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(57) ABSTRACT

The present invention provides the complete genomic
sequence of a novel human coronavirus, coined as coronavi-
rus-HKU1 (“CoV-HKU1”), isolated in Hong Kong from a
patient who had a recent history of visit to Schenzhen,
China. The virus belongs to the order Nidovirales of the
family Coronaviridae, being a single-stranded RNA virus of
positive polarity. The invention also provides the deduced
amino acid sequences of the complete genome of the CoV-
HKUL. The nucleotide sequences and deduced amino acid
sequences of the CoV-HKU1 are useful in preventing,
diagnosing and/or treating the infection by CoV-HKUI.
Furthermore, the invention provides immunogenic and vac-
cine preparations using recombinant and chimeric forms as
well as subunits of the CoV-HKU1 based on the nucleotide
sequences and deduced amino acid sequences of the CoV-
HKUL1.
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SEQ:1 1 TCGTGCTATGCCAAATATTTTGCGTATTGTTAGTAGTTTAGTTTTGGCCCGCAARCAT 58
SEQ:Z2 1 R AMUPNTIULURTIUWVSSL VLARIKH 19
59 GAATTTTGTTGTTCACATGGTGATAGATTTTATCGCCTTGCGAATGAATGTGCTCAAGTT 118
20 E F CCsSs HG DRV F Y RULANIETCADQDQV 38
119 TTGAGTGARATAGTTATGTGTGGCGGTTGCTATTATGTTAAGCCTGGTGGTACTAGCAGT 178
40 L §$ EI V.M CGGCY YV XK PGGT S 8§ 59
179 GGTGATGCAACTACTGCTTTTGCTAATTCTGTTTTTAATATATGTCAGGCTGTTACTGCT 238
60 G DATTA AT FA ANSVFNTIUCOQA AUV TA 79
239 AATGTTTGTTCTCTTATGGCCTGTAATGGCCATAAGATTGAAGATTTAAGTATACGCART 298
80 N v C S LM ACNGHI KTIUETUDTILSTIR RN 99
299 TTACAAAAACGCTTATACTCTAATGTTTATCGTACAGATTATGTTGATTATACATTTGTT 358
100 L Q K RL Y SNV YRTUDYVDYTF V 119
359 AATGAGTATTATGAATTTTTATGTAAGCATTTTAG : 393
120 N E Y Y E F L € K H F 130

FIG. 1
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SEQ:3 1 GAATAAGAGCGAATTGCGTCCETACCGTCTATCAGCTTACGATCTCTTGTCAGATCTCAT 60
€& * ER I A S V P S I L R S L VR SH
@€ K S E L RPYRULSAYDILLSDTLI
€ R ANCVRTV Y QULTTISCQTIS

61 TAAATCTAAACTTTTTAAACAAGATTCCCTGTTATCCATGCTTGTGAGTGTGGTTITAATC 120
* I * T F * TRV F P VIHACET CGTULI
K $ XL F X QDSsSULULSMULVS VV * §
L NL NF L NKTIUPCYU®POCL * V WFN

121 ATAATCTTGTATTTTACTTTCCACACTTTTCATCTCTCTGCCAGTGACGTGTTGGTTGTC 180
I I L YFTT FHTT FHILSA ASDUVLVYV
* § ¢ I L L S TVLPFI SLPVTTCWLS
HNULV F Y FPHF S S L CQ * R VG C

181 CTCAGCGTCCCTCCCATAGGTCGCAATGATTAARACCAGCARATACGGTCTCGGCTTCAA 240
L S Vv?PpPPIGRND®*NOQQTIRSUZRTILQ
S A S L P *VAMTII KTSI KTYGULGF K
P Q R P S HRSQ * L KPANTUV S A 8

241 GTGGGCGCCAGAATTTCGTTCGCTGCTTCCGGATGCAGCGGAGGAGTTGGCTAGTCCTAT 300
V GARISULAASGTCSGOGV G * s Y
W A P EVFRWILLPDAAETET LA ASUPM
S G R Q NF VGCFURMZGQRT RS WILVL

301 GAAGTCAGATGAGGGTGGGTTATGCCCCTCTACTGCTCAAGCGATGGAAAGTGTTGGATT 360
E VR * GWVMZPULYWS SDGIKTCWI
K $ DEGGULTCZ®PSTGOQAMETSVGTF
* S Q M RV GGYAPILULVI KR RWIZ KUVLD

361 CGTTTATGATAATCATGTGAAGATAGATTGTCGCTGCATTCTTGGACAAGAATGGCATGT 420
R L * * S CEDU®RULSTULHSWTRMALCL
V Y DNUHUV KIDC CRTECTIULGU QEWHWV
S FM I IM®*U R®* 11V ADAMATFULDIEKINGEGHM

421 GCAGTCAAATCTTATCCGTGATATTTTTGTTCATGAAGATCTACATGTTGTAGAAGTTCT 480
AV K S YP*YF CS*RSTTCTCRS S
Q $ N L I RDIF VHEDILHUVVEUVTL
Cc $ I LsSVIVFULTFMEKTIYMLT®*KTF

481 AACTAAAACAGCCGTAAAGTCCGGTACGGCAATTTTAATTARATCACCTTTGCATAGCTT 540
N * NS RKUVRYGNT FUN™*TITTFA* L
T K T AV K S$ G TAaAILIKSPUILHZSIL
* L, K Q P * S PV RQF* L NUHILTZGCTINA

FIG. 2
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541

601

661

721

781

841

901

961

1021

GGGTGGTTTTCCTAAAGGGTATGTTATGGGCT TGTTCCGTTCATACAAGACTAAACGTTA
G WF S * RV CYGUL VP F I QD* T L
G G F P KGYVMGLFURSYKTTZ KT R Y

W vVvVvVvVv FLKGMTULWAZCGCSU VHT RTULUNUV

TGTTGTACATCATCTTTCTATGACTACATCTACTACTAATTTTGGTGAAGATTTTTTGGG
c ¢TSS F YDYTIY Y * F W * RF F G
VvV VHHLSMTT ST TTNUVFGETUDTFTUL G

M L ¥y I I F L * L HL L UL IULV KTITFW

TTGGATTGTACCTTTTGGTTITATGCCATCTTATGTTCACAAATGGTTTCAATTCTGTAG
LDCTV FWFYATIULTC CSOQMV S I L *
W IV ?PPFGV FMZPS Y VHI KWUPFQFCR

VL YL LVLCHLMTFTNGT FNSV

GTTGTATATTGARGAGAGTGATTTAATAATTTCAAATTTTAAATTTGATGATTATGATTT
vvy*RE®™*FNNDNTFI KT F * I * = L * F
L Y I E E S D VL I I S NVF KPF DDUYDF

6 ¢ I L KRV I * * F QI LLNUILMTIMI

TAGTGTAGAAGATGCTTATGCTGAGGTTCATGCTGAGCCTAAAGGTAAATATICACAAAA
* CRPRCLC™* G S C* A * R * I F T K
S VEDAYA AEVHAEUPIKGI K Y S Q K
L VvV * KMLMLRPFMILSTILIE KVNTIUHK

AGCTTATGCTTTACTTAGACAATATCGTGGTATTAAACCCGTACTTTTTGTAGACCAGTA
s L.¢c FrT*TTI S WY * TR TTV FCR PV
A 'Y AL L RQYURGIZKUPV L F VDOQY
K LM L YL DNTIVVLNUPYTFTUL* T S8

TGGTTGTGACTATTCTGGTAAATTAGCAGATTGTCTTCAAGCTTATGGTCATTATTCTTT
WL * L FW * I SR L S S5 S LW S L F F
G C DY S$ G KL &ADCUL QAY G HY S L

M VvVvVvVTTIULVN®* QI VF XU LMUVTITITL

GCAAGATATGAGACAARAGCAGTCTGTATGGCTTGCCARTTGTGACTTTGATATTGTAGT
A RYETI KA AVCMATCOQTL * L * ¥ C 8§

Q DM R Q K Q S VWL ANZGCDV FDI VYV
c K I *D K SsSsSULYGUL PI VTULTITUL *

GGCTTGGCATGTAGTTCGTGATTCACGATTTGTTATGCCCCTGCAGACTATAGCTACTAT
G L A CS S5 * F TI CVYAPAUDY S Y Y
A WHVVRDSRFVMRILOQOTTIA ATTI

W L GM* F VI HDTILILTGCATCRTUL®*TULL

FIG. 2 CONT.
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1081

1141

1201

1261

1321

1381

1441

1501

1561

TTGTGGTATTARATATGTTGCACAACCTACAGAAGATGTAGTAGATGGAGATGTAGTTAT
L WY * I CCTTV YU RZ ERTECSR RUWRTECECSY
C G I K YV AQPTETDUVVDGTDVV I
F V VL NMTLUHEDNTILGQIE KMO®X* * M EM * L

ACGTGAACCTGTACATTTATTATCTGCTGATGCAATAGTTI TTAAAGCTTCCTAGTTTGAT
T * T CTVF I I C * CN S F KA S *~ F D
R E PVHLULSADA ATIUVLI KXTULU®PZSTILM
Y v ~N L Y I Y Y L L M Q * F * S F L V *

GAAAGTTATGACTCATATGGATCATTTTTCTATTAAATCTATATATAATGTTGATTTGTG
E S YDSY GG* F F Y * I Y I * C* F V
K VMTHMDU DT F S I K STI Y NVDTULC

* K L * L I WMIVFULULNILUYTIMILTIC

TGATTGTGGTTTTGTTATGCAGTATGGTTATGTAGATTGTTTTAATGATAATTGTGATTT
* L WF CY A VWILCRIULF * * x [, » F
b ¢CGF VM QY GY VD CFDNDUNTCUDF

vIivVvvipLCcCs MVNM*I VL MTITIUVI

TTATGGTTGGGTTTCAGGTAATATGATGGATGGTTTTTCTTGTCCATTGTGTTGTACAGT
L W L GFUR*YDGWT FT FUL S I VL Y S
Yy G WV S GNMMDGT FSCUPLTCTCTUV

FMVGPFQVI* WMV FULUVUHTCTYVUVQ

TTATGACTCTAGCCAAGTTAAAGCCCAATCATCTGGTGTTATTCCTGAAAATCCTGTGTT
L * L * R §$ * 5 P I I W C Y 8§ * K S C vV
Y D § 8 EVKAQS S GV I PEUNUPVL
F M TULOAIKULIKUPNUHTLUVILUFULIZ KTIILZ®GC

ATTTACTAATAGTACTGATACTGTTAACCATGATTCTTTTAATTTGTATGGTTATTCTGT
I Yy » *» Y * Y C * P * F F * F VW L F C
F T N S TD TV NUHDGS$F NILY G Y SV

Yy L L. IVvVLIULLTMITLULICMT GYVTIL

CACACCATTTIGGTTCTTGTATATATTGGTCGCCGCGTCCTGGATTGTGGATTCCTATAAT

H T I WU F L Y I L VA A S W I VD S Y N
T P F GS CI YW S PRUPGULWIUPTII

S HH L VL VY I GRIRUVLDUZGCGU P L *

TAAATCTTCAGTCAAGTCTTATGATGATTTGGTTTATT CAGGTGTAGTAGGTTGTARATC
* I F $ Q VL * * FGL FRI CZSIRIL * I
K § S VKSYDDLVY S GV V G CK S

L N LQ S S L MMIWT FTIQUV * *+ Vv V N

FIG. 2 CONT.
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1621
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TATTGTTAAAGAAACTGCTCTTATTACTCATGCACTTTACT TAGATTATGTTCAATGTAR
Y C*RNCSVYYSCTULLZ RTLTGCS S M *
I VKETATLTITUHALTYTELUDTYVOQCEK
L L LKKULILIELTELTLMETEFTT *TIMTFUNUV

GTGTGGTAATCTTGAACAARATCATATTCTTGGCGTTAATAATTCTTGGTGTAGGCAACT
vV wWw * 8§ *» T K § Y § WR * * F L V *+ A T

C G N L EQNUHTIULGVNNJSWCROQTIL
§ vv I L NI KITIVFILALTITILSGYVYGN

GTTGCTTAATAGAGGTGATTATAATATGCTTCTAAAAAATATTGACTTGTTTGTTAAGCG
v A * * R * L * Y A § KK Y * L VvV C * A

L LN RGDYNMLTULI KU NTITDTLTFV KR R
¢ ¢ L I EBEVIIICZPF* X ILTO CULIUL 8

TCGTGCTGATTTTGCTTGCRAGTTTGCAGTTTGTGGAGATGGTTTTGTACCTTTTTTACT
s ¢ * F CL Q VCSULWI RWT FOCTU FUFT
R A DFACIKUFAV CGDOGF FUV PFULIL

vVyvy>L I LULAZSTULIGQUPFVEMV VYL Y L F Y

AGATGGTTTAATTCCCCGTAGTTATTATCTAATTCAGAGTGGTATTTTCTTTACATCTTT
R WPF NS P * L L S N S EW Y F L Y I F
D LI PRSYYULTIOQS SGTIT FTFT S 'L
* MV » F PV VI I * F RV VPF S L HL

GATGTCTCAATTTTCACAAGAAGTTTCTGATATGTGTTTARAARATGTGTATTTTGTTTAT
b v s TIVF TRSVF*»Y VFKNUVYF VY
M § ¢ F 8§ QEV SDMCLIKMTCGCTIILTF FM
* ¢ L NF HKI KV F LI CV=* KCCVF CL

GGACAGAGTTTCAGTTGCTACATTTTATATAGAGCATTATGTTAATAGGTTGGTTACTCA
G @ s F S CY I L YR ATLTC®** V G Y S
DRV S VATT FYTIEHY VNI RULVYTDOQ

W TEVF QVLULHUFI * S5 I ML I GWILL

ATTTAAGTTATTGGGTACTACACTTGTTAATAAAATGGTTAATTGGTTTAATACCATGTT
I »Vv I G Y Y TOC* *» NG * L V * Y H V
F KL L GTTULVNI KMVNWWTF FNTMIL

N L 8§ ¥ W V L, H L, L I K W L I ¢ L I P C

AGATGCTAGTGCACCTGCTACAGGCTGGCTTCTTTACCAATTATTGAATGGTCTTTTTGT
R ¢ * ¢ T C Y RULASULUPTIIEUWSF C
DASAPATGWILILYOQLULNGTULTF V
* M L, VA L L Q AGF FTINY * MV F L

FI1G. 2 CONT.
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2161
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AGTATCTCAAGCCAACTTTAATTTTGTTGCTTTAATACCTGATTATGCTAAAATTTTAGT
§ I 8 §s QL * F CCVFDNT™*YLC™*NF S
VS QANVFNV FVALTIUZPTDTYA ATZ KTITLUV

*Y L K P TUL I LLUL * YL I MTUL K F *

TAATARRTTTTACACTTTTTTTARGTTATTATTAGAGTGTGTTACAGTTGATGTTTTAAA
* *» I LHFPF *VIIU RVYCY S * CTF K
N X F YT F F XL L L ECV TV D V L K
L I NVFTULPFUL SYY * S VL QL MTF *

AGATATGCCTGTTCTTAAAACTATTAATGGTTTAGTTTGTATTGTAGGCAATAAGTTTTA
R YACS *NY * W F L Y CRQ* V L
bDMPVLKTIWNGT LUV CTIUVGNTE KT FY
K I ¢L F L K LULMUV * PF VL * A I S F

TAACGTTAGTACAGGGTTAATTCCTGGTTTTGTTTTACCATGTAATGCACAGGRACAACA
* R * YR VNS WPFCTFTM?®*®*CTGTT
NV STGTLIOPGTP FUVYTILZPC CNA AGO QTEQRQ
I TLVE®G®+* FLVUILTFTYHTYVMHTERNN

AATTTATTTTTTIGRAGGCGTTGCAGAATCTGTTATAGTAGAAGATGATGTTATTGAGAA
N L F F *RRCRTITCYSURUR®* CY * E
I YF F EGV A E SV IV EUDUDUVTIEN
K F I FL KAULUOQNULTL®** XK MMTULLR

TGTCAAATCTTCTTTATCATCTTATGAGTATTGTCRACCACCTAAATCTGTAGAAARART
¢ QI F F I I L * VL S TT* I CRIEKN
VKSSsSL S8 Y EY COQUPUPI K S VETZKII

M 8 N L L Y H LM I VN HTULNTUL* KK

TTGTATTATAGATAATATGTACATGGGTARGTGTGGTGATAAATTTTTCCCTATTGTCAT
L Y YR * Y V HG * VW * *» I F P Y CH
¢ I I DNMYMGI KT CGT DI KT FTFPTI VM
F VL * > I CTWUV S5V VINTFGSULILS

GAATGATAAAAATATTTGTCTTTTAGATCAGGCTTGGCGTTTTCCATGTGCAGGTAGARA
E ** KYL § FR S GULA ARTFSMTCR * K
N D KNTICLULDUOQ® AW RU FU®PTC CADAGT RIK

* M I K I F V F * I R L G YV F H YV Q V E

AGTTAATTTTAACGAGARACCTGTTGTTATGGAGATTCCGTCTTTGATGACAGTTAAGGT
s *» F *RETCCYGD SV FDUDS * G
V~NF NEI K PV VM ETIUPSTILMTV KV
K L I L TRUNULULULWR RUPFURTIL®* *» QL R

FIG. 2 CONT.
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2701

2761

2821

2881

2941

3001

3061

3121

3181

TATGTTTGATTTAGATTCTACTTTTGATGATATTTTAGGTAAAGTTTGTTCAGAATTTGA
Y V*» P RF Y P * * Y FR* S§ L F R I +*
M FDLDSTTFDU DTIULGIE KV C S ETFE

L ¢L I * I L LLMIF*V KTFUVQDNTL

AGTAGAAAAGGGTCTTACTGTAGATGATTTTGTTGCTCTTGTTTGTGATGCTATAGAGAA
S R X & CY C®RO®* FCCCCL * CYRE
VEX GV T VDDV FVAUY YV CDATITEN
K *» K R V1L L *M I L L L L F VMIL * R

TGCTTTAAACTCTTGTARAGAGCATCCAGTGGTTGGTTATCAAGTTCGTGCATTTTTAAA
¢ F KL L *RAGS S8 GWUL S S 8§ CTIF K

AL NS CKEHU®PVVGY QV RATFTIULNVN
M L *TULVKOSTIQWIULUVIIKUFVHTF *

TAAACTTAATGAGAATGTTGTTTATTTATTTGATGAGGCTGGTGATGAAGCAATGGCCTC
* T * * ECCULPFPI * * GW * * 3 NGL
KL NENV VYL FDEA ATGTUDUEH- AMZBZAZS

1 N LM RMULF I YL MURILVYV MIKOQ WP

TCGTATGTATTGTACTTTTGCTATTGAGGATGTTGAAGACGTTATCAGTAGTGARAGCTGT
s Yy v L Y F C Y *» G C ** R R Y Q * * g (C

R M Yy CTVF A I EDV EDV I S S E AV
L v_CcI VL L LLRMULIEKTILSV VKL

CGAAGATACTATTGATGGTGTCGTTGAAGACACTATTAATGACGATGAAGATGTTGTTAC
R RY Y * WCZR™*¥RHY * * R * R CCY

EDTTIDGVYVY VEDTTINUDUDEUDUVYVYVT
¢ K I LMV SLKTULILMTMIKMMTLIL

TGGTGACAATGACGATGRAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC
W * @ * R * R CCY W * @ * R * R C C Y

G D NDDEDVV TGDNUDUDEDV VT
L vTM™MTMIEKMTLILILUVTMTMMI KMMTLL

TGGTGACAATGACGATGRAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC
W * Q * R * R CCY W * Qg * R * R C C Y

G DNDUDEDVVTGDNDUDEUDUVVT
L vTM™MTMIEKMULLLVTMTMMIKMMILL

TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC
w>*Q * R *RCCYW* Q * R * RCC Y

G D NDDETDVVTGDNDUDETUDUVVT
L v MTMIKMILLLVTMTMIKMMTILL

FIG. 2 CONT.
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3241

3301
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3421

3481

3541

3601
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3721

TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC
W * Q *R *RCCJYWO™®*Q * R ™* RCC Y
G DNDUDEUDVVTGDNTZDDETDVUVT

L vVTMTMIEKMTLTILULVTMTMIEKMTELTL

TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC

w =+* 0 * R * R CCYW~*¥ (Q * R * RCCY
G DNDDEDV VT GDNUDUDETDUV VT
L vTMTMIKMLLLVTMTMIEKMTLTL

TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATGACGATGAAGATGTTGTTAC
W *Q * R * R CCYW™* Q* R * RC C Y

G D NDDEDVY VTGDNZ DTDTET DV VT
L vTMTMI KMULLIL VTMTMI KMMLL

TGGTGACAATGACGATGAAGATGTTGTTACTGGTGACAATARCGATGAAGAGATTGTTAC
w * Q * R * R CCY W~ Q * R * RDC Y

G DNDDEDV YV TGDNNDEETIUVT
L vTMTMIEKMULUL L VTTITMI KT RTILLE

TGGTGACAATGATGACCAAATTGTTGTTACTGGTGATGATGTAGATGATATTGAAAGTAT

w=*»Q *»* P NCCYW™*» * CR * Y * K Y
G D NDDO QI VVTGDUDVDDTIE S I

L Vv _T M MT KL LULUL VMM®*MTITILKV

TTATGACTTTGATACTTATAAAGCTCTTTTAGTTTTTAATGATGTCTATAATGATGCTTT
L *»L * YL *§ § F § F * * CL * * CF
Yy p FDTYKALULVFNDWU VY DNDA AL

FMTULTIULTII KU LVF* FLMMZSIMM L

GTTTGTTAGTTATGGTTCTAGTGTTCAAACAGAAACATATTTTAAAGTTAATGGTTTATG
v ¢ * L W F * ¢ * N RNTI F * S * W F M

F Vv § Y6 § 8 VETETYV FI KV UNGTLW
¢ L L VMUVILVLI KU QI KHTIULI KT LMUVY

GTCACCTACTATTACACATACTAATTGTTGGTTGCGTTCTGTGTTACTTGTAATGCAGAA
v T Yy Y Y TY * L L VA FOCVTTCNA AE

s P T I THTWNUOGCWILIR S VL L VMQK
6 HL LLHITILTIUVGCVIL CUYUL * ¢ R

ATTACCTTTTAAGTTTAAGGATTTAGCTATTGAARAATATGTGGTTATCTTATAAGGTGGG
I TF *V * G F S§Y * KYVVITL * G G
L P F KF KDILATIEUNMM®WILS Y K VG
N YL L S8 LRTI™*LULI KTIOCGY YU LTITRW

FIG. 2 CONT.
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3781

3841

3901

3961

4021

4081

4141

4201

4261

TTATAATCAAAGTTTIGTTGATTATTTACTGACCACTATTCCTAAAGCTATTGTTTTGCC
L * § K F C * ﬁ F T DHY S * 8 Y CF A
Y N Q §$ F VD YLULTTTI P KA AI VL P

vI1i1I1lUZ KUVLULITIY™* PULVFULKULIULTFC

'TCAAGGTGGTTTTGTAGCTGATTTTGCTTATTGGTTTTTAAACCAGTTTGATATTAATGC

S R W F CS * FCULULVFKUPV *¥ Y * C
Q GGG F VADT FAYUW FULNO QT FUDTINA
L K vvL *»5L I LULIGT F*TSULTI UL M

GTATGCTAATTGGTGITGTTTAAAATGTGGTTTTTCTTTTGATTTAAATGGTTTGGATGC
v ¢c * L VvV L F KMWFV FVF * F KWUF G C

Y A NW CCUL K CGVF S F DUL NGTUL DA
R ML I G VV * NV VFL LI * MV WM

TTTGTTTTTTTATGGRGATATTIGTGTCTCATGTTTGTAAGTGTGGACATAATATGACTCT
F VvV F LW RYCVZS3CL * V WT * Y D 8
L F F Y GD IV S HUV CI K CGHNUNMTL
L ¢ F FMEIULT CILMTPFV S V DTITI ¥ L

ARTAGCAGCGGACTTACCTTGTACATTACATTTTTCATTATTTGATGACAATTTTTGTGC
N § S G L T LY ITT FFITI * * Qg F L C

I AADULUPCTULHT FSLPFDDNTFCA
* * QR T Y L VHYIPFHYLMTTITFYV

TTTTTGCACCCCTAAAAAAATTTTTATTGCTGCATGTGCTGTGGATGTARACGTTTGTCA
F L HP * KNV FY CCMZCTCGT CI KT RTULS
F ¢CT?P K K I FI AACHAVYTDUVNUVYVYCH
L FAPLIKI KV FLULILHVL WMO®*TF V

TTCTGTAGCTGTTATAGGTGATGAACAAATAGATGGTAAGTTTGTTACTAAATTTAGTGG
F CS CYR* * TN RW* V CY * I * W
S VAV IGDEUGQTIDSGTEXT FVTIZ KT F S G
I L * L L *» V MUNXK * MV S LULULDNULYV

7TCATAAATTTGATTTTATAGTAGGTTATGGAATGTCATTTAGTATGTCTTCTTTTGAGTT

* » 1 * F Y § R L WNWUV I * Y V F F * V
D K FDF I VGYGMST F S M S S F E L
vV I NLTIL * * VMEU CHU LUV YOCULUL L S

ACCTCAATTGTATGGTTTGTGTATARCACCTAATGTATGTTTTGTTARAGGTGATATTAT

T § I VW PF V Y NT* CMTP FC_C * R * Y Y
P QL Y G L C I TUPNVCTFUVIEKTGHDTITI

Yy LN CMVCV * HL MYV L DL KV I L

FIG. 2 CONT.
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4321

4381

4441

4501

4561

4621

4681

4741

4801

AAATGTTGCTAGACTTGTTARAGCTGATGTTATTGTTAATCCTGCTAATGGGCATATGCT
K ¢ ¢ *»T C 8§ *» CY C~* 5 C * WA Y A
N VA RUL YV KADV I VNP ADNGUHML

*M L LDUL L KL MULULULIULILMGTIOZC

- CCATGGTGGTGGAGTTGCAAAAGCTATAGCTGTAGCTGCAGGTAAAAAATTTTCTAAAGA

P WWW S CK S Y S CS CR* K I F * R
H G G GV A KA I AV A A G KK F 8 KE
s Mm Vv VvV EL Q KL * L * L gV KN F L K

AACTGCTGCTATGGTTAAATCTARAGGTGTTTGCCAAGTAGGAGATTGTTATGTTTCTAC
N ¢ CY¥Y G * I * RCL PSR RIRILULUCTF F Y

T AAMYV KS KOGV CQVGDCY VST
K L L LWL NULIKVFAIKT*ETIUVMT FIL

CGGTGGTARATTATGTAAAACAATTCTTAATATTGTAGGCCCTGATGCTAGACAAGATGG
R W * T M * N N S * Y C R P * C * T R W

G 6 KL ¢ KTIULUNTIVGUZPUDA AR QDG
P VVNY V KQ FLIUL * ALMTIELTUDI KM

AAGACAATCTTATGTTTTGTTAGCACGTGCTTATAAGCATCTTAATAATTATGATTGTTG
K T1&LCVPFVSsSTC CTUL * A S8 * * L * L L
R Q s Yy vV L. LARAYI KHTLNUNYTDT CSC
E D NL MVFC * HV L I S§1I L I I M I V
TTTGTCTACTCTCATATCGGCTGGTATATTTAGTGTTCCTGCTGATGTGTCATTARCTTA
F Vv Yy s HIGWYTI* CSOC™* CV I N L
L §T&LI SAGTIV FSV?PADV S L TY
v¢L L SYRULVYVLV FLULMZGCH®* L

CCTTCTAGGTGTTGTTGATAAACAAGTTATCCTTIGTTAGTAATAATAAAGAAGATTTTGA
P §8 R C C ¥ *» T § Y P C * * *» x R R F *
LLGVYDZ KGOV VTILYSNINTEKTETDTFTD
T F*VLLINZEKTULSTILTZELYTITITEKTE KTITL

TATTATTCAAAAATGTCAAATTACTTCAGTTGTTGCTACTAAAGCATTGGCTGTTAGATT
Y Y §s KM S NY F S CWY * 3 I G C * I

I I Q K CQ I T 8 vV GGT KAULAUVRL
I L F K NV KL L QUL L V L KHWIUL LD

AACTGCTAATGTAGGCCGTGTTATTAAATTTGAGACAGATGCATACAAACTTT?TTTGAG
N C * CRU?PCY™* I *DUIRU CTIUOQTTFT FE

T ANV G R VI KV FETUDA AYIZ KTLT FTUL S
* L L Mm * AV L LNUILU®RIOQMHTN F F ~*

FIG. 2 CONT.
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4861

4921

4981

5041

5101

5161

5221

5281

5341

TGGTGATGATTGTTTTGTTTCAAATTCTTCTGTTATACAAGARAGTTTTATTGCTTCGTCA
w * * L F C F k F F C Y TR S F I A S S
¢G DD CF VSNS S VI QEV LULULRH

vvmMIUVILFQIUL L L Y KK KFYCTF vV

TGATATACAATTGAATAATGACGTTCGTGATTATTTGTTGTCTAAGATGACTAGTCTTCC
* Yy T I E * *+#+ R S * L F V Vv * D D * § §
D I Q L NNDVIRDYULUL S KMTS L P
M I YNT+* I MTVPF V I I CCULUZR®™*UL VF

TAAAGATTGGCGTCTTATCAATAAATTTGATGTTATTAACGGTGTTAAAACTGTTAAGTA
*R L A S Y Q * I * CY * RC™*NC * V
K DWRULTINIKFDUVINGUVI KTUVIK]Y
L K I GV L S§T1IDNILMUZLLTUVILI KIULTLS

TTTTGAGTGTCCTAATTCTATTTATATATGTAGTCAGGGTARAGACTTTGGTTATGTATG
F *»VvVv § *»F YL YM™* 5 G * RL WILCM

FECPNUSTIUYTIOCSQGI KU DT FGYVC
I L $ VL I LPFIVY¥YVVRVI KTV LVMY

TGATGGTTCTTTTTATAAAGCAACTGTTAATCAAGTTTGTGTTTTATTAGCTAAGAAGAT
* W F F L * 8§ NC* S 5L CVPF I 8§ * ED
D &GS F Y KATVUNJQV CVILIL2IKTZKTI

vMVLFIXKQLLIZ KTFVFY*1LRR

AGATGTTTTGCTTACTGTAGATGGTGTTAATTTTAAATCTATTTCTCTTACTGTAGGTGA
R CFAYCRWOC®*TF *IYVF S Y CUR *
D VL LTVDOGVNTFIKSTISTUL TV G E

*M FCLL *M VL I LNULVFULILTUL * V

AGTTTTTGGTAAAATACTTGGTAATGTTTTCTGTGATGGCATTGATGTTACTAAGTTARA
S F W *NTW®* CV FUL * WH* CY * V K
VF G X I LGNV F CDGTIDVTIZ KL K
X F L VEKYLVMFSVMALMTILTILS§ *

GTGTAGTGATTTTTATGCCGATARAATTTTATATCAGTATGAARATTTGTCTTTAGCTGA
v *» *» F L CR* NV FTISV * KFV F 8 *

¢ 5 DF Y ADEKTITLY Q Y ENL 8§ L A D
§$ vv I FMZPTII KT FYTISMZEKTITZ GCUL * L

TATTTCTGCTGTACAAAGTTCATTTGGGTTTGATCAGCARCAATTGCTTGCTTATTATAR
Y P CCTZEXKTPFIWYVY* SATTIATCTLTEL *
I1 83 AV QS8 S8 F G FDOOQOTLTELATYTYN
I FLLYXKYVHLGILTISNNTCGCTLTELTITI
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5401  TTTTTTAACAGTATGTAAATGGICTGTAGTTGTTAACGGTCCATTTTTTTCTTITGAACA 5460
FFNSM®*MVCSC*RJSITFTFTF*T
F L TV CZXWSVVVDNGTPTFTFSTFTEQ
1 F *Q YV NGLO®* L LTVHTFTFTILTLN

5461  GTCTCATAATAATTGTTATGTGAATGTAGCTTCTCTTATGTTGCAGCATATTAATCTTAA 5520
v § » * L L C ECS L S Y VA A Y * g *
S HN N CY VNV ACLMLG GETINTLEK
§ LI I IVM®**MO™* LVLCCSTITELTIHL

5521 ATTTAATAAATGGCAGTGGCAGGRAGCATGGTATGAATTTCGTGCTGGCAGACCACATAG 5580
I ** M A VAGSMVYV * I 8 CWOQTT *
F NXKWOWOQEAWYETFRAGT RPHR
N L I NG S G RKUHGMNUP FPVUILATDIUHI

5581 GTTAGTTGCTCTTGTTTTAGCTAAAGGTCATTTTAAATTTGATGAACCATCAGATGCTAC 5640
Vv §$ ¢ § CF S * RS F * I ~ ~ T IZRC Y
L VAL YV L AKGEHT FZ KT FDET PSTDA AT
G * L L L F * L KV IULNILMNIEQOQML

5641 TGATTTTATTCGTGTTGTTTTGARACAAGCTGATTTATCAGGTGCAATTTGTGRATTAGA 5700
* P YS CC?FETS™*F I RCVNIL®*IR
D F IRV VL KOQATDILSSGA ATICETULE
L I LFVLPF *NI KUILTIUYOQVQFVUN *

5701  ACTTATTTGTCATTGTGGTATTAAACAAGAAAGTCGTGTTGGTGTIGATGCTGTTATGCA 5760
T YL *L WY *TRI KT ST CMWOCS®*CCYA
L I CDOCGTII KGO QEST® RVY GV DAUVMH
N L FVIUVVYVYLNZ KZEKVYVYUVILUVILMILTIELC

5761 TTTTGGTACATTAGCAARGACTGATCTTTTTAATGGTTATARGATTGGCTGTAATTGTGC 5820
F WY IS KD * g F * WL * D WIL * L C
F G T L A K T DU LV FNGY K I G CNCA
I L vVH*QRULTIUPILMVIRTILAVIUV

5821 AGGTAGAATTGTCCATTGTACTAAATTGAATGTACCATTTTTGATTTGTTCTAATACTCC 5880
R ~NCUPULY *IECTTIUVFDTULUF * Y 8§
G R I VHCT I KLU NVZPVFILTITC CSNDNTP
Q vVEL S I VLNS*MYUHTF +*~ F VL I L

5881 TCTGAGTAAGGATTTACCTGATGATGTTGTTGCAGCTAACATGTTTATGGGTGTAGGTGT 5940
S E* G FT* * CCOCS8 * HVY G CRZC
L $ X b L PDDV YV A ANMZPFWMGV G V
L *» VRI YL MMULILOQUL TOCTULWV * V

FIG. 2 CONT.
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5941

6001

6061

6121

6181

6241

6301

6361

6421

AGGCCATTATACACATTTGAAATGTGGTTCACCTTACCAACATTATGATGCTTGTAGTGT
R P L YTV FEMWY FTULPT p * C L * C
G HY THTULIKCG S P Y Q HY D ATC SV
* A I I H I * NV VHILTUNTIMMMTLUVYV

- TAAAARATATACAGGTGTTAGTGGTTGTTTAACTGACTGCTTGTATCTTAAARATTITAAC

* K I Y R ¢ * WL FNT* L L V S * K F N
K K Y TGV S GGCULTDU CILYULI KNTLT
L K NI Q VL VVV* L TATZ CTITULI KTI *

CCAGACTTTTACATCTATGTTGACTAATTATTTT T TGGATGATGTTGAAATGGTTGCTTA
P DFYI Y VD * L F F G * C*NGTCTL
Q T F T SMULTNYVFULDUDUVEWMMV VHAY
P R L LHULC®M®* LI I F WMMILIKWUL L

TAACCCTGATCTTTCACAATATTATTGTGATAATGGTAAGTATTATACAAAARCCTATTAT
* P * § F T I UL L * * W * V L Y KT Y Y
N P DL S QY Y CDUNGI K Y Y T X PTII
I TLvLI FHNTITIUVIMUYVSTIIONILL

AAAGGCTCAGTTTAAACCATTTGCTARAGTTGACGGTGTTTATACTAACTTTAAGTTAGT
K G s Vv T I C* g * R CL Y * L * VvV §
K A Q F K P FA K VDGV Y TUNTF KTULV

*R L 8 L NHLULI KULTUVUFTITULTTUL S *

TGGACATGATATTTGTGCTCAATTGAATGATAAGTTAGGTTTTAATGTAGATTTGCCGTT
WwWoT*Y L CS5 I E* * VRVF * CRF AV

G HDTICAQULNDI KT LGV FNUVDULPF
L pb M I FVLUN®*MTI S * V L M * I CR

TGTTGAGTACAAAGTAACAGTCTGGCCTGTAGCTACTGGTGATGTTGTTTTGGCATCTGA
¢c * vV Q § N s L ACSYWO®* CCFGTI *

vV EY KV T VWPV ATGDV YV L A S D
L L 8 TIK* QS GUL *L L VMULF WHIL

TGATTTATATGTGAAACGTTATTTTAAAGGATGTGAAACTTTTGGTAAGCCTGTTATTITG
* F I CETULVF * RM*NTFW™* A C VYL
D L Y VK RZYF KGCETTFGI KU®PVIW
M I ¥y M * N VI L KDV KL L V5 L L F

GTTTTGTCATGATGAAGCATCATTGAATTCTCTTACTTATTTTAATAAACCTAGTTTTAA
vL.L s ** * 8§ I I EFSYLF * * T ~ F «*

F CHDEA ASULNSTLTVYVFNI KPS F K
G F VMM KHH™* I L L LI UL I NILUVTL

FIG. 2 CONT.
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6481

6541

6601

6661

6721

6781

6841

6901

6961

ATCTGAAAATAGATATAGTGTTTTGTCTGTTGATTCTGTATCTGAGGAGTCACAAGGTAA
I * K I *# CFVC* FCTI * GV TR *
S ENR Y SV L SVDS SV S EETSSO QGN

N L K I DI VF CLULIULYDLR S HIK V

TGTGGTTACTTCTGTTATGGAATCGCAGATTAGTACTAAAGAGGTTAAéT&AAAGGGTGT
¢ G Y F CY GIADT®* Y * RG * V K G C
v v TS VMES QI STI XKEVKIULIEKGV

M WL L L L WNWZRIRILVLI K RILS * R V

TAGAARGACTGTTAARAATAGAAGATGCTATTATTGTTAATGATGARAATAGTTCTATTAA
* K D C~* NRURICYYC * x K *x F Y *
R KTV K I EDATI I VDNDEWNZSS I K
L ERL L K * KMULLLLMMIEKTIUWVILL

GGTTGTTARAAGTTTATCTTTAGTTGATGTTTGGGATATGTATTTGACAGGTTGTGATTA
G ¢ * K F I F $ * CL GY YV FDU RTUL * L
vVVK S$§L SLVDVWDMYULTGTCUDY
R L L KV YL * L MUPFGIOCTI*QVVI

TGTTGTTTGGGTTGCTAATGAATTGTCACGCCTAGTTAAATCACCAACAGTTAGGGAATA
c ¢cL eG6eGceCc *+*»*» 1 VT PS * I T NS * 6 I
vV VWV ANETLSURULV K S P TV R E Y

M L F 6L L MNTGCHAM®*TLDNHAOQAOQTLGN

TATACGATATGGTATTAAACCTATTACTATACCTATAGATTTGTTATGTTTAAGAGATGA
Yy T I wyYy* TyY Y YTV YUZ RPFVMTFIKR *
I RY G I K PI TTIUPTIDULULUCGCILTRDTD
I Y p MV LNULIULWL YL * I CYV * EM

TAATCAAACTCTTTTAGTTCCTAAAATTTTTAAAGCAAGAGCTATAGAATTTTATGGTTT
* S NS F s s *NF * S K S YRIUIL WF
N Q T LUL VP K TIF KA AR ATIETFYGF
I T K L F * FL XK FL KOQZETLM*NTFMUWV

TTTGAAGTGGTTGTTTATTTATGT TTTTAGTTTATTACATTTTACARATGATAAAACCAT
F EVVVYL CPF? * F I TFJYI K * * N H

L KWULF I YV F S LL HVFTDNUDIKTI
F »s$S 66 CL FM F L VY'Y I LOQMTITKFP

TTTTTATACTACAGAARATAGCTTCTAAGTTTACTTTTAATTTGTTTTGTTTGGCTCTTAA
F L YYRDNST F*Y VY F ¥ F VLV FGS§ *
F ¥ T T E I A S KF T PF N L F CL A L K
F F I L Q K * L L §L L L I CF V W UL L

FIG. 2 CONT.
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7021 ARATGCTTTTCAGACATTTAGATGGAGTATATTITATARARAGGTTTTCTTGTTGTAGCCAC 7080
K ¢ F §$ bI * M E Y I ¥ KRVF S CC S H
N A FQTVFRWS I F I KGF L V VAT
K ML FRHLDGVY YL * KV FULUL * P

7081 TGTGTTTTTGTTTTGGTTTAATTTTTTGTATATAAATGTTATTTTTAGTGACTTTTATCT 7140
¢ v F VL V* F F VY KCY?F * * L L S
VF L F WVFNU FUL Y INUVIF SDUF Y L
L ¢ F CPFGLIF CI *MULUPFULVTTFI

7141 TCCTAATATTAGTGTTTTTCCTATTTTTGTGGGARGAATTGTTATGTGGATARAGGCTAC 7200
§$ * Y *» C F $ Y F CGKUNCYVDIKTGY
P NI SV FPIVFVGEGRIVMUWIZEKA AT
FL I LVFTFTULTFTULWETETZLTZLT CG GT™*RL

7201 TTTTGGTTTGGTTACAATTTGTGATTTTTATTCTAAGTTAGGTGTAGGTTTTACAAGTCA 7260
F WPFGYNUL®* F L F * V R CZRF Y K S
F G L VTTIT CDU FYS KULGVYVY GG F T S H
L L VWULQFVIVPFIULJS*V * YV L Qg V

7261 TTTTTGTAATGGTAGT TTTATATGTGRATTGTGTCATTCTGGTTTTGATATGTTIGGATAC 7320
F L * W * F YM* I VS FWF * Y V G Y
F C NG S F 1 CEULGCHSGT FIDMTELTUDT
I1 FVMVVLYVYNCVILVYLTIZGCTUWI

7321 ATATGCAGCTATAGATTTTGTTCAGTATGAAGTAGATAGACGTGTTTTATTIGATTATGT 7380
I ¢S ¥YRFCSUV®*» SR *TOCTV FTI* L C
Y AAIDVFV QY EVDZ RIZ RUVULTFTUDYV
HM QUL * I L F S$MZK®™*TIDVF YL IM

7381 TAGTTTAGTCAAATTAATTGTTGAACTCGTTATTGGTTATTCATTATACACAGTATGGTT 7440
* F 8§ Q I N C * T R Y W L F I I H S MYV
S L VKL I VELWVIGY SsSsUL Y TVWTF
L v * § N *L L ¥ 8§ L L VIHYTNOQYSG G

7441 TTATCCATTATTTTGTCTTATTGGTTTACAATTATTTACTACATGGTTGCCTGATTTGTT 7500
L §$ I I L $ Y WFTTITIJYYMVA*FV
Y PLF CLIGLQVLFTTWILU®PDTLTF ~
F I H Y F VL LV Y NJYULILHGTCTULTIC

7501 TATGTTAGRAACTATGCATTGGTTGATTAGATTTATTGTATTTGTAGCTAATATGTTACC 7560
Y vV R N Y A L VD T ¥ €CTI CS * Y VT
M L ETMHWULIRUPFTIUVFVANMMTLP
L ¢C* KL C¢CI GG+* L DL L YL * L I CY

FIG. 2 CONT.
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7561 TGCTTTTGTCTTGTTGCGGTTTTATATAGTIGTTACTGCTATGTATAAAGTAGTTGGTTT 7620
C FCLVAVULYSTCYC CVYUV* S S W F
A FVLULRTFYIVVTAMYIEKTVYVVGTF
L L L 8 CCG¢GF I * L L L L CTIZK* LV

7621 TATTAGGCATATTGTCTATGGTTGTAATAAAGCTGGTTGTTTATTTTGTTATAAACGAAA 7680
Y *A Y CL WL * * § W UL F I L L * T K
I RHI VY GCNI KA AGT CTLTFTZ CYIZXKTR RN
L L. 6 I L §$ M V VvV I XKL V V Y F V I N E

7681 TTGTAGTGTTCGTGTTAAGTGTAGTACTATTGTTGGTGGTGTAATTCGTTATTATGATAT 7740
L = C 8 C * V *» ¥ Y C W WCNUSTIULIUL * Y
cC $ VRV KCSTTIUVGGV I RYYDTI
I vvFPFVLSVVLLL VYV *F V IMI

7741 TACTGCTARTGGTGGTACTGGTTTTIGTGTTARACATCAATGGAATTCTTTTAATTGCCA 7800
Y C * W W YWVFULC®*TSMETLTF * L P
T A NG G TG F CV KHQWNTCTF FNTZCH
L L LMVVLV FVULUNTINGTIUVTUL I 2

7801 TTCTTTTARACCAGGTAACACTTTTATAACTGTAGAAGCTGCTATAGARCTTTCTAAAGA 7860
FF * TR *HF YN CRZSCZYZRTTF * R
S F KPGNTTFPTITVEA AR ATITETLSTZKTE
I L L N Q@ VT LUL* L * KL L * N PF L K

7861 GCTTARACGACCTGTAAATCCAACTGATGCTTCACATTATGTAGTTACTGATATTAAGCA 7920
A * T T C K S N * CF T L C 8§ Y * Y + 7
L K R PV NPTID ASIHY VY V TUDTI K Q
S L NDVL *I QLMLHTIMZ®*TILIULTITUL S

7921 AGTTGGTTGTATGATGCGTTTGTTCTATGATAGAGATGGACAGCGTGTTTACGATGATGT 7980
S WL YDA ATFUVL * * RWTA AT CTULUZ R * C
vV GéCMMZPRILT FYDURUDG QRV Y DDV
K L vvy»*CVCSMTIUEMDSVF FTMM

7981 TGATGCTAGTTTATTTGTAGATATTAATAATCTGTTACATTCTAAAGTTAAAGTTGTTCC 8040
* ¢ * F I CRY * * 3 VTV F* S * 8§ C §
D A S5 L F VDTINNILTILUHSI KUVZ KV VP
L ML VYUL*IILTITIUCTYTIULI KULIZEKTLF

8041 TAATTTGTATGTAGTTGTAGTAGAGAGTGATGCTGATAGAGCTAATTTTCTGAATGCTGT 8100
* F Vv C S8 C S RE®*¥ C * *x 3 ¥ F 8§ E C C
N L Y VVVVESDA ALDRIANTFTULNA AUV
L I ¢M*L ** RVMILTIZETULTITF* ML

FIG. 2 CONT.
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8101 TGTGTTTTATGCACAATCATTGTATAGGCCTATATTACTTGTAGACAARAAGTTAATTAC 8160
cvLwcTITIUV*AYTITU CRU QI KUVNY
VF Y AQ S$L YRUPTIU LULUVDI KT KT LTIT
L ¢CFMHNUBHOCTIGTULYJYUL * TK S * L

8161 TACAGCTTGTAATGGTATCTCTGTAACCCAGACTATGTTTGATGTTTATGTIGATACTTT 8220
Yy $ L. * WYL CNZPDYV*CL C* Y F
T A CNGTI S8 VTQTMZFDUVY VDTTF
L QLvMvVvVsSL *PRLCLM FMULIL

8221  TATGTCTCATTTTGATCTTGATAGAAAGAGTTTTAATAATTTTGTTAACATTGCTCATGC 8280
Y VS F *» Cc* » XKXEF * * F C* HCS S C
M S H F DVDRIEKSTFNNTFUVNTIATIHABA
L CLI LMLTITIZERTVILTTITZLILTTULTILM
\

8281 TTCTCTTAGAGAGGGTGTGCAATTAGAAAAGGTTTTAGATACTTTTGTGGGATGTGTACG 8340
F § * R 6 CAIRIKU GV FURYFCGMTZE CT
S LREGVQQLEI KVILDTT FUVGCCVR R
L L LERUVCN* KR F * ‘ I L L WD VY

8341 TAAATGTTGTTCCATTGATTCAIGATGTTGAAACAAGATT'TATTACTAAATCTATGATATC 8400
* M L FH * F R C* NI KI Y Y * I Y DI
K ¢ ¢ s I DSsSDV ETRYE FITIKSMTI S
vV NV YV PLIOMIULI KU OQDULULILNTUL * Y

8401  TGCAGTAGCTGCTGGTTTGGAATTTACTGATGARAATTATAACAATTTGGTACCTACATA 8460
¢ s s CwWU&FGTI Y * *» KL * QF G T Y I
AV AAGLETFTDENTYNNTLUVZETY
L Q *LLVWNZ LILMEKTITITTIWTYTLH

8461 TTTAAAGAGTGATAATATTGTAGCTGCTGATTTAGGTGTTCTTATACAGAATGGTGCTAA 8520
F K E *» *Y ¢Cs ¢C* FRCS YTEWTC *
L K §DNTIT VAADILGUVILTIQNGA ATK
I * RV I I L * L L I *VF L YRMUVL

8521 GCATGTACAGGGTRATGTTGCTAAGGCAGCTAATATTTCTTGTATATGGTTTATTGATGC 8580
A C TG * CC* G S *YF LVYMUVYV Y * C
HV QGNV AU KA AANTISTCTIWT FTITDA
S M YRVMILILROQLTIVPFILVYVYGTL LM

