E
I1 Y P FEGVAESUVIUVEUDUDVTIEN
F I F L KALGQUNULULO®* * KMMTZLIULRM

TGTCAAATCTTCTTTATCATCTTATGAGTATTGTCAACCACCTAAATCTGTAGARAAART

Cc Q1 FF I I L *VLSTT®™*>1I1IIO CRIKN

vV K S §s L 8 8S Y EYTCOQUPUPKS UV EKI
S N L L YHL M SIVDNHTILUNUL®*XZKIKTF

TTGTATTATAGATAATATGTACATGGGTAAGTGTGGTGATAAATTTTTCCCTATTGTCAT

L Y YR * YV HG ¥ V W * * I F P Y CH
C I I DNMYMGIE KT CGDI KUV FTFUPTIUVM
v L *» I I CTWUVSVVINTFSULULS *

GAATGATAAAAATATTTGTCTTTTAGATCAGGCTTGGCGTTTTCCATGTGCAGGTAGAAA

E * * K YL S F RS GULAVFSMZCZR* K

N D KNI CULULDUGOQA AWRITEFUPUCAGTRK
M I K I FVF * IRULGV VU FHUYVYQVEK

AGTTAATTTTAACGAGAAACCTGTTGTTATGGAGATTCCGTCTTTGATGACAGTTAAGGT

S * F * R ETCCVYGD SV FDUDS * G

vV N F NE K PV VMETIUZ®PSTILMTVIKUV
L I L T R NULULULWR®RPFPRILS®* * Qg L RL

FIG.2 CONT'D
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2701 TATGTTTGATTTAGATTCTACTTITGATGATATTTTAGGTAAAGTTTGT TCAGAATTTGA 2760
Y V » F R F ¥ F * * Y F R * S L F R I *
M F DLDSTUVFDUDTIULGIE KYVY CS5 E F E
c L I * I L L L MIF * VKV FVQNILK

2761 AGTAGAAAAGGGTGTTACTGTAGATGATTTTGTTGCTGTTGTTTGTGATGCTATAGAGAA 2820
S R K GG CYCR®* F CCCCL®* CYRE
VEKGVTVDDFVAVV CDATITEN
* K R VL L *MIL LULULFVMIL®*TZRM

2821 TGCTTTAAACTCTTGTAAAGAGCATCCAGTGGTTGGTTATCAAGTTCGTGCATTTTTAAA 2880
C FP KL L *RA S S GWUIL S S S C1IFK
A L NS CKEHZPVVGY QVRATFULN
L * T LV KJSIQWULVIZ KT FUVHF * I

2881 TAAACTTAATGAGAATGTTGTTTATTTATTTGATGAGGCTGGTGATGAAGCAATGGCCTC 2940
* T «~ *+ E C C L F I * * G W * * S N G L
K L NENVVYLPFDEAGTDEA AMAS
N LM RMVLUPFTIJYULM®RILVYVMIEKTZ GQWT?PTL

2941 TCGTATGTATTGTACTTTIGCTATTGAGGATGTTGAAGACGTTATCAGTAGTGAARGCTGT 3000
S Y VL Y FCY* G C*RRYOQ* * §C
R MY CTV FATIZEDVETDVTI S S EAUV
vV ¢I1IVLLLLRMILIEKTTLSV VKTILS

3001 CGRAGATACTATTGATGGTGTCGTTGAAGACACTATTAATGACGATGAARGATGTTGTTAC 3060
R R Y Y * W CR * RHY * * R *» R CC Y
EDTIDGVY VEDTTINDUDEUDUVVT
K I L L MV S$SLIZXTULT LMTMIE KMTLTLIL

3061 TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC 3120
W * Q * R *» R CCYW®*Q * R * RCOCY
G D NDDEDVVYVTGDNUDUDET DV VT
vV TMTM EKMLULILVTMTMMI KMTLTULTL

3121 TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC 3180
W *Q * R *»RCCYWO®*Q™*R * RCOCY
¢ D NDDEDVVTGDNDUDETDVVT
vV TMTMIZ KMLULLVTMTMMIKMMTLTLTL

3181 TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC 3240
W * Q * R * RCCYWO™*Q * R * RCCY
G D NDDEDVVTGDUNDUDEU DV VT
v T M TMKMULULULVTMTMMIKMMTLTLL

FIG.2 CONT'D
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3241 TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC 3300
W * Q * R * RCCYWO™* Q * R * R CCY
G D NDDEDVV T GDNUDUDET DUV VT
vV TMTMIKMULILLVTMTMIEKMTLTLTEL

3301 TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC 3360
W * Q * R * RCCYWO®™*OQ * R * RCC Y
G D NDDEDUVVTGDNDT DETDWVVT
v TMTMI KMULLLVTMTMIKMTLULIL

3361 TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC 3420
w * Q * R *+ R CCY W * Q * R *¥ RCCY
G DNDDEDVVTGDNDDETDV VT
v T™M™MT™MIKXMULLL VTMTMIKMILTLTL

3421 TGGTGACAATGACGATGAAGATGTTGT TACTGGTGACAATAACGATGAAGAGATTGTTAC 3480
W * Q * R * R CCYW * Q * R * R D C Y
G D NDDEDVVTGDNNDNUDEETIVT
vV TMTMIEKMLTULULVYVTTITMI KU RTILILTL

3481 TGGTGACAATGATGACCAAATTGTTGTTACTGGTGATGATGTAGATGATATTGAAAGTAT 3540
W * Qg * *» P N CCJY W * *» C R *» ¥ * K Y
G DNDDOGQTIVVTOGDWDUVDDTIUESI
vV TMMT KL LLLLVMMT®*MTIULIKVF

3541 TTATGACTTTGATACTTATAAAGCTCTTTTAGTTTTTAATGATGTCTATAATGATGCTTT 3600
L L * ¥ L * 8 S F S F * * CL * * CF
YD FDTY XKALTILUVF FNDUVYNDA AL
M TL IULIIKULVF>*F LMMSTIMMMLTC

3601 GTTTGTTAGTTATGGTTCTAGTGTTGARACAGAAACATATTTTAAAGTTAATGGTTTATG 3660
v ¢c*L WF* (C* NRNTIU F *¥ S * W F M
F V S Y G S SV ETET YV F K VNGTULW
L L VM VL VL K Q KHIUL K LMV YG

3661 GTCACCTACTATTACACATACTAATTGTTGGTTGCGTTCTGTGTTACTTGTAATGCAGAA 3720
v TYyYyYyTyY*LL VAUZFOCVTTU CNAE
s P T I1ITUHTNUNUGCWILIRS YV L L V MOQK
H L LLHTIULTIUVGCVL CYUL * CZRN

3721 ATTACCTTTTAAGTTTAAGGATTTAGCTATTGARAATATGTGGTTATCTTATAAGGTGGG 3780
I T F * VvV *» ¢ F §Y * K Y V VIUL * G G
L P F KF KDL AI ENM®MWILS Y K VG
Yy LLSLURTIO®*UL L KIUCGYULIRMWUV

FIG.2 CONT'D
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3781 TTATAATCAAAGTTTTGTTGATTATTTACTGACCACTATTCCTARAGCTATTGTTTITGCC 3840
L * § K F C* L FTDHYS™* S Y CF A
Y NQ S FVDYLULTTTIU®PI KA ATIUVILTP
I I X VL LITIJY* PVLPFL KU LULTFTZCUL

3841 TCAAGGTGGTTTTGTAGCTGATTTTGCTTATTGGTTTTTAAACCAGTTTGATATTAATGC 3900
S R WP FCS* FCL LV F KZ?PV * Y * C
Q G G F VADUFAYWTFULNU QT FUDTINA A
K vVvVvL * L I L LIGT FO®*TSZSULTIULMR

3901 GTATGCTAATTGGTGTTGTTTAAAATGTGGTTTITCTTTTGATTTAAATGGTTTGGATGC 3960
v ¢ * L VL FKMUWWZPFTFVF* F KWV FGC
Y ANWCCLI KT CGYPF S FDILNGTULTZDLDA
M L I GV YV * NVVFULILTI®*MVWMIEL

3961 TTTGTTTTTTTATGGAGATATTGTGTCTCATGTTTGTAAGTGTGGACATAATATGACTCT 4020
F VF L W RY CV S CL * VWT * Y D 8§
L F F ¥ GD I V S HVY CXKCGHNMTL
¢ F FMETIULCLMPFPVSVDTITI* L *

4021 AATAGCAGCGGACTTACCTTGTACATTACATTTTTCATTATTTGATGACAATTTTIGTGC 4080
N §$ §$ G L TULYTITT FV FTITIO®**QFULC
I AADULUPCTULHT F S L FDUDNTFZCA
* Q R T Y L V HY I FHYULMTTITFVL

4081 TTTTTGCACCCCTAAAAAAATTTTTATTGCTGCATGTGCTGTGGATGTAAACGTTTGTCA 4140
F L HP * KNFYCCMZCCGT CI KT RIULS
F CT P XK K I FI A ACAVDVNUVYVCH
F A PL KX PFLLLHVL WM®*TTF VI

4141 TTCTGTAGCTGT TATAGGTGATGAACAAATAGATGGTAAGTTTGTTACTARATITAGTGG 4200
F CSCYR®™* *TNUZ RW®*V CY * I * W
$ vaAVvVIGDEW®GQIUDSGT KT FUVTI KT F S G
L * L L *x V.M NI K*MV S LLLNTILVYV

4201 TGATAAATTTGATTTTATAGTAGGTTATGGAATGTCATTTAGTATGTCTTCTTTTGAGTT 4260
* * I * P Y 8§ R L W NV I * Y V F F * V
D K F DFI VGYGMS S F SMS S§TFEL
I NL I L * * VM ETCUHTLVCULULULS Y

4261 ACCTCAATTGTATGGTTTGTGTATAACACCTAATGTATGTTTTGTTAAAGGTGATATTAT 4320
T $ I VWFV YNTO®*CMTFTC®™*IR * Y Y
P QL YGILCTITU®PNUVUCTFUVIKSGDTII
L NCMVCV*HL MY VL L KV I L *
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4321 AAATGTTGCTAGACT TGTTARAGCTGATGTTATTGTTAATCCTGCTAATGGGCATATGCT 4380
K ¢C¢C * T C * § *» C Y C* § C * WA Y A
N VA RLV KADV I VNUPANGHMIL
M L LDULLXLMILIULULTIULILMG®GTITCS

4381 CCATGGTGGTGGAGT TGCAAARGCTATAGCTGTAGCTGCAGGTARARAATTTTCTAAAGA 4440
P WWWSCIXKSYSCSCR™* KIF * R
H GG GV A KATIA AV A AGI KK KT F S KE
M VVEL QKL * L *» L Q VXNV FTULKK

4441 AACTGCTGCTATGGTTAAATCTAAAGGTGTTTGCCAAGTAGGAGATTGTTATGTTTCTAC 4500
N ¢CCY G * I » R CL P S RIRULULUCGCTFY
T A A MV KSKGVCQV GDCYV ST
L L L WL NULIKWVVFAIK®*ETIUVMTFTILTP

4501 CGGTGGTAAATTATGTAAARACAATTCTTAATATTGTAGGCCCTGATGCTAGACAAGATGG 4560
R W>*IMO®* NNS * Y CRUP*C * TR W
G 6 K L ¢ KTIULNTIUVGUPUDA ATRUGQDG
VVNY VK QF L I L * A L MVLUDKME

4561 AAGACAATCTTATGTTTIGTTAGCACGTGCTTATAAGCATCTTAATAATTATGATTGTTG 4620
K TI1uvzc¢cFrvVS5TCL *A S * * L * L L
R Q S Y VL LARAYI KIHILNNYDOCGCHOC
D NL MV FC* HUVL I S IULIIMTIUVY

4621 TTTGTCTACTCTCATATCGGCTGGTATATTTAGTGTTCCTGCTGATGTGTCATTAACTTA 4680
F VY S HTIGWYTI* CS C* CVINIL
L §$sTLTISAGIVFSUV?PADV SL TY
¢ L L $ YRL VYLV FLLMOCH®*LT

4681 CCTTCTAGGTGTTGTTGATAAACAAGTTATCCTTGTTAGTAATAATAAAGARGATTTTGA 4740
P S RCC®™** T S Y P C * * *» *x R R F *
L L GV VD KQV I LV S NUD NI KEUDTFTD
F * Vv L L I ¥ KL S L L V I IZXKI KTIIULI

4741 TATTATTCAARAATGTCAAATTACTTCAGTTGTTGGTACTAAAGCATTGGCTGTTAGATT 4800
Y ¥ S KMSNYVF S CWY * S I G C * I
I I Q K CQI TS VV GTI KA ATLAVTZ RIL
L FP K NV KU LULQ@ULULVULI KUHWTULIULD *

4801 AACTGCTAATGTAGGCCGTGTTATTAAATTTGAGACAGATGCATACAAACTTTTTTTGAG 4860
N C * CRPCY * I * DRI CIOQTFFE
T ANV GRVII KV FETUDA AYI KTLTFULS
L L M *» 4 VL LNILIRIOQMHETNTFVF * V
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4861

4921

4981

5041

5101

5161

5221

5281

5341

TGGTGATGATTGTTTTGITTCAAATTCTTCTGTTATACAAGAAGTTTTATTGCTTCGTCA

W =* * L, F CCFJ KUPFVPFCYTH RSV FIA ASS

G DD CPF V SN S S VI QEV L L L RH
vV M I VLVFQTIULLULYUZ KI KUZPFYCF VM

TGATATACAATTGAATARTGACGTTCGTGATTATTTGTTGTCTAAGATGACTAGTCTTCC

* Y T I E * * R S *# L F V V * DD * § S

DI QLNNDVRDYULULSKMTSULUP
I Y N * I M TPF VI ICOCULUR®*TLVFL

TAAAGATTGGCGTCTTATCAATAAATTTGATGTTATTAACGGTGTTAAAACTGTTAAGTA

* R L A S Y Q * I » CY * R C * NC * V
K D WRULTINJI KXV FDVING GV KTVIKY
K I 6 VL 8$INILMULULTUVULI KULTILSTI

TTTTGAGTGTCCTAATTCTATTTATATATGTAGTCAGGGTAAAGACTTTGGTTATGTATG
F * Vv § * F YL YM* S G * RL WILCM
F ECPNJSTIUYIOCSOQGI KDTFGYUVC
L s vLIULPF I YV VRVY KTULVMYZV

TGATGGTTCTTTTTATARAGCAACTGTTAATCAAGTTTGTGTTTTATTAGCTAAGAAGAT

* W F F L *» §$ N C * S S L CF I § * ED
D 6 S FY XKATUVNVNOQOQUVCVILILAIZKIKTI
M Vv L FIKOAQULULTII KU FVVFJY*LURR *

AGATGTTTTGCTTACTGTIAGATGGTGTTAATTTTAAATCTATTTCTCTTACTGTAGGTGA
R CFAYCRWOC®*F * I Y F S Y CR *
pD VL LTUVDGGVNV FIKJSTISULTUV G E
M F CLL *MVULIULNULTFILULIL®*YVK

AGTTTTTGGTARAATACTTGGTAATGTTTTCTGTGATGGCATTGATGTTACTAAGTTARA

S F W * NTW* CFUL * WH * CY * V K
vV F 6 K I LGUNVVFCDGTIUDUVTIZKLK
P L VKYLVMUPFSVMALMLTLS * S

GTGTAGTGATTTTTATGCCGATAAAATTTTATATCAGTATGAARAATTTGTCTTTAGCTGA
Vv * *» F L CR * N F I 8V * K F V F 8§ *
¢ §$s D FYADI KTIULYOQYE ENILSTLATD
vvIiFMZPTII KT FYTISMI KTIU GCTL®=*TILI

TATTTCTGCTGTACAAAGTTCATTTGGGTTTGATCAGCAACAATTGCTTGCTTATTATAA
Y F CCT XU FTIWUV* S A TTIA AT CILTUL *
I S AV QS SFGPFDQQQLULAYYN
F L L YKV HLGUL I S§VNNUCLULTITII
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5401

5461

5521

5581

5641

5701

5761

5821

5881

TTTTTTAACAGTATGTARATGGTCTGTAGTTGTTAACGGTCCATTTTTTTCTTTTGAACA
F FNSM®* MVCSC®*RSTIVFPFVF * T
F L TV CI XKWSVVVNG?®PVFUFSFEDQ
F * Q Y VNGL *L L TVHYFTFULULNS

GTCTCATAATAATTGTTATGTGAATGTAGCTTGTCTTATGTTGCAGCATATTAATCTTAA
v § * *» L LC ECSL S Y VAR AY * § «
S HN N C YV NV ACLMLUGQUHTINILK
L I I I VM =* M +* L VLOCTCSTITULTITULN

ATTTAATAAATGGCAGTGGCAGGAAGCATGGTATGAATTTCGTGCTGGCAGACCACATAG
I *» * M AV A G S MV *» I S CWQTT *
F N K W QW QEAWYEVFRAGRPHR
L I NG S GRUZ KUHGMNZPFUVLADIUHIG

GTTAGTTGCTCTTGTTTTAGCTARAGGTCATTTTAAATTTGATGAACCATCAGATGCTAC

vV S ¢S CF S * RS F * I * *» T TIURC Y

L VA L VL AKGHT FIKVFDEU?PSUDA AT
* L, L L F * L K Vv I L NL MNUHQMTUL L

TGATTTTATTCGTGTTGTTTTGAAACAAGCTGATTTATCAGGTGCAATTTGTGAATTAGA

* F Y S CCTFETS* F I RCNUL™* I R

D F I RV VL E KOQATDULSGH® ATIUCGCETLE
I L F VL F*NKULTIUYOQVQVF VDN *N

ACTTATTTGTGATTGTGGTATTARACAAGAAAGTCGTGTTGGTGTTGATGCTGTTATGCA

T Y L * L WY * TRIK S CWZC®* COC Y A
L I ¢ D CGI K QES RV GV DAV MH
L F VvV I VvV VL NKXKI KUV VL VL MULIULCI

TTTTGGTACATTAGCARAGACTGATCTTTTTAATGGTTATAAGATTGGCTGTAATTGTGC

F WYISXD* S PF * WL *DWIUL * L C

F G T L A KTUDULV FUNGYEKTIGOCNTCGCA
L VH * QRL I FLMVYIRIULAVIVJQ

AGGTAGAATTGTCCATTGTACTAAATTGAATGTACCATTTTTGATTTGTTCTAATACTCC

R * N C P L Y * I ECTTIFUDTULUPF * Y §

G R I VHCT KL NV P FLTIUCSNTP
V EL S I VLNM®*MYUHUPF* F VL ITULL

TCTGAGTAAGGATTTACCTGATGATGTTGTTGCAGCTAACATGTTTATGGGTGTAGGTGT

S E* G F T * » ¢ ¢CCS8S8 * HV Y G CRC

Lt $ K DL PDDVVAAMNMTFMGUVG YV
* VR I ¥YLMMILILOQULTTUCLWV * V *
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5941 AGGCCATTATACACATTIGAAATGTGGTTCACCTTACCARCATTATGATGCTTGTAGTGT 6000
R PLYTUPFPEMWTPFTULU?PTUL®*CUL * C
G HYTHUL KT CGS P Y QHYDMOATCS SV
A I I HI * NV VHLTTNIMMLUVVYVL

6001 TAAAAAATATACAGGTGTTAGTGGTTGTTTAACTGACTGCTTGTATCTTARAAATTTAAC 6060
* K I YRC * WL FN*L L YV S * K FN
K XY Te6VSGCL TDCL YL KNULT
K NI Q VL VVV * L TATZ CTIIIULIZ KTI®*P

6061 CCAGACTTTTACATCTATGTTGACTAATTATTTTTTGGATGATGTTGAAATGGTTCGCTTA 6120
PDF Y I Y VD *LVFUFG™*C* NGTUCL
Q TF T SMULTNYV FULDDVEMVAY
R L L HL C* L I I F W MMTULI KWILTIULTI

6121 TAACCCTGATCTTTCACAATATTATTGTGATAATGGTAAGTATTATACAAAACCTATTAT 6180
* p * § F TIULUL* * W * V L Y KTYY
N P DL S QY Y CDINGI KYYTI KU?PTII
T L I F HNTIIUVIMUVSITIOQNILTIL E®*

6181 AAAGGCTCAGTTTAAACCATTTGCTAAAGTTGACGGTGTTTATACTAACTTTAAGTTAGT 6240
K G S Vv *» T I C* § * R CULY * L * V 8
K A Q F KPFAZKXKVDGVYVYTNTFIKTLYV
R L §LNUHHULL KL TV FIULTULS * L

6241 TGGACATGATATTTGTGCTCAATTGAATGATAAGTTAGGTTTTAATGTAGATTTGCCGTT 6300
W T * YL CST1IE®™** VRV F* CRFAYV
G HDICAQULWNDI KU LG FNUVDULUPTF
D MI FVYLN*MIS* VL M=* I CRL

6301 TGTTGAGTACAAAGTAARCAGTCTGGCCTGTAGCTACTGGTGATGTTGTTTTGGCATCTGA 6360
c * VvV Q S NS L ACSYWT™*OCOCUV FGTI *
V E Y KV T VWUPVATGDV VL A S D
L $sS TK*QS$SGUL * L L VMILUFWHTILM

6361 TGATTTATATGTGAAACGTTATTTITAAAGGATGTGAAACTTTTGGTAAGCCTGTTATTTG 6420
* F I ¢ ETULVF * RM* NVFW* A CYL
DL ¥V K RYFZKXKGCETT FSGI KUZPVIW
1 Y M * NV I L KDV KILTZLWVSULULF G

6421 GTTTTGTCATGATGAAGCATCATTGAATTCTCTTACTTATTTTAATAAACCTAGTTTTAA 6480
vV L 8§ » *» § I I EF 8 Y L F * * T * F *
F CHDEASLNUSILTYFNI KPS F K
F v M M X HHK +* I L L L IULTINTULV LN
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6481

6541

6601

6661

6721

6781

6841

6901

6961

ATCTGARAATAGATATAGTGTTTITGTCTGTTGATTCTGTATCTGAGGAGT CACAAGGTAA
I *» K * I » ¢ F VC®* F CI *G VTR *
S ENRY S VL S VDSV S EES QG N
L K I DI VF CLU LIUL YL RS HI KVM

TGTGGTTACTTCTGTTATGGAATCGCAGATTAGTACTAAAGAGGTTAAGTTARAGGGTGT

c G Y FCY GTIOATDO®*XY* RG * V K G C
vV v TSV MES QI 8§8TTZ KUEV KL KGV
WL L L L WDNUZRUZRLVLI KU RILS* RV L

TAGAAAGACTGTTAAAATAGAAGATGCTATTATTGTTAATGATGAAAATAGTTCTATTAA

* K b ¢C * NRRUCYYC_C* * *» K * F Y *

R K TV K I EDATITIUVDNDEWDNSS I K
ERL LI K®* KMLULILULMMIEKTIUVULULR

GGTTGTTAAAAGTTTATCTTTAGTTGATGTTTGGGATATGTATTTGACAGGTTGTGATTA

G ¢ * K F I F §*CL GYV FDUZRIL™* L

vV VK SL SL VDV WDMYULTSGTCTUDY
L L K VYL *L MU FGTIO CTIO™*QQV YV IM

TGTTGTTTGGGTTGCTAATGAATTGTCACGCCTAGTTAAATCACCAACAGTTAGGGAATA
c ¢Lgc¢c ** I VTUPS§*TITTNSZS * G I
vV VvV W VANUEVLSURULVKSPTVREY
L F GGL LMNUGCHA®*ULDNUHO QQULGNTI

TATACGATATGGTATTAAACCTATTACTATACCTATAGATTTGTTATGTTTAAGAGATGA
Yy T I wyY=*TJ?YY Y TJYRPF VMV FKR *
I R Y G I XK p I TI PIUDILULICILIURDTD
Y b M VL NL L L YL * I CY V * EMI

TAATCAAACTCTTTTAGTTCCTAAAATTTTTAAAGCAAGAGCTATAGAATTTTATGGTTT

* 3 NS F S S *NF * S K S Y RTITULWF

N Q T L L V?P X KTIVF K ARATIIETFYGTF
I KL F*FLKV FULI KOQEULT®* NV FMVF

TTTGAAGTGGTTGTTTATTTATGTTITTAGTTTATTACATTTTACAAATGATAAAACCAT
F EV VVYdLOCV F=* F I T FJYX * * N H
L KWL F I YV F S L L HVFTNDIKTI
* §$ 6 CL FMPFPLVYY I L QMTIKPTF

TTTTTATACTACAGAAATAGCTTCTAAGTTTACTTTTAATTTGTTTIGTTTGGCTCTTAA
F LYY RWNSF * VY F * F V L F G 8 *
F YTTETIAS K F TP FNULUFOCTIL AL K
F I L ¢ K *» L L 8§ L L L I ¢ F V WL L K
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7021 AAATGCTTTTCAGACATTTAGATGGAGTATATTTATAAAAGGTTTTCTIGTTGTAGCCAC 7080
K ¢ P §$ DI *»MEYTIJYI K RV FSCOCSH
N AF QTP RWSTIUVFII XSG FULUVYV VAT
M L FRHLDGV YL * KV FLL* P L

7081 TGTGTTTTTGTTTTGGTTTAATTTTTTGTATATAAATGTTATTTTTAGTGACTTTTATCT 7140
¢ VFVLYVY* FFVY KCYU F* * L L S8
vV F L FWPFNUV FILYTINUVYVYIVF S DUF YL
c FCPFFGVLIFCI *MLVFULVTT FTITF

7141 TCCTAATATTAGTGTTTTTCCTATTTTTGTGGGAAGAATTGTTATGTGGATAAAGGCTAC 7200
§$ * Yy * ¢ FP SYF CGI KNZCYUVDIKTGEGY
P NI SV VFPIFVGRIUVMWWII KAT
L I L VFFL FLWEZEZLILTCGST™*URTULTIL

7201 TTTTGGTTTGGTTACAATTTGTGATTTTTATTCTAAGTTAGGTGTAGGTTTTACAAGTCA 7260
F W FF 6 Y NL * FLF * VRUCURTFYKS
F GLVTTICDT FYS KULG GV GV FTSH
L VWULQPFVIV FIILS®*V * VL QVI

7261 TTTTTGTAATGGTAGTTTTATATGTGAATTGTGTCATTCTGGTTTTGATATGTTGGATAC 7320
F L * W * F Y M* I V S F WUF * Y V G Y
F C NG S F I CELCHSG FDMULUDT
F VMVVLYVVNCVIULV VILTITZ GCMWTIH

7321 ATATGCAGCTATAGATTTTGTTCAGTATGAARGTAGATAGACGTGTTTTATTTGATTATGT 7380
I ¢S YR/FCSV*S R®*TCVFI * L C
Y AA I DVF V QY EVDZRUZRUYVLFUDYUV
M Q L * I L F 8 M K * I DV F Y LIML

7381 TAGTTTAGTCAAATTAATTGTTGAACTCGTTATTGGTTATTCATTATACACAGTATGGTT 7440
* F §$ Q I N C * TR Y WUL FITIUHZSMUV
S L V XL I VELVVIGYSULYTUVWEF
vV * SN * L L NSULULVIHYTOGQYGTF

7441 TTATCCATTATTTTGTCTTATTGGTTTACAATTATTTACTACATGGTTGCCTGATTTGTT 7500
L § 1 I L &8 Y¥YWVFTTIIVYJYMUVA * F V
Yy PL F CLI GL QUL FTTWULUPUDILF
I H Y F VLL VYNYULULHGT CTULTITC CIL

7501 TATGTTAGAAACTATGCATTGGT TGATTAGATTTATTGTATTTGTAGCTAATATGTTACC 7560
Y VRNY AL VD * I Y CTICS®* Y VT
M L ETMHWULIURVPFTIVVF VADNMMLP
¢ * K L¢I G *LDLUILYUL*LICYTL
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7561

7621

7681

7741

7801

7861

7921

7981

8041

TGCTTTTGTCTTGTTGCGGTTTTATATAGTTGTTACTGCTATGTATAAAGTAGTTGGTTT

C FCLVAVLYSCYCYUV * S8 S WF

A F VL LRVPFYTIVVTAMYZ KUVYV GTF
L L 8 ¢CCGPF I *#L L L L CTIKO®*TUL VL

TATTAGGCATATTGTCTATGGTTGTAATAAAGCTGGTTGTTTATITTGTTATAAACGAAA
Yy *»A Y CLWUL * * S WULF I L L * TZK
I1 RHI VYGCNIE KA AGTCLTFTCYIKTRN
L 6 I L §$ MV VIEKILUVVYFVINETI

TTGTAGTGTTCGTGTTARGTGTAGTACTATTGTTGGTGGTGTAATTCGTTATTATGATAT

L * C §$ C*V * Y Y CWWOC CNSTULIL * Y

¢ S VR VKCSTTIUVGG VI RY Y DI
vV VvV F VL $VVLLLVV>*F VIMTIIL

TACTGCTAATGGTGGTACTGGTTTTTGTGTTAAACATCAATGGAATTGTTTTAATIGCCA

Yy ¢ * WW YW PFLC®*TSMETLTF* L P

T AN GG TGP CVEKHQWNTCTFNCH
L L MVVLVFVLDNTINGTIUVILTIATI

TTCTTTTAAACCAGGTAACACTTTTATAACTGTAGAAGCTGCTATAGAACTTTCTRARGA

F F *» TR * HF YN CRSZCYRTTF * R

S F K P G NTF I TV EA AA ATIETLSKE
L L N Q VT LUL *L * KL L * NTFUL K S

GCTTAAACGACCTGTAAATCCAACTGATGCTTCACATTATGTAGTTACTGATATTAAGCA
A * T TCIK SN * CPFTULCS Y * ¥ * A
L K R P VNUPTUDASHYVVTDTIZKDQ
L NDL * I QL MILHIMS®*TZLULTIULSK

AGTTGGTTGTATGATGCGTTTGTTCTATGATAGAGATGGACAGCGTGTTTACGATGATGT

S WL YDA ATFUVUL®* * RWTA AU CTLZR * C

vV G C MM RULU FYDRUDGQURV Y DDV
L VV* CVC¢CSMIEMD SV FTMMIL

TGATGCTAGTTTATTTGTAGATATTAATAATCTCTTACATTCTAAAGTTARAGTTGTTCC

* ¢ * FI CRY * * g VT F * S * 5 C 8

D ASLVFVDTINNILIULIHSI KV KUV VP
ML VYL * I L IICYTIULIEKU LI KTLTFL

TAATTTGTATGTAGTTGTAGTAGAGAGTGATGCTGATAGAGCTAATTTTCTGARTGCTGT

* F V C S8 C S RE * C * *» g + F § E CC

N L Y VVVVESDADIRANTFILNAWYV
I ¢ M * L * * RVMILTIETU LTIV F®©*MILTL
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8101 TGTGTTTTATGCACAATCATTGTATAGGCCTATATTACTTGTAGACAAAARGTTAATTAC 8160
¢ VL ¢TI T1I UV *AYTITU CRZGQEKUVNY
vV F YAQSLYR®©PTIULULVDI KI KT LTIT
C FMHUNU HCIGELYYZL T XS * L L

8l6l TACAGCTTGTAATGGTATCTCTGTAACCCAGACTATGTTTGATGTTTATGTTGATACTTT 8220
Yy S L * WYL CNZ®PDJYV* CDLZC®* Y F
T A C NG I 8V TQTMFDUVYVYVDTTF
Q L vVMVSL*PRL CLMF FMLTIILL

8221 TATGTCTCATTTTGATGTTGATAGAAAGAGTTTTAATAATTTTGTTAACATTGCTCATGC 8280
Y VvV S F * ¢ * » X EF » ¥ F C * H C 5 C
M S H F DV DU RIEKS SV FNNUPFUVVNTIAHA
¢ L I L M L I ERVYLTITIULILTULULML

8281 TTCTCTTAGAGAGGGTGTGCAATTAGAAAAGGTTTTAGATACTTTTGTGGGATGTGTACG 8340
F 8§ *» R 66 CAIRZKG FRYUPFPCGME~ ECT
S L R EGV QULETZ KV VLDTT FUVGCVR
L L ERVCNT¥ KU®RZPF* I LLWDVYYV

8341 TAAATGTTGTTCCATTCATTCAGATGTTGAAACAAGATTTATTACTARATCTATGATATC 8400
* M L F H * FRC®* N KTIVYY * I YDTI
K ¢ C S8 I DSDVETR®RTFTITI KT SMTIS
N VVPLIAQ@MLIZXSOQQDULILULNIL®*YTUL

8401 TGCAGTAGCTGCTGGTTTGGAATTTACTGATGAARATTATAACAATTIGGTACCTACATA 8460
C §$S S CWUPFGIY™** KL *QFGTYTI
A VAAGLETPFTDENTYNNTILVZPTZY
Q * L L VWU NULILMEKTITITTIMWTYTULHI

8461 TTTAAAGAGTGATAATATTGTAGCTGCTGATTTAGGTGTTCTTATACAGAATGGTGCTAA 8520
F K E * * Y C S C* FRCSYTEWC*
L X S D NI VAADILGVILTIZGQNGAHK
* R v I I L * L L I * V FLYRMVUVLS

8521 GCATGTACAGGGTAATGTTGCTAAGGCAGCTAATATT TCTTGTATATGGTTTATTGATGC 8580
A CTG * CC * G S * Y F LYMV Y * C
HV Q G N VAKAANTIZ ST CTIWT FTITUDA
M YR VMILIULROQLIVPFULVYGULILMILEL

8581 TTTTAATCAACTTACTGCTGATTTACAGCATAAATTAAARRAAGCATGTGTTARAACTGG 8640
F * $ T Y C* F T A * I KK S MC* N W
F N Q L TADTUILIGQHI KT LI KTI KA AT CYV KT G
. I N L L L I ¥ S I N * K KH VL KU©L A
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8641 CTTGAAGTTAAAATTGACTTTTAATAAGCAAGAGGCAAGTGTCCCTATTCTTACAARCACC 8700
L EVY KIUDTF®™*™*aRGIKTCUPYSYNT
L X L KL TFNI KO QEA ASVPTIUILTT®P
*+ § * N * L L IT7 S KR QV S$LFULQHTP

8701 CTTTTCACTTAAAGGAGGTGTTCTATTGAGTAATTTGTTATATATATTATTTTTTGTTAG 8760
L FT * RRCCTIES®®FVIYTITITFCY¥
F S L K6 ¢6VVLSVNILILYTIZLTFFUVS
F HL KEUVU L Y*V1ICYTIYZYTFTLTULYV

8761 TTTAATCTGTTTTATATTATTGTGGGCTTTATIGCCTACATATAGTGTTTATARGTCTGA 8820
F N L FY I I VGPFTIARAYTI* CL * V *
L I CF I L L WALULUZPTTYS VY KSTD
* § V1L Y YCGLYOCLHTIUVFTISTLTI

8821 TATTCATTTGCCTGCTTATGCTAGTTTTAAAGTTATTGATAATGGTGTTGTTAGAGATAT 88840
Yy S FACLTCS®* F * S Y * * W CC®™* R Y
I HL PA YASTFI XKV IDNG GV YV RDTI
F I ¢CL L MULV L XKILIULTIMYVYTZLTULETITF

8881 TTCAGTTAATGATTTATGTTTTGCTAATAAATTTTTCCAATTTGATCAATGGTATGAGTC 8940
F S * * FM PFC* +* I F PI * S MV * YV
§$ YV NDULCTPFANZEKTFTFAQFDGQWYE S
Q L MI YVLLINTFSUNLTIUNTGMSTP

8941 CACTTTTGGGTCTGTTTACTATCATAATTCTATGGATTGCCCTATTGTAGTGGCAGTTAT 9000
HFWVCLULS®* FYGULPYOCSG S Y
T F G S VY YHNSMDTCU?PIUVVAVM
L LGLPFTTITITIULWIALL®*WOQTULW

9001 GGATGAAGATATCGGTTCTACTATGTTTAATGTTCCTACTAAAGTTTTGAGACATGGCTT 9060
G * R Y RFYYV* CS Y * S F ETWL
D EDI G STMTPWNUVPTIKUVILTZRUHEGTF
M K I $ VLULCULMTFULILZE KT F*DMATF

9061 TCATGTTTTACATTTTTTAACTTATGCATTTGCTAGTGATAGTGTTCAGTGCTATACACC 9120
s ¢ FTFPFPNULOCTIOCS®** *» CS§VULYT
HVLHPLTUYATFA ASDSV QCYTFP
M F Y I F * L M HL LV I VVF S ATIHH

9121 ACATATTCAGATTTCTTATAATGATTTTTATGCTAGTGGTTGTGTTTTATCATCTTTGTG 9180
T YS D F L * * FL C* WULCVFTITIFUV
E I QI S YNDTFJ YA ASGCVL S S LC
I FRFLIMTIVFMLVVVFYZHLTCYV
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9181

9241

9301

9361

9421

9481

9541

9601

9661

TACTATGTTTARAAGAGGTGATGGTACACCACATCCTTATTGTTATTCAGATGGTGTTAT

Y YV * KR * WYTTSULILULTFURWCY

T M F KR GDOGTU®PHU&PY CY S DG VM
L ¢C L K EVMVHHTIULTIUVTIOQMVIL *

GAAGAATGCTTCTTTGTATACATCTTTGGTTCCACATACACGTTATAGCCTTIGCTAATTC
E ECFFVYIFGSTYTUL®™*PC * F
K NA SL Y TS LV PHTM®RYSLANS
R M L L ¢ I HL WPFHIUHV IALULITL

TAATGGTTTTATAAGATTTCCTGATGTTATTAGTGAAGGTATTGTACGTATTGTAAGAAC

* W F Y K I § * CcyY * * RY CTYOCIKNUN

N G F I RF PD VIS EGTIUVUZ RTIVR RT
M VL *D FLMILULVIEKUVILY VL ®* ER

GCGCTCTATGACTTATTGTAGACTGGETGCATGTGAATACGCCGAAGAGGGTATATGTTT
AL YDULL™* S GCMO®*TIRUPRIRGYMTF
R S MTVYCURUVGACEYA AETETGTITCTF
AL * L I VE WV HUVUNTU®PI KU RV Y VL

TAATTTTAATAGTTCCEGGCTTTTGAATAATGATTATTATAGAAGTATGCCTGGAACTTT

* F * * FP L G F E * * L L * KYAWNF

N F N § S WV L NNDYYRSMPGTF
I L I VvV°ePGPF*IMTITITIZEUVCLETLTF

TTGTGGTAGRGATCTTTTTGATTTGTTTTATCAATTTTITAGTAGTTTAATTCGTCCTAT

L W * R SPF * F VL S1IIUVF* * FNZSSY

C G RDULFDULTFYQPFFS SLIUR RTPTI
vV VEIFLTIT CPFTINTFILUVV* F VL *

AGATTTCTTTTCTCTTACTGCTAGTTCTATTTTTGGAGCTATATTGGCTATAGTTGTTGT

R F L FS Y C* FYPFWSYTIGYSOCOC
D F F S LT ASSTIVFGATIULATIUVYVYV
I1 §$ F L L LLVL FLETZLYWIL™*¥UL L S

CTTGGTTTTTTATTATTTAATAAAACTTAAGCGTGCTTTTGGAGATTATACTAGTGTTGT

L 6 FLLFNJIKTO®*A AU CTFWRILY®*CZC
L VFYYJLTIKULI KU® R AFGDZYTSVV
W F F I I # * NL SV L L ETITIUL VL *

AGTTATAAATCTTGTTGTTTGGTGTATTAATTTTCTTATGCTTTTTGTTTTTCAAGTTTA

S Y X cCCLVY®*F SYATFT CTFS S L
vV I NV VVWCINTV FILMILZFVF QV Y
L * ML L FGVLITFULGCTFTULTFTFIKTFTI
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9721

9781

9841

9901

9961

10021

10081

10141

10201

TCCTATTTCTCCATGTGTTTATGCTTGTTTTTATTTTTATGTAACATTGTATTTTCCTTC

s YLCMOCLTCILTFILPFULZCNTIVTFSF

P I ¢ ACVYACTFYT FYUVTULYTFPS
L F VHV FMULVFIFMS®*HTCTITFULIL

TGAAATTAGTGTAATTATGCATTTGCAATGGATTGTTATGTATGGTGCTATAATGCCTTT

* Yy C NYAFAMDTZEGCYUVWOCYNA ATF

E I § VI MHLOQWIVMYGATIMTEPTF
XK LV * L ¢I CNGLULOCMUVL®*CTULTF

TTGGTTTTGTGTCACATATGTAGCTATGGTTATTGCAAACCATGTTTTATGGTTATTTTC

L VL CHTIOCSYGYTCZ KXKU?PCTFMVUVITF

W F CVTYUVAMUYIANEHUVLWLILTFS
G FV SHM*L WL LQTMT FYGYFH

ATATTGTAGGAAAATTGGTGTTARTGTATGTAGTGATAGTACATTTGAAGAAACATCTCT

I L * ENWC * CM* * x Y I * RNTI S

Y CR KI GV NV CSDSTT FETETSL
I VvV 6 KL VLMYV VIVHZLIZEKIKIHETLIL

TACTACTTTTATGATTACTAAAGATTCTTATTGTAGATTAAAGAATTCTGTTTCTGATGT

Y Y F YDY *RF LUL * I K EFTUCTF *C

T T F M I T KD S Y CRULI KNSV S DYV
L L L * L L K 1 LI VD *RTIULTFULMIL

TGCCTACAATAGATATTTGAGTTTCTATAATAAGTATCGTTACTATAGTGGTAAARTGGA

Cc L Q * I FEFUV * * V S§SL L * W * NG

A YNURJVYU L SL Y NIXVYRYYS G KMD
P TIDTI *vVcCcTIZISIVTTIUVVIKWI

TACTGCTGCCTATAGAGAAGCGGCETGTTCTCAGTTAGCTAAAGCTATGGAAACATTTAR
Yy ccL *RSGV F SV S * 8 Y G UNTI*
T AAYREAATCSQLAIZ KA AMETTFN
L L PIEZK®RRVLS* L KILWI KHLTI

TCACAATAATGGTAATGATGTCTTATACCAACCTCCTACAGCATCTGTTTCTACATCTTT

$ Q * W=* *x LI PTSJYSTIOCTFYTITF
HNNG GNZ DV VLYSQQ?PZPTA ASV S TSF
T I M VM M S Y TNULULOQHTULTFULHLTF

TTTGCAATCAGGTATTGTAAAGATGGTATCTCCTACGTCAAAAATTGAACCTTGTATTGT

FAIURTVYT CIEKDGTISYVI KN NH®*TULYC
L Q S G I VKMV SsSPTSZKTIZETZ®PTCTIUWV
C N Q VL *R WUYULULROQZ XILNILVULHL
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10261

10321

10381

10441

10501

10561

10621

10681

10741

TAGTGTTACTTATGGTAGTATGACTTTGAATGGTTTATGGTTAGATGACARAGTTTATTG
* ¢ YL W * YDV F EWF MV R * Q S L L
§ VT YGSMTULNSGLWULUDUDIKUYVYYC
VL L MVV * L *MVYG+* MTI KT FTIUV

TCCTCGTCATGTTATATGTTCATCCTCTAATATGAACGARCCTGATTATTCTGCCTTATT
s §$ s ¢cYM™MU PP I1UL * Y ERT®* UL F C LI
P RHV I CS S S NMDNEUPTDYSATLL
L VMLYVHE®PULTI®*TNILTITITILTZ®PYC

GTGTAGAGTTACTCTAGGTGATTTTACTATAATGTCTGGTCGGATGAGTTTAACAGTTGT
vV * S Y SR * F Y YNV W S DEVFNSC
C RVTLGDVPFPTTIMSGRMSTILTUVYV
V EL L *V ILUL * CULVG* V * QL C

GTCTTACCAGATGCAGGGCTGTCAACTTGTTTTGACAGTCTCTTTACAARATCCTTACAC
vV L P DAGLSTTCTFUDSULFTI XK S L H
s Y Q MQGCQLVLTUVSLQNPYT
L TR CRAVUNILF®*Q S LY K I ULTL

TCCAARATATACTTTTGGTAATGTTARACCTGGTGAAACTTTTACTGTTTTAGCTGCGTA
$ K I Y F W * ¢ * T W * NTFYCUVF S CV
P K YT FGGNVK?PGETUFTVLARBAY
Q NI LL VMULUNULVIKXKUL L L F * L RTI

TAATGGCCGACCACAAGGGGCATTTCATGTTACTATGCGTAGTAGTTATACTATTAARAGG

* W P T TURGI S CY Y A * * L Y Y * R

N G R P Q GA FHUV T MRS S YTTIIKSG
M ADHEKGH F MLLCVVYV YVIULIULIEKYZV

TTCTTTTTTGTGTGGGTCATGTGGATCTGTTGGTTATGTATTAACAGGTGATAGTGTTAA

F F F VWUV MWIOCWILU GCTINR* * C *

S FLCGSCGSVGY VLTGDS VK
L FCCVGHVYVDLLVMY®*QVIUVL S

GTTTGTATATATGCATCAATTAGAGCTCAGTACTGGTTGTCACACTGGCACTGATTTTAC
v ¢ I YA S I RAQYWIL S HWH * F Y
F VY MHQL ELSTGCHTGTTDFT
L Y I ¢ I N * S 8§ VL VVTULATILTIILTL

TGGTAATTTTTATGGTCCATATAGAGATGCTCARGTTGTACAGTTGCCAGTTAAGGACTA

W * FLWSTI*RCSS CTVAS * G L

G N F Y GPYRDAQVY UV QL P VKDY
vV I FMVHIEMLI KILYSCOQULRTT
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10801 CGTCCAGACTGTTAATGTTATTGCTTGGCTCTATGCAGCTATACTTARTAATIGTGCTTG 10860
R PDC* CYCLALCSYTH™* * L CL
vV ¢ T VNV I A WUILYAA ATILIULNINTZGCGCGA AW
S R L LML LLGSM QL YLTITIUVLG

10861 GTTTGTACAARATGATGTTTGTTCTACTGAAGATTTTAATGTTTGGGCTATGGCAAATGG 10820
v ¢TU K *CL FY * RF * CULGYG KW
F VvV Q N D V C $ T EDVF N VW AMANG
L YK MMUPFVLULKTIULMTFGTLWOQMUV

10921 TTTTAGCCAAGTARRAGCAGATCTTGTCTTAGATGCTTTGGCTTCAATGACAGGTGTTTIC 10880
F * P S§ KSR SCULIRU CFGT FNDNDR RTCF
F S Q VKADULVLDALA ASMTGV S
L A K * K Q I L 8 *M L W UL Q * Qg V F L

10981 TATTGAAACTTTATTGGCTGCTATTAAGCGTCTATATATGGGATTTCAAGGTCGTCARAT 11040
Yy * N F I G CY * A STIYGTI SRS S N
I ETLLAATII KU RLYMGT FOQGURZOQTI
L KL ¥YWUL L L S VY IWUDVFK KV V KYX

11041 ACTAGGAAGTTGTACTTTTGAAGATGAATTGGCACCTTCTGACGTTTATCAACAATTGGC 11100
T R KL Y F R * I GTVF * RL §TT1I G
L 6 8 CTV F EDETLAZPSDVY QQULA
* E V VL L KMNWHULULTU FTINNWL

11101 TGGTGTTAAATTGCAATCTAAAACAAAAAGATTTATTAAAGAAACAATTTATTGGATTTT 11160
W ¢ *» I A I * N K IKTIY* RNUNILIULTUDF
G VKL Q S KTI KURPFIIKETTIZYWTIUL
V L N C N L K Q KDL L K KQVF I G F *

11l1s61 GATATCTACATTTTTGTTTAGTTGTATAATTTCTGCAT TTGTTAAATGGACTATATTTAT 11220
D I Yy1IUPFV*LYNVPFPOCTITC®*MZDYTIZFZY
I S T FLUF S CITI SATFV KWTTITFM
Y LHFCLV YV * FL HULULVNGULYULC

11221 GTATATTAATACACATATGATTGGTGTTACATTATGTGTACTITGTTTTGTTAGTTTTAT 11280
VY *Y¥Y TYDWO CYTIMT~CCTTULUVFC* F Y
Y I NTHMTIGVTULOCVLCUFV S F M
I L I HI *L VLHHY VY F VUL L VL *

11281 GATGTTACTAGTTAAACATAAGCATTTTTATTTGACTATGTATATAATTCCTGTACTCTG 11340
D vTS*T * A FL FD Y VY NSCTL
M L L VX HKHF YL TMYTITIU®PUVTULC
c Yy *L NI S TIVFI*9LCTI* FULY SV
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11341 TACCTTGTTTTATGTARATTATT TAGTTGTTTATAAGGARGGTTTTAGAGGTTTTACTTA 11400
Yy L VL CKULFSCL®*OGRF*RPFYL
T L F Y VNYULUVVYXKEGTPFRGTFTY
P C FM~* I I * L F I RIKUVL EVTULTULM

11401 TGTCTGGCTCTCATATTTTGTTCCTGCTGTGAATTTTACTTATGTTTATGAAGTATTTTA 11460
¢ L ALIPFCSCCETFYTLCUL * S IL
VWL SYPF VPAVNV FTYVYEVTFY
$ ¢ $ HI L FL L * I LLMYFMIKYFM

11461 TGGTTGTATTTTATGTGTTTTTGCTATTTTTATAACTATGCATAGTATTAATCATGACAT 11520
WL Y FMOCPFCYV FYNYA A®™*Y * § * H
G ¢ I LCVFAIUVFTITMHSTINIU HTUDTI
v VvV F YV FLL FVL * L CTIVLTIMTF

11521 TTTTTCTTTGATGTTTTTGGTTGGTAGAATAGTTACTTTAATTTCTATGTGGTATITTGG 11580
F F FDVFGWT®* NS Y FNV FYVVFW
F S L M FLVGRTIUVTULTIU SMUWYFG
FL *CFWULVE®*TLUL®*T FULCGTIULG

11581 GTCGAATTTAGAAGAGGATGTTTTGTTATTTATTACAGCCTTTTTAGGTACTTATACATG 11640
V EFRRGCFUVIYY SULFURYUL YM
S N L EED VL L F I TAU FULGTYTW
R I * K RMFCYULLQPVF * VL I HG

11641 GACCACTATTTTGTCATTAGCTATAGCAARARAATTGTTGCTAATTGGTTGTCTGTTAATAT 11700
D HY FVISY S KN CTC* L V V C * Y
T T I L $ L A I A K I VA NWIL S V NI
P L FCH* L * Q KL L L IGOCTULULTIZY

11701 ATTTTATTTTACAGATGTACCTTATATTAAATTGATTCTCTTGAGTTACTTATTTATAGG 11760
I L FYRC¢CTILY* I DSULEZLULTIYR
F Y F TDV?PYII KULTIULULSYULVFTISG
F I L ¢ M Y L I L N * P S * V T YL * G

11761 GTATATTTTATCTTGTTATTGGGGATTTTTCTCTCTTTTAAACAGTGTTTTTAGAATGCC 11820
VYPFILLULGTIU FULSV FIE KO QT CTF™*NA
Yy I L s ¢CYWGPFU FSLULNUSVFRMP
I FYLVIGDV FSULPFP®*TTVFULET CL

11821 TATGGGTGTTTATAATTATAAAATTTCTGTTCAAGAATTGCGTTATATGAATGCTAATGG 11880
Yy 6 C L *L *¥ NF CSRTIM ATLYET GCH®*UW
M ¢ VY NY KI 8§V Q ELURYMNANSG
WV  F I I I KPF¥F L F KN CUV I *MULMA
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11881 CTTACGTCCACCTCGTAATAGTTTTGAGGCTATTTTGTTAAATTTAAAACTGCTTGGAAT 11940
L T s TS * *F * G Y F VKT FI KTAWN
L R P P RNSVFEATIULILNULI KIULTILGTI
Y vHLVIVLRULUPFC®* I * NCULE *

11941 AGGTGGCGTGCCAGTTATTGAAGTCTCCCAAATTCAATCAAAATTGACTGATGTGAAATG 12000
R WRAS Y * S L PNSIKTID®*CEM
G 6 VvV PVYVI EVS QIS KIULTTUZDVIKSZC
vV ACQLU LK S P K FNOQQN*TLM®™* NV

12001 TGCTAATGTTGTTTTGTTAAATTGTTTACAGCATTTGCATGTTGCTTCTAATTCTAAGTT 12060
¢ * ¢ CFV KLPF T AU FACCUF * F * V
A NV VL L NCLQHULUHUV A S NS K L
L ML FC* I VY SICMILULVLTIULSC

12061 GTGGCAGTATTGTAGTGTTTTACATAATGAAATACTATCTACTTCAGATTTGAGTGTAGC 12120
vV AVL * CFT* * NTTIVYFURU FECS
W Q Y CS VL HNETIULSTSUDUL S V A
¢ § I vV F YIMZIKYYULILOTI * V * L

12121 TTTTGATAAGCTTGCTCAATTATIGATTGTTTTATTCGCCAATCCTGCTGCAGTTGATAC 12180
F * A CS§ 1I I DCVPFTIURZGQESTCCS * Y
F D KLAQULULTIUVLFANUPAAVTDT
L I $ L L N Y * L FP Y S P I LUL QL I L

12181 TAAGTGTCTTGCAAGTATAGATGAAGTTAGCGATGATTATGTTCAAGATAGTACCGTTTT 12240
*v 8 ¢ K YR *S§ *R * L CS R * Y R F
K ¢ L ASTIDEV SDODYV QD STV L
s v. QV*MKULAMTIMTPFI KTIWUV?PFC