8581 TTTTAATCAACTTACTGCTGATTTACAGCATAAATTAARAAAAGCATGTGTTARAACTGG 8640
F * § TY C* FTA AOM®* I KUIKSMCT™*NMW
F N Q L TADULTG QU HTZEKTLTEKTEKA ATCV VI KTG
L L I N L L L I ¥ § I N * K K H V L K L

FIG. 2 CONT.
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8641 CTTGAAGTTARAATTGACTTTTAATAAGCARGAGGCARGTGTCCCTATTCTTACARCACC 8700
L EV XK IDTF* * ARGEKTECTPYSYNT
L K L K L T F NKQEW &SV ©PTIULTTFP
A * S * N * L LI S KZ RO QVSLTFTULOQH

8701 . CTTTTCACTTAAAGGAGGTGTTGTATTGAGTAATTTGTTATATATATTATTTITTGTTAG 8760
L FT*RRCCTIES®*TFVIYTITITFTC*
F § L KGGYV VLSNUILLYTITULTFTFUVS
P FHLIKEVLY®* VICYTIZYYZPILTL

8761 TTTAATCTGTTTTATATTATTGTGGGCTTTATTGCCTACATATAGTGTTTATAAGTCTGA 8820
F N L F Y I IV GF I AY I * CL * VvV *
L I ¢F I LLWALILU®PT Y S V Y K SD
vV * s VL YYCGUL Y CULHTIUVV FTISIL

8821 TATTCATTTGCCTGCTTATGCTAGTTTTAAAGTTATTGATAATCGTGTTGTTAGAGATAT 8880
Yy S FACLC®* F * 58 Y * *» W C C * R Y
I HL PAYASV FIKVIUDNGUVV RDTI
I F I CL L ML VL KTULUZLTIMMUVULILETI

8881 TTCAGTTAATGATTTATGTTTTGCTAATARATTTTTCCAATTTGATCAATGGTATGAGTC 8940
F § ** F MFC=* *r I FPI * S§ MV * YV
S VNDILCFANIKTFTFOQVFUDQWYE 8§
F QL MI Y VL ILTINUFZGSEUNILTIWNGMIS

8941  CACTTTTGGGTCTGTTTACTATCATAATTCTATGGATTGCCCTATTGTAGTGGCAGTTAT 9000
HF WUV CLULSS* F Y GLUPYOCSG S Y
T F G S VY YHN SMDOC CZPTIVVAVM
P L LGDLFTTITITILWTIALTLT®*WOQL

9001 GGATGAAGATATCGGTTCTACTATGTTTAATGTTCCTACTARAGTTTTGAGACATGGCTT 9060
G * R YRP FYYV * CS Y * 8 F ETW L
D EDTIGS TMV FNWVPTI KV L RHGF
W MK I S VL L CLMFULTULI K F * D MA

9061 TCATGTTTTACATTTTTTAACTTATGCATTTGCTAGTGATAGTGTTCAGTGCTATACRCC 9120
S CFTFFNILTCTIUG C®** *+ ¢S VLYT
HVY LHFLTJ YA ATFA AST DSV QCYTTFP
FMFYTITF*LMHTLTULVTIVTFSATIH

9121 ACATATTCAGATTTCTTATAATGATTTTTATGCTAGTGETTGTGTTTTATCATCTTTGTG 9180
T Y S DF L * * F L C* WL CTFTITIFV
HI QI SYUNDTFJYASGC CUVULSSTLC
H I FRPF L IMTIVFMLUVUYVVFYHTLC

FIG. 2 CONT.
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9181

9241

9301

9361

9421

9481

9541

9601

2661

TACTATGTTTAAAAGAGGTGATGGTACACCACATCCTTATTGTTATTCAGATGGTGTTAT
Yy Y v *x KR * W Y TTSULULULVFRWCY
T Mm F K R G D G TP H P Y C Y S D G VM

vL.c¢L KEVMV HHEIULIVTIQMYL.L

GAAGAATGCTTCTTTGTATACATCTTTGGTTCCACATACACGTTATAGCCTTGCTAATTC
E ECFPFVYIFGSTYTUL>* P C* F
K N A S L YTSLV PHTURY S L AN S
* R M L L ¢ I H L W F HIHV I AL L I

TAATGGTTTTATRAGATTTCCTGATGTTATTAGTGARAGGTATTGTACGTATTGTAAGAAC
* W F Y K I § * €Yy * + RY CTVYCIKN
N G F I RVFPDVISEGTIVRTIUVR RT
r M vy.L*DVFLMILULWVEKVYVLY VL * E

GCGCTCTATGACTTATTGTAGAGTGGGTGCATGTGAATACGCCGAAGAGGGTATATGTTT

A L YDLUL* S GCMPX*¥XTIRURIRGYMTF
R 8§88 M T Y CRV GACEYA ATEZEGTITCTF

R A L * L I vV EW VHVNTU®PI KI RV YV

TAATTTTAATAGTTCCTGGGT TTTGAATAATGATTATTATAGAAGTATGCCTGGAACTTT
* F * * F L GF E * * L L * K Y A WN F
N F NS S WV L NUNUDYYURSMUPGTF

L I LI V9P GVF * I MI I I EUVCLETL

TTGTGGTAGAGATCTTTTTGATTITGTTTTATCARTTTTTTAGTAGTTTRATTCGTCCTAT
L W* RS F * F VL S§TITUPF**FQN S 8 Y
¢ GR DL F DL F Y QF F 8 S8 L I R P I
F vy EI FL I CFINVFULVV *F VL

AGATTTCTTTTCTCTTACTGCTAGTTCTATTTTTGGAGCTATATTGGCTATAGTTGTTGT
R F L FSsYOC®*FYT FWSYIGYSCOC
D FF S§SL TAS STIVFGATIULATIUVYV YV
*+# I 8§ F L L LLLVULFULELYWUL* L L

CTTGGTTTTTTATTATTTAATAAAACTTARGCGTGCTTTTGGAGATTATACTAGTGTTGT
L GF L L FN KT A CPF WU RULY*» CC
L v F Y Y L I KL KRAVFGDJYT S V V
§ wrfFF I I * * NL SV L L ETITIULUVIL

AGTTATAAATGTTGTTGTTTGGTGTATTAATTITCTTATGCTTTTTGTTTTTCAAGTTTA
s YK cc¢ccC&LVY* F §Y AFCTF S S L
vV I NV VVWCINV FILMULUPFUVVFQ VY

*»L * M L L F 66V L I FL CUVF L F F K F
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9721

9781

9841

9901

9961

10021

10081

10141

10201

TCCTATTTGTGCATGTGTTTATGCTTGTTTTTATTTTTATGTAACATTGTATTTTCCTTC
§$ Y LCMCGCLTCLTPFTULTFTLTC CNTIVTFSSF
P I CACVYAGCTPFYTFYVTTLTYTFPTZPS
I LFVHY FMLYTFTITFMS®*HCTITFTL

TGAAATTA@TGTAATTATGCATTTGCAATGGATTGTTATGTATGGTGCTATAATGCCTTT
* N C NYAFAMDOCGCYVWOCYNA ATF
E I 8 VIMHLOQWTIVMYGAIMZPTF
L K L v* L I CNGILILTCMUVL * CL

TTGGTTTTGTGTCACATATGTAGCTATGGTTATTGCAAACCATGTTTTATGGTTATTTTC
LVvVLCHTIUGCSYGYCIKU®PCTFMUVTITF
W F C VT YV A MV IANUHVYTLWTULF S
F GPFVSHM®™* L WILLQTMTP FYG Y PF

ATATTGTAGGAARATTGGTGTTAATGTATGTAGTGATAGTACATTTGAAGAAACATCTCT
I L *~ ENWC®*CM* * *+ Y I * RUNTIS
Yy C R K I GV NV (C S D S TV FETZET S L
H I v KULVLI MYV VI VHULI KIKHL

TACTACTTTTATGATTACTAAAGATTCTTATTGTAGATTAAAGAATTCTGTTTCTGATGT
Y v F Y DY * R FLUL* I KETFCF * C

T T FMIT KU DS SY U_CRULI KUDNZ SV S DUV
L L L L * L L KTIULTIVD™*RTIULVFTULM

TGCCTACRATAGATATTTGAGTTTGTATAATAAGTATCGTTACTATAGTGGTAAAATGGA
¢ LgQgQ+*1UPFEVFPV **» VvV 8 L L * W * NG
A Y NR YL S L Y NKYRY Y S GG KX MD

L PpTIODTI*V CITI S IV TTIV VKW

TACTGCTGCCTATAGAGAAGCGGCGTGTTCTCAGTTAGCTAARGCTATGGAAACATTTAA
Yy ¢ ¢ L *R S G6VF S5V S * S5 Y 6 NTI *

T AA Y REAACS QLA KA AMETF N
I LL PI EKU RRUVL S * L KL WIKHUL

TCACAATAATGCTAATGATGTCTTATACCAARCCTCCTACAGCATCTGTTTCTACATCTTT
s @ »w=+*» * CL I PTS Y S I CVFYTITF
H NNGNUDVILYQPUPTH AZSVYV ST SF
I TIMVMMSYTNILILGOUHTLTFILUHL

TTTGCARATCAGGTATTGTAAAGATGGTATCTCCTACGTCAAARATTGAACCTTGTATTGT
FAIURYU CIKDGTISY y K N * T L Y C
L Qs G1I VvV KMV S PTS KTIEU®PTC CTIUV
F CNQVL * RW YLULRIQI KULINILVL
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10261 TAGTGTTACTTATGGTAGTATGACTTTGAATGGTTTATGGTTAGATGACAAAGTTTATTG 10320
*C Y L W * YDV FEWT FMUVR* Q S L L
§s VT YGS MTULWNGTULWULODDI KV Y C
L VL LMV YV *»L * MV Y G * M T X F I

10321 TCCTCGTCATGTTATATGTTCATCCTCTAATATGAACGAACCTGATTATTCTGCCTTATT 10380
s s s CYMV FIUL®*YERT™®* L FCULI
PRHVICSSSNMNEUZPTIDY S ATULTL
v L vV ML Y VHPLTI * T NUL I IL ) P Y

10381 GTGTAGAGTTACTCTAGGTGATTTTACTATAATGTCTGGTCGCGATGAGTTTAACAGTTCT 10440
V *» S Y SR *F YYNVWSDETFNSTC
C RV TULGDTFTTIMSGRMSTLTUVUV
C VELTL* VvV IULUL®* L VG * V * QL

10441 GTCTTACCAGATGCAGGGCTGTCAACTTGTTTTGACAGTCTCTTTACAAAATCCTTACAC 10500
VLPDAGTLTSTT CTFDSTLTFTTZ KT STLH
S YQMQedccQ'LVL TV S$L QNZEPVYT
C LTRCRAVVNTLTF®*OQSTUL Y XKTITLT

10501 TCCAAAATATACTTTTGGTAATGTTAAACCTGGTGAAACTTTTACTGTTTITAGCTGCGTA 10560
S K I Y F W * C*TW * NF Y CVF S CV
P K YTV F G NV KPGETTFTUVLA- DY
L Q N I L L VMULNULVI KTLTILTULTF * L R

10561 TAATGGCCGACCACAAGGGGCATTTCATGTTACTATGCGTAGTAGTTATACTATTAAAGG 10620
* WP TTRGTISCYYA* * L Y Y * R
N GRPQGATFHVYVTM®BRSSYTTIZIKSG G
I MADUHIEKGEHFMLTLCVV VYV ILL K

10621 TTCTTTTITTGTGTGGGTCATGTGGATCTGTIGGTTATGTATTAACAGGTGATAGTGTTAA 10680
F FFVWUVMWICWILUCTINR R * * C *
s F L CG S CG SV GY VL TGD S V K
vV L FCVGHVDULLVYVMTY* Q VI VL

10681 GTTTGTATATATGCATCAATTAGAGCTCAGTACTGGTTGTCACACTGGCACTGATTTTAC 10740
v I YA S IRAQYWUL S HWH* F Y
F VY MHOQLETLSTU GO CHTGTTUDUF T
s L Yy I ¢ I N * S S VL VV TULAULTIL

10741 TGGTAATTTTTATGGTCCATATAGAGATGCTCAAGTTGTACAGTTGCCAGTTAAGGACTA 10800
W * F LW STI®*RT CSSCTVAS* 6L
G NF YGPYRDAQVVQTLUDPVIZ KTDY
L VIVFMVHTIEUMLIE KTILTYS ST COQULTERT

FIG. 2 CONT.
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10801 CGTCCAGACTGTTAATGTTATTGCTTGGCTCTATGCAGCTATACTTAATAATTGTGCTTG 10860
R P DC®* CYCULATLTGCSTYTS®** L CL
vV Q T VNUVIAWTIELYA AR aATLTLUNNTCA AW
T S R L L M L L L G S M QL Y L I I VvV L

10861 GTTTGTACAARATGATGTTTGTTCTACTGAAGATTTTAATGTTTGGGCTATGGCARATGG 10920
v ¢TI K * CL FY * RF * CL G Y G K W
F VQNDV CSTETUDTFNUVWAMABANDNG
G L YKMMUPFUV L L XK IULMTPFG GTULWOQM

10921 TTTTAGCCAAGTAAAAGCAGATCTTGTCTTAGATGCTTTGGCTTCAATGACAGCTGTTTC 10980
F * P S K §$R S CLURTC CTFGTFNDTR RTCTF
F §$ Q Vv K ADLVULUDALA AZSMTGV §
VL AK * K QI L S * ML WIUILIOQ* Q V F

10581 TATTGAAACTTTATTGGCTGCTATTAAGCGTCTATATATGGGATTTCAAGGTCGTCAAAT 11040
Yy *» N F I 6 CY * A S 1I Y G I SR S S N
I ET L L AATII KR RILUVYMGT FOQGUROGQTI
L L KL Y WULUL L SV Y I WDTFI KV VK

11041 ACTAGGAAGTTGTACTTTTGAAGATGAATTGGCACCTTCTGACGTTTATCAACAATTGGC 11100
T R XK L YF * R * I GTVF * RL S TTI G
LGS ¢CTVFEUDETLA AUPSUDUV Y Q QL A
Yy * EVVLL KMUNWIHTILTULTTFTINNW

11101 TGGTGTTAAATTGCAATCTAAAACAAARAAGATTTATTAAAGAARACAATTTATTGGATTTT 11160
w ¢ +* I A I * NKX K I Y * R NNNY L D F
G V XL ¢ § KT KR FIKETTIUYWTITL
L VL N CVNULIKOQ XK D UL L K K Q F I G F

11161 GATATCTACATTTTTGTTTAGTTGTATAATTTCTGCATTTGTTAAATGGACTATATTTAT 11220
D I Y TI F V * L Y NV F CTI C * MDY I Y
I 8 T F L F S CI I SAVFV KW®WTTIT FM
*' YL HF CL VYV * FLHLIUILNGTULYL

11221 GTATATTAATACACATATGATTGGTGTTACATTATGTGTACTTTGTTTTGTTAGTTTTAT 11280
vYy*YyT7YDWOCYTIMCTTULU FOC™* F Y
Y I N THMIGVYVTILGCVULC CTFV VST FM
¢ I LLIHTI*L VL HYVYFVULULVUL

11281 GATGTTACTAGTTAAACATAAGCATTTTITATTTGACTATGTATATAATTCCTGTACTCTG 11340
D VTS S*T*AT FULTFDYVYNZSU CTTL
M L L VX HKXKHFYULTMYTITIUZPUVTL C
* ¢C Y * L NI § I F I * L CI * F L Y §

FIG. 2 CONT.
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11341 TACCTTGTTTTATGTAAATTATTTAGTTGTTTATAAGGAAGGTTTTAGAGGTTTTACTTA 11400
Yy L voL ¢ KL FSsSCUL *GURF F* RV F Y L
T L F YV NYULV VY XKZEG GV FRGTFTY
v pPCFM®*TITI* L F I ‘R K v L EV L L

11401 TGTCTGGCTCTCATATTTTGTTCCTGC;TGTGAATTTTACTTATGTTTATGAAGTATTTTA 11460
c L AL I FCS8CCEV FPFYILCUL * 8 I L
vV W L § Y FV PA VNV FTYVYEVF Y
M s GS HIULV FLUL®*TILL M FMTI KYTF

11461 TGGTTGTATTTTATGTGTTTTTGCTATTTTTATAACTATGCATAGTATTAATCATGACAT 11520
WL YFMCPFCYV FYNYA A®* Y * g * H
G ¢ I L C¢CVFAIUVFTITMHSTINUHTDI
M VYV FYVFLL FVL *L CTIUVILTIMT

11521 TTTITTCTTTGATGTTTTTGGTTGGTAGAATAGTTACTTTAATTTCTATGTGGTATITIGG 11580
F F F DV FGW * NS Y FNV FYVVFW
F S LM FLVGHRTIUVTIULTISMUWYFG
F FL * CF WL VE* L L * F L CG I L

11581 GTCGAATTTAGAAGAGGATGTTTTGTTATTTATTACAGCCTTTTTAGGTACTTATACATG 11640
vV EFRRGU CTFV I Y Y S L FRY UL Y M
S NL EEDVL L F I TA AV FULGTYTW
G R I * KR MPFCYUL L Q P F * V L I H

11641 GACCACTATTTTGTCATTAGCTATAGCAAAAATTGTTGCTAATTGGTTGTCTGTTAATAT 11700
DHY F VIS Y S KNCC™* L VV C * Y
T T I L S LATIAEKTITVANUYILS VNI
G P L FCH * L * QQ K L L L I 66 C L L I

11701 ATTTTATTTTACAGATGTACCTTATATTAAATTGATTCTCTTGAGTTACTTATTTATAGE 11760
I LFYRCTTLVYH*¥TIDSULETLTILTI YR
F YF T DV P YTIKUILTIULTULSYTZLTF FTIG
Y F I LQMYLITULNT®*T FZS*VTJYL *

11761 GTATATTTTATCTTGTTATTGGGGATTTTTCTCTCTTTTAAACAGTGTTTTTAGAATGCC 11820
vy FfF I LLULGTIV FULSUZFI KU QT CTF* N 2
Yy I L 8 CY WGVPFVPF S L LNSVFRMTP
G I FYLUVIGDUVFSUL F * TV F L EC

11821 TATGGGTGTTTATAATTATAAAATTTCTGTTCAAGAATTGCGTTATATGAATGCTAATGG 11880
Y ¢ L *L *NF CSRTIALYETCT* W
M 6V YNY KIS VQEULWZRZYMNANG
L wvVv F I ITI K FLF KWNITCCV I * MULM
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11881

11941

12001

12061

12121

12181

12241

12301

12361

CTTACGTCCACCTCGTAATAGT TTTGAGGCTATTTTGTTAAATTTAARACTGCTTGGAAT
L T § T s * * F *» G Y F VKV F KT AWN
L R P P R NS F E A Iv L L N L KL L G I

A Y VHULVIVILRTLFZ¢CH®*T1I * NICULE

AGGTGGCGTGCCAGTTATTGAAGTCTCCCAAATTCAATCAAAATTGACTGATGTGAAATG
R WRWA S Y * § L PNGS I KTIDT* CEM
G GV P VI EV S5 QI QS8 KL T DV K C
* V. A C Q L L K S8 P KF N QN * L M * N

TGCTAATGTTGTTTTGTTAAATTGTTTACAGCATTTGCATGTTGCTTCTAATTCTAAGTT
c * ¢CCVF V KL FTA AV FA ACCTF * F * V

ANV VL L NI CLGQHILUHV A SN S KL
v LM™MULF C* I VY S I CMULULULTIUL S

GTGGCAGTATTGTAGTGTTTTACATAATGAAATACTATCTACTTCAGATTTGAGTGTAGC
vaveypg=*¢CFT>* * NTTIUYT FRTFEC S

W QY CS VL HNETIULS ST SUDTILS V A
¢ G s I VYV FYIMIEKYYULUL QI * Vv *

TTTTGATAAGCTTGCTCAATTATTGATTGTTTTATTCGCCAATCCTGCTGCAGTTGATAC
F ** A C S 1 1IDCV FTIU RO QST CTCS * Y

F D KL AQUL LI VLVFANUPA AA AUVDT
L L I S L LNY* L F Y S PTIULILOQTULTI

TAAGTGTCTTGCAAGTATAGATGAAGTTAGCCGATGATTATGTTCAAGATAGTACCGTTTT
* VvV s$S C K YR * § * R * L C S R * Y R F
K ¢Las 1D EV SDUDYV QD S T VL

L s vLQVv*M XKL AMTIMMT FI KTIUVUPF

GCAGGCTTTGCAAAGTGAGTTTGTAAATATGGCTAGT TTTGTTGAATATGAAGTCGCAAA

A G F A K * V C K Y G * F C* I * 8§ R K
Q AL Q S EFVNMAST FVEYEV A K

C R L CKVsL * I WLV L L NMTZEK § Q

GAARAATTTGGCTGATGCTARARATAGTGGTTCTGTTAATCAACAACAGATARAACAGTT
E K F G * C * K *W F C * S T TUDI K T V

K NL A DAI KNS G S VNOQQQTIIKOQTIL
R K I W L M L KI V VL LTINUNIU R®* N S

AGAAARAGCATGTAATATAGCTAAGTCTGTGTATGAACGTGATAAAGCTGTAGCTCGCAA
R K §s M *»Y § * VvV CV *» T * *» g C S S Q

E XK ACDN I A K S$ V Y ERUDI KAV A R K
* K KHVI*L SLCMNU VTIIKTIL®* L A
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12421 ACTTGAACGTATGGCAGACCTAGCACTTACTAACATGTATAAAGAGGCTCGGATTAATGA 12480
T *»T?Y GRPSTY *HV * RG S D * *
L ERMADILA ATLTNMMYIKEA ARTIND
N L N VW QT* KL L T CTIIKZRIULGILM

12481 TARGAAGAGTARAGTTGTTTCCGCTTTGCAGACAATGCTTTTTAGCATGGTTCGTAAATT 12540
*E E *S CF RFADNATF™*HG S * I
K K 8 K VvV s§AL QQTMULF S MUVRIKL
I R RV KL F PLCRGQZCTFULAWTFVN

12541 GGATAATCAGGCTTTAAATTCTATTCTGGATAATGCTGTTAAAGGTTGTGTACCTTIGAG 12600
G * §$ G F X FY S G *COC™*RULOCTF E
D NQAULNSIULDNAVYVI KGT CUVUPIL S
W IIRUL*IUL FWTIMULUL KV VYL *

12601 TGCTATTCCAGCATTGGCTGCTAATACTTTAACTATAGTAATACCAGATAAACAAGTTTT 12660
cyssiI16eGC®* Y FNYSNTR®*TSF
A'I P AL AANTULTTI V I PDKOGQVF
VL FQHWULLIL * L * * Y Q I NKF

12661 TGATARAGTTGTTGATAATGTTTATGTTACATATGCTGGTAGTGTATGGCATATACAGAC 12720
* * § C * * C L CY I CW®*XCMAYTTD
D KV VDDNUV YV TVYAGSV WHTIZQT
LIKULULTIMTFMLHMLVUYVVYGTI VYR

12721 TGTTCAAGATGCTGATGGTATTAATAAACAGTTAACTGATATTAGTGTTGATICTAATTG 12780
C 8§ R C * WY * * T VN * Y * C * F *x L
vV QDADGIDNIZ K QULTWDTIS VDS SNUW
L F KMLMVLIWNS®™*L I L VULTIIULTI

12781 GCCTCTTGTTATCATTGCGAACAGGTATAATGARAGTTGCTAATGCTGTTATGCAGAATAA 12840
A S C Y HUCEQV * *» g C * CC Y A E *
P L VIIAUNU RYNEVA AN AV MOQNNVN
¢ L L L S$L RTGIMEIEKILILMULULUGCTRI

12841 TGAGTTGATGCCTCATAAATTAAARAATACAARGTTGTTAATAGTGGTTCTGATATGAARTTG 12900
* Vb AS§S *I KNT S C* * WV F * Y E L
E L M PHIKILI KTIOQVVNSGSDMNZC
M s * ¢ L I N * KY KILILTIUVVLTI* I

12901 TAATATTCCTACTCAATGTTATTATAATAATGGTAGTAGTGGTAGAATAGTTTATGCTGT 12960
* Yy $ Y S ML L * * W * + W * N S L CC
N I PTQ CYYNNGS S S GURTIWVYAUV
v I FLLNWVIITIMUVVYV VVE®* F ML
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12961

13021

13081

13141

13201

13261

13321

13381

13441

TCTTAGTGATGTTGATGGTCTTAAGTATACTAAGATAATGAAAGATGATGGARATTGTGT
s *» * ¢ * W § * VY * DNUEUZR™* W KL C
L §$ DVDGULI KY YT I KTIMMTI KT DUDTGNTCUV
F L VM LMUVL S§TIIULR®** KMMETIUWV

TGTTTTAGAGCTTGATCCTCCTTGTAAATTTTCTATACAAGATGTTAAGGGACTTAAAAT
c F RA*S SUL*IF YT RZ C®*GT * N
VL ELDU®PPCI K FSTIOQDUVI KSGTELKI
L F *$§$ L I L L VNV FILYIXMULURUDTIL K

TAAGTATCTTTATTTTATTAAAGGATGTAACACTTTAGCTAGAGGGTGGGTTGTTGGTAC
* Vs L FY * RM*HVF S * RV G C W Y
K Y L Y F I KGCUNTTILA ARGWUV VG T
L §$§I F I LL XDVTUL * L EGG UL L V

TTTATCTTCAACAATTAGATTGCAGGCTGGTGTTGCTACTGAGTATGCAGCTAATTCTTC
F I FNN=* I AGWCCY *» V CS * F F
L §8 §$ T I RLQAGVATETYA AANS S

LYLQOQOQLDCRULUVL UL L SMUGQULITL

TATACTTTCATTATGTGCATTTTCTGTAGATCCTAAGAAAACTTATTTAGATTATATACA
Yy T F I M ¢ I F ¢CR S * ENULVFURULYT

I L §$8 L CAF 8 VDUPIKI KT YTULTU DYTIOQ
L YFHY VH?PFL * ILURI KILTI* I I Y

ACAAGGTGGTGTACCTATAATTAATTGTGTTAAAATGCTCTGTGATCATGCTGGTACTGG
T R W CTJYNDN * L ¢ * NAL * 8§ C W Y W
Q 66 Vv P I I NCV KMULTCDUHATGTG
N KV YVYyYy oL * L I VL KXKOCSVIMULUVIL

TATGGCCATTACTATTAAACCTGAGGCTACTATTAACCAAGATTCTTATGGTGGTGCCTC
Y G H Y Y * T * G Y Y * P R F L W W C L
M A I TTI K PEA ATTINIGQUDSYG G A S
v Ww?PUL L L NILIRULIULILTIXKTIULMMV VP

AGTTTGTATTTATTGCCGTGCACGTGTAGAGCATCCAGATGTAGATGGTATATGTAAATT
s L ¥ L L P CTOCURASI RUCIRWYM~* I
v ¢I ¥ ¢CR ARV EHUPUDUVDGTICI KL
Q F V F T AV HUV *S I gM~* MV Y VN

ACGTGGTAAATTTGTACAAGTCCCTTTGGGTATARAAGATCCTATTCTTTATGTGTTAAC
T w* I ¢ T s P F G Y KR S Y 8L C VN
R G XK FVQVPLGTIKXKDUPTIULYUVLT

Yy vV VvV NL Y K S L WV * K I L F F MC *
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13501 ACATGATGTTTGTCAAGTCTGTGGTTTTTGGAGAGATGGCAGTTGTTCCTGTGTAGGTTC 13560
T *»C¢CL S S LWV F L EURWO QULUFTULTCTR RF
HDVCQVCGFWRDGSTCSCV G S
H MMV FV K S VYV F G EMAYV P V = V

13561 AAGTGTCGCTGTTCAATCTAAAGATTTAARATTTTTTAARACGGGTTCGGGGTACTAGTGTG 13620
K ¢CR C S I * RF KPF F KRV RGT S V
S VAV QS KDILNYFULNG GV FGUV ULV *
Q Vs L F ¥ L KI * IVF * TGS G Y *~ C

13621 AATGCCCGGCTAGTACCCTGTGCTAGTGGTTTATCTACTGATGTTCAATTAAGGGCATTT 13680
N ARLUV PCASGL S TDV QUL RATF
M P G * Y P VL VVYLLMTFN* G H L
ECPASTULOC®* WV F I Y * C S8 I KOG I

13681 GACATTTGTAATACCAATAGAGCTGGTATAGGTTTATATTATAAAGTGAATTGTTGCCGT 13740
D I CNTWNUZ RZ BAGIUGLTYTYZXVNTCTCR
T FVIUPTIETZLV*V Y I I X K=* I VAV
*H L *YQ* S8 WYRTFTIL+*SETLTLST®P
13741 TTTCAGCGTATAGATGACGACGGTAATAAATTGGATAAGTTCTTTGTTGTCAARAGAACT 13800
F QR I DUDUDTGNIUIKTULUDI KT FTFUVV KR RT
F SV *MTTJV VY INUWTIS S L L S KTETL
F S A YR * RR* *» I G * VL CCOQTZ KN

13801 AATTTAGAAGTTTATAATAAAGAGAARACTTATTATGAGTTGACTARAAGTTGTGGIGTT 13860
N L EV Y N KEZ XKTTYZYETLTZ KT ST CGV
I *» KX F I I KRIXKXULTIMS™* LKV UV VL
* FR SL * * RENTILUL®* VD * KL W C

13861 GTGGCTGAACATGATTTCTTTACATTTGATATTGATGGTAGTCGCGTGCCACATATAGTT 13920
VA EHDU FVFTV FUDTIUDSGS SRV P HTIV
WL NMTISULHLITULMVVYVACHTI®*TF
¢ G T * F L ¥ I * Y * W * § R A T Y S

13921 CGTAGGAATCTTTCAAAGTATACTATGTTAGATCTTTGCTATGCATTGCGTCATTTTGAT 13980
R RNIL S XK Y TMILIDULTCYAULURUHTFD
v 6 I FQ §1IULC®* I FAMIHTCU YVTITLI
S * E S F KVYYVRSULUL CTIASF *

13981 CGTAATGATTGTTCAATATTGIGTGAAATTCTTTGTGAGTATGCTGATTGTAAAGAATCC 14040
R NDOCSIULCETITULTCET YA ADTECTKTES
VMIUVQYCVZ KT PFFV SMTILTIUVI KNS?P
S * * L F NIV ®* NSTUL®*V C* L * R I
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14041 TACTTTTCTAAGAAAGATTGGTATGATTTTGTTGAAARATCCTGATATTATTAATATATAT 14100
Y F $ K X D W YD VF V ENUPIDTITINTIZY
T F LR XK I GGWMI1IULUL KIULITULULTIYTI
L L F * ERULV * F C* K S * Y Y * Y I
14101 AAAAAATTAGGCCCTATTTTTAATAGAGCTTTACTTAATACTGTCATTTTTGCAGACACC 14160
K X L 6 P I FNRALULNTUVTIVFADT
K N *» AL F L I EL YL I L S F L QT P
* K I R P Y FP * * g P T * Y CHPF C R H
14161 TTAGTTGAAGTAGGTTTAGTTGGTGTTTTAACTTTAGATAACCAAGATTTGTATGGTCAA 14220
LV EV GGL VGV L TULUDWNIU QT DIULYG Q
* L K *» v » L, V. F *L * I T K I CMUVN
L §s * 8§ R F S W CVF N F R * P R F V W S
14221 TGGTATGATTTTGGTGATTTTATACAAACAGCCCCAGGGTTTGGTGTGGCAGTTGCAGAT 14280
WYDVFGDVFTIGQTA APGT FS GV AV ATD
G M I L VI LY KJQZPOQGILVW QUL Q I
M VvV *» F W * F Y TN S PRV W CG S CR
14281 TCTTACTATTCTTATATGATGCCTATGTTGACTATGTGTCATGTATTACATTGTGAATTA 14340
S Yy Yy s yYMmMmMmPMULTMU CHVYVULUDCETUL
L T1IULI* CLC*L CVMY * I VN Y
F L L F L YDAY VDY V S CTIURTUL * I
14341 TTTGTTAATGATAGTTATAGACAATTCGATCTTGTACAGTATGATTTTACTGATTACAAG 14400
F VvV N D S Y RQF DL V Q YDV FTTD Y K
L LM I VIDNSTIULVYSMTIIULULTITS
I ¢ * » » L * T I R S C T V * F Y * L Q
14401 TTAGAGTTGTTTAATAAGTATTTTAAGTATTGGGGTATGAAGTATCATCCTAATACTGTG 14460
L EL FNZ KV YTFTZ KTYUWOGECHNM K Y HP NTV
* § ¢ L I 8§ I L SI GV * S I I L I L W
VRV YV *» *# Vv F * VL 6 Y E V 8 8§ * Y C
14461 GATTGIGATAATGATAGGTGTATTATTCATTGTGCTAATTTTAATATACTATTTAGTATC 14520
D ¢CDNDRUCITIUHTU CANTFNTITLTF S M
I VIMIG YZLTFTIU VILTITLTITZYY L V W
¢ G L * * » * Vv Y Y S L C * F * Y T I * Y
14521 GTTTTACCTAATACTTGTTTTGGTCCCCTTGTTAGACAAATTTTTGTAGATGGTGTACCEG 14580

VL PNTU CT FGZPULV ROQIVF VDGV TP
F YL ILVLVPLULDIKT FIUL*MUV YR
G F T * YL F WS PC*TNT FUOCRUWOCT
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14581 TTTGTTGTTTCTATTGGTTACCATTACAARGAGTTAGGTGTAGTTATGAACTTAGATGTIT 14640
F VvV Vs I 6GYHY K EUL GV VMNULTDV
L' L F L LVTTITI K S®*V * L * T * ML
v ¢cCF Y WULPULQRUVRCSYETLTRTZEC

14641 GARCACACACCGTTATCGTTTGTCTCTTAAAGATTTACTTCTTTATGCAGCAGATCCTGCT 14700
D THRYRUL S L KD L L L YA ADUPA
T H TV IVCLULIKTIUYVFVFMOQOQTITULTL
* H T P L 8§ F VvV § * R F T S L C S R § C

14701 ATGCACGTTGCATCTGCTAGTGCTCTGCTTGATTTACGAACTTGTTGTTTTAGTGTAGCT 14760
M HV A SASALTVLUDULRTTGCOCUFS VA
¢ T LHLL VL CLTIVYETLUVVIL YV * L
Yy AaRrR CI C™*CSA *F TNULULVF * C 5

14761 GCCATTACAAGTGGTATAAAATTTCAAACTGTAAAACCAGGTAACTTTAACCAAGACTTT 14820
A I T S G I K F Q TV KPGDNUVFNOQDF
P L Q VV*NF KUL * NQ VTTUILTI KT F
C HY KW Y K I SNJZCIKTUR®* L * P R L

14821 TACGAGTTTGTTAAAAGTAAAGGCTTGTTTAAAGAGGGTAGTACAGTTGATTTGARACAT 14880
Y EF V KS K GGULF KZEGSTUVUDULIKH
T 8 L L XV KA CLIKU® RV YV QL I * N I
L RV C* K * RL V * RG * Y S * F E T

14881 TTTTTCTTTACTCAAGATGGTAATGCTGCAATTACTGATTATAATTATTATAAGTATAAT 14940
F F FTQDSGUNA AATITUDYUNYYI KYN
F § L L XKMVMULQULULTITITITITISTII
F F L ¥YSRW* CCNY* L * L L * V *

14941 TTACCTACTATGGTTGATATT;\AGCAGTTATTGTTTGTATTAGAAGTTGTTTATAAATAT 15000
L P T MV DPI1I K QL L F VL EV VY KZY
Yy LLWULIUL S S Y CVL Y * KL F I NI
F T Y Y G * Y * A VvV I V CIURSCUL * T

15001 TTTGAAATTTATGATGGTGGTTGTATACCAGCATCACAAGTTATTGTTAATAATTATGAT 15060
F EIYDGGCTIZPASOQUVIVNNTYTD
L K FMMVVVYQHHEKTELTZLTZLTITIMI
F * N L * WWULYTSTITSYSGC®* » L =

15061 AAAAGTGCTCGTTATCCATTTAATAAATTTGGTAAAGCCAGACTTTATTATGAGGCATTA 15120
K S A GY P F NI KV FGIKXKARTILYYEA ATL
K v L vI KL INULVIEKUPDVFTIMTZ ERIHY
* K ¢ WL 8§11 * * I W * S Q TULUL * G I
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15121 TCATTIGAGGAACAGAATGAAATTTATGCATATACTAARACGTAATGTTCTGCCCACCTTA 15180
S FEEOQNETIVYA AYTU KR RINJUVILTZPTTL
HLRNRMEKTPFMHETITLNVMTFTCT?PDP *

I1 I *GTES ®*NULGCTIVY™*T®* CSAHTL

15181 ACTCAAATGAATTTAAAATATGCTATCAGTGCTAAGAARTAGAGCTCGCACTGTAGCAGGT 15240
T Q M N L K Y ATI SAI KNIRARTVAG
L K * I *»* NML S VUL RTIEULATL™*QV
N §S N EF K I CYQC®* E * S S HTC SR

15241 GTTTCTATTCTTAGTACTATGACAGGCCGAATGTTCCATCAAAAATGTTTGAAGAGTATA 15300
v s 1 L S TMTGURMTFHQQ K CUL K § I
F L F L VL *» Q A EC S8 I KNV *» R V *
¢ F Y $ *Y YD RUPNWV P S KMFEE Y

15301 GCAGCTACCCGAGGTGTTCCTGTTGTTATAGGAACCACTAAATTTTATGGTGGTTGGGAC 15360
A ATURGV PV VI GTTI KT FUYG G WD
Q L P EV FL L L * E P LNV FMVV GT
S s Y P RCS CCY RNDNUH®*TIULWWIULG

15361 GATATGTTACGTCATCTTATAAAGGATGTTGACAACCCTGTTCTTATGGGTTGGGATTAT 15420
DML RHULTIZ KDVDNUPVIL MGWDY
I ¢ Yy v I1IL *» R MLTTTULVFLWV G I I
R Y vV TS S§ S8 Y KGC* Q P CS Y G L G L

15421 CCTAAATGTGATCGTGCTATGCCARAATATTTTGCGTATTGITAGTAGTTTAGTTTTGGCC 15480
P K CDURAMUPNUNTIILURIUVS S L V L A
LNVIVL CQIFCVLULVV>* F WP
s *»M * S CYAKYVFAYOCO™* * F S F G

15481 CGCARACATGAATTTTGTTGTTCACATGGTGATAGATTTTATCGCCTTGCGAATGAATGT 15540
R KHETFCCSHGDRTFVYURILAINTESZC
A NMNTFV VEHEMNVYVIDFTIALTERMNINYV
P QT* I L L FTW®* * I LSUPCE * M

15541 GCTCAAGTTTTGAGTGAAATAGTTATGTGTGGCGGTTGCTATTATGTTAAGCCTGGTGGT 15600
A Q VL § EI VM CGGCCY YV KUPGG
L K F *V K *L C.VAVAIMTLSTLUVYV
¢ S S FE * NS Y VWPRULILULGC®*AWW

15601 ACTAGCAGTGGTGATGCAACTACTGCTTTTGCTAATTCTGTTTTTAATATATGTCAGGCT 15660
T $ S G D ATTTAUVFADNUSV F NTICOQAZ-A
L A VvVMOQLLIL L L L IULVF L I Y VRIL
Y *Q w* ¢CNYCFC®* FCUPF* Y M S G
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15661 GTTACTGCTAATGTTTGTTCTCTTATGGCCTGTAATGGCCATAAGATTGAAGATTTAAGT 15720
vV T ANV CSLMMAUCNGUHIKTITETUDTL S
L L LMF VL LWUPVMATIIRILIKTI®*UV
cyc¢c*»CUL FSYGUL * WP * D * R F K

15721 ATACGCAATTTACAAAAACGCTTATACTCTAATGTTTATCGTACAGATTATGTTGATTAT 15780
I R NL Q XKRUL Y SNV Y RTUDY VDY
Yy A I ¥ KX N A Y TLMVPF IV Q I MUL I I
Y T Q F T X TULIUL * CL S YRULC* L

15781 ACATTTGTTAATGAGTATTATGAATTTTTATGTAAGCATTTTAGTATGATGATTTTGAGT 15840
T F VvV NEY Y EPFULCIKHZPFSMMTIILS
HL L M S I M NVFYUV S I L V * x F *» V
Yy I ¢ * * v L * I FM * A F * Y DD F E

15841 GATGATGGTGTTGTCTGTTATAACTCTGATTATGCTAGTAAGGGTTATATAGCTAATATA 15800
DD GVYV CYDNSDYAS K GYTIANTI
M M VL sV I1ITULIMTULVYVIRUV I * L I *
* * §w ¢ CL L * L *L C * * G L Y § * Y

15901 AGTGTTTTTCAACAAGTTTTGTACTATCAGAATAATGTCTTTATGTCTGAATCTARATGT 15960
s V F Q Q VLY Y Q NNV F M S E S K C
VF FNKFCTTIIRIMSILCCLNILNUYV
K ¢ F $ TS F VL S E.* CLY UV * I * M

15961 TGGGTTGAAAATGATATTACTAATGGTCCTCATGAATTTTGTTCCCAACATACTATGTTA 16020
W V ENDTI T NG PHEV FCS QHTMTL
6 L KM IULULMVILMN~NT FUVPNTITULTC®*
L G * K * Y Y * WSS * IULVFUPTY YV

16021 GTTAAGATAGATGGTGATTATGTTTATTTACCATATCCAGATCCTTCTAGAATTTTAGGA 16080
vV X I p6GDY VYL PYPDUPSURTIULG
L R *M Vv I M F I ¥ HTIOGQQTILULZETF * E
s * DR W * L ¢CL F TTI SRS F * N F R

16081 GCTGGTTGTTTIGTTGATGATTTATTGAAGACTGACAGTGTTCTTTTGATAGAGCGCTTT 16140
A G CFVDDULILIEKTDS SV L LTIETRTF
L vvL.LLMIZY*RULTVFF * * § A L
S WL FC®™* * F I ED * QC S FDUZRA AL

16141 GTAAGTCTAGCTATAGATGCTTACCCTTTAGTACATCATGAARATGAAGAATACCAAAAA 16200
v $ L AI DAY PUL VHUHENTEEYQK
* vy * L, * M L T L * Y I M KMIKNT K K
C K $ S Y¥YRCULUPFSTS S * K* RTIPK
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16201 GTICTTTCGTGTATATTTAGAATATATAAAAAAACTGTATAATGATCTTGGTACTCAGATC 16260
V F RV Y LEJYTIUZ KU KTULYNU DILGTTGQTI
S PV Y I * NI * KNOCTIMTITULVTILTE RS
S L § CI1I FRIJYZ KZI KTUV™* * S WY S D

16261 TTAGATAGTTATAGTGTTATTTTAAGTACTTGTGATGGTTTAAAGTTTACTGAAGRATCA 16320
L DS YSsS Vv I1ILSTU CDGU LI KT FTEE S
* I vI1 VL F * VL VMUV * 8§ L L K N H
L R * L * CY F KYL * W F K VY * R I

16321 TTTTACAAGAATATGTATTTAAAAAGTGCCGTGATGCAGAGTGTAGGTGCATGCGTTGTT 16380
F Y KNM YL KSAVMOQSVGEGATCVYVY
F TRICTI®* KV?P* CRV *VHALTF
I L QE YV F K KT CRUDAET CRTG CMRP RTEC

16381 TGTTCATCACAAACTTCTTTGCGTTGIGGCAGTTGTATACGTAAGCCTTTGTTATGTTGT 16440
C $ $ QT SLRCGSCTIR RIEKTEPLTILTCSC
VvV HH KL L CV VAV VYV SULCYVV
L F I TNPFTFALWO QLY YT * AT FUVML

16441 AAATGTTGTTATGACCATGTTATGGCAACTAATCATAAATATGTTTTGAGTGTCTCACCT 16500
K CCYDHVMATUNUHTIE KTYUVL SV S P
N V VMTMILWOQULTITINMTPE®*YV S HIL
* M L L * P C Y GN* S8 * I CFECTULT

16501 TACGTTTGTAATGCACCTAACTGTGATGTGAGTGATGTCACCAAATTATATTTGGGCGGT 16560
Y VCNAUPNCDV YV SDVTI KTULYULGG
T F VvV M H L T VM * VM S P NY I WAV
L RL *CT*VL * CE * CH QI I F GR

16561 ATGTCTTACTATTGTGAAAACCATAAACCCCATTATTCATTTAAGTTAGTTATGAATGGT 16620
M § Y YCENU HZE KT PHYSTFIKILVMNG
C LTIV KTINZ P®PTITIHILS™*L * MV
Y VL L L * KP*TZPLTFTIMWM YV S YETW

16621 ATGGTCTTTGGTTTGTATAAACAATCTTGCACGGGTTCACCTTATATAGATGATTTTAAT 16680
M V F 6L YK QS CTGS P Y I DDFN
W s 5L VvV CI NNILARUVHLTI®*MTIULI
Y 6 L w FvVv*TTIULUHOGFTULYR * F *

16681 AAGATAGCTAGTTGTAAATGGACAGAAGTTGATGATTATGTTCTGGCAAATGAGTGTATT 16740
K I A S C K WTEVDUDYVLANETCTI
R *» L V VNG Q KL MIMUFUWOQMSVL
*D § * L »» M DRSS * * L CS8 G XK * VvV Y
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16741 GAACGTTTAAAGTTATTTGCTGCAGAAACTCAAAAGGCAACTGAAGAGGCTTTTAAACAA 16800
ERLKUILVFAAZETUGQIKA ATEEA ATFIKDQ
N V* 8 YL L Q KL KRIOQUILI KU RTUILTLN K
* T F KV I ¢ CRNS KGN * RGF * T

16801 AGCTATGCTTCTGCTACCATTCAAGAGA'I'I‘GTTAGTGATAGAGAAGTTZ\:T’I‘TTGTGTTGG 16860
S YA SATTIOQETLIVYVYSDREUVTITILTCW
A MLULULUPTFI KR RLLVTITETZ KTLTFEFTCUVG
K L CF CYHSRDTC®* * * RS YTF VL

16861 GAGACAGGTARAGTTAAACCACCACTTAATAAAAATTATGTTTTCACAGGCTACCATTITT 16920
E T G K V X P P LN XD NVYVF TG YHTF
R Q VK LNUHHLTII KTIMTFSQQATTIIL
G b rR* s *TTT™* * K L CVF HRUL P F

16921 ACTAGTACTGGTAAGACAGTTTTAGGTGAGTATGTTTTTGATAAAAGTGAATTAACTAARC 16980
T $S TG K T VUL GEYVFDI K SETLTN
L vL VROQF*VSMUFULTIIXKVN~*TLT
Y * Y W * DS FR * V C F *» * K * I N *

16981 GGTGTGTATTACCGCGCTACAACTACTTATAAACTTTCTATAGGTGATGTTTTTGTTTTA 17040
G VYYRATTTYIKUL S I GDV F VL
v ¢I T™AULOGQULULTINUVFTUL * VMV F L F *
R CVLPRYNYUL>*TU FYU®R®*XCTFCTF

17041 ACATCACATTCTGTAGCTAGTTTAAGTGCACCTACACTTGTCCCACAAGAGAACTATGCT 17100
T S H S v A s L 8 A P TULV P QEUDNYRA
HHIL * L V= VHLHILSHIKI RTMIL
N I T FCS§ * F KCTYTT CUPTR RIETLC

17101 AGTATAAGATTTTCTAGIGTTTATAGTGTTCCATTGGTGTTTCAAAATARTGTTGCTAAT 17160
S I R F $ S VY SV PLVFQNNUV AN
vV * b F L VvV F I VF HWGC CZ FIZKTIMLTLTI
* Y XK I F ¥ ¢CL * C S8 I GV S K * C C *

17161 TATCAGCACATTGGAATGAAACGTTATTGCACTGTTCAAGGTCCCCCTGGTACGGGARARG 17220
Yy 0 H' I GM KU RY CTV QG PP G T G K
I1 §$ TUL E* NV IALTFI KUV ?PLVRE S
L S AHWNZETULTULUHTU CSU RS P WY G K

17221 TCTCATCTTGCTATAGGTCTAGCTGTTTATTACTACACAGCACGTGTAGTTTATACTGCT 17280
S HL AIGLAUVYYYTA AR RUVV Y TA
L I L L * V * L F I TTOGQHV * F I L L
v s§ 8 ¢C Y R S § CLLULH S TU CSTULYC
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17281 GCTAGTCATGCTGCTGTAGATGCATTGTGTGAAAAAGCTTATAAGTTTTTAAATATTARC 17340
A S HA A VDALT CEI KA AYI KT FULNTIN
L vM™M L L *M HCVKKVL I SV F * I LT
c *»s cccRrRCTIWV?*XK SL * V F K Y *

17341 GATTGTACACGTATTATTCCTGCTAAAGTTCGTGTAGATTGTTATGATAAGTTTAARATT 17400
D ¢CTRTITIUPAZ KUV RVYVDU CYTDI KT FIKTI
I vVHYVY LLFLULI KV FV* I VMTISIULI KL
R L YTYyYsSsSC=* S S CRULUL * * y * N

17401 AATGATACCACTTGTAAGTATGTTTTTACCACAATAAATGCATTACCAGAGTTGGTTACA 17460
N D TTJCIXKXYVFTTTINA ALU®PETLUVT
M I PL VS MV FLUPOQ®™*MHYOQSWIL Q
* * Y H L * VvVCF Y HWNI KU CTITU RV G Y

17461 GATATTGTTGTTGTTGATGAAGTTAGTATGCTTACTAATTATGAATTGTCTGTTATAAAT 17520
p I vvvVvVvV>DpDEVSMULTNZYETLS VI N
I L L!L LLMKULUVCULULTIMNTCGECILIL* M
R Y CC (C * * g * Y A Y *» L * I V C Y K

17521 GCTCGTATTAAAGCTAARACATTATGTATATATTGGAGATCCTGCTCAATTACCTGCACCA 17580
A R I KA KHY VY 1 GD P A QUL P AP
L vL.L KL NTIMYTIUILETIULTULNT YL HH
c sy* s * TL CTIJYWWRSCSTITTCT

17581 CGTGTGCTGITGAGCAAGGGTTCTTTAGAACCTAGGCACTTCAATTCTATTACTAAAATA 17640
R VL L $§ XKXG S$SLEUPIRUHFNUSTITIKTI
v c¢cCc* ARVL *NLGT S I L L L K *
T C AV EQGFFRTO™*AULI QT FY Y * N

17641 ATGTGTTGTTTAGGTCCTGRTATCTTTTTGGGAAATTGTTATAGGTGTCCTARAGAAATT 17700
M ¢cCLG?PUDTIVFULGNTC CYURTZCUPZIKETI
cvyv vy LIS FWETIUVIGVILI KTI KIL
N VL FRS * YL F G KLUL * V S * R N

17701 GTAGAAACTGTTTCAGCATTGGTTTATGATAATAAACTCAAGGCTARAAATGATAATAGT 17760
vV ETV $§ A L V Y DINIKULEKAIKNUDN S
* K L F Q H W F M ITINSIRULI KMTITIUWV
C R NCPFS§IGUL * * * T Q G * K * * =+

17761 TCATTATGTTTTAAAGTATATTTTAAGGGACAGACAACACATGAGAGTTCAAGTGCTGTA 17820
$ L CF K VY F KGO QTTHES S S AV
K YVUL K YIULIRUDI RIOQHMZP RYVQV L *
F I M F * 8 I F G T DNT * EF K C C
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17821 AATATTCAACAGATATATCTAATTAGTAAATTTTTAAAAGCTAATCCAGTTTGGAATAGT 17880
N I QQTI Y LIS KYFULI KA ANZPVWNS
I F NRY I *L VNUVF* KILTIQUVFGTIV
K'Yy s T™DTIS8SNM*®*TIT FKS* S S L E *

17881 GCTGTTITTATTAGTCCTTATAATAGTCAGAATTATGTTGCTAAGCGTGTTTTAGGTGTT 17940
AV F I 8§ P YN S QNJYVAIKIZ RV L GV
L F L L VL ITIUVRTIMTLILSUVZ F * VF
c ¢cCFY*Ss L * * 8 ELCC™*ACTFT RC

17941 CAAACACARACTGTAGATTCTGCTCAAGGTTCGGAATATGATTATGTTATATATTCACAA 18000
Q T Q TV DS aAQGSETYDYVI Y S Q
K H KL * I L L KV RNMTIMLTYTIHK
S NTNCR R FCSRPFGI * L CY I FT

18001 ACAGCAGRAARCAGCCCATTCTGTTAATGTTAATCGATTTAATGTTGCCATAACTAGAGCC 18060
T A ETAHS VN VNI RFNVYV ATITRA
Q QK QP I L L ML IDTILMTLU P®* L E P
N 8 RN SPVFC* C* §TI *COCHN~* §

18061 AAGARGGGCATTTTTIGTGTTATGAGTAATATGCAATTATTTGAATCTCTTAATTTTATT 18120
K K ¢ I F C VM S NMOQULFE S L NF I
R RAF F VL * VI CNZYILNILUZLTIULTL
Q EGH F L CYE * Y A I I * I § * F Y

18121 ACTCTACCTTTAGATAAAATTCAAAATCAAACTTTACCTCGTTTGCATTGCACAACTAAT 18180
T L PLDEKIOQNU QTTULZPRTULUHTCGCTTN
L YL * I XK PF KI KULVYTUILVCTIU ZO QLTI
Y S TF R * N S K SN F TS FALHN *

18181 CTTTTTAAAGATTGTAGTAAAAGTTGCTTAGCTTATCATCCAGCGCATGCCCCCTCATTT 18240
L F KD CSZKSCLGYHTPAHATPSESTF
F L K I VV XK UVA®* YV ITIQRMZPUDPHTF
$ F* RL * * XL L RULS S S ACUPTLTI

18241 TTAGCAGTTGATGATAAATATAAGGTTAATGAAAATTTGGCTGTAAATTTAAATATITGT 18300
L AV DDJI KV YJZ XKV VNENDNTLAVNDNTLNTISC
* QL M I NTIRILMZEKTIWL®*XTI * [ F V
F §S§ * * » 1 » g * * K F G CIKTFIK YL

18301 GAACCTGTTTTAACATATTCTCGTTTAATATCTCTTATGGGTTTTAAATTAGATTTGACT 18360
E PV L TY S RULISILMGTFTZ KTLTUDTLT
N L F * H I L V *¥ Y L L WV LN * I * L
*» T C F NI F S F NI 8 Y G F *» I R F D
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18361 CTTGATGGTTATTCTAAATTGTTTATTACTAAAGATGAAGCCATTAAACGTGTTAGAGGT 18420
L DGY S XKL FITZ KTUDEA BATIZEKT® RVTR RGEG
L MV ILNTZ CLULTLTEKME KT PTLNUVTILEV
s *WLF * I VyYyY*R* S H*TOC * R

18421 TGGGTTGGTTTTGATGTTGAGGGCGCTCATGCTACTCGCGAAAACATTGGAACAAACTTT 18480
WV G F DUV EG G AHA AT REWNTIGTNTF
G L VLMLRALMILTLA ATIKTIULET GQTF
L GWF *C* GRS CY 5 RKHWWN KL

18481 CCACTGCARATAGGTTTTTCAACTGGTGTGGATTTTGTAGTTGAAGCTACTGGCTTATIT 18540
P L QI GFSTSGUVDVFVVEATTGTLF
H CK *VF QL VW I UL * L KL L A Y L
S TA NRVFFNWOCGU FCS * § Y WILI

18541 CCTGAGAGAGATTGTTATACTTTTAAAAAAACTGTAGCTARAAGCTCCTCCTGGTGRAAAL 18600
A ERDTCYTTFTZKTZ KTV VAZKATPTPGTEK
L R EI v I UL L K KL * L XK L L L V KN
¢ * ERLLYF* KNG CS* S 8§ S W * K

18601 TTTAAACATTTAATACCCCTTATGTCAAAAGGTCAARAGTGGGATATTGTTAGRATTAGA 18660
F KHL I P LM S KGOQ K WDTI VR IR
L N I * Y P L COQI KV K S GG I L L EUL E
1 » T F N TP Y V XKR S KV G Y C * N *

18661 ATTGTTCAAATGTTATCTGATTATCTTTTAGACCTTTCTGATAGTGTAGTATTTATTACT 18720
l1 vVQMDLSDYLL DL 8§D S VVF I T
L F X C YL I I F * TVF L I V * Y L L L
N C$S NVI * L §FURUPF* * C S I Y Y

18721 TGGTCTGCCAGTTTTIGAACTTACTTGTTTAAGGTATTTTGCTAARATTAGGCAGAGAGCTT 18780
W S A S F ELTOCULRYFAKULGT REL
G L PVLNILULV®*GIULILN®*ATESTIL
L v C Q F *» T Y L F KV F C * I R QR A

18781 AATTGTAATGTGTGTTCTAATCGTGCTACATGCTACAATTCTAGAACTGGTTATTATGGT 18840
N C NV CS NI RATTCYNSRTGY Y G
I vV M CVLIVLHATTIULETLVIMUV
* L, * ¢ VF * 8 Y ML Q@ F * N WL L W

18841 TGTTGGCGCCATAGTTATACTTGTGATTATGTGTATAATCCACTTATTGTAGATATACAA 18900
C WRHSTYTOCDJVYVYNZ PLTIUVDTIAQ
vV A I VILUVIMGC CTITIHLTL®*TI YN
L L AP * L YL * LCUV * S§TVYTC CTRTYT
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18901 CAGTGGGGTTATACAGGTTCTTTAACTAGTAATCACGATATAATTTGTAATGTACATARA 18960
Q WG Y TG S LTS NHDTITIOCNUVHK
$ 6 VI QVL*LVITTI®*XTFUVMTYTIHEK
T VG L YRPFPFN* * § R Y NTIL * C T *

18961 GGTGCACATGTTGCGTCAGCTGATGCAATTATGACTCGTTGTTTAGCAATCTATGATTIGT 19020
G AHVASADAIMTR RTCLATILIUYDSC
VHMILRQLMOQTL * L VYV *x Q S§ MTIUV
R CTCCVS *» CNY DS L F S NUL * L

19021 TTTTGTAAATCTGTTAATTGGAATTTAGAGTATCCAATAATTTCTAATGAGGTCAGTATA 19080
F C K S VN WINULEYU®PTITISNZEUVSI
F VNILULTIOGTIO®* S TIOQ®* FLMUZBRS V *
F L » I ¢C * L E F RV § NNV F *» * G QY

19081 AATACATCTTGTAGGTTATTGCAGCGTGTCATGCTTAAAGCTGCCATGCTATGTAATAGA 19140
N TS CRULULQRVMULI KAAMTLTCNR
I HL VGYCSVSCLI KULU®POCYUVITD
K Yy I L *»VIAACHA®*XZ ST CHAM®* *

19141 TACAACTTATGTTATGACATAGGCAATCCTAAAGGTTTAGCTTGTGTCAAAGATTATGAZ 19200
Y NL €CYDTIGNZ PIZEKGILA ATCV VI KDY E
T T Y VMT* AITULTI KU V* L VS KTIMNEIN
I Q L M L * HR QS * RFSUL CQ R L *

19201 TTTAAATTTTATGATGCTTTTCCTGTAGCCAAGTCTGTTAAACAGTTATTTTATGTCTAT 19260
F K F YDA AT FUPVAIK SV KOQULTF Y VY
L NF M ML PFL * P S LULUNSYF MSNM
I *» I L »CF S Cs @V CC>*TV1I1IULCTL

19261 GATGTGCATAAAGATAATTTTAAAGATGGTTTATGTATGTTTTGGAATTGTAATGTTGAT 19320
DV HEXDNTFIKDGULCMTFWNUCNUVD
M CcCI K I I LKMVYVCVFGIVMIULI
* CA * R *¥*F *» RW F MY VL ETUL * C *

19321 AAATATCCATCTAATTCAATTGTTTGTAGATTTGACACTCGAGTGTTARATAAATTAAAC 19380
K Y P S NS I VCRYFDTH RUVILUNIKTLN
N I HL I QULVFVDULTUVLETZGC®™*TIN=*T
*» I § I *~»F NCUL * I * HS S§ V K * I K

19381 CTTCCTGGATGTAATGGTGGTAGTTTGTATGTTAATAAACATGCATTCCATACTAATCCT 19440
L PG CNGGSULYVNZKHATFHTNP
F LDVMVVVCMILTINMEHESTI ' L I L
P S WM * WW * F V C* *~ TCI1I P Y * 8§
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19441 TTTACTAGAACTGTTTTTGARAATCTTARGCCTATGCCTTTTTTCTATTATTCAGATACG 19500
F T R T V F ENTL K PMUPF F Y Y S DT
L L EL FL XK I L S§UL CLF S I I QI R
F Y *NCVF * KS * A Y A F F L L' F R Y

19501 CCTTGTGTGTACGTAGATGGTTTAGAATCTAAACAAGTTGATTACGTTCCTTTAAGAAGC 19560
P C VY VY DGILE S KQ VDY V P L R S
L vc¢cT *MYV * NL NKXK L I TFIL * E A
A L CVJRIRWPFURTIO®*TS* L R S F K K

19561 GCCACTTGTATCACACGGTGTAATCTAGGTGGAGCTGTTTGTTCAAAGCATGCTGAAGAA 19620
ATCITRCNTILG® GA ATVT CSZKHATEE
P L VS HGVI * VEL F V Q S MUL KN
R HL Y HTV * 8§ R W S CVL F K AT _C * R

19621 TATTGTAACTACCTTGAGTCTTATAATATAGTTACTACAGCAGGCTTTACTTITITGGGTT 19680
Yy C N YL ESYNTIVTTA AGT FTTF FWV
I vTTT™UL S 1L 1 TI * L L Q Q A LULTFGCF
i L *L 9P * VL * Y S YY SR RUL Y FUL G

19681 TATAAGAATTTTGATTTTTATAATTTATGGAACACTTTTACTACGTTACAGAGTTTAGAA 19740
Yy KX NF D FYNILWNTVFTTTULGQS UL E
I R I L I F I I Y G TUL LULRYRV * K
L *E F * F L *F M EHVF Y Y V T EF R
N
19741 AACGTAATATATAACTTGCTTAATGTTGGTCATTATGATGGACGTACAGGTGAATTACCT 19800
N Vv IYNILV NV GHYUDG RTGETLP
T *» Yy I T wlL MLV IMMDUVQV NUYTL
K R NI * L G * C W S L * W TJYU R * I T

19801 TGTGCTATTATGAATGACAAAGTTGTTGTTAAGATTAATAATGTAGATACTGTTATTTTT 19860
¢ A I M NDI KV YV V KINUNUVDT TV I F ~
v.L*M™M T XKLULUILIRILTIMM®*TIILULTFL
L ¢CY Y E *Q S8 CC*D * * CR Y CYF

19861 AAARATAATACATCATTTCCTACTAATATAGCTGTTGAATTGTTTACAARARACGTAGTATC 19920
K NN TS F P TUNTI AV ETULVFTI KRS I
K T I HH F L L I * L L N CUL Q N V V §
* K * Y I I &8 Y *+ Y 8§ C * I VY KT * Y

19921 CGGCACCACCCTGAACTTAAGATTCTTAGARATTTGAACATTGATATTTGTTGGAAGCAT 19980
R HHPEULIXKXITU LU RNILNTIDTIUOGCMWIZKH
6 T TJLNTULUZ RV FL EI * TUL I F V G S M
P A PP * T * DS * K F EH * Y L L E A&
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19981 GTCCTGTGGGATTATGTTAAAGATAGTTTGTTTTGTAGTTCCACTTATGGTGTTTGTARA 20040
vV LWDYVXKDSLVFCSSTYG YV CK
s ¢ 66 I ML K I VCFVV?PLMVF VN
c pVvVGGLC?*¥ R * F VL * F HL W C L *

200 41 TACACAGATTTGAAGTTCATCGAAAATTTGAATATACTTTTTGATGGTCGTGACACTGGC 20100
Y T b L KF I ENILUNTITULTFUDGT RTUIDT G
T @ I s 8§ s K I * I Y F L MV Vv T L A
I H R F EV HRIKFEJYTT F * W S * HW

20101 GCTTTAGAAGCTTTTAGAAAAGCAAGRAAATGGTGTTTTTATTAGTACTGAAAAATTAAGT 20160
A L EAFRI KW ARINGUVFTI STEI KTL S
L * K L L EX Q EM VYV F L L VL KN * V
R F R S F * X 8§ KKWCVF Y * Y * K I K

20161 AGGTTATCAATGATTAAAGGTCCGCARCGAGCTGATTTAAATGGTGTGATTGTGGATARA 20220
R L S MI XK GPQRADTILNGUVI VDK
G Y Q *L KV RNZETLTI®?®*MUV * L WTIK
* V. ] N D *¥ R SATS * F KW CDCG *

20221 GTTGGAGAACTCARAGTTGAGTTTTGGTTCGCTATGAGAAAAGATGGTGACGATGTIATC 20280
vV G EL KV EVFW FAMRBRIKUDTGTUDTDUVI '
L EN S XKL §F GS L * E KMV TMTL S
S WR T Q S * VL VRYEI KU RW®*RCY

20281 TTCAGCCGAACAGACAGCCTATGCTCAAGCCATTACTGGAGCCCACAAGGTAATCTAGGT 20340
F S R TD S L C S S HY W S P Q G NTILG
S A E Q T AY A QATI T GAHI KUV I * V
L Q P N RQPMTLI KU PILTULTEU?PTUR * S§ R

20341 GGTAATTGCGCGGGTAATGTCATTGGTAATGATGCTCTAACACGTTTTACTATCTTTACT 20400
G NCAGNUVIGNDA ATLTIRUFTTITFT
vV IiARVMSLVMNMIL*®*HV L L S L L
W * L RG * CHW* * C 8§ NTVFYYUL Y

20401 CAGAGTCGTGTATTGTCAAGTTTTGAACCTCGCTCAGATTTAGAACGGGATTTTATTGAT 20460
Q S R VL 8§ 8 F E PR S DILEUZRTUDFID
R Vv Yy CQ VL NILAQTIO®*NDNGTITULTLTI
S ES CI VKV F* TS SULZRFRTGUF Y *

20461 ATGGATGATAATCTGTTTATTGCTAAATATGGTTTAGAAGACTATGCATTTGATCATATA 20520
M D DNULU FI A K Y GLETUDYATFTDEHI
wMIICLULILNMVYV*KTMHLTITIH*®
Y G * *» s VY C* IWTFZRU RILTCGCTI®*SY
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20521 GTTTATGGTAGTTTTAACCATAAAGTTATAGGAGGTTTGCATTTGCTTATAGGCTTATIT 20580
VY GS FNHIKVIGGULUHULULTIGTLTF
FMVVLTTII KIULM*XEUVCTICL™* A YF
S L w * F » p * § Y RRUPFPFAPFAYURTILTI

20581 CGTAGGAAAAAAAAATCTAATTTGTTAATTCAAGAGTTTTTACAGTATGATTCTAGTATT 20640
R R K K K S NUL VLI Q E-F L Q Y D S § I
vV 6 K K NL I C* F K SV F Y S MIULVF
§ * E K KTI *F VNS RV VFTV * F * Y

20641 CATTCATATTTTATTACTGATCAGGAGTGTGGTAGTAGTAAGAGTGTTTGTACAGTTATT 20700
H S Y F I T DGQ ECGS S K SV CTUVI
I HI L L LIRSV VYV VRV FV QUL L
s F I F Y Y * S GV W * * *» E CL Y § Y

20701 GATTTATTATTAGATGATTTTGTTTCTATTGTTAAGTCATTAAATTTGAGTTGTGTTAGT 20760
D L LLDUDTFV VS IV KSTLINTLSTCUV S
iyy*™MTIULVFULULULSH* I * V V L V
* F I I R * F CVPF Y C* VvV I K FETUL C *

20761 AAAGTTGTTAATATTAATCTTGATTTTAAGGATTTTCAATTTATGTTGTGGTGTAATGAT 20820
K VV NI NVDFI KDV FQFMILWCNTUD
K L L I L ML I LRTITFNULTGCT CGU VMTI
* S C * Y * C * F * GF S I YV V Vv * *

20821 AATAAAATTATGACTTTTTATCCTAAAATGCAAGCCACTAATGATTGGAAACCTGGCTAT 20880
N K I M TPFYUPIKMOQATNUDWI KPG Y
I X L *L F I L KCI KUPULMTIGNTULA ATI
* * N YD F L 8 * NA S H * * L E T W L

20881 TCTATGCCTGTTTTGTATAAGTATTTGAATGTTCCATTAGAGAGAGTCTCTTTATGGAAT 20940
s M PV L Y KY LNV ?PULEZ RV S L WN
L ¢ L F C¢CI §I ~MUVFH*REUSUL Y G I
F YACU FV *» VvV F EOCSTIZ RESTULT FME

20941 TATGGTAAACCTATTAATTTGCCTACAGGCTGTATGATGAATGTTGCTAAGTACACTCAA 21000
Yy G K P I NLPTGUOCMMNUVAIZ KYTDQ
M v NL L I ¢CL Q AV * * M L L 8§ T UL N
L wW=* TY * FA Y RULYDETZ CTUC®™*XV H S

21001 TTATGTCAGTATTTGAATACTACAACATTAGCTGTTCCTGTTAATATGCGTGTTTTACAT 21060
L ¢ QYL NTTTTULAVYVY P VNMRBRUVLH
Yy vs I * 1 L g H* L FL L I CVF Y I
I M 8 V F E Y Y NI § C S C * Y A CVFT
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21061

21121

21181

21241

21301

21361

21421

21481

21541

TTAGGTGCAGGGTCTGATAAAGAAGTAGCTCCAGGTTCTGCTGTTTTAAGACAGTGGTTA
L GAGSDTIKTETVH AEPEPGSA AVILTZ RO QUWL
* V 0 6 L I KK *LQUVULLTFS*DSG Y
FRCRVYV **RSSSRTFTCCTFZKTVUVV

CCATCTGGTAGTATTCTTGTAGATAATGATTTARACCCATTTGTTAGCGATAGTTTAGTT
P S ¢ $§$ I L VDNUDILNUPFV S DS L V
H L VvV FL * I M I * THTLULATIV * L
T I W *Y 8§ CR * * F K P I C * R * F S

ACTTATTTTGGAGATTGTATGACTTTACCATTTGATTGTCATTGGGATTTGATAATATCT
T YF GDCMTULU®PVFUDT CHWWDTL vI I S8
L I L EI V * L YHULTIUWVIGTI * * Y L
Yy L F WRULYDU FTTIO®*UL S UL GVF DU NI

GATATGTATGATCCTCTTACTARAAATATTGGTGATTATAATGTGAGTARGGATGGGTTT
DM Y DU?P LTI XKNTIGDY YNV S KUDGF

1 ¢M I L LL XK ILVITIMM®*XV VI RMMGTF
*x Y V * § 8 Y * K Y W * L * CE * G W V

TTTACTTACATTTGTCATTTAATTCGTGATAAATTATCTTTGGGTGGTAGTGTAGCTATA
F T Y I €CHUL I RDIKULSTUL GG S V AI
L LTVFVI®*FVINZY L wvvyv * L *
F YL HL 8 F NS * * I I F G W * C 8 Y

AAAATTACAGAGTTTTCTTGGAATGCTGATTTATATAAATTAATGAGTTGTTTTGCATTT
XK I T E F 8 WUNADU LYZ KULMSCTF ATF
K L Q S F L GMULTIYTIN™X * V V L HF
K N YRV FULETZC®* T FTI * I NZETLTFTCI

TGGACAGTTTTTTGTACTAATGTARATGCTTCTTCTAGTGAAGGGTTTTTAATAGGTATA
W TV F CTDNUVNA-ASS S EGFULTIGTI

G Q FFVLM*MLULIULVKGTF * *» VvV *
L DS F LY * CXKCFUF** RV FNIRY

AATTACCTGGGTAAATCTTCTTTTGAAATAGATGGCAATGTTATGCATGCTAACTATTTG
N YL G K S8 S F EIDGIDNVMEHEANDNYL
I TWVNILULILZEXK®*MAMTILUC CMLTTIC

K L PG * I FF *NRWZOQZCYaATC™* L F

TTTTGGAGAAATAGTACAACATGGAATGCCGGTGCTTATAGTTTATTTGATATGACTAAA
F WRNSTTWNGGA AYSULFDMTK
F 6 E I VQ ¥ 66 MAV LI VYL I * L N
v L E XK *Y NMEWRTCTL®*F I * Y D ~
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21601

21661

21721

21781

21841

21901

21961

22021

22081

TTTTCTTTGAAATTGGCTGGCACTGCTGTTGTTARTTTARGACCAGATCAATTAAATGAT
F S L K L A G T A VY VNULURUEPUDGQILNTD
F L * N WL AUL UL LULTI * D Q- I ﬁ * M I
I F F EI G WHCOCOC* F KTR S§ I K *

TTAGTTTATTCTCTTATTGAARAGAGGTAAATTATTAGTTCGCGATACGCGTARAGAGATT
L v Y s L I ERGIXKXULUL VRUDTRIKEI
* F I L L L K EVNY* F A I RV KR RTF
F S L F S Y * KR * I I S§ S R Y A ; R D

TTTGTTGGTGATAGTCTTGTAAATACTTGTTAGATCTCATTAAATCTAAACTATGTTART
F Vv DS LV NT ¢ * 1 § L NL N Y V N
L L vI VL * I L VRSH®* I *TMILI
F ¢C W * * § C K YL LDILTIK S KL C *

TATTTTTTTATTTTITTATTTCTGTTATGGTTTTAATGAACCTCTTAATGTTGTGTCTCA
Yy F F I F L F L L WPF* * T S * C C V S

I F L FFYVFCYG FUNUEUPULNUVV S H
L FFYFVFISVMVILMUNILILMIL C L

TTTARACCATGACTGGTTTTTATTTGGTGATAGTCGTTCTGATTGTAACCATATTAATAA
F K P * L V F I w * * § F * L * P Y * *
L NHDW FULF GD SR SDCNU HTINN
I * T M TGV F YL VIVVLTIUVTTIIULI

TTTAAAAATTAAAAATTTTGATTATTTGGATATTCACCCTAGTTTGTGCAACAATGGTAA
F K N * K F * L F ¢ ¥ 8§ P * F V Q Q W *
L K I K N F DYLDIHUPS L CNNG K
I * K L K I L I I WIVFTULVCATMUV

GATTTCATCTAGTGCCGGTGATTCTATTTTTAAGAGTTTTCATTTCACTCGATTTTATAA
D F I ¥ CR * F Y F * EF 8§ FH S I L *
I S $ S A GDSIF K S FHVFTURFYN
R FHLV?PVIUL FLURUVFISULDTFI

TTACACTGGCGAAGGTGATCAAATTATTTTTTATGAGGGTGTTAATTTTAATCCTTATCA
L H W RIR.* S N Y F L * G C * F * 8§ L 8§
Yy T GE GD @ I I F Y EG V NVF N P Y H
I T LA K VI KILVFVPFMURUVLIULTITLI

TAGATTTAAGTGTTTTCCTAATGGTAGTAATGATGTATGGCTTCTTAACAAGGTAAGATT
* I * VvV F 8§ * W & * « C M A § * Q G K I
R F KCFPNGS SNUDUV WL L NKVRF
I b L §8 VFLMVVMMYS GV FULTUR™*D
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22141 TTATCGTGCCTTATATTCTAATATGGCCTTTTTTCGTTATCTTACTTTTGTTGATATTCC 22200
L §CLIF*YGLTFSLSYV FC* Y 8§
Y RALYSVNMATFTFRYLTT FVDTISTP
F I VPYIULIWZ®PFTFUVILULZLLTITF

22201 TTATAATGTTTCTCTTTCTAAGTTTAATTCTTGTAAAAGTGATATTTTATCACTTAACAA 22260
L * ¢ F 8§ F *» Vv + F L *# K * Y P I T * Q
Y NV 35S L 8§ K F NS CU K S DIUL S L NN
L I M FLFULSULIULVEKVYVTITFVYHTULT

22261 TCCTATTTTTATTAATTATTCTAAGGRAGTTTATTTTACTTTATTAGGTTGTTCTCTTTA 22320
§$ YF Y * L F * G S L FYVF IURTLTFSL
P I FINJYSKEVYYTFTTULULGT CSTILY
I L FLLIIULRIEKTPFTITULTILTVY* VvV VLTF

22321 TTTAGTACCGCTTTGCCTTTTTAAATCTAACTTTAGTCAGTACTATTATAACATAGATAC 22380
F §$S TALPVF* I * L * 8§ VL L * HRY
LV PLCLF KSUNUF S QY Y Y NTIDT
I * Y RFAFLNULTULV S TTI I T * I

22381 TGGCTCTGTTTATGGTTTTTCTAATGTTGTTTATCCTGATTTAGACTGTATTTATATTTC 22440
WL CLWTPFTFT™*CCLS®* F RILVYTULJYTF
G 8§ VY GF SNV VY PDILDCTIUYTI S
L AL FMVFLMULVFITULTI*TVUFIF

22441 TCTTAAACCAGGTTCTTATARAGTTTCCACCACTGCACCTTTTTTATCCTTACCTACTAR 22500
s * T RFUL * S FHHCTU FUFTIILTY *
L K PGS Y KV S TTAUPVFTULSULPT K
L LNQ VL I KVF PPLHLFYPVYULL

22501 AGCTCTCTGTTTTGATAAATCTAAACAATTTGTACCTGTACAGGTTGTTGATTCTAGATG 22560
S S L F * * I * T I CTJZ CTGT C™* F * M
AL CF DI KSZ KO QTFUVDPVYV QV VD SR W
K L S$VULINZLNSNNULTYTLTYRIUILILTITLTD

22561 GAACAACGAGCGTGCCTCAGATATTTCTTTATCTGTIGCATGTCAATTGCCATATTGTTA 22620
EQRACLRYV FF FTICCOCMSTIOATIILTL
N NERASDTISL SV ACOQULUZPYOCY
G T TSV PQI FL Y LLHV NI CHTIV

22621 TTTTCGCAATTCTTCTGCTAATTATGTTGGCAAGTATGATATTAACCACGGTGATAGTGG 22680
F S Q F FC * L CW Q V * Y * p R *x *
FRNSSANYV G K YD INU HTGT DS G
I FAIULJLULTIMTLASMTIULTTU VIV

FIG. 2 CONT.



Patent Application Publication Jan. 26,2006 Sheet 44 of 119  US 2006/0018923 A1

22681 TTTTATTTCTATTTTATCTGGTCTTTTATATAATGTTTCTTGTATTTCATATTATGGTGT 22740
F Y FY F IWSV FI* CVFULYVFIULWC
F I 8 I L 8§ 6L L YNV S CI S Y Y G V
vV L F L F YLV FYIMT FULUVVFHTIMUVW

22741 ATTTTTATATGATAATTTTACATCCATTTGGCCCTATTATTCTTTTGGTAGGTGTCCTAC 22800
I FI * * F YIHILALTLTFTFW®* VS Y
F L YDUNTFTSTIWZPYYSTFGRTCTZPT
Y PYMITIULHPTFGT?PTITITILLVGV VL

22801 ATCTTCTATTATTAAACATCCAATTTGTGTTTATGATTTTTTGCCTATTATTTTACAAGG 22860
I F Y Y * TS NULOCUL* F F A Y Y F TR
§ 8 I 1 KH P I CV Y DVF L P I I L QG
H L L L L NTIQVFV F M IV FOCTULTLTF Y K

22861 TATTTTATTATGTTTAGCTTTACTTTTTGTTGTTTTTCTATTATTTTIGTTATATAACGA 22920
Yy F I MFSPFTUPFPCCPFSITIUPFV I * R
I L L ¢ L AL L F VYV F L L F L L Y N D
vV F Y YV #* L' YF L L F F Y Y F CUY IT

22921 TAAATCTCATTAAATCTARACATGTTATTAATTATTTTTATTTTGCCTACAACATTAGCT 22980
* I S L N L NMULTULTITIZPFTIULZP?TTTLA
K S H* I *» T CY * L FLFCULGQH™* L
I N L I K S K HV I NJVYTV FVYFA AYNDNTIS

22981 GTTATAGGTGATTTTAATTGTACTAATTTTGCTATTAATGATTTAAACACCACAGTTCCT 23040
vV I GD FNICTNUPFATINDULNTTV P
4

L *v 1 LI VLIULULILMTIM®*TUPIQTFL
c Y R *» F *» L ¥ * F CYy * * F KHUH 5 8§

23041 CGCATAAGTGAGTATGTTGTGGATGTTTCTTATGGTTTGGGTACATATTATATACTTGAT 23100
R I 8 E Y VvV Vv DV S Y GUL GT Y Y I L D
A *V S ML WMV FL MVWV HTITIUYTZLTI
S H K *VvVv ¢ ¢ G CVF L WVF G Y I L Y T *

23101 CGTGTTTATTTAAATACTACTATATTATTTACTGGTTATTTCCCTAARTCTGGTGCCAAT 23160
R VYL NTTTIULU FTUGYF P K S G A N
v FIO*»IL L YYULULVTISILNILVUVTEPTI
s ¢ L F K Y Y Y I I Y WULUF P * I WCOQ

23161 TTTAGGGATCTATCTTTAAAAGGTACTACATATTTGAGTACTCTTTGGTATCAGARACCC 23220
F R DL 8L KGTTVYUL S TTULWYQ K P
L G I YL * KV LHTIM®*VV L FGTIRINP
F * 6§ I P KRY Y I FEUY S ULV S ET
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23221

23281

23341

23401

23461

23521

23581

23641

23701

TTTTTATCTGATTTTAATAATGGTATTTTTTCTAGAGTTAAGRAATACTAAGTTGTATGTT
F L $ D FNNGTIUV FS SRV KN NTIKTLYUV

FYoLTIULIMVYVYVFVFUL EUIL RTIYL S CML
L F I » F * * WY F F * § * E Y * V V C

AATAAAACTTTGTATAGTGAGTTTAGTACTATAGTTATAGGTAGTGTTTTTATTAACAAC
N K T L Y S EVF S TI VIG SV F I NN

I XL C¢CIVsVLVL * L * V VFLLTT
* * N FV * * V Y Y S Y R * CF Y * Q

TCTTATACTATTGTTGTTCAACCTCATAATGGTGTTTTGCAGATTACAGCTTGTCAATAC
S Y T I VYV QP HNGV L EITATZCUGQY

L I LLLFNILTIMVYVF WU RIUILIGQULUVNT
L LYYy CCST S * W CF G D VY S L S 1

ACTATGTGTGAGTATCCTCATACTATTTGTAAATCTAAAGGTAGTTCTCGTAATGAATCT
T M C EY P HTTITCI K S KOG S S RN E 8
L ¢ vs§sIULIULF VVNILI KUVVL V MNL
HY VvV *vVS§ S5Y YL * I * R * F § * * ]

TGGCATTTTGATAAATCTGAACCTTTGTGTCTGTTCAAGARAAATTTTACTTATARTGTT
W H F DK S EPILTCTLVF XK KNV FT YNV

G I L I ¥ L NL CV CSUP RI KTIULULTIMTF
L A F *» * I *» T F V S V Q EI KV F Y L * C

TCTACAGATTGGTTGTATTTTCATTTTTATCAAGAACGTGGCACTTTTTATGCTTATTAT
S T DWUL Y FHPFYQERGTFYAUYY

L Q I ¢6 ¢ I F I F I KNVAILVFMILTIM
F YRL VYV F S PFPUL S RTWHT FIULOCTULL

GCTGATTCTGGCATGCCTACTACTTTTTTATTTAGTTTGTATCTTGGTACTCTTTTATCT
A DS GMZ®PTT TV FIULVFSUL YL GTUL UL S§

L I LACLUL L FYLVCTIULVILFYTL
c * FWHAVYVYTFFTI*FV S WY S F I

CATTATTATGTTTTGCCTTTGACTTGTAATGCTATATCTTCTAATACTGATARTGAGACT
H Y Yy vL,PLTU CNA ATISSUNTUDNET

I I M FCL *LVMULYULULTIULTIMRIL
S L L CF AF DUL* CY I F * Y * % %= ]

TTACAATATTGGGTCACACCTTTGTCTAAACGCCAATATCTTCTTAAATTTGACAACCGT
L Q YWV T PULS KU RQYUL DL KTFDNR

Y NI G §$S HL CLDNA ANIV FULNDNILTTUV
F T I L G H T F V * T P I S § * I * Q P
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23761 GGTGTTATTACTAATGCTGTTGATTGTTCTAGTAGTTTCTTTAGCGAGATTCAATGTAAA
G v I T N AV DI CS S§ S5 FF S E I g CK
vV L L L ML L I VLV V S L AURFN VK
wCcYy=*CCO®™*ULVF * * F L * RD S M *

23821 ACTAAATCTTTATTACCTAATACTGGTGTTTATGACTTATCTGGTTTTACTGTTAAGCCT
T X $ L L P NTGV Y DULS G F TV K P
L NL Y YL I L VFMTYULUVULULULSTUL
N ¥ I F I T * Y WOCUL * L I WVF Y C * A

23881 GTTGCAACTGTACATCGTCGTATTCCTGATTTACCTGATTGTGACATTGATAAATGGCTT
vV ATVHRUZ RTIUPDULZPDUCDTIUDI KWL
L QL Y I VyYy F LI YL I V TULINUGH:L
c ¢cNCT S S Y S * F T ¥ L * H * x M A

23941 AACAATTTTAATGTACCCTCACCTCTTAATTGGGAACGTAAAATTTTTTCTAATTGCAAC
N N F N v P §$ P L N W ERIEKTIUFSVNICN
T I L M Y P HL L I GNUV K VF F LI AT
* Q F *CTVL TS * L GT * N F F * L Q

24001 TTTAATTTGAGTACTTTGCTTCGTTTAGTTCATACTGATTCTTTTTICTTGTAATAATTTT
F N L §$ T L LRULV HTUDSVF S CNNF
L I *Vv L CPF V * F IULIULFUL VITIIL
L ~ F E Y F A § F Ss 8§ Y * F F F L * * F

24061 GATGAATCTAAGATATATGGTAGTTGTTTTAAGAGTATTGTTTTAGATAAATTTGCCATA
D E S K I Y G S CV F K §§ I VUL DK F A I
M NL R YMV VYV L RV L F * I NUL P Y
* * I +*+ D I W * L F * E Y C F R * I C H

24121 CCCAACTCCAGACGATCTGATTTGCAGTTGGGCAGTTCTGGTTTTCTGCAATCTTCTAAT
P NS R R SDILIGQVLGS S G F L Q S8 s N
P TPDDULTICSWAVILVF FCNILILTI
T QL. Q TTI * F AV GQFWVFSATIUF *

24181 TATAAAATTGACACTACTTCTAGTTCTTGTCAATTGTATTATAGTTTGCCTGCAATTAAT
Y K I pTTJSS S CQLYY SLPATIN
I K LT L LUDL VL VNCTITIUVCCTL QUL M
L * N * H Y F * F L 8 I VL * F A CN *

24241 GTTACTATTAATAATTATAATCCTTCTTCTTGGAATAGAAGGTATGGTTTTAATAATTTT
v T I NN Y NP S S WNIZRIRYG F NN F
L L LIiIrsIrrrzI10>©L>L°LnLGEIEGMVYV LI TIIL
c Yy * * I * § F F L E * KV W F * * F
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24301 AATTTGAGCTCTCATAGTGTTGTTTACTCACGTTATTGTTTTTCTGTTAATAATACTTIT 24360
N L § S H SV VvV Y S R Y CUF S V NNTF
I * AL IVLFTHUVIVFTILILTITILTF
* FELS * ¢CCULULTTULTLTFTFTC* * YF

24361 TGTCCTTGTGCTAAACCTTCTTTTGCTTCAAGTTGCAAGAGTCATARACCACCTTCTGCT 24420
cC P CAKZPSFAS S CIKSHIKU®PUPS A
VL VLNILULULLQVAIRUVINUHILILIL
L S L. ¢ * TVPF F CF KL Q E S * T TV F C

24421 TCCTGTCCTATTGGTACTAATTATCGTTCTTGTGAGAGTACTACTGTACTCGACCACACT 24480
s ¢ p I GTNJYURSCESTTV L DUHT
PV LL VLITIUVILVRVYVILL Y STTIL
F L SYWwWY™*UL S FUL * EY Y CTU R PH

24481 GACTGGTGTAGGTGTTCTTGTTTACCTGATCCTATAACTGCTTATGACCCTAGGTCTTGT 24540
D W C R C ' $s ¢ L pPpDPITA AYUDUZPURSC
T ¢V &6VLVYLLIL *L L MTULGTILV
* L, v * V F L F T * 8§ Y NCUL * P * V L

24541 TCTCAAAAAAAGTCTCTGGTTGGTGTTGGTGAACATTGTGCAGGCTTCGGTGTTGATGAA 24600
S Q K K S L VGVGEUHTCAGT F GV DE
L K K $ L wlilL VLV NIWUVQOG S VL MK
F S K X vV §$ G W CW*TULCUR RV R C * *

24601 GARAAAGTGTGGTGTATTGGATGGATCATATAATGTTTCTTGTCTTTGTAGTACTGATGCC 24660
E K CGVLDGSYNUVSCLTCSTTDA
K S vvyYWMDHIMTFTLVFUVVLME
R K VW CTIGWTITI* CFULSL* Y *C

24661 TTTCTAGGTTGGTCTTATGACACTTG(?GTCAGTAACAACCGTTGTAATATTTTTTCTAAT 24720
F L GW S Y DT CUV S NNUZ RTCNTITFSN
F * V& L M TULASVTTV VIV FVFULTI
L §S RL VL *HLRQ®*QPL * Y F F *

24721 TTTATTTTARATGGTATCAATAGTGGTACCACTTGTTCTAATGATTTATTGCAGCCTAAT 24780
F I L NG I NS GTTJCS NDTILTILQ PN
L F MV S§IVV?PLVLMTIZYTCSTULI
F Y F KW Y Q * WY HTILVF * * F I A A *

24781 ACTGAAGTTTITACTGATGTTIGTGTTGATTACGACCTTTATGGTATTACAGGACAAGGT 24840
T EVFTDV CVDYDULYGITGCOQG
L K F L LM F VL ITTVFMVYV L Q DKV
Yy * s F Y *CVL C®*LRPULWY Y RTR

FIG. 2 CONT.
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24841

24901

24961

25021

25081

25141

25201

25261

25321

ATTTTTAAAGAAGTTTCTGCTGTTTATTATAATAGTTGGCAAAATCTTTTGTATGATTCT
I F X EV S A VY YNSWQNULUILYD S
F L K K F L L F I I I V ¢ K I F CMTIL
Y F *RSF CCLUL™* *L AKSTFV *F

ARTGGCAACATTATTGGTTTTAAAGATTTTGTTACTAATAAARCATATAATATTTTCCCT
N G NI I G F KDVF VTN K TYNTITFP
M A T L L VvV L K I L L L I KHTITIUF S L
* W Q HY WUPF * R PF CY * * NTI * Y F P

TGTTATGCAGGAAGAGTTTCTGCTGCTTTTCATCAARATGCTTCCTCTTTGGCTTTACTT
C YAGRVYV S AAFHQNW ASSULATULTL
vV M Q EEFLLLFII KMILUPILUWILYTF
L L CR K S F CCVF S5 8 KCF UL F G F T

TATCGTAATTTAAAATGTAGCTATGTTTTGAATAATATTTCTTTARCTACTCAGCCATAT
Y R NL K CSYVLNUNTIZSULTTAGQQUZPY
I v *» N VvaMPF~*I1U FUL* L L S5 HI

L § * F X M* L CF E ™* Y F F NUY S AI

TTTGATAGTTATCTTGGTTGCGTTTTTAATGCTGATAATTTAACTGATTATTCTGTTTCT
F DS YL GCV F NADWUNILTDYS VS
L T vIL VaATFLMILITIO®* LI I L F L
F * * L §$ WL R F * C *» * F N * L F C F

TCTTGTGCTCTTCGCATGGGTAGTGGTTTTTGTGTTGATTATAACTCACCTTCTTCTTCC
S ¢ AL RMGSGFCVDJYNS P S S §
L v L F AWV YV YV F VLI ITHIULULTILTP
F L C S 8 H G * W FLC* L * L TTFFF

TCTTCGCGTCGTAAACGTAGAAGTATTTCTGCTTCTTATCGTTTTGTTACTTTTGAACCC
S S RRKIRWRJSISAS YRV FVTFE P
L RV VNV EVVFL L LTI VULULULIL NP

L F A S *T ** KYF CVFULSFCYF * T

TTTAATGTCAGTTTTGTTAATGACAGTATTGAGTCTGTGGGTGGTCTTTATGAGATCARA
F N VS P VND S IESV G GGL Y E I K
L MSVLLMTUVLSLWVV FMZRS K
L * C Q F C * *» Qg Y * V C G W S L * D Q

ATTCCCACTAACTTTACTATAGTTGGTCRAGAGGAATTTATTCAAACTAATTCTCCTAAA
I P T NVF TTI UV G QETETFTIOGQTNSPK
F PLTULUL * L VXKRNUILTFIE KILTIULTILK

N 8 H * L Y Y 8 W SRG I Y S N * F S5 *
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25381 GTTACTATTGATTGTTCTTTATTTGTCTGTTCTAATTATGCAGCTTGCCATGACTTATTG 25440
VTIDCSILFVCSNYA aARARACHTDTULTHL
L L L I VLYULSVILIMOQLAMMTYC
§$ YyYy *L FFI1ICLPF®*LCSULP* L I

25441 -TCAGAGTATGGCACTTTTTGTGATAATATTAATAGTATTTTAGATGAAG’I:TAATGGT'ITA 25500
S EY G TV F CDNIWNJSGSTIULDEUVNSGTL
Q S M AL F VI I LI VF *MIKUL MUVY
VRVWHFUL * * Y * * Y F R * S * W F

25501 CTTGATACTACTCAATTGCATGTAGCTGATACTCTTATGCAAGGTGTCACACTTAGCTCC 25560
L DTTOQULHV ADTILMQGVTTUL S 8§
L T L L. N CM* L I L L C K V S8 KUL A P
T *» Y Yy s I aACS * Y § Y AURU CHT* L

25561 AATCTTAATACTAATTTIGCATTTTGATGTTGATAATATTAATTTTAAATCCCTAGTTGGA 25620
¥ L NTNLUHVF D VDU NINUFIKZGSULVG
r viIiygwrIicIliwzmMoLiITIULWTIULNWPC™XYLTD
Q § * Y » F A F ¥ C * Y * F * I P 8§ W

25621 TGTTTAGGTCCACACTGCGGTTCTTCTTCTCGTTCTTTTTTTGAAGATTITATTGTTTGAC 25680
¢ LGPHCGS SSURSVFFEDULTULTFTD
vV *»vVHTAVLL L VL FULIKTIZYO GCTLT
M F R 8 T L R F F F 8 F F F * RF I VvV #

25681 AAAGTTAAACTTTCAGATGTTGGTTTTGTTGAAGCTTATAACAATTGTACTGGTGGTAGT 25740
K VKL $ bV GGV F VEAYNNTCGCTGG S§
XK L N F QMULVLLKULITTIUVLUVVYV
Q §$ * T F R CWF C * 8§ L * QL Y W W *

25741 GAAATTAGAGATCTTCTTTGTGTACAATCCTTTAATGGTATTAAAGTTTTGCCTCCTATT 25800
E I RDULULCV QS FUNGTIIKUVLUPUPTI
K L E I F F VY NUPIULMUVLIKUFOCLULTF
* N * R § $ L ¢ TIUL * WY *» S§ F A § Y

25801 TTGTCTGAATCTCAAATTTCTGGTTACACCACAGCCGCTACTGTTGCTGCTATGTTTCCA 25860
L S E S QI SGYTTAA ATV VA AR AMMTP PP
C L NL KF L VTZPOGEQZPTLULTULTLTLTCFH
F V * I S NF WILHHSRTYT CTC CCTYUVS

25861 CCATGGTCAGCAGCAGCTGGCATACCATTTTCTCTTAATGTACAATATAGAATTAATGGT 25920
P WS AAAGTIUPFSULNUVQYURTINSG
HGQ QLAY HF L LM YNTIIETLMYV
T M V 8§ §$ S W HTTIVF S * CTTI * N * W

FIG. 2 CONT.
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25921 TTGCCTGTTACTATGCATGTTCTTAATAAAAATCAAAAGTTGATAGCTACTGCTTTTAAT 25980
L GV TMDUVUILNZIKNA QI KTILTIATA ATFN
WV L LWMTPFTILTII KTIZI KT S®* * L L L L I
F G CY Y G C S * * K S KVDS Y CF *

25981 AATGCTCTTCTTICTATTCAGAATGGTTTTAGTGCTACCAACTCTGCACTTGCTAAAATA 26040
N AL L 8 I Q NG F 8 A TNSAULA ATIEKTI
M L F F L FRMVYV L VL P?PTTULHILTLIKY
*C S 8 F Y S EWPF™* CY QLCTTC * N

26041 CAAAGTGTTGTTAATTCTAATGCTCAAGCACTTAATAGTTTGTTACAGCAATTATTTAAT 26100
Q 8§ V.V NS NAQALNDNSZSTILIL'Q QUL F N
K v.$37L I LML KHULI V CY S§N Y L I
T K ¢ C>* F * CS ST * * F V TATI I *

26101 AAATTTGGTGCAATTAGTTCTTCTTTACAAGAAATTTTATCTCGTCTCGATGCTTTAGAG 26160
K F A I § 88 S L Q E I LS RULUDA ATLE
N L VQgQL VL LY K KV F YL V S MTIL * R
*1 WCN®™* F F F TRUNFTI S S R CTFR

26161 GCTCAGGTTCAGATTGATAGGCTTATTAATGGTCGTTTAACTGCTTTAAATGCTTATGTC 26220
A Q VQIDRILTIWNGI®RTILTA ATLNAYUV
LRFRULTIGU LULMVV*LL *MULMS
G $ G $S D * * A Y * W S§ F NOCVFZKCTULC

26221 TCTCAACAGCTTAGTGATATTTCTCTTGTARAATTTGGTGCTGCTTTAGCTATGGAGARG 26280
S @ o L $ DI LV KVF G A ALAMEK
LN SL VIFILUL*NULVULUL™*UL W RR
L § T A * * Y F § C K I W COCVF S Y G E

26281 GTTAATGAGTGTGTTAAAAGTCAATCTCCTCGTATTAATTTTTGTGGTAATGGTAATCAT 26340
VN ECUV K S Q S P RINTVFICGNGNH
L M § ViLL KVVYNLLVLTITFUVVMVUVITI
G * *» v ¢C* KS I SsSs Y * F LW * W * S

26341 ATTTTGTCATTAGTTCAAAATGCTCCTTATGGTTTGTTGTTTATGCATTTTAGTTATAAA 26400
I L §$ L VQNAPVYGULULVFMUHEFS YK
F CH* F XKMULULWMVYVCCTULCTIULVTIHTN
Yy P VI 8§ 8§ K CSL WPV VYAV F * L *