12241 GCAGGCTTTGCAAAGTGAGT TTGTAAATATGGCTAGTTTTGTTGAATATGAAGTCGCAAA 12300
A G FAK™* V CKZYG* FOC*I* S REK
Q AL QSETFUVNMABASETFVETZYETVAK
R L CXVSL*TIV¥TILVILTLIUNMTZE KTSEQR

12301 GAAAAATTTGGCTGATGCTAAAAATAGTGGTTCTGTTAATCRAACAACAGATAAARACAGTT 12360
E K F G * C * K * W F C* s T TUDK TV
K NL ADAZKWNZSGS VNQQOQTIKOQTL
K I WILMULIXKTIVVLULINUNU® R®*NSGS*

12361 AGARAAAGCATGTAATATAGCTAAGTCTGTGTATGAACGTGATAAAGCTGTAGCTCGCAA 12420
R K S M *»Y S8 *»VvVv CV *» T * * § C S 8 Q
E KA CNTI AI K SV VY EURU DI KA AUV ARK
K K HVI* L §L CMNWV VI KUL®*TUL AN
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12421 ACTTGAACGTATGGCAGACCTAGCACTTACTAACATGTATAAAGAGGCTCGGATTAATGA 12480
T * T Y GRP ST Y * HV » R G S§ D *»
L ERMADTV LA ATLTNMYXKEATRTINTD
LN VW QT®* HLULTU CTII KU RILGTU LMI

12481 TAAGAAGAGTAAAGTTGTTTCCGCTTTGCAGACAATGCTTTTTAGCATGGTTCGTAAARTT 12540
* E E * S CFRVFADUNADAPF™*HG S S8 * I
K K S K vVVvVSsSAaLQTMULVF S MV RIKL
R RV KL F PLICURUQZCUVFULAWTFVNW

12541 GGATAATCAGGCTTTAAATTCTATTCTGGATAATGCTGTTAAAGGTTGTGTACCTTTGAG 12600
G * S G F KFY S G *CC* RULCTF E
D NQAULNS STITULUDNA AVIKSGTCVZPLS
I I R L * I L FWIMULIULIKUVYVYTL * V

12601 TGCTATTCCAGCATTGGCTGCTAATACTTTAACTATAGTAATACCAGATAAACAAGTTTIT 12660
c Yy sSssI1GC*Y FNYSNTR®*TSF
A I PALAANTIULTTIUVIUPDIKZGQUVEFEF
L FQ HWILULTIULO®*TUL * * Y @ INIZ KTFL

12661 TGATAAAGTTGTTGATAATGTTTATGTTACATATGCTGGTAGTGTATGGCATATACAGAC 12720
* *» § C *» * C L CY I CW * CMAYTTD
D KVYVDNUVYVTYAGSVWHTIOGQT
I K LL IMV FMILHMILVYV VY GIVYRIL

12721 TGTTCAAGATGCTGATGGTATTAATAAACAGTTAACTGATATTAGTGTTGATTCTAATTG 12780
cC S RC * WY * *x TV N * Y *» C * F * L
VQ DADGIDNI KOQLTUDTIS VDS NMW
F K ML MVLINS®*LIULVULTITULTIG

12781 GCCTCTTGTTATCATTGCGAACAGGTATAATGAAGTTGCTAATGCTGTTATGCAGAATAA 12840
A S CY HCESGQV * * g C * C C Y A E *
P L VI I ANURYUNEUVANAVYVMOQNN
L LL S$SLRTGIMIZE KT LULMILULUCGCRTIWM

12841 TGAGTTGATGCCTCATAAATTAARAATACAAGTTGTTAATAGTGGTTCTGATATGAATTG 12900
* vy pAS * I K NT S C * * W F * Y E L
EL M PHI XKXULIEKTIOQVVNJSGSDMNZC
8§ + ¢ L I N * KY XL LI VVLTI®* IV

12901 TAATATTCCTACTCAATGTTATTATAATAATGCTAGTAGTGGTAGAATAGTTTATGCTGT 12960
* Y S YysmH™MLL * * W * *»x®¥W * N S L CC
N I PT QCY YNNG S S GRTIUVYAUV
I F L LNVITIIMVVV YV E* FMULTF
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12961

13021

13081

13141

13201

13261

13321

13381

13441

TCTTAGTGATGTTGATGGTCTTAAGTATACTAAGATAATGAAAGATGATGGAAATTGTGT
S * *» C * W 8§ * VY * DNZEU R * W K L C
L $ DVDGILIEXYTI KTIMIKDUDGNTCUV
L VvVMLMVYVL SIULR®** KMMETIUVIL

TGTTTTAGAGCTTGATCCTCCTTGTAAATTTTCTATACAAGATGTTAAGGGACTTAAAAT

C FRA* S S L * I FYT®RTCT™*OGT * N

VL ELDUPZPCI KT FSTIQDVKSGTLIKTI
F * S L I L L V NFUIL Y XKMULURUDIULIKIL

TAAGTATCTTTATTTTATTARAGGATGTAACACTTTAGCTAGAGGGTGGGTTGTTGGTAC

* v $ L F Y * RM=*HF S * RV G CW Y
K YL Y I KGCNTULARUGWVYV G T
s 1 P I L L KDVTULOM®*ULES GSGULTULYV L

TTTATCTTCAACAATTAGATTGCAGGCTGGTGTTGCTACTGAGTATGCAGCTAATTCTTC
F I FNN@®*TIAGWTCCY™*V CS * F F
L $ S TIURULQAGUV ATETYAA ANS S
Y L QL D¢RL VL LUL SMOQLTIULTL

TATACTTTCATTATGTGCATTTTCTGTAGATCCTAAGAAAACTTATTTAGATTATATACA
Y T F I Mm I FCRS™* ENTLUVFRILYT
I L S L CAF S VDUPI KI KTYTULUDYTIQ
Y FHYVHVPFUL* I L RXKULI*TII VYN

ACAAGGTGGTGTACCTATAATTAATTGTGTTARAATGCTCTGTGATCATGCTGGTACTGG

T R W CTJYDNMX*XTULC®* NAL®* S CWYW
Q GGV PIINTCVI KMTILCDHAGTG
K vvyYL*LIVL KT CSVIMLVULUV

TATGGCCATTACTATTAAACCTGAGGCTACTATTAACCAAGATTCTTATGGTGGTGCCTC

Y G H Y Y * T * G Y Y * PRF L WWOCL
M A I TTIKUPEA ATTIWDNUGQUDSY GG A S
W ?P?PLILL NULRULULTULTI KTIIULMMVVPQ

AGTTTGTATTTATTGCCGTGCACGTGTAGAGCAT CCAGATGTAGATGGTATATGTAAATT

$ L YL LPCTU CRASU RTUCRWYM* I
v CI ¥ CRAURVEUHUPUDUVDGTIU CIKIL
F VF I AV HVY * S I QM *MUV Y VUNY

ACGTGGTAAATTTGTACAAGTCCCTTTGGGTATAAAAGATCCTATTCTTTATGTGTTAAC

T W *1I ¢ T S P F G Y KRS Y S UL CV N
R G K F VQVeVLGTIIKDUDU®PTIULYUVLT
vV VN L Y KS LWV * KILF FMOCGC™*H
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13501 ACATGATGTTTGTCAAGTCTGIGGTTTTTGGAGAGATGGCAGTTGTTCCTGTGTAGGTTC 13560
T * ¢ L S SL WPFULUERUWOQULFULTCRF
HDVCQVCGT FWRDSGSTCSCV G S
M M F VX § VVFGEMAVYV PV * YV Q

13561 AAGTGTCGCTGTTCARTCTARAGATTTAAATTTTTTAAACGGGTTCGGGGTACTAGTGTG 13620
K C R CS1I *RFKUFFI KU RV RGT SV
S VAV QS KDULWNV FLWNG GV FGVILV *
vV §S L F N L KI * I F * TGS G Y * CE

13621 AATGCCCGGCTAGTACCCTGTGCTAGTGGTTTATCTACTGATGTTCAATTAAGGGCATTT 13680
N ARL VY PCASGLSTUDPDVQULRAF
M PG * Y P VL VVYLULMTFN™*GHL
¢ PA S TULC * WP FIVY*CSTIIKGTI *

13681 GACATTTGTAATACCAATAGAGCTGGTATAGGTTTATATTATAAAGTGAATTGTTGCCGT 13740
D I ¢ NTNZRAGTIOGTILYYIKVNTCTZ CHR
T P VI P I EL V * VY TITIIXK®* I VAV
HL * Y Q * 8 W YRV FIULO*SEULULTPTF

13741 TTTCAGCCTATAGATGACGACGGTAATAAATTGGATAAGTTCTTTGTTGTCAAAAGARCT 13800
F Q R I DDDGNUIEKULTDI K FTFVV KR RT
F SV *MTTVIDNU WISSTULULSIKEIL
S A YR *RR * * I G * VL CCQ KN *

13801 AATTTAGAAGTTTATAATAAAGAGAAAACTTATTATGAGTTGACTAAAAGTTGTGGTGTT 13860
N L EVYNIKEI KTV YYETLTIKSTCGUV
I * K F I I KRIZ KUILTIMS®* L KVV VL
F R SL * * RENUJILIL®* VD * KL WOCC

13861 GTGGCTGAACATGATTTCTTTACATTTGATATTGATGGTAGTCGCGTGCCACATATAGTT 13920
VA EHDU FFTVFDIDSGS SU RV PHTIWUV
W L NMI S$LHLILMVYV ACHTI®*TF
G * T * FL YTI *Y* W* SRATYS §

13921 CGTAGGAATCTTTCARAGTATACTATGTTAGATCTTTGCTATGCATTGCGTCATTTITGAT 13980
R RNUL S KYTMULUDU LU CYATLRUHPFD
vV G I FQ S IULC=*TIV FAMHETCUVIULI
* ES F KVYYVRSUILLCIWA ASTF* S

13981 CGTAARTGATTGTTCAATATTGTIGTGAAATTCTTTGTGAGTATGCTGATTGTAAAGARTCC 14040
R NDCS8 I LCCETIULTGCEYATDT CI KES
vV M I VvV Q ¥YCV KV FUPFVSMULIVIKNF?®P
* *» L F NI V * NS L * VvV C=* L * R IL
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14041

14101

14161

14221

14281

14341

14401

14461

14521

TACTTTTCTAAGAAAGATTGGTATGATTTTGTTGARAATCCTGATATTATTAATATATAT

Y F S K K DW YDV FVEDNU®PUDTITINTIZY

T F L RKXKIOGMTIULULIKTIULTIULULTIUYZI
L F * ERLV * F C* K § * Y Y * Y I *

AAAARAATTAGGCCCTATTTTTAATAGAGCTTTACTTAATACTGTCATTTTTGCAGACACC
K X L 6 P I FNRALTULNTUVIUFA AIDT
K N * AL FLI EL YL IULSV FULOGQTFP
K I R P Y F * » 8§ F T * Y CHU F CRHL

TTAGTTGAAGTAGGTTTAGTTGGTGTTTTAACTTTAGATAACCAAGATTTGTATGGTCAA
L VEVGEGL V6 VL TLDNIOQTIDILY G Q
* L K * v *» L V F * L * I T K I C MV N
S * S R F S WCUPFNVFRT* PRV FVW S M

TGGTATGATTTTGGTGATTTTATACAAACAGCCCCAGGGTTTGGTGTGGCAGTTGCAGAT

W Yy b F GDPF I QT AUPGV FGV AV ATD

G M I L VI L Y KOQZPOQGT LUV WOQUL QI
v *» F W * FYTWNZSUZPURUVWOUCGSCRF

TCTTACTATTCTTATATGATGCCTATGTTGACTATGTGTCATGTATTAGATTGTGAATTA
s Y Yy syvMmM™MPMLTMCHUVY L DO CETL
L T?1JLTI * CLC®*LCUVMY~* I VNY
L L F L YDAYUVDYUVS CTIU RTIL®*TII

TTTGTTAATGATAGTTATAGACAATTCGATCTTGTACAGTATGATTTTACTGATTACAAG

F VNDSYRQFDILVQYDVFTUDY K
L LMIVIDUNSIULYSMTIULTILTITS
¢ * *» * L » T I RS CTUV * F Y * L QV

TTAGAGTTGTTTAATARGTATTTTAAGTAT TGGGGTATGAAGTATCATCCTAATACTGTG
L EL FNKXK Y PF K Y WGMIKYH?PNTV
* § ¢ L I S$SIL SI GV * s I 1L I VL W
R VV * * VYV F * VL GYEVS S * Y CG

GATTGTGATAATGATAGGTGTATTATTCATTGTGCTAATTTTAATATACTATTTAGTATG
D CDNDU RZC CTITIMHTCANTEFUNTITLTFSM
I vIiIMIGVYVYLFIUVLTIULTIUYZYULUVUW
L *» * *» » Yy Y Y S L C®* F *YTTI®*YG

GTTTTACCTAATACTTGTITTTGGTCCCCTTGTTAGACAAATTTTTGTAGATGGTGTACCG

VL PNTJCFGPLVRQTIUVFVDGUVP
FYJoLIULVLVPLLDI KV FUL* MV YR
F T * Y L F WS PC* TNFCURWCTV
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14581 TTTGTTGTTTCTATTGGTTACCATTACAAAGAGTTAGGTGTAGTTATGAACTTAGATGTT 14640
FVVSIGYHYXKELGVVYVMUNILTDUV
L L FLL VTTITIKS®>*V* L * T * ML
¢ ¢C F YWULPLOQRUVURUCSYETLRTC *

l4641 GACACACACCGTTATCGTTTGTCTCTTAARAGATTTACTTCTTTATGCAGCAGATCCTGCT 14700
D THRYRULSULKDULULL YA ATDPA
T HTVIUVCLULI KTIUYUVFVFMQOQTITULIL
H T PL S F VS * RF TS LCSR S CY

14701 ATGCACGTTGCATCTGCTAGTGCTCTGCTTGATTTACGAACTTGTTGTTTTAGTGTAGCT 14760
M HVASASALILDILUZRTT CTCTF S VA
¢ T LHLL VL CULI Y ETULVVL YV * L
A R CI C¢C * CSA * FTNULULTF* C S C

14761 GCCATTACAAGTGGTATAAAATTTCAAACTGTAAAACCAGGTAACTTTAACCAAGACTTT 14820
A I T S G I K F Q T™V KZPGNTFWNUOGQTUDF
P L Q VV+* NFKXKUL*NOQVTTULTIKTTF
H Y KW Y KIS SNGCI KT R®*UL™*PRTULL

14821 TACGAGTTTGTTAAAAGTAAAGGCTTGT TTAAAGAGGGTAGTACAGTTGATTTGAAACAT 14880
Y E F VX §$ K GL F KEGS TV DUL KH
T $ L L KV KA CLI KU RV V QLTI * NI
R V C* K * RLV * RG *¥ Y § * F ETF

14881 TTTTTCTTTACTCAAGATGGTAATGCTGCAATTACTGATTATAATTATTATAAGTATAAT 14940
F P F T Q D G VNAATITUDYNYYK YN
F S L L KMVMILQLULITITITITISTII
F LY S RWO™* CCNY * L * L L * V * F

14941 TTACCTACTATGGTTGATATTAAGCAGTTATTGTTTGTATTAGAAGTTGTTTATAAATAT 15000
L P T MV DI K QL L F VLEUV VY K Y
Yy LL WwWULIULS S Y CUL Y * K 5L F INI
T Yy Yy 6 *+*+y * AV IV CIURSTCTL®*TIF

15001 TTTGAAATTTATGATGGTGGTTGTATACCAGCATCACAAGTTATTGTTAATAATTATGAT 15060
FEIYDGGT CTIUPA ASIOQVIVNNTYS?D
L K FMMVV VY QHHI KU LULTILTITIMI
* N L * WW L ¥ TS I TS Y C *» * L, * *

15061 AAAAGTGCTGGTTATCCATTTAATAAATTTGGTAAAGCCAGACTTTATTATGAGGCATTA 15120
K S AGYJPFUNTEKTPFGZ KA ARTELYZYEHA ATL
K VLV IHLTINTILTYTI KTPDTFTIMEBERHY
K C WL S8 TI * * I W=*S S QTULTL* G I I
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15121 TCATTTGAGGAACAGAATGAAATTTATGCATATACTAAACGTAATGTTCTGCCCACCTTA 15180
S FEEQNZETIVYAYTIZ KU RNUVLZPTIL
H L RNRMIEKUPMHTITLNUVMFTCU®P P *
I * ¢ T E * NL C I Y * T C S A HTULN

15181 ACTCAAATGAATTTAAAATATGCTATCAGTGCTAAGAATAGAGCTCGCACTGTAGCAGGT 15240
T Q M NL K Y AISAIKUNRARTUVAG
L K * I *» N ML S VDL RTIETULATL®*QYV
S N EF KI CYQOC®*E™* S S HCSRZC

15241 GTTTCTATTCTTAGTACTATGACAGGCCGAATGTTCCATCAAAAATGTTTGAAGAGTATA 15300
v §8 I L S TMT G RMUPUHUOGQI KT CULI K S I
F L FL VL * QAUETCZSTII KNV * RV *
F ¥ § * YY DRPUNV P S KMTFETEY S

15301 GCAGCTACCCGAGGTGTTCCTGTTGTTATAGGAACCACTAAATTTTATGGTGGTTGGGAC 15360
A ATURGUV?PVVIGTTI KT FUY GG WD
Q L P EV FULLL *BEPLNFMVV GT
S Y PRCSCCYR RN NUH®*TIULWWILOGR

15361 GATATGTTACGTCATCTTATAAAGGATGTTGACAACCCTGTTCTTATGGGTTGGGATTAT 15420
DML RHULI KDVDDNUPVLMGUWDY
i1 ¢CyviIiyL=*RMLTTULFIULWWVGTII
Y VT S S ¥ K66 ¢ * QP C S8 Y G L G L s

15421 CCTAAATGTGATCGTGCTATGCCAAATATTTTGCGTATTGTTAGTAGTTTAGTTTTGGCC 15480
P K CD®RA AMZ®PNTIULRTIWUVS SL VLA
L N VIVLCQIUPFCVLILUVV * F WP
* M * $ C Y A KYVFayc¢c=»*»*F 8 F G P

15481 CGCAAACATGAATTTTGTTGTTCACATGGTGATAGATTTTATCGCCTTGCGAATGAATGT 15540
R K HEVF CCCSHGDURT FYU&RULANTETC
A NMNUFV YV HMVIDVFTIATLZ RMMNUYV
QT * I L LFTW®* * I LS PCZET™*MHZC

15541 GCTCAAGTTTTGAGTGAAATAGTTATGTGTGGCGGTTGCTATTATGTTARGCCTGGTGGT 15600
A Q VLS EIUVMCGGT CYYUVEKTZ?PGSG
L K F * VvV K* L ¢CVaAVaAIMILILSTLVY
S S FE*NSYVWURULILILZGC®*AWWY

15601 ACTAGCAGTGGTGATGCAACTACTGCTTTTGCTAATTCTGTTTTTAATATATGTCAGGCT 15660
T §$ 8 66D ATTAPFANUGSUVFNTIZ GO QH-A
L AVVMQLLULULULIULFULTI YV RL
* Q W * C N Y CFC+* F CF * Y MS G C
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15661 GTTACTGCTAATGTITGTTCTCTTATGGCCTGTAATGGCCATAAGATTGAAGATTTAAGT 15720
VT ANVYVCSLMACNGHI KTIETDTL S8
L L LM F VLULWUPVMATIIRTILIKTI®*YV
Yy ¢ * ¢CL F S Y GL * W P * D * RF K Y

15721 ATACGCAATTTACAAAAACGCTTATACTCTAATGTTTATCGTACAGATTATGTIGATTAT 15780
I RNILOQI K RLY SNV YRTUDYV DY
Y A I YKNAYTTILMT FTIVQIMZLTII
T Q FTI KTULTIUL®*OCULSYRULOC™*TUL Y

15781 ACATTTGTTAATGAGTATTATGAATTTTTATGTAAGCATTTTAGTATGATGATTTTGAGT 15840
T F V NEY Y EPFL CKHFSMMTITLS
HL LMSIMNYTFYUVSIULV* * F * V¥
I1 ¢+ *» v L * I FM* A F * Y DUDFE *

15841 GATGATGGTGTTGTCTGTTATAACTCTGATTATGCTAGTAAGGGTTATATAGCTAATATA 15900
DDGV YV CYNSDYAS KGYTIANTI
M MVLSVITLIMULVURVYV I * L I *
* ¥ ¢ CL L * L * L C * * G L Y § * Y K

15901 AGTGTTTTTCAACAAGTTTTGTACTATCAGAATAATGTCTTTATGTCTGAATCTAAATGT 15960
S VF Q Q VLYYOQNUNVVFMZSESIKTC
V F FNXFCTTIURIMSTILCILUDNILINWV
Cc FS$STSV FVLSE®*CULYV* I * ML

15961 TGGGTTGAARATGATATTACTAATGGTCCTCATGAATTTTGTTCCCAACATACTATGTTA 16020
W V ENDITNGU?PHEVFUCSOQHTML
¢ L KM I L L MVILIMUNZP FVYV PNTIILTC *
G * K * Y Y * WSS * I L F P T Y Y V S

16021 GTTAARGATAGATGGTIGATTATGTTTATTTACCATATCCAGATCCTTCTAGAATTTTAGGA 16080
VKIUDGDYVYULUPYPDUPSURTIULSG
LR*MVIMUPFTIJYHTIOGQTIULULETF * E
* D RW* L CLFTTI SRS F * NFR S

16081 GCTGGTTGTTTTGTTGATGATTTATTGAAGACTGACAGTGTTCTTTTGATAGAGCGCTTT 16140
A GCPFVDDILULI KT TDSVLLTIETRF
L vvVvyLyLMTIY®M™*RULTUV VU FVF* * § AL
WL FC®* * F I ED * Q CS FDURA AILTC

16141 GTAAGTCTAGCTATAGATGCTTACCCTTTAGTACATCATGAAAATGAAGAATACCAAAAA 16200
VvV 8$ L A I DAY PL V HHENIZEZEY QK
* vV * L, * M L, T L * ¥ I M KM KNT K K
K 8§ 8 Yy RCL PF ST S * K * RTIPKS
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16201

16261

16321

16381

16441

16501

16561

16621

16681

GTCTTTCGTGTATATTTAGAATATATARAAAAACTGTATAATGATCTTGGTACTCAGATC
VFRYV YLET YTIU KT KTULYNDULSGTOQTI
S FV Y I * NI * KNCTIMIULVYULRS
L § ¢ I F R I Y KXTUV* *+ 8 WY S DL

TTAGATAGTTATAGTGTTATTTTARGTACTTGTGATGGTTTAAAGTTTACTGAAGAATCA
LD S Y 8§88V I LSTCDGTLI KT FTEE S
* I v I VL F * VL VMUYV * S L LKUNH
R * L » ¢ YF KYUL * W PF KVY>*RTII

TTTTACAAGAATATGTATTTAAAAAGTGCCGTGATGCAGAGTGTAGGTGCATGCGTTGTT
F Y K N M YL XS AV MOQSVGATCVYV
F TR I ¢CI * KV P * CURV *x YV HAULTF
L Q E YV FE KU KCRDAET CRTGCMTZPRTCL

TGTTCATCACAARCTTCTTTGCGTTGTGGCAGTTGTATACGTAAGCCTTTGTTATGTTGT

¢ § $ QT SLRCGSTCTIRIEKUEPLTLTCECHC

V HH KLLCVV AV VYV S§LCY VYV
F I T NF FALWOLYTS®* AT FVMTIL *

AARTGTTGTTATCGACCATGTTATGGCAACTAATCATAAATATGTTTTGAGTGTCTCACCT

K ¢CCYDHUV MATNUHIE KT YV VLSV SP

N VVMTMLWAGQULTITINMEF®*VSHTL
M L L * P ¢C Y GNO®* S * I CFECLTL

TACGTTTGTAATGCACCTAACTCTGATGTGAGTGATGTCACCAAATTATATTTGGGCGGT

Y VvV CNAPUNOCDVSDVTI KTILYTZLGG

T P VMHLTVM* VMSPNYTIWAUV
R L * ¢cT *L * CE * CHOQTITIT FSGRY

ATGTCTTACTATTGTGAAAACCATAAACCCCATTATTCATTTAAGTTAGTTATGAATGGT

M S Y Y CEJNU HIEKUPHYSF FKULVMNGEG
¢ LTIV KTTINZ®PTIIIHLS * L * MV
v L L L *» XK P * TPULF I * V S Y EWY

ATGGTCTTTGGTTTGTATAAACAATCTIGCACGGGTTCACCTTATATAGATGATTTTAAT

M VF 6L Y KQSCTGSUPYTIDUDTFN

W $ L v ¢ I NNILARUVHLTI®*MTIILTI
G L WPFV * TTIULHOGPFTULYR®* F * *

AAGATAGCTAGTTGTAAATGGACAGAAGTTGATGATTATGTTCTGGCAAATGAGTGTATT

K I A2 8 CKWTEVDDYVLANTETCTI

R * L V VN GQ KL MIMTFWOQMSYVL
D S * L * M DRSS * *» L C 8§ G K * VY *
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16741 GAACGTTTAAAGTTATTTGCTGCAGAAACTCARRAGGCAACTGARGAGGCTTTTARACAA 16800
ERLKULTPFA AR ATETGQZ KA ATETEATFKDQ
N V * § YL L Q KL KRIQULIE KU RTILTULNK
T F K v I ¢ CRDNSZKGNT®*TRGUF * T K

16801 AGCTATGCTTCTGCTACCATTCAAGAGATTGTTAGTGATAGAGAAGTTATTTTGTGTTGG 16860
S YA SATTI Q E I VS DUREUVITULCW
A ML L L PFKXKURULTILVTIETZ KTLTFTCVG
L CF CYHSU RDOC®* * * RS YT FVULG

16861 GAGACAGGTAAAGTTAAACCACCACTTAATARARATTATGTTTICACAGGCTACCATTTT 16920
E TG KV K P PLDNI KNYVFTGYHTF
R Q VXK L NHHLIKTIMTFSOQRARTTIT.LD
DR * S *TTT* * KL ¢CF HURILZPFY

16921 ACTAGTACTGGTAAGACAGTTTTAGCTGAGTATGTTTTTGATAAAAGTGAATTAACTAAC 16980
T $ T G KT VL GE YV FDI XS SETLTN
L VL VURGQPF*V SMVFILTIIKUVVN?*LT
* YW * DS F R * V CF * * K * I N * R

16981 GGTGTGTATTACCGCGCTACAACTACTTATAAACTTTCTATAGGTGATGTTTTTGTTTTA 17040
6 VY YRATTTZYZEKULSTIGDVFVL
v ¢I TAILOGQULLINJ PFPFL*VMTFILF *
c vy.L PRYNV YUL*TT FJYUR®*CFICFN

17041 ACATCACATTCTGTAGCTAGTTTAAGTGCACCTACACTTGTCCCACAAGAGAACTATGCT 17100
T § H S VA S L SAUPTTULV P QENYR-A
HHIUL * L V *#VHLHILSHI KT BRTMIL
1 TF CS* FKCTYTTCZPTRIETLTC*

17101 AGTATARGATTTTCTAGTGTTTATAGTGTTCCATTGGTGTTTCAAAATAATGTTGCTAAT 17160
s I R F 8§ 8§ VY S V?PLVVF QUNNUVAN
Vv * D FLVF IV FHWCFI KTIMLILI
¥y X I F * CL * ¢S I GV S K * CC* L

17161 TATCAGCACATTGGAATGAAACGTTATTGCACTGTTCARGGTCCCCCTGGTACGGGAARG 17220
Y QO HI GMEKRYZ CTVY QG?PPGTGK
I S TL E * NV IALTFUZ KXV PLVRE S
S AHWUNZETTULTULHTCS SR RSUPWYG KV

17221 TCTCATCTTGCTATAGGTCTAGCTGTTTATTACTACACAGCACGTGTAGTTTATACTGCT 17280
S HL AI GGLAV YYYTARUVVYVY YTHA
L I L L * VvV * L F I T TOQHUV * F I L L
S S C YRS SCVLULULHSTT CSTULYTZCOC
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17281 GCTAGTCATGCTGCTGTAGATGCATTGTGTGAAAAAGCTTATAAGTTTTTAAATATTAAC 17340
A S HAAVDALTGCEIZ KA AYI K FTULUNTITN
L vMLL *MHCV K XU LTIZSUPF™* I LT
* 3§ ¢ ¢ CRCIWUV®*I XSUL *V F K Y * R

17341 GATTGTACACGTATTATTCCTGCTAAAGTTCGTGTAGATTGT TATGATAAGTTTAAAATT 17400
D ¢CTUR I I PA KV RVYVY DOCYUDIKTFIKI
I VH VL FLLXUPFPUV * I VMTISIULIKIL
LYy Ty YyYysc¢c*s s CRDL UL * * Vv * N *

17401 AATGATACCACTTGTAAGTATGTTTTTACCACAATAAATGCATTACCAGAGTTGGTTACA 17460
N DTTOCIKYVFTTTIWNA ALUP®PZETLUVT
M I P LV SMPFULUPQ*MHY QS WL Q
* Y HL * vV CFYHNI KU CTITIRUVG YR

17461 GATATTGTTGTTGTTGATGAAGTTAGTATGCTTACTAATTATGAATTGTCTGTTATAAAT 17520
D I vV VvVDEVSMULTNYETLSVIN
I LL L LMKILVCLULTIMNTGCILTL®*M
Yy ccc¢c * *+ 8§ * Y ay * L * I V CY KC

17521 GCTCGTATTAAAGCTAAACATTATGTATATATTGGAGATCCTGCTCAATTACCTGCACCA 17580
A R I XK A KHYVYIGDUPAOQTLUPATP
L VL K L N I M Y I L E I LULNTY L HH
s Yy *»$s$ * 7TLCIUYWURSCS I TOCTT

17581 CGTGTGCTGTTGAGCAAGGGTTCTTTAGAACCTAGGCACTTCAATTCTATTACTAAAATA 17640
R VL L S K G S L EPURHVFNSGSTITIKI
v¢cce *ARYVL * NL GT S I UL L L K *
¢ AV EQGVF FRTT™* AL QF Y Y * NN

17641 ATGTGTTGTTTAGGTCCTGATATCTTTTTGGGAARATTGTTATAGGTGTCCTAAAGAAATT 17700
M CCLGPDTIUPULGNUZGCYRZ CUPIKETI
¢ vv * VvV L I §8 FWETIUVIGUVLIKIKTL
VL FRS*YL FGIKULTLT®* VS * RN C

17701 GTAGAAACTGTTTCAGCATTGGTTTATGATAATARACTCAAGGCTAAAAATGATAATAGT 17760
VETUV S ALV YDNI KU LI KA ATIKNUDNS
* K L F Q H WV FMITINZSZ RILI KMMTITIUV
R NCF §1I GL * * ¥ T Qg G * K * * + P

17761 TCATTATGTTTTAAAGTATATTTTAAGGGACAGACAACACATGAGAGTTCAAGTGCTGTA 17820
s L ¢ F KV YPF KGOQTTHESS S S AV
H Y VL K Y IULURUDU RIGQHMZPRVYVQV L *
I M F * § 1 F * G TDUJNT™* EF KCTCK
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17821

17881

17941

18001

18061

18121

18181

18241

18301

AATATTCAACAGATATATCTAATTAGTAAATTTTTARAAGCTAATCCAGTTTGGAATAGT
N I Q QI YL I $KPF LKA ANU®PVWNS
I F NR Y I *LVDNFT™* KLTIOQTFGTIZUV
Y s T DI SUNOS* I F KS * S s L E * C

GCTGTTTTTATTAGTCCTTATAATAGTCAGAATTATGTTGCTAAGCGTGTTTTAGGTGTT
AV F I S PYNSOQNYUVAIKRVYVLGYV
L F L L VLIIVRIMLILSUVYF* VF
C FY* S8SL * *x § EULCC®* AT CTFUZRZCS

CARACACAAACTGTAGATTCTGCTCAAGGTTCGGAATATGATTATGTTATATATTCACAA

Q T QTUVD S AQGSEYDYUVI Y S Q

K H XK L *# I L L X VERUNMIMILYTIHK
N T NCRPFCS?RVFGI * L CYTIU FTN

ACAGCAGAAACAGCCCATTCTGTTAATGTTAATCGATTTAATGTTGCCATAACTAGAGCC
T A ETA A HS VNV NI RUEFUNUVATITTR RARA
Q Q K@ ?P I L LM LIDILMLZ®P*ULEP
S RN S PPF C=* C * S I * CCHNT™®* S Q

BAGAAGGGCATTTTTTGTGTTATGAGTAATATGCAATTATTTGAATCTCTTAATTTTIATT
K XK 6 I F ¢ VM SNMOGQEELT FESTULNTFI
R RAPFF VL * VICNYZLNVNTILILTITLHL
E GH F L CYE*YATITI* IS * F Y Y

ACTCTACCTTTAGATARAATTCAARATCAAACTTTACCTCGTTTGCATTGCACAACTAAT
T L P L D KIQNQTULUPRTULHCTTN
L ¥ L * I KF KI KULYULUVCTIAQTULTI
S T F R * NS K SNV FTSFALUHN®*S

CTTTTTAAAGATTGTAGTAAAAGTTGCTTAGGTTATCATCCAGCGCATGCCCCCTCATTT

L F KDCSUEKSCLGYHU?PAHHAZPSTF

F L K I VvV V KV A * Vv I I QRMUPUPHF
F *» R L * * KL L RL $ 5§ $ACUPULTITF

TTAGCAGTTGATGATAAATATAAGGTTAATGAARATTTGGCTGTAAATTTAAATATTTGT

L A VDD KYJ KU VNENILAVNZLNTIHC

* 9 LM IWNTIURILMEKTIMWTL®*TI*TITFYV
S § * » x 1 » g * * K F G CKF K Y L *

GAACCTGTTTTAACATATTCTCGTTTAATATCTCTTATGGGTTTTAAATTAGATTTGACT

E P VLTV YSRUILTISLMSGTPFI KTULDTILT

N L F *H I LV * YLUL WYV LN®*TI * L
T ¢ F NI F SF NTISYGF*IURFTDS
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18361 CTTGATGGTTAT TCTAAATTGTTTATTACTAARAGATGAAGCCATTAAACGTGTTAGAGGT 18420
L b G Y S KL F ITI XKUDEA ATII KT RUVRGEG
L M VI L N CLULUL KMIEKUPULWNUVILEYV
*W L F * I VY Y * R * S8 H *TC * R L

18421 TGGGTIGGTTTTGATGTTGAGGGCGCTCATGCTACTCGCGAARACATTGGAACAARCTTT 18480
W VvV GF DV EGAHATI RENTIGTNTF
G L vL MLRALMTILTIELWATIKTULEZ GQTTF
G W?F*C* GRS CYSRKHWNIKTULS

18481 CCACTGCAAATAGGTTTTTCAACTGGTGTGGATTTTGTAGTTGAAGCTACTGGCTTATTT 18540
P L QI GF STGVDV FV VEA ATTGTULTF
HCK*V F QL VWIUL *L KL UL A XL
T A NRPFPFNWOCGT FOCS * S ¥ WL I C

18541 GCTGAGAGAGATTGTTATACTTTTAAAAAAACTGTAGCTAAAGCTCCTCCTGGTGAAAAA 18600
A ERDCYTTV FI X KTV AI KA AZPUPGE K
L R EI VIILL K KUL* L KL L L V KN
* ERL L Y F * KNCS * 8§ S8 S W * KI

18601 TTTAAACATTTAATACCCCTTATGTCAARAGGTCAAAAGTGGGATATTGTTAGAATTAGA 18660
F KHLIPULMSIE KGO QI KWDTIVRTIHR
L NI *Y P L CQI KV K S G TIULULEULE
* T FNTU®PYV KRS KV GY C * N * N

18661 ATTGTTCAAATGTTATCTGATTATCTTTTAGACCTTTCTGATAGTGTAGTATTTATTACT 18720
I v ML §$ DY LLDUL S D S VYV F I T
L F K ¢CYLITIVF*TPFULTIV®* Y L L L
¢ s NVI * L 8§ FRZPVF * * C 8§ I Y Y L

18721 TGGTCTGCCAGTTTTGAACTTACT TGTTTAAGGTATTTTGCTAAATTAGGCAGAGAGCTT 18780
W S A SFETLTTCLRYTFA AT KTILTGT RETL
6 L PV LNILTILTV®* 6 I LILN* ATESL
VCQPF*TVYTLFZ KV VT FT C®*TITZ RGO QT RA*

18781 AATTGTAATGTGTGTTCTAATCGTGCTACATGCTACAATTCTAGAACTGGTTATTATGGT 18840
N C NV CS NIRATTCYUNSIRTGY Y G
I vM CV LI VL HATTIULETULWVIMY
L *» ¢ VF *Ss CYMILGQUPF * NWILL WL

18841 TGTTGGCGCCATAGTTATACTTGTGATTATGTGTATAATCCACTTATTGTAGATATACAA 18900
C W RHS Y TOCDY YV Y NUPULTIUVDTIZQ
v 6 A I VvVvI1IUL VIMOC CTITIUHULIUL®™®* I YN
L A P * L ¥ L * L CV * S T Y CRYTT
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18901 CAGTGGGGTTATACAGCTTCTTTAACTAGTAATCACGATATAATTTGTAATGTACATAAA 18960
¢ W G Y TG SL TS NHDTII C N V H K
s ¢ VIQUVL*LVITTI®*XTFUVMYTIHZK
vV 6L YRPFPFNM®** g§gRYNZL?®*CT*R

18961 GGTGCACATGTTGCGTCAGCTGATGCAATTATGACTCGTTGTTTAGCAATCTATGATTGT 19020
¢ AHVASADAIMTR RTECILATLIYDC
vV HMLRQLMOQL * L VV * QS MIUV
¢c T CCVS8S*CNYDSLFSUNUL®*TLTF

19021 TTTTGTAAATCTGTTAATTGGAATTTAGAGTATCCAATAATTTCTAATGAGGTCAGTATA 19080
F C K S VNUWNZLETYU®PTITISNZEUVSI
F VNILULTIGTI®* S IQ* FL MRSV *
L * I ¢ * L EFRVSNNVF* * G QYK

19081 AATACATCTTGTAGGTTATTCCAGCGTGTCATGCTTARAGCTGCCATGCTATGTAATAGA 19140
N T S CRULULGQUPRVMILIE KA AAMTILTCNR
I HL VGYCS Vs CLI XULZPCYVID
Yy I L * vV I A A CHA A * S CHAM®* *¥ I

19141 TACAACTTATGTTATGACATAGGCAATCCTAAAGGTTTAGCTTGTGTCARAGATTATGAA 19200
Y NL CYDTIGUNUPIKGULATCV KDY E
T T Y VMT* A I L KV * L VS KTIMMN
Q L M L *HR QS *RFSLCQRUL *I

19201 TTTAAATTTTATGATGCTTTTCCTGTAGCCAAGTCTGTTAAACAGTTATTTTATGTCTAT 19260
F K F YDA APUPVAIKS SV KOQLFYUVY
L N FMMULPFUL* P S L LDNS YT FMS M
* I L *» ¢ F S CSQVC*TVTITLCL *

19261 GATGTGCATAAAGATAATTTTAAAGATGGTTTATGTATGTTTTGGAATTGTAATGTTGAT 19320
D VH X DNV FKDGLT CMTFWNTCNUVD
M ¢cI K I I L KMV YV CVFOGTIVMILTI
Cc A * R * F * RW FMYV L ETL®*C* *

19321 AAATATCCATCTAATTCAATTGTTTGTAGATTTGACACTCGAGTGT TARATAAATTAAAC 19380
K Y P §$ NSIVCRVFDTH RUVILNZI KTELTVN
N I HL I QL FVDULTULETC®*TIN®*T
I 8§ I * F N CL * I * HS s V KX * I K P

19381 CTTCCTGGATGTAATGGTGGTAGTTTGTATGTTAATARACATGCATTCCATACTAATCCT 19440
L PG CNGGSLYVNIZ KHATFUHTNTP
F LDV MVVV C¢CMLTINMMMEHESTIULTIL
S WM * WW* FVC®* *x T CTIUPY* S F
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19441 TTTACTAGAACTGTTTTTGAAAATCTTARGCCTATGCCTTTITTCTATTATTCAGATACG 19500
F TRTVVF ENTLIKU®PMPVFVFYY S DT
L L EL FL K IUL SULCULU FOSTITIOQTIR
Y *» N CF *» K S * A YAVFFLUL F RYA

19501 CCTTGTGTGTACGTAGATGGTTTAGAATCTAAACAAGTTGATTACGTTCCTTTAAGAAGC 19560
P CVYVDGULEZ S KQVDYVPLRS
L vcT*MV * NLNKUILTITFTUL®* E A
L ¢ VRRWPFRTIO®*TS * L RS F K KR

19561 GCCACTTGTATCACACGGTGTAATCTAGGTGGAGCTGTTTGTTCAAAGCATGCTGAAGAA 19620
A T C I T R CNILGGA AVYV C S KHA E E
P LV SHGVI * VELVFV QS MTULIKN
H L YHTUV* $§ R WS CLFKXKATZC* R I

19621 TATTGTAACTACCTTGAGTCTTATAATATAGTTACTACAGCAGGCTTTACTTTTTGGGTT 19680
Yy ¢C NY L E S YNTIUVTTAGT FTFWUV
I vT?TU L S LI I * L LQQATULULTFGTF
L * L P * VL * Y S Y Y S RULYVFULGIL

19681 TATAAGAATTTTGATTTTTATAATTTATGGAACACTTTTACTACGTTACAGAGTTTAGAA 19740
Y K N FDFYNULWNTF FTTULOGQS S L E
I RI LI F I I Y GTULILILRYRV *¥ K
* EF * F L * FMEUHTFYYVTETFRK

19741 BACGTARTATATAACTTGGT TAATGTTGGTCATTATGATGGACGTACAGGTGAATTACCT 15800
N VIYNULVWNUVGHYDGRTGETULP
T *Y I T WL MULVIMMDUVQVDNUYTL
R NI * L G * CW SUL* W T YR * I TUL

19801 TGTGCTATTATGAATGACARAGTTGTTGTTAAGATTAATAATGTAGATACTGTTATTTITT 19860
C A I M NDI KV VYV KINNVWVDTUVIF
v L L *M T KL LLURU LTIM®M®* I L L F L
cC Y YE* Q S CC * D * *» CR Y CY F *

19861 AARAATAATACATCATTTCCTACTAATATAGCTGTTGAATTGTTTACAAAACGTAGTATC 19920
K NNTS F P TUNTIAVETLUPTI KT RS I
K I I HKE F L LI * L L NCULOQWNUV V S
K *+ Yy I I 8 Y * Y S C * I VY KT * Y P

19921 CGGCACCACCCTGAACTTAAGATTCTTAGAAATTTGAACATTGATATTTGTTGGAAGCAT 19980
R HHPEULI KTITU LR RNILNTIDTITCMWIKH
G TTLNIULRUPFILETIO®*TIULTIVF VG S M
A P P * T * D S * KF EH™* YL L EAC
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19981 GTCCTGTGGGATTATGTTAAAGATAGTTTCTTTTCTAGTTCCACTTATGGTGTTTGTAAA 20040
V L WDYV KDSULFCS S TZYGV CK
$ ¢ 6 I Mm L KI1IV CVFVVPLMUVFVN
P VGL¢¢C®*R*PF VL *FHULWCUL * I

20041 TACACAGATTTGAAGTTCATCGAAAATTTGAATATACTTTTTGATGGTCGTGACACTGGC 20100
Y TDL K F I ENILNTIULTFUDSGTU RUDTG
T @Q I » $ S 8 K I * &I ¥ F L M VvV V T L A
H RPFEVHRIKFEYTT F* W S§ * HWR

20101 GCTTTAGAAGCTTTTAGAAAAGCAAGAAATGGTGTTTTTATTAGTACTGARAAATTAAGT 20160
AL EAFURI KA ARNGU V FISTETZKTLS
L * K L L EXKQEMVFULULV LI KIDN~* ¥V
F RSP * K S KKWCVFY*Y * K I K *

20161 AGGTTATCAATGATTAAAGGTCCGCAACGAGCTGATTTAAATGGTGTGATTGTGGATAAA 20220
R L s M I K GP QRADILNGUV I VDK
G Y Q * L K VRNETLTI®*MYV * L W I K
vV I ND * R S ATS * F KWOCDOCG * §

20221 GTTGGAGAACTCAAAGTTGAGTTTTGGTTCGCTATGAGAAAAGATGGTGACGATGTTATC 20280
VvV G EL KV EVFUWFAMZPERIKDGUDTUDUVI
L ENS KL §F G S L * E K MVTMTIL S
W R T QS * VL VRYEI K RW®*RCYUL

20281 TTCAGCCGAACAGACAGCCTATGCTCAAGCCATTACTGGAGCCCACAAGGTAATCTAGGT 20340
F $ R TD S L C S S H YW S P Q GNLG
S A EQ TAYAQAITA G AUHIKUVI * YV
Q P N RQ P ML KPLULEZPTIR®™* S RW

20341 GGTAATTGCGCGGGTAATGTCATTGGTAATGATGCTCTAACACGTTTTACTATCTTTACT 20400
G N CAGVNUVIGNDA ALTRUPFTTIFT
v I ARV MSLVMMILT®*UHUYVLULSTILIL
* L, R G * C HW * * C S NTU FY YL Y S

20401 CAGAGTCGTGTATTGTCAAGTTTTGAACCTCGCTCAGATTTAGAACGGGATTTTATTGAT 20460
Q S R VL S S F EPRSDILETRUDTFTID
RV VY CQVLNILAQTIM®*"NGTIULILI
E S CI VKV F*TSULURVFZRTUGUFY * Y

20461 ATGGATGATAATCTGTTTATTGCTAAATATGGTTTAGAAGACTATGCATTTGATCATATA 20520
M DDUNULUFTIAIKYGTLETUDYA AT FTDHTI
W M I I ¢CLLLNMVYVY * KTMHLTITI*
G * + 3 vYy ¢C * I WPFRIRILTCTIT™* S Y S
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20521

20581

20641

20701

20761

20821

20881

20841

21001

GTTTATGGTAGTTTTAACCATAAAGTTATAGGAGGTTTGCATTTGCTTATAGGCTTATTT

VY GS FNHIEKVIGGLHULULTIGTLTF
FMVVLTII KTL®*EVYVYOCTIC CLO®™*AZYTF
L W * F * P * S YRRV FATFAYR RTULTIS

CGTAGGAAAARARRATCTAATTTGTTAATTCARGAGTTTTTACAGTATGATTCTAGTATT

R R K K XK §NIL LTI QEV FTULOQYUDS S I

v G K XK NL I ¢ * F K S F Y S M IUL VF
* E XK K I *F VN SRVYFTUV * F * Y 8§

CATTCATATTTTATTACTGATCAGGAGTGTGGTAGTAGTAAGAGTGTTIGTACAGTTATT
H S Y FITDSGQECGS S S KSVCTUVI
I HI L L L I RSV VYV VRVYVY F YV QULL
F I F Y Y * S GV W * *» * E CUL Y § Y *

GATTTATTATTAGATGATTTTGTTTCTATTGTTAAGTCATTAARTTTGAGTTGTGTTAGT
D L L L DDPF V S I VK SULNULSZSTUCUV S
I YYy *M™M I L FLLLSH™*TI®*V VLYV
F I I R * F C F Y C * Vv I K F EL C *» *

AAAGTTGTTAATATTAATGTTGATTTTAAGGATTTTCAATTTATGTTGTGGTGTAATGAT

K VV NINV VDT FIEKDTFQFMULWCND
K L L ILMULTIULUZERTIUV FNULTCTC CSGUVMI
s ¢C * Yy *» ¢ * F * G F § I Y V V V * * =*

AATAARATTATGACTTTTTATCCTAAAATGCAAGCCACTAATGATTGGAAACCTGGCTAT
N K I M TF Y P KMQATNUDWIEKUPG Y
I KL * L P I L KCKPULMTIGNUILA ATI
* N YD F L 8§ *NA S H®* * L ETWULF

TCTATGCCTGTTTTGTATAAGTATTTGAATGTTCCATTAGAGAGAGTCTCTTTATGGAAT

S M P VL Y KYLNWVUPILEI RV SLWN

L ¢LFCI ST *MFHT* RESTULYGCGTI
Y ACF VvV * VF ETCSTIWRESTLTFMEL

TATGGTAAACCTATTAATTTGCCTACAGGCTGTATGATGAATGTTGCTAAGTACACTCAA

Yy 66 K P I NL PTGCMMNUVAIKYTQ
M VNLILTICLGQAV * * MULUL STTULN
w * T Y * FP A YRUL Y DECTC™* V H S I

TTATGTCAGTATTTGAATACTACAACATTAGCTGTTCCTGTTAATATGCGTGTTTTACAT

L ¢ QYL NTTTULAVY PV NMRUYVILH
Yy vs1I1I * I L QH* L F L LI CVVFYTI
M §S vV F EY YNISCSCGC®*XYACTFTTF
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21061 TTAGGTGCAGGGTCTGATAARGAAGTAGCTCCAGGTTCTGCTGTTTTAAGACAGTGGTTA 21120
L 6 AGSDIXZEVAPGSAVILRZO QWL
* Vv Qg 6L I KK *LQVLTZLTFS®*DSGY
R CRV®* * RS S SRTFTCCTFTI KTUVUVT

21121 CCATCTGGTAGTATTCTTGTAGATAATGATTTAAACCCATTTGTTAGCGATAGTTTAGTT 21180
P $ ¢ 8 I L VDUNDILNU®PFVSDS LV
H L VVPFL*IMTIOZX*XTHTULIULATIUV®*L
I W * Y § CR * * F K P I C®* R * F S8 Y

21181 . ACTTATTTTGGAGATTGTATGACTTTACCATTTGATTGTCATTGGGATTTGATAATATCT 21240
T Y F GD ¢CMTULUPFDCHWDULTITIS
L I L EI V *L YHL I VIGTI* * Y L
L FWRULYDV FTTI * L 8L GFDDNTI *

21241 GATATGTATGATCCTCTTACTAAAAATATTGGTGATTATAATGTGAGTAAGCATGGGTTT 21300
DM YDUPULTI KNDNTIGDU YNV VS KTDGF
1 CM I LLLXIULVITIM®*XV VRMGTF
Y Vv * $ § Y * K YW *L * CE * G WV F

21301 TTTACTTACATTTGTCATTTAATTCGTGATAAATTATCTTTGGGTGGTAGTGTAGCTATA 21360
F T Y I ¢ HL I RDI KUL S L GG S8 V A I
L L TFV I * F VINZYLWUVV YV * L *
Y L H L S F NS * * I I F G W * C S Y K

21361 AAAATTACAGAGTTTTCTTGGAATGCTGATTTATATAAATTAATGAGTTGTTTTGCATTT 21420
K I T E F S WNADYU LY KU LMSCTFAF
K L ¢ $ P L 6M1L I Y INT®* * YV V L HTF
N YRV FLEC®*TFTI * I NZEULTFOCTIL

21421 TGGACAGTTTTTTGTACTAATGTAAATGCTTCTTCTAGTGAAGGGTTTTTAATAGGTATA 21480
W TV FCTNUVNA AS S5 S EGVFUL I G I
G Q F F VLM *MILULULV K GF *» *» vV
D 8 FP LY * CKCTFVF * ¥ RV FNUZRYK

21481 AATTACCTGGGTAAATCTTCTTTTGAAATAGATGGCAATGTTATGCATGCTAACTATTTG 21540
N YL G K S S FETIUDSGNVMHEANTYIL
I T WUV DNILJLTVLIEKO®*MAMTLTCGCMTZLTTIC
L PG * I FF *NRWOQCYAC™*LF V

21541 TTTTGGAGAAATAGTACAACATGGAATGGCGGTGCTTATAGTTTATTTGATATGACTAAA 21600
F WR NS TTWNGGA AYSLFDMMT K
F 6 EI VQHGMAVYVYLIVYULTI* L N
L E X * Y NMEWHPRTC CLT®* F I * ¥ D *» I
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21601 TTTTCTTTGARATTGGCTGGCACTGCTGTTGTTAAT TTAAGACCAGATCAATTARATGAT 21660
F S L KL AGTA AV YV NTLTZ RZPDOGQLND
F L * NW L ALULULULTI®*DOQTIN®*MI
F FEIGWHT CCTCR®*T FI KT RSTIIK™*F

21661 TTAGTTTATTCTCTTATTGAAAGAGGTAAATTATTAGT TCGCGATACGCGTARAGAGATT 21720
L VY S LI ERGIZ KT LULV VU RDTRIKETI
+ P I L L L X E V NY * F A I RV KRF
S L F S Y * KR* I I $ S8 RYA* RDF

21721 TTTGTTGCTGATAGTCTTGTAAATACTTGTTAGAT CTCATTAAATCTAAACTATGTTAAT 21780
F VvV ¢ D SLVNTTCH®*TISULNUILNYVN
L L VvV IVDL * I LV RSH®*TI*TMILI
C W * * § C K YL LDJULTIUZ KS S KTILTZ C™* L

21781 TATTTTTTTATTTTTTTATTTCTGTTATGGTTTTAATGAACCTCTTARTGTTGTGTCTCA 21840
Yy F P I FPL P LLWF* *x TS * CCV S
I F L FFYFCYGPFUNZEZ®PILNVVSH
F F Y FPF I S VMVLMVNILILMMILTE CTULTI

21841 TTTAAACCATGACTGGTTTTTATTTGGTGATAGTCGTTCTGATTGTARCCATATTAATAA 21900
F K P * L V " I W * * 8§ F * L * P Y * *
L N H D W FULVFGDSURSDCDNUHINN
* T M T 6 F Y L VIV VLTIVVTTIZLTITI

21901 TTTAAAAATTAAAAATTTTGATTATTTGGATATTCACCCTAGTTTGTGCAACARTGGTRA 21960
F KN * KF * L F G Y S P * F V Q Q W *
L K I KNVFDJYULDTIHUEPZ SILCNDNNGK
* ¥ L K I L I I w I FTULVCATMUYVR

21961 GATTTCATCTAGTGCCGGTGATTCTATTTTTAAGAGTTTTCATTTCACTCGATTTTATAA 22020
D F I * CR * F YV F *EF S F HS IUL *
I S S $AGDS1I1IVF K SV FHFTRTFYN
F HL v PV I L FLRVYVF I SULDFTII

22021 TTACACTGGCGAAGGTGATCAAATTATTTTTTATGAGGGTGTTAATTTTAATCCTTATCA 22080
L HWRUR®* 8§ N Y F L * G C * F * S8 L S
Yy TGEGDOQIIFYEGVNTFNZPYH
T L. A KV I KLPFFMURUVILIULTIULTITI

22081 TAGATTTAAGTGTTTTCCTAATGGTAGTARTGATGTATGGCTTCTTAACAAGGTAAGATT 22140
* T * VvV F § * W * = * C M A S * Q G K I
R F X CF PNGSNDVWIULLNIKU VR RF
D L S VFLMVVMMYGTFULTHR™*DTF
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22141 TTATCGTGCCTTATATTCTAATATGGCCTTTTTTCGTTATCTTACTTTTGTTGATATTCC 22200
L S ¢CLIF * Y GLVF SL S YV FC®™*YS
Y R ALY SNMATFT FRYULTTFVDTIFP
1 VvV P Y I LI WPFUFUVITLILILILTITFIL

22201 TTATAATGTTTCTCTTICTAAGTTTAATTCTTGTAARAGTGATATTTTATCACTTARCAA 22260
L * CF SF * vV * FL * K * Y FIT* Q
Y NV SL S K FNSCZKSDTIULSTULNN
I M FL FL S$U1LIULVZE KV IFYHLTI

22261 TCCTATTTTTATTAATTATTCTAAGGAAGTTTATTTTACTTTATTAGGTTGTTCTCTTTA 22320
S YF Y * L F *GSLFYVFTII RIULTFSIL
P I F I N Y S KEUVYTFTULULSGTCSTILY
L F L L I I LRIEKVPFTIULULY*V VLFI

22321 TTTAGTACCGCTTTGCCTTTTTAAATCTAACTTTAGTCAGTACTATTATARCATAGATAC 22380
F S TALPPF * I * L * 8§ V L L * HRY
L VPLCLF K SNVFS QY Y Y NTIUDT
* YR FAFLNULTULVSTTITIT=*TIIL

22381 TGECTCTGTTTATGGTTTTTCTAATGTTGTTTATCCTGATTTAGACTGTATTTATATTTC 22440
WL CLWPFUPF®*CCLS®* FRULYULYTF
¢ S VY GF SNV VY PDULDOCTIYTIS
AL FMVFLMILTFTIZLTI®*TUVZFIFL

22441 TCTTAAACCAGGTTCTTATARAGTTTCCACCACTGCACCTTTTTTATCCTTACCTACTAA 22500
g * TR FL * § FHHCTT FZ FTIULTY *
L K P G S Y KVSsSTTAPVFILSULPTK
LNQVLIIKT FPPILHTILTFYZPYUILUL K

22501 AGCTCTCTGTTTTGATAAATCTAAACAATTTGTACCTGTACAGGTTGTTGATTCTAGATG 22560
§ 8 L F + *» I » T I CTU CTGO C* F * M
AL CFDIKSKOQPFPVPVQVVDSTZ RW
L 8 VvV L IDNULUNNILTYZLYHZRUILILTIILDG

22561 GAACAACGAGCGTGCCTCAGATATTTCTTTATCTGTTGCATGTCAATTGCCATATTGTTA 22620
EQRACLRYU FFICCMSIATITULTL
N NERASDTISL SVACOQLZPYTZCY
T T $ VP Q I FL YL LHVYVNUCHTIUVI

22621 TTTTCGCAATTCTTCTGCTAATTATGTTGGCAAGTATGATATTAACCACGGTGATAGTGG 22680
F S Q F FC* L CWQV * Y * PR * * W
F R N S S AN Y VG KYDTINUHTGTDSG
FAIULULIULTIMLASMTITLTTUVTIUVYV
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22681

22741

22801

22861

22921

22981

23041

23101

23161

TTTTATTTCTATTTTATCTGGTCTTTTATATAATGTTTCTTGTATTTCATATTATGGTGT
F YFYF I WS FI * CFULYT FTITLWSC
F I §$ 1 L §$ GG L L YN YV S CISY YOGV
L F L FYVLUVFYIMPFULVFHIMYVY

ATTTTTATATGATAATTTTACATCCATTTGGCCCTATTATTCTTTTGGTAGGTGTCCTAC
1 P I * * F Y I HULATULULVFUFW * V 8 Y
F L YDWNU FPTSI WPY Y S F GRUCUPT
F Y M I I L HPF GPI I L LV GV LH

ATCTTCTATTATTARACATCCAATTTGTGTTTATGATTTTTTGCCTATTATTTTACAAGG
I FY Y * TS VNUILGCL®* FFAY Y F TR
$ s I 1 K HP I CVYDTFULU®PTITIULZGQSG
L L L L NI Q FVFMTIUV FTCLULTFYKUV

TATTTTATTATGTTTAGCTTTACTTTTTIGTTGTTTTTCTATTATTTTTGTTATATAACGA
Y F I M F 8§ FTVPFOC¢CCPF S8 ITIV FVTI * R
I L L ¢LALULVFVV FLULFULLYND
F Y YV * L Y FLL FVFYYUFCYITI

TAAATCTCATTAAATCTAAACATGTTATTAATTATTTTTATTTTGCCTACAACATTAGCT

* T § L N L NMLUL I IUFTIULUPTTULA
K 8§ H *+ I # T CY * L F L FCULQH* L
N L I K §$ KHVINJYVFYUFHAYNTISSZC

GTTATAGGTGATTTTAATTGTACTAATTTTGCTATTAATGATTTAAACACCACAGTTCCT

v I G D FNICTNTFA ATINDUZLNTTV P
L * v I L I VLIULULULMTIM®*T?PAGQTFL
Y R * F * L Y * F ¢ Y *» * F KHH S S 8§

CGCATAAGTGAGTATGTTGTGGATGTTTCTTATGGTTTGGGTACATATTATATACTTGAT

R I S E Y V VDV SYGULGTYYTIULD
A * V S ML WMTFULMUYV WV HTITIZYTLI
H K * VvV CCGCVFULWFGYIULYT™* S

CGTGTTTATTTAAATACTACTATATTATTTACTGGTTATTTCCCTAAATCTGGTGCCAAT

R VYL NTTIULVFTSGYF FPIK S GAN

v FI * I LLYYLULVISULNULWVPI
C L FKYYYTITIJYWLUFPO™*IWCOQTF

TTTAGGGATCTATCTTTAAARAGGTACTACATATTTGAGTACTCTTTGGTATCAGAAACCC

FRDLSL KGTTZ YULSTULWYOQKP
L G I YL * KV ULHTIT* VULV FSGTIURNDNFP
* G $ I F K R Y Y I F EVY S ULV S ETL
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23221

23281

23341

23401

23461

23521

23581

23641

23701

TTTTTATCTGATTTTAATAARTGGTATTTTTTCTAGAGTTAAGAATACTAAGTTGTATGTT

F L §S$DF NNGTIUV FSURVIKNTIKILYYV
F YL I L I MV FV FULETLIRTIILSTZCMIL
F I * F * * W Y F F * S8 * E Y * V V C *

AATAAAACTTTGTATAGTGAGTTTAGTACTATAGTTATAGGTAGTGTTTTTATTARCAAC

N K TLYSETFSTTIUVIGSVFTINTN
I K L CIVsS$SLVL *L *VVFULULTT
* N F V * *» V +# Yy Y 8 YR * C F Y * Q L

TCTTATACTATTGTTGTTCAACCTCATAATGETGTTTTGGAGATTACAGCTTGTCAATAC

S ¥ TIVVQPUHNGVYVLETITH AZEGCOQY

L I L L L FNLTIMV VU FUW®WIRILOQLVNT
L YY ¢C ST S * WwC¢F GDJY S L S IH

ACTATGTGTGAGTATCCTCATACTATTTGTAAATCTAAACGTAGTTCTCGTAATGAATCT
T M CE Y P HTTTI CZ K S KG S S8 RNE S
L ¢CVS$IULILFVNILI KU VVLVMNIL
Y Vv * v §$ S YY&©L * I * R * F 8§ * * I L

TGGCATTTTGATAAATCTGAACCTTIGTGTCTGTTCAAGAAARATTTTACTTATAATGTT

W H F D K S EPLCULTFEKI KNP FTYNUV
¢ I L I ¥N L NL CV CSRIZEKXIULILTIMTF
A F * x I »~T F V SV QEI KT FYUL®* CF

TCTACAGATTGGTTGTATTTTCATTITTATCAAGAACGTGGCACTTTTTATGCTTATTAT

S T DWIULYPFHVFYQEURGTUFYATYY
L Q I 6 ¢ I FIF I KNUVATLT FMILTIM
Y R L VVF S FLSRTWHT FPTLCLILC

GCTGATTCTGGCATGCCTACTACTTTTTTATTTAGTTTGTATCTTGGTACTCTTTTATCT

A D S G MUPTTV FULVPFSLYULGTTULTUL S
L I L ACLULULFPF YLV CTIULVILTFYL
* F W HA Y Y F F I * FV S WY S FI S

CATTATTATGTTTTGCCTTTGACTTGTAATGCTATATCTTCTAATACTGATAATGAGACT
HY YVULPLTT CNA ATISSNTUDNET
I I M F L *L VMILYULILTIUDLIMRBRIEL
L L ¢ FAPFDIUL * CY I F * Y *x * * D F

TTACAATATTGGGTCACACCTTTGTCTAAACGCCAATATCTTCTTARATTTGACAACCGT

L Q YWV TUPULS KRQYLTULIKPFUDUNR

Y NI 6 S HL CL NANTIUV FULNILTTV
T I L GHTV FV*T&®P1IsSsS s *I * Q P W
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23761 GGTCTTATTACTAATGCTGTTGATTGTTCTAGTAGTTTCTTTAGCGAGATTCAATGTAAA 23820
G VITNAVDTCSS S FF S E1I Q CK
vV L L L M L L I VL VYV SLARVFNUVK
c Y Y *»¢C>*L F * * F L * RDSM*N

23821 ACTAAATCTTTATTACCTAATACTGGTGTTTATGACTTATCTGGTTTTACTGTTAAGCCT 23880
T K S L L P NTGVYDULJSGVFTUVIKP
L N L ¥YLIULVFMTY YULUVTILILILSIL
* I F I T * Y W CL * L I WPF Y C* A C

23881 GTTGCAACTGTACATCGTCGTATTCCTGATTTACCTGATTGTGACATTGATARATGGCTT 23940
VATV VHRI RTIUPDILZ®PDU CDTIUDI KWL
L QL ¥YI VUV F LI YULTIUVTU LTIUNSGITL
c N CTSSYS§=* F T * L * H * * M A *

23941 AACAATTTTAATGTACCCTCACCTCTTAATTGGGARCGTAARAATTTTTTCTAATTGCAAC 24000
N N F N VP S PLNUWERIEKTIUFZ SNT CN
T I L M YPHLLTIGNVI KT FTFULTIA AT
Q F*CTLTS S *L GT * NFF * L QL

24001 TTTAATTTGAGTACTTTGCTTCGTTTAGTICATACTGATTCTTTTTCTTGTAATAATTTT 24060
F NL STULULRULVHTUDSU FS CNNF
L I *vVvVL CPF VvV +* F I L IULFULVITITL
* F E Y F A S F S § Y * F F F L * * F *

24061 GATGAATCTAAGATATATGGTAGTTGTTTTAAGAGTATTGTTTTAGATAAATTTGCCATA 24120
DE S K1Y G S CUVPFIKSTI VLD KT FAI
M NL RY MV VYV LRVYVILVF*INILUPY
* I ~ p I W * L F * E Y ¢ F R * I CHT

24121 CCCAACTCCAGACGATCTCATTIGCAGTTCGGCAGTTCTGGTTTTCTGCAATCTTCTAAT 24180
P N S RRSDULQLGSS GV FULGQS SN
P T PDDILTICSWAVLVFUCNILTULI
Q_L Q T1I1I * FAVYV GQVFWFSAITF * L

24181 TATAAAATTGACACTACTTCTAGTTCTTGTCAATTGTATTATAGTTTGCCTGCAATTAAT 24240
Y K I bTTS S S S CQUL Y Y S L PATIN
I KL T&LULULVLVNCTITIUVCLQTLM
* N * HY F * FL §I VL *FA AT CN™*ZC

24241 GTTACTATTAATRATTATAATCCTTCTTCTTGGAATAGAAGGTATGGTTTTAATAATTTT 24300
vV T I NNJYUNUPS S WNU RRYGVFNNF
L L L I I I I LLULGIEGMUVYVLITIL
Yy Y * * L * § F F L E * KV WUF * *x F *

FIG.2 CONT'D



U.S. Patent Jun. 30,2009  Sheet 47 of 119 US 7,553,944 B2

24301

24361

24421

24481

24541

24601

24661

24721

24781

AATTTGAGCTCTCATAGTGTTGTTTACTCACGTTATTGTTTTTCTGTTAATAATACTTTT
N L §$ S HSVVYSURYCFS§VNNTF
I *A L I VL FTUHVYVY IV FLULTITITULTF
F EL §* CCULULTLULFUPFC™** Y F L

TGTCCTTCTCCTAAACCTTCTTTTGCTTCAAGTTGCAAGAGTCATARACCACCTTCTGCT

¢ P CA KPS F AS S C XK S HIKUPUP S A

VL VLNILILILULQVAIRUYVINU HILILL
s L¢*TV FF CVF KL QES* T TTF CF

TCCTGTCCTATTGGTACTAATTATCGTTCTTGTGAGAGTACTACTGTACTCGACCACACT
s ¢ pP I GTNYURSCESTTV L DHT
P VL L VLITIUVLVERVYVILILYSTTL
L $§$ YWY *L S FL * EYYCTUR P H *

GACTGGTGTAGGTGTTCTTGTTTACCTGATCCTATAACTGCTTATGACCCTAGGTCTTGT

D WCRICSCLU®PDUZ®PTITA AYUDU&PTRSC

T 6 VVLVYLIUL®*ULULMTULGTILYV
L V*V FL FT*SYNTCL * P * V L F

TCTCAARAAAAGTCTCTGGTTGGTGTTGGTGAACATTGTGCAGGGTTCGGTGTTGATGAR

S Q K K §$ L VG VGEUHTCR AGTFG GV DE
L K K $S L WUILUVLUVNTIUVQSOGS VLMK
$§ K KV 8§ G WECWO*TULCRVYV RC * * R

GAAAAGTGTGGTGTATTGGATGGATCATATAATGTTTCTTGTCTTTGTAGTACTGATGCC

E K CGVLDGS YNV S CL CS T DA
K $s v v YWMUDUHTIMTFULVVFVV L MF?P
K VW CI GWITI* ¢CFUL S UL * Y * CL

TTTCTAGGTTGGTCTTATGACACTTGCGTCAGTAACAACCGTTGTAATATTTTTTCTAAT
F L G WS YDTU CVSNUNRTEGCUNTITFSN
F *» v ¢ LM T?LASVTTUVVIVFZFULI
S R L VL *HULRQ *Q P L * Y F F * F

TTTATTTTAAARTGGTATCAATAGTGGTACCACTTGTTCTAATGATTTATTGCAGCCTAAT

F I L NGI N SGTTUGCSNDILULUGQUPN
L F*+*MYVSs§$I VV?PLVLMTIZYCCSTILI
Y F K WY Q * WYHULTF*  F I A A * Y

ACTGAAGTTTTTACTGATGTTTGTGTTGATTACGACCTTTATGGTATTACAGGACAAGGT

T E V FT DUV CVDYDULZYGITG GO QG

L K F LLMF VLITTV FMVILAGQDIKYV
* § F Y * ¢ L C* L RPUILWYYURTRY
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24841 ATTTTTARAGAAGTTTCTGCTGTTTATTATAATAGTTGGCARAATCTTTTGTATGATTCT 24900
I F XK EV S AV Y YNSWOQNTULTLYTD S
F L KK F L L F I I I VGKTIFCMTIIU.L
F * R S P CCLUL ** L A KSFV * F *

24901 AATGGCAACATTATTGGTTITAAAGATTTTGTTACTAATAARACATATAATATTTTCCCT 24960
N ¢ N I I ¢ F KDUPFUVTNIKTYNTITFP
M A TULUL VL K IULULULTII KU HTITITFSTIL
W QH Y WU F* RV FCY** NTI™*YTFUPTL

24961 TGTTATGCAGGAAGAGTTTCTGCTGCTTTTCATCAAAATGCTTCCTCTTTGGCTTTACTT 25020
C YAGU RV S AAVFHAO QN ASSULATLIL
vV M QEEF L L L FI KMULUPULWLYTF
L ¢ R K S8 F CCPFSS KOCFLTFGTFTIL

25021 TATCGTAATTTAAAATGTAGCTATGTTTTGAATAATATTTCTTTAACTACTCAGCCATAT 25080
Y R NL KCS Y VLNWNTIZ SULTTZQE®PY
I VI * NV AMTPF=* 11 I FUL * L L S HTI
s * F KM *LCFE®* YV FFUNJYSATITF

25081 TTTGATAGTTATCTTGGTTGCGTTTTTAATGCTGATAATTTAACTGATTATTCTGTTTCT 25140
F DSYULGCVFNADNILTUDY SV S
L I Vv I L VAPFILMULTITIO®*TILTITIULTFUL
* * L, S WLRTF > C*»* FN=*LFCTFTF

25141 TCTTGTGCTCTTCGCATGEGTAGTGGTTTTTGTGTTGATTATAACTCACCTTCTTCTTCC 25200
S ¢CALRMGSGT FCVDYNSUPS S S
L VL FAWVY VYV PFPVLITIT THILILILTFP
L ¢CS SHG™* W FULC®*TL*DLTT FFF L

25201 TCTTCGCGTCGTAAACGTAGAAGTATTTCTGCTTCTTATCGTTTTGTTACTTTTGAACCC 25260
S S RREKURRSTISASYURYFUVTTFEFP
L RV VNV VEV FLULULIUVILILZLTILTJNTP
F A S *T * XY FCVFULST FCYF*TL

25261 TTTAATGTCAGTTTTGTTAATGACAGTATTGAGTCTGTGGGTGGTCTTTATGAGATCAAA 25320
F NV S FVNDSTIESVGGLYETIK
L M $ VL LM TVUL S LWV YV F MRS K
* ¢ Q F C * * QY * VvV CGW S L *D QN

25321 ATTCCCACTAACTTTACTATAGTTGGTCAAGAGGAATTTATTCAAACTAATTCTCCTARA 25380
I PTNVFTTIVGQETETFTIQTNDNSUPK
F P L T L VL * L V XKRNUILTFIKTULTITULTULK
S H * L Y Y S W SRGTI Y SN*F S * 5
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25381 GTTACTATTGATTGTTCTTTATTTGTCTGTTCTAATTATGCAGCTTGCCATGACTTATTG 25440
VTIDGCSIULTFVCSNYA AARACHUDTLTL
L L LI VL YULSVLIMOQLAMTTYC
Yy Y+ L FF I CLF*LCSLUP* LTIV

25441 TCAGAGTATGGCACTTTTTGTGATAATATTAATAGTATTT TAGATGAAGTTAATGGTTTA 25500
S EY GTF CDNUNTINSTIILUDEUVNGHL
Q s MALF VY I IULIVF*MZEKULMVUVY
R VWHU FL * * Y * *» Y FR™* S * WV FT

25501 CTTGATACTACTCAATTGCATGTAGCTGATACTCTTATGCAAGGTGTCACACTTAGCTCC 25560
L DTTQULHVYVADTTLMQGUVTTULS S
L I L L N CM*L I LILCUZ XUV S HULA AP
* Y Y S I A CS *YSYAURTCHT*L Q

25561 AATCTTAATACTAATTIGCATTTTGATGTTGATAATATTAATTTTAAATCCCTAGTTGGA 25620
N L NTNULHPFDVDNTINTFI KSTILUVG
1 LI LICIULLMULITIULTIULNU®P®*TLD
§ +# Y * P AF * C * * Yy * F *x I P S W M

25621 TGTTTAGGTCCACACTGCGETTCTTCTTCTCGTTCTTTTTTTGAAGATTTATTGTTTGAC 25680
¢ LGP HCGSSSRSVFFEDTLILFD
vV * VHTAVLLLVLFILIKTIUYCLT
F RSTULURTEFTFFSFFF *RF IV * Q

25681 AAAGTTAAACTTTCAGATGTTCGTTTTCTTGAAGCTTATAACAATTGTACTGGTGGTAGT 25740
K VXK L S D v¢FVEA ARYNNTCTG GG S
K LN F ¢MLVLILZ KYZ ETITTIUVLVVYV
S * T FRCWPFC®*SUL * QL Y WW *» =

25741 GAAATTAGAGATCTTCTTTGTGTACAATCCTTTAATGGTATTAAAGTTTTGCCTCCTATT 25800
E I RDULULCUV QS FNGTIIKUVYVLZPZPTI
K L EI FFVYNUPULMVLI XU FOCULILF
N *R §$ 8L CTTITUL* WY * S FAZSYF

25801 TTGTCTGAATCTCAAATTTCTGGTTACACCACAGCCGCTACTGTTGCTGCTATGTTTCCA 25860
L S E $ QI s GYTTAATVAAMTPFP
C LNL KFLVTU®POQPULILLULULTCTFH
v * I § N F WILHHSU RYOCCOCYUV ST

25861 CCATGGTCAGCAGCAGCTGGCATACCATTTTCTCTTAATGTACAATATAGAATTAATGGT 25920
P WS AAAGTIUPTF S LNV QYRTINTNG
HGQ Q QL AYHPFILILMYW®NTITETLMV
M VS S S WHTTIVFS ¥ CTI * N * WF
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25921 TTGGGTGTTACTATGGATGTTCTTAATARAAATCAAAAGTTGATAGCTACTGCTTTTAAT 25980
L G VT MDVILNZEKNZ QI KT LTIATATFNVN
W VL L WMPFULTIIKTII KSO®** L UL L L I
G CYYGC S * * K8 KVDSYCF * *

25981 AATGCTCTTCTTTCTATTCAGAATGGTTTTAGTGCTACCAACTCTGCACTTGCTARAATA 26040
N AL L S I Q NGPF SATNSAULATIKI?I
M L F F LFRMVYV LV L PTILUHTULTILIEKY
C S S FYSEWF*CYQ@LCTZ GC®*NT

26041 CAAAGTGTTGTTAATTCTAATGCTCARGCACTTAATAGTTTGTTACAGCRATTATTTAAT 26100
Q S VVUNISNAOQ2Z2LNSILLOQOQLTFN
K VLL I LMULI KXKHLTIUVCYSNZYTLI
K ¢ ¢ *# F * s ST *» FVTATITI* *

26101 ARATTTGGTGCAATTAGTTCTTCTTTACAAGARATTTTATCTCGTCTCGATGCTTTAGAG 26160
K F A 1 8§88 8L QETIULSURULDA ATLE
N L VQLVLILYZE X XV FYULUVSMTZL*R
I WCN * PP FFTRNT FTIZSSURUCTFRG

26161 GCTCAGGTTCAGATTGATAGGCTTATTAATGGTCGTTTAACTGCTTTARATGCTTATGTC 26220
A QVQIDRULTINGRTILTATLNA Yy v
L R FRULIGLULMVYVYV * L L *MTLMS
S 6§ b * * A Y * WS FUNUGCTFZ KUCTLTZCIL

26221 TCTCAACAGCTTAGTGATATTTCTCTTGTAAAATTTGGTGCTGCTTTAGCTATGGAGAAG 26280
S Q QL $DI SL VKT FGAATLA AMEK
L NSL VIV FILL®*UNULVILZL®*ILWRR
S TA * * YF § CKIWCCTFSYGEG

26281 GTTAARTGAGTGTGTTARAAGTCAATCTCCTCGTATTAATTTTTGTGGTAATGGTAATCAT 26340
V N ECVEKSQS?PRTINTFZCGNGNH
L M § VL KUVUNILJILVLTIZFVVMUVII
x ¥ y ¢ ¥ X $8 I 8 S Y * F L W * W * § Y

26341 ATTTTGTCATTAGTTCAAAATGCTCCTTATGGTTTGTTGTTTATGCATTTTAGTTATARA 26400
I L $ L V QN AZPYGL L FMUHEFS YK
F CH* FKMLILMVCCLOCTIULUVTIN
F Vv I S §$ K C S LWUFUVVYATF* L *T

26401 CCTATTTCTTTTAAAACTGTTTTAGTAAGTCCTGGTTTGTGTATATCAGGTGATGTAGGT 26460
P I S F KTVULV SPGULOC CTISGDUVG
L FPLL KL P * * VL VCVYQVM*YV
vy F F *» NCF S K S5 w&PVYTIZR®*CRY
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26461

26521

26581

26641

26701

26761

26821

26881

26941

ATTGCACCTARACAAGGGTATTTTATTAARCATAATGATCATTGGATGTTCACTGGTAGT
I A P K QG Y F I KHNUDHWMMTFTG S
L HL NKG61IULULNTIMTITIG®GTCSTILVYV
¢c T * TRV PF Y * T * * S L DVHW* F

TCTTACTATTATCCTGAACCAATTTCAGATAAAAATGTTGTTTTTATGAATACTTGTTCT

s YYYPEUPTISDIEKNVYVYVFMNTOCS

L TIIULNOQTPFOQIKMULZFL®*TIIULVL
L L L 8§ * TNVJFIR®*KCZCTFYETYILTFC

GTTAATTTTACTAAAGCGCCTCTTGTTTATTTGAATCATTCTGTACCARARTTGTCTGAT

VNFTE XA AU PLVYILNUHSV?PKTILSD

¥ I L L KR L L F I * I I L ¥ QNUCULTI
*~ F Y * $ A S$SCLVFEZST FCTZI KTIUV®*F

TTTGAATCTGAGTTATCTCATTGGTTTAAAAATCAAACATCCATTGCGCCTARTTTGACT

F E S EL S HWVFKNAGQTSTIAUPNLT

L NL $ YL I GULIKTIIKEZPTZLR RILI®*L
* T *+ Vv I § L V * K S NTIHTCA®™*TFUDTF

TTAAATCTTCATACTATTAATGCTACTTTTTTAGATTTGTATTATGAGATGAATCTTATT
L N L HTIUNATUVFILUDULYYEMNTIULI
*+# T F I L L MLLPF I CTIMZPR®*TIULTF
K S 8§ YY * CYF FRPFVL *DESY S

CAAGAGTCTATTAAGTCTTTGAATAATAGTTATATCAATCTTAAAGATATAGGTACATAT

Q E S I K S L NN S Y INULZIKUDTIGTY

XK s L L §$ L * I I vISTIULIZKXTIX*XVVHM
R V Y * V FE * * L Y QS * RYRYTI *

GAAATGTATGTAAAATGGCCTTGGTATGTTTGGCTACTAATTTCTTTTTCATTTATAATA

E MYV KW P WY VWILILTISFSFTII

K CM * NGL GMFGY *F L F HUL * Y
N VCKMALUVYVCLATNTFFFTIYNDNI

TTCCTTGTATTGCTCTTTTTTATATGTIGTTGTACTGGTTGTGGTTCTGCATGTTTTAGT

F L VLLFPFTIOCCCTS GO CGSATCTF S

S LYCSPFULYVVVLVVYVILHVLYV
P ¢ I AL FYMULULYWILWZPFTC CMTF * *

AAATGTCATAATTGTTCTGATGAGTATGGTGGTCATCATGATTTTGTTATCAAAACATCT

K CHNCCDEYGGHIHDTFUVIIKTS

N VIV VMSMVVIMITILILSI KU HL
M 8§ * L L * *» V WWJS S * F CY Q VNTS
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27001

27061

27121

27181

27241

27301

27361

27421

27481

CATGATGATTAGAATCTCTTGTCAGATCTCATTAAATCTAAACTTTATTTATGGACGTTT

HDD* NLUILSDU LTIUZXSIKULYULWTF

M M I RTISCOQTISLNULNTFTIZYSGRTL
* » , E 8 L VR SH* I * TLFMDUVUW

GGAGACCTAGCTACACACATTCTCTTGTTATTAGAGAATTTGGTGTTACARACCTTGAAG
G DL ATHTIULILTULLENTZ LVULOQTTULK
E T * L H T F § C Y * R I W CYK P * R
R P S ¥ THSLVIRETFGVYVYTNTLETD

ATTTGTGTCTAAAGTATAATTACTGTCAACCTATTGTTGCTTACTGTATTGTACCTTTAA
I ¢vVv > $s$I I TVNJLUJLTLVYVTVLYTUL *
F VS KV * L L $TYOCWIULILYZ CTF K
L ¢CL KYWNJYOCOQZPTIUVGYCTIVPULN

ATGTTTGGTGTCGCAAGTTTGGCAAATTTGCTTCTCACTTTACATTACGTAGTCACGATA
M F GV A SLANUILILTILTULHYVVTI
C L VS QVWOQTICFSULYTIT®*SRY
VvV W ¢C R KFGKFASHFTTULRSHDI

TTTCCCATAGTAATAATTTTGGTGTTGTAACTAGTTTTACTACTTATGGTAATACTGTTT

F p I VIIULVL*LVLILILMVYVYTITLTF
F P * * *» F W CCDNT* F Y YL W * Y CF
$ HS N NP GVVYTSF FTTYGUNTUV S

CTGAGGCTCTGTCTAGATTAGTTGAATCAGCTTCTGAATTTATTGTTTGGCGTGCAGAGG
L R L CLD®* L NQDLILNU LILTFGVYVQR
* @ CV * I ¢ * I § F * I Y CLATCTRG
E AV SRULVESAZASTETFTIUVWR®RAER

CACTTAATAAGTATGGTTGATTTATTTTTCAATGATACTGCTTGGTACATAGGACAGATT

H LI S MVDULVFTFNIDTA AWYTISGZ QTI
T * * V W L I Y F §$ M I L L G T * DR F
L N K Y G * F I FQ* Y CVLVHRTDF

TTAGTTTTAGTTTTATTTTGTCTTATTTCTTTAATCTTTGTTGTTGCTTTITTAGCAACT
L vVvVLVL FCLTISLTIUVFVVATFIULA AT
* F *» F Y F VL FUL* S LLUL L F * QL
S F §$ F I LSYVFFNILOGCCTCTFTFSNY

ATTAAGCTTTGTATGCAACTTTGTGGTTTTTGTAATTTCTTTATTATTTCACCTTCGGCT

I KL ¢CMQLCGT FOCNT FTFTITISUZPSA
L 8§ FVCNVPFVVFVISLLVFHTULTRIL
* AL YA TULWTPFUL* F LYY FTTFGUL
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27541

27601

27661

27721

27781

27841

27901

27961

28021

TACGTTTATAAAAGAGGTATGCAGTTGTATAAGTCTTATAGTGAACRAGTTATACCACCC

Y VY KR GMOQL Y K S Y S EQV I PP

T F I K EVCSCI SL I VNI KTLYHP
R L * KR YAV V * VL * * T S Y T TH

ACTTCAGATTATTTAATCTAAATCTAAACATTATGAATAAATCTTTTCTTCCTCAATTTA
T S DYL I *I *TUL *INULVFTFULNIL
L Q I I * S K S KHYE* I F S S S TIY¥Y
F RL FNULNULNTIMDNIEKS ST FTULZPOQTFT

CTTCTGATCAAGCTGTTACATTCTTARAAGAATGGAATTTCTCTTTGGGTGTAATACTAC

L L I KL LHS * KNG GTISIULWUV?*YY

F * § 8 ¢ ¥ I L KRMEUPFPTLUFGTCNTT
S DQAVTFULKEWNDNTFSUL GV I UL L

TTTTTATTACTATCATATTGCAGTTCGGTTATACGAGCCGTAGTATGTTTGTTTATCTTA
F L L L S YCS S VIR RAMYVYV CLTFTIIL
F Y Y Y HIAVU RULYE®P®*YV CULSY
F I T I I L QF GYTSURSMTFUVYZLTI

TCAAGATGATTATTCTTTGGCTTATGTGGCCATTGACTATCACCTTGACTATATTTAATT

S R *L FFG6GL CGH* L S P * L Y L I

Q DD Y SLAYVATIDYHTILDYTI®*TL
XK M I I L W L MWUPULTTITULTTITFNOC

GTTTTTATGCTTTGAATAATGCTTTTCTTGCATTTTCTATAGTGTTTACTATTATTTCTA
VFMUL *I MLV FLHPFULO®*CULULULTFL
F L ¢CFE* CF S CIUVFYSVYYYFY
F YA L NN AT FULATF S I UVFTTITIEISZSTI

TTGTTATATGGATTCTTTATTT TGTTAATAGTAT TCGGCTTTTTATTAGAACTGGCAGTT

L L YGUPFFILLIVF FGFULULETULARAY

C YMDSLPFC* * Y S A F Y * NWOQUL
v I W1I1IULYFVNJSTIRILTFTII RTGSW

GGTGGAGTTTTAATCCAGAGACCAATAATCTTATGTGTATTGATATGAAAGGCAAGATGT

G 6 VLIQ@R®PITIULOCVLTI?®*KA ATRSSEC
vV EF * S RDOQ™*SsS Y Vv Y * Y ERQDWV
W S F N PETNNULMTCTIUDMMZEKTGI KMTF

TTGTTAGGCCAGTTATTGAGGACTATCACACATTAACTGCTACTGTTATTCGTGGTCATC

L L 6 Q LLRTTITMHO*TLILILILFUV VI

Cc * AS§ Y * G L S HI NI CYOCYS WS S
v R P V I EDYHTULTA ATUVIURGIEHTL
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28081

28141

28201

28261

28321

28381

28441

28501

28561

TTTATATACAGGGTGTCAAACTTGGCACTGGTTATACTCTTTCAGATTTGCCCGTATATG

FI YRV SNULAULUVIULTFZGQTIOCPZYM

L YTGOCOQTWHWWLY S FRFARTIC
Yy I QG VKLGTOGYTULS§DUL P VYV

TTACTGTAGCTAAGGTGCAARGTACTTTGTACCTATAAACGTGCCTTTTTAGATARGTTAG

L L * L RCIKYPFUV?PINUVZPTF * I § *

Yy c 8§ *G A STULJ YL *TOCULFUR* VR
T vV A KV Q VL CT YK RATFULDI KTLTED

ATGTTAATAGTGGTTTTGCTGTTTTTGTTAAGTCTAAMAGTTGGTAACTATCGTTTACCGT
M L I V VL LPFULULSULIXULVTTIVUVYR
C * *+# W F CCVFC* vV * S W=* LS FTUV
V NS G FAUVV FV KSI KUYV GGNYRTLUPS

CTAGTAAACCTAGTGGTATGGATACTGCCTTGTTAAGAGCTTAAATCTAAACTATTAGGA
L VNL V V¥ IL PC*ETULIKSI KTILTLG
* * T * W Y G Y C L VK S L N LNY * D
S KPS GMDTAILULRAM®*TI®*TTIURM

TGTCTTATACTCCCGGTCATTATGCTGGAAGTAGAARGCTCCTCTGGARRTCGTTCAGGAA

c L I L PVIMILEUVEA AZPTLETIUVAJQE

vV L Y S RSLCWIEKM®*I KU LULWIKSFRN
S Y T PGHYAG SRS S S GNURSGI

TCCTCAAGARAACTTCTTGGGCTGACCAATCTGAGCGAAATTACCAAACCTTTAATAGARG
S S R K L L GL TNILSETITI X KU®PTULTIE
P QENPFLG®*PI * A KILZPNL®* *R
L K KT S WADI QS SERNDNYQTTFNRG

GCAGAAAAACCCAACCTAAATTCACTGTGTCTACTCAACCACAAGGAAATACTATCCCAL

A E K P NILDNSLOCLULNUHIKETITLSH
¢ XK NPT * I HCVY STTHZRIKYY?PT
R K T Q P K F TV S$TOGQUPQGNTTIUPH

ATTATTCCTGGTTCTCCGGGATCACTCAATTTCAARRAGGTAGAGACTTTAAATTTTCAG
I I PG S PG SLNVFIKI K YVETTULNTFQ
L FLVLRUDUHSTITS S XUR®*RUL* I FR
Y S W F S GITAOQTPFOQZKGRUDTFIKTF S D

ATGGTCAAGGAGTTCCCATTGCTTTCGGAGTACCCCCTTCTGAAGCAARAGGATATTGGT

M V X E F P LL S EYUPULULEKOQIZKDTIG
W S R S S HCF R STUPVF * § KURIULUV
6 Q GV PI AF GV PP S EAIKGYWY
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28621 ATAGACACAGCCGGCGTTCTTTTAAAACAGCTGATGGTCAACAAAAGCAGTTGTTACCGA 28680
I DT AGV VL L KQULMVNIKSSCYR
* T Q P A F F * N S * W S T KAV V TE
R HS R RS PF KT ADGUGQUGQ K QUL L PR

28681 GATGGTATTTCTACTATCTCGGTACCGGCCCATATGCCAATGCATCCTATGGTGAATCCC 28740
D G66I §$TTI 8§V P AHMPMHZPMUYVNTP
MV FLL 8$RYRU®PTIOCQOCTIULWS*TITP
W ¥ F Y YLGTOGPYANASYGE S L

28741 TCGAAGGGGTCTTCTGGGTTGCTAATCACCAAGCTGACACTTCTACTCCCTCCGATGTITT 28800
S K GS$S s 6G°LLITXULTULULULPPMTEF
R RGGLLGC* s P S *HF Y S5 L RCF
E GV FWVANUHU QA ADTSTUP S DV 8

28801 CGTCAAGGGATCCTACTACTCAAGAAGCTATCCCTACTAGGTTTCCGCCTGGTACGATTT 28860
R @ 66 I L L L K KL L L GF RUL VR F
vV KG S Y Y s RS Y P Y * V S§ A WY DF
S RDPTTOQEATIUPTRUFUPZPGTTIL

28861 TGCCTCAAGGCTATTATGTTGAAGGCTCAGCGRAGGTCTGCTTCTAATAGTCGACCAGGTT 28920
¢C L X A I MULI KA AOQETGULULTULTIVDOQUV
A S RLL C* RLRZEKWVCUPF*» * 5 TR F
P Q G Y Y VEG S GRS ASNSRUPG S

28921 CACGTTCTCAATCACGTGGACCCAATAATCGTTCATTAAGTAGAAGTAATTCTAATTTTA 28980
H VL NHVDUPIIVH®*YV EVIULTIIL
T F S I T W T QQ * S F I K * K * F * F *
R S Q S R GPUNNWRSTULSURSNGSNF R

28981 GACATTCAGATTCTATAGTAAAACCTGATATGGCTGATGAGATCGCTAATCTTGTTTTAG 29040
DI QI L * * NLIWULMUBERSULTITULTF *
T F R F Y S KT * Y G * * DR * & CF S
H s bDs I VK PDMADETIA ANTILUV L A

29041 CCAAGCTTGGTAAAGATTCTAAACCTCAGCRAGTCACTAAGCAAAATGCCAAGGAAATCA 29100
P S L V K IULNUILSI KJ STULSKMZPR RIEKS
Q AW *R F * TS A S§H* A KCQGNQ
K L G K DS K?PQ QVTI KIOQNA AIKETIHR

29101 GGCATAAAATTTTAACAAARCCTCGCCAAAAGCGAACTCCTAATAAACATTGTAATGTTC 29160
G I XK F * QNLAKSEULULTIWNTIUVMTEF
A * NF NKTS P KANS *» *» T L * C S
H K I L T KPRQ KRTUPNI KUHUC CNUVDQ
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29161 AACAGTGTTTTGGTAARAGAGGACCTTCTCAAARATTTTGETAATGCTGAAATGTTAAAGC 29220
N §$S VL VEKEDTZLTILZ KTITZLVMLIEKTEGC®™*S
T V FW * K RTVF S KU FW * C * NV KA
Q C F G KRGUPSQNVFGNAEWMMTLIKL

29221 TTGGTACTAATGATCCTCAGTTTCCTATTCTIGCAGAATTAGCTCCTACACCAGGTGCTT 29280
1 v LM I LS PFLPFLQNU®*ULLHZGQUVL
WYy * * S SV Ss§YSsS CRIGS& S Y TRICF
¢ T NDPQUVF PILAIETVLAZPTUPGATF

29281 TTTTCTTTGGTTCTAAATTAGACTTGGTTARAAGAGATTCCGAGGCTGACTCACCTGTTA 29340
F S L VLN™*TWIULIKETIU®PZRIULTHTLTL
F L WPF * I R LG * KRPFRG®* L TC *
F F GG S KL pL VKR RDSEA ATDSUPVK

29341 AAGATGTTTTTGAACTTCATTATTCTGG T CTATTAGGTTTGATAGTACTTTACCAGGCT 29400
X M F LN F I ILVLDLGULTIUVILYOQA
R CF * T 8L FWU FY * vV * + Y FTRL
D VF ELHY S GS I RPFDSTULUPGF

29401 TTGAGACAATTATGARAGTTCTTGRAGAGAATTTAAATGCTTACGTTAATTCTAATCAGA 29460
L R QL *# KFL KURTIM®*MILTULTIULTEIR
* D NY BE S S *REFI KO CLR®*F * §E
E T I MKV L EENTILNAYVUNSNAQ QN

29461 ACACTGATTCTGATTCGTTGAGTTCTAAACCTCAGCGTAAAAGAGGTGTTARACAATTAC 29520
T L I L I R * V L N L S V K EV L NNY
H * F *» F VEVF * T SA* KRC* TTIT
T D S D S L § 8 KP QRKURGVYV K QTLP

29521 CAGAACAGTTTGACTCTCTTAATTTAAGTGCTGGTACTCAGCACATTTCAAATGATTTTA 29580
Q N $ L TL LI * VL VL STV FOQMTIH:L
R T Vv * L 8§ * F K ¢CW Y S AHTFIK* F Y
E Q FDSLNULSAGTO QHTISNDTFT

29581 CTCCTGAGGATCATRGTTTACTTGCTACTCTTGATGATCCTTATGTAGAAGACTCTGTTG 29640
L L R I I VyYLILULILMIILMM®*IKTULIL
s *G6 § * F TCYS§*?™*S LCRU RULZCHC
P EDHSLILATILDTUDUPYV ETDS VA

29641 CTTAATGAGAATGAATCCTAATTCGACACTAGGTGGTAACCCCTCGCTATTATTCGGAAT 28700
L N EEN E S * F DT RW*PULATITIR RN
LM RMNZPNSTILG GG GNUZPSULULTFGTI
* »+ g *» I L I R H *V VvV TPIRY Y S E *
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29701 AGGACACTCTCTATCAGAATGAATTCTTGCTGTAATAACAGATAGAGTAGGTTGTITACAG 29760
R TL S I RMUNSU CCNNI R®* S RILULQ
G H S L SE *I1ILAVYITDHZRUYVGT CYR
D TL Y QUNUETFTLUL®*X* Qg I E*V VTD

29761 ACTATATATTAATTAGTAGARATTTTATATTTAGACATTTGATTGTTAGAGTAGITATAA 29820
T I Y * L VvV E I L ¥ L DI * L L E * L *
L Y I N * * XK FY I * TV FDTC®™®* S8 S8 Y K
Yy I L I $ R NJF I FRHELTIVRUYVY VIR

29821 GGTTTAGCTGTAGTATAAACGCCTCCGGGAAGAGCTATCAATTGTAGTGTTTAATATATA 29880
G L AV VY * TP PGRATILIUNTZCGCS SV * Y I
vV * L * ¥ K R LREZETLSI VYV VFNTISZY
F S C S I NA SGI XK SY QUL *CUL I Y I

29881 TATTAGTATATGATTGAAATTAATTATAGCCTTTTGGAGGAATTACAAAAAAAAAARAAA 29840
Y * YMI EINZYSULLETETULSQZKIKKK
I §$ I * L K L 1 I A F WRN Y X KKK K

L vV Y D * N * L * P F G G I TZ KZ KK KK

29941 AA 29942
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SEQ: 1 CTTATTCTCGCTTARCGCAGGCATGGCAGATAGTCGARTGCTAGAGAACAGTCTAGAGTA 60
Y S R I ADTSGDIUL KR RUDU RTULD *
I LA F QT RV T * * § VI EQ * I E
F L LS NRGYURIRUDAM®* S PRI KDSRM

61 ATTTAGATTTGAAAAATTTGTTCTAAGGGACAATAGGTACGAACACTCACACCARATTAG 120
* I + V K * VL NG T I WA Q S H P K I
N F RPF KK FUL I GQ * GHIKUHTHNL
L DL S KLU CSEU RWDNMDMSTTULTT * D

121 TATTAGAACATAAAATGARAAGGTGTGAAAAGTAGAGAGACGGTCACTGCACAACCAACAG 180
M I K Y KV KW VK * REAULSTNTT
* L R TN * K G CKED R QWHRT P Q
Y D Q I K S E V S KM EURGTV HQND

181 GAGTCGCAGGGAGGGTATCCAGCGTTACTAATTTTGGTCGTTTATGCCAGAGCCGAAGTT 240
R L T G GMUPURUL S *F WCTIWZ RUDTR RS *
G * R G E W L D CHNVFGAUFV TE A E
EADRGYTA AITIULUVILULYPURPIKIUL

241 CACCCGCGGTCTTAAAGCAACCGACGAAGGCCTACGTCGCCTCCTCAACCGATCAGGATA 300
T P A LI ENAAEUPUHULU®PUPTUP * D *
L P R W F KTUPOQKRICRIULULUGOQJSTR
H A GBS NI RIQS S G S AAS SN AULGTI

301 CTTCAGTCTACTCCCACCCAATACGGGGAGATGACCAGTTCGCTACCTTTCACAACCTAA 360
S T L HPHTTTIGR™®* QDILS P F HOQI
HL * I L TP * A GRS TUL®RUHTFTN S
F DS S P PNHGEUV P * A I S L T PN

361 GCAAATACTATTAGTACACTTCTATCTAACAGCGACGTAAGAACCTGTTCTTACCGTACA 420
R K HY DH S S LNUDSCEU QU VULTIAH
E NI I I MHL Y I T AR ANIKSULTFPM
T *s L * T F I 8 QRQMRUPUCSHTCT

421 CGTCAGTTTAGAATAGGCACTATAAAAACAAGTACTTCTAGATGTACAACATCTTCAAGA 480
AT L D * GH Y K QU EHTULUDUVHOQTULTULE
H L * I KDTTIWNI KNDNMMFPFTI*MNYFN
¢ b FRTIURSTIIKTO™®* S S RCTTSTR

481 TTGATTTTGTCGGCATTTCAGGCCATGCCGTTAAAATTAATTTAGTGGAAACGTATCGAA 540
L * FLRLTWRYO®PULI XU LM®™®* I VKA AY S
*S FCG Y L GTU R CN®*NUF * R Q M A
VL VATV FUDU®PVATIIKTIULIDSGIEKTCTEL K

FIG. 3
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541 CCCACCAARAGGATTTCCCATACAATACCCGAACAAGGCAAGTATGTTCTGATTTGCAAT 600
P HNE®*LTHO®*PSTGNMCS * VN
Q T T K R F P I NHAQET* VL S F T
P P K GL P Y TI P KNI RYETYL V L R *

601 ACAACATGTAGTAGAAAGATACTGATGTAGATGATGATTAAARACCACTTCTARAAARACCC 660
H Q Vv DDI K * S *# M *# « ¥ N Q H L N K P
I NY M M KR HS CR S S I KTT FTIZKDQ
T T C* R EI V VDUV VLI KU PSS KK P

661 AACCTAACATGGAAAACCAAAATACGGTAGAATACAAGTGTTTACCAAAGTTAAGACATC 720
N S QVKQN*AMI KU BHEHETGCITTETITRY
T PN Y R KT KHWIRTIWNUVFUPI KTILET
Q I T G K P K I G D * T * L H N * N Q0 L

721 CAARCATATAACTTCTCTCACTAAATTATTAAAGTTTAAAATTTAAACTACTAATACTAAA 780
T T Y QL 8 HN L L KL N * I Q HNHN
P Q I NF L TTI * Y N * I K F K I I I I
N Y I § S L 8 KI I EVF KULNS 8 * 8§ K

781 ATCACATCTTCTACGAATACGACTCCAAGTACGACTCGGATTTCCATTTATAAGTGTTTT 840
*H L L H K HQ P EHQAM*TILYINVF
K T Y FI SI 8L NMSULRT FTT FTI * L
L T™§ssA*AS T *ASGLPLY ECF

841 TCGRATACGAAATGAATCTGTTATAGCACCATAATTTGGGCATGARRAACATCTGGTCAT 900
L K HKXKV+* vVvI1IDUHY * VRV KQULGT
F s I s ** K SU5L I TT TNV FGYKI K YV L
A * A K 8L CYRU®PTIULGT TSI KT S W Y

901 ACCAACACTGATAAGACCATTTAATCGTCTAACAGAAGTTCGAATACCAGTAATAAGABA 960
H NH S N QY I LLNUDETLIKUHUDNN K
I T T VvV IRTV F>* CI T XUL S I TMTIR
P Q S * E P LN ASI QR R®M*XA*¥ P * x F K

961 CGTTCTATACTCTGTTTTCGTCAGACATACCGAACGGTTAACACTGAAACTATAACATCA 1020
A L Y S VFATQIAOQWNUHSOGQY QL
Q L I HS L L L RY P KOGTITU VI KTINY
¢ s I1LCFCDTH S ALUGQSI KX S I TT

1021 CCGARACCGTACATCAAGCACTAAGTGCTAAACAATACGCGGACGTCTGATATCGATGATA 1080
P K A KL EHN NV I Q * A G A S * L * =x
H S P M YNTTI * S KNHAGQTUL S Y § 8
A Q CTTW RS ERNTTI RIRTZCVYVIOAUV I
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1081 AACACCATAATTTATACAACGTGTTGGATGTCTTCTACATCATCTACCTCTACATCAATA 1140
K HY * I B Q VvV V * L L HL L HUL H L *
N T TWN F I NCLRU ECFTI VY YIS TI VYN
Q P I L YT ACGV VS STTSUPSTTTI

1141 TGCACTTGGACATGTAAATAATAGACGACTACGTTATCAARATTTCGAAGGATCAAACTA 1200
VHY QVUINTITIGOQGQUEHTLTLZEKTLGATES®*TJ NS
Y TFRYM™* * R S§ICYUNT®*TLEKTERTQ
R S 6 TCEKNDPDA ASA ATILITI KT FSGTLTZEKI

1201 CTTTCAATACTGAGTATACCTACTAAAAAGATAATTTAGATATATATTACAACTAAACAC 1260
$ L * S E Y PHNI K * *» I * I Y HOQUNT
HFNHSMUHTITII KT RNTFRYTITIUSNTIDZ®Q
F T I VvV » I § 8§ K E I LD I YL T S KH

1261 ACTAACACCAAAACAATACGTCATACCAATACATCTAACAAAATTACTATTAACACTAAA 1320
H NHNQ* A THWNUBHTULNWN®* H Y N HN
T I T T KDNHILITTIVYITUI KTITITITTI
S QP KTTICYUP* TS QKULSTLOQSK

1321 RATACCAACCCAAAGTCCATTATACTACCTACCARAAAGAACAGGTAACACAACATGTCA 1380
K HNP KL Y Y S PHNZ KU KTUDMTNTYTL
K I T PN * T TIHUHTITI KT RTWOQTTC
*P Q TEPILTITISPKEZ QG GNUHTZGQUVT

1381 AATACTGAGATCGCTTCAATTTCGGGTTAGTAGACCACAATAAGGACTTTTAGGACACAR 1440
K HS *RL *L GIMOQH™*EQFTDTUG QT
NI VRAFNTFG GTLO®*YTRTUNUNZ RTEFTITR RH
*$S EL S TULAWUDUDUZPTTI G S F GT N

1441 TAAATGATTATCATGACTATGACAATTGGTACTAAGAARATTAAACATACCAATARGACA 1500
I » * Y ¥ QY Q * G HUNZ KT®*NTIEHUNN Q
* K § I TSI SDNUVMITRIEKTETG GQTITTIR
N VL LV S§VTTLWSETZKTLTZEKTYT?P*TET

1501 GTGTGGTAAACCAAGAACATATATAACCAGCGGCGCAGGACCTARCACCTAAGGATATTA 1560
* VM QNI KYINTA ARAMADG GTITSTE * L
b CWEKTRTJYTIU®PRZ RTU R SOQZPNTR RY
VGNUPEOQOTI VY QDGIRGT?PNUHETIGTITI