26401 CCTATTTCTTTTAAAACTGTTTTAGTAAGTCCTGGTTTGTGTATATCAGGTGATGTAGGT 26460
P I 8 F K TVL VS P GLCTISGUD VG
L F L L KL F * *» VLV CVYQVM~*YV
T Y F F * NCVF S KSWUF VY TIR™* CR

FIG. 2 CONT.
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26461 ATTGCACCTAAACAAGGGTATTTTATTAAACATAATGATCATTGGATGTTCACTGGTAGT 26520
I APKQGYFTIKUHNTDUHTWMMTEFTG S
L HLN XK GILLNTIMMITIGT CSTULVV
Yy ¢T * TRV F Y * T * * § L DV H W *

26521 TCTTACTATTATCCTGAACCAATTTCAGATAAAAATGTTCTTTTTATGAATACTIGTTCT 26580
$ Y Y Y P B P11 8 D KWNVV F MNTC 8
L T I I L NQF QI KMULF UL * I L V L
F L L L § * TNFR * K CCVF Y E YL F

26581 GTTAATTTTACTAARAGCGCCTCTTGTTTATTTGAATCATTCTGTACCAAAATTGTCTGAT 26640
VNFTI KA APTLV VYVJYTULUNUHSVYVZ®PIKTLSTD
L I L' L XKRULILTFTIO®*ITIILYQUNTZC CTLI
C *F Y * S ASCLTFETSTFCTTZ KTIUV *

26641 TTTGAATCTGAGTTATCTCATTGGTTTAAAAATCAAACATCCATTGCGCCTAATTTGACT 26700
F E S EUL SHWTFIKUNIGQTSTIAZPNTILT
L NL SYULIOGULIXKTII KU H?PILRTILTI* L
F * I * Vv I 8 L V * K § N I HCA * F D

26701 TTAAATCTTCATACTATTAATGCTACTTTTTTAGATTTGTATTATGAGATGAATCTTATT 26760
L NL HTTINA ATVPFILDIL Y Y EMNDNTULTI
*# I F I L L M L L F * I C I M R * I L F
F XK S 8§ Y Y * CYF FRPF VL * DE S§ Y

26761 CAAGAGTCTATTAAGTCTTTGAATAATAGTTATATCAATCTTAAAGATATAGGTACATAT 26820
Q E S I K S L NUNJSYTINULTEKUDTIGTY
K $ L L $5L * I I VIS IULIKTIO™* VYV HM
S RV Y * V F E * * L Y Q S * R Y R Y I

26821 GAAATGTATGTAAAATGGCCTTGGTATGTTTGGCTACTAATTTCTTTTTCATTTATRATA 26880
EM YV K WPWYVWILILTISZF ST FII
K ¢M*NGLGMTFGY*F L FHTUL * Y
* NV CKMALV YV CLATNTE EFTFPFTFTIVYN

26881 TTCCTTGTATTGCTCTTTTTTATATGTTGTTGTACTGGTTGTGGTTCTGCATGTTTTAGT 26940
F L vL L F F I ¢ COCTGOCG S A CF 8
s L Yc¢cs FLYVV VL VV VL HV ULV
I P I AL F YMULUL VY WULWPFCMTF *

26941 AAATGTCATAATTGTTGTGATGAGTATGGTGGTCATCATGATTTTGTTATCAAAACATCT 27000
K ¢C HNCCDEYGGHHUDT F VI KT S
NV I I VV M S MV VI MTIIULULSIKHTL
*M §$ * L L * * V WW S S8 * F CY Q NI

FIG. 2 CONT.
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27001 CATGATGATTAGAATCTCTTGTCAGATCTCATTARATCTAAACTTTATTTATGGACGTTT 27060
H DD * N L L SDULTIIKSKULYULWTTF
M M IRTISCO QTISULNULNU FTIUYGTRTL
s * * L ESL VR S$SH®* I *TUL FMUDUV

27061 GGAGACCTAGCTACACACATTCTCTTGTTATTAGAGAATTTGGTGTTACARACCTTGAAG 27120
G DL ATHIULUL UL L ENU LUVULQTTUL K
E T * L HT F 8 C Y * R I W € Y K P * R
W R P S Y TH S L VI REVF GV TNULE

27121 ATTTGTGTCTAAAGTATAATTACTGTCAACCTATTGTTGGTTACTGTATTGTACCTTTAA 27180
I ¢cv * s 1 I TVNILILULWVTUVULYL *
FvSsS¥XxvVv*LL STV YO CWUILULYCTF K
DL CL K YNYOCOQZ?PTIUVGYCTIVZPL

27181 ATGTTTGGTGTCGCAAGTTTGGCAAATTTGCTTCTCACTTTACATTACGTAGTCACGATA 27240
M F GGVASLANTUILTLLTTULHYUVVTI
C L VS QVWQI1ICPFSILYTIT* S RY
N VW CRIKVPFGEKT FASHTFTTULRSHD

27241 TTTCCCATAGTAATAATTTTGGTGTTGTAACTAGTTTTACTACTTATGGTAATACTGITT 27300
F p I VI IUL VDL *L VL LULMVIULTF
F p » » » F W CCN * F Y Y L W * Y CF
I S HS NNVF GV VTS FTTYGNTV

27301 CTGAGGCTGTGTCTAGATTAGTTGAATCAGCTTCTGAATTTATTGTTTGGCGTGCAGAGG 27360
L R L ¢CL D *L N QLUILNUILUILTFGV QR
* g ¢V * 1 § * I 5 F * I Y CL A CRG
S EAV SRULV ESAZSEVFTIVWRAE

27361 CACTTAATAAGTATGGTTGATTTATTTTTCAATGATACTGCTTGGTACATAGGACAGARTT 27420
HE L I S MV DILUV FVFNDTAWYTI G QI
T * *» v ¥ L T Y F S MIUILULGT * DR F
A L N XK Y 6 * F I F Q * Y CL V HURTD
’

27421 TTAGTTTTAGTTTTATTTTGTCTTATTTCTTTAATCTTTGTTGTTGCTTTTTTAGCRACT 27480
L vL vy FCLTISULIFVVAVFULAT
* P * F Y P VL F L * S L L L L F * Q L
F S F s F I L SYFFUNULOCCOCTFTF SN

27481 ATTAAGCTTTGTATGCAACTTTGTGGTTTTTGTAATTTCTTTATTATTTCACCTTCGGCT 27540
I K L CMQULCGT FCNT FYFITI S P S A
L $S$ FVCNTVFVVF VI SILLFHTLIRIL
Y *A L YATULWFUL* F LYYV FTTFG

FIG. 2 CONT.
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27541 TACGTTTATAAAAGAGGTATGCAGTTGTATAAGTCTTATAGTGAACAAGTTATACCACCC 27600
Y v Y K R GMOQUL Y K S Y S EQ VI PP
T F I K E V ¢ 8 ¢ I § L I VN KL Y H P
L R L * KR YAVYV *» VL * * TS Y TT

27601 ACTTCAGATTATTTAATCTAAATCTAAACATTATGAATAAATCTTTTCTTCCTCAATTTA 27660
T S b YL 1 * I * TL * I NL F F L N L
L Q I I * 8§ K S KHYE* I F 8§ S8 S8 I ¥
H FRL FNULDNUILWNTIMUNIKSVFULUPQTF

27661 CTTCTGATCAAGCTGTTACATTCTTAAAAGAATGGAATTTCTCTTTGGGTGTAATACTAC 2 772 0
L L I KL LHS * KNGTISTUL WUV *» Y Y
F * § 8 ¢C Y I L KRMEUZPFPULTFGTCNTT
T S D Q A VvV T F UL KEWWUNU F S LGV I L

27721 TTTTTATTACTATCATATTGCAGTTCGGTTATACGAGCCGTAGTATGTTTGTTTATCTTA 27780
F L L L 8 ¥ CS SV IRAVV CLV FTIL
F Y Y YHTAV Y RULYEU®PO*TYV CUL S Y
L F I TTIIUL Q F G Y TS RSMVFUV Y L

27781 TCAAGATGATTATTCTTTGGCTTATGTGGCCATTGACTATCACCTTGACTATATTTAATT 27840
S R *L F FGLCGH®M*TUL S P * L Y UL I
Q D DY S LAY VAIUDYHTULTDYTI * L
I K MII L WILMWPULTTITULTTIFN

27841 GITTTTATGCTTTGAATAATGCTTTTCTTGCATTTTCTATAGTGTTTACTATTATTTCTA 273900
v F ML * I ML F L HKEVFUL* CULULUL F L
F L CF E * CF 8§ CTIVF Y S VY YYFY
c FYALNNA RAPFLA ATFSTIUVFTTITIS

27901 TTIGTTATATGGATTCTTTATTTTGTTAATAGTATTCGGCTTTTTATTAGAACTGGCAGTT 27960
L L Y ¢ F F I L L I VFGVFULULETLA AUV
¢ YyMpsSU>LF FOC®*™*YSAFY*NWOQL
I v I W I L Y F VNS IIRTUILVFTIIRTG S
4
27961 GGIGGAGTTTTAATCCAGAGACCAATAATCTTATGTGTATTGATATGAAAGGCAAGATGT 28020
G 6VLIQRU®PTIIULCUVILTI®* XK AT RSTECE
VEF * S RDQ* S YV Y * Y ER Q DV
W W S F N P ETWNNTILMCTIUDMIEKTGIKM

28021 TTGTTAGGCCAGTTATTGAGGACTATCACACATTAACTGCTACTGTTATTCGTGGTCATC 28080
L L. 6 Q L L RTTITHO* L L L L F V V I
¢c * A S Y * 6G6L S HINUZGCYOCY S W S S
F VRPV I EDYHTULTA ATV IR G H

FIG. 2 CONT.
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28081

28141

28201

28261

28321

28381

28441

28501

28561

TTTATATACAGGGTGTCARACTTGGCACTGGTTATACTCTTTCAGATTTGCCCGTATATG
F I YRV S VNLALVIULF QI OCUPYM
L YTGOCOQTWHWULY S FRVFARTIC
L Y I Q GGV KL GTSGYTULSUDUL?P VY

TTACTGTAGCTAAGGTGCAAGTACTTTGTACCTATAAACGTGCCTTTTTAGATAAGTTAG
L L * L RCIKYFVPINVZPF* I § *
Yy ¢ s *6GASTULYUL *TOCULVFR * VR

vV TVAIKVQQVLCTYI XU RATFTULDIKTL

ATGTTAATAGTGGTTTTGCTGTTTTTGTTARGTCTAAAGTTGGTAACTATCGTTTACCGT
ML I VVLLPFLULSLKULUVTTIUVYR

¢ ** W FCCPFC®*V * S W * LS FTUV
DV NSGVFA AV F VK S KVGNYRZRIULTP

CTAGTARACCTAGTGGTATGGATACTGCCTTGTTAAGAGCTTAAATCTARACTATTAGGA
LVNLVVWIILUPC®*EULI KSI KIULULSG
* *» T *» WY G Y CL VK SULNILNY * D
s § K P S GGMDTALULRA®*XTLI®*TTIR

TGTCTTATACTCCCGGTCATTATGCTGGAAGTAGAAGCTCCTCTGGAAATCGTTCAGGAA
¢ LI L ?PVIMILEVYVEA AZPULETIUVJQE
VL YSRSLCWI K®™* KULULUWIEKSFRN
M S YTU&PGHY YA AG SR RSS S GNUZ R S G

TCCTCAAGAAAACTTCTTGGGCTGACCAATCTGAGCGARATTACCAARACCTTTAATAGAG
S S R KL L GULTNILSETITI KU PTLTIE
P Q ENVFL G*PI * A KU LUZPNIL®* * R
I L KK TS WADIGQSEURNYQTT FNR

GCAGAAARACCCAACCTARATTCACTGTGTCTACTCAACCACAAGGAAATACTATCCCAC
A E K PNILUN SLCLUILNUHI KETIULSH

Q KNP T>* I HCVY S TTW RIKY Y P T
G RKTOQ?PI KV F TV S TQPQGNTTIP

ATTATTCCTGGTTCTCCGGGATCACTCAARTTTCAAAARGGTAGAGACTTTRAATTTTCAG
I I PG S PG S LNV FI K KV ETTULNTF Q
L FLVLRDIHESTISKR™*RUL * I FR
H Y S W F S G I TOQTVFOQKGURUDF K F 8§

ATGGTCAAGGAGTTCCCATTGCTTTCGGAGTACCCCCTTCTGAAGCARRAGGATATTGGT
M VK EF P L L S8 E Y P L L K QI KUDTIG
W S R §$ S H CF R S TUPVF*S8 KRTIULV
D G Q GV PI AV F GV P P S EA AIKUGTYW
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28621 ATAGACACAGCCGGCGTTCTTTTARAACAGCTGATGGTCAACAARAGCAGTTGTTACCGA 28680
I DT AG VL L X QL MV NI K S S C YR
* T Q PAF F * NS *W 585 TKA AV V T E
Y R § R R S F K TADGUGQQ K QL L P

28681 GATGGTATTTCTACTATCTCGGTACCGGCCCATATGCCAATGCATCCTATGGTGAATCCC 28740
D G I 8 TT1 8V P A HMUPMHUPMMVUVNTP
M VvV FLL SRYURU©PTIOCOQCTITULW™*IP
R WY FY YL GTSGU?PYA ANA ASYGE S

28741 TCGAAGGGGTCTTCTGGGTTGCTAATCACCAAGCTGACACTTCTACTCCCTCCGATGTTT 28800
S X ¢ 8§ 56 L L I TI XKULTULULULUPZPMTF
R R G6GLLGC *Ss P S8 *~ HF Y §L R CF
L E GV F WYV A NHOQADTSTUPSTDUV

28801 CGTCAAGGGATCCTACTACTCAAGAAGCTATCCCTACTAGGTTTCCGCCTGGTACGATTT 28860
R QG I L L LK KULSLULGUPFURYULUVRTF
vV X 6 s ¥ ¥ S RS Y PY * V S A WY D F
S S RDPTTAOQEATIZPTIRFUPPGTI

28861 TGCCTCAAGGCTATTATGTTGAAGGCTCAGGAAGGTCTGCTTCTAATAGTCGACCAGGTT 28920
¢C L KAI MUL KA AQEGTULTULULTIUVDOQYV
A S RLLC*RVLURIKWVCZF* * § TR F
L P Q GY YV EGSGRS5 AS NS R P G

28921 CACGITCTCAATCACGTGGACCCAATAATCGTTCATTAAGTAGAAGTAATTCTAATTTTA 28980
H VL NH VD P I I VH®* V EVIULTIL
T F 8 I T W T Q * 8 F I K * K * F * F *
S R S Q S RGP NNUERSTILJ SR RSNZSNF

28981 GACATTCAGATTCTATAGTAARACCTGATATCGCTGATGAGATCGCTAATCTTIGTTTTAG 29040
D I @ I L * * NL I WULMZ RZSUL I L F *
T FRPF Y S KT * Y G * *DZRT* S CF S
R H S DS IV KPDMADTETIA AUNTLUVTL

29041 CCAAGCTTGGTAAAGATTCTAAACCTCAGCAAGTCACTAAGCAAMATGCCAAGGAAATCA 29100
P S LV KTITULUNTILSI KT STILSIKMPRKS
Q AW * RPF * TS A SHO®* A KT COQGNQ
A KL GI KUDGSZ KT POQOQUVTTZ KT QNATZEKTETI

29101 GGCATARAATTTTAACAAAACCTCGCCAARAGCGAACTCCTAATAAACATTGTAATGITC 29160
G I K F * Q N L A K S EUL LI NTIVMTF
A * N F NKXKTSUPIK ANZS®* * T 1L * C 8
R H K I L T X PR Q KRTPNI KHTUCNUV

FIG. 2 CONT.
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29161

29221

29281

29341

29401

29461

29521

29581

29641

AACAGTGTTTTGGTAAAAGAGGACCTTCTCAAARTTTTGGTAATGCTGAAATGTTAAAGC
N SV LV KEDTZLTELTZEXTIULUVMILI KTC?®* S

T VF W* KRTF S KF W * C * NV KA
0 Q CF G KURG?P?P S QNUPFGNAEMTILK

TTGGTACTAATGATCCTCAGTTTCCTATTCTTGCAGAATTAGCTCCTACACCAGGTGCTT
L VL MIUL S F L FL QN * L L HQ V L
W Yy * » § § VS Y S CRTIZSSYTHRTCTF
L GTNDU®PQF P I LAZETLA APTUPG A

TTTTCTTTCGTTCTAAATTAGACTTGGTTARAAGAGATTCCGAGGCTGACTCACCTGTTA
F SL VLNM®*TMWULIKETIUPRILTHTILTL
F L WF * I R LG * KRVFRG* L T C *
F F F 6 §$ KL DLV KURUDSEADS PV

AAGATGTTTTTGAACTTCATTATTCTGGTTCTATTAGGTTTGATAGTACTTTACCAGGCT
K M FLNTJFITIULVLULSGTLTIUVILYQMA
R C F * T S L F WPF YV *x x Y F TRL
K DV FEULUHY S G S IRV FUDSTTLTPG

TFGAGACAATTATGAAAGTTCTTGAAGAGAATTTAAATGCTTACGTTAATTCTAATCAGA
L ROL * K FLKXKURTIO®*MILTULTITULTIR

* DN Y E S S * R EVFKCUVLU R * F * S E
F ET I MI KV L EENTILUNA AYV NS N Q

ACACTGATTCTGATTCGTTGAGTTCTAAACCTCAGCGTAARAGAGGTGTTAAACAATTAC
T L I L I R * YV L NULS V KEVULNNY
H *+ F *» F V EF * T 8 A * K R C* T I T

N T D SD S L S S KUPQRI KZ RGVEKOQTL

CAGAACAGTTTGACTCTCTTAATTTAAGTGCTGGTACTCAGCACATTTCAAATGATTTTA
Q NS L TULULI * VL VL STV FOQMTIIL
R TV * L S * F KCWYSAHT FIK* F Y
P EQ FD SLDNULS S AzGTQHTI S NDF

CTCCTGAGGATCATAGTTTACTTGCTACTCTTGATGATCCTTATGTAGRAGACTCTGTTG
L L R I I VYL LULULMTITULM?®*IKTIULUL
s * 6§ *» FPTCYS S * * 8§ L CRUIRULTCZC
T PEDH S L LATIULDTUDUPYV ETDSV

CTTAATGAGAATGAATCCTAATTCGACACTAGGTGGTARCCCCTCGCTATTATTCGGAAT
L NENES * FDTRW®*PULATITITRTYN
LMRMNU PUNSTTLSGGNU®PSL L F G I

A * *» E * I L I R H *V VvV TUPIRY Y S E
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29701 AGGACACTCTCTATCAGAATGAATTCTTGCTGTAATAACAGATAGAGTAGGTTGTTACAG 29760
R T L S I RMNSCCNNUR®* S RL L Q
G H S$SL SE * I LAV ITUDI RUVGCYR
* D TL Y QNZEVFLULT®* * QI E * V VT

29761 ACTATATATTAATTAGTAGAAATTTTATATTTAGACATTTGATTGTTAGAGTAGTTATAA 29820
T I ¥y *L VvV EIULYULDTI * L L E * L *
L Y I N * * K F Y I * T F DC * § § Y K
D Y I L I $ RN F I F RUHULTIVRUV VI

29821 GGTTTAGCTGTAGTATAAACGCCTCCGGGAAGAGCTATCAATTGTAGTGTTTAATATATA 129880
G L AVYVYv * TPPGRAINZCGCSUV* Y I
vV * L, * Y X RLREZELSTIUVV FNTIZY
R F S CS I N AZSGI KSYOQUL * CL I Y

29881 TATTAGTATATGATTGARATTAATTATAGCCTTTTGGAGGAATTACAAARAAAAAAAALA 29940
Yy *» Yy M I EI NY S L L EZETLGQZK K KK
I §8 I * L K L I I A F WRNJY K K K KK

I L VYD *NO*Y L * P F G G I TKK KK

29941 an 29942

FIG. 2 CONT.



Patent Application Publication Jan. 26,2006 Sheet 58 of 119  US 2006/0018923 A1

SEQ: 1 CTTATTCTCGCTTAACGCAGGCATGGCAGATAGTCGAATGCTAGAGAACAGTCTAGAGTA 60
Y S R I A DTGDIUL KU RUDU RTULD *
I L. AF QT R VT * » 5 VvV I E Q * I E
F L L S§SNUZRGYURU RUDA AH®*ZSRIKD “S R M

61 ATTTAGATTTGAARAATTTGTTCTAAGGGACAATAGGTACGAACACTCACACCARATTAG 120
* I * V K * VL N G T I WA Q S HUP K I
N FRF KK FUL I GOQ *GHI KUHTHUNL

L D LS KL CSEWZRWUNUDMSTULTT * D

121 TATTAGAACATAAAATGAAAGGTGTGAAAAGTAGAGAGACGGTCACTGCACAACCAACAG 180
M I K Y K V KW V K * R EAIUL S TNTT
* L R TNO* KGCIKEDIRIQWHURT P Q
Y D Q I K §$ EV § KM EURG TV HQ DN D

181 GAGTCGCAGGGAGGGTATCCAGCGTTACTAATTTTGGTCGTTTATGCCAGAGCCGAAGTT 240
R L T GGMUPRUL S *FWOCTI®RUDTR RS *
G * R G EWULDCHNT FGATFUVTTEAE
EADRGYTA ATITIUL VUL LY ?PRUPIKIL

241 CACCCGCGGTCTTAAAGCAACCGACGAAGGCCTACGTCGCCTCCTCARCCGATCAGGATA 300
T PA L I ENAAUEUPUHTLUPUPT P * D *
L PR WVF KTU®P QKR IUCRULULAGQSTR
H AGS NI RUGOQOSSGSAD-ASSNA BATLGTI

301 CTTCAGTCTACTCCCACCCAATACGGGGAGATGACCAGTTCGCTACCTTTCACAACCTAA 360
S TL HPHTI GR * QDL S P F HQTI
H L * I L TP ®* A GIRSTULURUHTFTNS
F D S 8 P P NHGE UV P * A I 8 L T P N

361 GCAAATACTATTAGTACACTTCTATCTAACAGCGACGTAAGAACCTGTTCTTACCGTACA 420
R KHYDUHS S L NDSCEIZGQV LTI AH
E NI I I M HL Y I TARNIKSTLT FPM
T * § L * T F I S QR QMU RUPC S HT CT

421 CGTCAGTTTAGAATAGGCACTATAAAAACAAGTACTTCTAGATGTACAACATCTTCAAGA 480
AT LD * GHY K QU EHTLUDVHOQULL E
H L * I KDTTIWNIKIDNMPFTIO®*MNDNYFN
¢ b FRTIWRJSTIIKT®*S S RCTTS TR

481 TTGATTTTGTCGGCATTTCAGGCCATGCCGTTAAAATTAATTTAGTGGAAACGTATCGAA 540
L * F L RL TR RYPULI KU L™®* I V KA AY S
*S F CCGY L GTURU CNO®*NTF * R QM A
VL VATV FPFDUZPVATII KTITULDSGTI KT CTL K

FIG. 3
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541 CCCACCAAAAGGATTTCCCATACAATACCCGAACAAGGCAAGTATGTTCTGATTTGCAAT 600
P HNE®*LTH * P S TGNMZ© CS * VN
Q T T KR F P I NUHAOGQET* V L § F T
P P K GL P Y TTIUPIKNU RIETY YLV L R *

601 ACAACATGTAGTAGAAAGATACTGATGTAGATGATGATTAAAACCACTTCTAAAAAACCC 660
HQ VDDIK®™*g S * M * * « N Q HUL N K P
I N Y MMIEKRHS CRS S I KTT FTIIZKDQ
T T ¢C * R E I vV VDV VL KPS S KK P

661 AACCTAACATGGAAAACCAAAATACGGTAGAATACAAGTGTTTACCAAAGTTAAGACATC 720
N S Q VK QN *AMI KUHET CITTETIT RY
T PN YR KTIEKHWRTINUVF FUPIEKTULTET
Q I T G K P K I GD * T * L HN * N Q L

721 CAACATATAACTTCTCTCACTAAATTATTAAAGTTTAAAATTTAAACTACTAATACTARA 780
T T Y Q L S HNILUL K L N * I Q HNH N
P Q I NF LTI * ¥ N * I KF XK I I I I
N Y I § S L 8 K I I EVF KLNS S * 8 K

781 ATCACATCTTCTACGAATACGACTCCAAGTACGACTCGGATTTCCATTTATAAGTGTTTT 840
*H L L H XK HQ PEHOQA*XL Y I NVTF
K T Y F I S I S8 L NM SLRV FTTFTI * L
LTS SA*A ST * A S GLPULYET CTF

841 TCGAATACGAAATGAATCTGTTATAGCACCATAATTTGGGCATGAAARAACATCTGGTCAT 900
L K HKV * Vv IDHY * VRV K QULGCT
F 8§ I 8§ * K S L I T TNV F G Y K K Y V L
A * A KSLCYRU®PTIULGTSIK KT S W Y

201 ACCAACACTGATAAGACCATTTAATCGTCTAACAGAAGTTCGAATACCAGTAATAAGARA 960
H NH SN QY I L L NDETLI KHUDNN K
I T TvVvVv1I1RTU F®*CTITI XULSITMTIR
P Q S * E PLDNW ASU QR R®* A * P * * E X

961 CGTTCTATACTCTGTTTTCGTCAGACATACCGAACGGTTAACACTGAAACTATAACATCA 1020
A L Y S V FATQTIAOQMWNUHSOGQYQTL
Q L I H S L L L RY P KOGTITUVKTINY
¢ s 1 L CFCDTHSATLUGQSI K S I TT

1021 CCGAACCGTACATCAAGCACTAAGTGCTAARACAATACGCGGACGTCTGATATCGATGATA 1080
P X A HL EHNWUVTIOQOQ* A G A S * L * =
H S PMYNTTI * S KNUHAGQTULS Y S S
A Q CTTW RS EIRNTTIU®RIRZCVYVIAUVI

FIG.3 CONT’D
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1081 AACACCATAATTTATACRACGTGTTGGATGTCTTCTACATCATCTACCTCTACATCAATA 1140
K HY * I H Q V Vv * L L HLLHTULH L *
N T TNVPF¥ I NCLRICVPFTIVYYTISTI VYN
Q P I L YTACGV S S TT TSP S TTTI

1141 TGCACTTGGACATGTAAATAATAGACGACTACGTTATCAAAATTTCGAAGGATCAAACTA 1200
VHVQVVNTITIOQOOQHLUL KULATE * N S
Y T FRYM®™** R S I CYUNM®*ULI KT RTQ
R 8§ G T C K NDA ASA ATITI KU F S GULKI

1201 CTTTCAATACTGAGTATACCTACTAAAAAGATAATTTAGATATATATTACAACTAAACAC 1260
s L * S EY P HNIK * * I * I Y HOQNT
H FNUHSMUHTITI K RNUVFRYTITINTIZQ
F T I Vv *» I 5 8 K E I L DI Y L T S K H

1261 ACTAACACCAAAACAATACGTCATACCAATACATCTAACAAAATTACTATTAACACTAAA 1320
H N HNO Q* A THNUHTIELNUN®*HYUNHN
T I TTXNUHTLTITTIVYTITZ KTITITITTI
S ¢ P KT I CVYGPO®*TSOQOZ KTULSTILJ QS K

1321 AATACCAACCCAAAGTCCATTATACTACCTACCAAAAAGAACAGGTAACACAACATGTCA 1380
K H N P KL Y Y S P HNIKIKUDMTN YL
K I T P N * TTIHUHTITI KW RTWOQTTC
* p Q T EPUL I I S P KEZOQGNHZOQUVT

1381 AATACTGAGATCGCTTCAATTTCGGGTTAGTAGACCACAATAAGGACTTTTAGGACACAA 1440
K HS * RL *L GIMGOQEUH OP*ETGQTFTDSGQT
N I VRAFNTFTGTIL®*RTUNNT RTETITR RH
* S ELSTTULATWTDTDTETTIGSTFGTN

1441 TAAATGATTATCATGACTATGACAATTGGTACTAAGAAAATTAAACATACCAATAAGACA 1500
I = * Y Y Q Y Q * GHNI K * NTUHNN Q
* K § I T s I s N VM IURIKTIOGQTITTIR
N VL LV SV TILWSEZ KT LI KYU?P~™* ET

1501 GTGTGGTAAACCAAGAACATATATAACCAGCGGCGCAGGACCTAACACCTAAGGATATTA 1560
* V M QN K Y I NTAADIUGQTITSE * L
D CWI X T®RTYTIUPRIRTRSUOQZPU NI RY
VGGNUPEOQTIVYOQDGRG?PUNHTIGTITI

1561 ATTTAGAAGTCAGTTCAGAATACTACTAAACCAAATAAGTCCACATCATCCAACATTTAG 1620
* I K L * T K H HN P KNULHULTULNYI
N FR*D L R1ITITIOQNTI*TYYTTTF
L DETULUD®* $§$§ S KT * EPTTP QL D

FIG.3 CONT’D
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1621 ATAACAATTTCTTTGACGAGAATAATGAGTACGTGAAATGAATCTAATACAAGTTACATT 1680
* Q *L FQE* * EHV K SULNUHETIFZY
R N NF F S S KNS MCIKUV* I I NILT
I T L SV ARTIUV*AS™* K S * T * H L

1681 CACACCATTAGAACTTGTTTTAGTATAAGAACCGCAATTATTAAGAACCACATCCGTTGA 1740
T H Y D QV F DY EQR™®* YN KT YAV
L T TI K F L I MNJIKAIUNTITIRUEPTPUL
H P L RS CVF * I RPTULULUEU QHTILTCS

1741 CAACGAATTATCTCCACTAATATTATACGAAGATTTTTTATAACTGAACAAACARATTCGC 1800
T A * YL HNY YA AZEULTFYQSTOQ* A
Q ¢ K I 8§ T I I I H K * F I NV Q K N L
N $S L L P S * L I S RVFF I S KNTTULR

1801 AGCACGACTAAAACGAACGTTCAAACGTCAAACACCTCTACCAAAACATGGAARARATGA 1860
D HQNG QI KT CTO QTZLZEXKEHTLIHTNZIGQVZXTZEKYV
T TS I KSALJZKTE CUNTSTITZEKTYREK *
R A S KA Q L N A TQ P S P KT G K K 8§

1861 TCTACCAAATTAAGGGGCATCAATAATAGATTAAGTCTCACCATAAAAGAAATGTAGAAA 1920
L HN L E G Y N NDUL E S HY KR * MK
* I T » NG T T I I * NL T TN E K C R
S P X I 6 RL * *» R I * L P I KK VDK

1921 CTACAGAGTTAAAAGTGTTCTTCAAAGACTATACACAAATTTTTACACATAAAACAAATA 1980
S T E I K VL L K Q Y T NTLPF T Y K T *
Q HR L K* L FNRTIUHTO®*XTFHTNZ QK
I D * NE C S TE S I HIKPF T HTII KN NI

1981 CCTGTCTCAAAGTCAACGATGTAAAATATATCTCGTAATACAATTATCCAACCAATGAGT 2040
P CL KXKUL Q *M KYLANUBH®*YTP * E
HV SN * NS CK I YL MTIWNTIU®POQNS
$ L TETAVNOT®* IS C* TULILNTV *

2041 TAAATTCAATAACCCATGATGTGAACAATTATTTTACCAATTAACCAAATTATGGTACAA 2100
I * T I P Y * V Q * Y F P * N T * Y W T
L X L *» Q T S CKDN I FHNTIU®PIKTIGH
N L N NP VYV S TULULTITULZGQNULVMNLN

2101 TCTACGATCACGTGGACGATGTCCGACCGAAGAAATGGTTAATAACTTACCAGAARAACA 2160
L H* HV Q * L § A E K GTI I S HUDKQ
* I § T C R S CA P K KWV L * Q I TIKK
S AL AGAV PQ SR *WNNVFPIRIKT

FIG.3 CONT’D
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2161

2221

2281

2341

2401

2461

2521

2581

2641

TCATAGAGTTCGGTTGAAATTAAAACAACGAAATTATGGACTAATACGATTTTARAATCA
L I EL W S * N Q Q KL V Q N H * F K L
Y YR L GV K I KNGS *YRTITI S F N *
T D * A L K L K TAaAI KTIGS * A L I K T

ATTATTTAAAATGTGAARAAAATTCAATAATAATCTCACACAATGTCAACTACAAAATTT
* Y I K CXK X * T1I I L TH* L Q HK L
N I F KV S KKUL* * * L TN CUNTIN *
L L N * V X KL NNNSHTVTS ST K F

TCTATACGGACAAGAATTTTGATAATTACCARATCAAACATAACATCCGTTATTCAAAAT
L YAQE*F * * HNUILI KYQULCYT K
F I H R N KF S NTITT™*NTNYATITILK

§$ I G TR RULVIULUPI KTUGQTITU?PIULTILN *

ATTGCAATCATGTCCCAATTAAGGACCARAACAAAATGGTACATTACGTGTCCTTGTTGT
Y R * YL TLEGQNAOGQI KUVMYUHV?PVUV
I v NTCP* NRTI KWNM*XWTTIO CTLTFL

L T L v PN I G P KTIKGHULA AT CSTCOC

TTAAATAAAAAAACTTCCGCAACGTCTTAGACAATATCATCTTCTACTACAATAACTCTT
F KN XK QL ROQULTIOQ™* L L L HH* Q S§
L NI K K FADNUCVFI RUNUYZYU?FTITINNIL
I » K X s pPTASDTTITS S S TTI S F

ACAGTTTAGAAGAAATAGTAGAATACTCATAACAGTTGGTGGATTTAGACATCTTTTTTA
H * I K KX I M KHTWNWDUVV * I QUL F F
I bDFURIR®M™* > RIVLTITULWRFIRYFF
T L. D EKUDUD * S Y Q * G G L DT S F I

AACATAATATCTATTATACATGTACCCATTCACACCACTATTTAAAAAGGGATAACAGTA
K vy *»L Y YTCUPYTHUHYTIIKG™* Q *
N TN Y I I HV HTULTTTIF KEURND
Q I I s L I Y M PLHUPSLNI KUGTITM

CTTACTATTTTTATAAACAGAAAATCTAGTCCGAACCGCAAAAGGTACACGTCCATCTTT
S HY F Y KD KULDUPI KA ANUEMMUHTLYF

H I I F I NTIK®* I L 8 PTIKWTTCT 8
F § L F I Q R K S * A QR KGHA AUPULF

TCAATTAAAATTGCTCTTTGGACAACAATACCTCTARGGCAGAAACTACTGTCAATTCCA
L * N* R SV QQ* P S ETIK S S UL * P
F NI KVL FRUNUDNUHILNIRIPRUGQIHTCNL
T L KL S F GTTTISIGDIKTIUVTTULT
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2701 ATACAAACTAAATCTAAGATGAAAACTACTATAAAATCCATTTCAAACAAGTCTTAAACT 2760
* T Q N L N * K Q H Y KL YL KDNUIL I Q
N H K I * I R S K I I N * T FNT * F K
I N S K S EV K S §§ 1 K P L T Q E S -N S

2761 TCATCTTTTCCCACAATGACATCTACTAAAACAACGACAACAAACACTACGATATCTCTT 2820
L LFPEH*QLHNTG QO QGO QG QEKTHEH®*TL S
F Y FLTUNSZSTYTITII KNS SNNTTISYL
T S FPTUVTSSZ KT ATTUGQSATISTF

2821 ACGAAATTTGAGAACATTTCTCGTAGGTCACCAACCAATAGTTCAAGCACGTAAAAATTT 2880
H KL S K YL ADULUPOQNUDIULEHMIEIKL
I §$ * VRTVF L MWHNTTITLNTTCK *
A K F EQLSCGTTO®P™* * TRANIKF

2881 ATTTGAATTACTCTTACAACAAATAAATAAACTACTCCGACCACTACTTCGTTACCGGAG 2940
Y V * H S HQ KNI QH P QHHULTUL PR
I F K I L I NNTI * K I L S8 TTIVFCHG
L S L $FTT* KNS S AUP S S ATIAE

2941 AGCATACATAACATGAAAACGATAACTCCTACAACTTCTGCAATAGTCATCACTTCGACA 3000
E Y TNYZX Q * Q P HQULUR * * Y H L Q
R THITS K SNUILTINTFVNDTTTF S
R I Y Q v KAI S ST S STTIULULSAT

3001 GCTTCTATGATAACTACCACAGCAACTTCTGTGATAATTACTGCTACTTCTACAACAATG 3060
R'L Y * Q HHRO QLT C®* * HRUHEULH Q *
D F I $S$ NI TTUDWNU FUVSNIWUVIVFTINN
s s v I s ppTTS SV IL S S S s TTV

3061 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3120
Q H CHRHILHOQ?™* Q HCHRUHETLHQ *
s T Vv I VI F I NDNSTWVIVIVFINN
P S LSS SSTTUV?PSL S S S8 S TTV

3121 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3180
Q HCHRHILUHGQ®* Q HCHRUHTILTHQ *
§ TV IVIFTINIENTZSTU VTIUVTITFTIINN
P S LSS SSTTUVZ®PSTL S S S STTUV

3181 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3240
Q HCHRHULHOQ* Q HCHRUHILHAQ *
s TV I VI F I NVNS T VI VIFTINN
P $ L 8§ §$ 8 TTUV?PSL S S S STTV

FIG.3 CONT’D
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3241 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3300
Q HCHRMHILHOQ®* QHCHRUHEIL H Q *
s T v I vI FINNJSTUVIUVIVFTINN
P S L S S5 8§ 8§ TTV?PSEL S S S S TTV

3301 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3360
Q HCHRUHTLUHIOQT®* Q HCHIRTUEHETLHQ *
$ TV IVIFTINNSTUVTIUVTITFTINN
P SLSSSSTTVZ®PSULSSSSTTV

3361 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTACTGCTACTTCTACAACAATG 3420
Q H CHRUHLUHEHOQ®*Q HCHRUHETLHQ *
S TVIVITFTINNSTUVTIUVTITFTIHNTN
P S LSS S STTVZPSLSS S S TTUV

3421 ACCACTGTTACTGCTACTTCTACAACAATGACCACTGTTATTGCTACTTCTCTAACAATG 3480
Q HCHURUHILMHKOQ™*Q HCYRUHTL S Q *
s TVIVIVFINNSTUVTIU VTITFTILNN
P S L § §s s s§TTUV?P S LUL S S S I TV

3481 ACCACTGTTACTACTGGTTTAACAACAATGACCACTACTACATCTACTATAACTTTCATA 3540
Q H CHHGT FOQQQ * Q HHEHILIHTYOQTFY
$ TV IIVLNUNIENSTTITIZYTITINTFT
P S LS S W ITTUVZPSSTSSTISTL I

3541 AATACTGAAACTATGAATATTTCGAGAAAATCAAAAATTACTACAGATATTACTACGAAA 3600
K HS Q Y K YL E XKL K * HHUR Y HHK
N I Vv K I 8 I F 8§ K * N K I I DI I I s
* §$ K $ v *» L ARKTI KT LST * L S8 A K

3601 CARACAATCAATACCRAGATCACARACTTTGTCTTTGTATAAAATTTCAATTACCAAATAC 3660
T Q * N H N * HQ FL FMN* L * HN I
Q K NTITWURTNUVFOCUPFOCII KT FWNTIT *
N T L * P E L T S V S VY KL T UL P K H

3661 CAGTGGATGATAATGTGTATGATTAACAACCAACGCAAGACACAATGAACATTACGTCTT 3720
T Vv * » x Yy Y » NNTANIGQT V Q L A S
p *R SNCMOSITUPQTR RHE®* KYHTL
D GV IV CVLQQUNRETNZSTTITCTF

3721 TAATGGAAAATTCAAATTCCTARATCGATAACTTTTATACACCAATAGAATATTCCACCC 3780
I v K ~+* T PNUL* QF Y TTTIIK Y P P
F *R KL KL I * S NVFTIHU©P*RTITULH
N G K L NL §$ KA I S F I BEND®* L T P
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3781

3841

3301

3961

4021

4081

4141

4201

4261

ARTATTAGTTTCAARACAACTAATAAATGACTGGTGATAAGGATTTCGATAACAAAACGG
N Y DPFNGQO QUNUNUVSW* E * L * Q K A
T I I L T KUNTITI * QG SNZ RTFSNNOQ
* L *+ L KT $§ * K §V VI GULATITZKG

AGTTCCACCAAAACATCGACTAAAACGAATAACCAAAAATTTGGTCAAACTATAATTACG

E 'L HNOQULOQNIGQI KNTI KULGTOQY * H
R L T T XK Y § I K S I P X * V L K I N I

*P P KTA S KA A®* QN KV FWN S IUL A

CATACGATTAACCACAACAAATTTTACACCAARAAAGAAAACTAAATTTACCAAACCTACG
T H * NT N NUL I HN KK QN L E N P H
R I 5 I P TT* F T TI KW RIKTI®* I TQ I

Y AL QH QK F HU©PIKTEIKSI KT FUPIK S A

AAACAAAAAAATACCTCTATAACACAGAGTACARACATTCACACCTGTATTATACTGAGA
K T K K HL Y Q T EHIK Y TH V Y Y S E
S Q K K I 8 I NHRMNTULTSMTIH S

K N K * P S I TD* T Q L. HP CUL I VR

TTATCGTCGCCTGAATGGAACATGTAATGTAAAAAGTAATAAACTACTGTTAAAAACACG
L L L PSSV KYMVNI KM MTIAGQHTCNTKH
*Y C RV * RTC* MK * * K I VI K T

I A A S KGQVDNTCIKENNSSTLKOQA

AAARACGTGGGGATTTTTTTAAAAATAACGACGTACACGACACCTACATTTGCAAACAGT
K K CG*¥ FF K * Q QMUHOQTPUHTILTZ RTIKTD

S KA GRV F F NKVN S CTS$HTI Y VINT
K Q VGGL F I KTIARBRARMHATSTT FTQ *

AAGACATCGACAATATCCACTACTTGTTTATCTACCATTCAAACAATGATTTAAATCACC
N QL Q * L HHVF FULHYTQ * *» I * H

M RY SNUYTTIUPFULYTITULI KNS ST FIKT
EETATTIUPS S CI S PLUNTUVLNTILST®P

ACTATTTAAACTAAAATATCATCCAATACCTTACAGTAAATCATACAGAAGAAAACTCAA
HY I @ N * L L NHFTMO™* Y T KIEKUOQT
T I F K I K Y Y TTI S H * K THIRIU RIEKL
S L N S K I T P * P I DN LI DEIK 8N

TGGAGTTAACATACCARACACATATTGTGGATTACATACAAARCAATTTCCACTATAATA
VETITHNTYULV *H I NG Q'* L H Y *

*R L QI TQTVYOCRTIUYTI KNTFTTIN
G * NY P K HI VGULTUHI KTTULUPSTII
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4321

4381

4441

4501

4561

4621

4681

4741

4801

TTTACAACGATCTGAACAATTTCGACTACAATAACAATTAGGACGATTACCCGTATACGA
L HQ * V Q * L Q H * Q * D Q * HA Y A

Y I NS §S KNVF S I NNUNTIUERSTIUPMH
FTALGSTTLA ASTTITTULTGA ATLT PTCTI S

GGTACCACCACCTCAACGTTTTCGATATCGACATCGACGTCCATTTTTTAAAAGATTTCT
G HHHLOQULUL®*UL QUL QLY F I K * L

EMTTSNICUPF S Y S Y S CTFF KRF
W PP PTAVFATI AT AAZPULTFNUETL S8

TTGACGACGATACCAATTTAGATTTCCACAAACGGTTCATCCTCTAACAATACAAAGATG
FQQ™*?P>* I * LHKXKOGULUILULUNNUHK *

F S § S HNVTFRVPFTDNA AILYSTITTINTR
v A AITULDULUPTOQWTUPS Q * T E V

GCCACCATTTAATACATTTTGTTAAGAATTATAACATCCGGGACTACGATCTGTTCTACC
R HY I TI Y F L E* Y QUL G QH * V L H
G TTUVF* T FCUNI KTIWNYM AT RTISSIULTI
P P L NHULVIRULTITU®PG S ATILTCSU®P

TTCTGTTAGAATACAAAACAATCGTGCACGAATATT CGTAGAATTATTAATACTARCAAC
F VI K HKTUL VHI KYADT®*YNUHNN
§$ $ LRI NGQ™* CTSTIILMI KTITITITIT

L ¢ D * T KN AURW A®*TLCRULUL™* S Q Q

AAACAGATGAGAGTATAGCCGACCATATAAATCACAAGGACGACTACACAGTAATTGAAT
N T * E * I P Q Y I * HE QQHTMTUL K
T Q R 8 E Y R S T Y K TDNIR S I H * * §
K D VRMDAZPTINILTGA ASTUDNUV *

GGAAGATCCACAACAACTATTTGTTCAATAGGAACAATCATTATTATTTCTTCTAAAACT
G ELHOQQY VL * G Q * Y Y YL L N Q

vV K * TNV NI F L NDIKWNTTITTIUFF I K
R R PTTSUL CTTI®RTULILILIULS S K S

ATAATAAGTTTTTACAGTTTAATGAAGTCAACAACCATGATTTCGTAACCGACAATCTAA
Yy *»EF I DF * KL Q QY * L M P Q * I
I N NL P TLNS*NNTS ST FOCQ SN S

i1 I * FH>* I VETTU®PVUL ANA ATULN

TTGACGATTACATCCGGCACAATAATTTAAACTCTGTCTACGTATGTTTGAARAAAACTC
L Q * H L GH * * I 0 S L HMOCUV KX §

*§$ $ I YA TNU NV FI KT LU CTITCGCUVTFIKIKQ
VAL TPRTTITILNUSU VS A YL S KIKL
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4861

4921

4981

5041

5101

5161

5221

5281

5341

ACCACTACTAACAAAACAAAGTTTAAGAAGACAATATGTTCTTCAAAATAA;GAAGCAGT
H HHNNUOGQI KU LNI KU GQ®* VL VL KTIATZETD
T T I I T KN * I RRNYTULVFN™* Q KT
P S S Q KTEVPFEETTIT CSTI KNSR *
ACTATATGTTAACTTATTACTGCAAGCACTAATAAACAACAGATTCTACTGATCAGAAGG
H Y VvV I s YHREHNNTT* S § * D E
M I ¥L Q I I VvV NTTITIOQOGQ RULHSTIK
$ I ¢CNFL ST RS * KNDULTIUVLTZ RSG

ATTTCTAACCGCAGAATAGTTATTTAAACTACAATAATTGCCACAATTTTGACAATTCAT
* L NAD +* * Y I Q H * * R H * F Q * T
R F I PTJIXDTITFJ KTINIENTU VTNTFSNL
L $ Q R R I L L N 8§ T I L P T UL V T L Y

AAAACTCACAGGATTAAGATAAATATATACATCAGTCCCATTTCTGARACCAATACATAC
N @ T D * N * K Y I YD P Y L S Q N H I
I K L TURIURWNTIUYTTTULTU FV KTTIY
K S HGUL EI * I HL * P L S K P * T H

ACTACCAAGAAAAATATTTCGTTGACAATTAGTTCAAACACAARATAATCGATTCTTCTA
H HNKXK K YL LQ*D UL KHKTIUL* S5 8§
T I T R K I F C S N I L N TN * * S L L
s P E K *L AV TUL®* T QTI KUNA ATLTFI

TCTACAAAACGAATGACATCTACCACAATTAAAATTTAGATAAAGAGAATGACATCCACT
L H K A * QLHH * N * I * KE * Q L H
Y I NQ K S Y I T VNI KPFRDNURIKSYT
s T K SsSVvVvVT TS PTTILKULUDTIERUVTP S

TCAAAAACCATTTTATGAACCATTACAAAAGACACTACCGTAACTACAATGATTCAATTT
L XK Q Y F V Q YHU KT RIUHEUHETCIOQEHT®* * T L
F N KTFJYKTTIUNTETTIATNTINSTL *
T K P LI SPULTU KU QSZ PMSTV VTLNTF

CACATCACTARAAATACGGCTATTTTAAAATATAGTCATACTTTTAAACAGAAATCGACT
T Y HNKHI R Y F K I DTHVFNTI KL Q

L T TTI K I G I FN* I LTI F I QR * §
H L §$ K *A S LI KY * Y s F KD KA S8

ATAAAGACGACATGTTTCAAGTAAACCCAAACTAGTCGTTGTTAACGAACGAATAATATT
Y K Q Q VFNMOQTOQDA AVYVTIA ATG QTE KN Y
I NR S YL T * KPKTITULTILULG QZXKSTITI
I EATOCILTEUNT PNTZST®* CCNSA* * L
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5401 AAAAAATTGTCATACATTTACCAGACATCAACAATTGCCAGGTAAAAAAAGAAAACTTGT 5460
N K L L, I ¥ I TOGQULIGQ™*RDMEKIKI KZQWV
I XK + ¢ Y T™F PRYNNUVTWEKIKRIKTF
K K VT HULHDTTTTUL P G N K E K ‘S5 C

5461 CAGAGTATTATTAACAATACACTTACATCGAACAGAATACAACGTCGTATAATTAGAATT 5520
T E Y YNNH S HL KD * T A A Y * D *
L RMI I TTIHTI Y ST KU HAGQTULMNTIK
D * L L Q * T FTA AW QTRTINZCCCTIULTRIL

5521 TAAATTATTTACCGTCACCGTCCTTCGTACCATACTTAAAGCACGACCGTCTGGTGTATC 5580
I * Y I ATHAUPULMTUHTIEWUHZ QT GCV VY
F XK I F PLPULFCU&PTITV FI KT S AZSUWM
N L L H CHCSAHYSNIRAPTLGT CTL

5581 CAATCAACGAGAACAAAATCGATTTCCAGTAAAATTTAAACTACTTGGTAGTCTACGATG 5640
T L Q EQ KL * L DN * I QHV ML H *
P * N S‘ K N *» s FTMI KT FKTIT FW®™* IS
N T AR T KA L P * KL NS S G D S AV

5641 ACTAAAATAAGCACAACAAAACTTTGTTCGACTAAATAGTCCACGTTAAACACTTAATCT 5700
Q N * EH Q K S VL QNTITULHTULIKUHTIIL
S I K N T NN Q@ F L §$ I *» * T CNT F *
S K I R TTKPF CA S KDUPA ATIUOQS N S

5701 TGAATAAACACTAACACCATAATTTGTTCTTTCAGCACAACCACAACTACGACAATACGT 5760
vV * X H N H Y * VL FDHOQUHOQHQ * A
F K NT I TTWNU FULFTTNTDNTISNH
S I ¢ $s QP I L CSULURTU®PTSATTIC

5761 AAAACCATGTAATCGTTTCTGACTAGAAAAATTACCAATATTCTAACCGACATTAACACG 5820
N Q YMULUL S QDK * HNJY S QS Y NH
M K T C * ¢CL 8 I K KTITTIULUNA ATTIT
K PV NAFV SRIKTILZ®P®* L I P QUL QA

5821 TCCATCTTAACAGGTAACATGATTTAACTTACATGGTAAAARACTAAACARAGATTATGAGG 5880
L Y FQGNY * I S HVMIKSIKN®* Y E
C T S NDMT S F QI ¥ W KOQUNTHRTIS
P LI TWAOQVUL NV FTU GNI KTIU QETLUVG

5881 AGACTCATTCCTAAATGGACTACTACAACAACGTCGATTGTACAAATACCCACATCCACA 5940
E S ¥Y PNV QHHQQL * CT * P HULH
R Q TLI *RITINUNIGCSVHI KUHTYT
R L L 8§ K G S STTA AALMMUPNTIZPTZPT
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5941 TCCGGTAATATGTGTAAACTTTACACCAAGTGGAATGGTTGTAATACTACGAACATCACA 6000
L GN Y V NS I HNUVKSGVNUHHIKYH
Yy aMm I ¢CMQFTT* RV L M ITISTT
P.W * V C K FHPEGT™* WC* S AOQULT

6001 ATTTTTTATATGTCCACARTCACCAARCAAATTGACTGACGAACATAGAATTTTTAAATTG 6060
* F I Y L H * HNDNULGQ S S T D * F N L
N F F I CTNTTT* S V AQ I KF I *
L F YV ?PTU LUZPOQI KV S QK YRULTFKWV

6061 GGTCTGAAAATGTAGATACAACTGATTAATAAAARACCTACTACAACTTTACCAACGAAT 6120
G $S K *M * TS * NN KPHHQF P Q K
G L §$ K CRHOQ S I I KOQTITINUFHNS
WV K VvVDTIWNVYVIL®* KK S S TSI TA *

6121 ATTGGGACTAGAAAGTGTTATAATAACACTATTACCATTCATAATATGTTTTGGATAATA 6180
Y G Q DK VI NN BYHYTNYULV * *
I vRIIK™*5L I I TTI I TULTI I CF RN
LGS RECY>*QSLPULY * VF G ITI

6181 TTTCCGAGTCAAATTTGGTAAACGATTTCAACTGCCACAAATATGATTGARATTCAATCRA 6240
L P ET* VMOQ* L Q R HIK Y * 8§ * T L
Y L. S L K F W K § F NVTNTISZSUVI KTUL *
F A *NLGNATLTSUZPT* VL KL NT

6241 ACCTGTACTATAAACACGAGTTAACTTACTATTCAATCCAAAATTACATCTAAACGGCAR 6300
Q VHY KHKETISHYTTULN®*HTILNA AT
N S M INTSULQTITI UL * TIZ KTIVYTI QR
P CS I QA * NF S L NUPIKU LTS KGN

6301 ACAACTCATGTTTCATTGTCAGACCGGACATCGATGACCACTACAACAAAACCGTAGACT 6360
Q ¢ T CLULULURAQTLT™* Q HHOQIKPMZQQ
K NL VF Y CDUPIRY S S TIUNUDNUOGQTZCR
T S Y L TV TQGTA AV P S TTI KA ATD S

6361 ACTAAATATACACTTTGCAATAAAATTTCCTACACTTTGAAAACCATTCGGACAATARRC 6420
H NI HS VNN N* L I HF K Q Y A Q * K
I I * I H F T I K F 8TV F 8 KTULRNN
S K Y T F R * KL P HS VKU PULGTI Q

6421 CAAAACAGTACTACTTCGTAGTAACTTAAGAGAATGAATAAAATTATTTGGATCAAAATT 6480
T K D HHLMMSNUE™* KN * YV * N *
P K TMIUPFC®* Q IRIKU STII KTIUFURTK
N Q *S S ADNTFEI RV * KL L GL KL
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6541
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6661

6721

6781

6841

6901

6961

TAGACTTTTATCTATATCACAARACAGACAACTAAGACATAGACTCCTCAGTGTTCCATT
I 0 F Y I YHI KTOGQOQNGQTIOQZPTUV L Y
FRF I SITNU QR RIUNII RYU RULIL®* L T
D S FLYULTU KUDTSTETTDSSDC.P L

ACACCAATGAAGACAATACCTTAGCGTCTAATCATGATTTCTCCAATTCAATTTCCCACA
HP*KQ * P I AS *Y * L P * TTUL P H
I HN S RNHVFRULWNTS SV FULNUL®* L T
T TV ETTISDOCTIULUVULSTULNTFUPT

ATCTTTCTGACAATTTTATCTTCTACGATAATAACAATTACTACTTTTATCAAGATAATT
* F s Q * F L L H * *» Q * HHF Y N * =
N § L 8§ NF Y F I S NNNITIUVFTITRN
L FVTULTISSATITITIULS S FULETITL

CCAACAATTTTCAAATAGAAATCAACTACAAACCCTATACATAAACTGTCCAACACTAAT
P Q * F NI KULQHI KU PYTNSTULNIHN
L NNPFT®* R * NINUPTIHTIAO QT CTT ]I
T T L L KDKTSTIOQS8 I Y KV P Q S *

ACAACAAACCCAACGATTACTTAACAGTGCGGATCAATTTAGTGGTTGTCAATCCCTTAT
H Q K P Q *H I TV GGU L * I V LUL * P I
I NNPNSTIVFQ™*A *NTF * WCN P F
T T Q TA LS NDIRIRTULDGUVTUL S Y

ATATGCTATACCATAATTTGGATAATGATATGGATATCTAAACAATACARATTCTCTACT
Y v.I H Y *» Vv *» » *« Yy * I, NT I N L L H

I Yy S I TNV FRNUSYURYTIOQ®* T * 5 I
I RY P I L GTI VI GTI S KNUHIKTIL S S

ATTAGTTTGAGAAAATCAAGGATTTTAAAAATTTCGTTCTCGATATCTTAARATACCAAA
Y D F E XKL E*F K * L L L * L I K HN
I I LS K * NRFNIKUFCS S YV FIKIT
L * VR KT GUL I KLAULWA ATISN * P K

AAACTTCACCAACAAATAAATACAAAAATCARATAATGTAAAATGTTTACTATTTTGGTA
XK 8§ TTT * KHK®* NTIT VN * L HYF W
K Q L P Q KNTINIKT?®X** M KT CTITITF F G
K FHNUNTI®*TI KILI KNUCIKUVVF S L VM

AAAAATATGATGTCTTTATCGAAGATTCAAATGARAATTAAACAAAACARACCGAGAATT
K K'Yy L FL K * T * K * N TK KN P E *
N K I 8 CF Y 8 R L K S5 KTI Q KT Q § K
K » v vs I A EVLNUVI KT LI KNZ QI KA ARL
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7021 TTTACGAAAAGTCTGTAAATCTACCTCATATAAATATTTTCCAAAAGAACAACATCGGTG 7080
F HKESMO™* I S Y I *~ L L NEOQQTULW
F I 8§ KL ¢ K § P T Y K Y F T K KN Y G
F A K * V N L HL I NTIVF P K-R TTA YV

7081 ACACAAAAACAAAACCAAATTAAAAAACATATATTTACAATAAAAATCACTGAAAATAGA 7140
@ T KT KT * N KT Y L H* K * H S KD
S H K Q XK P K I K QI Y INNIKTVKTI
T N K N Q N L KK Y I F TTIIKTULS K * R

7141 AGGATTATAATCACAAAAAGGATAAARACACCCTTCTTAACAATACACCTATTTCCGATG 7200
E * Y * H K E *~ K QPVF F Q * T S L P *
K R I N TN XKXURDNIKHS S NNUHUPUYUL S
G L I L TKGTI K TTU®PULTITTIMHTIUFAVY

7201 AAAACCAAACCAATGTTAAACACTAAARATAAGATTCAATCCACATCCAAAATGTTCAGT 7260
K Q NP *L K HNI KN TILHULN * L D
S XK T QNCNTTIXTIRIL®*YTYTIZKTCT
K P K TVIQS XK *EVLWNZPTUPZK V L *

7261 AAAAACATTACCATCAAAATATACACTTAACACAGTAAGACCAAAACTATACAACCTATG 7320
N K YH YN * I HITTDWNGQUNOQYTUPY
M XK T I TTI K YTV FQTMRTIKTIHDQ QTI
K Q L P L K I HSNUH®*EUPIKSTINSUV

7321 TATACGTCGATATCTAAAACAAGTCATACTTCATCTATCTGCACAAAATAAACTAATACA 7380
M HL * L NQETUHTIELILYVHEKTIG®QNH
c 1 c¢cs Y IXKUNTILTITFJYTISTN®*XTII
Y AAI SKTS®*YS ST SULRTIZXNS * T

7381 ATCAAATCAGTTTAATTAACAACTTGAGCAATAACCAATAAGTAATATGTGTCATACCAA 7440
* N L * I L Q Q VR * Q NN MICULTIT
N T * D F * NN F ENUNTTI®* * V CY P
L K TLNTITJSSTTIU®P®*ZENYVTHN

7441 AATAGGTAATAAAACAGAATAACCARATGTTAATAAATGATGTACCAACGGACTAAACAA 7500
K D MI KD * QVNVITI** MTAQNT
K I W * KT KNT®* L * K S CP QR I Q
* G NN QR I P K CNNUVV HNGS KN

7501 ATACAATCTTTGATACGTAACCAACTAATCTAAATAACATAAACATCGATTATACAATGG 7560
* T L F * AN T S * I * g I QL * Y TV
K H * F S HM P Q N S K N Y K Y 8§ I H *
I NSV I CQNTIULNTITWNTA ATLTINSG
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7561
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7921
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8041

ACGAARAACAGAACAACGCCAARATATATCAACAATGACGATACATATTTCATCAACCAAA
Q K QR TAT T XVYULOQ®* Q* T YLULGQN

R §$ KD Q QP K I Y¥YNNSSHTIVFJYNT
A XK T K N RN * I T TV ATIVYULTTPK

ATAATCCGTATAACAGATACCAACATTATTTCGACCAACAAATAAAACAATATTTGCTTT
* * A Y Q R HN Y Y L Q N NI KN Y V F
K NP M NDITTTIUVFSTT™* KTTITF 8
I L ¢ I T * P Q L L AP Q KNOQ * L R F

AACATCACAAGCACAATTCACATCATGATAACAACCACCACATTAAGCAATAATACTATA
N YHEUH * T Y Y * Q QH HL ENNEHY
I T TNTWNULTT S NNTTYNTTITII

Q L TR TULHULVITU®PZPTTIR®* * 5§ 1

ATGACGATTACCACCATGACCAAAAACACAATTTGTAGTTACCTTAACAAAATTAACGGT
* 9 * HH Y Q N XK * VDTISNTN®*NG
N §$ S I TTS STJ XKTNT FEMLZPTITIZ KTIA
V AL PPV PKOQTTLTZGC®*HTFUQZI KTULOQMW

AAGAAAATTTGGTCCATTGTGAAAATATTGACATCTTCGACGATATCTTGAAAGATTTCT
N X * VL Y CX * L Q@ L L Q * L V K * L
M R K F W TV S KY S Y F S S Y F KRF

E KL @ P L VXK I VTS SAAISSETLS

CGAATTTGCTGGACATTTAGGTTGACTACGAAGTGTAATACATCAATGACTATAATTCGT
A * V V QL DUL QH KV NUHIL™* Q Y * A
L K F SR Y I WSTI S * MIUVYNJSTINIL

S L RGTVFOGV S AETZ C®*TTU YV S I L C

TCAACCAACATACTACGCAAACAAGATACTATCTCTACCTGTCGCACARATGCTACTACA
L Q N Y 8§ ANTURUHYULHVAHI KT RUHH
L NTTHHTOQETITISTIOSLTNUVTII

T P 0 I I R XK N* S L S PCURT®* S ST

ACTACGATCAAATAAACATCTATAATTATTAGACAATGTAAGATTTCAATTTCAACAAGG
Q H * N I Q L Y * Y DTV VN * L * L Q E
N I §$ T * KY I NTI I Q * MRV FNTFNN

S AL KNT S 1 LLRNZ SCETLTULTTG

ATTARACATACATCAACATCATCTCTCACTACGACTATCTCGATTAAAAGACTTACGACA
* N T H L Q L L s HH QYL * NE S H Q
R I Q I YNYUYULTTISTISSTIKAOQTI S
L XK YTTTTSULSASLAULIKRFAT
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8101

8161

8221

8281

8341

8401

8461

8521

8581

ACACAAAATACGTGTTAGTAACATATCCGGATATAATGAACATCTGTTTTTCAATTAATG
Q T KHvVIMTY YA A®*TIVQUL CTVFTUL *

N H K I CUL* QI PRY * K YV FL * N
T N * ACDWNJYULGTINIST S UL FUNTIUV

ATGTCGAACATTACCATAGAGACATTGGGTCTGATACARACTACARATACRACTATGARAA
* L K Y HY RQLG S * T Q HI KUHGQY K
s ¢ s T I TDWI RJYSGUL S HIKTINTINTIS
vV AQUL PIETUV WUV I NST* T § V K

ATACAGAGTAAAACTACAACTATCTTTCTCAAAATTATTAAAACAATTGTAACGAGTACG
* T EN QH QY F 8 N * Y N Q * C Q E H
K HR MK I NTSUL T XTITIK .N V N § M
I p* K $ TS 5L FL KL UL XK TULMA* A

AAGAGAATCTCTCCCACACGTTAATCTTTTCCAAAATCTATGAAAACACCCTACACATGC
K E * L P HA I UL VF P KL Y K Q@ P I H V

S R K S$L THUL* FLNT* I S8 KHS T Y
ERL $ P T CNS F T K S YV K TUPHT R

ATTTACAACAAGGTAACTAAGTCTACAACTTTGTTCTAAATAATGATTTAGATACTATAG
Y I N NWQ NTLUHQVF L I * *» * T * g I
T F T TGWNTI * I NF CS KNS F RHY
L H Q EMSESTSVLNTIUVULDTITITD

ACGTCATCGACGACCAAACCTTAAATGACTACTTTTAATATTGTTAAACCATGGATGTAT
Q L LQ Q@NUPTI *QHVFNTYTCNT PV * M
R CY S STOQTFI K S STITFTITIUVTIOQYTRSC
A TAAUPIKSNVSSF*ULULIKTGUV Y

AAATTTCTCACTATTATAACATCGACGACTAAATCCACAAGAATATGTCTTACCACGATT
N L S HY Y QUL Q QNULHE * V S H H *
I *»L TITINJY S S5 I *TDNIKJYUL I TS
XK F L §S L ITA AR ASI KU©PTU RITCT FPA AL

CGTACATGTCCCATTACAACGATTCCGTCGATTATARAGAACATATACCAAATAACTACG
A H V P Y HQ * P L * Y KK Y I T * Q H
LMY L TINJSILZGC STINI RTYUPI KNI

¢c T CPLTA AL AARARALTIEU GQTIHNTISA

AAAATTAGTTGAATGACGACTAAATGTCGTATTTAATTTTTTTCGTACACAATTTTGACC
K * DV * Q QNVAYTITULVPTULMUHT®*TFQ
s K I L X s s I » L MV F * F F CTN F S
K L * 8 vAS KCCLWNVFVPFPAHTILUV P

FIG.3 CONT’D

US 2006/0018923 A1

8160

8220

8280

8340

8400

8460

8520

8580

8640



Patent Application Publication Jan. 26,2006 Sheet 74 of 119

8641

8701

8761

8821

8881

8941

2001

9061

9121

GAACTTCAATTTTAACTGARAATTATTCGTTCTCCGTTCACAGGGATARGAATGTTGTGG
s s T L I 8 K * Y A L P L HG * E * L V
A QL * F Q S XKIULLULCTUDIZRNIZKTCITC
K FNF NV KLULTCSALTGTITZRUVVG

GAAAAGTGAATTTCCTCCACAACATAACTCATTAAACAATATATATAATAAAAAACARTC
R KV * L L H QI S Y NTTIYTITIK Q *
G K * K F S T NY QTTIQ* I Y * K KN
K E S L P P TTWNULILI KNYTINN NI KTL

AAATTAGACAAAATATAATAACACCCGAAATAACGGATGTATATCACARRTATTCAGACT
N L RN * I I TP KTIAM*MYHIKYTQ

T *b T K Y * Q P S * Q R CTITNTITULR
K I Q K I NNUHAI KNGV Y LT * L D 8§

ATAAGTAAACGGACGAATACGATCAAAATTTCAATAACTATTACCACAACARATCTCTATA
Y ENAQ K H * N * L * Q Y HHOQ * L Y
I NM QR S I §TI KV FNIUNTTITNUNSI
I * X GA *A L KULTTISULUPTTTULS I

AAGTCAATTACTAAATACARAACGATTATTTAAAAAGGTTARACTAGTTACCATACTCAG
K L * HN I N Q * Y I K G I QDI THT
N * NI I * T K S I FKZETLJIEKTITULUPTITL
E T LS KHKATULTLNIKUWNINTGS * HY S D

GTGAAAACCCAGACARATGATAGTATTAAGATACCTAACGGGATAACATCACCGTCAATA
W K Q T Q K sS DYN™* PNG* QL P L *

G S K PRNUVTIMTI®RHETIARIENTYTHTCGCN
vV K pDT * * * L EI § Q G I T TATI

CCTACTTCTATAGCCAAGATGATACARATTACAAGGATGATTTCAAAACTCTGTACCGAA
P L YRN®X*X * T * HE * * ILb K S8 V H 8
H I F I DTWRSHI KTIWDNU RSV FUNQSMA
s §$ §$ I P E VI NULTGUV LTI KTULTCZPK

AGTACAARATGTAAAAAARTTGAATACGTAAACGATCACTATCACAAGTCACGATATGTGG
EH XK VN KL XKHMOQ* H Y HETS YV

KMNO*MI K®* S TICIKSTTITNIULH ATIOC
* T K C K KV * ANALSTL T * H * V G

TGTATAAGTCTAAAGAATATTACTAAAAATACGATCACCAACACAAAATAGTAGAAACAC
VY E S K K Y HNIKH* HNUHIKTIMIKT
W M DNILWNIRTITITII KTISTTTN* * R Q

¢c I * I E *L S8 K * A L P QT K DD K H
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9181 ATGATACAAATTTTCTCCACTACCATGTGGTGTAGGAATAACAATAAGTCTACCACAATA 9240
Y * T * F L HH Y V VD KNNNTILHH *
T S H K FSTTITO CWMM®RTITTI®*TITN
vVvI NL L PSPV GCG®*Q™*E S PTI

9241 CTTCTTACGAAGAAACATATGTAGAAACCAAGGTGTATGTGCAATATCGGAACGATTAAG 9300
S S H XK K T YMIZ KXUPEVYVUNYGOQ * N
H LI SRQICR R QNWMOCTTIHBATIKSTI
F F A EKYUVDIXTS G CVZ R *LRATLE

9301 ATTACCAARATATTCTAAAGGACTACAATAATCACTTCCATAACATGCATAACATTCTTG 9360
* HN *» L I E Q H * * HL Y Q V Y Q L F
R I TK Y S XRTINNTTFTNJYTHNTYS
L P XK I LNGSTTIULSZ?PITRTITTLUV

9361 CGCGAGATACTGAATAACATCTCACCCACGTACACTTATGCGGCTTCTCCCATATACAAA 9420
A S * S K NYL PHMHTIWIRIRBRLZPYTIN
R ARHSITSHTT CT? FUV GV FULTYT
R E I v QL T PAHS Y A S S P I HK

9421 ATTAARATTATCAAGGACCCAAAACTTATTACTAATAATATCTTCATACGGACCTTGAAA 9480
* N * Y NR P K S Y HNNY F Y A Q F K
K I K I T G PN QI I I I I §THR S§ 8§
L KL L EQ TXK FL S * * L L I G P V K

9481 AACACCATCTC TAGAAAAACTAAACAAAATAGTTAAAAAATT CATCAAATTAAGCAGGATA 9540
K H YLD KQNTIKUDTII K®* Y NTULED *
XK T T s I K K I ¢ K I L K K T T * N T R
Q P L SR KXKSKNT®* * N KILUILI KTIT RGI

9541 TCTAAAGAAAAGAGAATGACGATCAAGATAAAAACCTCGATATAACCGATATCAACAACA 9600
L N R KE * Q * N * K QL * I P * L Q Q
Y I E X R K S S TURUDNIKS S Y Q § Y NN
S K K ER VAL ETIKPATINRARAZTITTT

9601 GAACCLAAAAAATAATARATTATTTTGAATTCGCACGARAACCTCTAATATGATCACAACA 9660
R P K K N NL L VvV * A HK Q L N Y * H Q
D Q N K I I * Y F KULT S K S I 1I S TN
K T K » *# K I F §S L R A KPS * V L T T

9661 TCAATATTTACAACAACAAACCACATAATTAAAAGAATACGAAAAACAAAAAGTTCAAAT 9720
L * L HQ Q KT Y * NE* A KOGQIKEL K
Y NY I N NNPTUNTIKIKHI KI KNIKTLN
T I F T 7T T Q H I L XK R I 8§ K T K * T *

FIG. 3 CONT’D
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9721

9781

9841

99201

9961

10021

10081

10141

10201

AGGATAAACACGTACACAAATACGAACAAAARTAAAAATACATTGTARCATAAAAGGAAG
D * KH M HKH KN KNI KHILMTNE K

I RN T CTNTI S TIKTII KTIUYOCGQTI KR
G I Q AHT™* A Q K * K * TV N Y K G E

ACTTTAATCACATTAATACGTAAACGTTACCTAACAATACATACCACGATATTACGGAAA
Q F * H L * A N A I 8 Q * T HH * L A K
R F NT Y N HMOQUL P NNUHTITS Y HR

s I L T I 1I ¢ K CH I T1 Y P A I I G K

AACCAAAACACAGTGTATACATCGATACCAATAACGTTTGGTACAAAATACCAATAAAAG
K T KH * M HL * P * QL GUHIKTIT I K

K P X TDCTI Y S HDNDNTZCUVMUN™*X p x» K
Q N Q T V Y TATITTIAVFWTKHNN E

TATAACATCCTTTTAACCACAATTACATACATCACTATCATGTAAACTTCTTTGTAGAGA
M N Y S F QH * HI Y HY Y MOQUL F ME

* I T P FNTNTIYTTTITT CI KT FVF CR
Yy Q L F I PTULTUHU LS UL VNS S V DR

ATGATGAAAATACTAATGATTTCTAAGAATAACATCTAATTTCTTAAGACAAAGACTACA
* + K *+ § * * I, N K N ¥ I L § N Q K Q H

K § S K H NS PF I RI TS * L I R NIZRI
vv KITIUVULSE®*QLNUPFPZPFPUETTEST

ACGGATGTTATCTATAAACTCAAACATATTATTCATAGCAATGATATCACCATTTTACCT
Q R CY I NSNTYYTUDNZSYHYF P

N GV I §I QTOQQTITIULTITUVITTTF FH
A * L L ¥ KX L K YL L Y R * *» L P L I 8

ATGACGACGGATATCTCTTCGCCGCACAAGAGTCAATCGATTTCGATACCTTTGTAAATT
Y ¢ QRYL L PTNETTUL* L * P F M *

I s §s G I §$8 FRRTWZRULO®*S$PF S HTVF C K
v A A *L 8 A AHEMX*XN ALA ATISUVNDNL

AGTGTTATTACCATTACTACAGAATATGGTTGGAGGATGTCGTAGACAAAGATGTAGAAA
D CY H Y HHRTIGVES®*LMZGQZ K * MK
I_ v I I1 T I 11D * VLZRIRTZGCTCUR RNIZ RTCECTR R

*L L PL ST KYWG GV ADTEV DK

ARACGTTAGTCCATAACATTTCTACCATAGAGGATGCAGTTTTTAACTTGGAACATAACA
KA I L Y QL § P I E* TUL F Q V K Y Q

K ¢ L » TN Y L HYURU RIRT™*FUNU FURTN
K ¢DbD?PITU FTITDSGUVDUPFPI S G QIT
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10261

10321

10381

10441

10501

10561

10621

10681

10741

ATCACAATGAATACCATCATACTGAAACTTACCAAATACCAATCTACTGTTTCAAATAAC
* H * KH Y Y § K S HNTITULHUCTULIEKN
N T N S I T TH S QI T * P * I V F NI
L T Vv * P L I VK F P KHWNS S L T * Q

AGGAGCAGTACAATATACAAGTAGGAGATTATACTTGCTTGGACTAATAAGACGGAATAA
D EDUH* I NMUR* Y S RV Q NNGQRI
T R TMNUY T * GRIHV FRTITIIURG *
G R *TTIHEDETLTIUVFS G S * E A KN

CACATCTCAATGAGATCCACTAARATGATATTACAGACCAGCCTACTCRAATTGTCAACA
T Y L » EL HN * * L T Q D S S N L L Q

Q T S NS * T I K S Y HRTPHT * CN
HL TV RUP S KV I I DU?PRTIULI KWVTT

CAGAATGGTCTACGTCCCGACAGTTGAACAAAACTGTCAGAGAAATGTTTTAGGAATGTG
T K G S A P S DV Q K S LRI KV FDIKZC
H R VL HLATTLI KU NOQU CDU R * L I RV

D * W I CPOQ* ST KUVTEIZ KT CTFG* V

AGGTTTTATATGAAAACCATTACAATTTGGACCACTTTGAAAATGACARAATCGACGCAT
E L I ¥ KQ Y H * V QHVF K * Q KL QT
S W F I § KTIWNVFRTV FS K SN * §R
G F YV K ?PLTULG?P SV KV TKA AHB AY

ATTACCGGCTGGTGTTCCCCGTAAAGTACAATGATACGCATCATCAATATGATAATTTCC
YH GV VL PMEH®* * A Y Y NY * * [
I I A SWULPCIKMDNUSUHTTTTISNF
L PR GC?PANO®*TV VI RILIL®*VITULP

AAGAAAAAACACACCCAGTACACCTAGACAACCAATACATAATTGTCCACTATCACAATT
N K K T HTMHTIQ Q NHTILULH Y H *
T R X Q TP * T S RNTTI Y * CTTI TN

E K K H P DHUPDTUP* TNV P S L TIL

CAMACATATATACGTAGTTAATCTCGAGTCATGACCAACAGTGTGACCGTGACTAAAATG
T Q I YADTITULA AT®* Y QNDG CGO QT COQN *
L K Y I HM UL * L ETSTTUV S A S I K
N T Y I C* NS SL VP Q * VPV S KV

ACCATTAAAAATACCAGGTATATCTCTACGAGTTCAACATGTCAACGGTCAATTCCTGAT
Q YNKHDMYULHEULOQV T ATL* P §
S T I K I T W I S I SLDNY L QWNULV
P L K * P GYL S A *TTU CNUGTTUL S *
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10801 GCAGGTCTGACAATTACAATAACGAACCGAGATACGTCGATATGAATTATTAACACGAAC 10860
R G S Q *H *Q KA RHLT®* V * ¥ N H K
VDL S NI NNJSUPUETIT GCGSYZ KTITITS
TwVvVTLTTIAQS®*AATISTLULZQAQQ

10861 CAAACATGTTTTACTACAAACAAGATGACTTCTAAAATTACAAACCCGATACCGTTTACC , 10920
T Q VF HHKNMO®* QLN * H K P * P L H
P K YL I INTW RSV FTIIKTINUZPSHTCI
N T CVF 8§ T Q E V S§ S KL TOQATIA ATFP

10921 AAAATCGGTTCATTTTCGTCTAGAACAGAATCTACGARACCGAAGTTACTGTCCACAAAG 10980
N * 66 L L L LD QRTULUHIKU®PI KT LSTULHK
T K AL Y F CI KD * I 8§ Q S§ * HCTN
K L w T FASRTIKSAI KA AETIUV P T E

10981 ATAACTTTGAAATAACCGARCGATAATTCGCAGATATATACCCTAAAGTTCCAGCAGTTTA 11040
*Q F K I pQ * * A DI YU®PTIEULUDTDF
R NF S *Q S 8§ NULT®*TIHSKULTTL
I S VX NAAIULURUZ RYTIUPNT®* PR * I

11041 TGATCCTTCAACATGAAAACTTCTACTTAACCGTGGAAGACTGCAAATAGTTGTTAACCG 11100
VL FNY KOQULUHTIU PV KOQRI KDUVTIFP
Y * § T TS K F I FQ CRI RV NTIILTILQ
s P L Q V K S S SN AGEST®* * CN A

11101 ACCACAATTTAACGTTAGATTTTGTTTTTCTARATAATTTCTTTGTTAAATAACCTAAARA 11160
Q H * I A I * F L F I * * L F L K N 8§ K
S T N F QL RVPFCVPFSKNUVFF CNTIUZPN
P T LNCUDULUV FLNTIULS VI * Q I K

11161 CTATAGATGTAAAAACAAATCAACATATTAAAGACGTAAACAATTTACCTGATATAAATA 11220
s I *M KT * NY L KQMQ * I § * I =
@ Y R C K Q K TT Y NZRTU CI KNV FP S Y K
I DVDIN KNI LIGQTITIEA ANTIULUHUVINTI

11221 CATATAATTATGTGTATACTAACCACAATGTAATACACATGAAACAAAACAATCAAAATA 11280
T ¥ * Y VY S Q H M I HV KN Q * N *
H I NTICMHNTNTGCO®*TYXKTEKNT K
Yy I L v €¢I I P TV NUHT S Q KT L K I

11281 CTACAATGATCAATTTGTATTCGTAAAAATAAACTGATACATATATTAAGGACATGAGAC 11340
s T Vv L *» VY ANI KNS *TYUL E Q V R
HH * > NF M LMK I Q S HI Y N R Y E
I NS T L CULCI K®* KV IYITIGT S Q

FIG. 3 CONT’D
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11341

11401

11461

11521

11581

11641

11701

11761

11821

ATGGAACAAAATACATTTAATAAATCARACAAATATTCCTTCCAAAATCTCCAAAATGAAT
Y R T KHULNWUNULOQIKYPLNM™*YLN * K
T 6 Q K I Y I I * NNI L F T K S T K §

vV KN * T F * KTT * L 8 P KL P K V *

ACAGACCGAGAGTATAAAACAAGGACGACACTTAAAATGAATACARATACTTCATAAAAT
H RARMNAOQQEU OQOQSNT* KHIKHULTIK

I Dp E* I KNRSHTII K STINTITFYK
T Q S EY X TG ATT FI KWV *T=* § TN *

ACCAACATAAAATACACAAAAACGATAAAAATATTGATACGTATCATAATTAGTACTGTA
H N Y K I HKOQ@* K * L * A Y Y * D H C
I T T N * T NK SN KY S HMTNTIMUV

P Q I KHTKATIIKTIUVTIOCLTITLT* S M

AAAARGAAACTACAAAAACCAACCATCTTATCAATGAAATTAAAGATACACCATAARACC
K Xx KX § T X P QY F L * KL K *TTN Q

N KR QHIXKXQUNTS Y NS * NRHPTIK
K E X I NXKTU®PULI TV EKTIETIWUHYKP

CAGCTTAAATCTTCTCCTACAAAACAATAAATAATGTCGGAAAAATCCATGRATATGTAC
T S N L L PHKTTI™* * L R KUIL Y K Y M
P R I * F L I N Q * KNOCGI K =* T S I C

D F XS S S5 TKNNTIVAIEKI KPPV * V H

CTGGTGATARAACAGTAATCGATATCGTTTTTARCAACGATTAACCAACAGACAATTATA
$ W * KTMTIL * L LPFQOQ* NTTQ * Y
P GS NQ * * § Y CFNINSTIZPOQRNTI

VVIEKDNSNIA ATIATFTITALTGENTDTTLI

TAAAATAAAATGTCTACATGGAATATAATTTAACTAAGAGAACTCAATGAATAAATATCC
I K N * L HV KY * I §ER S NS TI * L

Y XK I K ¢ I ¥ RIUNUVFQNUEA GQTV * K Y
N * KV § TG * I L NIURIKUL®*KUNTIF?P

CATATARAATAGAACAATAACCCCTAAAAAGAGAGARAATTTGTCACAAARATCTTACGG
T Y KX I K NN PTI KU RUEI KU LTCHIK* F A

P I N * R TTI P S KEIRIK*V TN K S H
Y I KD Q * Q PNIKUERIKPFULTIKIULTISG

ATACCCACAAATATTAATATTTTAAAGACAAGTTCTTAACGCAATATACTTACGATTACC
* P H K Y NYPF K QEULTIANYSH * H
R HTNTI I I F NI RWNILUPFOQTTIHTISI
I pT* L * L I ET* S NI R®*TIVFATULTP
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11881

11941

12001

12061

12121

12181

12241

12301

12361

GAATGCAGGTGGAGCATTATCAAAACTCCGATAARACAATTTAAATTTTGACGAACCTTA
s vpD VvV EYYNOQOU®P* KTULNULVAZQTF
A * T WRTTITI KU LSNOGQ®* I * F Q K 8
K R G G R UL L K S A I KUNTFZ KU F S S.P I

TCCACCGCACGGTCAATAACTTCAGAGGGTTTAAGTTAGTTTTAACTGACTACACTTTAC
L HRAL * QL RGVFETIULTI S QHSTI
Y T A HWNNVFDGULNTIL®*F Q S I HF

P P TGTTI STUEWTI*DF NV S TFH

ACGATTACAACAAAACAATTTAACAAATGTCGTAAACGTACAACGAAGATTAAGATTCAA
H * HQ K TULNNUV AN BABHGQI K * N * T

T $ I NNQ * I T * L M Q MNS R IRL
A L T TI KN F QK CUCI KU GCTA ATETLTETULN

CACCGTCATAACATCACAARATGTATTACTTTATGATAGATGAAGTCTAAACTCACATCG
T A T N Y H KV Y HF VI * KLN S HUL

Q P L I TTWNO®*MTIVF Y * R S * I QT Y
H CY QLTI KT CULSTI SDVESI KT LTA

ARAACTATTCGAACGAGTTAATAACTAACAAAATARGCGGTTAGGACGACGTCAACTATG
K Q YA Q E I I S Q K IRUWDGQGQULOQ Y
S K I L K S L * Q NN *E G IR S CNTI
K S L SA * NNITJIKUNALTGA AATSV

ATTCACAGAACGTTCATATCTACTTCAATCGCTACTAATACAAGTTCTATCATGGCAAAA
* T D QL YL HL * RHNUHETLY YR K
S L T K CTYI U FNATITITINULTITGN
L HRALTISSTULS S * T * S5 L V T K

CGTCCGAAACGTTTCACTCARARACATTTATACCGATCARAACAACTTATACTTCAGCGTTT
A P KA FHTOQULYP * N Q Q I HUL R L

Q L $ QL TL K Y IHSTI KNV FTIVFDOC
¢ A K CL 8 NTVFIATLIKTS Y S TATF

CTTTTTAAACCGACTACGATTTTTATCACCAAGACAATTAGTTGTTGTCTATTTTGTCAA
S F NP QH * F Y HNOGQ®™* D VUV S L VT
L F I Q $ I 8§ F I T T R VNI L L L Y F L
F F KA SALUV FULU®PETUL™* COCTIV FOCN

TCTTTTTCGTACATTATATCGATTCAGACACATACTTGCACTATTTCGACATCGAGCGTT
L F L MY YL * T Q THV HY L QL E C
* F F ¢ T I Y S L R UHTIVFTTIVF S Y S A

S FAHLTIALDTTZYSRSTILATA ATRL
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12421 TGAACTTGCATACCGTCTGGATCGTGAATGATTGTACATATTTCTCCGAGCCTAATTACT 12480
vVQVyYy pPpPL GLV * * CTJYUL P ES * H
F X F THCUV +* €K S8V HTIV FULSPNI
'S S R I ASRASVILMYTLSARTITELS

12481 ATTCTTCTCATTTCAACAAAGGCGAAACGTCTGTTACGAAAAATCGTACCAAGCATTTAA 12540
¥y $ S YL Q KR KAGSTLAZIKT®*CUPEYTI
I L L TFNNUGSOQILTU CHI KU KM aAHNTF
L F L L TTEAZ KT CVTIS K LMTRTULN

12541 CCTATTAGTCCGAAATTTAAGATAAGACCTATTACGACAATTTCCAACACATGGARACTC 12600
P YDUPIEKTULN™* EPYHTO Q®*ILNJUHTVK S
Q I I L 8 * I RNOQTI I SNTFTTJVY R Q
S L *A KPFETIURSTILATTULZPO QTG GZ KL

12601 ACGATAAGGTCGTAACCGACGATTATGAAATTGATATCATTATGGICTATTTGTTCARAR 12660
H * EL M P Q * Y KL * L L VL Y V L K
T S N W CQ S S I S * S Y Y Y W I FULN
A I G ANAALVEXKVY ITTIUGSULCTHK

12661 ACTATTTCAACAACTATTACAAATACAATGTATACGACCATCACATACCGTATATGTCTG 12720
Q YL Q Q YH X H*MHQY HTIAYV S
K I F N NI I DNTINUCISTTUZYUPMYL
s L.T?TSULTT®*TV YA PULTHTCGCTICUV

12721 ACAAGTTCTACGACTACCATAATTATTTGTCAATTGACTATAATCACAACTAAGATTAAC 12780
Q E L H Q HY * Y V T L QY * HQ N * N
§NL I §I TN VNIV FILOT* S I NTWNTIR RI
T *» S A S P I L L CNV S I L T S E L Q

12781 CGGAGAACAATAGTAACGCTTGTCCATATTACTTCAACGATTACGACAATACGTCTTATT 12840
A EQ * *+ Q S CTVYHTULOGQ®*HOQ * A S Y
PR KNDU NP RV YUPTITITFNSTISUNI HTILTI
¢ R TI MATPTLTYULSTA ATLA ATTITCTFL

12841 ACTCAACTACGGAGTATTTAATTTTTATGTTCAACAATTATCACCAAGACTATACTTAAC 12900
H T S A E Y I L F VL Q * Y HN QY 8§ N
I L Q HRMVPF * F YL NNTITTURTIUHI
S NI G * L N F I ¢CTTULULUPES I F Q

12901 ATTATAAGGATGAGTTACAATAATATTATTACCATCATCACCATCTTATCARATACGACA 12960
Y Yy E * E I N N Y Y H Y Y H Y F L K H Q
T I NR SL T I I I I TTTT S Y NI S
L 1 66V *H * * L L P L L PL I T * AT
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12961

13021

13081

13141

13201

13261

13321

13381

13441

AGAATCACTACAARCTACCAGAATTCATATGATTCTATTACTTTCTACTACCTTTAACACA
E *HHQHD * T Y * § L § L HHTFNH
N K T I NI T K L I 8§ L YHVF I I S I T
R L §$ TS P RLYVLTITIUVFS S UPVFOQT

ACAARATCTCGAACTAGGAGGAACATTTAARAGATATGTTCTACAATTCCCTGAATTTTA
Q KL AQDEIKYTIIK* VL H®* PV * F
N N * L K I RRTVFI KU RYULTINILSKF
T K § $ $ 66 6 Q L NE I C S TTUL P S L’ I

ATTCATAGAAATAAAATAATTTCCTACATTGTGAAATCGATCTCCCACCCAACAACCATG
* T D KN * * L, T Y CI KUL®* L TP Q QY
N L I K I KNVF STV S * S S P PNNT
L YR * K I L P HULV KA ATLUPHTTUPV

ABATAGAAGTTGTTAATCTAACGTCCGACCACAACGATGACTCATACGTCGATTAAGAAG
K I KL L * I APG QUHTG Q®*QTUHTIL* N K
S * R * C N S QUL S TUNJSSTLTIG CSTIR
K DEVILNTGCAPTA AVYVYSJYAUBTLEE

ATATGAAAGTAATACACGTAAAAGACATCTAGGATTCTTTTGAATAAATCTAATATATGT
* V X M I HM KQ LD * S F KNILNVYV
R Y K *» *» T C KR Y I RUILF S I * I I Y
I S ENHAWNETSGULF V * K S§ * I C

TGTTCCACCACATGGATATTAATTAACACAATTTTACGAGACACTAGTACGACCATGACC
VL HHYV * L * NH=* FARHUDIEOQY Q
L L. T TYR Y NI TNV FHETTIMST S

¢c p PTGIILQTU LTI S QS * A P V P

ATACCGGTAATGATAATTTGGACTCCGATGATAATTGGTTCTAAGAATACCACCACGGAG
Y P W * * * VvV QO P * * * G L N KHHH R

T HGN S N F RUL S§ S NV LIURTITT G
I AMVIUL GS AV IULWSGSE™* P P A E

TCAAACATAAATAACGGCACGTGCACATCTCGTAGGTCTACATCTACCATATACATTTAA
L K ¥ K NG HV HULADULHULHY I Y TI
*N T NI ATTCTV YL MWIYITYTTF

T Q I * Q R A R T S CG S T S P I HUL N

TGCACCATTTAAACATGTTCAGGGAAACCCATATTTTCTAGGATAAGAAATACACRATTG
VHYIQVLGI KU®PYUL LD * E KUHTL
* T T F K Y L DR QT Y F I RNKTIH *

R P L NT CTGIXK?PIVF S GG IR®*TNYV
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13501

13561

13621

13681

13741

13801

13861

13921

13981

TGTACTACARACAGTTCAGACACCAAAARACCTCTCTACCGTCAACAAGGACACATCCAAG
VHHEKDTILZ RUHEHINIEKTSTLUHTC CNNTZ RIETLN

CMINTTULDTTTI KT PSTIATTGTTVYT
£ 8§ T Q * T QP K QULSUPILG QTETG QTP E

TTCACAGCGACAAGTTAGATTTCTAAATTTAAAARATTTGCCCAAGCCCCATGATCACAC
L HR Q E I * L NL NI KULRTIRUPUV LT
* T D S8 N L R F I * I K *~ V P E P Y * H
L T AT®*DIL S KF K KF P NPT S TH

TTACGGGCCGATCATGGGACACGATCACCAAATAGATGACTACAAGTTAATTCCCGTAAA
F AR ST GQ®AILUPI KDWYV ST *NL AN
S HG ALV RH®*HNTIO®*XOQHETITLUPM
I ¢ P *Y GT S TT * R S I NIL * P C K

CTGTAAACATTATGGTTATCTCGACCATATCCAAATATAATATTTCACTTAACAACGGCA
s M QL VL LAUPTIUPIKY*L TTFQ QR
Q ¢C K Y Y W YL Q YL NINUVYULSNNG
vV N T I GI S STYTH®* I I FHTITA AT

AAAGTCGCATATCTACTGCTGCCATTATTTAACCTATTCARGARACAACAGTTTTCTTGA
K * R 1 5§ S § PLLNSULNIEKTTTULULYV
N EA Y L ERRY Y I PYTUROQOQ™* F F
K L T Y1 Vv v TIV FOQIULUEIXKNUDTF S S8

TTAAATCTTCAAATATTATTTCTCTTTTGAATAATACTCAACTGATTTTCAACACCACAA
L X 8§ T * L L 8 FV* * 8§ NV L L Q P T
* N L L K Y YL S F KNHTS * F NUHH
i *F NI I F L F S TITIUL QSVPFTTTN

CACCGACTTGTACTAAAGAAATGTAAACTATAACTACCATCAGCGCACGGTGTATATCAA
T A S C S K KVUNS I S5 PULURTUGT CTIT
Q P Q VHNUR®*MZOQY(QHYDRAUVYTL

H S FMIUEI KT CIKTINITTAIHWMMYN

GCATCCTTAGAAAGTTTCATATGATACAATCTAGAAACGATACGTAACGCAGTAARACTA
R L FREVFYVINSIRQ™*ANIZ R * K S
E Y S DK LT Y * TULDI K S HMATUDN Q
T P I K * L I S H * I KA I COQTMIKI

GCATTACTAACAAGTTATAACACACTTTAAGAAACACTCATACGACTAACATTTCTTAGG
R LS QETINUBHTSTI® RO QSZYA ASG QLS STD
D YHNUNTUILTITUHTFEZ KU HTHG QNTYTLI

T I I T * Y QTTFN I KTTULTIZSTITTFTFG
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14041

14101

14161

14221

14281

14341

14401

14461

14521

ATGAAAAGATTCTTTCTAACCATACTAAAACAACTTTTAGGACTATAATAATTATATATA
* K EL F 8 Q Y S KT S F G S I I UL I Y
R 8 K * S L NTHUNOQQFDO QY * * Y I
V XK R L F I PITII KNV FTII RTINNTIS-®WYWTI

TTTTTTAATCCGGGATAAAAATTATCTCGAAATGAATTATGACAGTAAAAACGTCTGTGG
L F NP GI KL LAIKJSULVTMI KA ARASUV
Yy F I L G * K * Y L KV * ¥ Q * K Q L C

F F A RNI KIS S * KI 5 DINIKTCUVG

AATCAACTTCATCCAAATCAACCACAAAATTGAAATCTATTGGTTCTAAACATACCAGTT
K T s T P XK T P T K V K S L W S K Y p +*
R L QLLNLQHI KU LXK LY GLNTHD
* NF Y T * NTN* § * I VL I QI T UL

ACCATACTAAAACCACTAAAATATGTTTGTCGGGGTCCCAAACCACACCGTCAACGTCTA
H Y § K P S KICVAGPNU PTA AT A S
I THNQHNO* YV F L GLTQHPILOQUL

p I I K T I K Y L CG WP KTHTCNTCI

AGAATGATAAGAATATACTACGGATACAACTGATACACAGTACATAATCTAACACTTAAT
E * * E * I I G I NV I H* TN S Q S N
N K §$ N K'Y s A =* T S * TDHTIULNUHI
R VI R I HHRUHQSHTMY * I T F *

AAACAATTACTATCAATATCTGTTAAGCTAGAACATGTCATACTAARATGACTAATGTTC

N T L S§L * L €CN S RTUGCY S KV S * L

I Q *HY NY VI RUD QV THN®* QN C
K NI I TTI S L ETI K YL I I K STI VL

AATCTCAACAAATTATTCATAAAATTCATAACCCCATACTTCATAGTAGGATTATGACAC
N S NNL LY KLY QUPTIV FY* GUL VT
T L T T * Y TN * TNUP Y S T DD * Y Q

* L Q K I LI KULTIUPTHTULTIMRPBRTISH

CTAACACTATTACTATCCACATAATAAGTAACACGATTAAAATTATATGATAAATCATAL
S ¢ §$ L §$ L HI I * QAL KL I 8N L I
P NH Y HY T Y * ENUH* N *» Y V I * Y

I T I I I P TUNDNMTS I K I Y * K T H

CAARATGGATTATGAACARAACCAGGGGARCAATCTGTTTAAAAACATCTACCACATGGC
T K 6GL V Q K PG RTULT CTII KT S PTG

P XKV * Y KNQDGIG Q * VF KQULHHUV
N * R I S T KT G XK N S L NIKUYTIT YR
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14581 AAACAACAAAGATAACCAATGGTAATGTTTCTCAATCCACATCAATACTTGAATCTACAA 14640
N T TETI P * W * L 8 NP TTIF K ST
T Q QK * Q NGNCULTTULUEHKTL* S S L H
K NN RNTVMV FL * TYNUHUV * I N

14641 CTGTGTGTGGCAATAGCAAACAGAGAATTTCTAAATGAAGAAATACGTCGTCTAGGACGA 14700
S v R * R KD RULS KSR * A A S G A
Q ¢CV G NDWNTE* L NV EI KUHTIULTILDQ
v cvTIT QRIEKPFTI®*I K EKTITCTCTIT R S

14701 TACGTGCAACGTAGACGATCACGAGACGAACTARATGCTTGAACAACARAATCACATCGA 14760
I ¢ T AD AL ARS S XU RV Q Q K L T A
*A R Q MQ *HEAQNUVVF KNN* HL
HVNCRSTS QK I * S S TTI KT Y S

14761 CGGTAATGTTCACCATATTTTAAAGTTTGACATTTTGGTCCATTGAAATTGGTTCTGAAA 14820
A M VL PIFNM®*U VTV FSGZPULI KT LW S K
g W * L H Y L I EF QL VL Y S * G L S
G NCTTYU?FKUL S Y FWTV K VL V K

14821 ATGCTCAAACAATTTTCATTTCCGAACAAATTTCTCCCATCATGTCAACTAAACTTTGTA 14880
* §$ NTVL L L P K NULS PL VTS KT FC
K R TQ* F YL S T™* L P Y YL QN S V
VL KUNUVFPTUPFAOQI KU FPFLTTTU CNTIZ QT FM

14881 AAAAAGAAATGAGTTCTACCATTACGACGTTAATGACTAATATTAATAATATTCATATTA 14940
K K K v *» s PLAATZIV S * L * * L Y L
N K R * EL HYHOQUL * QNYNNYTY
K E XK § L I T I S CNSTI I I I I L I I