1561 ATTTAGAAGTCAGTTCAGAATACTACTAAACCAAATAAGTCCACATCATCCAACATTTAG 1620
* 1 KL * T KHHNUP KNTULUHTULTULWNYI
N FR*DLIRTITITIGQNTIM®X>TTYJ YTTF
L DETULD™* S8 8 KT * EP TTUPOQTULD
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1621 ATAACAATTTCTTTGACGAGAATAATGAGTACGTGAAATGAATCTAATACAAGTTACATT 1680
*Q * L FQE* * EHV KSULNIEHEETIY
R NN PP 8§ S5 KNS MC KV * I I NL T
I T L S V A RTI V * A 8§ * K § » T » H L

1681 CACACCATTAGAACTTGTTTTAGTATAAGAACCGCAATTATTAAGAACCACATCCGTTGA 1740
T H Y D QV FDYEGQT RT®*JYNI KTYRAV
L TTIIKT FULTIMNI XA BANTITITR RUEPTUPTL
HPLRSCVF* I RPTULULETG QI HTLTCS

1741 CAACGAATTATCTCCACTAATATTATACGAAGATTTTTTATAACTGAACARACAATTCGC 1800
T A * Y L HN Y Y A EUL F Y Q ST Q * A
Q ¢ K I STTITITIHIEKT®*TFTIUNUVGQZ KTINIL
N $ L L PS * L I S RVFF I S KINTTULR

1801 AGCACGACTAAAACGAACGTTCAAACGTCAAACACCTCTACCAAAACATGGAAAARATCA 1860
DHQNOQI KU CTO QLI KHTLUHINGQUVIKTZKY
T TS I K § A L K CUHNT S I T K Y R K *
R A S KA QL DNAT QPSP KTGI KK S

1861 TCTACCAAATTARGGGGCATCAATAATAGATTAAGTCTCACCATAARAGARATGTAGAZA 1520
L HNUT1LEGYNNUDTULESHTYI KT R * MEZK
*» I T * NG TTTITI * NLTTNTETZKTCR
$§ P X I 6RL * * R I * L P I K KV D K

1921 CTACAGAGTTARAAGTGTTCTTCARAGACTATACACAAATTTTTACACATAARACAAATA 1980
S TE I KV L LEKZG QYTUNTULTPTTY KT *
Q HRLK* L FNURTIUHTS*TFHTNQQ X
I b * NE C S8 TZESTIHI KT FTIIHTIIEKNI

1981 CCTGTCTCAAAGTCAACGATGTAARATATATCTCGTAATACAATTATCCARCCAATGAGT 2040
P CLKULOQ@ * M K YL AUNUH™®* Y TP * E
HV 8N * NS CK I YL MTIIDNTIU PO OQOHUNS
$ L TETAVN™®* I S C* TULILNT VvV *

2041 TAAATTCAATAACCCATGATGTGAACAATTATTTTACCAATTAACCRAATTATGGTACAR 2100
I +TIPY * V Qg * Y F P * NT * Y ¥ T
L X L * ¢ T S C K NTIFHNTIUPIZ KTIGH
N L N NP V V S T UL L I TULQNILVUMNTN

2101 TCTACGATCACGTGGACGATGTCCGACCGAAGARATGGTTAATAACTTACCAGRARAACA 2160
L B*H VvV Q * L § A E KOGTITI S HUDEKDQOQ
*'I1 5 TCR S CAUPIKI KUVEL* QI TZKZK
S AL AGAV?P Q SR * WUHNUNT FU PR RIEKT

FIG. 3 CONT’D



U.S. Patent Jun. 30, 2009 Sheet 62 of 119 US 7,553,944 B2

2161

2221

2281

2341

2401

2461

2521

2581

2641

TCATAGAGTTCGGTTGAAATTAAAACAACGAAATTATGGACTAATACGATTTTAAAATCA
L I EL WS * NOQ 0 KL V Q NH * F K L
Y YR LGV K I KNS ®*YURTITISF N ¢+
T D * A L KL KTAI KTIUGS * A L I KT

ATTATTTAAAATGTGARARAAAATTCAATAATAATCTCACACAATGTCAACTACAARATTT
* ¥ I K C K K *» T I I L TH * L Q HZK KL
N I F X Vv S KK KL * * * L T NCUNTIN *
L L N *V K KL NNWNSHTUVTSTIKF

TCTATACGGACAAGAATTTTGATAATTACCAAATCAAACATAACATCCGTTATTCAARAT
L Y AQE * F * * HNILIKYQULCYTK
F I H RN KF S NI T®* NTNZYA ATITL K
s I T RULV ILPI KT QTITPUL L N *

ATTGCAATCATGTCCCAATTAAGGACCAAAACAAAATGGTACATTACGTGTCCTTGTTGT
YR * YL TLEIGQNGQI KV VMY HV P VYV

I v NTCUP* N RTI KWDNO™*WTTI CULF L
L T L Vv PNTIGUPI KT KU GUHLATZCSTCSOC

TTAAATAAAAAAACTTCCGCARCGTCTTAGACAATATCATCTTCTACTACAATAACTCTT
F KN K QLR QUILTIQ™* L L L HH * Q S
L NI KK FANU CVF RWUDNUY YU FIINIUNIL
I » K X s pPTASDTTITS S S T I S F

ACAGTTTAGAAGAAATAGTAGAATACTCATAACAGTTGGTGGATTTAGACATCTTTTTTA
H * I K K I MK KHTWUNUDWVV * I QL F F
I b FRR™®** R IULITULWI®RFRYF F
T L D E X DD * S Y Q * GGUL DTS F I

AACATAATATCTATTATACATGTACCCATTCACACCACTATTTAAAAAGGGATAACAGTA
K'Yy » L Y YTOCU®PYTUHUHYTIIKG* @Q *
N TN Y I I HV HTULTTTIF K EURNTD
Q I I s L I Y M PLHP S L DNIKUGTITM

CTTACTATTTTTATAAACAGAAAATCTAGTCCGAACCGCARAAGGTACACGTCCATCTTT
S HY F Y KD KILDUPI K ANIEDMMUHTLYF

H I I F I NT K * I L § P TI KWTTCT S
F s L F¥ I Q R K S * A QR KGHAUPULF

TCAATTAAAATTGCTCTTTGGACAACAATACCTCTAAGGCAGAAACTACTGTCAATTCCA
L * N *» R S V Q Q@ * P 8 E T K S S8 L * P
F NI KV L FRIDNUNUHLUNIRIR RIGQUHTCNTL
T L KL § F GTTTISTIOGDI KTIUVTTULT
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2701 ATACAAACTAAATCTAAGATGAAAACTACTATAAAATCCATTTCAAACRAGTCTTAAACT 2760
*T Q NL N * K QHY KL YL XNTILTIOQ
N HKTI®* IR S KTITINM®*XTT FNT* F K
I NS KS EV K S5 51 KPLTOQE S N S

2761 TCATCTTTTCCCACAATGACATCTACTAARACAACGACAACARACACTACGATATCTCTT 2820
L L FPH * QULHINZG QG QG QU QTEKTHIH®*TILS
FYFLTNS STYTITIZ KNS SEUNNTTISZYL
T SF PTVTSS KTA ATTGO QS SATISF

2B21 ACGAAATTTGAGAACATTTCTCGTAGGTCACCAACCAATAGTTCAAGCACGTAARAATTT 2880
H K L §$ K ¥ L A DUL P Q N DL EHMIEK L
I 8§ * VR T F L MWHNTTITULINTTCK *
A XKFEQULSESCGTTT P * * TRZ ANZKF

2881 ATTTGAATTACTCTTACAACAAATAAATAAACTACTCCGACCACTACTTCGTTACCGGAG 2940
Y Vv HS HQ KNI QHUPQUHUHETLTILUPR
I F KI L IWNNIO®*I XKXKIIULSTTIVFTCHG
L S L 8 FTT = KNS S AP S S A I A E

2941 AGCATACATAACATCAAAACGATAACTCCTACRACTTCTGCAATAGTCATCACTTCGACA 3000
E Y TNYKOQ * Q P H QULI R * * ¥ H L Q
R T HI TS K S NL I NF VNDTTTF S
R I Y QV KA a2ATISSTSSTIULULSA AT

3001 GCTTCTATGATAACTACCACAGCAACTTCTGTGATAATTACTGCTACTTCTACAACAATG 3060
R L Y * Q HHRIOQULTC®* *» HRUETLUHQ *
DFI SNTITTUDWUNUPU VS NIV VTIUZFTIWNN
s 8 VvI s P TTJZS SV IL S8 S S8 S TTV

3061 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3120
Q H CHREHELUH G Q®* Q HCHT®RIBHETLHQ *
$ TV IVIFTIDNINSTV VTIUYVTITFEFTINN
P SL S S S5 S8TTVEPESTLSS S STTV

3121 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3180
Q HC HRHUL HQ * Q K CHURUHTILIHQ *
$ TV IY I F I NNJSTUVYVTI VIV FTINN
P S L 8§ S8 8 TTJVUPSTLS S S S TTV

3181 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3240
Q HCHRHILHUOQ™* Q HCHRIEILIHQ *
s TV I VIV FIUNNSTUVIVIT FTINN
P S L S S§ & S TTUVUP SUL S S S STTV
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3241 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3300
Q HCHRUHILHGQG®* QHCHZ RUHTILH Q *
§$ TV I VIV FINNSTUVTIUVTITFTIUNN
P S LSS S S TTVPSL S S S S TTUV

3301 ACCACTGTTACTGCTACTTCTACRACAATGACCACTGTTACTGCTACTTCTACAACAATG 3360
Q HCHRUHLUHOGQG™* QHCHR RUHTLH Q *
§ TV?IVIVFIUNNSTUVTIUVTITFTINHN
P S L S S S 8 TTUVZPSTIL S S S5 S TTV

3361 ACCACTGTTACTGCTACTTCTACARCAATGACCACTGTTACTGCTACTTCTACAACAATG 3420
Q HCHRUEBLUHOQ™* Q HCHZ RIUHETLH Q *
§ TV IUVIF FIUNNS STV VTIUVTITFETINN
P S L S s s $TTV P SUL S S 85 S5 TTV

3421 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTATTGCTACTTCTCTARCAATG 3480
Q HCHRELIBHGEG™* QHCYREHETLSQ *
§ TV IV IFINUNJSTU VTIUVITFTULNEN
P $§ LS 8 85§ TTVZPSTLILS S STITV

3481 ACCACTGTTACTACTGGTTTAACAACAATGACCACTACTACATCTACTATAACTTTCATA 3540
Q HCHHGTPFOQOQ * Q HHHTILHY Q F ¥
S TV IIVJLNU NNZGSTTITIZYTITIUNTFT
P S L 8§ 8§ W I TTUVU®PSSTS S I STILI

3541 AATACTGAAACTATGAATATTTCGAGAARATCARAAATTACTACAGATATTACTACGAAR 3600
K HS QY K YL EIZXTUILIEK™*HHTERKTYHUHK
N I VK I SsIVF S K*NZEKTITIDTITITI S
* S K 8 VvV * L ARKTI KTULSGST * L § A K

3601 CARACRATCAATACCAAGATCACAACTTTGTCTTTGTATAAAATTTCAATTACCAAATAC 3660
T Q * NH N * HQF L F M N * L * HN I
Q KN TITTRTNTFTCTPFOCTITZ KTFHNTIT *
N TLO®*PETULTS SV SV YK KTZILTTLT PR« KEH

3661 CAGTGGATCATAATGTGTATGATTAACAACCAACCCAAGACACAATGAACATTACGTCTT 3720
T Vv * ~ » Vv Y * NNTADNOQTV QL A §
P * R S NCMUSTITOUPOQTU RIUET®*Z K VYUHL
b G6GVIV VL QOQDNURETNTZ STTITCTE

3721 TAATGGAAAATTCAAATTCCTAAATCGATARCTTTTATACACCAATAGAATATTCCACCC 3780
I v »*T®* P PNUL®*QTFUYTTTIZ KTYTP P
F *» R X L KL I * S N F I HP * R I L H
N G KL N L S K AT S F I HNUD* 1T p
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3781

3841

3901

3961

4021

4081

4141

4201

4261

AATATTAGTTTCAARACAACTAATAAATGACTGGTGATAAGGATTTCGATAACAARACGG
N YDFNOQOQNINVSW®*TES=*TL * Q K A
T I I L T KUNTITISM®*OQQGSNTZRTFSNINOQ
* L * L K T § *» K 8§ VvV v.I 6L A 1 T K G

AGTTCCACCAAAACATCGACTAAAACGAATAACCARAAATTTGGTCAAACTATAATTACG
ELHNUG QLG QN QT KUNTTIEKTLGTGQ Y * H
R L TTJZ KTZYSTIK KT STIZPIKT®* VUL KTINI
* PP XKTAGSIK KA A®*OQNTEKTFWNSTITLA

CATACGATTAACCACAACAAATTTTACACCAAAARGAAAACTAAATTTACCAAACCTACG
T H * NT N NUL I HVN K K Q N L HN P H
R I S I P TTT* F TTI KU RIKTI* I T Q I

Y AL Q HQ KF HPIKUEZKS KT FP K S A

AAACAAAARAATACCTCTATAACACAGAGTACAAACATTCACACCTGTATTATACTGAGA
K T K KH L Y QT EUHIKYTHV VY Y S E
S Q K X I §$ I NHRMNDNTULTSMTI H S
K N K * P S I TD®* T QUL HUPOCTILTIUVR

TTATCGTCGCCTGAATGGAACATGTAATGTAAAAAGTAATAAACTACTGTTAAAAARCACG
L L L P SV K Y M VNI KMTIG QU HT CNZKH
*Y C RV * R TOC* MK * * K I VI KT
I A A S K GQVDNCIE KENNSSTUL K QA

AAAAACGTGGGGATTTTTTTAAAAATAACGACGTACACGACACCTACATTTGCAAACAGT
K K CG* FF K * Q QMHIOQU?PUHTILTZ RIEKTD

8§ KA GRVF FNIKNSCTS$SHTI VY VNT
K Q V6L FI XTI ABAUHEHATSTTT F TOQ *

AAGACATCGACAATATCCACTACTTGTTTATCTACCATTCAAACAATGATTTAAATCACC

N QL Q * L HHV F L HYTOQ* * I * H

M R ¥ § N Y T I F L Y I TULKWNSVF KT
ETATTI PSS S§CTI S PLUNTUVULDNTILTP

ACTATTTAAACTAAAATATCATCCAATACCTTACAGTAAATCATACAGAAGAAAACTCAA
H Y I Q N * L L NHF TM* Y T KU KOQT
T I F K I K ¥ Y T I S H * K TH R R KL

§$ L N S K I TP * P I DNILTIUDTETZK SN

TGGAGTTAACATACCAAACACATATTGTGGATTACATACAAAARCAATTTCCACTATAATA
VETITUHNTYTULV * HINIGQT®* L H Y *

*R L QI TOQTYCRTIZYTI XKNTFTTIN
G * NY P KEI VGLTHI KTULUPSTITI
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4321 TTTACAACGATCTGAACAATTTCGACTACAATAACAATTAGGACGATTACCCGTATACGA 4380
L HQ * V Qg * L Q H* @ * D Q * HA YA
Yy I NS 8 KN F S I NNNIWRSTIUPMH
F TALSTU LA STITULGATLU?PTC CTI S

4381 GGTACCACCACCTCAACGTTTTCGATATCGACATCGACGTCCATTTTTTAAAAGATTTCT 4440
G HHHTLOQOQTLUL * L QL QLY F I K * L
EMTTSNICVPF S Y S Y S CTF F KR F
w p P PTAVFAIATA AAUPULFUNUETL S

4441 TTGACGACGATACCAATTTAGATTTCCACAAACGGTTCATCCTCTAACAATACAAAGATG 4500
F QQ*pPp *» I * L HKOGIULULULNNUHK *
F S S S H NV FURVPFTNALYSITTINTR
v A AITULDULPTQWTUPS Q * T E V

4501 GCCACCATTTAATACATTTTGTTARGARATTATAACATCCGGGACTACGATCTGTTCTACC 45690
R HY I I Y FLEU®™* Y QL G QH * V L H
¢ T TUVF * TV F CNI KTIDNUZYARTIS S UL I
P P L NHUL VI RILTITU®PSG S ATILTCS P

4561 TTCTGTTAGAATACAAAACAATCGTGCACGAATATTCGTAGAATTATTAATACTAACAAC 4620
F VvV I KH K TUL VHI KYA AUDO®*JYNUHINN
S S LRINOQ®*CTSTIULMEKTITITITIT
L ¢ Dp* T KN ATRAM*TLOCTRTULIUL®* S Q Q

4621 AAACAGATGAGAGTATAGCCGACCATATAAATCACAAGGACGACTACACAGTAATTGAAT 4680
N T * E * I P Q Y I * HE Q QHTMUL K
T Q R §$ E Y R S T Y K TNR S I H * * §
K b veRMDAPTIWNILTGASTUDWNUV *

4681 GGAAGATCCACAACAACTATTTGTTCAATAGGAACAATCATTATTATTTCTTCTAAAACT 4740
G EL HQ Q@ Y VL * G Q * Y Y Y L L N Q
vV K * T NNTIFLNDI KNTTITIVFF I K
R R P TTJSUL CTTIZRTULILIULILS S§ K §

4741 ATAATAAGTTTTTACAGTTTAATGAAGTCAACAACCATGATTTCGTAACCGACAATCTAA 4800
Y *E F I DF * KL QQJY * L M©PQ * I
I NNLFTULUNGS* NUNTSTFTCOQS SN S
I I *FH * I VETTZ®PJVULANATULN

4801 TTGACGATTACATCCGGCACAATAATTTAAACTCTGTCTACGTATGTTTGAAAAAAACTC 4860
L Q *HL GH *~ * I 0Q 8L HMCV K XK §
* § $§$ 1 YA TWNNUVFIKUILUGCTITCUVF KKDQ
v AL TU&PIRTTIULNZGSUV S AYUL S KIKL
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4861

4921

4981

5041

5101

5161

5221

5281

5341

ACCACTACTAACAAAACAAAGTTTAAGAAGACAATATGTTCTTCAAAATAACGAAGCAGT
H HHNNQQZ KU LNIKGQ* VLUL KTI AZETD
T T I I T KN * I RRNYUL F N *» @ KT
P §$ §$ Q K T EVF EETTITCSTI KNSR *

ACTATATGTTAACTTATTACTGCAAGCACTAATARACAACAGATTCTACTGATCAGAAGG
H Y VI § YHREUHNNTT * § 8§ * D E
M I ¥ L QI I VNTTITIUOAO QIRULHST K
§ I C N F L $S$ TR S * KNDILTIUVULRG

ATTTCTAACCGCAGAATAGTTATTTAAACTACAATAATTGCCACAATTTTGACAATTCAT
* L N AD * * Y I Q H ¥ * R H * FP Q * T

R F I PT X DTITFIZ KTININTVYVYTNTFSN L
L $ QRRIILILNSTTITILZP?TTULVYVTTLY

AAAARCTCACAGGATTAAGATAAATATATACATCAGTCCCATTTCTGAAACCAATACATAC
N Q T D * N * K Y I YDUPVY LS Q NUHI

I K LTRIIRNTIUYTTU LTV FV KTTIY
K §S H G L E I * I HL * P L S K P * T H

ACTACCAAGAAAAATATTTCGTTGACAATTAGTTCAAACACAAAATAATCGATTCTTCTA
H HN XK K Y L L Q * DL KHIKTIUL* 8§ §
T I TR KIF CSNTIULNTWN®* * § L L
S P E XK *L AVTUL®*TOQTI KN NA ATLFI

TCTACAAAACGAATGACATCTACCACAATTAAAATTTAGATAAAGAGAATGACATCCACT
L H K A * QL HH*N*TI * KE * QL H

Y I N Q K § ¥ I T NI KPF RNIRIKSYT
s T K 8V T s PTULI XKILDTIETRUYVYTP S

TCAAAAACCATTTTATGAACCATTACAAAAGACACTACCGTAACTACAATGATTCAATTT
L K Q YF V Q Y HK RUHIHTCGCG QH* * T L
F N XK TF Y KTTINTETTIA ATNTINSTIL *
T KPP LIS PILTJU KO QST PMSTVTILNTF

CACATCACTAAAAATACGGCTATTTTAARARTATAGTCATACTTTTARACAGAARRTCGACT
T YHNKHURYF K I DTHUFNTI KL Q
L T TTI KIGTIVFNOZ=*TUL I VF I QR * §

H L §$ X *A S LI KY * Y S F KD KA s

ATAAAGACGACATGTTTCAAGTARACCCAAACTAGTCGTTGTTAACGAACGAATAATATT
Y K Q QV FDNMOTAGQDA AVTIAGOQTZKNY
I NR S YULT* KPIEKTIULTLTULTG QJ KT STII
I EATCLTETNT PNSGS™*CCNGSA* * L

FIG.3 CONT’D

4920

4980

5040

5100

5160

5220

5280

5340

5400



U.S. Patent Jun. 30, 2009 Sheet 68 of 119 US 7,553,944 B2

5401

5461

5521

5581

5641

5701

5761

5821

5881

AAAARATTGTCATACATTTACCAGACATCAACAATTGCCAGGTAARARARGAAAACTTGT
N XL LI YTITUGQTULIOQS™* RDMEKT KT KOGQV
I X *CY¥Y TP FPRVYNUNUVTMWI KTZ KT RIEKF

K K VT HUL HDTTTTULUPGNI KTETZ KSC

CAGAGTATTATTAACAATACACTTACATCGAACAGAATACAACGT CGTATAATTAGAATT
T EY ¥ N NH S HULIKTUD®*XTAA ATY * D *
L RM I ITTIMHTIVYSTU KU HZ QTLMNTIK

b *L L Q *T FTAI QRTINTZ C T CTITULTR RTL

TAAATTATTTACCGTCACCGTCCTTCGTACCATACTTAMAGCACGACCGTCTGGTGTATC
I »Y I AT AaAUPLMTHTIETHTZG QT CUVUV Y

F X I FPLPULTFTCTPTITF FI KTSATZSUWM
N L L HCHCS AHYSUNURATPTLGTC CIL

CAARTCAACGAGARCAAAATCGATTTCCAGTAAAATTTAAACTACTTGGTAGTCTACGATG
T LQEQI KU L™* L DN * I Q H VML H *
P * NS KN * S FTMIEKTFIKTITFW®* I 8§

N TARTIXATLUZP* KL NS S G D S a Vv

ACTAAAATAAGCACAACAARACTTTGTTCGACTAAATAGTCCACGTTAAACACTTAATCT
QN * EHQ K S VL QNTITULUHILIEKIHTIL
S I KNTNWDNOQTFUL S I * * T CNTF *
S XK I RTTZ KV FCA S KUDUZPA ATIUOSN S

TGAATARACACTAACACCATAATTTGTTCTTTCAGCACAACCACAACTACGACAATACGT
v * KHNHY * VL FDH QHOGQUHZGQ * A
F XK NTTITTWNT FULTFTTNTINTISNH

$ T ¢ $ ¢ P 1 LCSULU RTU PT S SATTIOC

ARMACCATGTAATCGTTTCTGACTAGAAAAATTACCAATATTCTAACCGACATTARCACS
N Qo YMULUL S Q DX * HNY S Q S Y N H
M K TC +* ¢CL 8 TI KK I TTI LN ATTIT
K PVDNATFUV SERIKILUPOH*XTILTIODPOQTUL QA

TCCATCTTAACAGGTAACATGATTTAACTTACATGGTAAAAACTARACAAGATTATGAGG

L YF QGNVY * I S HVMI KT ST KN * Y B

¢ TS NDMT S ¥ Q I ¥ WX QNTR RTI S
PLITWOQUVILNTFTGNIZXKTIUGQTETLUVG

AGACTCATTCCTAARTGGACTACTACAACAACGTCGATTGTACARATACCCACATCCACA
E S Y PNV QHHOQQTLS*CT * P HULH
R QTULIO®*RTITIHNINTCECS SV YVEHIEKTEHTTYT
R L LS KGSSTTA AATLUMTENTIEITPTTFPT
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5941 TCCGGTAATATGTGTAAACTTTACACCAAGTGGAATGGTTGTAATACTACGAACATCACA 6000
L G N Y VNS I HNUVKSGV NUHUHIKYH
Yy aAaMmI ¢cmMmQ F TT™* RV L MTIISTT
P W *V C K FHPEG™* WC * S A QLT

6001 ATTTTTTATATGTCCACAATCACCAACAAATTGACTGACGAACATAGAATTTTTAAATTG 6060
* F I YL H* HNNULWO QS S TUD* F NL
N F F I CTNTTT™* SV AQTI KXKF I *
L FYV?PTULUPOQ KV S Q K Y RUL F KV

6061 GGTCTGARAATGTAGATACAACTGATTAATAAAAAACCTACTACAACTTTACCAACGAAT 6120
G s K *M * T S * NNKXKPUHMHOQTFP QK
G L 8§ X CRHQ S 11U X QI I NTFHN S
W Vv K Vv DIWDNWUVL * K K S S TS I T A *

6121 ATTGGGACTAGAAAGTGTTATAATAACACTATTACCATTCATAATATGTTTTGGATAATA 6180
Y G Q DK vV I NNHVYHUYTNYUL V * *
I vRrRIIXKXK*9L I I TTITITULTITI CVF RN
L G S RECY*QSL PL Y * VF G I I

6181 TTTCCGAGTCAAATTTGGTAAACGATTTCAACTGCCACAAATATGATTGAAATTCAATCA 6240
L p ET™*VMQ*L QRUHIKY * s * T L
Yy L. S L K F W X S F NV TNIS VKL *
FA*NLGNA ALTSU®PT®* YV L KL NT

6241 ACCTGTACTATAAACACGAGTTAACTTACTATTCAATCCAAAATTACATCTARACGGCAR 6300
Q VH Y KHETISHYTULNOM*XUHTILNAT
N s M INTSULQTITITUL*TIEXKTIUZYTIOQR
p €SI QA *NF S L NUPIKULTS KGN

6301 ACAACTCATGTTTCATTGTCAGACCGGACATCGATGACCACTACAACAAAACCGTAGACT 6360
Q QT CL L L RAQUL * Q HHIQI KUPMZQ Q
K NL vV F Y CDUPRY S S TTINIDNIGQTCR
T S YL TVTOQGTH AV P S TTIKA AD S

6361 ACTAAATATACACTTTGCAATAAAATTTCCTACACTTTGAAAACCATTCGGACAATAAAC 6420
H NI HS VNNW®Z®*XTLTIMHUFIKOQYAQ * K
I I » I HF T I KF § TV F S§ KTULRNN
S K YT F R * KL PH SV KPULGTTI Q

6421 CAAAACAGTACTACTTCGTAGTAACTTAAGAGAATGAATAAAATTATTTGGATCAAAATT 6480
T KD HHUILMMGSNE* KN =* Y V *» N *
P K T M I F C * @Q I R K S8 I K I F R T K
N Q * S §$ ADNVFEURV * KL L GL K L
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6481

6541

6601

6661

6721

6781

6841

63901

6961

TAGACTTTTATCTATATCACAAAACAGACAACTAAGACATAGACTCCTCAGTGTTCCATT
I 0 F YI YHIKTZOQOQNUOQTIOQEPTUVL Y

FRFISTITNAGQRU NIUIRYI RILIL®*TULT
DS FLYULTI KU DTSETUDS S DT C P L

ACACCAATGAAGACAATACCTTAGCGTCTAATCATGATTTCTCCAATTCAATTTCCCACA
H P * KQ * P I A S * Y *# L P * T L P H
I H N S R NHVF R L NT S F L NL * L T

T TV ETTI SDCTIULVULSTULWNTEFEFUPT

ATCTTTCTGACAATTTTATCTTCTACGATAATAACAATTACTACTTTTATCAAGATAATT
*' F § Q * F L L H* * Q * HHF Y N * *
N S L 8§ NF Y F I S NNJV NITIUFTITTZ RN
L FVvTULTISSATITITULS S F UL ETITL

CCAACAATTTTCAAATAGAAATCAACTACAAACCCTATACATAAACTGTCCAACACTAAT
P Q * F NI KL QHIKWUPYTNSULNUHN
L NNFT * R * NINUPTIIHTIUOQT CTTI
T T L L KD KT S T QS I ¥ KV P Q 8§ =

ACAACARAACCCAACGATTACTTAACAGTGCGGATCAATTTAGTGGTTGTCAATCCCTTAT
E QK P QO *HI TV GYL * I VL L * P I
I N NPN S I F Q * A * NF * WCN P F
T T Q T AL §$ NDURURTULDGUVTTUL § Y

ATATGCTATACCATAATTTGGATAATGATATGGATATCTAAACAATACARATTCTCTACT
Y v I H Y *» Vv *» x % y « [ N T I N L L H
I Yy $S I TNV FIRWDNSYIRYTIOQ®*T* 5 I

I R Y P I L G I VIGTI S KDNHIKTL S 8

ATTAGTTTGAGAAAATCAAGGATTTTAAARATTTCGTTCTCGATATCTTAAAATACCARAA
Y D F EKLE®*F K * L L L *# L I K HN
I I L $ K * NRFNIKWPFUOCS S Y F K I T

L *» vVRKTGU LI KULAULA ATI SN * P K

AAACTTCACCAACAAATAAATACARAAATCARATAATGTAAAATGTTTACTATTTTGGTA
K s TTT>* KHK * NTI VN * L HYF W
K Q L P Q KNTINI KT™X*>*MKTCTITITF G
K F HNNTI®*TI KU LI KNUZGCI KV VFSUL VM

AAAAATATGATGTCTTTATCGAAGATTCAAATGAAAATTAAACAAAACARACCGAGAATT
K K'Yy * L FL K*T * K * N T XN P E *
N K I 8 C F Y 8 R L K S K I Q KT Q S K
K *»Vv v s I A ELNU VI KULIKNZ QI KA ATRIEL
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7021 TTTACGAAAAGTCTGTAAATCTACCTCATATAAATATTTTCCAAAAGAACAACATCGGTG 7080
F H K ESM~* I S Y I * L L NZEGUGQUOQTULW
F I 8 KL C K S P T YK Y PFPTI KU KINTY G
F A K * VvV NL HLTIWNTIT FU®PI KU RTTA AV

7081 ACACAARAACARAACCAPATTAARARACATATATTTACAATARAAATCACTGARRATAGRE 7140
@ T KT KT * N KT VYL H* K * HS K D
S H K Q KP K I KQTI VY TIDNUNIEKTUVIKTI
T N K N QN L KK Y I FTTIKTUL S K * R

7141 AGGATTATAATCACAAAAAGGATAAAAACACCCTTCTTAACAATACACCTATTTCCGATS 7200
E * Y * HKE * K QPVPFF Q * T S L p =
K R I NTWNI KU RNI KU HSSUNNUHUZPTY L S
¢ L I L TXOGTIU XTUPULITTIIHTIUPFPA AW

7201 AARACCAAACCAATGTTAAACACTARAAATAAGATTCAATCCACATCCAAAATGTTCAGT 7260
K Q NP * L KHN KN * TLHIULUN * L D
§ XK T ¢ NCNTTIIEKTIRTLU®*TTYTIE KTCGCT
K P KTV I QS K *ELNUZPT?P K V L *

7261  AARAACATTACCATCAAAATATACACTTAACACAGTAAGACCARAACTATACAACCTATE 7320
N K YH YN * I HITDUNG QN GQTYTTZ?PY
M X T I TTJXKJ YTTF FQQTMRTTIE KTIEHTZQI
K QL PLKTIHSUNEHT®**TE EH ®PZ KT S STINSUV

7321 TATACGTCGATATCTAAAACAAGTCATACTTCATCTATCTGCACAAAATAAACTAATACA 7380
M HL *L NQ ETHTU LULYV HUI KTIOQNH
c 1 ¢ 8 Y I KNLIVFJYTISTN®*EKTITI
Y A A I § KT * Y 8§ TS UL RTIXKN S » T

7381 ATCAAATCAGTTTAATTAACAACTTGAGCAATAACCAATAAGTAATATGTGTCATACCAA 7440
* NL * I L Q@ Q VR * Q NDNMTIOCIULTIT
N T * D F * NN F ENDNTTI *» * Vv C Y P
L X TULNTITSSTTIUP*ENUYVTUHN

7441 AATAGGTAATAAARCAGAATAACCARATGTTAATAAATGATGTACCAACGGACTARACAA 7500
XK DMIZKDS*QNVTITIT+ *» MTAaAGQHNT
K I W =* KTZ KNT®* L *KSCEPOQRZRTINQ
* G NN QRTIUPEKTCGCDNINT YV YHTENTGS K N

7501 ATACAATCTTTGATACGTAACCAACTAATCTARATAACATAAACATCGATTATACAATGG 7560
* T L F *ANTUS* I * QI QUL * Y TV
K H * F §$ HM P QN S KNY K Y S I H *
I N s VICQUNTIULNTITUHNTA AILTING
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7561 ACGARAACAGAACAACGCCAARATATATCAACAATGACGATACATATTTCATCAACCAAA 7620
Q K QR TATTZ KTYUILOQ®*Q *TJVYTLTULG QN
R S KD QOQPIEKTITYNNTSSHTITFTYHNT
A KT XKVNURN*ITTVATITYTLTTZ?P K

7621 ATAATCCGTATAACAGATACCAACATTATTTCGACCAACAARATARAACAATATTTGCTTT 7680
* * A Y Q RHUNUVYYLOQUNMNTITZEKNTYUVTF
K N P M NDJITTTIU F®¥STT®* KTTITF S
I L CIT* P QULILATPOQI KTDNGQ* L R F

7681 AACATCACAAGCACAATTCACATCATGATAACARCCACCACATTAAGCAATAATACTATA 7740
N Y HEUH * T Y Y * Q Q HHULEWNUNUHY
I T TNTNULTT TS NWNTTUYNTTITII
Q L TRTILHUL V I TP P TTITR * * 8§ I

7741 ATGACGATTACCACCATGACCAAAAACACAATTTGTAGTTACCTTAACAAARATTAACGGT 7800
*Q *HH Y Q N X H * VvV DI S8 NN * N G
N § 8§ I TTSTI KT TNV FMTLU®PTITIKTIA
VAL P PV P KQTTULC*HU F Q K L QW

7801 AAGAAAATTTGGTCCATTGTGAARATATTCACATCTTCGACGATATCTTGAAAGATTTCT 7860
N K * VL Y C K *» L QL L @ » L V K * L
M R K F WTV S K Y s Y F&s§ § Y F KR F
E K L G P L VXTI VT SAaAATIUSSETL S

7861 CGAATTTGCTGGACATTTAGGTTGACTACGAAGTGTAATACATCAATGACTATAATTCGT 73820
A * VvV V QL DL QH XUV NHIL * Q Y * A
L K F 8 R Y I W 8§ I 8 * M I Y N S I N L
s L RGT F GG V S A EC * T TV S I L C

7921 TCAACCAACATACTACGCAAACAAGATACTATCTCTACCTGTCGCACARATGCTACTACA 7980
L Q N Y 8 A NTIRUHYULHVY A HIKT®RIHH
L NTTHHTOQETITIU STISTULTWNUVTITI
T P Q I I R XK N * § L 8 P CRT * § 8 T

7981 ACTACGATCAAATAAACATCTATAATTATTAGACAATGTAAGATTTCAATTTCAACAAGG 8040
Q H* NI QL ¥ * Y DTUVN * L * L Q E
N I § T * KY I NITIQ *M®RT FNTFNN
$§$ AL K NT S5 1L L RNZCETLTTULTT G

8041 ATTAAACATACATCAACATCATCTCTCACTACGACTATCTCGATTAAAAGACTTACGACA 8100
*N T H L Q L L 8§ HH QY L * NE S H Q
R I Q I ¥ N Y ¥ L T I 8 I § 8 I K Q I s
L XK Y TTTTS L S A SLAL KU RV FAT
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8101 ACACAAAATACGTGTTAGTAACATATCCGGATATAATGAACATCTGTTTTITCAATTAATG 8160
Q T KHVIMTYA* IV QL CUF T L *
N HKICUL* QI PRY * K Y V F L * N
T N * ACDWN YL G I NST S L F NIV

8161 ATGTCGAACATTACCATAGAGACATTGGGTCTGATACAAACTACAAATACAACTATGAAA 8220
* L K YHYROQLG S * T QHIKHOQ Y K
s ¢ s TITDUZRYGUL S HKTIUNTINTIS
vV AQL PIETUVWVINST*T S§ V K

8221 ATACAGAGTAAAACTACAACTATCTTTCTCAAAATTATTAAAACAATTGTAACGAGTACG 8280
* T ENQ H QY F S N *Y NQ * CQ E H
K HR MK INTISILTI KTITII KNV VNSM
I bp*» K 8§T 8 5L FL KU LULIEKTTULMA * A

8281 AAGAGAATCTCTCCCACACGTTAATCTTTTCCAAAATCTATGAAAACACCCTACACATGC 8340
K E * L P HAIULVFUPI KULYKOQZPTIHUV
S R K $LTHUL* F LNT*I S KUHS T Y
ERL S P TCDN S FTI K SV KTPHTR

8341 ATTTACAACAAGGTAACTAAGTCTACAACTTTGTTCTAAATAATGATTTAGATACTATAG 8400
¥y I N NWOQNULHQPF L I * * « T * § I
T F T TGN I * I NF C S KN S F RHY
L EQEMSE ST S VLNTIWUVLDTITITD

8401 ACGTCATCGACGACCAAACCTTAAATGACTACTTTTAATATTGTTAAACCATGGATGTAT 8460
QL L QQNUPTI *QH FNYCNUZPUV * M
R C Y 8§ S T QF K S I FI1 I VIQUYRC
A T A AP K S NV S S F * L L KT G V Y

8461 AMATTTCTCACTATTATAACATCGACGACTAAATCCACAAGAATATGTCTTACCACGATT 8520
N L S HY Y QL Q QNULHE * V S HH *
I * L T I I N Y S S I * TNIKUYILTIT S
XK F L s L I TAA ASZSI KU®PTU RTICTFPAL

8521 CGTACATGTCCCATTACAACGATTCCGTCGATTATAAAGAACATATACCAAATAACTACG 8580
A H VP Y HQ* P L * Y KK Y I T * Q H
LMY LTTIWNJSILTC CS STINIR RTYPI KNI
¢ T™C?PULTATLAATLTIEW QQTIUHNTISA

8581 AAAATTAGTTGAATGACGACTAAATGTCGTATTTAATTTTTTTCGTACACAATTTTIGACC 8640
K * DV * Q QN VAYTITULFIULMEE®*TFQ
§ K I L K S S I * L MFPF*FFCTUHNTFS
K L * S VASZ KT CCLUNTFTFA AIHTTLVYVTP
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8641

8701

8761

8821

8881

8941

9001

9061

9121

GAACTTCAATTTTAACTGAAAATTATTCGTTCTCCGTTCACAGGGATAAGAATGTTGTGG
S § T LI § K * ¥ AL PULHG * E * L V

A QL * FQ S KIULILILOCTUDRNIKTCSTC
K F ¥N F NV KLILUCSALTGTIURUVYV G

GAAAAGTGAATTTCCTCCACAACATAACTCATTAAACAATATATATAATAAAAAACAATC
R XK VvV * L L H QI §$ ¥ NT I Y I I K Q *
G K * K F S TN NUY QTTIQ* I Y * K KN
K E s L p P TTNUILILI KNUYINNDNIKTTL

AAATTAGACAAAATATAATAACACCCGAAATAACGGATGTATATCACAAATATTCAGACT
N L RN * I I TPZ XKTIA ASM®*MTYHIEKTYTHOQ
T * P T K Y * Q P S * QR €CITNTITILR
K I Q KI NNHAZKING GV YULT®*TLTDS

ATAAGTARACGGACGAATACGATCAAAATTTCAATAACTATTACCACAACAATCTCTATA
Y ENA Q KH * N * L * Q Y HHOQ * L Y
I NM Q R 8§ I 8 T K F N NI I TNIN S I
I *» X ¢ A *A L KL TTIOSULUPTTIUL S I

AAGTCAATTACTAAATACAAAACGATTATTTAAAARGGTTARACTAGTITACCATACTCAG
K L * HNINGQ* Y I K G I QDI THT

N » N I I * T K S I F K E L K I L P I L
E T LS KHKAULTLDNI KWNS * HY S§ D

GTGAAAACCCAGACAAATGATAGTATTAAGATACCTAACGGGATAACATCACCGTCAATA
W K Q@ T Q K sS D YN ™* P NG * Q L P L *

G S K P RNV I MI RUHTI BARUNYHT CN
vV X P DT *x +« L EI 8§ QG I TTA ATI

CCTACTTCTATAGCCAAGATGATACAAATTACAAGGATGATTTCAAAACTCTGTACCGAA
P L YRN®* T * HE * * ILLb KS V H 8
H I F I DTW RS HI KTIWNIRSUFNO QI SMNA
s 8§ s I P EV I NL TGV L T KL C P K

AGTACAAAATGTAAAAAATTGAATACGTAARCGATCACTATCACAAGTCACGATATGTGG
E H K VN KL KXKHMOQ* H Y HETS Y V

XK M N M K * 8§ I CK S TTITNDNIULWATISTC
* T K €K X Vv *» A NAL SL T * H * V G

TGTATAAGTCTAAAGAATATTACTARAAAATACGATCACCAACACAAAATAGTAGAAACAC
VY E $§$ K K Y HNIKH* HNUHIKTIMIKT
¥ M NL NRTI I I KIS TTTN* * R Q

¢c 1~ I E * L 8 K * AL P Q T K DD K H
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9181 ATGATACAAATTTTCTCCACTACCATGTGGTGTAGGAATAACAATAAGTCTACCACAATA 9240
Yy * T * F L HH YV YV DI KWNUNINLHH *
T $ B K F S§TITOCWMH® RTITTIG+* I TN
v I ¥ L L P S§P VG CG * Q * E 8 P T 1

9241 CTTCTTACGARGAAACATATGTAGAAACCAAGGTGTATGTGCAATATCGGAACGATTARAG 9300
S S HK KT JYMZE KXZPEUWVYVNTYGOQ * N
H L I 8 R QI CRQDNUWMZCUCTTIU ATZKSTI
F FAEK Y VDI XTG GO CVZ R*LZRA ATLE

9301 ATTACCAAAATATTCTAARGGACTACAATAATCACTTCCATAACATGCATAACATTCTIG 9360
*H N * L I EQHK * * HL Y Q V Y QL F
R I T K Y 8 KRIDNNTT FTWNUZYTWNTYS
L PXILDNGS STTIULSUPITRTITTLV

9361 CGCGAGATACTGAATAACATCTCACCCACGTACACTTATGCGGCTTCTCCCATATACARA 9420
A S * S KN YL P HMHTIU RR RTILU PYTIN
R A RHSITSHTT CTT FVGFLTUYT
R E I V *» 0 L T PAUH S Y A S S P I H K

9421 ATTAAAATTATCAAGGACCCAAAACTTATTACTAATAATATCTTCATACGGACCITCARA 9480
*N * Y NRP K S Y HNUNVYTF Y A Q F K
K I XK I T G PN Q I I I I I S THTU RS 8§
L KL L EQ T XK F L S * * L L I G P V K

9481 AACACCATCTCTAGAAAARCTAAACAAAATAGTTAAAAAATCATCAAATTAAGCAGGATA 9540
K HY LD EKQUNTIXODTIEK * Y NLED *
K TT S5 T XK KI ¢ K L KJZ KTT* N TR
Q PL S R XS KN *¥ * N KL LEKTIUZ RTGTI

9541 TCTAAAGAAAAGAGAATGACGATCAARGATAAAAACCTCGATATAACCGATATCAACAACA 9600
L NRKE®* Q * N * K QUL » I P * L Q Q
Yy I EXKRX S S TR RUNIEKUGSS Y Q S Y NN
S K K ERVALETIUZ KUPAINATITTT

9601 GARCCRAARAATAATAAATTATTTTGAATTCGCACGAARACCTCTAATATGATCACAACA 9660
R P X KN NILUILV * A HZKOQULINTY * H Q
D Q N K I I * Y F K LTS XK S I I 8TN
K T K * * K I VF S LRAIKUPGS™* VL TT

9661 TCAATATTTACAACAACAAACCACATAATTAAARGAATACGAAARACAARAAGTTCAAAT 9720
L * L E Q Q K T Y * N E * A K K E L K
Y NY I ¥ N NP T NI K KUHUZ KU KWNIE KTLN
T I FTTTOQH I UL KRI § K TIEK = T +
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9721 RGGATAAACACGTACACAAATACGAACAAAAARTAAAAATACATTGTARCATAAAAGGARG 9780
D *» KHMHI KU HI KNI KNDNI KUHLMTN E K
I R NTCTWNTISTI KTIIKTI VY COQ I KR
G I Q AHT* A Qg K * K * TV N Y K G E

9781 ACTTTAATCACATTAATACGTAAACGTTACCTAACAATACATACCACGATATTACGGAAAR 9840
Q F *HL * AN ATI S Q * T HUH * L A K
R F NTYNUHMOQL P NNUHTITS Y HR
s I LTI I CI KU CHTITTIYUPATITI G K

9841 AACCAAAACACAGTGTATACATCGATACCAATAACGTTTGGTACAAAATACCAATARAAG 9900
K T KH * M HL * P * QL GHIK I T I K
K P K TDCTI VY S HUNNTCVMUN=* p * K
Q N Q TV Y TATITTIAUPFWTIKHNN E

9901 TATAACATCCTTTTAACCACAATTACATACATCACTATCATGTAAACTTCTTTGTAGAGA 9960
M N Y S F QH * HI Y HY Y M QUL F ME
* I T P F NTNTIUYTTTITZ GCI KT FU FCR
Y QL F I P TULTMHULSUL VNS S VDR

9961 ATGATGAAAATACTAATGATTTCTAAGAATAACATCTAATTTCTTAAGACAAAGACTACA 10020
* *» K *»§ *» *» L, N XK NY I L SN Q K Q H
K 8§ § KH NS PF I R I TS **L I R NIR 1
vv X I I VL SEST* VLN FZ FETEST

10021 ACGGATGTTATCTATAAACTCAAACATATTATTCATAGCAATGATATCACCATTTTACCT 10080
g R CY I NS NTY Y TDWNS Y HY F P
N GV I §TI T I I LI T VI TTTFH
A * L L Y KL K YL L YR * * L P L I 8

10081 ATGACGACGGATATCTCTTCGCCGCACAAGAGTCAATCGATTTCGATACCTTTSTAAATT 10140
Yy 0 Q RYL L PTWNETTUL * L * P F M *
Ir s s G I $s FRRTW RULO®* S F S HUF CK
V A A * L § ANAHEM®*XNATLA ATI SV NIL

10141 AGTGTTATTACCATTACTACAGAATATGGTTGGAGGATGTCGTAGACAAAGATGTAGAAA 10200
0O CYH Y HHRTIGVE®* L MQX K * MK
I. v 11 TTIT1ID * VL RIRTECC CRINI RTCR R
* L L P L ST KYWGG VADTTEV DK

10201 AAACGTTAGTCCATAACATTTCTACCATAGAGGATGCAGTTTTTAACTTGGAACATAACA 10260
KA IUL Y QUL S P IEO™* TULF QV K Y Q
K @@L *» TNYULHY®RIRIRT™*F FNTFURTN
K ¢Db&PpITVPF I TDGUVDU FI S G QI T
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10261

10321

10381

10441

10501

10561

10621

10681

10741

ATCACAATGAATACCATCATACTGAAACTTACCAAATACCAATCTACTGTTTCAAATAAC
* § * K H Y ¥ 8 K S HNTTITULHTCTULI KN
N T N S I T TH S Q I T * P * I V F NI
L T Vv *» P L I VKF P KHNDNS S L T * Q

AGGAGCAGTACAATATACAAGTAGGAGATTATACTTGCTTGGACTAATAAGACGGARTAA
D EDH * I NMR * ¥ § RV Q NNQR I
T R T M N Y T * G R I HV FRTITIURG *
G R * T 1 HEDEULTIUVFS G S * E A KN

CACATCTCAATGAGATCCACTAARAARTGATATTACAGACCAGCCTACTCAARATTGTCARACA
T Y L * E L H N * * L T @ D $ S N L L Q

Q TS NS * T I K S Y HRTDPUHT * CN
HL TV RUP S KV I I DUPURIULIKUVTT

CAGAATGGTCTACGTCCCGACAGTTGAACARAACTGTCAGAGAAATGTTTTAGGAATGTG
T K G S A P 8§DV Q K S L RKV F DKC
H R VL HLATTILI XN QOCDU R®* L I RV

D *WwWICU®POGQ®*STIKVTEIZ KT CTFG * V

AGGTTTTATATGAARAACCATTACAATTTGGACCACTTTGAAAATGACAAAATCGACGCAT
E L I ¥ K Q ¥ H * V Q HF K * Q KL QT
S w F I 8 KTTINU/FRTPFS K SN * §&§ R
G F YV K P L TULGUP S V KV TIEKA AAZ RY

ATTACCGGCTGGTGTTCCCCGTAAAGTACAATGATACGCATCATCAATATGATAATTTCC
Y H G v v L PMEUH®* * A Y Y N Y * * L
I T A S WUL PCI KMNUGSHTTTTI S NF
L P R GCPAN®*TV I RULUL * V IULP

AAGAAAAAACACARCCCAGTACACCTAGACAACCAATACATAATTGTCCACTATCACAATT
N K K T HTMHTIOQQUNUHTIULIULUHYH *
T R K Q T P * T S R N T I Y *# C T I TN

E XK K H P DHPDTUP* TNV P S L TUL

CAAACATATATACGTAGTTAATCTCGAGTCATGACCAACAGTGTGACCGTGACTAARATG
T ¢Q I Y A DIULA™®* Y QNUDIU COGQZ COGQN *
L K ¥Y I BHMUL* L ETSTTTUV S A S TIK

N T Y I C™* NS SLVPQ * V PV S KV

ACCATTAAAAATACCAGGTATATCTCTACGAGTTCAACATGTCAACGGTCAATTCCTGAT
Q YNIX HDMYULHEULOQVTATL * P §
S T I X I T W I 88 I 8 L N Y L Q W NIL V
P L K *P G YL S A * TTI CWNGTL § *
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10801 GCAGGTCTGACAATTACAATAACGAACCGAGATACGTCGATATGAATTATTAACACGAAC 10860
R G S Q * H * Q KARUHTIL™* YV * ¥ N H K
VDL SNTI®NDNSZPETITC CSYZ XKTITITS
T WV TULTTIWBAQ QS ™*AATI STLLOGQA 0

10861 CAAACATGTTTTACTACAAACAAGATGACTTCTAAAATTACAAACCCGATACCGTTTACC‘ 10920
T QVFHHIKNM* QL N* HUKU P * P L H
P K YL ITINTU RS SU FTITZ KTINUDPGSTHT ECTI
¥ T CF S TOQEV S S KTLTOQH ATIG B ATF P

10921 AARATCGGTTCATTTTCGTICTAGAACAGAATCTACGAAACCGAAGTTACTGTCCACARAG 10980
N * 6 L L L LD QR LHZE KU PIE KTLSTLTUHK
T K AL Y F CTIIKDOT™*TI S QS * HC TN
K L WTTFASURTUEKS S AL KA MAMETIVUZPTE

10981 ATARCTTTGAAATAACCGACGATAATTCGCAGATATATACCCTARAGTTCCAGCAGTTTA 11040
*Q F K I P Q * * A DI Y PTIZETLTUDTGDTF
R NF S * Q § 8 LT *I HS X L TTL
I1 S VKNAZ2TITILRIRYTIUPNS*DPUR R * I

11041 TGATCCTTCAACATGAAAACTTCTACTTAACCGTGGAAGACTGCARATAGTTGTTAACCE 11100
VL FDNZYEKOQULHTIZPV VI XOQORTE KT DUYTITDP
Y *S$S T TS KF 11 F QCURRVYUNTITULTLZOQ
§ PLQV KSS SN AGTE ST * * C N A

11101 ACCACAATTTAACGTTAGATTTTGTTTTTCTAAATAATTTCTTTGTTAAATAACCTAAAA 11160
Q H * I ATI * FLF I * L FL KUXN S K
S TNF QVLU®RTFUCF S KUNTFTFTC CINTIT®PN
PTLDNOCDTU LUV FLNTILSUVTI * Qg I K

11161 CTATAGATGTAAAAACAAATCAACATATTAAAGACCTAAACAATTTACCTGATATAAATA 112290
5 I * M KT * N YL KQMGQ * I § * I +*
Q YR CIKQ K TT VYN RTUCI KNTEFUPS Y K
I D VNI KNULIGQTITIEA RANTTLUHUVTINI

11221 CATATAATTATGTGTATACTAACCACAATGTAATACACATGAAACARAACAATCAAARATA 11280
T ¥ * Y VY S QH * M IHUVIKINTUG * N *
HINTIOCMUH NTNTCGCT®*TTYE KTUZ KNT K
¥ I L V¢ I I P TVNUHTSOQI KTTL K I

11281 CTACAATGATCAATTTGTATTCGTAAAAATAAACTGATACATATATTAAGGACATGAGAC 11340
§ T VL * VY ANJZ KNGS * T Y L E Q V R
HH™* * N F MLMI KTIOQSHTITYNTZ RTYTE
I N5 TULCULO CTI K®* KV VIVYTITIGT S Q
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11341 ATGGAACAAAATACATTTAATAAATCARACAAATATTCCTTCCAAAATCTCCAAAATGAAT 11400
Y R T K HL N NL Q K Y P L N * L N * K
T G Q K I ¥ I I * NN I L F T K S T K §
vV XK N * T F * KT T * L 8§ P KL P K V *

11401 ACAGACCGAGAGTATAARAACARAGGACGACACTTAAAATGAATACAAATACTTCATAAAAT 11460
H RAURMNUZGQEZ QQSNT* KHIXKHUL I K
I Dp E*I KNRJSHTIKUSTIWUNTITFYK
T Q S EY KTGATU FI KV *T * § TN *