14941 AATGCATGATACCAACTATAATTCGTCAATAACAAACATAATCTTCAACAAATATTTATA 15000
K 6 v I TS I LCNUNUZNTNGSTT* L Y
N V * » P QY * A TTITUGQTITULTULG QTIKYI
* R S HN I NL L * Q KY * FNUNTITFI

15001 AAACTTTAAATACTACCACCAACATATGGTCGTAGTGTTCAATAACAATTATTAATACTA 15060
K § I *» s P PQIGADTUCTTITTULTUL * 8§
N Q F KHHHNYV L MVL * Q * Y NH
K F NI I TTTYWOC®* L NUNWNTITIITI

15061 TTTTCACGACCAATAGGTAAATTATTTAAACCATTTCGGTCTGAAATAATACTCCGTAAT 15120
L L AP *GUNILILWNUPTULATLS * * S AN
Y FHQNIDMM®* Y I QYL WV KNI HUPWM
F T S T I W K I F KTV F G S K I I L C *
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15121 AGTAAACTCCTTGTCTTACTTTAAATACGTATATGATTTGCATTACAAGACGGGTGGAAT 15180
D NS S CF S I * aAYVLRLTHRTGUVEK
I M QP VS HFKHMY®*VYHEA BATWRHR
* XK L FL I FNTIOCTISFTTINU GQT G GTGEG *

15181 TGAGTTTACTTAAATTTTATACGATAGTCACGATTCTTATCTCGAGCGTGACATCGTCCA 15240
v * 1 F KF YAIULA ALYV FULARUVTA AP
L EF §NLTIH* » H * § Y L EC QL L
S L HI * FI $DTJSULIS S A S YOCT

15241 CRAAGATAAGAATCATGATACTGTCCGGCTTACAAGGTAGTTTTTACAAACTTCTCATAT 15300
T E I RL VI V PRTINWO®*®TFHI KT FTULTI
H K * E *» Y *» § L, G F T G6GD P INS S Y
N RN KT S HCA S HEMTULTFTOQULTY

15301 CGTCGATGGGCTCCACAAGGACAARCAATATCCTTGGTGATTTAARRATACCACCAACCCTG 15360
A AV RPTGTTTI PV VLN * P P Q 8
L L *» G LHEOQQ * L F W * I K HHN P
¢ $ G S T N RNNY S G S F KTITTUPV

15361 CTATACAATGCAGTAGAATATTTCCTACAACTGTTGGGACAAGAATACCCAACCCTAATA 15420
S I NR * R I F S TS UL GTTIRTI P Q 5 *
R Y TVDUJD* L PHQCGOQE™* PN P N
I H *TM K Y L I NV VRNIKUHTUPII

15421 GGATTTACACTAGCACGATACGGTTTATAAAACGCATAACAATCATCAAATCAAAACCGG 15480
G L H S RAIGY FTI KU RTITIULILZ KT KA
D * I H DH * A L Y KAYQ * Y N L K P
R F T I T S HWINOGQTWNWNTT * N QG

15481 GCGTTTGTACTTAAAACAACAAGTGTACCACTATCTAARATAGCGGAACGCTTACTTACA 15540
R L C s N Q Q ECP S L N * RRA ATF S H
G C VH I K NN VHUHYTIKUDGI QS HTI
A FMVFKTT®*MTTI S KTIAI KU RTITFT

15541 CGAGTTCAAAACTCACTTTATCAATACACACCGCCAACGATAATACAATTCGGACCACCA 15600
A * T KL S I TTIHUPUPOQ * *» T L G P P
H EL K S HF L *THRNZSNUH®* A QH
S LN QT F Y NHTT RAZATH ATITINILUR RTT

15601 TGATCGTCACCACTACGTTGATGACGAAAACGATTAAGACAAAAATTATATACAGTCCGA 15660
VLL P S AV VA KALTETI KT LTIH * A
Y * CHHHUL * Q K Q * N Q K * Y I D P
S ATTTIICZSS S K S IRUNIKTIUYTTUL §
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15661 CAATGACGATTACAAACAAGAGAATACCGGACATTACCGGTATTCTAACTTCTAAATTCA 15720
T VAL TOQEIRTIAQLU®PWULTIS S KL
Q * Q * H XK N E * P RYHGY S QL NIL
N §$ S I NTRIKHGTTIAMILNTFTTI * T

15721 TATGCGTTAAATGTTTTTGCGAATATGAGATTACAAATAGCATGTCTAATACAACTAATA 15780
I R L KCPFRIKYEULTT™*RV S * T § *
Y v¢ NV F V S TI S *H KDY L NHQN
Yy a1 *L FA *V RTINITT CTITINTII

15781 TGTAAACAATTACTCATAATACTTAAAAATACATTCGTAAAATCATACTACTAAARCTCA 15840
VNTUL S Y * §N KHILUCI KU LTITITIIKTL
Y M Q *HTNHTI KTI Y AN*X Y S § K S
¢ K ¥N I L I I F K * TL MK KTHHNZQT

15841 CTACTACCACAACAGACAATATTGAGACTAATACGATCATTCCCAATATATCGATTATAT 15900
s s pTTQ* L E S * A LULUP* IAILTI
H HHHQRNY S QNUH®*Y P N Y L * Y
r I T NDTTIVURTITISTULTTIUYSTIY

15901 TCACAAAAAGTTGTTCAAAACATGATAGTCTTATTACAGAAATACAGACTTAGATTTACA 15960
L T K * CT K yY* * F L T KTID S DL H
L H K EVLKTSUD S Y HR™*T QI * I
T N K L L N Q vIULTI I DI KHI R FIRFT

15961 ACCCAACTTTTACTATAATGATTACCAGGAGTACTTAAAACAAGGGTTGTATGATACAAT 16020
Q T"s ¥ 8 I VvV L P G * S N Q E W C V I N
N P Q FHY * * HDEUHTII KNGV Y *» T
PN F I I NS ITURMZFI KT GTILMSH *

16021 CAATTCTATCTACCACTAATACAAATAAATGGTATAGGTCTAGGAAGATCTTAAAATCCT 16080
T L I s P 8§ *.T * K G Y G S G E L I K P
L *» 8 L HHNUHI KNV MDILUDIK * F KL
N L ¥ I TTITIWNTIO*WTIWTI®R® RSN * §

16081 CGACCAACAAAACAACTACTAAATAACTTCTGACTGTCACAAGAAAACTATCTCGCGAAA 16140
AP QKTSSEKNTFVSLTTR RTZEKTIST RK
L QNN Q QHNTIGS S QCHTETKT STILHA AS
S TTKDNTITI®* QLS SV TNTZEKT G QTYTLAEK

16141 CATTCAGATCGATATCTACGARATGGGAAATCATGTAGTACTTTTACTTCTTATGGTTTTT 16200
T LR AI S A * G KTOC* S F 8§ S Y WF
Q L DL * L HKG XL VDHU FHTULTIGF
Yy T * s ¥ I §8 VR * ¥YMMT FTIUFTFUVLTF
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16201

16261

16321

16381

16441

16501

16561

16621

16681

CAGAAAGCACATATAAATCTTATATATTTTTTTGACATATTACTAGAACCATGAGTCTAG
T K R T Y K S Y I F F S Y L S R P V *» I
L R EHINULTIUYULVFVTYHUDGQYE S

D KTy I * F I Y F F QI I I KT S LD

AATCTATCAATATCACAATAAAATTCATGAACACTACCAAATTTCAAATGACTTCTTAGT
K §L *L TIIXULVQSsS ?PKV FNUWVS S§TD

R L YNYH* KL Y KHHNUILT* Q L I
* 1 T 1 TNWN®*TSTTIT™* L K S F F *

AAAATGTTCTTATACATAAATTTTTCACGGCACTACGTCTCACATCCACGTACGCAACAR
N * L F I Y K F L A TJIOCULTUPAUHTT
M K C S Y TNULVFHR S A S HILHMRBRDQQ

K vL I HI * FTGHHTILTYTCA ANN

ACAAGTAGTGTTTGAAGAAACGCAACACCGTCAACATATGCATTCGGAAACARTACAACA
Q ED CV E KR QPULOQTIURULGI KNUHDQ
K NMVF KKANUHTCNYVY A KTTIN
T *» * L S RQTTATTYTULURZIGQ®*TT

TTTACAACAATACTGGTACAATACCGTTGATTAGTATTTATACAAAACTCACAGAGTGGA
L HQ * S W TIA AV UL *L YTI KTULTEG
Yy I NNHGH * P L * DY I HK S HUZ RV

F T T I VMNUHTCS I MV FINOGQTD * R

ATGCAAACATTACGTGGATTGACACTACACTCACTACAGTGGTTTAARTATAARCCCGCCA
* T Q L A G L Q S TUVL S TV L NYZ KPP

K R K YHV * S HE S HUH™* W I I N P R
v N~N<TTICWRWVTTIHTTIUDSGU F®* I QAT

TACAGAATGATAACACTTTTGGTATTTGGGGTAATAAGTAAATTCAATCAATACTTACCA
I D *» *» Q §$ FWILGW®* ENILNTTITFP

Y T K S NHF GY V GGNINM®*TL * S8 H
HRVITVFVMFGGMTIOZ* KUL* NUHTIT

TACCAGARACCAARCATATTTGTTAGAACGTGCCCAAGTGGAATATATCTACTAAAATTA
I T K P K YL CDQVPEG™* I S S K L

Yy PR QNTY VI KCPWNUVI KYUL HN *
HDKTOQTIFLURART™*RTIUYTI I K I

TTCTATCGATCAACATTTACCTGTCTTCAACTACTAATACAAGACCGTTTACTCACATAR
L I AL QL HV S TS S * T RATF S HTI

Y S L *NY I S L L QHNHEUPTULUHTY
LYysSTTU FUPCU FUNTITITINA GQGT CTITULTN
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16741 CTTGCARATTTCAATAAACGACGTCTTTGAGTTTTCCGTTGACTTCTCCGAAAATTTGTT 16800
S R K F NNAASGSV * P AV S SAIKTLTC
Q VN ILTTIOQO QULTFTETFZPTLG QTLUPZEK * V
F T * L * KSOCTFSILILTC CS ST FTLSZ KTFL

16801 TCGATACGAAGACGATGGTAAGTTCTCTAACAATCACTATCTCTTCAATARAACACAACC 16860
L * A EAVM*gsg I TTULS L S TTI KUHQ
F §$ H XK Q * W EL S Q * HY L L * K TN
A I S R S GNILILWNWNTTI S FNNOQT P

16861 CTCTGTCCATTTCAATTTGGTGGTGAATTATTTTTAATACAAAAGTGTCCGATGGTAAAA 16920
s vepL TULGSGSUL L F * T KV P * W K
P $ L YL * V VV * Y FNUHIK™* L S8 G N
L CTFNVF WWIKTIV FTITINET CAUVMEK

16921 TGATCATGACCATTCTGTCAAAATCCACTCATACAAAAACTATTTTCACTTAATTGATTG 16980
VL V?PLVTIKU®PS Y TIKSLULSNUV L
* * ¥ Q Y S L KL HTHIKQYFHTITL *
s T § T L CN*TUL I NKTIVF TV F * S5 V

16981 CCACACATAATGGCGCGATGTTGATGAATATTTGAAAGATATCCACTACAAAAACAAAAT 17040
P TY * R AV VYV * L 8§ ETIP S T KT K
R HTNUGH R™* L * K Y VK * L HHIKQ K
T H I v A S C § S I F KRY T TIUNI KN *
17041 TGTAGTGTAAGACATCGATCAAATTCACGTGGATGTGAACAGGGTGTTCTCTTGATACGA 17100
vDCETA ALI KU LAGVS TG GT CSVF * A
L M VNQL *  NL HUV * V Q G VL § S H
¢ *M RY ST *T CRUCIKUDWIULULV IS

17101 TCATATTCTARAAGATCACAAATATCACAAGGTAACCACAAAGTTTTATTACAACGATTA 17160
L I L N EL T * L T GUNTN®™* F L T AL
* Y L I K * H K Y HEMUPTEVF Y HQ *
T ¥ S KR TN I TWNWQHI KULTITINSI

17161 ATAGTCGTGTAACCTTACTTTGCAATAACGTGACAAGTTCCAGGGGGACCATGCCCTTTC 17220
* * ¢CMPTI FR™*QVT™* P GG PV P F
N DACOQVFSVNNUCOQETLWDGO QY PF
I LV NSHFTTIASNUILTSGIRTRS L

17221 AGAGTAGAACGATATCCAGATCGACAAATAATGATGTGTCGTGCACATCAAATATGACGA 17280
D RAI PRAT™*Y * » vy aRTT* V A
T E D Q * L DL Q KNS CUILV HULIKY Q
R M K S Y T>* § N I VV CCTYNTIS S
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17281

17341

17401

17461

17521

17581

17641

17701

17761

CGATCAGTACGACGACATCTACGTAACACACTTTTTCGAATATTCAARARTTTATAATTG
AL * AA TS ADNUHSVFA * L N KVF I L
Q * D H Q Q L HMTHPFULIKYTIKTIL Y *

s T M $ s Y I ¢C QT FF S I L K * I NV

CTAACATGTGCATAATAAGGACGATTT CAAGCACATCTAACAATACTATTCAAATTTTAA
s Q vkeERIIGALTIRTSUGQ®™*XSULNILTI
R NY VY * EQ * L EHULNNUHYT * F
I T CTNWNU RS FNTYTITTITIULI KT FN

TTACTATGGTGAACATTCATACAAAAATGGTGTTATTTACGTAATGGTCTCAACCARATGT
L §$ vvQULYTI KUV VYV I FANGS SN NTYV

* H Y W K Y THIXK * WL LHMUVILT P *
I I 68 TULINIKSGTCYTIT C®*WUL QNC

CTATAACAACAACAACTACTTCAATCATACGAATGATTAATACTTAACAGACAATATTTA
s 1 T T?7TS S TULTI S VL * S§ NDTTITF
L Y ¢ Q Q QH L * Y a * *x N HTITOQ * L

I N NNNTI F NTHIKS I I F Q RNYI

CGAGCATAATTTCGATTTGTAATACATATATAACCTCTAGGACGAGTTAATGGACGTGGT
AR I L AL C*TY TIPS GA * NGO AG
H E Y * L * V N HI Y Q L D Q E I V Q V

s T N F §$ FMIJYTIWDNJ STIW RSULO®*XURUGCW

GCACACGACAACTCGTTCCCAAGAAATCTTGGATCCGTGAAGTTAAGATAATGATTTTAT
R T SSNULULPEI K S GULCI KULETIUVL lI
VHATSCUPNI KU LV *A § * N * * *x F
T H QQAULTU R®* FURUPV ETI RN ST FY

TACACAACAAATCCAGGACTATAGAAAAACCCTTTAACAATATCCACAGGATTTCTTTAA
I H Q K PG S I K KUPUVF Q * L HGUL S I
L T N NL D QY R KUPVFNNYTUD * L F
H T T * TR I DKOQSTITTITU?PTIRVFFN

CATCTTTGACAAAGTCGTAACCAAATACTATTATTTGAGTTCCGATTTTTACTATTATCA
T S v T EAWNT®™* S5 L L S L A L F S L L

Q L FQ KULMUPI KHY YV +* P * FH Y Y
Y F S N * C QNI I I F EULSV FTIITIT

AGTAATACAAAATTTCATATAAAATTCCCTGTCTGTTGTGTACTCTCAAGTTCACGACAT
ENHKULTYKULUPOCUVV CSULETULA AT
N M INT®*L IN®* PV S L VHSNIULUHQ
* * T K FY I KL SLCCMTLT®* TS Y
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17821 TTATAAGTTGTCTATATAGATTAATCATTTAAAAATTTTCGATTAGGTCAAACCTTATCA 17880
F I * CI YRIULULNIKVFALGTIQTFUL
L Y E Vv s§S I DUL * ¥ I KL L * DL K S§ Y
I NL L YI * NTVF XK *F 8§ TI WNUPTIT

17881 CGACAAAAATAATCAGGAATATTATCAGTCTTAATACAACGATTCGCACAAAATCCACAA 17940
A T K I L GG * L L * F * TAULIRTIK P T
H QK * * D K Y Y DS NHQ * A H K L H
§ N K NTR I I TULIINSULTWN* TN

17941 GTTTGTGTTTGACATCTAAGACGAGTTCCAAGCCTTATACTAATACAATATATAAGTGTT 18000
*vCVTS EA®*PESY S *T I Y EC
E F VF QLNOQETLNU®PTIUHNUH®* I NV
L C¢CL S§Y I RSULTRPFTIITINTYTI* L

18001 TGTCGTCTTTGTCGGGTAAGACAATTACAATTAGCTAAATTACAACGGTATTGATCTCGG 18060
VASVAWETILTTU LIRNILTA AMUVTILA
F L L F L GNOQ* H* DI * HQ W L * L
c ¢ F CGMUZ RNDNTIWNTIS SI KTINTGTY S S G

18061 TTCTTCCCGTAAAAAACACAATACTCATTATACGTTAATAAACTTAGAGAATTAAAATAA 18120
L FPMIKOQTTIULLTIUGCNNSDZ RILIKTI
W SsS P C K KH * 5§ Y Y A I I Q I E * N *
L L ANIKTWNUHTTIUHTILMT®*EKPFRI KTIIZ KN

18121 TGAGATGGAAATCTATTTTAAGTTTTAGTTTGAAATGGAGCAAACGTAACGTGTTGATTA 18180
VRGIKSUL I * F *V KGRI KT COGQUV VL
*EV KL Y F E F DV F KV ENA ANTUCTL *
s *R * I FNL I VLS * RTQMA AT¢CSI

18181 GAAAAATTTCTAACATCATTTTCAACGAATCCAATAGTAGGTCGCGTACGGGGGAGTAAA 18240
R KL 8 QL L L Q K P * * G A CA AGTEN
D X *» L NY Y FN SULNUDUDTULU AUHTGT RM
K K ¥F I TTVFTA AHM*TTIMWI RMG G * K

18241 AATCGTCAACTACTATTTATATTCCAATTACTTTTAAACCGACATTTARATTTATAAACA 18300
K A TS S L YL TULSF KA ATTFIKUFTIZQ
K L L Q HY I Y P * HF NUPOQULNTULY K
*» C N I I F I L NTIPFPIOQS Y I * I NT

18301 CTTGGACAAAATTGTATAAGAGCAAATTATAGAGAATACCCAAAATTTAATCTAAACTGA 18360
S G T KV Y ERZEXKTIUDTZ RTIU®PIE KILNSI KV
H VvV {Q KILMUNUENTLTITE* PN * I L N S
FRNM®*CTIURTT™* Y RIKUHTIKT F* I Q 8§

FIG.3 CONT’D
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18361 GAACTACCAATAAGATTTAACAAATAATGATTTCTACTTCGGTAATTTGCACAATCTCCA 18420
R 8§ P * ELNNIUVU LS SAMTILURTULP
EQHNWN™*TIT®* * * L HL W * V H * L
K I T I R F Q KNS F I FGNYVFTNST
18421 ACCCAACCAAAACTACAACTCCCGCGAGTACGATGAGCGCTTTTGTAACCTTGTTTGAAA 18480
Q T P K 8 T S PA * A VRS FMPV F K
N P Q NQ H QP REUHT* EURVFCAQFL S
P NT K I NL A S M S S AVF VNS C VK

18481 GGTGACGTTTATCCAAAAAGTTGACCACACCTAAAACATCAACTTCGATGACCGAATAAA 18540
G §$ C I P XK EV?PTS K TTTS AV P KN
E VA FL NI KULQHPWUNOQTLQUL * Q S I
W Q L YT K * S THTI XK YNV F S S A * K

18541 CGACTCTCTCTAACAATATGAAAATTTTTTTGACATCGATTTCGAGGAGGACCACTTTTT 18600
A S L S Q *V KL F VT ALA AGTGU®P S F
Q Q S L N N Y K * F F QUL * L EEQHF
$ L § I T I S K F F s Y S F 8 RRTFF

18601 AAATTTGTAAATTATGGGGAATACAGTTTTCCAGTTITCACCCTATAACAATCTTAATCT 18660
N L C K I GRIDVF P * FHS I TULTITL
I *vVNLVG?*TULULDF FTU®PYQ* F *
K FM * Y G KH* F TULUILUPTINNSNS

18661 TAACAAGTTTACAATAGACTAATAGAAAATCTGGAAAGACTATCACATCATARATAATGA 18720
I T * I N DS * R K SIRESTLTTWNTIUWV
F Q EFTIQNDI KU LGI KU QYHILTI * *
N N L H * R I I K * V KR I T Y Y K N 8

18721 ACCAGACGGTCAAAACTTGAATGAACAAATTCCATARAACGATTTAATCCGTCTCTCGRA 18780
Q DAL K S SV Q KLY KALWDNUPTL S8 8
K T Q WNGQV * K NLTWNOGQ* I L C L A
P RGTEKF K ST * P I K S F * A § L K

18781 TTAACATTACACACAAGATTAGCACGATGTACGATGTTAAGATCTTGACCAATAATACCA 18840
L QL THEULWIRAVH®*L EIL VP * * P
* N YH TN * DH *M S CN* F QNN H
I T I H TR I TS CAV IRS S TTITIT

18841 ACAACCGCGGTATCAATATGAACACTAATACACATATTAGGTGAATAACATCTATATGTT 18900
Q QR WIL * VQQS§*TVYTULGSTITSTISC
N N A G Y NY K HNUHT Y DV * Q L Y V
T PAMTTISTTIIHITITWE RKNSNTYTIZYL
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18901

18961

19021

19081

19141

18201

19261

19321

19381

GTCACCCCAATATGTCCAAGAAAT TGATCATTAGTGCTATATTAAACATTACATGTATTT
C H P * VP EI XK VL L * §1I1I QL T CL

vV T PN YL NI KTUL * ¥YDRYULI KYHUVY
L pTICTU®R®* S TTIVIJYNTTIYMTF

CCACGTGTACAACCCAGTCGACTACGTTAATACTGAGCAACAAATCGTTAGATACTAACA
P ACTA ADA ASA ATITIVYVU RO QI KA MATIT™*SQ
L HV HQ T ULOQHTUL * & ENUNTULTLT RUHN
T C M NR * 8 I CNHSTT* CDTITIT

AAAACATTTAGACAATTAACCTTAAATCTCATAGGTTATTARAGATTACTCCAGTCATAT
K QLDTULOGQVFK S Y G ITIETULSTTLTI
N K Y I Q@ * NS NUILTUDULIULI K * H P * Y
K T FRNT PI * L I W VYNURTIILUDTY

TTATGTAGAACATCCAATAACGTCGCACAGTACGAATTTCGACGGTACGATACATTATCT
F v DQULDNDNUCRTMSULAAMSUHILL

L Y M K ¥ TI AR AHM*YAO* L Q WA TI Y Y
I CR TP * QL TDHIKF S GH * T I S

ATGTTGAATACAATACTGTATCCGTTAGGATTTCCAAATCGAACACAGTTTCTAATACTT
Yy L KH *S M PLGLUP K A2AOQTTUL S§ * 8§

I ¢ s I NHCLCD* L NL KH* L NH
vve*» TIVYAIR RV FT®* S TUDTFI I F

AAATTTAAAATACTACGAAAAGGACATCGGTTCAGACAATTTGTCAATAAAATACAGATA
N L N* S A K GTAULUDTULCNN * T *
I * I K HHKEIOQULWTOQ®* V TTI KHR

K F X I I 8 K R Y G L RVNPF L * K I DI

CTACACGTATTTCTATTAAAATTTCTACCAAATACATACAAAACCTTAACATTACAACTA
s T CL S L KL S8 P KUHTINUOGQV FOQULTS
H HA YL YNO®*TLHUNTIUYTI K SN Y H Q
I H M F I T KVF I T >*THIK P ITTIWNI

TTTATAGGTAGATTAAGTTAACAAACATCTAAACTGTGAGCTCACAATTTATTTAATTTG
L' YGGDULETITA QULNSVRTNTZ FTILNTF
Yy I b M * NL Q KYTIOQOCETULTTULYTIUL
F I WRI* NNTS K VS S H* I F * V

GAAGGACCTACATTACCACCATCAAACATACAATTATTTGTACGTAAGGTATGATTAGGA
R G PHL P PLIKYTULILOCA ANWUVULG
G EQ I YHHYNTH*Y V HMG Y * D
K R S TTITTTOGQTINIFMOCEMMSTIHR

FIG.3 CONT’D

US 2006/0018923 A1

18960

19020

19080

19140

19200

19260

19320

19380

19440



Patent Application Publication Jan. 26,2006 Sheet 94 of 119

19441

18501

19561

19621

19681

19741

19801

19861

19921

AAATGATCTTGACAAAAACTTTTAGAATTCGGATACGGAAAAAAGATAATAAGTCTATGC
K VL VT K S FUZRULG I‘ G K K * * E § V

K *»* F Q KQ F D * A *A KK RNNILY
K §$ S S N XK F I KL RUHRIKETITIO®*TR

GGAACACACATGCATCTACCAARATCTTAGATTTGTTCAACTAATGCAAGGARATTCTTCG
G Q TYTSP K S DL CTS * T G K L L
A K HTRTUILHNILTIO* VL QNZ REI KTLTF
R T HV Y I T* F RVFLNTIVNIR®* S A

CGGTGAACATAGTGTGCCACATTAGATCCACCTCGACARACARGTTTCGTACGACTTCTT
AV Q I VRHLURUPUZPA AT OQETFCAS S
R WK Y * V TYDUL HUL QI KNTULAUHOQTL

G s TpDpDCU®PTTIO®* TS SNT®*LMSF F

ATAACATTGATGGAACTCAGAATATTATATCAATGATGTCGTCCGAAATGAAAAACCCAA
Yy QL *R SD*L I TV YV API KUV IKOQT
I NY S GQ TK Y YL * * L L § * K K P
I T VvV v KL RI I Y N S CUCAI K S K P N

ATATTCTTAAAACTAAAAATATTAAATACCTTGTGAAAATGATGCAATGTCTCAAATCTT
* L F K s K * L, KXHF YV KV VDN CUL K 8§
K ¥ S N QN K Y NI SCIK™* * TV S N L
I L I K I K I I * P VS KSR * L T * F

TTGCATTATATATTGAACCAATTACAACCAGTAATACTACCTGCATGTCCACTTAATGGA
F T I ¥ L K TUL TP * * § P RV P S N G

F R L I ¥ S P * HQ DD NUHHV Y L HTIV
VY Y I VQ NTIUNTMMTITISTT CTVF * R

ACACGATAATACTTACTGTTTCAACAACAATTCTAATTATTACATCTATGACAATAAAAR
Q A I I FSLTTTTULTITULILTS SUVTTIK
K H * * § HCL Q@ * § % ¥ HL Y Q * K
T S NH I VF NDNUNTUILUNTITI VY I S NN K

TTTTTATTATGTAGTAAAGGATGATTATATCGACAACTTAACAAATGTTTTGCATCATAG
L F L VDNJZGVI LI AT SNNUVVFRLTI
* F Y YMME®™** Y L Q QI T * L V Y Y
F I I ¢ * K R 8 I Y S N F Q K CUF TTD

GCCGTGGTGGGACTTGAATTCTAAGAATCTTTAAACTTGTAACTATARACARCCTTCGTA
R €C WG S L I RLF KVPFMSTIOQAOQTFC
G AGGQUV*S3S E * FNSCQYIKNSA

PV VRPFKILNI K STIOQVNTINTUPILM
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19981 CAGGACACCCTAATACAATTTCTATCAAACAAAACATCAAGGTGAATACCACAAACATTT 20040
T R H s * T L S L KNOQULEUV * P T QL
H GGTPNUH®*LYNTIEKYDNWI KIHHKY
D Q P I I NF I TIGQIXTTSGS I TNTTF

20041 ATGTGTCTAAACTTCAAGTAGCTTTTAAACTTATATGAAAAACTACCAGCACTGTGACCG 20100
Y VS K FNMGST FIKTFTISTZ KTSTZPRTSUVEP
I C L NS T*RPFUNSZYJVZKOQHTDUHTCQ
vV I Q LEDTFTIOQTIZYZ KT KXTITTV VS A

20101 CGAAATCTTCGAAAATCTTTTCGTTCTTTACCACAARAAATAATCATGACTTTTTAATTCA 20160
A K 8§ A KULVF AL F PTI KTIULV S5 FNIL
R KL L K * F L L FHHIK™* *» Y @ F I L
s * F $§ K S FCS I TNI KWNTSTFTF * T

20161 TCCAATAGTTACTAATTTCCAGGCGTTGCTCGACTAAATTTACCACACTAACACCTATTT 20220
L ND I I L P GCRMW AZSI KU FZPTTITSL
Yy T I L § * L DAV L QNULIHUHSQUPYX
p * *» H N F TRUL S S I * I THNUHTIF

20221 CAACCTCTTGAGTTTCAACTCAAAACCAAGCGATACTCTTTTCTACCACTGCTACAATAG 20280
T P S S L T S NQNATIULUVFS P S S5 T I
L Q LV * L Q T K T R * § F L HHRH *
N S F EFNUILIKUPES HS F I TV I NTD

20281 AAGTCGGCTTGTCTGTCGGATACGAGTTCGGTAATGACCTCGGGTGTTCCATTAGATCCA 20340
K L RV SLRHETLWO™®*QLGCUPTULTRP
R *G6G FL CGTI SL GNS S GV L Y DL
E A S CVA *A *»* AMVPAWILTTI* T

20341 CCATTAACGCGCCCATTACAGTAACCATTACTACGAGATTGTGCAAAATGATAGAAATGA 20400
P L QA PLTMUZPULSA ARV VRIEKUVIIKYV
H Y NIRUPYH * Q Y HHETULV N * * R *
T I A RTIUDNTTITI S * CT K S D K 8§

20401 GTCTCAGCACATAACAGTTCAAAACTTGGAGCGAGTCTAAATCTTGCCCTARAATAACTA 20460
* L R T NDL K S GRE S K S R S K I §
E S DHITULNGQVESULNILUV PN * Q
L TTyYQ* TKPFRA®M®* I * F P I K NI

20461 TACCTACTATTAGACAAATAACGATTTATACCAAATCTTCTGATACGTAAACTAGTATAT 20520
I S S L RNTI ALYU®PIKSS * A NS * I
Yy P HYDT* Q * I H N L L S HMOQUD Y
H I I I QKNS FIT®*FVICI KTIMIMZY
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20521 CAAATACCATCAAAATTGGTATTTCAATATCCTCCAAACGTAAACGAATATCCGAATAAA 20580
T * P L KL WUL TTIU®PUPI KT CI KSTIUPIKN
L KHYNO* G YL * L L NAUNAT™*¥ L S I
N I T T KV MVFNUYSTOQMOQI K YA * K

20581 GCATCCTTTTTTTTTAGATTAAACAATTAAGTTCTCAAAAATGTCATACTAAGATCATAA 20640
R L F F FDULKDNTIM™*YSNI KT G CGYSETULTI
E Yy s F F I * NT L E LT K V THN * Y
T P F F FRIQ*NILULIK®™=*L I TIURTN

20641 GTAAGTATAAAATAATGACTAGTCCTCACACCATCATCATTCTCACAAACATGTCAATAA 20700
*EY K I Vv $s§S * s HPULLU L ULTTOQV TI
E NMN * *» 0 DPTH Y Y Y S HIK Y L *
M * T K N §$ I L. L T T TTULT TN T C N N

20701 CTAAATAATAATCTACTAAAACAAAGATAACAATTCAGTAATTTAAACTCAACACAATCA 20760
S K NN S S KTZETITTULDINTFZ KTLTZ QT L
Q NI I L HNO QZ K ™* Q * T MTILNS N H *
I * * *+ I I KNRNJNTIL®* * I QTTNT

20761 TTTCAACAATTATAATTACAACTAAAATTCCTAAAAGTTAAATACAACACCACATTACTA 20820
L TTULTIULTS K VL S K * NI NUHUHTIL §
Y L. Q * Y * H QN * PN ETIT*TTT Y H
F NNINTIUNTII KTULTIIKTU LI KUHOQPTTI I

20821 TTATTTTAATACTGAAAAATAGGATTTTACGTTCGGTGATTACTAACCTTTGGACCGATA 20880
L L I I VK * G LI CAUVUL S QF G P *
Y Y F S K KD * F ALW* HN S V Q S
I FNHS K IRV FHULGS STI I P F RATI

20881 AGATACGGACAAAACATATTCATAAACTTACAAGGTAATCTCTCTCAGAGAAATACCTTA 20940
E I GT XK Y L Y K F T GNS L TZEIKHTF
N * A Q KTYTUNSHEMTLSTULRIKTI S
R HR'N Q I L I Q I N W * L S DR * P I

20941 ATACCATTTGGATAATTAAACGGATGTCCGACATACTACTTACAACGATTCATGTGAGTT 21000
*P L G I L K GV P QI TIVF TATULY V *
N HYV * » NA * L § Y S S HOQ * T CE
I T F R NI Q R C A THUHTIWNSTULV § L

21001 AATACAGTCATAAACTTATGATGTTGTAATCGACAAGGACAATTATACGCACAARATGTA 21060
N H* Y KF VVVNATS GTIULTIIZ RTIKSC
I I DTUNGS Y * L ML Q E Q * Y A H K V
*T L I @ I s CC * 8 N RVNTIHTN*M

FIG.3 CONT’D



Patent Application Publication Jan. 26,2006 Sheet 97 of 119

21061

21121

21181

21241

21301

21361

21421

21481

21541

AATCCACGTCCCAGACTATTTCTTCATCGAGGTCCAAGACGACAAAATTCTGTCACCAAT
K PAPDSL S TAGTPEA AT KT LTCHN

N L HL T Q Y L L L ELNOQZ QU XKXKTULUVTT
* T CPRTI F F Y S WT RSN* S L P *

GGTAGACCATCATAAGAACATCTATTACTAAATTTGGGTAAACAATCGCTATCAAATCAA
G D PLTIURTSTIL S KPFGVNTULSTULIKT

VM QY Y E QL Y HDNULGMOGQ™*RYNTL
W R TTNIK Y I I I * VW KWNA ATIT * N

TGAATAAAACCTCTAACATACTGAAATGGTAAACTAACAGTAACCCTAAACTATTATAGA
v * K P S Q I VXKGNISOQ* Q S KTIID
* K NQ L N Y S K VMOQNDNUPNSLI

§ I K 8 I T H S * W K I TMUZ®PTIOQY Y R

CTATACATACTAGGAGAATGATTTTTATAACCACTAATATTACACTCATTCCTACCCAAA
S I ¥ S GR VUL VFIPS* L TULUL S8 PN
Q Y T HDE * * F Y Q HNYH S Y P HT
I HI I R K S PF I NTTITITIHTTUL I P K

ARATGAATGTAAACAGTAAATTAAGCACTATTTAATAGAAACCCACCATCACATCGATAT
X v *MQ*»K I RS L NUDI KU?PZPTULTA ATI
K * K C KDNUILEHYTITIZ K PHYHL *
K §s VN T M * NTTIUVF *RQTTT Y S Y

TTTTAATGTCTCARAAGAACCTTACGACTARATATATTTAATTACTCAACAAAACGTARA
F I VS NE Q FA S K Y LVNTIULJUGQTI KA AN
L F * L T K K S HQWNTVYTIULSNNOGQM
F N CL KRUPTI S I * I F * HTT K C K

ACCTGTCAAARAACATGATTACATTTACGAAGAAGATCACTTCCCAARAATTATCCATAT
Q VT KQVULTT FA ATETETLST PNTZIKTITFPTI
K §$ L K K Y * HLHZ K I K * HLTJI KTULL Y
P CN KT S I Y I SRURTT FUPIKS®*TYTY

TTAATGGACCCATTTAGAAGAAAACTTTATCTACCGTTACAATACGTACGATTGATARAC
F * R PLDEI K S I S PULTTITCA ATL * K

L N G P Y I K K Q FLHUCH™*AH* SN
I vQ TFRIRIEK FYTIATINUHMSUVTIQ

ARAACCTCTTTATCATGTTGTACCTTACCGCCACGAATATCARATAAACTATACTGATTT
N QL FL VVHFUPUPAT®*TLIKNISTIUVL
T K S F Y Y L M 8 HRHIKYNIOQY § *

K p s I TOCOC®PTI®ATS STITO™* I KTIUHSF
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21601

21661

21721

21781

21841

21901

21961

22021

22081

ARAAGAAACTTTAARCCGACCGTGACGACAACAATTAAATTCTGGTCTAGTTAATTTACTA
N E K F NAPVATTULI KU LGS * N F 8§
I K K § I PQCQQQ*NILV L DTITULH

K R QF Q S A S S NNTIO®* S W TI UL * I I

AATCAAATAAGAGAATAACTTTCTCCATTTAATAATCAAGCGCTATGCGCATTTCTCTAA
K T * E R I §S L PLNUNTW RSV RULSI
N L K NE * Q F L Y I I L EUZ RYA ATYTUL S

*N I RKNUVF STV F * * NATITRTTFTULN

AAACAACCACTATCAGAACATTTATGAACAATCTAGAGTAATTTAGATTTGATACAATTA
K T P S L RTTFUVQ*1IENTFT RTF*TL
K Q Q H Y DQLYEKUNGST RMTLTDTILS H *
K NT I T K Y I S TTULUD * *x I *» Vv I N I

ATAAAAAAATAARAAANTAAAGACAATACCAAAATTACTTGGAGAATTACAACACAGAGT
* K K I K K NRNUHN* H V E * HQ T E
N N K * K K I ETTITI KTIVFRI KTINIHR R
I K XK N K K Q * P KL 8§ GRUL T T D *

AMATTTGGTACTGACCAAAAATAAACCACTATCAGCAAGACTAACATTGGTATAATTATT
N L GH ST KTIOQHYUDN NI QNYG Y * Y
M * vM VP K * KTTITTI RTITUVMNI
K F W S QNI KNP S LRES QLW I L L

AAATTTTTAATTTTTAAAACTAATAAACCTATAAGTGGGATCARACACGTTGTTACCATT
N L F * FNQDNNUPYEG* NTU CTC CHY

I * FNF I KITIT QTINVIZRTAGQ®ARARUVYVIT
K F I L F K S * K S I * G L K H UL L P L

CTAAAGTAGATCACGGCCACTAAGATAAAAATTCTCAAAAGTAAAGTGAGCTAAAATATT
S KM *HRHN* K * S N EN * E I K Y
L N*RTOGTTIIRNIKILTIXKMMES S KI

I E DL AP S EI KL L K *» KV RN * L

AATGTGACCGCTTCCACTAGTTTAATAAAAAATACTCCCACAATTAARATTAGGAARTAGT

N ¢CQ R L HDVF * K K HPH * N * D K D

I v S A FT™TIULWNNINIZEKITIIULTNUNIIKTITR RTI
*v PS P S * I I K * S P TUL KULG * *

ATCTAAATTCACAAAAGGATTACCATCATTACTACATACCGARGAATTGTTCCATTCTAA
Y I * T N E * HY Y H HI A E * C P L I
M s§ KL T KR ITTTITIJYPIKI KUVL Y S
L NLHKGULPULILSTHSURULULTTIULN
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22141

22201

22261

22321

22381

22441

22501

22561

22621

AATAGCACGGAATATAAGATTATACCGGAAAAAAGCAATAGAATGAAAACAACTATAAGG
K DHRINO®*Y PRI KENTD™* K Q Q Y E

K I TG * I R I HGIKI KTTIIKSIKNTIN
*R A K Y E L I AIKI KU R®*RV KTS I G

AATATTACAAAGAGAAAGATTCAAATTAAGAACATTTTCACTATAAAATAGTGRATTGTT
K YHKEI K * T * N KYFHYKTIUV*+ C

R I I NRKWRULXKTIRTUFTTIWN®* * K V
* L T EREULNILEZ QULULSTI KD S L L

AGGATAAAAATAATTAATAAGATTCCTTCAAATAAAATGAAATAATCCAACAAGAGAAAT
D *» K * * NN * P L KN * KIUL NN E K

I RN KVNTI I RULVFNTIIKS * * TT R K
G I K I L *»E L 8T * KV KNUPQE R *

AMATCATGGCGAAACGGAAAAATTTAGATTGAAATCAGTCATGATAATATTGTATCTATG
N L VAKGGI K * I * g * DTS NY CUL Y

I * YR KA K KF RV KTULVITIUVYTI
K T 6 S Q R KL D IL KL * Y * + I, M § V

ACCGAGACARATACCAARAAGATTACAACAAATAGGACTARATCTGACATARATATAAAG
Q S Q K HNIK®*HQKDQNULS Y K Y K

S AR NI T KU RTIWNWUNTIWRTI®*UVTNTIN
P ET™* P K EULTT™* G S K S QI * I E

AGAATTTGGTCCAAGAATATTTCARAGGTGGTGACGTGGAAAAAARTAGGAATGGATGATT
E * VL N K Y L KWW Q V K XKTIURV * *
R K FWTIRTIVFNGG GS ST CRIK™*G * R S
R L G P E * L TEVV AG K KD KG VL

TCGAGAGACAAAACTATTTAGATTTGTTAAACATGGACATGTCCAACAACTAAGATCTAC
L ERNQUY I *V I QV QVPQQN * I
F S ETJZXTIFRTFTLIEKTYHZRTYTULDNTZENTIT RS
ARQK SLDILTCNTGTT CTTSTETLH

CTTGTTGCTCGCACGGAGTCTATARAGAAATAGACAACGTACAGTTAACGGTATAACAAT
S C RA HRULYKXK XTI QQMDTIAMNN

pPVVL TG * I NIR®*IRNZGCTULOGQWTIT
F L S R A E STITEIKUDTA AHM™*NGY Q *

AAAAGCGTTAAGAAGACGATTAATACAACCGTTCATACTATAATTGGTGCCACTATCACC
N ECN XK Q * NHQCTHY * G RH Y H

I KA I RRSTIIUNAILTITINWVVTTIT
K R L EBEAL*TPUL Y S I L WP S L P
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22681 AAAATAAAGATAAARATAGACCAGAAAATATATTACAAAGAACATAAAGTATAATACCACA 22740
N # K * K I Q D K TI Y H KX K Y KMNUHH
T K NRN*RTJIK* I I NIRTWN®* I IT
K I EI K D PRIKYULTEZGQTIEY * PT

22741 TAAAAATATACTATTAAAATGTAGGTAAACCGGGATAATAAGAAAACCATCCACAGGATG 22800
I K I H YN * MW KA ARNNIKOQYTD *
Yy K * I I I K C G N P G I I R K T P T R
N K'Y 8§ L KVDMAGQGH™* * E KX P L HGV

22801 TAGAAGATAATAATTTGTAGGTTAAACACAAATACTAAAAAACGGATAATAABRATGTTCC 22860
M K * * * v D L K H KHN KA * * K V L
C R R NNF M WNTNTITIIKIGQRNN®* L
b EI I L ¢CGTI QT * S KIKGTITIIZKTCEP

22861 ATAAAATAATACAAATCGAAATGAAAAACAACAAAAAGATAATAAAAACAATATATTGCT 22920
Yy K I I NL KV KQOQIKETITII KTTIYR
T N * * T » g * K K NN K * * K Q * I V
I K NH KA K S KTTI KW RNNIKNYTL S

22921 ATTTAGAGTAATTTAGATTTGTACAATAATTAATAAAAATAAAACGGATGTTGTAATCGA 22980
Y I ENF R F MNUNTITI K I K G V V N A
I FRMULDULOCCTTIUL* K * KA * L ML
L D *» * I * V H* * NN KWNQRCTC * S

22981 CAATATCCACTAAAATTAACATGATTAAAACGATAATTACTAAATTTGTGGTGTCAAGGA 23040
T I P S KL Q VLI KA ATIULSI KT FV VTG
Q * L H N * NY * NQ * * HNILCWTUL E
N ¥y T I K I T & I K S8 N I I » VvV 6 C N R

23041 GCGTATTCACTCATACAACACCTACAAAGAATACCAAACCCATGTATAATATATGAACTA 23100
R ML S YTTSTE* P K P V Y * I S8 S
E CL HTHOQPHI K KU HNUPVYMNYVQ
A Y TL I NUHTINURTITAOGQTT CTITI VY KI

23101 GCACARATARATTTATGATGATATAATAAATGACCAATAAAGGGATTTAGACCACGGTTA 23160
R T ** K F VYV ININUVZP* K GUL D P AL
D HK NI LY * * I I * Q NNUG®* I Q HW
T NI * I § 8§ Y * K § TTI E RV FRTG I

23161 AAATCCCTAGATAGAARATTTTCCATGATGTATAAACTCATGAGAAACCATAGTCTTTGGG 23220
K L S R D XK F PV VY KL VROQY * F G
N * P DI K LUL Y *MNSYEI KTTDS V
K p I » R *F TS C1I QT S KU©P I UL F G
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23221 ARAAATAGACTAAAATTATTACCATAAAAARAGATCTCAATTCTTATGATTCAACATACAA 23280
K K DS KL L P IKEULTTULUFUVLNYT
R K I Q N * ¥ H Y K K * L *» § Y * T T H
K * R I KI I TN KU RSNILTISIULQTIN

23281 TTATTTTGAAACATATCACTCAAATCATGATATCAATATCCATCACAAAAATAATTGTTG 23340
L L VKYULSUNILVYVYTITTTIZPILTIKTITULTL
* Y F KT Y HTT * Y * L * L Y H K * *» (C
I F § Q I T L KT SJYNJYTTNI KNUVYV

23341 AGAATATGATAACAACAAGTTGGAGTATTACCACAARACCTCTAATGTCGAACAGTTATG 23400
E * VI T T * 66 * L P TK S I VA Q * Y
S K'Y *Q Q E VEYHUHI KPS * L KD I
R I 8 NN NULL3RMTITWNAGQILNTU GCSTTLV

23401 TGATACACACTCATAGGAGTATGATAAACATTTAGATTTCCATCAAGAGCATTACTTAGA 23460
v I HS Y G *» VvV I QLDILUPULEU RTILSTD
¢c *» T HTDE Y * K Y I * L YNUEYUHTI
S HTUL I R M S NTTFRVFTTURTTIFR

23461 ACCGTAAAACTATTTAGACTTGGAAACACAGACAAGTTCTTTTTAAAATGAATATTACAA 23520
Q C K S LD S G KHRUNULTF FTFIK KV * L T
K A NQY I QVKTUDT* S F N * K Y H
P M KTIVFRUPFROQTO QETLTFTII K STITIN

23521 AGATGTCTAACCAACATAAAAGTAARAAATAGTTCTTGCACCGTGAAAAATACGAATAATA 23580
E VS Q NY K * K * * § R P V K ¥ A * =x*
K *L NTTNUE ENI KIUDULVHT CI KI KUHTI KN
R CI P QI KM KTIULUPFPTA ASZSI KTISTITI

23581 CGACTAAGACCGTACGGATGATGAARAAATAAATCAAACATAGAACCATGAGAAAATAGA 23640
A S EPMGVVYV KZ XNTILZ KTYT RU PVYVT RIKSTD
H Q N Q CcCA * * KK I * NTUDOQTYEKI
§$ T R AHERS S ZK*KTUOQTITZ KTSTZ K * R

23641 GTAATAATACAAAACGGAAACTGAACATTACGATATAGAAGATTATGACTATTACTCTGA 23700
* *» *» T K G KV QL AIUDETULUV SL S vV
E N N H KA K S K Y H * I K * Y Q Y H S
M I I N Q R Q S T I s Y RURTIOS I I L 8

23701 AATGTTATAACCCAGTGTGGAAACAGATTTGCGGTTATAGAAGAATTTAAACTGTTGGCA 23760
K CY QTVGKDI LR RMWYZRU RILUNIGSTILR
K v INU®P™*VKT®* VG IDEO®™*TIOQTCG
*L I P DCRIGQRUFALTIIKIKT FI KUV VT
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23761 CCACAATAATGATTACGACAACTAACAAGATCATCAAAGAAATCGCTCTAAGTTACATTT 23820
P T I VL ATSQEULULIKIKULS I * HIL
H H * *» * HQQNN®*YNUR®™®* RS E IY
‘T NN S I §$ NI TRTTEI KA AILNILTF

23821 TGATTTAGAAATAATGGATTATGACCACAAATACTGAATAGACCAAAATGACAATTCGGA 23880
v LD KN NGULV PT®* S KDUP KV TULG
F *» I K I V * Y QHIKUHS I QN* Q * A
s F R * * R I 8§ TNIV* RTIEKSUNTILR

23881 CAACGTTGACATGTAGCAGCATAAGGACTAAATGGACTAACACTGTAACTATTTACCGAA 23940
T AV TG CRZ ERTIGS STZ XGS QS M S TLHS
Q QL QVDDYEO QNTYVOQNHTCOQYTIA A
N CSYMTTNR RTIT®*RTITVYVUNTITFTPEK
23941 TTGTTAAAATTACATGGGAGTGGAGAATTAACCCTTGCATTTTAARAAAAGATTAACGTTG 24000
L L KL TGTEGR RTULTG QSR RTILTITZEKTETELSQ QTL
* C N * HV RV E * NPV Y FKTZK* N C
VI KI Y G *RI KTIPTFTTFNTI KT RTIAUV

24001 AAATTAAACTCATGAAACGAAGCAAATCAAGTATGACTAAGAAAAAGAACAT?ATTAAAA 24060
K L K L Vv X 8 R KT * Vs EIKE g L L K
S * NS Y KA EDNU LEYVYO QNI KI KI KYYN
K I ¢ T s Q KT * NM S TIRI KR RTTITIK