11461 ACCAACATAARATACACAAAAACGATAAAAATATTGATACGTATCATAATTAGTACTGTA 11520
H N Y K I H K Q * K * L * A Y Y * D H C
I T T N * T N K S N K Y S HM TNTIMUYV
P Q I K H T KA AI K I VI1IOCULTIUL* S M

11521 AAAARAGAAACTACAAAAACCAACCATCTTATCAATGAAATTAAAGATACACCATAAAACC 11580
K X K § T K P QY F L * KL K *TTN Q
N K R QHKOQNTS Y NS * NRHUPTIK
K E K I N K TP L I TV KTIETIUHYKP

11581 CAGCTTAAATCTTCTCCTACAAAACAATAAATAATGTCGGAAAAATCCATGAATATGTAC 11640
T §$ N L L PH K TTI * * L R KL Y KUYM
PRI * F L I NQ* KNICGI K * T S I C
D F K S 8 S T XK NNTI VA KU KP V * V H

11641 CTGGTGATAAAACAGTAATCGATATCGTTTTTAACAACGATTAACCAACAGACAATTATA 11700
S W K TMUL * L L F Q Q * N TTOQ * Y
P G S NQ* * S5 Y CFNNUSTIUPGQRNTI
v v I KDVNATI AU FTITA ALUGQNDTTUL I

11701 TAAAATAAAATGTCTACATGGAATATAATTTAACTAAGAGAACTCAATGAATAARATATCC 11760
I K N * L HV K Y * I § ER S VNS I *¥ L
Yy K I K ¢ I ¥ RTIWNUFOQWNEA QT TV * K Y
N * KV § TG * I L NIURIKIL®* KNTI@?P

11761 CATATAAAATAGAACAATAACCCCTAAAAAGAGAGAARAATTTGTCACARAAATCTTACGG 11820
T Y K I K NNPTIKU REI KILUCHIK™* F A
P I N * R T I P S K E R K * V TN K S H
Y I K D Q * Q PN KEIRIKUPFULTIKIULTISG

11821 ATACCCACRAATATTAATATTTTAAAGACAAGTTCTTAACGCAATATACTTACGATTACC 11880
* P H K Y NY F KQELTIANY S H * H
R HTNTI I I FNIRWNULUFOQTTIUHTISTI
r pT *L *L I ET®* S NIR™* I F AULP
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11881

11941

12001

12061

12121

12181

12241

12301

12361

GAATGCAGGTGGAGCATTATCAAAACTCCGATARAACAATTTAAATTTTGACGAACCTTA
S vDVEYYNOQ®PH*X K TILNULUVAQF
A * T W RTTI T XUL S VNOQ * I * F Q K S
K RGGRULUL K S ATII KNV FI KF S S5 P I

TCCACCGCACGGTCAATAACTTCAGAGGGTTTARGTTAGTTTTAACTGACTACACTTTAC
L HRAL * Q L RGVF EILTI S Q H S I
Y T A HWNNVPFUDGTULNUL®*F Q S I HF
pP P TGTTISTUEWTI*DFNV S TF H

ACGATTACAACAAAACAATTTAACAAATGTCGTAAACGTACAACGAAGATTAAGATTCAA
H * HQ K TULUNWNUVANA AHUZGQI K * N * T

T $ I N N Q * I T * L M Q MNS R IRL
AL T T KN PF Q KCCI KU CTH aAXAUZETLZETLN

CACCGTCATAACATCACAAAATGTATTACTTTATGATAGATGAAGTCTAAACTCACATCG
T A T NYHK VY HPF VI * KL N S H L

Q P L I T TN * M I F Y * R S§ * I QT Y
H CY gL TIKOCUL S I SDV E S KULT-=2

AAAACTATTCGAACGAGTTAATAACTAACAAAATARGCGGTTAGGACGACGTCAACTATG
K Q YA Q E I I §8Q KIRWDQQULOQY
S XK I L K S L * Q@ NN * E G I R S CN I
K § L s A *NNTITTI KWNALGA AA ATSV

ATTCACAGAACGTTCATATCTACTTCAATCGCTACTAATACAAGTTCTATCATGGCAAAA
* T D Q L YL HL * RHNUHETULTY Y R K
S L TKOCTU Y I F NATITTITINULTITGN
L HRALTIS S TULS S * T * s L V T K

CGTCCGAAACGTTTCACTCAAACATTTATACCGATCARAACAACTTATACTTCAGCGTTT
A P KA FHTOQLYP* N Q Q I HULRL
QL S QL TULKYTIH ST KNV FTIUFTUDSOC

Cc AKCLSNT FIALIKTS Y S TAF

CTTTTTAAACCGACTACGATTTTTATCACCAAGACAARTTAGTTGTTGTCTATTTTGTCAA
s F NP QH * F Y HNOGQ*D VYV S L VT
L F I Q 8 I §8F I TTIRDNIULULUL Y F L
F F KA SAULVF L PETUL* COCTIUFOCN

TCTTTTTCGTACATTATATCGATTCAGACACATACTTGCACTATTTCGACATCGAGCGTT
L F LM YYL *T Q THV HYUL Q L E C
* F F CTTI Y SLRHTIFTTIV F S Y S A
S FAHLIALUDTYSI RS UL AT ATRL
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12421 TGAACTTGCATACCGTCTGGATCGTGAATGATTGTACATATTTCTCCGAGCCTAATTACT 12480
v Qg VvVy ?P L GL V * *» CT YL PE S * H
F K F THOCV * ¢ K SV HIVFUL S PNI
S S R I ASUPRASVILMYUL S AIRTI LS

12481 ATTCTTCTCATTTCAACAAAGGCGAAACGTCTGTTACGAAAAATCGTACCAAGCATTTAA 12540
Y S S ¥L Q KR KA ASILAIKT* CPEYI
I L L TFUNWNUGS QL CHI KU KA AUHNTF
L F L L TTEAIZ KT CUVIS KU LMTR RULN

12541 CCTATTAGTCCGAAATTTAAGATAAGACCTATTACGACAATTTCCAACACATGGAAACTC 12600
P YDPEKTULN®* EPTYUHO QT®*ULNTUHV K S
Q@ I I L 8 * I RNGQTITISNTFTTVYRZQ
S L *AKF ETITURJGSULATTLU PGOQTTG G K L

12601 ACGATAAGGTCGTAACCGACGATTATGARATTGATATCATTATGGTCTATTTGTTCARAA 12660
H* E LM P Q * Y KL * L L VL Y V L K
T S NW CQ S §1I S§ * §Y Y Y WTIVFTULN
A I G ANAALUV KV ITTIUGSULCTK

12661 ACTATTTCAACAACTATTACAAATACAATGTATACGACCATCACATACCGTATATGTCTG 12720
Q YL Q Q YHKH*MHOQYHTIOAYV S
K I F N NI INTINUCTISTTUYU?PMYL
s L TTSULT* TV Y AUPULTUHTCTITCUV

12721 ACAAGTTCTACGACTACCATAATTATTTGTCAATTGACTATAATCACAACTARGATTAAC 12780
Q ELHQH Y * YV TTILGQTY™*HU QTN * N
S NL I SITU NTEITPFPILM®*S§TIUNTUNTITR RI
T * S A S PILLCNU YVYSTITULTSTETLQ

12781 CGGAGARCAATAGTAACGCTTGTCCATATTACTTCAACGATTACGACAATACGTCTTATT 12840
A EQ * * Q § C T VY HULGOQS™®*HGQ * A 8§ Y
P R KNUDUNZ RV VUPTITIFNUNZGSTISUNTUHTILI
G RTTIMATFTILZYTULSTA ALA ATTITCTF L

12841 ACTCAACTACGGAGTATTTAATTTTTATGTTCAACAATTATCACCAARGACTATACTTAAC 12900
H T S A E Y I L FV L g * Y HNOQY SN
I L. Q H RMVF * F YL NUNTITTRTIUHTI
s NI G * L N F I CTTULULUPUEST1TVF Q

12901 ATTATARGGATGAGTTACAATAATATTATTACCATCATCACCATCTTATCAAATACGACA 12860
Y Y E * E I NN Y Y H Y Y H Y F L K H Q
T I NR S L TTI I I I TTTTS Y NI S
L I G v *H * * L L PL L P L I T * A T
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12961

13021

13081

13141

13201

13261

13321

13381

13441

AGAATCACTACAARCTACCAGAATTCATATGATTCTATTACTTTCTACTACCTTTAACACA
E * HH Q HD * T ¥ *» § L § L HUHTFNH
N K T I NI T KL I SLYHVF I I S I T
R L $ Ts P RULY VL ITIF S S PF QT

ACAARATCTCGARCTAGGAGGAACATTTAAAAGATARTGTTCTACAATTCCCTGAATTTTA
Q KL A QDEIKYTIXK* VL H* PV * F
N N * L K I RRTUPFIKUZRYULINILS K F
T K $ S 8 6 GG @Q L N E I C¢C S T UL P S L I

ATTCATAGAAATAAAATAATTTCCTACATTGTGAAATCGATCTCCCACCCAACAACCATG
* T Db KN * * L I ¥ C KL * L T P Q QY
N L I K I K NF STVS * S5 S P PNINT
L Y R * K I L P HUL VKA ATLUPHTTUPV

AAATAGAAGTTGTTAATCTAACGTCCGACCACAACGATGACTCATACGTCGATTAAGAAG
K I KL L * I A P Q HQ * Q THUL * N K

s *R * C NS QUL STWNUS S LI CS8TTIR
K DEVIULUNTZCAPTA AUV S Y A AULEE

ATATGAAAGTAATACACGTAAAAGACATCTAGGATTCTTTTGAATAAATCTAATATATGT
* V X M I H M K Q L D * § F KNILN Y V
R ¥y K *» *» T ¢ KR Y I RL F 8§ I * I I Y
I S ENHANZETSOGGUL F V * K § * I C

TGTTCCACCACATGGATATTAATTAACA?AATTTTACGAGACACTAGTACGACCATGACC

VL HHV * L * NH * F A RUHDHOQY Q

L L T TJYRYNTITTNUVFHETTIMMST S
cpPTGIILQTULI S QS * A P VP

ATACCGGTAATGATAATTITGGACTCCGATGATAATTGGTTCTAAGAATACCACCACGGAG
Yy pwW * * *x Vv g p * * * G L N KHHH R
T H G N 8§ N FRL S SNV L IURTITT G

I AMVIUL G S AV I L WS E * P P A E

TCAAACATAAATAACGGCACGTGCACATCTCGTAGGTCTACATCTACCATATACATTTAA
L K Y KNGHV HLADU LHIULHYTIVYI
* NT NI A TCTYULMWIYTITYTF

T Q I * Q R A RTS8 CG S T S P I HULN

TGCACCATTTARACATGTTCAGGGAARACCCATATTTTCTAGGATAAGAAATACACRATTG
vV HY I Q vL ¢ KPP YL LD *E KHTIL
* T T F K Y L DRQTYF I RNKTIH *

R P L NT CTG K P I F S G I R * TNV
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13501 TGTACTACAAACAGTTCAGACACCAAAAACCTCTCTACCGTCAACAAGGACACATCCAAG 13560
V HH KDULRUHNIKSLHUCNNURUHTULN
¢c M I NTULDTTI XK®PSIATTGT YT
¢c s T Q * T QP X QL S PL QEOQTPE

13561 TTCACAGCGACAAGTTAGATTTCTAAATTTAAAAAATTTGCCCAAGCCCCATGATCACAC 13620
L HR Q E I * L NLUNIKULRTRUPUVILT
* T D S N LRVF I * I K * V P E P Y * H
L TAT™* DL S KF K KF P NUPTSTH

13621 TTACGGGCCGATCATGGGACACGATCACCARATAGATGACTACAAGTTAATTCCCGTAAAR 13680
F ARS5TO GO QA ALUPI KDV ST * NIL AN
S HG AL VRH®*HNTI®*OQHETITLPWM
I G P *Y G T S TT * R S I N L *~ P C K

13681 CTGTAAACATTATGGTTATCTCGACCATATCCAAATATAATATTTCACTTAACAACGGCA 13740
s M QL VL LAPTIU®PI KY* L TTFQQ QR
Q C K Y Y W YL Q YL NTINZYTULSNNG
vV N TTIGTI S STV YTTH®* I I FHTITA AT

13741 AAAGTCGCATATCTACTGCTGCCATTATTTAACCTATTCAARGAAACARACAGTTTTCTTGA 13800
K *» R I S S8 P L LN S LNIKTTTULULV
N EA Y L HRIRYY I P Y TUROQQ * F F
XK L T yYy1vVv v TTIUVFOQIULEIZ KNDUFS S

13801 TTAAATCTTCAAATATTATTTCTCTTTTGAATAATACTCAACTGATTTTCAACACCACAA 13860
L K s T»*L L S PF V * * 8§ N VUL L QPT
* N L L K ¥ ¥ L 8 F KNHTS * F N H H
I * F NI I F L F §1 I L Q S F TTTN

13861 CACCGACTTGTACTAAAGAAATGTAAACTATAACTACCATCAGCGCACGGTGTATATCAA 13920
T A S C S K K VNS I S PULRTSGT CTIT
Q P Q VHNIRO*MOQY QH Y DIRA AUV Y L
H S FMTIEI KT CIKTINITTA AUHWMYN

13921 GCATCCTTAGAARGTTTCATATGATACAATCTAGAAACGATACGTAACGCAGTAAAACTA 13980
R L, F R EVF Y Vv I NS RQ * A NIR * K §
E Y S DKL TY* TULUDI K S HMAT DN Q
T P I K * L I § H * I KA I CQTMIEKI

13981 GCATTACTAACAAGTTATAACACACTTTAAGAAACACTCATACGACTAACATTTCTTAGG 14040
R L S QETINU HSTIRG GQST YA ASGO QTILSD
D YH NVNTULTITUHTFETZ KU HTHOGQNTYTLI
T I I T * Y QTTFUNIKTTULTISTITTFF G
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14041

14101

l4lel

14221

14281

14341

14401

14461

14521

ATGAAAAGATTCTTTCTAACCATACTAAAACAACTTTTAGGACTATAATAATTATATATA
* K EL F 5 QY S KXKT SV F G S I I L I Y
R § K * S L NTHUNQQ FDOQY * * Y I
vV XR L F I P I I KNTFIRTIIDNNTIZYTI

TTTTTTAATCCGGGATAAAAATTATCTCGAAATGAATTATGACAGTAAAAACGTCTGTGG
L FNPGTIXULULAI K SULVTMMI KA ATS SV
Y F I LG * K * YL KV * Y Q * K Q L C

F F*»*ARNI KIS S * KIS DUNJIKTZCUVG

AATCAACTTCATCCAAATCAACCACAAAATTGAAATCTATTGGTTCTAAACATACCAGTT
K T s TP K TPTI XV K S LW S K Y P *
R L QL L NL QHI KUIL KLY GUIL N THD
* NF YT * NTN *¥ 8§ ¥ I V L I Q I T L

ACCATACTAAAACCACTAAAATATGTTTGTCGGGGTCCCAAACCACACCGTCAACGTCTA
H Y §s K P § K I CVAGPNUPTA ATA S
I T HN Q HN * V F L GL T QH P L QL

P I I XK T I XK Y L CG W P KTHCNTCTI

AGAARTGATAAGAATATACTACGGATACAACTGATACACAGTACATAATCTAACACTTAAT
E +» + BE * I I 6 I NV I H * T N S @ S N
N K 8 N K Y s A =* TS * TDHTILNHI
R vV I R I HHRHQS HTMY * I T F *

AAACAATTACTATCAATATCTGTTAAGCTAGAACATGTCATACTAAAATGACTAATGTTC
N TL S$L *L CN S RTU CY S KV S * L
I Q * HY N Y VIRUDQVTHN™* QNC

K NI I TTI S UL ETIIXYULTITIIXK S I VL

AATCTCAACAAATTATTCATAAAATTCATAACCCCATACTTCATAGTAGGATTATGACAC

N S NNULULY XL Y QPTIUV FY * G L VT

T L T T * Y T N * T N P Y S T D D * Y Q
* L K I LI KULTIU®PTHTULTIMZ®BRTISH

CTAACACTATTACTATCCACATAATAAGTAACACGATTAAAATTATATGATAAATCATAC
§ Q S L s L HII * QAL KXKILTISINIULI
P NHY HYTY * ENUH* N * Y V I * Y

I T 1 1 I P TDNDNMT S I K I Y * K TH

CARRATGGATTATGRACARAACCAGGGGAACAATCTGTTTAAAAACATCTACCACATGGC
T K GL V QK PG RTULO CTII KT SU?PT G

P K V * Y K NQDGO Q * VF K QL HHV
N * R I 8 T KT GG KNS L NI KVY I T Y R

FIG.3 CONT’D

14100

14160

14220

14280

14340

14400

14460

14520

14580



U.S. Patent Jun. 30,2009  Sheet 85 of 119 US 7,553,944 B2

14581

14641

14701

14761

14821

14881

14941

15001

15061

AAACAACRAAGATAACCAATGGTAATGTTTCTCAATCCACATCAATACTTGAATCTACAA
N TTUETI P * W * L 8§ NP TTTITF FI KIS ST
T Q Q K * Q NG NCULTULHTUL * 8§ S L H

K NN RNTVMVFUL*TYNHV * I N

CTGTGTGTGGCAATAGCARACAGAGAATTTCTAAATGAAGAAATACGTCGTCTAGGACGA
S v_CR *R KD RULS K SURT™*AAS G A

g ¢CV GNDWNTE®™*ULNUVEI KUHTLTLTDDQ
v cvTITI QRI KUPFTIO*¥I K KTIO CTCTIR RS

TACGTGCAACGTAGACGATCACGAGACGAACTAAATGCTTGAACAACARAATCACATCGA
I ¢C T ADAULAR S S KRV Q Q KL T A
*AN. R ¢ M Q *HEAQNWVFXDNUN* HL
H VN CRSTS QK I * 8§ 8 TTI KTY S

CGGTAATGTTCACCATATTTTAAAGTTTGACATTTTGGTCCATTGARATTGGTTCTGAAA
A MV L PI FN* V TVF G PULKTIULW S K
Q w * L H YL I EF QL VL Y 8§ * G L 8

G NCTTJ YV F KUL SYFWTV KV L VK

ATGCTCARRACAATTTTCATTTCCGAACAAATTTCTCCCATCATGTCAACTAAACTTTGTA
* S NTLLULUPIKIUNZLSTZPILVTSZKTFC

K R TQ * FP YLSTO®*TILZP?YJYTULOQNXNS SV
VL KVNFTTFA A QI KT FTLTTGC CDNTIGQTFM

AAAAAGAAATGAGTTCTACCATTACGACGTTAATGACTAATATTAATAATATTCATATTA
K K K v *» s P LA A I VS * L * * L, Y L

N KR * EL HY HQUL * QNJYNINYTY
K E XK §L I TI SCNJSTITIITITIULTITI

AATGGATGATACCAACTATAATTCGTCAATAACAAACATAATCTTCAACAAATATTTATA
K ¢ VvITSIULCNUNUNTUNSGSTT®* LY

NV * *» P QY *ATTITU QT ITULILGQTE K Y YTI
* R § HN I NLUL * QK Y * FDNNTITFI

AAACTTTAAATACTACCACCAACATATGGTCGTAGTGTTCAATAACAATTATTAATACTA
K s§I1I *§S PP QI GADOCTTITTULTUL * §

N Q F KHHHNYVLMVL * Qg * Y N H
K F NI I TTTUYWC* L NNNTITITII

TTTTCACGACCAATAGGTARATTATTTAAACCATTTCGGTCTGAAATAATACTCCGTAAT
L L AP * GNLLNUPULATILS * *x g AN
Y FH QNDM®*YTI QYL WUV KNUHUZPWM
F T8 TI W KTIFI KTUFOGS K1II I L ¢ ¢+
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15121 AGTAAACTCCTTGTCTTACTTTAAATACGTATATGATTTGCATTACAAGACGGGTGGAAT 15180
D NS S CVF S I *»*A Y VL RULTRG V K
I M QP V S HPF KHMY * VY HE A WR
* K L F LI FPNTIOU CTISU FTTINU QT GG *

15181 TGAGTTTACTTAAATTTTATACGATAGTCACGATTCTTATCTCGAGCGTGACATCGTCCA 15240
v * I F K F Y A I L AL F L A RV T A P
L E F S NULTIH™* * H* S8 Y L EC QUL L
S L.HI *» F I 8§ DTSUL I S S A S Y CT

15241 CAAAGATAAGAATCATGATACTGTCCGGCTTACAAGGTAGTTTTTACAAACTTCTCATAT 15300
T E I R L V I VvV P R I NW * F HKF L I
H K * E *Y * 8§ L GPFTGDVFTINS S Y
N RN KT S HCASHEMTLU FTOQULTY

15301 CGTCGATGGGCTCCACAAGGACAACAATATCCTTGGTGATTTAAAATACCACCAACCCTG 15360
A AV R?PTGTTTIU®PV VYV L N * P P Q S
L' L * G L HEQQ * L F W * I K HHN P
cC §$ G S TUNIRNNYS G S F KITTPV

15361 CTATACAATGCAGTAGAATATTTCCTACAACTGTTGGGACAAGAATACCCAACCCTAATA 15420
§ I NR * R I F S T S L G T®R I P Q S *
R Y TV DD * L PHQCGOQE * P N P N
I H * T M K Y L I NV VI RNI KUHTUPII

15421 GGATTTACACTAGCACGATACGGTTTATAAAACGCATAACAATCATCAAATCAAAACCGG 15480
G L HS RAIGT FTIKRITULTULI KT K A
D *» I HDH* A LY KA AYQ * Y NUL K P
R F T I T S HWINGQTWNWNTT * N Q G

15481 GCGTTTGTACTTAAAACAACAAGTGTACCACTATCTAAAATAGCGGAACGCTTACTTACA 15540
R L ¢C s NQ Q ECP S L N * RRATF S H
G C VH I KNNUV HHY I KDGQ S HTI
A FMF KTT®*MTTI S KTIAI KT RTIUPT

15541 CGAGTTCAAAACTCACTTTATCAATACACACCGCCAACGATAATACAATTCGGACCACCA 15600
A * T KL 8§ I TTIUHU®PUPOQ* *» T L G P P
H EL K S H F L * TH RNDNSNUH* A QH
S L NQTF Y NHTA ATATITINIULTR RTT

15601 TGATCGTCACCACTACGTTGATGACGAAAACGATTAAGACAAAAATTATATACAGTCCGA 15660
VL LPSAV YV A KAILETI KT LTIH * A
Yy * CH HHUL * Q KQ * N Q K * Y I D P
S ATTTIOCS S S K S TIRNI KTIUVYTTL S
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15661

15721

15781

15841

15901

15961

16021

16081

16141

CAATGACGATTACAAACAAGAGAATACCGGACATTACCGGTATTCTAACTTCTAAATTCA
T VALTQEIRTIA AOQLU®PWILTISS KL

Q * Q * H X N E * P RYHG Y S QL NIL
N 8 $ I NTRZKXKHGTTIAMULNFTI * T

TATGCGTTAAATGTTTTTGCGRATATGAGATTACAAATAGCATGTCTAATACAACTAATA
! R L K CF RIX Y ELT®* RV S * T g5 *

Y v ¢ NV F V S I S * HKDYULNUHZQN
Yy A I L FA * VRTIWNITUZ C CTITIWNTII

TGTAAACAATTACTCATAATACTTAAAAATACATTCGTARAATCATACTACTAAAACTCA
vV NTUL S Y * § N KHILU CI KIULTITITIIKTL
Y Mm Q *»H TNUHTIKTIYANT™* Y S S K S

¢ K ¥ I L I I F K * TULMUI XTUHUHNZ QT

CTACTACCACAACAGACAATATTGAGACTAATACGATCATTCCCAATATATCGATTATAT
s s pTTQ * L E S * A L L P * I A L I
H HHHQRNY S QDNH* Y P NYL * Y
I I T NDTTIVRTITISTULTTI VY S I Y

TCACAAAAAGTTGTTCARAACATGATAGTCTTATTACAGAAATACAGACTTAGATTTACA
L T K *» T K Y * * F L T K I DSDULH
L HKEV L KTSD S Y HR* T QI * I
T N K L L NQ VI LTI IDI KUHTZ RV FRTFT

ACCCAACTTTTACTATAATGATTACCAGCGAGTACTTAAAACAAGGGTTGTATGATACAAT

Q T8 F 8 I VL P G * 8§ N Q E W C V I N
N P Q FH Y * *# HDEUHTII KNGV Y * T

PN F I I NS I TURMTFI KT GULMSH *

CAATTCTATCTACCACTAATACAAATAAATGGTATAGGTCTAGGAAGATCTTARAATCCT
T L I S p S * T * K G Y G S G E L I K P

L *# 8 L HHNUHI KNV MDILDIK * F K L
N L Y I TTITINTI * W I WTIR®RSN™* S

CGACCAACAAAACAACTACTAAATAACTTCTGACTGTCACAAGAAAACTATCTCGCGAAA
AP Q KT S § KNPF VS L TIRI KTISRK
L Q N NQ OQHNTI S S Q CHUEIZ KSTILA S

S T T KNTITTI * Q L 8§V TNIKQQ Y L A K

CATTCAGATCGATATCTACGAATGGGAAATCATGTAGTACTTTTACTTCTTATGGTTTTT
T L RA I 8§ A * G KTC * § F &8 S5 Y W F
Q L DL * L HKG I KULVDHUZ FUHTLTIGF

Yy T *+ s ¥y I 8 VR *Y MMV FTIVFFVULTF
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16201

16261

16321

16381

16441

16501

16561

16621

le681

CAGAAAGCACATATARATCTTATATATTTTTTTGACATATTACTAGAACCATGAGTCTAG
T K R TY K S Y I FF S YL S RUPV * I
L R EHINULTI YL F V TYHDOQYE S

O K TyYy T I *F I Y F F QI I I KTSTUDL D

AATCTATCAARTATCACAATAAAATTCATGAACACTACCAARATTTCARATGACTTCTTAGT

K s L * L T I KL V QS P KV FNUV S S D
R L YN Y H * KL Y KHHNILT* Q L I

*I1 T I T N N * T S T I T * L K S F F *

ARARATGTTCTTATACATAAATTTTTCACGGCACTACGTCTCACATCCACGTACGCAACAA
N *» L F I ¥ K F L ATTICLTU®PAHTT
M K C S Y TNULF HR S A S HL HMRQ

K v L I HI * F T GHHULT YT CANN

ACAAGTAGTGTTTGAAGAAACGCAACACCGTCAACATATGCATTCGGAAACAATACAACA
Q ED CV E KRQPULOQTIW RULGI KNUHDQ
K NMVF K KA AUNUHTCNYV YA KTTIN
T * * L S R QT TATTYTULURIGQ™* TT

TTTACAACAATACTGGTACAATACCGTTGATTAGTATTTATACAARACTCACAGAGTGGA
LHQ*S W TTTIAVWVUL*LYTU KU LTZE G
Y I N NH GH * PL * DY I HEX S BHER V

F T T I VMNUHTUCSTIMTPFTINOGQTD * R

ATGCAAACATTACGTGGATTGACACTACACTCACTACAGTGGTTTAATATAARACCCGCCA
* T QL AGULOQSTUL S TVLNYZ KPP

K R XK YHV ** S HHSHUH* W I I N P R
vV NTICRWVTTIHTTIUDSGU F* I Q0 AT

TACAGAATGATAACACTTTTGGTATTTGGGGTAATAAGTAAATTCAATCAATACTTACCA
I D* * QS F WL GW®* EUNULWNTTIF P

Yy T K S NH F 6 ¥ VG NDNM* T L * § H
HRVITVFVMVFGMTIT* KL * NHTIT

TACCAGARACCAAACATATTTGTTAGAACGTGCCCAAGTGGAATATATCTACTAAAATTA
I T XK P KYLCDOQUVPEGH®*I S S KL
Y PR QNTY VI KCPWNUWV K Y L HN *
H D KT QI FULIRART®*IRTIUY I I KI

TTCTATCGATCAACATTTACCTGTCTTCAACTACTAATACAAGACCGTTTACTCACATAA
L I AL QL HVSTS S * T RWAUF S H I
Y S L *NY I §$ L L QHNUHEUPULUHTY
L Y s TTUV FfFU©PCPFUNTIITIINAIGQT CTIULTN

FIG.3 CONT’D

16260

16320

16380

16440

16500

16560

16620

16680

16740



U.S. Patent Jun. 30, 2009 Sheet 89 of 119 US 7,553,944 B2

16741 CTTGCAAATTTCAATAAACGACGTCTTTGAGTTTTCCGTTGACTTCTCCGAAAATTTGTT 16800
S R K FNNAASV * F AV S S A KIULC
Q VN L TI Q QL F EF P L QL P K * V
F T *L * K §CVF SLLCSVF L S KV FL

16801 TCGATACGAAGACGATGGTAAGTTCTCTAACAATCACTATCTCTTCAATAAAACACAACC 16860
L *A EAVM®* S ITTUILSULSTTI KHDQ
F S H K Q * W EUL S Q * HY L L * K TN
A I S R S GNILILNWNTTI S FNNGQT P

16861 CTCTGTCCATTTCAATTIGGTGGTGAATTATTTTTAATACAAAAGTGTCCGATGGTARRA 16920
s vpPpL TULGGSULLF * TIK UV P * W K
P S L YL *»* VvV VvV *» Y F NHIK* L S G N
L ¢CTFNVFWWIK IV FITINZETCAVMIEK

16521 TGATCATGACCATTCTGTCAAAATCCACTCATACARAAACTATTTTCACTTAATTGATTG 16580
v L VvepL VT KU®PS YT KSULUL SNV L
* * Y QY § L K L HTH XK OQY F H I L *
s T § T L ¢CN* TULINIKTIVF TV F * § V

16981 CCACACATAATGGCGCGATGTTGATGAATATTTGARAGATATCCACTACAAAAACARAAT 17040
p TY * R AV VYV * L 8§ ETI P S T K T K
R HTNGU®R * L * KY V K * L HHK Q K
T H I vas CS§ S5 I FKUZBRYTTIWDNI KN *

17041 TGTAGTGTAAGACATCGATCAAATTCACGTGGATGTGAACAGGGTGTTCTCTTGATACGA 17100
v Db CETA ALI KILAGVSTGT CS F * A
L M VNQL *NLHV * V Q GV L S S H
¢ *M RY ST >*TCURU CIKUDUWIL L V I S8

17101 TCATATTCTAAAAGATCACAAATATCACAAGGTAACCACAAAGTTTTATTACAACGATTA 17160
L I L N ELT®*LTGWNTN®* F L T AL
* YL I K * HKYHEMZPTEF Y H Q *
T ¥ S KRTNTITNWGQHI KTILTITIWNSI

17161 ATAGTCGTGTAACCTTACTTTGCAATAACGTGACAAGTTCCAGGGGGACCATGCCCTTTC 17220
* * CMPI FR®™*QVT™*P GG PV P F
N DACQUVPF S VDNDNTCOQETLDGZ QY PF
I1 L VNS HPFTTIASNILTSGHU RTRS L

17221 AGAGTAGAACGATATCCAGATCGACAAATAATGATGTGTCGTGCACATCAAATATGACGA 17280
p ~ R A I P RA T * * *» v pn R T T * V A
T ED Q * L DL Q KNS CULV HULIKYQ
R M X 8§ ¥ T * 8§ N I VV CCTYNTI S S
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17281 CGATCAGTACGACGACATCTACGTAACACACTTTTTCGAATATTCAAAAATTTATAATTG 17340
AL * AATS S AUNUHSV FA A?*LNZTIKFTIUL
Q * D H Q Q L HMTH FUL K Y TZ KL Y *
s T Mm s 8§ ¥ I C Q T F F 8 I L K * I NV

17341 CTAACATGTGCATAATAAGGACGATTTCAAGCACATCTAACAATACTATTCAAATTTTAA 17400
s Q VRITIGALT RTSOQ®* S L NUILTI
R NY VY * EQ * L EHLNNUHY T * F
I T CT NN RS F NTY I TTIIULKVFN

17401 TTACTATGGTGAACATTCATACAAAAATGGTGTTATTTACGTAATGGTCTCAACCAATGT 17460
L $ VvV QL YT KV YV I F ANUGSNT V
*H Y W XK Y THX * WLULHMV L TP *
I I ¢S TULINIKGCYTIO CC®*WUL QNUC

17461 CTATAACAACAACAACTACTTCAATCATACGAATGATTAATACTTAACAGACAATATTTA 17520
$ I TTTSSTULTISVIL®*SNUDTTITF
L Y Q Q Q Q HL * YA * * NHTITOQ * L
I NN NNTIVFNTHUHTI KT STITITFOQRNTYTI

17521 CGAGCATAATTTCGATTTGTAATACATATATAACCTCTAGGACGAGTTAATGGACGTGGT 17580
A R I LALC®X*XTY I P S GA * NG A G
H E Y * L * V N HTIUYQULDQETIUVQUV
s T N F § FMTIUYINUSTIWZRSIULTX*XIRTCW

17581 GCACACGACAACTCGTTCCCAAGAAATCTTGGATCCGTGAAGTTAAGATAATGATTTTAT 17640
R T SNILUL P E K S GL C KL E I V L ‘I
vV HATSCPNI KULV * A § * N * * * P
T H Q ¢ AL TR ®* F RUPVETIWIRNSF Y

17641 TACACAACAAATCCAGGACTATAGAAAAACCCTTTAARCAATATCCACAGGATTTCTTTAA 17700
I H Q K P G I K K P VF Q * L H G L S I
L TN NULD QY R K P F N NY T D * L F
H T T * TR I D K S I TTIPTURYFFN

17701 CATCTTTGACAAAGTCGTAACCAAATACTATTATTTGAGTTCCGATTTTTACTATTATCA 17760
T S v T EANT* § L L S L AULF S L L
Q L F Q KL MP KHY YV * P * F HY Y
Yy F SN ¢ CQNTI I TIVF EULSPFTIIITTIT

17761 AGTAATACAAAATTTCATATAAAATTCCCTGTCTGTTGTGTACTCTCAAGTTCACGACAT 17820
E NHKUILTYXULPCUVV C SULETULA AT
N M I N * L I N * P V S L V H S N L H Q
* *+ T K FYI KL S L CCMULT* T S Y
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17821 TTATAAGTTGTCTATATAGATTAATCATTTAAAAATTTTCGATTAGGTCAAACCTTATCA 17880
F I * ¢I ¥YRIULIULNIKUPFALUGTGQTFL
L YEVSsSIDUL*Y I KL L *DUL K S ¥
I N L L Y I * NTVFIK*F S I WNU®PTIT

17881 CGACAAARATAATCAGGAATATTATCAGTCTTAATACAACGATTCGCACAARATCCACAA 17940
A T K I L 66 * L L * F * T AL RTK P T
H Q K * * D K Y Y DS NUHQ * A HK L H
S N K NTRITITULTITIDNSULTWU N ™* TN

17941 GITTGTGTTTGACATCTAAGACGAGTTCCAAGCCTTATACTAATACAATATATAAGTGTT 18000
* vCVvVTSEA AM®*UPESY S * T I Y EC
EFVF QLN QETULWNU?PTIUHNU H®*TINUV
L ¢L § Y I R SULTURUPFTIITINIYTI * L

18001 TGTCGTCTTTGTCGGGTAAGACAATTACAATTAGCTAAATTACAACGGTATTGATCTCGG 18060
vV ASVAWETTILTULRNILTAMUYV L A
F L L FL GDNIGQ®*H* DI * HQ WL * L
¢c ¢ F CGMZPRNTINTISIZ KTINTGY S S G

18061 TTCTTCCCGTAAAAAACACAATACTCATTATACGTTAATAAACTTAGAGAATTAAAATAR 18120
L FPMXKQTTIULULTITU CNNDNSZSDUZ RILIKTI
W s§ P C K KH * S Y Y AITIQTIE * N *
L L ANKTWNUHTTIUHTUL®* KU PRI KTITZ KN

18121 TGAGATGGAAATCTATTTTAAGTTTTAGTTTGAAATGGAGCAAACGTAACGTGTTGATTA 18180
VRGIKS LI * F *V KGRI KTCQUV VL
*E VvV K L Y F EF DV F KV ENWA ANTCL ~*
§ *» R *» I FNLIUL S * R TOQMA AT¢CS I

18181 GAAAAATTTCTAACATCATTTTCAACGAATCCAATAGTAGGTCGCGTACGGGGGAGTAAA 18240
R KL 8 QL L L QK UP * * G A CAGTEN
DK * L NY Y FNISTILDNDUDTULA AUHGT RM
K X F I T T FT T A * TTI MW®RMG G * K

18241 AATCGTCAACTACTATTTATATTCCAATTACTTTTAAACCGACATTTAAATTTATAAACA 18300
KA TS S L YL TULSV FI KA ATT FI KT FTIOQ
K L L QHY I Y P* HV FDNUPIOQTULNIULY K
*¢CNI I F I L NTIVFTIOQSYTI *INT

18301 CTTGGACAAAATTGTATAAGAGCAAATTATAGAGAATACCCAAAATTTAATCTAAACTGA 18360
§ G T KV Y EURIZ KTIDTI RTIUPIEKTILINSKV
H VvV Q KL MNENTULTIET®™* PN * I L N §
F RN * CTIRT™* Y RKUHTI KT F * I Q S
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18361 GAACTACCAATAAGATTTAACAAATAATGATTTCTACTTCGGTAATTTGCACAATCTCCA 18420
R S P *EL NNTIUVL S SAMILU RTTULTUP
EQ HNWN * I T * * » L HL W * V H * |
K I TIRVF Q X N S F I F GNV FTNUZST

18421 ACCCAACCARAACTACAACTCCCGCGAGTACGATCAGCGCTTTTGTAACCTTGTTTGAAA 18480
Q T P XK 8§ TS P A*AVU RSV FMZPVF K
N P QO NOQHQPREUHT* E RV FCOQTF L §
P NT K I NIL AZASMSSAVFUVNSTCUV K

18481 GGTGACGTTTATCCAAAAAGTTGACCACACCTAAALACATCAACTTCGATGACCGAATAAA 18540
G § CI PKEV?PTS S KTTS AV P KN
E VA FULUNZI KU LG QHUPNUI QLUG QL * Q S 1
W Q LY TIK * 8§ THTEI KTYUNTFS S A * K

18541 CGACTCTCTCTAACARTATGARAATTTTTTTGACATCGATTTCGAGGAGGACCACTTTTT 18600
A S L S Q¢ * V KL F VTA AULA AGTGT&PSTF
Q Q S L NNY K*F F QL * L EEQQUHF
§$ L 8 I T1I1 S8 K FF S5 Y S F S5 RIRTTFF

18601 AAATTTGTAAATTATGGGGAATACAGTTTTCCAGTTTTCACCCTATRACAATCTTARTCT 18660
N L C K I GRIUDUVFUP®*TFHSITOTTLTITL
I *vVNLVG*TULULDTFTUZPYOQ* F =
K FM * Y G XK H * F TULULPININISINS

18661 TAACAAGTTTACAATAGACTAATAGAAAARTCTGGAAAGACTATCACATCATAMATAATGA 18720
I T * I N DS * R K SUREGSTILTTNTIUV
FQEFTTIQUNDI I KTLG I K QY HUL I * x
N NLH* R I I K * V KR ITVY Y KN 8

18721 ACCAGACGGTCAAAACTTGAATGAACAAATTCCATARAACGATTTAATCCGTCTCTCGAR 18780
Q DAL K S S V Q KLY XKATULNU PTLS s
K'TQ WNQV * KNLTWNUGQ®™*IUL CL A
P RGTI KU F X S T P I K S F *» A S L K

18781 TTAACATTACACACAAGATTAGCACGATGTACGATGTTAAGATCTTGACCAATAATACCA 18840
L QL THEU LU RA AVH®TULETLV P * *» p
*N Y HTUN* DH * M S CN+* F O NUNH
I TIHTRTITSCAUVIURSSTTITIT

18841 ACAACCGCGGTATCAATATGAACACTAATACACATATTAGGTGAATAACATCTATATGTT 18900
Q Q RWIL * V Q8§ * T YL G S I TSI C
N NAGY N Y KHNUHTYDUV * QL Y V
T PAMT I S T I TIHTITIWI KN NTYTI VYL
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18901

18961

18021

19081

19141

192201

19261

19321

19381

GTCACCCCAATATGTCCAAGAAATTGATCATTAGTGCTATATTAAACATTACATGTATTT
C H P * V PEI KV L L * §1IT1IU1LTTCL
v T PNYULDNI KU L* ¥ DRYUL K YHVY
L pTICTW R®M*STTIVIJYNTTITYMTF

CCACGTGTACAACGCAGTCGACTACGTTAATACTGAGCAACAAATCGTTAGATACTAACA
P A CTADA ASA ATITIVRIQI KA ATI™=* S Q
L HVHQ TL Q HUL * S ENVNULILIRHN
T ¢CM NR* 8§ I CNHSTT®*CDTITIT

AAAACATTTAGACAATTAACCTTAAATCTCATAGGTTATTARAGATTACTCCAGTCATAT
K Q L DTULQF K S Y G I IETULSTILI

N K Y I @ * NS NL TDULULI K * HUP * Y
K T FRWNTIUPTIO* L I WUYNU RTIULDTY

TTATGTAGAACATCCAATAACGTCGCACAGTACGAATTTCGACGGTACGATACATTATCT
F v D Q L NN CURTMSIL A AMSUHILL

L YMKY TTIAAUH™*AM*XTLQWATIUYY
I ¢ R TP * QL TDUHIKF 8 G H » T I 8§

ATGTTGAATACAATACTGTATCCGTTAGGATTTCCAARATCGAACACAGTTTCTAATACTT
Y L X H * S M P L GL P K AIOQTUL & * 8

I ¢ s I N HCLOCDO®* L NL KH * L NMH
v v =* 7TT1I VY A IRU FT* S TDUF I I F

AAATTTAAAATACTACGAAAAGGACATCGGTTCAGACAATTTGTCAATAAAATACAGATA
N L N * S A X GTAULDTTULCNN* T =
I *» I X HH KEOQULWTOQ®* V T I K HR

K F XK I I 8 KR Y G L RUNF L * K I DI

CTACACGTATTTCTATTAAAATTTCTACCAAATACATACAAAACCTTAACATTACAACTA
s T CL 8 L K L 8 P K HTINUGQU F QUL T 8
H HA YL YN * L HNTIYTIKS N Y H Q
I H M F I I KF I T * THK P I TI NI

TTTATAGGTAGATTAAGTTAACAAACATCTARACTGTGAGCTCACAATTTATTTAATTTG
L Yy ¢ DL ETITOQULWNSVZRTWNTFTIULNTF
¥y I DM * NL Q K Y I Q CUEULTIULYTITUL
F I WR I * NNTS K VS S H * I F * V

GAAGGACCTACATTACCACCATCAAACATACRATTATTTGTACGTAAGGTATGATTAGGA
R G P HL P PLIK Y TULILOCANWUVULG
G EQ I Y HHUYUNTH* Y V HMGY * D
K R S8 TTI TTTWOQ I NI F M CEMSTIHR
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19441

18501

19561

19621

19681

15741

15801

19861

19921

AAATGATCTTGACAAAAACTTTTAGAATTCGGATACGGAAAAAAGATAATAAGTCTATGC
K VvV L vV.T K § F R L G I‘ G K K * =~ E 5§ V

K *» » F Q K Q F D * A * A K KU RNNILY
K § S §$ N K F I K L R HRIKETITI * I R

GGAACACACATGCATCTACCAAATCTTAGATTTGTTCAACTAATGCAAGGAAATTCTTCG
G Q TY TS P K SDULCTS * TG KL L
A K HTWRULHNILTI* VL QNI RUEIKTULTF
R T H V Y I T * F R F L NI V NR * § A

CGGTGAACATAGTGTGCCACATTAGATCCACCTCGACAAACAAGTTTCGTACGACTTCTT
AV QI VRHULIRUPZPATUGQET FTCAS S
R W K Y * vV T Y DL HUL Q KNULAUHOQIL

G s TDOC?®PTTI™*TSSNT™*VLMSTFF

ATAACATTGATGGAACTCAGAATATTATATCAATGATGTCGTCCGAAATGAAAAACCCAA
Yy Q L R S$SD+* L I TVVAPIKUVIKZQT
I NY § G Q T KY YL * * L L § * K K P
I T VvV KL RTITIYNSCUCAIZ KSIKPN

ATATTCTTAAAACTAAAAATATTAAATACCTTGTGAAAATGATGCAATGTCTCAAATCTT
* L F K 8§ K * L KHF VKV VNCULK 8§
K ¥ S N QN K Y NTI S CK * * T V S N L
I L I K I K I I *»P V S KSR * L T * F

TTGCATTATATATTGAACCAATTACARCCAGTAATACTACCTGCATGTCCACTTAATGGA
F T I Y L K T1©L T ®P * * § PRV P 5§ N G

F R L I Y S P *H Q D NHHV Y L HTIV
vV Yy Yy I VQ NTINTMTITISTTOCTF * R

ACACGATAATACTTACTGTTTCAACAACAATTCTAATTATTACATCTATGACAATARAAA
Q A1 I1I F SLTTTULTIULULT SV TTI K
K H * * § H CL QQ * 8 * Y HUL Y Q * K
T S NH I vV F N NNUILNTITIYTI S NN K

TTTTTATTATGTAGTAAAGGATGATTATATCGACAACTTAACARATGTTTTGCATCATAG
L FLVDDNSGVULIATSNNUVFRILI
* F Y YMME®™* *» YL QQTI T * L V Y Y
F I I ¢ * KRSTIJYSNUFQI XU CFTTD

GCCGTGGTGGGACTTGAATTCTAAGAATCTTTAAACTTGTAACTATAAACAACCTTCGTA
R C WG S sS L I RL F KVPF M S TIOQOQTFC
G A GG QV *» S E * F NS CQ Y KN S A

P V VRPFXULUNIKZSTIOQVNTINTUZPTILM
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19981 CAGGACACCCTAATACAATTTCTATCAAACAAAACATCAAGGTGAATACCACAAACATIT 20040
T R H S * T L S L KNOULEV * P T Q L
H G T P N H * L Y NT K Y N W KHHK Y
D Q PI I N F I T QK TTGS I TNTTF

20041 ATGTGTCTAAACTTCAAGTAGCTTTTAAACTTATATGAAAAACTACCAGCACTGTGACCG 20100
Y vs K F NMSF KF I S K S PR S VP
I ¢ L ¥N ST *R FN S Y V K QHUDHTCDQ
v ¢I QL EDUVF I QI Y KX I TTV S A

20101 CGAAATCTTCGAAAATCTTTTCGTTCTTTACCACAAAAATAATCATGACTTTTTAATTCA 20160
A K S A KL FALVFPTI KTIULV S FNIL
R K L L K * F L L FHHIK™*X Y Q F I L
s * F § K S F CS I TUNIKWNTSF F * T

20161 TCCAATAGTTACTAATTTCCAGGCGTTGCTCGACTAAATTTACCACACTAACACCTATTT 20220
L ¥ND I I L P GCRASI KU FUPTTITS L
Y T I L §8 * L DAV L QNI LUHUHSOQUPY
p * *» H N F TRUL $$ S8 I * I T HNUHTIF

20221 CARCCTCTTGAGTTTCAACTCAAAACCAAGCGATACTCTTTTCTACCACTGCTACAATAG 20280
T P $ § L. T § N Q N A I L F 8 P 8§ 8 T I
LQLV+* L QT KT R™* S F L HUHRH *
N s F EFNILI KUPUESHSVF I TV INID

20281 AAGTCGGCTTGTCTGTCGGATACGAGTTCGGTAATGACCTCGGGTGTTCCATTAGATCCA 20340
K L RV $LRHETULWO®* QLG CUPTULRP
R *G6G FL CGTISUL GNJS S GV L Y DL
EASCVA*A* AMV PAWILTTI™®*T

20341 CCATTAACGCGCCCATTACAGTAACCATTACTACGAGATTGTGCAAAATGATAGAAATGA 20400
P L @ AP L TMUPULSARVRI KV I KV
H Y NR P Y H* Q Y HHEULV N * * R *
T I AR T I DU NTI I S * C T K S D K S8

20401 GTCTCAGCACATAACAGTTCAARACTTGGAGCGAGTCTAAATCTTGCCCTAAAATAACTA 20460
*L R T N DL K S G RE S K S R S K I 8
E § DHITULNGQVESTLNTLUVPN?*Q
L T TYO@Q®*TU K FRA®*T1* F P I KNI

20461 TACCTACTATTAGACAAARTAACGATTTATACCAAATCTTCTGATACGTAAACTAGTATAT 20520
I s s L RNIAULYUPIKSS * A NS *~ 1
Yy P H Y DT * Q * I HNULULS HMOQTUDY
H I I I Q K NS F I T * F VI CJKTIMZY
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20521 CAAATACCATCAAAATTGGTATTTCAATATCCTCCAAACGTAAACGAATATCCGAATAAA 20580
T * P L KL WL TTIUPUPIXCIXKS I P KN
L K HYN* G YL * L L NAN A L S I
N I T T K VMFNYSTOQMOQI K YA * K

20581 GCATCCTTTTTTTTTAGATTAAACAATTAAGTTCTCAAAAATGTCATACTAAGATCATAA 20640
R L F F FDULI KW NIM®*XSZSNIKTZCEYSETLTI
E'Yy s F F I » NTULEULTI KUWVTHUN * Y
T P F F FRTIOQ®*NILULIK®*L I I RTN

20641 GTAAGTATAAAATAATGACTAGTCCTCACACCATCATCATTCTCACAAACATGTCAATAA 20700
*E Y K I Vv s§ *SsS H?PULU LU LULTAOGQUVTTI
E NMN* * Q DPTHY Y Y 8§ H K Y L *
M * I KNS IULULTTTTTULTNTTUCUNN

20701 CTAAATAATAATCTACTAAAACAAAGATAACAATTCAGTAATTTAAACTCAACACAATCA 20760
S K NN S 8 KT E I TULUDWNUTFI KULOQTTL
Q NI I L HN QK * Q * T MTUL DN S N H *
I » » » T I KNRNWNIL®* * I Q T TUNT

20761 TTTCAACAATTATAATTACAACTAAAATTCCTAAAAGTTAAATACAACACCACATTACTA 20820
L TTULIUL T S KDL S K * NINUHHTIL 8
Y L 9 *Y *HQN*P NETIO®*TTT Y H
F N NI NTINTII KU LTIIKULI KU HOQU?PTTITI

20821 TTATTITTAATACTGAARAATAGGATTTTACGTTCGGTGATTACTAACCTTTGGACCGATA 20880
L L I I VK * G L I ¢C AV L S Q F G P =*
Y Y F » 8§ K KD * F A LW * HN S V Q S
I F NH S K IRV FHULGJ S I I PV FRATI

20881 AGATACGGACAAAACATATTCATAAACTTACAAGGTAATCTCTCTCAGAGAAATACCTTA 20940
E I 6T K Y LY K FTOGNSULTEIZKIHTF
N *AQ KTYTWNJSHEMMTZLSTULURIEKTIS
R HRNQIULTI QI NUW*L S DR * P I

20941 ATACCATTTGGATAATTAAACGGATGTCCGACATACTACTTACAACGATTICATGTGAGTT 21000
* P L G I L KOGV P QITIUVFTA ATLYV *
N HYV* *»* NA *L S Y S S HQ * T CE
I T FRDNIGQRUCATHUHTINISTLUV S L

21001 AATACAGTCATAAACTTATGATGTTGTAATCGACAAGGACAATTATACGCACAARATGTA 21060
N H *Y KF VVVNA AT GTULTIU RTIKSC
I I D TWNJGS Y * L MULOQET GQT™* Y A HK V
*T L I @ I 8§ C C * 8 N R NI H TN * M
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21061 AATCCACGTCCCAGACTATTTCTTCATCGAGGTCCAAGACGACAAAATTCTGTCACCAAT 21120
K P A PDSL S TAGUPEH AT KTULCHN
N L HL T Q ¥ L L L EULWDNOQZ QI KTLUWVTT
*T ¢ PRI F F Y S W T RSN * S L P *

21121 GGTAGACCATCATAAGAACATCTATTACTAAATTTGGGTAAACAATCGCTATCARATCAA 21180
G DPILTIURTJ STILSKVFGNTUL SUL KT
VM QY Y EQLYHNULGMOQGQ?™*RYNL
W R TTNIK Y I I I * VW KN ATIT * N

21181 TGAATAAAACCTCTAACATACTGAAATGGTAAACTAACAGTAACCCTAAACTATTATAGA 21240
v *» K P S Q I VKGNSGQ™* Q 8§ K I I D
*K NQ L N Y S KVMQNUDNUPNSTULI
S I K § I T H S * W K I TMUPTI QY Y R

21241 CTATACATACTAGGAGAATGATTTTTATAACCACTAATATTACACTCATTCCTACCCARA 21300
s I ¥ SGRUVLVFIUPS*LTULUL S PN
Q Y T HDE * * F Y Q HNUYEHKS Y PHT
I HI I R K S F I NT I I I HTUL I P K

21301 AAATGAATGTAAACAGTAAATTAAGCACTATTTAATAGAAACCCACCATCACATCGATAT 21360
K v »M Q * K I R S L NDI K P P L TATI
K * K C KD NL EH Y I I K P HYHL *
K § VN T M * NTTIVF * R QTTT Y S Y

21361 TTTTAATGTCTCAAAAGAACCTTACGACTAAATATATTTAATTACTCAACAAAACGTARA 21420
F I VvV 8 NE Q FA S KUY L NI L QI KA AN
L F * L T KK S HQWNTIUYTIUL S NN QM
F N CLKRUPTIOSTI * I P * HTTIZ KCEZK

21421 ACCTGTCAAAAAACATGATTACATTITACGAAGAAGATCACTTCCCAAAAATTATCCATAT 21480
Q v T KQVLTU FAEIETLSUPNIZKTIUPTI
K 8§ L XK K Y * HL HK X * HL T XKLL Y
P CN KT S I Y I S RRTFUPIK®*YTY

21481 TTAATGGACCCATTTAGAAGAAAACTTTATCTACCGTTACAATACGTACGATTGATARAC 21540
F *R PLDEEK S I S PULTTITCATUL * K
L NGP Y I K KQPFPULHTCH™* AUH* 8N
I vQ T FRIRIKU FYIATINUHMMSUVTIQ

21541 AAAACCTCTTTATCATGTTGTACCTTACCGCCACGAATATCAAATAAACTATACTGATTT 21600
N Q L F L V VHF P PA * L KNS I VL
T K §$ F Y Y L M S HRUHI K Y NTIOQY S *
K p s I T CCUP I AT S I T * K I H S F
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21601

21661

21721

21781

21841

21901

21961

22021

22081

AAAAGAAACTTTAACCGACCGTGACGACAACAATTAAATTCTGGTCTAGTTAATTTACTA
N E XK F N APV ATTULIXKULG S * N F 8
I K K 8§ I P Q CQQQ * NULV L DTITULH

K R Q FQ 8 A S SNNI*SWTIUL * I I

AATCAAATAAGAGAATAACTTTCTCCATTTAATAATCAAGCGCTATGCGCATTTCTCTAA
K T #* E R I 8 L PLNINTR SV RUL S I
N L K NE * Q F L Y I IULEUZ RTYAYTUL S
* N I R KNV F STV F * * NATIURTTFTULN

AAACAACCACTATCAGAACATTTATGAACAATCTAGACTAATTTAGATTTGATACAATTA
K T P S L R T F V Q * I ENVFRVF * T L
K Q QH YD QLY KNS RMULUDTULS H *
K N TI TXK Y I §$TUL D * * I * V I N I

ATAAAAAAATAAAAAAATAAAGACAATACCAAAATTACTTGGAGAATTACAACACAGAGT
* K K I K K NRDNUHNMXUHV E * HQ T E
N N K * K K I ETTITI KTIV FWRIKTINHR
I K K N K * K Q * P KL §$ GRULTTD *

ARATTTGGTACTGACCAAAAATAAACCACTATCAGCARGACTAACATTGGTATAATTATT
N L G H 8§ T K I QH Y DDNOQNYG Y * Y

M *»*»*vM vV P K *K TITTI RTITVMNI
K F WS QNI KN NUPSLRESQULWTIULIL

ARAATTTTTAATTTTTAAAACTAATAAACCTATAAGTGGGATCAAACACGTTGTTACCATT
N L F * F N Q NNUP Y EG * NTCUCHY

I *F N F I K I I QI NV RTOQAUV IT
K F I L F XK S * K S 1 * 6L KHUL L P L

CTAAAGTAGATCACGGCCACTAAGATAAAAATTCTCAAAAGTAAAGTGAGCTAAAATATT
S KM * HRHN* K * § N EN +* E I K Y
L N R TG T I RDNKLTIKMME S S K I

I EDLAUPS EI KL L K * KV RN * L

AATGTGACCGCTTCCACTAGTTTAATAAAARATACTCCCACAATTAAAATTAGGAATAGT
N CQ R L HDU F* K KHPH * N * D K D
I v $ A F TTILNWJNIKTIULTWNTII KTITRTI

* v P S§ P 8§ * I I K * 8§ P T L KL G * *

ATCTAAATTCACAAAAGGATTACCATCATTACTACATACCGAAGAATTGTTCCATTCTAA
Yy I * T NE * HY Y HHTIM AE* CP L I
M § KL T K RTITTTTI I Y P KI KUV L Y S
L NL HKGUL?PULULSTHSRUILULTTULN
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22141

22201

22261

22321

22381

22441

22501

22561

22621

AATAGCACGGAATATAAGATTATACCGGAAAAAAGCAATAGAATGAAAACARACTATAAGG
K DHRTIWNM®* Y PRI KEWND™* K Q Q Y E

K I T GG * I R I HG KX KTTTII K S KNTIN
*R A KY EBEULTIAIKI KU R®*RV KTS I G

AATATTACAAAGAGAAAGATTCAAATTAAGAACATTTTCACTATRARATAGTGAATTGTT
K Y H K E K *T* N K Y F HY KTTIV * C
R I I N R KURUL KTIRTU FTTIN * * K V
* L T EREULNULEZGQULULS I KUDS UL L

AGGATAARAATAATTAATAAGATTCCTTCAAATAAAATGAAATAATCCAACAAGAGAAAT
D » K *» * NN * P L KN * K I L NNE K

I R N KN I I RL F NTITKS S * *» T TR K
G I K I L ~ BE L S T * KV KNP OQE R *

AAATCATGGCGAAACGGAAAAATTTAGATTGAAATCAGTCATGATAATATTGTATCTATG
N L VA KGIK®™*TI *§g§ *DTSNUYCULY
I » Y R KA KKV F RV KTTULUVIIUVYTI

K T 6 8§ Q R XK L pbL KL *» Y * * L M S V

ACCGAGACAAATACCAARAAGATTACAACAAATAGGACTAAATCTGACATARATATAAAG
Q@ S Q KHNIK * HQ KDQNTULS Y K Y K
S A RNTI T K RTINUDNIWTRTI®*UV TNTIN

P ET™* P KETLTT* G S K S QI * 1IE

AGAATTTGGTCCAAGAATATTTCAAAGGTGGTGACGTGGAAAAAATAGGAATGGATGATT
E * VL N XK ¥ L KW W Q V K XK I R V * =+
R K FWT RTIUVFNGTGS ST CTRIK* G * R §
R L G P E * L T EV VAGIKIKDIE KG V L

TCGAGAGACARAACTATTTAGATTTGTTAAACATGGACATGTCCAACAACTARGATCTAC
L ERNG QUY I * VI QVQUVDPQOQN * I
F S ET K TIFQRTFTULTZEXKTYU RTYTLINUNTITR RS
A RQKSLDILCNTGT CTTSETLH

CTTGTTGCTCGCACGGAGTCTATARAGAAATAGACAACGTACAGTTAACGGTATAACAAT
S CR A HPRULY KX I Q QMDTIAMMNNEN
P VVLTSG®* I NR* RUNCTULOQOQWTIT

F L S R A E S 1 UEI KUDTA AH®*NGTY Q *

AAAAGCGTTAAGAAGACGATTAATACAACCGTTCATACTATAATTGGTGCCACTATCACC
N ECN K Q * NHQ CTH Y * G R H Y H
I KA I RIRJSTIINAILTITINWVVTTIT

XK R L E E A L * TP L Y S I L W P S L P

F1G.3 CONT’D

22200

22260

22320

22380

22440

22500

22560

22620

22680



U.S. Patent Jun. 30,2009  Sheet 100 of 119 US 7,553,944 B2

22681

22741

22801

22861

22921

22981

23041

23101

23161

AAAATAAAGATAAAATAGACCAGAAAATATATTACAAAGAACATAAAGTATAATACCACA
N * K * K I Q D K I Y H K K Y K M N HH
T K NRN* R TXK * I I NRTN* I I T

K I EI KD PRIKYULTUEZ GQTIZEY™* PT

TAAAAATATACTATTAAAATGTAGGTAAACCGGGATAATAAGAARACCATCCACAGGATG
I X I H YN * M W K ARNNIKWOQY T TD *

Yy K *» I I I K ¢ GNP G I I R KT P TR
N K Y S L KVDMQG®™* * E K PULHG YV

TAGAAGATAATAATTTGTAGGTTAAACACAAATACTAARAAACGGATAATAAAATGTTCC
M K * * * VvV D L K H KHNIK KA * * K V L

C R R N NF M WNTNTITIIK Q@R NN * I
D EI I LCGTIOQOTT™* S KK KGTITII KT CT?®P

ATAAAATAATACAAATCGAAATGAAAAACAACAAAAAGATAATAAAAACAATATATTGCT
Yy K I I NL KV KOQO0QOI K ETITIZ KTTIZYR
T N * » T * g * K K NN K * * K Q * I V

I K NH KA K S KTTI KW RINNI KNYTUL §

ATTTAGAGTAATTTAGATTTGTACAATAATTAATAAAAATAAAACGGATGTTGTAATCGA
Y I ENF RF MNUDNITII KTIIKGUVVNA

I F RMIULDULCTI UL * K~ KA * L ML
L D *» *» I * V H * * NN KU NIGQRTCTC * 8§

CAATATCCACTAAAATTAACATGATTAAAACGATAATTACTARATTTGTGGTGTCAAGGA
T I P S KL Q VL KAIUL S KV F VYV TG
Q * L H N * N Y * N Q * * H N L C W L E

N ¥y T I X I T 8 I K 8 N I I » V G C N R

GCGTATTCACTCATACAACACCTACAAAGAATACCAAACCCATGTATAATATATGAACTA
R ML s YyTTSTE * P K P VY * I S S

E C L HTHQPHI KI KHNZPVYMNYVQ
A Y T L I N H I NI RTITIGQTTCTITI Y K I

GCACAAATAAATTTATGATGATATARTAAATGACCAATARAGGGATTTAGACCACGGTTA
R T ¥ K F VvV I NNWVUP* KGUL D P AL
D HKUNULY * * I I * Q NNG * I Q HW
T NI * I §$ 5 Y * K S T I EUR F RTGTI

AAATCCCTAGATAGARATTTTCCATGATGTATAARCTCATGAGARACCATAGTCTTTGGG
K L S R DK F P V VY KL VROQY *» F G
N * P DI KLUL Y *MNSYEI KTUDS V
K p I » R * F TS C1I QT S KUP I UL F G
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23221 AAAAATAGACTAAAATTATTACCATAAAAAAGATCTCAATTCTTATGATTCAACATACAA 23280
K K D s KL L P I KEULTULUF VL NVYT
R K I Q N * Y HY KK K®*L * s Y * T T H
K * R I K I I TNI KU RSNULTISULOQTIN

23281 TTATTTIGAAACATATCACTCAARATCATGATATCAATATCCATCACAAAAATAATTGTTG 23340
L L VK YL S NULUVITTIUPILTI KTIIULTL
*Y F X T Y HT*»Y * L * L Y H K * *» C
I F §$ Q I T L KT S Y N Y TTNI KNV YV

23341 AGAATATGATAACAACAAGTTGGAGTATTACCACAAAACCTCTAATGTCGAACAGTTATG 23400
E * VI T T * G * L P T K S I VA Q * Y
S K'Y *» Q Q E VE Y HUHI KUP S * L KD I
R I 8 NN NUILWRMTITNA GQILNTCGCSTTUL V

23401 TGATACACACTCATAGGAGTATGATAAACATTTAGATTTCCATCAAGAGCATTACTTAGA 23460
v I H 8 Y G * Vv I QL DL P L EIRTUL S D
¢ *THTDE Y * KY I * L YNETVYHTI
S HTLIRMSNTV PFPFRTFTTURTTIF R

23461 ACCGTAAAACTATTTAGACTTGGAAACACAGACAAGTTCTTTTTAAAATGAATATTACAA 23520
Q ¢ K $ LD S G KHZRNULVFTFIKV * L T
K A NQY I Q VKTUDT™* S F N * K Y H
P M KIFRVPFRQTOQETULT FTII K STITIN

23521 AGATGTCTAACCAACATAAAAGTAAAAATAGTTCTTGCACCGTGAAAAATACGAATAATA 23580
E VvV § ¢Q N Y K *» K * * g R P V K * A *» =
K *L NTTWNENI KUDTULVHTU CI KU KUHI KN
R CI P QI KMIKTIULT FTA ASI KTIEIJSTI I

23581 CGACTAAGACCGTACGGATGATGAAAAAATAAATCAAACATAGAACCATGAGAAAATAGA 23640
A S E P M GV V K KNULI K YRPVUR R KD
HQNQCA * * KKI * NTUDQ Y EKI
S I R A HR S S K * KT QTI K TS K * R

23641 GTAATAATACAAAACGGAAACTGAACATTACGATATAGAAGATTATGACTATTACTCTGA 23700
* *» *» T K G K V Q L A I DEULV S L S V
E NNHKAIK S K Y H * I K * ¥Y Q Y H s
M I I NQROQSTTIS Y RURTIISTIITUL S

23701 AATGTTATAACCCAGTGTGGAAACAGATTTGCGGTTATAGAAGAATTTAAACTGTTGGCA 23780
K €Y Q TV G KDULURWY®RIRILNS L R
XK v I NP * V KT * V 6 I DZE™* I Q C G
*L I P D CRIOQRFALTIIKI KT FI KUV VT
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23761

23821

23881

23941

24001

24061

24121

24181

24241

CCACAATAATGATTACGACAACTAACAAGATCATCRAAGARATCGCTCTAAGTTACATTT
P T I VL AT S QELUL KKUL S$ I * H L
H H *» * * H Q QNN * Y NR * R S E I Y
T NN S I S N I TRTTEIZ KA AILNILTTF

TGATTTAGAAATARTGGATTATGACCACAAATACTGAATAGACCARAATGACAATTCGGA
VLD KWNGUL UV PT > S KD P KV T UL G
F » I X I Vv * Y Q H K H S I Q N * Q * A

$ F R ** R I S TINTIWUV®* RTIKSNILR

CARCGTTGACATGTAGCAGCATAAGGACTAAATGGACTAACACTGTAACTATTTACCGAA
T A VTCRU RTIGS ST KS G SOQS M S L H S
Q QL QVDDJYETG NV VO QNI HTCOGQTYTIaA

N ¢ $S YMTTNTZ RTITO®*®RTITV VNTITFUPK
TTGTTAAAATTACATGGGAGTGGAGAATTAACCCTTGCATTTTAAAARAGATTAACGTTG
L L KL TGEGRTLTG ST RILTIZEKTETLQ L
* ¢CN * HV RVE*NZPVYTFTZ KT K™*NTC

V I K YG=*RIEKTIUPTFTTFN NI KU RTIABATUY

AAATTARACTCATGAAACGAAGCAAATCAAGTATGACTAAGAAARAGAACATTATTAAAA
K L KL VX S8R KT * V S EKE QL L K
S * NS Y KA ENULEYQNUIZKI KI K Y YN
K I ¢ T S Q KT * NM S IRI KU RTTII K

CTACTTAGATTCTATATACCATCAACAARAATTCTCATAACARAATCTATTTAAACGGTAT
s § b L I Y¥Y PLOQ KL L I T K S LN AWM
Q H I * § I HY NN * S Y Q KL Y I Q W

I FRLY I TTTIXULTWNWDN®™*IF KGY

GGGTTGAGGTCTGCTAGACTAAACGTCAACCCGTCAAGACCARAAGACGTTAGAAGATTA
G LELURTDTGST KT CNT PTLTET PZ KT RTCTDE L
V WS WUV IQNA ATTZPCNG QNEA ATIK *

G VG SSRIQLOATT RTTZ XKTGTULT RTR RI

ATATTTTAACTGTGATGARAGATCAAGAACAGTTAACATAATATCAAACGGACGTTAATTA
* L I 8 VvV ELUEZQ®™*NY* L K GATIL
N Y F Q C * K » N KD ITNZYNA AU GQTL *
I F N VS S RTRTULOGQTITITOGQURT CNI

CAATGATAATTATTAATATTAGGAAGAAGAACCTTATCTTCCATACCAAAATTATTARAR
T v I L L * L G EE Q F L L Y P K UL L K

H * * » Y N Y D K K K $§$ Y F T HN * Y N
N §$ N I I I I R R ER P I S P I T K I I K
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24301

24361

2442]

24481

24541

24601

24661

24721

24781

TTAAACTCGAGAGTATCACAACAAATGAGTGCAATAACAARAAAGACAATTATTATGAAAA
L KL E* L TT* EUR * Q KETTULULV K

* NS S E YHQ KS VNINNIKUGQ®=*Y YK
I QARMTNWNU WV *TTITIU K RNTITISK

ACAGGAACACGATTTGGAAGAAAACGAAGTTCAACGTTCTCAGTATTTGGTGGAAGACGA
Q G g AL GEI KA AETLOGOQTULUL®*ULGTGE A
K D KH* VXK QK LNICSD YV V KQ
T R T S F R R K S * T AL TMTFWIRR 5

AGGACAGGATAACCATGATTAATAGCAAGAACACTCTCATGATGACATGAGCTGGTGTGA
E Q G I PV L * REG QSTULVVTSS WYV
K RD* QY * NDNJIKEHSTY* QVRGSC
6 TRNTJ STITITU RTTULTSSZYTZ EUVV S

CTGACCACATCCACAAGAACAAATGGACTAGGATATTGACGAATACTGGGATCCAGAACA
S Q HL HEJGQI KGSGI VA T* S G L D Q

Q §s T Y TN KNV QD * L Q KHG * T K
v pTPTWRT* R IRY S S I VRPRT

AGAGTTTTTTTCAGAGACCAACCACAACCACTTGTAACACGTCCCAAGCCACAACTACTT
E *# FFDRTU®PTU®PSCOQAUPNU PTS 8
N EF F T E P Q HQHVNUHULTRHQH
R L FLRQNTNXNTV FMTTZ CZPETNTITF

CTTTTCACACCACATAACCTACCTAGTATATTACAAAGARCAGAAACATCATGACTACGG
S FHPTNSUPUDUYULTEU QI RIOQTULV S A
L FTHHTIU®PUHTIMYHI XK KUDI K Y Y QH

P L TTYQTI S * I I NIRTI KT TTSTI G

AAAGATCCAACCAGAATACTGTGAACGCAGTCATTGTTGGCAACATTATARAAANGATTA
K R P QD * S V QT L LUL R QULTIIZKETL
R EL NTKUHTCI KW R®*Y CGN Y Y K K *
K *T PRI V S ADTUV VTTTINI KT RTI

AAATAAAATTTACCATAGTTATCACCATGGTGAACAAGATTACTAAATAACGTCGGATTA
K I K F P I L L P V V Q EL § KN C G L
N * K L HY * Y HY W KDN * HNTTI A A *
K N* I TDTITTS GS T RTITIT™* Q L R I

TGACTTCAAARATGACTACAAACACAACTAATGCTGGAAATACCATAATGTCCTGTTCCA
v s§TKVSsSTOQT S * 8§ R * P I V P C P
Y ¢ L K * Q H KHQUNIRGI KHY * L V L

S F N K S I NTNTIWUVV KTITNTZGCSULT

FIG. 3 CONT’D

24360

24420

24480

24540

24600

24660

24720

24780

24840



U.S. Patent Jun. 30,2009  Sheet 104 of 119 US 7,553,944 B2

24841 TAAAAATTTCTTCAAAGACGACAAATAATATTATCAACCGTTTTAGAAAACATACTAAGA 24900
I XL 8§ T E AT * * L L Q C F R K Y 5 E
Yy K * L L K Q Q KNYYNA AVFTUDI KTHN
N K F FNRSNIITITU®PULTIIKZGQTITIHR

24801 TTACCGTTGTAATAACCAAAATTTCTAAAACAATGATTATTTTGTATATTATAAAAGGGA 243960
L PLMIUPI KU LS KTUVIL L VYTLTIIKSG
* H CC»* Q N * L NQ * * Y F MY Y K G
I AV NNTI KU FTII KU NSTIU FICITIWUNER

24961 ACAATACGTCCTTCTCAAAGACGACGAAAAGTAGTTTTACGAAGGAGAAACCGAAATGAA 25020
Q * A PLTEW AAIKT™* * F A EEXKAIK S§
K NH L FL K Q Q KEDVFHI KU RIKPK V
T I ¢ S S NR S S KMUL IS GUROQ S5 * K

25021 ATAGCATTAAATTTTACATCGATACAAAACTTATTATAAAGAAATTGATGAGTCGGTATA 25080
* R L K FH L * T KPF LI EI KUV V *» G Y
K D YNULTI Y S HK S Y Y K IKUL* E A M
i T I * F T A I NQ I I NR * S S L W I

25081 AAACTATCAATAGAACCAACGCAAAAATTACGACTATTAAATTGACTAATAAGACARAGA 25140
K S L *» R P QT XKL AS VLXK VS * ET E
N Q Y ND Q NR K * HQ Y NUL QNN Q K
K I T I KT ANIKTI S I I * S I I R N R

25141 AGAACACGAGAAGCGTACCCATCACCAAAAACACAACTAATATTGAGTGGAAGAAGAAGG 25200
E Q A RRMPULUPIXKXKOQTS * L E G E E E
K K HEECUPYHNI KHUO QNY S V K K K
R T S K A H TTTI KTNTTI I V * R R R G

25201 AGAAGCGCAGCATTTGCATCTTCATAAAGACGAAGAATAGCAARACAATGAAAACTTGGG 25260
EERRILWIRILILTIEA AE™* R KTV K S G
R K A D Y. VY F Y KQ K K DNOQ* K Q V
R R T TV F T S TNWZ RS RITIKNSKF G

25261 AAATTACAGTCAAAACAATTACTGTCATAACTCAGACACCCACCAGAAATACTCTAGTTT 25320
K L T L KTUL S LI S DT?PZPUR * § I L
R * H * N Q * H C Y Q T Q P H D K H 8§ *
K I pT XU NI VTNILIRUHTTIKTIULTUDF

25321 TAAGGGTGATTGAAATGATATCAACCAGTTCTCCTTAAATAAGTTTGATTAAGAGGATTT 25380
I G VL KVvVvITU®P®*S§ S NI * YV L EG L
F E W * 8§ *» » I, Qg DL P I * EF * N E *
N G §$ V X 8 YNTULULVF KNIL S I RRF
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25381 CAATGATAACTAACAAGAAATAAACAGACAAGATTAATACGTCGAACGGTACTGAATAAC 25440
T vIiI S QE KUNTGOQEUL™* A A Q W S K N
L ** QN NKI QRNM®*NUHTILI KTGHS S I
N s NI TRO®*XODTU RTITIUOGCSAMUV*Q

25441 AGTCTCATACCGTGAAAAACACTATTATAATTATCATAAAATCTACTTCAATTACCAAAT 25500
D S Y PV K QS L I L LIXKSSTTULUPK
T L T HC K K H Y Y * Y Y KL HUL * HN
* L T A 8§ K T I I NI TN * I F NI T *

25501 GAACTATGATGAGTTAACGTACATCGACTATGAGAATACGTTCCACAGTGTGAATCGAGG 25560
$ s vv «# N CTOASVRTIZ GCEPTUVSLE
v Q Y *» E I A HL QY E * A L H * VvV *» §
K I § s L QMY §TI S KHTILTUDTCI K AG

25561 TTAGAATTATGATTARACGTAAAACTACAACTATTATAATTAAAATTTAGGGATCAACCT 25620
L RL VL KCIZ K STSULIULZKULDIZRTP
W D * Y * NANOQUHOQY Y * N * I G L Q
I K I §$s 1 ¢ Mm KIVNTIINTII KV FG * N S

25621 ACAAATCCAGGTGTGACGCCAAGAAGAAGAGCAAGAAAAAAACTTCTAAATAACAAACTG 25680
H XK P G CQ P EEEREI K IKS S5 KNN S
I NL DV S RDNKI KENI KU K QULWUNTITQQ
T * T WV A TR RUERIBRTRI KI KUF FTI * Q K V

25681 TTTCAATTTGAAAGTCTACAACCAAAACAACTTCGAATATTGTITAACATGACCACCATCA 25740
L TL S E S TUPKTSAO*LUL Q V P P L
¢c L *V XL HQNOQOQULIKYCNY QH Y
F N F K * I N T KNVPF 8§81 VI TS TTT

25741 CTTTAATCTCTAGAAGAAACACATGTTAGGAAATTACCATAATTTCAAAACGGAGGATAAR 25800
s I L S RRQTO CDI KU LU®PIULTIEKGTGI
H F *L DEIKHVIUR®*HY * L K A E *
F N S I K KT YL G K I TNV FNGQURRN

25801 AACAGACTTAGAGTTTAAAGACCAATGTGGTGTCGGCGATGACAACGACGATACAAAGGT 25860
K D SD®* I EUP*V V A AV TAATILINSG
K T @ I EF KQ NCWIUILUR * Q QQ * T E
Q R FRLUNIRTWVVGCGS S NS S H KW

25861 GGTACCAGTCGTCGTCGACCGTATGGTAAAAGAGAATTACATGTTATATCTTAATTACCA 25920
G HDAAAPMGUYNEIRTULTUZ CYU LTITL P
vM™MTLLLQCVMKE*H VI Y F * H
w P * C C S A YW KRIKTIUYULTISNTIT
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25921

25981

26041

26101

26161

26221

26281

26341

26401

AACCCACAATGATACCTACAAGAATTATTTTTAGTTTTCAACTATCGATGACGAAAATTA
K P TV I ST RIULULFPF* FNTIA AUVAI KL
N PH * * P HE * Y FDFT S L * Q K *
Q T N S H I N K TIFTIULL QY S S8 8§ KTTI

TTACGAGAAGAAAGATAAGTCTTACCAAAATCACGATGGTTGAGACGTGAACGATTTTAT
L A RRETI * F P KL AV ILEUZ BASA ATIULTI
Y H E E K * E S HN™*H * W S Q V Q * F
I 8 K K RNUL I TKT TS G V R CIK S F Y

GTTTCRCAACAATTAAGATTACGAGTTCGTGAATTATCAAACAATGTCGTTAATAAATTA
¢ L TTULEULA®*A S L L KDNUZCTCNNL
vV F H Q*N*HEULV * ¥YNTV A I I *
L T NNTI RISILCIKTITOQ®* L L * K I

TTTAAACCACGTTAATCAAGAAGAAATGTTCTTTAAAATAGAGCAGAGCTACGARATCTC
L N PAILEZETZ KTCSTII KUDU RI RS- ATZK S
Y I Q HL * N KUKV UL FKTIET DT RUHIKIL
F K T CNTIRIRT™*L FN* RTE I S * L

CGAGTCCAAGTCTAACTATCCGAATAATTACCAGCAAATTGACGARATTTACGAATACAG
A * T * I 8 L §8 I L P R KV A KV FA * T
P E P E S QY A * * HDUNULG QI KL HKH

S L N L N I P KXKNTITT* S8 S * I 8 I D

AGAGTTGTCGAATCACTATAAAGAGAACATTTTAAACCACGACGAAATCGATACCTCTTC
E * ¢ 8L S I ERTTFNJUP?PAABATEKIA ATISTF
R EV A * HY KEOQULTIGQHGQE KTL * p §
R L L KTTINTZ RTIEKTYTFTZ KT SS * S HTILL

CAATTACTCACACAATTTTCAGTTAGAGGAGCATAATTAAAAACACCATTACCATTAGTA
T L S HT L L * D G R I L K Q P L P L *
P * H TH* F DIUEEY * NXUHYHYTD

N I L T NVFTULRURTWUNTII KTTTITTIM

TAAAACAGTAATCAAGTTTTACGAGGAATACCAAACAACARATACGTAAAATCAATATTT
I K DVNT™*F A G * P KNUNTIUGCI KTL™* L
Yy KT ML E F HEKUHNTT * A N * N Y
N Q* *NL IS RTITGQQI KU HMMEKTTITF

GGATARAGAAAATTTTGACAAARATCATTCAGGACCAAACACATATAGTCCACTACATCCA
G I E XK L VT KTUL G P KUHTIUDUPSTP
v * K K * F Q KL L DQNTTYTIULHHL

R NR KVF 88N * Y TRTQTY * T 1 Y T
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26461

26521

26581

26641

26701

26761

26821

26881

26941

TAACGTGGATTTGTTCCCATAAAATAATTTGTATTACTAGTAACCTACAAGTGACCATCA
I AGL C?PY K IULOCLS * Q I NV P L

Y g v* VL TNO®** V Y HDNZST* QY
N CR FL PTI KNV FMTITIMZPUHESTT

AGAATGATAATAGGACTTGGTTAAAGTCTATTTTTACAACAAAAATACTTATGAACAAGA
E * * » G 8§ G I E S L F TTIKTIVF YV QE
N K S NDQ VL KL Y FHO QI K * S Y KN
R Vv I I RVF WN* I F I NNIKUHTIS TR

CAATTAAAATGATTTCGCGGAGAACAAATAAACTTAGTAAGACATGGTTTTAACAGACTA
T L K VL A G RT* KF * ETGF N D S

g * N * * L A E Q KN S DINGQV LITQ
N I X § F R RKUNIOQTIMUZBRYWUF FOQTZRTI

AAACTTAGACTCAATAGAGTAACCAAATTTTTAGTTTGTAGGTAACGCGGATTARACTGA
K S DS ND * QNULTF * VDMATGTULEZ KV
N Q I Q T I ENTO®*TFTDTFM®WOQA A* N S
K FRL *RMPIE KT FTITILTC CGNTZ RT RTITZ QS

AATTTAGAAGTATGATAATTACGATGAAAAAATCTAARCATAATACTCTACTTAGAATAA
K FR * VI LAYV K K S KY * 8 I F R I
K L D EY * +# H+ KEKILWNTWNUHS 8§ D *
* I KM S NI S S K * I Q I I L HI KN

GTTCTCAGATAATTCAGARACTTATTATCAATATAGTTAGRATTTCTATATCCATGTATA
*§ DI LDIKVF L L * ILRUILSTI P VY
E L T * * T K S Y ¥ NY * D * L Y L Y M
L L RNLRQTITITTIUDTIZ KT FTIUVYTTCTI

CTTTACATACATTTTACCGGAACCATACAAACCGATGATTAAAGAAAAAGTAAATATTAT
$ I YTV F HG QY TOQS S IEZI KTE ENTITI
H F T HUL I A KTHE KA AUV L K K KM * L
F HI Y FPIRUPTINUPOM®** NI RI K ™* K Y Y

ARGGAACATAACGAGARAAAAATATACAACAACATGACCAACACCARGACGTACAAAATCA
N R T NS KK KTIHGQQV P QPEU AUHTIKIL
I G Q I AR K * I NNUYOQNUHNOQMN *

E K Y Q E K K Y TTTSTTTIRTCTIKT

TTTACAGTATTAACAACACTACTCATACCACCAGTAGTACTAAAACAATAGTTTTGTAGA
L H»*L QQ S SsS Y P &P * * § KTTI L V D

¥ I DY NNUHHTHHUDTUDHNNOQ * *» F M
FTMITTTTIULTITTMMTIIKNDTFUCR
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27001 GTACTACTAATCTTAGAGAACAGTCTAGAGTAATTTAGATTTGAAATAAATACCTGCAAA 27060
*§8 8§ * F R KD S RMULDULS * KH VN
E HHNSDIRTILUDM* * I * Vv KNI ST
M I I LI EQ * I ENT FIRUFIKTI* P R K

27061 CCTCTGGATCGATGTGTGTAAGAGAACAATAATCTCTTAARACCACAATGTTTGGAACTTC 27120
P S RAVCMZ BRIEKNNGSTFI KTNTCVIKTF
g L 6L *VvVv CERTIULSNU PTV F R S
s v*§s €CV NEJQ™* * L I QH * L G QL

27121 TAAACACAGATTTCATATTAATGACAGTTGGATAACAACCAATGACATAACATGGAAATT 27180
I ¢T+* L I I VTULUZRNNTU VTNY R *
S XHRVF YL * Q * GITUPX*XOQTITG K
N TDULTVYNSDUV * Q QNS Y Q V K L

27181 TACAAACCACAGCGTTCAAACCGTTTAAACGAAGAGTGAAATGTAATGCATCAGTGCTAT 27240
I N P TAL XK AV F KSRV KT C®*TTUVTI
F TQH RULNUPULWN BAE®* K VNI RTIL * §
H KTDOCTOQOCTIOQIZ KES* MV Y DU RY

27241 AAAGGGTATCATTATTAAAACCACAACATTGATCAAAATGATGAATACCATTATGACARA 27300
N GM TTI I KTNYSTI K S S ITTI SN
I EW UL L L K ?PTTUWV L KV V * P L V T
K 6 Y Y Y NQH QL * N * *» K HY Y Q K

27301 GACTCCGACACAGATCTAATCAACTTAGTCGAAGACTTAAATAACAAACCGCACGTCTCC 27360
R L S HR S * NF * S R F KNNUPTOCTL
E S ATDULNTSUDA AESGSNTITUGQRAS
Q P Q T * I L QT LEKIOQTIO®*OQIK KA AUHTLTDP

27361 GTGAATTATTCATACCAACTAAATAAAAAGTTACTATGACGARCCATGTATCCTGTCTAA 27420
¢ K ILITS S XUNIKILSVAQTYMZPT CTI
A S L L Y P Q N I K * H Y Q KT C L V §
v *»Y TH NI * KETITI S S P UV Y S L N

27421 AATCAAAATCAAAATAARACAGAATAAAGAAATTAGAAACAACAACGAAARAATCGTTGA 27480
KT KTKUNQRTIUEIZ KTII KTTATZ KIKA AUV
K L KL KI KD* K KUILRG®QQOQIZ KIKTLTL
*N * N * KT KN R * DK NDN S K * C 8

27481 TARTTCGARACATACGTTGAAACACCAAAARACATTAAAGAAATAATAAAGTGGAAGCCGA 27540
I L. s QI ¢ S Q P XK QUL KX I I EGTEA
* * A K Y AV KHNI KV YNU R ™* * KV K P
N L K TH UL K TTTIKTTIEI KIDNN®*RIR S

FIG.3 CONT’D
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27541 ATGCAAATATTTTCTCCATACGTCAACATATTCAGAATATCACTTGTTCAATATGGTGGG 27600
* T *L L P I CNJYULUDO*L S CTTIGG
K R K Y FL Y ATTYTI KYHUV L *» V V
vV NI F S THULQIULURTITFULNTYWG

27601 TGAAGTCTAATAAATTAGATTTAGATTTGTAATACTTATTTAGAAAAGAAGGAGTTAAAT 27660
vV E S * K I * I * V N HTI F R KK KU RULK
W KL NNILIRVFURVF MIUFULUDI KT RGT*N
$ * I 11 *DULDU LOC™* S Y I KZETEETI *

27661 GAAGACTAGTTCGACAATGTAAGAATTTTCTTACCTTAAAGAGAAACCCACATTATGATG 27720
§ R I L S NCE * FF P I ERIQTY Y *
VvV ES * AT VNI KUV FS HV FIKEI KUPTTI S
K Q pLQ*M RULUL I SNU RI KU PHTULV YV

27721 AAAAATAATGATAGTATAACGTCAAGCCAATATGCTCGGCATCATACAAACAARATAGAAT 27780
K K NS DY QL ETTIU RATTHIXNTIK
S XK I vIMNTCNZPO®*VLRUILTINDNT * R
K » » * * T A T RN Y S8 G Y Y T Q K D =

27781 AGTTCTACTAATAAGAAACCGAATACACCGGTAACTGATAGTGGAACTGATATAAATTAAR 27840
DL HNNIKUPIKHPWOQSDGOQ S Y K I
I L I I I RQ S I HGNUVI VKV INTIL
* 8§ 8§ * E KA * T AM S * * R § % I * N

27841 CAAAAATACGAAACTTATTACGAAAAGAACGTAAAAGATATCACAAATGATAATAAAGAT 27900
T K I 8 QI I 8 KK OCI KU RYUHI K S SNNR
Q K *AKFL A KR ZAZANZETITNUVTITIE
N K H K S YHUZXEGQMIE K * L T * * * K *

27901 AACAATATACCTAAGAAATAAAACAATTATCATAAGCCGAAAAATAATCTTGACCGTCAR 27960
N NY PNIKTIIKUNTITNU PIEKIKNSZGSSA AT
I T I HIUR™* KTU L UL IR S K I L V P L
Q * I S E KNOQ * Y Y EAIZ K T* * F Q CN

27961 CCACCTCAARATTAGGTCTCTGGTTATTAGAATACACATAACTATACTTTCCGTTCTACA 28020
P PTKTIWUILG ITI KHTNTIUHTFATILH
Q B L KL GS VLLURTZTTUHTIUSTIT FUPTILTI
T S8 N * DL 8§ W Y D *¥ T Y Q Y S L C S T

28021 AACAATCCGGTCAATAACTCCTGATAGTGTGTAATTGACGATGACAATAAGCACCAGTAG 28080
K NP WNNILUV IV C * S S S NUNTTM
N TLGTTI S S * * VvV NV AV T I R P =*
Q *A L * QP S DCMULUGQ®™*IOGQ®*EHTUDTD

FIG.3 CONT’D
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28081

28141

28201

28261

28321

28381

28441

28501

28561

AAATATATGTCCCACAGTTTGAACCGTGACCAATATGAGAAAGTCTAAACGGGCATATAC
K I YL TDF KASTTI S K *I Qg G Y I

R * 1 C P TUL S P VP * V RESI KU GT Y
K'Yy v PH * VvV Q C Q N Y EKLNA AU RTIH

AATGACATCGATTCCACGTTCATGAAACATGGATATTTGCACGGAAAAATCTATTCAATC
N S Y §S L HL Y KTGTIFTGI K * I L *
T v T aAaULTO CTSQV * L R A KI K S UL N
* QL *# P ALV KYRYVHRI KTILYTL

TACAATTATCACCARAACGACAARAACARTTCAGATTTCAACCATTGATAGCAAATGGCA
I NI TTJ XKSNZEKNTILZRTPEFNTUVTIT * R
§ TLL P KATZ KTTULDILTT PTULT®*TRZKG
H * YHDNO QU QI KU Q+* T * L QY S§DNUV T

GATCATTTGGATCACCATACCTATGACGGAACAATTCTCGAATTTAGATTTGATAATCCT
R T F R T THTI S G Q * § S L DL S8 N P

b L L GLPTI S VA KNUILA®*TI*V I L
* Y Vv * HY P Y Q R TULUL K F R F * * g

ACAGAATATGAGGGCCAGTAATACGACCTTCATCTTCGAGGAGACCTTTAGCAAGTCCTT
H R I §$ G T MTI S S TS AGIRS I T * S
I D *v G P * *A PL L L EE P F R E P
T K Y ERDUNHOQU FYF S ROQVFIDNTLF

AGGAGTTCTTTTGAAGAACCCGACTGGTTAGACTCGCTTTAATGGTTTGGAARATTATCTC
DELVF S R P S VLRULST1I VL G K TTI S
I R L F VEQASWU D SR R F™* WV KULTL
G * S F K K P Q GI Q AF NGV FUR * Y L

CGTCTTTTTGGGTTGGATTTAAGTGACACAGATGAGTTGCTGTTCCTTTATGATAGGGTG
AS F GL RV FESHRTS STULWULS I S D W
P L FVWGL NVTDUV * G CUPVFVIG

Cc F F GGV * I ~QT* EV VL F Y * G V

TAATAAGGACCAAGAGGCCCTAGTGAGTTAAAGTTTTTCCATCTCTGAAATTTAAAAGTC
M I G P E G P D S L KL FT S V K F K *
¢ * EQ N E P I V * N * F P L S KUL N E
N NR TRIR S5 * EI EF L Y L S * I K L

TACCAGTTCCTCARGGGTAACGAAAGCCTCATGGGGGAAGACTTCGTTTTCCTATAACCA
I TL S NGNS E S Y GRZRT FTCT F S I P
s P *P T GMAIKUPTGGE S AT FUP Y Q
H DULULEWU QI K RILVGKQULULUL INT

FIG.3 CONT’D
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28621

28681

28741

28801

28861

28921

28981

29041

29101

TATCTGTGTCGGCCGCAAGAAAATTTTGTCGACTACCAGTTGTTTTCGTCAACAATGGCT
I s vapPpPTRIKPCSTITULULULULIGQ™*R
Y LCLRREIKTILUVAS P *CV FCNNG
Y v GANIK®* FL QHDV F ATTV S§

CTACCATAARGATGATAGAGCCATGGCCGGGTATACGGTTACGTAGGATACCACTTAGGG
S P I E VI ETGAWTIGI CG I TF G
L HY K *» » R PV P G Y AL ADT™* P S D

I T N R SDURVYRGMUHEWUHMU®BRMHIHETIG

AGCTTCCCCAGAAGACCCAACGATTAGTGGTTCGACTGTGAAGATGAGGGAGGCTACAAA
E F PDEZPNJSTIUVLS VSRS GOGTIN
R §$ PTKQTA ATL™* WA SV EVYV G E ST
R L P RRPQ * D GGL Q CK * E R RH K

GCAGTTCCCTAGGATGATGAGITCTTCGATAGGGATGATCCAAAGGCGGACCATGCTAAA
R *» P I RS S L F SDURSP KU RIRTR RN
EDL S GVV *» S A IGVULNGSGU©PUVI
T L PpD * * E L L * G * * T EA Q Y S§ K

ACGGAGTTCCGATAATACAACTTCCGAGTCCTTCCAGACGAAGATTATCAGCTGGTCCAA
Q R L A I INUVFA®*S PRSI RITSWT
K G *»p **» T S P EPLDAETLTULU RGP
A EL S NH QUL S§ L FTOQIX K * Y D VLN

GTGCAAGAGTTAGTGCACCTGGGTTATTAGCAAGTAATTCATCTTCATTAAGATTAAAAT
* T R L * T S G I I T * *x T S T TIT R I K

ERE*DIRUWPGILILRENUDNTILTULULTULTE L K
vV NETIVHUV W YDNMILYPFP YN * N *

CTGTAAGTCTAAGATATCATTTTGGACTATACCGACTACTCTAGCGATTAGAACARAATC
§s M * T R Y Y F RTIHSIULUDS I KN *

L CES ETITUVFGSIAS STIAULUPRTK
VNILNZ* L L V Q Y P Q H S R * D Q K L

GGTTCGAACCATTTCTAAGATTTGGAGTCGTTCAGTGATTCGTTTTACGGTTCCTTTAGT
G L KTV F I RVFRULLDSULULTIGULTFD
A 'L 8 PL S EULG®=*CTUVULU CT FA ATLS I

W A Q YL N * V EAUL * * A F HW P F =~

CCGTATTTTAARATTGTTTTGGAGCGGTTTTCGCTTGAGGATTATTTGTAACATTACAAG
P MFN* CFRALULSSRTIT FMTTIN

L ¢CL I KV FGRWUFRUVGULULUCOQULT
A Y F K L LV EGT FA AT FE®™*Y VNYHE

FIG.3 CONT’D
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29161 TTGTCACAAAACCATTTTCTCCTGGAAGAGTTTTAAAACCATTACGACTTTACARATTTCG 29220
L L T KT FS SRIRILTIIKTTI SV FH * L
* CH K P?PLL P GE * F KPLASTINF
vV T N Q Y F L V KEVFNOQYHOGQV FTULA

29221 AACCATGATTACTAGGAGTCAAAGGATAAGARCGTCTTAATCGAGGATGTGGTCCACGAA 29280
K T s I I R L KRNUIKU CUF * S R C W T S
s P VL 8 G * NGIRAS SN BAGUV G P A
Q Y * H D E TE * E Q L I L E * V L H K

29281 AAAMAGAAACCAAGATTTAATCTGAACCAATTITCTCTAAGGCTCCGACTGAGTGGACAAT 29340
K E K TRVF * V Q NVFS I GL SV * R N
K K K P EL NS KTULULS ESASETGT
K R QN * I L § P * F L NI RUPGQ S V Q *

29341 TTCTACAAAAACTTGAAGTAATAAGACCAAGATAATCCAAACTATCATGAAATGGTCCGA 29400
F I N K F KM IURTIRNUPIKTITS * W A
L S T K S S ** EP EILNSTULUVZKG P
L HKQVENUNAGQWN®*T* T QY Y K VL S§

29401 AACTCTGTTAATACTTTCAAGAACTTCTCTTAAATTTACGAATGCAATTRAGATTAGTCT 29460
K L ¢ NHFNIXKF L I *I SV DNTIUZ RTIIL
K s v 11 FTWU RS SV FKFA*TUL E L *
Q S L *$ L E QL SNTILUHI KU R®*N *x D §

29461 TGTGACTAAGACTAAGCAACTCAAGATTTGGAGTCGCATTTTCTCCACAATTTGTTAATG 29520
vV s I R I RQTRVFRULTF S§ TNV F L <«
F VvV s E S EVNULETLGO®* RULLUPTTULCN
C Q NQ NTSUN * VEAYF L H™* V I V

29521 GTCTTGTCAAACTGAGAGAATTAAATTCACGACCATGAGTCGTGTAAAGTTTACTARAAT 29580
W F L KV R KTI* TS STSUL VN* I I K
G 8§ C N S ERU LI KL APV * CMTETF § K
L VT ¢ S E * NL HQ Y EA AT CI KL HN *

29581 GAGGACTCCTAGTATCAARATGAACGATGAGAACTACTAGGAATACATCTTCTGAGACAAC 29640
S R L I MT* K S S KIIURTI YU FVRN
vV 8 § *L K S AV RSS G * TS S E T
EQ PD YNV Q*EQ HDI KU HTULTILSOQOQ

29641 GAATTACTCTTACTTAGGATTAAGCTGTGATCCACCATTGGGGAGCGATAATAAGCCTTA 29700
S L §$ FsSD*NSVULHYGU R ATIITR RTF
A * H S HTIURTIRTZC®*TT TV G R * * E §
K I L I F GULEV S PPLGESNINTUEPTI

FIG.3 CONT’D
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29701

29761

29821

25881

29941

TCCTGTGAGAGATAGTCTTACTTAAGAACGACATTATTGTCTATCTCATCCAACAATGTC
L v 8 EI L I F EQ QUL L L YL L NNZC
Yy § vVR** F §8 NK S Y Y CTI S YTTUV
P C ERD S HTI®RO ATTIUV S L TUPQ * L

TGATATATAATTAATCATCTTTAAAATATAAATCTGTAAACTAACAATCTCATCAATATT
v I ¥ * N T S I K Y K S MQNDNS Y N Y
S *» I NI UL L P KINULCI KITULTTTI

s ¥y I L *» Y F N * I * V N S Q * L L * L

CCAAATCGACATCATATTTGCGGAGGCCCTTCTCCGATAGTTAACATCACAAATTATATAT
P K ATTYV GGG PLATIULUGQTULT * Y I
L NL Q L I F A EPPFUL * * N Y HIKTIY
T * 8 ¥ YL RRRS S§ 8§DTITTWUNULTIZY

ATAATCATATACTAACTTTAATTAATATCGGAAAACCTCCTTAATGTTTITTTTTTTTTTT
Yy » ¥ I I §8 I L *L RK S S NCVFVFVFTF
I N T Y 8 Q F * NY G K P P I V F F F F

I L, I HNF NI I AKOQULTF* L F F F F

TT
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1

HUMAN VIRUS CAUSING RESPIRATORY
TRACT INFECTION AND USES THEREOF

SEQUENCE LISTING

The instant application contains a “lengthy” Sequence
Listing which has been submitted via CD-R in lieu of a
printed paper copy, and is hereby incorporated by reference in
its entirety. Said CD-R, recorded on Jul. 13, 2004, are labeled
“Copy 1” and “Copy 27, respectively, and each contains only
one identical 1.54 Mb file (V6900031.APP).

1. INTRODUCTION

The present invention relates to a novel virus causing res-
piratory tract infection in humans [“coronavirus-HKU1
(CoV-HKU1)"]. The CoV-HKUT is identified to be phyloge-
netically similar to known members of Coronaviridae. The
present invention relates to a nucleotide sequence comprising
the complete genomic sequence of the CoV-HKU1. The
invention further relates to nucleotide sequences coniprising
a portion of the genomic sequence of the CoV-HKU1. The
invention also relates to the deduced amino acid sequences of
the complete genome of the CoV-HKU1. The invention fur-
ther relates to the nucleic acids and peptides encoded by
and/or derived from these sequences and their use in diagnos-
tic methods and therapeutic methods, such as for immuno-
gens. The invention further encompasses chimeric or recom-
binant viruses encoded by said nucleotide sequences and
antibodies directed against polypeptides encoded by the
nucleotide sequence. Furthermore, the invention relates to
vaccine preparations comprising the CoV-HKUI recombi-
nant and chimeric forms of said virus as well as protein
extracts and subunits of said virus.

2. BACKGROUND OF THE INVENTION

In January, 2004, a 71-year-old Chinese man was admitted
to hospital because of fever and chills for two days associated
with sore throat, rhinorrhoea, productive cough with purulent
sputum, headache and nausea. He had history of pulmonary
tuberculosis more than 40 years ago complicated by cicatri-
zation of right upper lobe and bronchiectasis with chronic
Pseudomonas aeruginosa colonization of airways. He was a
chronic smoker and also had chronic obstructive airway dis-
ease, hyperlipidemia, and asymptomatic abdominal aortic
aneurysm. He had just returned from Shenzhen of China three
days before admission. During his three-day trip to Shenzhen,
he had no history of contact with or consumption of wild
animals. On admission, his oral temperature was 37.6° C.
Physical examination showed tracheal deviation to the right
and inspiratory crackles over the anterior left lower zone. His
haemoglobin level was 14.7 g/dL, total white cell count 12.1x
10°/L, with neutrophil 9.7x10°/L, lymphocyte 1.6x10°/L and
monocyte 0.5x10/L, and plate count 303x10°/L. His liver
and renal function tests were within normal limits. Chest
radiograph showed right upper lobe collapse and new patchy
infiltrates over the left lower zone. Blood culture was per-
formed. Empirical oral amoxicillin/clavulanate and azithro-
mycin were commenced. Nasopharyngeal aspirates for direct
antigen detection for respiratory viruses, RT-PCR for influ-
enza A virus, human metapneumovirus and SARS-CoV, and
viral cultures were negative. Sputum for bacterial culture only
recovered P. aeruginosa. Sputum for mycobacterial culture
was negative. Blood culture was negative. Paired sera for
antibodies against Mycoplasma, Chlamydia, Legionella, and
SARS-CoV did not show any rise in antibody titres. His fever
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2

subsided two days after admission. His cough improved and
he was discharged after five days of hospitalization. Amox-
icillin/clavulanate and azithromycin were continued for a
total of seven days. The present inventors were the group
involved in the investigation of this patient. All tests for iden-
tifying commonly recognized viruses and bacteria were nega-
tive in these patients. The etiologic agent responsible for this
disease was not known until the complete genome of CoV-
HKUT1 from this patient by the present inventors as disclosed
herein. Namely, the present invention discloses a novel
human virus that has been identified from a patient suffering
from pneumonia. The invention is useful in both clinical and
scientific research applications.

3. SUMMARY OF INVENTION

The present invention is based upon the inventor’s com-
plete genome sequencing of a novel virus (“CoV-HKU1”)
causing pneumonia in humans. The virus was discovered
from a patient suffering from pneumonia in Hong Kong. The
virus is a single-stranded RNA virus of positive polarity
which belongs to the order, Nidovirales, of the family, Coro-
naviridae. Accordingly, the invention relates to CoV-HKU1
that phylogenetically relates to known members of Coro-
naviridae. In a specific embodiment, the invention provides
complete genomic sequence of CoV-HKU1. In a preferred
embodiment, the virus comprises a nucleotide sequence of
SEQ ID NO:1 and/or 3. In another specific embodiment, the
invention provides nucleic acids isolated from the virus. The
virus preferably comprises a nucleotide sequence of SEQ ID
NO:1 and/or 3 in its genome. In a specific embodiment, the
present invention provides isolated nucleic acid molecules
comprising or, alternatively, consisting of the nucleotide
sequence of SEQ [D NO:1, acomplement thereofor a portion
thereof, preferably at least 5, 10, 15, 20, 25, 30, 35, 40, 45,
100, 150, 200, 300, 350, or more contiguous nucleotides of
the nucleotide sequence of SEQ ID NO:1, or a complement
thereof. In another specific embodiment, the present inven-
tion provides isolated nucleic acid molecules comprising or,
alternatively, consisting of the nucleotide sequence of SEQ
ID NO:3, a complement thereof or a portion thereof, prefer-
ably at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200,
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950, 1,000, 1,050, 1,100, 1,150, 1,200, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 11,000,
12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18,000,
19,000, 20,000, 21,000, 22,000, 23,000, 24,000, 25,000,
26,000, 27,000, 28,000, 29,000 or more contiguous nucle-
otides of the nucleotide sequence of SEQ ID NO:3, or a
complement thereof. Furthermore, in another specific
embodiment, the invention provides isolated nucleic acid
molecules which hybridize under stringent conditions, as
defined herein, to a nucleic acid molecule having the
sequence of SEQ ID NO:1 or 3, or a complement thereof. In
preferred embodiments, such nucleic acid molecules encode
amino acid sequences that have biological activities exhibited
by the polypeptides encoded by the nucleotide sequence of
SEQ ID NO:1 or 3. In another specific embodiment, the
invention provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising or, alterna-
tively consisting of a nucleotide sequence thatis at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, or more
contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:1, or a complement thereof. In yet another specific
embodiment, the invention provides isolated polypeptides or
proteins that are encoded by a nucleic acid molecule com-
prising or, alternatively consisting of a nucleotide sequence
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thatis at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200,
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950, 1,000, 1,050, 1,100, 1,150, 1,200, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 11,000,
12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18,000,
19,000, 20,000, 21,000, 22,000, 23,000, 24,000, 25,000,
26,000, 27,000, 28,000, 29,000 or more contiguous nucle-
otides of the nucleotide sequence of SEQ ID NO:3, or a
complement thereof. The polypeptides or proteins include
those having the amine acid sequences of SEQ ID NO:2 and
SEQ ID NOS:34-2918 shown in FIGS. 2 and 3, respectively.
The invention further provides proteins or polypeptides that
are isolated from the CoV-HKU], including viral proteins
isolated from cells infected with the virus but not present in
comparable uninfected cells. The polypeptides or the proteins
of the present invention preferably have a biological activity
of the protein (including antigenicity and/or immunogenic-
ity) encoded by the nucleotide sequence that is at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, or more
contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:1. In other embodiments, the polypeptides or the proteins
of the present invention have a biological activity of the
protein (including antigenicity and/or immunogenicity)
encoded by a nucleotide sequence that is at least 5, 10, 15, 20,
25,30,35,40,45, 100, 150, 200,300, 350, 400,450,500, 550,
600, 650, 700, 750, 800, 850, 900, 950, 1,000, 1,050, 1,100,
1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000,
9,000, 10,000, 11,000, 12,000, 13,000, 14,000, 15,000,
16,000, 17,000, 18,000, 19,000, 20,000, 21,000, 22,000,
23,000, 24,000, 25,000, 26,000, 27,000, 28,000. 29,000 or
more contiguous nucleotides of the nucleotide sequence of
SEQ ID NO:3, or a complement thereof.