24061 CTACTTAGATTCTATATACCATCAACAAAATTCTCATAACAAAATCTATTTAAACGGTAT 24120
$ $ DL I Y PLOQKULTILTITTZ KT STILUNA AM
Q HI * 8§ I HYNUN™* S8 Y Q KTULYTIOQUW
I FRLYITTTI XULTUNUDN®*TITFIKGY

24121 GGGTTGAGGTCTGCTAGACTAARACGTCAACCCGTCAAGACCAAAAGACGTTAGAAGATTA 24180
G L ELRD S KCNWUPULIEU?PI KT RTCDETL
vV wesWwyVvIQNATU®PT CNA QNEA ATITZK*
G VG S S RI QUL QATRTIKIUGQTULR RTI RI

24181 ATATTTTAACTGTGATGAAGATCAAGAACAGTTAACATAATATCAAACGGACGTTAATTA 24240
* L I §8 VvV ELEQGQ®™*NY* L KGATITL
N Y FQC™* K *NKUDTITWNJZYDNA AU QTL *
I F NV S S RTI RTULOGQITITU QU RT GCNI

24241 CAATGATAATTATTAATATTAGGAAGAAGAACCTTATCTTCCATACCAAAATTATTARAA 24300
T vI L L * L G EEQFUL LY P KULTUL K
H * » *» Y N Y D K K K S Y F T HN * Y N
N 8§ N I I I I RRRUP I S P I T XK I I K
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24301 TTAAACTCGAGAGTATCACAACAAATGAGTGCAATAACAARAAGACAATTATTATGARAA 24360
L KL E*LTT®* EIR * Q KETTULULV K
* NS 8§ E Y HOQ K S V NNNIKZQ * Y Y K
I QA RMTNNV * TITZ KA RIEINTITISK
24361 ACAGGAACACGATTTGGAAGAAAACGAAGTTCAACGTTCTCAGTATTTGGTGGRAGACGA 24420
Q G Q AL GEI KA AZETLUGQTULULO®* L G GE A
K D KH=* V KK QI KULNTZCSDYVVIKDQ
T R T S F RR XK S * TAULTMT FWRIR S

24421 AGGACAGGATAACCATGATTAATAGCAAGAACACTCTCATGATGACATGAGCTGGTGTGA 24480
EQGI PVL *REZOQSULUVVTS S WV
K RD * QY * NDUNKHS Y * Q VR G C
G T RNTS I I TURTTULTS S Y E V V S

24481 CTGACCACATCCACAAGAACAAATGGACTAGGATATTGACGRATACTGGGATCCAGAACA 24540
S Q HLHEZ QI KSGSGI VA * S GUL D Q
Q § T Y TN KDNV QD * L Q K HG * T K
vepT?PTRT®*RIURY S S I VU RPTZ RT

24541 AGAGTTTTTTTCAGAGACCAACCACAACCACTTGTAACACGTCCCAAGCCACAACTACTT 24600
E * FFDRTU PTU PSCOQATPNZ PTS S8
N EF FTEUZPO QU HG QUHVYVUNU HTELTRIHQH
R LFLRO OQOQNTNTTPFMT GCZPETNTITF

24601 CTTTTCACACCACATAACCTACCTAGTATATTACARAAGAACAGAAACATCATGACTACGG 24660
S FHPTWNSPDJYLTUEIZ QI RIGQTULV S A
L FTHHTIUPUHTIMYUHTZ K KU DI KT Y Y QBH
F L TTYOQTI s * I I NRTIKTTSIG

24661 AAAGATCCAACCAGAATACTGTGAACGCAGTCATTGTTGGCAACATTATAAAAAAGATTA 24720
K R P QD * S VQTIULILILIRIGQTLTIZKTEL
R EL NTIKWHTCI KR R®* Y CG N Y Y K K *
K *» T PRI VS ADTUV VTTTIWDNI KT RI

24721 AAATAAAATTTACCATAGTTATCACCATGGTGAACAAGATTACTAAATAACGTCGGATTA 24780
K I K F P I L L PV V Q ETL S KNUCGTL
N * K L HY * Y HY W KN * HN I A A *
K N*I T DITTSGSTR RTITIM®*OQTLRI

24781 TGACTTCAAAAATGACTACAAACACAACTAATGCTGGAAATACCATAATGTCCTGTTCCA 24840
v § T KV ST QTS * § R * P I V P C P
Y QL K * QH K HQUNRUGI KHY * L V L
S F N XK S INTNIUVVIXTITNTU G GCGSULT
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24841 TAAAAATTTCTTCAAAGACGACAAATAATATTATCAACCGTTTTAGAAAACATACTAAGA 24900
I KL S TEH ATS®* * L L QCTFURIEKTYSE
Y K * L L K Q Q KN VYJYNA ATFTDTIKTHN
N K F FNR S NTITIITZ PLTIZE KT GQTITI R

24901 TTACCGTTGTAATAACCAAAATTTCTAAAACAATGATTATTTTGTATATTATAAAAGGGA 24960
L P L MIUPI KULSI KTUVILLVYULTIIZKSG
* H CC* QN* L NQ*» *» Y FP MY Y K G
I AV N NTIXKVF I KNSTIUVFOCITINDNER

24961 ACAATACGTCCTTCTCAAAGACGACGAAAAGTAGTTTTACGAAGGAGAAACCGAAATGAA 25020
Q *APLTEA AATIK™* * F A EE KA K S
K NHL FL KQ Q KEUDF H KR K P KV
T I ¢S S NR S S KMULTISGURIGQS * K

25021 ATAGCATTAAATTTTACATCGATACAAAACTTATTATAAAGAAATTGATGAGTCGGTATA 25080
* R L K F H L *»TKVF LI EIKUVV *» G Y
K p Y N L I ¥ S HK S Y Y XK KL * E A M
I T I F TATIWNAGQTITINURT™*XSSILWTI

25081 AAACTATCAATAGAACCAACGCAAAAATTACGACTATTAAATTGACTAATAAGACARAGA 25140
K S L * R PQTJZXKTULA ASTULTEKTYVS * ETE
N Q Y NDOQUNJ REKT™*HOQTYNTLUGOQNTNOQ K
K I T I KT ANZEKTIGSSTITI* S TITIURNR

25141 AGAACACGAGAAGCGTACCCATCACCAAAAACACAACTAATATTGAGTGGAAGAAGAAGG 25200
E QA RRMUPULUZPIKOGQTS* L EGE E E
K KHEZEU CUPYHNIKHAOQNYS V K K K
R T S K A HTTTI KTNTI I V * R RR G

25201 AGAAGCGCAGCATTTGCATCTTCATAAAGACGAAGAATAGCAAAACAATGAAAACTTGGG 25260
EERRTILT RTILTLTITEA BATE™*TRTI KTV K S G
R XK A DY V Y F Y K QK KDNOQ * K Q V
R RTTTFT S STUNT RS SR RTITIEKTNSTIKTFG

25261 AAATTACAGTCAARAACAATTACTGTCATAACTCAGACACCCACCAGAAATACTCTAGTTT 25320
K L T L KT UL 8 L I § bT P PR * 8 I L
R * H * NQ * HCY QT Q P HUD KH § *
K I bpbT I XNIWUVTNILRIUHEHTTI KTIULUDF

25321 TAAGGGTGATTGAAATGATATCAACCAGTTCTCCTTAAATAAGTTTGATTAAGAGGATTT 25380
I G vVL K VITU©PH*S§ S NI ®* VUL EGTL
F EW S * * L QDL PT1I * EVF * N E *
N G S V K $§ Y NTULLFKWNUILUSTIRIR RTF
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25381 CAATGATAACTAACAAGAAATAAACAGACAAGATTAATACGTCGAACGGTACTGAATAAC 25440
T v I 8§ Q E K NTQE L * A A Q W S K N
L * *»*Q NN KIQRNMT®*NUHIULI K GUHS I
N §$ NI TR * KDT RTITIOTGCSAMUV* Q

25441 AGTCTCATACCGTGAAAAACACTATTATAATTATCATAAAATCTACTTCAATTACCAAAT 25500
DS Y PV KQ S L I L LI KS STULPK
T L T H C K K H Y Y * Y Y KL HL * HN
* L I A S K TTI INTITNO®*TIFNTIT *

25501 GAACTATGATGAGTTAACGTACATCGACTATGAGAATACGTTCCACAGTGTGAATCGAGG 25560
s s v v * NCT® AaASVRTITCZPTV S L E
v Q Yy * E I A HL QY E * A LUH®* V * g
K I 8 s L Q M Y S I §$ KHULTDTU CIKAG

25561 TTAGAATTATGATTAAACGTAAAACTACAACTATTATAATTAAAATTTAGGGATCAACCT 25620
L RL VL X CIK ST S UL IUL XK ULUDIZRTP
W D * Y * NANIOQHOQY Y * N * I G L Q
I XK I s 1 Q M KI VNI I VNTIIKF G * N S

25621 ACAAATCCAGGTGTGACGCCAAGAAGAAGAGCAAGAAAAAAACTTCTAAATAACARACTG 25680
H K P G C QP EEEUREI K KS S KNN S
I NL DV S RN KI KEDNI K K QTLNTITQ
T * T WV AT RIRI®RTRIEKI KT FTI * Q K V

25681 TTTCAATTTGAAAGTCTACAACCARAACAACTTCGAATATTGTTAACATGACCACCATCA 25740
L TL SEZSTU®PZEKTT SAZ*TILTZLGQVZPZPIL
C L *V KLHQNG QOQULZE KT YT CNT YOQHY
F N F K * I NTKU NV FGS8TIUVITSZSTTT

25741 CTTTAATCTCTAGAAGAAACACATGTTAGGAAATTACCATAATTTCAAAACGGAGGATAA 25800
s I L S R RQTOCDI KULUPTIULTIKGTGTI
H F * L DEKH VI R™* HY * L K A E *
F N § I K KT YL G K I TNV FNOGQRIR RN

25801 AACAGACTTAGAGTTTAAAGACCAATGTGGTGTCCGCGATGACAACGACGATACARAGGT 25860
K DSD* I EP™X*VVAAVTA AR ATITNG
K T Q I EF K Q NCWIULTPRT®* Q QQ * TE
Q R FRLNZRTVGC CGSSNSZSSHTEKHW

25861 GGTACCAGTCGTCGTCGACCGTATGGTAAAAGAGAATTACATGTTATATCTTAATTACCA 25920
G H D AAAUPMGN NTE U RTLTT CYU LTITILP
vMTLILULQ CVMIKE™*HV I Y F *~ H
W P * CCS A Y W KRIKTIUVYIULTISNTIT
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25921 AACCCACAATGATACCTACAAGAATTATTTTTAGTTTTCAACTATCGATGACGAAAATTA 25980
K p TV I ST RULULUF * F NI AV AIKL
N P H * * PHE * Y FDVFT TS UL * Q K *
Q T N S HINIKIV FTIULILO QY S S S K I

25981 TTACGAGAAGAAAGATAAGTCTTACCAAAATCACGATGGTTGAGACGTGAACGATTTTAT 26040
L ARRETIT®*F P KU LAUVILEH- AZSA AULTI
Y H E E K * E S HN * H * W S Q V Q * F
I S K KRNUILTITI IXKTSG V RCI K S F Y

26041 GTTTCACARACAATTAAGATTACGAGTTCGTGAATTATCAAACAATGTCGTTAATAAATTA 26100
¢ L TTULEULA®*A ASULULI KNZ GCGT CNIT NL
V F HQ * N* HEULUV * Y NTVATI I *
L T N NI R I 8§ L C K I T Q * L L * K I

26101 TTTAAACCACGTTAATCARGAAGAAATGTTCTTTAAAATAGAGCAGAGCTACGAAATCTC 26160
L NP A I L EE K C S I KD RI RSAIK S8
Y I Q H L * N KIKUVULVFIKTIET DU RIUHIKL
F KT CNTRIR*L FN®* RTETIS * L

26161 CGAGTCCAAGTCTAACTATCCGAATAATTACCAGCAAATTGACGAAATTTACGAATACAG 26220
A * T * I 8 L 8 I L P R KV A KU FA * T
P E P E S Q YA * * HDNULQZ KL H K H
S L N L NI PKJVNTITT* S § * I 8 I D

26221 AGAGTTGTCGAATCACTATAAAGAGAACATTTTAAACCACGACGAAATCGATACCTCTTC 26280
E * ¢C $L S I ERTTFNZPAA ATZKATISF
R EV A *HY KEQULTIGOQHGQE KTL* P §
R L L KTTINT RTIEKTYTFTZ KTSS+* S HTELTL

26281 CAATTACTCACACAATTTTCAGTTAGAGGAGCATAATTAAAAACACCATTACCATTAGTA 26340
T L $§$ H T L L * D G R I L K Q P L P L *
P * HTH * F DI EETY* N KH Y H YD
N I L TNV FTULIRIRTWDNIIKTTTITTIWM

26341 TAAAACAGTAATCAAGTTTTACGAGGAATACCAAACAACAAATACGTAAAATCAATATTT 26400
I X DNT®* F AG * P KNNIUCIKTIL®*L
Yy K T ML EVF HEI KU HNTT* A N * N Y
N Q * * NL I 8§ R I T QQ K HMIEKTTIF

26401 GGATAAAGAAAATTTTGACAAAATCATTCAGGACCAAACACATATAGTCCACTACATCCA 26460
G I E KL VT KTUL G VP KHTIUDUPS TP
v *» K K * F Q KL LDQONTYTIULHUHL
R NRKPF S N*Y TRTOQTY*TTI1I YT
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26461 TAACGTGGATTTGTTCCCATARAATAATTTGTATTACTAGTAACCTACAAGTGACCATCA 26520
I AGL CP Y XK I UL CUL S * Q I NV P L
Y Q v+* VL TNOM®** YV Y HDNST* Q Y
N CRVFUL?PTII KNV FMITIMZ®PHETSTT

26521 AGAATGATAATAGGACTTGGTTAAAGTCTATTTTTACAACAARAAATACTTATGAACAAGA 26580
E * ¥ * G 8§ G I E S L F TTZ KTIVF V QE
N K S N D Q VL KL Y FH QI K * S Y KN
R v I I R F WDN * I F I NNIKUHTIS TR

26581 CAATTAAAATGATTTCGCGGAGAACAAATAAACTTAGTAAGACATGGTTTTAACAGACTA 26640
T L K VL AGRT®* KUPF * ETGUVFNTD S
Q * N * * L, A E Q KNS DN QUVULTITQ
N I X § FRRIEKUNIOQIMZBRYWT FOQRTI

26641 AAACTTAGACTCAATAGAGTAACCAARATTTTTAGTTTGTAGGTAACGCGGATTAAACTGA 26700
K 8§ DS ND * Q NL F * V DMAGUL K V
N Q I Q T I ENT* F DFMWQA * N §
K F R L *RMU©PI KV FTIULOCGNU RIZ RTIUGQS

26701 AATTTAGAAGTATGATAATTACGATGAAAAAATCTAAACATAATACTCTACTTAGAATAA 26760
K F R * VvV I L AV K KSKY * g I PRI
K L. D E Y * * H * K KUILNTWNH § S§ D ~*
* I KM SNTI S S K *I QI I L HTIIKN

26761 GTTCTCAGATAATTCAGAAACTTATTATCAATATAGTTAGAATTTCTATATCCATGTATA 26820
* $ DI LD KPF LL * I LRULSTIUPVY
EL T *» T K S Y Y N Y * D * L Y L Y M
L L RNLIRGQITITTIUDTIIU KT FTIVYTT CTI

26821 CTTTACATACATTTTACCGGAACCATACAAACCGATGATTAAAGAARAAGTAAATATTAT 26880
S I Y TF HGOQVYTAOQS S TIZEUZ KTENTITI
HF THULTIAIZ KTHI KA AVYVULI K KI KMM™* L
FHIYFPRUPTINW®P®*** NI RI K * K Y Y

26881 AAGGAACATAACGAGAAAAAATATACAACAACATGACCAACACCAAGACGTACAAAATCA 26940
N R TN S K K1I HQQVU?PQPEHA ATHTI KL
I 6 Q I ARUIKO®*TINUNVYOQNTEHNOQMN *
E K Y QEIKJIKZYTTTZSTTTTRTG CTTI KT

26941 TTTACAGTATTAACAACACTACTCATACCACCAGTAGTACTAAAACAATAGTTTICTAGA 27000
LH*L Q QS S Y PP * * 35 KTTIULVD
Y I DY NNUHUHTHUHUDIUDUHNAGQ®* * F M
FTMITTTIULTITTMMITZ KNDTFCR R
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27001 GTACTACTAATCTTAGAGAACAGTCTAGAGTAATTTAGATTTGAAATAAATACCTGCAAA 27060
*s §$ * FRKXKDSRMTILUDULS * K H VN
E HHNSD RTULD®* *» I * VvV KNI ST
M I I L I EQ * I ENTFRUFIEKTI* P R K

27061 CCTCTGGATCGATGTGTGTAAGAGAACAATAATCTCTTAAACCACAATGTTTGGAACTTC 27120
P S RAVCMZRBRIKNNGST FI KTNT CUVIKTF
Q L G L *V CERTIUL S NUPTV F R §
S v s CVNZEJGQ®™* * L I QH*L G Q L

27121 TAAACACAGATTTCATATTAATGACAGTTGGATAACAACCAATGACATAACATGGAAATT 27180
I ¢ T *L I TIVTULRNNTUVTNTYR *
S K HRPF YL * Q * G ITTU®PT*X QI TG K
N TDULTYNSUDV * Q QNS Y Q V K L

27181 TACAAACCACAGCGTTCAAACCGTTTABACGAAGAGTGAAATGTAATGCATCAGTGCTAT 27240
I N PTAULKAFI KSURVIKT C®*TTUVTI
F T QH RULNUPULNA AIE®* K VDNRTIL * g
H KTDU CTGQOCTIOQIXES * M VY DU RY

27241 AAAGGGTATCATTATTAAAACCACAACATTGATCAAAATGATGAATACCATTATGACAAA 27300
N GMTTITIIKTNYSTI K S S ITTI SN
I EW L L L X PTT TV L KV UV * pL VT
K G Y Y YN QHOQL * N * * K HY Y Q K

27301 GACTCCGACACAGATCTAATCAACTTAGTCGAAGACTTAAATAACAAACCGCACGTCTCC 27360
R L SHRSO™*NTFS* S RFIEKNUENZPTTCTL
E S ATDTULNTSUDATEST NTITUG QTR RAS
Q P QT * I L Q I L K QI * Q KATUHTLTDP

27361 GTGAATTATTCATACCAACTAAATAAAAAGTTACTATGACGAACCATGTATCCTGTCTAA 27420
C K I LI TS KDNIKULSVAQYMZPTCI
A'S L L Y P Q NI K * HY Q KT CUL V §
v *Y THNTI* KETITIS S PV Y S LN

27421 AATCAAAATCAAAATARAACAGAATAAAGAAATTAGAAACAACAACGAAARAATCGTTGA 27480
K T K T K N Q R I E K I KT T A K K AV
K L KL K I KUD®* K KLU RQQQ K KL L
* N+ N * KT KU NI R * D KUNN S K * C 8§

27481 TAATTCGAAACATACGTTGAAACACCAAAAACATTAAAGAAATAATAAAGTGGAAGCCGA 27540
I L $ Q I C S Q P K QUL KX XK I I EGE-R-A
** A K Y AV K HN K Y NUZR * * X V K P
N L K THU LI KTTIKTTIUEI KNUNT™*R R 8
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27541 ATGCAAATATTTTCTCCATACGTCAARCATATTCAGAATATCACTTGTTCAATATGGTGGG 27600
* T * L L. PI CNYULDO®*TUL S CTTIGSG
K R K'Y F L YATTYTI KUY YHV L *» VvV V
VNIV FSTUHLOQTIULRTITFIULNTYWG

27601 TGAAGTCTAATAAATTAGATTTAGATTTGTAATACTTATTTAGAAAAGAAGGAGTTAAAT 27660
V E S * K I * I » V N HIVFURIEKI KR RULK
W K L N NL R FRFMTIUFULUDI KU RG* N
§ » I 1 *DLDILTC®™®* S Y I K EZEE I *

27661 GAAGACTAGTTCGACAATGTAAGAATTTTCTTACCTTARAGAGAAACCCACATTATGATG 27720
S R I L S NCE™*FVFPIEURI QTUYY *
V E S * A TVNK KV FSHF KEIZ KUPTTI 8
K Q DL Q*M RL LI SNUZRI KUPHTULV YV

27721 AAARATAATGATAGTATAACGTCAAGCCAATATGCTCGGCATCATACAAACARATAGAAT 27789
K K N S DY QL ETT I RATTUHIKNTIK
S K I VIMNTUCNP®*U VL RUILTINT=* R
K *# » * + I A T RN Y 8 G Y Y T Q K D *

27781 AGTTCTACTAATAAGAAACCGAATACACCGGTAACTGATAGTGGAACTGATATAAATTAA 27840
DL HNNIKUPI KHPWQ S5 D G Q S Y K I
I L I I I R Q S I HGNUV I VKV 1INIL
*8§ 8§ * E K A *TAM S * +# R § * I * N

27841 CAAAAATACGAAACTTATTACGAARAGAACGTAAAAGATATCACAAATGATAATAARGAT 27900
T K I 8§ Q I I 8 K K C KR Y HZK S NNR
Q K * A KFUL A KRANIETITNUVTITIE
N K H K S YH KEQ@MI K * L T * * * K *

27901 AACAATATACCTAAGAAATAAAACAATTATCATAAGCCGAAAAATAATCTTGACCGTCAA 27960
N NY PN K TI KNTITNU PIEKIKNSSA AT
I T I HTIR* K TUL L I R S K I L V P L
Q * I S E X NQ * Y Y E A K * * F Q C N

27961 CCACCTCAAAATTAGGTCTCTGGTTATTAGAATACACATAACTATACTTTCCGTTCTACA 28020
P P TKIWIULGTITI KHTNTIUHTF FA ATLH
Q HL KL G SV LLURTIUHTIZGSTIU FUPTILTI
T S8 N * DL S W YD * T Y QY S L C ST

28021 AACAATCCGGTCAATAACTCCTGATAGTGTGTAATTGACGATGACAATAAGCACCAGTAG 28080
K NP WNNILUV I VC* S S S NINTTM
N TL GTI S S * * VN VAV TTI R P *
Q * AL *Q PSDCMTLAOGQS®*Q * EHUDD
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28081 AAATATATGTCCCACAGTTTGAACCGTGACCAATATGAGAAAGTCTAAACGGGCATATAC 28140
K I YL TDTFIKA ASTTISIKO™*TIOQGOGVYI
R * I CPTUL S P V?P* VRETSZ KTGT Y
K Y VPH * V @ CQNZYTETZ KTLU NG AT RTIH

28141 AATGACATCGATTCCACGTTCATGAAACATGGATATTTGCACGGAARAAATCTATTCAATC 28200
N 8 Y SL HUL Y KTGTIVFTGI K * I L *
T v T AL TOCT S QV *L RAI KK S L N
*Q L * P ALV KYURYVHRIKTILYTL

28201  TACAATTATCACCAAAACGACAAAAACAATTCAGATTTCAACCATTGATAGCAAATGGCA 28260
I NI TTJZ KSNJZ KU NTILTPERTENTUVIT * R
S TLL P XATTZ XTULDTILTT PTIL®*RZKG
H* YHDNOQUOQTZ KU Q®*T*LQYSDNUVT

28261 GATCATTTGGATCACCATACCTATGACGGAACAATTCTCGAATTTAGATTTGATAATCCT 28320
R T FRTTUHTIS GOQ * 8§ S5 L DL S NP
DL L GL?PISVAI KIDNILAM®*TI®*UVTIL
*Y v * HY P Y QRTULULIXKTFRF *» * §

28321 ACAGAATATGAGGGCCAGTAATACGACCTTCATCTTCGAGGAGACCTTTAGCAAGTCCTT 28380
H RIS GTMTIS ST S AGR S I T * §
I1 b *Vv GP * * A PL L L EEU?PFRE P
T K Y ERDUNUHUGQTFYVF S RQVFDNTULTF

28381 AGGAGTTCTTTTGAAGAACCCGACTGGTTAGACTCGCTTTAATGGTTTGGARATTATCTC 28440
D ELF S RP SV L RUL S I VL G KTI S
I RL F V E QA S WD SRV F * W V KL L
G * 8 F K K P Q GI QAT FNGTFU R * Y L

28441 CGTCTTTTTGGGTTGGATTTAAGTGACACAGATGAGTTGGTGTTCCTTTATGATAGGGTG 28500
A S FGLRU FEJ SHRSTULWUL S8 I S DW
P L F VWGLNUVTODUV* G CUPUF VI G
cC F F GV * I »QT* EV VL FY * G V

28501 TAATARGGACCAAGAGGCCCTAGTGAGTTARAGTTTTTCCATCTCTGAAATTTAAAAGTC 28560
M I G P EGPDS L KULUFTS V K PF K =*
c * EQNEUPTI UV * N * F PL S K UL N E
N NR TRR S§ * E I EF L Y L S§ * I K L

28561 TACCAGTTCCTCAAGGGTAACGAAAGCCTCATGGGGGAAGACTTCGTTTTCCTATARCCA 28620
I TL S NGNS E S Y GRUBRTPFTCUFS I UP
S P* PTGMA®AZEKU PTGGESA ATFUPYDQ
HDLULEWU QI KR RTLUVGKQLULULTINT
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28621 TATCTGTGTCGGCCGCAAGAAAATTTTGTCGACTACCAGTTGTTTTCGTCAACAATGGCT 28680
I s vaAaAaPTW RI KU FOCSTITULULULULQ * R
Y LCL RREI KU LVASU©P®*CTFCNUNG
Yy v ¢ GG A NK* FL Q HDV F ATTV S
28681 CTACCATAAAGATGATAGAGCCATGGCCGGGTATACGGTTACGTAGGATACCACTTAGGG 28740
S P I E VI ETGAWTIGTIUZ GCGTITFG
L HY K *» * R PV P GY AL AD* P S D
I T NRSDIRYRGMHWHMU®BRHUHTIG

28741 AGCTTCCCCAGAAGACCCAACGATTAGTGGTTCGACTGTGAAGATGAGGGAGGCTACRRA 28800
E FPDEZPNZSTIUVLSVSURSGOGCGTIN
R S PTX QT AL * WA SV EVGE ST
R L PRRUPOQ*DOGUILQOCIK * ERRHK

28801 GCAGTTCCCTAGGATGATGAGTTCTTCGATAGGGATGATCCAAAGGCGGACCATGCTAAA 28860
R *P I RS S L F S DI RSP XU R RTR RN
E DL S GVV * S A I GVLNGTGU®PUVI
T L p D * * EL L * G * * TEA AIOQ Y S K

28861 ACGGAGTTCCGATAATACAACTTCCGAGTCCTTCCAGACGAAGATTATCAGCTGGTCCAA 28920
Q R L A I I NFA* S PRSI RTITSWT
XK G *p *» *T S PEUPULUDA ATETZLTULUR RGP
A EL S NHOQULSULVFTGQI K * Y DV L N

28921 GTGCAAGAGTTAGTGCACCTGGGTTATTAGCAAGTAATTCATCTTCATTAAGATTAAAAT 28980
*TR L * T S GG I I T * * T S TTI R I K
ERE*DIRUPGILULU RENILLULTULETULK
VNZETIVHUVWYDDNMLYF YN * N *

28981 CTGTAAGTCTAAGATATCATTTTIGGACTATACCGACTACTCTAGCGATTAGAACAAAATC 29040
$§ M * I R Y Y F R I H S I UL DS I KN *
L ¢ E S E 1 TVF G S I A S S 1 AL R T K
VNL N * L L VQ Y P QH S R * D Q K L

29041 GGTTCGAACCATTTCTAAGATTTGGAGTCGTTCAGTGATTCGTTTTACGGTTCCTTTAGT 29100
¢ L KT PF I RFRULUILDSTULULTIGTULF D
A L $S PL S EVLGR®*CTUVULCTFATLSTI
W A Q YL N * V E AL * * A F H W P F *

29101 CCGTATTTTAAAATTGTTTTGGAGCGGTTTTCGCTTGAGGATTATTTGTAACATTACAAG 29160
PMFNT®* CPFRALTULSS SR RTIV FMTTIN
L CL I KV F GRWPFRUVGL L CQULT
A Y F XK L L VEGFATFE™®* Y V N Y H E

F1G.3 CONT’D
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29161 TTGTCACAAAACCATTTTCTCCTGGAAGAGTTTTAAAACCATTACGACTTTACAATTITCG 29220
L L T K TP F S S RURULTIKTTI S F H * L
*CHX PLL PGE*F KUPILA AJZSTINF
vV TUNOQY F L VKETFWNAOQYHUGQVFTTULA

29221 AACCATGATTACTAGGAGTCAAAGGATAAGAACGTCTTAATCGAGGATGTGGTCCACGAA 29280
K T 8 I I R L KRNJIKU CUPF*S RCWT S
s P VL S G * NG I RAS SN BAGV G P A
Q Y * H D ETE™* E QL I L E * V L H K

29281 AAAAGAAACCAAGATTTAATCTGAACCAATTTTCTCTAAGGCTCCGACTGAGTGGACAAT 29340
K E XK TRVF * VQNV FS I GUL 8§V * R N
K K K P EL NS KTULULSESASETGT
K R QN * I L 8§ P * F L NRP Q S V Q *

29341 TTCTACAAAAACTTGAAGTAATAAGACCAAGATAATCCAAACTATCATGAAATGGTCCGA 29400
F I N XK F XM I RTRWNUPIEKTITS * W A
L §$ T K s s * *» E P EILDNSULV KG P
L H K QV ENWNGQN®** T QY Y K VL 8§

25401 AACTCTGTTAATACTTTCAAGAACTTCTCTTARATTTACGAATGCAATTAAGATTAGTCT 29460
KL ¢CNHFNIKUPFPULTI* I S VNTIIZ RTIIL
K §$ v1iTI F TR S S8 F K F A * T L E L *
g $ L *sS L E QL 8 NILUHI KT R®*N * D §

29461 TGTGACTAAGACTAAGCAACTCAAGATTTGGAGTCGCATTTTCTCCACAATTTGTTAATG 29520
v s I R I RQ TRV FRULTUFSTNTF L *
F Vv 8 E S ENULETLG®*RULULUPTTILCN
C Q NQ NT SN * V EAYF L H * V I V

29521 GTCTTGTCAAACTGAGAGAATTAAATTCACGACCATGAGTCGTGTAAAGTTTACTAAAAT 29580
W F L KVURIKI®*TSTSUL VDN * I I K
G 8 C N S ERTULI KL APV * CMETF § K
L VT QS E * NL HQVYEA ATGCIKTLHN *

29581 GAGGACTCCTAGTATCAAATGAACGATGAGAACTACTAGGAATACATCTTCTGAGACAAC 29640
S R L I MT * K S 8 K I I R I Y F V RN
v 6 s S *L KS AV RS S G * TS S ET
E Q PDY NV Q * E Q HDIKUHTULULSOQOQ

29641 GRATTACTCTTACTTAGGATTAAGCTGTGATCCACCATTGGGGAGCGATAATAAGCCTTA 29700
S L S F §8D * NS VULHYG R ATITITRTF
A * HS HIRIURTC®M®*TT TV G R * * E §
K I L I F GGLEV S PPULGETSINNUZPTI
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29701 TCCTGTGAGAGATAGTCTTACTTAAGAACGACATTATTGTCTATCTCATCCAACAATGTC 29760
L vs EI L I FEQQUL L L YL L NNC
Y $ VR * * F S NKSYY CTI SYTTUV
P CERD S HIRATTIUV S L TUPOQ™* L

29761 TGATATATAATTAATCATCTTTAAAATATAAATCTGTAAACTAACAATCTCATCAATATT 29820
v i1 Y * NT S I K Y K S MOQNNSYNY
$ *» I NI L L FP KINULLCI KTITULTT I
s Y I L »Y FN*I * VNS Q * L L * L

29821 CCAAATCGACATCATATTTGCGGAGGCCCTTCTCGATAGTTAACATCACAARATTATATAT 29880
P KA TTVYV GG?PLATIULQULT* Y I
L NL Q L I FAEZPFUL * *NYHIKIY
T s Y Y L RRRS S S8 DITTWNILTIY

29881 ATAATCATATACTAACTTTAATTAATATCGGAAAACCTCCTTAATGTTTTTTTTTTTITT 29940
Yy » ¥y I I 8 I L * L R K S SN CUF F F F
I NTY S QF * NY G X P P IV F F F F
I L I H N F NI I AU KSOQULTF * L ¥ F F F

29941 TT 29942
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NOVEL HUMAN VIRUS CAUSING RESPIRATORY
TRACT INFECTION AND USES THEREOF

[0001] 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 17 and “Copy 27, respectively, and
each contains only one identical 1.54 Mb file
(V6900031.APP).

1. INTRODUCTION

[0002] The present invention relates to a novel virus
causing respiratory tract infection in humans [“coronavirus-
HKU1 (CoV-HKU1)”]. The CoV-HKUT1 is identified to be
phylogenetically similar to known members of Coronaviri-
dae. The present invention relates to a nucleotide sequence
comprising the complete genomic sequence of the CoV-
HKU1. The invention further relates to nucleotide sequences
comprising a portion of the genomic sequence of the CoV-
HKUT. The invention also relates to the deduced amino acid
sequences of the complete genome of the CoV-HKUL. The
invention further relates to the nucleic acids and peptides
encoded by and/or derived from these sequences and their
use in diagnostic methods and therapeutic methods, such as
for immunogens. The invention further encompasses chi-
meric or recombinant 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-HKU1 recombinant and chimeric forms of said virus as
well as protein extracts and subunits of said virus.

2. BACKGROUND OF THE INVENTION

[0003] 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 compli-
cated by cicatrization of right upper lobe and bronchiectasis
with chronic Pseudomonas aeruginosa colonization of air-
ways. He was a chronic smoker and also had chronic
obstructive airway disease, hyperlipidemia, and asymptom-
atic 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 12.1x10°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 performed. Empirical oral
amoxicillin/clavulanate and azithromycin were commenced.
Nasopharyngeal aspirates for direct antigen detection for
respiratory viruses, RI-PCR for influenza 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-
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CoV did not show any rise in antibody titres. His fever
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
identifying commonly recognized viruses and bacteria were
negative in these patients. The etiologic agent responsible
for this disease was not known until the complete genome of
CoV-HKU1 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

[0004] The present invention is based upon the inventor’s
complete 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, Coronaviridae. Accordingly, the invention relates to
CoV-HKUT1 that phylogenetically relates to known members
of Coronaviridae. 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, consist-
ing of the nucleotide sequence of SEQ ID NO:1, a comple-
ment thereof or 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 invention 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, preferably 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.
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, alternatively consist-
ing of a 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, or
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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,
alternatively consisting of 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. The polypeptides or proteins include those having
the amino 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-HKU1, including viral proteins iso-
lated from cells infected with the virus but not present in
comparable uninfected cells. The polypeptides or the pro-
teins of the present invention preferably have a biological
activity of the protein (including antigenicity and/or immu-
nogenicity) 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 nucle-
otides of the nucleotide sequence of SEQ ID NO:3, or a
complement thereof.

[0005] In one aspect, the invention relates to the use of
CoV-HKU1 for diagnostic methods. In a specific embodi-
ment, the invention provides a method of detecting in a
biological sample an antibody that immunospecifically
binds to the CoV-HKU1, or any proteins or polypeptides
thereof. In another specific embodiment, the invention pro-
vides a method of detecting in a biological sample an
antibody that immunospecifically binds to the CoV-HKU1-
infected cells. In yet another specific embodiment, the
invention provides a method of screening for an antibody
that immunospecifically binds and neutralizes CoV-HKUT.
Such an antibody is useful for a passive immunization or
immunotherapy of a subject infected with CoV-HKU1.

[0006] 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 embodi-
ment, the invention 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
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comprising the nucleotide sequence of SEQ ID NO:1 or 3,
a complement thereof, or a portion thereof.

[0007] The invention further provides antibodies that spe-
cifically bind a polypeptide of the invention encoded by the
nucleotide sequence of SEQ ID NO:1 or 3 or a fragment
thereof, including the polypeptide having the amino acid
sequence of SEQ ID NO: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 con-
ditions to the nucleotide sequence of SEQ ID NO:1 or 3
and/or any CoV-HKU1 epitope, having one or more bio-
logical activities of a polypeptide of the invention. The
invention further provides antibodies that specifically bind
cells or tissues that are infected by CoV-HKU1. Such
antibodies include, but are not limited to polyclonal, mono-
clonal, bi-specific, multi-specific, human, humanized, chi-
meric antibodies, single chain antibodies, Fab fragments,
F(ab"), fragments, disulfide-linked Fvs, intrabodies and frag-
ments containing either a VL or VH domain or even a
complementary determining region (CDR) that specifically
binds to a polypeptide of the invention.

[0008] 1In one embodiment, the invention provides meth-
ods for detecting the presence, activity or expression of the
CoV-HKUI 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-HKUI 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 expres-
sion of the CoV-HKUL. 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.

[0009] In another embodiment, the invention provides
vaccine preparations, comprising the CoV-HKU1 recombi-
nant 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 preparations of the present invention comprise a
nucleic acid or fragment of the CoV-HKU1, or nucleic acid
molecules having 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-HKUI. In a specific embodiment, the vaccine prepa-
rations comprise a polypeptide of the invention encoded by
the nucleotide sequence of SEQ ID NO:1 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 3, respectively. Furthermore, the present
invention provides methods for treating, ameliorating, man-
aging or preventing respiratory tract infections caused by
CoV-HKU1 by administering to a subject in need thereof the
anti-viral agents of the present invention, alone or in com-
bination with various anti-viral agents as well as adjuvants,
and/or other pharmaceutically acceptable excipients.

[0010] TIn 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
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comprising a nucleic acid molecule comprising the nucle-
otide 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 prepara-
tions of the invention or an antibody that immunospecifi-
cally binds CoV-HKU1 or any CoV-HKU1 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 present invention
provides pharmaceutical compositions comprising anti-viral
agents of the present invention and a pharmaceutically
acceptable carrier. The invention also provides kits contain-
ing a pharmaceutical composition of the present invention.

3.1 Definitions

[0011] The term “an antibody or an antibody fragment that
immunospecifically binds a polypeptide of the invention” as
used herein refers to an antibody or a fragment thereof that
immunospecifically binds to the polypeptide encoded by the
nucleotide sequence of SEQ ID NO:1 or 3, or a fragment
thereof, and does not non-specifically bind to other polypep-
tides. An antibody or a fragment thereof that immunospe-
cifically 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 immuno-
specifically binds to the polypeptide of the invention, can be
identified by, for example, immunoassays or other tech-
niques known to those skilled in the art.

[0012] An “isolated” or “purified” peptide or protein is
substantially 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
“substantially free of cellular material” includes prepara-
tions of a polypeptide/protein in which the polypeptide/
protein is separated 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.¢., culture
medium represents less than about 20%, 10%, or 5% of the
volume of the protein preparation. When polypeptide/pro-
tein 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 chemi-
cals 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.
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[0013] An “isolated” nucleic acid molecule is one which is
separated 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
c¢DNA molecule, can be substantially free of other cellular
material, or culture medium when produced by recombinant
techniques, or substantially free of chemical precursors or
other chemicals when chemically synthesized. In a preferred
embodiment of the invention, nucleic acid molecules encod-
ing 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.

[0014] 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, 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
functional feature of the protein or polypeptide.

[0015] The term “having a biological activity of the pro-
tein” or “having biological activities of the polypeptides of
the invention” refers to the characteristics of the polypep-
tides or proteins 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 ID NO: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 polypep-
tides of the invention include antigenicity and immunoge-
nicity.

[0016] The term “under stringent condition” refers to
hybridization and washing conditions under which nucle-
otide 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 hybrid-
ization conditions are described in, for example but not
limited to, Current Protocols in Molecular Biology, John
Wiley & Sons, NY. (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
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stringent hybridization conditions is hybridization in 6xSSC
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.

[0017] The term “variant” as used herein refers either to a
naturally occurring genetic mutant of CoV-HKU1 or a
recombinantly prepared variation of CoV-HKU1 each of
which contain one or more mutations in its genome com-
pared to CoV-HKU1. The term “variant” may also refers
either to a naturally occurring variation of a given peptide or
a recombinantly 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

[0018] FIG. 1 shows a partial DNA sequence (SEQ ID
NO:1) and its deduced amino acid sequence (SEQ ID NO:2)
obtained from CoV-HKUI that has 91% amino acid identity
to the RNA-dependent RNA polymerase protein of known
Coronaviruses.

[0019] FIG. 2 shows the entire genomic DNA sequence
(SEQ ID NO:3) of CoV-HKUT1 and its deduced amino acid
sequences therefrom in three frames. An asterisk (*) indi-
cates a stop codon which marks the end of a peptide. The
first-frame translation and amino acid sequences: SEQ ID
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.

[0020] 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 (*) indi-
cates a stop codon which marks the end 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 ID NOS:2454-
2918.

[0021] FIG. 4 shows the genome organization of CoV-
HKU1. 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.

[0022] FIG. 5A shows the phylogenctic analysis of the
chymotrypsin like protease (3CL™), replicase (Rep), heli-
case (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 correction and bootstrap values were calcu-
lated 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 respectively were included in the
analysis. The scale bar indicates the estimated number of
substitutions per 10 amino acids.

[0023] FIG. 6 shows the important features of the S
protein of CoV-HKUT1 (residues 7-336 of SEQ ID NO:420)
in comparison 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 sialodacryoad-
enitis encephalomyelitis virus; SEQ ID NO:23), BCoV
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(bovine coronavirus; SEQ ID NO:24), PHEV (porcine
hemagglutinating encephalomyelitis virus; SEQ ID NO:25),
and ECoV (equine coronavirus; SEQ ID NO:26). The cleav-
age site peptides are shown in residues 752-766 of SEQ ID
NO:420 and SEQ ID NOS:28-33, respectively, in order of
appearance.

[0024] FIG. 7 shows the sequential quantitative RT-PCR
(closed squares; copies/ml) for CoV-HKU1 in nasopharyn-
geal aspirates; and serum IgG antibody titers against N
protein of CoV-HKUT1 (closed triangles).

[0025] FIG. 8 shows the Western blot analysis of purified
recombinant CoV-HKU1 N protein antigen. Prominent
immunoreactive 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), respectively.

5. DETAILED DESCRIPTION OF THE
INVENTION

[0026] The present invention relates to the CoV-HKU1
that phylogenetically 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 embodi-
ment, 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 complement thereof or a portion thereof. In
another specific embodiment, the invention provides iso-
lated 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 specific genes
of known member of Coronaviridae, or a complement
thereof. In another specific embodiment, the invention pro-
vides isolated polypeptides or proteins that are encoded by
a nucleic acid molecule comprising a nucleotide sequence
that is 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, alternatively
consisting of 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 nucle-
otide sequence of SEQ ID NO:3, or a complement thereof.
The polypeptides or the proteins of the present invention
preferably 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.

[0027] The invention further relates to the use of the
sequence information of the isolated virus for diagnostic and
therapeutic methods. In a specific embodiment, the inven-
tion provides the entire nucleotide sequence of CoV-HKU1
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(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 con-
sisting of or comprising 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 polypep-
tide of the invention, consisting of or comprising the nucle-
otide 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.

[0028] The invention further provides antibodies that spe-
cifically 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-HKU1 epitope as well as the polypep-
tides having the amino acid sequgences of SEQ ID NO:2 and
SEQ ID NOS:34-2918, respectively, shown in FIGS. 2 and
3. 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, intrabodies and frag-
ments containing either a VL or VH domain or even a
complementary determining region (CDR) that specifically
binds to a polypeptide of the invention.

[0029] In one embodiment, the invention provides meth-
ods for detecting the presence, activity or expression of the
CoV-HKUI of the invention in a biological material, such as
cells, blood, saliva, urine, sputum, nasopharyngeal aspirates,
and so forth. The presence of the CoV-HKUT 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-HKU1. In a specific
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.

[0030] In another embodiment, the invention provides
vaccine preparations comprising the CoV-HKU1 recombi-
nant and chimeric forms of said virus, or subunits of the
virus.

[0031] The present invention further provides methods of
preparing recombinant or chimeric forms of CoV-HKU1. In
another specific empodiment, the vaccine preparations of the
present invention comprise one or more nucleic acid mol-
ecules comprising or consisting of the sequence of SEQ ID
NO:1 and/or 3, or a fragment thereof. In another embodi-
ment, the invention provides vaccine preparations compris-
ing one or more polypeptides of the invention encoded by a
nucleotide sequence comprising or consisting of the nucle-
otide sequence of SEQ ID NO: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 [¢.g.,
amantadine, rimantadine, gancyclovir, acyclovir, ribavirin,
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penciclovir, oseltamivir, foscarnet zidovudine (AZT),
didanosine (ddI), lamivudine (3TC), zalcitabine (ddC), sta-
vudine (d4T), nevirapine, delavirdine, indinavir, ritonavir,
vidarabine, nelfinavir, saquinavir, relenza, tamiflu, plecon-
aril, interferons, etc.], steroids and corticosteroids such as
prednisone, cortisone, fluticasone and glucocorticoid, anti-
biotics, analgesics, bronchodialaters, 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 repli-
cation of the viral nucleic acid molecules in the host cell
under a physiological condition 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 immunogenic preparations of the
invention or an antibody that immunospecifically binds
CoV-HKU1 or any CoV-HKU1 epitope and may neutralizes
CoV-HKUI. In another specific embodiment, 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 preventing 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 comple-
ment thereof, or a portion thereof, including the polypep-
tides having the amino acid sequence of SEQ ID NO:2 or
SEQ ID NO:34-2918 shown in FIGS. 2 and 8, by admin-
istering to said host cell the anti-viral agent of the invention.
In a specific embodiment the host cell is a mammalian 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.

[0032] Furthermore, the present invention provides phar-
maceutical compositions comprising anti-viral agents of the
present invention and a pharmaceutically acceptable carrier.
The present invention also provides kits comprising phar-
maceutical compositions of the present invention.

5.1 Recombinant and Chimeric CoV-HKU1

[0033] The present invention encompasses recombinant or
chimeric viruses encoded by viral vectors derived from the
genome of CoV-HKU1 or natural variants thereof. In a
specific embodiment, a recombinant virus is one derived
from the CoV-HKUT. In a specific embodiment, the virus
has a nucleotide sequence of SEQ ID NO:3. In another
specific embodiment, a recombinant virus is one derived
from a natural variant 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 mutations, rearrangements, insertions, dele-
tions 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-HKUI. In a specific embodiment, the ORF comprises
or consists of a nucleotide sequence of SEQ ID NO:1 or a
fragment thereof. In a specific embodiment, there are more
than one ORF within the nucleotide sequence of SEQ ID
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NO:3, or a fragment thereof. In another embodiment, the
polypeptides encoded by the ORF comprises 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.

[0034] In another specific embodiment, a chimeric virus of
the invention is a recombinant CoV-HKU1 which further
comprises a heterologous nucleotide sequence. In accor-
dance 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
endogenous or native nucleotide sequences have been
replaced with heterologous nucleotide sequences.

[0035] 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 invention 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 accordance with the present invention,
the chimeric virus may be encoded by nucleotide sequences
derived from different strains or variants of CoV-HKU1. In
particular, the chimeric virus is encoded by nucleotide
sequences that encode antigenic polypeptides derived from
different strains or variants of CoV-HKU1.

[0036] A chimeric virus may be of particular use for the
generation of recombinant vaccines protecting against two
or more viruses (Tao et al., J. 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 replication-defective viruses may be of use
for vaccination purposes with live vaccines as has been
suggested for other viruses.

[0037] In accordance with the present invention the het-
erologous sequence to be incorporated into the viral vectors
encoding the recombinant or chimeric viruses of the inven-
tion include sequences obtained or derived from different
strains or variants of CoV-HKUL1.

[0038] In certain embodiments, the chimeric or recombi-
nant viruses of the invention are encoded by viral vectors
derived from viral genomes wherein one or more sequences,
intergenic 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 chimeric viruses of the invention are encoded by viral
vectors derived from viral genomes wherein one or more
heterologous sequences have been inserted or added to the
VECIOL.

[0039] 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.
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[0040] In accordance with the present invention, the viral
vectors can be engineered to provide antigenic sequences
which confer protection against infection by the CoV-HKU1
and natural variants thereof. The viral vectors may be
engineered to provide one, two, three or more antigenic
sequences. In accordance 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.

[0041] The expression products and/or recombinant or
chimeric virions obtained in accordance with the invention
may advantageously 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 pathogens, including viral and bacterial
antigens, tumor antigens, allergen antigens, and auto anti-
gens involved in autoimmune disorders. In particular, the
chimeric virions of the present invention may be engineered
to create vaccines for the protection of a subject from
infections with CoV-HKU1 and variants thereof.

[0042] 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 exter-
nal 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 disease
agent from which these determinants are derived.

[0043] Thus, the present invention relates to the use of
viral vectors and recombinant or chimeric viruses to formu-
late vaccines against a broad range of viruses and/or anti-
gens. 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 coding regions, in intergenic regions and in the leader
and trailer sequences of the virus.

[0044] 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-HKU1 are generated in prokaryotic cells for the
expression of the components in relevant cell types (bacte-
ria, insect cells, eukaryotic cells). Plasmid or viral vectors
containing full-length or partial copies of the CoV-HKU1
genome will be generated in prokaryotic cells for the expres-
sion of viral nucleic acids in-vitro or in-vivo. The latter
vectors may contain 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 generation of attenuated viruses.