In one aspect, the invention relates to the use of CoV-
HKUT1 for diagnostic methods. In a specific embodiment, the
invention provides a method of detecting in a biological
sample an antibody that immunospecifically binds to the
CoV-HKUI, or any proteins or polypeptides thereof. In
another specific embodiment, the invention provides a
method of detecting in a biological sample an antibody that
immunospecifically binds to the CoV-HKU 1 -infected cells.
In yet another specific embodiment, the invention provides a
method of screening for an antibody that immunospecifically
binds and neutralizes CoV-HKU1. Such an antibody is useful
for a passive immunization or immunotherapy of a subject
infected with CoV-HKUI.

The invention further relates to the use of the sequence
information of the isolated virus for diagnostic methods. In a
specific embodiment, the invention provides nucleic acid
molecules which are suitable for use as primers consisting of
or comprising the nucleotide sequence of SEQ ID NO:1 or 3,
a complement thereof, or at least a portion of the nucleotide
sequence thereof. In another specific embodiment, the inven-
tion provides nucleic acid molecules which are suitable for
hybridization to CoV-HKU1 nucleic acid, including, but not
limited to, as PCR primers, Reverse Transcriptase primers,
probes for Southern or Northern analysis or other nucleic acid
hybridization analysis for the detection of CoV-HKU1
nucleic acids, e.g., consisting of or comprising the nucleotide
sequence of SEQ ID NO:1 or 3, a complement thereof, or a
portion thereof.

The invention further provides antibodies that specifically
bind a polypeptide of the invention encoded by the nucleotide
sequence of SEQ ID NO:1 or 3 or a fragment thereof, includ-
ing the polypeptide having the amino acid sequence of SEQ
IDNO:2 or SEQ ID NOS:34-2918 shown in FIGS. 2 and 3, or
encoded by a nucleic acid comprising a nucleotide sequence
that hybridizes under stringent conditions to the nucleotide
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sequence of SEQ ID NO:1 or 3 and/or any CoV-HKU!
epitope, having one or more biological activities of a polypep-
tide of the invention. The invention further provides antibod-
ies that specifically bind cells or tissues that are infected by
CoV-HKU1. Such antibodies include, but are not limited to
polyclonal, monoclonal, bi-specific, multi-specific, human,
humanized, chimeric antibodies, single chain antibodies, Fab
fragments, F(ab'), fragments, disulfide-linked Fvs, intrabod-
ies and fragments containing either a VL or VH domain or
even a complementary determining region (CDR) that spe-
cifically binds to a polypeptide of the invention.

In one embodiment, the invention provides methods for
detecting the presence, activity or expression of the CoV-
HKUT1 of the invention in a biological material, such as cells,
blood, saliva, urine, and so forth. The increased or decreased
activity or expression of the CoV-HKU1 in a sample relative
to a control sample can be determined by contacting the
biological material with an agent which can detect directly or
indirectly the presence, activity or expression of the CoV-
HKUT1. In a specific embodiment, the detecting agents are the
antibodies or nucleic acid molecules of the present invention.
Antibodies of the invention may also be used to detect and/or
treat other coronaviruses, such as Severe Acute Respiratory
Syndrome (“SARS”) viruses.

In another embodiment, the invention provides vaccine
preparations, comprising the CoV-HKU1 recombinant and
chimeric forms of said virus, or protein subunits of the virus.
In a specific embodiment, the present invention provides
methods of preparing recombinant or chimeric forms of CoV-
HKUL. In another specific invention, the vaccine prepara-
tions of the present invention comprise a nucleic acid or
fragment of the CoV-HKUT1, or nucleic acid molecules hav-
ing the sequence of SEQ ID NO:1 or 3, or a fragment thereof.
In another embodiment, the invention provides vaccine
preparations comprising one or more polypeptides isolated
from or produced from nucleic acid of CoV-HKU1. In a
specific embodiment, the vaccine preparations comprise a
polypeptide of the invention encoded by the nucleotide
sequence of SEQ ID NO:1 or 3, or a fragment thereof, includ-
ing the polypeptides having the amino acid sequences of SEQ
ID NO:2 or SEQ ID NOS:34-2918 shown in FIGS. 2 and 3,
respectively. Furthermore, the present invention provides
methods for treating, ameliorating, managing or preventing
respiratory tract infections caused by CoV-HKU1 by admin-
istering to a subject in need thereof the anti-viral agents of the
present invention, alone or in combination with various anti-
viral agents as well as adjuvants, and/or other pharmaceuti-
cally acceptable excipients.

In another aspect, the present invention provides methods
for preventing or inhibiting, under a physiological condition,
binding to a host cell, or infection of a host cell, or replication
in a host cell, of CoV-HKU1 or a virus comprising a nucleic
acid molecule comprising the nucleotide sequence of SEQ ID
NO:1 or 3 or a complement thereof, by administering to the
host cell the anti-viral agents of the present invention, alone or
in combination with other anti-viral agents. In a specific
embodiment, the anti-viral agent of the invention includes the
immunogenic preparations of the invention or an antibody
that immunospecifically binds CoV-HKU1 or any CoV-
HKUI1 epitope and/or neutralizes CoV-HKU1. In another
specific embodiment, the anti-viral agent is a polypeptide or
protein of the present invention or a nucleic acid molecule of
the invention. In a specific embodiment, the host cell is a
mammalian cell, including a cell of human, primates, cows,
horses, sheep, pigs, fowl (e.g., chickens), goats, cats, dogs,
hamsters, mice and rats. Preferably a host cell is a primate
cell, and most preferably a human cell. Furthermore, the
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present invention provides pharmaceutical compositions
comprising anti-viral agents of the present invention and a
pharmaceutically acceptable carrier. The invention also pro-
vides kits containing a pharmaceutical composition of the
present invention.

3.1 Definitions

The term “an antibody or an antibody fragment that immu-
nospecifically binds a polypeptide of the invention” as used
herein refers to an antibody or a fragment thereof that immu-
nospecifically binds to the polypeptide encoded by the nucle-
otide sequence of SEQ ID NO:1 or 3, or a fragment thereof,
and does not non-specifically bind to other polypeptides. An
antibody or a fragment thereof that immunospecifically binds
to the polypeptide of the invention may cross-react with other
antigens. Preferably, an antibody or a fragment thereof that
immunospecifically binds to a polypeptide of the invention
does not cross-react with other antigens. An antibody or a
fragment thereof that immunospecifically binds to the
polypeptide of the invention, can be identified by, for
example, immunoassays or other techniques known to those
skilled in the art.

An “isolated” or “purified” peptide or protein is substan-
tially free of cellular material or other contaminating proteins
from the cell or tissue source from which the protein is
derived, or substantially free of chemical precursors or other
chemicals when chemically synthesized. The language “sub-
stantially free of cellular material” includes preparations of a
polypeptide/protein in which the polypeptide/protein is sepa-
rated from cellular components of the cells from which it is
isolated or recombinantly produced. Thus, a polypeptide/
protein that is substantially free of cellular material includes
preparations of the polypeptide/protein having less than
about 30%, 20%, 10%, 5%, 2.5%, or 1%, (by dry weight) of
contaminating protein. When the polypeptide/protein is
recombinantly produced, it is also preferably substantially
free of culture medium, i.e., culture medium represents less
than about 20%, 10%, or 5% of the volume of the protein
preparation. When polypeptide/protein is produced by
chemical synthesis, it is preferably substantially free of
chemical precursors or other chemicals, i.e., it is separated
from chemical precursors or other chemicals which are
involved in the synthesis of the protein. Accordingly, such
preparations of the polypeptide/protein have less than about
30%, 20%, 10%, 5% (by dry weight) of chemical precursors
or compounds other than polypeptide/protein fragment of
interest. In a preferred embodiment of the present invention,
polypeptides/proteins are isolated or purified.

An “isolated” nucleic acid molecule is one which is sepa-
rated from other nucleic acid molecules which are present in
the natural source of the nucleic acid molecule. Moreover, an
“isolated” nucleic acid molecule, such as a cDNA molecule,
can be substantially free of other cellular material, or culture
medium when produced by recombinant techniques, or sub-
stantially free of chemical precursors or other chemicals
when chemically synthesized. In a preferred embodiment of
the invention, nucleic acid molecules encoding polypeptides/
proteins of the invention are isolated or purified. The term
“isolated” nucleic acid molecule does not include a nucleic
acid that is a member of a library that has not been purified
away from other library clones containing other nucleic acid
molecules.

The term “portion” or “fragment” as used herein refers to a
fragment of a nucleic acid molecule containing at least about
10, 15, 25, 30, 35, 40, 45, 100, 150, 200, 250, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000,
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1050, 1100, 1150, 1200, 1250, 1300, 1350, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 11,000,
12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18,000,
19,000, 20,000, 21,000, 22,000, 23,000, 24,000, 25,000,
26,000, 27,000, 28,000, 29,000, or more contiguous nucleic
acids in length of the relevant nucleic acid molecule and
having at least one functional feature of the nucleic acid
molecule (or the encoded protein has one functional feature
of the protein encoded by the nucleic acid molecule); or a
fragment of a protein or a polypeptide containing at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90,
100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320,
340, 360, 380, 400, 500, 600, 700, 800, 900, 1,000, 1,500,
2,000, 2,500, 3,000, 3,500, 4,000, 4,100, 4,200, 4,300, 4,350,
4,360, 4,370, 4,380 amino acid residues in length of the
relevant protein or polypeptide and having at least one func-
tional feature of the protein or polypeptide.

The term “having a biological activity of the protein” or
“having biological activities of the polypeptides of the inven-
tion” refers to the characteristics of the polypeptides or pro-
teins having a common biological activity similar or identical
structural domain and/or having sufficient amino acid identity
to the polypeptide encoded by the nucleotide sequence of
SEQ IDNO:1 or 3, or the polypeptide having the amino acid
sequence of SEQ ID NO:2, or a complement thereof. Such
common biological activities of the polypeptides of the inven-
tion include antigenicity and immunogenicity.

The term “under stringent condition” refers to hybridiza-
tion and washing conditions under which nucleotide
sequences having at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, or at least 95% identity to each other
remain hybridized to each other. Such hybridization condi-
tions are described in, for example but not limited to, Current
Protocols in Molecular Biology, John Wiley & Sons, N.Y.
(1989), 6.3.1-6.3.6.; Basic Methods in Molecular Biology,
Elsevier Science Publishing Co., Inc., N.Y. (1986), pp. 75-78,
and 84-87; and Molecular Cloning, Cold Spring Harbor
Laboratory, N.Y. (1982), pp. 387-389, and are well known to
those skilled in the art. A preferred, non-limiting example of
stringent hybridization conditions is hybridization in 6x
sodium chloride/sodium citrate (SSC), 0.5% SDS at about
68° C. followed by one or more washes (e.g., about 5 to 30
min each) in 2xSSC, 0.5% SDS at room temperature. Another
preferred, non-limiting example of stringent hybridization
conditions is hybridization in 6x3SC at about 45° C. followed
by one or more washes (e.g., about 5 to 30 min each) in
0.2xSSC, 0.1% SDS at about 45-65° C.

The term “variant” as used herein refers either to a natu-
rally occurring genetic mutant of CoV-HKUT or a recombi-
nantly prepared variation of CoV-HKUI each of which con-
tain one or more mutations in its genome compared to CoV-
HKUI1. The term “variant” may also refers either to a
naturally occurring variation of a given peptide or a recom-
binantly prepared variation of a given peptide or protein in
which one or more amino acid residues have been modified
by amino acid substitution, addition, or deletion.

4. DESCRIPTION OF FIGURES

FIG. 1 shows a partial DNA sequence (SEQ ID NO:1) and
its deduced amino acid sequence (SEQ 1D NO:2) obtained
from CoV-HKU1 that has 91% amino acid identity to the
RNA-dependent RNA polymerase protein of known Coro-
naviruses.

FIG. 2 shows the entire genomic DNA sequence (SEQ ID
NO:3) of CoV-HKUT and its deduced amino acid sequences
therefrom in three frames. An asterisk (*) indicates a stop
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codon which marks the end of a peptide. The first-frame
translation and amino acid sequences: SEQ 1D NOS:34-456;
the second-frame translation and amino acid sequences: SEQ
ID NOS:457-723; and the third-frame translation and amino
acid sequences: SEQ ID NOS:724-1318.

FIG. 3 shows the complement (SEQ ID NO:1319) of the
entire genomic DNA sequence (SEQ ID NO:3) of CoV-
HKU1 in 3'-»5" orientation and its deduced amino acid
sequences therefrom in three frames. An asterisk (*) indicates
astop codon which marks theend of a peptide. The first-frame
translation and amino acid sequences: SEQ ID NOS:1319-
1907; the second-frame translation and amino acid
sequences: SEQ ID NO:1908-2453; and the third-frame
translation and amino acid sequences: SEQ 1D NOS:2454-
2918.

FIG. 4 shows the genome organization of CoV-HKUI.
Arrows indicate the putative cleavage sites of the polyprotein
encoded by ORF 1a and ORF 1b. The peptides are shown in
SEQ ID NOS:15-17, respectively, in order of appearance.

FIG. 5A shows the phylogenetic analysis of the chymot-
rypsin like protease (3CL#7°), replicase (Rep), helicase (Hel),
and hemagglutinin esterase (HE); and FIG. 5B shows that of
the spike (S), envelope (E), membrane (M), and nucleocapsid
(N) proteins of CoV-HKU1. The trees were constructed by
the neighbor joining method using the Jukes-Cantor correc-
tion and bootstrap values were calculated from 1000 trees. A
total of 303, 928, 603, 386, 1356, 82, 223 and 441 amino acid
positions in 3CL#™, Rep, Hel, HE, S, E, M, and N respec-
tively were included in the analysis. The scale bar indicates
the estimated number of substitutions per 10 amino acids.

FIG. 6 shows the important features of the S protein of
CoV-HKUI (residues 7-336 of SEQ ID NO:420) in compari-
son with those of other viruses, i.e., HCoV-OC43 (human
coronavirus OC43; SEQ ID NO:21), MHV (murine hepatitis
virus; SEQ ID NO:22), SDAV (rat sialodacryoadenitis
encephalomyelitis virus; SEQ ID NO:23), BCoV (bovine
coronavirus; SEQ ID NO:24), PHEV (porcine hemaggluti-
nating encephalomyelitis virus; SEQ ID NO:25), and ECoV
(equine coronavirus; SEQ ID NO:26). The cleavage site pep-
tides are shown in residues 752-766 of SEQ ID NO:420 and
SEQ ID NOS:28-33, respectively. in order of appearance.

FIG. 7 shows the sequential quantitative RT-PCR (closed
squares; copies/ml) for CoV-HKU] in nasopharyngeal aspi-
rates; and serum IgG antibody titers against N protein of
CoV-HKUI (closed triangles).

FIG. 8 shows the Western blot analysis of purified recom-
binant CoV-HKU1 N protein antigen. Prominent immunore-
active protein bands of about 53 kDa were detected by the
Western blot using the patient’s sera obtained during the
second and fourth weeks of the illness (lanes 2 and 3). Only
very faint bands were observed with the serum samples
obtained from the patient during the first week of the illness
(lane 1) and two healthy blood donors (lane 4 and 5), respec-
tively.

5. DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to the CoV-HKUT1 that phy-
logenetically relates to known Coronaviruses. In a specific
embodiment, CoV-HKU1 comprises a nucleotide sequence
of SEQ ID NO:1 and/or 3. In a specific embodiment, the
present invention provides isolated nucleic acid molecules of
the CoV-HKU1, comprising, or, alternatively, consisting of
the nucleotide sequence of SEQ ID NO:1 and/or 3, a comple-
ment thereof or a portion thereof. In another specific embodi-
ment, the invention provides isolated nucleic acid molecules
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which hybridize under stringent conditions, as defined herein,
to a nucleic acid molecule having the sequence of SEQ ID
NO:1 or 3, or specific genes of known member of Coronaviri-
dae, or a complement thereof. In another specific embodi-
ment, the invention provides isolated polypeptides or proteins
that are encoded by a nucleic acid molecule comprising a
nucleotide sequence that s at least about 5, 10, 15, 20, 25, 30,
35, 40, 45, 100, 150, 200, 300, 350, or more contiguous
nucleotides of the nucleotide sequence of SEQ ID NO:1, or a
complement thereof. In yet another specific embodiment, the
invention provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising or, alterna-
tively consisting of a nucleotide sequence thatis at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000,
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000,
29,000 or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:3, or a complement thereof. The
polypeptides or the proteins of the present invention prefer-
ably have one or more biological activities of the proteins
encoded by the sequence of SEQ ID NO:1, 3, or the native
viral proteins containing the amino acid sequences encoded
by the sequence of SEQ ID NO:1 or 3.

The invention further relates to the use of the sequence
information of the isolated virus for diagnostic and therapeu-
tic methods. In a specific embodiment, the invention provides
the entire nucleotide sequence of CoV-HKU1 (SEQ ID
NO:3), or fragments, or complement thereof. Furthermore,
the present invention relates to a nucleic acid molecule that
hybridizes any portion of the genome of the CoV-HKU1
(SEQ ID NO:3) under the stringent conditions. In a specific
embodiment, the invention provides nucleic acid molecules
which are suitable for use as primers consisting of or com-
prising the nucleotide sequence of SEQ ID NO:1 or 3, or a
complement thereof, or a portion thereof. In another specific
embodiment, the invention provides nucleic acid molecules
which are suitable for use as hybridization probes for the
detection of nucleic acids encoding a polypeptide of the
invention, consisting of or comprising the nucleotide
sequence of SEQ ID NO:1 or 3, a complement thereof, or a
portion thereof. The invention further encompasses chimeric
or recombinant viruses or viral proteins encoded by said
nucleotide sequences.

The invention further provides antibodies that specifically
bind a polypeptide of the invention encoded by the nucleotide
sequence of SEQ ID NO:1 or 3, or a fragment thereof, or any
CoV-HKU]1 epitope as well as the polypeptides having the
amino acid sequences of SEQ ID NO:2 and SEQ ID NOS:
34-2918, respectively, shown in FIGS. 2 and 3. Such antibod-
ies include, but are not limited to polyclonal, monoclonal,
bi-specific, multi-specific, human, humanized, chimeric anti-
bodies, single chain antibodies, Fab fragments, F(ab'), frag-
ments, disulfide-linked Fvs, intrabodies and fragments con-
taining either a VL or VH domain or even a complementary
determining region (CDR) that specifically binds to a
polypeptide of the invention.

In one embodiment, the invention provides methods for
detecting the presence, activity or expression of the CoV-
HKUT1 of the invention in a biological material, such as cells,
blood, saliva, urine, sputum, nasopharyngeal aspirates, and so
forth. The presence of the CoV-HKU1 in a sample can be
determined by contacting the biological material with an
agent which can detect directly or indirectly the presence,
activity or expression of the CoV-HKUIL. In a specific
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embodiment, the detection agents are the antibodies of the
present invention. In another embodiment, the detection
agent is a nucleic acid of the present invention.

In another embodiment, the invention provides vaccine
preparations comprising the CoV-HKU1 recombinant and
chimeric forms of said virus, or subunits of the virus.

The present invention further provides methods of prepar-
ing recombinant or chimeric forms of CoV-HKUI. In another
specific embodiment, the vaccine preparations of the present
invention comprise one or more nucleic acid molecules com-
prising or consisting of the sequence of SEQ ID NO:1 and/or
3, or a fragment thereof. In another embodiment, the inven-
tion provides vaccine preparations comprising one or more
polvpeptides of the invention encoded by a nucleotide
sequence comprising or consisting of the nucleotide sequence
of SEQIDNO:1 and/or 3, or a fragment thereof, including the
polypeptides having the amino acid sequences of SEQ ID
NO:2 or SEQ ID NOS:34-2918 shown in FIGS. 2 and 8.
Furthermore, the present invention provides methods for
treating, ameliorating, managing, or preventing respiratory
tract infections by administering to a subject in need thereof
the anti-viral agents of the present invention, alone or in
combination with other antivirals [e.g., amantadine, rimanta-
dine, gancyclovir, acyclovir, ribavirin, penciclovir, oselta-
mivir, foscarnet zidovudine (AZT), didanosine (ddI), lamivu-
dine (3TC), zalcitabine (ddC), stavudine (d4T), nevirapine,
delavirdine, indinavir, ritonavir, vidarabine, nelfinavir,
saquinavir, relenza, tamiflu, pleconaril, interferons, etc.], ste-
roids and corticosteroids such as prednisone, cortisone, flu-
ticasone and glucocorticoid, antibiotics, analgesics, bron-
chodialaters, or other treatments for respiratory and/or viral
infections. In one aspect, the anti-viral agent of the present
invention prevents or inhibit the binding of the virus or viral
proteins to a host cell under a physiological condition,
thereby preventing or inhibiting the infection of the host cell
by the virus. In another aspect, the anti-viral agent of the
invention prevents or inhibits replication of the viral nucleic
acid molecules in the host cell under a physiological condi-
tion by interacting with the viral nucleic acid molecules or its
transcription mechanisms. In a specific embodiment, the anti-
viral agent of the invention includes the vaccine or immuno-
genic preparations of the invention or an antibody that immu-
nospecifically binds CoV-HKU1 or any CoV-HKUT epitope
and may neutralizes CoV-HKUT1. In another specific embodi-
ment, the anti-viral agent is a polypeptide or protein of the
invention or a nucleic acid molecule of the invention. In
addition, the present invention provides a method of prevent-
ing or inhibiting replication in a host cell of a nucleic acid
molecule having the nucleotide sequence of SEQ ID NO:1
and/or 3, or inhibiting the activities of the polypeptides
encoded by the nucleotide sequence of SEQ ID NO:1 and/or
3, a complement thereof, or a portion thereof, including the
polypeptides having the amino acid sequence of SEQ ID
NO:2 or SEQ ID NO:34-2918 shown in FIGS. 2 and 8, by
administering to said host cell the anti-viral agent of the
invention. In a specific embodiment the host cell is a mam-
malian cell, such as a cell of humans, primates, horses, cows,
sheep, pigs, goats, dogs, cats, arivan species and rodents.
Preferably, the cell is a primate cell and most preferably a
human cell.

Furthermore, the present invention provides pharmaceuti-

cal compositions comprising anti-viral agents of the present
invention and a pharmaceutically acceptable carrier. The

w

10

15

20

25

30

35

45

50

55

60

65

10

present invention also provides kits comprising pharmaceu-
tical compositions of the present invention.

5.1 Recombinant and Chimeric CoV-HKU1

The present invention encompasses recombinant or chi-
meric viruses encoded by viral vectors derived from the
genome of CoV-HKUL or natural variants thereof. In a spe-
cificembodiment, a recombinant virus is one derived from the
CoV-HKUI. In a specific embodiment, the virus has a nucle-
otide sequence of SEQ ID NO:3. In another specific embodi-
ment, a recombinant virus is one derived from a natural vari-
ant of CoV-HKU1. A natural variant of CoV-HKU1 has a
sequence that is different from the genomic sequence (SEQ
ID NO:3) of CoV-HKUI, due to one or more naturally
occurred mutations, including, but not limited to, point muta-
tions, rearrangements, insertions, deletions etc., to the
genomic sequence that may or may not result in a phenotypic
change. In accordance with the present invention, a viral
vector which is derived from the genome of the CoV-HKU, is
one that contains a nucleic acid sequence that encodes at least
a part of one ORF of the CoV-HKUT1. In a specific embodi-
ment, the ORF comprises or consists of a nucleotide sequence
of SEQ ID NO:1 or a fragment thereof. In a specific embodi-
ment, there are more than one ORF within the nucleotide
sequence of SEQ ID NO:3, or a fragment thereof. In another
embodiment, the polypeptides encoded by the ORF com-
prises or consists of amino acid sequences of SEQ ID NO:34-
2918 shown in FIGS. 2 and 8, or SEQ ID NO:2, or a fragment
thereof. In accordance with the present invention these viral
vectors may or may not include nucleic acids that are non-
native to the viral genome.

In another specific embodiment, a chimeric virus of the
invention is a recombinant CoV-HKU!1 which further com-
prises a heterologous nucleotide sequence. In accordance
with the invention, a chimeric virus may be encoded by a
nucleotide sequence in which heterologous nucleotide
sequences have been added to the genome or in which endog-
enous or native nucleotide sequences have been replaced with
heterologous nucleotide sequences.

According to the present invention, the chimeric viruses
are encoded by the viral vectors of the invention which further
comprise a heterologous nucleotide sequence. In accordance
with the present invention a chimeric virus is encoded by a
viral vector that may or may not include nucleic acids that are
non-native to the viral genome. In accordance with the inven-
tion a chimeric virus is encoded by a viral vector to which
heterologous nucleotide sequences have been added, inserted
or substituted for native or non-native sequences. In accor-
dance with the present invention, the chimeric virus may be
encoded by nucleotide sequences derived from different
strains or variants of CoV-HKUI. In particular, the chimeric
virus is encoded by nucleotide sequences that encode anti-
genic polypeptides derived from different strains or variants
of CoV-HKUT1.

A chimeric virus may be of particular use for the generation
of recombinant vaccines protecting against two or more
viruses (Tao et al., I. Virol. 72, 2955-2961; Durbin et al.,
2000, J. Virol. 74, 6821-6831; Skiadopoulos et al., 1998, J.
Virol. 72, 1762-1768 (1998); Teng et al., 2000, J. Virol. 74,
9317-9321). For example, it can be envisaged that a virus
vector derived from the CoV-HKU1 expressing one or more
proteins of variants of CoV-HKU1, or vice versa, will protect
a subject vaccinated with such vector against infections by
both the native CoV-HKU1 and the variant. Attenuated and
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replication-defective viruses may be of use for vaccination
purposes with live vaccines as has been suggested for other
viruses.

In accordance with the present invention the heterologous
sequence to be incorporated into the viral vectors encoding
the recombinant or chimeric viruses of the invention include
sequences obtained or derived from different strains or vari-
ants of CoV-HKU1.

In certain embodiments, the chimeric or recombinant
viruses of the invention are encoded by viral vectors derived
from viral genomes wherein one or more sequences, inter-
genic regions, termini sequences, or portions or entire ORF
have been substituted with a heterologous or non-native
sequence. In certain embodiments of the invention, the chi-
meric viruses of the invention are encoded by viral vectors
derived from viral genomes wherein one or more heterolo-
gous sequences have been inserted or added to the vector.

The selection of the viral vector may depend on the species
of the subject that is to be treated or protected from a viral
infection.

In accordance with the present invention, the viral vectors
can be engineered to provide antigenic sequences which con-
fer protection against infection by the CoV-HKU1 and natural
variants thereof. The viral vectors may be engineered to pro-
vide one, two, three or more antigenic sequences. In accor-
dance with the present invention the antigenic sequences may
be derived from the same virus, from different strains or
variants of the same type of virus, or from different viruses.

The expression products and/or recombinant or chimeric
virions obtained in accordance with the invention may advan-
tageously be utilized in vaccine formulations. The expression
products and chimeric virions of the present invention may be
engineered to create vaccines against a broad range of patho-
gens, including viral and bacterial antigens, tumor antigens,
allergen antigens, and auto antigens involved in autoimmune
disorders. In particular, the chimeric virions of the present
invention may be engineered to create vaccines for the pro-
tection of a subject from infections with CoV-HKU1 and
variants thereof.

In certain embodiments, the expression products and
recombinant or chimeric virions of the present invention may
be engineered to create vaccines against a broad range of
pathogens, including viral antigens, tumor antigens and
autoantigens involved in autoimmune disorders. One way to
achieve this goal involves modifying existing CoV-HKU1
genes to contain foreign sequences in their respective external
domains. Where the heterologous sequences are epitopes or
antigens of pathogens, these chimeric viruses may be used to
induce a protective immune response against the discase
agent from which these determinants are detived.

Thus, the present invention relates to the use of viral vec-
tors and recombinant or chimeric viruses to formulate vac-
cines against a broad range of viruses and/or antigens. The
present invention also encompasses recombinant viruses
comprising a viral vector derived from the CoV-HKU1 or
variants thereof which contains sequences which result in a
virus having a phenotype more suitable for use in vaccine
formulations. The mutations and modifications can be in cod-
ing regions, in intergenic regions and in the leader and trailer
sequences of the virus.

The invention provides a host cell comprising a nucleic
acid or a vector according to the invention. Plasmid or viral
vectors containing the polymerase components of CoV-
HKUT1 are generated in prokaryotic cells for the expression of
the components in relevant cell types (bacteria, insect cells,
eukaryotic cells). Plasmid or viral vectors containing full-
length or partial copies of the CoV-HKU1 genome will be
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generated in prokaryotic cells for the expression of viral
nucleic acids in-vitro or in-vivo. The latter vectors may con-
tain other viral sequences for the generation of chimeric
viruses or chimeric virus proteins, may lack parts of the viral
genome for the generation of replication defective virus, and
may contain mutations, deletions or insertions for the genera-
tion of attenuated viruses.

In addition, eukaryotic cells, transiently or stably express-
ing one or more full-length or partial CoV-HKU1 proteins can
be used. Such cells can be made by transfection (proteins or
nucleic acid vectors), infection (viral vectors) or transduction
(viral vectors) and may be useful for complementation of
mentioned wild type, attenuated, replication-defective or chi-
meric viruses.

The viral vectors and chimeric viruses of the present inven-
tion may be used to modulate a subject’s immune system by
stimulating a humoral immune response, a cellular immune
response or by stimulating tolerance to an antigen. As used
herein, a subject means: humans, primates, horses, cows,
sheep, pigs, goats, dogs, cats, avian species and rodents.

5.2 Formulation of Vaccines and Antivirals

In a preferred embodiment, the invention provides a pro-
teinaceous molecule or CoV-HKUT1 specific viral protein or
functional fragment thereof encoded by a nucleic acid
according to the invention. Useful proteinaceous molecules
are for example derived from any of the genes or genomic
fragments derivable from the virus according to the invention,
including envelop protein (E protein), integral membrane
protein (M protein), spike protein (S protein), nucleocapsid
protein (N protein), hemagglutinin esterase (HE protein), and
RNA-dependent RNA polymerase. Such molecules, or anti-
genic fragments thereof, as provided herein, are for example
useful in diagnostic methods or kits and in pharmaceutical
compositions such as subunit vaccines. Particularly useful are
polypeptides encoded by the nucleotide sequence of SEQ ID
NO:1 or 3, including the polypeptides having the amino acid
sequences of SEQ ID NOS:34-2918 in FIGS. 2 and 8, or SEQ
ID NO:2, or antigenic fragments thereof for inclusion as
antigen or subunit immunogen, but inactivated whole virus
can also be used. Particularly useful are also those proteina-
ceous substances that are encoded by recombinant nucleic
acid fragments of the CoV-HKUI1 genome; of course pre-
ferred are those that are within the preferred bounds and
metes of ORFs, in particular, for eliciting CoV-HKU1 spe-
cific antibody or T cell responses, whether in vivo (e.g. for
protective or therapeutic purposes or for providing diagnostic
antibodies) or in vitro (e.g. by phage display technology or
another technique useful for generating synthetic antibodies).

The invention provides vaccine formulations for the pre-
vention and treatment of infections with CoV-HKUI. In cer-
tain embodiments, the vaccine of the invention comprises
recombinant and chimeric viruses of the CoV-HKUT.

In another aspect, the present invention also provides DNA
vaccine formulations comprising a nucleic acid or fragment
of the CoV-HKU], or nucleic acid molecules having the
sequence of SEQ ID NO:1 or 3, or a fragment thereof. In
another specific embodiment, the DNA vaccine formulations
of the present invention comprises a nucleic acid or fragment
thereof encoding the antibodies which immunospecifically
binds CoV-HKU1. In DNA vaccine formulations, a vaccine
DNA comprises a viral vector, such as that derived from the
CoV-HKU]I, bacterial plasmid, or other expression vector,
bearing an insert comprising a nucleic acid molecule of the
present invention operably linked to one or more control
elements, thereby allowing expression of the vaccinating pro-
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teins encoded by said nucleic acid molecule in a vaccinated
subject. Such vectors can be prepared by recombinant DNA
technology as recombinant or chimeric viral vectors carrying
a nucleic acid molecule of the present invention.

Various heterologous vectors are described for DNA vac-
cinations against viral infections. For example, the vectors
described in the following references may be used to express
CoV-HKUI1 sequences instead of the sequences of the viruses
or other pathogens described; in particular, vectors described
for hepatitis B virus (Michel, M. L. et al., 1995, DAN-medi-
ated immunization to the hepatitis B surface antigen in mice:
Aspects of the humoral response mimic hepatitis B viral
infection in humans, Proc. Natl. Aca. Sci. USA 92:5307-5311;
Davis, H. L. et al., 1993, DNA-based immunization induces
continuous seretion of hepatitis B surface antigen and high
levels of circulating antibody, Human Molec. Genetics
2:1847-1851), HIV virus (Wang, B. et al., 1993, Gene inocu-
lation generates immune responses against human immuno-
deficiency virus type 1, Proc. Natl. Acad. Sci. USA 90:4156-
4160; Lu, S. et al., 1996, Simian immunodeficiency virus
DNA vaccine trial in macques, J. Firol 70:3978-3991;
Letvin,N. L. etal., 1997, Potent, protective anti-HIV immune
responses generated by bimodal HIV envelope DNA plus
protein vaccination, Proc Natl Acad Sci USA. 94(17):9378-
83), and influenza viruses (Robinson, H L et al., 1993, Pro-
tection against a lethal influenza virus challenge by immuni-
zation with a haemagglutinin-expressing plasmid DNA,
Vaccine 11:957-960; Ulmer, J. B. et al., Heterologous protec-
tion against influenza by injection of DNA encoding a viral
protein, Science 259:1745-1749), as well as bacterial infec-
tions, such as tuberculosis (Tascon, R. E. et al., 1996, Vacci-
nation against tuberculosis by DNA injection, Nature Med.
2:888-892; Huygen, K. et al., 1996, Immunogenicity and
protective efficacy of a tuberculosis DNA vaccine, Nature
Med., 2:893-898), and parasitic infection, such as malaria
(Sedegah, M., 1994, Protection against malaria by immuni-
zation with plasmid DNA encoding circumsporozoite pro-
tein, Proc. Natl. Acad. Sci. USA 91:9866-9870; Doolan, D. L.
et al., 1996, Circumventing genetic restriction of protection
against malaria with multigene DNA immunization: CD8+ T
cell-interferon 9, and nitric oxide-dependent immunity, J.
Exper. Med., 1183:1739-1746).

Many methods may be used to introduce the vaccine for-
mulations described above. These include, but are not limited
to, oral, intradermal, intramuscular, intraperitoneal, intrave-
nous, subcutaneous, and intranasal routes. Alternatively, it
may be preferable to introduce the chimeric virus vaccine
formulation via the natural route of infection of the pathogen
for which the vaccine is designed. The DNA vaccines of the
present invention may be administered in saline solutions by
injections into muscle or skin using a syringe and needle
(Wolff J. A. et al., 1990, Direct gene transfer into mouse
muscle in vivo, Science 247:1465-1468; Raz, E., 1994, Intra-
dermal gene immunization: The possible role of DNA uptake
in the induction of cellular immunity to viruses, Proc. Natl.
Acd. Sci. USA 91:9519-9523). Another way to administer
DNA vaccines is called “gene gun” method, whereby micro-
scopic gold beads coated with the DNA molecules of interest
is fired into the cells (Tang, D. et al., 1992, Genetic immuni-
zation is a simple method for eliciting an immune response,
Nature 356:152-154). For general reviews of the methods for
DNA vaccines, see Robinson, H. L., 1999, DNA vaccines:
basic mechanism and immune responses (Review), Int. J.
Mol. Med. 4(5):549-555; Barber, B., 1997, Introduction:
Emerging vaccine strategies, Seminars in Immunology 9(5):
269-270; and Robinson, H. L. et al., 1997, DNA vaccines,
Seminars in Immunology 9(5):271-283.
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5.3 Adjuvants and Carrier Molecules

CoV-HKUT1 -associated antigens are administered with one
or more adjuvants. In one embodiment, the CoV-HKU1 -as-
sociated antigen is administered together with a mineral salt
adjuvants or mineral salt gel adjuvant. Such mineral salt and
mineral salt gel adjuvants include, but are not limited to,
aluminum hydroxide (ALHYDROGEL, REHYDRAGEL),
aluminum phosphate gel, aluminum hydroxyphosphate
(ADJU-PHOS), and calcium phosphate.

In another embodiment, CoV-HKU1 -associated antigen is
administered with an immunostimulatory adjuvant. Such
class of adjuvants, include, but are not limited to, cytokines
(e.g., interleukin-2, interleukin-7, interleukin-12, granulo-
cyte-macrophage colony stimulating factor (GM-CSF), inter-
fereon-y interleukin-1f (IL-1p), and IL-1{ peptide or Sclavo
Peptide), cytokine-containing liposomes, triterpenoid glyco-
sides or saponins (e.g., QuilA and QS-21, also sold under the
trademark STIMULON, ISCOPREP), Muramy! Dipeptide
(MDP) derivatives, such as N-acetyl-muramyl-L-threonyl-
D-isoglutamine (Threonyl-MDP, sold under the trademark
TERMURTIDE), GMDP, N-acetyl-nor-muramyl-L-alanyl-
D-isoglutamine, N-acetylmuramyl-L-alanyl-D-isoglutami-
nyl-L-alanine-2-(1'-2'-dipalmitoyl-si-glycero-3-hydroxy
phosphoryloxy)-ethylamine, muramy! tripeptide phosphati-
dylethanolamine (MTP-PE), unmethylated CpG dinucle-
otides and oligonucleotides, such as bacterial DNA and frag-
ments thereof, LPS, monophosphoryl Lipid A (3D-MLA sold
under the trademark MPL), and polyphosphazenes.

In another embodiment, the adjuvant used is a particular
adjuvant, including, but not limited to, emulsions, e.g., Fre-
und’s Complete Adjuvant, Freund’s Incomplete Adjuvant,
squalene or squalane oil-in-water adjuvant formulations,
such as SAF and MF59, e.g., prepared with block-copoly-
mers, such as L-121 (polyoxypropylene/polyoxyetheylene)
sold under the trademark PLURONIC L-121, Liposomes,
Virosomes, cochleates, and immune stimulating complex,
which is sold under the trademark ISCOM.

In another embodiment, a microparticular adjuvant is used.
Microparticulare adjuvants include, but are not limited to
biodegradable and biocompatible polyesters, homo- and
copolymers of lactic acid (PLA) and glycolic acid (PGA),
poly(lactide-co-glycolides) (PLGA) microparticles, poly-
mers that self-associate into particulates (poloxamer par-
ticles), soluble polymers (polyphosphazenes), and virus-like
particles (VLPs) such as recombinant protein particulates,
e.g., hepatitis B surface antigen (HbsAg).

Yet another class of adjuvants that may be used include
mucosal adjuvants, including but not limited to heat-labile
enterotoxin from Escherichia coli (LT), cholera holotoxin
(CT) and cholera Toxin B Subunit (CTB) from Vibrio chol-
erae, mutant toxins (e.g., LTK63 and LTR72), microparticles,
and polymerized liposomes.

In other embodiments, any of the above classes of adju-
vants may be used in combination with each other or with
other adjuvants. For example, non-limiting examples of com-
bination adjuvant preparations that can be used to administer
the CoV-HKU1-associated antigens of the invention include
liposomes containing immunostimulatory protein, cytokines,
or T-cell and/or B-cell peptides, or microbes with or without
entrapped IL-2 or microparticles containing enterotoxin.
Other adjuvants known in the art are also included within the
scope of the invention (see Vaccine Design: The Subunit and
Adjuvant Approach, Chap. 7, Michael F. Powell and Mark J.
Newman (eds.), Plenum Press, New York, 1995, which is
incorporated herein in its entirety).



US 7,553,944 B2

15

The effectiveness of an adjuvant may be determined by
measuring the induction of antibodies directed against an
immunogenic polypeptide containing a CoV-HKU1 polypep-
tide epitope, the antibodies resulting from administration of
this polypeptide in vaccines which are also comprised of the
various adjuvants.

The polypeptides may be formulated into the vaccine as
neutral or salt forms. Pharmaceutically acceptable salts
include the acid additional salts (formed with free amino
groups of the peptide) and which are formed with inorganic
acids, such as, for example, hydrochloric or phosphoric acids,
or organic acids such as acetic, oxalic, tartaric, maleic, and the
like. Salts formed with free carboxyl groups may also be
derived from inorganic bases, such as, for exanple, sodium
potassium, ammonium, calcium, or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine,
2-ethylamino ethanol, histidine, procaine and the like.

The vaccines of the invention may be multivalent or uni-
valent. Multivalent vaccines are made from recombinant
viruses that direct the expression of more than one antigen.

Many methods may be used to introduce the vaccine for-
mulations of the invention; these include but are not limited to
oral, intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal routes, and via scarification
(scratching through the top layers of skin, e.g., using a bifur-
cated needle).

The patient to which the vaccine is administered is prefer-
ably a mammal, most preferably a human, but can also be a
non-human animal including but not limited to cows, horses,
sheep, pigs, fowl (e.g., chickens), goats, cats, dogs, hamsters,
mice and rats.

5.4 Preparation of Antibodies

Antibodies which specifically recognize a polypeptide of
the invention, such as, but not limited to, polypeptides com-
prising the sequence of SEQ ID NO:2 or any of SEQ ID NOS:
34-2918 or CoV-HKU! epitope, or antigen-binding frag-
ments thereof, can be used for detecting, screening, and iso-
lating the polypeptide of the invention or fragments thereof,
or similar sequences that might encode similar enzymes from
the other organisms. For example, in one specific embodi-
ment, an antibody which immunospecifically binds CoV-
HKUT1 epitope, or a fragment thereof, can be used for various
in vitro detection assays, including enzyme-linked immun-
osorbent assays (ELISA), radioimmunoassays, Western blot,
etc., for the detection of a polypeptide of the invention or,
preferably, CoV-HKU1, in samples, for example, a biological
material, including cells, cell culture media (e.g., bacterial
cell culture media, mammalian cell culture media, insect cell
culture media, yeast cell culture media, etc.), blood, plasma,
serum, tissues, sputum, naseopharyngeal aspirates, etc.

Antibodies specific for a polypeptide of the invention or
any epitope of CoV-HKU1 may be generated by any suitable
method known in the art. Polyclonal antibodies to an antigen-
of-interest, for example, the CoV-HKU1 epitopes or polypep-
tides encoded by a nucleotide sequence of SEQ ID NO:1 or 3,
including the polypeptides shown in FIG. 2 (SEQ ID NOS:
34-1318), FIG. 8 (SEQ ID NOS:1319-2918), as well as SEQ
ID NO:2, can be produced by various procedures well known
in the art. For example, an antigen can be administered to
various host animals including, but not limited to, rabbits,
mice, rats, etc., to induce the production of antisera contain-
ing polyclonal antibodies specific for the antigen. Various
adjuvants may be used to increase the immunological
response, depending on the host species, and include but are
not limited to, Freund’s (complete and incomplete) adjuvant,

40

45

16

mineral gels such as aluminum hydroxide, surface active
substances such as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanins, dini-
trophenol, and potentially useful adjuvants for humans such
as BCG (Bacille Calmette-Guerin) and Corynebacterium
parvum. Such adjuvants are also well known in the art (see
Section 5.4, supra).

Monoclonal antibodies can be prepared using a wide vari-
ety of techniques known in the art including the use of hybri-
doma, recombinant, and phage display technologies, or a
combination thereof. For example, monoclonal antibodies
can be produced using hybridoma techniques including those
known in the art and taught, for example, in Harlow et al.,
Antibodies: A Laboratory Manual, (Cold Spring Harbor
Laboratory Press, 2nd ed. 1988); Hammerling, et al., in:
Monoclonal Antibodies and T-Cell Hybridomas, pp. 563-681
(Elsevier, N.Y., 1981) (both of which are incorporated by
reference in their entireties). The term “monoclonal anti-
body” as used herein is not limited to antibodies produced
through hybridoma technology. The term “monoclonal anti-
body” refers to an antibody that is derived from a single clone,
including any eukaryotic, prokaryaotic, or phage clone, and
not the method by which it is produced.

Methods for producing and screening for specific antibod-
ies using hybridoma technology are routine and well known
in the art. In a non-limiting example, mice can be immunized
with an antigen of interest or a cell expressing such an anti-
gen. Once an immune response is detected, e.g., antibodies
specific for the antigen are detected in the mouse serum, the
mouse spleen is harvested and splenocytes isolated. The sple-
nocytes are then fused by well known techniques to any
suitable myeloma cells. Hybridomas are selected and cloned
by limiting dilution. The hybridoma clones are then assayed
by methods known in the art for cells that secrete antibodies
capable of binding the antigen. Ascites fluid, which generally
contains high levels of antibodies, can be generated by inocu-
lating mice intraperitoneally with positive hybridoma clones.

Antibody fragments which recognize specific epitopes
may be generated by known techniques. For example, Fab
and F(ab"), fragments may be produced by proteolytic cleav-
age of immunoglobulin molecules, using enzymes such as
papain (to produce Fab fragments) or pepsin (to produce
F(ab'), fragments). F(ab'), fragments contain the complete
light chain, and the variable region, the CHI region and the
hinge region of the heavy chain.

The antibodies of the invention or fragments thereof can be
also produced by any method known in the art for the synthe-
sis of antibodies, in particular, by chemical synthesis or pref-
erably, by recombinant expression techniques.

The nucleotide sequence encoding an antibody may be
obtained from any information available to those skilled in
the art (i.e., from Genbank, the literature, or by routine clon-
ing and sequence analysis). If a clone containing a nucleic
acid encoding a particular antibody or an epitope-binding
fragment thereof is not available, but the sequence of the
antibody molecule or epitope-binding fragment thereof is
known, a nucleic acid encoding the immunoglobulin may be
chemically synthesized or obtained from a suitable source
(e.g., an antibody cDNA library, or a cDNA library generated
from, or nucleic acid, preferably poly A+ RNA, isolated from
any tissue or cells expressing the antibody, such as hybridoma
cells selected to express an antibody) by PCR amplification
using synthetic primers hybridizable to the 3' and 5' ends of
the sequence or by cloning using an oligonucleotide probe
specific for the particular gene sequence to identify, e.g., a
¢DNA clone from a cDNA library that encodes the antibody.
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Amplified nucleic acids generated by PCR may then be
cloned into replicable cloning vectors using any method well
known in the art.

Once the nuclectide sequence of the antibody is deter-
mined, the nucleotide sequence of the antibody may be
manipulated using methods well known in the art for the
manipulation of nucleotide sequences, e.g., recombinant
DNA techniques, site directed mutagenesis, PCR, etc. (see,
for example, the techniques described in Sambrook et al.,
supra; and Ausubel et al., eds., 1998, Current Protocols in
Molecular Biology, John Wiley & Sons, NY, which are both
incorporated by reference herein in their entireties), to gen-
erate antibodies having a different amino acid sequence by,
for example, introducing amino acid substitutions, deletions,
and/or insertions into the epitope-binding domain regions of
the antibodies or any portion of antibodies which may
enhance or reduce biological activities of the antibodies.

Recombinant expression of an antibody requires construc-
tion of an expression vector containing a nucleotide sequence
thatencodes the antibody. Once a nucleotide sequence encod-
ing an antibody molecule or a heavy or light chain of an
antibody, or portion thereof has been obtained, the vector for
the production of the antibody molecule may be produced by
recombinant DNA technology using techniques well known
in the art as discussed in the previous sections. Methods
which are well known to those skilled in the art can be used to
construct expression vectors containing antibody coding
sequences and appropriate transcriptional and translational
control signals. These methods include, for example, in vitro
recombinant DNA techniques, synthetic techniques, and in
vivo genetic recombination. The nucleotide sequence encod-
ing the heavy-chain variable region, light-chain variable
region, both the heavy-chain and light-chain variable regions,
an epitope-binding fragment of the heavy- and/or light-chain
variable region, or one or more complementarity determining
regions (CDRs) of an antibody may be cloned into such a
vector for expression. Thus-prepared expression vector can
be then introduced into appropriate host cells for the expres-
sion of the antibody. Accordingly, the invention includes host
cells containing a polynucleotide encoding an antibody spe-
cific for the polypeptides of the invention or fragments
thereof.

The host cell may be co-transfected with two expression
vectors of the invention, the first vector encoding a heavy
chain derived polypeptide and the second vector encoding a
light chain derived polypeptide. The two vectors may contain
identical selectable markers which enable equal expression of
heavy and light chain polypeptides or different selectable
markers to ensure maintenance of both plasmids. Alterna-
tively, a single vector may be used which encodes, and is
capable of expressing, both heavy and light chain polypep-
tides. In such situations, the light chain should be placed
before the heavy chain to avoid an excess of toxic free heavy
chain (Proudfoot, Nature, 322:52, 1986; and Kohler, Proc.
Natl. Acad. Sci. USA, 77:2 197,1980). The coding sequences
for the heavy and light chains may comprise ¢cDNA or
genomic DNA.

In another embodiment, antibodies can also be generated
using various phage display methods known in the art. In
phage display methods, functional antibody domains are dis-
played on the surface of phage particles which carry the
polynucleotide sequences encoding them. In a particular
embodiment, such phage can be utilized to display antigen
binding domains, such as Fab and Fv or disulfide-bond sta-
bilized Fv, expressed from a repertoire or combinatorial anti-
body library (e.g., human or murine). Phage expressing an
antigen binding domain that binds the antigen of interest can
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be selected or identified with antigen, e.g., using labeled
antigen or antigen bound or captured to a solid surface or
bead. Phage used in these methods are typically filamentous
phage, including fd and M13. The antigen binding domains
are expressed as a recombinantly fused protein to either the
phage gene III or gene VIII protein. Examples of phage dis-
play methods that can be used to make the immunoglobulins,
or fragments thereof, of the present invention include those
disclosed in Brinkman et al., J. Immunol. Methods, 182:41-
50, 1995; Ames et al., J. Immunol. Methods, 184:177-186,
1995; Kettleborough et al., Eur. J. Immunol., 24:952-958,
1994; Persic et al., Gene, 187:9-18, 1997; Burton et al.,
Advances in Immunology, 57:191-280, 1994; PCT applica-
tion No. PCT/GB91/01134; PCT publications WO 90/02809;
WO 91/10737; WO 92/01047, WO 92/18619; WO 93/11236;
WO 95/15982; WO 95/20401; and U.S. Pat. Nos. 5,698,426;
5,223,409, 5,403,484; 5,580,717, 5,427,908, 5,750,753,
5,821,047, 5,571,698; 5,427.908; 5,516,637, 5,780,225,
5,658,727, 5,733,743 and 5,969,108; each of which is incor-
porated herein by reference in its entirety.

As described in the above references, after phage selection,
the antibody coding regions from the phage can be isolated
and used to generate whole antibodies, including human anti-
bodies, or any other desired fragments, and expressed in any
desired host, including mammalian cells, insect cells, plant
cells, yeast, and bacteria, e.g., as described in detail below.
For example, techniques to recombinantly produce Fab, Fab'
and F(ab), fragments can also be employed using methods
known in the art such as those disclosed in PCT publication
WO 92/22324; Mullinax et al., BioTechniques, 12(6):864-
869, 1992; and Sawai et al., AJRI, 34:26-34, 1995; and Better
etal., Science, 240:1041-1043, 1988 (each of which is incor-
porated by reference in its entirety). Examples of techniques
which can beused to produce single-chain Fvs and antibodies
include those described in U.S. Pat. Nos. 4,946,778 and
5,258,498, Huston et al., Methods in Enzymology, 203:46-
88, 1991; Shu et al., PNAS, 90:7995-7999, 1993; and Skerra
et al., Science, 240:1038-1040, 1988.

Once an antibody molecule of the invention has been pro-
duced by any methods described above, it may then be puri-
fied by any method known in the art for purification of an
immunoglobulin molecule, for example, by chromatography
(e.g., ion exchange, affinity, particularly by affinity for the
specific antigen after Protein A or Protein G purification, and
sizing column chromatography), centrifugation, differential
solubility, or by any other standard techniques for the purifi-
cation of proteins. Further, the antibodies of the present
invention or fragments thereof may be fused to heterologous
polypeptide sequences described herein or otherwise known
in the art to facilitate purification.

For some uses, including in vivo use of antibodies in
humans and in vitro detection assays, it may be preferable to
use chimeric, humanized, or human antibodies. A chimeric
antibody is a molecule in which different portions of the
antibody are derived from different animal species, such as
antibodies having a variable region derived from a murine
monoclonal antibody and a constant region derived from a
human immunoglobulin. Methods for producing chimeric
antibodies are known in the art. See e.g., Morrison, Science,
229:1202, 1985; Oietal., BioTechniques, 4:214 1986; Gillies
et al., J. Immunol. Methods, 125:191-202, 1989; U.S. Pat.
Nos. 5,807,715; 4,816,567; and 4,816,397, which are incor-
porated herein by reference in their entireties. Humanized
antibodies are antibody molecules from non-human species
that bind the desired antigen having one or more complemen-
tarity determining regions (CDRs) from the non-human spe-
cies and framework regions from a human immunoglobulin
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molecule. Often, framework residues in the human frame-
work regions will be substituted with the corresponding resi-
due from the CDR donor antibody to alter, preferably
improve, antigen binding. These framework substitutions are
identified by methods well known in the art, e.g., by modeling
of the interactions of the CDR and framework residues to
identify framework residues important for antigen binding
and sequence comparison to identify unusual framework resi-
dues at particular positions. See, e.g., Queen et al., U.S. Pat.
No. 5,585,089; Riechmann et al., Nature, 332:323, 1988,
which are incorporated herein by reference in their entireties.
Antibodies can be humanized using a variety of techniques
known in the art including, for example, CDR-grafting (EP
239,400; PCT publication WO 91/09967; U.S. Pat. Nos.
5,225,539; 5,530,101 and 5,585,089), veneering or resurfac-
ing (EP 592,106; EP 519,596, Padlan, Molecular Immunol-
ogy, 28(4/5):489-498, 1991, Studnicka et al., Protein Engi-
neering, 7(6):805-814, 1994; Roguska et al., Proc Natl. Acad.
Sci. USA, 91:969-973, 1994), and chain shuffling (U.S. Pat.
No. 5,565,332), all of which are hereby incorporated by ref-
erence in their entireties.

Completely human antibodies are particularly desirable for
therapeutic treatment of human patients. Human antibodies
can be made by a variety of methods known in the art includ-
ing phage display methods described above using antibody
libraries detived from human immunoglobulin sequences.
See U.S. Pat. Nos. 4,444,887 and 4,716,111; and PCT publi-
cations WO 98/46645; WO 98/50433; WO 98/24893; WO
98/16654; WO 96/34096; WO 96/33735; and WO 91/10741,
each of which is incorporated herein by reference in its
entirety.

Human antibodies can also be produced using transgenic
mice which are incapable of expressing functional endog-
enous immunoglobulins, but which can express human
immunoglobulin genes. For an overview of this technology
for producing human antibodies, see Lonberg and Huszar, Int.
Rev. Immunol., 13:65-93, 1995. For a detailed discussion of
this technology for producing human antibodies and human
monoclonal antibodies and protocols for producing such anti-
bodies, see. e.g., PCT publications WO 98/24893; WO
92/01047, WO 96/34096; WO 96/33735; European Patent
No. 0 598 877; U.S. Pat. Nos. 5,413,923; 5,625,126, 5,633,
425; 5,569,825, 5,661,016 5,545,806; 5,814,318; 5,885,793
5,916,771; and 5,939,598, which are incorporated by refer-
ence herein in their entireties. [n addition, companies such as
Abgenix, Inc. (Fremont, Calif.), Medarex (NJ) and Genp-
harm (San Jose, Calif)) can be engaged to provide human
antibodies directed against a selected antigen using technol-
ogy similar to that described above.

Completely human antibodies which recognize a selected
epitope can be generated using a technique referred to as
“guided selection.” In this approach a selected non-human
monoclonal antibody, e.g., a mouse antibody, is used to guide
the selection of a completely human antibody recognizing the
same epitope. (Jespers et al., Bio/technology, 12:899-903,
1988).

Antibodies fused or conjugated to heterologous polypep-
tides may be used in in vitro immunoassays and in purifica-
tion methods (e.g., affinity chromatography) well known in
the art. See e.g., PCT publication Number WO 93/21232; EP
439,095; Naramura et al., Immunol. Lett., 39:91-99, 1994
U.S. Pat. No. 5,474,981, Gillies et al., PNAS, 89:1428-1432,
1992; and Fell et al., J. Immunol., 146:2446-2452, 1991,
which are incorporated herein by reference in their entireties.

Antibodies may also be attached to solid supports, which
are particularly useful for immunoassays or purification of
the polypeptides of the invention or fragments, derivatives,
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analogs, or variants thereof, or similar molecules having the
similar enzymatic activities as the polypeptide of the inven-
tion. Such solid supports include, but are not limited to, glass,
cellulose, polyacrylamide, nylon, polystyrene, polyvinyl
chloride or polypropylene.

5.5 Pharmaceutical Compositions and Kits

The present invention encompasses pharmaceutical com-
positions comprising anti-viral agents of the present inven-
tion. In a specific embodiment, the anti-viral agent is an
antibody which immunospecifically binds CoV-HKU1 or
variants thereof, or any proteins derived therefrom. In another
specific embodiment, the anti-viral agent is a polypeptide or
nucleic acid molecule of the invention. The pharmaceutical
compositions have utility as an anti-viral prophylactic agent
and may be administered to a subject where the subject has
been exposed or is expected to be exposed to a virus.

Various delivery systems are known and can be used to
administer the pharmaceutical composition of the invention,
e.g., encapsulation in liposomes, microparticles, microcap-
sules, recombinant cells capable of expressing the mutant
viruses, receptor mediated endocytosis (see, e.g., Wuand Wu,
1987, 1. Biol. Chem. 262:4429 4432). Methods of introduc-
tion include but are not limited to intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, intranasal, epidu-
ral, and oral routes. The compounds may be administered by
any convenient route, for example by infusion or bolus injec-
tion, by absorption through epithelial or mucocutaneous lin-
ings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and
may be administered together with other biologically active
agents. Administration can be systemic or local. In a preferred
embodiment, it may be desirable to introduce the pharmaceu-
tical compositions of the invention into the lungs by any
suitable route. Pulmonary administration can also be
employed, e.g., by use of an inhaler or nebulizer, and formu-
lation with an aerosolizing agent.

In a specific embodiment, it may be desirable to administer
the pharmaceutical compositions of the invention locally to
the area in need of treatment; this may be achieved by, for
example, and not by way of limitation, local infusion during
surgery, topical application, e.g., in conjunction with a wound
dressing after surgery, by injection, by means of a catheter, by
means of a suppository, by means of nasal spray, or by means
of an implant, said implant being of a porous, non porous, or
gelatinous material, including membranes, such as sialastic
membranes, or fibers. In one embodiment, administration can
be by direct injection at the site (or former site) infected
tissues.

In another embodiment, the pharmaceutical composition
can be delivered in a vesicle, in particular a liposome (see
Langer, 1990, Science 249:1527-1533; Treat et al., in Lipo-
somes in the Therapy of Infectious Disease and Cancer,
Lopez Berestein and Fidler (eds.), Liss, New York, pp. 353-
365 (1989); Lopez-Berestein, ibid., pp. 317-327, see gener-
ally ibid.).

In yet another embodiment, the pharmaceutical composi-
tion can be delivered in a controlled release system. In one
embodiment, a pump may be used (see Langer, supra; Sefton,
1987, CRC Crit. Ref. Biomed. Eng. 14:201; Buchwald et al.,
1980, Surgery 88:507; and Saudek et al., 1989, N. Engl. J.
Med. 321:574). In another embodiment, polymeric materials
can be used (see Medical Applications of Controlled Release,
Langer and Wise (eds.), CRC Pres., Boca Raton, Fla. (1974);
Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, New York
(1984); Ranger and Peppas, J. Macromol. Sci. Rev. Macro-
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mol. Chem. 23:61 (1983); see also Levy et al., 1985, Science
228:190; During et al., 1989, Ann. Neurol. 25:351; Howard et
al., 1989, J. Neurosurg. 71:105). In yet another embodiment,
a controlled release system can be placed in proximity of the
composition’s target, i.e., the lung, thus requiring only a
fraction of the systemic dose (see, e.g., Goodson, in Medical
Applications of Controlled Release, supra, vol. 2, pp. 115-
138 (1984)).

Other controlled release systems are discussed in the
review by Langer (Science 249:1527-1533 (1990)).

The pharmaceutical compositions of the present invention
comprise a therapeutically effective amount of recombinant
or chimeric CoV-HKU1, and a pharmaceutically acceptable
carrier. In a specific embodiment, the term “pharmaceutically
acceptable” means approved by a regulatory agency of the
Federal or a state government or listed in the U.S. Pharma-
copeia or other generally recognized pharmacopeia for use in
animals, and more particularly in humans. The term “carrier”
refers to a diluent, adjuvant, excipient, or vehicle with which
the pharmaceutical composition is administered. Such phar-
maceutical carriers can be sterile liquids, such as water and
oils, including those of petroleum, animal, vegetable or syn-
thetic origin, such as peanut oil, soybean oil, mineral oil,
sesame oil and the like. Water is a preferred carrier when the
pharmaceutical composition is administered intravenously.
Saline solutions and aqueous dextrose and glycerol solutions
can also be employed as liquid carriers, particularly for inject-
able solutions. Suitable pharmaceutical excipients include
starch, glucose, lactose, sucrose, gelatin, malt, rice, flour,
chalk, silica gel, sodium stearate, glycerol monostearate, talc,
sodium chloride, dried skim milk, glycerol, propylene, gly-
col, water, ethanol and the like. The composition, if desired,
can also contain minor amounts of wetting or emulsifying
agents, or pH buffering agents. These compositions can take
the form of solutions, suspensions, emulsion, tablets, pills,
capsules, powders, sustained release formulations and the
like. The composition can be formulated as a suppository,
with traditional binders and carriers such as triglycerides.
Oral formulation can include standard carriers such as phar-
maceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharine, cellulose, magnesium carbon-
ate, etc. Examples of suitable pharmaceutical carriers are
described in “Remington’s Pharmaceutical Sciences” by E.
W. Martin. The formulation should suit the mode of admin-
istration.

In a preferred embodiment, the composition is formulated
in accordance with routine procedures as a pharmaceutical
composition adapted for intravenous administration to
human beings. Typically, compositions for intravenous
administration are solutions in sterile isotonic aqueous buffer.
Where necessary, the composition may also include a solu-
bilizing agent and alocal anesthetic such as lignocaine to ease
pain at the site of the injection. Generally, the ingredients are
supplied either separately or mixed together in unit dosage
form, for example, as a dry lyophilized powder or water free
concentrate in a hermetically sealed container such as an
ampoule or sachette indicating the quantity of active agent.
Where the composition is to be administered by infusion, it
can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composition
is administered by injection, an ampoule of sterile water for
injection or saline can be provided so that the ingredients may
be mixed prior to administration.

The pharmaceutical compositions of the invention can be
formulated as neutral or salt forms. Pharmaceutically accept-
able salts include those formed with free amino groups such
as those derived from hydrochloric, phosphoric, acetic,
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oxalic, tartaric acids, etc., and those formed with free car-
boxyl groups such as those derived from sodium, potassium,
ammonium, calcium, ferric hydroxides, isopropylamine, tri-
ethylamine, 2 ethylamino ethanol, histidine, procaine, etc.

The amount of the pharmaceutical composition of the
invention which will be effective in the treatment of a par-
ticular disorder or condition will depend on the nature of the
disorder or condition, and can be determined by standard
clinical techniques. In addition, in vitro assays may option-
ally be employed to help identify optimal dosage ranges. The
precise dose to be employed in the formulation will also
depend on the route of administration, and the seriousness of
the disease or disorder, and should be decided according to
the judgment of the practitioner and each patient’s circum-
stances. However, suitable dosage ranges for intravenous
administration are generally about 20-500 micrograms of
active compound per kilogram body weight. Suitable dosage
ranges for intranasal administration are generally about 0.01
pe/kg body weight to 1 mg/kg body weight. Effective doses
may be extrapolated from dose response curves derived from
in vitro or animal model test systems.

Suppositories generally contain active ingredient in the
range 0f 0.5% to 10% by weight; oral formulations preferably
contain 10% to 95% active ingredient.

The invention also provides a pharmaceutical pack or kit
comprising one or more containers filled with one or more of
the ingredients of the pharmaceutical compositions of the
invention. Optionally associated with such container(s) can
be a notice in the form prescribed by a governmental agency
regulating the manufacture, use or sale of pharmaceuticals or
biological products, which notice reflects approval by the
agency of manufacture, use or sale for human administration.
In a preferred embodiment, the kit contains an anti-viral agent
of the invention, e.g., an antibody specific for the polypep-
tides encoded by a nucleotide sequence of SEQ IDNO:1 or 3,
or any CoV-HKU1 epitope, or a polypeptide or protein of the
present invention, including those shown in FIG. 2 (SEQ ID
NOS:34-1318), FIG. 8 (SEQ ID NOS:1319-2918), and SEQ
ID NO:2, or a nucleic acid molecule of the invention, alone or
in combination with adjuvants, antivirals, antibiotics, analge-
sic, bronchodialaters, or other pharmaceutically acceptable
excipients.

The present invention further encompasses kits comprising
a container containing a pharmaceutical composition of the
present invention and instructions for use.

5.6 Detection Assays

The present invention provides a method for detecting an
antibody, which immunospecifically binds to the CoV-
HKUTI, in a biological sample, for example blood, serum,
plasma, saliva, urine, etc., from a patient suffering from res-
piratory tract infection. In a specific embodiment, the method
comprising contacting the sample with the polypeptides or
protein encoded by the nucleotide sequence of SEQ ID NO:1
and/or 3, including the polypeptides having the amino acid
sequences of SEQ ID NOS:34-1318 shown in FIG. 2, SEQ ID
NOS:1319-2918 shown in FIG. 8, or SEQ ID NO:2, directly
immobilized on a substrate and detecting the virus-bound
antibody directly or indirectly by a labeled heterologous anti-
isotype antibody. In another specific embodiment, the sample
is contacted with a host cell comprising a nucleic acid mol-
ecule having the nucleotide sequence of SEQ ID NO:1 or 3
and expressing the polypeptides encoded thereby, and the
bound antibody can be detected by immunofiuorescent assay.

An exemplary method for detecting the presence or
absence of a polypeptide or nucleic acid of the invention in a
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biological sample involves obtaining a biological sample
from various sources and contacting the sample with a com-
pound or an agent capable of detecting an epitope or nucleic
acid (e.g., mRNA, genomic RNA) of CoV-HKU1 such that
the presence of CoV-HKU1 is detected in the sample. A
preferred agent for detecting CoV-HKU1 mRNA or genomic
RNA of the invention is a labeled nucleic acid probe capable
of hybridizing to mRNA or genomic RNA encoding a
polypeptide of the invention. The nucleic acid probe can be,
for example, a nucleic acid molecule comprising or consist-
ing of the nucleotide sequence of SEQ ID NO:1 or 3, or a
portion thereof, or a complement thereof, such as an oligo-
nucleotide of at least 15, 20, 25, 30, 50, 100, 250, 500, 750,
1,000 or more contiguous nucleotides in length and sufficient
to specifically hybridize under stringent conditions to a CoV-
HKU1 mRNA or genomic RNA.

In another preferred specific embodiment, the presence of
CoV-HKUT is detected in the sample by an reverse transcrip-
tion polymerase chain reaction (RT-PCR) using the primers
that are constructed based on a partial nucleotide sequence of
the genome of CoV-HKU! or a genomic nucleic acid
sequence of SEQ ID NO:3, or based on a nucleotide sequence
of SEQ ID NO:1. In a non-limiting specific embodiment,
preferred primers to be used in a RT-PCR method are:
5'-GGTTGGGACTATCCTAAGTGTGA-3' (SEQ ID NO:4)
and 5'-CCATCATCAGATAGAATCATCATA-3' (SEQ ID
NO:5), in the presence of 3 mM MgCl, and the thermal cycles
are, for example, but not limited to, 94° C. for 8 min followed
by 40 cycles of 94° C. for 1 min, 50° C. for 1 min, 72° C. for
1 min. In more preferred specific embodiment, the present
invention provides a real-time quantitative PCR assay to
detect the presence of CoV-HKUT1 in a biological sample by
subjecting the cDNA obtained by reverse transcription of the
extracted total RNA from the sample to PCR reactions using
the specific primers, such as those having nucleotide
sequences of SEQ ID NOS:4 and 5, and a fluorescence dye,
such as SYBR® Green I, which fluoresces when bound non-
specifically to double-stranded DNA. The fluorescence sig-
nals from these reactions are captured at the end of extension
steps as PCR product is generated over a range of the thermal
cycles, thereby allowing the quantitative determination of the
viral load in the sample based on an amplification plot.

A preferred agent for detecting CoV-HK U1 is an antibody
that specifically binds a polypeptide of the invention or any
CoV-HKUI epitope, preferably an antibody with a detectable
label. Antibodies can be polyclonal, or more preferably,
monoclonal. An intact antibody, or a fragment thereof (e.g.,
Fab or F(ab'"),) can be used.

The term “labeled”, with regard to the probe or antibody, is
intended to encompass direct labeling of the probe or anti-
body by coupling (i.e., physically linking) a detectable sub-
stance to the probe or antibody, as well as indirect labeling of
the probe or antibody by reactivity with another reagent that
is directly labeled. Examples of indirect labeling include
detection of a primary antibody using a fluorescently labeled
secondary antibody and end-labeling of a DNA probe with
biotin such that it can be detected with fluorescently labeled
streptavidin. The detection method of the invention can be
used to detect mRNA, protein (or any epitope), or genomic
RNA in a sample in vitro as well as in vivo. For example, in
vitro techniques for detection of mRNA include northern
hybridizations, in situ hybridizations, RT-PCR, and RNase
protection. In vitro techniques for detection of an epitope of
CoV-HKUI include enzyme linked immunosorbent assays
(ELISAs), Western blots, immunoprecipitations and immun-
ofluorescence. In vitro techniques for detection of genomic
RNA include northern hybridizations, RT-PCR, and RNase
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protection. Furthermore, in vivo techniques for detection of
CoV-HKU! include introducing into a subject organism a
labeled antibody directed against the polypeptide. For
example, the antibody can be labeled with a radioactive
marker whose presence and location in the subject organism
can be detected by standard imaging techniques, including
autoradiography.

In a specific embodiment, the methods further involve
obtaining a control sample from a control subject, contacting
the control sample with a compound or agent capable of
detecting CoV-HKUT1, e.g., a polypeptide of the invention or
mRNA or genomic RNA encoding a polypeptide of the inven-
tion, such that the presence of CoV-HKU1 or the polypeptide
or mRNA or genomic RNA encoding the polypeptide is
detected in the sample, and comparing the absence of CoV-
HKUT1 or the polypeptide or mRNA or genomic RNA encod-
ing the polypeptide in the control sample with the presence of
CoV-HKU]I, or the polypeptide or mRNA or genomic DNA
encoding the polypeptide in the test sample.

The invention also encompasses kits for detecting the pres-
ence of CoV-HKUT1 or a polypeptide or nucleic acid of the
invention in a test sample. The kit, for example, can comprise
a labeled compound or agent capable of detecting CoV-
HKUT orthe polypeptide or a nucleic acid molecule encoding
the polypeptide in a test sample and, in certain embodiments,
a means for determining the amount of the polypeptide or
mRNA in the sample (e.g., an antibody which binds the
polypeptide or an oligonucleotide probe which binds to DNA
or mRNA encoding the polypeptide). Kits can also include
instructions for use.

For antibody-based kits, the kit can comprise, for example:
(1) a first antibody (e.g., attached to a solid support) which
binds to a polypeptide of the invention or CoV-HKU1
epitope; and, optionally, (2) a second, different antibody
which binds to either the polypeptide or the first antibody and
is conjugated to a detectable agent.

For oligonucleotide-based kits, the kit can comprise, for
example: (1) an oligonucleotide, e.g., a detectably labeled
oligonucleotide, which hybridizes to a nucleic acid sequence
encoding a polypeptide of the invention or to a sequence
within the CoV-HKU1 genome or (2) a pair of primers useful
for amplifying a nucleic acid molecule containing an CoV-
HKUT1 sequence. The kit can also comprise, e.g., a buffering
agent, a preservative, or a protein stabilizing agent. The kit
can also comprise components necessary for detecting the
detectable agent (e.g., an enzyme or a substrate). The kit can
also contain a control sample or a series of control samples
which can be assayed and compared to the test sample con-
tained. Each component of the kit is usually enclosed within
an individual container and all of the various containers are
within a single package along with instructions for use.

6. EXAMPLES

The following examples illustrate the identification of the
novel CoV-HKUT1. These examples should not be construed
as limiting.

Methods and Results

As a general reference, Wiedbrauk D L & Johnston S L G.
(Manual of Clinical Virology, Raven Press, New York, 1993)
was used.

6.1 Clinical Subject

The patientis an in-patient of the United Christian Hospital
in Hong Kong. Nasopharyngeal aspirates were collected from
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the patient weekly from the first till the fifth week of the
illness, stool and urine in the first and second week of the
illness, and sera in the first, second, and fourth weeks of the
illness.

6.2 Antibody Detection

To produce a fusion plasmid for protein purification, prim-
ers, S-TTTTCCTTTT GCGGCCGCTTAAGCAACA-
GAGTCTTCTA-3' (SEQ ID NO:6) and 5-CGGAATTC
GATGTCTTATACTCCCGGT-3'(SEQ ID NO:7) were used
to amplify the gene encoding the N protein of the CoV-HKU1
by RT-PCR. The sequence coding for amino acid residues 1 to
441 of the N protein was amplified and cloned into the EcoR1
and Notl sites of expression vector pET-28b(+) (Novagen,
Madison, Wis., USA) in frame and downstream of the series
of six histidine residues. The (His)-tagged (SEQ ID NO:27)
recombinant N protein was expressed in E. coli and purified
using the Ni**-loaded HiTrap Chelating System (Amersham
Pharmacia, USA) according to the manufacturer’s instruc-
tions.

Western blot analysis was performed as follows: Two-
hundred ng of purified (His)s-tagged (SEQ ID NO:27)
recombinant N protein of CoV-HKU1 were loaded into each
well ofa sodium dodecyl sulfate (SDS)-10% polyacrylamide
gel and subsequently electroblotted onto a nitrocellulose
membrane (Bio-Rad, Hercules, Calif., USA). The blot was
cut into strips and the strips were incubated separately with
1:2000 dilution of serum samples obtained during the first,
second, and fourth weeks of the patient’s illness. Serum
samples of two healthy blood donors were used as controls.
Antigen-antibody interaction was detected with an ECL fluo-
rescence system (Amersham Life Science, Buckingham-
shire, UK).

Several prominent immunoreactive bands were visible for
serum samples collected during the second and fourth weeks
of the patient’s illness (FIG. 7, lanes 2 and 3). The sizes of the
largest bands were about 53 kDa, consistent with the expected
size of 52.8 kDa for the full-length (His),-tagged (SEQ ID
NO:27) N protein, whereas the other bands were consistent
with the degradation products of the (His)s-tagged (SEQ ID

20

NO:27) N protein. Only very faint bands were observed for 4°

serum samples obtained from the patient during the first week
of the illness (FIG. 7, lane 1) and two healthy blood donors
(FIG. 7, lanes 4 and 5).

ELISA was performed using the recombinant N protein of
CoV-HKUI prepared as described above. Each well of a
Nunc immunoplate (Roskilde, Denmark) was coated with 20
ng of purified (His)-tagged (SEQ ID NO:27) recombinant N
protein for 12 h and then blocked in phosphate-buffered
saline with 2% bovine serum albumin. The serum samples
obtained from the patient during the first, second, and fourth
weeks of the illness were serially diluted and were added to
the wells of the (His)q-tagged (SEQ ID NO:27) recombinant
N protein-coated plates in a total volume of 100 pl per well
and incubated at 37° C. for 2 h. After washing with washing
buffer five times, 100 pl per well of 1:4000 diluted horse
radish peroxidase-conjugated goat anti-human IgG antibody
(Zymed Laboratories Inc., South San Francisco, Calif., USA)
were added to the wells and incubated at 37° C. for 1 h. After
washing with washing buffer five times, 100 pl of diluted
3,3'5,5-tetramethylbenzidine (Zymed Laboratories Inc.)
were added to each well and incubated at room temperature
for 15 min. One hundred microliters of 0.3 M H,SO, were
added and the absorbance at 450 nm of each well was mea-
sured. Each sample was tested in duplicate and the mean
absorbance for each serum was calculated.

Box titration was carried out with different dilutions of
(His)¢-tagged (SEQ ID NO:27) recombinant N protein coat-
ing antigen and serum obtained from the fourth week of the
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patient’s illness. The results identified 20 ng and 80 ng of
purified (His)-tagged recombinant N protein per ELISA well
as the ideal amount for plate coating and 1:1000 and 1:20 as
the most optimal serum dilution for IgG and IgM detection,
respectively.

To establish the baseline for the tests, serum samples (di-
luted at 1:1000 and 1:20 for IgG and IgM, respectively) from
100 healthy blood donors were tested in the CoV-HKU1
antibody ELISA. For the 100 sera from healthy blood donors,
the mean ELISA OD,, values for IgG and IgM detection
were 0.178 and 0.224, with standard deviations of 0.070 and
0.117. Absorbance values 0f 0.387 and 0.576 were selected as
the cutoff values (that equal the sum of the mean value from
the healthy control and three times the standard deviation) for
1gG and IgM, respectively. Using these cutoff values, the
titers for IgG of the patient’s serum samples obtained during
the first, second, and fourth weeks of the illness were
<1:1000, 1:2000, and 1:8000, respectively (FIG. 6), and those
for IgM were 1:20, 1:40, and 1:80, respectively (data not
shown).

6.3 RT-PCR and Real Time Quantitative PCR

RT-PCR Assay

An RT-PCR was developed to detect the CoV-HKU!
sequence from NPA samples. Total RNA from clinical
samples was reverse transcribed using random hexamers and
c¢DNA was amplified using primers 5'-GGTTGGGACTATC-
CTAAGTGTGA-3' (SEQ ID NO:4) and 5-CCATCATCA-
GATAGAATCATCATA-3' (SEQID NO:5), which were con-
structed based on the RNA-dependent RNA polymerase-
encoding sequence (SEQ ID NO:1) of the CoV-HKUT in the
presence of 2.5 mM MgCl, (94° C. for 8 min followed by 40
cycles 0f 94° C. for 1 min, 50° C. for 1 min, 72° C. for | min).

The summary of a typical RT-PCR protocol is as follows:

1. RNA Extraction

RNA from 140 pl of NPA samples was extracted by
QIAquick® viral RNA extraction kit and was eluted in 50 ul
of elution buffer.

2. Reverse Transcription

RNA 115 ul

0.1MDTT 2u

5x buffer 4 ul

10 mM dNTP 1

Superscript I1, 200 U/ul 1l

(Invitrogen)

Random hexamers, 0.3 pg/ul 0.5 ul

Reaction condition 42° C., 50 min
94° C., 3 min
4° C.

3.PCR
c¢DNA generated by random primers was amplified ina 50
ul reaction as follows:

cDNA 2 ul
10 mM dNTP 0.5 pl
10x buffer 5 ul
25 mM MgCl, 5 ul
25 uM Forward primer 0.5 pl
25 UM Reverse primer 0.5 pl
AmpliTag Geld ® polymerase, 5 U/ul 0.25 ul
(Applied Biosystems)

Water 36.25 ul

Thermal-cycle condition: 95° C., 10 min, followed by 40
cycles of 95° C., 1 min; 50° C. 1 min; 72° C., 1 min.
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4. Primer Sequences

Primers were designed based on the RNA-dependent RNA
polymerase encoding sequence (SEQ ID NO:1) of the CoV-
HKUI.

Forward primer: 5-GGTTGGGACTATCCTAAGT-
GTGA-3' (SEQ ID NO:4)

Reverse primer: and 5'-CCATCATCAGATAGAATCAT-
CATA-3' (SEQ ID NO:5)

Product size: 440 bps

Real-Time Quantitative PCR Assay

Total RNA from 140 pl of nasopharyngeal aspirate (NPA)
was extracted by QlAamp® virus RNA mini kit (Qiagen) as
instructed by the manufacturer. Ten pil of eluted RNA samples
were reverse transcribed by 200 U of Superscript® II reverse
transcriptase (Invitrogen) in a 20 ul reaction mixture contain-
ing 0.15 pg of random hexamers, 10 mmol/L. DTT, and 0.5
mmol/L ANTP, as instructed. Complementary DNA was then
amplified in a SYBR® Green I fluorescence reaction (Roche,
Ind.) mixtures. Briefly, 20 il reaction mixtures containing 2 jtl
of cDNA, 3.5 mmol/L. MgCl,, 0.25 umol/L of forward primer
[5-GGTTGGGACTATCCTAAGTGTGA-3' (SEQ ID
NO:4)] and 0.25 pmol/L reverse primer [5'-CCATCATCA-
GATAGAATCATCATA-3' (SEQ ID NO:5)] were thermal-
cycled by a LightCycler® (Roche) with the PCR program,
[95° C., 10 min followed by 50 cycles 0f 95° C., 10 min; 57°
C., 5 sec; 72° C. 9 sec]. Plasmids containing the target
sequence were used as positive controls. Fluorescence signals
from these reactions were captured at the end of extension
step in each cycle. To determine the specificity of the assay,
PCR products (440 base pairs) were subjected to a melting
curve analysis at the end of the assay (65° C.t0 95° C.,0.1°C.
per second) (data not shown).

The amount of CoV-HKU1 RNA in the nasopharyngeal
aspirates was followed weekly. Quantitative RT-PCR showed
that the amounts of CoV-HKU1 RNA were 8.5x10° and 9.6x
109 copies per ml in two nasopharyngeal aspirates collected
in the first week of the illness, 1.5x105 copies per ml of NPA,
respectively, at two time points collected in the second week
of the illness, but CoV-HKU1 RNA was undetectable in the
NPA collected in the third, fourth and fifth weeks of the illness
(FIG. 6). CoV-HKU1 RNA was also undetectable in the urine
and stool of the patient collected in the first and second weeks
of the illness.

Discussion

The genome of CoV-HKUT is a 29942-nucleotide long,
polyadenylated RNA. The G+C content is 32%, which is the
lowest among all known coronaviruses with genome
sequences available, with a GC skew of 0.19. Table 1 shows
the comparison of genomic features of CoV-HKUT1 and other
corona viruses.

TABLE 1
Genome features

Coronaviruses Size (bases) G + C content GC skew
Group 1

HCoV-229F 27317 0.38 0.13
PEDV 28033 042 0.09
HCoV-NL63 27553 0.34 0.16
Group 2

CoV-HKU1 29942 0.32 0.19
HCoV-0C43 30738 0.37 0.18
BeoV 31028 037 0.17
MHV 31357 042 0.14
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TABLE 1-continued

Genome features

Coronaviruses Size {bases) G + C content GC skew
Group 3

BV 27608 0.38 0.14
SARS-CoV 29751 041 0.02

HCoV-229E=human coronavirus 229E; PEDV=porcine epi-
demic diarrhea virus; HCoV-NL63=human coronavirus
NL63; HCoV-0OC43=human 0C43;
MHV=murine hepatitis virus; BCoV=bovine coronavirus;
IBV=infectious bronchitis virus; SARS-CoV=SARS coro-
navirus; GC skew=(G-C)/(G+C)

The genome organization is the same as other coronavi-
ruses, with the characteristic gene order 5'-replicase, S, E, M,
N-3'. Both 5' and 3' ends contain short untranslated regions.
The 5' end of the genome consists of a putative 5' leader
sequence. A putative transcription regulatory sequences
(TRS) motif, 5'-CUAAAC-3'", was found at the 3' end of the
leader sequence and precedes each translated ORF except
ORF5 which encodes the putative E protein. Table 2 shows
the putative transcription regulatory sequences in the genome
of CoV-HKUT.

coronavirus

TABLE 2
Number
of basge SEQ
upstream D
of AUG ORF TRS sequence NO.
-140 Leader UUARAUCUARACUUUUUAA 8
{127) AUG
=7 Hemag- UUAAAUCUAAACUAUG 9
glutinin-
esterase
-6 Spike UUAAAUCUAAACAUG 10
-13 ORF4 UUAAAUCUAAACUUUAUUUAUG 11
-9 Membrane  CUAAAUCUAAACAUUAUG 12
-13 Nucleo- UUAAAUCUARAACUAUUAGGAUG 13
capsid
-35 ORF8 UUAAAUCUAAACUAUUAGGAUG 14

UCUUAUACUCCCGGUCAUUAUG

As in SDAV (Sialodacryoadenitis virus) and MHV (mouse
hepatitis virus), ORFS5 may share the same TRS with ORF4,
suggesting that the translation of the E protein is cap-inde-
pendent, possibly via an internal ribosomal entry site. The 3'
untranslated region contains a predicted pseudoknot structure
59-119 bp downstream of N gene. This pseudoknot structure
is highly conserved among coronaviruses and plays a role in
coronavirus RNA replication.

The coding potential of the CoV-HKU! genome is shown
in FIG. 3 and Table 3 and the phylogenetic analyses of the
chymotrypsin-like protease (3CLP™®), replicase, helicase,
haemagglutinin-esterase (HE), S, E, M and N, are shown in
FIGS. 4A and 4B.
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TABLE 3
No. of

No.of  amino Candidate
ORFs Start-end (base)  bases  acids  Frame TRS
ORF la 206-13600 13395 4465 +2 —
ORF 1b 13600-21753 8154 2717 +1 —
HE (ORF 2) 21773-22933 1161 386 +2 Strong
S (ORF 3) 22942-27012 4071 1336 +1 Strong
ORF 4 27051-27380 330 109 +3 Strong
E (ORF 5) 27373-27621 249 82 +1 None
M (ORF 6) 27633-28304 672 223 +3 Strong
N (ORF 7) 28320-29645 1326 441 +3 Strong
ORF8 28342-28959 618 205 +1 Strong

The replicase 1a ORF (bases 206-13600) and replicase 1b
ORF (bases 13600-21753) occupy 21.5 kb of the CoV-HKU1
genome. Similar to other coronaviruses, a frame shift inter-
rupts the protein-coding regions and separates the 1a and 1b
ORFs. This ORF encodes a number of putative proteins,
including papain-like protease (PLP) with two copies of the
PLP domain, PLP17" and PLP2P", 3CL7", replicase, heli-
case, and other proteins of unknown functions. These proteins
are produced by proteolytic cleavages of a large polyprotein
(FIG. 3). The sequence of the resulting putative proteins is the
same as that in the MHV genome. This polyprotein is syn-
thesized by a -1 ribosomal frameshift at a conserved site
(UUUAAAC) upstream of a pseudoknot structure at the junc-
tion of ORF laand ORF 1b. This ribosomal frameshift would
result in a polyprotein of 7182 amino acids, which has
75-77% amino acid identities with the polyprotein in other
Group 2 coronaviruses and 43-47% amino acid identities
with the polyprotein in other non-Group 2 coronaviruses. The
replicase gene of CoV-HKU1, which encodes 928 amino
acids, has 87-89% amino acid identities with the replicase of
other Group 2 coronaviruses and 54-65% amino acid identi-
ties with the replicase of other non-Group 2 coronaviruses
(Table 4 and FIG. 4A). Table 4 shows amino acid identities
between the predicted chymotrypsin-like protease (3CLF"®),
replicase (Rep), helicase (Hel), hemagglutinin-esterase (HE),
spike (S), envelope (E), membrane (M), and nucleocapsid (N)
proteins of CoV-HKU1 and the corresponding proteins of
other coronaviruses.

TABLE 4

Pairwise amino acid identity (%)

Group  Virus 3CI#* Rep Hel HE S E M N
1 HCoV-229E 45 54 55 — 31 26 35 28
PEDV 44 56 55 — 30 34 37 37

PTGV 45 57 57 — 32 34 37 27

CCoV — — — — 31 32 36 27
HCoV-NL63 43 54 54 — 30 28 32 2

2 HCoV-0C43 82 87 88 57 60 54 76 38
MHV 85 89 87 50 58 55 78 60

BCoV 84 88 88 56 61 55 76 57

SDAV — —  — 50 61 60 77 62

ECoV — — — 33 61 56 78 59

PHEV — —  — 54 61 54 77 57

3 BV 41 60 57 — 32 28 38 27
SARS-  SARS-CoV 48 65 63 — 33 27 34 31

CoV

HCoV-229E=human coronavirus 229E; PEDV=porcine epi-
demic diarrhea virus; PTGV=porcine transmissible gastroen-
teritis virus; CCoV=canine enteric coronavirus; HCoV-
NL63=human coronavirus NL63; HCoV-OC43=human
coronavirus OC43; MHV=murine hepatitis virus;

30

BCoV=bovine coronavirus; SDAV=rat sialodacryoadenitis
coronavirus; ECoV=equine coronavirus NC99;
PHEV=porcine hemagglutinating encephalomyelitis virus;
IBV=infectious bronchitis virus; SARS-CoV=SARS coro-
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The catalytic histidine and cysteine amino acid residues,
conserved among the 3CLF™ in all coronaviruses, are present
in the predicted 3CL#" of CoV-HKU1 (amino acids His**”°
and Cys**”® of ORF 1 a). In the N-terminal of the putative
PLP (amino acid residues 945 to 1104 of ORF 1a), there are
14 tandem copies of a 30-base repeat, which encode
NDDEDVVTGD (SEQ ID NO:15), followed by two 30-base
regions that encode NNDEEIVTGD (SEQ 1D NO:16) and
NDDQIVVTGD (SEQ ID NO:17), located upstream to the
first copy of PLP domain, PLP1#"°. This repeat is not
observed in other coronaviruses.

ORF 2 (bases 21773-22933) encodes the predicted HE
glycoprotein with 386 amino acids. The HE protein of CoV-
HKU1 has 50-57% amino acid identities with the HE proteins
of other Group 2 coronaviruses (Table 4 and FIG. 4A). PFAM
and InterProScan analyses of the ORF show that amino acid
residues 1 to 349 of the predicted protein is a member of the
haemagglutinin esterase family (PFAM accession no.:
PF03996 and INTERPRO accession no. IPR007142). This
family contains membrane glycoproteins that are present on
viral surface and are involved with the cell infection process.
It contains haemagglutinin chain 1 (HE1) and haemaggluti-
nin chain 2 (HE2), and forms a homotrimer with each mono-
mer being formed by two chains linked by a disulphide bond.
Furthermore, PFAM and InterProScan analyses of the ORF
show that amino acid residues 122 to 236 of the predicted
protein are the haemagglutinin domain of HE-fusion glyco-
protein family (PFAM accession no.: PF02710 and INTER-
PRO accession no. IPRO03860). HE is also present in other
Group 2 coronaviruses and influenza C virus. SignalP analy-
sis reveals a signal peptide probability of 0.738, with a cleav-
age site between residues 13 and 14. Although TMpred and
TMHMM analyses of the ORF show four and three trans-
membrane domains, respectively, PHDhtm analysis of the
ORF shows only one transmembrane domain at positions 354
to 376. This concurs with only one transmembrane region
reported in the C terminal of the HE of BCoV (bovine coro-
navirus) and puffinosis virus. PrositeScan analysis of the HE
protein of CoV-HKUI reveals eight potential N-linked gly-
cosylation (six NXS and two NXT) sites. These are located at
positions 83 (NYT), 110, (NGS), 145 (NVS), 168 (NYS), 193
(NFS), 286 (NSS), 314 (NVS, and 328 (NFT). The putative
active site for neuraminate Q-acetyl-esterase activity, FGDS
(SEQ ID NO:18), is located at positions 31-34.

ORF 3 (bases 22942-27012) encodes the predicted S gly-
coprotein (PFAM accession no. PF01601) with 1356 amino
acids. The S protein of CoV-HKU1 has 58-61% amino acid
identities with the S proteins of other Group 2 coronaviruses,
but has fewer than 35% amino acid identities with the S
proteins of Group 1, Group 3, and SARS-CoV (Table 4 and
FIG. 4B). InterProScan analysis predicts it as a type ] mem-
brane glycoprotein. Important features of the S protein of
CoV-HKU! are depicted in FIG. 5. PrositeScan of the S
protein of CoV-HKUT reveals 28 potential N-linked glyco-
sylation (12 NXS and 16 NXT) sites. SignalP analysis reveals
a signal peptide probability of 0.909, with a cleavage site
between residues 13 and 14. By multiple alignments with the
S proteins of other Group 2 coronaviruses, a potential cleav-
age site located after RRKRR (SEQ ID NO:19), between
residues 760 and 761, where S will be cleaved into S1 and S2,
is identified. Immediately upstream to RRKRR (SEQ ID
NO:19), there is a series of five serine residues that are not
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present in any other known coronaviruses (FIG. 5). Most of
the S protein (residues 15 to 1300) is exposed on the outside
of the virus, with a transmembrane domain at the C terminus
(TMHMM analysis of the ORF shows one transmembrane
domain at positions 1301 to 1356), followed by a cytoplasmic
tail rich in cysteine residues. Two heptad repeats (HR),
located at residues 982 to 1083 (HR1) and 1250 to 1297
(HR?2), identified by multiple alignments with other coronavi-
ruses, are present. In MHYV, it has been confirmed that the
receptor for its S protein binding is CEACAM1, a member of
the carcinoembryonic antigen (CEA) family of glycoproteins
in the immunoglobulin superfamily. Furthermore, it has been
shown, by site-directed mutagenesis, that three conserved
regions (sites I, II, and 1II) and some amino acid residues
(Thr®2, Thr**2, Tyr***, and Tyr*'® in MHV) in the N-terminal
of the S protein are particularly important for its receptor-
binding activity. By multiple alignments with the N-terminal
330 amino acids of the S protein of MHV and other group 2
coronaviruses, it is observed that these conserved regions and
amino acids are present in CoV-HKU1 (FIG. 5). This infers
that the receptor for CoV-HKU1 could be a member of the
CEA family on the surface of the cells in the respiratory tract.
On the other hand, for HCoV-OC43, it has been shown in
vitro that the receptor for the S protein is a sialic acid. How-
ever, the amino acid residues on the S protein of HCoV-OC43
that are important for receptor binding are not well defined.

ORF4 (bases 27051-27380) encodes a predicted protein
with 109 amino acids. This ORF overlaps with the ORF that
encodes the E protein. PFAM analysis of the ORF shows that
the predicted protein is a member of the coronavirus non-
structural protein NS2 family (PFAM accession no.:
PF04753). TMpred and TMHMM analysis do not reveal any
transmembrane helix. This predicted protein of CoV-HKU1
has 44-51% amino acid identities with the corresponding
proteins of other Group 2 coronaviruses.

ORFS5 (bases 27373-27621) encodes the predicted E pro-
tein with 82 amino acids. The E protein of CoV-HKU1 has
54-60% amino acid identities with the E proteins of other
Group 2 coronaviruses, but has fewer than 35% amino acid
identities with the E proteins of Group 1, Group 3, and SARS-
CoV (Table 4 and FIG. 4B). PFAM and InterProScan analy-
ses of the ORF show that the predicted E protein is a member
of the non-structural protein NS3/Small envelope protein E
(NS3_envE) family (PFAM accession no.: PF02723). Sig-
nalP analysis predicts the presence of a transmembrane
anchor (probability 0.995). TMpred analysis of the ORF
shows two transmenibrane domains at positions 16 to 34 and
39 to 59, and TMHMM analysis of the ORF shows two
transmembrane domains at positions 10 to 32 and 39 to 58,
consistent with the anticipated association of the E protein
with the viral envelope. Both programs predict that both the N
and C termini are located on the surface of the virus.

ORF6 (bases 27633-28304) encodes the predicted M pro-
tein with 223 amino acids. The M protein of CoV-HKU1 has
76-78% amino acid identities with the M proteins of other
Group 2 coronavirus, but has fewer than 40% amino acid
identities with the M proteins of Group 1, Group 3, and
SARS-CoV (Table 4 and FIG. 4B). PFAM analysis of the
ORF shows that the predicted M protein is a member of the
coronavirus matrix glycoprotein (Corona_M) family (PFAM
accession no.: PF01635). SignalP analysis predicts the pres-
ence of a transmembrane anchor (probability 0.926). TMpred
analysis of the ORF shows three transmembrane domains at
positions 21 to 42, 53 to 74, and 77 to 98. TMHMM analysis
of the ORF shows three transmembrane domains at positions
201039, 46to 68, and 78 10 100. The N terminal 19-20 amino
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acids are located on the outside and the C terminal 123-125-
amino acid hydrophilic domain on the inside of the virus.

ORF7 (bases 28320-29645) encodes the predicted N pro-
tein (PFAM accession no.: PF00937) with 441 amino acids.
The N protein of CoV-HKUI has 57-62% amino acid identi-
ties with the N proteins of other Group 2 coronaviruses, but

has fewer than 40% amino acid identities with the N proteins
of Group 1, Group 3, and SARS-CoV (Table 4 and FIG. 4B).

ORF8 (bases 28342-28959) encodes a hypothetical protein
(N2) of 205 amino acids within the ORF that encodes the
predicted N protein. PEFAM analysis of the ORF shows that
the predicted protein is a member of the coronavirus nucleo-
capsid I protein (Corona_I) family (PFAM accession no.:
PF03187). This hypothetical N2 protein of CoV-HKU1 has
32-39% amino acid identities with the N2 proteins of other
Group 2 coronaviruses.

We report the characterization and complete genome
sequence of a novel coronavirus detected in the nasopharyn-
geal aspirates of patients with pneumonia. The clinical sig-
nificance of the virus in the first patient was evident by the
high viral loads in the patient’s nasopharyngeal aspirates
during the first week of his illness, which coincided with the
acute symptoms developed in the patient. The viral load
decreased during the second week of the illness and was
undetectable in the third week of the illness. In addition, the
fall in viral load was accompanied by the recovery from the
illness and development of specific antibody response to the
recombinant N protein of the virus. Similar to other recently
discovered viruses, such as hepatitis C virus, GB virus C,
transfusion transmitted virus, and SEN virus, the present
virus could not be recovered from cell cultures using the
standard cell lines. This could be related to the inherently low
recovery rate of coronaviruses. Human coronaviruses are par-
ticularly difficult to culture in vitro. Many decades after the
recognition of HCoV-229E and HCoV-OC43, there are still
only a handful of primary virus isolates available and organ
culture is required for primary isolation of HCoV-OC43. In
our experience, SARS-CoV can only be recovered from less
than 20% of patients with serologically and RT-PCR docu-
mented SARS-CoV pneumonia. Therefore, it is not surpris-
ing that the new coronavirus CoV-HKU1 has been so far
proven difficult to culture in vitro. After the discovery of
CoV-HKUI in the first patient, we conducted a preliminary
study on 400 nasopharyngeal aspirates that were collected
last year during the SARS epidemic period. Among these 400
nasopharyngeal aspirates, CoV-HKU1 was detected in one
specimen, with a viral load comparable to that of the first
patient. These results have suggested that CoV-HKUT is not
only incidentally found in one patient, but a previously unrec-
ognized coronavirus associated with pneumonia.

Genomic analysis has reveals that CoV-HKU1 is a Group 2
coronavirus. The genome organization of CoV-HKUI con-
curs with those of other coronaviruses, with the characteristic
gene order, 1.e., S-replicase, S, E, M, N-3', short untranslated
regions in both 5' and 3' ends, 5' conserved coronavirus core
leader sequence, putative TRS upstream to multiple ORFs,
and conserved pseudoknot in the 3' untranslated region. In
contrast to coronaviruses of other groups, CoV-HKU1 con-
tains certain features that are characteristics of Group 2 coro-
naviruses, including the presence of HE, ORF4, and N2.
Phylogenetic analysis of the 3CL#", replicase, helicase, S, E,
M, and N proteins showed that these genes of CoV-HKU1
were clustered with the corresponding genes in other Group 2
coronaviruses. However, the proteins of CoV-HKU1 formed
distinct branches in the phylogenetic trees, indicating that
CoV-HKU1 1s a distinct member of the group, and is not very
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closely related to any other known members of Group 2
coronaviruses (FIGS. 4A and 4B).

In addition to phylogenetic analysis of the putative pro-
teins, CoV-HKU] exhibits certain features that are distinct
from other Group 2 coronaviruses. Compared to other Group
2 coronaviruses, there is a deletion of about 800 bps between
the replicase ORF 1b and the HE ORF 2 in CoV-HKUI. In
other Group 2 coronaviruses, including MHV, SDAV, HCoV-
0C43 and BCoV, an ORF of 798-837 bp (273-278 amino
acids) is present between the replicase 1b ORF and the HE
ORF 2. This ORF encodes a protein of the coronavirus non-
structural protein NS2a family (PFAM accession no.:
PF05213). The absence of this ORF in CoV-HKU1 indicates
that this is probably a non-essential gene of coronavirus. In
addition to the deletion, the N-terminal of the putative PLP in
ORF la contains 14 tandem copies of a 30-bp repeat that
codes for a highly acidic domain. Similar repeats, with dif-
ferent amino acid compositions, have been found in the
genomes of human, rat and parasites, but have not been found
in other coronaviruses. The function of these repeats is not
well understood, although some authors have suggested that
the repeats could be important antigens, and their biological
role may be related to their special three-dimensional struc-
tures. The vitellaria antigenic protein of Clonorchis sinensis
contains 23 tandem copies of a 30-bp repeat that codes for
DGGAQPPKSG (SEQ ID NO:20). In the case of Plasmo-
dium falciparum, it has been shown that the antigenicity of the
circumsporozoite protein is due to its repeating epitope struc-
ture. It has also been suggested that the tandemly repeated
peptide may induce strong humoral immune response in the
infected host and thus may also be useful in serological diag-
nosis. Further experiments should be performed to delineate
the antigenic properties, biological role, and possible clinical
usefulness of the repeat in the PLP of CoV-HKUT.

The geographical, political, and economic location of
Hong Kong makes it a unique place for the study of emerging
infectious disease. Hong Kong, as the gateway of southern
China, with thousands of people crossing the border on sur-
face and by air every day, has a high potential of importing
and exporting infectious diseases to and from China, coun-
tries in Southeast Asia and from the rest of the world. In 1997,
the first 18 human cases of avian influenza A H5N1 virus
infection were reported in Hong Kong. In early 2003, two
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cases of human infection caused by avian influenza A (HSN1)
that was acquired in Fujian, were diagnosed in Hong Kong,
which provided an early warning of the impending disease
threat for humans and poultry in Southeast Asia that followed
in 2004, For the SARS epidemic, although both epidemio-
logical and genomic evidence revealed that the disease had
first occurred in southern China in November 2002, it did not
receive as much international attention until the disease was
spread to Hong Kong and through Hong Kong to Singapore,
Toronto, Vietnem, and the United States of America. As for
emerging bacterial infections, 50% of the patients with gas-
troenteritis associated with the recovery of Laribacter
hongkongensis had recent history of travel to southern China.
In this report, one of the patients also had recent history of
travel to Shenzhen of China prior to the development of the
respiratory illness. We speculate that he might have contacted
the virus in Shenzhen. More intensive surveillance of emerg-
ing infectious pathogens in this locality is warranted.

7. MARKET POTENTIAL

The genome of CoV-HKUT is completely sequenced. This
allows the development of various diagnostic tests as
described hereinabove. In addition, this virus contains
genetic information which is extremely important and valu-
able for clinical and scientific research applications.

8. EQUIVALENTS

Those skilled in the art will recognize, or be able to ascer-
tain many equivalents to the specific embodiments of the
invention described herein using no more than routine experi-
mentation. Such equivalents are intended to be encompassed
by the following claims.

All publications, patents and patent applications men-
tioned in this specification are herein incorporated by refer-
ence into the specification to the same extent as if each indi-
vidual publication, patent or patent application was
specifically and individually indicated to be incorporated
herein by reference.

Citation or discussion of a reference herein shall not be
construed as an admission that such is prior art to the present
invention.

SEQUENCE LISTING

The patent contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US07553944B2).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

fee set forth in 37 CFR 1.19(b)(3).

What is claimed:

1. An isolated nucleic acid molecule comprising the nucle-
otide sequence of SEQ ID NO:3 or the complement thereof.

2. An isolated nucleic acid molecule comprising a nucle-
otide sequence having at least 45, 100, 150, 200, 300, 350,
400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
1,000, 1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000,
6,000, 7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000,
14,000, 15,000, 16,000, 17,000, 18,000, 19,000, 20,000,
21,000, 22,000, 23,000, 24,000, 25,000, 26,000, 27,000,
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28,000, or 29,000 contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:3, or the complement thereof.

3. The nucleic acid molecule of claim 1 or 2, wherein the
molecule is RNA.

4. The nucleic acid molecule of claim 1 or 2, wherein the
molecule is DNA.

5. A vector comprising the nucleic acid molecule of claim
4.

6. An isolated host cell comprising the vector of claim 5.
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7. An isolated host cell comprising the nucleic acid mol- 12. A method for producing a polypeptide comprising
ecule of claim 4 operably linked to a heterologous promoter.  expressing the polypeptide encoded by said DNA from the

host cell of claim 7, and recovering the polypeptide.

13. A method for preparing a cell or progeny thereof

5 capable of expressing a polypeptide comprising transfecting

10. The host cell of claim 9 is a mammalian cell. the cell with the vector of claim 5.

11. A method for producing a polypeptide comprising 14.A composition comprisir.lg a nucleic acid mol?cule of
expressing the polypeptide encoded by said DNA from the claim 1 or 2, and a pharmaceutically acceptable carrier.
host cell of claim 6, and recovering the polypeptide. L

8. The host cell of claim 7 being a prokaryotic cell.
9. The host cell of claim 7 is an eukaryotic cell.