[0045] In addition, eukaryotic cells, transiently or stably
expressing 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 comple-
mentation of mentioned wild type, attenuated, replication-
defective or chimeric viruses.
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[0046] The viral vectors and chimeric viruses of the
present invention 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

[0047] In a preferred embodiment, the invention provides
a proteinaceous molecule or CoV-HKU1 specific viral pro-
tein 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 inven-
tion, including envelop protein (E protein), integral mem-
brane protein (M protein), spike protein (S protein), nucleo-
capsid protein (N protein), hemagglutinin esterase (HE
protein), and RNA-dependent RNA polymerase. Such mol-
ecules, or antigenic fragments thereof, as provided herein,
are for example useful in diagnostic methods or kits and in
pharmaceutical compositions such as subunit vaccines. Par-
ticularly 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 proteinaceous substances that are encoded by
recombinant nucleic acid fragments of the CoV-HKU1
genome; of course preferred are those that are within the
preferred bounds and metes of ORFs, in particular, for
eliciting CoV-HKUT1 specific 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).

[0048] The invention provides vaccine formulations for
the prevention and treatment of infections with CoV-HKU1.
In certain embodiments, the vaccine of the invention com-
prises recombinant and chimeric viruses of the CoV-HKU1.

[0049] 1In another aspect, the present invention also pro-
vides DNA vaccine formulations comprising a nucleic acid
or fragment of the CoV-HKU1, 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-HKU1, 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 proteins encoded by said
nucleic acid molecule in a vaccinated subject. Such vectors
can be prepared by recombinant DNA technology as recom-
binant or chimeric viral vectors carrying a nucleic acid
molecule of the present invention.

[0050] Various heterologous vectors are described for
DNA vaccinations against viral infections. For example, the
vectors described in the following references may be used to
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express CoV-HKU1 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-mediated immunization to the hepatitis B sur-
face 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 inoculation generates immune responses
against human imunodeficiency 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.
Virol. 70:3978-3991; Letvin, N. L. et al,, 1997, Potent,
protective anti-HIV immune responses generated by bimo-
dal HIV envelope DNA plus protein vaccination, Proc Natl
Acad Sci USA. 94(17):9378-83), and influenza viruses (Rob-
inson, H L et al., 1993, Protection against a lethal influenza
virus challenge by immunization with a haemagglutinin-
expressing plasmid DNA, Vaccine 11:957-960; Ulmer, J. B.
et al., Heterologous protection against influenza by injection
of DNA encoding a viral protein, Science 259:1745-1749),
as well as bacterial infections, such as tuberculosis (Tascon,
R. E. et al., 1996, Vaccination 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 infec-
tion, such as malaria (Sedegah, M., 1994, Protection against
malaria by immunization with plasmid DNA encoding cir-
cumsporozoite protein, 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 3, and nitric
oxide-dependent immunity, J. Fxper. Med., 1183:1739-
1746).

[0051] Many methods may be used to introduce the vac-
cine formulations described above. These include, but are
not limited to, oral, intradermal, intramuscular, intraperito-
neal, intravenous, subcutaneous, and intranasal routes. Alter-
natively, 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, Intradermal 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 microscopic gold beads coated with the
DNA molecules of interest is fired into the cells (Tang, D. et
al., 1992, Genetic immunization 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 strat-
egics, Seminars in Immunology 9(5):269-270; and Robin-
son, H. L. et al, 1997, DNA vaccines, Seminars in
Immunology 9(5):271-283.
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5.3 Adjuvants and Carrier Molecules

[0052] CoV-HKUl-associated antigens are administered
with one or more adjuvants. In one embodiment, the CoV-
HKUT1-associated 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.

[0053] In another embodiment, CoV-HKU1-associated
antigen is administered with an immunostimulatory adju-
vant. Such class of adjuvants, include, but are not limited to,
cytokines (e.g., interleukin-2, interleukin-7, interleukin-12,
granulocyte-macrophage colony stimulating factor (GM-
CSF), interfereon-y interleukin-1p (IL-1f), and IL-1f pep-
tide or Sclavo Peptide), cytokine-containing liposomes, trit-
erpenoid glycosides or saponins (e.g., QuilA and QS-21,
also sold under the trademark STIMULON, ISCOPREP),
Muramyl 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-isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-
glycero-3-hydroxy phosphoryloxy)-ethylamine, muramyl
tripeptide phosphatidylethanolamine (MTP-PE), unmethy-
lated CpG dinucleotides and oligonucleotides, such as bac-
terial DNA and fragments thereof, LPS, monophosphoryl
Lipid A (3D-MLA sold under the trademark MPL), and
polyphosphazenes.

[0054] In another embodiment, the adjuvant used is a
particular adjuvant, including, but not limited to, emulsions,
e.g., Freund’s Complete Adjuvant, Freund’s Incomplete
Adjuvant, squalene or squalane oil-in-water adjuvant for-
mulations, such as SAF and MF59, ¢.g., prepared with
block-copolymers, such as L-121 (polyoxypropylene/poly-
oxyetheylene) sold under the trademark PLURONIC L-121,
Liposomes, Virosomes, cochleates, and immune stimulating
complex, which is sold under the trademark ISCOM.

[0055] In another embodment, 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) micropar-
ticles, polymers that self-associate into particulates (polox-
amer particles), soluble polymers (polyphosphazenes), and
virus-like particles (VLPs) such as recombinant protein
particulates, e.g., hepatitis B surface antigen (HbsAg).

[0056] 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 cholerae, mutant toxins (e.g., LTK63 and LTR72),
microparticles, and polymerized liposomes.

[0057] In other embodiments, any of the above classes of
adjuvants may be used in combination with each other or
with other adjuvants. For example, non-limiting examples of
combination adjuvant preparations that can be used to
administer the CoV-HKU1-associated antigens of the inven-
tion include liposomes containing immunostimulatory pro-
tein, cytokines, or T-cell and/or B-cell peptides, or microbes
with or without entrapped IL-2 or microparticles containing
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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).

[0058] The effectiveness of an adjuvant may be deter-
mined by measuring the induction of antibodies directed
against an immunogenic polypeptide containing a CoV-
HKU1 polypeptide epitope, the antibodies resulting from
administration of this polypeptide in vaccines which are also
comprised of the various adjuvants.

[0059] The polypeptides may be formulated into the vac-
cine 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 phos-
phoric 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
example, sodium potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine,
trimethylamine, 2-ethylamino ethanol, histidine, procaine
and the like.

[0060] The vaccines of the invention may be multivalent
or univalent. Multivalent vaccines are made from recombi-
nant viruses that direct the expression of more than one
antigen.

[0061] Many methods may be used to introduce the vac-
cine formulations of the invention; these include but are not
limited to oral, intradermal, intramuscular, intraperitoneal,
intravenous, subcutaneous, intranasal routes, and via scari-
fication (scratching through the top layers of skin, e.g., using
a bifurcated needle).

[0062] The patient to which the vaccine is administered is
preferably 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

[0063] Antibodies which specifically recognize a polypep-
tide of the invention, such as, but not limited to, polypep-
tides comprising the sequence of SEQ ID NO:2 or any of
SEQ ID NOS: 34-2918 or CoV-HKU1 epitope, or antigen-
binding fragments thereof, can be used for detecting, screen-
ing, and isolating the polypeptide of the invention or frag-
ments thereof, or similar sequences that might encode
similar enzymes from the other organisms. For example, in
one specific embodiment, an antibody which immunospe-
cifically binds CoV-HKU1 epitope, or a fragment thereof,
can be used for various in vitro detection assays, including
enzyme-linked immunosorbent assays (ELISA), radioim-
munoassays, 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, mam-
malian cell culture media, insect cell culture media, yeast
cell culture media, etc.), blood, plasma, serum, tissues,
sputum, naseopharyngeal aspirates, etc.

[0064] Antibodies specific for a polypeptide of the inven-
tion or any epitope of CoV-HKU1 may be generated by any
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suitable method known in the art. Polyclonal antibodies to
an antigen-of-interest, for example, the CoV-HKU1 epitopes
or polypeptides 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 pro-
duction of antisera containing 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, mineral gels such as aluminum
hydroxide, surface active substances such as lysolecithin,
pluronic polyols, polyanions, peptides, oil emulsions, key-
hole limpet hemocyanins, dinitrophenol, 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).

[0065] Monoclonal antibodies can be prepared using a
wide variety of techniques known in the art including the use
of hybridoma, recombinant, and phage display technologies,
or a combination thereof. For example, monoclonal anti-
bodies can be produced using hybridoma techniques includ-
ing 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); Hammer-
ling, et al., in: Monoclonal Antibodies and T-Cell Hybrido-
mas, pp. 563-681 (Elsevier, N.Y., 1981) (both of which are
incorporated by reference in their entireties). The term
“monoclonal antibody” as used herein is not limited to
antibodies produced through hybridoma technology. The
term “monoclonal antibody” refers to an antibody that is
derived from a single clone, including any eukaryotic,
prokaryotic, or phage clone, and not the method by which it
is produced.

[0066] Methods for producing and screening for specific
antibodies 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 antigen. 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 iso-
lated. The splenocytes are then fused by well known tech-
niques 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 anti-
bodies, can be generated by inoculating mice intraperito-
neally with positive hybridoma clones.

[0067] Antibody fragments which recognize specific
epitopes may be generated by known techniques. For
example, Fab and F(ab'), fragments may be produced by
proteolytic cleavage 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
CH1 region and the hinge region of the heavy chain.

[0068] The antibodies of the invention or fragments
thereof can be also produced by any method known in the art
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for the synthesis of antibodies, in particular, by chemical
synthesis or preferably, by recombinant expression tech-
niques.

[0069] 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 cloning 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 immunoglo-
bulin 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 cDNA clone
from a cDNA library that encodes the antibody. Amplified
nucleic acids generated by PCR may then be cloned into
replicable cloning vectors using any method well known in
the art.

[0070] Once the nucleotide sequence of the antibody is
determined, the nucleotide sequence of the antibody may be
manipulated using methods well known in the art for the
manipulation of nucleotide sequences, €.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
generate antibodies having a different amino acid sequence
by, for example, introducing amino acid substitutions, dele-
tions, 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 antibod-
ies.

[0071] Recombinant expression of an antibody requires
construction of an expression vector containing a nucleotide
sequence that encodes the antibody. Once a nucleotide
sequence encoding 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 tech-
niques 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 contain-
ing antibody coding sequences and appropriate transcrip-
tional and translational control signals. These methods
include, for example, in vitro recombinant DNA techniques,
synthetic techniques, and in vivo genetic recombination. The
nucleotide sequence encoding 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 anti-
body may be cloned into such a vector for expression.
Thus-prepared expression vector can be then introduced into
appropriate host cells for the expression of the antibody.
Accordingly, the invention includes host cells containing a
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polynucleotide encoding an antibody specific for the
polypeptides of the invention or fragments thereof.

[0072] 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.
Alternatively, a single vector may be used which encodes,
and is capable of expressing, both heavy and light chain
polypeptides. 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 com-
prise cDNA or genomic DNA.

[0073] 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 displayed 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
stabilized Fv, expressed from a repertoire or combinatorial
antibody library (e.g., human or murine). Phage expressing
an antigen binding domain that binds the antigen of interest
can 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
display methods that can be used to make the immunoglo-
bulins, 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 application 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
US. Pat. Nos. 5,608,426; 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 incorporated herein by reference in its
entirety.

[0074] 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 antibodies, 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 et al., Science, 240:1041-
1043, 1988 (each of which is incorporated by reference in its
entirety). Examples of techniques which can be used to
produce single-chain Fvs and antibodies include those
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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.

[0075] Once an antibody molecule of the invention has
been produced by any methods described above, it may then
be purified by any method known in the art for purification
of an immunoglobulin molecule, for example, by chroma-
tography (e.g., ion exchange, affinity, particularly by affinity
for the specific antigen after Protein A or Protein G purifi-
cation, and sizing column chromatography), centrifugation,
differential solubility, or by any other standard techniques
for the purification 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.

[0076] 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 chi-
meric 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; Oi et al.,, 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
incorporated herein by reference in their entireties. Human-
ized antibodies are antibody molecules from non-human
species that bind the desired antigen having one or more
complementarity determining regions (CDRs) from the non-
human species and framework regions from a human immu-
noglobulin molecule. Often, framework residues in the
human framework regions will be substituted with the
corresponding residue from the CDR donor antibody to
alter, preferably improve, antigen binding. These framework
substitutions are identified by methods well known in the art,
¢.g,, by modeling of the interactions of the CDR and
framework residues to identify framework residues impor-
tant for antigen binding and sequence comparison to identify
unusual framework residues 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 resurfacing (EP 592,106; EP 519,596;
Padlan, Molecular Immunology, 28(4/5):489-498, 1991,
Studnicka et al., Protein Engineering, 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 reference in their entire-
ties.

[0077] 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 including phage display methods described
above using antibody libraries derived from human immu-
noglobulin sequences. See U.S. Pat. Nos. 4,444,887 and
4,716,111; and PCT publications WO 98/46645, WO
98/50433; WO 98/24893; WO 98/16654; WO 96/34096;
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WO 96/33735; and WO 91/10741, cach of which is incor-
porated herein by reference in its entirety.

[0078] Human antibodies can also be produced using
transgenic mice which are incapable of expressing func-
tional endogenous 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 antibodies, 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 reference herein in their entire-
ties. In addition, companies such as Abgenix, Inc. (Fremont,
Calif.), Medarex (NJ) and Genpharm (San Jose, Calif.) can
be engaged to provide human antibodies directed against a
selected antigen using technology similar to that described
above.

[0079] 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, €.g., a mouse antibody, is used
to guide the selection of a completely human antibody
recognizing the same epitope. (Jespers et al., Bio/technol-
ogy, 12:899-903, 1988).

[0080] Antibodies fused or conjugated to heterologous
polypeptides may be used in in vitro immunoassays and in
purification methods (e.g., affinity chromatography) well
known in the art. See e.g., PCT publication Number WO
9321232, 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.

[0081] Antibodies may also be attached to solid supports,
which are particularly useful for immunoassays or purifica-
tion of the polypeptides of the invention or fragments,
derivatives, analogs, or variants thereof, or similar mol-
ecules having the similar enzymatic activities as the
polypeptide of the invention. Such solid supports include,
but are not limited to, glass, cellulose, polyacrylamide,
nylon, polystyrene, polyvinyl chloride or polypropylene.

5.5 Pharmaceutical Compositions and Kits

[0082] The present invention encompasses pharmaceuti-
cal compositions comprising anti-viral agents of the present
invention. 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.

[0083] Various delivery systems are known and can be
used to administer the pharmaceutical composition of the
invention, e.g., encapsulation in liposomes, microparticles,
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microcapsules, recombinant cells capable of expressing the
mutant viruses, receptor mediated endocytosis (see, e.g., Wu
and Wu, 1987, J. Biol. Chem. 262:4429 4432). Methods of
introduction include but are not limited to intradermal,
intramuscular, intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, and oral routes. The compounds may be
administered by any convenient route, for example by
infusion or bolus injection, by absorption through epithelial
or mucocutaneous linings (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 pharmaceutical 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 formulation with an aerosolizing
agent.

[0084] 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.

[0085] In another embodiment, the pharmaceutical com-
position can be delivered in a vesicle, in particular a lipo-
some (see Langer, 1990, Science 249:1527-1533; Treat et
al,, in Liposomes 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
generally ibid.).

[0086] In yet another embodiment, the pharmaceutical
composition 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; Buch-
wald et al., 1980, Surgery 88:507; and Saudek et al., 1989,
N. Engl. J. Med. 321:574). In another embodiment, poly-
meric 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. Macromol. 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.c., 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)).

[0087] Other controlled release systems are discussed in
the review by Langer (Science 249:1527-1533 (1990)).

[0088] The pharmaceutical compositions of the present
invention comprise a therapeutically effective amount of
recombinant or chimeric CoV-HKU1, and a pharmaceuti-
cally acceptable carrier. In a specific embodiment, the term
“pharmaceutically acceptable” means approved by a regu-
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latory agency of the Federal or a state government or listed
in the US. Pharmacopeia 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 com-
position is administered. Such pharmaceutical carriers can
be sterile liquids, such as water and oils, including those of
petroleum, animal, vegetable or synthetic origin, such as
peanut oil, soybean oil, mineral oil, sesame oil and the like.
Water is a preferred carrier when the pharmaceutical com-
position is administered intravenously. Saline solutions and
aqueous dextrose and glycerol solutions can also be
employed as liquid carriers, particularly for injectable solu-
tions. 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
pharmaceutical grades of mannitol, lactose, starch, magne-
sium stearate, sodium saccharine, cellulose, magnesium
carbonate, etc. Examples of suitable pharmaceutical carriers
are described in “Remington’s Pharmaceutical Sciences” by
E. W. Martin. The formulation should suit the mode of
administration.

[0089] In a preferred embodiment, the composition is
formulated in accordance with routine procedures as a
pharmaceutical composition adapted for intravenous admin-
istration to human beings. Typically, compositions for intra-
venous administration are solutions in sterile isotonic aque-
ous buffer. Where necessary, the composition may also
include a solubilizing agent and a local 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 lyo-
philized 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 injec-
tion, an ampoule of sterile water for injection or saline can
be provided so that the ingredients may be mixed prior to
administration.

[0090] The pharmaceutical compositions of the invention
can be formulated as neutral or salt forms. Pharmaceutically
acceptable salts include those formed with free amino
groups such as those derived from hydrochloric, phosphoric,
acetic, oxalic, tartaric acids, etc., and those formed with free
carboxyl groups such as those derived from sodium, potas-
sium, ammonium, calcium, ferric hydroxides, isopropy-
lamine, triethylamine, 2 ethylamino ethanol, histidine,
procaine, etc.

[0091] The amount of the pharmaceutical composition of
the invention which will be effective in the treatment of a
particular disorder or condition will depend on the nature of
the disorder or condition, and can be determined by standard
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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
pg/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.

[0092] Suppositories generally contain active ingredient in
the range of 0.5% to 10% by weight; oral formulations
preferably contain 10% to 95% active ingredient.

[0093] 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 contain-
er(s) can be a notice in the form prescribed by a govern-
mental 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 anti-
body specific for the polypeptides encoded by a nucleotide
sequence of SEQ ID NO:1 or 3, or any CoV-HKU1 epitope,
or a polypeptide or protein of the present invention, includ-
ing those shown in FIG. 2 (SEQ ID NOS:34-1318), FIG. 8
(SEQ ID N0S:1319-2918), and SEQ ID NO:2, or a nucleic
acid molecule of the invention, alone or in combination with
adjuvants, antivirals, antibiotics, analgesic, bronchodialat-
ers, or other pharmaceutically acceptable excipients.

[0094] The present invention further encompasses kits
comprising a container containing a pharmaceutical compo-
sition of the present invention and instructions for use.

5.6 Detection Assays

[0095] The present invention provides a method for
detecting an antibody, which immunospecifically binds to
the CoV-HKU]1, in a biological sample, for example blood,
serum, plasma, saliva, urine, etc., from a patient suffering
from respiratory 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 molecule having the nucleotide
sequence of SEQ ID NO:1 or 3 and expressing the polypep-
tides encoded thereby, and the bound antibody can be
detected by immunofluorescent assay.

[0096] Anexemplary method for detecting the presence or
absence of a polypeptide or nucleic acid of the invention in
a biological sample involves obtaining a biological sample
from various sources and contacting the sample with a
compound or an agent capable of detecting an epitope or



US 2006/0018923 Al

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 com-
prising or consisting of the nucleotide sequence of SEQ ID
NO:1 or 3, or a portion thereof, or a complement thereof,
such as an oligonucleotide 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.

[0097] In another preferred specific embodiment, the pres-
ence of CoV-HKUT1 is detected in the sample by an reverse
transcription polymerase chain reaction (RT-PCR) using the
primers that are constructed based on a partial nucleotide
sequence of the genome of CoV-HKUT1 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'-CCATCATCAGATAGAATCAT-
CATA-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-HKU1
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 signals from these reactions are
captured at the end of extension steps as PCR product is
generated over a range of the thermal cycles, thereby allow-
ing the quantitative determination of the viral load in the
sample based on an amplification plot.

[0098] A preferred agent for detecting CoV-HKU1 is an
antibody that specifically binds a polypeptide of the inven-
tion or any CoV-HKU1 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.

[0099] The term “labeled”, with regard to the probe or
antibody, is intended to encompass direct labeling of the
probe or antibody by coupling (i.e., physically linking) a
detectable substance 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 hybridiza-
tions, RT-PCR, and RNase protection. In vitro techniques for
detection of an epitope of CoV-HKU1 include enzyme
linked immunosorbent assays (ELISAs), Western blots,
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immunoprecipitations and immunofluorescence. In vitro
techniques for detection of genomic RNA include northern
hybridizations, RT-PCR, and RNase protection. Further-
more, in vivo techniques for detection of CoV-HKU1
include introducing into a subject organism a labeled anti-
body 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 autora-

diography.

[0100] 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-HKU1, e.g., a polypeptide of the
invention or mRNA or genomic RNA encoding a polypep-
tide of the invention, 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-HKUI or the polypeptide or mRNA or
genomic RNA encoding the polypeptide in the control
sample with the presence of CoV-HKU1, or the polypeptide
or mRNA or genomic DNA encoding the polypeptide in the
test sample.

[0101] The invention also encompasses kits for detecting
the presence of CoV-HKU1 or a polypeptide or nucleic acid
of the invention in a test sample. The Kkit, for example, can
comprise a labeled compound or agent capable of detecting
CoV-HKU1 or the 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.

[0102] 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.

[0103] For oligonucleotide-based kits, the kit can com-
prise, for example: (1) an oligonucleotide, €.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 con-
taining an CoV-HKU1 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 sub-
strate). The kit can also contain a control sample or a series
of control samples which can be assayed and compared to
the test sample contained. 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

[0104] The following examples illustrate the identification
of the novel CoV-HKU1. These examples should not be
construed as limiting.
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Methods and Results

[0105] 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

[0106] The patient is an in-patient of the United Christian
Hospital in Hong Kong. Nasopharyngeal aspirates were
collected from 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

[0107] To produce a fusion plasmid for protein purifica-
tion, primers, 5-TTTTCCTTTT GCGGCCGCTTAAG-
CAACAGAGTCTTCTA-3' (SEQ ID NO:6) and 5-CG-
GAATTC 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 EcoRI 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)s-tagged (SEQ ID NO:27) recombinant N protein was
expressed in . coli and purified using the Ni**-loaded
HiTrap Chelating System (Amersham Pharmacia, USA)
according to the manufacturer’s instructions.

[0108] Western blot analysis was performed as follows:
Two-hundred ng of purified (His),-tagged (SEQ ID NO:27)
recombinant N protein of CoV-HKU1 were loaded into each
well of a sodium dodecyl sulfate (SDS)-10% polyacryla-
mide gel and subsequently electroblotted onto a nitrocellu-
lose 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
fluorescence system (Amersham Life Science, Buckingham-
shire, UK).

[0109] 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)s-tagged (SEQ ID NO:27) N protein, whereas the other
bands were consistent with the degradation products of the
(His)s-tagged (SEQ ID NO:27) N protein. Only very faint
bands were observed for 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).

[0110] ELISA was performed using the recombinant N
protein of CoV-HKU1 prepared as described above. Each
well of a Nunc immunoplate (Roskilde, Denmark) was
coated with 20 ng of purified (His)4-tagged (SEQ ID NO:27)
recombinant N protein for 12 h and then blocked in phos-
phate-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),-tagged (SEQ ID
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NO:27) recombinant N protein-coated plates in a total
volume of 100 ul per well and incubated at 37° C. for 2 h.
After washing with washing buffer five times, 100 ul 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 gl of diluted 3,3',5,5'-tetramethylben-
zidine (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 measured. Each sample was
tested in duplicate and the mean absorbance for each serum
was calculated.

[0111] Box titration was carried out with different dilu-
tions of (His)stagged (SEQ ID NO:27) recombinant N
protein coating antigen and serum obtained from the fourth
week of the 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 [gG and IgM
detection, respectively.

[0112] To establish the baseline for the tests, serum
samples (diluted 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 5, values for IgG
and IgM detection were 0.178 and 0.224, with standard
deviations of 0.070 and 0.117. Absorbance values of 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 IgG 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
[0113] RT-PCR Assay

[0114] An RT-PCR was developed to detect the CoV-
HKU1 sequence from NPA samples. Total RNA from clini-
cal samples was reverse transcribed using random hexamers
and cDNA was amplified using primers 5-GGTTGGGAC-
TATCCTAAGTGTGA-3' (SEQ ID NO:4) and 5-CCAT-
CATCAGATAGAATCATCATA-3' (SEQ ID NO:5), which
were constructed based on the RNA-dependent RNA poly-
merase-encoding sequence (SEQ ID NO:1) of the CoV-
HKU1 in the presence of 2.5 mM MgCl, (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).

[0115] The summary of a typical RT-PCR protocol is as
follows:
[0116] 1. RNA Extraction

[0117] RNA from 140 ul of NPA samples was extracted by
QIAquick® viral RNA extraction kit and was eluted in 50 pl
of elution buffer.
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[0118] 2. Reverse Transcription

RNA 115

0.1 M DIT 2 4l

5x buffer 4 ul

10 mM dNTP 1

Superseript IT, 200 Uful 14

(Invitrogen)

Random hexamers, 0.3 pg/ul 0.5 ul

Reaction condition 42° C., 50 min

94° C., 3 min

4° C.

[0119] 3.PCR

[0120] cDNA generated by random primers was amplified
in a 50 ul reaction as follows:

¢DNA 2 ul
10 mM dNTP 0.5 ul
10% buffer S ul
25 mM MgCl, 5 ul
25 uM Forward primer 0.5 ul
25 uM Reverse primer 0.5 ul
AmpliTaq Gold ® polymerase, 5 U/ul 0.25 ul
(Applied Biosystems)

Water 36.25 ul

[0121] Thermal-cycle condition: 95° C., 10 min, followed
by 40 cycles of 95° C., 1 min; 50° C. 1 min; 72° C., 1 min.

[0122] 4. Primer Sequences

[0123] Primers were designed based on the RNA-depen-
dent RNA polymerase encoding sequence (SEQ ID NO:1) of
the CoV-HKUL1.

[0124] Forward  primer: 5-GGTTGGGACTATC-
CTAAGTGTGA-3' (SEQ ID NO:4)

[0125] Reverse primer: and 5-CCATCATCAGATA-
GAATCATCATA-3' (SEQ ID NO:5)

[0126] Product size: 440 bps
[0127]

[0128] Total RNA from 140 ul of nasopharyngeal aspirate
(NPA) was extracted by QIAamp® virus RNA mini kit
(Qiagen) as instructed by the manufacturer. Ten #l of eluted
RNA samples were reverse transcribed by 200 U of Super-
script® 1II reverse transcriptase (Invitrogen) in a 20 ul
reaction mixture containing 0.15 g of random hexamers, 10
mmol/L. DTT, and 0.5 mmol/L dNTP, as instructed. Comple-
mentary DNA was then amplified in a SYBR® Green 1
fluorescence reaction (Roche, Ind.) mixtures. Briefly, 20 ul
reaction mixtures containing 2 4l of cDNA, 3.5 mmol/L.
MgCl,, 0.25 umol/L of forward primer [5-GGTTGGGAC-
TATCCTAAGTGTGA-3' (SEQ ID NO:4)] and 0.25 ymol/L
reverse primer [5'-CCATCATCAGATAGAATCATCATA-3'
(SEQ ID NO:5)] were thermal-cycled by a LightCycler®
(Roche) with the PCR program, [95° C., 10 min followed by
50 cycles of 95° C., 10 min; 57° C., 5 sec; 72° C. 9 sec].
Plasmids containing the target sequence were used as posi-
tive 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

Real-Time Quantitative PCR Assay
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base pairs) were subjected to a melting curve analysis at the
end of the assay (65° C. to 95° C., 0.1° C. per second) (data
not shown).

[0129] The amount of CoV-HKU1 RNA in the nasopha-
ryngeal aspirates was followed weekly. Quantitative RT-
PCR showed that the amounts of CoV-HKU1 RNA were
8.5x10 and 9.6x10° copies per ml in two nasopharyngeal
aspirates collected in the first week of the illness, 1.5x10°
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

[0130] The genome of CoV-HKU1 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-HKU1 and
other corona viruses.

TABLE 1

Genome features

Coronaviruses Size (bases) G + C content GC skew
Group 1

HCoV-229E 27317 0.38 0.13
PEDV 28033 0.42 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 0.37 0.17
MHV 31357 0.42 0.14
Group 3

IBV 27608 0.38 0.14
SARS-CoV 29751 0.41 0.02

HCoV-229E=human coronavirus 229E; PEDV=porcine epi-
demic diarrhea virus; HCoV-NL63=human coronavirus
NL63; HCoV-0C43=human coronavirus OC43; MHV=mu-
rine hepatitis virus; BCoV=bovine coronavirus; IBV=infec-
tious bronchitis virus; SARS-CoV=SARS coronavirus; GC
skew=(G-O)(G+C)

[0131] The genome organization is the same as other
coronaviruses, with the characteristic gene order 5'-repli-
case, 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 regula-
tory sequences (TRS) motif, 5'-CUAAAC-3', was found at
the 3' end of the leader sequence and precedes each trans-
lated ORF except ORF4 and ORF6 which encodes the
putative E protein. Table 2 shows the putative transcription
regulatory sequences in the genome of CoV-HKUI.



TABLE 2
Number

of base SEQ
upstream D
of AUG ORF TRS seguence NoO.

-140 Leader UUAAAUCUAAACUUUUUAA 8

(127) Ave
-7 Hemag- UUAAAUCUAAACUAUG 9
glutinin-
esterase

-6 Spike UUAAAUCUAAACAUG 10

-13 ORF 5 UUAAAUCUAAACUUUAUUUAUG 11

-9 Membrane  CUAAAUCUAAACAUUAUG 12

-13 Nucleo- UUAAAUCUAAACUAUUAGGAUG 13

capsid
-35 ORF 9 UUAAAUCUAAACUAUUAGGAUG 14

UCUUAUACUCCCGGUCAUUAUG

[0132] Asin SDAV (Sialodacryoadenitis virus) and MHV
(mouse hepatitis virus), ORF6 may share the same TRS with
ORF 5, suggesting that the translation of the E protein is
cap-independent, 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 coronavi-
ruses and plays a role in coronavirus RNA replication.

[0133] The coding potential of the CoV-HKU1 genome is
shown in FIG. 3 and Table 3 and the phylogenetic analyses
of the chymotrypsin-like protease (3CLP™), replicase, heli-
case, haemagglutinin-esterase (HE), S, E, M and N, are
shown in FIGS. 4A and 4B.

TABLE 3
No. of
No. of amino Candidate
ORFs Start-end (base)  bases  acids  Frame TRS
ORF 1la 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 1356 +1 Strong
ORF 4 26960-27070 111 36 +2 None
ORF 5 27051-27380 330 109 +3 Strong
E (ORF 6) 27373-27621 249 82 +1 None
M (ORF 7) 2763328304 672 223 +3 Strong
N (ORF 8) 28320-29645 1326 441 +3 Strong
ORF 9 28342-28959 618 205 +1 Strong

[0134] The replicase 1a ORF (bases 206-13600) and rep-
licase 1b ORF (bases 13600-21753) occupy 21.5 kb of the
CoV-HKU1 genome. Similar to other coronaviruses, a frame
shift interrupts the protein-coding regions and separates the
la and 1b ORFs. This ORF encodes a number of putative
proteins, including papain-like protease (PLP) with two
copies of the PLP domain, PLP1”* and PLP2°*, 3CLF™,
replicase, helicase, 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 synthesized by a -1 ribosomal frameshift
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at a conserved site (UUAAAC) upstream of a pseudoknot
structure at the junction of ORF la and 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-HKUT,
which encodes 928 amino acids, has 87-89% amino acid
identities with the replicase of other Group 2 coronaviruses
and 54-65% amino acid identities with the replicase of other
non-Group 2 coronaviruses (Table 4 and FIG. 4A). Table 4
shows amino acid identities between the predicted chymot-
rypsin-like protease (3CLP™), 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 coronavi-
ruses.

TABLE 4

Pairwise amino acid identity (%)

Group  Virus 3CLF° 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 3 54 54 — 30 28 32 28

2 HCoV-0C43 82 87 8 57 60 54 76 58

MHV 85 8 8 50 58 55 78 60

BCoV 84 8 8 56 61 55 76 57

SDAV — — 50 61 60 77 62

ECoV — — — 53 61 56 78 59

PHEV — —  — 54 61 54 77 57

3 IBV 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 gastro-
enteritis virus; CCoV=canine enteric coronavirus, HCoV-
NL63=human coronavirus NL63; HCoV-OC43=human
coronavirus OC43;, MHV=murine hepatitis virus; BCoV=
bovine coronavirus, SDAV=rat sialodacryoadenitis coro-
navirus; ECoV=equine coronavirus NC99; PHEV=porcine
hemagglutinating encephalomyelitis virus, IBV=infectious
bronchitis virus; SARS-CoV=SARS coronavirus

[0135] The catalytic histidine and cysteine amino acid
residues, conserved among the 3CLP™ in all coronaviruses,
are present in the predicted 3CLP™ 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 ID
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.

[0136] OREF 2 (bases 21773-22933) encodes the predicted
HE glycoprotein with 386 amino acids. The HE protein of
CoV-HKUT1 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
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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 haemagglutinin chain 2 (HE2), and forms a
homotrimer with each monomer being formed by two chains
linked by a disulphide bond. Furthermore, PEAM and Inter-
ProScan analyses of the ORF show that amino acid residues
122 to 236 of the predicted protein are the haemagglutinin
domain of HE-fusion glycoprotein family (PFAM accession
no.: PF02710 and INTERPRO accession no. IPR003860).
HE is also present in other Group 2 coronaviruses and
influenza C virus. SignalP analysis reveals a signal peptide
probability of 0.738, with a cleavage site between residues
13 and 14. Although TMpred and TMHMM analyses of the
ORF show four and three transmembrane domains, respec-
tively, PHDhtm analysis of the ORF shows only one trans-
membrane domain at positions 354 to 376. This concurs
with only one transmembrane region reported in the C
terminal of the HE of BCoV (bovine coronavirus) and
puffinosis virus. PrositeScan analysis of the HE protein of
CoV-HKUI reveals eight potential N-linked glycosylation
(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 O-acetyl-esterase activity, FGDS (SEQ
ID NO:18), is located at positions 31-34.

[0137] OREF 3 (bases 22942-27012) encodes the predicted
S glycoprotein (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 I membrane glycoprotein. Important features of the S
protein of CoV-HKU1 are depicted in FIG. 5. PrositeScan
of the S protein of CoV-HKU1 reveals 28 potential N-linked
glycosylation (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 cleavage 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 present in any other known coronavi-
ruses (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 (HR2), identified by
multiple alignments with other coronaviruses, are present. In
MHYV, it has been confirmed that the receptor for its S protein
binding is CEACAM 1, a member of the carcinoembryonic
antigen (CEA) family of glycoproteins in the immunoglo-
bulin superfamily. Furthermore, it has been shown, by
site-directed mutagenesis, that three conserved regions (sites
I, II, and IIT) and some amino acid residues (Thr®®, Thr*'?,
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

Jan. 26, 2006

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-HKUT1 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. However, the amino acid residues on the S
protein of HCoV-OC43 that are important for receptor
binding are not well defined.

[0138] ORF 4 (bases 26960-27070) encodes a predicted
protein with 36 amino acids. This ORF overlaps with the
ORF that encodes the S protein. This ORF is not present in
other coronaviruses and BlastP analysis of the ORF does not
show any hits.

[0139] ORF 5 (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 coro-
navirus 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 corre-
sponding proteins of other Group 2 coronaviruses.

[0140] OREF 6 (bases 27373-27621) encodes the predicted
E protein 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
analyses 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). SignalP analysis predicts the presence of a trans-
membrane anchor (probability 0.995). TMpred analysis of
the ORF shows two transmembrane 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.

[0141] ORF 7 (bases 27633-28304) encodes the predicted
M protein with 223 amino acids. The M protein of CoV-
HKUT1 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). PEAM 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 20 to 39, 46 to 68, and 78 to 100. The
N terminal 19-20 amino acids are located on the outside and
the C terminal 123-125-amino acid hydrophilic domain on
the inside of the virus.

[0142] OREF 8 (bases 28320-29645) encodes the predicted
N protein (PFAM accession no.: PF00937) with 441 amino
acids. The N protein of CoV-HKU1 has 57-62% amino acid
identities with the N proteins of other Group 2 coronavi-
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ruses, 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).

[0143] ORF 9 (bases 28342-28959) encodes a hypotheti-
cal protein (N2) of 205 amino acids within the ORF that
encodes the predicted N protein. PFAM analysis of the ORF
shows that the predicted protein is a member of the coro-
navirus nucleocapsid I protein (Corona_ 1) family (PFAM
accession no.: PE03187). This hypothetical N2 protein of
CoV-HKULI has 32-39% amino acid identities with the N2
proteins of other Group 2 coronaviruses.

[0144] We report the characterization and complete
genome sequence of a novel coronavirus detected in the
nasopharyngeal aspirates of patients with pneumonia. The
clinical significance of the virus in the first patient was
evident by the high viral loads in the patient’s nasopharyn-
geal 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 anti-
body response to the recombinant N protein of the virus.
Similar to other recently discovered viruses, such as hepa-
titis 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 particularly 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 documented SARS-CoV
poneumonia. Therefore, it is not surprising that the new
coronavirus CoV-HKUT1 has been so far proven difficult to
culture in vitro. After the discovery of CoV-HKU1 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 nasopharyn-
geal 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-HKUT1 is not only inciden-
tally found in one patient, but a previously unrecognized
coronavirus associated with pneumonia.

[0145] Genomic analysis has reveals that CoV-HKUT is a
Group 2 coronavirus. The genome organization of CoV-
HKU1 concurs with those of other coronaviruses, with the
characteristic gene order, i.c., 5'-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' untrans-
lated region. In contrast to coronaviruses of other groups,
CoV-HKUT contains certain features that are characteristics
of Group 2 coronaviruses, including the presence of HE,
ORF 5, and N2. Phylogenetic analysis of the 3CL"*, rep-
licase, 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-HKUT is a distinct member of the
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group, and is not very closely related to any other known
members of Group 2 coronaviruses (FIGS. 4A and 4B).

[0146] In addition to phylogenetic analysis of the putative
proteins, CoV-HKU1 exhibits certain features that are dis-
tinct 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
MHYV, SDAYV, HCoV-OC43 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-HKUT1 indicates that this is probably a non-essential
gene of coronavirus. In addition to the deletion, the N-ter-
minal of the putative PLP in ORF 1a contains 14 tandem
copies of a 30-bp repeat that codes for a highly acidic
domain. Similar repeats, with different amino acid compo-
sitions, 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 structures. The
vitellaria antigenic protein of Clonorchis sinensis contains
23 tandem copies of a 30-bp repeat that codes for DGGAQP-
PKSG (SEQ ID NO:20). In the case of Plasmodium falci-
parum, it has been shown that the antigenicity of the
circumsporozoite protein is due to its repeating epitope
structure. 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 diagnosis. Further experiments should be per-
formed to delineate the antigenic properties, biological role,
and possible clinical usefulness of the repeat in the PLP of
CoV-HKU1.

[0147] 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 surface and by air every day, has a high potential
of importing and exporting infectious diseases to and from
China, countries 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 cases of human infection caused by avian
influenza A (H5N1) 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 epi-
demic, although both epidemiological and genomic evi-
dence 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, Viet-
nem, and the United States of America. As for emerging
bacterial infections, 50% of the patients with gastroenteritis
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 respira-
tory illness. We speculate that he might have contacted the
virus in Shenzhen. More intensive surveillance of emerging
infectious pathogens in this locality is warranted.
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[0148] 7. Market Potential

[0149] The genome of CoV-HKU1 is completely
sequenced. This allows the development of various diag-
nostic tests as described hereinabove. In addition, this virus
contains genetic information which is extremely important
and valuable for clinical and scientific research applications.

[0150]

[0151] Those skilled in the art will recognize, or be able to
ascertain many equivalents to the specific embodiments of
the invention described herein using no more than routine

8. Equivalents
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experimentation. Such equivalents are intended to be
encompassed by the following claims.

[0152] AIll publications, patents and patent applications
mentioned in this specification are herein incorporated by
reference into the specification to the same extent as if each
individual publication, patent or patent application was
specifically and individually indicated to be incorporated
herein by reference.

[0153] 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 application 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/sequence.html?DocID=999910895064). 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
nucleotide sequence of SEQ ID NO:1 or a complement
thereof.

2. An isolated nucleic acid molecule comprising a nucle-
otide sequence having at least 5, 10, 15, 20, 25, 30, 35, 40,
45, 100, 150, 200, 300 or 350 contiguous nucleotides of the
nucleotide sequence of SEQ ID NO:1, or a complement
thereof.

3. An isolated nucleic acid molecule comprising a nucle-
otide sequence that encodes the amino acid sequence of SEQ
ID NO:2 or a complement of said nucleotide sequence.

4. An isolated nucleic acid molecule comprising the
nucleotide sequence of SEQ ID NO:3 or a complement
thereof.

5. An isolated nucleic acid molecule comprising the
nucleotide sequence having 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, or
29,000 contiguous nucleotides of the nucleotide sequence of
SEQ ID NO:3, or a complement thereof.

6. An isolated nucleic acid molecule which hybridizes
under stringent conditions to a nucleic acid molecule having
the nucleotide sequence of SEQ ID NO:1, 3, or a comple-
ment thereof, wherein the nucleic acid molecule encodes an
amino acid sequence which has a biological activity exhib-
ited by a polypeptide encoded by the nucleotide sequence of
SEQ ID NO:1 or 3.

7. The nucleic acid molecule of any one of claims 1-6,
wherein the molecule is RNA.

8. The nucleic acid molecule of any one of claims 1-6,
wherein the molecule is DNA.

9. A vector comprising the nucleic acid molecule of claim
8

10. A host cell comprising the vector of claim 9

11. A host cell comprising the nucleic acid molecule of
claim 8 operably linked to a heterologous promoter.

12. The host cell of claim 11 being a prokaryotic cell.

13. The host cell of claim 11 is an eukaryotic cell.

14. The host cell of claim 13 is a mammalian cell.

15. A method for producing a polypeptide comprising
expressing the polypeptide encoded by the DNA from the
host cell of claim 10, and recovering the polypeptide.

16. A method for producing a polypeptide comprising
expressing the polypeptide encoded by the DNA from the
host cell of claim 11, and recovering the polypeptide.

17. A method for preparing a cell or progeny thercof
capable of expressing a polypeptide comprising transfecting
the cell with the vector of claim 9.

18. An isolated polypeptide encoded by the nucleic acid
molecule of any one of claims 1-6.

19. An isolated polypeptide comprising the amino acid
sequence having at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110 and 120
contiguous amino acid residues of the amino acid sequence
of SEQ ID NO:2.

20. An isolated polypeptide comprising the amino acid
sequence having any one of the amino acid sequence of SEQ
ID NOS:34-2918.

21. An isolated antibody or an antigen-binding fragment
thereof which immunospecifically binds to the polypeptide
of claim 18.

22. An isolated antibody or an antigen-binding fragment
thereof which immunospecifically binds to the polypeptide
of claim 19 or 20.

23. Amethod for detecting the presence of the polypeptide
of claim 18 in a biological sample, said method comprising:

(a) contacting the biological sample with a compound that
selectively binds to said polypeptide; and

(b) detecting whether the compound binds to said
polypeptide in the sample.
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24. The method of claim 23, wherein the biological
sample is selected from the group consisting of cells, blood,
serum, plasma, saliva, urine, stool, sputum, and nasopha-
ryngeal aspirates.

25. The method of claim 23, wherein the compound that
binds to said polypeptide is an antibody or an antigen-
binding fragment thereof.

26. A method for detecting the presence of the polypeptide
of claim 19 or 20 in a biological sample, said method
comprising:

(a) contacting the biological sample with a compound that
selectively binds to said polypeptide; and

(b) detecting whether the compound binds to said

polypeptide in the sample.

27. The method of claim 26, wherein the biological
sample is selected from the group consisting of cells, blood,
serum, plasma, saliva, urine, stool, sputum, and nasopha-
ryngeal aspirates.

28. The method of claim 26, wherein the compound that
binds to said polypeptide is an antibody or an antigen-
binding fragment thereof.

29. A method for detecting the presence of a first nucleic
acid molecule comprising the nucleotide sequence of SEQ
ID NO:1 or a fragment thereof, or 2 complement thereof in
a biological sample, said method comprising:

(a) contacting the biological sample with a compound that
selectively binds to said first nucleic acid molecule; and

(b) detecting whether the compound binds to said nucleic

acid molecule in the sample.

30. The method of claim 29, wherein the compound that
binds to said first nucleic acid molecule is a second nucleic
acid molecule comprising the nucleotide sequence of SEQ
ID NO:1 or a complement thereof.

31. The method of claim 29, wherein the compound that
binds to said first nucleic acid molecule is a second nucleic
acid molecule comprising at least 5, 10, 15, 20, 25, 30, 35,
40, 45, 100, 150, 200, 300 or 350 contiguous nucleotides of
the nucleotide sequence of SEQ ID NO:1, or a complement
thereof.

32. A method for detecting the presence of a first nucleic
acid molecule comprising the nucleotide sequence of SEQ
ID NO:3 or a fragment thereof or a complement thereof in
a biological sample, said method comprising:

(a) contacting the biological sample with a compound that
selectively binds to said first nucleic acid molecule; and

(b) detecting whether the compound binds to said nucleic

acid molecule in the sample.

33. The method of claim 32, wherein the compound that
binds to said first nucleic acid molecule is a second nucleic
acid molecule comprising the nucleotide sequence of SEQ
ID NO:1 or 3, or a complement thereof.

34. The method of claim 32, wherein the compound that
binds to said first nucleic acid molecule is a second nucleic
acid molecule comprising at least 5, 10, 15, 20, 25, 30, 35,
40, 45, 100, 150, 200, 300 or 350 contiguous nucleotides of
the nucleotide sequence of SEQ ID NO:1, or a complement
thereof.

35. The method of claim 32, wherein the compound that
binds to said first nucleic acid molecule is a second nucleic
acid molecule comprising at least 5, 10, 15, 20, 25, 30, 35,
40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600,
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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 or
29,000 contiguous nucleotides of the nucleotide sequence of
SEQ ID NO:3, or a complement thereof.

36. A method of preventing or inhibiting a replication in
a host cell of a nucleic acid molecule comprising the
nucleotide sequence of SEQ ID NO:1 and/or 3, or a portion
thereof, or a complement thereof, comprising administering
to the host cell an effective amount of a compound that
selectively binds to said first nucleic acid molecule under a
physiological condition.

37. The method of claim 36, wherein the compound that
binds to said first nucleic acid molecule is a second nucleic
acid molecule comprising the nucleotide sequence of SEQ
ID NO:1 or 3, or a complement thereof.

38. The method of claim 36, wherein the compound that
binds to said first nucleic acid molecule is a second nucleic
acid molecule comprising at least 5, 10, 15, 20, 25, 30, 35,
40, 45, 100, 150, 200, 300 or 350 contiguous nucleotides of
the nucleotide sequence of SEQ ID NO:1, or a complement
thereof.

39. The method of claim 36, wherein the compound that
binds to said first nucleic acid molecule is a second nucleic
acid molecule comprising 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 or
29,000 contiguous nucleotides of the nucleotide sequence of
SEQ ID NO:3, or a complement thereof.

40. A method of preventing or inhibiting a binding to a
host cell of the polypeptide encoded by a nucleotide
sequence of SEQ ID NO:1 or 3, or a fragment thereof, or a
complement thereof, comprising administering to the host
cell an effective amount of a compound that specifically
binds to the polypeptide under a physiological condition.

41. The method of claim 40, wherein the compound that
specifically binds to the polypeptide is an antibody or an
antigen-binding fragment thereof which immunospecifically
binds to the polypeptide.

42. A method for detecting the presence of an antibody in
a biological sample that immunospecifically binds the
polypeptides of claim 18, said method comprising:

(a) contacting the biological sample with the polypeptide
of claim 18; and

(b) detecting the antibody bound to the polypeptide.

43. A method for detecting the presence of an antibody in
a biological sample that immunospecifically binds the
polypeptides of claim 19 or 20, said method comprising:

(a) contacting the biological sample with the polypeptide
of claim 19; and

(b) detecting the antibody bound to the polypeptide.
44. A method for identifying a subject infected with
CoV-HKU1, comprising:

(a) obtaining total RNA from a biological sample obtained
from the subject
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(b) reverse transcribing the total RNA to obtain cDNA;
and

(c) amplifying the cDNA using a set of primers derived
from the nucleotide sequence of SEQ ID NO:1 or 3, or
a complement thereof.

45. The method of claim 44, wherein the set of primers
have the nucleotide sequence of SEQ ID NOS:4 and 5,
respectively.

46. The method of claim 44, wherein the set of primers
have the nucleotide sequence of SEQ ID NOS:6 and 7,
respectively.

47. An immunogenic formulation comprising an immu-
nogenically effective amount of the polypeptide of claim 18,
and a pharmaceutically acceptable carrier.
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48. An immunogenic formulation comprising an immu-
nogenically effective amount of the polypeptide of claim 19
or 20, and a pharmaceutically acceptable carrier.

49. An immunogenic formulation comprising an immu-
nogenically effective amount of a nucleic acid molecule
comprising the nucleotide sequence of SEQ ID NO:1, a
complement thereof or a fragment thereof, and a pharma-
ceutically acceptable carrier.

50. An immunogenic formulation comprising an immu-
nogenically effective amount of a nucleic acid molecule
comprising the nucleotide sequence of SEQ ID NO:3; a
complement thereof or a fragment thereof, and a pharma-
ceutically acceptable carrier.
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